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A sensitive, simple and reproducible square-wave cathodic adsorptive stripping voltammetric method is developed for the 
determination of 2-mercaptobenzimidazole (MBIM) in different water samples using a static mercury drop electrode (SMDE) as a 
working electrode. The solution conditions and instrumental parameters were optimized for the determination of MBIM by 
square-wave cathodic adsorptive stripping voltammetry. This method is based on a sensitive adsorptive reduction peak of the 
MBIM at -0.532 V vs. Ag/AgCl reference electrode in a Britton-Robinson buffer at pH 10.0. The linear concentration range was 
20-600 ng ml-1 when using 0.0 V as the accumulation potential. The detection limit of the method was calculated to be 8.41        
ng ml-1. The precision was excellent with relative standard deviations (n = 20) of 2.30%, 1.71%, 2.25% and 1.33% at MBIM 
concentrations of 40, 90, 200 and 500 ng ml-1, respectively. The proposed voltammetric method is used for the determination of 
MBIM in different spiked water samples. 
 
Keywords: 2-Mercaptobenzimidazole (MBIM), Cathodic adsorptive stripping voltammetry, Square-wave voltammetry, Static 
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INTRODUCTION 
 

 2-Mercaptobenzimidazole (MBIM) (Fig. 1) is a member 
of a class of high production volume chemicals employed in 
various industrial processes mostly as derivatives being 
substituted in the 2-position of the imidazole ring. Their use is 
widespread, and they are known to be toxic and poorly 
biodegradable pollutants [1-3]. Several reports indicate the 
potent antithyroid toxicity of MBIM in humans and animals 
[4-6]. 

MBIM has been studied and used in various applications 
such as corrosion inhibition [7-9], metallic surface coating 
[10] and predominately as a vulcanization accelerator and to 
prevent oxidation in the rubber industry [11-14]. 
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Fig. 1. Chemical structure of 2-mercaptobenzimidazole  
                  (MBIM). 
 
 

MBIM is frequently found in the environment in rubber 
plant waste water [10,11], in rivers [10,15,16], street runoff 
[17] and in some drugs contaminated with MBIM from the 
rubber plunger-seals of syringes and/or drug packing 
containers [6]. It has also been detected in rubber boots used in 
commercial farming, another source of human exposure [18].  

Several methods of analyzing MBIM and its derivatives  in 
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environmental samples in the literature are mainly based on 
different chromatographic methods [10,19,20], which suffer 
from complex pretreatments and large solvent consumption. A 
spectrophotometric method is also used for analyzing of 
MBIM [8]; however, no sensitive, fast and reliable 
methodology for the determination of MBIM has been 
described in the literature.  

In the present paper, a sensitive, simple and reproducible 
square-wave (SW) cathodic adsorptive stripping voltammetric 
method is developed for the determination of MBIM in 
different water samples.  
 
EXPERIMENTAL 
 
Reagents and Solutions 

All chemicals were of analytical grade and obtained from 
Merck.  

MBIM stock solution (1000 μg ml-1) was prepared by 
dissolving 0.1000 g MBIM  in 10 ml methanol and diluting it 
to 100 ml with a mixture of methanol and distilled water in a 
100 ml volumetric flask (MeOH:H2O = 60:40). Working 
solutions were prepared by the appropriate dilution of the 
stock solution with distilled water.  

Britton-Robinson buffer solutions (pH = 3.0-12.0) were 
prepared by adding appropriate amounts of 0.5 M sodium 
hydroxide into a mixture of 0.1 M boric, acetic and phosphoric 
acids. 

 
 Apparatus 

The voltammetric measurements were carried out with a 
SMDE working electrode in a three-electrode arrangement. A 
platinum wire was used as an auxiliary electrode with an 
Ag/AgCl reference electrode (3 M KCl with a porous 
membrane). The test solutions were purged with nitrogen to 
remove oxygen. 

