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The molecular structure of 1-azanapthalene-8-ol was calculated by the B3LYP density functional model with
6-31G(d,p) basis set by Gaussian program. The results from natural bond orbital analysis have been analyzed in
terms of the hybridization of atoms and the electronic structure of the title molecule. The stability of the molecule
arising from hyper conjugative interactions, charge delocalization has been analyzed using natural bond orbital
analysis. The electron density based local reactivity descriptors such as the Fukui functions were calculated. The
dipole moment (µ) and polarizability (α), anisotropy polarizability (∆α) and �rst order hyperpolarizability (βtot)
of the molecule have been reported.
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1. Introduction
1-azanapthalene-8-ol also called as 8-hydroxy quino-

line is an organic compound with the formula C9H7NO
and the geometric structure of 1-azanaphthalene-8-ol
is shown in Fig. 1. It is a derivative of the hetero-
cyclic quinoline by placement of an OH group on car-
bon number 8. This light yellow compound is widely
used commercially, although under a variety of names.
It is usually prepared from quinoline-8-sulfonic acid
and from a Skraup synthesis from 2-aminophenol [1].
1-azanapthalene-8-ol is a monoprotic bidentate chelating
agent. Related ligands are the Schi� bases derived from
salicylaldehyde such as salicylaldoxine, salen, and sali-
cyaldehyde isonicotinoylhydrazene (SIH). The complexes
as well as the heterocyclic itself exhibit antiseptic, dis-
infectant and pesticide properties [2, 3], functioning as
a transcription inhibitor. Its solution in alcohol is used
as liquid bandages. It once was of interest as an an-
ticancer drug, an antiseptic with mild fungistatic, bac-
teriostatic, anthelmintic, and amebicidal action. It is
also used as a reagent and metal chelator, as a carrier
for radio-indium for diagnostic purposes, and its halo-
genated derivatives are used in addition as topical anti-
-infective agents and oral antiamebics. The reaction of
1-azanapthalene-8-ol with aluminum(III) [4] results in
Alq3, a common component of organic light emitting
diodes (OLEDs). 1-azanapthalene-8-ol and its deriva-
tives are widely used as chelating reagents in analytical
chemistry and radiochemistry from metal ion extraction
and �uorometric determination [5]. 1-azanapthalene-8-ol
are well known because can perform as structurally re-
lated subunits in important bimolecular and biochemi-
cal process, which shows strong cytotoxic and antimicro-
bial properties and they represent the main component in
some bactericide, fungicide and antimalarial drugs [6, 7].
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Experimentally it was found that 1-azanapthalene-8-ol
has analogous properties such as an intense �uorescence
in concentrated acids, lack of �uorescence in water or
alkenes or formation of the hydrogen bonded clusters
with water, ammonium, or alcohol molecules.

Fig. 1. The geometric structure of 1-azanapthalene-
-8-ol.

2. Computational methods

All calculations were carried out with the Gaussian 03
package [8]. The calculations of systems containing C,
H, N, and O are described by the standard 6-31G(d,p)
basis set function of the density functional theory (DFT)
[9, 10]. Geometry optimization was performed utilizing
Becker's hybrid three-parameter exchange functional and
the nonlocal correlation functional of Lee, Yang, and Parr
(B3LYP) [11]. Vibrational analysis was performed at
each stationary point found, that con�rm its identity as
an energy minimum. The population analysis has also
been performed by the natural bond orbital method [12]
at B3LYP/6-31G(d,p) level of theory using natural bond
orbital (NBO) program [13] under Gaussian 03 program
package.
NBO analysis stresses the role of intermolecular orbital

interaction in the complex, particularly charge transfer.
This is carried out by considering all possible interactions
between �lled donor and empty acceptor NBOs and esti-
mating their energetic importance by second-order per-

(18)
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turbation theory. For each donor NBO (i) and acceptor
NBO (j), the stabilization energy E(2) associated with
electron delocalization between donor and acceptor is es-
timated as

E(2) = qi
(Fi,j)

2

εj − εi
, (1)

where qi is the orbital occupancy, εi, εj are diagonal
elements and Fi,j is the o�-diagonal NBO Fock matrix
element.

