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Abstract 

In this article, a novel and non-toxic Schiff base containing multi-heteroatom coded with the 

name 5-DAT (5-(4-(diethylamino)benzylidene)amino)-1,3,4-thiadiazole-2-thiol is designed as 

the corrosion inhibitor for mild steel (MS) in 1.0 M HCl. The structure of Schiff base is 

illuminated by NMR, FT-IR, UV spectrophotometers and theoretical (Gaussian and Monte 

Carlo) calculations. Electrochemical techniques were utilized to determine the inhibition 

efficiency of synthesized Schiff base on mild steel corrosion. The surface of the MS was 

characterized by scanning electron microscopy. The inhibition talent of the 5-DAT was 

described by electrochemical impedance spectroscopy, lineer polarization resistance, and 

potentiodynamic polarization techniques. 5-DAT synthesized in this study showed high 
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efficiency with 98.9% inhibition efficiency since it contains high electron density heteroatoms 

such as nitrogen, sulfur and many multiple bonds, which are considered as more adsorption 

centers compared to the previous ones. While 5-DAT shows efficiency at 298K, according to 

EIS and LPR results, respectively, 98.41, 98.12; It was observed that the efficiency was not 

lost much with 93.87, 92.86 efficiencies at 328 K. The presence of a 5-DAT film, which is 

homogeneously dispersed on the surface, protects the metal surface against corrosion. 

Keywords: Mild steel; Schiff base; EIS; Polarization; Theoretical calculations. 

*Corresponding Author.

E-mail addresses: gurbet.yerlikaya@gmail.com, gulfeza@cu.edu.tr 

1. Introduction

Corrosion problems in industries arise mainly due to cleaning mild steel surfaces, 

recalibrating and the use of hydrochloric acid (HCl) in cleaning[1, 2]. Mild steel has a lot of 

usage areas such as industry and petroleum well. The cleaning of the mild steel is performed 

by acid. So, there is a corrosion risk in these areas. Therefore, the usage of organic inhibitors 

in acidic media is the most common of the various methods used to slow down and monitor 

acid corrosion[3, 4]. Organic compounds containing high-electron density heteroatoms, such 

as phosphorus, nitrogen, sulphur, oxygen, and multiple bonds considered as adsorption 

centers, have been shown to be effective as a corrosion inhibitor[5-8]. Besides, both nitrogen 

and sulfur-containing inhibitor molecules show better inhibition efficiency than those 

containing only N or S of these atoms[9-24]. The molecular structure of the compounds is of 

great importance in determining their inhibition performance in such studies. However, the 

protection mechanism of inhibitors in corrosion studies is not fully understood[25, 26]. 

Corrosion inhibition is generally considered to result from interactions between inhibitor 

molecules and the metal surface and a preventive surface film is formed[25]. Organic 
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inhibitors reduce the corrosion rate by blocking active areas with 3 different methods. These 

methods include displacing water molecules, adsorbing them to the metal surface, and 

creating a compact barrier film on the metal surface[27-31]. Schiff bases can be applied for 

commercial purposes as they are cheap and non-toxicologically effective compounds that can 

be easily produced in large quantities by the process involving the binding of a carbonyl 

group and the enamine group in a suitable solvent[32]. 

It has been previously reported that various sulphur-containing Schiff bases that exhibit good 

corrosion inhibition in the acidic environment [11, 25, 31]. In this context, this study aims to 

design a novel, non-toxic Schiff base containing high electron density multi-heteroatom and 

many multiple bonds, which are considered as more adsorption centers to prevent mild steel 

corrosion. The inhibition efficiency of 5-DAT in 1.0 M HCl solution for mild steel is 

investigated via electrochemical impedance spectroscopy (EIS) and potentiodynamic 

polarization techniques. Also, theoretical calculations were carried out to define the 

adsorption mechanism of the inhibitor molecule to the metal surface. Theoretical calculations; 

while it successfully correlates chemical reactivity and selectivity with the molecular 

structure, it also enables the design of new inhibitor molecules for the corrosion prevention 

process. Based on this information, an idea is obtained about the mechanism of molecular 

level of the adsorption process. 

