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Abstract: The chemically modified silica gel with 3-aminopropyltrimethoxysilane groups and EDTA was used to 

immobilize ruthenium complex initially. These materials were incorporated into a carbon paste electrode and its 

electrochemical properties were investigated. However, for ascorbic acid solution, an enhancement of the anodic peak current 

was detected due to electrocatalytic oxidation. The electrodes presented good repeatability, stability and reproducible. The 

sensors were applied in ascorbic acid determination in industrial fruit juice with success. 
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1. Introduction 

The development of chemically modified electrodes 

(CME) and their application in electroanalytical techniques 

have been extensively revised [1, 2]. The chemically 

modified electrodes have characteristics such as: selectivity, 

high sensitivity and simplicity of monitoring the analyte of 

interest, without previous treatment of the sample [3]. 

There is also a great interest in the modification of silicas 

by organic compounds that can act as ligands for the 

coordination of metallic ions in theirsurface and used in the 

construction of chemically modified electrodes of carbon 

paste electrodes (CPE), in the study of the electrochemical 

behavior of these anchored complexes, in electroanalysis and 

electrocatalysis [1-7]. 

The advantages of the use of organofunctionalized silica, 

containing on its surface the sequestering agent for transition 

metals are related to their high thermal stability, the 

accessibility of reactive centers and its insolubility in organic 

means [8, 9]. 

The present investigation, new ruthenium complexes were 

supported on the surface of chemically modified silicas and 

the carbon paste electrode (EPC) was constructed by 

incorporating one of these silicas into the graphite. 

The anchorage of the ruthenium complex was through the 

reaction of RuCl3 x H2O, in ethanolic means with the SF-

3APTS/EDTA silica and also by the reaction of this silica 

with the H[Ru(III)Cl2(H2EDTA)] complex, previously 

synthesized [10]. 

The use of cyclic voltammetry and / or differential pulse 

voltammetry with chemically modified electrodes as a 

working electrode may be an efficient and very sensitive 

analytical method (addition of standard and / or analytical 

curve) for the study of electrocatalytic oxidation of reagents 

of biological interest. Such as ascorbic acid (AA), dopamine 

(3,4-dihydroxyphenethylamine) (DA) and vitamin B6 

(pyridoxine). (VB6) [11-16]. 

Ascorbic acid (AA) or vitamin C is a six carbon compound 

related to glucose, a potent reducing agent that readily and 

reversibly oxidizes to dehydroascorbic acid [17]. Ascorbic 

acid is present in all animal and plant cells, especially in free 

form and also bound to proteins. Vitamin C is involved in the 

formation of collagen and inhibits the action of tyrosinase, an 

enzyme that catalyzes the production of melanin, and plays a 

key role in the recycling of vitamin E [18]. Vitamin C also 

participates in the synthesis of carnitine (enzyme) and 
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cholesterol and improves immune function. It maintains the 

integrity of blood vessels and the health of teeth. Important in 

the healing of wounds and burns, in the absorption of iron 

and in the fight against free radicals. Prevents infections and 

scurvy (spontaneous mucosal bleeding, reduction in 

ossification and deficiency in healing processes) [19]. 

2. Experimental 

2.1. Materials 

All chemicals used were of reagent grade and deionized 

water was employed throughout the experiments. Silica Gel 

(Merck), 3-aminopropyltrimethoxysilane (Synth), ethanol 

(Synth), ruthenium (III) chloride hydrated (Synth) and 

ethylenediaminetetraacetic acid (Synth) were used for all 

preparations. Graphite (Fluka), the pyridoxine (Merck), 

ascorbic acid (Merck) and dopamine (Sigma) were used. 

2.2. APTS Modified Agent Coated on the Silica Gel Surface 

Silica gel functionalized with 3-aminopr opyltrimethoxysilane 

group was obtained according to the reaction: 

−Si(OH)� 	+ 	 (CH�O)�Si(CH�)�NH�	→	SiO�Si(CH�)�NH� 	+ 	3CH�OH

SF 																												3APTS																																											 SF − 3APTS
                                        (1) 

Silica gel was degassed at 423 K under vacuum (10
-3 

atm) 

for 8 h. About 50 g this material was mixed with 30.0 cm
3
 of 

3-aminopropyltrimethoxysilane dissolved in 400 cm
3
 of dry 

toluene. The mixture was stirred for 12 h under a dry 

nitrogen atmosphere at the temperature of the solvent reflux. 

