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Abstract Due to its massive use, the copper behavior in 1M nitric acid solution was studied in depth in this work. This
study, which is mainly focused on loratadine inhibition properties, was carried out using mass loss technique at 298-323K and
theoretical methods based on density functional theory (DFT) and Quantitative structure-property relationship (QSPR).
Loratadine showed an inhibition efficiency of 85.07% at the concentration of 5.2210™“M and the inhibition efficiency was
found to be concentration and temperature dependent. Studies of adsorption isotherms have revealed that the molecule
adsorbs to the copper surface according to the modified Langmuir isotherm or villamil isotherm. Adejo-Ekwenchi isotherm
indicates that the adsorption of loratadine is dominated by chemisorption. The thermodynamic adsorption and activation
parameters were also determined and discussed. Quantum chemistry calculations at the level of B3LYP/6-31G (d) verified
any correlation between inhibition efficiency and molecular structure. QSPR model was used to establish a relationship
between the quantum chemical parameters and the inhibition efficiency. The theoretical results are consistent with the
experimental data reported.
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1. Introduction

Copper is widely used as a material in many fields,
especially in industry because of its remarkable physical,
mechanical, anticorrosion and biological properties [1].
During its use in acidic environments, this metal undergoes
corrosion phenomenon. Indeed, the prediction of the
long-term behavior of metallic structures, that means the
evaluation of the damage which are likely to undergo over
time under corrosion action, represents an important
challenge, particularly on the economic and scientific levels.
The knowledge of the corrosion rate of the metal in a given
environment allows the development of a good strategy to
monitor its dissolution in order to fight more efficiently
against the degradation of materials by choosing the most
appropriate protection method [2-5]. In terms of corrosion
protection, it is possible to act on several levels. First on the
material itself (judicious choice, adapted forms, constraints
according to the applications...). Then onthe material
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surface (coating, painting, any type of surface treatment
etc.). Finally, on the environment with which the material
is in contact (corrosion inhibitors). Currently, several
researches are oriented towards at the use of corrosion
inhibitors [2-5]. However, the rigid rules on environmental
protection recommend the use of inhibitors that are very
little toxic, eco-friendly and biodegradable [11-13]. In the
course of this work, we made the choice to use loratadine
which is a therapeutic molecule (antihistamine) and which
meets well the requirements of the new international
guidelines on environmental protection. Moreover, it
contains heteroatoms (O and N) and bonds (r) that can offer
special active electrons or vacant orbitals capable of
accepting or giving electrons [14,15].

In recent years, the development of reliable computing
tools coupled with the growth in computing power has
enabled the implementation of molecular modeling
techniques. That is why several works have used quantum
chemical methods to explain the metals corrosion inhibition
by organic compounds in acidic media [16-22]. These
methods, which are generally based on the density
functional theory (DFT), contribute largely to the search for
effective inhibitors. These theoretical methods, which are
less expensive than experimental methods, allow to clearly
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explain the metal-inhibitor interactions while contributing
to a better understanding of the inhibition properties of the
studied molecule. Finally, the application of a Quantitative
structure-property relationship (QSPR) predictive model in
this study will lead to finding a relationship between
inhibition efficiency and quantum chemical parameters

[23,24].
The aim of the present work is to study the copper
corrosion  inhibition in  nitric acid medium by

4-(8-chloro-5,6-dihydro-11Hbenzo [5,6] cyclohepta [1,2-b]
pyridin-11-ylidene)-1-piperidinecarboxylic acid ethyl ester
or loratadine from thermodynamic quantities of adsorption
and activation and theoretical descriptor parameters such as
the energy of the highest occupied molecular orbital
(Eromo), the energy of lowest unoccupied molecular orbital
(ELUMO): the energy gap (AE) between E_umo and Enomo,
the dipole moment (p), the ionization energy (l), the
electron affinity (A), the electronegativity (y), the hardness
(), the softness (o), the electrophylicity index (w), the
fraction of electron transferred (AN), total energy (E+) are
determined and analyzed. The local reactivity has been
analyzed through Fukui function f© or f. and dual
descriptor (Afi" or Af.), since they indicate the reactive
regions in the form of nucleophilic and electrophilic
behavior of each atom in the molecule.

