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ABSTRACT 
The inhibition performance of 5-tolyl-2-phenylpyrazolo[1,5-c] pyrimidine-7(6H)thione (Tolyl), 5-tolyl-2-phe- 
enylpyrazolo [1,5-c]pyrimidine-7(6H)one (Inon) was investigated as corrosion inhibitors using density functional 
theory (DFT) at the B3LYP/6-31 + G(d,p) level of theory. The calculated quantum chemical parameters correla- 
ted to the inhibition efficiency are: the highest occupied molecular orbital energy ( HOMOE ), the lowest unoccu- 
pied molecular orbital energy ( LUMOE ), the energy gap ( L-HE∆ ), dipole moment ( µ ), ionization energy ( I ), elec- 
tron affinity ( )A , absolute electronegativity ( χ ), absolute hardness (η ), absolute softness (σ ), the fraction of 
electron transferred ( NΔ ), and the total energy ( totE ) which were calculated. The local reactivity has been ana-
lyzed through the Fukui function and local softness indices in order to compare the possible sites for nucleophilic 
and electrophilic attacks. The success of DFT calculations in predicting the inhibition efficiency was assessed. 
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1. Introduction 
Corrosion of metals is a major industrial problem that has 
attracted many investigation and researches. The use of 
inhibitors is one of the most practical methods to protect 
metals against corrosion. Most efficient inhibitors are 
organic compounds containing electronegative functional 
groups and π-electrons in triple or conjugated double 
bonds. Researchers conclude that the adsorption on the 
metal surface depends mainly on the physicochemical 
properties of the inhibitor group, such as the functional 
group, molecular electronic structure, electronic density at 
the donor atom, π-orbital character and the molecular size 
[1-3]. A number of heterocyclic compounds containing 
nitrogen, oxygen, and sulphur either in the aromatic or 
long chain carbon system have been reported to be effec-
tive inhibitors [4,5]. The inhibition efficiency has been 

closely related to the inhibitor adsorption abilities and the 
molecular properties for different kinds of organic com-
pounds [6,7]. Organic compounds, which can donate 
electrons to unoccupied d-orbital of metal surface to form 
coordinate covalent bonds and can also accept free elec- 
trons from the metal surface by using their anti-bonding 
orbital to form feedback bonds, constitute excellent cor- 
rosion inhibitors [8,9].  

A lot of work on heterocyclic inhibitors has been stud- 
ied experimentally [10-14]. On the other hand, many re- 
ported theoretical studies in order to correlate between 
structural and electronic parameters and the inhibition ef- 
ficiency [6,8,15-19]. The results from these researches 
have been used to interpret very well many experimental 
phenomena.  

Density functional theory (DFT) [20,21] following the 
approach of Kohn and Sham has proven to be an impor- 
tant tool in modern quantum chemistry because of its *Corresponding author. 

OPEN ACCESS                                                                                        OJPC 

http://www.scirp.org/journal/ojpc
http://dx.doi.org/10.4236/ojpc.2014.41002
mailto:nwazzan@kau.edu.sa


N. A. WAZZAN, F. M. MAHGOUB 7 

ability to include some effects of electron correlation at a 
greatly reduced computational cost [22-24]. Recently, DFT 
methods have been used to analyze the characteristics of 
the inhibitor/surface mechanism and to describe the struc- 
tural nature of the inhibitor in corrosion process [6,25-28].  

The object of the present paper is to carry out a DFT 
calculations on the electronic parameters of two pyra- 
zolo[1,5-c]pyrimidine derivatives and they are: 

5-tolyl-2-phenylpyrazolo[1,5-c]pyrimidine-7(6H)thion
e (Tolyl) 

5-tolyl-2-phenylpyrazolo[1,5-c]pyrimidine-7(6H)one 
(Inon)  
used as inhibitors, and to determine a relationship bet- 
ween some quantum chemical parameters obtained from 
the structure of the compounds and the inhibition effi- 
ciencies of corrosion of ferrous alloys obtained experi- 
mentally by Mahgoub et al. [12]. The chemical structures 
of the studied inhibitors are shown in Figure 1. 