3. Results and discussion

3.1. Mulliken atomic charges

Mulliken atomic charges calculation has an important
role in the application of quantum chemical calculation
to molecular system because atomic charges a�ect dipole
moment, molecular polarizability, electronic structure,
and a lot of properties of molecular systems [14]. The
charge distribution over the atoms suggests the formation
of donor and acceptor pairs involving the charge transfer
in the molecule. Atomic charge has been used to describe
the processes of electronegativity equalization and charge
transfer in chemical reactions [15, 16].

TABLE I
Mulliken atomic charges calculated by B3LYP/
6-31G(d,p) (BLA) and B3LYP/cc-pVDZ (BLB)
methods.

Atom BLA BLB Atom BLA BLB

N1 -0.5093 -0.1535 C10 0.2566 0.1038

C2 0.0788 0.0576 O11 -0.5889 -0.1829

C3 -0.1245 -0.0056 H12 0.0976 -0.0147

C4 -0.0849 0.0789 H13 0.0966 -0.0170

C5 0.1559 0.0739 H14 0.1145 -0.0106

C6 -0.1565 -0.0199 H15 0.0681 -0.0640

C7 -0.0990 0.0546 H16 0.0862 -0.0285

C8 -0.1432 0.0348 H17 0.0908 -0.0305

C9 0.3337 -0.0198 H18 0.3275 0.1434

The Mulliken atomic charges calculated by methods
B3LYP/6-31G(d,p) and B3LYP/cc-pVDZ methods are
collected in Table I. It is worthy to mention that C2,
C5, and C10 atoms of the title molecule exhibit pos-
itive charge while C3, C4, C6, C7, C8, C9 atoms ex-
hibit negative charges. Oxygen has a maximum negative
charge value of about −0.5888 in the OH group. The
maximum positive atomic is obtained for C10 which is a
carbon present in the CN functional group. The charge
on H18 in the functional group has the maximum mag-
nitude of 0.3275 among the hydrogen atoms present in
the molecule at 6-31G(d,p) and cc-pVDZ level of theory.
However all the hydrogen atoms exhibit a net positive
charge in 6-31G(d,p) basis set while all hydrogen atoms
possess negative charge in cc-pVDZ basis set. The pres-
ence of large negative charge on O and N atom and net
positive charge on H atom may suggest the formation of
intermolecular interaction in solid forms [17].

3.2. NBO analysis

NBO analysis provides an e�cient method for studying
intra and intermolecular bonding and interaction among

bonds, and also provides a convenient basis for investi-
gation of charge transfer or conjugative interactions in
molecular system [18]. Some electron donor orbital, ac-
ceptor orbital and the interacting stabilization energy re-
sulting from the second order micro-disturbance theory
are reported [19, 20]. The larger the E(2) value, the more
intensive is the interaction between electron donors and
the greater the extent of conjugation of the whole sys-
tem. Delocalization of electron density between occupied
Lewis type (bond or lone pair) NBO orbitals and formally
unoccupied (antibonding or Rydberg) non Lewis NBO
orbital's correspond to a stabling donor�acceptor inter-
action. NBO analysis was performed on the molecule
at the DFT/B3LYP/6-31G(d,p) level in order to eluci-
date the intra molecular rehybridization and delocaliza-
tion of electron density within the molecule. The molec-
ular interaction is formed by the orbital overlap between
σ(C�C) and σ∗(C�C) bond orbital which results that in-
tramolecular charge (ICT) is causing stabilization of the
system. These interactions are observed as increase in
electron density (ED) in C�C antibonding orbital that
weakens the respective bonds [21]. The electron density
of conjugated double as well as the single bond of the
conjugated ring (≈ 1.9e) clearly demonstrates strong de-
localization inside the molecule.

TABLE II
Occupancy of natural orbitals (NBOs) and hybrids of
1-azanaphthalane-8-ol calculated by B3LYP method with
6-31G(d,p) basis set for C, H, N, O atoms.

