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ABSTRACT

The FT-IR and FT-Raman spectra of E-[1-Methyl-2,6-diphenyl-3-(propan-2-yl)piperidin-4-ylidenelamino 3-meth-
ylbenzoate] (AMB) were recorded in the region 4000-400 cm~1 and 3500-100 cm-~1, respectively. The geometrical
structure, harmonic vibrational frequency, IR intensity, Raman activity and bonding features of this compound was carried out by DFT
method with 6-31G basis set. The electric dipole moment (i) and the first-order hyperpolarizability (R0) values had been computed quantum
mechanically. The calculated HOMO and LUMO energies showed that, the charge transfer occured within the molecule. The charge delocali-
zation of this molecule had been analyzed using NBO analysis. The solvent effects had been calculated using TD-DFT in combination with
the polarized continuum model and the results were in good agreement with experimental measurements. The other molecular properties
like Mulliken population analysis, MEP and thermodynamic properties of the title compound had been calculated. Finally, the calculated
results were applied to simulate F1-IR and F1-Raman spectra of the title compound which showed good agreement with observed spectra.

INTRODUCTION

Methyl benzoate, derivative of benzoic acid is an essence or oil
of Niobe with colourless, oily transparent liquid with a pleasant
odor. It has boiling point 198.6°C and flash point 82.7°C. It is in-
soluble in water, miscible with alcohol, ether and methanol. It is
stable against oxidation and easily saponified by a strong base.
Methyl benzoate is obtained by heating methyl alcohol and
benzoic acid in presence of sulfuric acid and passing dry hydro-
genchloride through a solution of benzoic acid in methanol. It
occurs naturally in oils of dove, ylang-ylang and tuberose. It is
used as a perfume and dye carrier. It is also used as solvent for
cellulose esters, ether, resins, rubber and flavoring.

Vibrational spectra of benzoic acid and substituted benzoic ac-
ids have been studied by various authors [1-3]. Verma et al., [1]
recorded the IR absorption spectrum of m-flurobenzoic acid in
the region 4000-250 cm™. The activation energies and relaxation
times of some substituted benzoic acids and their esters have
been determined in the 3 cm microwave region at 20°C in di-
lute solutions of benzene . Korobkov and Kharkov [4] reported
the low-frequency Raman spectra of benzoic acid and some of
its derivatives. Abdullin and Furer [5] studied the calculation of
band intensities in IR spectrum and conformation of aromatic
esters.

Based on the literature survey, neither the vibrational analysis
nor the quantum mechanical calculations for the molecule AMB
have been reported so far. In this present study, a complete vi-
brational analysis of AMB is performed by combining the experi-
mental (FT-IR and FT-Raman) data and theoretical information
using Pulay’s DFT based scaled quantum mechanical (SQM)
method. The redistribution of ED in various bonding, anti-bond-
ing orbital and E* energies have been calculated by NBO analysis
to give clear evidence of stabilization originating from the hyper
conjugation of various intra-molecular interactions. The UV-Vis
spectroscopic studies along with HOMO and LUMO analysis has
been used to elucidate information regarding charge transfer
within the molecule. Finally, the thermodynamic properties of
the optimized structures were obtained theoretically from the
harmonic vibrations.

EXPERIMENTAL DETAILS

Synthesis Procedure

3-Isopropyl-2,6-diphenylpiperidin-4-one was synthesized by
Mannich condensation using benzaldehyde (2 mol), ammonium
acetate (1 mol) and isobutyl methyl ketone (1 mol) in absolute
ethanol, warmed for 30 min and stirred over night at room tem-
perature. The product was treated with methyl iodide (1.5 mol)
in the presence of potassium carbonate (2 mol) in acetone (10
ml) and refluxed for two hours yielding (4E)-1-methyl-3-isopro-
pyl-2,6-diphenylpiperidin-4-one. The oximation was done by hy-
droxylamine hydrochloride (2 mol) in the presence of sodium
acetate (2 mol) in ethanol (10 ml) and refluxed for two hours.
The resulting oxime (0.5 g, 1.55 mmol) was stirred with dry pyri-
dine (5 ml), added 3-methylbenzoic acid (0.23 g, 1.7 mmol) fol-
lowed by the dropwise addition of phosphorus oxychloride (0.21
mL, 2.3 mmol) and stirred at ambient temperature for 15 min;
the progress of the reaction was monitored by thin layer chro-
matography. Upon completion of the reaction, saturated sodium
bicarbonate solution (8 ml) was added to the reaction mixture.
The product was filtered and dried to get a white solid (0.62 g,
91%) which was recrystallized from ethanol to yield crystals
suitable for X-ray crystallographic studies.

FT-IR, FT-Raman and UV-Vis spectra

The FT-IR spectrum of MPPDO was recorded in the spectral re-
gion between 400-4000 cm™ using the KBr pellet technique. The
spectrum was recorded at room temperature with a scanning
speed of 10 cm™ per minute and at the spectral resolution of 2.0
cm in the Department of Chemistry, Jamal Mohamed College,
Trichy, Tamilnadu, India. The FT-Raman spectrum of title com-
pound was recorded using the 1064 nm line of an Nd:YAG laser
as excitation wavelength in the region 50-3500 cm™ on Bruker
model IFS 66V spectrophotometer equipped with an FRA 106
FT-Raman module accessory and at spectral resolution of 4 cm™.
The FT-Raman spectral measurement was carried out from SAIF
Laboratory, IIT Madras, Tamilnadu, India. The UV-Vis absorp-
tion spectrum of MPPDO was recorded in the range of 200-500
nm using a Shimadzu - 2600 spectrometer in the Department
of Chemistry, Jamal Mohamed College, Trichy-20. The UV pat-
tern was taken from a 10° molar solution of MPPDO dissolved
in benzene.
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COMPUTATIONAL DETAILS

For meeting the requirements of both accuracy and computing
economy, theoretical methods and basis sets should be consid-
ered. DFT had proved to be extremely useful in treating electronic
structure of molecules. The density functional three parameter hy-
brid model (DFT/B3LYP/6-311++G(d,p) basis set was adopted to
calculate the properties of the title molecule in this work. All the
calculations were performed using the Gaussian 03W program
package [6] with the default convergence criteria without any
constraint on the geometry [7] It should be noted that Gauss-
ian 03W package did not calculate the Raman intensities. The
Raman activities were transformed into Raman intensities using
Raint program [8] by the expression:

RESULTS AND DISCUSSION

Molecular Geometry

The optimized geometrical structure of the title compound is
shown in Fig. 1. The molecular structure of the AMB belongs to
a C_ point group of symmetry. The optimized structural param-
eters for this compound was calculated by B3LYP method with
6-31G basis set is listed in Table 1. The calculated geometrical
parameters can be used as the foundation to calculate other
parameters for the compound. The molecule AMB has one pi-
peridine ring, four methyl groups and 3 benzene rings. The op-
timized geometrical parameters of AMB are compared with XRD
data [9] . The C-C and C-H bond lengths of the molecule AMB
are approximately (except little difference) equal to experimental
values [9]. The calculated C-C bond length in ring varies from
1.581 to 1.397A.

According to Aydin et al., [10] the piperidine ring in the chair
conformation has the endocyclic bond angles closer to tetrahe-
dral geometry (110.3(3)-111.8(3)°) and the average endocyclic
torsion angle is 54. 93(13)°. In this study the calculated endo-
cyclic bond angles vary in the range of 106.95-115.65° and the
average endocyclic torsion angles by DFT method is ~53.30°.
In piperidine moiety the bond distances varies between 1.491-
1.581A. These values are supported by literature [11]. The bond
angles between C-C,-N,, C -C -C, and C-C-N,, C -C-C,
are respectively differed by 12.09°, 5.25°, which are due to con-
formations. Gundersan et al., [12] calculated the C-N bond dis-
tance for piperidine as 1.469A, which is moderately in agree-
ment with our data (1.4914/ C,-N,). In the piperidine ring, the
C-N (1.491/1.495A) bond distances are moderately shorter than
C-C (1.496-1.581A) bond distances while C-C-N (111.23/113.38°)
bond angles are slightly shorter than C-N-C (114.29°) bond an-
gle. This trend is supported by earlier studies [13]. It should
be mentioned here that the shortening of bond length C47-C62
(1.513A) from its normal value (1.44A) [14], which is due to the
hyperconjugation interaction occurs with the releasing of elec-
tronic charge from C-H to C-C bond in the phenyl ring.

Vibrational Analysis

The title compound consists of 65 atoms and has 189 normal
modes of vibrations. These normal modes of AMB are distrib-
uted with 127 in-plane vibration and 62 out-of-plane vibration.
The vibrational modes are assigned on the basis of TED analy-
sis is carried out using VEDA4 program [15 ,16]. Vibrational fre-
quencies are calculated using B3LYP/6-31G level of basis set. Ta-
ble .2 shows that scaled frequencies, observed frequencies in the
FT-Raman and FT-IR spectra with their intensities, force con-
stants, reduced masses and proposed normal modes of the title
compound. To understand the analysis of spectral features, the
comparison of stimulated and observed FT-IR and FT-Raman
spectra of AMB are presented in Figs.2 and .3, respectively.

C-H Vibrations

The AMB molecule is a tetra-substituted aromatic structure. It
has one isolated and three adjacent C-H moieties and hence
Five C-H stretching vibrations, five in-plane / out-of-plane
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bending vibrations are possible. The hetero aromatic struc-
ture shows the presence of the C-H stretching vibration in the
range 3100-3000 cm™, which is the characteristic region for the
ready identification of the C-H stretching vibrations [17], and
typically exhibit weak bands compared with the aliphatic vC-H
mode [18]. In the present work, the C-H stretching vibrations
belong to piperidine and benzene ring moieties are respectively
assigned to wavenumbers 3053, 2963, 2955, 2934, 2800, 2782 cm™
and 3127-3072, 3071-3063 cm™ (Mode nos: 17, 24, 25, 27, 31, 32
and 1-10, 12-15). As showed by the TED, these modes involve
approximately 90% contribution suggesting that these are pure
CH stretching modes, which are further supported by observed
bands: FTIR: 3090, 3066, 2962 & 2772/FT-Raman: 3067 & 2966
cm™
The aromatic C-H in-plane bending vibrations occur within the
region 1300-1000 cm™ and out-of plane bending vibrations in
the region 1000-700 cm™ [19]. The C-H in-plane bending vibra-
tions belong to piperidine ring are computed at 1382, 1361, 1324,
1282 & 1223 cm™. The calculations show that the bands corre-
sponding to the B, modes of benzene moieties: Two, Three and
four are located at 1494, 1492, 1455, 1188, 1078 cm™ (mode nos:
42, 44, 54, 79, 93); 1599, 1458, 1182, 1175, 1175 cm™ (mode nos:
36, 53, 82-84) and 1489, 1311, 1184, 1097 cm™ (mode nos: 46, 69,
81, 91), respectively. These results are supported by literature
[20] and also find support from FT-Raman bands: 1084 (FTIR),
1183 & 1313 cm” in addition to TED output (>22%). The har-
monic bands at 1463, 1348, 1317, 1279, 1276 cm™ (mode nos: 52,
62, 68, 73, 74) and at 982, 973, 925, 923, 856, 771 cm™ (mode nos:
108, 109, 115, 116, 122, 128) are designated as I',, modes of pi-
peridine and benzene moieties, respectively. The mode nos: 52,
73 & 128 are in consistent with the observed FTIR bands: 1465
(FT-Raman), 1279 & 772 cm’. These assignments are further
supported by literature [21] in addition TED results (>24%). The
mode nos: 77/167: are belong to BC_H_/T'C, H, modes.

Methyl Vibrations

The title compound AMB possesses four CH, group on the side
substitution chain. For the assignment of CH, group frequen-
cies, nine fundamentals can be associated with each CH, group,
namely: two asymmetric vCH,, one symmetric vCH,, two asym-
metric BCH,, one symmetric fCH,, two pCH, and one tCH,
modes[22]. The v, and v modes of CH, group attached with
benzene moiety are usually downshifted due to electronic ef-
fects [23] and are expected near 2925 and 2865 cm™ for asym-
metric and symmetric stretching vibrations, respectively. The
CH stretching vibration in CH, occurs at lower frequencies than
those of aromatic ring (3100-3000 cm™). Moreover, the asym-
metric stretch is usually at higher frequencies than the symmet-
ric stretch. In CH, group, the v and v, modes appeared in the
ranges 2860-2935 cm™ and 2925-2985 cm, respectively [24]. In
the present work, the CH, asymmetric and symmetric stretching
modes are assigned at 3072, 3057, 3021, 3017, 3014, 3004, 2988 &
2982 cm (mode nos: 11, 16, 18-23) and 2936, 2926, 2924 & 2841
cm’ (mode nos: 26, 28-30), respectively. These assignments are
in line with observed FTIR/FT-Raman bands (3021, 2879/3021,
2872 cm™) and also supported by literature [25] in addition to
TED output (>80%).

