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INTRODUCTON 
Method for the formation of imines are attractive to 
synthetic chemists due to exists of this structural 
unit in a variety of naturally and pharmacologically 
great molecules1-3 and similarly for other references. 

Different broad-spectrum biological activities like 
anti-proliferative4,5 anti-inflammatory6,7, analgesic8, 
antimicrobial9, antiviral10, anticonvulsant11, 
antifungal12, antimalarial13, antitubercular14, 
antibacterial15, antioxidant16, anthelmintic17 etc. 

ABSTRACT 
Theoretical calculation of 4-((E)-(4-amino-phenyl)diazenyl)-2-((E)-(pyridin-2-ylimino) methyl) phenol (1) and 
N-(4-((E)-(4-hydroxy-3-((E)-(pyridin-2-ylimino)methyl)phenyl)diazenyl)phenyl)acetamide (2) were studied by 
DFT/B3LYP//6-311+G(d,p) basis set. The calculated values of geometric structural parameters, FT-IR spectral 
data, HOMO-LUMO, NBO, NISC, Fukui function, polarisability, hyperpolarisability and UV data of compounds 
1 and 2 clearly indicate that substitution on amino group alters the physical properties of the compound 2. The 
NICS value of amino-substituted phenyl ring reduce the aromatic character due to lone pair electron on nitrogen 
involved in inductive, conjunction effect and also due to OH, NH2 and OH, NHCOCH3 in compounds 1 and 2, 
respectively. Solvent effect on different parameters were studied and found that increasing dielectric constant 
increases the studied parameter. The stability and planarity of the molecule’s effects on dipole moment, energy, 
polarisablity and hyperpolarisablity were studied vastly. 
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Prevail in the properties of azomethines. It is act as 
good Mannich electrophiles and excellent hetero 
dienophiles for the construction of six-membered 
nitrogen heterocycles18,19 Azomethines with 
pyridine structure appear in agrochemicals and 
pharmaceuticals20-23. From the above facts, no 
report on theoretical study of 4-((E)-(4-amino-
phenyl)diazenyl)-2-((E)-(pyridin-2-
ylimino)methyl)phenol (1) and theoretical and 
experimental N-(4-((E)-(4-hydroxy-3-((E)-(pyridin-
2-ylimino)methyl)phenyl)diazenyl)-
phenyl)acetamide (2) were studied by 
DFT/B3LYP//6-311+G (d,p) basis set. 
 
MATERIAL AND METHODS 
4-N-Acetylaminoanilide, salicylaldehyde, 2-
aminopyridine, sodium hydroxide, sodium 
carbonate, sodium nitrite, and concentrated HCl 
were purchased from sd-fine chemicals, India. 
AnalaR solvents were used as such without further 
purifications. 
General Procedure 
One equivalent of 4-N-acetylaminoanilide and 1.2 
equivalent sodium nitrite and conc. HCl cooled to 
0oC and added one equivalent of salicylaldehyde in 
10% NaOH with constant stirring for about 1 hour. 
The resultant product was neutralized conc. HCl 
using methyl red paper. The reddish-brown product 
was isolated and recrystallized with ethanol. To the 
product obtained 2-aminopyridine was condensed to 
yield the final product, N-(4-((E) (4-hydroxy-3-((E) 
(pyridine-2-ylimino)methyl)-
phenyl)diazenyl)phenyl)acetamide 2. It was 
characterized by microanalysis. %C: 66.80(66.84); 
%N: 19.42(19.49); %H.4.72(4.77) and FT-IR 
spectrum and data are displayed in Tables No.1 and 
Table No.2 (Figure No.2). 
Detection Method 
FTIR spectrum of N-(4-((E)(4-hydroxy-3-((E)-
(pyridine-2-ylimino) methyl)-phenyl) diazenyl) 
phenyl) acetamide (2)  was recorded on a Bruker 
IFS 66V spectrometer equipped with a Globar 
source, Ge/KBr beam splitter and a TGS detector in 
the range of 4000-400 cm−1. The spectral resolution 
is ±2 cm−1. 

The theoretical study of compounds 1 and 2 was 
carried out using the Gaussian 09W and the output 
files are visualized by Gauss View 5.0 software. 
The structural parameters, FTIR frequencies, and 
HOMO-LUMO energies are calculated using DFT 
methods with B3LYP/ 6-311+G(d,p) basis set. The 
vibration frequencies are obtained by the DFT 
method and are scaled-down by using scaling 
factors 0.961 and 0.958.24 the vibrational 
assignments of compounds 1 and 2 are using the 
Veda-425 program. The NBO analysis was 
performed by utilizing NBO 3.1 program in the 
Gaussian 09W at B3LYP/6-311+G(d,p) method. To 
investigate the reactive sites (charged region of a 
molecule), molecular electrostatic potential (MEP) 
were evaluated using the above method. 
 
RESULTS AND DISCUSSION 
Optimized Parameters 
DFT was used to optimise compounds 1 and 2 using 
the B3LYP/6-311+G(d, p) basis set. The calculated 
structural parameters are given in Table Nos.S1 and 
S2 in accordance with the atomic numbering 
scheme given in Figures No.1.  
Both compounds consist of two rings,  aniline or 
anilide ring (1) and phenoxy ring (2) connected to 
one another by azo chromophore group (-N=N-). 
The azo aniline ring (1) [N12-N11-C3-C2 = 0.4° 
and N12-N11-C3-C4 = -179.7°] moiety and 
phenoxy ring (2) [N11-N12-C13-C14 = 0.3° and 
N11-N12-C13-C15 = -179°] in 1 are coplanar with 
the azo chromophore, evident from dihedral angle 
observation. Similar observation is made in 2 also 
with little disturbance in dihedral angle of anilide 
ring (1), the azo anilide ring (1) [N20-N19-C3-C2 = 
141.3° and N20-N19-C3-C4 = 145.9°] moiety and 
phenoxy ring (2) [N19-N20-C21-C22 = -179.4° and 
N19-N20-C21-C23 = 179.5°] in 2 are coplanar with 
the azo chromophore. The OH group in both 
compounds are para to the azo nitrogen’s and they 
are in plane in C2 with nitrogen from 2-
aminopyridine moiety. [H31-O30-C28-C24 = 0.8° 
and N34-C32-C24-C28 = 0.7°] in 2. C16-C20-O22-
H23 = -7.9° and C20-C16-C27-N29 = 173.9°] in 
compound 1, where the planarity is found to be 
disturbed. It explicit to note that the O30-H31 group 



    
Thanikachalam V. et al. /Asian Journal of Research in Chemistry and Pharmaceutical Sciences. 10(2), 2022, 114-150. 

Available online: www.uptodateresearchpublication.com         April – June                                             116 

 

in 2 is coplanar with N34. This paves way for 
stronger hydrogen bonding in 2 and hydrogen 
bonding is expected to be missing in 1 because of 
loss of planarity and it is realised from bond 
lengths. The bond lengths of azo N11 and aniline 
ring (1), azo N12 and phenoxyring (2) in 1 are 
(ring1) N11-C3 = 1.4059 Å, which is comparatively 
less than N12-C13, which is 1.4164 Å in ring 2, and 
this is attributed to intra-molecular charge transfer 
(ICT) from ring1 to and localization at the azo 
bond26. The bond lengths between the azo N19 and 
anilide ring(1), azo N20 and phenoxy ring (2) in 2 
are (ring1) N19-C3 = 1.4134 Å, which is 
comparatively larger than 1.4093 Å (N20-C21) in 
ring 2 and this is attributed to intra-molecular 
charge transfer (ICT) from ring 2 to and localization 
at the azo bond. This difference in ICT between the 
two compounds may be realised in terms of the 
difference between electron donating amine in 1 
and electron withdrawing anilide in 2.26 when 
comparing the two ICT in two compounds, it is 
discovered that ICT is more prevalent in 1. The C-C 
bonds of the phenyl rings in 1 are in the range of 
1.3814-1.4105 Å in ring1 and in ring 2; 1.3836-
1.4149 Å, pyridine ring (ring 3) C-C (1.3894-
1.4059 Å) and C-N (1.3336-1.3384 Å) respectively 
in 1 and it is comparable with crystal data from 
literature27. In 2, it ranges from 1.3855-1.4048 Å in 
the anilide moiety (ring 1) and the phenoxy moiety 
(ring 2). In 1, it ranges from 1.783-1.4224 Å in the 
pyridine ring (ring 3) C-C (1.3892-1.404 Å) and C-
N (1.3338-1.3369 Å) and is comparable with crystal 
data from literature.27 the calculated N=N length in 
compounds 1 and 2 is 1.2563 Å and 1.3868 Å, and 
these values are comparable with the literature 
value of 1.24 Å27-29. The decrease in bond length is 
due to extended π-conjugation in 1, and the increase 
in bond length in 2 is due to an electron density 
flow from the phenyl ring into π* of the azo group. 
The O-H bond length in 1 and 2 is 0.9621 Å and 
0.9963 Å, respectively, which is comparable to the 
literature value of 0.82 Å.30 C32=O33 in 2 is 1.2185 
Å, which is compared with 1.24 Å of literature 
value.31 The N29-C27 bond length in compound 1 
is 1.275 Å and in its counterpart C32-N34 it is 
1.2893 Å and its literature value is 1.273 Å. Here 

the bond is found to be elongated in 2, which may 
be due to proton transfer from O30 to N34 
originating from hydrogen bonding interaction. The 
C-O bond length in 1 (C20-O22 = 1.3652 Å) and in 
2 (C28-O30 = 1.3325 Å) is compared with 1.356 
Å31. The decrease in length in 2 throws light on 
proton transfer from O30 to N34, which results in 
an increase in double bond character in C28.27 
FTIR Frequencies Analysis 
Vibrational and spectral analysis 
The analysis of vibrational spectra is based on the 
FT-IR spectrum and the vibrational wave numbers 
computed at the B3LYP/6-311+G(d,p) level. Tables 
No.1 and 2 (Figure No.2) show the experimental 
and theoretical spectral values calculated at the 
B3LYP/6-311+G(d,p) level.  
The vibrational analysis is executed on the 
characteristic vibrations of hydroxyl, azo, amine, 
imine, and phenyl groups. The free hydroxyl 
stretching vibration is expected in the region of 
3700-3584 cm-1, whereas, the formation of 
hydrogen bonding can lower the O-H stretching 
frequency to 3550-3200 cm-1 32,33. The O-H 
stretching vibration is observed at 3714 cm-1 in 1, 
whereas in 2, the same stretching is obtained at 
3041 cm-1. This lowering of OH stretching is 
attributed to the existence of hydrogen bonding 
(O30-H31---N34), which is not found in 1. The 
calculated value of OH group vibration shows good 
agreement with the experimental result.  
The azo group -C-N=N-C-has two different groups 
attached at the terminus. Depending on the two 
groups, the bond length (-C-N=) differs, and its 
contribution to the dipole is undeniable. The N=N 
stretching mode is predicted at 1469 cm-1 in 1 and at 
1494 in 2.34 C-N stretching vibrations are expected 
to show up in the region of 1200-1130 cm-1 35,36. 

These vibrations shift in wave number and intensity 
depending on the neighbouring groups, conjugation 
effects, H-bonding, and molecular tautomerism.36 

C3-N11 and N12-C3 stretching vibrations are 
predicted at 1242 cm-1 and 1106 cm-1 in compound 
1. The C3-N11 bond is shortened and its wave 
number is found to be increased. In 2, vibrations for 
C3-N19 and N20-C21 are at 1242 and 1279 cm-1, 
respectively. Phenyl ring C-C vibrations are found 
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in the range of 1594-1120 cm-1 for 1 and 2. The 
imine group C=N vibration in 1 (C29-N29) is at 
1639 cm-1, which is comparable with 2 (C32-N34) 
at 1606 cm-1. The decrease in wave number in 2 is 
attributed to elongation of the bond due to intra-
molecular hydrogen bonding and which is not 
observed in 1. The N-H vibrations are obtained at 
3564-3437 cm-1 in 1 and 2. It matches with the 
experimental value of 3645 cm-1 for compound 2.37 

Mulliken and natural population analysis 
Mulliken atomic charge plays a vital role in 
quantum chemistry because of its influence on 
electronic structure, molecular polarization, dipole 
moment, and many molecular properties.38 
Mulliken atomic charges of 1 and 2 calculated at the 
B3LYP/6-311+G(d, p) level are shown in Table 
Nos.S3 and S4. Most of the nitrogen atoms and all 
oxygen atoms exhibit an excess of negative charge 
in both compounds under investigation. All the 
hydrogen atoms are positive. From literature, it’s 
noteworthy to denote that the more negative the 
atomic charges that an atom carries, the more easily 
the atom can donate its electron to the unoccupied 
orbital of a metal.39 Thus, the compounds under 
investigation have reactive sites for protonation and 
coordination with metal ions.40 There is a 
distribution of positive (hydrogen) and negative 
(N,O,C) charges in the molecule due to which there 
is the possibility of a number of intermolecular and 
intra-molecular hydrogen bonds.29 In 1, the 
maximum negative charge is identified as C20, and 
in 2, C22 produces a maximum of 0.8865 electron 
density. H28 has the highest positive charge, which 
is attached to C27. H23 exhibits the lowest positive 
value and it is connected to O30. N39 and N24 
show high electron density, whereas N29, N12 and 
N11 are positive. In compound 2, H33 shows 
maximum and H31 shows minimum positive 
charge. 
On comparing the two compounds, there is a sea of 
electron flow in one and it is found missing in its 
counterpart because of the electron withdrawing 
anilide moiety. In 1, the π-conjugation is extended 
till the phenoxy ring. 

