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Abstract- In the present study electrochemical detection of α-lipoic acid (α-LA) was carried 
out with a poly(Vanillin) modified platinum electrode p(VA)/PtE in Brinton Robinson buffer 
(BR) solution. The platinum electrode surface’s was modified with cyclic voltammetry 
method. The prepared Pt electrode was characterized by cyclic voltammetry in ferrocyanide 
and scanning electron microscopy (SEM) images. The number of cycles and scan rate effects 
were studied using square wave voltammetry (SWV) in BR buffer containing 1 mM α-LA. 
The electrochemical oxidation of α-lipoic acid on the modified Pt electrode is influenced by 
the pH and it is an irreversible reaction in which one electron and one proton are transferred. 
Electrolyte type and pH effect were studied. The anodic peak current shows a linear increase 
with α-LA concentrations ranging from 0.03 mM to 2.00 mM at pH 5, the detection limit 
being of 0.025 mM. The α-lipoic acid quantification in synthetic urine samples was made by 
SWV with the modified Pt electrode. 
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1. INTRODUCTION  

α-lipoic acid (α-LA) is an antioxidant also named 1,2 dithiolane-3-pentanoic acid. 
Scheme 1 shows the chemical structures of α-LA. α-LA can be synthesized by animal, plant 
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and human cells from fatty acids and cysteine. α-LA is very important for human health since 
it help prevent oxidative stress [1-3] thanks to its antioxidant properties. Food and cosmetics 
industries use α-LA as preservative. Substantial interest has been given to the use of α-LA 
because of it’s therapeutic abilities in so many diseases like diabetes, hepatitis, radiation 
damage, cardiovascular diseases, HIV infections, mitochondrial cytopathies, neurovascular 
abnormalities and heavy metal poisoning [4-7]. Furthermore, α-LA is used in the treatment of 
both chemical and mushroom poisoning [1]. 

 
 
 
 
 
 

Scheme 1. Chemical structures of α-LA 
 

The determination of α-LA concentration in biological fluids has been attracting different 
research groups’ attention because the quantification of its level in biological fluids can give 
information about people’s health if we consider the correlation between α-LA level and 
chronic diseases occurrence. In addition, α-LA level is important in pharmaceutical and 
cosmetic products for quality control testing [8]. 

Until now several methods have been described for α-LA detection such as liquid 
chromatography with high performance liquid [9], mass spectrometry, gas chromatography, 
liquid chromatography [10], spectrophotometry [11], fluorescence [12], chemiluminescence 
[13], coulometry [14] and capillary electrophoresis [15]. However, these methods have a 
quite high cost and are complex, troublesome and time demanding.  Also, most importantly, 
they require an excessive amount of samples. Besides, The presence of interfering species in 
most of these methods can often make them inappropriate [16]. For all these reasons, there is 
still a need to develop new, selective and sensitive methods that are not affected by 
interferent substances and that are less costly, simpler, effortless, less time-consuming and 
also require less sample size.  

Electrochemically modified electrodes are convenient for environmental, clinical and 
biotechnical analyzes.  They are conceived to provide the required selective regions towards 
the analytes [17-20]. Electrochemically modified electrodes have made the use of 
electrochemical methods interesting due to their selectivity, precision and ability to reach 
very low detection limits. In addition, electrochemical methods attract attention in literature 
because they provide faster response, reliability, simplicity, simple instrumentation, improved 
precision, low-cost methodology and a small amount of samples. Therefore, electrochemical 
methods have great advantages over other commonly used analytical methods [21-23]. 
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A redox reaction takes place in the determination of α-LA. It is shown in Scheme 2. 
 

 
Scheme 2. The α-LA oxidation and reduction structure [24] 

 
Many efforts have been made in order to develop a sensitive sensor for α-LA 

determination, such as functionalized multi walled carbon nanotubes (MWCNT) 
polyindole/Ti2O3 nanocomposite modified glassy carbon (GC) electrode [25]. Furthermore, 
a-lipoic acid was voltammetrically detected in human serum. This was applied on bare 
platinum (Pt) electrode in acetate buffer solution [8] and on carbon electrodes in acetic acid 
and acetonitrile solutions using differential pulse voltammetry method [26]. According to this 
work, vanillin (VA) was electro-polymerized onto platinum electrode and used for 
electrochemical detection of α-LA. As far as we know there is no report about the 
electrochemical determination of α-LA using the poly(VA) modified Pt electrode. Vanillin 
also known as 4-hydroxy-3-methoxybenzaldehyde is a chemical compound gaining 
increasing interest in different research areas as a potential monomer or precursor [27]. Food 
industry are using Synthetic vanillin as a flavoring agent. It is also used in medicines 
production [28]. In this work, poly(VA) platinum electrode was employed for a sensing 
determination of α-LA using square wave voltammetry. The application of the modified 
electrode in synthetic urine samples has been investigated.  