Measurements were carried out on a Princeton Applied 
Research EG&G 273A electrochemical detector, which 
controlled the electrodes and electrochemical vessels, as parts 
of the SMDE 303A EG&G PARC. A Pentium IV computer 
controlled all settings and data processing of the system. 

 
General Procedure     
 The   procedure  adapted  for  acquisition  of  SW  cathodic 

 
 
adsorptive stripping voltammograms was as follows. Into a 
10-ml volumetric flask were added 1.0 ml of Britton-Robinson 
buffer solution (pH = 10.0) and an appropriate amount of 
standard MBIM solution (10 μg ml-1), which was diluted to 
the mark with distilled water. The solutions were purged with 
nitrogen for 2.5 min initially, with stirring. The accumulation 
potential of 0.00 V vs. Ag/AgCl was applied to a new mercury 
drop while the solution was stirred during the accumulation 
time of 100 s in a MBIM concentration range of 20-120 ng ml-

1 and for 20 s in a range of 100-600 ng ml-1. Following the pre-
concentration period, the stirring was stopped, and after 5 s the 
SW voltammogram was recorded by applying a negative-
going scan over a range of -0.30 to -0.90 V. The peak currents 
of the voltammograms obtained at -0.532 V were used for 
further calculations. All measurements were made at room 
temperature.  
 
Optimization  

In order to obtain the best voltammetric signal in terms of 
sensitivity (peak height), resolution (peak shape), peak 
definition and maximum peak current for the determination of 
trace amounts of MBIM in water samples, we optimized 
different chemical and instrumental parameters, including pH, 
ionic strength, buffer volume, equilibration time (ET), pulse 
height, frequency, scan increment and mercury drop size. In 
the investigation process, each variable was changed while the 
others were kept constant. 

Various Britton-Robinson buffers at pH 3.0-12.0 were 
investigated. The amount of buffer added to solutions was also 
optimized. To determine the effect of equilibration time (ET), 
which controls a variable delay during the cell performance, 
and application of an initial potential to the electrodes, 
equilibration times of 0-30 s were applied to the electrodes and 
the corresponding voltammograms were recorded after the 
pre-concentration period. 

The effects of frequency and pulse height on 
voltammogram peak current were obtained by studying the 
variables of interest over the ranges of 30-200 mV for pulse 
height and 20-500 Hz for frequency. Scan increments over the 
range of 1-10 mV were used and the voltammograms were 
recorded after the pre-concentration period. 

In order to determine the effect of mercury drop size on 
voltammogram  peak  current,  we  examined  small,  medium, 
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and large drops, which had a volume ratio of 1:2:4 and an area 
ratio of 1:1.6:2.5 [21]. The influence of accumulation potential 
on the monitored electrochemical signal was also examined 
over the potential range of +0.2 to -0.3 V for 100 ng ml-1 of 
MBIM in Britton-Robinson buffer (pH 10.0) over an 
accumulation time period of 40 s. 

 
Interference Study 

Using the general procedure with 60 ng ml-1 of MBIM and 
a ratio of interfering ions to MBIM of 1000:1, a relative error 
of ±5% with respect to the concentration of MBIM was taken 
as the tolerable limit. We tested cations, including Na+, K+, 
Mg2+, Ba2+, Ca2+, Ni2+, Co2+, Cr3+, Mn2+, Al3+, Cd2+, Fe3+, 
Pb2+, Sn2+ and Bi3+, and anions including ClO4

-, F-, NO2
-, 

SO4
2-, CO3

2-, Cl-, Br-, HCO3
-, NO3

-. After centrifugation of 
solutions and separation of the precipitate, voltammograms of 
the clear sample solutions were recorded.  

 
Analysis of Spiked Water Samples 

We spiked untreated Karoon River water, tap and heat 
exchanger cooling water samples with 40, 60 and 80 ng ml-1 of 
MBIM, and determined the concentrations of MBIM using the 
general procedure without any pretreatment or prior extraction 
steps. The accuracy of the proposed method was checked by 
calculating the recovery percent of known amount of MBIM.  

