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Abstract

7-(2-ethyltiophenyl) theophylline was used as copper corrosion inhibitor in
1M HNO,; solution. The study was performed using mass loss, scanning elec-
tron microscopy (SEM) and Density Functional Theory (DFT) methods. The
results show that the inhibition efficiency increases up to 91.29% with in-
crease of the inhibitor concentration (from 0.05 to 5 mM) but decreases with
raising temperature of the solution. Copper dissolution was found to be tem-
perature and 7-(2-ethyltiophenyl) theophylline concentration dependent. The
thermodynamic functions related to the adsorption of the molecule on the
copper surface and that of the metal dissolution were determined. The results
point out a spontaneous adsorption and an endothermic dissolution processes.
Adsorption models including Langmuir, El-Awady and Flory-Huggins iso-
therms were examined. The results also suggest spontaneous and predomi-
nant physical adsorption of 7-(2-ethyltiophenyl) theophylline on the metal
surface which obeys Langmuir isotherm model. Further investigation on the
morphology using scanning electron microscopy (SEM) has confirmed the
existence of a protective film of inhibitor molecules on copper surface. Fur-
thermore, the global and local reactivity parameters of the studied molecule
were analyzed. Experimental and theoretical results were found to be in good
agreement.
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1. Introduction

Copper [1] [2] [3] [4] is widely applied in many industries and applications (in-
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dustrial equipment, electricity and electronics, communications, pipelines for
domestic and industrial water utilities, etc.) due to its excellent electrical and
mechanical properties and low prices. Thus corrosion of copper and its inhibi-
tion in aggressive media, particularly in presence of chloride ions [5] [6] [7] [8],
have attracted the attention of many research teams.

One of the most important methods in copper protection against corrosion is
the use of organic inhibitors containing polar groups, including nitrogen, sulfur
and oxygen [9] [10] [11]. Nowadays, heterocyclic compounds with polar func-
tional groups and conjugated double bonds are frequently used for copper cor-
rosion inhibition [12]. The inhibiting action of these organic compounds [13]
[14] is usually attributed to their interactions with the copper surface via adsorp-
tion which depends on the nature of the copper/solution interface.

Recently, the effectiveness of an inhibitor molecule [15] [16] [17] has been re-
lated to its spatial as well as electronic structure. Quantum chemical methods are
ideal tools for investigating these parameters and are able to provide insight into
the inhibitor-surface interaction. A variety of chemical concepts which are now
widely used as descriptors of chemical reactivity, e.g., electronegativity [18],
hardness or softness [19], etc., appear within DFT. The Fukui function [20] and
the local softness [21] measure the local electron density/population displace-
ments corresponding to the inflow of single electron. They have been success-
fully performed [22] [23] to link the corrosion inhibition efficiency with mole-
cular orbital (MO) energy levels for many organic compounds.

The aim of the present paper is to study the behavior of 7-(2-ethyltiophenyl)
theophylline (Scheme 1) by analyzing its inhibition efficiency both on the expe-
rimental and theoretical points of views. Theoretical parameters such as the
energy of the highest occupied molecular orbital (£;qy0), the energy of lowest
unoccupied molecular orbital (£ ), the energy gap (AE) between £, and
Eiomo» the dipole moment (u), the ionization energy (J), the electron affinity (A),
the electronegativity (), the global hardness (7), the global softness (.5), the elec-
trophilicity index (w), the fraction of electrons transferred (AN) are determined
and analyzed. The local reactivity has been analyzed through the Fukui indices,
since they indicate the reactive regions in the form of nucleophilic and electro-

philic behavior of each atom in the molecule.
2. Experimental

2.1. Copper Specimen

The samples of copper used in this study were in the form of rods with 10 mm as

(0]
HSC\N N/\/S
O)\N | N/>
¢Hs

Scheme 1. Chemical structure of
7-(2-ethyltiophenyl) theophylline.

DOI: 10.4236/msce.2018.68004

32 Journal of Materials Science and Chemical Engineering


https://doi.org/10.4236/msce.2018.68004

0. Augustin et al.

length and 2.2 mm as diameter which were cut in commercial copper of purity
95%.

