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Abstract

Using electrochemical, gravimetric, scanning electron microscopy and theoretical calculations, pyrimidine
compounds are assessed for aluminum corrosion prevention in 1.0 M hydrochloric acid solution at various
temperatures. According to the experimental procedures, all Pyrimidine compounds exhibit extremely good
inhibitory efficiency when their concentration range (50-500 ppm) is increased at various temperatures. All of the
studied inhibitors behaved as mixed type inhibitors, according to Tafel polarization curves. Based on the analysis
of the relationship between temperature and corrosion inhibition, the thermodynamic and adsorption parameters
were estimated and discussed. Aluminum surfaces were examined using scanning electron microscopy in both
the absence and presence of inhibitors. Density functional theory was employed in theoretical calculations to
forecast some parameters and the outcomes were generally in agreement the findings of experiments.

1. Introduction

Due to its superior mechanical attributes and
low cost, aluminum (AL) is employed as a
construction material and in machinery across a wide
range of sectors, which has a significant economic
and industrial significance [1, 2]. The use of natural
products, organic, and inorganic chemicals in acidic
conditions has been extensively explored to reduce
AL corrosion. [3-10]. In order to stop the corrosion
attack on metals, industrial acid cleaning, acid
descaling, acid pickling, and oil well acidizing
processes frequently use corrosion inhibitors for
organic compounds containing oxygen, sulphur,
nitrogen, and phosphorus atoms as well as functional
groups like (-NH-, -N=N-, C=N, CHO, and R-OH
[11-14]. The chemical structure of the compounds,
the functional group, the charge surface of the metal,
the quantity and charge density of adsorption sites,
the molecular size, the heat of hydrogenation, the
mode of interaction with the metal surface, and the
formation of metallic complexes, all affect how
effective an organic compound is at inhibiting a
reaction. [15, 16]. Since many decades, pyrimidine
compounds containing the functional -N=N- group
have been used extensively in chemical synthesis [17,

18]. The effectiveness of pyrimidine derivatives to
suppress corrosion of AL has been examined in
numerous prior studies. But the purpose of our
research, which is an expansion of our most recent
publication [19]. In order to clarify the mechanism of
corrosion inhibition of heterocyclic  organic
compounds, the molecular structure, the electronic
structure, and the reactivity have been determined
using the density functional theory (DFT) [20, 23].
We study the pyrimidine compound's ability to
prevent aluminum corrosion in acidic solutions and
associate this ability with the investigated
compounds. quantum chemical properties are, Eriomo,
ELumo, AE, |, and parameters that provide important
details about the reactive behaviour, such as TNC, 1,
o, and AN., are among the estimated parameters.

2. Experimental details

2. 1. Materials

2.1. 1. Inhibitors

Some pyrimidine derivatives as corrosion inhibitors

that used throughout all the experiments were

prepared by M. S. Tolba et al [24] and represented in
Table 1).
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2.1. 2. Composition of Aluminum

The EGYPT ALUMINIUM COMPANY S.S.AE
(Qena), Nag Hammadi, Qena, Egypt, provided the
aluminum samples utilised in the electrochemical
tests. The samples were 1x5x0.2 cm3 in size and had
an aluminum content of 99.98%. To prepare an
aluminum working electrode for electrochemical
measurements, specimens were polished with emery
papers (1100-1600 grade) to create a smooth surface.
This surface was then cleaned with distilled water,
degreased with acetone for about some minutes, and
then dried by filter papers at 30 °C. [19]

2. 1. 3. Solutions.

HCI solutions was used to create the corrosive
medium, which was then analytically processed to
create a secondary standard solution with a
concentration of 1.0 M and an average purity
between 35 and 38 percent. The following percents of
the standard HCI solution were used to prepare the
inhibitor concentrations: 50, 100, 200, and 500 ppm.

2. 1. 4. Corrosion Cell

The corrosion cell utilised in this investigation had
three electrodes: a counter (platinum wire electrode),
a reference (saturated calomel electrode) and working
electrode electrode (aluminium). One centimetre
squared of the working electrode is exposed to
solutions.

