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ABSTRACT

In this work, the spectral properties of 5-bromo-2-methoxybenzaldehyde (BMB) are studied
using density functional theory (DFT) employing B3LYP/6-311++G (d) and B3LYP/6-
311++G (d, p) levels of theory. There are four conformers, C1, C2, C3, and C4 for this
molecule. The computational results diagnose the most stable conformer of BMB as the C1
form. The optimized geometrical parameters obtained by B3LYP/6-311++G (d, p) method
show good agreement with experimental X-ray data. The electric dipole moment () and
Keywords first hyperpolarizability (B) values of the investigated molecule are computed using scaled
Vibrational spectra, quantum mechanics (SQM) method. The calculated results also show that the BMB might
DFT, have microscopic non-linear optical (NLO) behavior with non-zero values. A study on the
5-bromo-2-methoxybenzaldehyde, electronic properties, such as HOMO and LUMO energies, is performed. The isotropic
HOMO-LUMO, chemical shift computed by *H and **C nuclear magnetic resonance (NMR) chemical shifts
NMR. of the BMB calculated using the gauge invariant atomic orbital (GIAO) method also shows
good agreement with experimental observations.

1. Introduction

5-Bromo-2-methoxybenzaldehyde is an aromatic aldehyde
with methoxy group. It is soluble in alcohol and ether, but it is
insoluble in water. It is used in the synthesis of other organic
compounds including pharmaceuticals (especially
antihistamines), agrochemicals, dyes and plastic additives. It is
an important intermediate for the processing of perfumes and
flavoring compounds [1].

Extensive experimental and theoretical investigations have
focused on elucidating the structure and normal vibrations of
benzaldehyde derivatives. Vibrational assignment based FT-IR
and Raman spectra and theoretical DFT calculations have been
studied for benzaldehyde derivatives [2—6]. Gunasekaran et al.
[7] investigated vibrational modes of p-methoxybenzaldehyde
by both experimental as well as theoretical methods; however,
literature survey reveals that to the best of our knowledge, no
experimental and computational vibrational spectroscopic study
on free BMP is published in the literature yet. This inadequacy
observed in the literature encouraged us to make this theoretical
and experimental vibrational spectroscopic research based on the
conformers of BMB to give a correct assignment of the
fundamental bands in experimental FT-IR and FT-Raman
spectra. Therefore, present study aims to give a complete
description of the molecular geometry and molecular vibrations
of the BMB. The possible stable conformers of BMB are
searched. The optimized geometry and vibrational frequencies
for the C1 stable conformer of BMB are calculated at
DFT/B3LYP level of theory using the 6-311++G (d) and 6-
311++G (d, p) basis sets. The results of the theoretical and
spectroscopic studies are reported herein. These calculations are
valuable for providing insights into the vibrational spectrum and
molecular parameters. A detailed interpretation of the
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vibrational spectra of BMB has been made on the basis of the
calculated potential energy distribution (PED).

The calculated HOMO (highest occupied molecular orbital)
and LUMO (lowest unoccupied molecular orbital) energies
show that charge transfer occurs in BMB. Density functional
theory calculations are reported to provide excellent vibrational
frequencies of organic compounds if the calculated frequencies
are scaled to compensate for the approximate treatment for
electron correlation, for basis set deficiencies and for the
anharmonicity [8-9].

2. Experimental Details

The sample BMB was provided by the Lancaster Chemical
Company, (UK), with a purity of greater than 98%, and it was
used as such without further purification. The room temperature
FT-IR spectrum of BMB was recorded in the frequency region
400-4000 cm at a resolution of +1 cm™ using BRUKER IFS
66V FTIR spectrometer equipped with an MCT detector, a KBr
beam splitter and globar source. The FT-Raman spectrum of
BMB was recorded on a computer interfaced BRUKER IFS 66V
model interferometer equipped with FRA-106 FT-Raman
accessories. The spectrum was measured in the Stokes region
3500-100 cm* using Nd: YAG laser at 1064 nm of 200 mW
output as the excitation source and with a liquid nitrogen-cooled
Ge-diode detector with the powder sample in a capillary tube.
1000 scans were accumulated to increase the signal-to-noise
ratio with a total registration time of about 30 min. The reported
wave numbers are expected to be accurate within +1 cm=™. A
correction according to the fourth-power scattering factor was
performed, but no instrumental correction was made. 1H and
13C nuclear magnetic resonance (NMR) (400 MHz; CDCI3)
spectra were recorded on a BRUKER HC400 instrument.
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Chemical shifts for protons are reported in parts per million
scales (d scale) downfield from tetramethylsilane.
3. Computational Details

In order to obtain stable structures, the geometrical
parameters for C1 conformer of BMB in the ground state were
obtained at DFT by the B3LYP level of theory using the 6-
311++G (d) and 6-311++G (d, p) basis sets. Moreover, the
vibrational wavenumbers of BMB conformation have also been
calculated to improve simulation of the experimental spectra.
The computed bond lengths and bond angles by both levels
show satisfactory agreement with experimental [7] observation.
We tabulated only C1 conformer calculations that are performed
using Gaussview molecular visualization program [10] and
Gaussian 09W program package on the personal computer [11].

The Becke’s three-parameter hybrid density functional,
B3LYP [12-13], was used to calculate harmonic vibrational
wavenumbers with 6-311++G (d) and 6-311++G (d, p) basis
sets. It is well known in the quantum chemical literature that
among available B3LYP function yields a good description of
harmonic vibrational wavenumbers for small and medium-sized
molecules.

Natural bond orbital analysis was also performed by the
Gaussian 09W program at the B3LYP level of theory analysis
which transforms the canonical delocalized Hartee—Fock (HF)
molecular orbital (MOs) into localized MOs that are closely tied
to chemical bonding concepts. This process involves sequential
transformation of non-orthogonal atomic orbitals (AOs) to the
sets of natural atomic orbital (NAO), natural hybrid orbital
(NHO) and NBO. Natural bond orbital analysis gives the
accurate possible natural Lewis structure picture of orbital
because all orbital are mathematically chosen to include the
highest possible percentage of the electron density. Interaction
between both filled and virtual orbital spaces information
correctly is explained by the NBO analysis, and it could enhance
the analysis of intra- and intermolecular interactions. The
interaction between filled and antibonding orbital represents the
deviation of the molecule from the Lewis structure and can be
used as the measure of delocalization. This non-covalent
bonding—antibonding charge transfer interactions can be
quantitatively described in terms of the second-order
perturbation interaction energy E® [15]. This energy represents
the estimate of the off-diagonal NBO Fock matrix elements. It
can be deduced from the second-order perturbation approach

