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Abstract 

Three six-amino pyrimidine derivative chemicals were recently identified; P(3), 2-mercaptopyrimidin-4-ol, P(5), (E)-6-

(benzylideneamino)-2-mercaptopyrimidin-4-ol, and P(6), (E)-Ethyl-2-{[(4-(benzylideneamino)-6-hydroxypyrimidin-2yl) 

thio]}acetate. FTIR and 1H NMR provided confirmation of the synthesized substance's chemical structure. The newly 

synthesized cationic pyrimidine derivatives were investigated for their potential as carbon steel corrosion inhibitors in acidic 

solutions via impedance and potentio-dynamic polarization spectra. The inhibitory efficiencies derived from the several 

methods used are largely in line with one another. The Tefel findings demonstrated that the compounds effectively prevented 

carbon steel from corroding under the examined corrosive conditions, with an inhibition efficacy of 78.21, 78.74 and 81.37%, 

for P(3), P(5) and P(6), respectively. Using the Frumkin isotherm, it was determined that these chemicals' inhibitory impact 

was related to their adsorption on carbon steel surface. The surface of the carbon steel was inspected with SEM. 

Keywords: Corrosion inhibitors, Carbon steel, Pyrimidine derivatives, Potentiodynamic polarization and Electrochemical impedance. 

________________________________________________________________________________________________

1. Introduction 

Pyrimidine is a π-deficient heterocycle. Due 

to its lower electron densities, the 2, 4, and 6 

locations are extremely electrophilic. Also, it 

retains its benzenoid characteristics sometimes at 5 

location [1,2]. Tautomerism of heterocycles with 

six members like pyrimidines, has been extensively 

studied in recent years [3]. Analyses of the 

interactions between annular nitrogens and 

electrophiles have been reported [4]. The 

pyrimidinones are changed into the appropriate 

silyl ethers before being N-alkylated [5]. 

Corrosion inhibitors are commonly 

employed to suppress or at least moderate the 

corrosion process of metals in a variety of 

industries, from construction materials to surface 

treatments for cultural artifacts [6-7]. Most of the 

inhibitors that form protective barriers against 

adsorption are organic. Often, they feature a 

surfactant-containing molecular structure with a 

hydrophilic group that can stick to the metal surface 

and a hydrophobic part that penetrates the majority 

of the fluid. Adsorbed inhibitor molecules stop 
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oxygen and water from accessing the metal surface, 

thereby slowing down the rate of corrosion. [8]. It 

has been found that at concentrations that 

successfully prevent copper metal from corroding 

in acidic settings, heterocyclic pyrimidine is a safe 

inhibitor. Several pyrimidine derivatives were 

employed as steel corrosion inhibitors in HCl and 

H2SO4 solutions based on their percentage 

inhibition (% IE). Two nitrogen atoms can be found 

in positions one and three of the aromatic 

heterocyclic compound pyrimidine's six-member 

ring. Several pyrimidine derivatives have biological 

and pharmacological properties such as 

anticonvulsant, antibacterial, antifungal,, antiviral, 

and anticancer activities [9–10]. Nowadays, 

pyrimidine derivatives are regarded as 

environmentally benign compounds due to their 

diverse biological activity. Pyrimidine molecules 

also fit the description of an organic material that is 

an effective corrosion inhibitor: they are able to 

transfer electrons to the empty metal surface d-

orbital forming coordinates, and also deliver 

electrons to their anti-bonding orbitals forming 

feedback bonds. Pyrimidine compounds are 

therefore expected to be effective corrosion 

inhibitors for their low toxicity and efficacy [10]. 

Organic corrosion inhibitors are less harmful to the 

environment than their inorganic counterparts, with 

a few notable exceptions [11–13]. Among these 

chemical substances are pyridine, imidazole, 

triazine, and indole. These organic molecules mix 

with the steel to create a covering that protects it 

from the corrosive acid solution [14–15]. 

