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Abstract 
The theoretical study of chlorpropamide, tolazamide and glipizide was car-
ried out by the Density Functional Theory (DFT) at B3LYP/6-31G(d) level. 
This study made it possible to determine the global reactivity parameters in 
order to better understand the interactions between the molecules studied 
and the copper surface. Then, the determination of local reactivity indices 
(Fukui functions and dual descriptor) on these molecules resulted in the pre-
cision on the most probable centers of nucleophilic and electrophilic attacks 
within each molecule. The results obtained, show that chloropropamide, to-
lazamide and glipizide can be good inhibitors against copper corrosion. Thus, 
the mechanism of copper corrosion inhibition of these compounds in nitric 
acid solution has been explained by means of theoretical calculations. 
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1. Introduction 

Corrosion is a chemical degradation of a material and the alteration of its prop-
erties by chemical reaction with the surrounding environment. It is a phenome-
non that affects many structures by rendering them unusable for their intended 
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application, particularly those made of metallic materials. Indeed, metallic mate-
rials, especially copper, are widely used in industry because of its remarkable 
physical, mechanical, anti-corrosion and biological properties [1]. During its 
use, copper is exposed to the action of aggressive media [2] [3], such as acid so-
lutions which act as corrosive agents. These acid solutions, which very often 
contribute to copper degradation, are used in several areas [4] [5], namely: pick-
ling or acid cleaning, oil well stimulation, removal of localized deposits and in-
dustrial synthesis processes. For reducing this phenomenon, corrosion inhibi-
tors, especially organic molecules, are used. These first act by adsorption on the 
surface of metals before intervening in the corrosion reaction process to reduce 
the speed [6] [7]. Several works [8]-[13] have shown that organic compounds, 
corrosion inhibitors contain heteroatoms (S, P, O, N) and/or π bonds including 
all the aromatic rings in their molecular structure which can offer special active 
electrons or vacant orbitals capable of accepting or giving electrons. In order to 
preserve the environment, the solution of non-toxic organic inhibitors seems to 
be the most widely used method [14] [15] [16] in both industry and crafts. So, to 
inhibit the corrosion of metals, several researches have been directed towards 
natural products [17] [18] extracted from plant sources and pharmaceutical mo-
lecules [19] [20]. Since the adsorption of an organic compound is linked to its 
molecular structure, the use of quantum chemical methods is more than neces-
sary to achieve the descriptive parameters of the molecules. Many studies in the 
literature [21] [22] [23] show the correlations between the organic molecules 
chemical reactivity and their descriptor parameters. Theoretical calculations [24] 
are today an indispensable tool for the control of molecular structures, the phy-
sico-chemical properties of matter and the understanding of metal-molecule in-
teractions. This activity is favoured by the powerful computers and the quality of 
software (Gaussian, Gamess, Molpro, NWchem, etc.) which have enabled the 
development of numerical simulation and molecular modelling methods. These 
calculations [25]-[31] contribute to a better understanding of inhibition proper-
ties and reactive behavior of the molecules studied. So, they give access to the 
molecules parameters such as highest occupied molecular orbital energy (EHOMO), 
lowest unoccupied molecular orbital energy (ELUMO), energy gap (∆E), dipole 
moment (μ), electronegativity χ, hardness η, softness S, electrophylicity index ω. 
Local parameters (Fukui function kf

+  or kf
−  and dual descriptor (Δ kf

+  or 
Δ kf

− ) allowed to access the nucleophilic and electrophilic attack sites of the mo-
lecules in order to better understand the mechanism of corrosion inhibition by 
organic molecules. 

The objective of this work is to study theoretically the inhibition properties of 
three antidiabetic drugs of the sufonylureas family which are chlorpropamide, 
tolazamide, and glipizide. The choice of these molecules is based on the exis-
tence of heteroatoms such as nitrogen, oxygen and sulfur; π bonds and aromatic 
rings which are important factors to be good inhibitors and they are not toxic at 
low concentration.  
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2. Materials and Methods 
2.1. Studied Molecules 

The molecular structure of each compound is given by Figure 1. 