Computational calculations were obtained by means of 
DFT/B3LYP/6-31 + G(d,p) level of theory. Parameters 
such as HOMOE , LUMOE , energy gap ( L HE −∆ ), dipole 
moment ( µ ), ionization energy ( I ), electron affinity 
( )A , absolute electronegativity ( χ ), absolute hardness 
(η ), absolute softness ( σ ), the fraction of electron 
transferred ( N∆ ), and the total energy ( totE ) were cal-
culated. The local reactivity has been analyzed by means 
of the Fukui indices, since they indicate the reactive re-
gion, in the form of the nucleophilic and electrophilic 
behavior of each atom in the molecule. 

2. DFT Calculations 
The present calculations were performed using Gaussian 
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Figure 1. The molecular structures of the investigated in-
hibitors: (a) 5-tolyl-2-phenylpyrazolo [1,5-c] pyrimidine- 
7(6H) thione (Tolyl), (b) 5-tolyl-2-phenylpyrazolo [1,5-c] 
pyrimidine-7(6H)one (Inon). 

09 program package [29]. Geometry optimizations were 
conducted by DFT using Becke’s three parameter ex-
change functional (B3) [30], and includes a mixture of 
HF with DFT exchange terms associated with the gradi-
ent corrected correlation functional of Lee, Yang, and 
Parr (LYP) [31] and the 6-31 + G(d,p) basis set.  

In geometry optimizations every bond length, bond 
angle and dihedral angle was allowed to relax, free of 
constraints. The nature of the stationary points was con-
firmed by vibrational frequency analysis, to verify that 
only real frequencies values (i.e. no imaginary frequency) 
were obtained for all geometries. In order to calculate the 
Fukui functions, the electron populations for neutral 
Tolyl, Tolyl cation, Tolyl anion, neutral Inon, Inon cation, 
and Inon anion species were calculated (using: the key-
word Pop = Full). For the ionic forms, the calculations 
were performed at the optimized geometries of the neu-
tral forms (using: single point energy calculation; charge 
= ±1; and multiplicity = Doublet). This avoids the prob-
lem of trying to do a geometry optimization on a species 
that may not be a stationary point on the potential energy 
surface. 

Frontier molecular orbitals; highest occupied molecu-
lar orbital (HOMO) and lowest unoccupied molecular 
orbital (LUMO) was used to predict the adsorption cen-
ters of the inhibitor molecule. For the simplest transfer of 
electrons, adsorption should occur at the part of the 
molecule where the softness, σ , which is a local prop-
erty, has the highest value. According to Koopman’s 
theorem [32], the energies of the HOMO and the LUMO 
orbitals of the inhibitor molecule are related to the ioni-
zation potential, I , and the electron affinity, A , re-
spectively, by the following relationships: 

HOMOI E= −                 (1) 

LUMOA E= −                 (2) 

Absolute electronegativity, χ, and absolute hardness, η, 
of the inhibitor molecule are given [33]: 

2
I Aχ +

=                  (3) 

2
I Aη −

=                  (4) 

The softness is the inverse of the hardness [33]: 

1σ
η

=                   (5) 

Electronegativity, hardness, and softness have proved 
to be very useful quantities in chemical reactivity theory. 
When two systems, Fe and inhibitor, are brought together, 
electrons will flow from lower χ  (inhibitor) to higher 
χ  (Fe), until the chemical potentials become equal.  

The number of transferred electrons ( N∆ ) was also 
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calculated by using the equation below [32]: 

( )2
Fe inh

Fe inh

N
χ χ
η η

−
∆ =

+
             (6) 

where Feχ  and inhχ  denote the absolute electronega-
tivity of iron and inhibitor molecule, respectively, Feη  
and inhη  denote the absolute hardness of iron and the 
inhibitor molecule, respectively. 