The asymmetric and symmetric bending vibrations of methyl
groups normally appear in the regions 1465-1440 cm” and
1390-1370 cm’, respectively [26 , 27]. In accordance with above
conclusion, the harmonic bands at 1500, 1493, 1492, 1491, 1489,
1486, 1480, 1477 & 1476 cm™ (mode nos: 41, 43-50) are assigned
to B, CH, deformations, whereas mode nos: 57-59 (1419, 1408 &
1395 cm™) are assigned to B_ CH, deformations. These modes
are very well within the expected region and also find support
from the observed bands (FT-IR: 1479, 1402, 1406/FT-Raman:
1489, 1417 cm™). These (BCH,) modes are mainly coupled with
the in-plane bending vibrations. In AMB the rocking vibra-
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tions of the CH, groups are appeared as mixed vibrations. These
modes usually appear in the region 1070-900 cm™ [28 ,29]. The
(mode nos: 45, 47, 51, 77, 85, 86, 88, 89 and 90, 92, 96, 101, 105,
111, 113, 114 are assigned to in-plane and out-of-plane rocking
vibrations of CH, groups, in which (modes nos: 77, 88, 92 & 113
are in agreement with observed FTIR bands (1237, 1140, 1091:
FT-Raman & 935 cm™). The tCH, mode is expected to occur
below 400 cm™ [30] - According to the literature the harmonic
bands at 248, 227, 209, 203 cm™ (mode nos: 165, 167, 169, 170)
are attributed to TCH, modes.

Ring Vibrations

The C-C aromatic stretching vibration gives rise to character-
istic bands in both the observed FI-IR and FT-Raman spectra,
covering the spectral range from 1600-1400 cm™ [31]. The ob-
served bands (FTIR: 1607, 1084, 1071/FT-Raman: 1597, 1313
cm) have weak intensities with considerable TED values are
designated as v, , modes of benzene moieties of AMB. The har-
monic wavenumbers for this mode fall within the range of 1601-
1073 cm™ (mode nos: 35-40, 54, 56, 65, 66, 69, 70, 79, 80, 91, 93,
94). These results are supported by the literature [32]. The C-C
stretching is observed at 1051 cm™ for piperidine [33]. The ring
stretching vibrations are observed as medium to weak bands in
all the recorded spectra. Accordingly, in piperidine moiety, the
V.. modes are observed at 1091(w)/935(m) cm™” (FT-Raman/
FTIR). These results are further supported by harmonic wave-
numbers in the range (1093-939 cm”/mode nos: 92, 100, 111,
113) in addition to TED results. The bands observed at 1156
and 1204 cm™ in FTIR spectrum can be assigned to the vC -C,,
vC,.-C,, and vC -C, modes, respectively, which are in agreement
with harmonic bands at 1160, and 1196 cm™ (mode nos: 87 and
78). These assignments are further supported by TED.

The harmonic bands at 1026, 999, 628 cm™ (mode nos: 98, 102,
140); 1026, 999, 998 cm™ (mode nos: 99, 102, 103); 664, 545, 532
cm (mode nos:137, 144, 145) are assigned to f3 . modes and the
bands at 710, 416 cm™ (mode nos: 133, 154); 764, 701, 411 cm™
(mode nos: 129, 135, 155); 674, 492, 427 cm™ (mode nos: 136, 148,
152) are assigned to I' . modes of phenyl rings (Ring 2;3;4) for
AMB, respectively. These assignments are agreeable with litera-
ture [31] and also find support from observed FTIR bands: 999
cm’/FT-Raman and 763, 694, 680, 482, 433 cm™ in addition to
TED values. In AMB the mode no: 100 is attributed to .. mode
of piperidine moiety and the mode no: 121 belongs to vC_-C_,
mode.

C=N, C-N Vibrations

The identification of C=N and C-N vibrations is a very difficult
task, since the mixing of several bands are possible in the region
[33]. In liquid phase FTIR spectrum of the 2 and 3-methylpi-
peridine molecules Erdogdu et al.,[22] assigned the C-N stretch-
ing at 1085 and 1055 cm™. Based on the above literature data,
in this study weak bands are found in FTIR/FT-Raman spectra
at 1071, 1049/1047 cm™ are assigned to C-N stretching modes,
the TED also predicts that these vibrations are mixed vibrations
and is evident from Table 2. The harmonic wavenumbers corre-
sponding to this mode 1073, 1032 cm™” (mode nos: 94, 97) are in
agreement with recorded as well as above mentioned literature
data. The C=N stretching appears in the region 1600-1670 cm™
[22] Kolev et al., [34], also assigned C=N stretching mode at 1641
cm™ (FTIR). In our present study, the strong band is observed in
FTIR spectrum at 1689 cm™ and weak band in FT-Raman spec-
trum at 1688 cm™ is assigned to C, =N, stretching mode. For the
same mode the calculated frequency is 1618 cm™ (mode no: 34)
and this assignment is further supported by TED (74%) value.
In AMB, the BC,-N,.-C,,, BC,-C, =N,  and tC,C,C, N, modes are
assigned to mode nos: 150, 139 and 186, respectively, in which
mode nos: 150, 139 are supported by observed bands (446 cm™:
FTIR, 638 cm™: FT-Raman) in addition to TED value.

Research Paper

C=0, C-0, N-O Vibrations

The v _, vibrations in ketones are expected to occur in the region
1680-1715 cm™. The intensity of carbonyl bands will increase be-
cause of conjugation, which leads to the intensification of the
Raman lines as well as the increased IR band intensities [35].
It can be seen from the Table .2 the FTIR band with very strong
intensity (IR relative intensity: 49.74) and it is observed at 1768
cm belongs to the C, =0, stretching mode in conformity with
the TED (78%) distribution, whereas the calculated frequency
1661 cm™ (mode no: 33) shows a negative deviation of ~107 cm
!. The difference in stretching frequency is observed for carbonyl
group and it may be due to the existence of different conformers
of the target molecule probably in the solid state the hydrozone
moiety existing in syn orientations. But during the theoretical
calculation are hydrozone moiety may be existing in the anti-
orientations.

Normally the vC-O modes occur in the region 1000-1260 cm™
[36]. The force constant of the C=0 bond is increased by the
electron-attracting nature of the adjacent oxygen (0,,) atom due
to inductive effect [37]. The C-O next to the carbonyl is stiffer
than the other single bonds due to resonance which tends to lo-
calize the high vibration in the C-O bond. Based on the facts,
the harmonic band at 1065 cm™ in IR spectrum with maximum
(100) relative intensity is assigned to vC,,-O,, vibration for AMB.
This mode is not pure but contains significant contributions
from other modes. (v, (22%)+p,, (28%)). This assignment is in
the expected range and also find support from TED (32%). The
mode no: 131, (736 cm™) with significant TED value (64%) is
undoubtedly assigned to N,-O, stretching vibration. The B/
I'._, modes are reported at 900/523 cm theoretically and at 567
m™” (T'_,) experimentally by [38]. The bands calculated at 1065,
638, 638 cm (mode nos: 95,139,139) and 674, 375 cm™ (mode
nos: 136, 156) are assigned as deformation bands of fC,,C, C, .
BCc,N, O, BC,C,0, and tC,C,C, O,,1C,C.N, O, respectively.
These assignments are supported by observed bands at 638 cm™
(FT-Raman), 680 cm™ (FT-IR) and in addition to TED value.

NLO Property

In this work, the dipole moment, molecular polarizability, ani-
sotropy of polarizability and first order hyperpolarizability of
AMB molecule are calculated using B3LYP/6-31G basis set and
are listed in Table 3. The calculated values of dipole moment ()
are found to be 0.366, 1.441 and -0.257 Debye. The highest value
of dipole moment is observed for component p. In this direc-
tion, this value is equal to 1.509 Debye. The calculated polariz-
ability a, have non-zero and zero values and are dominated by
the diagonal components. Total polarizability (a,) calculated as
819.899x107*, esu for title molecule. The first hyperpolarizability
values B of the title compound is 1.7472 x10™* esu which is ~5
times greater than that of urea. The magnitude of the molecular
hyperpolarizability B, is one of important key factors in a NLO
system.

NBO Analysis

The NBO analysis is performed using B3LYP/6-31G basis set to
study the stabilization originating from the hyper conjugation
of various intra-molecular interaction in AMB molecule. The
calculated second-order interaction energies (E?) between the
donor-acceptor orbital in AMB molecule are listed in Table 4.
Generally more energy transfer takes place during ¢ to ¢* transi-
tion. In AMB, the ¢ bonds of C -C,,C -H ,C-H,C,C,,C,-
H, transfer more energy 87.4, 84.27, 85.81, 80.46 KJ/mol to the
anti-bonding acceptor orbitals. On the other hand the n bonds
Cc,€C,C,C.,C.-C.C,C,C,-C,, C,C, alsotransfer energy
80.17, 85.94, 84.22, 86.99, 83.72, 87.78 KJ/mol to the anti-bond-
ing acceptor orbitals. Similarly LP O,, transfer the (E*) energy
39.62 and 31.51 KJ/mol to its anti-bonding orbitals ¢*(C -0, )
and n*(C,-C, ), respectively. The maximum stabilization energy
(168.07 KJ/mol) is associated with hyperpolarizability interac-
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tion is (n-6*) LP O,,>0,,-C
tron of carbonyl group.

» Which may be due to lone pair elec-

Homo-Lumo Analysis

Many organic molecules that contain conjugated n electrons are
characterized as hyperpolarizabilities and are analyzed by vibra-
tional spectroscopy [39, 40]. According to the DFT calculated
electronic absorption spectra, the maximum absorption wave-
length corresponding to the electronic transition is from the
HOMO to the LUMO. These molecular orbitals for AMB is shown
in Fig. 4. The lowest singlet->singlet spin-allowed excited states
of title molecule were taken into account for the B3LYP/6-31G
calculation to investigate the properties of electronic absorption.
The energy gap between HOMO and LUMO is a critical param-
eter in determining molecular electrical transport properties be-
cause it is a measure of electron conductivity.

The HOMO energy is 5.991 eV and the LUMO energy 1.303 eV.
The energy gap of HOMO-LUMO explains the eventual charge
transfer interaction within the molecule, and the frontier orbital
energy gap of AMB is found to be 4.688 eV. The HOMO is located
over the pyridine ring and N-methyl and the LUMO is located
over methyl benzene. The HOMO->LUMO transition implies an
ED transfer to C-H group from the benzene ring. The hardness
and softness are the important properties to measure the mol-
ecule stability and reactivity. The various quantum chemical
parameters such as ionization potential, electron affinity, elec-
trophilicity index, etc., were calculated and are listed in Table .5.
In addition the frontier molecular orbital energies are also listed
in Table .6

UV-Vis Spectra

All the molecular structure allows strong n->n* or 6->6* tran-
sition in the UV-Vis region with a high extinction coeffi-
cients. The UV-Vis spectrum of AMB is recorded in ethanol
solution as shown in Fig. 5. To support experimental obser-
vations, the electronic absorption spectral calculation using
TD-DFT/6-31G basis set for the title compound in ethanol
and water solution is performed. The experimental and com-
puted electronic features such as the absorption wavelength
(A), excitation energies (E) and oscillator strengths (f) major
contributions of the transitions and assignments of electronic
transitions are listed in Table 7. TD-DFT methods are compu-
tationally more expensive than semi-empirical methods but
allow easily study the medium-size molecules [41,42]. The
calculated maximum absorption () ) values 331.71, 321.70,
285.49, 276.98, 266.08 and 256.04 nm (in ethanol) and 331.41,
321.18, 285.39, 276.57, 265.65 and 255.30 nm (in water), show
good agreement and their experimental absorption values
are 320 nm and 221 nm (in ethanol). These excitations cor-
respond & to n* transition.