2.2. DFT Calculations 

In this work, the quantum chemical calculations were performed with Gaussian 
09 W software [32]. Density Functional Theory (DFT) is an application incor-
porated in the commercial software (Gaussian). This application has permitted 
to optimize the geometry of each molecule at B3LYP level, with 6-31G(d) basis 
set. Indeed B3LYP with Becke’s three parameter Lee-Yang Parr hybrid function-
al, provides good results which allow to describe with precision the behavior of 
organic compounds [33] [34]. These calculations provided to access to the global 
and local descriptor parameters, which will facilitate the understanding of met-
al-molecule interactions. The optimized structure of the studied compounds is 
given in Figure 2. 

The determination of global reactivity parameters helps to explain the inhibi-
tion properties of organic molecules. 

The electronegativity is related to the chemical potential by the following equ-
ation [35]. 

( )
p

r

E
N ν

χ µ ∂ = − =  ∂ 
                       (1) 

It is a global property of the molecular system. The chemical potential is equal 
to the slope of the total energy as a function of the number of electrons N at 
constant external potential ν(r). 

According to Koopman’s theorem [36] the negative value of EHOMO is defined 
by the ionization potential (I) and is given by: 

HOMOI E= −                           (2) 

 

 
Figure 1. Chemical structure of the inhibitors investigated. 
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Chlorpropamide (CPA)                        Tolazamide(TZA) 

 
Glipizide (GP) 

Figure 2. Optimized structure of CPA, TZA and GP with B3LYP/6-31G(d) method. 

 
The lowest unoccupied molecular orbital energy ELUMO is another global pa-

rameter whose negative value is defined by the electronic affinity (A) according 
to the following expression: 

LUMOA E= −                           (3) 

Using finite difference approximation, μP chemical potential can be expressed 
as a function of the ionization potential I and the electron affinity A: 

2p
I Aµ +

= −                           (4) 

Hardness η and the softness S [37] [38] are obtained from the first derivative 
of chemical potential or the second derivative of the total energy: 

( ) ( )

2

2
1P

r r

E
N SNν ν

µη
 ∂ ∂ = = =  ∂ ∂   

                  (5) 

These fundamental quantities in acids and bases theory developed by Pearson 
[39] have been used to interpret chemical reactions results. They can also be 
written as a function of ionization potential (I) and electron affinity (A). Softness 
reflects the capacity of an atom or molecule to retain an acquired charge [40] 
[41]. The hardness of an atom or molecule is the energy required for its dismu-
tation; it is the resistance to charge transfer. 

LUMO HOMO

2 2
E EI Aη −−

= =                     (6) 

LUMO HOMO

2 2S
I A E E

= =
− −

                    (7) 
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The electrophilicity index [42] is used to characterize the ability of a molecule 
to donate or accept electrons. It can then be expressed by: 

( )
( )

22

2 4
P I A

I A
µω
η

+
= =

−
                        (8) 

The fraction of electrons transferred (ΔN) from the inhibitor molecule to the 
metal was calculated according to Pearson’s electronegativity relationship [43]: 

( )2
Cu inh

Cu inh

N χ χ
η η

−∆ =
+

                        (9) 

where χCu and ηCu, χinh and ηinh denote the electronegativity and hardness of cop-
per and the inhibitor molecule respectively. In this study, we use the theoretical 
value of χCu = 4.98 eV [44] and ηCu = 0, assuming that for a metallic charge I = A 
[45] because they are softer than the neutral metallic atoms. 

The corrosion inhibition of a metal is influenced by the local reactivity based 
on Fukui functions. Their values are used to identify the atoms in the inhibitor 
that can undergo either electrophilic or nucleophilic attack. 

Using finite difference approximation, the Fukui functions ( )f r+  and
( )f r−  are respectively equal to the electron densities of LUMO and HOMO 

orbitals [46] and are defined as follows:  

Nucleophilic attack: ( ) ( ) ( ) ( )1 LUMON Nf r r r rρ ρ ρ+
+= − ≈          (10) 

Electrophilic attack: ( ) ( ) ( ) ( )1 HOMON Nf r r r rρ ρ ρ−
−= − ≈          (11) 

where ( )N rρ  is the electron density at a point r in space around the molecule, 
N corresponds to the number of electrons in the neutral molecule, N + 1 cor-
responds to an anion with an electron added to LUMO of the neutral molecule 
and N − 1 corresponds to a cation with an electron removed from HOMO of the 
neutral molecule.  