In this study, we use the theoretical value of 
7 eV molFeχ =  and 0 eV molFeη = for the computa-

tion of number of transferred electrons [32]. The absolute 
electrophilicity index is given by [34]: 

2

2
µω
η

=                   (7) 

According to the definition, this index measures the 
tendency of chemical species to accept electrons. More 
reactive nucleophile is characterized by lower value of 
µ , and ω ; and conversely more reactive electrophile is 
characterized by a higher value of µ , and ω . This new 
reactivity index measures the stabilization in energy 
when the system acquires an additional electronic charge 

N∆  from the environment. 

3. Results and Discussion 
3.1. Experimental Findings [12] 
F. M. Mahgoub et al. investigated experimentally the 
inhibition of corrosion of ferrous alloys using a group of 
pyrazolo [1,5-c] pyrimidine as corrosion inhibitors. Us-
ing electrochemical measurements and corrosion tests 
such as Tafel extrapolation and linear polarization resis-
tance techniques they indicated clearly a decrease in the 
corrosion rate in the presence of Tolyl and Inon inhibi-
tors. The inhibition efficiencies of the Tolyl compound 
are markedly higher than that of the Inon compound 
(Table 1). 

3.2. Theoretical Findings 
Figure 2 shows the optimized structures of Tolyl and 
Inon inhibitors along with atomic numbering. For Tolyl 
and Inon molecules, the computed quantum chemical 
properties such as HOMOE , LUMOE , L HE −∆ , and dipole 
moment ( µ ) are given in Table 2. 

Frontier molecular orbital (FMO): The interaction 
between the inhibitor and the metal is through the dona- 
tion of the electrons from the inhibitor occupied orbitals 
(mainly from the HOMO ) to the d-orbital of the metal 
[27], and also through the acceptance of the electrons 
from the d-orbital of the metal to the unoccupied orbitals 
(mainly to the LUMO ) of the inhibitor. Thus, HOMOE  
measures the tendency of donating electron by a mole- 
cule [35]. Therefore, higher value of HOMOE  indicates 
better tendency of donating electron, and enhancing the  

Table 1. Corrosion rate and the protection efficiency (%P) 
of 0.01 M of pyrazolo [1,5-c] pyrimidine inhibitors from 
Tafel and linear polarization plots for carbon steel in stag-
nant cooling water (200 ppm Cl− ) at 25˚C [12]. 

Inhibitor Tafel extrapolation Linear polarization 
 Rate (mpy) %P ( )1 1 2

PR cm− − −Ω  %P 
Blank 10.34 − 1.16 − 
Tolyl 0.68 93.42 0.07 93.97 
Inon 4.64 55.18 0.58 49.14 

 

 
(a) 

 
(b) 

Figure 2. Optimized geometries of (a) Tolyl and (b) Inon 
molecules along with atomic numbering calculated at 
B3LYP/6-31 + G(d, p) level of theory. 
 
Table 2. Calculated quantum chemical parameters of Tolyl 
and Inon molecules calculated at B3LYP/6-31 + G(d,p) level 
of theory. 

Quantum parameters Unit Tolyl Inon 

HOMOE  (eV) −0.21463 −0.21943 

LUMOE  (eV) −0.06821 −0.06535 

L HE −∆  (eV) 0.14642 0.15408 
µ (debye) 7.2231 6.8992 

 
adsorption of the inhibitor on the metal surface and 
therefore better inhibition efficiency. On the other hand, 

LUMOE  indicates the ability of the molecule to accept 
electrons, therefore, lower value of LUMOE  indicates 
better ability to accept electrons, and also this will en-
hance the adsorption of the inhibitor on the metal surface 
and therefore better inhibition efficiency. The binding 
ability of the inhibitor to the metal surface increases with 
increasing of the HOMO  and decreasing of the 
LUMO  energy values. Frontier molecular orbital dia-
grams of Tolyl and Inon is shown in Figure 3. From 
Table 2, the highest value of LUMO  −0.21463 eV of  
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Figure 3. Frontier molecular orbitals (FMO) of Tolyl and Inon molecules calculated at B3LYP/6-31 + G(d,p) level of theory. 