2. Experimental Details

2.1. Materials and Sample Preparation

Oy_O.__CHs
e

Cl —

Figure 1. Molecular structure of Loratadine (LTD)

The inhibitor tested in this work namely loratadine or
4-(8-chloro-5,6-dihydro-11H-benzo [5,6] cyclohepta
[1,2-b] pyridin-11-ylidene)-1-piperidine ethyl carboxylate.
Analytical grade loratadine was purchased from Sigma
Aldrich chemicals and solutions of the following
concentrations:  0.0261mM; 0.156mM; 0.210mM and
0.522mM were prepared. The molecular structure is shown
in Figure 1. The copper samples of 99.6% purity were in the
form of a rod measuring 10 mm in length and 2 mm in
diameter. These samples were successively polished with
metallographic emery paper with grain sizes ranging from
150 to 600, rinsed with distilled water, degreased with

acetone, rinsed again with distilled water and dried in a
proofer from MEMMERT at 80°C for 20 min. This
pre-treatment is intended to remove all traces of grease and
native oxide before use. Analytical grade 70% nitric acid
solution from Merck was used to prepare the corrosive
aqueous solution. The solution was prepared by dilution of
the commercial nitric acid solution using double distilled
water. The blank was a 1M HNO; solution.

2.2. Masse Loss Technique

The mass (mg) of each treated sample is determined using
a precision balance from KERN, before immersion in 50mL
of the corrosive 1M nitric acid solution prepared with or
without inhibitor. After one hour of immersion at a constant
temperature in a thermostat water bath from MEMMERT,
each sample is removed from the solution, rinsed thoroughly
with distilled water, dried and then re-weighed (m,) with the
balance to calculate the loss in mass (Am=mg-m;). The
different temperatures set during the experiment range from
298K to 323K.

2.3. Theoretical Methods

2.3.1. Quantum Chemical Calculations

In order to explain the most important electronic effects
manifested by loratadine in copper corrosion inhibition,
we have calculated the quantum chemical parameters. All
calculations were performed in gas phase using Gaussian 09
software [25]. By improvement of computational method,
density functional theory (DFT) has been widely used due
to its accuracy and low computational cost to compute a
wide variety of molecular properties and has provided
reliable results that are consistent with experimental data
[26]. The molecular configuration of the inhibitor was
geometrically optimized by this theory (DFT) with the
functional B3LYP [27] (Becke’s three-parameter with
Lee—Yang-Parr hybrid correlation functional) on 6-31 G (d)
basis set.

Figure 2. Optimized Structure of loratadine calculated by B3LYP/6-31G
(d)
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2.3.2. Quantitative Structure-Property Relationship
Approach

QSPR approach is used to find a better relationship
between experimental inhibition efficiency and theoretical
molecular parameters. Moreover the objective of this method
is to provide reliable theoretical tools capable of guiding
researchers in the conduct of experiments for the discovery
of new eco-friendly corrosion inhibitors [28].

For correlating some sets of parameters with the
experimental data, a non-linear model was used [28]. This
correlation is given by following expression:

(Ax;+B)C;

IE(%) = 1+(Ax;+B)C;

x 100 1)

Where A and B are real constants, determined by solving
the system of simultaneous equations obtained from
different values of inhibitor concentration C;. In equation (1),
a quantum chemical parameter is represented by X;.

This approach may be validated by statistical indicators
whose expressions are as follows:

The Sum of Square Errors (SSE):

N 2
SSE = Z(IEcxp - ]Ecafc ) (2)

i=1
The Root Mean Square Error (RMSE):

N 2
RMSE = \/Zil( IEeXp - IEcaIc) @A)
N

3. Results and Discussion

3.1. Mass Loss Consideration

The corrosion rates (W), the degree of surface coverage
(0) and the inhibition efficiency IE (%) were calculated
using the following expressions.

W = % 4)
Wo—Ww
0 = ?A,O ®)
IE(%) = 2% x 100 (6)
Wo

Where mq is the mass of the sample before the test, m; is
the mass of the sample after corrosion, S is the total area of
the sample; t is the corrosion time and W the corrosion rate.