NBO analysis 
The NBO study was performed using Gaussian 09, 
DFT B3LYP6-311+ G(d,p). The NBO is an 
effective study for chemical interpretation of 
hyperconjugate interaction and electron density 
movement from filled lone pair electrons. The aim 
of NBO analysis is to predict donor orbitals, 
acceptor orbitals, and interaction stabilisation 
energy, which is a result of second order 
perturbation theory.41,42 The most valuable 
interactions between donor and acceptor are 
reported in Table Nos.S3 and S4. It is known that 
larger E2s represent intensive interaction between 
donor and acceptor. E(2) also proves the efficacy of 
conjugation in the molecule. From the Table No.S3 
and S4, it is evident that in compound 1, strong 
interactions are from π to π*, LP to π*, and π* to 
π*. Maximum energy is noted for π*-C5-C6π*-
C3-C4, π*-C5-C6π*-C1-C2 and π*-C30-
N39π*-C31-C33 with corresponding energies of 
322.73, 247.28 and 255.67 kcal/mol respectively.43 
On comparing 1 with the parent compound, it is 
evident that the number of interactions are increased 
in 1 due to increased molecular size and planarity 
and also the intermolecular hydrogen bonding 
followed by charge transfer is also absent in the 
parent compound. On this basis, it is proven that the 
candidate molecule is an efficient choice for NLO 
studies. In 2, the interactions with the highest E(2) 
are LP(1)C24π*-C32-N34 (61.85) and 
LP(1)C24π*-C21-C22 (70.81 kcal/mol).  
Molecular electrostatic potential (MEP) 
By predicting the charge distribution, the 
electrophilic and nucleophilic sites in the compound 
can be assessed using MEP44. The interaction of 
molecules with one another and the solvent is 
depicted using the charge distribution. The MEP of 
1 and 2 are shown in Figure No.3. In compounds 1 
and 2, the hydrogen atoms attached to nitrogen and 
oxygen has less electron density (blue colour) and 
are sites for nucleophilic attack. The territory 
around oxygen is electron rich (red colour) and 
yellow colour) and is suitable for electrophilic 
attack45. 
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Aromaticity 
Aromaticity indices are controversial subjects in 
organic chemistry, though the harmonic oscillator 
model of aromaticity (HOMA) and the nuclear 
independent chemical shift (NICS) are the most 
prominent indices to describe π-electron 
delocalization in a ring system46 and they are also 
used to study intermolecular proton transfer.47,48 

RING 1: The neutral and anion of 2 have higher 
negative NICS (Table No.S5) values than the 
cation, which is a quantitative measure of aromatic 
character. For neutral moiety, a maximum negative 
value is observed for 1 Bq and -1 Bq above and 
below the ring (zz). The decreasing order of NICS 
is neutral > anion > cation. In ring 2 (the phenoxy 
ring), however, neutral and anion have higher NICS 
negative values than cation. A maximum negative 
value is obtained for 1Bq and -1 Bq in neutral 
species above and below the ring (zz). The order of 
NICS is cation < anion < neutral. 
Cation and neutral have higher NICS negative 
values than anion in ring 3 (the pyridine ring). A 
maximum negative value is obtained for 1 Bq and -
1.5 Bq in neutral species above and below the ring 
(zz). The order of NICS is an anion < neutral < 
cation.49 
The NICS value of ring 1 and 2 differs with the 
order of NICS value of ring 3 and this may be 
attributed to HOMO and LUMO occupancy in the 
molecule in different ionic states of the candidate 
molecule. 
HOMA 
In compound 1, the order of HOMA (Table No.S6) 
value is ring 1 > ring 2 > ring 3 in neutral and 
anionic states. In cationic states, the order changes 
to ring 2 > ring 3 > ring 1. In compound 2, the order 
of HOMA is found to be ring 1> ring 2 > ring 3. 
This order is due to the major contribution to 
HOMO by rings 1 and 2 in both compounds 1 and 
2.50 
The HOMO contribution is 47% and 23% from ring 
1 and 2 in compound 1. In compound 2, HOMO is 
from 30% and 36% of ring 1 and ring 2 and this is 
realised in NICS value. LUMO is contributed by 
azo nitrogen and ring 2 in both compounds, and it 
displays its efficacy to accept any number of 

electrons. Ring 3 contributes a negligible amount to 
HOMO and its HOMA value is reasonably low.51 
Fukui Function 
Parr and Yang52 provided evidence that majority of 
frontier-electron density theory of chemical 
reactivity can be reason out using DFT. Parr and 
Yang define a Fukui function (fk) to describe 
electrophilic f-, nucleophilic f+ and neutral attack.53 

Fukui values for 1 and 2 are given in Table Nos.S7 
and S8. The order of nucleophilic attack is 
C2>N12>C35>C27>C14>C18>N29>C6>C30>C4>
N11>C13>N24>O22>C32>33>15>N39>C20>C1>
C5>C3>C16>C31 for compound 1 and for 
compound 2 it is found to be 
N44>C5>C6>C28>C23>C21>C38>C40>C35>C2>
C37>C36>C3>C22>C4> C26>C24>C1. The order 
of electrophilic attack is 
C15>N24>C16>N12>C5>C3>C35>C33>O22>>C6
>N29>C31>C2>C30>C27>C1>C18>C4>C13>C20
>N39>N11>C32>>C14 in 1 and in 2 it is found to 
follow the order  
C21>C6>C38>C5>C2>C24>C28>C1>N44>C37>
C26>C40>C23>C36>C3>C35>C22>C4. On 
comparing the nucleophlic site C2 in compound 1 is 
more prone than N44 in compound 2. C15 on 1 is 
prone to electrophilic attack than C21 in 2.54 In 
compound 1 there is flow of electron as conjugation 
which increases the Fukui value, whereas the 
conjugation is not prominent in 2. The most 
electrophilic site is the one with maximum s+ and 
+ while maximum s- and - shown by most 
nucleophilic site.43 
NLO property 
The NLO properties of an organic molecule are 
closely related to the extent of -conjugation. The 
increase in conjugation in the molecule increases 
the non-linear optical properties. Substituting 
electron-donating and electron-withdrawing groups 
increases the NLO property. If the donating and 
withdrawing groups are strong, it would increase 
the π-conjugation through the entire molecule, 
which increases the polarisability and hyper-
polarisability of the molecule.55 The compounds 
under study are non-zero dipole moment 
components. The compounds under investigation 
are substituted with different groups which alter the 
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π-conjugation, resulting in a change in polarisability 
and hyperpolarisability.54 The dipole moment, 
polarisability and hyperpolarisability of the title 
compound were calculated at the DFT/B3LYP/6-
311+G(d,p) level using the Gaussian programme 
package. Calculated values of the parameters are 
presented in Table No.4. The results are greater than 
urea56 about six times and fourteen times for 1 and 
2, respectively. Both compounds have higher 
dipole, polarisability, and hyperpolarisability values 
than the literature values.54 These results show that 
the title compound can be used as a good non-linear 
optical material. Compound 2 shows a high value of 
dipole, polarisability, and hyperpolarisability, and 
this is attributed to the increased planarity and 
surface of the molecule. 
FMO analysis and Solvent effect on UV-Visible 
data 
The experimental electronic spectrum was recorded 
for the desired compounds in different solvents. The 
theoretical electronic spectra of 1 and 2 were 
calculated in the gas phase and various solvents 
using the TD-SCF method on B3LYP/6-311+G(d, 
p) level. The experimental and calculated 
absorption (A), energy (E), and oscillator strength 
(f) are shown in Table Nos.S9 and S10.57,58 In 
compounds 1 and 2, there are π-conjugations all 
over the molecule and they are explicitly visible 
from the electronic spectra. Compound 1 shows two 
absorption bands at 427.2 nm and 387.9 nm in 
water corresponding to  -π* and n - π* transitions. 
The one at 427.2 nm is a HOMO to LUMO 
transition (90%) with oscillator strength of 0.660 
a.u. and energy of 2.90 eV. HOMO-LUMO energy 
gap (Table No.5; Figure No.4) is found to be 
smaller in 1 than 2, which proves that 1 can exhibit 
vast transitions than its counterpart. 
Compound 2 also marks two absorption maxima at 
400.5 nm and 368.8 nm in water, in which 400.5 nm 
corresponds to oscillator strength of 1.185a.u and 
3.096 eV energy. The solvent interaction increases 
with an increase in the dielectric constant. This 
phenomenon gives rise to the absorption maximum 
in the compound.59,60 
Compound 1: In HOMO, the distribution pattern 
shows an asymmetrical contribution with 47% for 

phenyl ring-1(aniline moiety) and 23% for phenyl 
ring-2 (phenoxy moiety). The nitrogen (N24) of the 
amine group contributes 16% to the HOMO. 
Moreover, the p-p type orbitals from the carbon, 
nitrogen, and oxygen regions significantly 
contribute 97% to the HOMO. Thus, the compound 
shows a more atypical electron distribution of the 
HOMO set.61,62 
Similarly, in the LUMO, an asymmetrical 
contribution is exercised. The phenyl ring-1(aniline 
moiety) contributes 17% and the phenyl ring-2 
(phenoxy moiety) contributes 27%. The azo group 
eccentrically contributes 35%, with 18% from N11 
and 17% from N12. The p-π* type orbitals from the 
carbon and nitrogen atoms wholly contribute 96.5% 
to the LUMO. Thus, similar to the HOMO, LUMO 
also shows an atypical electron distribution. 
Compound 2: Unlike 1, the HOMO of 2 exhibits a 
symmetrical distribution with a 36% contribution 
from phenyl ring-2(phenoxy moiety) and a 30% 
contribution from phenyl ring-1(aniline moiety). 
The O30 oxygen of the hydroxyl group attached to 
the ring 2 (phenoxy moiety) alone contributes 8% to 
the HOMO. Moreover, the p-p type orbitals from 
the carbon, nitrogen and oxygen regions 
significantly contribute 97.052% to the HOMO. 
Similarly, the LUMO also shows a symmetrical 
distribution with a 22% contribution from ring-
1(aniline moiety) and a 27% contribution from ring-
2(phenoxy moiety). The azo group alone 
contributes 38% to the LUMO, with an 18% 
contribution from N19 and a 20% contribution from 
N20. The p-p* type orbitals from the carbon and 
nitrogen atoms wholly contribute 96.7% to the 
LUMO. Thus, similar to the HOMO, the LUMO 
also exercises symmetrical distribution. In both 
compounds, the electron distribution from the 
phenyl ring-1 is composed mainly of the p-π*-type 
orbitals. Hence, the absorption corresponds to the π-
π* transitions.63 
The Effect of Solvent on Electronic Transition 
The solvent effects on the absorption spectra 
obtained under different solvents are studied, and 
their data are reported in Table Nos.S9 and S10. It 
is obvious that the increase in the dielectric constant 
increases the dipole moment. Consequently, there is 
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also a change in the polarisability and the 
hyperpolarisability. The change in the dielectric 
constant and dipole moment shows a linear 
dependency (Table No.S11). The dipole moment is 
comparatively higher for solvents than for gaseous 
state. Among solvents, compound 1 in water has the 
maximum dipole moment (3.6509 Debye) and has 
the minimum dipole moment (3.0656 Debye) in 
benzene. 
Solvents with larger dielectric constants have 
greater solvation energy. Consequently, with the 
increase in the dielectric constant, the dipole 
moment value is also evaluated. It results in 
increased interaction between the molecule and the 
solvent. If the HOMO orbitals attain stabilisation, it 
will increase the optical gap. LUMO stabilisation by 
solvent, on the other hand, reduces the optical gap 
and NLO properties.39-41 
Compound 2 also follows the same trend under 
different solvents. Among solvents, compound 2 in 
water has the maximum dipole moment (5.457 
Debye) and has the minimum dipole moment 
(4.7507 Debye) in benzene. In comparison to 1 and 
2, compound 2 exhibits a larger dipole moment, 
hyperpolarity, polarisability and less solvation 
energy (Table No.S12). Also, it is evident from the 
dihedral angle that the planarity of compound 2 is 
higher than compound 1. The planarity increases the 
dipole moment. Eventually, it affects its dependent 
properties. 
NMR 
1H and 13C spectral values are given in Table 
No.S13. In 1, aromatic proton signals are found in 
the range of 6.65 to 8.35 ppm, which is an aromatic 
region. H17 and H36 are said to be deshielded by 
the adjacent environment and their signals are 
shifted to downfield. The H23 signal is obtained at 
5.30 ppm, which is due to the shielding of the 
nucleus by O22. H25 and H26 are at 3.46 and 3.48 
due to the electronegativity of nitrogen. H28 at 8.49 
ppm and it is said to be deshielded. The signal is 
down fielded compared to the literature value of 
7.326 ppm.45 13C NMR shows 16 different signals, 
representing the presence of different kinds of 
protons. C1 and C5, C1 signals are shifted to the up 
field due to the π-conjugation from N39 and N24. In  

2, the aromatic protons fall in the aromatic region. 
H31 shows 13.65 ppm, which is accounted for by 
the presence of hydrogen bonding with N34. C13 
demonstrates the presence of different types of 
carbon. C1 and C5 carbon signals are seen in the 
range of 124-125 ppm, which is contrary to 
comparing the position with compound 1. The 
carbon adjacent to N34 shows up at 168.4 ppm 
(C32) due to the deshielding effect45. H33 
resonances at 8.6ppm, which is deshielded 
compared to the literature value of 7.326 ppm45. 
The H31 signal is noted at 13.65 ppm and this is 
due to the existence of hydrogen bonding with N34. 
Due to hydroxyl group deshielding, the carbon 
signals in compounds 1 and 2 at 165ppm and 
173.91ppm respectively, and the carbon signals 
attached to amine in 1 (155.59) and amide in 2 
(147.17) also towards downfield shift64. The 
carbons directly attached to AZO group give signal 
C3-151.5 ppm, C13-153.31 ppm in 1, C3-155.14, 
C21-151.42 ppm in 2, respectively.59 The second 
and third carbon in 2-aminopyridine moiety give 
signal at 173.77, 114.61, in 1, 169.91 and 115.48 
ppm in 2, respectively. 
Potential energy, dipole moment vs dihedral 
angle  
Potential energy, dipole moment vs dihedral angle 
are plotted and displayed in Figure No.5. It is 
obvious that 1 has the lowest energy at dihedral 
angles 0, 10 and at the lowest energy (angle 0) in 1, 
the two rings, namely the aniline moiety (ring 1) 
and phenoxy moiety (ring 2), are parallel to each 
other and coplanar with the azo group, but the 
pyridine moiety (ring 3) remains perpendicular to 
ring 1 and ring 2. The highest energy is noted at 
angles -89 and 90. At these angles, ring 1 and ring 3 
are perpendicular to ring 2 and the azo group is not 
coplanar with either of the rings, which is a highly 
strained conformer. In 2, the energy is found to be 
minimum at dihedral angles of 179.78, 170, and 0. 
The lowest energy is noted at -179 degrees with the 
most stable conformer.68 This conformer is planar 
with respect to the anilide moiety (ring 1) and 
phenoxy moiety (ring 2), but the pyridine moiety 
(ring 3) is not planar with the former rings (1 and 
2). The conformer with maximum energy and less 
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stability is predicted with a dihedral angle of -89.78 
and 90.21. The most unstable or conformer with 
maximum energy possesses all the three rings 
perpendicular to one another. The rings 1, 2 and 3 
are not coplanar with the azo nitrogen group. 
Dipole moment 

 For 1, Figure No.5 displays the dihedral angle vs. 
dipole moment graph. It shows an increase in dipole 
moment and energy as the dihedral angle decreases. 
The maximum and minimum dipole moments are 
noted at 110 and 0, respectively. The trend of the 
dipole moment falls in line with the trend left by 
energy, but with considerable alteration.  