[16] as follows:
2
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where g; is the ith donor orbital occupancy, g and & are diagonal
elements (orbital energies) and F (i, j) is the off-diagonal NBO
Fock matrix element.
4. Hyperpolarizability
The first hyperpolarizability (B) of this novel molecular
system and related properties (8, a, and Aa) of BMB were
calculated using B3LYP/6-311++G (d, p) basis set, based on the
finite-field approach. In the presence of an applied electric field,
the energy of system is the function of the electric field.
Polarizability and hyperpolarizability characterize the response
of a system in an applied electric field [17]. They determine not
only the strength of molecular interactions (long-range
interinduction, dispersion force, etc.) and the cross sections of
different scattering and collision process but also the non-linear
optical properties (NLO) of the system [18, 19]. First
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hyperpolarizability is a third-rank tensor that can be described
by 3x3x3 matrix. The 27 components of the 3D matrix can be
reduced to 10 components due to the Kleinman symmetry [20].
It can be given in the lower tetrahedral format. It is obvious that
the lower part of the 3x3x3 matrixes is a tetrahedral.
Components of § are defined as coefficients in the Taylor series
expansion of the energy in the external electric field. When the
external electric field is weak and homogeneous, this expansion
becomes as follows:
o MF G FiFj ﬂijk K Fj R Yijki K Fj FF
T

where E° is the energy of the unperturbed molecules, F, is
the field at the origin, and x,, a,s and g, are the components of
dipole moment, polarizability and the first hyperpolarizability
respectively.

The total static dipole moment is

E=E

1
p= (g + pig + 4i7)?
The isotropic polarizability is
o, +ta, ta,
3
The polarizability anisotropy invariant is

Aa = 2_% [(axx —ayy)z +(ayy —a, [+ (au —axx)z +602xz]%
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and the average hyperpolarizability is

Boi= B2+ 5+ 52)
where E is the energy of the unperturbed molecules, F; is the
field at the origin and x;, ajj, ik and piju are the components of
dipole moment, polarizability, first hyperpolarizability and the
second hyperpolarizability, respectively. The total static dipole
moment u, the mean polarizability o, the anisotropy of the
polarizability (Ac) and the first hyperpolarizability S using the
X, y and z component, are defined. The B3LYP/6-311++G (d, p)
calculated the first hyperpolarizability of BMB is 11.5x10-*'esu.
The total molecular dipole moment (1), mean polarizability (o)
and anisotropypolarizability (Aq) of BMB have been collected
in Table 1. When comparing the hyperpolarizability of other
molecules reported earlier [21, 22], the value of first
hyperpolarizability of BMB molecule possesses non-linear
optical properties that can be used for NLO applications.
5. Potential energy distribution

To check whether the chosen set of symmetric coordinates
contribute maximum to the potential energy associated with the
molecule, the PED has been carried out. The vibrational problem
was set up in terms of internal and symmetry coordinates. The
Cartesian representation of the theoretical force constants has
been computed at the fully optimized geometry by assuming Cs
point group symmetry. The symmetry of the molecule was also
helpful in making vibrational assignment. The transformation of
force field, subsequent normal coordinate analysis and
calculation of the PED were done on a PC with the MOLVIB
program (version VV7.0-G77) written by Sundius [23, 24].

o =
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6. Results and discussion

In the C1, C2, C3 and C4 forms of molecule, BMB and
benzene ring are in the same plane. The optimized structures and
numbering of the atoms of BMB are shown in Fig. 1. We
reported same geometric parameters and vibrational frequencies
for BMB using DFT (B3LYP) and compared with the
experimental crystal geometries (bond lengths, bond angles) [7]
and experimental frequencies.
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Fig.1. Optimized structures and numbering of the atoms of
5-bromo-2-methoxybenzaldehyde

6.1 Energetics

Calculated energies and energy difference for all
conformers of BMB determined by B3LYP level with 6-
311++G (d) and 6-311++G (d, p) basis sets are presented in
Table 2. From DFT calculations using 6-311++G (d, p) basis set,
the conformer C1 is predicted to be from 11.5 to 32.54 kJ/mol
more stable than the other conformers. As clearly seen from the
values given in Table 2, the basis set size effect on the calculated
energies is not so much, but of considerable importance; use of
the basis sets of larger sizes gives rise to slight increases in the
differences; however, unstable conformers give rise to decreases
in the differences between the calculated energies.
6.2 Geometric structure

The optimized bond lengths, bond angles and dihedral
angles of BMB calculated by B3LYP method using B3LYP 6-
311++G (d) and 6-311++G (d, p) basis sets are listed in Table 3
in accordance with atom numbering scheme as shown in Fig. 1.
Since the exact crystal structure of BMB is not available till
now, the optimized structure can only be compared with other
similar system [7] for which the crystal structures have been
solved. Therefore optimized geometrical parameters of 2-
methoxybenzaldehyde are compared to those of BMB. From the
theoretical values we can find that most of the optimized bond
lengths are slightly larger and shorter than experimental values.
Comparing bond lengths and bond angles of C, point group
symmetry at B3LYP/6-311++G (d, p) method leads to geometric
parameters that which are much closer to experimental values.

Several researchers [25, 26] have explained the changes in
the frequency or bond length of the C — H bond on substitution
due to a change in the charge distribution on the ring carbon
atom of the benzene ring. The substituent may be of either the
electron-withdrawing type (F, Cl, Br, NO,, etc) or electron-

J
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donating type (CHs;, C;Hs, NH,, etc). The carbon atoms are
bonded to the hydrogen atoms with ¢ bond in benzene and
substitution of a Br atom for hydrogen reduces the electron
density at the ring carbon atom. The ring carbon atoms in
substituted benzene exert a large attraction on the valence
electron cloud of the hydrogen atom resulting in an increase in
the C-H force constant and a decrease in the corresponding
bond length which would be influenced by the combined effects
on the inductive mesomeric interaction and the electric dipole
field of the polar substituent. In this study, the C—H bond lengths
were calculated as 1.10 and 1.09 A for the ring.
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Fig. 2. Bond Iength d|fferences between theoretical
B3LYP/6-311++G (d) and B3LYP/6-311++G (d, p)
approaches of the 5-bromo-2-methoxybenzaldehyde
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Fig. 3. Bond angle differences between theoretical B3LYP/6-
311++G (d) and B3LYP/6-311++G (d, p) approaches of the
5-bromo-2-methoxybenzaldehyde

