
E L E C T R O C A T A L Y T I C OXIDATION O F A S C O R B I C A C T ) O N C A R B O N P A S T E 

E L E C T R O D E MODIFDÎD W I T H [Ru(EDTA)(4PMC)] 

Clóvis Antonio Rodrigues 1*, Eduardo Stadler 2 

/- NIQFAR- Núcleo de Investigações Químico-Farmacêuticas- CCS-, Universidade do Vale do Itajcá 

(UNIVALI) - CEP 88.302-202, Itajai, SC., Brazil. 

2- Departamento de Química, Universidade Federal de Santa Catarina, Cx. P. 476, CEP 88.040-900, 

Florianópolis, SC., Brazil. 

Abstract- In this work the polymer 4-pyridilmethylchitosan/Ru(EDTA) ([Ru(EDTA)(4PMC)]) 

was used as modifier in the preparation o f chemically modified carbon paste electrodes. The 

electrochemical behavior of the polymer compound is governed by the a conversion of the 

monossubstituted species for disubstituted species when the reduction o f R u f f l to R u 1 1 occurs. The 

cyclic voltammogram o f the electrode prepared with the [Ru(EDTA)(4PMC)] in the presence o f 

ascorbic acid presented an increment in the anodic peak current in 0,38 V , which indicates that the 

catalysis o f ascorbic acid oxidation is mediated by polymer. 
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I N T R O D U C T I O N 

Chemically modified electrodes ( C M E ) have attracted a great deal attention over the past 

decade in a wide range of potential applications in electrochemical processes, particularly in 

chemical analysis, catalysis reaction, ion exchange and complexation [1,2]. 

Ruthenium complexes are used to prepare C M E due to their electrochemical reversibility 

[3]. C o x and Gray [4,5] successfully used a Ru-Ru(CN)é inorganic film for the oxidative detection 

o f the insulin by flow injection analysis based on the electrocatalysis o f cystein in protein. Gorki et 

al. [6] using ruthenium-oxidizing catalytic films in carbon fiber microelectrodes developed a 

method for the determination of insulin in physiological pH . Wang and Romere [7] used ruthenium 

dispersed in carbon paste enzyme electrode as a biosensor for the determination o f alcohol. 

Polymeric molecules have been advanced as potent modification agents in chemically 

modified electrodes ( C M E ) . One the most attractive aspects o f polymeric coating is the preparation. 

Oyama and Anson [8] used polyvinylpyridine an polyacrylenitrile films as anchoring groups in the 

modification o f pyrolytic graphite electrodes and R u E D T A complex was the redox mediator. In 
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recent reports [9] chitosan modified with 4-pyridinecarboxialhdeyde was used to prepare carbon 

paste modified electrode ( C P M E ) and tested with pentacyaneferrato(II) as electroative species. The 

present works report the preparation, electrochemical and electron mediator properties of the 

polymer 4-pyridilmethylchitosan/Ru(EDTA [Ru(EDTA)(4PMC)] in M C P E . 

E X P E R I M E N T A L 

R u C b was purchased from Aldr ich Chemical Co. Other reagents used were analytical grade 

and used without further purification. The 4-pyridilmethylchitosan ( 4 P M C ) was prepared 

following the procedure describe by Rodrigues et al [10]. 

[ R u n i ( E D T A ) ( H 2 0 ) ] was prepared according to the literature [11]. The complexation of the 

[ R u m ( E D T A ) ( H 2 0 ) ] with 4 P M C was done as follows: 0.6 g o f powder the 2 P M C and 4 P M C was 

shaken in a complex solution, p H adjusted to 5 with N a O H , for 5 hours. The solid was 

subsequently filtered and washed with distilled water, and dried under vacuum at room 

temperature. 

The C P M E was prepared by mixing 0.4 g of electrolytic carbon powder (Fluka Co.) with 

0.2 g of mineral o i l (Nujol) and 0.06 g o f the polymer. The paste was packed into a glass tube, 

which gave a geometric surface area of approximately 0.07 cm 2 . The electrical connection was 

made via a cooper wire. The surface was smoothed off by rubbing the electrode several times 

slowly on a soft paper surface. 

Cycl ic voltammograms were obtained, using a cyclic voltammeter model C V - 2 7 

(Bioanalytical Systems Inc.) coupled with an X - Y Omnigraphic 100 register (Houston 

Instruments). A three-electrode system was used: with a carbon paste electrode as the work 

electrode, a ( A g / A g C l - KC1 sat.) reference electrode and a platinum wire as an auxiliary electrode. 

