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Abstract

The molecular structure and conformational aspects of 3t-pentyl-2r,6¢-di(naphthalen-1-yl)piperidin-4-one oxime (3-PDNPO) were
studied by using B3LYP level with 6-31G(d,p) p basis set. The optimized geometrical parameters are in agreement with analogue
available single XRD data. The optimized parameters showed that the piperidin-4-one ring adopts chair conformation.The FT- IR
and FT-Raman spectra were recorded within the region 4000-400 cm and 4000-10 cm'?, respectively. It was found by experimental
wavenumbers and DFT wavenumbers were in good agreement. Electronic properties are investigated using TD-DFT/B3LYP method
using 6-31G (d,p) basis set and compared with experimental UV-visible spectra. Additionally, the AE gap investigated three phases
follows the order of CHCI3 > gas > Methanol. The favourite sites for substitution reactions were evaluated by Mulliken and MEP
analyses. From NLO analysis, it is found that the hyperpolarizability values are two times greater than the urea.Our proposed simula-
tion procedure offers an alternative compound with which we can evaluate or design the best candidate NLO material.

Keywords:3-PDNPO; FT-IR; FT-Raman; HOMO —LUMO ;Hyperpolarizability.

1. Introduction

Piperidine-4-ones are heterocyclic compounds that have been the
subject of extensive research for many years due to their applica-
tions in the field of biological activities such as antitumor, antibac-
terial, antiviral, antimalarial and antiprotozoal activities (Klayman
et al. 1979; Gopalakrishnan et al. 2008; Bharti et al. 2002; Jaya-
bharathi et al. 2011), optical fields (Jayabharathi et al. 2011; Jaya-
bharathi et al. 2012), etc., Therefore, the biological importance of
piperidine-4-one and its derivatives have strongly stimulated the
investigation of computational properties available for these com-
pounds. DFT calculations give accurate results on systems con-
taining large organic molecules (Leeet al. 1988; Subashchan-
drabose et al. 2011; Arockia doss et al. 2015). As a continuation of
our previous work (Anandhy et al. 2016), we focus herein on a
new collection incorporation of oxime analogue at ketone func-
tionality of piperidone ring and to extend the study to
3-pentyl-2,6-di(naphthalene-1-yl)piperidin-4-one oxime. The benefit
of introducing oxime analogue into piperidine-4-one compounds is
a consequence of the alteration of their physicochemical character-
istics. The modified properties are characterizing them from the
FT- IR and FT-Raman spectra and to study their quantum chemi-
cal descriptor in gas phase by means of a computational approach.
In the present study, DFT/ 6-31G (d,p) level theory was used to
determine the optimized geometry, vibrational wavenumbers in

the ground state, non-linear optical properties, HOMO-LUMO
energies and Mulliken charges of the molecules.

2. Experimental

2.1. Synthesis of 3t-pentyl-2r,6¢-di(naphthalene-1-
yl)piperidin-4-one oxime

The compound 3-PDNPO was prepared according to the proce-
dure given in literature with a little modification (Savithiri et al.
2014).  3-pentyl-2,6-di(naphthalene-1-yl)piperidin-4-one  (0.05
mol) and sodium acetate trihydrate (0.15 mol) were dissolved in
boiling ethanol and hydroxylamine hydrochloride(0.06 mol) was
added. The mixture was kept warm at 40°C, stirred for 3-4 hrs and
then poured into crushed ice. The separated solid was filtered off
and recrystallized from ethanol. Yield 80%; m.p.: 192-195 (°C);
MF: CsoH32N20; Elemental analysis reported as follows : Calcu-
lated (%): C, 82.53; H, 7.39; N, 6.42;0, 3.66; Experimental (%):
C, 82.03; H, 7.43; N, 6.24; IR (KBr) (cm): 3391(0O-H stretching),
3178(N-H stretching), 3062 (ArC-H stretching), 2927 Ali.C-H
stretching), 1599 (C=N stretching), 1448 (C=C stretching),
1015,977,953 (Aromatic C-C in-plane bending vibration),
863,775,743 (Aromatic C-H out-of-plane bending vibration).