2. 2. Methods

2.2.1. Electrochemical Measurements

2.2.1.1. Open circuit potential (OCP)

Open circuit potential (OCP) is measured when the
electrode is submerged for half an hour in the tested
solutions at various temperatures in order to establish
a steady state potential. OCP is a relationship
between time (Min) vs potential (mV) at zero current
(1=0) (Es.s).

2.2.1.2. Potentiodynamic polarization

Model 352/252 corrosion measurement system,
which uses EG & G potentiostat/galvanostat model
273A operated by software from IBM computer, was
used to measure OCP and polarisation curves [19,
25]. Linear polarisation resistance (LPR) was
measured from +20 mV up to -20 mV vs. Ecorr and
Tafel plot polarisations (TFP) were measured from -
250 mV up to +250 mV vs. Ecorr. LPR and TFP
measurements had scan rates of 0.166 mV/S and 0.3
mV/S, respectively. [19, 26]

From the following equations, the inhibitory effective
ness (IE %) and surface coverage (6) were computed

1, 2)[27]..
(C.R Free — C.R ihn)
IE % = @))

C.R ihn
Where:
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C.R. (Free) and C.R. (inh) are the corrosion rate
without and with inhibitors, respectively.

_IE% )

~ 100 @

2.2.1.2.1. Determination of the thermodynamic
and activation parameters:
2.2.1.2.1.1. Activation energy (Ea)
Using the Arrhenius equation, the activation energies
for AL corrosion in the presence and absence of
inhibitors were determined. (3) [27]:
—FEa

logCR = 5 303RT
Where:
Ea is the activation energy for the reaction
R is the molar gas constant is = 8.31 J mol™! K™!,
A is the Arrhenius pre-exponential factor.
The Arrhenius plot of log CR against 1/T gave
straight lines with a slope of —Ea/2.303R for AL in
the absence and presence of various concentrations of
compounds P1 and P2 at temperatures 303, 313, 323
and 343K

2.2.1.2.1.2. Enthalpy of activation (AH") and
entropy of activation (AS”):

By the transition state equation, the values of
the enthalpy of activation (AH") and entropy of
activation (AS”) of P1 and P2 chemicals on AL
surface were computed. (4) [27]:

CR = RT (AS) (AH) 4
= Nan &P\ ) P \RT v (4)
Where:

h is Planck’s constant.

Na is Avogadro number.

A plot of log (CR/T) against 1/T gave straight lines
with a slope of —AH"/2.303R and an intercept of
[log(R/Nah) + (AS*/2.303R)] for AL in the absence and
presence of P1, and P2 compounds contenting
concentration (50 to 500) ppm in 1.0 M HCI solution at
a temperature range of (303 to 343) K.

2.2.1.2.2. Determination of Adsorption Isotherms:
2.2.1.2.2.1. Adsorption Isotherms:

The obtained surface coverage was fitted in
adsorption isotherms such the Langmuir adsorption
isotherm, which many researchers have used to
examine the adsorption process, in order to
thoroughly investigate the mechanism of pyrimidine
derivatives adsorption onto the aluminum/solution
interface. Equation (5) gives the mathematical
expression for the Langmuir adsorption isotherm [2,
6, 8, 19, and 27].

1L9 =KC.......(5

Where: K is the adsorption constant (mlL), C is the
concentration of the inhibitors. Rearranging the

above equation (6)
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C 1

= +C.......(6)
0 Kads.
If the adsorption process follows the Langmuir
adsorption isotherm, a straight line is produced
between (Cinn/ 0) and Cinn values.

2.2.1.2.2.1.1. Gibbs Energy AGads:

The following equation connects the values of Kags
obtained from adsorption isotherms to AGugs (7) [15,
20].

AG ags=—RT In (1 x 105K ags) v ere. .. (7)

Where R: the constant of universal gas, 1 x10 &:
pure water concentration,

T: the absolute temperature.

