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Abstract: The molecular structure of 2-amino-7-bromo-5-oxjpghzopyrano [2,3-b]pyridine-3-carbonitrile
(ABOBPC) was optimized by the DFT/B3LYP method w@t811G (d,p), 6-311++G (d,p) and cc-pVTZ basis
sets using the Gaussian 09 program package. Theé stetsle, optimized structure of the molecule was
predicted by the DFT/B3LYP method with cc-pVTZ Isasiet. The Mulliken atomic charge distribution,
nonlinear optical (NLO), Frontier molecular orb#a]lFMOs) and natural bond orbital (NBO) analysigeve
carried out for the optimized structure of ABOBP®letule. The NLO analysis shows that the nonlinear
optical activity of ABOBPC molecule was 16 timegligr than the urea. The NLO activity of the molecuhs
confirmed by the FMOs and NBO analysis. The vilorzi modes were assigned on the basis of Potential
Energy Distribution and their corresponding infthesxd Raman spectra were also simulated.
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I ntroduction

The novel and more efficient nonlinear optical M)Lmaterials are having vast applications in phiaton
and optoelectronic technologies. Recently, mangakeh articles appeared in the designing and syistlod
NLO materials, which improved optical transparermmyd good thermal stability [1]. The organic NLO
materials are generally more efficient than inorgamnaterials, which is due to high optical nonliriges, fast
response time and structural variations [2]. Thgaoic molecules such as aminopyridine nitro derreatact
as a building blocks of NLO materials. The dendiipctional theory (DFT) approach has been used to
understand and design the NLO properties of a mtdelsefore synthesis as an inexpensive way, whiash h
become a very active area of research [3]. In tlesgnt investigation, DFT studies were carried fout2-
amino-7-bromo-5-oxo-[1]benzopyrano [2,3-b]pyrididesarbonitrile (ABOBPC) molecule.

Computational Details:

The molecular structure of ABOBPC molecule wasnoiaed by the DFT/B3LYP method with 6-311G
(d,p), 6-311++G (d,p) and cc-pVTZ basis sets [4]je Thost stable, optimized structure of the moleguds
predicted by the DFT/B3LYP method with cc-pVTZ lsaset, which is shown in figure 1. The NLO activity
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FMOs analysis, NBO analysis, Mulliken atomic chagggtribution and vibrational frequency calculasomere
carried out.

Results and Discussions:
NL O activity:

The first order hyperpolarizability of ABOBPC moige was obtained as 6.908 x@su, which was
16 times greater than that of urea. The obtainddevaf the first order hyperpolarizability of ABOBP
molecule confirms the higher NLO activity.

Frontier Molecular Orbitals (FMOs) analysis:

The FMOs analysis of ABOBPC molecule shows the adipation of charges occur within the
molecule, which increases the molecular reactiatythe molecule. The HOMO-LUMO energy gap was
calculated as 4.29 eV. The lower energy gap indic#tat the strong hydrogen bonding between thegetia
species reduces the energy gap considerably watlfiotimation of the charge transfer axis, which $etthe
higher valueof S [5].
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Figure 1. The optimized structure of Figure 2. The vibrational spectra of ABOB
ABOBPC molecule. (a) Before optimization, molecule. (a) Raman spectrum, (b) IR spectrum.
(b) After optimization

NBO analysis:

The NBO calculations were performed using NBO 3dgmm as implemented in the Gaussian 09
program package. The NBO analysis is used to utaefsthe interaction among the bonds, intra and
intermolecular interaction of the ABOBPC moleculéhe stabilization energy 4 values of the ABOBPC
molecule were calculated on the basis of secondrdfdck matrix perturbation theory. The larges #alue of
a lone pair of C24 ta* of N1-C25 (g, =124.85 kcal/mol) and lone pair N11 to antibondimge pair of C2
(Ez) = 120.74 kcal/mol) indicates the presence of I€The ABOBPC molecule. The intermolecular interati
leads to the conjugated bond within the ABOBPC ke, which plays an important role in the stahiiian
of the molecule. In the benzene ring, the ICT osdy transfer oft electron cloud from donor to acceptar (
— 7w*), which leads to the polarization of the moleculéis polarization phenomenon is responsible fer t
NLO activity of the molecule [3].

Mulliken atomic charge distribution:

In ABOBPC molecule, all Hydrogen atoms have a pasitharge and all electro negative atoms N, Br
and O have negative charges, but carbon atomsHwiliepositive and negative charges, which showsthiea
delocalization of charges mainly arises via théoaratoms.
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Vibrational Studies:

Figure 2 shows the simulated IR and Raman spedirddBOBPC molecule. The vibrational
assignments were made with a high degree of agcunadhe basis of Potential Energy Distribution [RE
calculation with the aid of VEDA 4.0 program [6]canisualized by GaussView 05 prograirhe strongest
vibrational modes were appeared at 1725, 1633, 1888, 1463, 1366, 1359, 1304 and 1240'dmthe IR
spectrum and the corresponding modes were appigatieel Raman spectrum at 1725, 1659, 1633, 16168,15
1359, 1343 and 1213 ¢l These modes are assigned as in-phase symmetichatg vibrations of single CC
bonds, C=0 bonds and shrinking of CC double bon@;C/C—-C). These vibrations spread over the whole
conjugated path with relevant amplitudes from alnadisthe constituent parts of the molecule, whitholves
the ICT from the donor to the acceptor and gives to a large variation of the dipole moment, thai®ing a
strong IR activity. These strong IR peaks are duehe electron-phonon coupling. Theelectron cloud
movement from donor to acceptor can make the mideaighly polarized, which causes the more intense
Raman lines [3].

Conclusion

The stable optimized structure of ABOBPC was pitedidy the DFT/B3LYP method with cc-pVTZ
basis set. The NLO analysis reveals that the NLiigcof the ABOBPC molecule was 16 times highleart
the urea. The FMOs of the ABOBPC shows that the Nic@vity arises due to the ICT of the moleculeeTh
NBO analysis also confirms the ICT occurs withie timolecule. The Mulliken atomic charge distribution
indicates that the ICT occurs within the molecuke the carbon atoms. The lower energy gap of thiecnte
indicates the strong hydrogen bonding betweencttegged species. The vibrational analysis was tsed
predict the electron—phonon coupling anelectron cloud movement of the ABOBPC molecule.
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