2. Experimental procedure

2.1. Preparation of working electrode 

The composition by weight of mild steel used for electrochemical measurements is C: 0.16%, 

Si: 0.60, P: 0.04, Mn: 1.59, and Fe: 97.61. The working electrode was prepared to be 5 cm 

length from a cylindrical mild steel rod. The copper wire is tied to the top of the rod to ensure 

conductivity and is completely covered with polyester, except for the bottom surface of the 
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rod with a surface area of 0.50 cm
2
. All analyses were performed from the open bottom

surface. Before electrochemical measurements, the uncoated surface of mild steel was scraped 

and polished with 320, 600, and 1200 grid sandpaper, respectively. After polishing, the 

electrodes were cleaned by ethanol and distilled water to remove dirt and oil plates from the 

surface and quickly dipped in corrosion test solutions. 

2.2. Synthesis of 5-DAT 

5-amino-1,3,4-thiadiazole-2-thiol and 4-diethylaminobenzaldehyde were purchased from 

Sigma-Aldrich for 5-DAT synthesis and used as the initiator. Firstly, 6.06 mmol of 4-

diethylaminobenzaldehyde was added drop by drop to 4.56 mmol 5-amino-1,3,4-thiadiazole-

2-thiol under continuous stirring in 60 mL of ethanol and a few drops glacial acetic acid were 

added to the mixture to activate the aldehyde. It was then refluxed for 7 hours at 348 K and 

filtered. The orange solid product, reaction scheme is given in Fig. 1, was washed with 

distilled water and crystallized in ethanol to remove impurities. Then, the product was held on 

in a vacuum oven at 300 K for 4 days. Perkin-Elmer RX1-ATR model FT-IR spectroscopy 

device was used for the analysis of functional groups in the range of 4000–400 cm
-1

. The 
1
H

and 
13

C NMR spectra were taken in (CD3)2SO at 298 K by a Varian Mercury model 200 MHz

NMR spectrometer. UV-Vis spectra were taken with a Perkin-Elmer system. 

2.3. Electrochemical tests and characterization 

Electrochemical measurements have been completed by the Gamry interface 1000 

potentiostat / galvanostat analyzer. Three electrode techniques were used for these 

measurements. The platinum, a total surface area of 2 cm
2
, was utilized as the counter

electrode, while the Ag / AgCl (3.0 M KCI) electrode was used as the reference electrode. 

The experiments were repeated three times to verify the reliability. The working electrode 

was immersed in the electrolyte for one hour to become a steady state of the electrode before 

experiments. The EIS measurements were performed at open circuit potential (OCP) by 
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applying 10 mV amplitude between 10
5
 Hz and 10

-2
 Hz. Linear polarization resistance (LPR)

measurements were realized with a scanning rate of 1.0 mV s
-1

 from -10 mV to +10 mV

according to OCP. The slope of the LPR curves allows us to find the polarization resistance. 

The potentiodynamic polarization technique was performed with a scan rate of 1.0 mVs
-1

from OCP to ±250 mV to analyze corrosion parameters. An FEI Quanta 650 model field 

emission SEM was utilized to examine surface morphology. 

2.4. Theoretical evaluation of the structure of the molecule 

The theoretical calculation was carried out using the Gaussian 9.0[33]. Geometry 

optimizations of 5-DAT were made in the gas phase with Avogadro software[34]. The 

geometry of the compound was developed using the 3-21G basis set of Hartree Fock. The 

molecule was defined with the Gaussian 09W package in Gaussian view 5.0[35]. Electronic 

properties of the molecule were investigated with the lowest unoccupied molecular orbital 

(ELUMO), the energy of the highest occupied molecular orbital (EHOMO), and the energy gap 

(E) between LUMO and HOMO, electronegativity (), global hardness (), dipole moment 

(µ). 

The Monte Carlo simulation of studied inhibitor adsorption onto the Mild Steel surface[3]. In 

this work, we investigated the interaction with the Fe (1 1 0) surface and studied inhibitors 

using the adsorption locator module in the Materials Studio 2017 software[36-40]. All 

constituents of simulation systems were optimized by the Forcite module using COMPASS 

forcefield[41]. An Fe (110) crystal was built with a 30 Å edge to achieve enough depth then 

enlarged to create a super cell (12 × 12). The optimized inhibitor molecule in the presence of 

100 water molecules and 5 H3O
+
 , 5 Cl

-
 ions, were made to adsorb onto the Fe (110) surface

in order to find the most stable adsorbed configuration of studied molecule onto the surface of 