The optimized parameters obtained by B3LYP method
using 6-311++G (d) and 6-311++ G (d, p) basis sets are
approximately similar than to those observed experimentally. At
all levels reported here, the calculated bond lengths and bond
angles are very close to experimental values, except for the
angle at the point of substitution. As seen in Table 3, the
interaction between the bromine atom and aromatic ring
produces a small displacement of the bromine atom out of the
benzene ring with a torsion angle of Br17-C5-C4-C6 in ca.
179.9°. However, the trends in the distortion of the benzene ring
upon substitution are correct with an electron-donating an
electron-withdrawing substituent at the para positions, the
symmetry of the benzene ring is distorted, yielding ring angles
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smaller than 120° at the point of substitution and slightly longer
than 120 at the ortho- and meta- position. The C5-Brl17 bond
distance is 1.9A. It is interesting to note that C11-H12, C11-
H13 and C11-H14 bond lengths in methyl group are same i.e.,
1.00A.

Normal coordinate analysis is the mathematical procedure
that gives the normal coordinates, their frequencies, and force
constants. The detailed description of vibrational modes can be
given by means of normal coordinate analysis. The internal
coordinates describe the position of the atoms in terms of
distances, angles and dihedral angles with respect to an origin
atom. The symmetry coordinates are constructed using the set of
internal coordinates. In this study, the full set of 61 standard
internal coordinates (containing 13 redundancies) for BMB was
defined as given in Table 4. From these, a non-redundant set of
local symmetry coordinates was constructed by suitable linear
combinations of internal coordinates which are presented in
Table 5.

Comparing bond angles and bond lengths using B3LYP at
6-311++G (d) and 6-311++G (d, p) levels, and the calculated
values correlates well compared with the experimental data.
Although there are some differences, calculated geometrical
parameters represent a good approximation and they are basis
for calculating other parameters such as vibrational frequencies
and thermodynamic properties. The comparative graphs of bond
lengths and bond angles of the BMB using 6-311++G (d) and 6-
311++ G (d, p) basis sets are given in Figs. 2-3.
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Fig. 4. Comparative graph of IR intensities by B3LYP/6-
311++G (d) and B3LYP/6-311++G (d, p) for 5-bromo-2-
methoxybenzaldehyde

6.3 Computed IR intensity and Raman activity analyses

Computed vibrational spectral IR intensities and Raman
activities of BMB for corresponding wavenumbers by DFT
method at B3LYP with 6-311++G (d) and 6311++G (d, p) basis
sets have been listed in Table 6. The comparative graphs of IR
intensities and Raman activities and with observed frequency for
the basis sets 6-311++G (d) and 6-311++ G (d, p) are shown in
Figs. 4-5, respectively.
6.4 Vibrational spectral analysis

It has been argued that in 5-bromo-2-methoxybenzaldehyde,
all the atoms except atoms of CHj group are in the same plane.
In the present study, C and H atoms of CH3 group are taken to be
in plane of the methyl group. With this assumed structural
model, the molecule under consideration would belong to C,
point group and the 48 normal modes of vibrations which span
the irreducible representations: 33A'+15A". The harmonic
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vibrational frequencies calculated for BMB at B3LYP level
using the 6-311++G (d) and 6-311++G (d, p) basis sets along
with reduced mass, force constants, infrared intensities, Raman
activities, and depolarization ratio have been summarized in
Table 6.

Comparison of the frequencies calculated at B3LYP with
experimental values (Table 7) reveals the overestimation of the
calculated vibrational modes due to neglect of anharmonicity in
real system. Inclusion of electron correlation in density
functional theory to a certain extent makes the frequency values
smaller in comparison with the 6-311++G (d) data. Figs. 6 and 7
present the experimental and theoretical FT-IR and FT-Raman
spectra of BMB, respectively.
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Fig. 5. Comparative graph of Raman activity by B3LYB/6-
311++G (d) and B3LYP/6-311++G (d, p) for 5-bromo-2-
methoxybenzaldehyde

6.4.1 Aldehyde group vibrations

The C—H stretching vibrations of the aldehyde group [27]
usually appear in the region 2871-2806 cm ™. Hence in the
present work, C—H stretching vibration computed by B3LYP/6-
311++G (d, p) method at 2902 cm~* for BMB shows a very good
agreement with recorded value. The weak band observed with
the FT-IR spectrum at 2898 cm~' and the Raman spectrum at
2900 cm is assigned to C—H stretching vibration of the
aldehyde group. The in-plane C—H deformation mode of
aldehyde group is observed at 950 cm~" with strong intensity in
the FT-IR spectrum for BMB. The carbonyl (C=0) stretching
vibrations in the substituted benzaldehydes are reported near
1700 cm~* [27]. The very strong band centered 1758 cm " in FT-
IR for BMB is attributed to C=0O stretching vibration of the
aldehyde group. In the present investigation, the medium strong
FT-Raman band observed at 803 cm~' for BMB could be
assigned to C=0 in-plane bending vibration. In BMB, the weak
band centered at 321 cm™ in FT-Raman spectra could be
assigned to C=0 out-of-plane bending vibrations of aldehyde
group. A weak-to-medium intensity band due to the aldehyde
group CHO deformation vibration [26] is found in the region
975-780 cm™. In consonance with this, the medium-to-strong
intensity band at 884 cm™ could be assigned to CHO out-of-
plane deformation for BMB.
6.4.2 C—H vibrations

For simplicity, modes of vibrations of aromatic compounds
are considered as separate C—H or ring C—C vibrations.
However, as with any complex molecules, vibrational
interactions occur and these levels only indicate the predominant
vibration. Substituted benzenes have large number of sensitive
bands, i.e., bands whose position is significantly affected by the
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mass and electronic properties, mesomeric or inductive of the
substituents. According to the literature [28—29], in infrared
spectra, most mononuclear and polynuclear aromatic compounds
have three or four peaks in the region 3000-3100 cm-', these are
due to the stretching vibrations of the ring CH bands.
Accordingly, in the present study, the FT-IR bands identified at
3098, 3048, and 2998 cm' and FT Raman bands at 3095, 3054
and 3002 cm are assigned to C—H stretching vibrations of
BMB which are in good agreement with calculated values by
B3LYP/6-311++G (d, p) 3095, 3052, and 3006 cm~". The FT-IR
bands at 1468, and 1396 cm~* and the FT Raman bands at 1487
and 1395 cm" are assigned to C—H in-plane bending vibration
of BMB. The C-H out-of-plane bending vibrations of the BMB
are well indentified at 1239, and 908 and 1184 cm in the FT-
IR and 1184 cm™ in the FT-Raman spectra which are found to
be well within their characteristic region.
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,.(l {a)

