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Abstract- In recent years, the use of inhibitors remains the most adopted method for the 

protection of metals and alloys against aggressive media. The objective of this work is to test 

the inhibiting effect of thiosemicarbazone noted TSC vis-à-vis the corrosion of copper in a 3% 

NaCl solution. In this study, we used stationary (potentiodynamic measurements), and transient 

(impedance diagrams) methods in the absence and presence of different concentrations of 

inhibitors. Polarization curves showed that thiosemicarbazone acts as a mixed inhibitor. Its 

effect results in a potential shift towards the anodic direction and a significant decrease in 

current density. Electrochemical impedance diagrams show the capacitive behavior of copper 

in a 3% NaCl solution. The addition of the inhibitor at different concentrations leads to a change 

in the corrosion mechanism with an increase in the polarization resistance, consequently, the 

inhibitory efficiency increases and reaches 95% for a concentration of 10-3 M. This testifies to 

the significant protective effect of thiosemicarbazone against copper corrosion in 3% NaCl. 
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1. INTRODUCTION  

The semicarbazones and thiosemicarbazones are organic products that have excellent 

coordination and complexing ability with transition elements. They can be used in chemistry 

as organic inhibitors [1,2]. These products, which can be synthesized by several different 

methods, have the following general formula. 

 

 

Scheme 1.  The general formula of TSC 

 

R1, R2, R3, and R4 are alkyl or aryl groups, (X=O) for semicarbazones and (X=S) for 

thiosemicarbazones [3-7]. 

These compounds have a wide application in pharmacology, biology, chemistry [8-11], and 

corrosion inhibitors of carbon steel [12-14].  The efficiency of these compounds shows their 

ability to form complexes with various transition metals. The presence of heteroatoms such as 

sulfur, nitrogen, and oxygen in their structures is an important factor for their better activity 

against corrosion [15].  

Thanks to its mechanical properties, thermal and electrical conductivity as well as its good 

solderability and corrosion resistance, copper is widely used in many industrial units, 

particularly in heat exchangers, electrical appliances, and cooling systems. 

The good corrosion resistance of copper can be explained in two ways: in an acid 

environment, copper is more resistant because the standard potential of Cu/Cu(I) is more 

positive than the potential for hydrogen release; whereas in a neutral environment, an adherent 

film is formed on the surface of the metal by the corrosion products and acts as a barrier against 

the corrosive environment [16]. 

In the presence of certain ions such as Cl
-
, copper becomes very sensitive to corrosion. So, 

it is essential to protect it. Among the methods of protection of metals against corrosion, 

organic inhibitors are widely used, and it is within this framework that the objective of our 

study falls. 

In our work, we aimed to synthesize, and identify the product thiosemicarbazone, denoted 

TSC, and make its application as a copper corrosion inhibitor in NaCl 3%. The study of its 

inhibiting power against the corrosion of copper in a solution of NaCl 3% was carried out using 

stationary techniques, namely polarization curves and transient techniques, in particular 

electrochemical impedance spectroscopy. 
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2. EXPERIMENTAL CONDITIONS 

2.1. Material and medium: 

In our study, copper of purity 99.999% (Goodfellow). The material used in this. The 

corrosive medium chosen is a solution of NaCl 3% prepared from pure solid NaCl and distilled 

water. This choice is justified by the fact that the situation is under the influence of an 

aggressive marine environment. 

 

2.2. Electrochemical instrumentation: 

The intensity-potential curves are drawn using a potentiostat (Biologic SP200) with a three-

electrode electrochemical cell: The reference electrode is a saturated calomel type; the auxiliary 

is a platinum electrode while the working electrode is a pure copper sample, cut in the form of 

a cylinder insulated laterally by an epoxy resin, leaving a surface of 1cm2. Before each 

experiment, the surface of the sample is polished with 600, 1200 and 2400 grit abrasive paper, 

then degreased and dried.  

The polarization measurements anodic and cathodic were plots separately starting from the 

corrosion potential towards respectively more cathodic and more anodic potentials with a 

scanning speed of 5 mv s-1. 

The inhibition efficiency (Ei) was calculated according to the following equation: 

 𝐸i =   
(Icorr−Icorr(inh))

Icorr
 𝑥 100                                     (Eq. 1) 

The electrochemical impedance measurements are performed in a Faraday cage with a 

potentiostat adapted to the measurement of low currents and high impedance (Biologic SP200). 