Fe (110) related to the higher negative adsorption energy values. 
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3. Results and discussions

3.1. Characterization of 5-DAT 

The structure of 5-DAT was defined by 
1
H NMR, 

13
C NMR and FT-IR. The FT-IR spectra of

5-DAT (Fig. 2) indicates band stretching around 3059, 2876, 1592, 1506, 1152 which 

corresponds to aromatic C-H stretching, Aliphatic C-H, C=N and N-H stretching, 

respectively. Likewise, band stretching around 1042, 809, 699 cm
−1

 are related to

monosubstituted aromatic C-H stretching [42]. According to the 
1
H NMR spectrum of 5-DAT

given in Fig. 3, at δ: 14.24 ppm (s, H, C-SH ], 8.38 ppm [s, H, C-CH = N], 7.74 ppm [d, 2H, -

CH-CH-C, J = 8.8 Hz.], 6.77 ppm [d, 2H NC-CH, J = 9.2 Hz.], 3.45 ppm [q, 4H, CH3-CH2-N, 

J = 20.8 Hz.], 1.15 ppm [t, 6H, -CH3, J = 14 Hz.] indicates signals. According to the 
13

C NMR

spectra of 5-DAT given in Fig.4 at δ: 185.52 ppm [C-SH], 166.67 ppm [SC = N], 165.95 ppm 

[CC = N], 151.80 ppm [NC-CH], 132.68 ppm [CH-CC = N], 121.20 ppm [-CH-CC = N], 

111.40 ppm [C-CH-CH ] 44.41 ppm [N-CH2CH3], 12.66 ppm [N-CH2CH3] shows various 

signals. 

3.2. Electronic structure  

Absorption spectra of 3x10
-3 

M 5-DAT were obtained at room temperature in

dichloromethane solution (Fig.5). In the electromagnetic spectrum, organic molecules usually 

give absorption peaks in the ultraviolet region (200 - 350 nm). However, in some case higher 

wavelength peaks can be obtained due to conjugation. Absorption spectra of the Schiff base 

showed an intense absorption band at 228–320 nm which is temporarily defined as the intra-

ligand transition assigned to π–π∗ transitions of benzene [43]. 

3.3. Optical Band Gap 

The optical band gap was calculated by utilizing UV results and supplies insight into the use 

of the compound in the optical materials[44-46]. According to Fig.6, the optical bandgap is 

determined as 3.55 eV. This value indicates that the Schiff base is suitable for use in optical 
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fields[44, 47]. According to the literature, it is ideal for the optical band to be in the range of 

1.8-3.2 eV for use in optical fields[48, 49]. It has been observed that optical applications are 

not suitable when the optical band gap of the compound is greater than 4.0 eV. Studies have 

shown that when schiff bases are interacted with d10 metals such as Cu, Pt, Ag and doped 

with TiO2, the optical band gap falls from about 3.8 eV to below 3.2 eV[34, 47]. Optical band 

gap was calculated by the following Eq.: 

            
 (1) 

In the above equation, α is absorption coefficient, hν is energy of absorbed light, Eg and B are 

optical band gap of material and a proportionality constant, respectively. 

3.4. Electrochemical tests 

The EIS technique is used to understand the corrosion process. The EIS results shed light on 

the resistive and capacitive behavior at the electrical double layer at the electrode/electrolyte 

interface can be effectively identified. Nyquist plot of mild steel without and with various 

concentrations (0.5, 1.0, 2.0, and 3.0 mM) of 5-DAT in 1.0 M HCl are indicated in Fig.7. 

Increasing 5-DAT concentration in 1.0 M HCl solution has reasoned a change in Nyquist 

plots. The suppressed semicircular curve seeming in the Nyquist plots is concerned with 

charge transfer resistance, adsorption of 5-DAT molecules, and the entire cumulative species 

at the metal/solution interface[50, 51]. According to the Nyquist plots, the difference between 

the lowest and the highest frequencies is called polarization resistance (Rp), which is the sum 

of the charge transfer resistance, the diffusion resistance and the accumulation resistance. 

