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Abstract. An extensive theoretical study on the molecular structure and vibrational analysis of 3-amino-4-
methoxy benzamide (3A4MBA) was undertaken using density functional theoretical (DFT) method. The pos-
sibility of formation of intramolecular hydrogen bonding was identified from structural parameter analysis and
confirmed with the natural bond orbital (NBO), molecular electrostatic potential (MEP) and natural charge
analysis. The harmonic oscillator model of aromaticity (HOMA) index elucidated the impact of hydrogen bond-
ing in the ring. Intramolecular hydrogen bonding energy has been calculated from topological study. The low
wavenumber vibrational modes obtained from experimental FT-Raman spectrum also supported the presence
of hydrogen bonding. Bands are assigned for vibrational frequencies using DFT/B3LYP/6-311++G** level of
theory.
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1. Introduction

Amides contain the −CONH2 group in which a carbon
atom is attached to oxygen by a covalent double bond.1

Benzamide is the simplest aromatic carboxylic amide,
which is used in the synthesis of various organic com-
pounds. Benzamide is slightly soluble in water but
easily soluble in many organic solvents.2

Benzamide derivatives have therapeutic utility.3 Ben-
zamide derivatives are known to cure antipsychotic and
antiemetic ailments. Owing to its neurotropic charac-
teristics, this class of compounds finds use in imag-
ing melanoma and melanoma meta states.4 N,N-diethyl
benzamide and N,N-diethyl 3-methyl benzamide are
used in mosquito repellents. A benzamide derivative is
used as an antipsychotic drug for many depressive
disorders.5 Owing to various applications of benzamide
and its derivatives,5 identifying the structure and vibra-
tions of benzamide molecules by quantum chemical
calculations are necessary for understanding many of
its related properties.6 12 The present work deals with
3-amino-4-methoxy benzamide (3A4MBA). This is an
intermediate product of dyes and pigments. Structural
studies on this molecule are scanty. Hence, an extended
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theoretical analysis on the structural and vibrational
properties of the 3A4MBA molecule is undertaken
using density functional theory (DFT) calculations.
An effort has been made to calculate the N–H- - -O
intramolecular hydrogen bonding, its nature, bond dis-
tances and related frequencies by calculating the topo-
logical parameters at the bond critical points using
atoms-in-molecule theory.

2. Experimental and Computational

The fine polycrystalline sample of 3A4MBA was procured
from Alfa Aesar Company with a stated purity of 98% and
used as such. Infrared spectrum of the compound by KBr pel-
let method was recorded with JASCO FT-IR 4100 spectrom-
eter in the region 400–4000 cm−1. The FT-Raman spectrum
of 3A4MBA was recorded on a BRUKER IFS-66V model
interferometer equipped with FRA–106 FT-Raman equip-
ment. The spectrum was recorded in the range 4000–0 cm−1.
For Stokes region, 1064 nm line of a Nd:YAG laser was used
for the excitation with an operating power of 200 mW. The
reported transitions are accurate in the order ±1 cm−1.

The molecular geometries of 3A4MBA were fully opti-
mized with DFT methods using the 6-311++G** basis set
and further calculations were carried out with the same
basis set. Theoretical calculations were performed with
Gaussian-0313 program package, invoking gradient geometry

259

http://crossmark.crossref.org/dialog/?doi=10.1007/s12039-017-1227-0&domain=pdf


260 G Subhapriya et al.

optimization on Intel core i5/2.50 GHz processor. DFT with
the three-parameter hybrid function (B3) for the exchange
part and the Lee–Yang–Parr (LYP) correlation function14 16

were utilised for three-dimensional potential energy scan
(3DPES), molecular structure optimization, vibrational fre-
quencies, natural bond orbital (NBO), molecular electrostatic
potential (MEP) and UV-Vis spectral analysis.