Where Wy, and W, are respectively the corrosion rate
of the sample in the blank and in the blank containing
loratadine.

Figure 3 gives respectively the evolution of the corrosion
rate with concentration and temperature. Examination of
Figure 3 shows that the corrosion rate increases with
temperature for all concentrations. It can be seen that,
regardless of temperature, the corrosion rate decreases as the
concentration of the inhibitor increases. In the absence of
inhibitor, the corrosion rate is very high, which shows that
the addition of loratadine to the corrosive medium delays

copper corrosion. In addition, the presence of loratadine
promotes the creation of a protective layer that prevents
copper from losing enough electrons or undergoing strong
dissolution in acid. These results reveal that the studied
molecule has a good inhibition performance against copper
corrosion in nitric acid solution.
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Figure 3. Evolution of the corrosion rate as a function of loratadine
concentration for different temperatures

Analysis of the figure 4 reveals that the inhibition
efficiency increases with temperature over the entire
concentration range. For a given temperature, the inhibition
efficiency increases with increasing concentration. All
these observations show that loratadine acts as an effective
inhibitor of copper corrosion in the concentration range
studied. This behaviour could be explained by the formation
of a physical barrier that separates copper from the nitric
acid solution. Indeed, when the temperature rises, loratadine
binds to the copper surface reducing its dissolution.
This fixation or adsorption becomes important when the
concentration of loratadine increases.
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Figure 4. Inhibition efficiency versus concentration for different
temperatures

3.2. Adsorption Isotherm and Thermodynamic
Adsorption Parameters Study

The adsorption isotherms study involved in the process
of metals corrosion inhibition by organic molecules allows
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to show how these compounds bind to the surface of a
metal. Indeed The adsorption of an organic adsorbate
onto metal-solution interface can be represented by a
substitutional adsorption process between the organic
molecules in the aqueous solution phase (Org) and the
water molecules on the metallic surface (H;O.qs) according
to the equation [30]:

()

Where Orgsny and Orgqs) are respectively the organic
species dissolved in the aqueous solution and adsorbed onto
the metallic surface. HyOoy and HyOyqgs) are respectively
the water molecule in the bulk solution and that adsorbed
onto the metallic surface; x is the size ratio representing
the number of water molecules replaced by one organic
adsorbate.

In this work we attempted various adsorption isotherms
and selected those that better reflect loratadine behavior on
copper surface. So we have retained Langmuir, Temkin,
El-awady and Freundlich isotherms. The equations that
define these isotherms are expressed in Table 1.

079 sory + xH30(ad5) @ O7G(aasy + XH2 0501y

Table 1. Equation of studied isotherms

Isotherm Equations
H Cinh 1
=——+C
Langmuir ] Kom + Cinn
. 2.303
Temkin 6= [logK.qs + logCinp]
0 ,

El-Awady log (m) =logK + ylogCi,;
Freundlich logl = logK,qs +nlogCiyy

Cinn is loratadine’s concentration;

Kads IS the equilibrium constant of the adsorption process,
f is a factor of energetic inhomogeneity in the surface;

0 is is surface coverage;

Kads:K’l/y )

/4 is active sites occupied by an inhibitor molecule.

Figures 5, 6, 7 and 8 show the representation of these
different isotherms.
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Figure 5. Langmuir adsorption isotherm plots of LTD on copper in 1M

HNO;
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Figure 6. Temkin adsorption isotherm plots of LTD on copper in 1M
HNO;
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Figure 7. EI-Awady adsorption isotherm plots of LTD on copper in 1M
HNO;
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Figure 8. Freundlich adsorption isotherm plots of LTD on copper in 1M
HNO;

All the tested isotherms vyield straight lines as shown in
Figures 5, 6, 7 and 8. Table 2 gives the different parameters
of studied isotherms.