The chemically modified silica was separated by filtration, 

washed with ethanol in a Soxhlet extractor for 24 h and 

finally dried at 353 K under vacuum (10
-3 

atm). The solid was 

named SF-3APTS. 

2.3. Modification of the SF-3APTS Silica with EDTA 

In 10 g of SF-3APTS silica suspended in 50.0 cm
3
 of dry 

ethanol, EDTA reagent was added (1.7 × 10
-3
 mol). The mixture 

was refluxed under mechanical stirring for one hour, then 

filtered and washed with ethanol and anhydrous ethyl ether. 

Excess solvent was removed by placing the silica in oven at 323 

K for 6 h. The silica obtained was SF-3APTS/EDTA. 

2.4. Preparation of the H[Ru(III)Cl2(H2EDTA)] Complex 

[10] 

It had been dissolved 10.0 g of ruthenium trichloride in 60.0 

cm
3
 concentrate HCl, in a porcelain capsule, water bath and 

under agitation with a glass baton. An orange solution was 

formed that was taken almost to the dryness. This process of 

evaporation was repeated many times, after 20.0 cm
3
 addition of 

doubly-distilled water. It was added, then, 12.0 g of H4EDTA, 

suspended in 10.0 cm
3
 of water. It formed a viscose mass that 

was dissolved slowly by the addition of 60.0 cm
3
 of 

concentrated HCl, under constant agitation. A precipitate was 

formed, dissolved, forming a dark oil that became an adherent 

mass. With the 20.0 cm
3 
addition of water, it had redissolution, 

and the solution again was evaporated. This procedure was 

carried out many times. It was added then, 50.0 cm
3
 of solution 

6.0 mol dm
−3

 of HCl. The solution was kept in freezer for three 

hours, having had the formation of a yellow solid. This solid, of 

composition H[Ru(III)Cl2(H2EDTA)], was separated for 

filtration, washed with ether/ethanol mixture. 

2.5. Adsorption of RuCl3 x H2O on SF-3APTS/EDTA 

Surface 

In 1.0 g of SF-3APTS/EDTA silica suspended in 10.0 cm
3
 

of dry ethanol, RuCl3. x H2O reagent was added (0.10 g). The 

mixture was mechanical stirring for one hour, then filtered 

and washed with ethanol and anhydrous ethyl ether. Excess 

solvent was removed by placing the silica in oven at 333 K 

for 2 h. The silica obtained was SF-3APTS/EDTA/Ru (beige 

greenish coloration). 

2.6. Adsorption of H[RuCl2(H2EDTA)] on  

SF-3APTS/EDTA Surface 

In 1.0 g of SF-3APTS/EDTA silica suspended in 10.0 cm
3
 

of dry ethanol, H[RuCl2(H2EDTA)] complex was added 

(0.10 g). The mixture was mechanical stirring for one hour, 

then filtered and washed with ethanol. Excess solvent was 

removed by placing the silica in oven at 333 K for 1 h. The 

silica obtained was SF-3APTS/EDTA/Ru(EDTA). 

2.7. Characterization 

The amount of nitrogen in the sample of SF-3APTS and 

SF-3APTS/EDTA were quantified taking advantage of its 

basic character [20]. In a typical example, 0.200 mg of the 

SF-AETS silica were added to 25.0 cm
3
 of standard HCl 

(0.104 mol dm
-3

) solution in a thermostatized cell (298 K), 

reacting for one hour. The conductivity of the system was 

measured before and after the reaction. The excess of acid 

was determined by means of conductivity variation and used 

to calculate the amount of nitrogen sites. 

The conductivity measurements were performed in a 

Conductivity CD-21 Digimed with immersion cell with 

platinized platinum electrode, using a magnetic shaker Tecnal 

TE 085 and bath thermostat Microquímica, MGBTZ 99-20 

model with resolution ± 0.1. 

