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Abstract: MWCNT modified, TiO2 modified and TiO2/MWCNT composites modified glassy carbon 
electrodes were fabricated by SCM. The oxidation peak currents were obtained for the oxidation of 
ascorbic acid using various modified and unmodified electrodes. The electrocatalytic activity of 
MWCNT was further improved when it was coupled with TiO2 nanoparticles at the GCE. 
Electrochemical performance of the TiO2/MWCNT/GCE was investigated for detection of 0.5 mM 
ascorbic acid in 0.1 M NaCl. Under the optimized parameters, a linear calibration curve was obtained 
in concentration of 0.05-2 mM ascorbic acid with a sensitivity of 45 µA/mM (R2=0.997). A detection 
limit of TiO2/MWCNT/GC modified electrode was found to be 7.8 µM. SEM was used to characterize 
the morphology of the TiO2/MWCNT composites at BPPGE. Copyright © 2009 IFSA. 

Keywords: MWCNT; TiO2; TiO2/MWCNT; Modified GCE; Ascorbic Acid; Cyclic Voltammetry 

 

 

1. Introduction 

Ascorbic acid (AA) well known vitamin C, is a water soluble vitamin. Ascorbic acid is an extremely 
important substance, widely used in human metabolic redox mechanism. Human body does not store it 
automatically, so the supply must be taken daily either from food containing high vitamin C or 
supplements. There are many available sources from various kinds of food stuffs, which are rich in 
natural ascorbic acid, such as fruits and vegetables. Therefore, the significance of detecting ascorbic 
acid is important to numerous industries especially food and pharmaceuticals. Some reports have 
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proposed different methods for ascorbic acid detection, such as simple titrimetry [1], chromatography 
[2, 3], spectrometry [4, 5] and electrochemistry [6, 7]. 

Voltammetric method is one of the most commonly used methods of analyte detection because of its 
simplicity, high sensitivity and is less time consuming [8]. Application of some modified electrodes in 
electrochemical analysis is found to catalyze the oxidation process of ascorbic acid. Amongst these 
modified electrodes that are known to have catalytic effect on oxidation process of ascorbic acid are: 
polymer [9-12], amino acid [13], carbon nanotubes [14, 15] and some inorganic compounds [16, 17]. 

Multi walled carbon nanotubes (MWCNT) modified electrodes attract great attention in voltammetric 
study, due to its high electrical conductivity, chemical stability and mechanical strength. In recent 
time, the usage of MWCNT as modified electrodes is increasing significantly because of its high 
sensitivity [18-20]. Furthermore, MWCNT modified electrodes are widely applied in detection of 
ascorbic acid when it is not in presence of other substances [21]. Also these modified electrodes are 
used in simultaneous detection of ascorbic acid in presence of some interfering substance like 
dopamine [22, 23, 24], uric acid [25, 26, 27] and even the presence of both interfering substances [28, 
29, 30]. This paper will discuss the electrochemical behavior of composites modified electrode based 
on TiO2/MWCNT in presence of ascorbic acid using voltammetric techniques. The usage of this 
electrode is applicable in the electrochemical study as an analytical sensor material.  
 

2. Experimental 

2.1. Instrumentations  

The voltammetric analyzer BAS (Bioanalytical Systems, West Lafayette, IN, USA): CV-50W was 
used in electrochemical measurements of linear sweep voltammetry (LSV), cyclic voltammetry (CV). 
A conventional three-electrode cell was employed, a platinum wire - a counter electrode (CE), an 
Ag/AgCl in 2 M NaCl - a reference electrode (RE) and a 3 mm diameter bare glassy carbon electrode 
(GCE) - working electrode (WE). A GCE was used after careful polishing by 0.3 µL alumina slurry, 
ultrasonic grinding for 1 minute and rinsing with distilled water before each modification process.  
Scanning electron microscopy (SEM) was used to characterize the surface of the TiO2/MWCNT 
composites at 5 mm diameter basal plane pyrolytic graphite electrode (BPPGE) (Model JOEL, JSM-
6400 machine). 
 

