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Abstract: Hydrogen peroxide (H2O2), as a critical secondary messenger, is important for in vitro  
and in vivo study. In addition, it is of great significance in monitoring the biological condition under 
chemical oxidative stress. A non-enzymatic sensor was developed for the detection and monitoring  
of H2O2 using a nanocomposite (NC). The NC is prepared and modified by using multi-walled carbon 
nanotubes and tris(2,2’-bipyridyl) copper(II) dichloride complex acts as a mediator. The electrochemical 
techniques like cyclic voltammetry and chrono-amperometry were used to study the electrochemical 
behaviour of H2O2 at the developed electrode. The reduction peak of H2O2 shifts to less negative 
potential with increasing the reducing current at the developed electrode. The calibration curve  
of the proposed sensor was plotted using chrono-amperometry at −0.1 V as applied potential  
with stepwise addition of H2O2. The developed sensor has high stability and able to detect H2O2  
with a high sensitivity and repeatability. The linear range was found to be 2.4–33.0 µg/ml. Furthermore, 
the limit of detection and the limit of quantification were 0.7 µg/ml and 2.4 µg/ml, respectively.  
The reproducibility of the prepared sensor was evaluated by calculating the RSD% = 7.2. 
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INTRODUCTION 
Various redox molecules like hydrogen peroxide (H2O2) are reactive oxygen species (ROS), 

which are considered as environmental contaminants. The ROS are present in rain, groundwater  
and industrial wastes (Wang et al. 1998). They are essential mediators in the food industry. In addition, 
they act as cellular transduction in biology and medicine (Szatrowski and Nathan 1991, Giorgio et al. 
2007). H2O2 is an indicator of oxidative stress, which is abnormally produced in the cellular organism 
due to either inflammation or physiological and pathological events like ageing, cancer, cardiovascular 
diseases and brain injury etc. (Szatrowski and Nathan 1991, Youdim and Joseph 2001, Zhang  
and Kaufman 2008). In recent years, real-time monitoring of H2O2 has become significant to study  
the physiological and pathological changes leading to investigate the chemical properties of oxidative 
stress in vivo. Previously, several methods were used for the detection, estimation and analysis of H2O2 
through spectrophotometric and fluorimetric methods (Sunil and Narayana 2008, Abo et al. 2011, 
Gimeno et al. 2013). Most of these techniques use expensive chemical, require skilled technicians, 
extended time for the analysis and suffer from interferences. Electrochemical detection are selective, 
sensitive, simple, easy to use, accurate, cost-effective, and quick (Wang et al. 1998). Chrono-
amperometric methods can be applied to measure accurate kinetic information in real-time to detect  
the continuous release of H2O2 (Wu et al. 2011). The detection and estimation of H2O2 by using chrono-
amperometric techniques have attracted great attention for its application in biosensors and online 
monitoring. 
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Since the discovery of carbon nanomaterial, they have been frequently used for the preparation 
and development of sensors and biosensors. For the sensitive and selective recognition and analysis 
of the target analyte, the sensors are prepared with highly conductive nanocomposite (NC) material 
as the transducer. Carbon nanotubes including single-walled carbon nanotubes, multi-walled carbon 
nanotubes (MWCNT) and graphene oxide (GO) are able to promote and enhance the electron transfer 
reaction on the electrochemical biosensors (Feng et al. 2017, Yáñez Sedeño et al. 2016). Preparation 
of enzyme-based electrochemical biosensor is interesting for the detection of biologically complex 
analytes. However, enzyme-based biosensors possess serious challenges due to enzyme instability 
during immobilisation on the electrode surface resulting in leakage of enzyme into the solution 
which shorten the lifetime of the sensor. The last but not the least the enzymes are expensive 
which increase the final price of the enzyme-based biosensors (Zhang et al. 2013, Zhao et al. 2013). 
Therefore, the non-enzymatic sensors are considered as an alternative having more stability and possess 
a long lifetime. It must be taken into account that the successful analysis by chrono-amperometric 
methods is highly relied on the applied potential. The analysis at lower potential leads to a better 
selectivity of the developed sensor, as the redox reaction of the interferences presenting in the media 
is avoided. 

