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5-(4-isopropylbenzylidene)-2,4-dioxotetrahydro-1,3-thiazole, (IPBDT) was tested as a potential 

copper corrosion inhibitor in 0.1 mol dm
–3

 Na2SO4 solution at pH=3. Using dc polarization 

measurements and electrochemical impedance spectroscopy (EIS) the influence of the inhibitor 

concentration and temperature on the inhibitor efficiency was investigated. The obtained results 

suggested that IPBDT is a very good copper corrosion inhibitor in given condition, whose efficiency 

increases with the increase of the thiazole concentration as well as with the increase of temperature. 

EIS results showed that the inhibition effect of the thiazole manifests through an increase of the total 

resistance and a decrease of the double layer capacitance compared to the blank solution. The kinetic 

and thermodynamic parameters obtained by the polarization measurements, indicated that the copper 

corrosion in acidic sulfate solution occurs as an endothermic reaction and that the inhibitor molecules 

protect the copper during their chemisorption on the metal surface following the Langmuir’s 

adsorption isotherm.  

 

 

Keywords: copper corrosion, thiazole derivative, electrochemical impedance spectroscopy (EIS), 

polarization measurements  

 

 

 

1. INTRODUCTION 

In modern industries, copper and its alloys have a very important role in many production 

processes. Due to its relative nobility, copper corrosion can take place at lower pH values, whereby, 

the amount of oxygen present in a given environment has a great influence on the degree of copper 

http://www.electrochemsci.org/
mailto:djendji.vastag@dh.uns.ac.rs
mailto:djendji.vastag@dh.uns.ac.rs


Int. J. Electrochem. Sci., Vol. 11, 2016 

  

8230 

corrosion [1,2]. Nowadays an increased interest in the possibility of protecting copper against 

corrosion using organic inhibitors can be registered. As it is well known, in most cases, efficient 

copper corrosion inhibitors have nitrogen, sulfur and/or oxygen atoms in their structure [3-6]. Most of 

them manifest good inhibitory efficiency in neutral media whereas the numbers of molecules which 

have good inhibition properties in the acid medium are significantly limited [7-12]. The corrosive 

attack on the metal in acidic media in presence of organic inhibitors will be reduced due to their 

adsorption on metal surface [13-15]. Adsorption of inhibitor molecules at the metal surface may occur 

as physisorption or in a better case organic molecules can form covalent bond with metal [16-18]. 

Modifying functional groups (substituents) into the investigated organic molecules can modulate the 

interfacial behaviour and inhibitor efficiency of the organic compounds. The group with the most 

significant impact is the substituting group with electron-donating effect, because it can change 

electron density of the active center in the molecule. Numerous studies have shown that very often 

small difference in the molecular structure of corrosion inhibitor can give very different inhibitor 

efficiency [19-26].  

Thiazole derivatives belong to the group of compounds which disposes with the possibility to 

protect copper in acidic media. The aim of this paper is to study the influence of inhibitor 

concentration and temperature on the mechanism, kinetic and thermodynamic parameters of copper 

corrosion processes in the absence and presence of 5-(4-isopropylbenzylidene)-2,4-dioxotetrahydro-

1,3-thiazole (IPBDT) using dc polarization measurement and electrochemical impedance spectroscopy, 

(EIS). The result of dc polarization measurement provides opportunity to study the corrosion and the 

inhibitor adsorption mechanism in the function of different inhibitor concentration and temperatures. 

The EIS measurements offer substantial data about kinetic and mechanistic properties of analyzed 

electrochemical system [27]. It is one of the most commonly used method to assess the protective 

properties of the inhibitor film formed on metal surface because by using this method, the resistance of 

charge transfer to the  metal  surface can be very successfully registered [28]. The EIS measurement 

also can help in prediction of the kinetic properties of electron transfer at the copper/electrolyte 

interface [29].  

 

 

 

2. EXPERIMENTAL 

The inhibitor efficiency of 5-(4-isopropylbenzylidene)-2,4-dioxotetrahydro-1,3-thiazole,  

IPBDT (Figure 1) was investigated on the copper electrode in 0.1mol dm
–3

 Na2SO4 solution at pH=3, 

against copper corrosion in function of its concentration and temperature.   