MEP Analysis

MEP have been found to be a very useful tool in the investiga-
tion of correlation between molecular structures with its physi-
ochemical property relationship, including biomolecules and
drugs [43]. The MEP is calculated with B3LYP/6-31G basis set
and the MEP map is shown in Fig. 6. The different electrostat-
ic potential values of the surface are represented by different
colors, the maximum negative region, which is the preferred site
for electrophilic attack as shown in red colour. The maximum
positive region, which is the preferred site for nucleophilic at-
tack as shown in blue colour and green represent by zero poten-
tials. In the present work, the calculated result shows that the
negative potentials are mainly over the electron negative oxygen
atoms and positive potential are over the nucleophilic reactive
hydrogen atoms. This result gives information for the region
from where the compound can have inter-molecular interac-
tions.
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Mulliken Atomic Charges

Mulliken [44] atomic charge calculation has an important
role for the application of quantum chemical calculation of
the molecular system. Atomic charge affects dipole moment,
polarizability, electronic structure and other molecular prop-
erties of the system. The Mulliken atomic charge (e) values
are calculated using B3LYP/6-31G basis set and are listed in
Table .8 and are shown in Fig. 7. It is clearly shown that the
carbon atom attached with hydrogen atom is negative, where-
as the remaining carbon atoms are positively charged in the
title compound. The carbon, oxygen and nitrogen atoms
have more negative charge whereas all the hydrogen atoms
have the positive charges. Generally the hydrogen connected
methyl carbon having more negative charges (C,:-0.481, C_:-
0.415, C_;-0.413, C,,:-0.271) due to the accumulation of elec-
tronic charge oweing to the higher electronegative character
than the hydrogen atoms. Similarly the more negative charge
of carbon atoms are C_: -0.415 and C,: -0.481, The O, atom
has more negative charge (-0.483 au), which is due to more
electronegativity of O, than N, .

Thermodynamic Properties

Scale factors have been recommended for an accurate predic-
tion in determining the zero-point vibration energies, heat ca-
pacities, entropies, enthalpies, Gibbs-free energies. All these
thermodynamic parameters and dipole moment at room tem-
perature (298.15 K) are also presented in Table 9. The variations
in zero point vibrational energies seem to be insignificant. The
standard statistical thermodynamic functions: standard heat ca-
pacities (C°,, ), standard entropies (S°)) and standard enthalpy
changes (H ) for AMB are obtained from the theoretical har-
monic frequencies calculation using B3LYP/6-31G level and are
listed in Table 10. It should be noted here, that the thermody-
namic functions are increasing with temperature ranging from
50 to 250k and it is due to the fact that the molecular vibrational
intensities is increased with temperature [45]. The correlation
equations between heat capacity, entropy, enthalpy changes
and temperatures are fitted by quadratic formulas and the cor-
responding fitting factors (R*) for these thermodynamic proper-
ties are 0.9989, 0.9999 and 0.9995, respectively. The correlation
graphs are shown in Fig. 8. and their corresponding fitting equa-
tion are:

C“p’m =14.2352 + 0.0601T + 5. 3097 x10° T? (R* = 0.9989)
S° =2.4039 + 0.01015T + 8. 9666 x10° T* (R* = 0.9999)
AH® = 6.67875 + 0.02819T + 2.49101 x10° T* (R? = 0.9995)

CONCLUSION

For the first time a complete vibrational analysis had been per-
formed for the molecule AMB. The optimized geometric pa-
rameters (bond lengths, bond angles and dihedral angles) were
theoretically determined and compared with XRD data. The
predicted first hyperpolarizability value was ~5 times greater
than that of urea which implies that the molecule AMB might
become a kind of good NLO material. The NBO result reflected
the charge transfer within the molecule. The HOMO-LUMO en-
ergy gap (4.678 eV) indicated the stability and reactivity of the
title molecule. A good correlation between the UV-Vis absorp-
tion maxima and calculated electronic absorption maxima were
found. MEP of AMB showed that the negative potential site was
on the electronegative oxygen atoms, while the positive potential
site around all the hydrogen atoms. Mulliken atomic charges of
the title compound had been calculated and also plotted. The
calculation results were applied to simulate the vibrational spec-
tra of the molecule AMB, which showed good agreement with
the experimental spectra.
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Fig. 1. The optimized molecular structure of AMB
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Fig.2. The combined theoretical and experimental FT-IR
spectra of AMB
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Fig. 3. The combined theoretical and experimental FT-Ra-
man spectra of AMB

Homo = -5.991 eV

Lumo = -1.304 eV
Energy gap = 4.678 eV

Homo -1 = -5.763 eV
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Lumo +1 = -1.023 eV

Homo -2 = -5.212 eV

Fig.7. The Mulliken atomic charges of AMB
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Table 1. The optimized bond parameters of AMB
using B3LYP/6-31G basis set
" B3L-
EIL Parameters B3LYP/ XRD Parameters YP/ XRD
6-31G
6-31G
Bond Lengths Dihedral An-
gles (°)
Qo0
C1-C4 1.581 1.551 (2) |H5-C1-C4-H8 |46.95
C1-H5 1.110 0.980 H5-C1-C4-C37 |-66.94
e C1-C10 1525  |1.516 (2) |H5-C1-C4-C54 |166.20
s L 1 L :
I7000) D00 DD I50 00 400,00 45000 500 00 CI-N36 1496 (1147{?7 C10-C1-C4-H8 |-68.15
Fig. 5. Experimental UV-Vis spectrum of AMB C2-C3 1.550 1.530 (2) C10-C1-C4-C37 |177.96
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B3L- B3L-
Parameters 6B_?:’3L1Y§/ XRD Parameters YP/ Parameters (153—331383/ XRD Parameters YP/
6-31G 6-31G
C2-H9 1109  |0.980  |C10-C1-C4-C54 |51.10 C42-C44 1406  |1.386 (2) |H7-C3-C37-C4 [179.11
C2-C23 1,525 (159%5 N36-C1-C4-H8 |164.92 C43-C45 1397 |1.389 (2) [H7-C3-C37-N38 [1.92
C2-N36 1491 1470  |N36-C1-C4-C37|51.03 C43-H46 1082 0930 |C1-C4-C37-C3 |-54.85
C3-Hé6 1096 |0.970  |N36-C1-C4-C54 |-75.83 C44-C47 1400  |1.389 (2) |C1-C4-C37-N38 |122.72
C3-H7 109 0970  |C4-C1-C10-C11 |-89.97 C44-H48 1085 0930  |H8-C4-C37-C3 |-168.08
C3-C37 1497 |1491  |C4-C1-C10-C12 |88.18 C45-C49 1399 |1.361 (3) |H8-C4-C37-N38 [9.49
C4-H8 1097 0980  |H5-C1-C10-C11|156.39 C45-H50 1085 0930  |C54-C4-C37-C3 |74.55
C4-C37 1513|1504 (2) |H5-C1-C10-C12 |-25.46 C47-C49 1407 (1387 (3) g V3T a07.ss
C4-C54 1577 (1{’;?;9 gfﬁ-m-cm- 38.05 C47-C62 1513 |1.509 (3) |C1-C4-C54-C53 |-88.79
C10-C11 1406 |1.384 (2) gi%zﬁ-m-cw- -143.80 C49-H51 1087 (0930  |C1-C4-C54-C57 [150.48
C10-C12 1404  |1.381(2) |C4-C1-N36-C2 |-52.71 H52-C53 1.098 10960  |C1-C4-C54-H58 (30.70
C11-C13 1.398 1.383 (2) |{C4-C1-N36-C32 |-176.74 C53-C54 1546  [1.517 (3) |H8-C4-C54-C53 |29.83
Cl11-H14 1.084 0.930 H5-C1-N36-C2 |62.82 C53-H55 1.090 0.960 H8-C4-C54-C57 -90.90
C12-C15 1.400  |1.386 (2) |[H5-C1-N36-C32|-61.21 C53-H56 1.097 (0960  |H8-C4-C54-H58(149.32
C12-H16 1087 0930  |C10-C1-N36-C2|-179.92 C54-C57 1547 |1.528 (3) Sg’;‘c“““‘ 147.08
C13-C17 1401  |1.369 (3) gég"CLN%' 56.05 C54-H58 1.098  [0.980 gg;-c4-c54- 26.35
C13-H18 1086 (0930  |H9-C2-C3-H6 |-173.38 C57-H59 1096  [0.960 %78@4'“4’ -93.42
C15-C17 1399 [1.365 (3) |H9-C2-C3-H7 |-55.81 C57-H60 1094  |0.960 giécm-cu- 177.47
C15-H19 1086 (0930  |H9-C2-C3-C37 |67.48 C57-H61 109  |0.960 5111-4(:10-011- -3.20
C17-H20 1.085 0930  |C23-C2-C3-H6 |-56.77 C62-H63 1094  0.960 gig-cm-cn- -0.69
C21-C22 1087 (0930  |C23-C2-C3-H7 (60.80 C62-H64 1.098  10.960 glli-CIO-Cll- 178.63
C22-C23 1403 |1.380 (2) |C23-C2-C3-C37 |-175.91 C62-165 109% 10960 gi-scmcm- 17712
C22-C24 1400  |1.386 (3) [N36-C2-C3-H6 |66.90 CI-CI0-CI2- |, oo
H16 i
C23-C25 1406  |1.381 (2) |N36-C2-C3-H7 |-175.53 Bond Angles CI1-C10-CI2- [} oo
) C15 :
24-C26 1.3 1.359 (3) |N36-C2-C3-C37 |-52.24 C10-C12-
c2-C » 0 (3) |N36-C2-C3-C C4-CLH5  [10440 [10830 [SHECIOCI2 79,
C24-H27 1086 0930  |C3-C2-C23-C22|-100.85 C11.C13
C4-C1-C10  |111.88 (11111)'47 g}g CL-CI3- | 43
C25-C28 1398 |1.389 (3) |C3-C2-C23-C25 |75.91 C11.C13
®) C4-C1-N36  |113.38 (11111)'65 CAOCICLS 17991
C25-H29 1085 0930  |H9-C2-C23-C22|15.35 Hl4-CLI-CI5-
H5-C1-C10  [10677 [108.30 |55 -179.45
C26-H28 1401  |1.366 (3) |H9-C2-C23-C25|-167.89 HI4CIiCIa
H5-C1-N36  |108.56 |108.30 0.59
N36-C2-C23- H18
C26-H30 1085 (0930 |5y 135.88 0567 1Cl0.CI2.CI5
C10-C1-N36 [111.35 : -0.67
C28-H31 1086|0930  |N36-C2C23- | 476 (1) Cl7
- : - 25 e C10-C12-C15-
C3-C2-H9 (10736 (10990 |fyq 179.75
C32-H33 1089 (0960  |C3-C2-N36-C1 |52.00
C3-C2-C23  |108.73 %ff)'S“ gllg-cu-cm- 179.53
C32-H34 1090 0960  |C3-C2-N36-C32|176.94 TR TSN
C3-C2N36  [11123 |} Hig o |00
C32-H35 1107|0960  |H9-C2-N36-C1 |-66.47 U
1465 H9-C2-C23  [10801 |10860 |CILCI3-CI7- 457
C32-N36 1.485 : H9-C2-N36-C32|58.47 CI15
(19) C11-C13-C17-
H9-C2-N36 |109.45 |108.60 -179.87
C37-N38 1292 [1.274 (2) |C23-C2-N36-C1|173.84 7o Ei(s) RN
Co-N36- C23-C2-N36 |111.91 . bl 17948
N38-C39 1.499 (lng a3 2N | 6122 (12 |ci5
347 C2-C3-H6  |107.75 [109.90 |H18-CI3-CI7- 409
039-C40 1.395 (i9) C2-C3-C37-C4 |56.98 H20
C12-C15-C17-
1.187 C2-C3-H7  |109.62 |109.90 -0.17
C40-041 1232 |1g) C2-C3-C37-N38 |-120.21 =5 glg T
108. 12-C15-C17-
2-C3-C37  [110.33 -179.73
C40-C42 1485  |1.486 (2) [H6-C3-C37-C4 |-61.27 Cres-C (12) H20 0
H19-C15-C17-
C42-C43 1404 |1.384 (2) |H6-C3-C37-N38 |121.54 H6-C3-H7 110823 |108.30 |05 17941
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Parameters 6B_?:’3L1Y§/ XRD Parameters YB%I/J_ Parameters (153—331383/ XRD Parameters EIS’I/J_ XRD
6-31G 6-31G
H6-C3-C37 10921 (10990 [HISCISCIT 96 C28-C26-H30 (12017 [12040  |S30-CH2CA3 1479 65
H7-C3-C37 11160 [10990 [Ho1-C22C23 | 5364 C25-C28-C26 (12024 (1209 (2) |30 4+ o9
CLCaHs (10600 [10830 [Hal-C22C25 14795 C25-C28-H31 (11978 [11950  [SHCHZC1 o9
C1-C4-C37  |106.95 (1{’16)'81 CoreRzC2 17657 C26-C28-H31 (11998 11950  [SHdCHC1 117944
cleacst (11676 |[h42 [CECHC gs H33-C32-H34 10852 10950  |Ci0-C1CH- 1179 g5
H8-C4-C37 10698 (10580 [pod 2224 1179 55 H33-C32-H35 10830 (10950 |SA0C2CH g9
H8-C4-Csd (10717 |10580 [Ha1C22C24 g3 H33-C32-N36 11047 (10950  |Sa3C12CH- 19 99
€37-C4-C54  |112.40 (11127)'24 o322 o5 H34-C32-H35 10837 (10950 |SA3CH2CH 147955
crclo-ci (12199 |(75% o3 C22C2 179,98 H34-C32-N36 (10940 (10950  [SH2-C43-C45- g 0p
C1-C10-C12 11930 (1123562 CocasCas 17682 H35-C32:N36 11170 10950 |SI2-C43C45 147979
cii-clo-ci2 1ses |57 CocaC yag ciNgeC2 (11429 |5 Ao CasCa5- 17958
C10-C11-C13 |120.56 (1122)'85 ConCas s o02 C1-N36-C32 |110.94 (Iff)'” CAGCACA5 Loae
CL0-CLLHI (11901 11960 [C22C23C25 17879 c2N36-C32 (10923 | (D% CaaCadCaT oz
CI3-CILHI4 12042 (11960 |S52"C24C26- g g3 €3-C37-C4  |11565 (1113)'59 CoaCArCAT 117895
clo-c2-C15 (12085 |7 Ca2 24026 17981 C3-C37-N38 (12864 | (7% OIS CHCAT | 17953
Cl0-C12HI6 11942 (11950 | C24C26 | 17965 C4-C37-N38 |115.65 (11139)'25 e Caa-CaT 1y 9)
CI5-CI2.H16 (11974 [11950 [H27-C24C26 1o 9 C37-N38-039 (11005 | (/5 Ca3CasC9- o1
C11-C13-C17 12031 %128531 CogCa5C28 o9 N38-039-C40 |113.08 (11113)'56 N ELE
CIL-CI3-HI8 (11970 [119.80 [G23C250-C8- 17 65 039-C40-041 (12371 | (753 o0-CAS-CA9 17975
CI7-CI3-HI8 (11999 (11980 |giod “25°C28~ 117808 039-C40-C42 |111.17 (1{’2?)'46 HoO-C5-C49- o7
CI2-CI5-C17 (12005 | (7255 G028 1100 041-C40-C42 [125.10 | (757 Carear e o7
C12-CI5H19 (11980 [119.90 |S2HC26-C28 1 3 cdo-caz-ca3 12266 | (7552 [THCTN 17065
CI7-CI5H19 (12015 [119.90  [(24C26-C8 479 67 C40-C42-C44 [117.41 (111;5)'00 CO2CATC 179,00
c13-C17-C15 (11954 |07 32028 y70.65 Ca3-Caz-caq 11992 | (1540 [ CATCA0 g9
CI3-CI7-H20 (12023 [12020 [F3¢C26°C28- 1950 C42-C43-C45 [119.37 (11199)'28 CaacarCer | 1680
C15-C17-H20 (12022 [119.90 [H33-C32N6 | 57 99 C42-C43-H46 (11982 [11930 [GHCITCO2 1030,
H21-C22-C23 (11945 (11970  [HS3C32N36 14759 C45-C43-H46 12081 (11930 |SHCTCO2 14374
H21-C22-C24 11986 (11970  [HFCS2N6 177 33 car-caa-ca7 12111 | CAGCATCOL | 163.95
€23-C22-C24 |120.69 (112;’)'61 Oa-C32-N36- 5581 C42-C44-H48 (11831 [12040 |SIHCATCO2 17693
crcoz-c22 (12027 |1 H35-C2-N36- |62 68 C47-C44-H48 12058 (11930 [CAICHTCO2 14334
€2-C23-C25 12075 %12}524 35-C32N36 | 6418 €43-C45-C49 |12036 (1123)'68 5253054 16617
c22-C23-025 11891 | (1547 o3 CITNSE o0 C43-C45-H50 (11982 [119.70  [HI2CS3C54 15764
€22-C24-C26 |120.05 (1123)'70 Caa 3TN 17679 C49-C45-H50 (11983 (11970  [{oa 535+ 117505
C22-C24-H27 11982 11970  |S3TNIEOI 15599 Caa-a7-C49 (11826 |03 H55-Co3-C54 15469
C26-C24-H27 (12013 (11960 |[N3O3FCH0- 1457, C44-C47-C62 (12097 (1204 (2) |1 575 17850
€23-25-C28 (12047 |79 R38-039-C40- | 168.93 C49-C47-C62 12077 (1200 (2) [R5 HEHC54 164 09
C23-C25-H29 (11898 (12000 |039-C40-C42 1675 C45-C49-C47 |120.99 (11281)'45 U56-C53-C54 17550
C28-C25-H29 (12053 (12000  |O30 CH0C42 17565 C45-C49-Hi51 (11966 (11930 [B36-C53C54 160 67
€24-C26-C28 |119.64 (1113)'22 Oay C10C1 17490 C47-CA9-H51 (11935 (11930 [(30C5C5H 5674
C24-C26:H30 (12019 (11960  [O31CH0C42 1y 65 H52-C53-C4 (10981 (10950  [CFCSCST 556
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B3L- B3L-