Fig.7 shows that Rp values increased with increasing 5-DAT concentration. Because a 

protective film has formed on the metal surface[52, 53]. This protective film provides a 

barrier to charge and mass transfer. An equivalent circuit diagram compatible with the results 

of MS electrodes in the presence of 5-DAT in 1.0 M HCI is shown in Fig. 8. The equivalent 

circuit diagram for mild steel in the absence of 5-DAT in 1.0 M HCI was not including the 

CPEf, nf and Rf in comparison with Fig.8. This diagram gives some parameters (Rs, RP, CPE, 
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n) about the metal/solution interface[54-57]. Rs, Rct and Rf are solution resistance, charge

transfer resistance and film resistance respectively. nf is the inhomogeneity parameter of the 

film formed on the surface, while nct is the inhomogeneity of mild steel. In the equivalent 

circuit, the C was replaced with the CPE to create a matching junction representing the 

suppressed semicircles[58]. CPE is necessary for information on homogeneities such as 

porosity/surface roughness, diffusion or adsorption[59]. The impedance equation of CPE is 

given below: 

     
 

        
(2) 

In the above equation can be described as Y0 is the magnitude of the CPE, j is the imaginary 

unit (√(-1)), w is the angular frequency, and n is the phase shift expressing the degree of 

homogeneity of a surface[53, 60-62]. According to the LPR data and fitted EIS data, which 

are given in Table 1, it is seen that the Rp values increase with the increasing 5-DAT 

concentration, whereas the CPE values decrease. 

The decrease in CPE may cause an increase in the thickness of the double layer and/or a 

decrease in the local dielectric constant due to the adsorption of the inhibitor at the metal / 

solution interface. The CPE is thought to symbolize a circuit parameter with restricting act as 

a resistor for n = 0, a capacitor for n = 1, and an inductor for n = −1[63]. However, CPE1 

values decrease inversely with increasing concentration like CPE2. It shows that a more 

homogeneous surface occurred on the electrode with increasing concentration. It was 

observed that the inhibition efficiency (η) values obtained from the LPR data were compatible 

and parallel with the EIS data. The inhibition efficiency calculated utilizing by equation (3); 

    (
  

     

  
 )     

(3) 

In the equation, R'p and Rp refer to the polarization resistances of the mild steel in the 

inhibited and uninhibited medium, respectively. 
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3.5. Potentiodynamic Polarization 

The potentiodynamic polarization curves of the MS shown in Fig. 9 were obtained in the 

absence and presence of different concentrations (0.5, 1.0, 2.0, and 3.0 mM) of 5-DAT at 298 

K in 1.0 M HCl solution. 

The electrochemical parameters obtained from the Tafel region of cathodic polarization 

curves provide information about the kinetics of the metal dissolution process. The data in 

Table 2, which are corrosion potential (Ecorr), inhibition efficiency (η), corrosion current 

density (icorr) and corrosion rate (CR), are given information about the corrosion properties. . 

icorr values and corrosion rates are described as µA cm
-2

 and mm year
-1

, respectively as in the

literature[64]. 

According to the potentiodynamic polarization curves of the cathodic and anodic branches, it 

was determined that the current densities decreased inversely with increasing 5-DAT 

concentrations. Positive shifts at corrosion potential were observed with increasing 5-DAT 

concentration. It is understood that 5-DAT is a anodic dominated mixed type inhibitor [65, 

66]. 

It is claimed that in Fig.9, increasing current densities with polarization illustrated the 

activation controlled mechanism. And it was not affected by the presence of 5-DAT. 

However, it has seen that a linear Tafel curve has not observed in the anodic polarization 

curve. But current densities decreased with increasing 5-DAT concentrations. A number of 

calculated electrochemical parameters such as inhibition efficiency, Ecorr and icorr, were shown 

in Table 2. The current densities decreased, while the inhibition efficiency increased with 

increasing inhibitor concentration. It is indicating that 5-DAT is adsorbed on the mild steel 

surface. Thus inhibition occurs[67, 68]. Percentage inhibition efficiency (η%) values for 5-

DAT were calculated using the equation below[69]. 
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     (
            

      
)      

(4) 

In the above equation, η is the inhibition efficiency, iinh and iuninh expressed the corrosion 

current densities in the presence and absence of 5-DAT, respectively. 

The feasibility of 5-DAT inhibitor is highly dependent on the CR results and according to 

ASTM (G.102-89,1999) standards, the calculation of the corrosion rate can be calculated in a 

practical way by using the current density with the following equation[70]. 