2.21.2.21.2. Enthalpy (AHas) and Entropy
(ASads):

Using the following equations, the enthalpy (AHags)
and entropy (ASass) of adsorption are determined
[23]:

InKads = + constant... .... ... (8)

AGads = AHags—TASads (9)

Adsorption can be physical, chemical, or of a mixed
kind for exothermic processes (AHags<0), but it is
related to chemisorption for endothermic processes
(AHags > 0). Physisorption connected to (AHags) is
roughly -40 kJ mol! or less negative for the
exothermic process, whereas chemisorption related to
"H ads" is roughly -100 kJ mol or greater negative.

—AHads

2.2.2. Gravimetric technique

The samples were polished with different
emery sheets, cleaned in acetone, rinsed in distilled
water, dried, and the constant weight (W1) was
determined with an electronic balance. The test
pieces were suspended using appropriate glass hooks
in 100 mL of test solution in a 250 mL glass beaker
that contained a certain quantity of each of four
distinct chemical compounds. The specimens were
removed from various aquatic environments after one
day of immersion, cleaned with distilled water, dried,
and again abraded with emery paper to remove the
upper material and properly weighted (W2). W1-W2
is used to compute the WL. The inhibitor is present at
concentrations of (50 to 500) ppm. The corrosion
inhibition tests were carried out at 30 °C. Based on
the results obtained using Eq. (10), the corrosion rate
(C.R.) in mm/year can be approximately calculated.

CR= K x AW 10
R = axixd (10)
Where K is a constant (8.76x10%), A is the metal
surface area (cm2); t is the immersion time (h), d is
the metal density (g/cm3). The (IEw, %) and the (0)
of inhibitors were calculated using the following
expression (11) [28].
IEWL% =6 x100
_ C.R.blank - C'R'lnh

C. R-blank
x 100 (11)
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2.2.3. Scanning Electron Microscope (SEM)

One technique that explains the surface morphology
of the uninhibited and inhibited AL samples is
scanning electron microscopy (SEM). SEM photos
were captured by the electron microscope unit of
Assiut University in Assiut, Egypt (71526).

2.2.4. Quantum chemical calculations

DFT produced with GaussView 5.0 using the
Gaussian 09W software using the 6-311G (d, p) basis
set and Becke's three parameter exchange functional
(B3LYP), quantum chemical computations of various
parameters were performed [29, 30]. The equations
(12-17) were used to calculate various quantum
parameters, including the highest occupied molecular
orbital (Enomo), the lowest unoccupied molecular
orbital (ELumo), the energy gap (AE), the global
hardness (1)), the softness (o),the dipole moment (p),
the total negative charges (T.N.C), the fraction of
electrons transferred (AN) (12-17) [31-34]:

AE=E|UMO -HOMO . *** """ "+ (12)
A= —ELUMO ......ccc ccc. .. (13)
I = —EHOMO..........coeoo.... (14)
I-A
R (15)
=% ............................ (16)
Fe— yinh]  ..(17
Ao LXFe—xink] ..(7)
2[nFe + ninh]

Where yee = 7 €V [29] is taken for iron and nee = 0 iS
taken, assuming that the ionization potential, I, equal
the electron affinity, A, for bulk metals where yr. and
nre are 7 and 0 respectively [30].

3. Results and Discussions:

3.1. Electro Chemical Measurements

3.1.1. Open circuit potential measurements

Figure (2) illustrates how the (OCP) of AL
changes over time in a solution of 0.1 M HCI
in the presence and absence of various
concentrations of (P1 and P2) compounds that
act as inhibitors at a given temperature 30 °C.
In this instance, the OCP trend is similar; the
OCP value first rises dramatically to more
noble values before plateauing. This graph
suggests that the corrosion process slows
down with time until reaching steady-state rate
within the time period shown. [31]. The
plateau OCP value rises to more noble levels
as the concentration of inhibitors in the
electrolyte increases, demonstrating the
adsorption of (P1 and P2) on the AL surface
and its effect on the anodic corrosion reaction.
[31,32 and 33].
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Figurel. Potential-time curves for aluminum in 1.
hydrochloric acid solution at different concentrations
organic pyrimidine (P1and P2) compounds at 30.

