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A novel carbon paste electrode modified with 3-methyl-2-hydrazinobenzothiazole (MBTH) was 

developed for the determination of La(III) by differential adsorptive stripping voltammetry. The best 

overall performance was shown by an electrode with a composition ratio of MBTH : graphite : paraffin 

at 30 : 35 : 35 (% w/w) respectively. The performance of the electrode was found in the pH range of 

6.0–8.0 and the the scan rate of 50 mV/s  at temperature 25±3 ◦                                 

                                                70.0 pM La(III) with a limit of detection 1.0 pM.  A life 

time of electrode more than 3 months was obtained. The modified electrode showed high selectivity, 

sensitivity, and good reproducibility. The developed method was also applied to determination of 

lanthanum ion in sand samples. 
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1. INTRODUCTION 

Recently, rare earth elements (REE) have garnered considerable attention due to their unusual 

spectroscopic characteristic for advanced new materials [1,2]. Among REE, lanthanum is the most 

importance as it is usually applied in high-tech industry, such as super alloys, catalyst [3], special 

ceramics, and in organic synthesis [4]. Lanthanum is widely distributed in low concentrations about 

 8  3  /           (   )     u   u           ’    u   [5]  B   u                  d    d      

advanced new materials, the determination of lanthanum in the trace amount is quite important.  
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The analytical methods which have been applied to determine lanthanum include graphite 

furnace atomic absorption spectrometry (GF-AAS) [6], spectrophotometry [7], inductively coupled 

plasma-atomic emission spectrometry (ICP-AES) [8], inductively coupled plasma-mass spectrometry 

[9-11], and ion-selective electrodes [5, 12-14]. However, most of these methods required sample 

pretreatment procedures and not sufficiently sensitive for trace determination of lanthanum. Therefore, 

the development of a direct method, easy operation, and high sensitivity method are highly desired. 

Adsorptive stripping voltammetry (AdSV) has been known as powerful electroanalytical 

method, providing efficient and high sensitivity for measurement numerous metals and organic 

analytes at ultratrace concentration level due to the ability to preconcentrate the analyte on the 

electrode surface [15-18]. Mercury electrodes have been proven to be the most suitable working 

electrode in stripping voltammetric measurement over the past 70 years [19,20]. Due to the toxicity of 

mercury and problem associated hazardous waste disposal, some other electrodes have been developed 

over the last two decades. The modified carbon paste electrode can be suitable working electrodes to 

             u y’   x                     b   u                b  k   u d  u     ,   d            

window, non-toxic, and low cost [21-23]. Only a few studies of modified carbon paste electrode have 

been reported on the detection of lanthanum [24].  

Organic ligands have been widely used to modify carbon paste electrode because most of them 

contain N- and S-based complexing center [25]. It is well known that N- and S-based ligands 

coordinated selectively with transition and heavy metals [14]. The 3-methyl-2-hydrazinobenzothiazole 

(MBTH) ligand also contains N- and S-based complexing center which can be suitable for formation 

complexes with La(III). Therefore, we developed an effective, simple, and sensitive differential 

adsorptive stripping voltammetry for the determination of La(III) in real samples. 

 

 

 

 

 

 

 

  

Figure 1. Structure of 3-methyl-2-hydrazinobenzothiazole 

 

 

 

2. EXPERIMENTAL 

2.1. Reagents and chemicals 

All reagents used in the investigations were of analytical reagent grade. Graphite powder 

(Merck) and paraffin (Uvasol, Merck), lanthanum(III) chloride heptahydrate (Sigma-Aldrich),            

3-methyl-2-hydrazinobenzothiazole hydrochloride (MBTH) (Merck), potassium chloride (Merck), 

nitric acid (Merck), and potassium nitrate (Merck) were used as received. Stock solutions of lanthanum 

S

N

N NH2

CH3
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ion were freshly prepared by dissolving appropriate amount of lanthanum(III) chloride in distilled 

deionized water. The sample of monazite sands were found from Bangka Belitung Province, 

Indonesia. 