The main aim of the present work is to construct a non-enzymatic sensor for H2O2 detection, 
which is cost-effect, able to perform at small potential magnitude with higher sensitivity, selectivity 
and stability. Hence, a copper containing complex tris(2,2’-bipyridyl)copper(II) dichloride was 
synthesized (Palmer and Piper 1966) and modified accordingly (Sotomayor et al. 2003) to be used 
as mediator (M) together with MWCNT to achieve a selective and sensitive analysis of H2O2 at less 
applied potential. 

MATERIAL AND METHOD 
Multi-walled carbon nanotubes (MWCNT), Nafion (NF), Sodium chloride (NaCl), Potassium 

chloride (KCl), Sodium phosphate dibasic (Na2HPO4), Potassium dihydrogen phosphate (KH2PO4), 
N,N-Dimethylformamide (DMF), Hydrogen peroxide (H2O2) were analytical grade and purchased from 
Sigma-Aldrich (St. Louis, MO, USA). The Milli-Q water (18.20 MΩ·cm) used for solution preparation 
was first double distilled by an Aqua Osmotic 02 (Aqua Osmotic, Tisnov, Czech Republic) 
and then deionized by using a Millipore RG (MilliQ water, Millipore Corp., Billerica, MA, USA). 

0.01 M Phosphate buffer saline (PBS) was prepared with 0.132 M of NaCl, 0.0027 M KCl, 
0.01 M of Na2HPO4 and 0.0018 M of KH2PO4 were mixed to prepare 1 l buffer solution. The pH was 
adjusted at 7.4 by 1.0 M NaOH. The entire study was conducted by using this buffer. 

An Autolab electrochemical analyzer model “PGSTAT-101” operated via NOVA 2.1 software 
(Metrohm Autolab, Utrecht, The Netherland) was used for the voltammetry experiments. 
The conventional three-electrode configuration was used in which a platinum electrode used as a counter 
electrode, Ag/AgCl 1 M KCl as the reference electrode and a modified glassy carbon electrode (GCE) 
acts as working electrode. 

Preparation of nanocomposite (NC) 
2.0 mg of MWCNT mixed with 0.1 mg of copper mediator (M) were dispersed in 1.0 ml of DMF 

and sonicated for 40 min to form MWCNT+M as NC 

Preparation of modified electrode. 
The bare GCE was polished on a polishing pad by using diamond suspension in water (0.5 µm) 

for 2 min followed by sonification in MilliQ water for 1 min and in ethanol for another 1 min. 
The cleaning procedure of the electrode was repeated while polishing with alumina slurry of (1.0 µm) 
and (0.3 µm) respectively. The polished electrode was modified by using NC. 

The electrode was modified by drop casting 10.0 µl of the NC onto the bare GCE and left 
to be air-dried. 5.0 µl of 1.0% NF was drop casted on the electrode and left to be dried in room 
temperature (Figure 1). For the preparation of NF, 8.0% ammonium solution was used 
for the neutralization of NF. 0.1 M of H2O2 was freshly prepared as the stock solution. 
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Figure 1 Schematic diagram for electrode preparation 

 
Electrochemical Measurements 

Cyclic voltammetry 
The electrochemical behaviour of H2O2 at the developed electrode was studied by using cyclic 

voltammetry (CV). The CV parameters were as follows: start potential 0.0 V, stop potential +0.4 V, 
scan rate 50 mV/s, upper vertex potential +0.5 V and lower vertex potential −1.0 V. The potential was 
scanned towards anodic direction. 

Chrono-amperometry  
The chrono-amperometic study was carried out by applying the potential in a range of 0.0 V  

to −0.4 V at the working electrode for 3000 s. The current directed between the working and counter 
electrode was sampled every 1 s. 