2.8. Electrochemical Measurements 

The modified carbon paste electrode was prepared by 

mixing 30 mg of the silicas, 30 mg of graphite and a drop of 

mineral oil (2.0 ×10
-2 

cm
3
). The paste was deposited into a 

cavity on the surface of a platinum disk fused at the end of a 

glass tube with 1 mm inner diameter. This proportion was 

used due to a good response obtained with a preliminary test, 

after a detailed study of the paste composition. 

The electrochemical measurements were made using this 
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carbon paste electrode as the working electrode, Ag/AgCl as 

reference electrode (satured KCl) and a platinum wire as 

auxiliary electrode. The electrochemical properties were 

studied by means of cyclic voltammetry with a PAR 273A 

(EG&G) potentiostat-galvanostat. All experiments were 

carried out in 0.10 mol.dm
-3

 phosphate buffer supporting 

electrolyte solution under a pure argon atmosphere and the 

pH was adjusted by adding HCl or NaOH solutions. Different 

supporting electrolytes were also tested. 

2.9. Analytical Method of Successive Addition of Standard 

For the voltammetric determination of ascorbic acid in 

industrial fruit juice it was obtained the anodic peak current 

curve (A) versus concentration of ascorbic acid added (([AA] 

= 1.73×10
-4

 at 5.06×10
-3

 mol dm
-3

) or ([AA] = 3.98×10
-5

 at 

38.1×10
-5

 mol dm
-3

)). 

These aliquots ranged from 0.100 cm
3
 to 0.500 cm

3
 of 

ascorbic acid solution (1.40×10
-2

 mol dm
-3

 or 8.00×10
-3

 mol 

dm
-3

) were added in 20.0 cm of phosphate buffer (pH 6.86 

and µ = 0.10 mol dm
-3

), deaerated, which contained a certain 

volume of fruit juice (first experiment 3.00 cm
3 

and second 

2,00 cm
3
) and the differential pulse voltamograms between -

0.9 and 0.7 V, after each addition. 

The values of the quotient (linear coefficient / angular 

coefficient) obtained provided the concentration of ascorbic 

acid in the aliquot of juice in the total volume. 

3. Results and Discussion 

3.1. Characterization  

For the SF-3APTS silica the amount of supported groups 

was determined by nitrogen analysis using the 

conductometric method described in the experimental part. 

The functionalization efficiency was determined for (silane) 

groups as being equal to 1.20 ± 0.01 mmol g
-1

 in the SF-

3APTS based on the nitrogen content. 

The number of groups supported on the SF-3APTS/EDTA, 

determined chronometrically, through the nitrogen (amides) 

analysis was (1.00 ± 0.01 mmol g
-1

) corresponding to 0.50 ± 

0.01 mmol g
-1

 groups (EDTA supported). 

3.2. Electrochemical Behavior of the Modified Electrode 

3.2.1. SF-3APTS/EDTA/Ru(EDTA) Sílica 

Cyclic voltammetric experiments using a carbon paste 

electrode modified with the material were carried out. For an 

electrode modified with only SF-3APTS/EDTA no current 

peaks are observed. However, a cyclic voltammetric curve 

for a carbon paste electrode prepared with SF-3APTS/EDTA 

having complexed H[Ru(III)Cl2(H2EDTA)] was obtained. In 

this case, a current peak is seen with a midpoint potential at 

E1/2 = -0.11 V (vs Ag/AgCl), where E1/2 = (Epa + Epc)/2 and 

Epa and Epc are the observed anodic and cathodic peak 

potentials, respectively. This value was assigned to the pair 

Ru(III)/EDTA/Ru(II)/EDTA. 
The stability of the electrode was evaluated cycling the 

potential several times. The peak current intensities do not 

demonstrate any decrease, indicating that the complexed 

H[Ru(III)Cl2(H2EDTA)] strongly adheres to the SF-

3APTS/EDTA and is not released to the solution phase under 

the operating conditions.  