 
Tolyl compared to that of Inon −0.21943 eV, also the 
lowest value of LUMOE  −0.06821 eV of Tolyl compared 
to that of Inon −0.06535eV indicates the better inhibition 
efficiency of Tolyl, a result which is in total a agreement 
with the experimental finding. 

The energy gap ( L H LUMO HOMOE E E−∆ = − ) is an im-
portant parameter as a function of reactivity of the in-
hibitor molecule towards the adsorption on the metal 
surface. As L HE −∆  decreases the reactivity of the mole- 
cule increases leading to better inhibition efficiency [28]. 
Table 2 shows that Tolyl inhibitor has the lowest energy 
gap 0.14642 eV compared to of Inon inhibitor 0.15408 
eV, with a difference equals 0.0077 eV; this means that 
Tolyl molecule could have better performance as carrion 
inhibitor than Inon molecule, a conclusion which is in 
total agreement with the experimental finding. 

Dipole moment: The dipole moment ( µ ) is another 
important electronic parameter that result from non-uni- 
form distribution of charges on the various atoms in the 
molecule. The high value of dipole moment probably 
increases the adsorption between the inhibitor and the 
metal surface [36]. The energy of the deformability in- 
creases with the increase in µ , making the molecule 
easier to adsorb at the ferrous surface. In addition, the 
volume of the inhibitor molecules also increases with the 
increase of µ , this increase the contact area between the 
molecule and the surface of iron and increasing the cor-
rosion inhibition ability of the inhibitor. In our study, the 
value 7.2231 Debye of Tolyl indicates its better inhibi-
tion efficiency compared to 6.8992 Debye of Inon which 
totally agrees with the experimental findings (Table 2). 

Other computed quantum chemical properties such as 
ionization energy ( I ), electron affinity ( )A , absolute 
electronegativity ( χ ), absolute hardness (η ), absolute  

softness (σ ), absolute electrophilicity (ω ), the fraction 
of electron transferred ( N∆ ), and the total energy ( totE ) 
for Tolyl and Inon inhibitors are given in Table 3. 

Ionization energy: Ionization energy ( I ) is a funda- 
mental descriptor of the chemical reactivity of a toms and 
molecules. High ionization energy indicates high stability 
and chemical inertness and vice versa [37]. The low ioni- 
zation energy 0.21463 eV of Tolyl indicates its high inhi- 
bition efficiency compared to 0.21943 eV of Inon which 
totally agrees with the experimental findings (Table 3). 

Electronegativity: Table 3 shows the order of elec- 
tronegativity )(χ  as Tolyl < Inon. Hence, an increase in 
the difference of electronegativity between the metal and 
the inhibitor is observed in the order Tolyl > Inon. Ac- 
cording to Sanderson’s electronegativity equalization 
principal [38], Inon with a high electronegativity and low 
difference of electronegativity quickly reaches equaliza- 
tion and hence low reactivity is expected which in turn 
indicates low inhibition efficiency, also conclusion in 
total agreement with the experimental finding. 

Hardness and softness: Absolute hardness ( )η  and 
softness ( )σ  are important properties to measure the 
molecular stability and reactivity. It is apparent that the 
chemical hardness fundamentally signifies the resistance 
towards the deformation or polarization of the electron 
cloud of the atoms, ions, or molecules under small per- 
turbation of chemical reaction. A hard molecule has a 
large energy gap (large L HE −∆  value) and a soft mole- 
cule has a small energy gap (small L HE −∆  value) [1]. In 
this study Tolyl with low hardness value 0.07321η = eV 
compared to that of the Inon 0.07704η = eV has a low 
energy gap. Normally, the inhibitor with the least value 
of absolute hardness (hence, the highest value of absolute 
softness) is expected to have the highest inhibition effi- 
ciency [39]. Tolyl with the softness value of 13.65934 eV  
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Table 3. Calculated quantum chemical parameters of Tolyl 
and Inon molecules calculated at B3LYP/6-31 + G(d,p) level 
of theory. 