      

     
 

  
(5) 

where, respectively, K1 is conversion constant,  corr is corrosion current, EW is equivalent 

weight and ρ is density of Fe (8.87 g cm
-3

).

The inhibition efficiency results given in Table 2 show that the 5-DAT inhibitor forms a 

protective layer on the surface in an acidic environment, thus protecting the electrode surface 

to a great extent and reducing the rate of corrosion[71]. 

3.6. Examining the relation with temperature 

EIS and LPR curves given in Fig.10 and Fig.11 were performed to examine the temperature-

dependent inhibition efficiency of MS corrosion in the presence and absence of 3.0 mM 5-

DAT inhibitor at given temperatures (298, 308, 318, and 328 K). According to Table 3, it was 

seen that the inhibition efficiency of 5-DAT was inversely proportional to increasing 

temperature. This behavior can be expressed that the whole process including chemical 

reactions, electrochemical reactions, and transfer process of reactive sorts is gaining speed. 

Thereby, corrosion progresses fast on the steel surface with increasing temperature[72]. 

3.7. Effect of time on inhibition effectiveness 

The toughness of 5-DAT was investigated in an experiment for 120 hours. And the obtained 

Rp values are shown in Fig.12. The obtained inhibition efficiencies from EIS data at the end 

of 1 hour (98.0%) and 120 hours (90.0%) showed that there was no major change at the 
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electrode. Based on these data, it can be said that 5-DAT only forms a protective layer on the 

surface of the metal. The strong adsorption of the inhibitor causes to increase the corrosion 

resistance and durability of the electrode in an acidic environment. 

3.8. Potential of zero charge and mechanism of inhibition 

Generally, the corrosion prevention mechanism in an acidic environment is related to the 

adsorption of the inhibitor to the surface of the metal. The charge and nature of the metal, 

structure of the inhibitor, and the kind of the aggressive electrolyte are very effective in the 

adsorption process. The surface charge of the metal can be described using the equation(6) by 

the potential of zero charges (PZC); 

               (6) 

In the above equation, Er is the rational corrosion potential of Antropov, Eq=0 is the PZC. By 

the position of corrosion potential (Eocp), the generated electric field at the metal/solution 

interface causes the surface charge of the metal. And it is determined by comparing the Eocp 

with the zero charge potential (EPZC). If Er is negative, the surface of the electrode is 

negatively charged and adsorption of cations is preferred. In contrast, if Er is positive, the 

adsorption of anions is preferred. 

To specify the surface charge of the mild steel electrode, the Rp values obtained by taking EIS 

measurements at varied potentials in the 1.0 M HCl solution containing 3.0 mM 5-DAT were 

plotted against the potential. The maximum point obtained from the curve in Fig.13 shows 

EPZC[73-76]. The OCP of the mild steel electrode is -0.486 V and the zero-charge potential is -

0.466 V. OCP is more negative than zero charge potential. Accordingly, the 5-DAT molecules 

in the acidic environment are electrostatically directly attached to the metal surface [2, 65]. Er 

= -20 mV, it can be seen that electrode surface was loaded negatively. Therefore, the inhibitor 

molecule may be adsorbed to the metal surface through cations. 

3.9. Morphology of surface 
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Changes on the surface of the MS electrode, which is kept for 24 hours in the presence and 

absence of inhibitor in 1.0 M HCl, are determined by SEM technique. And pictograms were 

given in Fig.14 (a) and (b), respectively. Due to the extreme dissolution of the surface of the 

electrode in a corrosive media, it is seen that a large number of pits are formed at different 

diameters and depths, and the surface is severely corroded. When the inhibitor is added to the 

medium, it is observed that the metal surface is preserved significantly. Both of the SEM 

pictograms were obtained under the same conditions (magnitude: 500x). 

3.10. EDX analysis 

EDX spectra were utilized to define which elements were present on the mild steel surface 

before and after exposure to the inhibitor solution. The results of EDX spectra are shown in 

Fig.15. The percentage atomic content of various elements of uninhibited and inhibited mild 

steel surface determined by EDX is shown in Table 4. The percentage atomic content of Fe 

for mild steel immersed in 1.0 M HCl without and with 3.0 M of 5-DAT is 29.91% and 

34,19%, respectively. It is seen from Fig.15 that the atomic Fe percentage of the inhibited 

sample is greater than that of the non-inhibited. The EDX spectra of inhibited mild steel 

include the peaks corresponding to all the elements present in the inhibitor molecules 

indicating the adsorption of inhibitory molecules on the mild steel surface. 

