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INTRODUCTION

In recent years, non-linear optical (NLO) materials are
effectively used for the optical communication and related
electro-optic applications [1-3]. The development of optical
device technologies depends mainly on the growth of efficient
NLO materials with high second harmonic generation (SHG)
responses and discovery of novel and also more active materials
[4]. Of late, the organic non-linear optical materials are of
widespread interest because of their budding applications in
electrical and electronic devices like optical moderator, optical
switch and other photonic devices [5]. Use of organic mole-
cules in the non-linear optical media is cost effective and poss-
esses a number of advantages, like small dielectric constant
and variety in organic structures. Perfect and suitable organic
NLO materials can easily be obtained based on the chemical
structures and properties which in turn due to their large struc-
tural diversity [6]. Quantum chemical methods suggest power-
ful implements for the computation of countless properties of
molecules such as ground state geometry [7], reaction mecha-
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Growth of a new organic single crystal of N-acetyl-2,6-bis(4-methoxyphenyl)piperidin-4-one (APM3EPO) is reported by using a slow |
evaporation method. The characterization of the crystal was done by IR and NMR spectra. Further, electronic spectrum and TG/DTA |
studies have also been carried out. The SHG efficiency of the crystal was found to be closer to that of standard KDP (potassium dihydrogen
orthophosphate) using the modified Kurtz-Perry powder test employing Nd: YAG laser as the source of IR radiation. The calculated |
hyperpolarizability values were also projected to confirm the aptness of the crystal for non-linear optical applications. Optimization of the |
molecular structure of APM3EPO is done at the basic level of B3LYP/6-311(d,p) and the corresponding molecular properties such as |
HOMO-LOMO and Mulliken charge analyses are carried out at the same level of theory. |
|
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nism, thermodynamics, etc. [8]. Molecular structures and their
energies are determined, in general by the quantum chemists,
using computer programs based on the mathematical methods
[9,10]. These programs employ various methods to approximate
wave functions, which are the solutions to wave equations of
complex nature [11,12]. The wave function is intended by
solving the wave equations innermost to quantum chemistry
the non-relativistic Schrodinger equation [13].

Of late, we are working on the development of new organic
NLO materials based on the skeleton of 2,6-diarylpiperidin-
4-one [5,14]. In this paper, the crystal growth of N-acetyl-2,6-
bis(4-methoxyphenyl)piperidin-4-one (APM3EPO) is reported
(Fig. 1) using benzene as a solvent by slow evaporation method
[14]. APM3EPO is characterized using the spectroscopic techni-
ques viz. UV-vis, infrared (IR) and NMR ('"H NMR) spectro-
scopy. Furthermore, thermal (TG/DTA), NLO and quantum-
chemical (DFT) studies are also carried out. The APM3EPO
is a non-centrosymmetric material belonging to orthorhombic
crystal system with space group Pna2; [15].
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Fig. 1. N-Acetyl 2,6-diaryl-3-ethyl piperidin-4-one (APM3EPO)

EXPERIMENTAL

The parent piperidin-4-one viz., 2,6-bis(4-methoxyphenyl)-
piperidin-4-one, was prepared by following the well-known
procedure [15]. 2,6-bis(4-methoxyphenyl)piperidin-4-one
(3.39 g) was dissolved in dry benzene (70 mL) and also added
triethylamine (2.78 g). To this solution, acetyl chloride (1.42
mL) was added immediately. The above reaction contents were
refluxed on a water bath for about 12 h and the completion of
the reaction was monitored by TLC (Scheme-I). The precipitated
ammonium salt was removed by filtration. Further purification
was carried out by washing the filtrate with more water (3-4
times). The organic layer was separated and dried using anhyd-
rous sodium sulphate. The resulting solution was passed through
a short column packed with silica and concentrated. Final puri-
fication of the obtained solid was done by recrytallization using
the mixer of benzene and peteroleum ether (60-80 °C) in the
9:1 ratio [15].

Crystal growth: Slow evaporation technique was used
to get bigger crystals. Pure crystal of APM3EPO was used to
prepare the saturated solution in benzene at 45 °C. The ensuing
solution was collected by filtering through Whatman 41 filter
paper. The final solution was allowed to evaporate slowly, in a
dust free place, by covering the beaker with perforated sheet.
Bulk transparent crystals with good optical quality were obtained
after a period of ten days. The harvested crystals of APM3EPO
are shown in Fig. 1.

RESULTS AND DISCUSSION

Transmission range is an important criterion to know the
suitability of crystals for optical applications. Hence, an elect-
ronic absorption spectrum of APM3EPO is recorded using
Double Beam UV-Vis spectrometer 2202 of Systronics Make
in the range of 200 to 800 nm (Fig. 2). Strong absorption bands
are observed in the near UV-region of the spectrum and assigned
for m-* and n-nt* transitions. Electronic spectrum shows the
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Fig. 2. UV-visible absorption spectrum of APM3EPO

absence of absorption band in the whole visible region up to
800 nm which in turn is an indication of very good transparency
of the grown crystal. Thus, the material APM3EPO may be
suitable for NLO applications.