By looking the table 2, it is clear that the correlation
coefficients of Langmuir isotherm are closer to unity than the
other isotherms. Thus, this isotherm better reflects loratadine
behavior with respect to copper corrosion in 1M HNOs;.
Nevertheless, Temkin and El-Awady models can be applied.
For Temkin model [31], the parameter f (where 2.303/f is the
slope of straight lines) having a positive value, there would
be repulsion forces between the molecules adsorbed on
copper. As for EI-Awady model [32], the inverse of the
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slopes (1/y) of the straight lines obtained is greater than unity,
this means that a Loratadine molecule occupies more than
one site. Langmuir adsorption model requires that the
interactions between adsorbed particles are negligible and
that each site can adsorb only one particle [33]. In this case,
loratadine adsorption on copper is not rigorously done
according to Langmuir model; it is done according to the
modified Langmuir isotherm or Villamil model [34]. This
model represented by the equation:

Table 2. Isotherms parameters for various temperatures

Cin n
-k = . T Cinn ®)

The knowledge of the suitable adsorption isotherm allows
to determine the thermodynamic adsorption parameters. The
change in free energy of adsorption (AG%) is calculated
using the following relation [35]:

AG%gs = -RTIN(55,5 Kags ) )
Where R is the perfect gas constant, T is absolute

temperature and the constant 55.5 is the molar concentration
of water. Kgs is the equilibrium constant of the adsorption

S — 2 Slope Intercept process. The values of Adsorption equilibriqm constant are
deduced from the parameters of the modified Langmuir
298 0.995 1435 0.0516 isotherm (intercept of straight lines).
303 0.995 1.3715 0.0452 With regard to the other thermodyamic adsorption
Langmuir 308 0.999 12971 0.0322 parameters O(adsorption enthalpy AHanS and adsorpt?on
313 0.999 1.2330 0.3040 entropy AS . they are calculated using the following
318 0.999 1.1878 0.0255 relationship:
323 0.999 1.1383 0.0223 AG%gs =AH s -TAS 46 (10)
298 0.975 0.1984 0.7062 The representation of AG%gs as a function of temperature
303 0.969 0.1886 0.7346 (figure 9) leads to the values of AH % (intercept of straight
ek 308 0.991 0.2202 0.8144 lines) and ASOE}dS, (the slqpe of the straight line). The d_lfferent
313 0976 0.2354 08603 thermodynamic adsorption parameters are recorded in table
318 0.943 0.2596 0.9142 3.
323 0.984 0.2480 0.9391 34
298 0.973 0.3532 0.3676 35 AG". =-0.205T + 26.668
303 0.963 0.3502 0.4236 - R*=0.9941
El-Awady 308 0.996 0.4087 0.5828 % 36
313 0.9851 0.4531 0.6888 & -37
318 0947 | 05129 0.8224 Tf 38
323 0.996 0.5364 0.9161 < 3
298 0.999 0.1673 -0.1321
303 0.998 0.1469 -0.1101 -40
308 0.994 0.1684 -0.0662 295 300 305 310 315 320 325
Freundlich 313 0.969 0.1671 -0.0452 HLY
318 0.994 0.1766 -0.0297 Figure 9. AG%g versus Temperature
323 0.994 0.1683 0.0012
323 0.994 2.2191 2.0472
Table 3. K,gand thermodynamic adsorption parameters for LTD
T(K) Kags(M™) AGY (kJ.mol™) AH, (k].mol™) ASS, (J.mol L.K™1)
298 19380 -34.393
303 22124 -35.303
308 31056 -36.754
26.668 205
313 32895 -37.500
318 39216 -38.564
323 43668 -39.459

The negative values of AG%gs indicate the stability of
the adsorbed layer on copper surface and the spontaneity
of the adsorption process [36]. These values become
more and more negative as the temperature rises, reflecting
the strengthening of metal-molecule interactions. This

reinforcement of interactions could justify the high values
of inhibition efficiency obtained experimentally at high
temperature. An increase in the equilibrium constant Kgs is
also observed when the temperature rises, reflecting the fact
that the rise in temperature easily favours the inhibitor
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adsorption on copper surface. The prediction of adsorption
type displayed by the inhibitor can be made by the magnitude
AG%g. In our case the values of AG%g range from -38.46
KJ.mol* to 34.39 KJ.mol?, indicating a predominant
chemisorption process [37,38]. The positive sign of
AH,4 symbolize the endothermic character of loratadine
adsorption on copper in nitric acid solution [39]. The
positive values of AS%, indicate that the disorder increases
when loratadine adsorbs on the copper surface due to the
desorption of water molecules [40].

