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ABSTRACT. The electrochemical behavior of 1-ferrocenylmethyl-3-(methyl)-imidazolium iodide (or mesityl) 
imidazolium was studied by cyclic voltammetry at glassy carbon electrode in midiums organic to determine the 
influences of electronic imidazolium group on the ferrocene. The experimental results indicated that the redox 
reaction was reversible. Mass transport towards the electrode is a simple diffusion process and the diffusion 
coefficient (D) for redox couple has been also calculated and we have evaluated the heterogeneous charge transfer 
rate constant (K0). 
  
KEY WORDS: Electrochemical behaviour, Cyclic voltammetry, Imidazolium salts, Diffusion 
coefficient 

INTRODUCTION 
 
During the past several years, ionic liquids have developed particularly well because of their 
many interesting physicochemical properties [1], such as low saturation vapor pressure, limited 
viscosity, low miscibility with most common solvents, supramolecular arrangement, which 
make them powerful tools in many fields of chemistry. Imidazolium salts are the largest family 
of ionic liquids to date [2]. Their modulability allows them to be derived for many specific 
applications, especially in organic synthesis, where they are mainly used as solvents, and more 
recently as catalysts [3]. The first example of an air-and water-stable imidazolium salt was 
reported in 1992 by Wilkes and Zaworotko [4]. All these properties of ionic liquids made 
interesting in rechargeable batteries [5], it showed a potential alternative to lithium-ion batteries 
and lithium sulfate played a role in improving the ability to use conventional electric batteries 
[6-7]. The electrochemical stability of electrolytes, defined as the difference between solvent 
and oxidation reduction potentials, plays an important role on a large scale [8]. The selection of 
cathodic and anode materials for use in high-energy high-density batteries is limited by 
electrochemical stability [9], resulting in oxidation or reduction of the electrolyte within the 
potential of the anode and cathode electrodes. This problem can be solved by the use of more 
electrochemical stable electrolytes. Experimental studies have shown that many ionic liquids 
appear high conductivity. Moreover, given the large number of potential absorption processes of 
cations and anions that form ionic liquids with a wide range of electrochemical properties, the 
application of an effective method such as the known thermal cycle approach will significantly 

reduce the time and cost associated [8, 10]. In a previous study ferrocene was used as an 
electronic storage unit in oxidation flow batteries by standard reduction potentials for different 
species comparisons [11, 12]. Ferrocene, has a redox potential of Fc+/Fc0 of E1/2 = +514 mV at 
ESC electrode [13]. In our study, we have prepared two ferrocenyl imidazolium salts 1, 2 
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(Scheme 1) and tested them by cyclic voltammetry technique to calculate their electrochemical 
constants. 
 
 
 

 
 

        
 

 

 
 

Scheme 1. Synthesis of 1 and 2. 
 

EXPERIMENTAL 
  
Syntheses of 1-ferrocenylmethyl-3-methyl-imidazolium iodide   
 
The imidazolium salt was synthesized by modifying a published procedure [14]. A solution of 
1-ferrocenylmethy)trimethylammonium iodide  (5 g, 13.00 mmol) and the appropriate 
methylimidazole (14.3 mmol) in anhydrous MeCN (10 mL) was refluxed for 18 h. The cooled 
solution was poured into water (50 mL) and extracted with chloroform (3 x 25 mL). The 
extracts were washed with water (2 x 50 mL), dried (MgSO4) and evaporated to give an orange 
oil. Diethyl ether (50 mL) was then added and the desired salts precipitated on scratching. The 
yellow solid was collected by filtration, washed with diethyl ether and dried at room 
temperature. (Scheme 1) (6.5 g, yield ¼ 72%). 1H-NMR (CDCl3-d6, δ, ppm): 4.04 (s. 3H, CH3). 
4.25 (s, 7H, Cp H), 4.47 (s, 2H, Cp H), 5.36 (s, 2H. Fc-CH2-), 7.27 (s, 1H, 5-Im H), 7.32 (s, lH, 
4-Im H). 9.93 (s, 1H, 2-im H). 13C NMR (CDCl3-d6, δ, ppm): 37.16 (NCH3). 50.2 (Fc-CH2-), 
69.35-78.4 (Cp C-H and Cp C-C), 121.51 (4-h C), 123.2 (5-h C), 136.26 (2- Im C). Anal. calcd 
for C15H17N2IFe: C, 44.15; H, 4.2%; found: C, 44.20; H, 4.18%. 
 