Because of the low solubility of the investigated inhibitor, the determined weight of the IPBDT 

was first dissolved into 20 ml of ethanol and thereafter solutions of desired concentrations were 

prepared with distilled water. In each solution, pH was set to 3 with diluted sulfuric acid. All 

experiments were done at open atmosphere.  
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Figure 1. Molecular structure of the investigated inhibitor 

 

The electrochemical measurements were done in the three-electrode cell, copper was the 

working electrode, the saturated calomel electrode (SCE) the reference electrode and the platinum was 

the counter electrode. The working electrode was constructed from high purity copper rods (99.99 % 

Cu), watered in an epoxy resin. The active surface of copper electrode (0.7 cm
2
) was before each 

measurement wet polished with SiC papers (grit sizes of 800 and 1200). The electrochemical 

measurements were carried out with A PC controlled VoltaLab PGZ 301.  

The EIS measurements were carried out on the open circuit potential, (OCP), at room 

temperature, after 30 minutes of immersion time of electrode in the solution with different IPBDT 

concentrations  (1x10
-6

- 1x10
-5 

mol dm
-3

). The EIS working conditions were 10 mV amplitude of 

sinusoidal voltage in a frequency range of 0.01Hz-10 KHz. The impedance spectra were analyzed 

using the program Eissa_0.1b.  

The polarization measurements were performed also at five different inhibitor concentrations in 

the range of 1x10
-6

- 1x10
-5 

mol dm
-3

, at four temperatures 288, 293, 303 and 308 K. The potential was 

scanned between OCP and 400 mV in the cathodic and OCP and 200 mV to anodic directions with the 

scan rate of 10 mV min
-1

 after the open circuit potential was stabilized to 5 mV/5 min. 

 

 

 

3. RESULTS AND DISCUSSION  

3.1. EIS results  

As is well known, the dissolution of copper in aerated sulfuric acid includes two reactions: the 

anodic dissolution of copper and the cathodic reduction of oxygen. The anodic reaction takes place in 

two continuous steps:  

Cu → Cu
+

ads + e
-                                                

(1) 

Cu
+

ads
 
→ Cu

2+
 + e

-
                                     (2) 

where Cu
+

ads
 
 is an adsorbed species at the copper surface, which does not exhibit a tendency 

for diffusion into the solution [30-33]. Because of this, the copper dissolution usually just weakly 

depends of the mass transport. The size and shape of EIS spectra can be changed (e.g, increase of the 

capacitive loop) with the extension of the immersion time, which can be considered as an indication 

that some kind of barrier formed on the metal surface. The barrier is probably related to the formation 

of the salt film of copper ions. Cu2O and CuO cannot exist in strong acidic solutions [34].  
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Cathodic reduction of oxygen can be described either by a direct 4e- transfer:   

O2 + 4H
+
 + 4e

-
 → 2H2O

 
                         (3) 

or by two consecutive 2e
-
 steps which include first a reduction to hydrogen peroxide: 

O2 + 2H
+
 + 2e

-
 → 2H2O2

 
                         (4) 

which was followed by a second reduction [34,35]:  

H2O2 + 2H
+
 + 2e

-
 → 2H2O

 
                         (5) 

Regardless of whether the reduction of oxygen takes place in one or two steps, the decisive 

influence on the rate of cathodic oxygen reduction have oxygen transfer from the bulk solution to the 

Cu-solution interface [34].  

To better understand the mechanism of the interaction between the copper surface and the 

investigated inhibitor molecules in acidic sulfate solutions, an EIS measurement was carried out in the 

presence of different concentration of IPBDT in a range of 1x10
-6

- 1x10
-5 

moldm
-3

 at room 

temperature.  

Figures 2a and 2b depict the Nyquist plots for copper the electrode in 0.1 moldm
-3

 Na2SO4 

solution without and with the addition of different concentration of inhibitor respectively.  
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Figure 2. Nyquist dijagram for copper in blank solution (a) and in the presence of different 

concentration of IPBDT (b) 

 

As Figures 2a and 2b show, in all cases the not perfect semicircles were obtained, which is 

characteristic for copper in acidic sulfate solution [30,36]. This phenomena is often attributed to the 

dispersion of frequency, heterogeneity of the metal surface and/or the inhibitor adsorption [37-42].  