2.2. Reagents

The structure of 7-(2-ethyltiophenyl) theophylline has C,;H,;,N,O,S as formula.
It is a kaki color powder provided by the Laboratory of Organic Chemistry and
Natural Substances, Felix Houphouet-Boigny University. Its molecular structure
was identified by "H NMR and “C NMR spectroscopy:

-RMN 'H (CDCI3, A ppm): 3.40 (s, 3H, CH; ); 3.49 (t, 2H, N-CH,); 3.50 (s,
3H, CH; );4.43 (t, 2H, -CH,-S); 7.25(m, 5H, H,,); 7.48 (s, 1H, N=CH").

-RMRN "C (CDCI3, A ppm): 29.73 (CHj; ); 29.90 (CHj; ); 34.65 ( N-CH, );
47.08 (-CH,-S); 126.75 (C,,); 127.50 (C,,); 128.89 (C,,); 129.05 (C,,); 130.17
(Cy); 133.95 (C,).

Commercial nitric acid of purity 65% was purchased from Pan Reac Appli-
Chem.

2.3. Solution Preparation

1M HNO,; solutions without or with different concentrations of 7-(2-ethyltiophenyl)
theophylline ranging from 0.05 to 5 mM were then prepared.

2.4. Mass Loss Measurement

Before each measurement, the copper samples were mechanically abraded with
different grade emery papers (1/0, 2/0, 3/0, 4/0, 5/0, and 6/0). The specimens
were washed thoroughly with bidistilled water, degreased and rinsed with ace-
tone and dried in an oven. Mass loss measurements were performed in a beaker
of 100 mL capacity containing 50 mL of the test solution. The immersion time
for mass loss was 1h at a given temperature. In order to get good reproducible
data, parallel triplicate experiments were conducted accurately and the average
mass loss was used to evaluate the corrosion rate ( W), the degree of surface cov-
erage (6) and the inhibition efficiency (/E) using Equations (1)-(3) respectively:

m —m,

W:T (1)
W, —W
0= W (2)
IE(%):[WO_WJ*IOO 3)
0

where W, and W are the corrosion rate without and with inhibitor respectively,
m, and m, are the mass before and after immersion in the corrosive aqueous so-
lution respectively, S is the total surface of the copper specimen and ¢is the im-

mersion time.

2.5. Scanning Electron Microscopy

The scanning electron microscopy (FEG SEM, SUPRA 40 VP, ZEISS, Germany)
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was used to characterize the copper surface after its treatment in the presence or
absence of 7-(2-ethyltiophenyl) theophylline for 1 h immersion in 1M HNO, at
303 K. Comparison was made between the bare sample and the immersed ones.

2.6. Quantum Chemistry

To calculate the ground-state energy and the physical properties of 7-(2-ethyl-
tiophenyl) theophylline, the Gaussian 09 W package [24] was used. The molecu-
lar structure was optimized to a minimum without symmetry restrictions using
B3LYP exchange correlation functional, a combination of the Becke three para-
meter hybrid functional [25] with the correlation functional of Lee, Yang and
Parr [26] [27] associated to 6-31 G (d, p) basis set [28]. Figure 1 presents the op-
timized structure of 7-(2-ethyltiophenyl) theophylline. Density functional theory
has been proved to be successful in providing theoretical basis for chemical con-
cepts such as electronegativity (), hardness (7), softness (S) and local parame-
ters as Fukui function ( f (r)) , and local softness (s(r)) .

For N-electrons system with total energy £, the electronegativity is given by

OF
= =_| = 4
A= (aN )V(,) @

Equation (4):

where 1, and v(r) are the chemical and external potentials respectively. The
chemical hardness 7 which is defined as the second derivative of E with respect

to Nis then given by Equation (5):

O’E
- [aNZ ]v(r) (5)

The global softness Sis the inverse of the global hardness as seen in Equation

(6):

J
Carbon (C) Hydrogen (H) Sulfur (S) Nitrogen (N) Oxygen (O)

Figure 1. Optimized structure of 7-(2-ethyltiophenyl) theophylline by B3LYP/6-31G (d,
p).
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S= (6)