3. Results and Discussion

3.1 Conformational study

Estimation of hydrogen bonding in the present com-
pound is due to the presence of adjacent amino group
and methoxy group in the aromatic ring. To find out
the impact of hydrogen bonding in defining conforma-
tional flexibility of the molecule along with its type of
bonding, HF/6-31G** calculations were carried out by

Figure 1. Structure of 3A4MBA.

applying rotations in the amino and methoxy groups.
Minimum energy corresponding to a particular geom-
etry was obtained using a three dimensional potential
energy scan. The structure of 3A4MBA molecule is
shown in Figure 1. The dihedral angle of H18–C17–
O16–C4 of methoxy group and H15–N13–C3–C4 of
amino group with the aromatic ring was varied by
every 20◦. Two 3DPES were performed, one for the
amide group C2–C1–C7–O8 with the dihedral angle
of 180◦ (Figure 2) and other one for C2–C1–C7–O8
with the dihedral angle of 0◦ (Figure 3). The total ener-
gies obtained for these possible conformers are listed
in Table 1. From the two 3DPES figures, we observed
more number of saddle points, and 11 optimized min-
imum energy values for each scan and are been tab-
ulated. Minimum energy of −567.1727 Hartrees was
obtained for the conformer number 332 when C2–C1–
C7–O8 has the dihedral angle of 180◦ and the methoxy
group H18–C17–O16–C4 at 180◦ and the amino group
H15–N13–C3–C4 at 360◦. There is no imaginary fre-
quencies in the optimized structure (Nim = 0) and
positive harmonic vibrations are only obtained for the
minimum energy conformer number 332, indicating
that conformer number 332 is the most stable structure.

3.2 Structural properties

The structure and numbering scheme for atoms of
3A4MBA are shown in Figure 4. The optimized struc-
tural parameters for the geometry of 3A4MBA deter-
mined at B3LYP/6-311++G** level are presented
in Table S1 (in Supplementary Information) for the
molecule shown in Figure 4. Adjacent methoxy and
amino groups indicate the possibility of formation of
intramolecular hydrogen bonding.

Figure 2. Three dimensional potential energy scan for C2–C1–C7–O8 dihe-
dral angle 180◦. Here, SC1 is the dihedral angle of C4-O16-C17-H18, SC2 is
the dihedral angle of C4-C3-N13-H15.
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Figure 3. Three dimensional potential energy scan for C2–C1–C7–O8 dihe-
dral angle 0◦. Here, SC1 is the dihedral angle of C4-O16-C17-H18, SC2 is the
dihedral angle of C4-C3-N13-H15.

Table 1. Geometrical parameters of 3-amino-4-methoxy benzamide and energy.

SC1 in SC2 in Total energies Energy difference
Conformer degree degree kJ/mol �E With respect to conformer 33

C2–C1–C7–O8 has the dihedral angle of 180◦
332 180 360 −1489112.0403 0.0000
326 60 360 −1489112.0336 −0.0067
338 300 360 −1489112.0323 −0.0080
161 180 180 −1489112.0286 −0.0117
155 60 180 −1489112.0217 −0.0186
167 300 180 −1489112.0209 −0.0195
142 180 160 −1489110.4296 −1.6107
148 300 160 −1489110.4269 −1.6135
136 60 160 −1489110.4176 −1.6228
166 280 180 −1489110.2565 −1.7838
337 280 360 −1489110.2561 −1.7843

C2–C1–C7–O8 has the dihedral angle of 0◦
332 180 360 −1489110.3797 −1.6607
326 60 360 −1489110.3776 −1.6628
338 300 360 −1489110.3671 −1.6733
161 180 180 −1489110.3669 −1.6734
155 60 180 −1489110.3646 −1.6758
167 300 180 −1489110.3549 −1.6855
142 180 160 −1489109.1714 −2.8689
148 300 160 −1489109.1646 −2.8758
136 60 160 −1489109.1638 −2.8765
337 280 360 −1489108.6368 −3.4036
166 280 180 −1489108.6325 −3.4078