These functions are condensed on atom k where the electron density is re-
placed by an electronic population qk. In this case the previous expressions be-
come [47]: 

Nucleophilic Attack: ( ) ( )1k k kf q N q N+ = + −               (12) 

Electrophilic attack: ( ) ( )1k k kf q N q N− = − −               (13) 

where ( )1kq N + , ( )kq N  and ( )1kq N −  are the electronic population of 
atom k in (N + 1), N and (N − 1) of electrons systems. 

A dual descriptor [31] has been introduced recently to determine the individ-
ual sites within the molecule with particular behavior. It is given by the following 
equation: 

( ) ( )
( )

k
k

r

f r
f r

N
ν

∂ 
∆ =  ∂ 

                       (14) 

The condensed form of the dual descriptor is given by the following relation: 

( )k k kf r f f+ −∆ = −                          (15) 
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when ( ) 0kf r∆ > , the process is driven by a nucleophilic attack, and the atom k 
acts as an electrophile, for ( ) 0kf r∆ <  the process is driven by an electrophilic 
attack and the atom k acts as a nucleophile. 

3. Results and Discussion 
3.1. Global Reactivity 

The different formulas listed above have been used to determine the reactivity 
descriptors. DFT calculations permit to characterize the reactivity properties of 
chemical compounds in order to predict the correlation between their molecular 
structure and their possible behavior like corrosion inhibitors. The different 
values of these quantum chemical parameters of the molecules are recorded in 
Table 1. 

The highest occupied molecular orbital energy (EHOMO) is a reactivity parame-
ter of molecules associated with the ability to provide electrons. A high value of 
this parameter indicates a good tendency to donate electron to an appropriate 
acceptor with low empty energy orbital (metal) [48]. Indeed a metal has a high 
tendency to accept electrons from an electron donor (organic molecule) into its 
lowest unoccupied orbital, which could create an electron layer on the metal 
surface. In our case the high EHOMO values of the three molecules show their high 
ability to give electrons to copper and this justifies their good performance in 
inhibiting copper corrosion in nitric acid solution. The EHOMO values of the mo-
lecules studied increase in the following order: GP > TZA > CPA, which means 
that GP could have high inhibition efficiency. 
 
Table 1. Quantum chemical parameters of the studied compounds calculated using 
B3LYP/6-31G(d). 

Parameters CPA TZA GP 

EHOMO (eV) −6.4496 −6.1312 −5.3947 

ELUMO (eV) −0.8812 −1.7611 −2.1099 

Energy gap ΔE (eV) 5.5685 4.3701 3.2848 

Dipole moment µ (D) 10.2324 2.0366 8.3715 

Ionization energy I (eV) 6.4496 6.1312 5.3947 

Electron affinity A (eV) 0.8812 1.7611 2.1099 

Electronegativity χ (eV) 3.6654 3.9462 3.7523 

Hardness η (eV) 2.7842 2.1851 1.6424 

Softness S (eV)−1 0.3592 0.4576 0.6089 

Fraction of electron transferred ΔN 0.2360 0.2366 0.3737 

Electrophylicity index ω 2.4127 3.5634 4.2863 

Total energy ET (Ha) −1581.1338 −1333.8295 −1787.3716 
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The ability of a molecule to form bonds with a metal surface [49] also depends 
on the ELUMO (lowest unoccupied molecular orbital energy) value. Indeed the 
binding ability of the inhibitor to the metal surface increases with increasing of 
HOMO and decreasing of LUMO energy values. In general organic compounds 
do not only donate electron to the unoccupied d orbital of the metal ion such as 
Cu2+([Ar]3d9), but can also accept electron from the d orbital of the metal, lead-
ing to the formation of a feedback bond. According to the literature excellent 
corrosion inhibitors are usually those organic compounds which not only offer 
electrons to unoccupied orbital of the metal, but also accept free electrons from 
the metal [50]. In this work, the low ELUMO values of the studied molecule show 
that they have a tendency to accept electrons from the metal copper. In Table 1, 
GP has the lowest value of ELUMO, so it could be the best inhibitor. This transfer 
or sharing of electrons between the molecules and the unsaturated “d” orbitals of 
the metal surface allows the formation of covalent bonds (important bonds) re-
flecting the chemical adsorption.  