FT-IR spectral analysis: Perkin-Elmer spectrometer was
employed to record the FT-IR spectrum of the grown crystals
by using KBr pellet technique in the range of 4000-400 cm'
(Fig. 3). The peaks at 3027 and 2977 cm™ were due to the
asymmetric and symmetric stretching vibrations of aromatic
C-H. Asymmetric and symmetric C-H stretching vibrations
of -CH; and >CH, groups of APM3EPO are observed as a group
of frequencies around 2801 cm™. Further, a strong band appea-
ring at 1701 cm™ has been assigned to the stretching vibration
of carbonyl group.
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Fig. 3. FT-IR spectrum of APM3EPO
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Scheme-I: Synthesis of N-acetyl-2,6-bis(4-methoxyphenyl)piperidin-4-one (APM3EPO)
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"H NMR analysis: The proton NMR spectrum of APMEPO
is reproduced in Fig. 4. The spectrum is recorded (6 ppm, solvent:
CDCls) using Bruker-NMR spectrometer (500 MHz). The
protons of CHj3 of Cs-ethyl appear at 1.03 (t, 3H) and CH, of
Cs-ethyl appear at 1.70 (m, 1H) & 1.61 (m, 1H). The CH; of
N-acetyl protons appear at 2.08 (s, 3H). Two doublets of a
doublet (dd) appeared at 2.66 (1H) & 2.90 (1H) are due to the
equatorial and axial protons, respectively at Cs. A multiplet
appearing at 2.98 (1H) has been assigned to the Hs, proton.
The protons of two OCHj3 groups appear as singlet at 3.75
(3H) & 3.78 ppm (3H). The benzylic protons at C, (H,,) & Cs
(Hs.) appear as broad signals at 5.00-6.00 ppm. The multiplet
appearing between 6.71 and 7.16 ppm, accounting for eight
protons has been assigned to aromatic protons.
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Fig. 4. '"H NMR spectrum of APM3EPO
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Thermal analysis: The compound APM3EPO was subj-
ected to a TG/DTA analysis between 0 °C and 500 °C in a N,
atmosphere (Fig. 5). This compound is likely to be unaffected
up to the temperature of 220 °C. Between 250 °C and 450 °C
the compound gradually decomposed. A typical mass change
of 57.45% occurred steadily due to the rupture of anisole moiety.
Further, a steep change in mass of about 32.16% may be due
to decomposition of piperidone moiety. The final residual mass
change is 9.98 % at 498 °C due to possible decomposition of
ammonium formate. A sharp endothermic peak was observed
at 137.9 °C in the DTA trace which might be due to the melting
of the compound. Two more broad endothermic peaks are also
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Fig. 5. TG/DTA analysis of APM3EPO

observed at 365.2 °C and 418.0 °C. Thus, the organic crystal
is stable up to 220 °C and may be appropriate for NLO applica-
tions.

SHG measurements: Second harmonic generation (SHG)
efficiency of the powdered crystals of APM3EPO was measured
by employing Kurtz and Perry technique [16]. The packed
powdered crystal was illuminated using a Q-switched Nd: YAG
laser as light source. In this measurement, a laser beam (wave-
length = 1064; pulse width = 8 ns; pulse rate = 10 Hz) was
allowed to fall on the sample cell and the laser energy fall on
was 2.5 mJ/pulse. In this experiment, powdered KDP (potassium
dihydrogen orthophosphate) was used as a reference material.
For the given equal input beam energy, APM3EPO showed
the SHG signal of 30.0 mV and the corresponding signal of
KDP is 17 mV. Thus, SHG virtual efficiency of APM3EPO is
established to be 1.77 times greater than that of KDP.

Quantum chemical studies: Quantum chemical calcu-
lation of APM3EPO was carried out with Gaussian 09, Revision
E.Ol program package with B3LYP/6-311 G(d,p) basic set
[17].

Molecular geometry: The optimized molecular geometry
and calculation of vibrational frequency were carried out for
APM3EPO using Gaussian 09, Revision E.Olprogram [17].
Fig. 6 shows the DFT optimized structure of APM3EPO. The
symmetry of ring is distorted by the electron donating -OCHj3
group on the phenyl ring and thereby alters the angles of
piperidine ring at the point of attachment to 105.5° which is
obviously smaller than tetrahedral angle. APM3EPO prefers
distorted boat conformation in the solid state as evidenced
from its crystal structure [15]. The atom O, of acetyl group
attached to the nitrogen of piperidine ring forms a strong intra-
molecular hydrogen bonding with the neighbouring C4-Cis
[Cis-His5....04 (2.158 A)] and this leads to the development of
S (6) graph set [ 18]. The piperidone ring distortion is supported
by the reduced dihedral angles of 45.5° and 32.6° for Ce-Ns-