3.11. Theoretical calculations 

3.11.1. Gaussian Calculation 

Calculated using Gaussian 09 program (Fig.16) –optimized structure, the lowest occupied 

(ELUMO) and highest unoccupied (EHOMO) molecular orbital energies for neutral and 

protonated 5-DAT molecule and mulliken atomic charges for neutral form are given in the 

Fig.16. Some parameters such as electronegativity (), global softness(S), global hardness (η), 

the dipole moment (µ), the energy gap (ΔE), EHOMO, ELUMO, are calculated and given in Table 
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5. EHOMO generally provides information on the talent of inhibitor molecules to donate

electrons to the unoccupied orbital of a metal[77, 78]. Thus, the less negative values of EHOMO 

should increase the effectiveness of inhibition. Information on the reactivity, adsorption and 

electronic transitions between the HOMO and LUMO orbitals of a molecule can be obtained 

with the help of the ΔE value[79, 80]. The inhibition activity of the protoned form is more 

than the neutral form. because low ΔE facilitates adsorption and leads to an improvement in 

the reactivity of the molecule[80, 81]. HOMO and LUMO orbitals concentrated on the entire 

molecule, especially the rings. The polar-polar interaction between inhibitor/molecule is 

explained by the dipole moment. The dipole moment is demonstrating the polarity of polar 

covalent bonds. higher dipole moment values show the more efficient inhibitor interaction 

with the steel surface. 5-DAT molecule dipole moment is higher than the literature[72] and 

thus it is claimed that the more effective material for the corrosion inhibition. The softness 

and hardness value are related to the chemical reactivity and the ability to donate electrons, so 

these values give information about the corrosion prevention potential of the self-assembling 

molecule. Since molecules with large energy gaps are known to be hard [82, 83], it can be 

expressed that the neutral form is harder. Also, higher hardness in the molecule results in 

lower chemical reactivity and lower softness. The low hardness of the self-assembling 

molecule increases its corrosion prevention potential. Therefore, the softness of the protonated 

form is higher than the neutral form[84]. According to Epzc result, the inhibitor molecule may 

be adsorbed on the mild steel with cationic elements. When the Mulliken atomic charges were 

examined in Fig 16, it is seen that the S and C atoms have the highest positive charge (0.490 

and 0.489). We combined the Epzc and gaussian results, the inhibitor adsorption on metal 

may occur between S-Fe and C-Fe atoms. 

3.11.2. Monte Carlo Simulation results 
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In order to better understand the adsorption behavior of the examined inhibitor[85]. We have 

considered Monte Carlo simulations of the inhibitor molecule on Fe (110) surface in the 

presence of water molecules and H3O
+
, Cl

-
 ions. The most stable low-energy adsorption of

studied inhibitor ASAP on Fe (110) / 5H3O
+
, 5Cl

-
 ions 100 H2O molecule system are shown

in Fig. 17. 

The corrosion inhibition action of 5-DAT on Mild Steel alloy in 1M HCl solution was studied 

theoretically using Monte Carlo simulation in order to confirm the result obtained 

experimentally. The higher adsorbed energy of 5-DAT inhibitor is a result of the strong 

interaction between S, N atoms and π-electrons. These atoms, electron rich, can conjugate 

with iron atoms via unoccupied orbitals. Thus, the 5-DAT inhibitor occurs a barrier film on 

the Fe (110) surface[86]. Then, The 5-DAT adsorption energy is higher than H2O molecules 

(Table 6) and inhibitor molecules can substitute water molecules from the Fe (110) surface for 

that reason [87]. 

4. Conclusion

A new Schiff base called 5-DAT has been successfully synthesized. And spectroscopic 

methods, such as FT-IR and 
1
H NMR and 

13
C NMR have been used to elucidate the structure

of the molecule. The inhibition behavior of 5-DAT on mild steel in the acidic environment 

was investigated using electrochemical measurements and SEM techniques. Theoretical 

calculations are given as complementary to the experimental results. 

 It was observed that the inhibition efficiency of the 5-DAT molecule was directly

proportional to increasing concentration and provided 98.9% protection with the 3mM 

inhibitor. 