2.2. Spectral measurements
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Absorption spectral measurements were carried out with a Shi-
madzu (UV 1650 PC model) UV-visible spectrophotometer. The
FT-IR spectrum of 3-PDNPO was taken in the range 4000-400
cmt on an AVATAR-330 FT-IR spectrometer (Thermo Nicolet)
using KBr (pellet form). The FT-Raman spectral measurements
were done, usingSophisticated Analytical Instrument Facility
(SAIF), Indian Institute of Technology (IIT), Chennai.

2.3. Theoretical background

All calculations were carried out by Density Functional Theory
(DFT) on a personal computer using Gaussian 03W program
package (Frisch et al. 2004). The calculations were done with the
B3LYP level and the basis set 6-31G(d,p) was used in the present
study to investigate the molecular and vibrational frequency of
molecules in the ground state in order to support and explain the
experimental observations. Mulliken, frontier molecular orbital

a3,

Fig. 1:Possible Conformers of 3-PDNPO.

and Non-linear optics (NLO) were calculated from optimized
geometry of the molecule.

3. Results and discussion

3.1. Conformational analysis

In piperidone derivatives the most stable conformer is the chair
form (Arockia doss et al. 2015; Manimekalai et al. 2012; Arockia
doss et al. 2017). The oxime analogue has rotatable bonds, and so
several conformers (Fig. 1) are possible for 3-PDNPO. These
structures were subjected computations method using semi-
emprical/AM1.The ground state energy, energy difference and
dipole moment of conformers are presented in Table 1.From the
calculated energies the conformer 1 is found to be more stable.

Conf-2

Table 1: Calculated Energies and Energy Differences of Possible Conformers of the 3-PDNPO.

Energy Energy difference Dipole moment
Hartee Kcal Hartee Kcal

Conf-1 0.103111 64.70328 0 0 0.78

Conf-2 0.105733 66.34869 -0.00262 -1.64541 0.71

Conf -3 0.109951 68.99545 -0.00684 -4.29217 297

Conf -4 0.107354 67.36572 -0.00424 -2.66244 281

3.2. Geometry optimization

The optimized bond lengths, bond and dihedral angles of
3-PDNPO were calculated by B3LYP method with 6-31G (d,p)
basis set level theory and the results are listed in Table 2, opti-
mized structure with atom numbering scheme as shown in Fig. 2.

The optimized geometrical parameters are compared with the
crystal structure of t-3-pentyl-r-2,c-6-diphenylpiperidin-4-one
(Gayathri et al. 2008). The calculated C-C bond distance in the
piperidine ring is in the range 1.569-1.505 A by B3LYP/6-
31G(d,p) nearly coincides with experimental values (Gayathri et
al. 2008). Literature value for C—H bond distance is 1 A. The
computed bond length lies between 1.104-1.089 A for heterocyclic
ring. The C2-C3-N63 and C4-C3-N63 angles are found to be
118.40 and 125.84°. The hydroxyl group present in the oxime

analogue influences the bond angle. It is known from previous
studies (Arockia doss et al. 2015; Manimekalai et al. 2012; Arock-
ia doss et al. 2017).The results from Table 2 showed that the pi-
peridone ring essentially adopts chair conformation and also it is
evident from the torsional angles N12-C5-C4-C3 (-54.81 and
-51.99° at B3LYP and XRD, respectively), N12-C1-C2-C3
[65.64° (B3LYP) , 54.81° (XRD)]. The equatorial orientation of
alkyl and aryl groups are identified by their bond angles N12-C5-
C4-CA47 [-177.82 (B3LYP) and -178.04° (XRD)] and C47-C4-C3-
C2 [179.01 (B3LYP) and 177.45° (XRD)]. The results from
Table 2 show that O-H group anti to pentyl group and are the
stable conformer. It is supported by available crystal data (Jaya-
bharathi et al. 2008).
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Fig. 2: Optimized Structure and Numbering Scheme of 3-PDNPO.
Table 2: Selected Bond Lengths, Bond Angles and Dihedral Angles of 3-PDNPO