In order to correctly justify the adsorption mode of the
studied molecule, we have used Adejo—Ekwenchi isotherm
[41]. Indeed, this isotherm allows us to know the adsorption
mode of an organic compound. This model is based on the
following equation. Figure 10 shows the representation of
this isotherm

log (ﬁ) = logK,r + blogCi,», 1)
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Figure 10. Adejo—Ekwenchi isotherm plots of LTD on copper in 1M
HNO;

The parameters for this isotherm are listed in Table 4

Table 4. Adejo—Ekwenchi isotherm parameters

T(K) R? b logK ae Kae
298 0.996 0.1946 0517 3.289
303 0.989 0.2019 0.5589 3.622
308 0.996 0.2446 0.6527 4.495
313 0.983 0.286 0.7343 4.424
318 0.999 0.3281 0.8117 6.482
323 0.990 0.3699 0.909 8.111

As reflected in Table 4, parameters b and Kag increase
with temperature, showing that the adsorption of loratadine
on copper is dominated by chemisorption [42].

3.3. Effect of Temperature and Activation Parameters of
the Corrosion Process

The effect of temperature on corrosion and its inhibition
process for copper in 1M HNO; in absence and presence
of different concentrations of loratadine at different
temperatures ranging from 298K to 323K was evaluated.

The dependence of corrosion rate on the temperature can be
regarded as an Arrhenius - type process, the rate of which is
given by [43]:
Ea

2,3R.T

Where W is the corrosion rate in the presence of inhibitor,
E, the apparent activation energy, R the universal gas
constant, A the frequency factor. The plot of logW versus
1/T for copper in the studied solution is given by the figure
11.

logW = logA —

(12)
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Figure 11. Arrhenius plots for copper in 1M HNOj3 without and with LTD

Arrhenius plots permit to deduce the values of the
activation energies E, using the slopes of the linear plots.
All the obtained values are listed in table 5.

The temperature effect was also verified by determining
the Changes in activation enthalpy AH*, and activation
entropy AS*, using Eyring transition state equation.

RT ASE AH}
W=Hexp(R).exp(— R.T) (13)
This equation can be expressed as:
w, R AS;  AHg
log(7) = log () + 2303k 2,303RT (14)

Where h the Planck constant, X the Avogadro number
The transition state plots of log(g) versus % is given in
Figure 12.
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Figure 12. Arrhenius plots for copper corrosion in 1M HNOj; in absence
and presence of different concentrations of LTD
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Table 5. Thermodynamic activation parameters of copper dissolution in 1M HNO; without and with LTD

Cinh (mM) | E,(kjmol™) | ky@unité | AH:(kjmol™!) | AS:(Jmol™'K™)
0 58.003 2.37X107 55.992 -110.46
0.026 49.198 3.91X10° 48.329 -140.56
0.156 37.598 3.06X10° 35.051 -186.58
0.210 33.043 4.34X10? 31.032 -201.10
0522 32.559 2.94X10 30.549 -204.34

AH*, and AS*, were computed respectively from the

AHZ AS]
(—3303RT 2,303R
the straight lines obtained. The obtained values are recorded
in Table 5.

The apparent activation energy (E,) values in presence
of loratadine are lower than the value obtained without
this molecule (Cinh = 0). These observations reveal that
the inhibition of corrosion reactions is influenced by
chemisorption [44]. E, decreases when the concentration of
inhibitor increases, favouring the Cu?* ions formation and
thus the formation of the Cu-Inh complex leading to the
reduction of corrosion phenomenon at high temperature.
Indeed, the inhibitor adsorbs on metal surface by chemical
bonds which are strong (chemisorption) and resists at
high temperature. These observations justify the good
performance of the molecule when the temperature increases.
The values from AH*, are positive and are increasingly lower
in presence of loratadine. This reflects an endothermic
dissolution process leading to a slow dissolution of copper in
the solution studied [45]. The negative sign of AS*, implies
that the disorder decreases from reactant to activated
complex [46].

slopes y and intercepts (Iog(%)+ ) of

3.4. Quantum Chemistry Consideration

Table 6. Quantum chemical parameters of loratadine, calculated using
B3LYP/6 - 31G (d)