Cyclic voltammograms obtained at different scan rates 

indicate that the value of ∆Ep (∆Ep = Epa – Epc) increases at 

higher ratios (Figure 1). This result reflects that the kinetics 

of electron transfer on the electrode surface is not sufficiently 

fast, as a consequence of having a matrix with considerable 

resistance. The correlation of the peak current, Ipa and Ipc, 

against v
1/2

 (v is the scan rate) is linear, which is very similar 

to a diffusion controlled process [21, 22]. Since the 

electroactive species strongly adheres to the matrix, as it was 

shown earlier, the mechanism may be explained by the 

transport of the ion of the supporting electrolyte from the 

electrode surface for charge compensation [23, 24]. The 

nature of the supporting electrolyte varying the cation and 

anion (phosphate buffer, KCl, NH4Cl, NaNO3 and NH4NO3) 

did not produce any significant influence on E1/2. These 

results indicate that the supporting electrolytes are not 

interacting with the matrix surface and produce no significant 

change in the midpoint potential. It was also observed that 

the ion, independent of the hydrated radius, could 

compensate the charge. A similar behavior was also observed 

in hexacyanoferrate (II)-ruthenium (III) complex 

immobilized on silica gel surface chemically modified with 

zirconium (IV) oxide [25]. 

 

Figure 1. Cyclic voltammograms curves for the SF-3APTS/EDTA/Ru(EDTA) 

electrode in phosphate buffer, pH = 6.86, µ = 0.10 mol dm-3, 298 K, in 

function of the scan rate: (5, 10, 20, 30, 40 and 50 mVs-1). 

With this electrode, it was made a study about the 

oxidation of ascorbic acid, using differential pulse 

voltammetry, in conditions of 25 mV amplitude and 7.8 mV 

s
-1

) (-0.8 to 1.2 V) vs Ag/AgCl), phosphate buffer, pH = 6.86, 

µ= 0.10 mol dm
-3

, 298 K. The Figure 2 shows the differential 

pulse voltammograms of the carbon paste electrode modified 

with SF-3APTS/EDTA/Ru(EDTA) with the addition of 

ascorbic acid, the anodic peak current increased significantly, 

when compared with that obtained at the modified carbon 

paste electrode. 
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Figure 2. Differential pulse voltammogram curves for the SF-

3APTS/EDTA/Ru(EDTA) electrode in the (a) absence and (b) presence of 

ascorbic acid in phosphate buffer, pH = 6.86, µ = 0.10 mol dm-3, 298 K. 

The effect of several species (citric acid, tartaric acid, 

glucose, uric acid) on the anodic peak current at the 

modified electrode was evaluated and tested substances 

there was not interference on the electrode response. The 

reproducibility of the electrodes was investigated. 

Repetitive measurements were performed in ascorbic acid. 

The results of 100 successive measurements show a relative 

standard deviation of 1.0 %. Thus, the modified electrodes 

are very stable and good reproducibility is observed. 

The performance of electrodes over a period of four 

months with measurements of the oxidation peak currents for 

ascorbic acid in phosphate buffer solution was observed on 

each consecutive day. This serves as an indicator of the 

stability of the modified electrodes toward ascorbic acid. The 

electrodes were used daily. The experimental results 

indicated that the current responses showed a relative 

standard deviation of 2.5 %, suggesting that the modified 

electrodes possess good stability.  

3.2.2. SF-3APTS/EDTA/Ru Sílica 

Figure 3 shows the electrochemical behavior at 20 mVs
-1

, 

from -0.80 to 0.60 V (vs Ag/ gCl), by cyclic voltammetry of 

SF-3APTS/EDTA/Ru electrode, at µ = 0.10 mol dm
-3

, 

phosphate buffer, pH = 6.86 and at 298 K, after electrode 

stability. However, a cyclic voltammetric curve for a carbon 

paste electrode prepared with SF-3APTS/EDTA having 

complexed RuCl3 x H2O was obtained. In this case, a current 

peak is seen with a midpoint potential at E1/2 = 0.081 V (vs 

Ag/AgCl). 

 

Figure 3. Cyclic voltammograms curve for the SF-3APTS/EDTA/Ru 

electrode in phosphate buffer, pH = 6.86, µ = 0.10 mol dm-3, 298 K. Scan 

rate 20 mVs-1. 