Viemummane Y, |
2
joos

2
2998 iﬂ-III

3
S

2928
2098
e —_—

2 1e12”
624

V. Balachandran et al./ Elixir Vib. Spec. 52 (2012) 11425-11436

6.4.5 Methyl group vibrations

BMB under consideration possesses a CH; group in the
side-substituted chain. For the assignments of CHjz group
frequencies, one can expect that nine fundamentals can be
associated with each CHs; group, namely the symmetrical
stretching in CH3 (CH3; symmetric stretch) and asymmetrical
stretching (CH3z asymmetric stretch) in-plane stretching modes
(i.e., in-plane hydrogen stretching mode); the symmetrical (CH3
symmetric deform) and asymmetrical (CH3 asymmetric deform)
deformation modes; the in-plane rocking (CHjs ipr), out-of-plane
rocking (CHs opr), and twisting (tCH3;) modes. Methyl groups
are generally referred as electron-donating substituents in the
aromatic ring system. The methyl hydrogen atoms in BMB are
subjected simultaneously to hyperconjugation and backdonation,
which causes the decrease in stretching wavenumbers and
infrared intensities, as reported in literature [32], for similar
molecular system. For the O—CH3; group compounds [33], the
asymmetric stretching mode appears in the range 2825-2870
m -, lower in magnitude compared with the value in CHj;
compounds (2860-2935 cm'), whereas the asymmetric
stretching modes for both types of compounds lie in the same
region, 2924 and 2985 cm . In case of BMB, asymmetric and
symmetric stretching vibrations of CH; group have been
identified at 2970, 2968, and 2930 cm~ by B3LYP/6-311++G
(d, p) method. The recorded FT-IR spectrum show two weak
bands observed at 2976, 2964, and 2928 cm-, which are
assigned to C—H asymmetric and symmetric vibrations of a CH;
group for BMB. The rocking vibrations for CH; group have
been calculated at 1015 and 894 cm~" by B3LYP/6-311++G (d,
p) method, which also shows good agreement with FT-IR and
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Fig. 6. FTIR spectrum of 5-bromo-2-methoxybenzaldehyde

(a) Observed (b) Calculated by B3LYP/6-311++G(d,p)
6.4.3 C-C vibrations

The ring C=C and C-C stretching vibrations, known as
semicircle stretching usually occur in the region 1400-1625

~ [30-31]. Hence in the present investigation, the FT-IR

bands indentified at 1690, 1432, and 1264 and 1120 cm™ and
the FT-Raman bands at 1671, 1276, 1118 and 1092 cm-" are
assigned to C-C stretching vibrations of BMB. The band
ascribed at 716 cm™ in FT-IR and 412 cm™ in FT-Raman
spectra has been designated to CC in-plane and out-of-plane
bending mode. The calculated bending modes found at 715 cm~
and 410 cm~ in B3LYP/6-311++G (d, p) are assigned to C—C
in-plane and out-of-plane bending vibrations, respectively.
6.4.4 C-Br vibrations

Most aromatic bromo compounds absorb strongly in the
region 650-395 cm~" due to C—Br stretching vibrations, although
there are more than one bromine atoms on the same carbon
atom. The C-Br stretching vibration is assigned to the weak
mode 656 cm™' in the infrared spectra. The in-plane C-Br
bending mode is observed at 548 cm, while the out-of-plane
bending mode is at 152 cm=" in Raman spectrum.
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Fig. 7. FT Raman spectrum of 5-bromo-2-
methoxybenzaldehyde (a) Observed (b) Calculated by
B3LYP/6-311++G (d, p)

The asymmetrical CH3 deformation vibrations are computed
by B3LYP++G (d, p) method at 1593 cm~. Similarly, the
symmetrical deformation vibration of CH3 group is computed at
1465 cm* for BMB. These fundamental values show good

agreement with the observed FT-IR and FT-Raman values 1592
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and 1465 cm. These assignments find support from the work
of Varsanyi [34].
6.4.6. O—CHjvibrations

The O-CH; mode is assigned to ~ 1040 cm* for anisole
[35] and to the region 1000-1100 cm for anisole and its
derivatives [37—38]. This mode is assigned to 1026, 909 and 995
cm for o-, m- and p-methoxybenzaldehyde, respectively. In our
case the O—CHg stretching mode is assigned as strong bands in
FT-IR at 1250 and 1084 cm~. The theoretically computed
values at 1245 and 1081 cm~' using B3LYP/6-311++G (d, p)
method coincide with experimental results.

The C-O-CHs bending mode is assigned near 300 cm *for
anisole by Owen and Hester [37] and at 421 cm~' for p-
methoxybenzaldehyde by Compagnaro and Wood [38]. Ramana
Rao and co-workers [36] have proposed assignment for this
mode in the region 300—670 cm *for anisole and its derivatives.
As this mode lies in the region of the ring planar C-C—-C angle
bending modes, a strong mixing among these two modes and
other planar modes is expected. Krishnakumar et.al. [39]
assigned C-O-CHj; angle bending mode at 341, 382 and 430
cm for the o-, m- and p-methoxybenzaldehydes, respectively.
In accordance with above we have assigned the theoretically
computed values by B3LYP/6-311++G (d, p) method at 643 and
634 cm~' for BMB as C—-O—CHjs angle bending mode, the value
that coincides with 645 and 632 cm~ bands observed in FT-
Raman.

The torsion mode of the O—-CHj; group was observed for
anisole at 100 cm~" by some workers [22]. The computed values
predicted by B3LYP/6-311++G (d, p) method at 265 and 200
cm correlate with experimental observation for O—CHj torsion
mode for BMB.

7. NBO analysis

The first two columns in the Table 8 show the type of
orbital and occupancy between 0 and 2.000 electrons. The type
can be bonding, lone pair and antibonding. A normal Lewis
structure would not have any antibonding orbital, so the
presence of antibonding orbitals leads to deviation from normal
Lewis structure. Antibonding localized orbital is called non-
Lewis NBO. If the occupancy is not 2.000, then there is
deviation from an ideal Lewis structure. The BMB molecule
shows some deviations; otherwise it is well approximated using
Lewis structure.