Pyrimidines have been demonstrated to be 

ecologically friendly organic corrosion inhibitors in 

acidic settings. Pyrimidines are rarely utilized in 

industry, despite their remarkable capacity to 

inhibit corrosion [16–17]. The goal of the current 

work was to synthesize new pyrimidine derivatives 

and comprehensively assess their capacity to lessen 

carbon steel corrosion in 1M HCl, keeping in mind 

the previously mentioned aspects. P(5), (E)-6-

(benzylideneamino)-2-mercaptopyrimidin-4-ol, 

P(6), ethyl-2-{[(4-(benzylideneamino)-6-

hydroxypyrimidin-2yl)thio]}acetate, and P(3), 6-

Amino-2-mercaptopyrimidin-4-ol are the produced 

compounds. The investigation's different corrosion 

mitigation capabilities are discussed in detail. 

2. Experimental  

2.1. Chemicals 

The used carbon steel for investigation has the 

following composition: 

Table 1: Structure of the carbon steel utilized in the study is as 

follows: 

Element C Si P Mn Cr V S Fe 

Content 

% 
0.13 0.35 0.06 0.50 2.28 0.24 0.002 > 96 

 

The chemicals used in the investigation are 

sodium metal, ethanol and thiourea from Aldrich, 

St. Louis, USA, ethyl carbonocyanidate, para 

hydroxybenzaldhyde, hydrazine hydrate, 6-amino-

2-mercaptopyrimidin-4-ol and ethyl chloro acetate 

from POCH SA, Gliwice, Poland, acetic acid and 

benzoic acid from Loba Chemie, Colaba, Mumbai, 

India, ortho hydroxy benzaldhyde and phthalic 

anhydride from Acros Organics, Antwerp, 

Belgium, succinic acid and butanol from Merck-

Schuchardt, Hohenbrunn, Germany. 

2.2. Synthesis of nitrogen heterocyclic 

compounds 

2.2.1. Synthesis of 6-Amino-2-mercaptopyrimidin-

4-ol: P(3) 

First, ethanol (30 mL) was used to dissolve 

sodium metal (0.1 M). The 0.1 M thiourea, 

dissolved in ethyl cyano acetate was added and the 

mixture was refluxed for 25 hours, then filtered, 

concentrated, and recrystallized by ethanol. The 

yield is 6-amino-2-mercaptopyrimidin-4-ol, P(3): 

(83%) as a yellow solid with M.P. 120–130 °C, 

Scheme 1. 
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(2)                                         (3) 

Scheme 1 

2.2.2. Synthesis of (E)-6-(benzylideneamino)-2-

mercaptopyrimidin-4-ol: P(5) 

6-amino-2-mercaptopyrimidin-4-ol (1g) is 

added to 1g of p-hydroxybenzaldehyde, dissolved in 

ethanol and refluxed for 4h, concentrated, filtered, 

and recrystallized using ethanol. The yield is (E)-6-

(Benzylideneamino)-2-mercaptopyrimidin-4-ol, 

P(5): (85%) as a yellow solid; M.P. 130-150 
0
C, 

Scheme 2. 

 

                  (3)                                               (4)                                                     (5) 

Scheme 2 

2.2.3. Synthesis of ethyl-2-{[(4-

(benzylideneamino)-6-hydroxypyrimidin-2-

yl)thio]}acetate: P(6) 

(E)-6-(Benzylideneamino)-2-

mercaptopyrimidin-4-ol (6mmol) is added to 50 mL 

ethyl chloro acetate/ethanol solution, refluxed for 

8h, concentrated, filtered and recrystallized using 

ethanol to produce the third yield; ethyl-2-{[(4-

(benzylideneamino)-6-hydroxypyrimidin-2-

yl)thio]}acetate, P(6): (85%) as a yellow solid; 

M.P. 150-180 
0
C, Scheme 3. 

   

 (5)                                                                        (6) 

Scheme 3 

2.3. Characterization of the synthesized 

heterocycle compounds 

A Thermos Nicolet IS10 FT-IR 

Spectrophotometer from Thermo Fisher Scientific 

Inc., Waltham, MA, USA, is used to obtain FT-IR 

spectra. TLC was used to purify each yield. Nuclear 

magnetic resonance spectra were recorded using an 

AVANCE III 400 MHz spectrometer by Bruker, 

Billerica, MA, USA. The molecules' mass ranged 

from 39 to 400 a.m.u., and their ionization voltage 

was 70 eV. Molecule fragments were identified by 



 

Adel A. H. Abdel-Rahman et. al. 

__________________________________________________________________________________________________________ 

 

________________________________________________ 

Egypt. J. Chem. 67, No. 11 (2024)  

 

 

280 

Thermo Scientific, USA, Trace GC Ultra/ISQ 

Single Quadrupole MS, TG-5MS detection. 