Bond length (A) DFT XRD Bond angle ( °) DFT XRD
C5-N12 1.475 1.471 C4-C5-H11 106.30 109
C5-C4 1.569 1.549 C4-C5-N12 108.84 109.32
C5-H11 1.101 1 C4-C5-C13 112.99 112.3
C5-C13 1.524 1.513 N12-C5-C13 108.57 108.71
C4-H8 1.100 1 C5-C13-C15 118.19 120.94
C4-C3 1.519 1.526 C5-C13-C14 122.68 120.46
C4-C47 1.537 1.531 C2-C1-N12 107.75 107.47
C3-C2 1.505 1.506 C2-C1-C30 111.66 110.8
C3-N63 1.282 1.211 C2-C1-Hé6 107.04 109
N63-064 1.415 C3-N63-064 112.55
064-H65 0.966 - C4-C3-N63 125.84 -
C2-H10 1.089 1 C2-C3-N63 118.40 -
C2-H7 1.096 1 N12-C1-C30 111.42 110.6
C2-C1 1.550 1.532 C1-C30-C32 120.15 119.91
C1-H6 1.104 1 C1-C30-C31 120.59 121.16
C1-N12 1.467 1.466 Dihedral(°)
C1-C30 1.522 1.513 N12-C5-C4-C47 -177.82 -178.04
N12-H9 1.017 0.911 C13-C5-C4-C3 175.49 -172.73
C13-C15 1.384 1.395 C47-C4-C3-C2 178.19 171.84
C14-C17 1.439 1.386 C47-C4-C3-N63 -7.43 -71.74
C15-C18 1.412 1.3922 N12-C5-C4-C3 -54.81 -51.99
C17-C23 1.419 1.3782 N12-C1-C2-C3 55.64 54.81
C18-C23 1.374 1.387 C47-C4-C5-C13 -57.14 61.21

C47-C4-C3-C2 179.01 177.45

3.3. Vibrational analyses

The vibrational assignment and analysis of the fundamental modes
of the 3-PDNPO molecule were carried out using the observed
FT-IR and FT-Raman data, which are shown in Fig. 3. The
harmonic vibrational wavenumbers were calculated by means of
the DFT-B3LYP/6-31 G(d,p) method at the corresponding opti-
mized structure. DFT hybrid B3LYP functional methods tend to
overestimate the fundamental modes. Therefore, a scale factor has
been used for obtaining a considerable result which is in better
agreement with the experimental data. Thus, the scale factor
0.9608 (Arockia doss et al. 2015) has been uniformly applied to
the DFT/ B3LYP method. The observed positions of vibrational
bands and their assignments are summarizedinTable3 for

3-PDNPO. Fig. 3, shows the absence of C=0O band (Socrates
1980) in the spectrum of the oxime and presence of new bands at
3391 and 1599 cm which are due to the O-H and C=N of title
compound.

The N-H (Pavia et al. 2008) stretching frequency observed at
3178 cmL, which is supported by computed value at 3377 cm™.
In spite of the good agreement between the experimental and
calculated data, as expected the theoretical wave numbers are
slightly over estimated, this may be mainly due to the omission of
anharmonicity.

In aromatic structures, the characteristic C-H stretching vibrations
are expected to appear in the range of 3010 -3080 cm™ (Socrates
1980). Aromatic C-H stretching vibrations are expressed in a
strong band at 3062 and 3049 cmin FT-IR and Raman spectra,
respectively. The corresponding computed value matches with
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3085 cmL. The methyl group (Silverstein et al. 2005) C-H stretch-
ing is observed at 2927 cm™ for 3-PDNPO. On the basis of com-
putations, the scaled wavenumber at 2982 cm™ matched with
experimental value. In the present study, the wavenumbers
observed in the FT-IR and Raman spectra at 1448 and 1444 cm™,
respectively are assigned to C=C stretching vibration. The IR ab-
sorption at 1037 cm is ascribed to C-N stretching mode, whereas
Raman band near 1035 cm is attributed to vibration the above

mentioned. The C-H in-plane bending modes are identified near
1015, 977 and 953 cm! in FT-IR and 1016, 1007 cm* in Raman
spectrum. Their computational vibrational modes appeared in
range from 1040-959 cm. The bands in the range 863-743 cm !
(FT-IR) and 886 & 767 (Raman) are responsible for C-H out of
plane bending modes. According to the computations, the bands
observed in the region 884-749 cm 1.