For 2, it is clear from Figure No.5b that the energy 
and dipole moment are inversely proportional to 
each other. Minimum dipole and maximum dipole 
moments are noted for dihedral angles of 80.21 and 
-169.78, respectively.65 
Thermodynamic properties 
Thermodynamic parameters, such as zero-point 
vibrational energy (ZPVE) and entropy, are 
presented in Table No.6. The variation in ZPVE 
seems to be significant. The total energies of 1 and 
2 are presented. Of the two compounds, 2 show a 
minimum total energy of -1196.9 a.u and it is 
comparatively enjoys stability.40 
 

 
Table No.1: Vibrational wave numbers obtained for compound 1 DFT-B3LYP/6-311+G(d,p) [harmonic 

frequency (cm−1), IR intensity, Raman activity (Km/mol), reduced masses (amu) and force constants 
(mDyneA°−1)] 

Mode 
No 

Calculated 
Frequency 

IR 
Intensity 

Raman 
Activity 

Reduced 
Mass 

Force 
Constant 

Vibrational Assignment with >10%PED 

1 3714 100.73 413.1 1.07 9.26 ν O22-H23(100) 
2 3564 22.70 65.8 1.10 8.81 ν N24-H25(50)+N24-H26(50) 
3 3465 89.54 375.9 1.05 7.92 ν N24-H25(50)+N24-H26(50) 
4 3111 3.08 95.3 1.09 6.65 ν C14-H17(100) 
5 3100 3.34 66.6 1.09 6.61 ν C2-H8(97) 
6 3095 7.55 165.8 1.09 6.61 ν C15-H19(27)+N24-H26(50) 
7 3091 13.52 44.9 1.10 6.61 ν C31-H34(14)+C33-H37(20)+C35-H38(63) 
8 3086 4.62 102.7 1.09 6.56 ν C4-H9(92) 
9 3084 11.97 131.5 1.09 6.54 ν C31-H34(70)+C35-H38(25) 

10 3080 1.44 711.0 1.09 6.50 ν C15-H19(72)+C18-H21(27) 

11 3065 7.43 152.7 1.09 6.44 ν C31-H34(16)+C33-H37(75) 
12 3058 22.31 94.6 1.09 6.42 ν C5-H10(92) 
13 3051 26.88 74.8 1.09 6.39 ν C1-H7(97) 
14 3043 26.67 196.1 1.09 6.36 ν C32-H36(95) 
15 2857 74.90 55.5 1.08 5.57 ν C27-H28(100) 
16 1639 229.98 10.0 8.34 14.11 ν N29-C27(73) 
17 1608 312.94 117.0 1.50 2.44 β H26-N24-H25(63) 
18 1594 13.75 192.5 3.09 4.94 ν C1-C2(16)+β H26-N24-H25(19) 
19 1586 281.38 1728.8 5.41 8.57 ν C20-C18(20) 
20 1566 169.87 50.3 6.04 9.33 ν C15-C13(28) 
21 1562 220.57 1053.4 5.45 8.38 ν C31-C33(27)+C32-C35(11) 
22 1555 34.94 261.4 6.34 9.66 ν C4-C3(25)+C6-C5(24) 

23 1548 43.56 1569.5 5.61 8.48 
ν N39-C30(17)+C33-C35(16)+C32-

C35(20)+β C31-C33-C35(11) 
24 1493 113.97 51.0 3.68 5.17 ν N11-N12(29)+β H7-C1-C2(13) 
25 1469 75.25 29.5 3.93 5.35 ν N11-N12(24) 
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26 1457 100.99 229.7 2.99 4.00 β H21-C18-C20(10) 

27 1429 91.17 107.0 2.36 3.10 
ν N39-C30(16)+β H34-C31-C33(12)+ H36-

C32-N39(27) 

28 1407 10.77 110.2 3.42 4.34 
ν C1-C2(15)+C5-C4(22)+β H7-C1-

C2(11)+H10-C5-C6(13) 
29 1393 71.53 480.6 2.08 2.60 β H37-C33-C35(26)+ H38-C35-C33(28) 

30 1390 112.80 308.5 4.92 6.10 
ν N11-N12(13)+C18-C15(15)+C13-

C14(13)+C14-C16(17) 
31 1376 20.21 802.6 1.49 1.80 β H28-C27-N29(61) 

32 1306 5.94 1017.9 4.94 5.41 
ν C1-C2(18)+C2-C3(17)+C6-C5(23)+β 

H25-N24-C6(13) 

33 1298 58.53 3968.0 3.84 4.15 
ν C18-C15(12)+C13-C14(15)+C20-

C18(15)+C14-C16(14)+β H23-O22-C20(15) 

34 1274 0.19 522.9 1.53 1.60 
β H7-C1-C2(18)+H8-C2-C1(19)+ H9-C4-

C5(20)+ H10-C5-C6(14) 

35 1268 2.09 6.6 1.71 1.77 
ν N39-C32(31)+β H34-C31-C33(10)+β 

H36-C32-N39(35) 
36 1259 203.03 5344.1 3.05 3.10 ν C5-C4(11)+N24-C6(42) 

37 1252 114.14 120.5 1.81 1.82 
ν O22-C20(10)+β H23-O22-C20(10)+H19-

C15-C18(15)+ H21-C18-C20(12) 

38 1242 21.02 1804.5 2.94 2.91 ν N11-C3(10)+C16-C27(10)+N12-C13(11) 

39 1232 5.98 83.8 4.99 4.86 ν N39-C32(15)+N39-C30(36)+C33-C35(12) 

40 1209 107.91 35.1 4.10 3.85 ν N29-C30(23)+O22-C20(11) 

41 1190 47.04 5.2 2.54 2.31 
ν C14-C16(10)+N11-C3(13)+O22-

C20(17)+β H17-C14-C16(21) 
42 1175 184.95 1.7 2.69 2.38 β H23-O22-C20(15)+ C13-C14-C16(11) 
43 1125 386.57 41.5 1.28 1.04 β H23-O22-C20(20)+H8-C2-C1(11) 

44 1122 7.76 9.3 1.15 0.93 
ν C33-C35(12)+β H34-C31-C33(21)+H37-

C33-C35(36)+H38-C35-C33(19) 

45 1121 72.22 10.7 1.35 1.09 β H19-C15-C18(13)+H21-C18-C20(27) 
46 1106 19.32 195.4 2.06 1.62 ν N12-C13(16)+β H9-C4-C5(15) 

47 1095 5.72 17.1 1.25 0.96 
β H25-N24-C6(12)+H7-C1-C2(17)+H8-C2-

C1(17)+H10-C5-C6(13) 

48 1070 1.58 4.5 1.52 1.12 
ν C31-C33(15)+C32-C35(13)+β H34-C31-

C33(13)+ H38-C35-C33(32) 
49 1055 10.07 0.3 1.88 1.35 ν C20-C18(10)+β H19-C15-C18(24) 
50 1023 2.19 49.0 1.45 0.97 ν C6-C5(17)+β H25-N24-C6(51) 

51 1022 6.45 3.1 2.20 1.48 ν C33-C35(27)+C32-C35(18) 

52 975 1.07 12.8 2.55 1.56 
β C1-C2-C3(41)+C5-C4-C3(23)+ C4-C3-

C2(14) 
53 969 0.57 40.1 2.80 1.69 ν C13-C14(14) 

54 966 1.19 6.9 1.47 0.88 
τ H36-C32-N39-C30(12)+H37-C33-C35-

C32(34)+H38-C35-C33-C31(19)+C31-C33-
C35-C32(10) 

55 961 4.85 7.7 4.04 2.39 
β C31-C33-C35(29)+ N39-C32-

C35(11)+C33-C35-C32(13) 
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56 947 10.90 7.3 1.55 0.89 
τ H17-C14-C16-C20(18)+H19-C15-C18-

C20(14)+H21-C18-C20-C16(10)+H28-C27-
N29-C30(38) 

57 943 0.43 3.9 1.33 0.76 
τ H7-C1-C6-N24(23)+H8-C2-C1-

C6(48)+C1-C2-C3-C4(11) 

58 941 0.89 3.0 1.41 0.80 
τ H36-C32-N39-C30(42)+H37-C33-C35-

C32(17) 

59 937 6.83 0.4 1.45 0.82 
τ H19-C15-C18-C20(22)+H21-C18-C20-

C16(13)+H28-C27-N29-C30(29)+C20-C18-
C15-C13(11) 

60 925 1.93 16.3 1.33 0.73 
τ H9-C4-C5-C6(37)+H10-C5-C6-

N24(16)+C5-C4-C3-C2(12)+C6-C5-C4-
C3(18) 

61 913 7.16 30.2 1.44 0.77 
τ H17-C14-C16-C20(49)+H28-C27-N29-
C30(11)+C18-C15-C13-C14(10)+Ɵ C15-

C14-N12-C13(14) 

62 872 10.18 10.4 5.41 2.64 
ν C2-C3(22)+β N11-N12-C13(11)+ C3-

N11-N12(10) 

63 855 2.79 10.8 1.93 0.90 
τ H34-C31-C33-C35(33)+H38-C35-C33-

C31(15) 

64 844 17.70 46.9 2.95 1.35 
ν N29-C30(11)+β C33-C35-C32(17)+τ H34-
C31-C33-C35(12)+H38-C35-C33-C31(10) 

65 818 61.68 5.3 1.56 0.67 
τ H19-C15-C18-C20(24)+H21-C18-C20-

C16(33) 

66 810 19.28 1.8 1.75 0.74 τ H7-C1-C6-N24(22)+H10-C5-C6-N24(24) 

67 804 4.26 10.4 4.50 1.87 ν C4-C3(10)+N24-C6(10)+β C4-C3-C2(23) 

68 787 0.13 2.6 1.26 0.50 
τ H7-C1-C6-N2(31)+H8-C2-C1-

C6(15)+H9-C4-C5-C6(19)+H10-C5-C6-
N24(34) 

69 785 3.95 18.3 4.68 1.85 β C33-C35-C32(12) 

70 771 49.43 51.6 3.38 1.29 
τ C30-N39-C32-C35(11)+Ɵ N29-C31-N39-

C30(16) 

71 722 22.46 27.0 1.62 0.54 
τ H34-C31-C33-C35(25)+H38-C35-C33-

C31(28)+C30-N39-C32-C35(28) 

72 711 3.42 8.8 4.17 1.35 
τ H17-C14-C16-C20(12)+C20-C18-C15-
C13(11)+Ɵ O22-C16-C18-C20(19)+C15-

C14-N12-C13(14) 

73 697 0.98 1.3 4.15 1.30 
τ C1-C2-C3-C4(12)+Ɵ N24-C5-C1-

C6(24)+C4-C2-N11-C3(10) 

74 634 5.93 28.7 6.71 1.73 β C20-C18-C15(11)+ C18-C15-C13(19) 

75 626 3.36 10.0 6.85 1.72 
β C1-C2-C3(12)+C5-C4-C3(27)+ C2-C3-

N11(10)+N24-C6-C1(10) 

76 610 4.30 6.6 7.05 1.68 
β C31-C33-C35(12)+ N39-C32-

C35(27)+C30-N39-C32(19) 
77 598 7.87 44.0 6.49 1.49 β C20-C18-C15(12)+C6-C5-C4(12) 

78 586 3.91 21.8 3.65 0.81 τ H19-C15-C18-C20(10)+C18-C15-C13-
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C14(14)+C13-C14-C16-C27(12)+N12-C13-
C14-C16(13) 

79 528 14.86 55.5 6.21 1.11 β N11-N12-C13(12) 

80 518 7.93 15.5 3.17 0.55 
τ C31-C33-H35-H32(11)+Ɵ C29-C31-H39-

H30(22) 
81 508 15.79 9.3 2.70 0.45 Ɵ C24-C5-N1-C6(29)+C4-N2-H11-C3(15) 

82 485 16.32 2.5 3.83 0.58 
β C29-H30-H39(13)+Ɵ O22-H16-H18-

H20(15) 

83 461 41.49 14.3 3.32 0.45 τ H25-C24-C6-C5(12)+N26-C24-C6-C5(12) 

84 452 9.85 17.8 4.11 0.54 β N2-C3-H11(10)+ O22-H20-H18(26) 

85 440 491.68 27.4 2.15 0.27 τ H25-C24-C6-C5(22)+N26-C24-C6-C5(23) 

86 427 6.48 2.1 3.98 0.47 
β C29-H30-H39(25)+τ C12-C13-C14-

H16(11) 

87 415 39.31 0.4 3.07 0.34 
τ H9-C4-C5-C6(12)+C5-C4-C3-N2(26)+C6-

C5-C4-C3(18) 

88 401 3.85 3.7 3.60 0.37 
τ H34-C31-C33-H35(10)+H36-H32-H39-
H30(12)+H39-H32-H35-C33(19)+H30-

H39-H32-H35(11)+C31-C33-C35-C32(36) 

89 399 29.92 2.9 4.20 0.43 
τ C1-C2-C3-C4(18)+C20-C18-C15-

C13(14)+N12-C13-C14-C16(12)+Ɵ O22-
C16-H18-H20(16) 

90 385 6.02 6.4 3.31 0.29 β C24-C6-N1(59) 

91 368 5.24 14.1 4.69 0.37 τ N1-N2-C3-C4(19)+Ɵ C4-N2-H11-C3(21) 

92 339 13.90 22.5 1.04 0.07 τ H25-C24-C6-C5(47)+N26-C24-C6-C5(47) 

93 334 7.32 10.8 4.78 0.31 
β C14-N16-C27(12)+O22-H20-H18(10)+τ 

H39-H32-H35-C33(11) 
94 306 94.91 1.9 1.31 0.07 τ H23-O22-H20-H16(77) 

95 278 0.57 34.8 5.48 0.25 β N2-C3-H11(13) 

96 241 5.89 7.3 3.99 0.14 τ C13-C14-H16-C27(15) 
97 225 1.75 2.9 5.72 0.17 τ H39-H32-H35-C33(14) 

98 204 1.82 1.6 6.29 0.15 
β H11-C12-C13(10)+ N2-C3-H11(10)+τ 

H39-H32-H35-C33(12) 

99 197 1.57 9.9 6.61 0.15 
τ H11-C12-C13-C14(11)+N1-N2-C3-

C4(10)+C5-C4-C3-N2(10)+N2-C3-H11-
C12(26)+C6-C5-C4-C3(25) 

100 175 0.22 6.9 3.55 0.06 τ H18-C15-C13-C15(18) 