The excitation signal has an amplitude of 5mV with a frequency sweep from 100KHz to 10mHz 

at a rate of 10 points per decade. 

 

2.3. Inhibitor 

The product chosen as inhibitor is thiosemicarbazone (TSC), synthesized from 

benzaldehyde and thiosemicarbazide in the presence of ethanol by the following chemical 

reaction:   
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Scheme 2. Synthesized of TSC 
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This product, obtained with a good yield is characterized and identified based on proton 

NMR and 13 carbon NMR. 

Spectral characteristics: 

 • 1H NMR (500 MHz, DMSO-D6): (NH) s, 2.456 ppm; (phényl) m, 7,356-8 ppm; (H iminiqie)  

 s, 8.157 ppm.  

• 13C NMR (125 MHz, DMSO-D6): (C phényl) 127.817-134,661 ppm; (Carbone iminique) 

142.820 ppm; (carbone thioamidique) 178.460 ppm. 

 

3. RESULTS AND DISCUSSION 

3.1. Stationary measurements  

The cathodic and anodic polarization measurements were obtained after one hour of 

immersion at corrosion potential in a 3% NaCl solution with a stirring speed of 600 rpm at 

different concentrations of thiosemicarbazone; they are shown in Figure 1. 

 

 

Figure 1. Cathodic and anodic current-voltage curves of copper in NaCl 3% in the presence of 

different concentrations of TSC 

 

The examination of the cathodic domain shows that: 

In the blank test, the current density increases near the corrosion potential and tends to 

stabilize by forming a plateau due to the diffusion of dissolved oxygen according to the 

following reaction:               

O2   +   2 H2O   +   4e- ⇆   4HO-                                          (Eq. 2) 

Then the kinetics of the corrosion is controlled by the diffusion resulting from the reduction 

of oxygen which plays a primordial role in the mechanism of the corrosion. This cathodic 

reaction is considered as the driving force of corrosion [17-19]. 
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The addition of TSC is accompanied by a displacement of the corrosion potential towards 

the positive direction and a significant decrease in the current density with the increase in its 

concentration. This decrease appears in the whole cathodic domain. In the vicinity of Ecorr , the 

current density goes from 22,03 µA.cm-2 in the absence of an inhibitor to 1,02 µA.cm-2 in the 

presence of 10-3 M TSC. This explains the protective effect of this product in this area. 

For all the concentrations of TSC, the variation of the current density on a semi-logarithmic 

scale presents a linearity that follows Tafel's law, which allows the calculation of current 

densities by extrapolation of Tafel's lines [20-22].  

Without an inhibitor, the anodic curves show a rapid increase in current density near the 

corrosion potential indicating the selective dissolution of copper in this medium according to 

the following reaction: 

Cu         ⇆         Cu 2+   +2 e-                                                      (Eq. 3) 

The mechanism of anodic dissolution in the presence of chlorides is well-known and 

characterized by the following two reactions [23-25]: 

Cu   +   Cl-         ⇆    CuClads + e-                                                 (Eq. 4) 

CuClads  +   Cl-    ⇆   CuCl-2                                                         (Eq. 5) 

At the highest anodic overvoltages, the current density tends to stabilize, forming a current 

plateau of about 10 mA/cm2. This value is very high to signify the passivation of the metal, so 

it is attributed to corrosion products.  The addition of the TSC inhibitor at different 

concentrations shows a very significant change in the polarization curves, as well as the anodic 

reaction rate. Indeed, the addition of TSC leads to a shift of corrosion potential toward positive 

values and a strong decrease in the anodic current density. This decrease is more marked when 

the TSC concentration increases. For 10-3M concentration, a current plateau is observed with a 

value of about 2µA/cm2, which corresponds to the formation of an inhibiting film on the metal 

surface with a protective character [26]. For more anodic potentials, the polarization curves 

join the curve of the blank test, which means the deterioration of the film formed by the 

desorption of inhibitor from the metal surface [27-29]. The anodic polarization curves in the 

presence of different concentrations of TSC confirm the enhancement of the passive state of 

the metal by completely changing the dissolution reaction of copper in the solution of NaCl 

3%. The kinetic parameters of the cathodic and anodic curves are shown in Table 1.  