The value of the energy gap ΔE = ELUMO − EHOMO is a parameter that gives in-
formation about the reactivity of a chemical species. Indeed a high value of ΔE 
means that the molecule is less reactive [51]. When ΔE value of a molecule is 
low, this favors the exchanges of electrons between this molecule and the metal 
because it is easier to remove an electron from HOMO orbital to LUMO. We 
observe that ΔE value of the studied compound are low, which justifies their 
good inhibition performance. Comparing the different values of ΔE in Table 1, 
GP has the lowest value therefore it could be the good inhibitor. This low value 
of ΔE for GP is justified by its large molecular structure with more heteroatoms 
(O, N and S) than the other two compounds. The value of ΔE for CPA is the 
highest, which could be justified by the presence of chlorine in this molecule. 
The HOMO-LUMO diagram in Figure 3 shows an approximation of the fron-
tier molecular orbitals energy gap to be franked in order to remove an electron 
from HOMO toward LUMO for each molecule. 

The dipole moment (μ) measures the polarity of a bond and is related to the 
distribution of electronic charges in the molecule and also reflects the ability of 
the molecule to adsorb to the metal surface. According to some authors [52] [53] 
the higher dipole moment of a molecule, the greater its ability to adsorb on the 
surface of a metal. However, many other authors [54] [55] state that low dipole 
moment values favour the adsorption process. In our case CPA and GP have 
larger dipole moments than TZA. Thus, taking into account the divergent views, 
there is no significant relationship between dipole moment and inhibition effi-
ciency [56]. 

Ionization energy (I) and electron affinity (A), which are respectively asso-
ciated with the HOMO and LUMO energies, are fundamental descriptors of the 
chemical reactivity of a molecule. A high ionization energy indicates that the 
molecule is stable and inert to any chemical reaction, while a low ionization 
energy indicates that the molecule is reactive [57]. The low ionization energy of  
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Figure 3. Energy diagram LUMO-HOMO of GP, TZA and CPA. 

 
the three molecules indicates their high inhibition efficiency. The lowest value of 
GP confirms its greater inhibition efficiency. 

The electronegativity (χ) of a molecule reflects its ability to attract electrons. 
The electronegativity values of the three molecules are lower than copper (4.98), 
which means that copper has the best capacity of attraction. This information 
indicates that there is a possible movement of electrons from each molecule to-
wards copper. 

The probable ability of a molecule to interact with a metal surface is translated 
by the global softness (S) and global hardness (η). A good inhibitor has a high 
softness value and a low hardness value [58]. The different molecules in our case 
have low hardness values and high softness values. So, these values show that the 
three (3) molecules studied are good inhibitors and GP which has the lowest 
hardness value (1.6424 eV) and the highest softness value (0.6089 (eV)−1) would 
have the best inhibition efficiency. 

The Fraction of electron transferred (ΔN) of a molecule reflects its ability to 
donate electrons. According to Lukovits’s study, if ΔN < 3.6 [59] it means that 
the inhibition efficiency increases with the ability of molecules to donate elec-
trons. In our study, the fractions of electrons transferred from molecules are be-
low 3.6 and are in the order GP > TZA > CPA; this reflects that the good inhibi-
tion performance of these molecules is related to the transfer of electrons from 
these compound to the metal. GP has the best inhibition performance compared 
to the other two molecules.  
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The electrophilicity index (ω) measures the propensity of chemical species to 
accept electrons. A high value of ω [42] describes a good electrophile, while a 
low value of ω describes a good nucleophile. In our case the electrophilicity in-
dex values of the different molecules are high, which expresses that the molecule 
have a good capacity to accept electrons from copper. 

The total energy is an indicator that provides information on metal-molecule 
interaction. The total energy of a system is the sum of the internal, potential and 
kinetic energy. Hohenberg and Kohn [60] have shown that the total energy of a 
system, including that of the many bodily effects of electrons (exchange and 
correlation) in the presence of a static external potential (atomic nuclei), is a 
unique functional of charge density. The exact electron density is the one that 
minimizes the functional energy. In our work, the total energy of the three mo-
lecules is less than zero (ET < 0) and η > 0, the charge transfer from each mole-
cule to the metal is energetically favorable [61]. In this context, there is an inte-
raction between the molecules and the metal surface. 

3.2. Local Reactivity 

Information on the local reactivity of the molecules is provided by the Fukui 
functions and the dual descriptor. Their values allow us to determine the prob-
able electrophilic and nucleophilic attacks sites. 