Parameters 6B_?:’3L1Y§/ XRD Parameters YP/ XRD Parameters 2_331?8)/ XRD Parameters YP/ XRD
6-31G 6-31G

H52-C53-H55 [108.15  [109.50 ﬁ‘goc‘;“'cm' -65.29 C54-C57-H60 [113.28 |109.50

H52-C53-H56 |107.62  |109.50 ﬁ‘é‘f“’cm‘ 174.88 C54-C57-H61 10950  [109.50

C54-C53-H55 |113.03  [109.50 ﬁ5596~c54-c57- -66.67 H59-C57-H60 |107.66  [109.50

C54-C53-H56 |110.08  [109.50 ﬁg:é-cm-cm- 172.18 H59-C57-H61 107.97 |109.50

H55-C53-H56 |107.98  [109.50 ﬁf{’cm'cm' 52.35 H60-C57-H61 {107.39  (109.50

C4-C54-C53  |110.78 (1115).51 323-054-057- 17541 C47-C62-H63 [111.31 |109.50

ca-csa-c57 |112.87 (1114?).75 ggg-cm-cm- 54.96 C47-C62-H64 [111.25 |109.50

C4-C54-H58 |107.98 |105.80 Egsla-cm-cm- 6557 C47-C62-H65 [111.46 |109.50

111.31 H63-C62-H64 [107.46  |109.50

C53-C54-C57 |107.59 |5

C53-C54-H58 [109.17 |106.20 H63-C62-H65 [107.98  [109.50

C57-C54-H58 110837 1106.20 H64-C62-H65 [107.18  |109.50

C54-C57-H59 ({110.85 |109.50 *Vinuchakkaravarthy .T., Sivakumar, R., Acta Cryst. E 69 (2013)

01276.

Table .2. The experimental and calculated frequencies of AMB using B3LYP/6-31G level of basis set [harmonic frequencies
(cm™), IR, Raman intensities (Km/mol), reduced masses (amu) and force constants (mdynA°"')]