Table 3: Observed and Calculated Wavenumbers (cm™) and Their Vibrational Assignments of 3-PDNPO

Experimental Frequencies IR intensit Raman activi Vibrational
FT-IR FT-Raman Unscaled scaled® Y ty Assignments
743 780 749 8.21 5.63
775 767 816 784 53.75 0.89 Tcn
863 886 920 884 2.35 10.27
953 998 959 58.82 1.33
977 1007 1034 993 8.73 5.47 Be-
1015 1016 1082 1040 1.72 21.67
1037 1035 1104 1061 10.72 21.67 Ve
1170 1173 1242 1193 6.00 1.07 Vc-o
1448 1444 1513 1454 4.90 17.91 Ve=c
1599 1575 1710 1643 8.47 26.94 Vesn
2927 3104 2982 75.45 30.62 VC-H
3062 3049 3211 3085 7.65 136.16 VArCH
3178 3515 3377 0.05 82.60 VN-H
3391 3822 3672 71.51 171.56 Vo-H
a) scale factor:0.9608- B3LYP/6-31G(d,p)
b)  v: stretching; B-in-plane bending: I'- out-of-plane bending
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Figs 3: (C) Experimental FT-Raman and 3 (D) Calculated Raman Spectra of 3-PDNPO

3.4. Natural bond orbital analysis

NBO analysis offers useful insights into the intramolecular
delocalization and donor- acceptor interactions based on the sec-
ond order interactions between filled and vacant orbitals. It is
better to understand the importance of ground state stabilization
interactions that make the molecules to be stable in the ground
state (Szafran et al. 2007; James et al. 2006; Arockia doss et al.
2016). Hence, NBO analysis has been carried out and the results
are summarized in Table 4. This table lists the major second order
perturbation interactions along with the corresponding donor and
acceptor NBOs.

The second-order perturbation theory analysis of Fock-matrix in
NBO basis showed that the strong intermolecular hyper conjuga-
tive interactions are formed by orbital overlap between (C-C) —
1*(C-C), n(C-C) — o *(C-C), orbital which result in intra-
molecular charge transfer causing stabilization of the system.

There occurs an inter molecular hyper conjugative interaction of
C14-C17 from C13-C15, which increases ED (0.47) that weakens
the respective bonds C13-Cl leading to stabilization of
66.15KJ/mol. It is interesting to note that in the molecule, the lone
pair on N, O atoms participate in the stabilization of 3-PDNPO
through n-c* and n- w* interactions contributing 42.93-60.42
kJ/mol towards stabilization. Yet the predominant stabilizing in-
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teractions in 3-PDNPO is n-n* interactions arising from lone pair
of oxygen to the n* of adjacent C-N bond which is more dominant
than the n- o*. Overall the results highlight the importance of the
oxime unit towards the ground state stabilization of molecules.In
addition, the nitrogen atom in oxime group also takes part in the
stabilization through n- o* interactions.

3.5. Mulliken charge analysis
The Mulliken atomic charges are calculated by determining the

electron population of each atom as defined by the basis function.
The Mulliken atomic charges of 3-PDNPO molecule calculated by

B3LYP using 6-31G (d,p) basis set and are listed in Table 5 and
Fig. 4. Mulliken atomic charge calculation plays a vital role for
the application of quantum chemical calculation of the molecular
system. In 3-PDNPO, the maximum positive charge (0.2840) for
C3 atom than other atoms is due to the presence of largely electro-
negative nitrogen (N63) oxygen (O64) atoms in the closest posi-
tion.The nitrogens N63 (-0.25971), N12 (-0.3040) and oxygen
064 (-0.10150) atoms have more negative charge than the other
atoms. Hence, carbon (C3), hydrogen (H8) and oxygen (013) may
be the possible reactive sites of 3-PDNPO.