101 130 2.20 2.1 5.52 0.05 β C14-H16-C27(11)+N2-C3-H11(12) 

102 116 4.41 0.4 4.46 0.04 
τ C27-C29-H30-C31(35)+C13-C14-H16-

C27(15)+C14-C16-C27-C29(21) 

103 84 0.17 14.0 5.77 0.02 
τ C5-C4-C3-N2(17)+H18-C15-C13-

C15(16)+N2-C3-H11-C12(24) 

104 73 0.44 10.0 5.69 0.02 
β C27-C29-H30(19)+ H11-C12-

C13(15)+C3-H11-C12(14)+H16-C27-
C29(10) 

105 57 0.89 2.0 5.05 0.01 τ C27-C29-H30-C31(17)+C13-C14-H16-
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C27(24)+H16-C27-C29-H30(37) 

106 42 1.66 5.0 6.40 0.01 
τ C3-H11-C12-C13(32)+Ɵ C15-C14-C12-

C13(13)+C4-N2-H11-C3(21) 

107 27 1.07 6.9 6.18 0.00 
β C27-C29-H30(13)+H11-C12-C13(15)+ 

C14-H16-C27(16)+C3-H11-C12(10)+H16-
C27-C29(15) 

108 23 3.21 9.2 4.61 0.00 
τ C27-C29-H30-C31(18)+C14-H16-C27-

C29(55)+H16-C27-C29-H30(11) 

109 16 0.20 3.2 3.74 0.00 
τ H11-H12-C13-C14(58)+N2-C3-H11-

C12(26) 
Table No.2: Vibrational wave numbers obtained for compound 2 DFT-B3LYP/6-311+G(d,p) [harmonic 

frequency (cm−1), IR intensity, Raman activity(Km/mol), reduced masses (amu) and force constants 
(mDyneA°−1)] 

Mode 
No 

Experimental 
frequencies 
cm-1 FR IR 

Calculated 
frequencies 

(cm-1) 

IR 
Intensity 

Raman 
activity 

Reduced 
mass 

Force 
constant 

Vibrational assignments 
WITH>10%PED 

1 3645 3437 45.7049 413.137 1.0754 8.1046 ν-N11-H12(100) 
2 3557 3088 7.1398 65.7688 1.0939 6.6515 ν-C4-H9(65) 

3 3422 3085 5.0611 86.4642 1.0932 6.6372 
ν-C23-H27(87) + ν-C26-

H29(12) 
4 

 
3074 4.6806 73.9826 1.0880 6.5585 ν-C4-H9(33) 

5 
 

3073 7.1082 375.917 1.0979 6.6171 
ν-C36-H39(18)+ν-C40-H43(58) 

+ ν-C38-H42(21) 
6 

 
3069 4.7575 95.2752 1.0934 6.5736 ν-C1-H7(11)+ν-C2-H8(84) 

7 
 

3067 13.2059 66.6348 1.0922 6.5541 ν-C36-H39(67)+ν-C40-H43(29) 

8 3184 3066 7.7190 165.760 1.0892 6.5326 
ν-C23-H27(12) + ν-C26-

H29(87) 
9 

 
3052 13.1538 44.9244 1.0902 6.4779 ν-C22-H25(98) 

10 3048 3049 4.4941 102.733 1.0881 6.4531 
ν-C38-H42(75) + ν-C36-

H39(15) 
11 2917 3047 10.4034 131.519 1.0892 6.4526 ν-C1-H7(89)+ν-C2-H8(11) 
12 

 
3041 820.62 711.038 1.0707 6.3138 ν-O30-H31(96) 

13 2845 3029 52.63 152.699 1.0893 6.3768 ν-C37-H41(94) 

14 2726 3023 12.56 94.5579 1.1037 6.4369 
ν-C15-H18(68) + ν-C15-

H16(32) 

15 
 

2992 6.3898 74.8123 1.0966 6.2623 
ν-C15-H17(42) + ν-C15-

H18(16) + ν-C15-H16(42) 

16 
 

2928 2.4129 196.056 1.0387 5.6813 
ν-C15-H18(17) + ν-C15-

H17(57) + ν-C15-H16(26) + ν-
C32-H33(99) 

17 2478 1678 780.351 236.609 7.3281 13.162 ν-O14-C13(79) 

18 2017 1606 587.446 1789.13 7.1004 11.683 
β H33-C32-N34(11) + ν-N34-

C32(57) 

19 1592 1595 77.6913 605.801 5.6119 9.1139 
ν-C22-C24(13)+ν-C28-C26(20) 

+ ν-C21-C22(15) 

20 1919 1580 286.022 1868.86 6.0792 9.6811 
ν-C1-C2(12)+ν-C5-C4(24) + ν-

C2-C3(15) 
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21 1654 1557 237.141 481.520 4.5991 7.1073 ν-C36-C38(20) 

22 1511 1550 90.2754 214.983 6.0234 9.2335 ν-C2-C3(20) + ν-C6-C1(22) 

23 
 

1547 117.720 604.115 4.6658 7.1222 ν-C37-C40(22) 

24 
 

1538 165.985 1249.24 4.2943 6.4786 
ν-C38-C40(11) + β H31-O30-

C28(10) 

25 
 

1487 21.8989 5409.5 3.8574 5.4368 
β H10-C5-C6(11) + ν-N19-

N20(33) 

26 
 

1466 210.242 3351.76 2.9750 4.0753 
β H9-C4-C5(12)+β H29-C26-

C23(10)+β H29-C26-C23(10) + 
ν-N19-N20(11) 

27 
 

1442 82.2654 4943.63 2.6818 3.5595 
ν-N44-C35(12) + β H41-C37-

N44(18) 

28 
 

1497 62.4728 306.449 2.1592 2.8476 
β H7-C1-C2(10) + β H12-N11-

C13(21) 
29 1487 1494 79.7101 3452.03 2.3724 3.1166 ν-N19-N20(13) 

30 
 

1489 4.7562 610.508 1.2342 1.6103 
τ H18-C15-C13-N11(13) + β 

H16-C15-H18(31)+β H18-C15-
H17(24) 

31 
 

1479 11.5331 4023.02 2.6391 3.3971 
β H41-C37-N44(10) + β H31-

O30-C28(18) 

32 
 

1477 25.4275 10.0393 1.0549 1.3544 
τ H16-C15-C13-N11(10) + β 

H17-C15-H16(48)+β H16-C15-
H18(23) 

33 
 

1457 97.8283 116.974 2.1284 2.6584 
β H43-C40-C38(29)+β H42-

C38-C40(27) 

34 
 

1443 87.9837 192.465 2.4220 2.9687 
ν-C22-C24(18) + ν-C26-

C23(22) + β H31-O30-C28(23) 

35 
 

1432 3.0407 1728.8 2.6042 3.1412 
ν-C1-C2(14)+ν-C5-C4(20) + β 

H8-C2-C1(11)+β H10-C5-
C6(10) + β H12-N11-C13(18) 

36 
 

1404 105.970 50.3173 1.3385 1.5529 
β H17-C15-H16(32)+β H18-
C15-H17(37)+β H16-C15-

H18(14) 

37 1399 1387 85.9071 1053.37 2.1492 2.4309 
ν-C26-C23(10) + β H33-C32-

N34(43) 

38 1386 1367 7.4316 261.353 2.7690 3.0425 
ν-C21-C22(20) + ν-C28-

C26(10) + β H33-C32-N34(12) 
39 

 
1338 62.6695 1569.49 4.3387 4.5715 ν-C4-C3(21) + ν-C6-C1(15) 

40 
 

1329 24.9396 51.0353 1.7750 1.8431 
β H8-C2-C1(11)+β H9-C4-
C5(16)+β H10-C5-C6(17) 

41 
 

1326 137.289 29.5189 2.4693 2.5545 ν-O30-C28(16)+ν-N11-C13(15) 

42 
 

1324 588.721 229.706 2.2604 2.3307 
ν-N11-C13(19) + ν-N44-

C37(10) + β H41-C37-N44(14) 

43 
 

1319 161.013 107.027 2.3215 2.3753 
ν-O30-C28(20) + ν-N44-

C37(15) + β H41-C37-N44(16) 
+ β H27-C23-C26(10) 

44 
 

1296 25.5499 110.169 4.3676 4.3159 
ν-C38-C40(11) + ν-N44-

C35(26) + ν-N44-C37(16) 
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45 1276 1279 39.4128 480.589 2.7528 2.6470 
ν-N20-C21(15) + β H33-C32-

N34(10) 
46 

 
1263 81.4285 308.464 3.6184 3.3963 ν-N34-C35(27) 

47 
 

1250 48.1170 802.626 2.5698 2.3627 ν-C6-C1(16) + ν-N11-C6(18) 

48 
 

1242 29.5619 107.027 2.0770 1.8838 
ν-N19-C3(18) + β H25-C22-
C24(12)+β H7-C1-C2(15) 

49 1202 1224 74.4230 9.3015 2.6589 2.3433 
ν-C24-C32(10) + ν-C28-

C26(22) 

50 
 

1181 189.411 522.91 1.3839 1.1352 
β H25-C22-C24(13)+β H9-C4-

C5(14) 

51 
 

1175 3.6202 6.6041 1.1514 0.9351 

ν-C36-C38(11) + ν-C38-
C40(11) + β H39-C36-

C38(21)+β H43-C40-C38(18)+β 
H42-C38-C40(36) 

52 
 

1165 19.3811 35.1139 1.6175 1.2907 
ν-N19-C3(11) + β H8-C2-

C1(14) 

53 1149 1134 18.4127 120.453 1.2876 0.9740 
ν-C1-C2(14) + β H7-C1-

C2(11)+β H8-C2-C1(17)+β H9-
C4-C5(15) 

54 
 

1127 101.504 196.235 1.5108 1.1277 β H27-C23-C26(27) 

55 1104 1120 11.5858 83.8249 1.5434 1.1389 
ν-C36-C38(15) + ν-C37-
C40(13) + β H39-C36-

C38(12)+β H43-C40-C38(32) 

56 
 

1069 5.2030 35.1139 2.2339 1.5013 
ν-C15-C13(29) + ν-C37-

C40(20) 

57 
 

1056 11.3284 5.1917 1.7376 1.1402 

β H16-C15-H18(17) + τ H16-
C15-C13-N11(37)+ τ H18-C15-

C13-N11(15) + γ O14-C15-
N11-C13(19) 

58 
 

1004 70.0494 1.6858 1.5849 0.9889 

β H17-C15-H16(11)+β H18-
C15-H17(11) + τ H16-C15-C13-

N11(10)- τ H17-C15-C13-
N11(31)- τ H18-C15-C13-

N11(11) 

59 
 

1030 1.4023 41.4537 2.5066 1.5473 
β C5-C4-C3(38)+β C22-C24-

C32(15) 

60 
 

1025 8.2450 9.3015 1.4721 0.8882 
τ H33-C32-N34-C35(44) +  τ 

H43-C40-C38-C36(11)+ τ H42-
C38-C40-C37(16) 

61 
 

1013 5.1664 10.6792 1.8671 1.1230 
β C36-C38-C40(13) +  τ H42-
C38-C40-C37(17) +  τ H33-

C32-N34-C35(20) 

62 1009 1011 7.0047 195.420 2.9339 1.7386 

β C38-C40-C37(12)+β C36-
C38-C40(22) + β N44-C37-
C40(11) +  τ H33-C32-N34-

C35(16) 

63 966 997 1.3579 17.0606 1.3384 0.7820 
τ C28-C26-C23-C21(15)+  τ 

H27-C23-C26-C28(44)+ τ H29-
C26-C28-C24(23) 
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64 
 

990 0.4708 4.5198 1.3384 0.7714 
τ C5-C4-C3-C2(11) +  τ H10-

C5-C6-N11(25) +  τ H9-C4-C5-
C6(37) 

65 
 

986 1.2676 0.2602 1.4257 0.8144 
τ C35-N44-C37-C40(10) +  τ 
H41-C37-N44-C35(50) +  τ 

H42-C38-C40-C37(21) 

66 
 

973 0.6198 3.1311 1.3542 0.7536 

τ H7-C1-C2-C3(19)+ τ H8-C2-
C1-C6(37) + τ C6-C1-C2-

C3(17) + β C26-C23-C21(13) + 
ν-C23-C21(21) 

67 
 

928 9.4722 12.8447 5.5132 2.7939 ν-C4-C3(22) 

68 
 

924 2.6543 40.082 4.3552 2.1869 β C6-C1-C2(11) 

69 
 

919 17.1159 6.8830 1.4589 0.7245 
τ H25-C22-C24-C28(63) + γ 

C23-C22-N20-C21(17) 

70 
 

906 34.4496 7.6759 2.9971 1.4464 
β C38-C40-C37(12) +  τ H39-

C36-C38-C40(13) 

71 
 

891 27.8608 7.2658 1.1892 0.5544 
τ H39-C36-C38-C40(15)+ τ 
H43-C40-C38-C36(10) +  τ 

H31-O30-C28-C24(53) 

72 898 889 38.4352 3.8631 1.5743 0.7322 
τ H39-C36-C38-C40(17)+ τ 

H43-C40-C38-C36(11) + τ H31-
O30-C28-C24(24) 

73 
 

864 66.8382 3.0003 1.7275 0.7584 
τ H7-C1-C2-C3(22)+ τ H8-C2-

C1-C6(12)+ τ H9-C4-C5-C6(15) 
+  τ H10-C5-C6-N11(30) 

74 
 

854 34.2790 0.4040 1.5496 0.6649 
τ H27-C23-C26-C28(24)+ τ 
H29-C26-C28-C24(33) +  τ 

H31-O30-C28-C24(11) 

75 835 834 3.4410 16.338 1.2741 0.5207 
τ H7-C1-C2-C3(30)+ τ H8-C2-

C1-C6(21)+ τ H9-C4-C5-C6(18) 
+ τ H10-C5-C6-N11(25) 

76 
 

824 5.0484 30.185 5.5225 2.2046 ν-C2-C3(11) 

77 
 

815 33.6406 10.391 3.0231 1.1790 
τ H43-C40-C38-C36(11) + γ 

N34-C40-C38-C36(17) 
78 

 
793 1.8674 10.7864 4.1810 1.5467 ν-C15-C13(25) 

79 
 

756 23.8083 5.2521 1.6226 0.5445 
τ C35-N44-C37-C40(25) + τ 
H39-C36-C38-C40(26) +  τ 

H43-C40-C38-C36(28) 

80 
 

747 2.2126 1.8154 4.1991 1.3773 

τ H25-C22-C24-C28(12)+ τ 
H29-C26-C28-C24(11) + γ O30-
C24-C26-C28(25) + γ C23-C22-