Syntheses of 1-(ferrocenylmethyl)-3-mesityl-imidazolium iodide [15] 
 
A 100 mL Schlenk flask equipped with a reflux condenser was charged with a stir bar, 1-
ferrocenylmethy)trimethylammonium iodide  (1.5 g, 3.9 mmol), 1-(mesityl)imidazole (0.798 g, 
4.3 mmol), and anhydrous CH3CN (10 mL). The resulting solution was heated at reflux for 24 h, 
during which time a dark brown color formed. Afterward, the volatiles were removed under 
reduced pressure and the resulting brown solid was extracted with CH2Cl2 (15 mL) and then 
washed with deionized water (5 × 10 mL) to remove unreacted starting material. The organic 
layer was collected, evaporated under reduced pressure, and the residual brown solid was 
washed with Et2O (3 × 5 mL). Recrystallization with CH2Cl2/Et2O (1:5 v:v) at –20 °C yielded 
the desired product as yellow crystals (1.65 g, 83%). 1H-NMR (DMSO-d6, δ, ppm): 1.98 (s, 6H, 
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ortho 2CH3); 2.32 (s, 3H, para-CH3); 4.25-4.28 (s, 7H, Cp H); 4.46 (s, 2H, Cp) ; 5.27 (s, 2H. Fc-
CH2-); 7.14 (s, 2H, meta Ar-H); 7.91 (s, 1H, 5-Im H); 8.05 (s, 1H, 4-Im H).; 9.47 (s, 1H, 2-im 
H). 13C-NMR (DMSO-d6, δ, ppm): 16.92 (ortho 2CH3); 20.61 (para-CH3); 48.9 (Fc-CH2); 68.63 
(Cp); 68.78 (Cp); 68.97 (Cp); 81.1 (Cp-C). 123.02 (meta 2CAr); 123.97 (ortho 2CAr); 129.28 (para 
-CAr); 131.2 (CAr-N); 134.24 (C=C); 136.95 (C=C); 140.31 (C=N imi). Anal. calcd for 
C23H25N2IFe: C, 53.93; H, 4.92; N, 5.47%; found: C, 53.81; H, 4.93; N, 5.42. 
 
Electrochemical measurement  
 
The cyclic voltammetry measurements were performed in a heart-shaped electrochemical cell 
using a PGZ-402 potentiostat. The electrodes were glassy carbon, platinum wire and Hg/Hg2Cl2 
wire as the working, counter and reference electrodes, respectively. The solutions were degassed 
with argon for about 3 min before each experiment. All measurements are referenced against the 
E1/2 of the Fc/Fc+ redox couple. Nicholson and Gileadi methods were used for heterogeneous 
electron transfer rate constant. Randless-Sevcik equation was used to determine diffusion 
coefficient and number of electrons involved in the electrode process [16].  

We chose CH3CN as a solvent. The purpose of the support electrolytes is to ensure the 
electrical conductivity in the solution to be studied. The carrier electrolyte used in our study is 
tetrabutylammonium tetrafluoroborate (Bu4NBF4) in CH3CN and studied the electroactivity the 
system contains background salt in acetonitrile. The voltammograms obtained are shown in 
Figure 1.     

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 1. Cyclic voltammogram CH3CN//Bu4NBF4 0,1 M, on glassy carbon electrode, recorded 
between 0 and +1400 mV / ECS at υ = 100 mV/s. 