The impedance spectra recorded in blank solution consists of two parts: at the higher 

frequencies range, a single semicircle capacitive loop was recorded which is followed by the Warburg 

impedance in the low frequencies. The high frequency capacitive loop, describe the charge transfer 

resistance together with the double-layer capacitance element [43], while the Warburg impedance is 

mainly referred to diffusion of the oxygen from solution to the copper surface [44]. 

The presence of the thiazole derivative in the acidic sulfate solution did not lead to significant 

shifts of copper corrosion potentials compared to the bare electrode, but led to changes in the shape 

and size of the impedance spectra. In the presence of the thiazole derivative in the high frequency 
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region a larger capacitive loop can be registered and the Warburg impedance also disappears. This 

kind of behaviour indicated that the IPBDT molecule can form a film on the metal surface and protect 

the copper against corrosion [45]. Increasing inhibitor concentrations also leads to the increase of the 

capacitive loop, which provides better protection of the copper in the presence of higher inhibitor 

concentrations [46]
 
and on the other hand indicated that the charge transfer resistance becomes 

dominant in the corrosion process [4].  

The experimentally recorded EIS results were fitted with the equivalent circuit using the 

Eissa_0.1b program and obtained models are presented in Figure 3a for corrosion solution and Figure 

3b for inhibitor solutions. 

 

 
 

Figure 3. Electrical equivalent circuit for Cu electrode in 0.1 mol dm
-3

 Na2SO4 without (a) and with 

the addition of IPBDT (b). 

 

In the equivalent circuits, Rs is the solution resistance, Rct the charge-transfer resistance, Zw 

Warburg impedance and CPE represent the double-layer constant phase elements. 

When there is an unideal semicircle in the EIS result, a CPE is usually used for a better fit 

instead. The impedance of a CPE is given by   

njZ  )(
Y

1

0

CPE                                                    (6) 

where is; Y0 the magnitude of CPE and ω the angular frequency and n the exponential term of 

the CPE (0 ≤ n ≤ 1) [47-48].  

The value of n indicates the distribution of time constants caused by the electrode surface 

roughness or inhomogeneities in the inhibitor film formed on the copper surface [49]. The smaller 

value of n means the higher surface roughness of the electrode [43-44]. Value of n also may indicate 

the depressed feature of the impedance spectra. Values closer or lower than 0.5 indicates that the 

diffusion process may take place, if n is considerably higher than this values (as in the presence of 

IPBDT), semicircular obtained in EIS measurement describing the reduction-oxidation process 

including corrosion products and/or dissolved oxygen [24].  

Hsu and Mansfeld formula [50-51], which is widely used to extract effective capacitance 

values from the CPE parameter in case of corrosion inhibitors [52] was also used in our investigation.  

Table 1 presents the result obtained by fitting the EIS results, open circuit potential of copper 

electrodes (E), and inhibition efficiency (η), which was calculated using the following equation:  
0-

 (%) 100ct ct

ct

R R

R
                 (7) 
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In which 
0

ctR and Rct represent the charge transfer resistance in the absence and presence of the 

inhibitor, respectively. 

 

Table 1. Impedance parameters and inhibition efficiency of IPBDT  

 

 cinh / (mol dm
-3

) E / mV Rct / Ω Cdl / (mF cm
-2

)
 
 n η  / % 

0 -57 620 15.75 0.67 / 

1x10
-6 

-52 2600 15.00 0.75 76 

3x10
-6

 -49 3350 12.38 0.74 82 

5x10
-6

 -40 6300  9.21 0.75 90 

7x10
-6

 -30 10700  7.25 0.76 94 

1x10
-5

 -23 16250  4.40 0.77 96 

*Warburg impedance in the blank solution was 13 Ω 

 

Results in Table 1 show that the presence of thiazole derivative in acidic sulfate solution, did 

not lead to significant shifts of copper corrosion potentials compared to the bare electrode. The 

inhibition effect of IPBDT on copper corrosion in acidic solution is reflected by increases of the charge 

transfer resistance, Rct and in decrease of the double layer capacitance, Cdl related to the blank solution. 