 

2.2. Equipments 

The differential adsorptive stripping voltammetry was performed with EDAQ Potentiostat, 

(Australia). All experiments were carried out in a single compartment electrochemical cell with a 

carbon-paste working electrode, a saturated Ag/AgCl reference electrode and a Pt wire counter 

electrode. These electrodes were immersed in 40 mL buffer solution (also as supporting electrolytes) at 

various pH and known amount of La(III) solution. The pH value was determined using glass electrode 

Orion 915600, USA.  The morphology of modified electrode was observed by using High Resolution 

Field Emission (Hitachi, SU 8020 UHR). The validity of the sensor was tested using Varian 715-ES 

ICP-OES (Australia).  

 

2.3. Preparation of electrode 

The modified carbon paste electrodes were a homogenized mixture of graphite powder with 

modifier, 3-methyl-2-hydrazinobenzothiazole hydrochloride (MBTH), and solid paraffin in different 

composition until uniform paste. The modified carbon paste electrodes were packed firmly into Teflon 

tubings (id = 4 mm). Electrical contact to paste was established via a copper wire at one end of tubing. 

While the other end acted as disc electrode. Before measurement, the disc electrode was smoothened 

on a piece of weighing paper. 

 

 

 

3. RESULT AND DISCUSSION 

3.1. Characterization of MBTH modified CPE 

Figure 2 shows the differential adsorptive stripping voltammograms of unmodified CPE and 

 B H   d    d  PE        ×   
-11

 M La(III). It can be seen that the unmodified CPE only displayed 

background current. However, a much large and well-defined peak current at -0.22 mV is observed at 

the MBTH modified CPE because the preconcentration of La(III) at the electrode surface was achieved 

through complexation with MBTH. In comparison to the unmodified CPE, a remarkable enhancement 

in oxidation peak was resulted using MBTH modified CPE. The preconcentration of La(III) at the 

electrode surface has been characterized using scanning electron microscope. Figure 3 shows 

morphology     B H   d    d  u                                    ×   
-11

 M La(III) solution. The 

lanthanum deposited can be spotted on the electrode surface (+
3
 note).   
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Figure 2. Differential adsorptive stripping voltammograms of unmodified CPE and MBTH modified 

 PE      d      ×   
-11

 M La(III) in the presence of 0.5 M KCl, at pH of 7.32 and scan rate 50 

mVs
-1

. 

 

 
 

Figure 3. Scanning electron microscope image MBTH modified CPE. 

 

3.2. Effect of carbon paste composition 

The amount of MBTH ligand in carbon paste had a significant influence on sensitivity of the 

electrode. Four different electrode compositions (Table 1) were examined for their voltammetric 

response. As shown in Figure 4, the anodic peak current response increased in following order: E1 < 

E4 < E2 < E3. The maximum anodic peak current was obtained with 30% (w/w) of MBTH in the 

carbon paste with a well defined peak current. The decrease in anodic current was observed when the 
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concentration of MBTH was higher than 30%. This was presumably due to the reduction of conductive 

area at the electrode surface [19]. Therefore, the composition of 30:35:35% (w/w) was used in 

subsequent studies.  

 

Table 1. The composition of MBTH modified CPE 

 

Electrode MBTH Graphite Paraffin 

E1 10 45 45 

E2 20 40 40 

E3 30 35 35 

E4 40 30 30 

 

 
Figure 4. Adsorptive stripping voltammograms obtained using four different composition of MBTH 

  d    d  PE        ×   
-11

 M La(III), 0.5 M KCl, at pH of 7.32 and scan rate  50 mV s
-1

. 