Donor
Lewis-type
NBOs

Occupancy Hybrid AO [%]

σN1�C2

σN1�C10

σC2�C3

σC9�O11

σO11�H18

LP(1)N1

LP(1)O11

σ∗N1�C2
σ∗C2�C3
σ∗C2�H12
σ∗C9�O11
σ∗O11�H18

1.9828

1.9744

1.9751

1.9922

1.9909

1.8923

1.9771

0.0160

0.0310

0.0309

0.0252

0.0146

sp1.64

sp1.57

sp1.65

sp3.12

sp3.02

sp3.35

sp1.67

sp1.64

sp1.65

sp2.33

sp3.12

sp3.02

s(37.80%)p(60.99%)d(0.22%)

s(38.81%)p(60.99%)d(0.20%)

s(37.65%)p(62.29%)d(0.05%)

s(24.21%)p(75.60%)d(0.18%)

s(24.89%)p(75.06%)d(0.05%)

s(22.93%)p(76.88%)d(0.19%)

s(37.44%)p(62.50%)d(0.06%)

s(37.80%)p(61.98%)d(0.22%)

s(37.65%)p(62.29%)d(0.05%)

s(30.02%)p(69.95%)d(0.03%)

s(24.21%)p(75.60%)d(0.18%)

s(24.89%)p(75.06%)d(0.05%)

Table II lists the calculated occupancies of natural or-
bital's. Three classes of NBOs are included, the Lewis-
-type (σ and π bonding or lone pair) orbital's, the valence
non-Lewis (acceptors formally un�lled) orbital's and the
Rydberg NBOs, which originate from orbitals outside the
atomic valence shell. The calculated natural hybrids on
atoms are also given in Table II. As seen from Table II,
the σ(N1�C10) bond is formed from sp1.57 hybrid on ni-
trogen (which is the mixture of 38.81% s, 60.99% p, and
0.20% d atomic orbital's). On the other hand, σ(N1�C2)
bond is formed from a sp1.64 hybrid on nitrogen (which
is the mixture of 37.80% s, 61.98% p, and 0.22% d or-
bitals). The π(C9�O11) is formed from sp3.12 hybrid on
oxygen (which is the mixture of 24.21% s, 75.60% p, and
0.18% d).
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TABLE III

Second order perturbation theory analysis of the Fock matrix in NBO basis in 1-azanapthalene-8-ol.

Donor(i) Type ED(e) Acceptor(j) Type ED(e)
E(2)a

[kJ/mol]
E(j)�E(i)b

[a.u.]
F (i, j)c

[a.u.]

N1�C2 σ 1.98281 N1�C10 σ∗ 0.02616 3.02 1.56 0.061

C2�C3 σ∗ 0.03097 1.99 1.51 0.049

C9�C10 σ∗ 0.03088 5.17 1.54 0.080

N1�C2 π 1.82390 C3�C4 π∗ 0.19090 8.50 0.39 0.052

C5�C10 σ∗ 0.05370 0.52 0.99 0.021

N1�C10 σ 1.97443 N1�C2 σ∗ 0.01605 2.85 1.54 0.059

C5�C10 σ∗ 0.05370 4.45 1.55 0.075

C2�C3 σ 1.97506 N1�C2 σ∗ 0.01605 2.20 1.40 0.050

C4�C14 σ∗ 0.02375 5.29 1.16 0.070

C2�H12 σ 1.97053 N1�C10 σ∗ 0.02616 5.01 1.21 0.070

C3�C4 π∗ 0.19090 3.82 0.59 0.044

C3�C4 σ 1.96835 C2�C3 σ∗ 0.03097 4.48 1.44 0.072

C3�C4 π 1.69240 N1�C2 π∗ 0.1605 28.18 0.33 0.086

C2�H2 σ∗ 0.57 0.73 0.020

C3�H13 σ 1.97102 C4�C5 σ∗ 0.03127 4.13 1.16 0.062

C4�C5 σ 1.95722 C3�H13 σ∗ 0.02555 7.02 1.14 0.080

C4�H14 σ 1.96774 C5�C10 σ∗ 0.05370 4.83 1.20 0.068

C5�C6 σ 1.95703 C6�C7 σ∗ 0.01691 4.07 1.39 0.068

C6�C7 π 1.97566 C8�C9 π∗ 0.33166 14.11 0.32 0.061

C8�C9 π 1.97178 C6�C7 π∗ 0.29364 19.68 0.31 0.070

C10 LP(1) 1.0388 C2�C3 σ∗ 0.03097 10.44 0.97 0.091

N1�C2 π∗ 0.32514 81.91 0.13 0.113

C8�C9 π∗ 0.33166 83.18 0.16 0.123

O11 LP(2) 1.86739 C8�C9 π∗ 0.33166 30.01 0.36 0.098
a E(2) means energy of hyper conjugative interaction (stabilization energy).
b Energy di�erence between donor and acceptor i and j NBO orbitals.
c F (i, j) is the Fock matrix element between i and j NBO orbitals.