The analysis of this table shows a shift of the corrosion potential toward the anodic direction 

and a significant decrease in the corrosion current density with the inhibitor concentration. This 

decrease can be explained by the formation of an inhibiting film on the metal surface. The 

inhibitory efficiency of TSC calculated by the relation (Eq. 1) is about 95%, testifying this 

effect.  The obtained results showed the TSC act as a good inhibitor of copper in a solution of 

NaCl 3% by preventing its dissolution in the corrosive medium. 
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Table 1. Electrochemical parameters issued from polarization measurements 

 
[TSC](M) Cathodic domain Anodic domain  E (%) 

Ecorr 

(VEcs) 

Icorr 

(µAcm-2) 

Bc 

(mv-1) 

Ecorr (VEsc) Icorr 

(µAcm-2) 

Ba 

(mv-1) 

0 -0.288 22.03 -175.23 -0,285 22.53 275.36 - 

10-4 -0.195 4,98 -149,89 -0,184 5,02 195,55 77,39 

4.10-4 -0.180 3.72 -148.67 -0.176 3.77 191.07 83,11 

8. 10-4 -0.149 1.91 -138.84 -0.152 1.96 153.75 91,33 

10-3 -0.128 1.02 -140.47 -0.124 1.04 147.14 95,36 

 

3.2. Adsorption isotherm 

The study of the adsorption isotherm is useful to understand the nature of the inhibitor-

metal interaction and the kinetics of adsorption. 

To know the adsorption mode of the TSC on the metal surface of copper in 3% NaCl, we 

traced the variation of the concentration as a function of the recovery rate. The results obtained 

are illustrated in Figure 2. 
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Figure 2. Langmuir adsorption isotherm of TSC in 3% NaCl at 298K 

 

From this figure, it can be seen that the variation of the concentration as a function of the 

recovery rate obeys the Langmuir isotherm. The thermodynamic parameters were calculated 

from the following equations [30-33]:  

 
𝑪inh

𝜭 
= 𝐶inh +  

1

𝐾
              Kads = 1/55,5 exp (-∆G°ads /RT)       (Eq. 6,7) 

 



Anal. Bioanal. Electrochem., Vol. 15, No. 7, 2023, 568-586                                                               574 

The value of ∆G°ads explains the nature of the adsorption: if ∆G°ads is less than -40 kJ/mol, 

the inhibitor adsorbed on the surface of the metal undergoes chemical adsorption; When the 

value of ∆G°ads is between -40 and -20 kJ/mol, the inhibitor is adsorbed in a mixed manner. 

Finally, if ∆G°ads exceeds -20 kJ/mol, the inhibitor is adsorbed by physisorption [34-36]. The 

value of ∆G°ads of TSC which is -34.47 kJ/mol, shows that our inhibitor is adsorbed on the 

copper surface according to the mixed adsorption. 

 

3.3. Electrochemical impedance measurements 

3.3.1. Concentrations effect 

To better understand the phenomenon that governs the interface copper/solution of NaCl 

3% we have used transient measurements namely the electrochemical impedance diagrams. 

The results obtained are illustrated in Figure 3. 
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Figure 3. Electrochemical impedance diagrams of copper in a solution of 3% NaCl in the 

presence of different concentrations of TSC 

 

After one hour of immersion at the corrosion potential, the electrochemical impedance 

diagrams recorded in a frequency range from 100 KHz to 10 mHz show that: 

In the absence of a TSC inhibitor, the shape of the electrochemical impedance diagram 

shows the appearance of two capacitive loops which are difficult to discern. In agreement with 

other authors [37, 38] the loop at high frequencies is attributed to the phenomenon of charge 

transfer (Rt-Cd), and the loop at low frequencies is attributed to the diffusion phenomenon (Rd-

Td). The modeling of this diagram by the Ec-Lab software (Biologic instrument) confirmed the 

presence of these two loops (Table 2).  The intersection of the Nyquist diagram with the real 
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axis obtained by extrapolation at zero frequency gives a value of the polarization resistance Rp 

of the order of 2167.80 Ωcm2. 

The equivalent electrical circuit corresponding to the electrochemical impedance diagram 

of copper in a 3% NaCl solution is shown in Figure 4. 