In Table 10, BD (O10-C11) orbital with 1.99331 electrons
has 68.19% 010 character in a sp>®” hybrid and has 31.81% C11
character in a sp™® hybrid. The sp®'® hybrid on 010 has
72.73% p-character and the sp®® hybrid on C has 78.46% p-
character. An idealized sp” hybrid has 75% p-character. The BD
(010-C11) bond then corresponds roughly to the quantitative
concept of interacting sp® hybrids. The two coefficients, 0.8258
and 0.5640, are called polarization coefficients. The sizes of
these coefficients show the importance of the two hybrids in the
formation of the bond. The oxygen has larger percentage of this
NBO, 68.19% and gives the larger polarization coefficient
0.8258 bhecause it has the higher electronegativity. Similarly, BD
(C2-010), BD (C4-C5), BD (C5-Br17), BD (C7-08), BD (C1-
C2), and bonding orbital also show that nitrogen and chlorine
have the lesser percentage of NBO and give the lesser
polarization coefficients as compared to BD (010-C11) bond.
This shows that oxygen and bromine in above bonding orbital
have less electronegativity as compared to BD (010-C11). At
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the end of the table, nitrogen and chlorine lone pair NBO is
expected to attains the Lewis structure.
7.1 Perturbation theory analysis

Delocalization of the electron density between occupied
Lewis type (bond (or) lone pair) NBO orbital and formally
unoccupied (antibond or Rydberg) non-Lewis NBO orbital
corresponds to a stabilized donor—acceptor interaction. The
energy of this interaction can be estimated by the second-order
perturbation theory [15]. Table 9 lists the calculated second
order interaction energies E ® between the donor—acceptor
orbital of BMB.

The most important interaction energies related to the
resonance in the benzene ring are electron donating from the BD
(C1-C2), BD (Ci1-C6), BD (C6-H18), and LPO10, to the
antibonding acceptor BD* (C1-C6), BD* (C1-C2), BD* (C1-
C2), and BD* (C2-C3), orbitals and their corresponding
energies, are 3.69, 4.07, 4.20, and 4.58 kcal/mol, respectively.
These interactions clearly indicate that the strongest increase in
the stabilization energy of electron delocalization occurs due to
the substitution of the molecule.

8. HOMO-LUMO band gap

The conjugated molecules are characterized by the
separation between highest occupied molecular orbital and
lowest unoccupied molecular orbital (HOMO -LUMO), which is
the result of a significant degree of intramolecular charge
transfer (ICT) from the end-capping electron-donor groups
through r-conjugated path. The strong charge transfer
interaction through g-conjugated bridge results in substantial
ground state donor-acceptor mixing and the appearance of a
charge transfer band in the electronic absorption spectrum of a
charge transfer band in the electronic absorption spectrum.
Therefore, an ED transfer occurs from the more aromatic part of
the g-conjugated system in the electron-donor side to its
electron-withdrawing part the atomic orbital components of the
frontier molecular orbitals are shown in Fig. 8.
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Fig. 8. HOMO-LUMO picture of 5-bromo-2-
methoxybenzaldehyde
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Table 1. The electric dipole moment p (Debye), the mean polarizability o (x10 %%esu), anisotropy polarizability Aa(x107% esu)
and first hyperpolarizability B, (10 esu) for 5-bromo-2-methoxybenzaldehyde

Parameters  Values Parameters  Values
b 27078 B -26.1792
Ly -5.5051 Byyy —64.5115
Uz 0.0002 Bozz -0.0025
u 5.6975 Bxyy -28.0732
Olxx —67.9730  Pxxy —24.5994
Olxy —10.0445 Bxxz 0.0103
Olxz —-0.0019 szz —22.3474
Uy -81.8325 By 2.7657
Olyz 0.0010 Byyz -0.0023
Olzz —-78.5764  Pxyz —-0.0035
o 0.0000 Brot 11.5

Aol 19.2950

Table 2. Calculated energies and energy difference for four conformers of 5-bromo-2-methoxybenzaldehyde by DFT method

Conformers B3LYP/6-311++G (d) B3LYP/6-311++G (d, p)
Energy (kJ/mol)  Energy differences® Energy (kJ/mol)  Energy differences ?
(kd/mol) (kJ/mol)
C1 —7965090.49 0.000 —7965150.08 0.000
(67 —7964895.67 194.82 —7965138.53 11.50
C3 —7964831.35 259.14 —7965121.20 28.88
C4 —7963917.41 1173.08 —7965117.53 32.54

“Energies of the other three conformers relative to the most stable C1 conformer.

Table 3. Optimized geometrical parameters of 5-bromo-2-methoxybenzaldehyde by B3LYP/6-311++G (d) /6-311++G (d, p)

calculations.
Parameters  Bond lengths (A) Parameters Bond angles (°)
Exp® 6-311++G (d) 6-311++G (d, p) Exp®  6-311++G (d) 6-311++G (d, p)
C1-C2 142 140 141 C2-C1-C6 1199 1187 119.6
C1-Cé6 1.38 1.39 1.39 C2-C1-C7 120.0 120.6 121.4
C1-C7 142 147 1.48 C6-C1-C7 120.0 120.6 118.9
C2-C3 142 137 1.39 C1-C2-C3 120.0 120.1 119.4
C3-C4 142 141 1.39 C1-C2-010 116.7 120.1 116.7
C3-H15 1.10 1.08 1.08 C3-C2-010 120.8 119.7 123.8
C4-C5 141 141 1.39 C2-C3-C4 120.1 122.0 120.1
C4-010 1.10 1.08 1.08 C2-C3-H15 120.1 1213 120.9
C5-C6 138 1.39 1.38 C4-C3-H15 119.3 116.6 118.8
C6-H18 1.09 1.08 1.08 C3-C4-C5 120.0 1175 120.0
C7-08 120 121 121 C3-C4-010 120.1 112.0 119.6
C7-H9 111 111 1.10 C5-C4-010 120.2 1304 120.2
010-C11 140 143 142 C5-C6-H18 1199 1198 121.7
C11-H12 1.09 1.08 1.08 C1-C7-08 122.7 1253 1235
C11-H13 1.09 1.08 1.09 C1-C7-H9 118.2 1145 115.6
C11-H14 1.09 1.08 1.09 08-C7-H9 120.0 120.1 120.8
C4-H16 1.10 1.08 1.09 C2-010-C11 120.1 126.7 119.2
C2-010 1.35 1.09 010-C11-H12 109.2 104.1 105.6
C5-Br17 1.92 1.35 010-C11-H13 109.7 1115 111.2
010-C11-H14 1101 1115 111.2
C11-H12-H14 1095 109.5 109.4
C11-H12-H13 109.6 109.5 109.8
C4-C5-C6 20.1 120.4
C4-C5-Br17 125.0 1195
C6-C5-Br17 114.8 120.0
C1-C6-C5 1215 120.2
C1-C6-H18 1185 117.9

dGeometrical parameters determined with X-ray diffraction method taken from Ref. [7].
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Table 6. Vibrational wavenumbers(unscaled and scaled) obtained for C1 conformer of BMB at DFT/ B3LYP/6-311++G
(d) and 6-311++G (d, p) [harmonic frequency (cm™), IR intensities (Kcal mol™), Raman activities (A amu™),.