In Table III the perturbation energies of donor�
acceptor interactions are presented. In our title molecule
1-azanapthalene-8-ol π(C3�C4) → π∗(N1�C2) has
28.18 kJ/mol, π(C8�C9)→ π∗(C6�C7) has 19.68 kJ/mol
and π(C6�C7) → π∗(C8�C9) has 14.11 kJ/mol and
hence they give stronger stabilization to the structure.
From Table II it is noted that the maximum occu-
pancies 1.98282, 1.97443, 1.97506, 1.97556 are obtained
for σ(N1�C2), σ(N1�C10), σ(C2�C3), and π(C6�C7),
respectively. Therefore the results suggest that the
σ(N1�C2), σ(N1�C10), σ(C2�C3), and π(C6�C7) are es-
sentially controlled by the p-character of the hybrid or-
bital's.

The same kind of interaction is calculated in the
same kind of interaction energy, related to the resonance
in the molecule, is electron donating from LP(1)C10
to σ∗(C2�C3), shows less stabilization of 10.44 kJ/mol
and further LP(1)C10 to π∗(N1�C2), leads to strong
stabilization energy of 81.91 kJ/mol and LP(1)C10 to
π∗(C8�C9) resulting in an enormous stabilization of
83.18 kJ/mol. The strong intra-molecular hyper conju-
gation interaction of the σ and the π electrons of C�C
to the anti C�C bond in the ring leads to stabilization of
some part of the ring as evident from Table III.

3.3. Fukui functions

DFT is one of the important tools of quantum chem-
istry to understand popular chemical concepts such as
electronegativity, electron a�nity, chemical potential,
and ionization potential. In order to solve the nega-
tive Fukui function problem, di�erent attempts have been
made by various groups [22]. Kolandaivel et al. [23] intro-
duced the atomic descriptor to determine the local reac-
tive sites of the molecular system. In the present study,
the optimized molecular geometry was utilized in single-
-point energy calculations, which have been performed at
the DFT for the anions and cations of the title compound
using the ground state with doublet multiplicity. The in-
dividual atomic charges calculated by natural population
analysis (NPA) and Mulliken population analysis (MPA)
have been used to calculate the Fukui function.
Table IV shows the f+k , f

−
k and f0k values for the ti-

tle molecule calculated by NPA and MPA gross charges
at DFT level of theory with the basis set (B3LYP/
6-31G(d,p)). It has been found that both NPA and MPA
scheme methods predict that the nitrogen atom N1 has
a higher f+k value for nucleophilic attack. Also both the
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TABLE IV

Condensed Fukui functions calculated by B3LYP/
6-31G(d,p) from the NPA and MPA schemes.

