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Abstract: The electrochemical behavior of CuCl2 in a 0.1 M KCl solution was investigated 

using cyclic voltammetry, employing a conventional glassy carbon electrode in conjunction 

with an Ag/AgCl reference electrode. At nearby (1.0 -1.5)V, two prominent reduction and 

two oxidation peaks were recognized. Upon increasing the concentrations of CuCl2, both the 

cathodic and oxidation waves were greater than before, indicating a direct correlation 

between cupric chloride concentration and the observed electrochemical responses. The 

recorded peaks signify the transition from divalent to monovalent copper ions, occurring 

within the reduction process .Conversely, during the oxidation process, the reverse oxidation 

occurs, converting the monovalent copper ions back to their divalent state. Subsequently, 

the solvation thermodynamic properties were evaluated and discussed. Additionally, the 

complexation reaction between CuCl2 and 3-(2-(4-aminobenzoyl) hydrazono)-N-(pyridin-2-

yl) butanamide (H2ABHPB) ligand, was studied. The Gibbs free energies associated with 

the interaction of CuCl2 with the employed ligand (H2ABHPB) were determined and found 

to be within 48 to 50.8 kJ/mol range, proving strong interaction. Subsequent, analysis 

involved the estimation of Tafel slopes for the electrochemical in absence/presence ligand 

H2ABHPB were studied. This investigation revealed the coexistence of diffusion-controlled 

electron transfer and mass transfer mechanisms. Furthermore, the Tafel equation parameters 

were scrutinized to gain insights into the underlying electrochemical processes. 

keywords: Cyclic voltammetry, solvation parameters, thermodynamic parameters, Tafel slopes, 

Stability constants 

1.Introduction

During cyclic voltammetry experiments 

conducted with cupric chloride, various features 

become apparent in the voltammogram [1, 2]. 

Initially, at more negative potentials, the reduction 

of cupric chloride can take place, thereby resulting 

in the formation of cuprous chloride [3-6]. This 

reduction process is frequently identified by a 

reduction peak or wave, indicating the conversion 

of Cu(II) to Cu(I). As the potential progressively 

shifts towards more positive values, the reverse 

process occurs, with cuprous chloride oxidizing 

back to cupric chloride, thereby manifesting an 

oxidation peak or wave within the voltammogram 

[7-11]. The position, shape, and intensity of these 

peaks yield valuable insights into the kinetics and 

thermodynamics governing the redox reaction 

associated with cupric chloride [12-16]. It's 

noteworthy that the specific features observed in 

the cyclic voltammogram of cupric chloride can 

be influenced by various factors such as scan rate, 

supporting electrolyte, pH, and electrode material. 

Optimization of these experimental parameters is 

crucial for enhancing the detection and 

characterization of cupric chloride in cyclic 

voltammetry investigations [17-20]. 

Cupric chloride finds diverse applications 

across multiple industries. Firstly, in 

electroplating, it serves as an electrolyte essential 

for copper deposition, ensuring the creation of 

uniform and adherent copper coatings on various 

substrates [21]. Secondly, cupric chloride acts as a 
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catalyst in numerous organic chemistry syntheses, 

owing to its catalytic properties. Thirdly, it serves 

as a pigment, imparting blue and green hues, 

making it valuable in coloring applications [22]. 

Fourthly, cupric chloride serves as an etching 

solution for metals like copper, brass, and bronze, 

facilitating precise metal etching processes [23]. 

Lastly, it plays a crucial role in gas scrubbers, 

where it reacts with hydrogen sulfide in industrial 

gases to form copper sulfide precipitates, thereby 

aiding in the removal of harmful pollutants [24]. 

These are few examples of the uses of cupric 

chloride and its application which must followed 

cyclic voltammetrically. Based on the above, we 

study the electrochemical behavior of CuCl2 in 

Absences/Presences of 3-(2-(4-aminobenzoyl) 

hydrazono)-N-(pyridin-2-yl) butanamide using 

cyclic voltammetry. This study demonstrated 

the determination of the stochiometric ratios for 

the association of Cu ions with ligand in the 

solution by plotting molar ratio (j) which were 

obtained via adding the (H2ABHPB) ligand to 

the solution of Cu(II) ions versus (ip,a or ΔE
◦
). 

As a result, we studied the complexation 

interaction between Cu(II) ions and ligand and 

identified the complex forms in the solution and 

calculated the stability constants and Gibbs free 

energies for these complex forms. Finally, we 

studied the complexation effects on the system 

reversibility degree and compared them to the 

electrochemical behavior of free Cu(II) ions as 

a reference. 