3. 1. 2. Polarization Measurements:

A set of Tafel curves for the corrosion of aluminum
in the without and wirh of (P1 and P2) compounds at
concentrations of 50 to 500 ppm in 1.0 M HCI
solution at 30 C are shown in Fig. (2). It is evident
that as the concentration of (P1 and P2) in the bulk
solution rises, the cathodic and anodic currents
decrease, demonstrating the inhibitory impact of (P1
and P2) on corrosion. This shows that (P1 and P2)
function as mixed-type corrosion inhibitors as well.
The related inhibition efficiency, which was
calculated using Eq. (12), and the accompanying
corrosion current densities (icorr) are shown in
(Table 2) together with the extrapolated cathodic and
anodic curves to the relevant OCP. The data
demonstrate that when the concentration of inhibitors
in the bulk solution increases, the effectiveness of the
corrosion inhibition likewise rises, reaching a
maximum value of (P1= 91.69%) at room
temperature, suggesting good surface corrosion
protection by (P1 and P2) molecules. Additionally,
(Table 2) calculated trend shows that the
effectiveness of corrosion prevention is dependent on
the surface concentration (coverage) of the P1 and P2
molecules that make up the protective layer . The
gathered information unequivocally demonstrates that
(P1 and P2) are very effective AL corrosion
inhibitors at all the tested temperatures. This was an
unexpected outcome because it was anticipated that
(P1 and P2) would desorb at higher temperatures and
provide less effective inhibition. However, it appears
that the molecules on the AL surface are fairly stable
over the entire temperature range investigated. This is
a significant finding from a practical standpoint since
it allows for the use of the inhibitor in more industrial
processes that take place at somewhat higher
temperatures. [34].
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Figure 2. Tafel plot polarization curves of aluminum in
hydrochloric acid solution at different concentrations of
organic pyrimidine (Pland P2) compounds at 303

3. 1. 2. 1. Effect of Temperature:

The phenomenon of corrosion is significantly
influenced by temperature. Corrosion occurs more
quickly at higher temperatures. The majority of
chemical and electrochemical reactions speed up as
the temperature rises. [35-37]. We performed electro-
measurements at temperatures equal to 303, 313, 323
and 343K to determine the impact of temperature on
the behaviour of the inhibitors (P1 and P2) under
study. The variations in the corrosion rate logarithm
as a function of the reciprocal of the absolute
temperature are shown in Figs. (3). Based on the
findings in Table 3. The activation energy values in
the presence of (P1 and P2) are higher than those that
correspond to 1.0 M HCI alone, as can be seen. It is
typical of physisorption inhibitors on the AL surface
for Ea values to rise in the presence of inhibitors. [38-
39]. These findings demonstrate that (P1 and P2)
contribute to a stronger physical adsorption by
producing a more surface, adhering, and thus more
potent layer. [40-44]. In fact, 1.0 M HCI hydrochloric
acid can be wused to protonate pyrimidine
heterocycles, which have many nitrogen atoms in
their structure, to produce the ammonium action. It
seems sense to infer that the quaternary cations
adsorption electrostatics in this situation is what gives
these compounds their excellent protective properties.
Figure (4) displays the relationship between log
(C.R./T) and 1000/T, which results in lines that are
straight and have a slope of -AH/2.303R and an
intercept of [log(R/NAh) + (AS/2.303R)] for AL in
the absence and presence of P1 and P2 compounds at
concentrations of (50 to 500) ppminal M HCI
solution, respectively.

