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Abstract

This work describes the development and application of chemically modified carbon
paste electrode (CMCPE) with metal ion complexes of transition metals Co(ll) and
Cu(ll) anchored on functionalized silica (SF). The prepared CMCPE was used for the
determination of dopamine (DA) in the presence of pyridoxine (VBs) in commercially
available pharmaceutical formulation, without any treatment of samples. The
CMCPEs were built by incorporating graphite and functionalized silica and complexes
of metal ions (Cu and Co) anchored by nitrogen groups on the silica surface. The
electrochemical analysis was performed by cyclic voltammetry, while a drug analyzed
in the present study was Revivan ampoules (DA determination).
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Introduction

In many studies detected in the literature associated with the preparing of chemically modified
silica, particular regard has been put to modifying materials containing transition metal ions that
create supported complexes on the silica surface. Such materials are used to construct chemically
modified electrodes (CME), which are usually linked with electroanalysis and eletrocatalysis [1-3].

Due to the mechanical rigidity, chemical inertia and large surface area, chemically modified silica
gel has also been used as a stationary phase for high-performance liquid chromatography [4], for
immobilizing enzymes [5], catalysts [6] and as an adsorbent of metal ions in aqueous solution and
not aqueous [7,8].

http://dx.doi.org/10.5599/jese.1100 317



http://dx.doi.org/10.5599/jese.1100
http://dx.doi.org/10.5599/jese.1100
http://www.jese-online.org/
mailto:amlazarin2@uem.br

J. Electrochem. Sci. Eng. 12(2) (2022) 317-329 NEW SENSORS WITH COPPER AND COBALT COMPLEXES

The present investigation describes the development and application of chemically modified
carbon paste electrodes (CMCPE) with metal ion complexes of transition metals Co(ll) and Cu(ll)
anchored on the functionalized silica, for the determination of dopamine (DA) in the presence of
pyridoxine (VBe) in commercially available pharmaceutical formulation, without any sample
treatment. The cyclic voltammetry technique was used, and the drug analyzed in the present study
is Revivan drug ampoules (DA determination).

It must be added that VBe plays an important role in neurotransmitters synthesis, such as DA
synthesis, and also participates in amino acid degradation reactions [9]. DA is an important
neurotransmitter in the central nervous system (CNS) of mammals, having a concentration in
extracellular fluid lower than that of ascorbic acid (AA) [10]. The voltammetric response with
vitreous carbon electrode for dopamine, therefore, suffers the interference of ascorbic acid, which
coexists in vivo in extracellular fluid of basic central nervous system, as anions in high concentration,
and it has an oxidation potential close to dopamine (lower concentration) [11].

Experimental

Materials

All solutions were prepared using Millipore Milli-Q water. All chemicals were of analytical reagent
grade and used without further purification. Silica gel (Merck), 3-(2-aminoethyl)aminopropyl]tri-
methoxysilane (Synth), ethanol (Synth), m-aminobenzoic acid (Sigma), hydrochloric acid (Merck),
sodium hydroxide (Synth), ethylenediaminetetraacetic acid (Synth), copper chloride (Merck), and
cobalt chloride (Merck) were used for all preparations. Graphite powder (1-2 mm particle size,
Aldrich) and mineral oil (Aldrich) of high purity were used for the preparation of carbon paste. The
supporting electrolyte used for all experiments was 0.10 mol dm3 phosphate buffer solution (PBS).
Pyridoxine (Merck) and dopamine (Sigma) were used as analytes.

AETS modified agent coated on the silica gel surface

Silica gel was degassed at 423 K under vacuum (1073 atm) for 8 hours. About 40 g of this material
was mixed with 32.0 cm? of [3-(2-aminoethyl)aminopropyl] trimethoxysilane dissolved in 350 cm?
of dry toluene. The mixture was kept under reflux, mechanical stirring and inert nitrogen
atmosphere for 12 hours. The resulting silica was firstly washed and filtered with ethanol and ethyl
ether, and then in a Sohxlet extractor for 24 hours with ethanol, and finally dried at 353 K under
vacuum (333 K). The prepared solid was named SF-AETS.

Modification of SF-AETS silica with MABA

In 10 g of SF-AETS silica suspended in 50.0 cm? of bidistilled ethanol, the reagent m-aminobenzoic
acid (MABA) was added. The mixture was refluxed under mechanical stirring for one hour, then
filtered and washed with ethanol and anhydrous ethyl ether. The silica obtained was named SF-
AETS/MABA.

Characterization

The nitrogen amount in SF-AETS and SF-AETS/MABA samples was determined by nitrogen
elemental analysis on Perkin-Elmer Analyzer 2400 series H CHNS/O device. Infrared spectra of samples
were performed on Perkin-Elmer FTIR spectrophotometer, model 1600, by using pressed KBr pellets
in the 4000-400 cm™ range with 4 cm™ of resolution. Thermogravimetric curves were recorded using
a DuPont model 1090 B apparatus, coupled to a model 951 thermobalance, by heating from room
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temperature to 1273 K at a heating rate of 0.16 K s in argon flow of 1.67 cm3s™. The samples varied
in weight from 15.0 to 30.0 mg.