1
n

According to Koopman’s theorem [29], the ionization potential 7 can be ap-
proximated as the negative of the highest occupied molecular orbital (HOMO)
energy:

I'=-Eyomo (7)

The negative of the lowest unoccupied molecular orbital (LUMO) energy is

related to the electron affinity A:
A=~E o (8)

The electronegativity was obtained using the ionization energy /and the elec-
tron affinity A as given in Equation (9):
I+4
S 2

(9)

The hardness which is the reciprocal of the electronegativity was obtained by
Equation (10):

p=1=4 (10)

When the organic molecule is in contact with the metal, electrons flow from
the system with lower electronegativity to that of higher electronegativity until
the chemical potential becomes equal. The fraction of electrons transferred, AN,
was estimated according to Pearson [30]:

zCu - linh
= K= X (11)
2(7704 + Wi )

In this study, we used theoretical values of y. and 7. (., =498 eV
[31]and 7., =0 [32]).

The global electrophilicity index, introduced by Parr [31] is given by Equation
(12):

=" (12)

The local selectivity of a corrosion inhibitor [33] is generally assessed using
Fukui functions. Their values are used to identify which atoms in the inhibitor
are more prone to undergo an electrophilic or nucleophilic attack. The change in
electron density [34] is the nucleophilic and electrophilic Fukui functions, which

are defined as:

ON

f(r)= [8”—“)10) (13)

where Nand p(r) are the number of electrons and the electron density at po-
sition r of the chemical species respectively. After taking care of the disconti-
nuities in f(r) versus N plot, the “condensed-to-atom” approximations of

f (r), when multiplied by global softness (8) [35] provide local softness values
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given by Equations (14)-(15) respectively:
S (r)z[qk (N+1)—qk (N)]Szf,;S (14)
sc(r)=[a: (N)-a. (N-1)]S= 1S (15)

In these equations ¢, (N+1), ¢,(N) and ¢,(N—1) represent the con-
densed electronic populations on atom “4” for anionic, neutral and cationic sys-
tems respectively. Therefore, s, (r) and s, (r) represent the condensed local

softness values of atom “4” towards nucleophilic and electrophilic attacks.

3. Results and Discussion

3.1. Effect of Concentration and Temperature

The corrosion rate curves of copper without and with the addition of 7-(2-ethyl-
tiophenyl) theophylline in 1M HNO, at different temperatures are shown in
Figure 2. These curves indicate that corrosion rate of copper in the studied me-
dium, increases with increasing temperature of the solution. But this evolution is
moderated when the concentration of the studied inhibitor increases, revealing
the effectiveness of the molecule as a corrosion inhibitor for copper in 1M
HNO;. These results could be interpreted as the formation of a film barrier
which isolates the metal from its aggressive environment.

For the temperature range studied, the inhibition efficiency (IE) increases
with the increase in inhibitor concentration until a value of 91.29% for the con-
centration of 5 mM at 303 K (Figure 3).

As highlighted in Figure 3, the inhibition efficiency decreases with the rise in
temperature for the concentration range studied. The evolution of the inhibition
efficiency for each concentration of 7-(2-ethyltiophenyl) theophylline shows a
significant decrease in corrosion rate upon the addition of the investigated mo-
lecule to the aggressive solution, revealing the effectiveness of the molecule as a

corrosion inhibitor for copper in 1M HNO,. A plausible explanation of these

/ == Blank
6 | =#=0.05mM
0.1 mM
& 5 == mM
£ —=5mM
= 4 - /
=
on i
g 3
2 2

300 305 310 315 320 325
T (K)

Figure 2. Evolution of corrosion rate with temperature for different con-
centrations of 7-(2-ethyltiophenyl) theophylline.
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Figure 3. Inhibition efficiency versus temperature for different con-
centrations of 7-(2-ethyltiophenyl) theophylline.

results is that the increasing inhibitor’s concentration reduces the copper ex-
posed surface to the corrosive environment through the increasing number of
adsorbed molecules on its surface which hinders the direct acid attack on the
metal surface [36]. Furthermore, it has been reported [37] that the decrease in
inhibition efficiency with increase in temperature indicates that the process of
adsorption of the inhibitor on the corroding metal surface is physical adsorp-

tion.