 

Figure 4. The equivalent electrical circuit of impedance diagram of copper in a 3% NaCl 

solution 

 

The addition of TSC at different concentrations in the corrosive medium reveals a 

capacitive behavior with a different diagram shape than in the case of copper alone. This can 

be explained by a change in the mechanism of the interfacial corrosion process. The 

electrochemical impedance diagrams show a significant increase in polarization resistance in 

the presence of the inhibitor. They reveal the presence of at least two different contributions. 

The modeling of these diagrams by the Ec-Lab program does not correspond to two R-C 

circuits; so, the addition of a third constant was necessary to model these diagrams. Thus, as a 

result of the application of Ec-Lab, we have:  

A contribution at high frequencies (Rf - Cf) associated with the dielectric character of the 

film formed by the corrosion products reinforced by the presence of inhibitor and ionic 

conduction through the film pores.  

A contribution (Rt-Cd) attributed to the capacitance of the double layer at the 

electrolyte/copper interface at the bottom of the pores, coupled with the charge transfer 

resistance.  

A contribution (Rd) corresponds to the diffusion phenomenon [39].  

The parameter fitting results for the (Rf-Cf) and (Rt-Cd) pairs derived from the plots in 

Figure 3 are shown in Table 2.  

Analysis of Table 2 shows that at very high frequencies, the diameter of the capacitive loop 

is of the order of 1120, 1481, 1650, and 2491 Ωcm2 for TSC concentrations of 10-4; 4×10-4; 

8×10-4 and 10-3 M respectively. The associated capacities (2.23; 1.91; 1.7 and 0.83 µF.cm-2) 

are low compared to that usually attributed to the double layer (50 µF.cm-2). This is in 

agreement with the hypothesis of the formation of a thick film due to the presence of the TSC 

inhibitor. The protective effect increases with increasing inhibitor concentration. 

At medium frequencies, the obtained loop was attributed to charge transfer. There is a 

significant increase in the associated resistance, its value is of the order of several kΩcm2 (from 

9 to 20 kΩcm2). The value of the charge transfer resistance increases by a factor of 14 in the 
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presence of 10-3 M in TSC, compared to the control. This shows that TSC has a significant 

effect on decreasing the corrosion rate of copper in NaCl 3%. 

 

Table 2. Fitting parameters for the two parallel R-C circuits in Figure 3 

    
[TSC] 

(M) 

R0 

(Ω.cm2) 

Cf 

(µF.cm2) 

Rf 

(Ω.cm2) 

Cd 

(µF.cm-2) 

Rt 

(kΩ.cm2) 

IE % 

0 12,84  -----  ----- 152 1,21 ---- 

10-4 12,06 2,23 1120 45,64 5,67 78,65 

4.10-4 11,54 1,91 1481 42,48 8,15 85,15 

8.10-4 13,72 1,73 1650 41,01 16,93 92,85 

10-3 15,02 0,83 2492 37,08 19,98 93,94 

 

The Morse of the third capacitive loop is consistent with impedance linearity observed at 

very low frequency. This may indicate the existence of a third-time constant that can be 

attributed to the diffusion phenomenon [40].  

The equivalent electrical circuit corresponding to the electrochemical impedance diagram 

of copper in a 3% NaCl solution in the presence of the TSC inhibitor is shown in Figure 5. 

 

 

Figure 5.  The equivalent electrical circuit of electrochemical impedance diagram of copper in 

a 3% NaCl solution in the presence of the TSC inhibitor 

 

The inhibitory efficiency calculated by the relation (6): 

 

Ei =
Rt(inh)−Rt(0)

Rt(inh)
×100                                             ( Eq. 8) 

where: 

- Rt (inh) is the charge transfer resistance in the presence of the inhibitor.  

- Rt (0) is the charge transfer resistance in the absence of the inhibitor. 

The efficiency increases with the inhibitor concentration, reaching 94% (Table 3) for the 

concentration of 10-3 M, confirming the protective character of TSC. 
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Table 3. TSC quantum chemical descriptors at 6-311+G(D,P) level. 