Parameters LTD
Erowmo (€V) -5.6660
ELumo (eV) -1.6910
Energy gap AE (eV) 3.9750
Dipole moment u(D) 8.1898
lonization energy I(eV) 5.6660
Electron affinity A(eV) 1.6910
Absolute electronegativity x (eV) 3.6785
Hardness n(eV) 1.988
Softness (o(eV)™! 0.5031
Fraction of electron transferred AN 0.3274
Electrophylicity index w 3.4041
Total energy Er(Ha) -1572.15

In this study the quantum chemical parameters have been
calculated by using the conceptual DFT descriptors which
are very important to explain the molecule reactivity. In
general, this concept permits to confirm the experimental

results. Their values are listed in table 6. So, the relationship
between these parameters and inhibition efficiency was
investigated.

The expressions used to determine the parameters listed in
Table 6 are defined as follows [47-49]:

AE = Erymo — Enomo (15)
1= _EH()M() (16)
A = _ELUMO (17)
JE
x==1,= (50, (18)
I+A
x== (19)
I1-A
n=— (20)
1 2
o = ; = m (21)
AN = Pou—Xi (22)
2(Meu 1)
2 2
_ Hp _ (I+A)
T 2p T 4(1-A) (23)

Where ¢., and y; denote respectively the absolute
electronegativity of copper and the inhibitor, n., and n;
are respectively the global hardness of copper and the
inhibitor. In this work AN has been determined using ¢, =
4.98 eV [50] and 1., = 0 [51], assuming that for a metallic
bulk I=A because they are softer than the neutral metallic
atoms.

The higher energy of HOMO (Enowmo) Value, the greater is
the tendency of the molecule to offer electrons to unoccupied
orbital of the metal; in addition, the lower the energy of
LUMO (ELumo), the higher is the affinity for accepting
electrons from the metal surface [52]. The inhibition
potential of a reacting organic compound can be evaluated
by the orbital energy difference. Furthermore, the smaller of
orbital energy difference between the interacting orbitals, i.e.
HOMO and LUMO (AE = Erymo — Enomo) would promote
strong metal-molecule interaction [53]. In our case, the high
value of Exomo (-5.6660eV) and the low values of E| ymo
(-1.6910eV) and AE (3.9750eV) of loratadine justify the
high inhibition efficiency values obtained experimentally.

Global hardness (n) and softness (o) are related to
inhibition efficiency which also depend on the energy gap.
In fact a good inhibitor has a high softness value and a low
hardness value [54,55]. Loratadine has a low hardness value
(n = 1.988 eV) and a high softness value [c = 0.5031 (eV)™]
is expected to have a high inhibition efficiency. These values
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are in agreement with the experimental results.

The absolute electronegativity (y) is the chemical property
that describes the ability of a molecule to attract electron
towards itself in a covalent bond [50]. The electronegativity
value of loratadine is lower than copper, which confirms the
electrons movement from loratadine to copper.

For dipole moment (u), several authors state that the
inhibition efficiency increases with increasing values of this
parameter [56,57]. Moreover, survey of the literature reveals
that several irregularities appeared in case of correlation
of dipole moment with inhibitor efficiency [58,59]. So in
general, there is no significant relationship between the
dipole moment values and inhibition efficiencies.

The fraction of electrons transferred (AN) of a molecule
reflects its ability to give electrons. According to Lukovits'
study, if AN < 3.6 then the efficiency of inhibition increases
with the molecule's ability to give electrons to the metal [59].
In our work AN < 3.6, which shows that loratadine has a
good inhibition performance in electron donation.

The electrophilicity index (®) measures the propensity of
chemical species to accept electrons. A high value of (@)
[49] describes a good electrophile, while a low value of (®)
describes a good nucleophile. In our case, the electrophilicity
index of the molecule is high, expressing that loratadine is a
good electrophile.

Loratadine has negative value of total energy (Et < 0)
and positive value of hardness (n > 0), which proves that
the charge transfer from each molecule to the metal is
energetically favorable [60]. So, there is a strong interaction
between the molecules and the copper surface.

Local reactivity was analyzed by means of Fukui indices
and dual descriptor in order to assess the nucleophilic and
electrophilic attack centre.