The increase of charge transfer resistance present is evidence of the protective film formation on the 

copper surface which can block the dissolution of the metal in this condition [53,11]. The decrease of 

the double layer capacitance in the presence of inhibitor compared to the blank solutions can be 

explained by the displacement of the water molecules and ions from the double-layer by the neutral 

inhibitor molecules. Since the organic molecules manly have a much lower value of dielectric constant 

than water, replacing the water molecules with inhibitors leads to lower values of the double layer 

capacitance. 

 

3.2. Potentiostatic Polarization Measurements  

3.2.1. Effect of inhibitor concentration 

The obtained polarization curves of the copper electrode in 0.1 mol dm
-3

 Na2SO4 solutions with 

and without addition of different concentrations of IPBDT at 293K are shown in Figure 4 

The corrosion current density (j) values were obtained through Tafel plots, by extrapolation of 

the linear cathodic and anodic Tafel regions on the corrosion potential, E.  

Using the obtained corrosion current densities the corrosion inhibition efficiency, , can be 

calculated using the following equation:  

0

 (%)  1 -  100
j

j
                  (8) 
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where, j0 and j represent the corrosion current density in the absence and presence of the 

inhibitor, respectively. 

The obtained results in all temperatures are given in Table 2. 
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Figure 4. Polarization curve for copper in blank solution and in presence of different concentration of 

IPBDT at 293 K 

 

The results in Table 2 show that the presence of the inhibitor in the solution at any 

concentration and any temperature does not cause a significant shift of the corrosion potential towards 

the anode or cathode side compared to the blank solution. It is means that the inhibitor acted by merely 

blocking the reaction sites of the metal surfaces without changing the reaction mechanisms [54] and 

also indicates that the IPBDT might act as a mixed-type inhibitor [11].  

The data in Table 2 also shows that presence of IPBDT leads to significant reduction of 

corrosion current densities, increasing of inhibitor concentration has the same effect. Consequently, the 

inhibition efficiency of IPBDT is increasing in a function of its concentration. 

The high inhibitor efficiency of IPBDT derivative may be explained by the presence of the 

isopropyl group in the molecule. The isopropyl group is powerful electron-donors due to its positive 

inductive and resonance effects, accompanied by hyperconjugation. Thanks to these effects, the 

electron density of the active center of thiazole molecules is increasing, due to which a stronger 

interaction (bonds) can be achieved between the copper and IPBDT molecules [13]. 
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Table 2.  Parameters of polarization measurements and inhibition efficiency in different concentration 

of IPBDT and at different temperature 

 

cinh / (mol dm
-3

) T / K E / mV j / (μA cm
-2

)  /  %
 

 

 288  

0  -62 2.100 - - 

1x10
-6

  -49 1.259 40.0 0.400 

3x10
-6

  -44 0.393 81.3 0.813 

5x10
-6

  -40 0.294 86.0 0.860 

7x10
-6

  -41 0.235 88.8 0.888 

1x10
-5

  -13 0.175 91.7 0.917 

 293     

0  -51 4.320 - - 

1x10
-6

  -36 1.371 68.3 0.683 

3x10
-6

  -49 0.421 90.3 0.903 

5x10
-6

  -20 0.312 92.8 0.928 

7x10
-6

  -37 0.250 94.2 0.942 

1x10
-5

  -33 0.179 95.9 0.959 

 303     

0  -57 37.42 - - 

1x10
-6

  -50 1.609 95.7 0.957 

3x10
-6

  -43 0.485 98.7 0.987 

5x10
-6

  -37 0.355 99.1 0.991 

7x10
-6

  -19 0.279 99.2 0.992 

1x10
-5

  -10 0.187 99.4 0.994 

 308     

0  -55 93.50 - - 

1x10
-6

  -47 1.748 98.1 0.981 

3x10
-6

  -39 0.536 99.4 0.994 

5x10
-6

  -39 0.393 99.6 0.996 

7x10
-6

  -9 0.294 99.7 0.997 

1x10
-5

  -5 0.191 99.8 0.998 

 

3.2.2 Effect of temperature 

Insight into the influence of temperature on the inhibitor efficiency as well as into the corrosion 

activation energies in the blank and also in the inhibitor solution, offers the possibility of predictions 

the potential inhibitor adsorption mechanism [55].  