 
2. EXPERIMENTAL 

2.1. Apparatus 

The reagents were used of analytical purity and purchased.  α-lipoic acid and Triton  
X-100 were purchased from Sigma Aldrich. Vanillin, Brinton Robinson Buffer (NaOH, 
CH3COOH, H3PO4, H3BO3, KCl), Ferricyanide and KNO3 were purchased from Merck. 
H2SO4 were bought from Carlo Erba.  

In all electrochemical experiments, a conventional three electrodes cell was used. The 
counter electrode used was a wire of platinum and the working electrodes used were platinum 
electrodes with 1.6 mm diameter. An Ag/AgCl/(sat. KCl) electrode was employed as the 
reference electrode. The electrochemical experiments were run with a potentiostat (Vertex 
one) controlled by computer with software (Ivium soft) for data analysis. Square wave 
measurement was used for α-lipoic acid detection and performed after 60 s pre-concentration 
step with an accumulation potential (Eacc) equal to -0.6 V under stirring. After the 
accumulation step was carried out, square wave measurements were registered from 0.5 to 
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1.2 V with a frequency equal to 100 Hz and an amplitude of 70 mV in the presence of 
Brinton Robinson (BR) Buffer 0.1 M (pH=5) containing 0.2% of TritonX-100.The 
morphological characterization of the modified electrode was carried out by a scanning 
electron microscope LEO-EVO 40 using the platinum working electrode. All glassware and 
electrochemical cells were kept in 6 M HNO3 overnight and washed with deionized water in 
order to remove impurities. After that, they were dried in an oven. All electrochemical 
measurements were run at room temperature conditions. 
 
2.2.1. Monomer solution preparation  

1 mM of Vanillin was dissolved in 0.5 M H2SO4. For each measurement, fresh a solution 
was prepared. Total volume cell is 5 mL. 
 
2.2.2. α-lipoic acid solution preparation  

α-lipoic acid solution was dissolved in BR Buffer 0.1M (pH=5) with 0.2% of TritonX-
100. Electrochemical measurements were carried out by adding the calculated amount of the 
analytes to the electrochemical cell. 
 
2.2.3. Synthetic urine preparation  

Synthetic urine was prepared by dissolving in deionized water 6.25 g of urea, 0.40 g of 
KCl, 0.56 g of Na2SO4, 0.25g of NH4Cl, 0.35 g of KH2PO4, 0.28 g of CaCl2.2H2O and 0.73 g 
of NaCl [29]. 
 

 
 
Fig. 1. Cyclic voltammogram electropolymerization of VA on platinum electrode in 0.5 M 
H2SO4, 5 cycle, scan rate 40 mV/s vs. Ag./AgCl/(sat.KCl) 
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2.2.4. Electrode modification procedure  
The platinum electrode’s surface was hand-polished with a 10 μm slurry of alumina water 

employing a polishing kit. To clean its surface, after being washed the polished electrode was 
sonicated in deionized water for 1 min. Then, the electrode modification was done using five 
reversible potential cycles between 0.0 V and +1.2 V in aqueous solution including 0.5 M 
H2SO4 at the scan rate of 40 mV.s-1 (Fig. 1). The modified platinum electrode was 
characterized with scanning electron microscopy (SEM) and electrochemical methods. 
 
3. RESULTS AND DISCUSSION 
3.1. Optimization of the polymerization conditions 

The modification of the platinum electrode was performed with Cyclic voltammogram 
vanillin in 0.5 M sulfuric acid at a scanning speed of 40 mV/s. Figure 1 displays the platinum 
electrode’s surface cyclic voltammograms during the electropolymerization step. From 
Scheme 1, it is shown that the polymerization of VA is marked by the cyclic voltammograms 
variations recorded during the platinum electrode modification. An irreversible peak is 
recorded, in the first potential scan, at approximately +950 mV. This could be explained by 
the VA molecules adsorption on the electrode’s surface. Thereafter, the current decreased in 
the cyclic voltammograms spectrum [30,31].  