Figure 4 shows a comparison of electrochemical behavior 

by differential pulse voltammetry (100 mV of pulse 

amplitude and 12 mVs
-1

) (-0.8 a 1.2 V), (µ = 0. 10 mol dm
-3

, 

phosphate buffer, pH = 7.0; 298 K, vs Ag/AgCl), of SF-

3APTS/EDTA/Ru(EDTA) electrode, which showed the 

following peak values (Epa1 = -0.110 V; Epa2 = 0.120 V and 

Epa3= 1.0 V) (Figure 4a) with the SF-3APTS/EDTA)Ru 

electrode (Epa1 = -0.099 V, Epa2 = 0.023 V and Epa3 = 0.977 

V) (Figure 4b), whose peak values are compatible with those 

of the Ru(II)/(III)(EDTA. 

 

Figure 4. Differential pulse voltammogram curves for (a) SF-

3APTS/EDTA/Ru(EDTA) electrode and (b) SF-3APTS/EDTA/Ru electrode in 

phosphate buffer, pH = 6.86, µ = 0.10 mol dm-3, 298 K. 

The nature of the supporting electrolyte varying the cation 

and anion has also been studied and did not produce any 

significant influence on E1/2. 

First it was done by differential pulse voltammetry with 

the SF-3APTS/EDTA/Ru electrode the study of the oxidation 

of ascorbic acid in the concentration range of 8.0×10
-5

 mol 

dm
-3

 to 9.0×10
-4

 mol dm
-3

 (Epa = 0.140 to 0.223 V) as shown 

in the Figure 5. Figure 6a shows the electrochemical behavior 

of the ascorbic acid using SF-3APTS/EDTA/Ru electrode 

(9.0×10
-4 

mol dm
-3

) and glassy carbon (Epa = 0.260 V) 

(Figure 6b). 

 

Figure 5. Electrochemical behavior of the SF-3APTS/EDTA/Ru electrode 

with added ascorbic acid concentration in the range 8.0 × 10-5 to 9.0 × 10-4 

mol dm-3 (20 mVs-1, phosphate buffer, pH = 7.0, µ = 0.10 mol dm-3, 298 K). 
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Figure 6. Differential pulse voltammogram in phosphate buffer, pH 7.0 and 

µ 0.10 mol dm-3, 298 K. (a) and (b) SF-3APTS/EDTA/Ru electrode: (a) in the 

absence and (b) presence ascorbic acid (9.0 × 10-4 mol dm-3); (c) glassy 

carbon electrode: presence ascorbic acid (9.0 × 10-4 mol dm-3). 

 

Figure 7. Ciclyc voltammogram curves for the SF-3APTS/EDTA/Ru 

electrode in the (a) absence and (b) presence of ascorbic acid (9.0 × 10-4 mol 

dm-3) in phosphate buffer, pH = 6.86, µ = 0.10 mol dm-3, 298 K. Scan rate 20 

mVs-1. 

 

Figure 8. Ciclyc voltammogram curves for the SF-3APTS/EDTA/Ru 

electrode in the presence of ascorbic acid (9.0 × 10-4 mol dm-3) (a) and 

glassy carbon electrode in presence of ascorbic acid (9.0 × 10-4 mol dm-3) 

(b), in phosphate buffer, pH = 6.86, µ = 0.10 mol dm-3, 298 K. Scan rate 20 

mVs-1. 

Oxidation of ascorbic acid (1.0×10
-4

 mol dm
-3

) was also 

performed by cyclic voltammetry at 20 mVs
-1

, from -0.80 to 

0.60 V (vs Ag/AgCl) with SF-3APTS/ EDTA/Ru, (µ = 0.10 

mol dm
-3

, phosphate buffer, pH = 6.86 and at 298 K), (Ep1 = 

0.301 V) as shown in the Figures 7 and with glassy carbon 

(Ep1 = 0.311 V), Figure 8. 

The effect of several species on the anodic peak current at 

the modified electrode was also evaluated. Neither of those 

substances causes interference in the electrode response. The 

performance of electrodes over a period of six months with 

measurements of the oxidation peak currents for an ascorbic 

acid in phosphate buffer solution was observed on each 

consecutive day. This serves as an indicator of the stability of 

the modified electrodes toward ascorbic acid. The electrodes 

were used daily. The experimental results indicated that the 

current responses showed a relative standard deviation of 

3.0 %, suggesting that the modified electrodes possess good 

stability.  

The reproducibility of the electrodes was also investigated. 

Repetitive measurements were performed in ascorbic acid. 

