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Abstract 

 The electrochemical behavior of dibutyl methyl ester p-tert-butyl 

calix [4] arene compound 1 was studied by cyclic voltammetry. At 

25°C and scan rate of 20 mVs−1. The anodic peak is affected by scan 
rate, concentration and temperature is a totally irreversible process. 

The result shows that there is an irreversible electrochemical 

oxidative wave when the potential is more 1.3 V versus Ag/AgCl in 

an acetonitrile. 
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1. Introduction 

The name calixarenes was introduced by Gutsche [1] for the cyclic 
oligomers ,the use of this word (calix means beaker in Latin and Greek) 

was suggested in particular by the shape (cup) of tetramer with upper and 

lower rims and central annulus [2, 3] which are a well-established class of 

compound in today's in supramolecular chemistry. p tert butyl 
calix[n]arenes (n = 4, 6, 8) can be easily obtained by the condensation of 

P-substituted phenol and formaldehyde [4.5], can be converted into 

various derivatives by chemical modifications. Obvious places to 
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introduce additional functionalities are the phenolic oxygen, which can be 

converted to ether or ester groups and the p-positions. Which are 
available for all types of electrophilic substitutions after removal of the t-

butyl groups.[6, 7] Calixarenes and their derivatives have attracted much 

attention over the past decade as the basis for molecular and ionic 
recognition because of their conformational and structural flexibility 

makes them highly attractive platforms for the synthesis of more evolved 

macro cyclic receptors [8-10] which can be used as ion sensitive 

electrodes or sensors, optical sensors, chiral recognition devices for solid 
phase extraction, as a stationary phase and modifiers [11-13]. 

Scientists always pay attentions to the electrochemical properties of 

water-soluble calixarenes. For example, Paillert and Diao [9, 10] reported 
the electrochemical characteristics of p-sulfonated calix [6]arene. 

Guowang Diao and Jing Gu reported the electrochemical properties of p-

sulfonated calix [4]arene [14] and p-sulfonated calix[6]arene [10]. The 

results showed that both p-sulfonated calix[6]arene and p-sulfonated 
calix[4]arene could be oxidized and their anodic waves occurred due to 

the oxidation of phenolic group. Nevertheless, A few articles reported the 

electrochemical properties of p-tert-butyl calixarenes in organic solvent. 
Pailleret and al. [15] studied the electrochemical behaviors of both p-tert-

butyl calix [4]arene and p-tertbutyl calix[6]arene in dichloromethane . 

Pailleret  and Arrigan. [13] reported the electrochemical oxidation of tetra 
ester calix [4]arene in acetonitrile In this article, we are interested in 

examining the electrochemical behavior of dibutyl methyl ester p-tert-

butyl calyx [4] arene . The results show there is two peak anodic waves 

when the potential ranges from -0.1 to 2.0 V versus Ag/AgCl, due to the 
oxidation of the dibutyl methyl ester p-tert-butyl calix [4] arene. 
 

 

 

 

Scheme 1. Chemical structure of compound 1. 
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2. Experimental 

 

Compound 1, dibutyl methyl ester p-tert-butyl calix [4]arene . Was 

prepared according to literature methods [16, 17] Solutions of this 

compound are prepared in acetonitrile with the background electrolyte 
tetrabutyl ammonium perchlorate (0.1 M). This was synthesized 

according to House et al. [18]. The electrolyte solution was deoxidized by 

bubbling with nitrogen for 10 min prior to performing the 
electrochemical measurements. The conventional electrochemical 

measurements were taken using a glass cell consisting of a three-

electrodes assembly that was connected to a VoltaLab 40 (PGZ301 & 

Volta Master 4) controlled by a personal computer. The counter electrode 
was a platinum wire (10 mm) the working electrode was a platinum disk 

(2 mm) and the reference electrode was (Ag/AgCl, 8 mm) in organic 

phase. The working electrode was rinsed in water, then acetonitrile and 
allowed to dray in air before use. 