 

EHOMO(eV) ELUMO(eV) ΔE (eV) μ(Debey) ΔN 

-0,230 -0,074 0,157 2,449 27,645 

 

This result shows that TSC has a protective effect on copper in a solution of NaCl 3%. Its 

effect is reflected in the formation of a relatively thick and compact inhibitor film on the copper 

surface. This film acts as a barrier against aggressive ions. Its protective power is of the order 

of 94% for the concentration of 10-3M chosen as the best concentration for the following tests. 

This efficiency value agrees with the one obtained from stationary measurements. 

3.3.2. Immersion time effect 

The examination of the effect of immersion time on the inhibition efficiency of TSC at  

10-3 M, by electrochemical impedance measurement, is illustrated by Figures 6 and 7. 

 

0 300 600 900 1200 1500 1800 2100 2400

0

300

600

900

1200

1500

1800

- 
Z

 i
m

 (
 

 
c
m

-2
)

Re ( cm
-2

 )

  1h

  8h

 24h

 48h

 

 

 

Figure 6. Electrochemical impedance diagrams of copper in a solution of NaCl 3% at different 

immersion times 

 

The electrochemical impedance diagrams at different immersion times show the same 

shape, which shows that the corrosion mechanism does not change. These diagrams highlight 

a capacitive behavior of copper in a solution of NaCl 3% with a decrease in polarization 

resistance as a function of immersion time. It goes from 2179 Ω.cm2 after 1h to 1500 Ω.cm2 

after 48h of immersion. This decrease is explained by the attack of copper in the aggressive 

medium especially by chlorides. This reflects an increase in the corrosion rate of copper. 
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In the presence of 10-3M TSC, the electrochemical impedance diagrams have the same 

appearance with a significant increase in polarization resistance. It increases from 19 KΩ.cm2 

to 50 KΩ.cm2. This increase can be explained by the formation of a thick and compact inhibitor 

film and is reinforced by the increase in the immersion time. The low-frequency loop shows a 

linear part that can be attributed to diffusion through a solid barrier represented by the inhibitor 

film formed with a thick and compact character.   
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Figure 7. Effect of immersion time on the electrochemical impedance diagrams of the 

copper/NaCl 3% interface in the presence of 10-3 M TSC 

 

3.4. Theoretical study 

3.4.1. Quantum chemical calculations 

All DFT calculations were performed using B3LYP method and the 6–311G+ basis set    in 

the presence of water as solvent using Gaussian 09 Revision D-0.  

The reactivity of the TSC was investigated by the evaluation of the HOMO, LUMO and 

band gap ΔEg energies, the dipole moment (μ), and the electron transfer parameters (ΔN) based 

on Eqs:   

                                  𝛥𝐸𝑔 = 𝐸𝐿𝑈𝑀𝑂 − 𝐸𝐻𝑂𝑀𝑂                                                     (Eq. 9) 

                                  ΔN =
𝛘𝐂𝐮−𝛘𝐓𝐒𝐂

𝟐(𝛈𝐂𝐮−𝛈𝐓𝐒𝐂)
                                                                            (Eq.10) 

Where   χC u = 4.48 eV/mol and ηCu= 0 eV/mol. 

                                    𝜒𝑇𝑆𝐶 = −
𝑬𝑯𝑶𝑴𝑶+𝑬𝑳𝑼𝑴𝑶

𝟐
                                                              (Eq. 11) 

                                     𝜂𝑇𝑆𝐶 =
𝑬𝑳𝑼𝑴𝑶−𝑬𝑯𝑶𝑴𝑶

𝟐
                                                                (Eq. 12) 
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The local reactivity of the TSC molecule was analyzed by calculating Fukui indices from 

the values of the natural population analysis using the following formulas [41]: 

                                            f − = qK(N) − qK(N − 1)                                                (Eq. 13) 

For an electrophilic attack,  

                                      𝑓+ = 𝑞𝐾(𝑁 + 1) − 𝑞𝐾(𝑁)                                                     (Eq. 14) 

For a nucleophilic attack. 

Where 𝑞𝐾(𝑁 − 1) , 𝑞𝐾(𝑁) and 𝑞𝐾(𝑁 + 1) are the populations of the atom k, in the 

cationic, neutral and anionic species respectively.   

The adsorption behavior of TSC on the copper electrode was elucidated by the dynamic 

molecular simulations using the Forcite module implemented in the Materials Studio package. 