Table 4: Second Order Perturbation theory analysis of Fock Matrix in NBO basis

Type Donor (i) ED/e Acceptor (j) ED/e E® (KJ/mol) E())-E() (a.u) F(i,j) (a.u)
c-m* C1-C2 1.95365 C3-N63 0.14 13.93 0.62 0.041
G -0* H9-N12 0.01 9.25 1.05 0.043
6 -0* C1-Hé6 1.97482 C2-H7 0.01 10.17 0.95 0.043
c -o* C30-C32 0.26 11.92 111 0.05
G -0* C4-C47 1.97734 C2-C3 0.04 10.21 1.01 0.044
6 -0* C5-H11 1.97837 C13-C15 0.02 14.23 1.1 0.055
6 -c* C5-N12 1.98074 C1-C30 0.03 7.61 1.12 0.04
G -0* C13-C14 1.97181 C13-C15 0.02 14.23 1.27 0.059
n-m* C13-C15 1.7267 C14-C17 0.47 66.15 0.28 0.063
n-m* C18-C23 0.26 74.10 0.29 0.064
G -0* C14-c17 1.53196 C5-C13 0.03 13.93 1.08 0.054
n-m* C13-C15 0.27 69.58 0.28 0.064
m-m* C16-C20 0.26 70.12 0.27 0.064
n-m* C16-C20 1.74458 C14-C17 0.47 65.86 0.29 0.063
n-m* C22-C25 0.25 7217 0.29 0.064
n-m* C18-C23 1.73765 C13-C15 0.25 74.52 0.3 0.065
n-m* C14-C17 0.21 69.16 0.29 0.065
n-m* C22-C25 1.98134 C14-C17 0.47 68.03 0.29 0.064
n-m* C16-C20 0.25 74.60 0.29 0.065
n-m* C30-C32 1.73405 C35-C40 0.26 73.81 0.29 0.064
n-m* C31-C34 1.5369 C30-C32 0.26 69.58 0.28 0.064
n-m* C33-C37 0.26 70.79 0.27 0.064
n-m* C33-C37 1.74147 C31-C34 0.46 66.36 0.29 0.064
n-m* C39-C42 0.26 72.55 0.29 0.064
w-m* C35-C40 1.74521 C30-C32 0.26 72.17 0.3 0.064
n-m* C31-C34 0.26 68.41 0.29 0.065
n-m* C39-C42 1.74011 C31-C34 0.26 68.32 0.29 0.065
n-m* C33-C37 0.26 74.89 0.29 0.065
n-c * LP(1)N63 1.95546 C2-C3 0.04 42.93 0.85 0.083
n-m * LP(2)064 1.91775 C3-N63 0.14 60.42 0.068 0.068
Table 5: Mulliken charges of 3-PDNPO

Atom Charge Atom Charge
C1 0.1177 C30 0.03392
(67 0.0645 C31 0.07169
C3 0.2840 C32 -0.03515
C24 0.0225 C33 -0.03922
C5 0.1042 C34 0.09984
N12 -0.3040 C35 -0.00819
C13 0.0246 C37 -0.01175
Cl4 0.0657 C39 -0.04895
C15 -0.0190 C40 -0.04346
C16 -0.0401 C42 -0.00273
C17 0.1014 C47 0.03344
C18 -0.0057 C50 0.00429
C20 -0.0099 C53 -0.00174
C22 -0.0482 C56 0.01784
Cc23 -0.0436 C59 -0.02078
C25 -0.0019 N63 -0.25971

064 -0.10150
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Fig. 4: Mulliken Plot of 3-PDNPO.

3.6. Molecular electrostatic potential (MEP) analysis

Molecular electrostatic potential is an eminent technique to
demonstrate the structure and activity relationship (Okulik 2005).
The possible regions for the electrophilic and nucleophilic inva-
sion of molecular systems are evaluated from the MEP surfaces.
The red colour region signify negative potential and blue colour
for positive potential. Theelectrostatic potential is approximately
zero for the green regions.

From Fig. 5, it is evident that the observed molecule has a number
of potential sites for electrophilic and nucleophilic attack. As seen
in Fig. 5, negative regions, where come into existence electro-
philic attack, are oxygen atoms in C=N moiety. Conversely, the
regions having positive potential where as nucleophilic attack to
molecule happens are H64. From the above results the non-
covalent interactions taking place within the molecule are deter-
mined.

3.7. UV-visible spectral analysis

Further investigation of molecular level and understanding the
relationship between the optical and the electronic properties of
our compound were done using UV-visible spectra. The electronic
spectra of the 3-PDNPO compound in chloroform and methanol
solvents were recorded and shown in Fig. 6. There is no absorp-
tion band around 350 and 1000 nm. The absence of absorption in
the visible region in the 3-PDNPO compound makes them suitable
chemical for NLO property (Vijayan et al. 2002; Savithiri et al.
2015). As seen from Fig. 6, electronic absorption spectra showed
two bands at 307 and 255 nm for chloroform at 319 and 246 nm
for methanol. Electronic absorption spectra were calculated using
the TD-DFT method based on the B3LYP/6-31G (d,p) level opti-
mized structure in gas and solvent phase. The calculated results
are listed in Table 6 alongwith the experimental absorption spec-
tral data. For TD-DFT calculations, the theoretical absorption
bands are predicted at 342.18, 290.56 and 264.42 nm in gas phase,
at 314.28, 291.29 and 268.85 nm in chloroform and 325.87,
292.00 and 250.90 nm in methanol. The bands around 300 nm are