Table (2) Potentiodynamic parameters of some pyrimidine (P1and P,) compounds on the corrosion of AL in 1.0

Egypt. J. Chem. 66, No. 12 (2023)
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M HCI at 303 K.
Tested  Conc. Rep Ba B Ecorr- Icorr CR n.p c?)l\J/ref?;ee
Solution  Ppm (Q) mV\decade mV\decade (mV) (HA/Cm?) (mpy) (%) 0) g
Hel 4418 o) 156 % 720 64100 - e
1.0M ' '
50 55.14 106 157 471 370 \AR 53.17 0.53
P1 100 69.54 111 201 455 320 YA 57.71 0.58
200 80.14 147 211 454 255 Yv. 66.77 0.67
500 83.01 125 214 451 75 00 91.69 0.92
50 51.09 201 185 462 419 380  42.60 0.43
P2 100 57.23 211 201 451 395 355  46.38 0.46
200  63.50 222 198 465 239 290 56.19 0.56
500 74.25 232 145 466 139 101 84.74 0.85

that Ea and AH* change in a similar way. The values

. D . 52 AL HL of both Ea and AH* rise as inhibitor concentration

rises, indicating that the energy barrier also rises.

This implies that as the concentration of inhibitor

increases, the corrosion reaction will be further

driven to surface regions that are characterised by
progressively higher values of Ea [45, 48, and 49].

== Blank
=50 ppm
=== 100 ppm
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process of dissolving AL is endothermic. [45]. o o
Further evidence from endothermic processes shows

that AL dissolution is temperature-dependent, Figure 4. Transition state plot for AL in 1.0 M

increasing with higher temperatures and decreasing at HCl at different concentration of pyrimidine
lower ones. Negative values of AS* indicate the concentration

development of activated complex in the rate-

determining phase, which indicates association rather

than dissociation. Accordingly, the disorder decreases

as one moves from reactants to activated complex.

[45, 46 and 47]. Additionally, data in (Table 3) show

Table (3) Thermodynamic parameters for the AL adsorption in blank solution without and with of some
organic pyrimidine compounds at different temperatures

0013

wwwwwwwww
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Figure 3. Arrhenius plots for AL in 1.0 M HCI .
solution at different pyrimidine concentrations. o

0006 0,007

C.RIT

Log C
Log

Tested Conc. Ea AH* As*

Solution ppm (kJmolh) (kJmol 1) (Imolkh)
HCILOM 15257 -89.15 -90.95
50 -168.31 -82.99 -97.54

100 -167.63 -92.98 9756

P1 200 17235 -94.94 -99.63
500 24089 -106.20 -123.99

50 -164.96 87.47 -95.99

100 -165.93 87.81 -96.47

P2 200 -173.07 -96.02 -99.16
500 -220.34 11497 115.66
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3.1. 2. 2. Isotherms of Adsorption:

Fig. (5) demonstrates that at different temperatures,
the variation of the ratio C/VS C ppm dependent on
the inhibitor concentration is linear (303, 313, 323
and 343K). This shows that the Langmuir isotherm
with a slope value equal to 1 governs the adsorption
of (P1 and P2) on the surface of AL in 1M HCI. The
appropriate isotherm was selected using the
correlation coefficient. (Table. 4). As can be
observed, all values of the slopes and the linear
correlation coefficients (R2) are quite close to one.
Figure (6) displays the linear relationship between In
Kass and 1/T; the values of Ky have also been
obtained. The equation (7) links the standard free
energy of adsorption (AGag) and the constant of
adsorption Kags. The value of (AGads) derived from
the latter is grouped in (Table 4). The acquired
negative values of (AGads) show that the P1 and P2
are strongly and spontaneously adsorbed on the metal
surface. Several researchers have also suggested that
when (AGads) is greater than -20 kJ/mol, this energy
corresponds to the interactions between charged
molecules and metal charges (physisorption),
whereas when (AGads) is lower than -40 kJ/mol, it
corresponds to a charge transfer between the inhibitor
molecules and the metal surface by forming
coordination bonds. [50, 51]. In our situation, we can
see that the free enthalpy of adsorption values range
from approximately -25.99 kJ/mol to -22.66 kJ/mol at
various temperatures. This reveals that (P1 and P2)
are firmly adsorbed on the surface of metal through
chemical-adsorption ~ with a  propensity  for
physisorption, which involves an electron transfer
between the nitrogen, sulphur, and aluminum atoms
[52]. Examining the impact of heat on the inhibitory
power reveals the possibility of the second mode
(physical adsorption). The electrostatic interactions
between (P1 and P2) charge’s molecules and the
charged metal are, in fact, what cause (P1 and P2)
inhibitor’s effects (physical-adsorption). This finding
is confirmed by the observation that this compound's

inhibitory potency noticeably declines at high
temperatures. [53].