 

3. Results and Discussion 
The electrochemical behaviors of compound 1 on Ag/Ag+ were 

investigated by cyclic voltammetry. At scan rate of 20 mVs−1 and 25◦C, 

the cyclic voltammogram of compound 1 is 5×10−4M + 0.1M TBAP in 
acetonitrile is shown in Figure 1 (the solid line red ). The background (the 

solid line black) is also shown in Figure 1. No electrochemical reaction 

occurs in the blank buffer solution containing compound 1 in our 
experimental potential window. It is clear that there is two anodic waves 

observed when the potential is scanned from -0.1 to 2.0 V versus Ag/Ag+, 

the first peak potential is 1.48 V. Compared with p-tert-butyl calix 

[8]arene and phenolic calixarenes The first conclusion to draw from these 
observations is that the phenol moieties of parent calixarenes are 

electrochemically active in organic media, as expected from the known 

electroactivity of phenols [16, 19]. The second peak potential observed is 
1.80V, due to the oxidation of the hydroxyl group [20]. 

The voltammograms of compound 1 recorded in multi-cycles are shown 

in Figure 2 at a scan rate of 20 m Vs-1. Repetitive potential cycling do not 

show any substantial alteration of the initial intense and irreversible 

oxidation peak upon repeated potential cycling this indicates that 

electrochemical oxidation of compound 1 are oxidisable but did not 

passivate the electrode surface [20]. 
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Figure 1. The voltammograms of the background and the solution containing 5 × 

10−4 M compound 1 + 0.1M TBAP in acetonitrile at scan rate of 20 mVs−1 and 

25 ◦C. 
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Figure  2. The voltammograms for multi-cycles of 5 × 10−4 M compound 1 in 

acetonitrile at scan rate of 20 mVs−1 and 25 ◦C. 
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3.1 Measurements of n, 𝐷𝑅, and 𝛼 

At 25 ◦C , As shown in Figure 3, both anodic peak potential, Ep and peak 

current, ip are affected by the scan rate, v. According to Nicholson [21], 

for an irreversible anodic reaction, the relationship between Ep and ln v is 
linear, and can be described as follows: 

EP = E° +
RT

α𝑛𝑎F
+ [0.780 + ln (

𝐷𝑅

𝐾°
)

1

2
+ (

αnaF

RT
)

1

2
]                                   (1) 

where E° is the formal standard potential, R the gas constant, 𝑛𝑎 the 

number of the electrons transferred in the rate determining step , a the 
electron transfer coefficient, F the Faraday constant, T the absolute 

temperature. 𝐷𝑅 diffusion coefficient of compound 1, T the absolute 

temperature, and 𝐾° the standard heterogeneous reaction rate constant.  
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Figure 3. The voltammograms of 5× 10−4 M compound 1 + 0.1M TBAP in 

acetonitrile at different scan rates with 25°C. 

 

According to the slope of the straight line of Ep against log v, is shown in 

Figure 4. The product of α and 𝑛𝑎 can be evaluated as 1.29. 

The peak current 𝑖𝑃 for an irreversible electrochemical reaction can be 

described as follows [21] 

𝑖𝑝 = (2.99 × 10−5)𝑛(𝛼𝑛𝑎)
1

2
 × 𝐴𝐶𝑅𝐷𝑅

1 2⁄ 𝑉1 2⁄                                     (2) 

Where n represents the number of electrons transferred in the 

electrochemical reaction, A the area of the electrode, 𝐶𝑅 the initial 

concentration of compound 1.  
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Figure 4. The plot of the anodic peak potential and the natural logarithm of the 

scan rate. The experimental conditions are the same as these described in figure 

3. 