2. Experimental 

In this study, CuCl2.2H2O, DMSO, and KCl 

were used without any treatment, and they were 

provided by Sigma-Aldrich and Merck. The 

DY2000 (USA) apparatus was utilized to perform 

cyclic voltammetry. measurements, employing a 

sophisticated three-electrode configuration as 

shown in Figure 1. The auxiliary electrode utilized 

was a platinum electrode, while the reference 

electrode was Ag/AgCl/saturated KCl. The 

working electrode employed was a glassy carbon 

electrode. A study of the electrochemical behavior 

of Cu(II) ions at 291.45 K had been conducted 

using 0.1 M of KCl solution as the supporting 

electrolyte dissolved in 50 % (DMSO-water) 

mixed solvent. To study the electrochemical 

behavior of the H2ABHPB ligand Structure 1, all 

cyclic voltammograms were recorded according 

to the IUPAC convention at 297 K. 

 

 

Figure 1. The Electrochemical setup 

 
 

 

Structure 1. Ligand H2ABHPB 

3. Results and Discussion 

3.1.Cupric ion cyclic voltammetry 

In the cyclic voltammetry analysis of a 0.1M 

KCl solution, various concentrations of cupric 

chloride (0.1M) were introduced using a glassy 

carbon working electrode. Notably, the addition 

of the cupric chloride resulted in observable 

waves, particularly in the presence of a gold 

electrode. At around 1.0V and -1.5V, two 

prominent reduction and two oxidation peaks 

were identified. Upon increasing the 

concentrations of CuCl2, both the cathodic and 

oxidation waves were augmented, indicating a 

direct correlation between cupric chloride 

concentration and the observed electrochemical 

responses. We concentrate in this work on the 

transfer of cupric ion to cuprous one. This is 

illustrated by the first reduction wave and its 

reverse first oxidation peak as seen in Figure 2. 

The recorded peaks signify the transition from 

divalent to monovalent copper ions, occurring 

within the reduction process . 

Conversely, during the oxidation process, 

the reverse oxidation occurs, converting the 

monovalent copper ions back to their divalent 

state. 
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Table (1):  Effect of different concentrations of copper chloride at 291.45 K with a scan rate 0.1 V/s 
 

[M] x10-3 

mol/L 

Ep,c   
V 

Ep,a  
V 

∆Ep  
V 

(-) 

Ip,a 

µA 

Ip,c 

µA 
Ip,a/Ip,c 

E˚  

V 

Dc x10-6 

cm2.s-1 

Da    x10-

6 cm2.s-1 αnac 
ksc 

cm/s 

Γ a x10-8  

mol.cm-2 

  (-) Qa    

x10-4  C 

Γ c  x10-8 

mol.cm-2 

(+) Qc x10-4 

C 

1.64 -0.06 0.051 0.111 0.07 22.4 0.313 -0.004 3.27 32.19 1.084 0.74 0.058 0.04 0.185 0.11 

3.23 -0.035 0.101 0.136 118 53.1 2.218 0.033 4.75 23.40 1.059 1.46 0.977 0.59 0.440 0.26 

4.76 -0.077 0.121 0.198 168 90.3 1.854 0.022 6.30 21.69 0.547 4.16 1.388 0.84 0.748 0.45 

6.25 -0.066 0.139 0.205 234 110 2.134 0.036 5.38 24.51 0.696 4.99 1.938 1.17 0.907 0.55 

7.69 -0.078 0.153 0.231 304 118 2.586 0.037 4.09 27.39 0.575 6.64 2.521 1.53 0.974 0.59 

 
 

Table (2): Effect of different scan rates of 7.69 x 10-3 M copper chloride at 291.45 K 

ν 

V/s 

Ep,c 

 V 
Ep,a     V ∆Ep V 

(-)Ip,a 

µA 

Ip,c 

µA 
Ip,a/Ip,c E˚    V 

Dc   x10-

3 cm2.s-
1 

Da x10-3 

cm2.s-1 
αna ksc 

Γ a x10-8 

mol. cm-2 

(-)Qa 

x10-4C 

Γ c    x10-8 

mol.cm-2 

(+)Qc 

x10-4C 

0.1 -0.078 0.153 0.231 304 118 2.587 0.038 0.409 2.74 0.576 6.64 2.521 1.53 0.975 0.59 

0.05 -0.095 0.139 0.234 255 92.2 2.764 0.022 0.504 3.85 0.508 5.19 4.226 2.56 1.528 0.93 

0.02 -0.048 0.127 0.175 224 58.1 3.856 0.039 0.499 7.42 0.630 1.12 9.281 5.62 2.407 1.46 

0.01 -0.049 0.124 0.173 196 48.0 4.082 0.037 0.683 11.4 0.630 0.89 16.246 9.84 3.980 2.41 

 

 
Figure 2. Effect of different concentrations of  

CuCl2 at 291.45 K with a scan rate 0.1 V/s 

The solvation and kinetic characteristics of 

CuCl2 in a 0.1 M KCl solution at 291.45 K 

were assessed utilizing a glassy carbon working 

electrode. These evaluations were conducted 

following the methodologies outlined in prior 

studies [25-30], and the resultant values were 

tabulated in the Tables (1&2). Remarkably, the 

majority of the data was showcased within 

these tables exhibited an increase 

corresponding to higher concentrations of 

CuCl2, suggesting a diffusion mechanism 

underlying the observed trends. 