I
PLAL HCI P2 ALwith HCL
==K
1001 4=313K
==K
== 30K

1000

80
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L]

1w m

T T T T T
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0 m w0

L o.pm

Figure 5. Curves fitting of some organic
pyrimidine (P1land P2) compounds adsorption by
Langmuir isotherm for aluminum in 1.0 M
hydrochloric acid solution at different
Temperatures.

Therefore, it may be stated that both chemisorption
and physical adsorption are viable adsorption
modalities. [54-56]. promoting the metals adsorption
on the negative sites (physisorption) in the HCI
medium.

The positive values of AHags demonstrated in Table 4
imply that the process of the inhibitors' adsorption is
endothermic [55], and that the efficiency of the
inhibition increases as the temperature rises. This
behavior can be explained by the theory that the
temperature increase caused inhibitor molecules to
bind to the metal's surface.. As was predicted given
that the endothermic adsorption process is usually
accompanied by an increase in entropy, the values of
Sads shown in (Table 4) have a positive sign. The
catalyst for the adsorption of the inhibitor onto the
AL surface was this increase in entropy [56, 57].

Table (4) Values of Langmiur adsorption parameters for adsorption the some organic pyrimidine
compounds on the corrosion of AL in 1.0 M HCI at different temperatures.

H 2 AGads- AHads ASads

Test solution T (K) R LogKads Kjmol-: (KJ/mol) (3/mol/K)
303K 0.99 0.01497 -24.02 Ya,YA
P1 313K 0.99 0.01265 -23.74 158 YA, YE
323 K 0.99 0.01047 -23.23 ' v,
343 K 0.99 0.00815 -22.67 Ve, Y
303K 0.99 0.01095 -24.97 vV, YA
313K 0.99 0.00894 -24.42 Ve,
P2 323K 0.99 0.00867 -24.34 2.026 vo,Yo
343K 0.99 0.00624 -23.46 vy, v

Egypt. J. Chem. 66, No. 12 (2023)
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3. 2. Gravimetric study

Through using weight loss method, the corrosion rate
of AL at 30 oC in the absence and presence of
various concentrations of (P1 and P2) was
investigated. (Table 5) displays the calculated
corrosion rate (mg cm-2 h-1), weight difference, and
inhibition efficiency (IEw.) for AL in 1.0 M HCl in
the absence and presence of (P1 and P2),
demonstrating the inhibitor's capacity to prevent
corrosion of AL in 1.0 M HCI solution, where the
corrosion rate is concentration-dependent. The
effectiveness of the inhibition increases with
concentration. Additionally, as displayed in Fig. 7,
the results revealed that the corrosion rate decreased
with concentration and that (P1 and P2) actually
slowed AL corrosion in 1.0 M HCI.

P2 Alwith HCI
PLALWRHCI 48 .
43 .
50
.

4

2 952
H -

H M

74 Fss

45 56

.

T T T T T T T
200 2% 300 305 310 315 320 325 33 3B

th 1‘95 I‘W 3‘05 1‘10 3‘15 1‘2\1 3‘15 1‘3"« 3%
10007 ) 10007 (k%)

Figure 6. plot of In Kags against 1/T for AL in 1.0
M HCI solution at different pyrimidine

compounds
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20001252 by
1000 . f
T T 0
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Figure 7. Relation between inhibitors concentration
and C.R

3. 3. Scanning Electron Microscope Analysis

The morphology of the polished AL electrode
surfaces before exposure to the corrosive medium is
shown in Fig. 8A. After being submerged in 1.0 M
HCI solution for 24 hours at room temperature, the
surfaces of the AL electrode specimen under study
are depicted in SEM image in Fig. 8B. The
micrograph shows that there was significant surface
damage. The corroded regions are depicted in the
specimens as black grooves with grey and white
zones that resemble the dandruff of aluminum oxides.