Fig. 6. Optimized structure of APM3EPO
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Ci4-Ci2 & N-C4-C,5-Cys, respectively. Bond angles of both
methoxy substituted phenyl rings are found to be normal as
reported in literature [15]. Based on the aggregate of bond
angles, C15-N5-C1(,, C14-N5-C6 & C(,-N5-C1(,, which is found to
be 359°, the hybridization of nitrogen of piperidone moiety is
confirmed to be sp”. This observation confirms the nitrogen
lone pair delocalization with carbonyl group. Thus, the optimized
parameters of APM3EPO are found to be almost equal to those
determined experimentally [15], which also validate the theor-
etical studies.

HOMO and LUMO orbitals: The energy gap between
HOMO and LUMO of APM3EPO (Fig. 7) was computed by
using B3LYP/6-311 G(d,p) levels. High chemical reactivity
of APM3EPO is indicated from its smaller energy gap and
HOMO is localized on the molecule. In particular more electron
density arises at one of the phenyl rings of APM3EPO while
the localization of LUMO is mainly over the piperidone ring
of APM3EPO. The energies of HOMO and LUMO are calcu-
lated as - 6.040 and - 0.895 eV, respectively. Negative HOMO
and LUMO values revealed the molecule stability [13,18]. The
energy gap of the molecule is 5.145 eV, which indicates the
intermolecular charge transfer of the compound.
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Fig. 7. HOMO-LUMO structure of APM3EPO

Mulliken atomic charges: Mulliken charge distribution
of APM3EPO is given in Fig. 8. The carbon Cj, attached to the
piperidone nitrogen, possesses the highest positive charge (+
0.346 e) while another carbon holding electronegative oxygen
O; as substituent also possesses positive charge of + 0.253 e.
The methoxy substituted carbons Cas and Cu; possess positive
charge where as a negative charge is associated with carbons

0.4+

©
15

0.3+

c1

| B3LYP/6-311 G(d.p)

©

~
b3
o

0.2 o

T P ] =

E o o ] z 3

& I @ Iz 8 o I < o =3 [T

T SN & 2% 3 B B 2
Il * 3 2 Il

2

©
~
1

8
o

o
Y

C50

<
b
13}

Mulliken charge (e)
o

5
3

Hag
C52

- 2
b 4]
13

o
)

0

3
Atom number

c12

o
w

~
13

Fig. 8. Mullikan populations of APM3EPO
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of methoxy groups (Cs & Cs;) due to the attached hydrogen
atoms. All hydrogen atoms exhibit positive charge in which H;s
has the highest charge. This may be explained by the presence
of intermolecular hydrogen bonding interaction in APM3EPO
[18]. The nitrogen Ns exhibits a highest negative charge of
-0.400 e which causes the distortion of piperidone ring due to
more electron density over the atom. Further, the electronegative
oxygen atoms exhibit negative charge.

Hyperpolarizability: The dipole moment of APM3EPO
was found to be 4.1677. The first hyperpolarizability of the
material was also calculated at B3LYP/6-311 G(d,p) level of
theory and found to be 2.118 x 10 esu. The By part has much
influence on the molecular hyperpolarizability (Table-1). The
value of hyperpolarizability is 13 times more when compared
to that of urea when both were calculated at the same level of
theory. This greater hyperpolarizability may be due to the inter-
molecular hydrogen bonding interaction found in the material
[18].

TABLE-1
HYPERPOLARIZABILITY OF COMPONENTS AND
FIRST HYPERPOLARIZABILITY OF APM3EPO

Components Values (esu)
Brex 1.6059 x 107
Byyy 8.43449 x 10!
B,. -1.0485 x 10
Bryy -1.1125 x 10
Brxy -4.1364 x 10
Brxe -1.5262 x 10
B 3.3927 x 10
By 4.5380 x 10
Btot 2.11862 x 107
Conclusion

Slow evaporation method is followed to grow the single
crystal of N-acetyl-2,6-bis(4-methoxyphenyl)piperidin-4-one
(APM3EPO) material with fine optical quality using benzene
as solvent at an ambient temperature. The material has been
characterized using electronic, IR & 'H NMR spectra. Further,
TG/DTA and NLO studies have been carried out. Relative SHG
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efficiency of APM3EPO was estimated to be 1.77 times higher
than that of KDP. Density functional theory (DFT) methods
with Gaussian 09, Revision E.01 program package B3LYP/6-
311 G(d,p) basic set is used to carry out the theoretical studies.
Interestingly, hyperpolarizability value is calculated to be 13
times greater than that of urea. Mulliken population analysis
indicates that all hydrogen atoms exhibit positive charge in
which His possesses the highest and there by the presence of
intermolecular hydrogen bonding interaction is proved.
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