As data presented in Table 2 indicates, increasing the temperature causes the increase of 

corrosion current densities compared to the solution with the same inhibitor concentration at a lower 

temperature. What is also obvious is that increasing the temperature results in a much larger increase in 

the corrosivity of the blank solution. The final result of these effects is that in all inhibitor solutions the 

increase in temperature resulting in an increase of the inhibitor efficiency. The fact that inhibitor 

efficiency depends on temperature can be explained by the specific interaction between organic 

compounds and metal surface [56] or as changing the adsorption nature [56-58]. From the result in 
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Table 2 it is evident that the inhibitor efficiency of IPBDT derivative is much more dependent on the 

applied concentration than on the temperature. 

The influence of the temperature on the corrosion rate may be described by using the 

Arrhenius-type plot and transition state according to the following equation: 

   exp aE
j A

RT

 
  

 
               (9)  

Where j is corrosion current density, A is the Arrhenius constant, T is the absolute temperature, 

R is the universal gas constant and Ea is the activation energy of corrosion reaction.  

The Ea values were calculated in the blank and in the IPBDT solutions from the slop of ln j 

versus 1/T plots (Figure 5). Obtained results are shown in Table 3. 
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Figure 5. Arrhenius plots for copper corrosion in the blank and in the IPBDT solutions  

 

Table 3. Kinetic parameters for copper corrosion at different concentrations of IPBDT 

 

cinh / 

(mol dm
-3

) 

lnA 
 

Ea  / 

(kJ mol
-1

) 

R o

aΔH   / 

(kJ mol
-1

) 

o

aΔS  / 

 (J mol
-1 

K
-1

) 

R 

0  47.05 144.32 0.996 141.85 138.00 0.996 

1x10
-6

   -8.51  12.17 0.999    9.62 -324.20 0.999 

3x10
-6

 -10.05  11.26 0.996    9.02 -336.77 0.993 

5x10
-6

 -10.66  10.51 0.993    8.03 -341.85 0.987 

7x10
-6

 -11.97   7.87 0.999    5.79 -351.41 0.999 

1x10
-5

 -14.16   3.35 0.999    0.74 -371.39 0.999 

 

As the result in Table 3 indicates, the presence of thiazole derivative causes the significant 

decrease in the activation energy, which is further decreased with the increase of IPBDT concentration. 

This type of behavior is typical for chemisorptions [59-60].  

The Arrhenius constant behaves very similarly to the activation energy, decreasing with the 

increase of inhibitor concentration. In the present study, the decrease in corrosion current densities can 

be determined by the decrease of the Arrhenius constant.  
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Using the transition-state equation:  
0 0

 exp expa aS HRT
j

Nh R RT

    
     

   
               (10) 

enthalpy of activation (
o

aΔH ) and the entropy of activation (
o

aΔS ) were determined. 

Where j is the corrosion current density, T is the absolute temperature, R is the universal gas 

constant, h is Plank’s constant, N is Avogadro’s number, 
o

aΔS is the activation entropy and 
o

aΔH  is the 

activation enthalpy. The straight lines obtained in correlation ln (j/T) against 1/T, with a slope 

(−
o

aΔH /R) and an intercept of [(ln (R/Nh)) + (
o

aΔS /R)] were used for calculation. Transition state plots 

for copper corrosion in the blank and in the IPBDT solutions are shown in Figure 6. 
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Figure 6. Transition-state plots for copper corrosion in the blank and in the IPBDT solutions  

 

The determined kinetic parameters for copper corrosion in 0.1 mol dm
-3

 Na2SO4 solution (pH 

3) without and with various concentrations of IPBDT are listed in Table 3.  

As results presented in Table 3 show the activation enthalpy,
 

o

aΔH has positive value in all 

solution, which noticeably decreases with the presence of IPBDT in solution and significantly smaller 

decreases with the increase of the inhibitor concentration. The positive value of 
o

aΔH  indicates that the 

dissolution of copper in given condition is endothermic process, which also represents a sign that the 

copper corrosion in inhibitor solution is slow [61].  

