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A new glassy carbon surface covered with 1-(2-benzothiazolyl)-3-methyl pyrazol-5-
one and its characterization 

 
Demet Uzun*1  

 
Abstract 
 
1-(2-benzothiazolyl)-3-methyl pyrazol-5-one (B3MP) was electrochemically covered on a glassy carbon 
(GC) electrode surface in nonaqueous medium. Properties of B3MP film were investigated by cyclic 
voltammetry (CV), electrochemical impedance spectroscopy (EIS) and fourier transform infrared 
spectroscopy (FTIR). The number of electron transferred was calculated as 0.66 indicating that a single 
electron transfer process was carried out and the modification mechanism of B3MP via electrochemical 
oxidation on the GC electrode was suggested.  
 
Keywords: Electrochemical modification, Impedance spectroscopy, Glassy carbon electrode. 
 

1. INTRODUCTION 
 
Pyrazolone derivatives have a major role in the 
synthesis of many drugs in the fields of 
pharmaceuticals [1]. In addition to their analgesics 
and antipyretics impacts, they possess biological 
properties such as antimicrobial [2], antitumor [3], 
anti-inflammatory [4]. They have also been 
utilized as analytical reagents [5] to extract and 
separate different metal ions [6]. Their 
applications have been found in other areas, such 
as sensors [7-8]. 
 
The synthesis of pyrazole and pyrazolone 
derivatives have considered by chemists because 
of they are reported as a new class of corrosion 
inhibitors [9]. It has also been reported that there 
are many hetarylazopyrazolone derivatives which 
posses different chromophoric groups [10]. It was 
demonstrated that some dyes such as pyrazolone 
derivatives can be used in protection of optical 
record systems and optical filters [11]. Besides 
their well known dying properties, these type of 
hetarylazo dyes have taken a great interest by their 
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usage in non-textile applications, especially in 
high technology due to their near-infrared 
absorbing properties [12]. 
 
Covering carbon surfaces with organic molecules 
via covalent grafting has been became more 
interesting because of their applications in the area 
of materials science and electrochemical analysis 
[13]. These grafted molecules containing different 
functional groups were brought stability to the 
surfaces, so chemical and electrochemical 
methods have been developed to prepare new 
modified carbon surfaces [14].  
 
In this study, an organic molecule which is a 
pyrazolone derivative, namely B3MP, was used as 
a modifier for the first time to develop a modified 
glassy carbon electrode via electrochemical 
method. The properties of developed electrode 
was investigated by electrochemical and 
spectroscopic methods which are CV and EIS. 
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2. EXPERIMENTAL 
 
2.1. Apparatus and Chemicals 
 
A CHI 660B Electrochemical Workstation was 
used for CV and EIS measurements. A 
conventional three-electrode system was used. 
Working electrode was a glassy carbon (GC) 
electrode (BAS Model), the reference electrode 
was an Ag/Ag+ (0.01 M) used in nonaqueous 
medium and an Ag/AgCl/KCl (sat.) used in 
aqueous medium. A Pt wire was used as the 
counter electrode. FTIR measurements of B3MP 
and B3MP film on GC surface were made with a 
Thermo Scientific Nicolet IS5 with a grazing angle 
and ATR (Attenuated Total Reflectance) 
accessories. 
 
As supporting electrolyte, 1.0 mM 
ferrocyanide/1.0 mM ferricyanide (1/1) mixture 
with 0.1 M KCl was prepared for EIS 
measurements. The frequency range from 100 kHz 
to 0.01 kHz was selected to perform EIS data. The 
ac amplitude was 5 mV and the electrode potential 
was 0.215 V, the formal potential of 
ferrocyanide/ferricyanide redox couple.  
 
Analytical grade reagents were used in the study. 
Tetrabuthylammonium tetrafluoroborate 
(TBATFB), get from Merck, was used for the 
supporting electrolyte in nonaqueous medium. 
Acetonitrile (ACN) as a solvent was provided 
from Sigma-Aldrich. ACN containing 0.1 M 
TBATFB was used to prepare ferrocene solution 
(1×10-3 M).  
 
Aqueous solutions were prepared and polished 
electrodes were cleaned with ultra pure quality of 
water (18.3 MΩ) (Millipore Corp. Bedford, MA 
(USA)). 
 

3. RESULTS AND DISCUSSION 
 
3.1. Effect of Scan Rate on The Oxidation Peak 
Current of B3MP 
 
The scan rate’s effect on the oxidation peak current 
of B3MP at the GC surface (Figure 1) was studied 
by CV in ACN containing 0.1 M TBATFB in the 
range of 25–150 mV s−1. A plot of logarithm of the 

oxidation peak current vs. logarithm of scan rate 
(inset of Figure 1) gave a straight line with a slope 
of 0.8229 (R2=0.991) showing that the 
electrooxidation of B3MP at the GC surface is 
adsorption-controlled electrode reaction. Cathodic 
peak was not observed in the reverse scan, 
displaying that the charge transfer is 
electrochemically irreversible in the electrode 
process. 

 
Figure 1. CVs of 1 mM B3MP at GC electrode in ACN 
containing 0.1 M TBATFB with different scan rates (25, 50, 
75, 100, and 150 mV s−1) vs. Ag/Ag+ (0.01 M) Inset: The plot 
of logarithm of peak current vs. logarithm of scan rate. 
 
It was noticed that while the scan rate was 
increased, the anodic peak potential (Ep) at about 
0.7 V was shifted to positive direction (Figure 2) 
[15]. As for an adsorption-controlled and totally 
irreversible electrode process, Ep is defined by the 
following equation [16],  
 

Ep = Eo’+  
ଶ.ଷ଴ଷ ୖ୘

஑୬୊
 log  

 ୖ୘୩°

஑୬୊
 + 
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஑୬୊
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Ep vs. logarithm of scan rate was linear according 
to the equation:  
 
Ep (V)=0.1799logν+0.4777 (R2=0.9879)          (2)  
                                                                         
The αn value was calculated as 0.33 from the slope 
of the Ep vs. log v plot (2.303RT/αnF) using the 
Laviron's equation [16]. In irreversible electrode 
process, α is assumed as 0.5 [17]. Hence, the 
number of electrons in the reaction was calculated 
to be 0.66≈1 indicating that a single electron 
transfer process was carried out between B3MP 
and GC electrode in the redox reaction. 
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