2.4. Electrochemical techniques 

A three-electrode cell; an exposed carbon 

steel sheet measuring 1.0 cm
2
 working electrode, a 

saturated calomel electrode (SCE) reference, and a 

platinum auxiliary electrode. Potential was scanned 

at a rate of 5 mV/s within a (-1.0 to 1.0V) range. A 

mirror-like gloss was mechanically achieved on the 

working electrode by using emery sheets with grits 

of 800, 1000, and 1200. The polished electrode was 

then fully cleaned using acetone and double-

distilled water. Electrochemical software (Nova 

1.11) connected the Potentimat/Galvanostat 

Autolab/PGSTAT204/20 V/400 mA 

electrochemical measurement instrument to a PC. 

2.5. SEM analysis 

For one hour, the steel coupons were 

submerged in 100 mL of the corrosive solution, 

both with and without the synthetic pyrimidine 

compounds at a concentration of 10-3 M. After 

that, they were taken out, rapidly cleaned with 

acetone, and dried. The specimens' surface 

morphology was investigated with a JEOL-JSM-

6380LA Scanning Electron Microscope. 

3. RESULTS AND DISCUSSION 

3.1. Structure elucidation 

P(3): 6-Amino-2-mercaptopyrimidin-4-ol was 

elucidated by: 

IR (KBr) cm
-1

 max: As illustrated in Figure 

1, the IR spectrum displayed characteristic bands at 

3405-3185 (OH and NH2), 2523 (SH), 3055 (CH 

Ar), 1544 (C=C Ar), and 1405 (C=N). 

P(5): (E)-6-(benzylideneamino)-2-

mercaptopyrimidin-4-ol was elucidated by: 

IR (KBr) cm
-1

 max: As illustrated in Figure 

1, the IR spectrum displayed characteristic bands at 

3407 (OH), 2595 (SH), 3060 (CH Ar), 1511 (C=C 

Ar), and 1435 (C=N). 

 
Figure 1: FTIR for P(3): 6-Amino-2-mercaptopyrimidin-4-ol, (above) and P(5): (E)-6-(benzylideneamino)-2-mercaptopyrimidin-4-ol,      

(below) 
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P(6): ethyl-2-{[4-(benzylideneamino)-6-

hydroxypyrimidin-2-yl)thio]}acetate was 

elucidated by: 

IR (KBr) cm
-1

 νmax: IR spectrum showed 

characteristic bands at 3410 (OH), 3022 (CH Ar), 

2901 (CH Alkane), 1740 (C=O), 1544 (COO), 1514 

(C=C Ar), 1409 (C=N), 1288 (CH3), 1235 (CH2), 

730 (CS). 

1
H NMR-400 MHz, δppm (DMSO-d6):  7.98 

(s, 1H), 7.08 (δ, J = 11.0 Hz, 1H), 6.99 (δ, J = 8.8 

Hz, 2H), 6.93 – 6.81 (m, 3H), 5.51 (s, 1H), 4.40 – 

4.14 (m, 4H), 1.20 – 0.92 (m, 3H). 

EI-MA: m/z (C15H15N3O3S) calcd = 319 

[M
+
], shown in Figure 2. 

 

Figure 2: FTIR, 1H NMR and Mass Spectra for P(6): ethyl-2-{[4-(benzylideneamino)-6-hydroxypyrimidin-2-yl)thio]}acetate 
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3.2. Potentiodynamic polarization 

The potentiodynamic polarization curves of 

carbon steel in 1M HCl solution are shown in 

Figure 3, both uncontrolled and impacted by 

varying quantities of the pyrimidine derivatives 

synthesized under investigation. Both surface 

coverage and inhibitory efficiency were valuated 

utilizing the subsequent formulas [18]: 

    (  
    

  
)                                         (1) 

  (  
    

  
)                                                   (2) 

iPyr and if, respectively, are the corrosion 

current densities with and free of the synthesized 

pyrimidine derivatives being tested. The results 

show that when the synthesized compounds are 

added, the cathodic and anodic corrosion current 

densities significantly drop. This suggests that the 

molecules of the produced compounds adsorb on 

both cathodic and anodic metallic surface-active 

sites through electron-rich heteroatoms and 

antibonding empty centers, hence impeding the 

corrosion process.  