N20-C21(13) 

81 739 738 1.1786 10.4024 4.3047 1.3769 
τ C5-C4-C3-C2(14)+ τ C6-C1-

C2-C3(11) + γ N11-C5-C1-
C6(13) 

82 
 

714 18.2621 2.6474 5.8495 1.7536 β C24-C32-N34(10) 

83 672 668 28.4039 18.2995 4.6587 1.2216 β C26-C23-C21(10) 

84 
 

655 82.2850 51.6104 2.1347 0.5378 
τ H12-N11-C13-C15(29) +  τ 
H18-C15-C13-N11(10) + γ 
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O14-C15-N11-C13(31) 

85 
 

652 14.3190 27.0134 4.9305 1.2293 
β C1-C2-C3(21)+β C5-C4-
C3(13)+β C6-C1-C2(13) 

86 
 

640 4.0581 8.8273 7.0531 1.6962 
β C36-C38-C40(15) + β N44-
C37-C40(33) + β C35-N44-

C37(22) 

87 
 

612 6.7771 1.3130 3.1687 0.6963 

τ C26-C23-C21-C22(11)+ τ 
C21-C22-C24-C32(15) +  τ C3-

N19-N20-C21(10) +  τ H27-
C23-C26-C28(12) 

88 
 

591 13.1355 28.7106 7.6556 1.5715 
β O30-C28-C26(10) + β C35-

N44-C37(13) 

89 
 

574 11.1412 9.9645 4.5767 0.8855 
β C22-C24-C32(10) + β C23-

C21-N20(10) 
90 

 
561 19.4963 6.6108 3.2849 0.6067 β O14-C13-C15(15) 

91 
 

545 38.1349 43.9857 2.8478 0.4971 
τ H12-N11-C13-C15(12) + β 

O14-C13-C15(13) 
92 

 
540 4.5808 21.8493 3.4658 0.5931 β C3-N19-N20(11) 

93 
 

526 41.1288 55.4532 2.0266 0.3296 
τ H18-C15-C13-N11(11) +  τ 
H12-N11-C13-C15(28) + γ 

O14-C15-N11C13(19) 

94 
 

511 2.7081 15.4961 3.3565 0.5151 
β N34-C35-N44(18)+β N34-
C35-N44(18) + β O14-C13-

C15(23) + γ C4-C2-N19-C3(10) 

95 
 

465 7.8622 2.5491 3.7454 0.4755 
τ N20-C21-C22-C24(31) + γ 

O30-C24-C26-C28 

96 
 

448 3.9887 14.3363 5.3179 0.6249 
β C28-C26-C23(10)+β C28-
C26-C23(10) + β O30-C28-

C26(48) 

97 
 

433 3.5857 17.7924 3.5350 0.3890 
τ C6-C1-C2-C3(27) + τ C1-C2-
C3-N19(14) + γ N11-C5-C1-

C6(11) 

98 
 

423 2.8162 27.4328 3.5900 0.3766 

τ H39-C36-C38-C40(11) + τ 
N44-C37-C40-C38(16) +  τ 
H41-C37-N44-C35(12) +  τ 

C35-N44-C37-C40(13) + τ C36-
C38-C40-C37(36) 

99 
 

417 3.0020 2.0667 4.4850 0.4576 τ C5-C4-C3-C2(28) 

100 
 

396 42.8284 0.3852 8.1970 0.7585 ν-N11-C6(17) 

101 
 

374 5.7933 3.6804 5.4125 0.4461 τ C28-C26-C23-C21(15) 

102 
 

360 5.2519 2.9131 4.7136 0.3604 
β C15-C13-N11(18) +  τ C28-

C26-C23-C21(11) 
103 

 
337 5.7925 6.4034 4.7057 0.3155 β C15-C13-N11(12) 

104 
 

324 4.1785 14.0584 3.6558 0.2257 
τ C22-C24-C32-N34(17) + τ 

C21-C22-C24-C32(18) 
105 

 
274 0.3313 22.4594 5.4352 0.2409 τ N44-C37-C40-C38(17) 

106 
 

239 0.9230 10.7723 5.0947 0.1713 β C13-N11-C6(21) 
107 

 
213 0.5021 1.8832 6.3042 0.1690 β C23-C21-N20(16)+β C24-
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C32-N34(13) 

108 
 

201 2.6857 34.7749 5.9604 0.1415 
τ N19-N20-C21-C22(19) +  τ 
C22-C24-C32-N34(24) +  τ 

C32-N34-C35-C36(10) 

109 
 

187 2.8942 7.2685 2.9873 0.0625 
τ H17-C15-C13-N11(25)+ τ 

H16-C15-C13-N11(18) 

110 
 

188 1.1928 2.9059 1.3170 0.0272 
β C22-C24-C32(15) +  τ N44-

C37-C40-C38(10) 
111 

 
169 1.2082 1.5560 7.9716 0.1338 ν-N20-C21(10) 

112 
 

131 3.2384 9.9088 5.5862 0.0693 
τ C22-C24-C32-N34(13) +  τ 

C26-C23-C21-C22(19)+ τ C21-
C22-C24-C32(16) 

113 
 

145 4.1828 6.9466 5.4533 0.0552 β C13-N11-C6(17) 

114 
 

95 5.7668 2.1384 6.9422 0.0365 
τ C15-C13-N11-C6(12) +  τ C2-
C3-N19-N20(11)+  τ C13-N11-

C6-C5(17) 

115 
 

75 1.8709 0.4273 6.0950 0.0203 
τ C15-C13-N11-C6(11) + β 

C32-N34-C35(11) 

116 
 

63 0.1384 14.0135 6.5759 0.0154 
τ C13-N11-C6-C5(24) +  β C32-

N34-C35(13) 

117 
 

54 5.5134 9.9864 3.9561 0.0070 
τ C15-C13-N11-C6(17) + τ 

C13-N11-C6-C5(23) 

118 
 

52 1.7367 2.0024 5.0359 0.0080 

τ C24-C32-N34-C35(29)+ τ 
C15-C13-N11-C6(13) +  τ C2-

C3-N19-N20(10) +  τ C21-C22-
C24-C32(17) 

119 
 

37 0.2603 5.0249 5.4234 0.0043 
τ C32-N34-C35-C36(32) +  τ 
C1-C2-C3-N19(14)+ τ C22-

C24-C32-N34(11) 

120 
 

28 0.5720 6.9310 5.8738 0.0028 
β C32-N34-C35(10) + β N19-
N20-C21(16) + β N19-N20-

C21(16) + β C3-N19-N20(17) 

121 
 

23 1.7957 9.2389 5.4983 0.0018 

τ C32-N34-C35-C36(23) +  τ 
C22-C24-C32-N34(12)+ τ C1-
C2-C3-N19(12) +  τ C3-N19-

N20-C21(17) 

122 
 

19 0.1501 3.1535 4.3806 0.0010 
τ C2-C3-N19-N20(35) +  τ N19-

N20-C21-C22(33) 
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Table No.3: Mulliken atomic charges and natural population analysis by B3LYP/6-311+G(d,p) methods 
for compounds 1 and 2 

S.No Atoms Mulliken atomic charge 1 NPA 1 Atoms Mulliken atomic charge 2 NPA 2 
1 C1 -0.2541 -0.2480 C1 -0.3314 -0.2261 
2 C2 0.0666 -0.1657 C2 0.0771 -0.1604 
3 C3 -0.3309 0.0579 C3 -0.5839 0.086 
4 C4 0.0461 -0.1464 C4 -0.1682 -0.1771 
5 C5 -0.0237 -0.2627 C5 0.3015 -0.2254 
6 C6 -0.1280 0.1879 C6 0.0726 0.1661 
7 H7 0.1070 0.2028 H7 0.1248 0.2121 
8 H8 0.1488 0.2281 H8 0.1347 0.2221 
9 H9 0.1344 0.2209 H9 0.1506 0.2304 

10 H10 0.1079 0.2050 H10 0.1239 0.2127 
11 N11 0.0452 -0.2041 N11 -0.1959 -0.6302 
12 N12 0.0664 -0.2334 H12 0.2815 0.4037 
13 C13 -0.5611 0.0735 C13 0.0877 0.6874 
14 C14 -0.3871 -0.1283 O14 -0.3168 -0.6111 
15 C15 0.1176 -0.1405 C15 -0.3882 -0.6727 
16 C16 1.1729 -0.1834 H16 0.1658 0.2202 
17 H17 0.1890 0.2194 H17 0.1711 0.2256 
18 C18 0.3938 -0.2574 H18 0.1805 0.236 
19 H19 0.1356 0.7800 N19 0.119 -0.2267 
20 C20 -1.7930 0.359 N20 0.0337 -0.2321 
21 H21 0.1319 0.2233 C21 -0.6821 0.1577 
22 O22 -0.2067 -0.6676 C22 -0.8865 -0.1570 
23 H23 0.2396 0.4731 C23 0.2856 -0.1788 
24 N24 -0.3613 -0.7791 C24 0.9511 -0.2008 
25 H25 0.2330 0.3787 H25 0.1242 0.2214 
26 H26 0.2334 0.379 C26 -0.2799 -0.2467 
27 C27 0.3091 0.1396 H27 0.1575 0.2319 
28 H28 0.0619 0.1327 C28 -0.0986 0.4005 
29 N29 0.2290 -0.4224 H29 0.1399 0.2219 
30 C30 -0.5084 0.3617 O30 -0.3343 -0.6614 
31 C31 0.3948 -0.2708 H31 0.428 0.5123 
32 C32 -0.2051 0.0636 C32 0.1477 0.1669 
33 C33 -0.2941 -0.1608 H33 0.1096 0.1715 
34 H34 0.1330 0.2149 N34 0.0204 -0.5228 
35 C35 0.0382 -0.2615 C35 -0.4890 0.368 
36 H36 0.1317 0.1888 C36 0.4314 -0.2620 
37 H37 0.1344 0.2099 C37 -0.2075 0.0646 
38 H38 0.1309 0.2137 C38 -0.3598 -0.1585 
39 N39 -0.0787 -0.4546 H39 0.1314 0.2152 
40  

  
C40 0.0435 -0.2526 

41  
  

H41 0.1351 0.1914 
42  

  
H42 0.1377 0.212 

43  
  

H43 0.1345 0.2158 
44  

  
N44 -0.0801 -0.4509 
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Table No.4: The ab initio and DFT calculated electric dipole moment (Debye), average polarizability (tot 
x 1024esu) and hyperpolarizability (βtot x 1030esu) for compounds 1 and 2 

S.No Parameters DFT /6-311G+(d,p) 1 DFT /6-311G+(d,p) 2 
Dipole moment 

1 µx 0.74 -3.12 
2 µy -0.75 -2.75 
3 µz 2.49 -0.95 
4 µ 2.70 4.3 

Polarizability 
5 xx 38.33 -24.65 

6 YY -11.48 19.58 

7 ZZ -26.85 5.06 

8 XY -6.68 37.01 

9 XZ 0.72 9.92 

10 yz -4.12 0.35 

11  1.2E-15 3.3E-05 

12 tot 1E-23 1E-23 
Hyperpolarizability 

13 βxxx 171.57 -682.45 
14 βyyy -37.44 -11.39 
15 βzzz 5.19 1.96 
16 βxyy 45.27 -5.39 
17 βxxy -121.98 -10.19 
18 βxxz 93.52 -7.31 
19 βxzz -25.39 15.63 
20 βyzz 2.17 -10.97 
21 βyyz -0.32 -6.41 
22 βxyz -11.09 -29.59 
23 βtot 266 673 
24 β0 2.3 5.8 

Table No.5: HOMO and LUMO energy, chemical potential, hardness and electrophilicity index 
calculated by B3LYP/6-311G (d, p) method for compounds 1 and 2 

S.No Method B3LYP/6311+G(d,p) 1 B3LYP/6311+G(d,p) 2 
1 EHOMO (eV) -5.6453 -6.1217 
2 ELUMO (eV) -2.2296 -2.3575 
3 ΔE=EHOMO-ELUMO(eV) 1.7079 1.8821 
4 Electronegativity (µ= -) 3.9375 4.2396 

5 Hardness () 1.7079 1.8821 

6 Electrophilicity index () 2.2695 2.3875 
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Table No.6: Theoretically computed energies (a.u), zero-point vibrational energy (kcal/mol), rotational 
constants (Ghz), entropy (cal mol-1K-1) and dipole moment (Debye) for 1 and 2 

S.No Parameters 
DFT-B3LYP/ 

6-311+G(d,p) 1 
DFT-B3LYP/ 

6-311+G(d,p) 2 
1 Total Energies -1044.2 -1196.9 
2 Zero point energy 188.3 212.9 
3 Rotational constants   
4  0.3383 0.4701 
5  0.0934 0.048 
6  0.0746 0.0441 
7 Entropy   
8 Total 155.3 167.8 
9 Translational 43.16 43.5 
10 Rotational 36.17 37.0 
11 Vibrational 75.95 87.3 
12 Dipole moment(D) 2.71 4.3 

Table No.S1: Geometric bond lengths (Å), bond angles and dihedral angles (°) of compound 1 DFT-
B3LYP/6-311+G(d,p) 

S.No Bond length 
B3LYP/6-

311+G(d,p) 
Bond angle 

B3LYP/6-
311+G(d,p) 