Adsorption isotherms

Adsorption isotherms for CuCl; and CoCl; in ethanol solutions were determined with the use of
the batch-wise method. A series of samples containing 100 mg of SF-AETS/MABA was shaken for 3
hours as previously established, in an orbital bath with variable concentrations of each metal halide
at a constant temperature of 298 = 1 K. The concentration of metal ions in solution in equilibrium
with solid phase was determined by direct titration with EDTA (0.010 mol dm3) using murexide as
an indicator. The amount of cations adsorbed, n;, was determined by applying the equation:
ns = (na- ns)/m, where m is the adsorbent mass and n, and ns are initial and equilibrium amounts of
metal in the solution phase in moles, respectively, ns is a measure of coverage degree in actual
experimental conditions, defined according to:

nf:na_ns :ZC

m - m

(SF-AETS/MABA), MCl, (1)

In eq. (1), the summation extends over all species on the surface. The maximum number of moles
of the adsorbed complex, nfm®*, is equal to the maximum value of nf when the concentration of Co(ll)
and Cu(ll) tends to infinity.

Adsorption of Co(ll) and Cu(ll) held in solution depends on the selectivity coefficients of
complexes constituted with the ligand immobilized on the surface. The formation of equilibrium of
the complex Co(ll) and Cu(ll) with SF-AETS/MABA was examined by a Filippov model [12,13].

The reaction of a metal (M) complex formation at the surface can be expressed by the following
equation:

MX; + nR <> MRnX, (2)

where z is the charge of the metallic ion, X is an anion with unit charge and R is linking group,
electrically neutral, and fixed on the support surface.

In the equilibrium, the following relation is applied:

G/ (1-6h)=mC (3)
where the fraction of SF-AETS/MABA bonded to metal is 6, = i n¢/no no is the quantity of MABA
immobilized on SF-AETS (mol g?), /i is the number of ligands bonded to the metal, and  is the
stability constant.

Substitution for 6, in eq. (3) results in the ending expression [14]:

1 f

fi
= + —
n, NYC N

(4)

Considering that metallic ions Cu(ll) and Co(ll), when adsorbed on the surface (with a homo-
geneous covering ligands), form immobilized complexes with different ratios between them and are
anchored at SF-AETS/MABA, the total concentration of immobilized ligand on the surface is equal
to the sum of the concentrations of all species; N is the degree of functionalization, C is the
concentration of the surface complex; /i is the average number of supported ligands bound to a
metallic ion, defined as:

Cur, *2Cyy, * -+ MG

MR_X, (5)

MRX,

ﬁ:
n;

where m adsorbent mass and R is linking group.
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Eqg. (4) can be re-written as

i_n .1 (6)
n. NI,C N

where 7 is the selectivity coefficient, equal to Zym .

m=1

Electrode preparation and electrochemical measurements

Modified CMCPE was prepared by mixing 30 mg of silica, 30 mg of graphite and a drop of mineral
0il (2.0x102cm3). The paste was placed into a cavity on the area of a platinum disk, fused to the end
of a glass tube with 1 mm of inner diameter. This proportion was used because of a great response
reached with a preliminary test after a detailed study of the paste composition.

Electrochemical measurements were carried out using CMCPE as the working electrode, Ag/AgCl
(sat. KCI) as the reference electrode and a platinum wire as the counter electrode. Electrochemical
properties were explored by means of cyclic voltammetry with a PAR 273A (EG&G) potentiostat-
galvanostat. All experiments were performed in 0.10 mol dm= PBS, under a pure argon atmosphere,
and the pH value of electrolyte solutions was adjusted to 7.0 by adding HCl or NaOH solutions.
Different supporting electrolytes were tested as well.

Results and discussion

Surface characterizations
Silica gel functionalized (SF) with [3-(2-aminoethyl)aminopropyl]trimethoxysilane group (AETS)
was obtained according to the following reaction:
Si(OH)3 + (CH30)3Si(CH2)sNH(CH2)2NH; = SiOsSi(CH2)sNH(CH2)2NH2 + 3CH30H (7)
SF AETS SF-AETS

For SF-AETS silica, the amounts of supported groups were set by nitrogen analysis using the
method described in the experimental part. The functionalization efficiency was determined for
(silane) groups as 0.91+0.01 mmol g in SF-AETS based on the nitrogen content.