Egypt. J. Chem. 66, No. 12 (2023)

The highly oxidized phase may have generated in air
during desiccation with no surface protection. After
being submerged for the same amount of time and at
the same temperature in a solution of 1.0 M HCI
containing 500 ppm, the surface of another AL
electrode specimen is shown in SEM pictures in Fig.
8C. (pl). The micrograph shows that the metal
surface has an excellent protective film and is
smoother than the surface that is not inhibited. This
attests to the inhibitor's greatest level of inhibitory
effectiveness (pl).

Table (5). Weight loss parameters of P1 and P2
compounds as inhibitors on the corrosion of AL in
1.0 M HCI for 1 day.

el cr e
ooy @ my) o)
Blank 0.05132 99425690 ...
P1

50 0.02433  4713.6146 52.5916
100 0.02145  4155.6529 58.2034
200 0.01792  3471.7622 65.0818
500 0.00433  838.8800 91.5627
P2

50 0.02855  5531.1837 44.3687
100 0.02659  5151.4597 48.1878
200 0.02223  4306.7675 56.6836
500 0.00843  1633.2006 83.5737

199 p»m ©O09106

3. 4. Quantum chemical calculations
A number of adsorption centers, the mode of
interaction with the surface of the metal, the size, and
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the molecular structure are just a few of the variables

that affect how organic compounds prevent metals

from corroding in an acidic medium [58].

Additionally, in order to provide additional

Table (6). The calculated theoretical chemical parameters of some organic pyrimidine (P1 and P2) compounds
using (DFT) 6-311G (d, p) basis set method.

interpretations for the experimental data, various
quantum parameters, such as Ewnomo, Erumo, AE=
Enomo- ELumo, (), (n), (1, Debye) and (AN).

DFT/B3LYP/6-311 G (d,p)

Method Parameters
E tomo E umo EA n Y M NA (M.p)" %
Comp. (ev) (ev) (ev) (ev) (ev) (Debye)  (ev) TNC Exp
P1 -7.6743 -59867 1.6876 0.8438 11851  8.2404 0.1004 -5.703 78.31
P2 -7.6776 -5.8487 1.8289 0.9144 1.0936  3.5274 0.1295  -5.281 68.83
*Average n.p values for different concentrations at room temperature
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Figure 9. The Optimized molecular structure, HOMO and LUMO of the investigated (P1 and P2) using (DFT) 6-311G

(d, p) basis set method.

According to its definition, Enomo (the energy of the
first unoccupied molecular orbital) is frequently
linked to a molecule's capacity to accept electrons. A
high HOMO energy value encourages a molecule's
propensity to donate electrons to species that receive
them and have vacant molecular orbitals with low
level energies. The ability of the molecule to take
electrons is instead shown by E umo (the energy of
the highest occupied molecular orbital). If the
ELUMO value is low, the molecule unquestionably
receives electrons. The minimal energy needed to
excite an electron in a structure is AE= Enomo -
ELumo. The result is a strong inhibitory efficacy at
low values of AE [60-63].

(Table 6). Gather the P1 and P2 compounds'
estimated quantum properties. These compounds can
readily transfer one or more electrons from the
HOMO level to the open "d" orbitals of iron, favoring
the sharing of electrons between these molecules and
the surface of the metal. As can be seen from Table
(6), the molecules with lower energy gaps are those
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with better inhibitory efficiency. [64, 65]. However,
research shows that a rise in Enomo values can speed
up the process of adsorption by affecting how species
are transported across the adsorbed layer [64]. It was
evident from (Table 6) that the outcomes show that
P1 is more efficient than P2 [66, 67].