The results of 200 successive measurements show a relative 

standard deviation of 1.1 %. Thus, the modified electrodes 

are very stable and good reproducibility is observed. 

3.2.3. Electroanalytical Determination of Ascorbic Acid in 

Guava Juice 

For the determination of ascorbic acid in guava juice, by 

pulse differential voltammetry (50 mV of pulse amplitude 

and 20 mVs
-1 

in the range of -0.9 to 0.7 V vs. Ag/AgCl, µ = 

0.10 mol dm
-3

,
 
phosphate buffer, pH = 6.86; 298 K) was used 

successive pattern addition method, which was done in 

duplicate. The figures 9, 10, 11 and 12 summarize the 

electrochemical behavior of ascorbic acid oxidation in guava 

juice SuFresh, using as working electrode the SF-

3APTS/EDTA/Ru electrode, what presented, after addition of 

3.00 cm
3
 (or 2.00 cm

3
) guava juice, a double peak in the 

region of ascorbic acid oxidation (Epa1 = 0.230 V and Epa2 = 

0.330 V, vs. Ag/ AgCl). Figures 9 and 10 show the 

differential pulse voltammograms of two samples of guava 

juice and Figures 11 and 12 their respective curves, obtained 

by standard addition method. 

 

Figure 9. Differential pulse voltammograms obtained in the first juice 

sample guava (3.00 cm3), with SF-3APTS/EDTA/Ru electrode for different 

concentrations of ascorbic acid (1.73 ×1 0-4 to 5.06 × 10-3 mol dm-3) in 

phosphate buffer, pH = 6.86, µ = 0.10 mol dm-3, 298 K (50 mV pulse 

amplitude and 20 mVs-1). 
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Figure 10. Differential pulse voltammograms obtained in the second juice 

sample guava (2.00 cm3), with SF-3APTS/EDTA/Ru electrode for different 

concentrations of ascorbic acid (3.98 ×1 0-5 to 38.1 × 10-5 mol dm-3) in 

phosphate buffer, pH = 6.86, µ = 0.10 mol dm-3, 298 K (50 mV pulse 

amplitude and 20 mVs-1). 

 

Figure 11. Graph of Ipa versus concentration of the ascorbic acid (1.73 ×1 0-

4 to 5.06 × 10-3 mol dm-3) for the determination of ascorbic acid in the first 

guava juice sample. 

 

Figure 12. Graph of Ipa versus concentration of the ascorbic acid (3.98 ×1 0-

5 to 38.1 ×10-5 mol dm-3) for the determination of ascorbic acid in the second 

guava juice sample. 

Table 1 shows the ascorbic acid contents found in two 

industrialized guava, using the method of successive addition 

of standard and the mean value found was 40.3 ± 1.5 mg 

ascorbic acid in 200 cm
3
 of fruit juice, which is in accordance 

with the value provided by the manufacturer 40 mg ascorbic 

acid in 200 cm
3
 of the juice (200 mg dm

-3
). 

 

Table 1. Determination of ascorbic acid (AA) in guava juice using 

differential pulse voltammetry, standard addition method. 

Samples of guava 

juice 

[AA] mol 

dm-3 

[AA] mg / 

200cm3 

[AA] mg 

dm-3 

First 11.8 × 10-4 41.8 209 

Second 11.0 × 10-4 38.7 93 

Average 11.4 ×10-4 40.3 ± 1.5 201 ± 8 

4. Conclusion 

The EDTA immobilized on 3-aminopropyltrimethoxysilane 

on silica gel surface was synthesized. The results obtained from 

the electrode containing RuCl3 x H2O and 

H[Ru(III)Cl2(H2EDTA)] were very promising. The advantages 

of using the proposed electrodes have been established by 

analytical procedures simple. The electrode did not show 

significant changes in response after four and six months of use 

for SF-3APTS/EDTA/Ru(EDTA) and SF-3APTS/EDTA/Ru, 

respectively, thus showing good chemical stability. 

The SF-3APTS/EDTA/Ru electrode was used in 

electroanthic determinationoff ascorbic acid in industrial 

guava juice, because with SF-3APTS/EDTA/Ru(EDTA) no 

advantage was found. The use of this electrode showed to be 

efficient for the determination of ascorbic acid in 

industrialized fruit juices as an electroanalytical method. 
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