 

According to Eq. (2), at a given initial concentration of III, the plot of  𝑖𝑝 

versus 𝑉1 2⁄  must be straight line. Figure 5 shows the experimental 

results. From the slope of the straight line, can be evaluated the value 

of   (𝑛(𝛼𝑛𝑎)
1

2
  × 𝐷𝑅

1 2⁄ ) in 1.7×10-3cm s-1/2 
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Figure.5. The relationship between the peak current Ip and the square root of 

scan rate 𝑉1 2⁄ . The experimental conditions are the same as these described in 

figure 3. 
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Figure 6. presented the voltammograms at different concentrations of 

compound 1. The value of of   (𝑛(𝛼𝑛𝑎)
1

2
  × 𝐷𝑅

1 2⁄ ) can also be obtained 

by plotting 𝑖𝑝 versus the concentration, 𝐶𝑅 of compound 1 according  to a 

scanning  rate, at 20 m Vs_1 the straight lines between  𝑖𝑝 and 𝐶𝑅  are 

plotted and are shown in Figure 7. According to the slopes of these lines, 

can be calculated the values of   (𝑛(𝛼𝑛𝑎)
1

2
  × 𝐷𝑅

1 2⁄ ) as 1.6×10-3cm s-1/2.  
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Figure 6. The votammograms of compound 1 at different concentration, 25°C 

and 20 mVs−1.  

 

The error for both results calculated is located within the mistake of our 

experiments bar. The mean value is 1.65×10-3cm s-1/2, that is the same as 

that measured by plotting  𝑖𝑝 versus𝑉1 2⁄ . As described formerly, the 

value of 𝛼𝑛𝑎is 1.29. Combination of two settings  𝛼𝑛𝑎 and (𝑛(𝛼𝑛𝑎)
1

2
  ×

𝐷𝑅
1 2⁄ ) we can obtain the value of the product of 𝑛 and 𝐷𝑅

1 2⁄
 the value 

of 𝑛𝐷𝑅
1 2⁄  is calculated as 1.47×10-3cm s-1/2

. 

For determining the value of 𝑛 and 𝐷𝑅, a steady state voltammogram was 

measured by a platinum disc microelectrode (diameter: 2 mm). Was 

determined and represented in Figure 8.The limited current diffusion, it is 

measured as 0.51μA. The value of of 𝑛𝐷𝑅 is calculated as 0.2 cm2 s-1 by 

using the relationship 𝑖𝑙 = 4𝑛𝐹𝐷𝑅𝐶𝑅 [20], the diffusion coefficient, 𝐷𝑅 of 

compound 1 may be evaluated as 6.5×10-5 cm2s-1, and n, the number of 

electrons transferred in the electrochemical oxidation of compound 1, n is 

taken as 2, which is greater than that of p-sulfonated sodium salt of calix 

[6] arene in solution studied [10]. The result shows that it is advantage for 

the electrochemical oxidation of calixarene in organic solvent. 
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Figure 7.  At 25°C, the relationships between Ip and the concentration of 

compound 1.  

 

 

 
 

1,1 1,2 1,3 1,4 1,5 1,6

-2

0

2

4

6

8

10

12

14

16

 

i 
(

A
/c

m
2
)

E (V/Ag/AgCl)
 

Figure 8.  The steady state voltammograms of compound 1 on an platinum disc 

electrode with scan rate of  5 mVs-1. The other experimental conditions are the 

same as those described in figure 3. 
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3.2 Temperature dependence 
At different temperature, the voltammograms of compound 1 are 

presented in Figure 9. The anodic peak current increased with the 

temperature. At higher temperature, the peak potential shifts in the 

negative direction, this means that it is easier for the oxidation of 
compound 1 [14, 19].  

 

0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8

-5

0

5

10

15

20

25

30

35

40

 

 

i 
(

A
/c

m
2

)

E (V/Ag/AgCl)

 35°C

 25°C

 10°C

 05°C

 

Figure 9. The voltammograms of compound 1 on platinum disc electrode with 

scan rate of 5 mVs-1at different temperature. 

 

4. Conclusion  
In acetonitrile, compound 1 can be oxidized on platinum electrodes. The 

anodic peak potential is observed as 1.48 and 1.74 V (versus Ag/AgCl) at 

25° C. The result shows that there is an irreversible electrochemical 

oxidative wave. The number of the electrons transferred in the 
electrochemical reaction is 2. The diffusion coefficient of compound 1 is 

6.5×10-5 cm2s-1.  
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