The Fukui [61,62] functions expressed using the limit
difference approximation is given as follows

For nucleophilic attack

fio = la(N + 1) — g, (V)] (24)
For electrophilic attack)
fi =lax(N) —q (N —1)] (25)

Where qx(N+1), N and qi(N-1) are the electronic
population of atom k in (N+1), N and N-1 electrons systems.

The dual descriptor [63,64] is used to locate nucleophilic
and electrophilic sites of attack with all possible precision. It
is defined by the following expression

A0 = fi = fi (26)

The nucleophilic attack and electrophilic attack are given
respectively by the highest and the lowest value of Af; (r).

All the local parameters are collected in Table 7.

It is clear from the analysis in Table 7 that N(22) with
the high value of Af,(r) and f; is the most probable
nucleophilic attack site while C(33) with the maximum
value of f and the lowest value of Af,(r) is most
probable electrophilic attack site.

The HOMO-LUMO diagrams are presenting by Figure
13.

Figure 13. HOMO (A) and LUMO (B) orbitals of by B3LYP/6-31G (d)

3.5. Quantitative Structure-Property Relationship
(QSPR) Assessment

In order to select a set of relevant quantum chemical
parameters capable of finding a relationship between these
parameters and experimental inhibition efficiencies, QSPR
method was used. For this method, we used inhibition
efficiencies at 298K in the same concentration range.

The constants determined for the sets of parameters are
recorded in the table 8.

The Theoretical versus experimental efficiencies of LTD
for different sets are represented in Figures 14.
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Table 7. Calculated Mulliken atomic charges, Fukui functions and dual descriptor by DFT B3YLP6-31/ G (d)

Atom N° (N +1) qx(N) (N -1) fi fe Afi(r)
1C 0.003745 0.026275 -0.007247 -0.02253 0.033522 -0.056052
2C 0.002679 0.282502 0.000196 -0.279823 0.282306 -0.562129
3C -0.008461 -0.02058 0.001289 0.012119 -0.021869 0.033988
4C 0.006635 -0.184788 0.00108 0.191423 -0.185868 0.377291
5C -0.004369 -0.131138 0.013507 0.126769 -0.144645 0.271414
6C -0.01177 0.063734 0.032178 -0.075504 0.031556 -0.10706
7C 0.001989 0.232612 0.007232 -0.230623 0.22538 -0.456003
8C 0.002934 0.114453 -0.009328 -0.111519 0.123781 -0.2353
9C -0.006642 -0.188826 0.015887 0.182184 -0.204713 0.386897

10H 0.000364 -0.021255 -0.000798 0.021619 -0.020457 0.042076
11C 0.002271 -0.161522 -0.00541 0.163793 -0.156112 0.319905
12C -0.002773 -0.057349 0.012639 0.054576 -0.069988 0.124564
13C -0.002031 -0.220257 -0.006179 0.218226 -0.214078 0.432304
14 H -0.000146 0.151953 0.000254 -0.152099 0.151699 -0.303798
15H -0.00031 0.14141 -0.000161 -0.14172 0.141571 -0.283291
16 H 0.000031 0.141108 -0.000708 -0.141077 0.141816 -0.282893
17H -0.000071 0.153145 0.000187 -0.153216 0.152958 -0.306174
18H 0.000103 0.145566 0.000234 -0.145463 0.145332 -0.290795
19Cl -0.000441 0.017865 0.000374 -0.018306 0.017491 -0.035797
20C -0.002754 0.436864 0.001444 -0.439618 0.43542 -0.875038
21C -0.055879 -0.494088 0.001313 0.438209 -0.495401 0.93361