The values of anodic and cathodic Tafel 

slopes (βa and βc) varied slightly as the 

concentration of the synthetic compounds under 

test, was raised. This implies that the mechanisms 

of carbon steel dissolving and oxygen reduction 

stay the same upon the modification of both 

cathodic and anodic processes [19]. 

These synthetic compounds are considered 

mixed type inhibitors, meaning they limit both 

cathodic and anodic processes, because the 

corrosion potentials (Ecorr) were nearly unshifted 

[19–20]. The inhibition efficiencies values increase 

in the following order, as Table 2 inspection 

demonstrates: P(3) < P(5) < P(6) 

 

 

Table 2: Potentiodynamic polarization parameters for carbon steel in 1M HCl solution and different concentrations of P(3), P(5) and P(6) at 

298 K and scan rate of 5 mV/sec. 

Solution Conc. (M) 
βa 

(mV/dec) 

- βc 

(mV/dec) 

- Ecorr, 

(mV) 

icorr 

(mA) 
θ 

Ln[θ/C(1-

θ)] 
%IE  

1M HCl Blank 78 85 408 30.8 - - - 

P(3) 

1×10
-5

 87 92 418 26.3 0.15 9.43 14.58 

1×10
-4

 80 87 410 20.4 0.34 7.71 33.66 

5×10
-4

 84 87 415 15.9 0.48 6.21 48.31 

1×10
-3

 82 94 412 6.7 0.78 5.14 78.21 

P(5) 

1×10
-5

 79 91 410 25.7 0.16 9.53 16.49 

1×10
-4

 80 92 411 18.1 0.41 7.79 41.13 

5×10
-4

 79 89 409 11.3 0.63 6.14 63.23 

1×10
-3

 82 93 412 6.5 0.79 5.12 78.74 

P(6) 

1×10
-5

 84 89 415 25.1 0.19 9.63 18.73 

1×10
-4

 85 86 415 15.4 0.50 7.82 50.06 

5×10
-4

 82 87 413 7.6 0.75 5.92 75.22 

1×10
-3

 83 88 413 5.7 0.81 5.02 81.37 
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Figure 3: Potentiodynamic polarization curves for carbon steel in 1M HCl solution with different concentrations of a) P(3) b) P(5) and c) 

P(6) at 298 K and scan rate of 5 mV/sec 

3.3. Electrochemical Impedance Spectroscopy 

Figure 4 displays the produced Bode 

diagrams as well as Nyquist plots. Equation [21] 

can be used to compute the inhibitory efficiency 

(%IE) of the synthesized pyrimidine derivatives 

that were tested based on their polarization 

resistance values. 

    (  
    

      
)       (3) 

where RP,f and RP,Pyr are the polarization resistances 

in the presence and absence of the tested 

synthesized pyrimidine derivatives, respectively.  

The figures clearly demonstrate an increase 

in the Nyquist plots diameter, as the concentration 

of the synthesized compounds increases. The 

charge transfer and the adsorption of the synthetic 

substances on the carbon steel surface is the cause, 

indicating an inhibitory effect of the tested 

compounds; they cause a lack of the charge transfer 

process [22]. 

Table 3: EIS parameters of carbon steel in 1M HCl solution 

with different concentrations of P(3), P(5) and P(6) at room 

temperature. 

Solution Conc. 

(M) 
Rs (Ω) Rp (Ω) %IE  

1M HCl Blank 2 19 - 

P(3) 

1×10
-5

 3 48 60.48 

1×10
-4

 2 52 64.11 

5×10
-4

 3 61 69.01 

1×10
-3

 3 103 81.58 

P(5) 

1×10
-5

 3 60 68.73 

1×10
-4

 4 86 78.08 

5×10
-4

 4 108 82.51 

1×10
-3

 4 128 85.18 

P(6) 

1×10
-5

 2 62 69.45 

1×10
-4

 3 83 77.15 

5×10
-4

 4 134 85.82 

1×10
-3

 4 203 90.68 

Because the molecules of the produced 

compounds stick to the carbon steel surface, phase 

angle values increase with increasing 
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concentrations of the compounds and eventually 

approach -90°, the ideal value for a capacitor [23]. 

It's possible that during the adsorption process, the 

molecules of the generated chemicals smooth down 

the surface of the carbon steel [24]. 