3.2. Adsorption Isotherms

The basic information on the interaction between the inhibitor and the metal
can be provided by the adsorption isotherm. The adsorption isotherms tested in
this work are the models of Langmuir, Temkin, Freundlich, El-Awady and Flory
Huggins. By fitting the degree of surface coverage (6) and the inhibitor concen-
tration (Figure 4), the best adsorption isotherm obtained graphically is Lang-
muir adsorption isotherm with a strong correlation (R > 0.999) and the slopes
of the straight lines are close to unity.

The obtained Langmuir adsorption parameters for different temperatures are
displayed in Table 1.

Given that the correlation coefficients (&) and the slopes are very close to un-
ity (Table 1), the studied inhibitor adsorbs on copper surface through Langmuir
isotherm model.

The values of adsorption equilibrium constant K, were obtained from the
intercepts of the straight lines on the C,,,/6-axis. K, is related [38] to the stan-
dard free adsorption energy AG!, according to Equation (16):

AG), =-RTIn(55.5K,,) (16)

a

where 55.5 is the concentration of water in the solution in mol-L™, Ris the per-

fect gas constant and T'is the absolute temperature.
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Figure 4. Langmuir adsorption isotherm for 7-(2-ethyltiophenyl) theophylline
on copper surface in IM HNO,.

Table 1. Regression parameters of Langmuir isotherm.

T(K) Correlation coefficient Slope Intercept
303 0.9999 1.0917 0.0257
308 0.9999 1.1315 0.0259
313 0.9999 1.1496 0.0338
318 0.9999 1.1995 0.0340
323 0.9998 1.2290 0.0374

3.3. Thermodynanmic Adsorption Parameters

The calculated values of AGY, are presented in Table 2.

In this work, the calculated values of AGY, for 7-(2-ethyltiophenyl) theo-
phylline were ranging from -36.73 to -38.14 kJ-mol™" which indicated that the
adsorption of 7-(2-ethyltiophenyl) theophylline on the copper surface may in-
volve physisorption as well as chemisorption [39] [40] and the decrease in values
of K, with increasing temperature suggested that the desorption process en-
hances with the increase in temperature [40]. The large negative values of
AG?, reveal that the adsorption process takes place spontaneously and the ad-
sorbed layer on the surface of copper is highly stable [41].

The standard adsorption enthalpy change AH., and the standard adsorp-
tion entropy change AS’, are correlated with standard Gibbs free energy by
Equation (17):

AGfds = AHz?ds _TAS((I)JS (17)

The plot of AG?, versus T (Figure 5) leads to the determination of AH,
and AS?, asregression parameters with AH', as the interceptand AS', as

the negative of the slope of the straight line obtained.

The negative values of AHJ, indicate that the adsorption of the inhibitor is
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Table 2. Thermodynamic parameters for the adsorption of 7-(2-ethyltiophenyl) theo-
phylline on copper surface at different temperatures.

T(K) K, (M™) AG., (kJ-mol") AH?, (kJ-mol™) AS, (T-mol™-K™)
303 38910.51 -36.73
308 38610.04 -37.31
313 29858.80 -37.22 -16.62 66.50
318 29411.76 -37.80
323 26737.97 -38.14
-36.6
0 —
36.8 - AG®,,=-0.0665T - 16.618
R?=0.9226
-37 4
= 372 - 7S
=
g 37.4
E .
2 -37.6
O 378 -
<
-38
-38.2
'38.4 T T T T
300 305 310 315 320 325

T (K)

Figure 5. AG,, versus T for the adsorption of 7-(2-ethyltiophenyl) theophylline on
copper in 1M HNO,.

an exothermic process. Literature [42] pointed out that an exothermic process
signifies either physisorption or chemisorption while an endothermic process is
associated to chemisorption. Therefore this result confirms that the adsorption
process is both consistent with physisorption and chemisorption. The positive
values of AS°, denote a disorder, probably due to desorption of water mole-

cules.