 

 
Fig. 2. The cyclic voltammograms of 6 mM ferrocyanide in 1 M KNO3 of bare PtE (a), and 
Pt/poly(VA) (b). At potential scan rate of 100 mV/s vs. Ag/AgCl/(sat. KCl) 

 
Cyclic voltammetry was used to characterize the modified electrode. The cyclic 

voltammograms were registered in an aqueous solution of the redox compounds: Fe(CN)64-, 
scan rate of 100 mV/s, in 6 mM of ferrocyanide containing 1 M KNO3 in order to determine 
the creation of the VA polymer layer on the Pt electrode surface. Figure 2 exhibits the cyclic 
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voltammograms obtained for the modified and the bare Platinum electrode. The 
voltammograms of the redox medium display a reversible behavior with the two electrodes 
with a smaller separation peak for the bare electrode ΔE=70mV than for the modified 
electrode ΔE=100 mV. After the electrode surface’s modification, there is an increase in 
current and a larger separation peak is registered for the p(VA)/Pt. This demonstrates the 
efficiency of the oxidation reaction of Fe(CN)64-with the p(VA) modified Pt electrode. 

 
3.2. SEM study of poly(VA) 

To characterize the electrodes, SEM of the bare platinum electrode (Figure 3A) and 
p(VA) (Figure 3B) on platinum electrode were given in Figure 3. The bare platinum electrode 
has a smooth surface with some roughness due to the electrode polishing. Figure 3B 
illustrates the dispersion of p(VA) on the electrode. Therefore, these differences can be 
explained by the creation of the polymeric thin layer on the surface of the electrode. 

 
(A) (B) 

 
 
 
 
 
 
 
 
 

 

 
Fig. 3. SEM images of bare (A), poly(VA) (B) onto Pt electrode 

 
3.3. Determination of redox behaviours of α-lipoic acid 

Cyclic voltammograms of alpha-lipoic acid in PBS (pH = 7.00) solution were taken to 
determine oxidation and reduction behaviours on both the platinum electrode and the p(VA) 
coated platinum electrode. As shown the Figure 4, the peak current of p(VA) coated platinum 
electrode higher than bare platinum electrodes’. The oxidation potentials of both electrodes 
are approximately 0.9 V.  

From Figure 4, it can be predicted that modification of the Platinum electrode with p(VA) 
can significantly reduce the detection limit value of alpha lipoic acid. 
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Fig. 4. The cyclic voltammograms of α-LA on bare (a), p(VA) (b) onto Pt electrode in PBS 
(pH=7.00) 

 
3.4. Effect of the cycle number, scan rate and pH 

Optimization of the polymerization condition, the effect of the cycle number on the 
current response of 1 mM α-lipoic acid was tested by SWV method. Figure 5 displays the 
Results. The current response of the modified electrode increased as the cycle number value 
increased from 3 to 5 and then decreased for higher values. Consequently, 5 cycle were 
chosen for all experiments.  

 

 
Fig. 5. Effect of cycle number on current oxidation of 1 mM α-lipoic acid 

 
The scan rate’s effect on the polymerization of VA was examined by SWV in the 

presence of 1 mM α-lipoic acid. The graph of current versus scan rate was drawn in the range 
of 20 to 70 mV/s. We observe an increase in the anodic peak current (Ipa) related to the 
increase of the scan rate until 40mV/s and then the anodic peak current decreased (Fig. 6) 
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(the increase of the scan rate caused the anodic peak current (Ipa) to increase as well until 40 
mV/s and then the anodic peak current decreased). Thus, 40 mV was selected as the optimum 
scan rate value for the polymerization process. 

 

 
Fig. 6. Graph of current vs scan rate 

 
Different parameters can affect the signal given by the modified electrode. For this 

reason, the effect of some of those parameters was studied such as electrolyte type, 
electrolyte pH, Amplitude, accumulation potential and accumulation time (tacc) (Fig. 7 and 8).  

 

 
Fig. 7. Electrolyte type effect on DPV of 1 mM α-lipoic acid (A), Relation between the 
anodic peak current and pH values in 0.1 M BR buffer (B) 
 

Square wave voltammetry was used to study all those parameters in the presence of 1 mM  
α-lipoic acid. The electrolyte type’s effect on the electroactivity of the modified electrode 
was studied and the results are given in Figure 7A. It has been observed from Figure 7A that 
the BR buffer gives a higher current response compared to the other buffer solution. 
Consequently, BR buffer as electrolyte type was chosen for the detection of α-lipoic acid. pH 
level of the buffer is also an important parameter and needed to be studied. Different pH 
levels of the BR buffer were studied in the range of 2.4- 9.2, as shown in Figure 7B. The 
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relation between pH and anodic peak potential is illustrated in Figure 7B. It can be seen that 
the current of the anodic peaks increases with the increase of pH values until pH reaches 
5.00. This suggests that the α-LA electro-oxidation performance depends on pH and that the 
hydrogen ion’s concentration disrupts the oxidation reaction’s rate. Therefore, pH 5 was 
selected as the working pH condition for further electrochemical studies. 