Atoms MPA NPA

f+
k f−

k f0
k f+

k f−
k f0

k

N1

C2

C3

C4

C5

C6

C7

C8

C9

C10

O11

H12

H13

H14

H15

H16

H17

H18

0.4701

-0.1407

0.0174

0.0147

1.1193

-0.1619

-0.1780

0.3466

-0.8558

-1.0076

0.4396

0.1636

0.1403

0.1416

0.1586

0.1535

0.1780

0.0004

-0.3344

-0.5256

0.1277

0.6649

-2.5394

-0.0423

-0.0936

-0.1646

0.8845

2.0707

-0.2676

0.6069

0.3654

0.1849

-0.0032

0.0014

-0.0214

0.0857

0.0679

-0.3332

0.0726

0.3398

-0.7101

-0.1021

-0.1358

0.0910

0.0144

0.5316

0.0860

0.3853

0.2529

0.1633

0.0777

0.0775

0.0783

0.0431

0.0852

0.0626

0.1093

0.0804

-0.0194

0.2147

0.0552

0.1439

0.0872

-0.0185

0.1400

0.0032

0.0127

0.0108

0.0059

0.0079

0.0110

0.0076

0.1005

-0.0167

0.0964

0.1471

-0.0190

-0.0137

0.0043

0.0204

0.0322

0.0315

0.0104

0.1731

0.1262

0.0942

0.0568

0.0636

0.0600

0.0327

0.0929

0.0230

0.1029

0.1138

-0.0192

0.1005

0.0298

0.0822

0.0597

0.0065

0.0752

0.0882

0.0695

0.0525

0.0314

0.0358

0.0355

0.0202

population analysis schemes show N1 nitrogen atom as
the reactive sites for receiving a nucleophilic. From the
values reported in Table IV the reactivity order for the
electrophilic case was C9 > C4 > C3 for MPA analysis.
On the other hand, for nucleophilic attack both N1 and
O11 have greater reactivity value. The attack for rad-
ical case was C10 > C4 for MPA. If one compares the
three kinds of attacks, it is possible to observe that the
electrophilic attack has bigger reactivity compared to the
nucleophilic and radial attack.

3.4. First order hyperpolarizability calculations

Polarizabilities and hyperpolarizabilities characterize
the response of a system in an applied electric �eld [24].
They determine not only the strength of molecular inter-
actions as well as the cross-sections of di�erent scatter-
ing and collision processes, but also the non-linear opti-
cal (NLO) properties of the system [25, 26]. In order to
investigate the relationships among photocurrent gener-
ation, molecular structures and NLO, the polarizabilities
and hyperpolarizabilities of title compound was calcu-
lated using B3LYP method, 6-31G(d,p) basis set, based
on the �nite-�eld approach. The �rst order hyperpolariz-
ability (β) of title molecule along with related properties
(µ, α, and α0) are reported in Table V. The calculated
value of dipole moment was found to be 1.03354 D at
B3LYP/6-31G(d,p). In addition to the isotropic polar-
izabilities and polarizabilities anisotropy invariants were
also calculated. The calculated anisotropy of the polar-
izability α0 of 1-azanapthalene-8-ol is 249.8787 a.u. at
B3LYP/6-31G(d,p) level. The magnitude of the molecu-
lar hyperpolarizability β is one of key factors in a NLO
system. The B3LYP/6-31G(d,p) calculated �rst order
hyperpolarizability value (β0) of 1-azanapthalene-8-ol is
equal to 2.4302 × 10−30 esu. Total dipole moment of
title molecule is slightly smaller than those of urea and

TABLE V

The B3LYP/6-31G(d,p) calculated electric dipole moments
(Debye), polarizability (in a.u.), B components and βtot
(10−31 esu) value of 1-azanapthalene-8-ol.

Parameters
B3LYP/

6-31G(d,p)
Parameters

B3LYP/
6-31G(d,p)

µx 0.70363 βxxx 153.85928

µy −0.74025 βxxy 0.715038

µz −0.15871 βxyy 16.87299

µ 1.03354 βyyy −186.3781

αxx 136.04879 βxxz −33.5478

αxy 0.126794 βxyz 26.81478

αyy 104.51901 βyyz 25.29785

αxz −3.49817 βxzz 18.6219

αyz −2.60709 βyzz −20.5898

αzz 41.75965 βzzz −18.7576

α0 94.1091
βtot (esu) 2.4302 × 10−30

α 249.8787

�rst order hyperpolarizability of title molecule is approxi-
mately eight times greater than those of urea. This result
indicates the nonlinearity of the title molecule.

4. Conclusion

According to our results the following conclusions are
derived for the 1-azanapthalene-8-ol.
1. The NBO analysis has provided the detailed in-

sight into the type of hybridization and the nature of
bonding in 1-azanapthalene-8-ol. The σ(N1�C2) bonds
are formed from sp1.64 hybrid on nitrogen atom and
π(C9�O11) bond is formed from sp3.12. The strongest
electron donation occurs from a lone pair to the anti-
-bonding acceptor π∗(C8�C9) orbital's.
2. The predicted �rst order hyperpolarizability shows

that the molecule might have a reasonably good NLO
behavior. Mulliken atomic charges analysis shows that
charge transfer occurs within the molecule. NBO results
re�ect the charge transfer mainly due to C�O group.
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