3.4. Effect of Temperature and Thermodynamic Activation
Parameters

Temperature is an important parameter in metal dissolution studies [43]. Acti-
vation parameters are also of great importance in the study of the inhibition
processes. The kinetics functions for the dissolution of copper without and with
various concentrations of the tested compound are obtained [44] by applying the

Arrhenius equation and the transition state equation:

E
logh =logh ——— 18
g g 2.303RT (18)
w R AS, AH,
log| — |=|log| — |+ —— |- < (19)
T Nh) 2.303R| 2.303RT
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In these equations, E, is the activation energy, k is the Arrhenius pre-ex-
ponential factor; 4 is the Planck’s constant, N is the Avogadro number, AS,
is the change in activation entropy and AH, is the change in activation enthal-
py-

Figure 6 and Figure 7 show respectively the plots log and log(W/T)
versus 1/ 7.

All graphs show, both in absence and presence of 7-(2-ethyltiophenyl) theo-
phylline excellent linearity as expected from Equations (18) and (19) respective-

ly. The intercepts of the lines in Figure 6 allow the calculation of the values of the

pre-exponential factor (£) and the slopes [— 5 j)“?)Rj lead to the determination

of the activation energy E, both in the absence and presence of the inhibitor.
The straight lines obtained by plotting log(W/T) versus 1/ T'(Figure 7) have
AS,

2.303R

5

AH R
a slope of | — < and an intercept of |log| — |+
2.303 Nh

} . Therefore,

the values of AH, and AS, were calculated and displayed in Table 3.

From Table 3, it seems that £, and AH, varied in the same manner in-
creasing with the concentration, probably due to the thermodynamic relation
between them (AH: =E, —RT). The literature [45] states that physical adsorp-
tion is associated with, E, values of the inhibited solution higher than that of
the free acid solution (blank). In our work, the uninhibited solution is associated
with £, value, less than that of the inhibited solutions, confirming the predo-
minance of physisorption. Since corrosion primarily occurs at surface sites free
of adsorbed inhibitor, the higher E, values in inhibited solutions imply that
the inhibitor mechanically screens the active sites of copper surface thereby
decreasing the surface area available for corrosion [46] [47]. The change in ac-

tivation enthalpy AH, has a positive sign, denoting an endothermic activation

1

0.8 -

0.6 - ’\‘\‘\t\‘

0.4 -

0.2 -
0

02 -

0.4 -
0.6 -

log W

¢ Blank H0.05mM A0.] mM

X1 mM X5 mM
'0.8 T T T T T

3.05 3.1 3.15 3.2 3.25 33 3.35

1000/T (K1)

Figure 6. Arrhenius plots for Copper corrosion in 1M HNO; solutions
without and with 7-(2-ethyltiophenyl) theophylline.
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Figure 7. Transition state plots for copper corrosion in 1M HNO, with

or without 7-(2-ethyltiophenyl) theophylline.

Table 3. Activation parameters for copper corrosion without and with 7-(2-ethyltio-
phenyl) theophylline in 1M HNO,.

E, (kJ-mol™) AH (kJ-mol™) AS. (J-mol™.K™)
Blank 22.77 20.15 -167.87
0.05 mM 40.34 37.69 -121.73
0.1 mM 43.35 40.69 -114.80
1 mM 47.15 44.49 —104.08
5 mM 53.98 51.31 —84.87

process. The shift towards positive value of entropy change (AS) implies that the
activated complex in the rate determining step represents dissociation rather
than association, meaning that disordering increases on going from reactants to

the activated complex [48].

3.5. Surface Characterization

Scanning electron micrographs of copper surface before and after immersion in
1M HNO, without and with inhibitor are shown in Figures 8(a)-(c).