 
RESULTS AND DISCUSSION 
 
  Typical SW voltammograms of MBIM under the optimal 
conditions are shown in Fig. 2. The nature and acidity of the 
supporting buffer are among the most important factors 
strongly influencing the stability of the analyte and its 
cathodic reduction and adsorption processes. Among the 
various investigated Britton-Robinson buffers pH 10.0 (Fig. 3) 
at a volume of 2.5 ml were selected as optimal. 

The results showed that ET values greater than 5 s have no 
considerable effect on increasing the peak current, therefore 5 
s was chosen as optimal ET value. Maximum peak currents 
occurred at the optimal values of 110 mV and 180 Hz for the 
pulse height and frequency, respectively.  

The scan increment determines the amount of potential 
change between two data points in the experiment. Scan 
increments above 3 mV  decrease  the  peak  current,  so 3 mV  

 
 

 
  Fig. 2. Typical   square-wave   voltammograms  for  different  
             concentrations  of   MBIM  with  100 s   accumulation  
             times    under    the   optimum   conditions    listed   in   
             Table 1. The broken line represents the blank solution      
             and other  voltammograms represent  20 to120 ng ml-1  
             of MBIM at 10 ng ml-1 intervals. 

 
 

 
Fig. 3. Effect of buffer pH on the peak current of 100 ng ml-1  
           MBIM solution, accumulation  potential, Eacc= 0.0 V;  
           accumulation   time, Tacc= 40 s; frequency, f = 80 Hz;  
           pulse  height,  ΔEsw = 100 mV  and  scan   increment,  

             Δs = 3 mV. 
 
 
was chosen as the optimum scan increment. Increasing drop 
size increases the peak current, therefore the large drop size of 
0.025 cm2 was optimal. As seen in Fig. 4, the maximum peak 
current occurs at an optimal accumulation potential (Eacc) of 
0.0 V (vs. Ag/AgCl).  
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Fig. 4. The influence of accumulation potential on the peak  
           current  of  100 ng ml-1  MBIM  solution  in Britton- 
           Robinson  buffer  (pH = 10) over the potential range  
           of +0.20 to -0.30 V: Accumulation  time, Tacc= 40 s;  
           frequency,  f = 180 Hz; pulse height, ΔEsw = 110 mV  

              and scan increment, Δs = 3 mV. 
 
 
 The adsorption of MBIM at the SMDE, prior to the 
stripping voltammetric measurement, functions as an effective 
pre-concentration step. MBIM acts as a ligand for complex 
formation with Hg ions and, by increasing the concentration of 
the ligand, the peak potential moves toward more negative 
potentials [22,23]. Longer pre-concentration (accumulation) 
times allow for the absorption of more MBIM on the mercury 
surface, producing a larger peak current, as shown in Fig. 5, 
which reveals the dependence of the adsorptive peak current 
on the preconcentration time at 50, 100 and 150 ng ml-1 
MBIM. The peak current increases with increasing 
preconcentration times, up to 110 s at 100 ng ml-1 and 70 s at 
150 ng ml-1 MBIM, indicating the increase in MBIM 
concentration at the electrode surface. As the accumulation 
time increases further, the peak current tends to level off, 
which shows the surface saturation of the SMDE by MBIM.          

Optimized instrumental parameters and solution 
conditions, summarized in Table 1, are used in the calibration 
curves within concentration ranges of 20-120 and 100-600 ng 
ml-1 MBIM with different accumulation times. Table 2 
summarizes the characteristics of the calibration plots obtained 
at different accumulation times. The linearity range depends 
on the accumulation time used, given that higher 
concentrations result in a deviation from linearity as full 
surface coverage is approached. The selection of accumulation 

 
 

 
Fig. 5. The  dependence of  peak current on accumulation time  
            for   different   concentrations   of   MBIM  solution  in  
            Britton-Robinson  buffer of  pH 10:  (a) 50 ng ml-1,  (b)  
           100 ng ml-1, (c) 150 ng ml-1. Conditions: Accumulation    
           potential,  Eacc = 0.0 V;   frequency,   f = 180 Hz;  pulse  
            height, ΔEsw = 110 mV and scan increment, Δs = 3 mV. 