RESULT AND DISCUSSION 

Electrochemical study of NC using CV. 
The study for CV was conducted with the GCE and modified GCE in pure buffer and in presence 

of 0.1 M H2O2 respectively. By addition of 0.1 M H2O2 in the PBS, GCE/MWCNT shows a reduction 
at −0.7 V. The H2O2 at the developed GCE/MWCNT+M/NF electrode started to undergo reduction  
from −0.1 V with current altitude of −15 µA to −0.36 V with a current altitude of −134 µA. Furthermore, 
compared to bare GCE and GCE/MWCNT the developed GCE/MWCNT+M/NF shows higher 
reduction current at less negative potential due to the electro-catalytic properties of the MWCNT along 
with mediating role of the copper complex (Figure 2). 

Figure 2 Electrochemical behaviour of H2O2 by different modified GCE electrode using CV 

 

As depicted in (Figure 3), the MWCNT+M is activated at the electrode surface after applying 
potential of −0.1 V. Then H2O2 was chemically reduced to water while the cupper in the complex  
is oxidized from Cu(I) to Cu(II) complex. The Cu(II) in the complex was subsequently reduced back  
to Cu(I) electrochemically at the electrode surface to Cu(I). The high surface area of the MWCNT  
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which results in its charge transfer catalytic effect, together with mediating effect of Cu-based complex 
enhance the sensitivity at such low negative potential. 

Figure 3 Schematic mechanism of MWCNT+M as nanocomposite 

Chrono-amperometry study: 
The quantification of H2O2 at a less negative potential by non-enzymatic biosensor was of great 

importance. The sensitivity of the modified electrode GCE/MWCNT+M/NF was evaluated 
over the selected potential from 0.0 V to −0.4 V in (Table 1). The calibration curve was plotted 
at selected potential. 

Table 1 Detail of sensitivity study 
Potential (V) 0.0 −0.1 −0.2 −0.3 −0.4 

Sensitivity (µA·ml/µg) 0.024 0.843 0.570 0.977 1.083 

Figure 4 Calibration curves of GCE/MWCNT+M/NF at selected potentials, with continuous injection 
of 20.0 µl of 0.1 M H2O2 in 0.01 M of PBS buffer 

From the above calibration curves, the sensitivity of the electrode was found to be highest 
at −0.4 V. However, −0.1 V was selected as applied potential to achieve a good sensitivity (Figure 4). 
Subsequent addition of 20.0 µl of 0.1 M H2O2 was carried out to check the repeatability. All experiments 
were performed thrice to evaluate the stability and the sensitivity of the sensor. 
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Figure 5 Chrono-amperometry (5a) and calibration curve (5b) of GCE/MWCNT+M/NF at −0.1 V 

 
The chrono-amperogram and the related calibration curve of the modified electrode 

GCE/MWCNT+M/NF at −0.1 V are presented in (Figure 5a and Figure 5b.) It can be seen  
that the modified electrode shows a good linearity between the reduction current altitude  
and the concentration of the injected H2O2, into the measuring buffer solution. However, a very 
inconsistent chrono-amperometric response was obtained when GCE/MWCNT electrode was applied. 
The RSD% of the modified GCE/MWCNT+M/NF was calculated to be 7.2. The limit of detection 
(LOD) and the limit of quantification (LOQ) were 0.7 µg/ml and 2.4 µg/ml, respectively. The linear 
range of detection is 2.4–33.0 µg/ml. 

CONCLUSION 
The study was carried out to develop a non-enzymatic sensor, capable of detecting of H2O2  

with high sensitivity and at a small potential magnitude. Furthermore, the synergic effect  
of the MWCNT and the mediator increases the current altitude. The prepared sensor possesses enhanced 
sensitivity, higher repeatability with simple, cost-effective and easy to use. This preliminary study 
confirms the effectivity of the NC as a non-enzyme sensor for determination of H2O2. Furthermore, 
since H2O2 is produced as a product of some enzymatic reactions, the developed NC can be used  
as a transducer in element in the fabrication and development of enzyme-based biosensor in future.  
The integrity and stability of the enzyme will remain intact because of the developed NC enable  
the performing at a less negative potential. 
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