The interaction between the TSC and the studied surface in the NaCl environment was 

simulated in a box (30,7× 30,7× 39.1 Å3) containing a six-layer Cu (111) surface, a single TSC 

molecule, 10Na+, 10Cl- and 500 H2O molecules. 

The simulation was performed at 298 K under periodic boundary conditions with the 

canonical ensemble (NVT) and using the COMPASS II force-field. The time step and the 

simulation time were 1.0 fs and 200 ps respectively. 

The adsorption energy Ead and binding energy Ebd are calculated according to: 

                                              𝐸𝑎𝑑 =  𝐸𝑇 − (𝐸𝑇𝑆𝐶 + 𝐸𝑆𝑢/𝑠𝑜)                                          (Eq. 15) 

                                                  𝐸𝑏𝑑 = − 𝐸𝑎𝑑                                                                 (Eq. 16) 

where ET presents the total energy; ETSC is the total energy of the TSC molecule and ESu/so 

indicates the total energy of the metal surface and the solution without the TSC molecule. 

3.4.2. Theoretical considerations 

Quantum chemistry and molecular dynamics simulation studies were undertaken to link the 

experimental results with the TSC conceptual parameters. Figure 8 describes the optimized 

geometric structure and the distribution of the HOMO and LUMO orbitals of the studied 

molecule. As can be seen, the molecule has a flat geometry (Figure 8a). Such a configuration 

increases the TSC interaction with the metal if this molecule stands parallel to the metallic 

surface. The HOMO and LUMO electron clouds are known to provide information about a 

molecule's electron-donating and electron-acquiring abilities [38]. In our findings, the HOMO 

orbital is located on the linear part of the TSC (Figure 8b). Whereas the LUMO orbital is spread 

over the whole skeleton of the studied molecule (Figure 8c).  

The energy gap (ΔEg) is a key parameter that informs on the capacity of a molecule to 

adsorb on the metal surface. In fact, molecules with low ΔEg are easily adsorbed on the metallic 

surface and thus show high anti-corrosion performance. 



Anal. Bioanal. Electrochem., Vol. 15, No. 7, 2023, 568-586                                                               580 

The investigated molecule can strongly adsorb the metal surface and consequently ensure 

effective corrosion protection of Cu since the ΔEg value of TSC is very low compared, in 

similar conditions, to other potential copper corrosion inhibitors [42-44].  

 

 

Figure 8.  (a) Optimized structure of TSC.  Frontier molecular orbitals (b) HOMO, (c) LUMO 

 

The cause-and-effect relationship between the dipole moment (μ) and inhibitive 

performance is not well established. Indeed, some researchers reported that molecules with low 

dipole moments are effective inhibitors [45], whereas others suggested that inhibitor efficacity 

increases with increasing μ [46]. The positive sign of the electron transfer parameter (ΔN) 

suggests that the TSC molecule provides electrons to the unoccupied sites of the Cu surface.  

This reinforces the adsorption of TSC on the study surface.  

The electrostatic potential map (MEP) highlights the areas in a molecule of negative 

(red), positive (bleu) and zero MEP (green). 

The theoretical MEP in Figure 9 shows that the region with high electron density (red 

area) is around the sulfur atom. 

 

 

Figure 9. Electrostatic potential map of TSC 
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Table 4. Fukui indices for TSC calculated at 6-311+G (D, P) level 

Atom f(-) f(+) 

1 C -0,0174 0,1226 

2 C 0,0001 0,0322 

3 C 0,0152 0,0488 

4 C -0,0114 0,0271 

5 C 0,0112 0,1026 

6 C 0,0014 0,0055 

7 C 0,0427 0,1554 

8 N -0,0178 0,1465 

9 N 0,0443 -0,0105 

10 C -0,0129 0,0196 

11 N 0,0536 0,0347 

12 S 0,7522 0,1677 

 

Further information on the local activity of the TSC is provided by Fukui functions (Table 

4). The atom with a high f(-) value shows a nucleophilic character, whereas this one with a 

high f(+) value has an electrophilic character.  

As shown in Table 4, S12 is the preferable site for an electrophile attack. The nucleophilic 

attack can occur preferentially at S12, C7, N8, C1 and C5 atoms. Note that S12 could play a 

vital role in the adsorption of the TSC molecule on the metal surface since it has both donating 

and accepting abilities. 