The impact of scan rates was investigated in 

a 0.1 M KCl solution employing a glassy 

carbon working electrode, with the resultant 

cyclic voltammograms depicted in Figure 3. 

Accompanying analysis data can be found in 

Table 2. It is noteworthy that most of the data 

exhibit a decrease with decreasing scan rates, 

suggesting the involvement of a diffusion 

mechanism. Furthermore, it is observed that the 

electron transfer rate constant is a substantial 

value, indicative of the rapid transfer of cupric 

ions to cuprous ions. The study involved 

examining the cyclic voltammetry of CuCl2 in 

a solution containing (0.1 M) KCl, while 

incorporating varying concentrations of the 

prepared ligand. 

 
Figure 3. Effect of different scan rates of 7.69 

x 10
-3 

M CuCl2 at 291.45 K 

 
 

Figure 4. Effect of different concentrations of 

ligand 

 H2ABHPB at 291.45 K with a scan rate 0.1 V/s 
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Table (3):  Effect of different concentrations of ligand H2ABHPB at 291.45 K with a scan rate 0.1 

V/s 

 

[M] x10-3 

mol/L 

[L] x10-3 

mol/L 
Ep,c V 

Ep,a 

 V 

∆Ep   

V 

(-)Ip,a 

µA 

Ip,c 

µA 

Ip,a/Ip,

c 

E˚   

V 

Dc     

x10
-6
 

cm
2
.s

-1 

Da              

x10
-6
 

cm
2
.s

-1 
αna 

ksc 

cm/s 

Γ a x10-
8
 

mol.cm
-2 

 (-) Qa 

x10-
4 
C 

Γ c    

x10-
8
 

mol.cm
-2 

(+)Qc 

x10
-4 

C 

7.55 1.81 0.129 -0.56 -0.689 32.7 -143 -0.229 -0.21 12.5 0.657 -0.576 9.10 0.542 0.329 2.365 1.43 

7.51 2.40 0.124 -0.57 -0.694 39.1 -134 -0.292 -0.22 11.1 0.952 -0.639 8.19 0.649 0.393 2.218 1.34 

7.46 2.99 0.127 -0.56 -0.687 39.0 -129 -0.303 -0.21 10.4 0.957 -0.568 8.58 0.647 0.392 2.131 1.29 

7.37 4.13 0.129 -0.55 -0.679 37.1 -133 -0.279 -0.21 11.3 0.887 -0.576 10.6 0.615 0.373 2.196 1.33 

7.29 5.25 0.122 -0.59 -0.712 46.7 -119 -0.392 -0.23 9.44 1.456 0.156 2.61 0.774 0.469 1.972 1.20 

 

According to Figure 4 the analysis solvation 

parameters were evaluated from the cyclic 

voltammograms following different equations as 

given in literature [25-35] and presented in Table 

3. The electron transfer rate constant for CuCl2+ 

ligand [H2ABHPB] solution is greater than that in 

presence of CuCl2 alone indicating formation of 

cuprous complex with [H2ABHPB] by the 

interaction between metal cupric solution and 

ligand used. 
 

Table (4): Stability constant for (Cu-ligand) 

complex  

(E˚) M 

 V 

(E˚) C 

 V 

(∆E)  

V 

J (L.M-

1) 
(log βj) 

(∆G) kJ 

mol-1 

0.022 -0.2155 0.2375 0.024 8.3678 -46.3277 

0.022 -0.223 0.245 0.032 8.6552 -47.9190 

0.022 -0.2165 0.2385 0.04 8.45390 -46.8041 

0.022 -0.2105 0.2325 0.056 8.2653 -45.9184 

0.022 -0.2235 0.2455 0.072 8.7342 -48.6908 

0.022 -0.234 0.256 0.08 9.0901 -50.8489 

 

3.1.Analyzing Tafel plot 

In Figure 1S, distinct linear relationships 

were depicted in the Tafel plots, illustrating the 

connection between over voltage, the measured 

volt and logarithm of peak current during the 

ascending phase of the cupric to cuprous 

reduction peak. This correlation was observed 

across varying CuCl2 concentrations, both in 

absence and in presence of the ligand 

[H2ABHPB]. Each plot represented a unique 

scenario, showcasing the nuanced interplay 

between these parameters under different 

experimental conditions. The Tafel plots 

appeared two straight lines for CuCl2 alone 

with slopes equal to 0.615 and 0.5, respectively. 