The negative value of 
o

aΔS in all inhibitor solution (Table 3) is a sign that in the opposite of a 

blank solution during the activation complex formation from reactants a decrease in the disordering 

takes place. This means that the activation complex formation represent an association rather than a 

dissociation step [58, 62-63].  

As already previously mentioned, the corrosive attack on the metal in acidic media in the 

presence of investigated thiazole derivatives will be reduced due to their adsorption on the 

copper/solution interface. During the adsorption at metal surface, inhibitor molecules can successively 

replace the already present water molecules [64]: 

( ) 2 ( ) ( ) 2                sol ads adsinh nH O inh nH O            (11) 
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Where n is the number of water molecules which can be substituted with one inhibitor 

molecule.    

Important information about the nature of the interaction between the inhibitor molecules and 

the metal surface as well as between the adsorbed inhibitor molecules themselves can be obtained 

using adsorption isotherm [65].  

The value of the degree of surface coverage,, were calculated from following equation: 

0

  1-
j

j
                (12) 

corresponding to different concentration of the investigated thiazole derivatives at 288, 293, 

303 and 308 K were used to found isotherm which with sufficient reliability describes the adsorption 

process (Table2). The best coincidence between the experimental results and the adsorption isotherms 

in the studied temperature range was obtained using the Langmuir adsorption isotherm: 

1
   + inh

inh

ads

c
c

K
              (13) 

where  is the surface coverage, cinh is the inhibitor concentration and Kads is the constant of the 

adsorption process.   

The plot cinh /  against cinh using equation 13, gave a straight line (Figure 7), whose intercept 

defines the constant of the adsorption process Kads.  
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Figure 7. Langmuir’s adsorption isotherm of IPBDT on the copper surface at different temperatures 

 

The constant of the adsorption process Kads, obtained from the isotherms was used to determine 

the standard free energy of the adsorption ( o

adsΔG ) according to the equation: 

 0 /1
  

55.5

adsG RT

adsK e
 

             (14) 

where 55.5 corresponds to the water concentration in mol dm
-3

. 

Through the thermodynamic basic equation: 
0 0 0 =  ads ads adsG H T S                (15) 
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standard free energy of the adsorption is in connection with the standard enthalpy (
o

adsΔH ) and 

standard entropy of the adsorption process (
o

adsΔS ). Figure 8 shows o

adsΔG  values in a function of 

temperature. The obtained straight line is defined with 
o

adsΔH  as intercept and 
o

adsΔS  as slopes. 
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Figure 8. Variation of o

adsΔG  in a function of temperatures 

 

Table 4 reports the data from the Langmuir adsorption isotherm and the value of o

adsΔG
 

o

adsΔH  

and 
o

adsΔS . As values of the slope and regression coefficient, R shown in the Table 4 confirms, the 

Langmuir adsorption isotherm can describe well the adsorption of IPBDT on the copper surface in 

given conditions. For molecules whose adsorption follows the Langmuir adsorption isotherm is 

characteristic chemisorption in monolayer [58]. 
 

 

Table 4. The adsorption characteristics of IPBDT on the copper surface in acidic sulfate solution  

 

Temp 

K 

Slope    R ln Kads 

dm
3
 mol

-1
 

o

adsΔG  

kJ mol
-1

 

o

adsΔH  

kJ mol
-1

 

o

adsΔS  

J mol
-1

 K
-1

 

288 0.959 0.997 13.65 -42.31 

  155.47                 686.82 
293 1.002 0.999 14.74 -45.70 

303 1.001 0.999 17.01 -52.97 

308 1.001 0.999 17.79 -55.85 

 

The constant of the adsorption process, Kads, has a relatively high value in all temperatures. 

This fact suggests that the investigated tiazole derivative, at least in short time, was adsorbed on the 

metal surface. In the higher temperature, value of Kads increases, this behaviour indicates that the 

adsorption processes of IPBDT on the copper surface becomes faster.  

The negative values of o

adsΔG  (Table 4) point to a spontaneous adsorption of the thiazole 

derivative on the copper surface in acidic Na2SO4 solution and stability of the obtained inhibitor layer. 