Quantum  
parameters Unit Tolyl Inon 

HOMOI E= −  (au) 0.21463 0.21943 

LUMOA E= −  (au) 0.06821 0.06535 

2
I Aχ +

=
 (au) 0.14142 0.14239 

2
I Aη −

=
 (au) 0.07321 0.07704 

1σ
η

=
 (au−1) 13.65934 12.98027 

2

2
µω
η

=
 (au) 356.32546 308.92370 

( )2
Fe inh

Fe inh

N χ χ
η η

−
∆ =

+

 
 46.84182 44.50681 

totE  (au) −1295.56608 −972.61603 

 
has the highest inhibition efficiency compared to 
12.98027 eV of Inon; this result is also in agreement with 
the experimental finding (Table 3) 

Number of electrons transferred: The number of 
electrons transferred ( N∆ ) was also calculated and tabu- 
lated in Table 3. If 3.6N∆ < , the inhibition efficiency 
increases by increasing the electron-donating ability of 
these inhibitors to donate electrons to the metal surface 
[40] and it increases in the following order: Tolyl > Inon. 
The results indicate that N∆ values correlate strongly 
with experimental inhibition efficiencies. Thus, the 
highest fraction of electron transferred is associated with 
the best inhibitor Tolyl ( 46.841N∆ = ), while, the least 
fraction is associated with the inhibitor that has the least 
inhibition efficiency Inon ( 44.5068N∆ = ). 

Total energy: The total energy of Tolyl inhibitor is
1295.57 a.u.totE = − , while for Inon inhibitor it is
972.62 a.u.totE = − , hence, the difference in the total ener- 

gies between the two inhibitors is 322.95 a.u.totE∆ =  
This result indicated that Tolyl inhibitor is favorably ad-
sorbed through the active centers of adsorption on the 
ferrous surface (Table 3). 

Local selectivity: The local selectivity of a corrosion 
inhibitor is best analyzed using the Fukui function [41, 
42]. The Fukui indices permit the distinction of each part 
of a molecule on the basis of its chemical behavior due to 
different substituent functional groups. The Fukui func- 
tion can be formally defined as: 

( )
N

f r δσ
δν

 =  
 

              (8) 

where ( )rν  indicates that the differentiation is carried 
out under constant external potentials, and the functional 
derivative must be taken at constant number of electron, 
N . If it is assumed that the total energy, E , is a func-
tion of ( )rν  and is an exact differential, then the 
Maxwell relations between derivatives can be applied to 
derive the following equation: 

( ) ( )rf r
N ν

δρ
δ

 =  
 

              (9) 

where ( )rρ  is the electron density. Equation (9) is the 
most standard presentation of the Fukui function. The 
Fukui function is provoked by the fact that if an electron 
δ  is transferred to an N  electron molecule, it will 
tend to distribute so as to minimize the energy of the re- 
sulting N δ+  electron system. The resulting change in 
electron density is the nucleophilic ( f + ) and electro- 
philic ( f − ) Fukui functions, which can be calculated 
using the finite difference approximation as follows: 

( )
( ) ( )1N N

r
f

N
ν

δρ
ρ ρ

δ

+

+
+

 
= = − 
 

     (10) 

( )
( ) ( )1N N

r
f

N
ν

δρ
ρ ρ

δ

+

−
−

 
= = − 
 

      (11) 

where ( )1Nρ + , ( )Nρ , and ( )1Nρ −  are the electronic den-
sities of anionic, neutral, and cationic forms of the atom 
with 1N + , N , and 1N −  electrons.  

Calculated values of ( )1Nρ + , ( )Nρ , ( )1Nρ − , f + , and 
f −  for Tolyl and Inon are presented in Tables 4 and 5. 

The f +  measures the changes of density when the 
molecule gain electron/s and it corresponds to reactivity 
with respect to nuecleophilic attack, thus, the site for 
nucleophilic attack is the site where the value of f +  is 
maximum. On the other hand, f −  corresponds to reac-
tivity with respect to electrophilic attack or when the 
molecule loss electron/s, thus, the site for electrophilic 
attack is the site where the value of f −  is maximum. 
For the Tolyl inhibitor, Table 4, it can be deduced that 
the sites for nucleophilic attack is in the carbon atom 
(C13). However, the sites for electrophilic attack are in 
the carbon atoms (C26 and C29). For the Inon inhibitor, 
Table 5, the sites for nucleophilic attack is in the carbon 
atom (C3). However, the sites for electrophilic attack are 
in the carbon atoms (C13, C18, and C24). 