S.No. Unscaled Scaled IR intensity Raman activity
A B A B A B A B

1 3204 3213 3099 3095 2.30 4.83 48.24 133.35
2 3196 3203 3058 3052 4.70 3.90 147.70 34.34
3 3167 3195 3010 3006  7.59 1.09 72.70 53.07
4 3147 3140 2978 2970 22.0 15.19 120.10 117.27
5 3144 3078 2976 2968 18.20 29.62 36.68 59.61
6 3089 3014 2940 2930  52.30 50.99 166.91  173.73
7 3044 2981 2908 2902 143.90 65.37 201.70 139.56
8 1793 1799 1758 1754 317.89 290.51 186.50 119.21
9 1730 1722 1696 1687 22391 71.23 256.70  86.61
10 1712 1708 1679 1670 2.78 12.30 7.08 17.91
11 1620 1622 1598 1593 107.40 64.68 0.89 12.78
12 1563 1560 1484 1488 12.25 128.23 14.90 4.48
13 1548 1544 1464 1465 17.64 10.44 7.48 13.64
14 1511 1507 1452 1460 26.29 28.74 5.89 1.77
15 1482 1470 1426 1430  4.26 27.76 0.73 8.62
16 1440 1451 1410 1404 16.70 98.56 12.28 2.16
17 1420 1425 1399 1395 349.12 22.74 51.58 5.23
18 1307 1310 1280 1272 6.30 181.20 0.93 7.84
19 1293 1290 1272 1266 135.40 130.10 3.73 20.06
20 1288 1281 1253 1245 83.45 35.50 17.66 20.56
21 1260 1261 1244 1240 128.60 54.68 35.57 26.63
22 1204 1210 1188 1184 0.74 0.73 2.61 2.55
23 1187 1180 1115 1116 25.94 71.14 3.35 8.33
24 1120 1122 1098 1090  8.25 1.47 1.29 10.65
25 1110 1112 1080 1081 59.97 48.31 7.75 6.36
26 1060 1052 1016 1015 2.34 0.80 3.45 251
27 979 970 906 908 1.18 1.19 0.04 0.04
28 938 931 897 894 10.81 9.16 0.55 0.24
29 912 911 880 883 33.70 29.77 10.41 1.84
30 863 860 831 825 40.88 35.19 0.17 0.18
31 850 849 816 810 15.60 7.38 6.69 18.97
32 833 829 810 804 041 0.00 0.23 0.71
33 827 820 794 790 15.05 13.86 9.99 3.61
34 750 751 729 720 44.65 29.03 1.28 4.29
35 741 735 725 715 3.55 6.52 0.16 0.16
36 681 680 660 656 11.09 32.78 4.46 2.20
37 670 666 651 643 345 2.98 0.01 0.03
38 651 650 636 634 3.00 1.32 15.30 8.45
39 640 639 622 618 2.69 0.23 1.00 0.38
40 566 563 545 549 3.07 2.98 2.92 0.63
41 533 531 526 528 2.66 2.67 271 8.02
42 427 425 415 410 0.05 0.75 0.89 0.30
43 360 354 346 345 0.72 0.17 1.02 1.36
44 341 340 320 320 4.80 5.04 2.08 2.86
45 280 281 270 265 0.64 2.86 1.83 1.93
46 213 209 203 200 4.42 12.44 2.50 0.59
47 162 160 154 151 7.01 0.23 1.72 0.73
48 84 82 68 65 5.17 0.72 0.08 0.54

Table 10. Selected HOMO and LUMO energies of 5-bromo-2-methoxybenzaldehyde.

SNo Molecular orbital Energy eV Molecular orbital Energy transitions  Energy gap eV
1 HOMO -6.664 HOMO—LUMO -2.76
2 HOMO-1 —-6.691 HOMO-1-LUMO -2.787
3 HOMO-2 —-7.741 HOMO-2—LUMO -3.837
4 LUMO -3.904 HOMO—LUMO+1 —-4.298
5 LUMO+1 —2.366 HOMO-1-LUMO+1 -4.325
6 LUMO+2 -2.022 HOMO-2—LUMO+1 -5.719
HOMO—LUMO+2 —-4.642
HOMO-1-LUMO+2 —-4.669
HOMO-2-LUMO+2 -5.719
Table 11. Experimental and theoretical chemical shifts of BMB in ‘H and *C NMR spectra [5 (ppm)]
Atom position  Experimental Calculated A
B3LYP/6-311++G (d, p)
C1 126.05 130.43 438
c2 138.23 129.84 -8.39
C3 113.82 109.78 —-4.04
C4 160.73 161.31 0.58
C5 113.37 121.79 8.42
C6 130.80 132.58 1.78
c7 188.16 198.12 9.96
C12 55.98 44.40 -11.58
H10 10.38 10.60 0.32
H13 3.92 2.25 0.67
H16 6.69 6.89 0.20
H17 7.04 7.62 0.58
H19 7.91 8.14 0.23

A (Sexp—0ine): difference between respective chemical shifts.
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Table 7. Experimental FTIR and FT Raman frequencies(cm™) and assignments for C1 conformer of BMB