3.4.3. Molecular dynamic (MD) simulation 

Figure 10 shows the low-energy adsorption configuration of the TSC molecule on the Cu 

(111) surface. As can be seen, the molecule is flatly adsorbed on the metallic surface. Such a 

configuration provides maximum surface coverage and ensures good corrosion protection. 

Moreover, the highly negative value of the adsorption energy highlights the strong and 

spontaneous adsorption of the TSC on the copper surface. 

 

                                        

Figure 10. The most suitable configurations of adsorption TSC on Cu (111) surface in the 

aqueous phase at 298K. a) Side view. b) Top view 
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The radial distribution function (RDF) is used to depict the nature of the TSC adsorption 

on the copper. Indeed, the literature reports that the chemisorption mechanism is more likely 

when the densest peak is between 1 and 3.5 Å. Conversely, if this peak appears at a distance 

greater than 3.5 Å, physisorption is more favourable. As can be seen, the position of the first 

peak in Figure 11 suggests probable chemical adsorption occurring within the studied system 

between TSC and Cu.  

 

Table 5. Adsorption and binding Energies of TSC on Cu surface 

 𝑬𝒂𝒅(kJ/mol) 𝑬𝒃𝒅(kJ/mol) 

TSC -390,79 390,79 

 

Figure 11. RDF curve for the TSC molecule on Cu surface 

 

The non-covalent interactions (NCI) analysis allows mapping the weak interactions in 2D 

and 3D representations using the electron density (𝜌) and the reduced density gradient (RDG) 

expressed as follows: 

                                                      𝑅𝐷𝐺 =
1

2(3𝜋2)
1

3⁄

|∇𝜌|

(𝜌)
4

3⁄
                                              (Eq. 17) 

The NCI plots are colour-coded blue-green-red to represent strong attractive and van der 

Waals interactions, as well as steric repulsion.  

The equilibrium state obtained from the previous molecular dynamic simulation was 

examined with non-covalent interactions (NCI) analysis (Figure 12) to get more information 

on the interaction between TSC and Cu surface. 

The green colour in Figure 12 reveals the existence of the Van der Waals interactions 

between all the TSC atoms and the copper surface. So, the inhibitory performance of TSC can 

also be related to the non-covalent interactions involved in the studied system. This finding 

supports the parallel arrangement of the TSC on the Cu surface. Indeed, it was stated that the 
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horizontal disposition of the inhibitor on the metal surface gives rise to the physisorption or 

mixed chemisorption and physisorption [47,48]. 

 

 

Figure 12.  The 2D and 3D RDG plots of TSC/ C (1 1 1) system. a) 3D b) 2D side view, c) 2D 

top view 

 

4. CONCLUSION 

The studied thiosemicarbazone has electron donating atoms. Sulfur is among these atoms 

which have a major importance in the metal-ligand bonding. The polarization results obtained 

revealed that the TSC compound behaved as a mixed type of corrosion inhibitor. Its inhibitory 

effect against copper corrosion in NaCl 3% showed that it inhibits both anodic and cathodic 

reactions. This effect results in a decrease of the current density and a shift of the corrosion 

potential towards more noble values. 

In the anodic domain, the action of TSC is manifested by the appearance of a current plateau 

(passivity current is clearly apparent) at high inhibitor concentrations. Compared to the control, 

in the same potential domain (passivation domain) where the anodic current density value is 

about 10 mA/cm2. Thus, the inhibitor protects the copper satisfactorily in a neutral chloride 

and aerated environment even under anodic polarization. This protection is maintained for 

immersion times up to 48 hours. An inhibitory efficiency of 94% is achieved at a concentration 

of 10-3 M. 
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The electrochemical impedance spectra obtained at the corrosion potential also revealed a 

capacitive behavior of copper due to the inhibitory effect of TSC. Its effect results in an increase 

of polarization resistance and in the formation of a relatively compact and thick film, which is 

probably favored by the corrosion products. It appears from the computational approaches that: 

The TSC has multiple active sites. Chemisorption and physisorption could occur between the 

TSC and the Cu (111) surface, according to the RDF and NCI analyses. 

Between the TSC molecule and the Cu (111) surface, spontaneous adsorption occurs in 

which the studied molecule remains parallel to the copper surface. So, theoretical findings 

corroborate the experimental results. 
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