A high absolute hardness value for a molecule
is a sign of its great stability and minimal reactivity.
[68]. It was evident from (Table 6) that for the
examined inhibitors, the IE % values fall as the
hardness values increase. The hardness substance is
the inhibitor P2 (n =0. 9144). The hardness substance
is the inhibitor P1 (n =0.8438). The increasing
hardness values and the experimental IE % values
agree well.

According to the type and nature of the
molecules used, the inhibitory effectiveness rises as
the dipole moment value does [69]. The values of. IE
%
grew with rising values, as shown in (Table 6).The in
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hibitor with the highest p value is P1 (8.2404 D). The
lowest p value is for the inhibitor P2 (3.5274 D).

Thus according Lukovits' research, the ability
of the inhibitor to donate electrons to the metal
surface increases if the value of AN is more than 3.6.
[70-72]. As per (Table 6), values of AN typically
vary from 0.1004 to 0.1295. T1 denotes the highest
electron transport and thus a higher 1E%. Thus, when
compared to the other inhibitor P2, P1 has the highest
fraction of transmitted electrons.

By Mullikan population analysis is typically
used to calculate the charge distribution throughout
the entire skeleton of the molecules and to determine
the adsorption centres of inhibitors [73, 74]. Select
atoms of carbon, oxygen, and nitrogen had their
computed Mulliken charges (total negative charges)
shown in (Table 6). It is predicted that P1 will
interact with the metal surface more frequently while
P2 would do so less frequently.

Figure (9) shows how the molecules’ HOMO
and LUMO electron densities are distributed Thus;
we see that the heteroatoms (S, N) of the pyrimido
ring and pyrimidine are where the distribution of the
HOMO density is centred for all inhibitory
compounds. The existence of aromatic substituents
with " electrons, which encourage the sharing of
electrons between these compounds and the metal
surface, can be used to explain why pyrimidine has
such a strong inhibitory potency. The concentration
of anions (CI) on the metal surface will also
encourage the adsorption of the cationic versions of
the pyrimidine inhibitors [75].The sulphur atom'’s
immediate surroundings had the highest HOMO
density values, which is conclusive proof that sulphur
is the nucleophilic core [76, 77]. As a result, sulphur
will easily form the connection with the metal, as
opposed to N or C atoms..

4. Conclusions
The study of the inhibitory effect of a pyrimidine
compounds derivatives, namely P1, P2, P3 and P4
against corrosion of aluminum in 1.0 M HCI
medium allowed us to confirm its performance and
draw the following conclusions:
o P1, P2, P3 and P4 of corrosion inhibition for
aluminum in 1.0 M HCI, even at low concentrations.
. The inhibitory effect of P1, P2, P3 and P4
increases with increasing inhibitor concentration.
. The increase in temperature affects the
inhibitory efficiency. In hydrochloric medium, the
thermodynamic data obtained show a double aspect
of adsorption (physisoprtion) of the P1, P2, P3 and
P4 on the metals surface. In fact, the energy
apparent activation of corrosion which is higher in
the presence of P1, P2, P3 and P4 than in its
absence, and the highest values of the free energy of
adsorption verify the character physisorption of the
most predominant adsorption.
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. The inhibition is due to the adsorption of the
inhibiting molecules on the surface of the steel and
the blocking of its active sites.

. The adsorption of P1, P2, P3 and P4 follows
the Langmuir adsorption isotherm.
o The molecules are adsorbed with the
heteroatoms forming donor-acceptor bonds of
unpaired electrons between heteroatoms and active
centers on the metal surface. In decreasing the rate of
corrosion.
o Quantum chemical calculation descriptors
and calculated Mulliken charges showed that the
priority of charge reallocation form inhibitor otal the
negative charges to the metals surface is easier in the
order: P1 > P2 > P3 > P4 which reveal good
agreement to the electrochemical measurements.
Based on DFT results, an inhibition mechanism was
proposed.
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