The HOMO  and LUMO  orbitals of Tolyl and Inon, 
Figure 2, clearly reveal the information that governs the 
nucleophilic and electrophilic attacks on the studied in- 
hibitors. The information obtained from the HOMO  
and LUMO orbitals are consistent with the findings ob- 
tained from the Fukui function. The FMO diagram of 
Tolyl and Inon indicates the lack of electron cloud in 
LUMO  in C13 and C3 for Tolyl and Inon inhibitors, 
respectively, which is confirmed by the Fukui function
f + . In case of HOMO  of Tolyl the dense electron 

cloud around (C26 and C29) indicates the site of elec-
trophilic attack. The same is the case around (C13 and 
C18, and C24) in Inon as confirmed by the Fukui func-
tion f −  too. 

The local softness, σ +  and σ − , for an atom can be 
expressed as the product of the Fukui function, f + and  
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Table 4. Electron densities (ED), Fukui ( f +  & f − ) and local softness (σ +  & σ − ) indices for nucleophilic and electrophilic 
attacks in Tolyl calculated at B3LYP/6-31 + G(d,p) level of theory. 

  ED     
Number & Atom Tolyl Tolyl cation Tolyl anion f +  f −  σ +  σ −  
1 C 6.33398 6.31939 6.34772 −0.01459 −0.01374 −0.19934 −0.18764 
2 C 5.54040 5.51512 5.56286 −0.02528 −0.02246 −0.34534 −0.30679 
3 C 5.54462 5.53868 5.52984 −0.00594 0.01478 −0.08115 0.20191 
4 C 6.92758 6.90721 6.97282 −0.02037 −0.04524 −0.27819 −0.61800 
5 C 5.99172 5.97977 5.98440 −0.01195 0.00731 −0.16323 0.09988 
6 C 6.23699 6.20135 6.27367 −0.03563 −0.03668 −0.48671 −0.50105 
7 H 0.87125 0.84445 0.89345 −0.02680 −0.02220 −0.36611 −0.30322 
8 H 0.84957 0.84385 0.85498 −0.00572 −0.00541 −0.07809 −0.07390 
9 H 0.89016 0.87631 0.89562 −0.01385 −0.00546 −0.18917 −0.07459 