Mode Species FTIR®  FT-Raman® Vibrational assignments®/(%PED)
1 Al 3098w 3095w VvCH (99)
2 A 3048w 3054w vCH (99)
3 A 2998w 3002w vCH (98)
4 A" 2976w Vas CH3(99)
5 A 2964ms 2960w vasCHs (84)
6 A 2928w 2931w vssCHj (80)
7 A 2898w 2900w vCH (99)
8 A 1758vs vCO (69)
9 A 1690vs vCC (62)
10 A 1671vw vCC (73)
11 A" 1592ms CHasasd (68)
12 A 1487w bCH (47)
13 A 1468vs  1465vw CHssd(69)
14 A 1456vs bCH (52)
15 A 1432vs vCC (69)
16 A 1408vw  CHgsd (55)
17 A 1396vs 1395w bCH (77)
18 A 1276ms  vCC (73)
19 A 1264vs vCC (69)
20 A 1250ms vCO (68)
21 A" 1239s gCH (65)
22 A" 1181vs  1184vs gCH (62)
23 A 1120s 1118w vCC (75)
24 A 1092w vCC (92)
25 A 1084w vCO (69)
26 A 1012vs CHaipr (68)
27 A" 908vw gCH (60)
28 A" 895vw CHaopr (60)
29 A" 884ms gCH (65)
30 A 824s bring (70)
31 A 812vw bring (68)
32 A 803ms bCO (70)
33 A 788w bring (70)
34 A" 724vw gCH (60)
35 A 716vw bCC (55)
36 A 656ms VCBr (54)
37 A 645ms bCO(50)
38 A 632ms bCO (48)
39 A" 618ms gring (61)
40 A 548vw bCBr (48)
41 A" 524ms  526vw gring (60)
42 A" 412ms gCC (50)
43 A" 347vw gring (58)
44 A" 321vw gCoO (45)
45 A" 269ms gCo (48)
46 A" 202ms gCoO (45)
47 A" 152ms gCBr (42)
48 A" CHastorsion(41)

# Intensities: w-weak, vw-very weak, m-medium, s-strong, vs-very strong.
® Assignments: v-stretching, b-inplane bending, g- out-of- plane bending.
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intramolecular CHj; ......Br Hydrogen bonds in BMB.

Table 8. NBO results showing the formation of Lewis and non Lewis orbital the valence hybrids corresponding to the

BOND(A-B) ED/ ENERGY (a.u) EDA(%) EDg(%) NBO S(%) P(%)
BD(1)C1-C7 1.97911 53.38 46.62 0.7306(sp” )+ 28.59 71.37
0.6828(sp*%)c 35.32 64.64
BD(1)C4-010 1.98861 32.86 67.14 0.5732(sp**)c+ 23.38 76.40
0.8194(sp**)o 27.87 72.06
BD(1)C3-H15 1.97388 61.06 38.94 0.7814(sp**)c+ 29.72 70.24
0.6240(sp )y 99.95 0.05
BD(1)C2-010 1.97899 61.08 38.92 0.7815(sp>*)c+ 28.95 71.01
6239(sp” %) 99.95 0.05
BD(1)C5-Bri7 1.98491 49.97 50.03 0.7069(sp>*?)c+ 2261 77.26
0.7073(sp%*)g, 13.46 86.14
BD(1)C7-08 1.99637 35.21 64.79 0.5934(sp*%)c+ 30.64 69.15
0.8049(sp*®)o 35.65 64.24
BD(1)C7-H9 1.98931 58.46 4154 0.7646(sp™")c+ 33.61 66.31
0.6445(sp’ )y 99.94 0.06
BD(1)010-C11 1.99331 68.19 31.81 0.8258(sp*")o+ 27.20 72.73
0.5640(sp*>%)c 21.25 78.46
BD* (1)C1-C7 0.06012 46.62 53.38 0.6828(sp**")c+ 28.59 71.37
—0.7306(sp"®)c 35.32 64.64
BD* (1)C4-H16 0.03294 67.14 32.86 0.8194(sp>*")c+ 23.38 76.40
-0.5732(sp*)o 27.87 72.06
BD* (1)C3-H15 0.01488 38.94 61.06 0.6240(sp* %)+ 29.72 70.24
—0.7814(sp* )y 99.95 0.00
BD* (1)C4-C5 0.02633 50.11 48.89 0.7079(sp™ ) c+ 35.45 64.50
—0.7063(sp"*®)c 38.72 61.23
BD* (1)C2-010 0.01364 38.92 61.08 0.6239(sp***)c+ 28.95 71.01
—0.7815(sp" ™), 99.95 0.00
BD* (1)C5-Br17 0.03317 50.03 49.97 0.7073(sp**3)C* 22.61 77.26
—0.7069(sp**%)Br17 13.46 86.14
BD* (1)C6-H18 0.01415 37.93 62.07 0.6159(sp2.40)C+ 29.40 70.51
—0.7878(spo.oo)H 99.99 0.00
BD* (1)C7-08 0.00237 64.79 35.21 0.8049(sp**)C* 30.64 69.15
-0.5934(sp*¥)0 35.65 64.24
BD* (1)C7-H9 0.04378 4154 58.46 0.6445(sp™*"\C* 3361 66.31
—0.7646(sp"™)H 99.94 0.00
BD* (1)010-C11 0.00562 31.81 68.19 0.5640(sp**")0* 27.20 72.73
-0.8248(sp*®)C 21.25 78.46
BD* (1)C11-H12 0.00972 40.19 59.81 0.6340(sp*"®)c* 26.43 7351
—0.7734(sp*)H 99.96 0.00
BD* (1)C11-H13 0.01711 41.19 58.81 0.6418(sp**™)C* 26.24 73.69
—0.7669(sp*")H 99.96 0.00
LP (1) 08 1.98719 sp”’ 63.65 36.64
LP (1) 010 1.97102 spt# 45,01 54.97
LP (1) Br17 1.99345 sp U 86.76 13.24

Table 9. The second order perturbation energies E® (kcal/mol) corresponding to the most important charge transfer

interactions (donor-acceptor) in the compounds studied by B3LYP/ 6-311++G (d, p) method for BMB.
Donor NBO (i) Acceptor NBO (j) E@(kcal/mol) E(j)-E(i)(a.u) F(i,j)(a.u)

BD(1)C1-C2
BD(1)C1-C2
BD(1)C1-C2
BD(1)C1-C2
BD(1)C1-C2
BD(1)C1-C2
BD(1)C1-C2
BD(1)C1-C6
BD(1)C1-C6
BD(1)C1-C6
BD(1)C1-C6
BD(1)C1-C6
BD(1)C1-C6
BD(1)C1-C7
BD(1)C1-C7
BD(1)C1-C7
BD(1)C1-C7
BD(1)C1-C7
BD(1)C2-C3
BD(1)C2-C3
BD(1)C2-C3
BD(1)C2-010
BD(1)C2-010
BD(1)C2-010
BD(1)C3-C4
BD(1)C3-C4
BD(1)C3-C4
BD(1)C3-C4
BD(1)C3-C4
BD(1)C3-C4
BD(1)C3-H15
LP(1) 08
LP(1) 08
LP(1) 012
LP(1) 012
LP(1) Bri7
LP(1) Bri7

