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Abstract: The determination of hydrogen peroxide at a newttdé®Red carbon paste electrode is reported in
this work. The phenazine dye, neutral red whicblégtrochemically active has been used as the toediad
has been rendered leak free for the developmersen$or by covalently immobilizing neutral red te th
functionalized graphite powder which was then meutie a carbon paste electrode. The sensor demuettra
good sensitivity towards hydrogen peroxide anditiear response range spanned from 1.91%M@o 6.60 x
10° M of H,0, with a detection limit of 1.15 x T0M. The developed hydrogen peroxide sensor hadlerte
stability and reproducibility.
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Introduction and Experimental

Hydrogen peroxide (¥D.) plays a very crucial role in environmental, bgikal and industrial
processes. Thus quantification of hydrogen peroxglag reliable, rapid and simple method has beceeng
significant. Several techniques have been propdsedthe detection of BD, such as titrimetry [1],
spectrometry [2], chemiluminescence [3] and elettemistry [4]. Determination based on electrochamis
has gained much preference over other techniquésyaw the advantages of low detection limits aaglia
response times. Electrochemical determination f3,Hhas been proposed by many researchers [5,6] wherea
the need for improved sensing drives the thrustibmelopment of new sensors.

Chemically modified electrodes have emerged aaciive analytical tools in different research feeld
owing to the variety of modifications offered duirelectrode manufacture [7]. Modified carbon paste
electrodes (CPE) using graphite powder and parafiinas the gluing material are constructed eithgr
adsorption, covalent binding, dissolution or dirediking. In general, the modifiers used by diredking
should be insoluble in the analytic solution, adl &e should be adsorbed strongly by carbon pasteder to
avoid dissolution of the molecules from the eledtrgurface during the measurements [8].

The organic mediators such as neutral red, toleidblue, thionine, and Azure A have good
electrochemical behaviour and proven electrocatabgtivity. But they are associated with the drawlb of
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high solubility in aqueous solutions, hindering ithese as mediator for electrocatalytic applicagiofhe
present work describes the new approach for thaleovimmobilization of neutral red to the functdized
graphite through an amide linkage and developiag @&n electrochemical sensor for hydrogen peroxide

Chemicals and Apparatus

Neutral red was purchased from s.d fine Chemicataphite powder (1-2 micron) was obtained from
Aldrich and HO, (50%) from Merck. Electrochemical experiments wemrformed with a CHI 400A
Electrochemical Analyzer. A platinum wire as awi electrode, a saturated calomel electrode (S£3E)
reference and Neutral red carbon paste electrod€RE) as working electrode were used for all etectr
chemical studies.

Functionalisation of graphite and construction of carbon paste electrode

For the covalent immobilization of the mediatore tlgraphite powder was first activated by
functionalisation. 10 g of graphite was refluxedhw200 ml of 5 M nitric acid for 7 h. Then the oized
graphite powder was washed thoroughly and drietb8f C for 13 h [9]. The activation procedure pded
free carboxyl groups on the surface of the grappaeder. The carboxyl groups were converted to acid
chloride by refluxing 4.5 g of oxidized graphitewter with 15 ml of thionyl chloride (5 % in toluenir 5 h
and washed extensively with toluene and dried I5®r 13 h [10]. 4 mg of NR in 100 ml of benzeneswa
refluxed with 1 g of functionalised graphite for 12 The graphite powder was washed thoroughly with
benzene, dried at room temperature for 4 h and fssddrther modification. Neutral red immobilizeglaphite
powder was thoroughly mixed with appropriate amafrdilicone oil to form a homogeneous paste. Taiste
was then packed into the cavity of a glass tubk @&inm internal diameter and pressed tightly.

Results and Discussion

Electrochemical characterization of NR-CPE wasiedrout with cyclic voltammetry and the results
are presented iRig. 1. The cyclic voltammogram of the NR-CPE betweengbgential limits 0.1 V to -0.5 V
in 0.1 M NH;NO; exhibits a single reversible couple with the cdtboand anodic peak potentials at —0.296
and —0.230 V respectively at a scan rate of 20 h{disrve b). The formal potential Eof the redox couple is —
0.263 V and the reversible couple is attributethtoredox reaction of the NR immobilized in thebzar paste
electrode. The peak-to-peak separation for thersésle couple is 66 mV at 20 mVs

The NR-CPE was used to study the electrocatalgticiction of HO,. CVs for the modified electrode
and the bare electrode in the presence and abséndg, are shown irFig. 1. The bare electrode shows
negligible increase in current in the presence gd,Hcurve b) while a higher current is observed with the
modified electrodécurve d) for the same concentration of®}. A significant increase in the cathodic current
with the addition of HO, at the peak potential of -0.3 V indicates the ratsti electrocatalytic reduction of
H,0,. Calibration graph for the determination of®4 was obtained and the linear range spans fromx.

M to 6.60 x 13 M of H,0, with a detection limit of 1.15 x 1TOM.
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Fig. 2. Current-time response observed with the NR-

CPE for successive addition of 0.5 ml of 3.44 mM
H,0,in 0.1 M NH,NOs (0.05 M Phosphate buffer, pH
7.0); Stirring rate: 300 rpm; Potential: -0.3V. éts
Calibration graph for KD, determination.
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Fig. 1. CVs of (a) bare CPE (b) 1.05 x ‘4ov
H,O, at bare CPE (c) NR-CPE (d) 1.05 x“1M
H,O, at NR-CPE in 0.1 M NENOs; (0.05 M
Phosphate buffer, pH 7.0); Scan rate: 20 thVs
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Amperometric determination of .8, was carried out using the modified electrode byn§ the
working potential at —0.3 V. When an aliquot 0f§Qdis added to the stirred buffer solution, the rembunct
current rises steeply (Fig. Zhe plot of current obtained against the concéntraof H,O, in the range of 1.91
x 10° M to 1.71 x 10 M H,0, is shown in Fig. 2 (inset) and the linearity wasserved upto a higher
concentration of 4.72 x TV H,0..

Conclusion

The highly water-soluble mediator, neutral red haen successfully immobilized to the graphite by
covalent method. In the presence @Okla remarkable electrocatalytic activity was obséraethe NR-CPE at
a very low potential of -0.3 V, which aided in irfexence free determination of the analyte. In tidito the
simple surface renewability, the sensor has disadeantages of low cost, fast response, goodtsatysand
stability suggesting a promising tool for nitritensing.
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