 

3.3. Effect of pH  

The effect of pH of the preconcentr         u                                      B H 

  d    d  PE       ud  d                         8                          ×   
-11

 M La(III). Figure 5 

shows the effect of pH on the anodic peak current of La(III). As can be seen, the peak potential of 

  (   )       d                     u                   H u      H 5     d              x      y         

                 H               8.0. From the result, at low pH (acid), the peak are not stable (shift of 

potential), because the proton are shifted an equilibrium of MBTH. The other hand, at neutral pH (6.0-

8.0) we have a stable peak. Hence, all subsequent measurements were performed at pH 7.32. 
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Figure 5. Ad                                         ×   

-11
 M La(III) at MBTH modified CPE in 

0.5 M KCl, a   H         8.0 at scan rate 50 mV s
-1

. 

 

3.4. Effect of scan rate  

F  u            d                                        ×   
-11

 M La(III) at different scan 

rate (from 10 to 50 mV s
-1

). The anodic peak current increased and the peak potentials shifted to less 

negative values with increasing scan rate. This indicates the kinetic limitation in electrochemical 

reaction of La(III) at MBTH modified CPE [26]. Therefore, the scan rate of 50 mV s
-1

 was used for all 

subsequent measurement. 

 
Figure 6. Effect of varying the scan rate on the adsorptive stripping voltammograms of MBTH 

  d    d  PE        ×   
-11

 M La(III), 0.5 M KCl at pH 7.32. 
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3.5. Linear range, Detection limit, and Reproducibility 

Under the optimized conditions, the concentration dependence of La(III) on the performance of 

MBTH modified CPE was studied. Figure 7 shows the adsorptive stripping voltammograms of the 

MBTH modified CPE towards La(III) at different concentrations. It can be seen that the anodic peak 

current linearly increases in La(III) concentration over the range of 1.0 pM     70.0 pM with a 

correlation coefficient (R
2
) of 0.9848 and slope of 0.3906. The detection limit was found to be 1.0 pM 

La(III). The MBTH modified CPE showed good reproducibility for seven successive measurements 

with same modified electrode, as shown in Figure 8. 

 
Figure 7. Adsorptive stripping voltammogram and calibration curve for La(III) on MBTH modified 

CPE. 

 
Figure 8. Adsorptive stripping voltammogram of seven measurement on MBTH modified CPE in    

    ×   
-11
     (   ),   5      ,     H         8.0 at scan rate 50 mV s

-1
. 
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3.6. Interference study 

The selectivity of MBTH modified CPE was evaluated by adding some possible interfering 

               ud    B (  ), A (   ),   (  ),   d  u(  )         u                7   ×   
-11

 M La(III) 

under optimized conditions. Figure 9 shows voltammetric response in the presence of interfering ions. 

It can be seen that they have no influence on the detection of La(III). 

 
Figure 9. Influence of the presence of interfering ions on determination of La(III) by adsorptive 

stripping voltammetry. The measurements were performed in 0.5 M KCl, pH 7,32, scan rate 50 

mV s
-1

. 

 

3.7. Analytical application 

In order to evaluate the performance of the MBTH modified CPE, the determination of La(III) 

ions in different monazite sand samples obtained from Bangka Belitung was carried out under the 

optimized conditions. Table 2 shows that the results obtained by the proposed sensor and that of ICP-

OES. The quantity of La(III) in the sand samples by the proposed agreed well with those found by 

ICP-OES. Therefore, this proposed method could be sufficient for determination of La(III) in real 

samples. 

 

Table 2. Determination of La(III) ion in sand samples using developed electrode and ICP-OES. 

 

Method Samples 

Sample 1 Sample 2 Sample 3 

Proposed method (ppm) 1.06 ±       1.27 ±     4 1.47 ±       

ICP-OES (ppm) 1.43 ±     5 1.52 ±     7 1.88 ±    3  
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4. CONCLUSION 

In this work, the highly sensitive electrochemical sensor for determination of La(III) was 

successfully developed. The MBTH modified CPE offers attractive properties compared to previous 

studies such as very low detection limit, simplicity of electrode preparation, and good reproducibility. 

This sensor showed high selectivity for La(III) determination, even in the presence of other metal ions. 

The developed sensor was applied successfully for the determination of La(III) ion in the sand 

samples. 
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