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ABSTRACT

Crystallization is a widely used eminent technique in purifying solid drug substances. Using the same
technique, the pharmaceutical compound 2-(Benzylamino) Pyridine (2-BAP) was grown as crystal and crystalline
nature of the compound was determined from the powder x-ray diffraction technique. The functional groups were
determined from the FTIR analysis. The band gap energy was determined from the UV-Vis analysis. The optimized
geometry, frequency and intensity of vibration bands of the compound was determined using density functional
theory with B3LYP/6-31+G(d,p) basis set. The HOMO, LUMO energies calculated determined the charge transfer
within the molecule.
KEY WORDS: 2-BAP, Crystal growth, UV-Vis, HOMO-LUMO.
1. INTRODUCTION
Crystalline forms are strongly preferred because they tend to bemore stable, reproducible, and amenable to
purification than other types of solid forms such as amorphous solids and solid solutions. Pyridine derivatives
exhibited various types of biological activities vizantimicrobial, antibacterial, antimycobacterial, anticonvulsant,
antitumoral, antimalarial, antidiabetic, pesticidal and receptor antagonists. Owing to these applications, the
molecule is chosen for study and the attempt has been made to detail the physicochemical property of the
compound.
2. MATERIALS AND METHODS

The compound 2-(benzylamino) pyridine was purchased from Sigma Aldrich Company, India and used as
such without further purification. The compound was grown as crystals under slow evaporation method and the
crystals are shown in Fig 1. The grown crystals were subjected to various studies in order to determine the physical
and chemical properties of the compound. The powder X-ray diffraction were studied using a Rich Seifert X-ray
diffractometer employing Cu Ka (1.54058 A) radiation, scanning angle ranging from 10° to 70° at a scan rate 1%min
to confirm the crystalline phase of the grown crystal. The FT-IR spectrum of the compound was recorded using a
Bruker IFS 66V spectrometer in the range of 4000400 cm™. The spectral resolution is +2 cm™. The ultraviolet
absorption spectra, in the region 200-1100 nm were recorded on a Lambda 35 spectrophotometer in 1.00 cm cells
at 25 + 0.1°C. The spectra were run in spectra quality solvents (Fluka) using concentration of 5 x 10° M. The
properties of the compound were studied theoretically using the Gaussian 09 software.
3. RESULTS AND DISCUSSION
3.1. Powder X-ray Diffraction: In order to determine the crystallinity and purity of the grown crystal it was
subjected to powder x-ray diffraction technique. The sharp peaks at the definite diffraction angles confirm the well-
defined nature of the crystals.
3.2. Geometry parameters: The geometry parameters such as bond length, bond angle and dihedral angle are
determined using the computational density functional theory (DFT) method at B3LYP/ 6-31+G(d,p) basis set. The
computational parameters obtained using the DFT helped in analyzing the structural property of the host molecule
in the gas phase. The optimized structure is shown in Fig.2. The C-C bond lengths of Pyridine ring take the value
1.393 A° approximately. All the C-C bond lengths of benzene ring are under the same ranging from 1.3994 A° to
1.4041 A°. The C-C bond length of Ri; in pyridine ring has been shifted to higher value 1.4173A° due to the
presence of the two electronegative N atoms. The C-N bond lengths are found to be greater than 1.34 A°which
coincides with the actual value of the heterocyclic ring. The C-H bonds take the value ~ 1.086 A°showing the
ineffective nature of the neighboring atoms. The substituents play a key role in determining the structural and
electronic properties of the molecule. The presence of electronegative nitrogen atom has remarkably increased the
bond angles in the pyridine ring distorting the hexagonal symmetry of the ring. There is not much distortion in the
benzene ring comparing to the pyridine.
3.3. Electronic properties: The electronic characteristics such as UV-Vis, HOMO-LUMO were studied using
DFT/B3LYP/6-31+G(d,p) basis set. .The experimental UV-Vis spectrum was also recorded and the cut-off
wavelength Amax Value is 310.74nm. The energy gap is calculated using the formula,
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The energy gap value for the cut-off wavelength is found to be 4.0001 eV. The theoretically predicted
transitions at 227, 205 and 206 nm exhibits 1 — * transitions, whereas the experimental wavelength at 310 nm
shows n—m* transition.

The determination of frontier molecular orbitals describes the excitation of electron from the highest

occupied molecular orbital (HOMO) to the lowest unoccupied molecular orbital (LUMO). The energy of HOMO
is directly related to the ionization potential and the energy of LUMO is related to the electron affinity. The
molecular chemical stability and bioactivity are determined using the HOMO-LUMO energy gap and it is found to
be 5.06469 eV. This higher HOMO-LUMO energy gap shows kinetic stability and confirms the bioactivity of the
molecule.
3.4. Vibrational assignment: The vibrational frequencies are computed using B3LYP/6-31+G (d, p) basis set and
compared with the experimentally determined FTIR spectra. The molecules consists of 26 atoms and belong to C1
point group symmetry, hence 72 normal modes of vibrations are obtained. The important vibrational assignments
are gathered in Table 1.

The primary aliphatic amine N-H stretching vibration occurs in the expected region at 3226cm™. The
heteroaromatic organic compounds and its derivatives are structurally very close to benzene and the C-H stretching
occurs in the range 3100-3000 cm*. The theoretical data for C-H stretching falls well within the range and the
experimental peaks are observed at 3088, 3068 and 3028 cm™. The C-C stretching modes are expected in the region
1650-1400 cm™ and the experimental values are observed at 1599, 1575, 1529, 1454 and 1442 cm™ . Most of the
experimental values well match with the theoretical one. Theoretical value of C-N vibrations appears at 1302 cm*
that falls in the expected region. The comparison of observed and calculated FTIR spectra is shown in Fig. 3.

Table.1.Experimental and Calculated frequencies and Potential Energy Distribution of 2-BAP

Experimental frequency (FTIR) (cm™) Calculated frequency (cm™) PED(%)
3226 3468 vNH(100)
3088 3074 vCH(98)
3068 3064 vCH(96)
3028 3025 vCH(94)
1599 1581 vCC(89)
1575 1577 vCC(90)
1529 1546 vCC(87)
1454 1453 vCC(76)
1442 1450 vCC(65)

- 1320 vCN(78)
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Fig.1.Grown crystals of 2-(Benzylamino)pyridine Fig.2.0ptimized structure of 2-(benzylamino) pyridine
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Fig.3.Comparison of experimental and B3LYP/6-31+G(d,p) calculated FTIR spectra of 2-BAP
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4. CONCLUSION

The pure crystals of 2-(benzylamino) pyridine was grown from slow evaporation technique and confirmed
from the pxrd analysis. The energies of important MOs and Amax Were calculated using TD-DFT approach and
compared with the experimental data. The large band gap energy exhibited the good optical quality of the crystal.
Higher HOMO-LUMO energy gap revealed the bioactivity of the molecule. The presence of the functional groups
were confirmed from the FTIR technique and correlated with the theoretical data.
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