As presented in Figure 8(a), the metallic sample before immersion in 1M
HNO, seems smoother and shows fewer pits and cracks. Figure 8(b) shows ag-
gressive attack of the corroding medium on the copper surface. The corrosion
products appear too uneven, arranged layer upon layer and the metallic surface
presents high roughness because of pits and cracks. From Figure 8(c), it is ob-
vious that the copper surface seems to be almost unaffected by corrosion due to
the adsorption of 7-(2-ethyltiophenyl) theophylline which was forming a thin
inhibitor film of the studied molecule onto copper surface. These results prove
that 7-(2-ethyltiophenyl) theophylline protects effectively the metal surface by

covering it with a protective layer which separates copper from the corrosive
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Figure 8. (a) SEM images of polished copper surface: before immersion; (b) after 1h of immersion in 1M HNO, solution without
inhibitor and (c) after 1 h of immersion in 1M HNO; solution with optimal concentration (5 mM) of 7-(2-ethyltiophenyl) theo-

phylline.

environment, confirming the earlier gravimetric results.

3.6. Quantum Chemical Calculations

3.6.1. Global Reactivity
According to the frontier molecular orbital (FMO) theory of chemical reactivity,
transition of electron is due to interaction between highest occupied molecular
orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) of reacting
species. Foyo [49] measures the tendency towards the donation of electron by a
molecule whereas E|,,, indicates the ability of the molecule to accept electrons.
The binding ability of the inhibitor to the metal surface [49] increases with in-
creasing of the HOMO and decreasing of the LUMO energy values. The calcu-
lated quantum chemical and reactivity parameters are displayed in Table 4.

The inhibitor does not only donate electron to the unoccupied d orbital of the

metal ion but can also accept electron from the d orbital of the metal, leading to
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Table 4. Values of some molecular descriptors.

Descriptor Value Descriptor Value
oo (€V) ~5.8876 I(eV) 5.8876
Eumo (eV) ~0.8376 A (eV) 0.8376
AE (eV) 5.0500 4 (Debye) 5.3036
AN 0.3203 n(eV) 2.5250
Sev)™! 0.3960 w 2.2390
x(eV) 3.3626 E(a.u) —1348.9457

the formation of a feedback bond. The highest value of E;qyo —5.8876 eV of
7-(2-ethyltiophenyl) theophylline could explain its good inhibition efficiency
(91.29% at C,, =5 mMand T =303 K).

The energy gap (AE =E, ;o — Eyomo ) 1S an important parameter as a func-
tion of reactivity of the inhibitor molecule towards the adsorption on the metal-
lic surface. As AE decreases, the reactivity of the molecule increases leading to
increase in the inhibition efficiency of the molecule. Lower values of the energy
difference will render good inhibition efficiency, because the energy to remove
an electron from the last occupied orbital will be low [50]. In our case, the low
value of energy gap (AE = 5.0500 eV) could explain the high inhibition efficiency
values obtained. HOMO and LUMO diagrams of the inhibitor are given in Fig-
ure 9(a) and Figure 9(b).

Analyzing Figure 9, one can see that HOMO and LUMO densities are con-
centrated in nearly the same region (around the phenyl ring). So, this region is
probably the active area where transfers of electrons could be done (from the
molecule to copper or vice-versa).

Ionization energy 7/ and electron affinity A are two important parameters as-
sociated with the HOMO and LUMO Energies. The ionization potential (/) and
the electronic affinity (A4) are respectively (5.8876 eV) and (0.8376 V). This low
value of (/) and the high value of electron affinity indicate the capacity of the
molecule both to donate and accept electron.

The dipole moment (u in Debye) is another important electronic parameter
that results from non uniform distribution of charges on the various atoms in
the molecule. The high value of dipole moment probably increases the adsorp-
tion between chemical compound and metal surface [51]. The energy of the de-
formability increases with the increase in g, making the molecule easier to ad-
sorb at the copper surface. The volume of the inhibitor molecules also increases
with the increase of u. This increases the contact area between the molecule and
surface of copper and increasing the corrosion inhibition ability of 7-(2-ethylti-
ophenyl) theophylline. In our work the value 5.3036 (Debye) of the studied inhi-
bitor shows its better inhibition efficiency.