Calculated Observed
. . . Raman Inten-
Frequencies |Frequencies |IR Intensity | . R R
Mode |(cm!) (cm) sity e oree
No - duced |Con- |Vibrational Assignments=10% (TED)
Un Scaled FT- Ra- |Abs. [Rel. |[Abs. Rel. Masses |stants
Scaled IR
man
1 3250 3127 499 (154 |4754 |1.26 [1.09 6.81 vC,H,(94)
2 3228 3105 13.31 |4.10 |117.77 |(3.11 1.10 6.74 VCHHM(SS)
3 3225 |3103 18.48 |5.70 |136.65 (3.61 1.10 6.73 VC24H27(96)
4 3222 (3099 414 (128 |24.72 |0.65 [1.09 6.67 |vC,H,(98)
5 3219|3097 3571 |11.01 [49.26 |1.30 (1.09 6.68 [vC, H (78)
6 3216  |3094 32,51 |10.02 {14.00 |0.37 [1.09 6.67  |vC,H,(90)
3090
7 3211 |3089 25.55 |7.88 |55.27 (146 |1.09 6.64 |[vC_H, (94)
w
8 3206 3084 25.50 |7.86 |47.35 |[1.25 [1.09 6.61 VC12H16(97)
9 3204 |3082 23.50 |7.24 |42.80 [1.13 [1.09 6.60 VC22H21(93)
10 3194 (3072 6.51 |2.01 |48.12 [1.27 [1.09 6.55 VCHHM(SS)
11 3193 |3072 11.86 |3.65 |23.96 (0.63 [1.10 6.59 VC32H34(96)
12 3193 3071 0.04 (001 |38.38 |1.01 [1.09 6.53 |vC,H,(86)
13 3188 [3067 3066|3067 1125 [3.47 |43.96 |1.16 [1.09 6.51 vC,H,(99)
w w
14 3185 |3064 6.64 |2.05 [11.39 [0.30 (1.09 649 |vCH, (92)
15 3183 |3063 7.75 1239 |12.83 [0.34 |1.09 649  |vC,H, (96)
16 3177 3057 14.31 |441 (2831 [0.75 |1.09 6.50 VC33H55(83)
17 3174 |3053 420 |1.29 |25.68 [0.68 |1.09 6.50 VC3H6(89)
18 3141 3021 3021 13021 23.09 |7.12 |55.72 (147 |[1.07 6.22 VC32H34(90)
w vw
19 3136 3017 36.15 |11.14 |19.53 |0.52 [1.10 6.36 VC57H60(95)
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Calculated Observed
. . . Raman Inten-
Frequencies [Frequencies |IR Intensity | . R R
Mode |(cm™!) (cm™) sity e oree
No L duced |Con- |Vibrational Assignments=10% (TED)
" |Un FT- Masses |stants
Scaled Scaled R Ra- [Abs. |Rel. |Abs. Rel.
man
20 3133 |3014 14.22 [4.38 |30.00 |0.79 |[1.10 6.36  |vC_H(90)
21 3122|3004 4850 [14.95(42.60 |1.13 |[1.10 6.31 vC_H, (89)
22 3106 2988 1595 (492 (1786 [0.47 |1.10 6.25 VC53H52(80)
23 3100 2982 23.09 |7.12 |55.60 [1.47 [1.10 6.20 VC62H63(88)
24 3080 [2963 2962 12966 12.76 |3.93 |29.56 [0.78 |1.07 5.96 VC3H6(89)
w w
25 3072|2955 9.96 |3.07 |21.20 |0.56 |[1.08 6.03 VC3H6(76)
26 3052 |2936 36.19 |11.16 |62.26 (1.65 |[1.04 5.70 VC57H60(95)
27 3050 [2934 6.86 |2.11 [36.89 [0.98 [1.08 590  [vCH(75)
28 3042 (2926 20.59 |6.35 [35.89 [0.95 [1.04 5.68 |vC_H,,(80)
29 3040 (2924 3576 |11.03 [125.59 |3.32 [(1.04 5.65 |vC,H,(97)
30 |2053 [asar 2879 12872 \onee 12304 (4773 (126|106 |545  |veH(94)
w W
31 2910 2800 44.97 |13.86 (25.06 [0.66 |1.08 5.39 VC2H9(96)
2772
32 2892 (2782 w 32.85 |10.13 |16.42 |0.43 |[1.08 5.32 VC1H5(96)
33 1726 1661 ‘11268 161.34|49.74 |1217.11 (5.74 |12.40 21.77 VO41C40(78)
34 1682 1618 1689|1688 51.44 |15.86 |131.48 |(3.47 |[8.55 14.24 VN38C37(74)
S w 387
1607
35 1664 (1601 w 19.97 [6.16 |313.56 (829 |5.68 9.27  |vC,C,.(61)+vC,C, (42)
36 1662 1599 233 |0.72 [108.44 |2.87 |5.54 9.03 |vC,,C,,(55)+BH,.C,,C,(40)
37 1661 (1598 VIVSW 6.58 |2.03 [138.23 |3.65 [5.53 899 |vC,C,(66)
38 [1644 1581 185 [057 [24.00 |063 (539 [858  |vC,C,,(57)+BC,C,,C,(16)
39 1641 1579 0.78 |0.24 |20.18 [0.53 |5.35 8.49 VC10C12(44)
40 [1641 (1579 1148 (354 (63.69 |1.68 [536  [851 |vC,C,(29)+vC,,C,(22)+vC, C,(30)+BH,C,.C,,(21)
41 (1559  [1500 823 (254 (627 (017 (105 [150 |BH,,C_H_(47)+BH,C_H, (37)
42 1553  [1494 532 |L64 (277 |007 [196 278  |BH,C,C,,(62)+BH, C,,C, (24)
43 1552 (1493 2491 |7.68 [36.19 |0.96 (1.47 2.09 BH,,C_H. (54)+BH,,C_H, (27)
44 1551 (1492 359 |1.11 [48.08 |1.27 (1.33 1.88 BH,,C, C(32)+BH,,C_H_(24)+BH_C H_(27)
45 1549  |1491 7.34 |2.26 [40.78 |1.08 [1.09 1.54 pH,,C,,H,,(31)+T'CH,N, H,(38)
1489
46 (1548|1489 w  |798 |246 |1049 Jo28 |157 |221 |BH,C,C,(20)+BH,C,C,(26)+BH C H, (29)
47 |1544  |1486 360 |L11 (4578 |[121 |[1L05 [148 |BH,C,H, (38)+['CH,N,H, (41)
H,.C. H, (23)+pH_C_H_(13)+pH_C_H_(29)+BH,
48 1538|1480 |1170 191 059 [6070 |60 [Los (146 |PHuCutlu(23)PHLCH(13)BH, CH, (29)+BH,,
w C57H6I(37)
49 1535 (1477 11.53 [3.56 [9.91 026 (1.43 1.99 BH,C,,C,(36)+BHC H(29)
50 1535 [1476 347 |1.07 (1144 030 [1.06 1.47 BH,,C,,H,,(23)+BH_,C_H_(53)
51 [1534 |1476 884 (273 (6304 |167 (105 |l46 |BH,C,C,(25)+tH,C,C,C,(22)+I'C H C H (37)
1465
52 [1521 |1463 o |397 |184 [1352 (036 |L10  |150 |TH.C,CN,(37)+I'C,C,C H,(46)
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53 |1516 |1458 848 (261 (1497 [040 [183 (247 |BH,C,C,(27)+BH,C,C,(31)+BH,C,C,(21)
54 [1512  |1455 656 (202 [458 [012 [200 [269 |vC,C,(28)+BH,C, C,,(37)+BH,C,C,(21)
55 (1499 1442 r1n444 14415(955 (294 [39.16 [1.03 |1.24 |l65 |[C,HH H, (64)
56 |1484 |1427 27.69 (854 [84.80 (224 [264 (342 |vC,C, (42)+BH,C,C,(31)
57 1475 |1419 Vljm i;m 11.86 (366 (431 [011 [L19  |1.53  |BH,C_H_(29)+BH,C_H, (37)
58 1464  [1408 ‘1:02 395 |1.22 |109.21 (2.89 [1.22 1.54 BHe.sCesz(SI)
59 1450 [1395 315 (097 [17.67 (047 [119  [147  |BH,C,H, (23)+BH,C_H_(44)
60 [1436 |1382 462 [142 (821 (022 [137 |166 |BH.CN,(44)+BH,C,C,(31)
61  [1415 1361 1777 548 (892 (024 |[1.32 |155  [BH,C,C,(31)+BH.C,N, (24)+BH,C,C, (31)
62 1402 1348 655 [2.02 4165 |L10 127 |147 |BH,C,C,(46)+'C,C N, H (42)
63 1387 (1334 7.33 |226 |11.17 |0.30 (141 1.60 i}zaﬁ&g;“@gﬁBHZ7C24C26(21)+BH8C4CS4(26)+FC2C23
64 [1381 [1329 651 [201 (2314 061 (149 167 |I'C_C,C.H.(68)
65 |1378 |1326 961 (296 (2086 [0.55 [204 |228 |vC,,C,(32)+C_C,C_H.(38)
66 [1378 |1326 396 (122 [1606 [042 (344 385 |vC,C,(49)+BH,C,C,(37)
67 [1376 1324 755 (233 (7413 [196 (136  |152 |BH,C,C,31)+I'C,C,N, H,(26)+TC_C,C_H_(28)
68  [1369 |[1317 072 [0.22 2185 (058 [191 [211 |BH,C,C,(40)+TC,C N, H(32)
69 (1363 1311 ‘15’13 057 (018 [146 [0.04 [169 [185 |vC,C,(20)+BH,C,C,,(27)+BH,C,C,(36)
70 1359|1307 2665 (822 (2204 (058 [159  [1.73  |vC,C,(32)+BH.C,C, (17)+BH,C,C,,(30)
71 [1344  |1293 13.85 (427 2270 [060 [1.85 [197 |BH,C.C.(60)
72 1333|1282 10.20 |3.14 |31.11 [0.82 |L.77 1.85 ﬁH7C3C37(47)
73 1330 [1279 |27 611 188 [8255 [218 (148 |154  |BH.C.C,(26)+BH,C, C, (30)+TCAC37CS4HS(37)
74 1327|1276 3408 (1051 (1719 |045 [1.61 |1.67 |IC,C,C.H,(47)
75 1307  [1258 31361 35.55 1096 |26.59 [0.70 |1.93 1.95 BH,C,C,,(61)
76 |1301 |1251 264.23(81.46 [294.03 [7.77 (382 (381 |vC,C,(20)+vC, C,(25)+BC,C,,C,,(34)
77 |1271  |1223 ;237 765 (236 1906 [0.50 [206 (196 |vC,C,(11)+BH,C,C,(31)+TC,H,N,H, (41)
78 1244 (1196 VIVZO4 0.82 (025 |131.41 |3.47 |2.52 230 [vC,C,(33)
79 1235 |1188 175 |0.54 (4831 |[1.28 |1.45 1.30 :/(2130(2122)( 16)+BH“C“C“’(19)+ﬁH27C2"C26(29)+BH“CI
80 [1234 1187 035 011 (2618 [0.69 [L24 [LI11  |vC,C,(13)+BH,C,C,(24)
81 [1231 [1184 145 [045 |1807 [048 [L15 |L03  |vC,C, (21)+BH,C,C,,(20)+BH,C,C, (36)
82 [1229 1182 VIVISS 231 (071 [1496 (040 [158 [141 |vC,C,(20)+BH, C,C, (22)
83 |1222 (1175 003 [001 [2386 [0.63 [109 (096 |BH,.C,C, (12)+BH,C,C, (47)
84 [1221 1175 083 026 [21.24 (056 [L13  |L00 BH,C,.C,(22)+BH,C,C,(57)
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85 1216 (1169 90.14 |27.79 |8.47 022 (1.90 1.66 Irc,H, N, H, (41)
86 1213 [1166 3541 |10.92 |18.09 (0.48 |1.80 1.56 BH,,C.,C,,(37)+I'C_H, C_H, (46)
1156
87 1206 |1160 w 188.04 (57.97 [81.64 |2.16 |1.94 1.66 vC,,C,,(30)+vC,C_(25)
88 1176  [1131 1140|1145 10.16 (3.13 [41.86 |1.11 |l.64 1.34 rc,H,N, H,(78)
m m
89 1154 [1110 2.03 ]0.63 |5.75 0.15 (154 1.21 rc,H,N, H,(38)+I'C_H, C _H,(42)
90 1149 [1105 26.27 |8.10 |62.13 [1.64 |2.62 2.04 VN,6C (45)+I'C,,H, N, H,(38)
91 1141  [1097 525 |1.62 25,50 [0.67 |1.61 1.24 vC,,C,.(29)+pH,C,C,,(41)
1091
92 1136 {1093 w 572 |1.76 |17.70 [0.47 |2.00 1.52 vC,C,(13)+vC,C,(19)+I'C_H, C, H, (32)
1084
93 1121 {1078 w 1.04 (0.32 (0.81 0.02 (1.67 1.24 vC,C,,(18)+vC,,C, (27)+BH, C, C (37)
94 1115 {1073 1071 24.54 |7.57 |27.79 [0.73 |1.96 1.44 vC,,C,,(28)+VN, C (45)
W
95 1107  |1065 324.37 |#####|28.59 [0.76 |3.01 2.17 vC,C,,(22)+v0,,C, (32)+BC,C, 0, (28)
96 1104 [1062 15.08 [4.65 |[6.54 017 (154 1.10 fH,,C,,C,.(35)+I'C_H C H(57)
97 1073 {1032 ‘1’:)49 VI:)M 32.62 |10.06 |84.16 (2.22 |4.13 2.80 WN,,C,(42)
98 1067 [1026 7.09 |2.18 |69.97 ([1.85 |2.29 1.53 BH,,C, C.(32)+pC,C,,C,.(52)
99 1067 [1026 920 |2.84 |17.85 (047 |2.29 1.54 vC,,C,,(27)+vC,C, (18)+BC,,C, C, (40)
100 |1044 |1004 1248 (3.85 (72.34 |191 |3.24 2.08 vC,C,(20)+pC,C,C,,(33)
101 |1039 |1000 6.65 |2.05 |308.31 (8.15 |3.04 1.93 BC,,C,.C,,(20)+BC,C,.C, 39+ C H C H (37)
102 |1039 |999 999 w (16.25 [5.01 ([115.16 |3.04 |4.30 2.73 BC,,C,.C,,(50)+BC C,,C,.(32)
103 |1037 |998 9.09 |2.80 |61.88 [1.64 |4.18 2.65 vC,C,,(13)+pC,C,.C,(30)+BC, C C (22)
104 |1035 |996 13.77 (425 [46.06 |1.22 |2.43 1.53 vC,,C,,(27)
105 |1032 |993 61.23 |18.88 |127.89 (3.38 |1.97 1.24 vC,C,.(19)+pC,C,C, (24)+I'C H, C H (37)
106 |1031 |992 2.89 10.89 |16.35 (043 |1.38 0.86 H,,C,,C,C,(42)+1C22C24C26C28(38)
107 |1031 |991 31.73 19.78 |11.93 (0.32 |1.89 1.18 tH,C,,C, C (44)
108 |1021 |982 1.56 (048 [2.15 0.06 (1.35 0.83 rc,.c,C,H,(73)
109 |1011 |973 0.60 (0.19 (1.61 0.04 (137 0.83 wH,,C C,C.(27)+IC,C C H (41)
110 |1005 |966 022 (0.07 (141 0.04 (137 0.82 H,,C, C,C,(25)+H, C,C,C, (30)
111|987 950 951 293 |11.05 (0.29 |1.73 0.99 vC,C,(39)+I'C_H,,C, H_(24)
112|977 940 521 |1.61 |15.67 (041 |[1.44 0.81 H,C,C,C,@33)+IC,C,C,.C,(44)
935
113  |976 939 m 12.82 (395 (25.74 |0.68 |2.06 1.16 vC,C,(33)+I'C_H, C, H,(42)
114 |966 930 0.69 (021 (545 0.14 (142 0.78 BH,,C.C, (37)+I'C_H,,C,H, (46)
115 962 925 12.47 |(3.84 |[5.93 016 |[1.57 0.86 rc,.c.C.H,(64)
116 |960 923 338 |1.04 (424 011 (147 0.80 rc.c.,C.H,(34)+I'C,C C.H, (41)
117 1948 912 6.83 |2.11 |33.22 (0.88 |2.00 1.06 H, C,,C,,C,(60)

IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH 705




Research Paper

Volume : 5 | Iss 016 « ISSN No 2277 - 8179 | IF : 3.508 | IC Value : 69.48

Calculated Observed

Frequencies  [Frequencies |[IR Intensity Raman Inten-
Mode |(cm™!) (cm™) ity Re- Force X . .
No. on oL I i/}fsﬁs g}t(;rlll—t . Vibrational Assignments>10% (TED)

Scaled Scaled R Ra- |Abs. |Rel. [Abs. |Rel
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18 (947|911 3‘1;’ 117 (036 [14.88 (039 [133  [0.70 |tH,C,C,C,(73)
119 (925 (890 706 (218 (2269 [0.60 (347 |175  [vO,C,(22)+vC_C.(31)
120 913|878 92.60 (28.55[27.57 [0.73 (368  [181  [vO,,C,(12)+vC_C, (41)
121  |896 862 2431 |7.50 |50.94 (1.35 |2.81 1.33 VC53C54(61)
122 (889 (856 038 [0.12 [2298 [061 (126 [059 [dH,C,C,C,(22)+IC,C, C H, (41)
123 (885 (851 011 003 [21.62 (057 [125 [058 |[H,C,C,C,(24)+TH, C,C, C, (40)
124 |873 840 842 w 38.60 |11.90 (1391 (0.37 |4.05 1.82 VC1C10(30)
125 (843 (811 3‘2“,4 100.82(31.08 [117.37 (310 (331  [138  [VO,N,(24)+tH,C,C,.C,(41)
126 (833 |01 4856 |14.97 6885 [1.82 [221  [090 |tH,C,C,C,(21+IC,C,C,C,(44)
127|814 [783 2206 (680 (6478 |L71 [3.19  |1.24 |tH,C,C,C,(61)
128 [s01 (771 [772w 612 (189 [3582 (095 [228 [0.86 |I'C,.C,C, H,(24)+tH C C, C,(44)
129|795 |764 [763w 1867 (576 (994 [0.26 (208 [0.77  |tH,C,C,C,(19)+TH, C, C,C,(22)+1C,C, C,C,(39)
130 789|759 2331 (7.19 [81.67 [2.16 (510 [1.87 |WN,C,(24)+vO,N, (54)
131 |765 736 54.85 |16.91 |58.78 |[1.55 [4.18 1.44 v039N38(64)
132 (740|712 Z‘lf 5763 (17.77 2251 [059 [225 (073 [<H,C,.C,C,(21)+C,C,,C,.C,(29)+TC,C, C,.C,,(349)
133 738|710 5802 [17.89 (2492 [0.66 [165 (053 [<C,C, C,C,(12)+1CC,C,C,.(26)+1C,C,C,C,(29)
134 733|705 3480 [10.73(937 025 (173|055  |tH,C,C,C,(19)+1C,C,C,C,(39)
135 (729 [701 |694w 1462 (451 (3818 [101 [458 [143 [1C,C,C,C,(59)
136|701 |674 [680w 591 (182 |664 (0.8 [405 [117 |:C,C,C,C,.(20)+1C,C,C,C, (32)+C,C,C,0,(33)
137|690  |664 1018 (314 |7058 (187 693  [1.94  |vO,N.8(24)+BC,,C,.C,(46)
138 675 649 261 (080 |29.11 |0.77 [5.21 1.40 VO39N38(54)
139 663|638 3318 332 (102 [5216 [138 [438 [L13  |BC,C,N,(27)+BC,C,0,(12)+BC, N, 0, (11)
140|653  |628 028 009 |5254 (139 [6.12 [1.54 [BC,C,C,.(64)+BC, C,C,(14)
141 651  [626 017 [0.05 |4046 (107 [637 [159 |BC,C,C,(55)
142 1643 619 4.04 (124 |18.93 |0.50 [4.70 114 BC,,C,,C,,(36)
143|619 |59 061 (019 |4079 [1.08 |489 [L10 [BC,C,C,(36)
144 (567|545 051 [0.16 [3048 [0.81 [416 [0.79 |BC,C,.C,.(43)
145 (553  [532 1178 (363 (6344 (168 [462 [083 [BC,C,.C,(43)
146 (538|518 568 [175 [1808 (048 (347 [059 |BC,C,C,(43)
147 (524|504 216 [066 [61.69 [1.63 [343 |055 |BC,C,C,(43)
148 512 [492 33,2 759 (234 (1238 (033 [385  [0.59 f_%i%i%i%fggC43C4ZC40041(ZS)HC%C@CMC&(Z?’)
149 (500 [481 (471w 364 |12 588 [0.16 [421 [062 |I'C_C,C.C.(33)
150 |482 463 452 w 0.14 |0.04 (2797 [0.74 |3.35 0.46 ﬂC2N36C32(32)
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151 [454 437 1146 2.72 (0.84 |5.09 0.13 [3.53 043 |T'C,.C,C.C,(33)
152 (444 427 438w 0.16 |0.05 (1195 (0.32 (2.74 032 |BC,C,C, (44)+C,C,C,C, (53)
153 (440  [423  |433w 199 (061 [10.01 [027 [288 [033 |BC,C,C,(34)+C,C,C,C,(43)
154 (433|416 |428 w 003 (001 [264 [007 [287 [032 |tH,C,C,C,(27)+1C,C,C,,C,(26)+C,C, C,C,(39)
155 (427|411 022 (007 170 [0.04 [288 [031 [iC,C,C,C,.(58)
156 (390|375 343 |06 (1748 046 (439  |039 |tC,C,N,0,(49)
157 (383|368 297 (092 [17.79 (047 [431 [037 |BC,,C,0,,(28)+BC,,C,.C,(36)+BC,,C,.C,,(37)
158 (356 343 0.65 (020 (1623 043 [4.10 0.31 pC,C,,C,,(24)+BC,C,,C,,(31)+IC,,C,CN, (37)
159 (350 337 0.77 1024 (1857 (049 |[3.66 026 |BC,.C,C,(14)+pC,C,C,,(37)+TC,C CN, (27)
160 (344 330 056 (0.17 (36.89 (097 [3.24 023 |I'C,,C.CN,(37)
161 |325 312 195 |0.60 |(48.79 [1.29 |3.27 0.20 BC4C54C57(24)
162 (304  [292 459 (142 |13463 (356 (372  [0.20 |BC,C,N,(27)
163 (278|268 253 (078 [7090 [1.87 (368 |017 |1C,C,C,.C,(38)
164 (272|262 093 (029 (3670 [097 [361 |06 |BC,CN,(13)+1C,C,C,C,(46)
165 [258  [248 085 (026 [8.88 (023 [133 (005 |tH,C,N,C (27)+tH C_ C H (47)
166 (245 236 039 (0.12 (189.92 |5.02 (4.12 0.15 |BC.C,C(44)
167 [236 227 0.37 ]0.11 (31.01 |0.82 (2.76 0.09 |tH,C_C_H_(77)
168 (221 212 143 (044 [122.64 |3.24 [2.87 0.08 |C,C,C,C,.(20)+C,C,C, C,(43)
169 (217|209 084 (026 [1279 [034 [119  [0.03 |[cH,C,N,C,(55)
170 (211|203 0.10 (003 [1356 [036 [L13  [0.03 |tH,C,N,C, (27)+tH C. C_H_(57)
171|203 |195 156 (048 4004 [106 [444 |01l |BC,C,C,(19)
172|185  [178 061 (019 [4169 [110 |419 [0.09 |[C,C,C,C,(69)
173 175|169 113 (035 (6205 (164 415 [0.08 [BC,C,C,(44)
174  |166 160 0.78 1024 (3517 (093 [3.99 0.07 |pC,C,C,,(31)+I'C,C,N, C,(15)
175  [156 150 0.61 |0.19 (20580 |5.44 [4.77 0.07 |:C,C,C,C,.(29)+C,C,C, O, (33)
176 [118 114 1.79 1055 [174.92 |4.62 (3.83 0.03 [BCC,C.(27)
177 (105|101 026 [0.08 |547.01 |1446 [358  [0.02 [<CC,C,C,(22)+1C,C,C,C.,(50)
178 (92 (89 0.06 [0.02 [114.23 (302 [555 [0.03 |CC,C,C,(12)+1C,C,C,0,(23)+IC,CN,C (12)
179 (86 (83 755 [048 [015 (23455 [6.20 (373  |0.02 |tC,C,C,C.(40)+IC,C,,C,5C, (20)
180 |67 |65 0.80 [0.25 [230.63 [6.10 (392  [0.01 |[<C,C,C,C.(50)
181 (63 |60 014 [0.04 [44849 |11.85 [4.18 001 [tC,C,C,C,.(46)
182 |54 52 028 |0.09 (162.45 |4.29 [4.87 001 |z«C,C,C,C, (12)+1CN,C,C,(23)+C, C,C, 0, (33)
183 |45 44 023 |0.07 [1043.21|27.57 [4.32 0.01 |tCN,C,C,(43)
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. . . Raman Inten-

Frequencies [Frequencies |IR Intensity | . R R
Mode |(cm™!) (cm™) sity e oree
No L duced |Con- |Vibrational Assignments=10% (TED)

" |Un FT- Masses |stants
Scaled Scaled R Ra- [Abs. |Rel. |Abs. Rel.
man

184 |37 36 0.71 (022 [446.81 |11.81 |4.72 0.00 1C,,C,,0,,N,(25)+tC,N, C,C, (26)+1C_,C,C N, (23)
185 (33 32 021 [0.06 |784.60 |20.74 [4.22 0.00 BC,,C,N,(10)+1CN, C C, (42)
186 |25 24 0.17 [0.05 |513.46 |13.57 |2.00 0.00 fC,,0,N,(11)+tH,C,,C,C, (45)+1C,C,C, N, (12)
187 |22 21 0.17 [0.05 |690.38 |18.25 [1.49 0.00 H,C,C,.C,,(65)
188 |18 18 0.82 (025 |902.42 |23.85 |5.53 0.00 C,,C,,0,,N,(55)+1C,N, C,C, (26)
189 (12 12 022 [0.07 |3783.82|100.00 [4.17 0.00 C,.N,0,,C,(70)

v: Stretching, B: in-plane-bending, I': out-of-plane bending, t: Torsion, vw: very week, w: week, m: medium, s: strong, vs: very strong,
@ Scaling factor: 0.9608 (Radom et al., 1970 and Pople et al., 1993),

Relative IR absorption intensities normalized with highest

peak absorption equal to 100,
¢ Relative Raman intensities calculated by Equation (2.1) and

normalized to 100,

4 Total energy distribution calculated at B3LYP/6-31G level.
Table 3. The NLO measurements of AMB

Parameters B3LYP/6-311++G(d.p)
Dipole moment (p ) Debye
Ky 0.3664
Ky 1.4411
K, -0.2575
1 1.5091Debye
Polarizability ( o, ) x10*esu
o, 417.84
o, -26.74
a 328.85
Yy
a, 20.84
B.. 19.42
B 1.7477x10*’esu

o, 0.9996

@, 219.63

o 0.8298x10*’esu
Hyperpolarizability (B,) x10%esu
B 7.34

B, -185.89

BXYY -34.18

Bwy 7.11

B 87.14

BWZ 15.81

ﬁyyz -9.94

B, 27.37

B)’Zz 1.05

Standard value for urea (n=1.3732 Debye, 3,=0.3728x10*esu): esu-electrostatic unit
Table 4. Second order perturbation theory analysis of Fock matrix in NBO basis for AMB