Dihedral angle 
B3LYP/6-

311+G(d,p) 
1 C1-C2 1.3814 C14-C13-C15 119.1 C4-C5-C6-N24 -177.7 
2 C1-C6 1.4105 C13-C14-C16 121.2 H10-C5-C6-C1 179.6 
3 C1-H7 1.0857 C13-C14-H17 120.0 H10-C5-C6-N24 2.1 
4 C2-C3 1.4065 C16-C14-H17 118.8 C1-C6-N24-H25 21.2 
5 C2-H8 1.0823 C13-C15-C18 120.8 C1-C6-N24-H26 161.8 
6 C3-C4 1.4011 C13-C15-H19 118.5 C5-C6-N24-H25 -161.4 
7 C3-N11 1.4059 C18-C15-H19 120.7 C5-C6-N24-H26 -20.8 
8 C4-C5 1.3858 C14-C16-C20 118.7 C3-N11-N12-C13 179.9 
9 C4-H9 1.0838 C14-C16-C27 119.9 N11-N12-C13-C14 0.3 
10 C5-C6 1.4044 C20-C16-C27 121.3 N11-N12-C13-C15 -179.8 
11 C5-H10 1.0851 C15-C18-C20 120.1 N12-C13-C14-C16 179.8 
12 C6-N24 1.3862 C15-C18-H21 121.5 N12-C13-C14-H17 0.1 
13 N11-N12 1.2563 C20-C18-H21 118.5 C15-C13-C14-C16 0.0 
14 N12-C13 1.4164 C16-C20-C18 120.2 C15-C13-C14-H17 -179.7 
15 C13-C14 1.3933 C16-C20-O22 124.0 N12-C13-C15-C18 179.6 
16 C13-C15 1.4045 C18-C20-O22 115.8 N12-C13-C15-H19 0.0 
17 C14-C16 1.4012 C20-O22-H23 111.2 C14-C13-C15-C18 -0.5 
18 C14-H17 1.0817 C6-N24-H25 117.2 C14-C13-C15-H19 179.9 
19 C15-C18 1.3836 C6-N24-H26 117.2 C13-C14-C16-C20 0.8 
20 C15-H19 1.0837 H25-N24-H26 113.7 C13-C14-C16-C27 -178.3 
21 C16-C20 1.4149 C16-C27-H28 117.5 H17-C14-C16-C20 -179.4 
22 C16-C27 1.4656 C16-C27-N29 123.2 H17-C14-C16-C27 1.5 
23 C18-C20 1.3967 H28-C27-N29 119.3 C13-C15-C18-C20 0.2 
24 C18-H21 1.0829 C27-N29-C30 119.9 C13-C15-C18-H21 -179.3 
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25 C20-O22 1.3652 N29-C30-C31 121.4 H19-C15-C18-C20 179.8 
26 O22-H23 0.9621 N29-C30-N39 115.9 H19-C15-C18-H21 0.3 
27 N24-H25 1.0082 C31-C30-N39 122.6 C14-C16-C20-C18 -1.2 
28 N24-H26 1.0082 C30-C31-C33 118.6 C14-C16-C20-O22 179.0 
29 C27-H28 1.1017 C30-C31-H34 120.3 C27-C16-C20-C18 177.9 
30 C27-N29 1.275 C33-C31-H34 121.1 C27-C16-C20-O22 -2.0 
31 N29-C30 1.4019 C35-C32-H36 120.3 C14-C16-C27-H28 172.6 
32 C30-C31 1.4059 C35-C32-N39 124.0 C14-C16-C27-N29 -7.0 
33 C30-N39 1.3384 H36-C32-N39 115.7 C20-C16-C27-H28 -6.4 
34 C31-C33 1.3894 C31-C33-C35 119.0 C20-C16-C27-N29 173.9 
35 C31-H34 1.0832 C31-C33-H37 120.2 C15-C18-C20-C16 0.7 
36 C32-C35 1.3941 C35-C33-H37 120.8 C15-C18-C20-O22 -179.4 
37 C32-H36 1.0868 C32-C35-C33 117.9 H21-C18-C20-C16 -179.9 
38 C32-N39 1.3336 C32-C35-H38 120.5 H21-C18-C20-O22 0.0 
39 C33-C35 1.3922 C33-C35-H38 121.6 C16-C20-O22-H23 -7.9 
40 C33-H37 1.0845 C30-N39-C32 117.9 C18-C20-O22-H23 172.2 

41 C35-H38 1.0831 Dihedral angle 
B3LYP/6-

311+G(d,p) 
C16-C27-N29-C30 175.7 

42 Bond angle 
B3LYP/6-

311+G(d,p) 
C6-C1-C2-C3 -0.1 H28-C27-N29-C30 -4.0 

43 C2-C1-C6 120.9 C6-C1-C2-H8 179.9 C27-N29-C30-C31 -52.0 
44 C2-C1-H7 119.9 H7-C1-C2-C3 179.7 C27-N29-C30-N39 131.1 
45 C6-C1-H7 119.2 H7-C1-C2-H8 -0.3 N29-C30-C31-C33 -177.8 
46 C1-C2-C3 120.4 C2-C1-C6-C5 0.2 N29-C30-C31-H34 0.1 
47 C1-C2-H8 120.7 C2-C1-C6-N24 177.7 N39-C30-C31-C33 -1.1 
48 C3-C2-H8 119.0 H7-C1-C6-C5 -179.6 N39-C30-C31-H34 176.9 
49 C2-C3-C4 118.8 H7-C1-C6-N24 -2.1 N29-C30-N39-C32 178.7 
50 C2-C3N11 125.2 C1-C2-C3-C4 0.0 C31-C30-N39-C32 1.8 
51 C4-C3-N11 116.0 C1-C2-C3-N11 180.0 C30-C31-C33-C35 -0.2 
52 C3-C4-C5 121.0 H8-C2-C3-C4 -180.0 C30-C31-C33-H37 179.4 
53 C3-C4-H9 118.3 H8-C2-C3-N11 0.0 H34-C31-C33-C35 -178.1 
54 C5-C4-H9 120.7 C2-C3-C4-C5 0.0 H34-C31-C33-H37 1.5 
55 C4-C5-C6 120.3 C2-C3-C4-H9 -180.0 H36-C32-C35-C33 179.6 
56 C4-C5-H10 120.1 N11-C3-C4-C5 -180.0 H36-C32-C35-H38 0.4 
57 C6-C5-H10 119.7 N11-C3-C4-H9 0.1 N39-C32-C35-C33 0.2 
58 C1-C6-C5 118.7 C2-C3-N11-N12 0.4 N39-C32-C35-H38 -179.1 
59 C1-C6-N24 120.4 C4-C3-N11-N12 -179.7 C35-C32-N39-C30 -1.4 
60 C5-C6-N24 120.9 C3-C4-C5-C6 0.1 H36-C32-N39-C30 179.2 
61 C3-N11-N12 116.0 C3-C4-C5-H10 -179.7 C31-C33-C35-C32 0.6 
62 N11-N12-C13 115.1 H9-C4-C5-C6 -179.9 C31-C33-C35-H38 179.8 
63 N12-C13-C14 125.1 H9-C4-C5-H10 0.3 H37-C33-C35-C32 -179.0 
64 N12-C13-C15 115.8 C4-C5-C6-C1 -0.2 H37-C33-C35-H38 0.2 
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Table No.S2: Geometric bond lengths (Å), bond angles and dihedral angles (°) of compound 2 DFT-
B3LYP/6-311+G(d,p) 

S.No 
Bond  

lengths 
B3LYP/6-

311+G(d,p) 
Bond angles 

B3LYP/6-
311+G(d,p) 

Bond angles 
B3LYP/6-

311+G(d,p) 
Dihedral 

angles 
B3LYP/6-

311+G(d,p) 

1 C1-C2 1.3873 C2-C3-N19 116.0 C40-C37-H41 0.7 
N20-C21-
C22-C24 

-179.9 

2 C1-C16 1.4015 C4-C3-N19 125.0 C40-C37-N44 179.9 
N20-C21-
C22-H25 

0.0 

3 C1-H7 1.0846 C3-C4-C5 120.4 H41-C37-N44 -178.6 
C23-C21-
C22-C24 

0.1 

4 C2-C3 1.3995 C3-C4-H9 119.1 C36-C38-C40 0.5 
C23-C21-
C22-H25 

-179.9 

5 C2-H8 1.0835 C5-C4-H9 120.5 C36-C38-H42 0.9 
N20-C21-
C23-C26 

-179.8 

6 C3-C4 1.4032 C4-C5-C6 120.6 C40-C38-H42 177.9 
N20-C21-
C23-H27 

0.1 

7 C3-N19 1.4134 C4-C5-H10 119.4 C37-C40-C38 -179.8 
C22-C21-
C23-C26 

0.1 

8 C4-C5 1.3855 C6-C5-H10 119.9 C37-C40-H43 -2.7 
C22-C21-
C23-H27 

180.0 

9 C4-H9 1.0821 C1-C6-C5 118.9 C38-C40-H43 -1.3 
C21-C22-
C24-C28 

-0.4 

10 C5-C6 1.4048 C1-C6-N11 118.5 C35-N44-C37 179.4 
C21-C22-
C24-C32 

180.0 

11 C5-H10 1.0817 C5-C6-N11 122.5 
Dihedral 
angles 

179.5 
H25-C22-
C24-C28 

179.7 

12 C6-N11 1.4101 C6-N11-H12 116.3 C6-C1-C2-C3 0.3 
H25-C22-
C24-C32 

0.0 

13 
N11-
H12 

1.0125 C6-N11-C13 131.9 C6-C1-C2-H8 0.2 
C21-C23-
C26-C28 

-0.1 

14 
N11-
C13 

1.3868 
H12-N11-

C13 
111.5 H7-C1-C2-C3 -178.3 

C21-C23-
C26-H29 

179.8 

15 
C13-
O14 

1.2185 
N11-C13-

O14 
119.1 H7-C1-C2-H8 179.4 

H27-C23-
C26-C28 

180.0 

16 
C13-
C15 

1.5136 
N11-C13-

C15 
119.1 C2-C1-C6-C5 0.9 

H27-C23-
C26-H29 

-0.1 

17 
C15-
H16 

1.0904 
O14-C13-

C15 
121.8 C2-C1-C6-N11 -178.4 

C22-C24-
C28-C26 

0.3 

18 
C15-
H17 

1.0935 
C13-C15-

H16 
113.2 H7-C1-C6-C5 2.4 

C22-C24-
C28-O30 

-179.5 

19 
C15-
H18 

1.089 
C13-C15-

H17 
109.9 

H7-C1-C6-
N11 

1.4 
C32-C24-
C28-C26 

180.0 

20 
N19-
N20 

1.256 
C13-C15-

H18 
107.3 C1-C2-C3-C4 -176.8 

C32-C24-
C28-O30 

0.2 

21 
N20-
C21 

1.4093 
H16-C15-

H17 
108.4 C1-C2-C3-N19 179.9 

C22-C24-
C32-H33 

1.6 

22 
C21-
C22 

1.3903 
H16-C15-

H18 
110.2 H8-C2-C3-C4 1.6 

C22-C24-
C32-N34 

-179.6 

23 
C21-
C23 

1.413 
H17-C15-

H18 
107.8 

H8-C2-C3-
N19 

-1.9 
C28-C24-
C32-H33 

-178.1 

24 C22- 1.4022 C3-N19-N20 115.4 C2-C3-C4-C5 -178.8 C28-C24- 0.7 
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C24 C32-N34 

25 
C22-
H25 

1.085 
N19-N20-

C21 
115.5 C2-C3-C4-H9 176.3 

C23-C26-
C28-C24 

-0.1 

26 
C23-
C26 

1.3783 
N20-C21-

C22 
116.1 N19-C3-C4-C5 -0.6 

C23-C26-
C28-O30 

179.7 

27 
C23-
H27 

1.0823 
N20-C21-

C23 
124.9 

N19-C3-C4-
H9 

-31.0 
H29-C26-
C28-C24 

180.0 

28 
C24-
C28 

1.4224 
C22-C21-

C23 
119.0 

C2-C3-N19-
N20 

141.3 
H29-C26-
C28-O30 

-0.2 

29 
C24-
C32 

1.4492 
C21-C22-

C24 
121.5 

C4-C3-N19-
N20 

145.9 
C24-C28-
O30-H31 

0.8 

30 
C26-
C28 

1.4074 
C21-C22-

H25 
118.5 C3-C4-C5-C6 -41.8 

C26-C28-
O30-H31 

-179.0 

31 
C26-
H29 

1.0834 
C24-C22-

H25 
120.0 C3-C4-C5-H10 -179.9 

C24-C32-
N34-C35 

177.8 

32 
C28-
O30 

1.3325 
C21-C23-

C26 
120.6 H9-C4-C5-C6 -1.1 

H33-C32-
N34-C35 

-3.4 

33 
O30-
H31 

0.9963 
C21-C23-

CH27 
118.7 

H9-4C-C5-
H10 

-7.3 
H33-C32-
N34-C36 

-41.7 

34 
C32-
H33 

1.0964 
C26-C23-

H27 
120.7 C4-C5-C6-C1 171.5 

C32-N34-
C35-N44 

140.9 

35 
C32-
N34 

1.2865 
C22-C24-

C28 
118.8 C4-C5-C6-N11 -31.4 

N34-C35-
C36-C38 

-178.9 

36 
N34-
C35 

1.4064 
C22-C24-

C32 
120.0 H10-C5-C6-C1 89.9 

N34-C35-
C36-H39 

-0.8 

37 
C35-
C36 

1.404 
C28-C24-

C32 
121.1 

H10-C5-C6-
N11 

-153.1 
N44-C35-
C36-C38 

-1.8 

38 
C35-
N44 

1.3369 
C23-C26-

C28 
120.7 

C1-C6-N11-
H12 

147.4 
N44-C35-
C36-H39 

176.4 

39 
C36-
C38 

1.3892 
C23-C26-

H29 
121.3 

C1-C6-N11-
C13 

-91.3 
N34-C35-
N44-C37 

179.5 

40 
C36-
H39 

1.083 
C28-C26-

H29 
118.0 

C5-C6-N11-
H12 

25.7 
C36-C35-
N44-C37 

2.2 

41 
C37-
C40 

1.3937 
C24-C28-

C26 
119.4 

C5-C6-N11-
C13 

-179.8 
C35-C36-
C38-C40 

0.3 

42 
C37-
H41 

1.0864 
C24-C28-

O30 
122.2 

C6-N11-C13-
O14 

-179.8 
C35-C36-
C38-H42 

179.6 

43 
C37-
N44 

1.3338 
C26-C28-

O30 
118.4 

C6-N11-C13-
C15 

0.2 
H39-C36-
C38-C40 

-177.9 

44 
C38-
C40 

1.3923 
C28-O30-

H31 
108.1 

H12-N11-C13-
O14 

0.7 
H39-C36-
C38-H42 

1.5 

45 
C38-
H42 

1.0843 
C24-C32-

H33 
116.6 

H12-N11-C13-
C15 

179.9 
H41-C37-
C40-C38 

179.1 

46 
C40-
H43 

1.083 
C24-C32-

N34 
121.9 

N11-C13-C15-
H16 

-178.6 
H41-C37-
C40-H43 

0.1 

47 
Bond  
angles 

B3LYP/6-
311+G(d,p) 