From the structural data, it was observed that the
calculated C–C bond distances of the ring carbon atoms
and the C–H bond lengths were consistent with the
literature values except for C3–C4 bond.17 The substi-
tution of methoxy and amino groups were responsible
for the elongation of C3–C4 bond. C4–O16 bond length
also got elongated (1.37 Å compared to the normal bond
length of 1.347 Å)17 which might be due to the presence
of intramolecular hydrogen bond with the adjacent

amino group. The distortion in the symmetry of the
ring is caused by intra molecular hydrogen bond. Some
of the endocyclic angles of the ring C3–C4–C5, C4–
C5–C6 and C5–C6–C1 were 120◦ whereas the angles
of C1–C2–C3, C2–C3–C4 and C6–C1–C2 are 121.5◦,
118.3◦ and 119.3◦, respectively. In addition, the bond
length of H15- - -O16 was found to be 2.431 Å which
would validate the formation of intramolecular hydro-
gen bonding. Deviation from computation occurred
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Figure 4. Optimized molecular structure of 3-amino-4-
methoxy benzamide.

only at the exocyclic angle C2–C3–C4, as the molecule
in the present study possessed intramolecular hydrogen
bonding.

3.3 Natural bond orbital analysis

NBO analysis was carried out to explain the charge
transfer and delocalization of charges due to inter- and
intramolecular interaction among bonds. Delocalization
of electron occurred between the occupied Lewis-type
and non-Lewis-type NBO orbitals.17,18 The delocal-
ization would explain the details of conjugation in
the whole system. Transitions for which stabilization
energy is high are selected for the molecule and are
given in Table 2.

Interestingly, charge transfer was identified through
the predicted intramolecular hydrogen bonding O16- - -
H15–N13 in the geometrical structure of the molecule.
The lone pair transition LP (O16) → σ* (N13–H15)

had very small hyper conjugative interaction energy/
stabilization energy of 1.25 kcal/mol with the donor
occupancy of 1.96108 and acceptor occupancy of
0.01090 which would confirm the weak nature of
intramolecular interaction.

3.4 Molecular electrostatic potential

The MEP diagram with the contour of the molecule is
shown in Figure 5. It clearly depicts the reactive sites
of oxygen and hydrogen atoms which emphasize the
electrophilic and nucleophilic attacks in the molecule.
These sites have been identified with different colours
for better clarity.19,20 The localization of the negative
region over the oxygen atom (O8) of the carbonyl moi-
ety and the maximum positive region on the hydro-
gen atom (H10 and H11) of the amide group clearly
indicate a possible site for a nucleophilic attack. The
oxygen atom (O16) in the methoxy group lost more
of its red colour grading than O8 atom due to the
weak intramolecular hydrogen bonding between O16
and H15 in the amino group.

3.5 Natural charges

Natural atomic charges of the molecule were calculated
by DFT method and are presented in S2 (in Supple-
mentary Information). The observed charge value of
O8 was −0.62462 and that of O16 was −0.53873. The
decreased value of charge in oxygen atom (O16) may
be due to the intramolecular hydrogen bond formation.
In addition, the carbon atomic charges were found to be
positive and negative, while hydrogen atomic charges
were only positive. At the same time, the recorded neg-
ative charge values of O and N atoms indicate a charge
transfer from carbon to these atoms.

Table 2. Occupancies of bonding and antibonding orbitals.

Donor NBO Type of bond Occupancy Acceptor NBO Type of bond Occupancy Energy kcal/mol