assigned to n— =w* transition. The bands around 250 nm are
assigned to m—m* transition. The solvent in which the absorbing
species is dissolved also has an effect on the spectrum of the
species. Peaks resulting from n—z* transitions are shifted to longer
wavelengths (red shift) with increasing solvent polarity. This
emerges from increased solvation of the lone pair, which brings
the energy from the n orbital.

This is brought about by attractive polarisation forces between the
solvent andabsorber, which increase the energy levels of both the
excited and unexcited states.

The main contributions of the transitions were designated with the
help of SWizard program (Gorelsky et al. 2010). In methanol
phase, the maximum absorption wavelength corresponds to the
electronic transition from the HOMO-LUMO with 86% contribu-
tion, the transition on HOMO-1-LUMOwith 85% and the transi-
tion HOMO-LUMO + 1 with 88%.

DFT calculations commonly expose a HOMO with electron densi-
ty localised on the donor unit and a LUMO with electron density
localized on the acceptor unit. These orbital's take part in an
imperative function in the electronic properties, optical properties
and also determines the way the molecule interacts with other
species (Mulliken 1995; Fleming 1976). The energy of the HOMO
is representative of ionization potential while LUMO energy is
indicating the electron affinity. The stability of structures has been
explained by energy gap between HOMO and LUMO and this gap
helps to characterize some significant issues including the kinetic
stability besides chemical reactivity of the molecule (Curtiss et al.
1998). The compound with a tiny Frontier orbital space is more
accountable for low kinetic stability and high chemical reactivity.
The molecular electrical transport properties (Fukui et al. 1982;
Udhayakala et al. 2011; Subramanian et al.. 2010) were deter-
mined by one of the critical parameters of energy gap between
HOMO and LUMO.

The HOMO energy, the LUMO energy and the energy gap of 3-
PDNPO is listed in Table 6. Fig. 7 depicts the molecular orbitals
and energies for the HOMO-LUMO, where positive phase and
negative phase of orbitals are represented in red and green colour.
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Table 6: Computed and Experimental Absorption Maxima (Amax, NM), Oscillator Strength (f) and Electronic Excitation Energies (E, eV) of 3-PDNPO.

Osicillator

State Cal. Amax(nm) Expt. Amax(nNM) Strength () E(eV) Main contributing configurations
H—L(82%)
S 342.18 0.107 3.62 HoL+2 (24%)
P 290.56 0.0411 4.26 H-1-L(76%)
265.42 0.0767 467 H-3—L+1(90%)
H—L (86%)
Matbanol 325.87 319 0.0486 381 HoL+2 (16%)
292.00 0.1247 424 H-1—-L (85%)
250.90 246 0.0758 4.94 H—L+1(88%)
H—L(85%)
Chloroform 314.28 307 0.0864 3.95 HoL+2 (14%)
291.29 0.1652 425 H-1—-L (90%)
268.85 255 0.0176 461 H-3—L+1(84%)
3.8. Frontier molecular orbital analysis y=1/2 1
=127

The calculated energy values of HOMO are -5.73, -5.70, and -5.70
eV in gas, methanol and chloroform, respectively. LUMO is -1.10,
-1.06, and -1.05 eV in gas, methanol and chloroform, respectively.
The value of the energy separation between HOMO and LUMO is
4.63, 4.64 and 4.65 eV in gas, methanol and chloroform, respec-
tively. The energy gap of HOMO-LUMO explains the eventual
charge transfer interaction taking place within the molecule, which
influences the biological activity of the molecule. Furthermore, in
going from the solution to the gas phase, an increasing value of
the energy gap shows that the molecule becomes more stable.

The absolute electronegativity (x), hardness (1), electrophilicity index
(y) and softness ({) are calculated using the following equations
n= (IP-EA)/2 = (ELumo-EHomo)/2

= (IP+EA)/2 = - (ELumo*+EHomo)/2

For 3-PDNPO, electronegativity (x), hardness (1), electrophilicity
index (y) and softness ({) are given in Table 7. The dipole
moment is another important electronic property in a molecule.
For example higher the dipole moment, the stronger will be the
intermolecular interactions.