 According to the results obtained from EIS and LPR, the inhibition efficiency of 5-

DAT was inversely proportional to the temperature. 
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 EIS measurements made over time showed that the inhibition efficiency decreased

from 98.8% to 97.5% after 120 hours. 

 Potentiodynamic polarization measurements appear to decrease CR from 17.58 to

0.297 mm year
-1

 in the presence of 5-DAT. In addition, 5-DAT has been determined to

act as a mixed type inhibitor. 

 It was determined from the EPZC value that mild steel was negatively charged and the

inhibitor approached the surface with a positive charge. 

 SEM pictograms were taken at the end of the 24-hour dipping showed that mild steel

was significantly corroded in the inhibitor-free solution and that the 5-DAT provided a 

well protection by forming a film on the surface. 

 HOMO and LUMO nodes of 5-DAT molecules were delocalized on the rings.

 Epzc and theoretical calculations are compatible with each other and It is thought that

the inhibitor molecule was bonded to the surface via S atom which has the highest 

positive value. 
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Fig. 1. Synthesis route of 5-DAT. 

Fig. 2. FT-IR spectrum of synthesized 5-DAT. 

Journal Pre-proof

Acc
ep

ted
 M

an
us

cri
pt



29 

Fig.3. 
1
H NMR spectrum of synthesized 5-DAT.

Fig.4. 
13

C NMR spectrum of synthesized 5-DAT.
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Fig.5. UV- visible spectrum of 5-DAT 

Fig.6. Optical band gap spectrum of 5-DAT 

wavelenght (nm)

200 300 400 500 600 700 800

A
b

so
rb

a
n

ce
 (

a
.u

)

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

234 nm

314 nm

Eg= 3.55 eV

h eV

3.46 3.48 3.50 3.52 3.54 3.56 3.58 3.60 3.62

h
((

e
V

 c
m

-1
)2

x
1

0
1

0

1

2

3

4

Acc
ep

ted
 M

an
us

cri
pt



31 

Fig.7. Nyquist plots of mild steel in the absence and presence of different concentrations of 5-

DAT in 1.0 M HCl solution at 298 K.  

Fig 8. Electrical equivalent circuit model for 5-DAT in 1.0 M HCl at 298 K. 
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Fig. 9. Potentiodynamic polarization curves of mild steel in the absence and presence of 

different concentrations of 5-DAT in 1.0 M HCl solution at 298 K. 
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Fig.10. Nyquist plots of mild steel in the absence and presence of 3.0 mM 5-DAT in 1.0 M 

HCl solution at different temperatures Acc
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Fig.11. LPR plots of mild steel in the absence and presence of 3.0 mM 5-DAT in 1.0 M HCl 

solution at different temperatures 

E / V (vs. Ag / AgCI)

-0.540 -0.535 -0.530 -0.525 -0.520 -0.515 -0.510 -0.505 -0.500

C
u

rr
en

t 
(A

 /
 c

m
2
) 

x
1
0

6

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

298 K

308 K

318 K

328 K

Rp
298 K

= 25.15 ohm cm
2

Rp
308 K

=  15.04 ohm cm
2

Rp
318 K

=  12.11 ohm cm
2

Rp
328 K

=   8.85 ohm cm
2

E / V (vs. Ag / AgCI )

-0.54 -0.53 -0.52 -0.51 -0.50 -0.49 -0.48 -0.47 -0.46

C
u

rr
en

t 
(A

 /
 c

m
2
) 

x
1
0

8

-10.0

-8.0

-6.0

-4.0

-2.0

0.0

2.0

4.0

6.0

8.0

298 K

308 K

318 K

328 K

(a)

(b)

Acc
ep

ted
 M

an
us

cri
pt



35 

Fig. 12. Inhibition efficiency of mild steel in 1.0 M HCI solution containing 3.0 mM of 5-

DAT at 298K 

Fig. 13. Changing Rp values as a function of the applied potential in 1.0 M HCl with 3.0 mM 

5-DAT. 
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Fig. 14. SEM image of mild steel in 1.0 M HCl(a) and in the 3,0mM 5-DAT (b) at 298 K after 

immersion for 24 hours. 
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Fig.15. EDX result of mild steel in 1.0 M HCl(a) and in the 3.0mM 5-DAT (b) at 298 K after 

immersion for 24 hours. 
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Fig.16. Optimized structure, HOMO and LUMO for neutral and protonated 5-DAT molecule 

and Mulliken atomic charges for neutral form 
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Mol. Side view Top view 