C1–C6 π(2) 1.69078 C2–C3 π ∗ (2) 0.36318 17.9
C1–C6 π(2) 1.69078 C4–C5 π ∗ (2) 0.39209 18.760
C1–C6 π(2) 1.69078 C7–O8 π ∗ (2) 0.27498 18
C2–C3 π(2) 1.66068 C1–C6 π ∗ (2) 0.39824 20.47
C2–C3 π(2) 1.66068 C4–C5 π ∗ (2) 0.39209 19.63
C4–C5 π(2) 1.7028 C1–C6 π ∗ (2) 0.39824 18.23
C4–C5 π(2) 1.7028 C2–C3 π ∗ (2) 0.36318 16.67
O8 n(2) 1.86696 C1–C7 σ ∗ (1) 0.06861 19.51
O8 n(2) 1.86696 C7–N9 σ ∗ (1) 0.06829 25.24
N9 n(1) 1.77998 C7–O8 π ∗ (2) 0.27498 39.95
N13 n(1) 1.83986 C2–C3 π ∗ (2) 0.36318 27.41
O16 n(2) 1.84802 C4–C5 π ∗ (2) 0.39209 23.77
O16 n(1) 1.96108 N13–H15 σ ∗ (1) 0.0109 1.25
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Figure 5. Molecular electrostatic potential and contour of 3-amino-4-methoxy benzamide.

Figure 6. Experimental and calculated UV-Vis spectra of 3-amino-4-methoxy benzamide.
(A) Experimental (Ethanol conc. 1 × 10−5 M; pathlength, 1 cm); (B) Calculated.

3.6 Aromaticity

Aromaticity is a measure of the π -electron delocal-
ization in cyclic systems. Of the many quantitative
measures of aromaticity in the ring, harmonic oscilla-
tor model of aromaticity (HOMA) can be used. The
HOMA index can be analytically separated into two
independent terms, namely GEO and EN, describing
quantitatively whether the decrease of π -electron delo-
calization is due to an increase of bond alternation
(GEO) or the elongation of the mean bond length (EN).
The HOMA index21 is defined as:

HOMA = 1−
⌊
α

(
Ropt −Rav

)2+α

n

∑
(Rav−Ri)

2
⌋

= 1−EN−GEO (1)

Where,
EN = α(Ropt − Rav)

2 (2)

GEO = α

n

∑
(Rav − Ri)

2 (3)

Rav, the average bond length was found to be 1.393 Å
for the ring C–C while Ri the running bond length was
1.41 Å. The normalisation constant α for C–C bonds
was 257.7 and n is the number of bonds which is 6.
The calculated GEO was 0.01241 and EN was 0.00644
which gave rise to a HOMA index of 0.98115 for the
present system. This only indicated that there was no
large deviation from aromaticity in the benzene ring.
Hence, the geometry of the molecule was not altered
much by intramolecular hydrogen bonding, giving an
indication of its weakness in the present system.

3.7 Electronic structure and UV spectrum

Using the fully ground state optimized structure, TD-
DFT calculation was used at B3LYP/6-311++G**
level in CPCM model for solvent ethanol to determine
the low lying excited state of the molecule. The simu-
lated and experimental UV-Vis spectra, absorbance vs
wavelength, are displayed in Figure 6. The possible
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computed transitions are listed in Table 3. The π → π*
transition in the aromatic ring was observed experimen-
tally at 235 nm and by TD-DFT method, at 264 nm with
an oscillator strength f = 0.0411. The absorbance at
318 nm with an oscillator strength f = 0.1330 belongs
the π → π* transition caused by C=O in the amide
group which is experimentally found at 305 nm.

3.8 Vibrational analysis

MOLVIB version V7.0-G77 was utilized for scaling
of the observed frequencies for total energy distribu-
tion. The calculated Raman activities (Si) were suitably
adjusted by the scaling procedure with MOLVIB and
subsequently, the relative Raman intensities (Ii) were
converted.22 24 The full set of 84 standard internal coor-
dinates defined for 3A4MBA are given in Table S3 (in
SI), from which constructions of a non-redundant set
of 84 local symmetry coordinates were undertaken.25,26

These coordinates are summarized in Table S4 (in SI).
The title molecule has 22 atoms with 60 fundamental
modes of vibrations which belong to C1 point group

symmetry. The FT-IR and FT-Raman spectra are pre-
sented in Figures 7 and 8, respectively, which give a
visual comparison between the observed and simulated
spectra. The experimental assignments of FT-IR and
FT-Raman for different vibrational frequencies of
3A4MBA are shown in Table S5 (in SI). The root mean
square (RMS) values of frequencies were found23 and
the error (unscaled /B3LYP/6-311++G**) obtained for
3A4MBA molecule was found to be 76.7 cm−1. The
observed wavenumbers were reproduced using scal-
ing factors and optimized through least square refine-
ment algorithm. The average RMS deviation obtained
is 6.4 cm−1.