22N -0.008461 -0.524296 0.020398 0.515835 -0.544694 1.060529
23C -0.026158 -0.103261 -0.062305 0.077103 -0.040956 0.118059
24C -0.000152 -0.138598 -0.002268 0.138446 -0.13633 0.274776
25C -0.002883 -0.399519 0.001789 0.396636 -0.401308 0.797944
26C 0.004788 0.048154 0.011088 -0.043366 0.037066 -0.080432
27C -0.027551 -0.02235 0.046287 -0.005201 -0.068637 0.063436
28 H 0.00262 0.180897 -0.007621 -0.178277 0.188518 -0.366795
29H 0.000082 0.194109 -0.000229 -0.194027 0.194338 -0.388365
30H 0.000341 0.249517 -0.000305 -0.249176 0.249822 -0.498998
31H 0.000388 0.216198 0.000445 -0.21581 0.215753 -0.431563
32N -0.008258 -0.439756 0.016783 0.431498 -0.456539 0.888037
33C -0.000505 0.705978 -0.004619 -0.706483 0.710597 -1.41708
340 0.022458 -0.48855 0.000568 0.511008 -0.489118 1.000126
350 0.057675 -0.447804 0.059526 0.505479 -0.50733 1.012809
36C 0.035209 -0.215306 0.347087 0.250515 -0.562393 0.812908
37C -0.000454 -0.081679 0.55412 -0.081225 -0.635799 0.717024
38H -0.06158 0.241781 -0.015268 -0.303361 0.257049 -0.56041
39H -0.020701 0.14662 -0.01502 -0.167321 0.16164 -0.328961
40H -0.012779 0.258506 -0.008916 -0.271285 0.267422 -0.538707
41 H 0.081322 0.125982 -0.022078 -0.04466 0.14806 -0.19272
42 H 0.023377 0.23451 0.008146 -0.211133 0.226364 -0,437497
43 H -0.00074 0.178886 0.001424 -0.179626 0.177462 -0.357088
44 H 0.000028 0.264302 0.000784 -0.264274 0.263518 -0.527792
45H 0.008581 0.079473 -0.010271 -0.070892 0.089744 -0.160636
46 H -0.008066 0.082411 0.019195 -0.090477 0.063216 -0.153693
47H 0.000101 0.171681 -0.000055 -0.17158 0.171736 -0.343316
48 H 0.001079 0.190737 -0.000062 -0.189658 0.190799 -0.380457

39
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Atom N° qr(N +1) qx (N) qr(N —1) fif fi Afi (1)
49H -0.002527 0.2863 0.001165 -0.288827 0.285135 -0.573962
50H -0.001633 0.266739 0.002226 -0.268372 0.264513 -0.532885

Table 8. Values of coefficients A, B, D, E, R? and Statistical parameters of the sets

Set of parameters A B D

E R? SSE RMSE

(Enomo, @,1) 4,0995X10% | 6.8163X10" | -12025.8563 | 883.944738 | 0.9428 | 950.50 | 15.42

(AE, p, 0) 592.630297 | -487.879622 | 1348.83239 961.34131 0.9709 | 680.71 | 13.05

0w, ELymo) 593.296664 272.879355 | -614.463732 | -4150.40112 | 0.9695 | 776.95 | 13.94

(Exomo Erumor 1) | 505.04886 | -232.658638 | 202.4503 | -2120.83134 | 0.9759 | 806.58 | 14.20

(E 5omo-91)
100
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Figure 14. Theoretical versus experimental efficiencies of LTD for different sets of parameters

Referring to the data in the table 8, it appears that the set of
parameter (AE, u,g) with the lowest value of RMSE and
correlation coefficient R?=0.9709 is the best parameter to
describe loratadine behavior of copper corrosion inhibition
in 1M HNO;.

4. Conclusions

Mass loss and theoretical method were used to evaluate
the copper corrosion inhibition by loratadine in 1M HNO3.

Loratadine acts a good inhibitor for copper corrosion in
1M HNO; and its Inhibition efficiency increases with
increasing concentration and temperature.

The adsorption of loratadine on copper surface obeys
the modified Langmuir adsorption isotherm or Villamil
model and is a spontaneous, exothermic process
accompanied by an increase in entropy.

e The adsorption process is dominated by chemisorption.
e Thermodynamic activation parameters indicate an

The main finding of this study are as follows: .

exothermic dissolution process.
The Fukui functions and the dual descriptor have
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proved that N(22) and C(33) are respectively the
probable sites of nucleophilic and electrophilic attack.
e (AE,u,0) is the best set of parameters for correlating
theoretical and experimental inhibitory efficiencies.
e Calculated theoretical parameters support the
experimental results.
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