 

RESULTS AND DISCUSSION 

Electrochemical behavior study of 1 and 2 

The cyclic voltammogram of the 1-ferrocenylmethyl-3-methylimidazolium iodide derivative (1) 
is recorded in a potential range from 0 to 1.1 V at a scanning rate of 100 mV.s-1 (Figure 2). On 
this voltammogram, two anodic peaks are noted: the first is at 0.296 V, relative to the oxidation 
of the imidazolium function, the second is at 0.615 V, relative to the oxidation of the 
ferrocenium/ferrocene redox couple Fc+/Fc. A cathode peak is observed at 0.517 V, attributed to 
the reduction of ferrocenium/ferrocene Fc+/Fc redox couple. As for the derivative 1-ferrocenyl- 
methyl-3-mesityl-imidazolium iodide (2) the same thing, the anodic peaks in 0.340 V and 0.613 
V, a cathodic peak is observed at 0.528 V. 
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Figure 2. Cyclic voltammograms (0.1 M CH3CN//Bu4NBF4, scan rate = 100 mV s–1) of 
compounds 1 and 2. 

Effect of scan rate 

Figure 3 shows the voltammograms recorded on a glassy carbon electrode at different scan rates 
around the Fc/Fc+ pair. This pair exhibits a reversible behavior in 0.1 M (CH3CN/Bu4NBF4). 
Indeed, the ratio of the intensity of the reduction and oxidation peaks is approximately equal to 
1 and the intensities evolved linearly with the square root of the scan rates as shown in the insert 
in Figure 4. However, it is noted that the difference between the potentials of the reduction and 
oxidation peaks increases with the scanning speed. The ΔEP values of 96 mV (compound 1), 75 
mV (compound 2) are recorded for a scan rate of 40 mV/s and 98 mV (compound 1), 85 mV 
(compound 2) for a scan rate. 100 mV/s. Even for low scanning speeds, there is therefore a 
difference much greater than the theoretical deviation of 2.3.RT/nF (i.e. 59 mV at 25 °C) for a 
perfectly reversible system. It should be noted that this difference is, in part, due to the non-
compensation of the ohmic drop. 

 

 
Figure 3. Cyclic voltammograms in (0.1 M CH3CN//Bu4NBF4) of compounds 1 and 2 at 

different scan rates. 
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Figure 4. Plot of current maximum against square root of scan rate for compounds 1 and 2. 
 

Cyclic voltammograms are obtained at a series of voltage scan rates and a plot of peak 
current versus v1/2 is prepared. The plot should be linear with zero intercept. The slope is equal 
to 2.69 x 105 ACD1/2. Thus, the value of D can be obtained if the electrode area is known (1 
cm2) (Table 1). These diffusion coefficients have been corrected according to the experimentally 
determined percentage of ligand exchange. 

The electrochemical stability of the derivatives 1 and 2 are confirmed by a successive 
scanning of the potential between 0 and 1.1 V (v = 20, 40, 60, 80, 100, 150, 200 mv.s-1) and 
shows the decrease of the intensity of the peak current as the scanning speed decreases. The 
electrochemical parameters calculated from voltammograms are summarized in Table 2. 

 
Table 1. Diffusion coefficients of 1 and 2 clusters calculated from cyclic voltammograms obtained using a 

GC working-electrode in CH3CN/Bu4NBF4 (0.1 M) supporting electrolyte.  

 
 
 
 

Table 2. Voltammetric data for 1 and 2 in 0.1 M (CH3CN//Bu4NBF4). 
 