Type Donor NBO (i) ED/e  |Acceptor NBO (j) ED/e ;g/zinol YE(j)-E(i) a.u. aF](l”)
o—o* BD(1) C1-C4 1953 |BD*(1) C1-C10 0.029 5.27 0.98 0.031
BD*(1) C32-N36 0.011 10.71 0.61 0.038
BD*(1) C37-N38 0.017 9.12 0.89 0.04
BD*(2) C37-N38 0.110 6.82 113 0.039
BD*(1) C54-C57 0.011 11.21 0.59 0.036
oo* BD(1) C1-H5 1976 |BD*(1) C4—C54 0.034 4.94 0.94 0.03
BD*(1) C10-C11 0.024 15.73 0.83 0.05
oo* BD(1) C1-C10 1971 |BD*(1) C1-C4 0.032 15.61 1.06 0.056
BD*(1) C2-N36 0.031 5.36 0.94 0.031
BD*(1) C4-C37 0.029 9.83 0.93 0.042
BD*(1) C10-C11 0.024 6.11 1.02 0.034
BD*(1) C10-C12 0.022 10.46 118 0.049
BD*(1) C11-C13 0.015 9.37 1.19 0.046
BD*(1) C12-C15 0.017 8.54 12 0.044
oo" BD(1) C1-N36 1981 |BD*(1) C2-C23 0.034 87 1.19 0.045
BD*(1) C10-C12 0.022 6.74 1.09 0.038
BD*(1) C32-H34 0.008 6.36 126 0.039
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Type Donor NBO (i) ED/e  |Acceptor NBO (j) ED/e ;g‘;;nol YE(j)-E(i) a.u. aFl(l‘J)
oo BD (1) C2-C3 1954 |BD*(1) C2—C23 0.0303 4.77 115 0.032
BD*(1) C3-C37 0.038 5.31 0.99 0.032
BD*(2) C22-C23 0.346 4.77 101 0.03
BD*(1) C32-N36 0.016 11.42 0.62 0.04
BD*(1) C37-N38 0.017 9.37 0.91 0.041
BD*(2) C37-N38 0.116 10.25 115 0.048
oo BD (1) C2-H9 1979 |BD*(1) C3-H6 0.015 13.77 06 0.04
BD*(1) C23-C25 0.024 9.92 0.94 0.042
o—o" BD (1) C2-C23 1970 |BD*(1) C1-N36 0.034 15.98 107 0.057
BD*(1) C2-C3 0.025 10.17 0.93 0.042
BD*(1) C3-C37 0.038 5.4 0.96 0.032
BD*(1) C22-C23 0.022 8.58 103 0.041
BD*(1) C22-C24 0.015 9.37 1.19 0.046
BD*(1) C23-C25 0.024 8.62 1.19 0.044
BD*(1) C25-C28 0.015 10.08 118 0.048
o—o" BD (1) C2-N36 1981 |BD*(1) C1-C10 0.029 8.62 12 0.044
BD*(1) C3-H7 0.011 6.65 1.09 0.037
BD*(1) C22-C23 0.022 4.52 115 0.032
BD*(1) C32-H33 0.009 548 126 0.036
oo BD (1) C3-Heé 1964 |BD*(1) C2-H9 0.037 543 116 0.035
BD*(1) C37-N38 0.017 10.63 0.92 0.043
BD*(2) C37-N38 0.110 11.05 1.06 0.047
oo BD (1) C3-H7 1977 |BD*(1) C2-N36 0.031 21 051 0.046
BD*(1) C4-C37 0.029 16.32 0.82 0.051
oo BD (1) C3-37 1975 |BD*(1) C2—C23 0.030 16.32 0.9 0.053
BD*(1) C4-H8 0.014 7.45 1.05 0.039
BD*s(1) C4-C37 0.029 4.44 L1 0.03
BD*(1) C37-N38 0.017 6.32 1.05 0.036
oo BD (1) C4-H8 1979 |BD*(1) CIN36 0.030 5.9 121 0.037
BD*(1) C3-C37 0.038 17.28 08 0.051
BD*(1) C54-H58 0.019 16,53 0.9 0.053
o—o" BD (1) C4-C37 1952 |BD*(1) C1-C10 0.029 6.82 0.95 0.035
BD*(1) C3-H7 0.011 891 103 0.042
BD*(1) C3-C37 0.038 6.07 1.09 0.036
BD*(1) C37-N38 0.017 4.27 104 0.029
BD*(1) N38-039 0.055 77 118 0.042
BD*(1) C53-C54 0.016 313 0.74 0.066
o—o" BD (1) C4-C54 1962 |BD*(1) C4-C37 0.029 4.35 1 0.029
BD*(2) C37-N38 0.110 4.27 0.96 0.028
BD*(1) C53-H56 0.005 12.13 0.58 0.037
BD*(1) C57—H61 0.005 561 1.02 0.033
oo BD(1) C10-C11 1972 |BD*(1) C1-C10 0.029 5.06 1.02 0.032
BD*(1) C10-C12 0.022 9.46 1.09 0.044
BD*(1) C11-C13 0.015 15.65 126 0.061
BD*(1) C11-H14 0.014 1247 127 0.055
BD*(1) C12-H16 0.013 5.86 117 0.036
BD*(1) C13-H18 0.012 9 115 0.045
oo BD(1) C10-C12 1974 |BD*(1) C1-C10 0.029 8.62 116 0.044
BD*(1) C1-N36 0.034 92 1.09 0.044
BD*(1) C10-C11 0.024 5.06 1 0.031
BD*(1) C11-H14 0.014 15.69 125 0.061
BD*(1) C12-C15 0.015 8.87 117 0.045
BD*(1) C12-H16 0.013 12.34 126 0.055
BD*(1) C15-H19 0.011 5.82 116 0.036
g BD(2) C10-C12 1666 |BD*(1) C1-C4 0.032 849 116 0.044
BD*(1) C1-N36 0.038 1343 0.57 0.042
BD*(2) C11-C13 0.323 7.82 0.56 0.031
BD*(2) C15-C17 0.330 80.17 0.28 0.065
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Type Donor NBO (i) ED/e  |Acceptor NBO (j) ED/e ;5‘;;01 YE(j)-E(i) a.u. aFSJ)
oo BD (1) C11-C13 __ |1.978 |BD*(1) C1-C10 0.029 87.4 0.28 0.068
BD*(1) C10-C11 0.029 14.9 1.09 0.056
BD*(1) C11-H14 0.014 14.31 125 0.059
BD*(1) C13-C17 0.016 6.36 117 0.038
BD*(1) C13-H18 0.012 1146 126 0.053
BD*(1) C17-H20 0.017 5.56 116 0.035
— BD (2) C11-C13 __ |1.669 |BD*(2) C10-C12 0.346 9.37 116 0.046
BD*(2) C15-C17 0.330 85.94 0.28 0.068
o—o" BD (1) ClI-HI4 _ |1980 |BD*(1) C10-C11 0.024 84.27 0.28 0.066
BD*(1) C10-C12 0.022 5.73 1.08 0.034
BD*(1) C11-CI13 0.015 16.95 1.08 0.059
BD*(1) C13-C17 0.016 473 1.09 0.031
o—o" BD (1) C12-C15 __ |1.978 |BD*(1) C1-C10 0.029 14.56 1.08 0.055
BD*(1) C10-C12 0.026 14.35 1.09 0.055
BD*(1) C12-H16 0.013 14.1 126 0.058
BD*(1) C15-C17 0.016 5.94 115 0.036
BD*(1) C15-H19 0.011 11.25 126 0.052
BD*(1) C17-H20 0.012 543 116 0.035
oo BD (1) CI2-H16 _ |1.981 |BD*(1) C10—Cl1 0.024 95 116 0.046
BD*(1) C10-C12 0.022 169 108 0.059
BD*(1) C12-C15 0.015 5.27 1.09 0.033
BD*(1) C15-C17 0.016 418 1.09 0.029
oo BD (1) C13-C17 __ |1.980 |BD*(1) C11-C13 0.015 14.27 1.09 0.054
BD*(1) C11-H14 0.014 11.72 127 0.053
BD*(1) C13-H18 0.012 9.62 117 0.046
BD*(1) C15-C17 0.016 5.52 116 0.035
BD*(1) C15-H19 0.011 10.96 126 0.051
BD*(1) C17-H20 0.012 9.75 116 0.046
oo BD (1) CI3-HI8 _ |1.982 |BD*(1) C10-C11 0.024 5.56 116 0.035
BD*(1) C11-C13 0.015 15.98 1.08 0.058
BD*(1) C15-C17 0.016 4.39 L1 0.03
o—o" BD (1) CI5-C17 __ |1.980 |BD*(1) C12-Cl5 0.015 1443 1.09 0.055
BD*(1) C12-H16 0.013 1151 126 0.053
BD*(1) C13-C17 0.016 9.75 115 0.046
BD*(1) C13-H18 0.012 11 126 0.051
BD*(1) C15-H19 0.011 9.62 1.16 0.046
BD*(1) C17-H20 0.012 5.61 1.16 0.035
— BD (2) C15-C17 _ |1.665 |BD*(2) C10-C12 0.346 5.56 116 0.035
BD*(2) C11-C13 0.323 84.22 0.28 0.067
oo BD (1) CI5-H19 _ |1.982 |BD*(1) C10-C12 0.022 85.81 0.28 0.067
BD*(1) C13-C17 0.016 15.56 1.09 0.057
oo BD (1) CI7-H20 _ |1.983 |BD*(1) C11-C13 0.015 14.43 1.09 0.055
BD*(1) C12-C15 0.015 14.52 L1 0.055
oo BD (1) H21-C22  |1.982 |BD*(1) C22-C23 0.022 14.56 1.09 0.055
BD*(1) C23-C25 0.024 5.19 1.09 0.033
BD*(1) C24-C26 0.016 17.03 108 0.059
oo BD (1) C22-C23 _ |1.974 |BD*(1) C2-C23 0.036 14.14 1.09 0.054
BD*(1) C2-N36 0.031 9.04 1.09 0.043
BD*(1) H21-C22 0.016 418 101 0.028
BD*(1) C22-C24 0.015 5.86 116 0.036
BD*(1) C23-C25 0.024 12.34 126 0.055
BD*(1) C24-H27 0.011 15.69 126 0.061
BD*(1) C25-H29 0.014 8.54 116 0.044
g BD (2) C22-C23  |1.663 |BD*(1) C2-C3 0.025 8.62 117 0.044
BD*(1) C2-N36 0.031 12.05 0.59 0.04
BD*(2) C24-C26 0.328 11.63 0.56 0.038
BD*(2) C25-C28 0319 86.99 0.28 0.068
o—o" BD (1) C22-C24  |1.978 |BD*(1) C2-C23 0.030 80.46 0.28 0.066
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Type Donor NBO (i) ED/e  |Acceptor NBO (j) ED/e ;5‘;;01 YE(j)-E(i) a.u. aFSJ)
BD*(1) H21-C22 0.013 14.81 1.09 0.055
BD*(1) C22-C23 0.022 59 115 0.036
BD*(1) C24-C26 0.016 14.06 1.26 0.058
BD*(1) C24-H27 0.011 11.25 1.26 0.052
Type Donor NBO (i) ED/e  |Acceptor NBO (j) ED/e ;f‘z) YE(j)-E(i) a.u. F(i,j)
J/mol a.u.
BD*(1) C26-H30 0.012 544 116 0.035
6—c* BD (1) C23-C25 1973  |BD*(1) C2-C23 0.030 95 116 0.046
BD*(1) H21-C22 0.013 9.04 1.08 0.043
BD*(1) C22-C23 0.022 9.08 115 0.045
BD*(1) C25-C28 0.015 15.65 1.26 0.061
BD*(1) C25-H29 0.014 12.22 1.27 0.054
BD*(1) C28-H31 0.012 5.69 1.16 0.036
6-o* BD (1) C24-C26 1.980  [BD*(1) H21-C22 0.013 8.74 1.16 0.044
BD¥*(1) C22-C24 0.015 9.79 115 0.046
BD*(1) C24-H27 0.012 11.55 1.26 0.053
BD*(1) C26-C28 0.016 5.65 1.16 0.035
BD*(1) C26-H30 0.012 10.96 1.26 0.051
BD*(1) C28-H31 0.012 5.56 1.16 0.035
n-n* BD (2) C24-C26 1.668  |BD*(2) C22-C23 0.346 9.54 1.16 0.046
BD*(2) C25-C28 0.319 83.72 0.28 0.067
6—c" BD (1) C24-H27 1.983 |BD*(1) C22-C23 0.022 84.94 0.28 0.067
BD*(1) C26-C28 0.016 1544 1.09 0.057
6—c" BD (1) C25-C28 1.978  |BD*(1) C2-C23 0.030 14.52 1.09 0.055
BD*(1) C23-C25 0.024 14.48 1.09 0.055
BD*(1) C26-H30 0.012 11.34 1.26 0.052
BD*(1) C28-H31 0.012 9.37 116 0.046
-t BD (2) C25-C28 1669 |BD*(2) C22-C23 0.346 552 116 0.035
BD*(2) C24-C26 0.328 87.78 0.28 0.068
o—o* BD (1) C32-H33 1.989  |BD*(1) C2-N36 0.031 423 L1 0.03
6—c* BD (1) C32-H34 1.988  |BD*(1) C1-N36 0.034 11.88 0.82 0.043
6—c* BD (1) C32-N36 1.983 [BD*(1) C1-C4 0.032 13.26 0.81 0.046
BD*(1) C2-C3 0.025 10.63 1 0.045
6—c* BD (1) C37-N38 1.990  [BD*(1) C3-C37 0.038 10.08 1.02 0.044
BD*(1) C4-C37 0.029 9.12 1.35 0.049
BD*(1) 039-C40 0.115 5.94 1.33 0.039
- BD(2) C37-N38 1.968  [BD*(1) C1-C4 0.032 435 1.22 0.033
BD*(1) C2-C3 0.025 7.95 0.66 0.032
6—c* BD (1) N38-039 1978  |BD*(1) C4-C37 0.029 12.8 0.67 0.041
BD*(1) C40-C42 0.059 21.05 11 0.067
o-c* BD (1) 039-C40 1.991 |BD*(1) C42-C44 0.021 9.83 115 0.047
6-o* BD (1) C40-041 1.996  |BD*(1) C40-C42 0.059 7.07 1.46 0.044
BD*(1) C42-C43 0.023 7.28 1.51 0.046
n-n* BD (2) C40-041 1980 |BD*(2) C42-C43 0.376 4.73 1.63 0.039
6—c" BD (1) C40-C42 1973 |BD*(1) N38-039 0.055 20.84 04 0.044
BD*(1) C40-041 0.016 11.92 0.79 0.043
BD*(1) C42-C43 0.023 4.52 1.22 0.033
n-c* LP (1) N36 1.880 |BD*(1) C1-H5 0.035 7.87 053 0.031
BD*(1) C2-H9 0.037 26.86 0.68 0.06
BD*(1) C2-C23 0.030 27.99 0.69 0.062
BD*(1) C32-H35 0.026 5.65 0.67 0.027
LP (1) N38 1.959  |BD*(1) C3-C37 0.038 27.99 0.69 0.062
- LP (1) 039 1.971  |BD*(1) C40-041 0.016 39.62 0.86 0.08
LP (2) 039 1587  |BD*(2) C37-N38 0.110 23.14 118 0.072
BD*(2) C40-041 0.254 3151 0.33 0.045
LP (1) 041 1977  |BD*(1) 039-C40 0.115 168.07 0.31 0.101
LP (2) 041 1.842  [BD*(1) 039-C40 0.115 12,51 1.12 0.052
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Table 8. Mulliken atomic charges of AMB