The atom having the highest value of kf
+  or ( ) 0kf r∆ > , represents the most 

likely centre for nucleophilic attack (electron receiving centre), this centre is as-
sociated with the LUMO orbital. The atom whose value of kf

−  is the highest or 
( ) 0kf r∆ < , represents the most probable site of electrophilic attack (electron 

emission centre), this centre is associated with the HOMO orbital. The dual de-
scriptor is defined in the interval ( )1 1kf r− ≤ ∆ ≤  [31], which makes it easier to 
characterize the reactivity of a molecule. The different values are recorded in 
Tables 2-4. 

According to Martínez-Araya’s study the dual descriptor is more accurate lo-
cal reactivity descriptor than Fukui function [62]. Although the Fukui function 
has the ability to reveal nucleophilic and electrophilic sites in a molecule, the 
dual descriptor is able to unambiguously specify true sites for nucleophilic and 
electrophilic attacks; furthermore, the dual descriptor is less affected by the lack 
of relaxation terms than the Fukui function [62]. In this context we used the 
Fukui function and the dual descriptor to better explain the reactivity of the mo-
lecules.  

In Table 2, the atom S (12) has the highest value of kf
+  and the positive val-

ue of ( )kf r∆  so, S (12) is the nucleophilic attack centre for CPA. On the other 
hand, O (19) has the highest value of kf

−  and does not have the negative value 
of ( )kf r∆ . Therefore the atom O (20) which has the negative value of ( )kf r∆  
is the electrophilic attack centre for CPA. The reactivity parameters of TZA de-
picted in Table 3 implies that S (15) has the highest value of kf

+  and 
( ) 0kf r∆ >  so, it is the nucleophilic attack centre. The electrophilic attack centre  
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Table 2. Mulliken atomic charges, Fukui functions and dual descriptor by B3LYP/6-31G(d) 
of CPA. 

atom ( )1kq N +  ( )kq N  ( )1kq N −  kf
+  kf

−  ( )kf r∆  

1 C −0.113896 −0.128239 −0.136576 0.014343 0.008337 0.006006 

2 C −0.153185 −0.160351 −0.160952 0.007166 0.000601 0.006565 

3 C −0.128871 −0.117975 −0.092014 −0.010896 −0.025961 0.015065 

4 C −0.136268 −0.158123 −0.158767 0.021855 0.000644 0.021211 

5 C −0.130301 −0.14272 −0.151753 0.012419 0.009033 0.003386 

6 C −0.062419 −0.071023 −0.075527 0.008604 0.004504 0.0041 

7 H 0.1872 0.145508 0.118981 0.041692 0.026527 0.015165 

8 H 0.138595 0.116631 0.114588 0.021964 0.002043 0.019921 

9 H 0.230501 0.199241 0.184904 0.03126 0.014337 0.016923 

10 H 0.198351 0.155119 0.12508 0.043232 0.030039 0.013193 

11 Cl 0.067729 −0.026445 −0.079736 0.094174 0.053291 0.040883 

12 S 1.0024 0.87433 0.822842 0.12807 0.051488 0.076582 

13 N −0.696713 −0.713016 −0.730488 0.016303 0.017472 −0.001169 

14 N −0.660934 −0.685025 −0.655434 0.024091 −0.029591 0.053682 

15 C −0.095675 −0.139918 −0.19329 0.044243 0.053372 −0.009129 

16 C −0.396184 −0.379851 −0.405925 −0.016333 0,026074 −0.042407 

17 C −0.464976 −0.454883 −0.4641 −0.010093 0.009217 −0.01931 

18 C 0.766023 0.753065 0.729029 0.012958 0.024036 −0.011078 

19 O −0.372774 −0.458655 −0.557838 0.085881 0.099183 −0.013302 

20 O −0.27058 −0.290822 −0.360331 0.020242 0.069509 −0.049267 

21 O −0.273249 −0.31759 −0.321473 0.044341 0.003883 0.040458 

22 H 0.341417 0.3197 0.300627 0.021717 0.019073 0.002644 

23 H 0.257081 0.246558 0.232444 0.010523 0.014114 −0.003591 

24 H 0.296466 0.251505 0.167179 0.044961 0.084326 −0.039365 

25 H 0.170276 0.138298 0.120989 0.031978 0.017309 0.014669 

26 H 0.344348 0.24117 0.144301 0.103178 0.096869 0.006309 

27 H 0.198034 0.118959 0.059465 0.079075 0.059494 0.019581 

28 H 0.212141 0.173832 0.110065 0.038309 0.063767 −0.025458 

29 H 0.186858 0.144775 0.120451 0.042083 0.024324 0.017759 

30 H 0.358603 0.325946 0.29326 0.032657 0.032686 0.069971 
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Table 3. Mulliken atomic charges, Fukui functions and dual descriptor by B3LYP/6-31G(d) 
of TZA. 