 
 
time depends on the concentration range studied. The 
analytical performance data (linearity ranges, regression 
equations, and correlation coefficients) of the proposed 
method are compiled in Table 2. Statistical analysis of the 
regression equations resulted in small standard deviations for 
the slope, Sb, and the intercept, Sa, indicating the high 
precision of this method. The limits of detection (LOD) and 
quantitation (LOQ) were calculated using the relationship 
kSB/b [24] where k = 3 for the LOD and 10 for the LOQ, SB is 
the standard deviation of the blank and b is the slope of 
calibration curve. Both the LOD and LOQ values, shown in 
Table 2, confirm the sensitivity of the proposed procedure. 
The repeatability of the method (n = 20) was tested at different 
concentrations of 40, 90 (tacc = 100 s) and 200, 500 ng ml-1 (tacc 

= 20 s), for which the relative standard deviations (RSD) are 
2.30%, 1.71%, 2.25% and 1.33%, respectively.   
 
Interference Study 
 One of the striking points of any new method is its limit of 
the potential interferences. We studied in detail the tolerance 
limits of the proposed method for interferences resulting from 
several cations and anions commonly present in water 
samples. Anions, including ClO4

-, F-, NO2
-, SO4

2-, CO3
2-, Cl-, 

Br-, HCO3
-, NO3

- and cations such as Na+, K+ do not interfere; 
only Hg2

2+, Cu2+ and Zn2+ interfere with this method.  
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Analysis of Spiked Water Samples 
 Spiked 2-mercaptobenzimidazole was successfully 
determined in different water samples.  In order to investigate 
the matrix effect of a complex sample on the method of 
analysis, experiments were performed to determine the 
feasibility of the proposed method to measure spiked MBIM 
in different water samples. The results of the recovery studies 
are summarized in Table 3. Excellent recoveries were 
observed indicating that the complex matrix of water samples 
does not interfere in any way with the detection of MBIM. 
Therefore,       the     proposed      voltammetric     method     is 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
recommended for the determination of MBIM in different 
water samples. 

 
CONCLUSIONS 
 
 This new highly sensitive, rapid, simple and reproducible 
square-wave cathodic adsorptive stripping voltammetric 
procedure was used, for first time, for the determination of 
MBIM in different water samples without the necessity of 
sample pretreatments or time-consuming extraction steps prior 
to the analysis. Moreover, because  of  its  very  low  limits  of  

                            Table 1. Optimum Operational Parameters Selected for the Determination of MBIM  
                                           by Square-Wave Voltammetry 
  

Parameters  Variation interval Optimum values 
pH 3.0-12.0 10.0 
Purge time (s) 0-300 150 
Equilibrium time (s) 0-30   5 
Pulse height (mV) 30-200 110 
Frequency (Hz) 20-500 180 
Scan increment (mV) 1-10    3 
Accumulation potential (V) +0.2– -0.3 0.0 
Mercury drop size (cm2)  0.010-0.025 0.025 

 
 
                                 Table 2. Analytical Performance Data of the Proposed Method 
 

Pre-concentration time (s) 
Parameter 

100 20 
Linearity range (ng ml-1) 20.0-120.0 100.0-600.0 

Regression coefficient  0.9989 0.9992 

Intercept (μA) 6.33 11.04 

Slope (μA ng-1 ml) 0.3947 0.1109 

Sa
a 0.4784 0.5754 

Sb
a 0.0062 0.0015 

LOD (ng ml-1) 8.41 30.83 

LOQ (ng ml-1) 28.04 102.75 
                                                   aSa = standard deviation of intercept; Sb = standard deviation of slope.  

www.SID.ir



Arc
hi

ve
 o

f S
ID

 
 
 

Parham & Aibaghi-Esfahani 

 88 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
detection and quantitation, the proposed procedure can be 
applied for environmental analysis.  
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