Electronegativity (}), hardness (7) and softness () are very useful parameters
in chemical reactivity theory. Electronegativity indicates the capacity of a system

to attract electrons, whereas hardness and softness express the degree of reactivity
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Figure 9. HOMO (a) and LUMO (b) by B3LYP/6-31G (d, p).

of the system. In our study, the electronegativity of the studied molecule

( X =3.3626 eV) is lower than the theoretical value of y. (x, =4.98
eV) [31], showing that copper has the better attraction capacity. This situation
leads to a positive value of electron transferred (AN =0.3203) indicating a
possible motion of electrons from the inhibitor to the metal. The electrophilic-
ity index (w) [31] measures the propensity of chemical species to accept elec-
trons; a high value of electrophilicity index describes a good electrophile while
a small value of electrophilicity describes a good nucleophile. In our case the
high value (@ =2.2390 eV) expresses the electrophile character of the studied
molecule showing the possible transfer of electrons from the metal to the inhi-
bitor.

3.6.2. Local Reactivity
Local reactivity descriptors including atomic charges, condensed Fukui func-
tions and local softness indices are collected in Table 5.

The analysis of Table 5 indicates that according to the Fukui theory of reac-
tivity, (16 C) is the nucleophilic attacks center (highest value of f;") when (30
C) is the electrophilic attacks center (highest value of f, ).

4., Conclusions

From the results and findings of this study, the following conclusions can be
drawn:
The results obtained from gravimetric method indicate that 7-(2-ethyltio-
phenyl) theophylline is a good inhibitor for copper corrosion in 1M HNO;;
The inhibition efficiency of 7-(2-ethyltiophenyl) theophylline is concentra-
tion and temperature dependent;
7-(2-ethyltiophenyl) theophylline adsorbs on copper according to Langmuir
adsorption isotherm;
Adsorption thermodynamic functions indicate a spontaneous process of
physisorption and chemisorption with a predominant physisorption;
SEM images confirm formation of a protective layer on the copper surface in
presence of 7-(2-ethyltiophenyl) theophylline inhibitor;
There is a good correlation between the quantum chemical (molecular and

reactivity) parameters and the experimental data.
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Table 5. Atomic charges, condensed Fukui functions and local softness values of
7-(2-ethyltiophenyl) theophylline.

Atom g, (N+1) q.(N) q,(N-1) A f s; s;
1C 0.426 0.475 0.525 —0.049 —0.050 -0.019 —0.020
2C 0.223 0.231 0.261 —0.008 —0.030 —0.003 -0.012
3N -0.597 —0.508 —0.595 —0.089 0.087 —0.035 0.034
4C 0.770 0.789 0.808 -0.019 -0.019 —0.008 —0.008
50 —0.583 —0.528 —0.450 —0.055 -0.078 -0.022 -0.031
6N -0.578 —0.591 —0.594 0.013 0.003 0.005 0.001
7C -0.151 -0.171 -0.187 0.020 0.016 0.008 0.006
11C 0.552 0.655 0.682 -0.103 -0.027 —0.041 -0.011
120 -0.609 —0.542 —0.488 -0.067 -0.054 -0.027 -0.021
13N -0.522 —0.506 —-0.537 -0.016 0.031 —0.006 0.012
14C 0.208 0.286 0.323 -0.078 -0.037 —0.031 —-0.015
15N -0.551 —0.525 —0.484 -0.026 -0.041 —0.010 -0.016
16C -0.051 -0.097 -0.086 0.046 -0.011 0.018 -0.004
19C -0.324 —0.322 —-0.401 —0.002 0.079 —0.001 0.031
22S 0.039 0.111 0.293 -0.072 -0.182 —0.029 -0.072
23C —0.146 -0.136 -0.117 —-0.010 -0.019 —0.004 —0.008
24C -0.094 —0.082 —0.083 -0.012 0.001 —0.005 0.000
25C —0.093 —0.084 —0.085 —0.009 0.001 —0.004 0.000
26C —0.080 -0.077 —0.069 —-0.003 —0.008 —0.001 —0.003
28C —0.082 —0.078 —0.069 -0.004 —0.009 —0.002 -0.004

30C -0.118 0.085 -0.069 -0.203 0.154 —0.080 0.061
34C -0.163 -0.177 —0.196 0.014 0.019 0.006 0.008
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