atom ( )1kq N +  ( )kq N  ( )1kq N −  kf
+  kf

−  ( )kf r∆  

1 C −0.150079 −0.168827 −0.186024 0.018748 0.017197 0.001551 

2 C −0.102883 −0.104888 −0.121603 0.002005 0.016715 −0.01471 

3 C −0.093009 −0.078401 −0.043653 −0.014608 −0.034748 0.02014 

4 C −0.140646 −0.152102 −0.173683 0.011456 0.021581 −0.010125 

5 C −0.16942 −0.184597 −0.200968 0.015177 0.016371 −0.001194 

6 C 0.144891 0.14186 0.138651 0.003031 0.003209 −0.000178 

7 H 0.177388 0.137516 0.078893 0.039872 0.058623 −0.018751 

8 H 0.20338 0.183871 0.151664 0.019509 0.032207 −0.012698 

9 H 0.190888 0.169664 0.129557 0.021224 0.040107 −0.018883 

10 H 0.17332 0.135778 0.079674 0.037542 0.056104 −0.018562 

11 H −0.520544 −0.518746 −0.516763 −0.001798 −0.001983 0.000185 

12 H 0.185442 0.165257 0.13844 0.020185 0.026817 −0.006632 

13 H 0.199869 0.174764 0.142628 0.025105 0.032136 −0.007031 

14 H 0.183789 0.163624 0.137009 0.020165 0.026615 −0.00645 

15 S 1.007398 0.874407 1.044639 0.132991 −0.170232 0.303223 

16 O −0.379784 −0.411896 −0.539994 0.032112 0.128098 −0.095986 

17 O −0.431687 −0.514955 −0.63517 0.083268 0.120215 −0.036947 

18 N −0.600684 −0.627454 −0.630237 0.02677 0.002783 0.023987 

19 N −0.405071 −0.445595 −0.47315 0.040524 0.027555 0.012969 

20 C 0.602502 0.597201 0.573459 0.005301 0.023742 −0.018441 

21 C −0.199144 −0.146279 −0.121506 −0.052865 −0.024773 −0.028092 

22 C −0.287473 −0.263408 −0.255647 −0.024065 −0.007761 −0.016304 

23 C −0.281742 −0.269931 −0.262299 −0.011811 −0.007632 −0.004179 

24 C −0.271995 −0.25433 −0.245594 −0.017665 −0.008736 −0.008929 

25 C −0.182313 −0.13274 −0.115644 −0.049573 −0.017096 −0.032477 

26 C −0.301477 −0.290959 −0.288016 −0.010518 −0.002943 −0.007575 

27 H 0.26104 0.199071 0.194955 0.061969 0.004116 0.057853 

28 H 0.171978 0.137061 0.114651 0.034917 0.02241 0.012507 

29 H 0.152315 0.133087 0.125846 0.019228 0.007241 0.011987 

30 H 0.156066 0.140432 0.128276 0.015634 0.012156 0.003478 

31 H 0.212435 0.154515 0.124801 0.05792 0.029714 0.028206 

32 H 0.175097 0.121856 0.104057 0.053241 0.017799 0.035442 

33 H 0.17752 0.129562 0.105664 0.047958 0.023898 0.02406 
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34 H 0.172398 0.132213 0.10589 0.040185 0.026323 0.013862 

