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Abstract The electrochemical behavior of manganese ion was studied in the absence 

and presence of favipiravir drug at 305.15 K by cyclic voltammetry technique using 

glassy carbon electrode (GCE) as working electrode with surface area equal 0.0314 

cm
2
, Pt wire with diameter 0.5 mm as an auxiliary electrode and Ag/AgCl as a 

reference electrode in 0.1 M KCl (30 ml) as supporting electrolyte to balance the 

charge transfer. Also, to control the speed at which a potential is scanned, different 

scan rates (0.01, 0.02, and 0.1) V.s
-1

 were carried out. A high current is observed when 

scan rates are faster because the diffusion layer size decreases. 
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1.Introduction

Metal ions are essential components for 

biochemical reactions in the human body [1]. 

Mn has an important role in the regulation of 

the functions of the immune system, energy of 

cells, sugar of the blood, blood coagulation, 

digestion, reproduction, growth of bone, and 

resistance to reactive oxygen species (ROS) [2]. 

Thus, it is important to take Mn in our daily 

food [3,4]. 

Mn(II) has a half-filled 3d
5
 shell that makes 

it spherically polarizable, without crystal-field 

stabilization energy [5]. science 1966, Mn is 

used in combination with vitamin B1 for the 

effective treatment of psoriasis [6]. Recently, It 

was found that Mn-porphyrin complexes are 

potent antioxidants against superoxides (O2
.
) 

[7].  

In this article, we study the redox behavior 

of  Mn(II)/(IV) system also, the formation of 

the complex between Mn and favipiravir drug 

(antiviral agent) electrochemically using cyclic 

voltammetry technique by calculating the 

stability constant of complex formation in 

solution and Gibbs free energy change. 

1.Experimental 

2.1. Chemicals and reagents 

The chemicals used such as MnCl2.4H2O 

and KCl were provided by Sigma Aldrich and 

absolute ethanol from Merck. The ligand (L) is 

a Favipiravir drug that is employed as an 

antiviral agent against the influenza virus [8,9]
 

and has recently, been used as a drug for 

coronavirus disease [10]. 

2.2. Equipment 

The DY 2000 Potentiostat Multichannel 

apparatus was used to measure the 

voltammograms. connected with a cell that has 

3 types of electrodes (Ag/AgCl) electrode act as 

a reference electrode, (GCE) as a working 

electrode, and (Pt) wire used as an auxiliary 

electrode. N2 gas was passed before each run to 

remove oxygen gas. 

2.Result and discussion  

3.1. Cyclic voltammetry equation  

The kinetic, solvation and thermodynamic 

parameters for each voltammogram were 

estimated as follows: 

i. The diffusion coefficient is estimated 

using the Randles-Sevick equation (1) which 

indicates the relation between the peak current  

    in Ampere and the square root of the scan 

rate [11-14]. 

  = 0.4463nFAC   
     

  
 

1/2   
   (1) 

Where, (n) is the number of electrons 

transferred in the redox process, (F) is the 

Faraday constant which equals 96485.33 

Columbus.mol
-1

,
 
(A) is the surface area of the 

working electrode in cm
2
, and (C) is the bulk 

concentration of the analyte in mol.cm
-3

, (D) is 
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the diffusion coefficient of the oxidized analyte 

in cm
2
.s

-1
, (ν) is the scan rate in v.s

-1
, and (R) is 

the gas constant which equals 8.314 J.mol
-1

. K
-1

 

and (T) is the absolute temperature in K. 

ii. The potential difference between the 

anodic and the cathodic potentials was 

estimated by equation (2) [15, 16]. 

   =      -           (2) 

The heterogeneous rate constant (Ks) was 

calculated by applying equation (3) [17-19]. 

Where, (α) is the charge transfer coefficient 

(Assuming that its value is equal to 0.5) and 

   is the number of electrons transfer in the 

rate-determining step.     quantity can be 

calculated by equation (4) [15]. 

Ks = 2.18       F ν / RT
1/2

* exp 


        

  

   

(3) 

    = 1.857 RT / (    –    /2) F    (4) 

iii.  the surface coverage Γ (surface 

concentration of the electroactive species in 

mol.cm
-2

) can be calculated by equation (5) 

[11]. 

Γ =    4RT /n
2
 F

2
 A ν    (5)  

The quantity of charge consumed during the 

redox process (Q) can be calculated by 

equation (6) [16]. 

Q = n FA Γ     (6) 

 vi. The stability constants (βMX) for the 

interaction between the metal ion and ligand to 

form a complex are calculated by applying 

equation (7) [20, 21]. 

ΔE˚ = E˚C - E˚M = 2.303 (RT/n F) * log 

βMX + j log    (7) 

Where (E˚M) is the formal peak potential of 

the last addition of metal before adding the 

ligand, (E˚C) is the formal peak potential at 

each addition of ligand, (j) is the coordination 

number of the stoichiometric complex and    ) 

is the concentration of ligand in the solution.  

vii. The formal potential (E°) is calculated 

by equation (8) [22]. 

E˚ = (    +    ) /2   (8)  

viii. The Gibbs free energy (∆G) for the 

interaction between the metal ion and the ligand 

is calculated from the stability constant using 

equation (9) [21]. 

∆G = -2.303 RT log βMX    (9) 

3.2. The electrochemical behavior of 

manganese ion in absence of favipiravir 

ligand at 305.15K 

The redox behavior of manganese chloride 

solution 0.05 M was studied in 0.1 M KCl (30 

ml) as a supporting electrolyte at 305.15 K 

using the CV technique within the potential 

window range from 1.4 V to -0.5 v for the 

reduction process and the opposite scale for the 

oxidation process at GCE. As shown in Fig. 1. 

The resulting voltammogram had three anodic 

peaks, the first anodic peak A1 appear at 

0.239V due to the oxidation of Mn (II) to Mn 

(III), the second anodic peak A2 may be due to 

the hydrolyses of Mn (III) to form the 

intermediate MnOOH and the third anodic peak 

A3 appear at 0.967 V due to the oxidation of 

MnOOH to MnO2. And two cathodic peaks, the 

first cathodic peak C1 appear at 0.789 V due to 

the reduction of MnO2 to MnOOH and the 

second cathodic peak C2 appear at 0.007 V due 

to the reduction of Mn (III) to Mn (II) 

according to the following equation  [1, 23, 24]. 

                

                 +    

              +       

 
Fig. 1. cyclic voltammogram of 0.1 M KCl and 

 9.80 x10
-4 M manganese chloride 

3.3.Effect of different concentrations of 

manganese at 305.15 K and scan rate 0.1 

V.s
1-

 

The manganese chloride solution is added 

gradually until reach the final concentration 

9.80 x10
-4 

M as shown in Error! Reference 

source not found.. We observed that by 

increasing the concentration of manganese ions, 

the intensities of peak current (   ,   ) 
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gradually increase.  Moreover,  (Г c, Qc, Г a 

and   ) also increased for the first and  
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