10 H 0.87536 0.84599 0.89762 −0.02937 −0.02225 −0.40112 −0.30399 
11 H 0.87577 0.84272 0.90166 −0.03304 −0.02589 −0.45136 −0.35364 
12 C 6.43052 6.37145 6.47589 −0.05907 −0.04537 −0.80687 −0.61975 
13 C 6.10110 6.12200 6.10673 0.02090 −0.00563 0.28547 −0.07696 
14 N 6.89364 6.79874 6.94713 −0.09490 −0.05348 −1.29633 −0.73054 
15 N 7.19098 7.18885 7.18557 −0.00213 0.00541 −0.02912 0.07384 
16 C 5.60464 5.60811 5.58073 0.00348 0.02391 0.04747 0.32653 
17 C 6.47492 6.42911 6.58500 −0.04581 −0.11008 −0.62568 −1.50367 
18 C 6.03984 6.06692 6.02122 0.02708 0.01862 0.36995 0.25435 
19 N 7.21726 7.18203 7.22500 −0.03523 −0.00774 −0.48123 −0.10572 
20 C 6.00237 6.00231 5.98891 −0.00006 0.01346 −0.00083 0.18380 
21 S 15.96047 15.71851 16.13916 −0.24195 −0.17869 −3.30493 −2.44076 
22 H 0.85908 0.81829 0.89273 −0.04080 −0.03365 −0.55723 −0.45958 
23 H 0.65587 0.63561 0.66894 −0.02026 −0.01307 −0.27678 −0.17847 
24 C 6.07829 6.04636 6.16478 −0.03193 −0.08649 −0.43616 −1.18138 
25 C 6.37156 6.39077 6.37024 0.01921 0.00132 0.26235 0.01798 
26 C 5.62244 5.63637 5.57685 0.01393 0.04559 0.19032 0.62277 
27 C 6.35166 6.35592 6.34190 0.00426 0.00975 0.05826 0.13321 
28 C 5.87439 5.85395 6.00482 −0.02044 −0.13043 −0.27918 −1.78153 
29 C 5.94625 5.89363 5.90040 −0.05262 0.04584 −0.71870 0.62618 
30 H 0.87185 0.86148 0.89349 −0.01037 −0.02164 −0.14166 −0.29559 
31 H 0.87321 0.84698 0.90811 −0.02623 −0.03490 −0.35822 −0.47677 
32 H 0.87185 0.84627 0.90686 −0.02557 −0.03501 −0.34931 −0.47824 
33 H 0.86580 0.85693 0.89175 −0.00888 −0.02594 −0.12123 −0.35438 
34 C 6.52846 6.46631 6.63098 −0.06214 −0.10252 −0.84883 −1.40037 
35 H 0.82687 0.80634 0.85547 −0.02053 −0.02860 −0.28040 −0.39064 
36 H 0.84175 0.82543 0.86397 −0.01632 −0.02222 −0.22295 −0.30352 
37 H 0.84228 0.82672 0.86405 −0.01556 −0.02177 −0.21254 −0.29732 
38 H 0.86531 0.82976 0.89470 −0.03555 −0.02939 −0.48558 −0.40145 

 
f − , and the global softness, σ , as follows: 

fσ σ+ +=               (12) 

fσ σ− −=               (13) 

The local softness contains information similar to 
those obtained from Fukui function plus additional in-
formation about the molecular softness, which is related 
to the global reactivity with respect to a reaction partner. 

Calculated values of σ +  and σ −  are presented in Ta-
bles 4 and 5. From the results obtained, the sites for elec-
trophilic and nucleophilic attack in the studied molecules 
are not similar. 

4. Conclusion 

Using the DFT/B3LYP/6-31 + G(d,p) level of theory, the 
inhibition efficiency of two pyrazolo [1,5-c] pyrimidine  
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Table 5. Electron densities (ED), Fukui ( +f  & −f ) and local softness ( +σ  & −σ ) indices for nucleophilic and electro-
philic attacks in Inon calculated at B3LYP/6-31 + G(d,p) level of theory. 

  ED     
Number & Atom Inon Inon cation Inon anion f +  f −  σ +  σ −  

1 C 6.48916 6.47821 6.50282 −0.01095 −0.01366 −0.14953 −0.18664 
2 C 5.14570 5.09850 5.20861 −0.04720 −0.06291 −0.64469 −0.85935 
3 C 5.26178 5.26936 5.22846 0.00758 0.03333 0.10352 0.45521 
4 C 7.16667 7.15542 7.16149 −0.01126 0.00518 −0.15375 0.07080 
5 C 6.43465 6.41462 6.43607 −0.02004 −0.00142 −0.27366 −0.01938 
6 C 6.19026 6.15136 6.21677 −0.03890 −0.02651 −0.53128 −0.36207 
7 H 0.87250 0.84223 0.89376 −0.03026 −0.02126 −0.41335 −0.29041 
8 H 0.85120 0.83917 0.85431 −0.01202 −0.00311 −0.16424 −0.04249 
9 H 0.88906 0.87481 0.89209 −0.01425 −0.00303 −0.19467 −0.04136 