BD*(1)C1-C6
BD*(1)C1-C7
BD*(1)C2-C3
BD*(1)C3-H15
BD*(1)C6-H18
BD*(1)C7-08
BD*(1)010-C11
BD*(1)C1-C2
BD*(1)C1-C7
BD*(1)C2-010
BD*(1)C5-C6
BD*(1)C5-Bri7
BD*(1)C6-H18
BD*(1)C7-H9
BD*(1)C1-C2
BD*(1)C1-C6
BD*(1)C2-C3
BD*(1)C2-010
BD*(1)C1-C2
BD*(1)C1-C7
BD*(1)C3-H15
BD*(1)C1-C6
BD*(1)C3-C4
BD*(1)C11-H14
BD*(1)C2-C3
BD*(1)C2-010
BD*(1)C3-H15
BD*(1)C4-C5
BD*(1)C4-H16
BD*(1)C5-Bri7
BD*(1)C1-C2
BD*(1)C1-C7
BD*(1)C7-H9
BD*(1)C2-C3
BD*(1)C11-H14
BD*(1)C4-C5
BD*(1)C5-C6

3.69
1.08
4.05
217
1.98
0.65
1.65
4.07
1.28
421
3.67
5.12

1.29
1.10
1.28
1.18
1.19

0.062
0.031
0.064
0.045
0.043
0.025
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The Fig. 8 shows molecular orbitals from HOMO-2 to
LUMO+2 of BMB, in which all the LUMO surfaces are well
localized within the phenyl ring. In other words all the ring
component intermolecular interactions are mostly occurred in
LUMO levels. LUMO+1 and LUMO+2 surfaces shown in Figs.
8d, 8f, have no amplitude [22] on aldehyde group linked to six
member ring of BMB. In HOMO-2, the orbitals are well
localized on aldehyde group of BMB. In HOMO-2, H9 in
aldehyde group is highly coupled with C7 and C1. Moreover,
Hy" and Og interaction is also present in this orbital. Most of the
surfaces shown in the HOMO side have no amplitude on phenyl
ring but, all the HOMO surfaces (Figs. 8a, 8c, and 8e) have very
high amplitude on aldehyde group of BMB.

(a}

12 11 0 a B 7 & = 4 = -4 1 =] -1
& ppm
b}
200‘13‘0’16‘0‘1:0‘12’0.160'BIOIG:’JIQ:J.ZICI-CI'
a ppm
Fig. 9. NMR spectra of 5-bromo-2-methoxybenzaldehyde. (a)
'H (b) *C

The presence of intramolecular charge transfer from donor
to acceptor group within molecule can be identified by analyzing
the co-existence of IR and Raman activity [23] itself. It is also
observed that in our BMB that the bands at 3098, 1468, 1181,
1120 and 524 cm ™ in FT-IR spectrum have their counterparts in
FT-Raman at 3095, 1465, 1184, 1118 and 526 cm, which
shows that the relative intensities in IR and Raman are
comparable resulting from the electron cloud movement through
single-double bond m-conjugated path from donor to acceptor
groups. The analysis of wave function indicates that the electron
absorption corresponds to the transition from the ground state to
the first exited state and is mainly described by one-electron
excitation from the HOMO to LUMO. The HOMO and LUMO
energies of BMB have been calculated at B3LYP/6-31G (d, p)
level which is presented in Table 10. The energy gap presented
in Table 10 reflects the chemical activity of the molecule.
HOMO represents the ability to donate an electron and LUMO
represents the ability to accept an electron. Among the six
subsequent exited states calculated, the strongest transitions
appear between HOMO-LUMO orbitals. The numerical value
of energy gap between HOMO-LUMO orbitals calculated at
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B3LYP level is —2.76 e¢V. The energy gaps for other possible
energy transitions are presented in Table 10.
9. 'H and **C NMR spectral analyses

The molecular structure of BMB is optimized by using
B3LYP method with 6-311++G (d, p). Then, gauge invariant
atomic orbital (GIAO) *H and *C calculations of BMB are
calculated and compared with experimental data which are
shown in Table 11. The *H and 13C NMR spectra are presented
in Fig. 9. The result shows that the range of 'H and *C NMR
chemical shift of the typical organic molecule is usually > 100
ppm [40, 41] the accuracy ensures reliable interpretation of
spectroscopic parameters. It is true from the above literature
value in our present study; BMB also shows the same. The
molecular structure of BMB shows that the bromine atom
presents at 5th position of the ring carbon. This bromine atom
shows electronegative property (they attract the other atom
towards), but the chemical shift of C5 seems to be (C5 = 121.79)
by B3LYP/6-311++G (3d,3p) method which is same for other
carbon atoms but in C7 the chemical shift has higher value i.e.
198.12 ppm using B3LYP/6-311++G (3d,3p) method. On the
other hand the isotropic chemical shifts for the other carbon and
hydrogen atoms are shown in Table 11.
10. Conclusion

We have carried out density functional theory calculations
on the structure, vibrational spectrum, hyperpolarizability, NBO,
HOMO-LUMO analyses and *H and **C NMR of BMB. The
equilibrium geometry by B3LYP/6-311++G (d, p) level for both
the bond lengths and bond angles is performed better. The
vibration frequency analysis by B3LYP/6-311++G (d, p) method
agrees satisfactorily with experimental results. On the basis of
agreement between the calculated and experimental results,
assignments of all the fundamental vibrational modes of BMB
are examined and proposed in this investigation. Therefore, the
assignments made at higher level of theory with higher basis set
with only reasonable deviations from the experimental values,
seems to be correct. Based on calculated energy differences, the
C1 conformer is found to be the most stable conformer.
Intermolecular hydrogen bonding between H and O is expected
in C1 conformer. The electric dipole moments and first
hyperpolarizability of the compound studied have been
calculated by DFT method with 6-311++G (d, p) basis set. The
DFT calculated non-zero , value of this ligand shows that the
BMB  compound  might have  microscopic  first
hyperpolarizability with non-zero values obtained by the
numerical second derivatives of the electric dipole moment
according to the applied field strength. The high degree of
stabilization emanating from strong mesomeric effects has been
well demonstrated by NBO analysis. The second-order
perturbation theory results show that the CH; group behaves as
separate unit with sufficient interaction energy. The lowering of
HOMO-LUMO band gap supports bioactive property of the
molecule. *H and *C NMR isotropic chemical shifts were
calculated and the assignments made are compared with the
experimental values.
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