H33-C32-
N34 

121.4 
N11-C13-C15-

H17 
0.5 

N44-C37-
C40-C38 

-0.3 

48 
C2-C1-

C6 
120.4 

C32-N24-
C35 

121.2 
N11-C13-C15-

H18 
0.9 

N44-C37-
C40-H43 

-179.4 

49 
C2-C1-

H7 
120.1 

N34-C35-
C36 

122.0 
O14-C13-C15-

H16 
177.9 

C40-C37-
N44-C35 

-1.1 
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50 
C6-C1-

H7 
119.5 

N34-C35-
N44 

115.2 
O14-C13-C15-

H17 
-179.8 

H41-C37-
N44-C35 

179.4 

51 
C1-C2-

C3 
120.6 

C36-C35-
N44 

122.7 
O14-C13-C15-

H18 
-2.7 

C36-C38-
C40-C37 

0.7 

52 
C1-C2-

H8 
120.8 

C35-C36-
C38 

118.5 
C3-N19-N20-

C21 
-1.3 

C36-C38-
C40-H43 

179.7 

53 
C3-C2-

H8 
118.6 

C35-C36-
H39 

120.6 
N19-N20-C21-

C22 
179.4 

H42-C38-
C40-C37 

-178.6 

54 
C2-C3-

C4 
119.0 

C38-C36-
H39 

120.9 
N19-N20-C21-

C23 
179.5 

H42-C38-
C40-H43 

0.4 

Table No.S3: Second order perturbation theory analysis of Fock matrix in NBO basis for compound 1 
using B3LYP/6-311+G (d, p) method 

S.No Donor Occupancy Acceptor E(2) kcal/mol E(j)-E(i) a.u. F(i,j) a.u. 
1 π- C1 - C2 1.7293 π*-C3 - C4 14.96 0.29 0.061 
2 π-C1 - C2 1.7293 π*-C5 - C6 21.94 0.28 0.072 
3 π- C3 - C4 1.6083 π*- C5 - C6 17.56 0.27 0.061 
4 π-C3 -C4 1.6083 π*-N11 - N12 23.67 0.23 0.068 
5 π-C5-C6 1.6185 π*-C1 - C2 14.19 0.29 0.059 
6 π-C5-C6 1.6185 π*-C3 - C4 25.77 0.29 0.077 
7 π-C13 -C14 1.6176 π*- N11 - N12 15.32 0.24 0.056 
8 π-C13-C14 1.6176 π*-C15 - C18 22.2 0.28 0.072 
9 π-C13 - C14 1.6176 π*- C16 - C20 17.57 0.26 0.062 
10 π-C15 - C18 1.6920 π*- C13 - C14 15.34 0.3 0.061 
11 π- C15 - C18 1.6920 π*-C16 - C20 23.74 0.27 0.074 
12 π-C16 - C20 1.6020 π*-C13 - C14 22.11 0.3 0.074 
13 π- C16 - C20 1.6020 π*-C15 - C18 14.47 0.29 0.06 
14 π- C16 - C20 1.6020 π*- C27 - N29 18.88 0.29 0.07 
15 π- C30 - N39 1.6912 π*- C31 - C33 12.29 0.32 0.056 
16 π- C30 - N39 1.6912 π*- C32 - C35 28.28 0.32 0.085 
17 π- C31 - C33 1.6912 π*- C30 - N39 27.16 0.27 0.079 
18 π- C31 - C33 1.6912 π*- C32 - C35 16.27 0.29 0.061 
19 π- C32 - C35 1.6376 π*- C30 - N39 16.1 0.27 0.059 
20 π-C32 - C35 1.6376 π*- C31 - C33 24.2 0.28 0.074 
21 LP (2) O22 1.8209 π*-C16 - C20 28.25 0.35 0.097 
22 LP (1) N24 1.8209 π*-C5 - C6 30.25 0.32 0.093 
23 LP (1) N29 1.8583 π*-C27 - H28 12.66 0.71 0.087 
24 LP (1) N29 1.8583 π*-C30 - N39 10.24 0.35 0.058 
25 LP (1) N39 1.9104 π*-C30 - C31 10.23 0.88 0.086 
26 π*-C5 - C6 0.4056 π*- C1 - C2 247.28 0.01 0.081 
27 π*-C5 - C6 0.4056 π*- C3 - C4 322.73 0.01 0.082 
28 π*-N11 - N12 0.2427 π*- C3 - C4 31.4 0.05 0.061 
29 π*-N11 - N12 0.2427 π*-C13 - C14 32.89 0.05 0.067 
30 π*- C16 - C20 0.4408 π*- C13 - C14 133.05 0.02 0.081 
31 π*-C16 - C20 0.4408 π*-C15 - C18 192.21 0.02 0.082 
32 π*-C30 - N39 0.4227 π*- C27 - N29 45.77 0.02 0.046 
33 π*- C30 - N39 0.4227 π*- C31 - C33 255.67 0.01 0.083 
34 π*-C30 - N39 0.4227 π*- C32 - C35 187.02 0.02 0.08 
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Table No.S4: Second order perturbation theory analysis of Fock matrix in NBO basis for compound 2 
using B3LYP/6-311+G (d, p) method 

S.No Donor Occupancy Acceptor E(2) kcal/mol Ej-Ei a.u F(i,j) a.u 
1 π-C1 -C6 1.6417 π*-C2-C3 22.14 0.29 0.072 
2 π-C1 -C6 1.6417 π*-C4-C5 16.73 0.29 0.064 
3 π-C1 -C6 1.6417 σ*-N11-H12 0.79 0.66 0.022 
4 π-C1 -C6 1.6417 σ*-N11-C13 1.32 0.7 0.029 
5 π-C2-C3 1.6072 π*-C1-C6 19.9 0.27 0.066 
6 π-C2-C3 1.6072 π*-C4-C5 20.57 0.28 0.07 
7 π-C2-C3 1.6072 π*-N19-N20 20.82 0.23 0.064 
8 π-C4-C5 1.6962 π*-C1-C6 21.23 0.28 0.07 
9 π-C4 -C5 1.6962 π*-C2-C3 17.29 0.29 0.064 
10 π-N19-N20 1.9144 π*-C2-C3 10.4 0.39 0.062 
11 π-N19-N20 1.9144 π*-C21-C22 9.37 0.39 0.058 
12 π-C21-C22 1.6327 π*-N19-N20 22.77 0.23 0.067 
13 π-C21-C22 1.6327 π*-C23-C26 20.55 0.29 0.07 
14 π-C23-C26 1.7145 π*-C21-C22 13.98 0.29 0.057 
15 π-C32-N34 1.9135 σ*-C35-C36 1.5 0.89 0.033 
16 π-C32-N34 1.9135 σ*-C35-N44 1.77 0.88 0.036 
17 π-C32-N34 1.9135 π*-C35-N44 10.16 0.35 0.059 
18 π-C35-N44 1.6942 σ*-C32-N34 0.51 0.9 0.021 
19 π-C35-N44 1.6942 π*-C36-C38 12.5 0.32 0.056 
20 π-C35-N44 1.6942 π*-C37-C40 24.73 0.35 0.083 
21 π-C35-N44 1.6942 σ*-C37-H41 0.99 4.08 0.061 
22 π-C36-C38 1.6695 π*-C35-N44 27.25 0.27 0.079 
23 π-C36-C38 1.6695 π*-C37-C40 14.98 0.32 0.062 
24 π-C37-C40 1.6321 π*-C35-N44 15.91 0.27 0.059 
25 π-C37-C40 1.6321 π*-C36-C38 23.82 0.28 0.074 
26 π-C37 -C40 1.6321 σ*-C38-H42 0.74 3.39 0.049 
27 LP(1)N11 1.6859 π*-C1 -C6 23.64 0.28 0.074 
28 LP(1)N11 1.6859 π*-C13-O14 51.86 0.29 0.111 
29 LP(1)O14 1.9784 σ*-N11-C13 1.24 1.12 0.034 
30 LP(2)O14 1.8691 σ*-C6-N11 0.54 0.67 0.017 
31 LP(1)N19 1.9526 σ*-C2-C3 0.67 0.96 0.023 
32 LP(1)N19 1.9526 σ*-C21-C22 0.79 0.97 0.025 
33 LP(1)N19 1.9526 σ*-C23-C26 0.51 1 0.02 
34 LP(1)N20 1.9520 σ*-C2-C3 0.96 0.97 0.027 
35 LP(1)N20 1.9520 σ*-C21-C22 0.52 0.97 0.02 
36 LP(1)C24 1.1072 π*-C21-C22 70.81 0.15 0.108 
37 LP(1)C24 1.1072 π*-C32-N34 61.85 0.14 0.101 
38 LP(1)O30 1.9728 σ*-C24-C28 6.92 1.09 0.078 
39 LP(1)O30 1.9728 σ*-C26-C28 0.63 1.11 0.024 
40 LP(1)N34 1.8451 σ*-C35-N44 1.56 0.9 0.035 
41 LP(1)N34 1.8451 π*-C35-N44 6.39 0.37 0.047 
42 LP(1)N44 1.9104 σ*-C37-C40 8.7 0.9 0.08 
43 LP(1)N44 1.9104 σ*-C37-H41 0.95 4.12 0.057 
44 LP(1)N44 1.9104 σ*-C38-C40 1.43 3.33 0.063 
45 LP(1)N44 1.9104 σ*-C38-H42 1.27 3.46 0.06 
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Table No.S5: DFT-B3LYP/6-311+G (d, p) method calculated NICS (ppm) values (neutral, cation and 
anion) compound 2 

S.No Bq 
NICS (Anilide ring) 

Neutral 
isotropic 

Neutral 
anisotrpic (zz) 

Cation 
isotropic 

Cation 
anisotropic (zz) 

Anion 
isotropic 

Anion 
aniotropic (zz) 

1 -2 -4.9105 -16.417 -4.0964 -12.0861 -3.8934 -13.386 
2 -1.5 -7.3672 -21.596 -6.4089 - 13.455 -5.4332 -15.444 
3 -1 -9.0448 -21.602 -6.5742 -8.0922 -5.7850 -10.826 
4 -0.5 -7.9953 -11.700 -3.2646 -2.0099 -4.2144 -0.0540 
5 0 -7.2010 -7.2309 -2.5794 -3.3320 -4.4168 -1.671 
6 0.5 -8.9550 -18.707 -5.3317 -5.3456 -5.9516 -12.587 
7 1 -8.0374 -22.157 -5.8305 -11.59 -5.1307 -15.04 
8 1.5 -5.4672 -17.602 -4.0195 -11.29 -3.3719 -11.739 
9 2 -3.3808 -12.248 -2.3846 -8.664 -2.0619 -8.0732 

S.No Bq 
NICS (Hydroxy ring) 

Neutral 
isotropic 

Neutral 
anisotrpic (zz) 

Cation 
isotropic 

Cation 
anisotropic (zz) 

Anion 
isotropic 

Anion 
aniotropic (zz) 

10 -2 -3.7273 -12.6847 -2.4620 -8.7313 - 2.1368 -8.2104 
11 -1.5 -5.7703 -17.1619 -3.7480 -10.672 -3.3663 -10.416 
12 -1 -7.7952 -18.8506 -4.7311 -9.1567 -4.4827 -9.4909 
13 -0.5 -7.6743 -11.3889 -3.4846 - 0.4975 -3.8366 -0.1390 
14 0 -6.3241 -2.8893 - 1.3277 -7.6665 -2.4008 -9.2700 
15 0.5 -7.5814 -10.3784 -2.7814 -2.7657 -3.5985 -1.5627 
16 1 -7.8909 -18.4326 -4.9384 -7.2498 -4.3909 -8.4815 
17 1.5 -5.8887 -17.2223 -4.2797 -10.689 -3.3720 -10.199 
18 2 -3.7694 -12.8453 -2.7617 -9.3276 -2.1177 -8.2816 

S.No Bq 
NICS (Pyridine ring) 

Neutral 
isotropic 

Neutral 
anisotrpic (zz) 

Cation 
isotropic 

Cation 
anisotropic (zz) 

Anion 
isotropic 

Anion 
aniotropic (zz) 

19 -2 -3.3690 -11.6986 -4.6594 -15.387 -3.4464 -11.933 
20 -1.5 -5.4236 -17.2070 -7.3522 -21.717 -5.3588 -16.369 
21 -1 -8.1890 -23.1966 -9.8192 -9.819 -6.8501 - 17.510 
22 -0.5 -9.6618 -23.2955 -8.9578 -17.787 -5.2101 -8.1444 
23 0 -7.3120 -12.2439 -6.8043 -9.3964 -2.7648 -0.9280 
24 0.5 -6.7052 -10.2314 -9.1768 -18.953 -5.2366 -8.8201 
25 1 -9.3373 -21.9983 -9.7217 -25.423 - 6.7158 -17.578 
26 1.5 -8.6166 -24.2173 -7.1448 -21.28 -5.2172 -16.198 
27 2 -5.9355 -18.6672 -4.5372 -14.9578 - 3.3459 -11.828 
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Table No.S6: Harmonic oscillator model of aromaticity DFT-B3LYP/6-311+G (d, p) calculated HOMA 
for compounds 1 and 2 

S.No Compound state Component HOMA 1 Component HOMA 2 

1 Neutral 
Aniline ring 0.9572 Anilide ring 0.9642 

Hydroxy ring 0.9632 Hydroxy ring 0.8932 
Pyridine ring 0.7510 Pyridine ring 0.6350 

2 Anion 
Aniline ring 0.9471 Anilide ring 0.9642 

Hydroxy ring 0.8807 Hydroxy ring 0.8932 
Pyridine ring 0.5288 Pyridine ring 0.635 

3 Cation 
Aniline ring 0.7187 Anilide ring 0.7642 

Hydroxy ring 0.8402 Hydroxy ring 0.6712 
Pyridine ring 0.7434 Pyridine ring 0.6335 

Table No.S7: Calculated local reactivity properties of compound 1 using B3LYP/6-311+G (d, p) method 
for Mulliken derived charges 

Atoms fk+ fk- ∆fk(r) sk+ sk- sk+/sk- ∆sk (r) ωk+ ωk- ∆ωk(r) 
C1 -0.0236 -0.0039 -0.0197 -0.0035 -0.0006 6.0038 -0.0029 -0.0535 -0.0089 -0.0446 
C2 1.8895 -0.4468 2.3363 0.2766 -0.0654 -4.2294 0.3420 -0.0535 -1.0139 0.9604 
C3 -0.1848 -0.1002 -0.0846 -0.0271 -0.0147 1.8443 -0.0124 -0.4194 -0.2274 -0.1920 
C4 0.0543 -0.1603 0.2146 0.0079 -0.0235 -0.3384 0.0314 0.1231 -0.3638 0.4870 
C5 -0.0334 0.0283 -0.0618 -0.0049 0.0041 -1.1802 -0.0090 -0.0759 0.0643 -0.1402 
C6 0.0816 0.1563 -0.0748 0.0119 0.0229 0.5217 -0.0109 0.1851 0.3548 -0.1697 