35 H 0.175109 0.134229 0.109376 0.04088 0.024853 0.016027 

36 H 0.220766 0.172545 0.186823 0.048221 −0.014278 0.062499 

37 H 0.183776 0.14331 0.122044 0.040466 0.021266 0.0192 

38 H 0.16488 0.149046 0.149029 0.015834 0.000017 0.015817 

39 H −0.181197 −0.292784 −0.314492 0.111587 0.021708 0.089879 

40 H 0.357286 0.324205 0.276374 0.033081 0.047831 −0.01475 

41 H 0.375163 0.331552 0.302288 0.043611 0.029264 0.014347 

42 O −0.362788 −0.421728 −0.470013 0.05894 0.048285 0.010655 

 
Table 4. Mulliken atomic charges, Fukui functions and dual descriptor by B3LYP/6-31G(d) 
of GP. 

atom ( )1kq N +  ( )kq N  ( )1kq N −  kf
+  kf

−  ( )kf r∆  

1 C 0.208346 0.208888 0.204576 −0.000542 0.004312 −0.004854 

2 C 0.018775 0.000063 −0.016959 0.018712 0.017022 0.00169 

3 C 0.299539 0.292711 0.281844 0.006828 0.010867 −0.004039 

4 C 0.046462 0.037318 0.029369 0.009144 0.007949 0.001195 

5 H 0.207505 0.193905 0.179352 0.0136 0.014553 −0.000953 

6 H 0.179646 0.159773 0.139164 0.019873 0.020609 −0.000736 

7 C −0.508075 −0.50687 −0.505302 −0.001205 −0.001568 0.000363 

8 H 0.19998 0.186173 0.171425 0.013807 0.014748 −0.000941 

9 H 0.203598 0.189781 0.175425 0.013817 0.014356 −0.000539 

10 H 0.175481 0.164012 0.151791 0.011469 0.012221 −0.000752 

11 N −0.439963 −0.453069 −0.466947 0.013106 0.013878 −0.000772 

12 N −0.458297 −0.452885 −0.455695 −0.005412 0.00281 −0.008222 

13 C 0.566855 0.550059 0.52607 0.016796 0.023989 −0.007193 

14 N −0.715656 −0.716793 −0.707044 0.001137 −0.009749 0.010886 

15 C −0.290102 −0.360821 −0.358308 0.070719 −0.002513 0.073232 

16 C −0.47359 −0.512709 −0.525136 0.039119 0.012427 0.026692 

17 C −0.129222 −0.133729 −0.108148 0.004507 −0.025581 0.030088 

18 C −0.183189 −0.197291 −0.202209 0.014102 0.004918 0.009184 

19 C −0.249861 −0.251301 −0.256756 0.00144 0.005455 −0.004015 

20 C −0.023031 −0.024674 −0.022889 0.001643 −0.001785 0.003428 

21 C −0.142764 −0.145169 −0.15742 0.002405 0.012251 −0.009846 

22 C −0.122904 −0.139501 −0.136151 0.016597 −0.00335 0.019947 

23 H 0.22121 0.195621 0.183868 0.025589 0.011753 0.013836 
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24 H 0.261884 0.244926 0.231297 0.016958 0.013629 0.003329 