2.2. Reagents 

Ascorbic acid (purity of 99.7 %) and titanium dioxide (TiO2) nanoparticles solution (dispersion in 
water by 5 % weight, <100 nm particle size) were obtained from Aldrich (USA). MWCNT with purity 
of 95 %, 20–40 nm diameter and 5-15 µm length in powder form was used without further 
purification. All other chemicals were of analytical grade pure and prepared with deionized distilled 
water. Deaerated with oxygen–free nitrogen gas was purged before the measurement. Analyte and 
electrolyte solutions were freshly prepared before each experiment. 
 

2.3. Preparation of the TiO2/MWCNT/GC Modified Electrode 

In this work, solvent casting method (SCM) was used for modifying the bare GCE. A stock solution of 
TiO2 nanoparticles was obtained in dispersion in water form. 1 mg MWCNT powder was dispersed 
into 1 mL dimethylformamide  (DMF) with ultrasonication for 30 minutes. 1 µL suspension of 
MWCNT/DMF and 1 µL TiO2 (dispersed in water) were deposited onto the clean electrode surface, 
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and then mixed composites were dried in oven for 2 minutes (40 oC) to remove the solvents. A 
TiO2/MWCNT film modified GCE immersed in 0.1 M NaCl aqueous solution was characterized by 
voltammetric techniques.  

 

3. Results and Discussion 

3.1. Current Enhancement  

Fig.1 shows the linear sweep voltammograms for the oxidation of 0.5 mM ascorbic acid on the surface 
of MWCNT modified, TiO2 modified, TiO2/MWCNT composites modified and unmodified (bare) 
glassy carbon electrodes in 0.1 M NaCl electrolyte solution (pH 6). The oxidation process of ascorbic 
acid appeared irreversible. A well-defined oxidative peak current was obtained at +221 mV versus 
Ag/AgCl when using TiO2/MWCNT composites modified electrode with a scan rate of 100 mV/s. 
Current enhancements of 3.1 and 5 folds were observed when ascorbic acid was oxidized on the 
surface of MWCNT/GCE (Fig.1b) and TiO2/MWCNT/GCE (Fig.1a) as compared with when it was on 
the surface of unmodified GCE (Fig.1d). Slight peak shifts to positive direction were observed at those 
modified electrodes when compared to that observed at an unmodified electrode. However, TiO2/GC 
modified electrode (Fig.1c) itself did not show a noticeable electrocatalytic effect. When TiO2 was 
coupled with MWCNT as composites, TiO2 produced an enhancement in electrocatalytic activity of 
MWCNT. Consequently, TiO2/MWCNT/GC composites modified electrode, which is a more sensitive 
electrode, was used in rest of the experiments. 
 
 

 
 

Fig.1. Voltammograms obtained for the oxidation of 0.5 mM ascorbic acid in 0.1 M NaCl with a scan rate of 
100 mV/s using (a) TiO2/MWCNT/GCE; (b) MWCNT/GCE; (c) TiO2/GCE; bare glassy carbon electrodes (d) 
in presence and (e) absence of ascorbic acid. 
 
 

3.2. Effect of Potential Cycling 

Cyclic voltammogram recorded for the oxidation of 0.5 mM ascorbic acid at the TiO2/MWCNT 
composites modified GCE immersed in 0.1 M NaCl for 20 potential cycling (voltammogram is not 
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shown). From the second cycle of the voltammogram, the peak current of ascorbic acid slightly 
decreased, from fourth cycling onward the peak current stabilized. Even after 20th potential cycle, the 
oxidation peak of ascorbic acid remained high; consequently, it can be concluded that 
TiO2/MWCNT/GCE is stable electrode. 
 

3.3. Effect of Scan Rate 

Experiment to investigate the effect of scan rate was carried out for the oxidative of 0.5 mM ascorbic 
acid in 0.1 M NaCl at the TiO2/MWCNT/GCE using various scan rates ranging from 10 mV/s to  
300 mV/s. The result showed that when the scan rate (ν) increased, the oxidation current (Ip) also 
increased, and peak potential slightly shifted to positive direction due to the heterogeneous kinetics 
and IR drop effect. It was observed that in high scan rate, the peak current was obtained not very 
significant, so a linear dependence was obtained in the range of 10-70 mV/s scan rates (Fig.2). A 
correlation coefficient of R2=0.99 and a slope of 0.45 were obtained from the graph of logarithm peak 
current (log Ip) versus square root of scan rate (log ν). This suggested oxidation process of ascorbic 
acid is diffusion controlled. 
 