 

Compound DO.10-7  (cm2.s-1) DR.10-7 (cm2.s-1) 
1 4.69  5.69  
2 4.60  6.39  
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20 18 25 -29,25 293 615 518 95 566.5 0.86 
40 26 37 -39.2 296 614 518 96 566 0.95 
60 30 45,7 -50.1 296 615 516 99 565.5 0.91 
80 39 52.6 -58 295 614 519 95 566.5 0.91 
100 43.75 59 -64.2 296 615 517 98 566 0.92 
150 48 72 -79.1 297 616 516 100 566 0.91 
200 52 83 -90.3 302 616 518 98 567 0.92 

 
 
 
2 
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60 14.51 14 -15.1 344.3 611.8 530.6 75.6 568.4 0.93 
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To find out about the reaction mechanism at the electrode, variations in the intensity of the 
anodic and cathotic current were studied as a function of the square root of the scanning speed. 
The straight line pattern of (Ipa) and (Ipc) versus the square root of the scanning rate for the two 
imidazolium derivatives 1 and 2 confirms that the electrochemical reaction on the electrode is 
controlled by diffusion. 
 
Diffusion coefficient (D) 
 
The diffusion coefficient (D) was calculated from CV measurements of the cathodic peak 
current of a reversible or quasi-reversible system using the Randles-Sevcik Eq.  

�� = 0.4463���� �
��

��
�

�
��

�
�

��
�

�                                                                                                          (1)    

where n is the number of electrons, in this case one, F is the Faraday constant (96485.332 C 
mol−1), A is the electrode area (cm2), C is the concentration (mol/cm3), R is the gas constant (J 
K−1 mol−1), T is the temperature, v is the scan rate and D is the diffusion coefficient. 

In equation 1, ip is the peak current in amperes, and v is the potential scan rate in V/s. For a 
one-electron transfer at 25 °C, this becomes Eq. (2): 

�� = 2.69 × 10����
�

��
�

�                                                                                                                        (2)    

Heterogeneous electron transfer rate constant (k0) 
 

All electrochemical processes proceed via a transition state (ts) which is less stable than both 
reactants and products. α is an indication of how reactant-like or product-like the (ts)  is in terms 
of its electrical behaviour. The value of α lies between zero and one. It is often (but not always) 
around 0.5. If it is close to either of the two extremes (zero or one), we can say that the ts is 
either very reactant-like or very product-like. The rate constant for an electrochemical process 
depends exponentially on both the electrode potential and α. 

Heterogeneous rate constants for the pure ferrocene and its derivatives were calculated by 
using relationship between the rate constant for heterogeneous electron transfer and peak 
separation formulated as given below [19]. 

Nicholson [20, 21] method is used frequently to determine standard heterogeneous electron 
transfer rate constant k0 by relating it with a dimensionless kinetic parameter Ψ (Eq. (3)). 
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                                                                                                                           (3)    

 
where γ = (DO / DR)1/2 and α = 0.5. The value of α is nearly independent for reversible reactions. 
Kochi [22] has reported the following expression (Eq. (4)). 
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A comparatively simpler method for the evaluation of ko is Gileadi's [23, 24] method; then 

following Eq. (5) is used to calculate the value of k0 (Table 3): 
 

log (��) = −0.48� + 0.52 + log �
������

2.303��
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                                                                                 (5) 
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Table 3. Values of k0 determined from Nicholson and Gileadi's method. 
 

 

CONCLUSION 
 
Two 1-ferrocenylmethyl-3-alkyl imidazolium iodide salts were synthesized, where the alkyl 
group included the following: methyl and mesityl groups. This synthesis was verified by 
standard chemical techniques, proton NMR spectroscopy, and carbon NMR spectroscopy. The 
electrochemical behavior of these salts was performed in acetonitrile at 298.15 K using cyclic 
voltammetry to evaluate the kinetic parameters. The estimated values of heterogeneous rate 
constants (k0) and diffusion coefficients (D) showed the presence of strong interactions between 
the ferrocene and the imidazolium group. They indeed exhibit reversible redox characteristics, 
which indicate that ferrocene based salts, which melt at low temperatures, are a class of 
compounds that are worthy of additional study for their battery applications. 
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