Generally, values of o

adsΔG can indicate the type of adsorption. Research has shown that adsorption of 
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the inhibitor molecules at the metal surface occur as physisorption if the value of o

adsΔG
 
is around -20 

kJ mol
-1

 or less, while values around -40 kJ mol
-1

 or more negative suggest that the adsorbed organic 

molecules can form a coordinate covalent bond with metal (chemisorptions) [66-67]. The calculated 
o

adsΔG values (Table 4) indicated that in the case of IPBDT, the chemisorption of the inhibitor 

molecules occurs in all temperature ranges. This means that the unshared electron pairs on hetero 

atoms may interact with the copper d-orbitals to provide a chemisorbed inhibitor film [13, 68-69]. The 

high electron density around the active center of the molecule which is enough to form a chemical 

bond with the copper occurs as a result of positive inductive, positive resonance effects, and 

hyperconjugation effect of isopropyl group. The increase of temperature leads to the increase of 
o

adsΔG values.  

The obtained thermodynamic parameters for the adsorption processes of IPBDT at copper 

surface are important because can point to the inhibition mechanism. Positive values of the heat of 

adsorption 
o

adsΔH indicated an endothermic adsorption process which is definitely characteristic of 

chemisorptions [65, 70] and negative values of this parameter is characteristic to exothermic 

adsorption which may involve both adsorption types. In the case of IPBDT positive values of the heat 

of adsorption
o

adsΔH was obtained (Table 4), which confirms the expected behaviours of IPBDT. 

Table 4 also shows that the 
o

adsΔS  in presence of IPBDT has large and positive values. Because 

adsorption of inhibitor molecules on the metal surface involves successive desorption of water 

molecules [10, 71], the obtained values of 
o

adsΔS are complex and represents the algebraic sum of these 

two processes. The positive sign of the 
o

adsΔS  values indicated that during the adsorption of IPBDT 

molecules at copper surface, an increase in disordering takes place [58], which at the same time 

represents the driving force for the inhibitor adsorption [72]. The increase in the solvent entropy and 

more positive water desorption entropy may also be the reason for the positive values of  
o

adsΔS  [73]. 

The integrated version of van’t Hoff equation expressed by: 
0

ln  =  ads
ads

H
K const

RT


              (16) 

also offers the possibility of calculating 
o

adsΔH  and 
o

adsΔS . Plot ln Kads versus 1/ T gives a 

straight line (Figure 9), whose slope is equal to -
o

adsΔH /R and intercept to
o

adsΔS / R+ln 1/55.5  

3.3x10
-3

3.3x10
-3

3.4x10
-3

3.4x10
-3

3.5x10
-3

3.5x10
-3

13

14

15

16

17

18

ln
 K

T / K
-1

 
Figure 9. Van’t Hoff plots for IPBDT on the copper surface 
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Calculated 
o

adsΔH  value of 156.65 kJ mol
-1

 and 
o

adsΔS  of 690.67 J mol
-1 

K
-1

 are very similar to 

values which were obtained by using the thermodynamic basic equation (Table 4). 

 

 

 

4. CONCLUSIONS 

The fundamental kinetic and thermodynamic parameters for copper corrosion in acidic Na2SO4 

solution (pH 3) was determined in basis solution and in the presence of 5-(4-isopropylbenzylidene)-

2,4-dioxotetrahydro-1,3-thiazole, IPBDT. The obtained result indicated that the copper corrosion in 0.1 

mol dm
–3

 acidic Na2SO4 solution at pH=3 occurs as an endothermic reaction and also confirmed that 

the IPBDT molecules protect the copper surface during their endothermic chemisorption on the metal 

surface following the Langmuir’s adsorption isotherm. IPBDT acts as a mixed inhibitor against the 

cooper corrosion in the given condition. Inhibition efficiency of the investigated thiazole is very good 

due to the presence of the isopropyl group and it increases with the increase of the thiazole 

concentrations as well as with the increase of temperature. The protecting effect of the investigated 

thiazole derivative against copper corrosion in EIS results are manifested in the form of an increase of 

the total resistance and a decrease of the double layer capacitance compared with the blank solution. 
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