N11 0.0447 0.1649 -0.1202 0.0065 0.0241 0.2709 -0.0176 0.1014 0.3743 -0.2729 
N12 0.7519 -0.6322 1.3841 0.1101 -0.0926 -1.1894 0.2026 1.7065 -1.4347 3.1413 
C13 0.0244 -0.0514 0.0758 0.0036 -0.0075 -0.4748 0.0111 0.0554 -0.1166 0.1720 
C14 0.1259 0.4232 -0.2973 0.0184 0.0620 0.2975 -0.0435 0.2857 0.9604 -0.6747 
C15 -0.0023 -0.0425 0.0402 -0.0003 -0.0062 0.0546 0.0059 -0.0053 -0.0964 0.0912 
C16 -0.2186 -0.5338 0.3152 -0.0320 -0.0781 0.4095 0.0461 -0.4961 -1.2114 0.7154 
C18 0.1255 0.0835 0.0419 0.0184 0.0122 1.5017 0.0061 0.2847 0.1896 0.0951 
C20 -0.0157 0.1793 -0.1950 -0.0023 0.0263 -0.0874 -0.0285 -0.0356 0.4069 -0.4425 
O22 0.0203 0.0787 -0.0583 0.0030 0.0115 0.2587 -0.0085 0.0462 0.1785 -0.1323 
N24 0.0226 0.0106 0.0120 0.0033 0.0015 2.1366 0.0018 0.0512 0.0240 0.0272 
C27 0.1449 -0.0256 0.1705 0.0212 -0.0037 -5.6579 0.0250 0.3288 -0.0581 0.3869 
N29 0.1202 -0.0225 0.1427 0.0176 -0.0033 -5.3521 0.0209 0.2729 -0.0510 0.3238 
C30 0.0786 0.0537 0.0249 0.0115 0.0079 1.4629 0.0036 0.1783 0.1219 0.0564 
C31 -1.0000 1.0541 -2.0541 -0.1464 0.1543 -0.9487 -0.3007 -2.2695 2.3923 -4.6618 
C32 0.0030 0.0108 -0.0078 0.0004 0.0016 0.2745 -0.0011 0.0067 0.0245 -0.0178 
C33 0.0019 -0.0694 0.0713 0.0003 -0.0102 -0.0274 0.0104 0.0043 -0.1575 0.1618 
C35 0.3785 -0.3102 0.6886 0.0554 -0.0454 -1.2201 0.1008 0.8589 -0.7039 1.5629 
N39 -0.0054 0.0039 -0.0093 -0.0008 0.0006 -1.3901 -0.0014 -0.0122 0.0088 -0.0210 
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Table No.S8: Calculated local reactivity properties of compound 2 using B3LYP/6-311+G (d, p) method 
for Mulliken derived charges 

Atoms fk+ fk- ∆fk(r) sk+ sk- sk+/sk- ∆sk (r) ωk+ ωk- ∆ωk(r) 
C1 -0.3351 -0.0164 -0.3187 -0.0970 -0.0048 20.389 -0.0922 -1.8721 -0.0918 -1.7803 
C2 0.0125 -0.0678 0.0803 0.0036 -0.0196 -0.1848 0.0232 0.0700 -0.3787 0.4487 
C3 -0.0600 0.1401 -0.2001 -0.0174 0.0405 -0.4285 -0.0579 -0.3353 0.7825 -1.1179 
C4 -0.1235 0.2344 -0.3579 -0.0357 0.0678 -0.5268 -0.1036 -0.6898 1.3093 -1.9990 
C5 0.3415 -0.0705 0.4121 0.0988 -0.0204 -4.8440 0.1192 1.9079 -0.3939 2.3018 
C6 0.3019 -0.1323 0.4341 0.0874 -0.0383 -2.2817 0.1256 1.6862 -0.7390 2.4252 

C21 0.0660 -0.1367 0.2027 0.0191 -0.0396 -0.4832 0.0587 0.3689 -0.7636 1.1325 
C22 -0.0931 0.1592 -0.2523 -0.0269 0.0461 -0.5849 -0.0730 -0.5201 0.8893 -1.4094 
C23 0.0951 0.0415 0.0536 0.0275 0.0120 2.2892 0.0155 0.5313 0.2321 0.2992 
C24 -0.2138 -0.0630 -0.1508 -0.0619 -0.0182 3.3927 -0.0436 -1.1942 -0.3520 -0.8422 
C26 -0.1355 0.0001 -0.1355 -0.0392 0.0000 0.0000 -0.0392 -0.7567 0.0004 -0.7571 
C28 0.2741 -0.0321 0.3062 0.0793 -0.0093 -8.5403 0.0886 1.5312 -0.1793 1.7105 
C35 0.0163 0.1456 -0.1292 0.0047 0.0421 0.1122 -0.0374 0.0912 0.8132 -0.7220 
C36 -0.0140 0.0741 -0.0881 -0.0040 0.0215 -0.1886 -0.0255 -0.0781 0.4142 -0.4923 
C37 0.0004 -0.0062 0.0066 0.0001 -0.0018 -0.0597 0.0019 0.0021 -0.0347 0.0368 
C38 0.0379 -0.0803 0.1181 0.0110 -0.0232 -0.4717 0.0342 0.2115 -0.4484 0.6600 
C40 0.0258 0.0400 -0.0142 0.0075 0.0116 0.6455 -0.0041 0.1443 0.2235 -0.0792 
N44 0.9980 -0.0112 1.0092 0.2888 -0.0032 -89.107 0.2921 5.5749 -0.0626 5.6375 

Table No.S9: Calculated maximum absorption wavelength of compound 1 in various solvents 
S.No Solvent ΔE (eV) f (a.u) λmax (nm) Types and % of transition 

1 Gas 3.03 0.30 492 
HL (89) 
HL+1(7) 

2  3.22 0.74 373.2 
HL(7) 

HL+1(90) 

3 Benzene 2.94 0.63 422.1 
HL(90) 

HL+1(7) 

4  3.20 0.57 387.8 
HL (7) 

HL+1(91) 

5 DCM 2.90 0.67 426.5 
HL(89) 

HL+1(7) 

6  3.19 0.50 388.7 
HL(7) 

HL+1(90) 

7 Chloroform 2.92 0.65 424.8 
HL(89) 

HL+1(7) 

8  3.19 0.53 388.4 
HL(7) 

HL+1(90) 

9 Acetone 2.91 0.66 426.7 
HL (89) 
HL+1(7) 

10  3.19 0.49 388.1 
HL(8) 

HL+1(89) 
11 Ethanol 2.9 0.67 427.0 HL(89) 
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HL+1(7) 

12  3.2 0.49 388.2 
HL(8) 

HL+1(90) 

13 Methanol 2.90 0.65 426.6 
HL(89) 

HL+1(7) 

14  3.20 0.50 387.7 
HL(8) 

HL+1(90) 

15 Acetonitrile 2.9 0.66 427.0 
HL(89) 

HL+1(7) 

16  3.16 0.49 388.0 
HL(36) 

HL+1(90) 

17 DMSO 2.89 0.69 428.7 
HL(89) 

HL+1(7) 

18  3.19 0.47 389.3 
HL(8) 

HL+1(90) 

19 Water 2.90 0.66 427.2 
HL(89) 

HL+1(7) 

20  3.2 0.48 387.9 
HL(8) 

HL+1(90) 
Table No.S10: Calculated and experimental maximum absorption wavelength of compound 2 in various 

solvents 
S.No Solvent ΔE (eV) f (a.u) λmax (nm) Types and % of transition Experimental λmax (nm) 

1 Gas 3.21 0.89 386.4 HL (97)  

2  3.31 0.48 374.7 HL+1(23)  

3 Benzene 3.08 1.24 402.5 HL (97)  

4  3.31 0.33 374.4 HL+1(98) 360.7 

5 DCM 3.08 1.21 402.1 HL(97)  

6  3.35 0.32 370.5 HL+1(93) 355 

7 Chloroform 3.08 1.22 402.1 HL(97)  

8  3.33 0.32 371.8 HL+1(93) 358.8 

9 Acetone 3.09 1.19 400.9 HL(97)  

10  3.36 0.31 369.4 HL+1(93) 359 

11 Ethanol 3.09 1.195 401.1 HL(97)  

12  3.36 0.31 369.3 HL+1(93) 359,247 

13 Methanol 3.1 1.18 400.3 HL(97) 359,239 

14  3.36 0.31 369.0 HL+1(98)  

15 Acetonitrile 3.09 1.189 400.7 HL(97) 357,241.3 

16  3.36 0.308 369.1 HL+1(93)  

17 DMSO 3.08 1.21 402.6 HL(97) 475sh 

18  3.36 0.31 369.4 HL+1(98) 386 

19 Water 3.096 1.185 400.5 HL(97)  

20  3.362 0.307 368.8 HL+1(93) 362.6 
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Table No.S11: Solvent effect of 1 on dielectric constant, dipole moment, energy, hyperpolarisablity and 
polarisablity 

S.No Solvent 
Dielectric 
constants 

Dipole 
moment 
(Debye) 

Energy 
(Hartree) 

Hyperpol
arisability 

β x1030 

Polarisability 
∆α x 1024 

∆G 
(kcal/mol) 

1 Gas phase 0 2.7054 -1044.154291 2.30291 10.0000 0 
2 Benzene 2.28 3.0656 -1044.163148 2.56177 11.4730 -5.55821 
3 Chloroform 4.81 3.3081 -1044.168978 2.71108 12.5000 -9.21649 
4 Dichloromethane 9.08 3.4562 -1044.172299 2.78914 13.1060 -11.3001 
5 Acetone 21.01 3.5727 -1044.174732 2.84320 13.5610 -12.8270 
6 Ethanol 24.6 3.5904 -1044.175086 2.85084 13.6280 -13.0492 
7 Methanol 32.6 3.6108 -1044.17549 2.85949 13.7040 -13.3024 
8 Acetonitrile 36.64 3.6166 -1044.175603 2.86190 13.7260 -13.3732 
9 DMSO 47 3.6313 -1044.17589 2.86800 13.7800 -13.5535 

10 Water 78 3.6509 -1044.176267 2.87594 13.8520 -13.7899 
Table No.S12: Solvent effect of 2 on dielectric constant, dipole moment, energy, hyperpolarisablity and 

polarisablity 

S.No Solvent 
Dielectric 
constants 

Dipole 
moment 
(Debye) 

Energy 
(Hartree) 

Hyperpolari-
sability β x1030 

Polaris-
ability 

∆α x 1024 

∆G(kcal
/mol) 

1 Gas phase 0 4.2684 -1196.871432 5.81505 10.8819 0 
2 Benzene 2.28 4.7507 -1196.880264 6.38826 12.2422 -5.5425 
3 Chloroform 4.81 5.0564 -1196.885697 6.68840 13.1134 -8.95173 
4 Dichloromethane 9.08 5.2347 -1196.888663 6.83513 13.6025 -10.8126 
5 Acetone 21.01 5.3696 -1196.890778 6.93234 13.9579 -12.1398 
6 Ethanol 24.6 5.3896 -1196.891081 6.94578 14.0094 -12.3302 
7 Methanol 32.6 5.4125 -1196.891426 6.96090 14.0680 -12.5465 
8 Acetonitrile 36.64 5.4189 -1196.891522 6.96508 14.0844 -12.607 
9 DMSO 47 5.4354 -1196.891767 6.97566 14.1261 -12.7604 

10 Water 78 5.457 -1196.892086 6.98936 14.1807 -12.9608 
Table No.S13: Theoretical 1H and 13C chemical shifts of compounds 1 and 2 

S.No Atoms 
Theoritical 
chemical 

shifts(ppm) 
Atoms 

Theoritical 
chemical 

shifts(ppm) 
Atoms 

Theoritical 
chemical 

shifts (ppm) 
Atoms 

Theoritical 
chemical shifts 

(ppm) 
1 2 

1 H17 9.19 C27 155.03 H31 13.65 C35 169.91 
2 H36 8.80 C13 153.31 H41 8.81 C32 168.40 
3 H28 8.49 C3 151.50 H33 8.66 C37 155.93 
4 H19 8.21 C15 143.89 H27 8.37 C3 155.14 
5 H8 8.14 C4 142.31 H9 8.24 C21 151.42 
6 H9 8.04 C33 141.94 H25 8.07 C6 147.17 
7 H37 7.66 C16 124.96 H8 8.06 C22 144.08 
8 H21 7.25 C35 122.71 H42 7.80 C38 142.30 
9 H38 7.06 C18 120.00 H43 7.20 C2 140.04 
10 H10 6.78 C2 119.80 H29 7.18 C5 125.80 
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11 H7 6.65 C14 118.42 H10 7.18 C23 125.73 
12 H34 6.60 C1 117.37 H39 7.06 C1 124.78 
13 H23 5.30 C5 115.42 H7 7.00 C40 124.45 
14 H26 3.48 C31 114.61 H12 6.68 C24 123.30 
15 H25 3.46 

  
H17 2.15 C26 122.77 

16 C30 173.77 
  

H16 2.15 C4 118.50 
17 C20 165.96 

  
H18 1.90 C36 115.48 

18 C6 155.59 
  

C28 173.91 C15 21.24 
19 C32 155.44 

  
C13 172.39 

  
 

 
Compounds 1 

 
Compounds 2 

Figure No.1: Optimized structure of compounds 1 and 2 

 
 



    
Thanikachalam V. et al. /Asian Journal of Research in Chemistry and Pharmaceutical Sciences. 10(2), 2022, 114-150. 

Available online: www.uptodateresearchpublication.com         April – June                                             145 

 

 
Figure No.2: Theoretical IR spectra of compounds 1 and 2 and experimental spectrum of compound 2 in 

KBr disc (cm-1) 

 
Figure No.3: MEP of compounds 1 and 2 

 
Figure No.4: HOMO-LUMO plots of compounds 1 and 2 

 
Figure No.5: Plot of dihedral angle Vs energy and dipole moment for 1 and 2 
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CONCLUSION 
In this work, we explored the structure of molecule, 
their aromatic indices NICS, HOMA and they are 
accounted using HOMO-LUMO lobe concentration. 
The compounds also studied for Mulliken charges 
and Fukui function. Change in properties like dipole 
moment, polarisability and hyperpolarisability were 
discussed vastly with change in solvent and change 
in dihedral angle. It is found that the dipole, 
polarisability and hyperpolarisability value 
increases with incerease in dielectric constants, and 
also with increase in planarity of the molecule. The 
NLO properties are much higher for the compound 
2 under study. Compared with literature they are 
found to be competitive candiadates for the NLO 
study. Planarity of 2 is also found to be greater than 
1 and it is portrayed in its properties. Solvation 
energy data is found to be more negative for 1 and it 
can act as a good drug. 
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