 
3.5. Effect of the amplitude, accumulation potential and time 

The amplitude effect was examined between 10 and 100mV and the highest peak current 
was found for 50 mV as shown in Figure 8A. The accumulation potential was optimized in 
the range of 0.4 to 1.0 V. The highest SWV result was observed at Eacc=0.6 V (Fig. 8B). To 
determine the accumulation time’s effect on the oxidation of α-LA, the SWV voltammograms 
were registered for the modified electrode in the presence of 1 mM α-LA in 0.1 M BR buffer 
at pH 5 as shown in Figure 8C. The α-LA oxidation peak currents were registered for 
different accumulation times between 40 and 120 s. The highest oxidation peak current was 
noted for 60 s. On that account, the appropriate accumulation time for the modified electrode 
optimization was estimated to a value of 60 s for an efficient α-LA molecule oxidation.  

 

 
 
Fig. 8. SWV parameters effect: Amplitude (A), Accumulation Potential (B) and 
Accumulation Time (C) 
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3.6. Stability, Reproducibility sensitivity of the prepared electrode 
Figure 9 demonstrates the stability of the poly(VA) modified Pt electrode. The magnitude 

of the SWV responses that are shown in Figure 9A and reproducibility in Figure 9B have 
been obtained with fifteen measurements. The stability and relative standard deviation of 
percent (%RSD) of the poly(VA) modified Pt electrode for 1 mM α-lipoic acid in 0.1 M BR 
buffer were calculated as 96.63% and 3.37% respectively. 

 

 
 
Fig. 9. Reproducibility of the SWV responses (A), and error bars (B) at optimum conditions 
of α-lipoic acid on poly(VA) modified Pt electrode in 0.1 M BR at pH 5 (n=15) 

 
3.7. Calibration curve and statistical analysis 

Since square wave voltammetry is a high sensitive method if compared with cyclic 
voltammetry and differential pulse voltammetry, it was used, in this study, for α-lipoic acid 
detection. To check the sensitivity of the modified platinum electrode surface, SWV 
measurements were carried out in 0.1M BR buffer solution, pH=5.0. SWV voltammograms 
were investigated in different α-LA concentrations from 0.03 mM to 2.0 mM. Figure 7 
displays square wave voltammograms for low α-lipoic acid concentrations (Fig. 10A), high 
α-lipoic acid concentrations (Fig. 10B) and the corresponding calibration plot (Fig. 10C). As 
shown in the Figure 10A and 10B, during the successive addition of α-lipoic acid, a clear 
peak response was noted, demonstrating the sensitivity of poly(VA) modified Pt electrode 
toward low and high α-lipoic acid concentration. The response current is linear between 0.03 
mM and - 2.0 mM for α-lipoic acid. The calibration plot over the concentration has a slope 
with the correlation coefficient of 0.9999, quantitation limit (QL) of 0.075 mM and the 
detection limit (DL) of 0.025 mM. 
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Fig. 10. Square wave voltammograms of low concentration (A), high concentration (B), and 
α-lipoic acid calibration graph(C) in optimum conditions. 

 
3.8. Analysis of real sample 

The applicability of the developed method for health disease or environment need to be 
studied in real medium. Into this work, the modified electrode was employed in the detection 
of α-LA in synthetic urine samples. The recovery studies were performed by adding a known 
amount of α-LA in the samples as depicted in Table 1. According to the results obtained in 
the synthetic urine, it is clear that the invented electrode is adequate for real sample analysis 
(Table 1).  

 
Table 1. Determination of α-LA synthetic urine samples (n=3) 

Sample 
Original 
found in 

sample (µM) 

Standard 
added 
(µM) 

Total Found 
(µM) 

RSD 
(%) 

R 
(%) 

Synthetic urine Not detected 500.00 467.20±0.05 4,82 93.44 

Synthetic urine Not detected 700.00 702.00±0.02 2.02 100.20 

y = 40.767x + 0.893
R² = 0.9999
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4. CONCLUSION 

The research method presented here was carried out using simple, selective, sensitive, 
low cost, easily prepared Pt working electrodes that require only a short analysis time to 
determine α-LA using poly(VA). There is interest in the deposition of α-LA with a fast and 
easily prepared poly(VA) on platinum electrode in BR buffer (pH=5) electrolyte. The 
optimum conditions for determination of α-LA were as follows BR buffer (pH=5), 0.6 V 
accumulation potential, an accumulation time of 60 s and a pulse amplitude of 50 mV. The 
developed sensor is under optimum conditions; It showed sensitivity and selectivity towards 
α-LA with a linearity in the range of 0.03 mM to 2.0 mM. The quantitation limit and 
detection limit were 0.075 mM and 0.025 mM respectively after 60 s accumulation time. 
Furthermore, the applicability of the proposed electrode in synthetic urine samples gives 
promising results. 
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