25 H 0.156373 0.126335 0.09537 0.030038 0.030965 −0.000927 

26 H 0.110749 0.0851 0.076219 0.025649 0.008881 0.016768 

27 S 0.959989 0.876878 0.867798 0.083111 0.00908 0.074031 

28 O −0.42091 −0.440891 −0.569464 0.019981 0.128573 −0.108592 

29 O −0.277043 −0.296304 −0.407131 0.019261 0.110827 −0.091566 

30 N −0.740276 −0.734225 −0.739524 −0.006051 0.005299 −0.01135 

31 N −0.589541 −0.591615 −0.606433 0.002074 0.014818 −0.012744 

32 C −0.385574 −0.384124 −0.375045 −0.00145 −0.009079 0.007629 

33 C −0.388768 −0.412243 −0.378436 0.023475 −0.033807 0.057282 

34 C −0.351337 −0.339421 −0.332062 −0.011916 −0.007359 −0.004557 

35 C −0.080538 −0.069386 −0.049977 −0.011152 −0.019409 0.008257 

36 C −0.38439 −0.41688 −0.427258 0.03249 0.010378 0.022112 

37 C −0.465385 −0.413441 −0.402988 −0.051944 −0.010453 −0.041491 

38 H 0.226975 0.158072 0.121962 0.068903 0.03611 0.032793 

39 H 0.255492 0.238187 0.178572 0.017305 0.059615 −0.04231 

40 H 0.284047 0.268848 0.258813 0.015199 0.010035 0.005164 

41 H 0.224858 0.200597 0.172862 0.024261 0.027735 −0.003474 

42 H 0.210272 0.19969 0.154518 0.010582 0.045172 −0.03459 

43 H 0.229828 0.177035 0.145283 0.052793 0.031752 0.021041 

44 O −0.473515 −0.507872 −0.53313 0.034357 0.025258 0.009099 

45 C 0.762382 0.752213 0.720396 0.010169 0.031817 −0.021648 

46 O −0.361116 −0.366697 −0.420921 0.005581 0.054224 −0.048643 

47 H 0.302082 0.288121 0.27532 0.013961 0.012801 0.00116 

48 H 0.325926 0.309066 0.302239 0.01686 0.006827 0.010033 

49 H 0.374759 0.352216 0.322813 0.022543 0.029403 −0.00686 

50 H 0.315871 0.270019 0.247632 0.045852 0.022387 0.023465 

51 H 0.284414 0.27008 0.219931 0.014334 0.050149 −0.035815 

52 H 0.245043 0.207025 0.198159 0.038018 0.008866 0.029152 

53 H 0.262695 0.219802 0.189433 0.042893 0.030369 0.012524 

54 H 0.236591 0.224992 0.166835 0.011599 0.058157 −0.046558 

54 H 0.236591 0.154992 0.166835 0.081599 −0.011843 0.093442 

55 H 0.248014 0.232249 0.242516 0.015765 −0.010267 0.026032 

56 H 0.357349 0.350258 0.316311 0.007091 0.033947 −0.026856 

57 H 0.34124 0.326146 0.304971 0.015094 0.021175 −0.006081 

58 H 0.400817 0.381752 0.369194 0.019065 0.012558 0.006507 
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is controlled by O (16) because it has the highest value of kf
−  and the negative 

value of ( )kf r∆ . In that concerns GP listed in Table 4, the nucleophilic attack 
centre is S (27) because it has the largest value of kf

+  and the positive value of 
( )kf r∆  while O (28) having the largest value of kf

−  and ( ) 0kf r∆ <  is the elec-
trophilic attack centre. 

We note that for these three sulfonylureas molecules, the sulfur atom present 
in each compound is the most probable site for nucleophilic attack and the oxy-
gen atom that shares a double bond with that sulfur atom is the most probable 
site for electrophilic attack. The different information permits to explain the 
copper corrosion inhibition mechanism in HNO3 by sulfonylureas. 

4. Copper Corrosion Inhibition Mechanism 

The inhibition of copper corrosion in nitric acid solution by sulfonylureas in 
particular chlorpropamide, tolazamide and glipizide, is favoured by a protective 
layer creation on the metal surface. This protective layer is due to the double 
transfer of electrons between the two entities: molecule  copper and copper  
molecule; justified by ΔN and ω values respectively. These electron transfers jus-
tify the existence of the chemical adsorption. Moreover, in nitric acid solution 
some molecules of tolazamide and glipizide can be protonated because they 
contain heteroatoms: 

[ ]Sfu H SfuH +++                        (16) 

Taking into the chlorine atom present in chloropropamide, it will be trans-
formed in cationic form by releasing chloric ion and some of the cationic species 
could be protonated because they contain also heteroatoms: 

[ ]SfuCl Sfu Cl+ −→ +                      (17) 

[ ] [ ]2Sfu H SfuH+ +++                      (18) 

There is an interaction between protonated species and NO− 
3  ions adsorbed 

on the metal surface. In order to explain this phenomenon, a schematic me-
chanism has been proposed in Figure 4. 
 

 
Figure 4. Schematic mechanism of copper corrosion inhibition by sulfonylureas. 
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5. Conclusion 

The analysis of global descriptor parameters (ELUMO-EHOMO, η, S, ΔN, ω, …) of 
chloropropamide, tolazamide and glipizide has shown their inhibition proper-
ties. It generally appears that these molecules are able to give electrons to the 
metal, so they can inhibit copper corrosion in nitric acid solution. These de-
scriptor parameters indicate that their inhibition efficiency increases in the fol-
lowing order: glipizide > tolazamide > chloropropamide. The determination of 
the local parameters ( kf

+ , kf
−  and ( )kf r∆  of the studied molecules permitted 

to specify the centre of electrophilic and nucleophilic attack. 
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