The first line had large Tafel slope greater than 

the second indicating catalytic reaction 

appeared, whereas the second portion indicated 

diffusion-controlled reaction. Tafel plot for the 

effect of different concentrations from ligand 

[H2ABHPB] on the cuprous ion peak gave three 

different jointed straight lines with slopes of 

0.123, 0.5 and 0.2654, respectively. The 

mechanism of reaction CuCl2 + [H2ABHPB] 

according to Tafel plots are kinetic, diffusion 

and kinetic. The first kinetic reaction was 

corresponding to electron transfer reaction [34, 

35]. Tafel equation, acting as a simplified 

model, allows for the extraction of essential 

parameters from electrochemical systems. 

These parameters included exchange current 

densities and Tafel slopes, providing valuable 

insights into the underlying processes of the 

system [36].The diffusion reaction was 

corresponding to mass transfer for cupric to 

cuprous ions vial diffusion and concentration 

mechanism. Lastly was the fast-kinetic 

reduction of cuprous to Cu zero charge. 

The intercept plot value is greater for the two 

straight lines in CuCl2+[H2ABHPB] than that of 

CuCl2 alone indicating complex reaction between 

the two materials. On studying the diffusion 

process in the reduction of copper ions in absence 

and presence of the used ligand, alpha the 

reversibility degree calculated from the Tafel 

slopes (Figures 1S & 2S) are almost the same in 

Tafel plot relation analysis for different 

concentrations of copper salt alone. On adding the 

ligand to the copper salt used the alpha parameter 

obtained from the Tafel plot slope are decreased 

in comparison to the salt alone indicating decrease 

of the reversibility of reaction due to the 

complexation character and more decreased by 

increase of ligand concentration.  
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Fig. 1S Tafel plot for different concentrations 

of Cu(II) ions. 

 

 

 

 
Fig. 2S Tafel plot for different concentrations 

of ligand H2ABHPB. 

 

3.2.Exploring the Gibbs free energies 

associated with the interaction between 

CuCl2 and [H2ABHPB] in a solution 

containing 0.1 M KCl. 

Based on the references cited [28-37], The 

stability constants and Gibbs free energies which 

related to the interaction between CuCl2 and 

[H2ABHPB] were examined and evaluated. The 

resulting values are presented in Table 4. Notably, 

the Gibbs free energies fall within a range 

typically observed between chemical and physical 

processes, indicating a significant degree of 

interatomic complexation rather than mere 

hydrogen bonding. This underscores the 

substantial nature of the interactions between the 

species involved. In continuation to our previous 

works [20, 22, 28] this work is done to illustrate 

and gave more light on solvation in solutions. 
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4. C onclutions 

In this subsequent inquiry, building upon prior 

investigations, the quantification of cupric and 

cuprous ions is facilitated through cyclic 

voltammetry, utilizing a glassy carbon working 

electrode. The impact of varying concentrations of 

the ligand [H2ABHPB] is examined, with 

thorough scrutiny applied to kinetic, solvation, 

and thermodynamic parameters, their implications 

thoughtfully deliberated. Notably, our analysis 

reveals novel insights into the electrochemical 

behavior of the Cu-H2ABHPB system . 

Tafel plots are meticulously constructed to 

illustrate reduction potentials, delineating the 

correlation between overvoltage and the logarithm 

of current for both the Cuprous peak and the 

CuCl2 + [H2ABHPB] ligand complex, yielding 

distinct linear relationships. The slopes derived 

from these Tafel plots are analyzed, providing 

insights into the electrochemical mechanism’s 

operative, suggesting a confluence of kinetic and 

diffusion phenomena within the scrutinized 

medium. 

This investigation uniquely elucidates the dual 

role of kinetic and diffusion-controlled processes 

in the observed electrochemical behavior, offering 

a deeper understanding of the interaction between 

copper ions and the ligand. These findings not 

only advance the current theoretical framework 

but also propose new methodologies for 

optimizing ligand concentration in 

electrochemical applications, potentially 

revolutionizing practices in fields such as sensor 

development and catalytic processes. The novel 

characterization approach and the comprehensive 

analysis presented herein lay the groundwork for 

future studies to explore and exploit these 

mechanisms further. 
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