10 H 0.87597 0.84427 0.89721 −0.03170 −0.02124 −0.43297 −0.29015 
11 H 0.87670 0.84090 0.90115 −0.03580 −0.02445 −0.48895 −0.33393 
12 C 5.92305 5.84689 5.98639 −0.07615 −0.06334 −1.04021 −0.86524 
13 C 6.56156 6.59484 6.55563 0.03328 0.00593 0.45461 0.08101 
14 N 6.90740 6.75315 7.01710 −0.15424 −0.10971 −2.10683 −1.49851 
15 N 7.38381 7.40233 7.36453 0.01852 0.01928 0.25304 0.26334 
16 C 5.38587 5.37614 5.39313 −0.00973 −0.00726 −0.13289 −0.09924 
17 C 6.59363 6.54798 6.66084 −0.04565 −0.06721 −0.62354 −0.91803 
18 C 5.86054 5.88252 5.83060 0.02199 0.02993 0.30031 0.40889 
19 N 7.41681 7.38267 7.45092 −0.03414 −0.03411 −0.46634 −0.46593 
20 C 5.32033 5.30466 5.34046 −0.01568 −0.02013 −0.21412 −0.27496 
21 H 0.86216 0.82024 0.89442 −0.04192 −0.03226 −0.57261 −0.44062 
22 H 0.66261 0.63714 0.68186 −0.02546 −0.01925 −0.34781 −0.26301 
23 C 6.23551 6.21534 6.32340 −0.02017 −0.08789 −0.27550 −1.20051 
24 C 6.23838 6.25339 6.25052 0.01501 −0.01214 0.20503 −0.16584 
25 C 5.64173 5.65178 5.58817 0.01005 0.05355 0.13733 0.73151 
26 C 6.45820 6.46157 6.45730 0.00337 0.00090 0.04606 0.01227 
27 C 5.71726 5.68002 5.86597 −0.03724 −0.14871 −0.50866 −2.03125 
28 C 5.89677 5.84612 5.85100 −0.05065 0.04577 −0.69180 0.62522 
29 H 0.87109 0.85749 0.89748 −0.01360 −0.02640 −0.18573 −0.36058 
30 H 0.87340 0.84394 0.91117 −0.02946 −0.03777 −0.40238 −0.51595 
31 H 0.87329 0.84323 0.91203 −0.03006 −0.03874 −0.41064 −0.52920 
32 H 0.86805 0.85083 0.89840 −0.01722 −0.03036 −0.23519 −0.41463 
33 C 6.53859 6.47041 6.65143 −0.06818 −0.11284 −0.93125 −1.54129 
34 H 0.82777 0.80376 0.85930 −0.02400 −0.03154 −0.32785 −0.43077 
35 H 0.83917 0.82006 0.86461 −0.01911 −0.02544 −0.26103 −0.34743 
36 H 0.84472 0.82694 0.86799 −0.01778 −0.02327 −0.24286 −0.31781 
37 H 0.86782 0.82844 0.89953 −0.03937 −0.03172 −0.53782 −0.43323 
38 O 8.47689 8.38923 8.53308 −0.08766 −0.05620 −1.19738 −0.76760 

 
derivatives is investigated leading to the following con-
clusions: 

1) Through DFT calculations, a correlation between 
parameters related to the electronic and molecular struc-
tures of these derivatives and their ability to inhibit the 
corrosion process could be established. 

2) The inhibition efficiency of these derivatives ob-
tained quantum chemically increases with the increase in

HOMOE , and decrease in LUMOE  and energy gap L HE −∆ . 
Tolyl has the highest inhibition efficiency because it had 
the highest HOMO  energy. 

3) The parameters like hardness ( )η  and softness 
( )σ  confirm the inhibition efficiency in order of Tolyl > 
Inon. 

4) The total energy of the best inhibitor, Tolyl, is 
lower than that of the Inon inhibitor, thus, the Tolyl is 
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favorably adsorbed through the active center/s of adsorp-
tion on the ferrous surface. 

5) A direct relationship between the inhibition effi-
ciency and the dipole movement ( )µ  and the number 
of transferred electrons ( )N∆ . 

6) From the local reactivity indices, Fukui function 
shows the nucleophilic and electrophilic attacking sites in 
pyrazolo [1,5-c] pyrimidine derivatives. 

Finally, this study displays a good correlation between 
the theoretical and experimental data which confirm the 
reliability of the quantum chemical methods to study the 
inhibition of corrosion of metal surfaces. 
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