3.9. Non-linear optical analysis

Density functional theory has been used as an effective method to
investigate the organic non-linear optical materials. Recent
research works have illustrated that the organic non-linear optical
materials are having high optical non-linearity than inorganic
materials (Sun et al. 2003). In the presence of an applied electric
field, the energy of a system is a function of the electric field.
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polarizabilities and hyperpolarizabilities characterize the response
of a system in an applied electric field (Christiansen et al. 1999).
They determine not only the strength of molecular interactions but
also the cross sections of different scattering and collision
processes, as well as the NLO properties of the system (Klein-

LUMO

£

X 2
4 >
o —~

>
‘JQ

HOMO

Gas Phase

manl1977; Labidia et al. 2010; Vijayakumar et al. 2008). In this
study the electronic dipole moment, molecular polarizability, ani-
sotropy of polarizability and molecular first hyperpolarizability of
present compound were investigated.

LUMO

3

4.63 eV 4.64 eV

-1.05 eV

4.65 eV

Orbital energies eV
3
n

HOMO
=5.70 eV

-5.73 eV -5.70 eV

Gas phase Methanol CHCls

Fig. 7:Molecular orbitals and energies for 3-PDNPO.

Table 7: Calculated energy values (eV) of 3-PDNPO in Gas Phase, Ethanol and Chloroform

B3LYP/6-31G(d,p) Gas Methanol CHCls
Etotal (Hartree) -1347.21 -1347.24 -1347.23
Enomo -5.73 -5.70 -5.70
ELuomo -1.10 -1.06 -1.05
ELumo-+omo (AE) 4.63 4.64 4.65
Eromo-1 -5.78 -5.76 -5.75
ELumor -1.01 -1.00 -0.99
E Homo-1)-(Lumo+) 4.77 4.76 4.75
Electrinegativity(y) -3.42 -3.38 -3.38
Hardness(n) 2.32 2.32 2.32
Electrophilicity index(y) 2.52 247 2.46
Softness(%)) 159.72 159.63 159.23
Dipole moment 0.92 1.33 1.18

Table 8: Dipole Moment, Polarizabiltiy, Hperpolarizabiltyof 3-PDNPO Calculated Using B3LYP Method Using 6-31G (D,P) Basis Set.

Dipolemoment (Debye) Parameter Hyperpolarizability (a.u)
Lk -0.1127 Brxx -89.1566
Ly -0.6139 Byyy 50.5974
1z 0.6794 Bozz 7.1043
Htotal 0.92 Bryy 18.7385
Parameter Polarisability (a.u) Brxy -43.9223
O 186.03 Bz 28.668
Olyy 185.84 Bz 12.4732
Oz 186.77 Byzz 6.1975
Olxy -4.85 Byye 1.1069
Oz 1.15 Byyz -28.1692
y; 8.72 Bo (esu) 0.604x10°%
o (esu) 2.76x10%
Aa. (esu) 2.58x10%*

The calculated hyperpolarizability () and dipole moment (p) of
the compound are 0.604 x 10 esu and 0.92 D, respectively
[Table 8]. The above result shows that the NLO activity of
3-PDNPO is 2 times that of urea (Jin et al. 1998). The hyperpolar-
izability values are large for 3-PDNPO compared to Urea. The
result also indicates that the magnitude of hyperpolarizability of
molecules is dependent upon the availability of the lone pair of
electrons on the nitrogen and oxygen atoms.

4. Conclusions

In this paper, we have presented a molecular structure and con-
formational aspects  of  3t-pentyl-2r,6¢c-di(naphthalen-1-
yl)piperidin-4-one oxime was made by computational analyses
and compared with available single crystal XRD data. The data

showed that the piperidin-4-one ring adopts chair conformation.
The theoretically (B3LYP/6-31G (d,p) constructed IR and Raman
spectra are in line with experimentally observed counter parts. The
reactive sites within the molecules are understood with the help of
Mulliken and MEP surface analyses. The UV-visible spectral
results could provide useful information of electronic properties of
our compound. The HOMO-LUMO energy gap confirmed the
charge transfer taking place within the molecule. The calculated
dipole moment and hyperpolarizability results indicate that the
significant role in determining the nonlinear optical behaviour.
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