Furthermore, the Bode graphs clearly show 

an increase in impedance values with increasing 

concentrations of the formed compounds, 

suggesting that the presence of the produced 

pyrimidine derivatives significantly inhibits the 

pace at which carbon steel corrodes [25].  

Examining Figure 4 shows that the 

produced pyrimidine derivatives concentration has 

an impact on the inhibition efficiency. Examining 

Table 3 shows that the inhibition efficiencies 

sequence is consistent with that obtained from the 

results of Tafel measurements. 

 
Figure 4: Nyquist plot (a) and Bode diagram (b) for carbon steel in 1M HCl solution with different concentrations of (1) P(3), (2) P(5) and 

(3) P(6) at room temperature
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3.4. Adsorption Isotherm 

The Tafel-derived surface coverage values 

(θ) at rising pyrimidine derivatives concentrations 

led to best consistency with the Frumkin adsorption 

isotherm, with R
2
 near to 1, as shown in Figure 5, 

applying the coming equation [26]: 

   (
 

 (   )
)           (4) 

where K is the adsorption equilibrium constant in 

M
-1

 and C is the concentration of the tested 

pyrimidine derivatives in molarity. Equation [27] 

gave the standard free energy of adsorption value 

(ΔG°ads):  

  
 

    
   (

      
 

  
)        (5) 

where T the absolute temperature, R the universal 

gas constant, and 55.5 the water molarity.  

Three points are provided from Table 4: The first is 

that the synthetic chemical adsorption process is 

spontaneous, as evidenced by the negative values of 

ΔG⁰ads that were derived using the preceding 

equation. Second, since these energy levels are less 

than the -40 kJ/mol needed for chemical adsorption, 

physical adsorption is advised [28-30]. Third, the 

ΔG⁰ads values increase in the order: P(3) < P(5) < 

P(6), as expected from the above results. 

 

Figure 5: Frumkin adsorption isotherm for P(3), P(5) and P(6) in 1M HCl solution 

 

Table 4: The equilibrium constant of adsorption (Kads) and the 

adsorption free energy of the inspected Pyrimidine derivatives 

adsorbed on the surface of carbon steel in 1M HCl at room 

temperature 

Inhibitor Kads   ∆Gads kJ/mol 

P(3) 4.187 -13.502 

P(5) 4.483 -13.671 

P(6) 4.637 -13.755 

3.5. SEM analysis: 

Scanning electron microscopy (SEM) is 

becoming a more helpful tool for analyzing the 

surface morphology of both corroded and 

uncorroded metals. By capturing SEM pictures of 

the steel surface in the presence and absence of 10
-3

 

M of the produced pyrimidine derivative compound 

P(6) in 1 M HCl solution over the course of an 

hour, the interactions between the studied 

pyrimidine derivative compound P(6) and carbon 

steel samples were determined. The results are 

shown in Figure 6.  

The steel specimens appeared to be severely 

corroded and full of pits and cavities, probably as a 

result of the corrosive solution's aggressive attack, 

as Figure 6a shows.  

The carbon steel treated with the inhibitor in 

the corrosive solution for an hour, however, showed 
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a smooth surface in the SEM image, demonstrating 

that the steel surface had been shielded by the 

inhibitor coating (Figure 6b). 

  

(a) (b) 

Figure 6: SEM images for carbon steel in 1M HCl (a) without and with (b) P(6) 

3.6. Mechanism of Inhibition 

The low negative ∆G values suggest that 

physisorption, or the electrostatic interaction of the 

dipoles on the adsorbed species with the opposite 

electric charge of the metal surface, is most likely 

what causes the adsorption process [31–35].  

The results showed that the electrical 

attraction between the pyrimidine derivatives 

molecules and the metal surface, which is enabled 

by the benzene rings' support for keeping the 

molecules' flat layout against the carbon steel 

interface, is the main driver for the size distribution 

and the molecules adsorption on the carbon steel 

interface [36-37]. The inhibition is probably due to 

their physical adsorption on the carbon steel 

surface. This occurs as a result of the adsorbed 

molecules' electrostatic affinity to the carbon steel 

interface. The formed layer slows down the metal's 

rate of corrosion by physically separating the metal 

from the aggressive acidic medium. 

 

Figure 7: Adsorption of P(6) on carbon steel 
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