 

 
 

Fig.2. A plot of log (ν) vs. log (Ip) for the oxidation of 0.5 mM ascorbic acid on the surface  
of TiO2/MWCNT/GCE with different scan rates of 10-70 mV/s. 

 
 

3.4. Effect of pH  

In this experiment, pH buffer solutions (pH 2–12) were prepared and used to optimize the condition of 
electrolyte solution. The result of electrocatalytic process of ascorbic acid at the TiO2/MWCNT/GC 
modified electrode in different pH solutions is shown in Fig.3. It was observed that when pH variation 
increased, the peak potential for oxidation of ascorbic acid shift toward negative direction. As can be 
seen from a graph, the peak currents recorded with a significant increase in low pH value (pH 2 - 6). 
While a decrease in peak currents was noticed after from pH 7 onward. Hence, the optimum condition 
of electrolyte solution chosen was pH 6. 
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Fig.3. A plot of pH vs. Ip for the oxidation of ascorbic acid at the TiO2/MWCNT/GCE with different pH 
conditions and a scan rate of 100 mV/s. 

 
 

3.5. Calibration Graph 

The dependence of peak current on concentration of ascorbic acid (range of 0.05 mM - 5 mM) was 
carried out at the TiO2/MWCNT/GC composites modified electrode using CV with a scan rate of 
100 mV/s. A linear response was found with a correlation coefficient R2=0.997 in the concentration of 
ascorbic acid up to 2 mM. The sensitivity of the modified electrode obtained from the equation was  
45 µA/mM, and detection limit was 7.8 µM (based on 3δ/m). 
 

3.6. Effect of Supporting Electrolyte Concentration 

The voltammograms recorded for the oxidation of ascorbic acid at TiO2/MWCNT/GC modified 
electrode in NaCl supporting electrolyte of various concentrations of 0.1 M – 4 M. Anodic peak 
resolutions of ascorbic acid increased from when the concentration of the electrolyte was 0.1 M until 
when it was 2 M. But in higher concentration range of 3 M and 4 M, the peak current decreased 
because of large amount cations around the vicinity of the electrode surface in the aqueous solution. It 
can be concluded from the forgoing, the most optimum range of concentrations are 0.1 M - 2 M for 
supporting electrolyte in voltammetric experiment. 
 

3.7. SEM 

Fig.4. shows scanning electron micrographs of surface of the TiO2/MWCNT composites after 
electrolysis. Morphology was performed at the 5 mm diameter basal plane pyrolytic graphite electrode 
(BPPGE) in the presence of ascorbic acid. Thin film of TiO2/MWCNT composites (with different 
sizes) formed homogeneously on the BPPGE surface (Fig.4a). It can be seen clearly from Fig.4b, 
MWCNT was presented by thin fibers, which were shaped as bundles with some them joined together. 
The stability of the film was evident as the SEM remains were not scattered even after many potential 
cycling.  
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                                                  (a)                                                (b) 

Fig.4. Scanning Electron Micrographs of the TiO2/MWCNT composites at BPPGE were characterized after 
electrolysis with enlargements of (a) 1.000 and (b) 20.000 times. 

 

4. Conclusions 

MWCNT modified GCE has been successfully fabricated coupled with TiO2 nanoparticles as 
composites using SCM. The TiO2/MWCNT/GC modified electrode showed an enhancement of peak 
current when compared with MWCNT/GC modified electrode in the oxidation of ascorbic acid. The 
peak current was found to be significantly dependent on pH, scan rate and concentration of ascorbic 
acid and supporting electrolyte. The TiO2/MWCNT/GC modified electrode possessed some 
advantages such as a good detection limit, high stability and simplicity in electrochemical studies as 
such can be used in sensor electrode. 
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