3.8a Ring vibrations: There are six equivalent C–C
bonds in benzene and, relevantly, six C–C stretching
vibrations, in addition to, in-plane and out-of-
plane bending C–C–C based bond vibrations in the
ring carbons. The skeletal C–C stretching bands
of benzene derivatives usually occur in the region
1400–1650 cm−1.27 The bands observed at 1631, 1614,
1606, 1561, 1515, 1486 cm−1 were assigned to C–C

Table 3. Calculated absorption wavelength (λ), excitation energies (E), oscillator
strength (f) of 3A4MBA by the TD-DFT method.

Experimental Calculated wavelength
wavelength (nm) (nm) Energy (eV) Oscillator strength (f)

235 264 4.68 0.0411
305 318 3.89 0.133

Figure 7. FT-Raman spectra of 3-amino-4-methoxy benzamide. (a) Calculated; (b) Observed.
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Figure 8. FT-IR spectra of 3-amino-4-methoxy benzamide. (a) Calculated; (b) Observed.

stretching vibration and were in good agreement with
the theoretically computed values.

3.8b Amine and Amide group vibrations: In aromatic
primary amines, asymmetric and symmetric stretching
of vibrations of N–H are in the regions 3520–3420 cm−1

and 3420–3340 cm−1, respectively.28 Owing to the
result of intramolecular hydrogen bonding, the asym-
metric stretching of N–H vibration got slightly lowered
from the higher value to 3366 cm−1 in this molecule.
The theoretically scaled down frequency at 3366 cm−1

by B3LYP/6-311++G** method implied a good agree-
ment with the experimentally observed value. In pri-
mary amides, two sharp bands observed in the region
3375–3320 cm−1 and 3205–3155 cm−1 were assigned
to N–H asymmetric and symmetric stretching vibra-
tions, respectively. The peaks observed at 3433 cm−1

and 3175 cm−1 were assigned to amide group N–H
asymmetric and symmetric stretching vibrations.

The NH2 deformation vibration in the FT-IR spec-
trum presented a very strong peak at 1614 cm−1 and
was assigned to NH2 scissoring, and the theoretically
scaled down value being 1613 cm−1 which was well
within the region of 1650–1590 cm−1 as reported in
literature.29 The scaled down frequency at 1069 cm−1

may be assigned to NH2 rocking vibration and in the
recorded FT-IR spectrum, it was observed at 1080 cm−1.
The peak at 579 cm−1 in FT-Raman could be attributed
to NH2 wagging mode and it was correlated with the
computed value of 577 cm−1.

The carbonyl stretching vibration of C=O group is
expected to appear at the region of 1680–1630 cm−1

for amides. The very strong C=O band observed at
1735 cm−1 corresponds to the stretching vibration of
C=O group of 3A4MBA. In-plane deformation of
C=O possibly occurs in the region of 750–695 cm−1

and it is observed as a medium intensity band at
726 cm−1 in FT-Raman. The calculated vibrations for
these bands are in excellent consistency with the exper-
imentally obtained results.

Band mixing leads to difficulty in identifying the
C–N vibrations. However, with the help of theoret-
ical calculations and relative percentage of weight
stretching and deformation, vibrations of C–N are
identified and assigned in this study. The vibrational
assignments for amides appeared in the region 1420–
1450 cm−1.28 In 3A4MBA, intense C–N stretching
bands are found at 1457, 1287 cm−1 in FT-IR spec-
trum. DFT at B3LYP/6-311++G** level computed
frequencies showed an excellent agreement with the
corresponding experimental ones. Amino group C–N
stretching vibration got slightly lowered due to the
formation of intramolecular hydrogen bonding.