R E S U L T S A N D D I S C U S S I O N 

Cycl ic voltammograms of [Ru(EDTA)(4PMC)] polymer in C P M E are shown in Figure 

1(2). The half-wave potential for the couple Ru™1 is -0,15 V and it is shifts to more positive 

values compared with that of the free complex [ R u m ( E D T A ) ( H 2 0 ) ] carbon paste electrode (1). 

The presence o f pyridine and chitosan stabilizes the low oxidation state o f the metal ion. 
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Figure 1: 1-Cycl ic voltammogram of [ R u I U ( E D T A ) ( H 2 0 ) ] , 1 x 10"4 M , in C P M E . 2-
[ R u m ( E D T A ) ( 4 P M C ) ] in C P M E . Electrolyte KC1 0.1MZHC1 p H 2.0. Scan rates 
100 m V s"1. 

Figure 2 shows cyclic voltammograms of [ R u I U ( E D T A ) ( 4 P M C ) ] at C P M E pre-conditioned 

in -0 .45V. The voltammograms presents two distinct redox centers. The peak in -0 .15V is 

attributed to the R u ™ 1 redox couple of the one-pyridine to complex of R u E D T A . The second peak 

in 0.25V represent couple R u n i / n coordinated to two-pyridine group in the R u E D T A complex. 

Figure 2 shows an increase in the intensity o f peak current for disubstituted species. 

Simultaneously, a decrease of the intensity o f peak current takes place for the monosubstituted 

species. 
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E ( V vs Ag/AgCl) 

Figure 2: Cyc l ic voltammogram o f [ R u m ( E D T A ) ( 4 P M C ) ] in C P M E . Before each 
voltammogram the electrode was conditioned at -0.45 V at time indicate 
(minute): 1-1; 2-3; 4-6; 5-11; 6-17; 7-25. Electrolyte KC1 0.1M/HC1 p H 2.0. 
Scan rate lOOmV.s" 1 . 

The original voltammogram can be restored by maintaining the electrode at a positive 

potential (0.6 V ) for 10 minutes. 

The failure of R u m E D T A to accept more than one pyridine ligand is in agreement with the 

weakness % basicity o f R u r a [12]. The conversion of monopyridine to dipyridine polymers is 

represented in the scheme below. 

P 
N 
I 3 + 

RuEDTA 

RuEDTA 

Figure 3: Schema of interconvertion of the [Ru ( E D T A ) ( 4 P M C ) ] for 
[Ru u (EDTA)(4PMC )2 ] . The second coordinated pyridine group probably 
displaces a coordinated carboxyl group from the R u m center. 

Electron Mediator Property 

Modified electrode has been used for the development of analytical methods for ascorbic 

acid determination [13] This study was extended for the [Ru(EDTA)(4PMC)] electrode in order to 

evaluate its ability to mediate the electrocatalytic oxidation o f ascorbic acid. 

A cyclic voltammogram for C P M E exhibits four redox peaks Figure 4(1). In the presence o f 

ascorbic acid an increase in the anodic current o f the electrode is observed as at 0.38 V assigned to 

the reduction o f R u m with two pyridine group, Figure 4(3). The anodic current generated in the 

region o f oxidation potential o f reduced forms o f the mediator illustrated the catalysis o f ascorbic 
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acid oxidation via mediator. In contrast, after with modified the oxidation o f ascorbic acid on a 

carbon paste electrode proceeds at potential higher than 0.9 V , Figure 3(2). 
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Figure 4: Cyc l ic voltammogram o f [Ru n (EDTA)(4PMC)] in C P M E : (1) absence of 
ascorbic acid, (3) presence o f ascorbic acid, (2) cyclic voltammogram o f 
ascorbic acid in carbon paste electrode. Determination conditions: ascorbic acid 
concentration 1.0 x 10"4 M ; Electrolyte KC1 0.1 M / p H 2.0. Scan rates 100 m V 
s"1. The current value was read 60 seconds after addition o f the ascorbic acid. 

C O N C L U S I O N 

In conclusion, the results o f electrocatalytic oxidation of ascorbic acid on C P M E indicate 

that [ R u m ( E D T A ) ( 4 P M C ) ] can be used to manufacture a chemical sensor for ascorbic acid 

determination. More experiments are required for application C P M E as an amperommetric 

detector in liquid chromatography and flow-injection analyses. 
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