Research Paper

Energy. ). ) . ) Atoms Charges Atoms Charges
" Energy difference between donor (i) and acceptor (j) nbo orbit- c1 20,036 H34 0.164
als. y -
C2 —-0.049 H35 0.114
°F(ij) is the Fock matrix element between i and j nbo orbitals.
C3 -0.270 N36 -0.464
Table 5. The Physico-chemical properties of AMB C4 =0.127 37 0.215
H5 0.118 N38 -0.135
Parameters Values H6 0.173 039 —0.483
HOMO 5.991 eV H7 0.183 C40 0.498
H8 0.159 041 -0.398
LUMO -1.308 eV H9 0.116 C42 0.028
Energy gap 4678 6V C10 0.075 c43 -0.113
Cl1 -0.137 C44 -0.156
Ionization potential (IP) 5.991 eV C12 ~0.153 C45 —0.138
Electron affinity (EA) 1.303 eV C13 —0.132 H46 0.154
H14 0.149 C47 0.096
EleCtI‘OphiliCity Index ((D) 2.837 C15 -0.129 H48 0.163
Chemical Potential (p) 4.678 H16 0.137 C49 =0.134
. C17 -0.119 H50 0.128
Electronegativity (x) 3.647 HIS 0.129 H51 0.126
Hardness (1)) 2.344 H19 0.128 H52 0.134
H20 0.127 C53 -0.413
Softness S) 9.376 H21 0.126 C54 -0.094
Table 6. The frontier molecular orbitals of AMB C22 -0.152 H55 0.158
C23 0.092 H56 0.127
Occupan-|Orbital energies |Orbital energies |Kinetic energies C24 ~0.129 C57 0415
<y (aw) V) (aw) C25 -0.136 H58 0.134
0, -0.254 -6.911 1.131 €26 —0.118 H59 0.161
H27 0.126 H60 0.129
(O -0.249 -6.775 1.222 C28 -0.130 Hel 0.131
H29 0.143 C62 -0.481
o, -0.246 -6.693 1.326 H30 0.128 163 0.152
()55 -0.244 -6.639 1.257 H31 0.127 Ho64 0.158
C32 -0.271 H65 0.149
(O -0.220 -5. 986 1.649 H33 0.162
v, -0.047 -1.278 1.690 Table 9. The calculated total energy (a.u), zero point vibra-
tional energies (Kcal/mol), rotational constants (GHz) and
Vi -0.019 0.516 1.632 entropy (cal/mol K') for AMB
Ve -0.005 -0.136 1.389 Parameters B3LYP/6-31G
Voo 0.004 0.108 1.355 Total Energies -1383.906
Va 0.002 0.054 1.435 Zero-point Energy 347.222 (Kcal/Mol)
Table 7. The electronic transition of AMB Rotational constants (GHZ) 0.174
B3LYP/6-311++G(d,p) 0.069
Iave: 0.054
Excitation (length Ethanol Water -
level A (nm) Ent
Expt. niropy
E@V) [Mom) |(f) [E@V) [iom) |(/) ol 201231
5;25“1 3.737 |331.71 |0.038 (3.741 |331.41|0.035 Translational 44.136
Rotational 37.422
H-1>L 320 0.854 [321.70 |0.004 {3.860 |321.18 |0.004
Vibrational 122.673
gzi‘:; 4.342 (285.49 |0.005 [4.344 |285.390.004
Table 10. Thermodynamic properties at different tempera-
tures of AMB
H-1->L+1 4.476 (276.98 |0.004 (4.482 |276.57|0.003
T (K) S (J/mol.K) |Cp(J/mol.K) ddH (kJ/mol)
ﬁifihz 4.659 |266.08 |0.005 |4.667 [265.65(0.004 100.00  |500.84 208.79 13.06
200.00 687.98 347.92 40.86
ey 208.15  [854.61 499.19 82.31
HoL+l 221 4.842 [256.04 |0.215 [4.856 |255.300.015 300.00 857.71 502.14 33.24
H->L+2
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400.00 1023.74 657.60 141.32 45.  Ott J.B, Boerio-Goates, ., Academic Press, 2000.
500.00 1185.59 794.26 214.11

600.00 1340.75 907.50 299.38

700.00 1487.85 1000.42 394.93

800.00 1626.62 1077.33 498.94

900.00 1757.34 1141.74 609.98

1000.00 |1880.53 1196.18 726.95
REFERENCES

1. Verma, PK.. Rashid, A.,Tariq,v., Ind. J. Pure Appl. Phys. 19 (1981) 1117-1119.
2. Rastogi,VK. Rajpoot, M.P, Sharma, S.N., Ind. J. Phys. 586 (1984) 311-321.
3. Ahamed, S.Mathew, S., Verma, PK., Ind. J. Pure Appl. Phys. 30 (1992) 764-765.
4. Korobkov, V.S., Zharikov, N.K., J. Appl. Spectrosc. 19 (1973) 658-667.
5. Abdullin, S.N,, Furer, VL., J. Appl. Spectrosc. 48 (1988) 396-345.
6.  Frisch et al., Gaussian 03W program, (Gaussian Inc., Walling ford CT) (2004).
7. Schlegel. H.B., J. Comput. Chem. (1982)3, 214-218.
8. Michalska, D., Raint Program, Wroclaw University of Technology, Poland (2003).
9.  Vinuchakkaravarthy T.Sivakumar,R., Srinivasan,T., Thanikachalam,V.,

Velmurugan,D..Acta Cryst. E 69 (2013) 8-15.

10.  Aydin, A.nkol T,.Akkurt, M., Biiyiikgiingr, O., Anal. Sci.21 (2005) 119.]

11.  Sebastian, N.S. S., Spectrochim. Acta A,75 (2010) 941-952].

12.  Gundersen, G., David, W,, Rankin HAct.Chem. Scand.A37 (1983): 865-874

13. Tasal, E., Sidir, et al., J. Mol. Struct. 923 (2009) 141-152.

14.  James, C.,Amal Raj, A, Reghunathan, R., Jayakumar, V.S., Hubert Joe, I, JRaman
Spect.37 (2006)1381-1392.

15.  Sundius, T., ].Mol.Struct.218 (1990) 321-326.

16.  Sundius, T., Vib.Spectrosc.29 (2002)89-95.

17.  Roeges, N.P.G., Wiley, New York, 1994.

18.  Coates, ], Meyers, R.A."Interpretation of infrared spectra, A practical Approach”,
John Wiley and sons Ltd, Chichester, 2000.

19.  Varsanyi, G.A vols.1/2, Academic Kiaclo, Budapest, 1973

20. Babu,N.R., Subashchandrabose, S., Syed Ali Padusha, M., Saleem, H., Manivan-
nan, V., Erdogu, Y., J.Mol.Struct. 1072 (2014) 84-93.

21.  Chandra,S., Ph.D thesis, Annamalai University, 2012.

22.  Erdogdu, Y., Giilliioglu. M..T., Spectrochim. Acta A 74 (2009) 162-167.

23.  Smith, B., CRC Press, New York, 1999

24. Sundaraganesan, N., Meganathan, C., Saleem, H., Joshua, B. D., Spectrochim,
Acta A 68 (2007) 619-625.

25. Bunce, SJ., Edwards, H.G., Johnson, A.F, Lewis, LR., Turner, PH., Spectrochim.
Acta 49A (1993) 775-783.

26. Socrates, G., New York, 1980.

27. Colthup, N.B., Daly, L.H. Wiberley, S.E., Academic Press, New York, 1990.

28.  Dollish, FR.,. Fateley, W.G., Bentley, F.F John Wiley & Sons, New York, 1997.

29. Meganathan C., Sebastian, S., Kurt, M., Lee,and KW, Sundaraganesan, N.,
J-Raman. Spect.V41 (2010)1369-1378.

30. Varsanyi, G., Academic Press, New York, 1969.

31. Varghese, H. T, Panicker, C.Y., Madhavan, V. S., Mathew, S., Vinsova, and J., Van
Alsenoy, C., ].Raman.Spect. (2009),40, 1211-1223.

32.  Gornicka, E.,Ro Varsanyi Varsanyi de, ].E., et al.,Vib.Spect.36 (2004)105.

33. Silverstein., M., Basseler, G.C., Morill, C., Willey, New York, 1981.

34. Kolev, T, Tsanev, T, Kotov, S., Mayer-Figge, H., Spiteller, M., Sheldrick, W. S.
Koleva, B., Dyes and Pigments 82 (2009) 95-101).

35. Subramanian, M.K., Anbarasan, P.M., llangovan, V., Babu, S. M., Spectrochim.
Acta A71 (2008)59-67.

36.  Silverstein, R.M., Bassler, G.C., Morril, T.C.M (5" edn) John Wiley and Sons Inc:
Singapore, 1991.

37.  Babu,N.R.Subashchandrabose, S., Syed Ali Padusha, M., Saleem, H., Manivannan,
V., Erdogu, Y., “Syntheses and structural characterization of (E)-N’-((Pyridin-2yl)
methylene) benzohydrazide by X-ray diffraction, FT-IR, FT-Raman and DFT
methods”J.Mol.Struct. 1072 (2014) 84-93.

38.  Atalay, Y., Avci, D., Basoglu, AJ. Struct. Chem. 19 (2008) 239-246.

39. James, C., Ravikumar, C., Sundius, T., Krishnakumar, V., Kesavamoorthy, R., Jaya-
kumar, V.S., Hubert Joe, I Vib. Spect. 47 (2008) 10-20.

40.  Guillaumont, D., Nakamura, S Dyes Pigments 46 (2000) 85-92.

41.  Fabian, JDyes Pigments 84 (2010) 36-53.

42.  Murray, J.S., Sen, K Elsevier, Amsterdam, 1996.

43.  Scrocco, E., Tomasi, J.Adv. Quantum Chem. 11 (1978) 115-193.

44.  Mulliken, R.SJ. Chem. Phys. 23 (1995) 1833-1840.

IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH 713