3.8c Methoxy group vibrations: Basically, nine fun-
damentals are assigned to the CH3 group, namely, sym-
metric stretch; in-plane stretch (i.e., in-plane hydrogen
deformation modes), symmetric bending, in-plane
rocking, out-of-plane rocking, twisting hydrogen bend-
ing modes and out-of-plane hydrogen bending modes
inclusive of CH3 out-of-plane stretch. CH3 out-of-plane
bending modes of the CH3 group are also found. CH3

stretching modes appear at 2959, 2919, 2841 cm−1

in the FT-Raman spectrum of 3A4MBA. Symmetric
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bending vibration was observed at 1343 cm−1 in FT-
Raman, in-plane and out-of-plane bending vibrations
are at 1448, 1380 cm−1, respectively. Torsion vibration
occurred at 249 cm−1 in the FT-Raman spectrum. In-
plane bending vibration of methoxy group appeared at
472 and 384 cm−1 in the FT-Raman spectrum and these
appear to have good agreement with the calculated
spectrum.

3.9 Low frequency hydrogen bonding vibrations

The interaction between the hydrogen donor and accep-
tor groups leads to the formation of new vibrational
degrees of freedom which appear at lower frequencies
in the range between 50 and 300 cm−1.30 These modes
arise due to the lattice vibrations and are referred to as
external modes. Rotational and translational vibrations
along with the vibrations of hydrogen modes are usu-
ally involved in external modes. The modes of hydrogen
bond are found to be weak in the FT-Raman spectrum
with overlapping of liberation modes. The peak in the
FT-Raman at 72 cm−1 is assigned to the translational
motion of the hydrogen bonded molecules while the
intense band at 107 cm−1 is assigned to the rotational
motion. In general, these lattice modes are found to be
stronger in intensity than other higher frequency bands.

3.10 Topological study (AIM)

‘Atoms in molecules’ (AIM) is an attractive theory for
the illustration of the molecular topology as it deter-
mines the Bond Critical Points (BCP) between neigh-
boring atoms.31,32 Localizing the bond critical points,
several properties can be calculated at their position in
space. Amongst these, the most important one is ρ BCP
or the charge density at the bond critical point which
has a minimal value along the line of the bond. The next
useful quantity to characterize a bond is the Hessian
(3 × 3) matrix of second order partial derivatives with
respect to coordinates of the charge density. The coor-
dinate invariant (ordered) eigenvalues λ1 < λ2 < λ3
arise from the diagonalization of this matrix. Using
the Eigenvalues, the Laplacian of the charge density
(∇2ρBCP) at the bond critical point can be calculated.
According to Koch and Popelier criteria,33 for closed-
shell interactions found in ionic bonds, hydrogen bonds,
and van der Waals molecules, the ∇2ρBCP should be
positive (in the range 0.015–0.15 a.u.) and low value of
ρ (0.002–0.040 a.u.). For electron density analysis of
atoms, the positions of (3,−3) critical points are nearly
identical to nuclear positions, hence, (3,−3) is called
nuclear critical point (NCP) which usually occurs in

heavy atoms whereas (3,−1) is called the bond crit-
ical point (BCP). (3,+1) and (3,+3) are ring critical
point (RCP) and cage critical point (CCP), respectively.
The molecular graph of the 3A4MBA using Multiwfn
program34 shown in Figure 9 gives BCPs, RCPs and
NCPs (topological parameters) along with the bond
paths.