5-

DAT 

Fig.17. The most stable low energy configuration for the adsorption of studied molecule on 

Fe(110) surface obtained using the Monte Carlo simulation 

Acc
ep

ted
 M

an
us

cri
pt



40 

Table 1. The obtained EIS and LPR parameters 

Inhibitor 
Concentra

tion 
(mM) 

EIS LPR 

Rs Rp 

(Ωcm2

) 

nct nf  (CPE1) 
Yo

ct×105 
Ω−1sncm−2 

 (CPE2) 

Yo
f×106Ω−1snc

m−2
 

Chi-
Square 
values 

ƞEI

S% 
Rp 

 (Ω cm2) 
ƞ 

LPR

% 

0 2.
59 

20.9 0.8
85 

--- 262.7 --- 309.6x1
0-6

- 23.04 

0.5 2.
83 

553.6 0.6
42 

0.8
82 

2046 84.12 115.6 
x10-6 

96
.2 

479.8 95.
2 

1.0 3.
49 

682.9 0.6
82 

0.8
75 

2678 53.01 199.5 
x10-6 

96
.9 

655.1 96.
5 

2.0 5.
58 

1416.
6 

0.7
29 

0.8
56 

1209 42.86 154.9 
x10-6 

98
.5 

1250.5 98.
2 

3.0 3.
96 

1867.
3 

0.8
83 

0.8
96 

26.8 31.93 792.1 
x10-6 

98
.9 

1684.6 98.
6 

Table 2. Calculated data from the 

potentiodynamic polarization curves 

Inhibitor 
Concentration 

(mM) 

Ecorr 
(V, Ag/AgCI) 

icorr 
(µA cm-2) 

Corrosion rate 
(mm year-1) 

ßc 
(mV) 

Ƞ 
(%) 

0 -0.505 1670 17.58 170.2 
0.5 -0.507 92.2 0.952 101.9 94.5 
1.0 -0.512 68.1 0.717 102.7 95.9 
2.0 -0.508 37.5 0.395 108.0 97.8 
3.0 -0.490 28.2 0.297 109.5 98.1 

Table 3. Obtained EIS and LPR results at different temperatures 

Inhibitor Temprature (K) 
EIS LPR 

Rp ȠEIS% Rp ȠLPR% 

Blank 298 29.79 25.15 
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308 20.49 15.04 
318 18.46 12.11 
328 14.32 8.85 

5-DAT 298 1867.3 98.41 1684.6 98.12 
308 578.4 96.46 339.2 95.57 
318 490.6 96.23 273.2 95.56 
328 233.8 93.87 124.3 92.86 

Table 4. The results of EDX spectra for 5-DAT 

Element Weight% Atomic% Net Int. 

Blanc C K 5.41 12.53 79.41 
O K 31.91 55.49 1710.73 
CIK 2.64 2.07 264.4 
FeK 60.04 29.91 2159.29 

5-DAT C K 3.79 9.26 73.68 
O K 30.74 56.3 2201.29 
CI K 0.30 0.25 36.01 
FeK 65.17 34.19 2857.95 

Table 5. The quantum chemical parameters of 5-DAT 

Table 6. Adsorption energy for studied inhibitor on Fe (110) surface obtained using the Monte Carlo 

simulation (all units in kcal/mol) 

Systems Adsorption energy 
Inhibitor 

Adsorption energy 
Water 

Fe(110)/5-DAT/(100)H2O -2548.29 -10.55 

Schiff base HOMO(eV) LUMO(eV) ΔE(eV) Χ(eV) Ƞ(eV) S(eV)-1 µ 

Neutral form -8.5398 3.1677 11.7075 2.6861 5.8538 0.1708 7.5871 

Protonated form -8.3193 1.1859 9.5052 3.5667 4.7526 0.2104 5.3488 
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Highlights 

• 5-DAT has been prepared using 4-diethylaminobenzaldehyde and 5-amino-

1,3,4-thiadiazole-2-thiol.

• 3 mM of 5-DAT molecule provided 98.9% protection against corrosion.

• SEM analyses used to surface characterization

• EIS, LSV and potentiodynamic polarization techniques were performed for

electrochemical analyses

• Gaussian and Monte Carlo simulations were calculated for theoretical

investigations.
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