The energy of the N-H- - -O hydrogen bond has
been calculated by the relationship EHB = V(rBCP)/2
described by Espinosa et al.35 Intramolecular hydro-
gen bonding energy of 3A4MBA has been calculated to
be −20.053 kcal/mol. Hydrogen bond length is 2.431 Å
which is less than van der Waals radius (2.7 Å). Figure 9
shows one more BCP between H11 and H12 which in
turn gives one more ring critical point also. This H–H
interaction arises because of the inter atomic distance
(2.02A) is less than the sum of their van der Waals
radii (2.4 Å). This results in an increase in the repulsive
contributions of their energies and this change is dom-
inated by an increase in the magnitude of the attrac-
tive interaction of the protons with the electron density
distribution.36

Johnson and co-workers37 developed an approach to
investigate the weak interactions in real space based
on the electron density and its derivatives. The reduced
density gradient (RDG) is a fundamental dimensionless
quantity coming from the density and its first derivative:

RDG(r) = 1

2 (3π 2)
1/3

|∇ρ (r)|
ρ (r)4/3 (4)

The weak interactions can be isolated as regions with
low electron density and low RDG value. The den-
sity values of the low-gradient spikes (the plot of
RDG versus ρ) appear to be an indicator of the inter-
action strength. The sign of λ2 is utilized to distin-
guish the bonded (λ2 < 0) from nonbonded (λ2 > 0)
interactions.

RDG is a way to distinguish weak interaction region
from other regions. RDG provides a rapid and rich
representation of van der Waals interactions, hydrogen
bonds and steric clashes. The three-dimensional molec-
ular structure defines covalent bonds, however, the non-
covalent interactions are hidden within the voids in the
bonding network. RDG is one of the tools to view
and analyze the covalent and electrostatic interactions.37

The plot of the RDG versus the electron density, ρ mul-
tiplied by the sign of λ2 can allow analysis and visua-
lization of a wide range of interaction types. One or more
spikes are found in the low-density, low-gradient region
which is indicative of weak noncovalent interactions. In
the present case, as seen in Figure 10, such a weak
noncovalent interaction between O16- - -H15-N13 is
observed. Liberation modes higher negative values of



Intramolecular hydrogen bonding of 3-amino-4-methoxy benzamide 267

Figure 9. Molecular graph of 3A4MBA. Bond critical points (small orange
spheres), ring critical points (small yellow spheres), nuclear critical point
(small magenta spheres) and bond paths (brown lines) using Multiwfn
program.

Figure 10. Plots of the RDG vs (λ2)ρ, the electron density q multiplied by k2 for 3A4MBA.

(λ2)ρ are indicative of stronger attractive interactions,
while large and positive values indicate repulsive inter-
action. Spikes found in the large positive region show

H11-H12 type of non-bonded repulsive interaction
while values near zero indicate very weak, van der
Waals interactions.
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4. Conclusions

Intramolecular hydrogen bonding with a distance of
2.431 Å between the O16 and H15 atoms was con-
firmed in the title molecule. The stabilization energy
and the values of donor and acceptor occupancies
resulting from the lone pair transition LP (O16) → σ*
(N13–H15) confirmed very well the weak intramolec-
ular hydrogen bonding from NBO analysis. Further,
the effective π -electron delocalization was confirmed
through the transitions in the ring. Evidence was found
for the existence of weak intramolecular hydrogen
bonding from MEP and natural charge analysis. The
lesser impact of hydrogen bonding in the ring sys-
tem was indicated by HOMA index. Topological anal-
ysis was used to calculate the intramolecular hydrogen
bonding energy of 3A4MBA which was found to be
−20.053 kcal/mol. The theoretically predicted vibra-
tional modes are in good agreement with the experi-
mental ones. The incidence of low frequency bands at
72 and 107 cm−1 in the experimental FT-Raman spec-
trum further confirmed the intramolecular hydrogen
bonding.

Supplementary Information (SI)

All additional information pertaining to geometrical parame-
ters of 3-amino-4-methoxy benzamide are given in Table S1
and Natural charge in Table S2. Information regarding vibra-
tional studies are given in Tables S3, S4 and S5. Supplemen-
tary Information is available at www.ias.ac.in/chemsci.
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