Further modification of SF-AETS with m-aminobenzoic acid into SF-AETS/MABA was reached by
the following reaction:

COOH

Si03Si(CH,)sNH(CH,),NH, — + — > Si03Si(CH,)3NH(CH,),NHOC NH; (8)

SF-AETS MABA SF-AETS/MABA
Subsequent coordination of metal ions at the surface of SF-AETS/MABA silica was obtained
through reactions with metal chlorides, as shown below:
SF/AETS/MABA + M(Il) > SF/AETS/MABA/M(I1) (9)

Figure 1 presents infrared spectra of SF, SF-AETS and SF-AETS/MABA silicas. The assignment of
vibrational frequencies to pure silica (SF) and functionalized silica (SF-AETS) are listed in Table 1.

The appearance of new bands attributed to the stretch CH,, NH,, CH2N and SiCH; pointed to the
effective functionalization of silica gel with AETS silylating agent on its surface. Infrared spectra of
SF-AETS/MABA/Co(ll) are shown in Figure 2.
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Figure 1. Infrared spectra of (a) SF, (b) SF-AETS and (c) SF-AETS/MABA

Table 1. Vibrational frequencies assigned for SF and SF-AETS silica

ver / ecm’t Veeaers / cm™? Assignment
3400 (vs) 3400 (vs) VoH
- 2940 (w) Veh,
1992 (w) 1995 (w) *
1871 (w) 1870 (w) *
1637 (s) 1634 (s) OoH
- -- JoH + On,
N 1575 (m) Ont,
-- -- Ve=c ring
-- 1480 (m) &H;N
-- 1418 (m) 5SiCH7
* related to silica skeleton , vs = very strong band, m = mid band, s = short band, w = weak band
S
<
g
s
I=
E)
s
|_
4000 I 30|00 I 20|00 I 10|00

Wavenumber, cm'1

Figure 2. The infrared spectrum of SF-AETS/MABA/Co(ll)

The assignments for SF-AETS/MABA and SF-AETS/MABA/Co(ll) silicas are shown in Table 2. The
comparison of infrared spectra in Figures 1 and 2 shows that in all spectra, a strong and wide band
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appears in the region of 3400 cm™, attributed to OH stretches of water and silane groups, a band in
the region of 1634 cm™, which is characteristic of angular deformation of water [15], besides two
bands close to 1900 cm™ attributed to combinations of silica skeleton (Tables 1 and 2). Infrared
spectra of SF-AETS/MABA silica with Co(ll) ion anchored on its surface presented in Figure 2 showed
a similar behavior (Table 2). The infrared spectra of the SF-AETS/MABA silica showed characteristic
bands of amide bond (1626 + 1605 cm™) (Suon + (vc-0, Band | of amide) and (1549 cm™) (S + ven,
Band Il of amide), of the band in (1386 cm™) (dcn of and so on primary aromatic amine), showing
that the successive change in surface SF-AETS silica actually occurred (Table 2).

Table 2. Vibrational frequencies assigned for SF-AETS/MABA and SF-AETS/MABA/Co(ll).

VSE-AETS/MABA /em™? VSE-AETS/MABA/Co Jem? Assignments
3400 (vs) 3400 (vs) Vou
3343 (vw) 3253 (vw) WiH,

3226 (vw) Whamide
3067 (vw) Ven aromatic
2940 + 2893 (vw) 2940 (vw) VcH,
2000 (vw) 2000 (vw) (*)
1869 (w) 1871 (w) (*)

1626 + 1605 (s) 1631 (s) Onon + Veeo Band | of the amide
1549 (vs) 1575(m)+1492 (vw) Onn + Ven Band Il of the amide
1452 (w) 1458 (m) Och,-N

- 1407 (S) 551. CH>
1386 (vs) 1387 (s) Ven primary aromatic amine
1304 (vw) Onn + Ven Band 11l of secondary amide

vs = very strong band, vw = very weak, m = mid band, s = short band, w = weak band

Thermogravimetric curves of pure silica (SF) and functionalized silica SF-AETS were obtained as
described in the experimental part and shown in Figure 3. The SF and SF-AETS silica showed mass
loss of 9.7 and 12.9 %, respectively. In examining these compounds, the following processes were
detected: i) water molecules are lost from room temperature at near 500 K, and ii) the functional
groups are lost from 453 up to 813 K.

0.0 —

u
o
I

10.0 —

Weight loss, %

15.0

4

I I I I I
400 600 800 1000 1200

Temperature, K
Figure 3. Thermogravimetric curves of (a) SF and (b) SF-AETS silica

The thermogravimetric curve of SF-AETS/MABA silica is shown in Figure 4 and presented a
percentage of mass loss of 15.7 % and the greatest mass loss occurring between 453 and 813 K.
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Figure 4. Thermogravimetric curves (integral and differential) of SF-AETS/MABA silica

Adsorption of copper and cobalt

The corresponding isotherms of metal ion adsorption from ethanol solutions of selected cations
Cu(ll) and Co(ll), at SF-AETS/MABA were also investigated. Early investigation showed that the
original silica matrix does not adsorb these cations.

The solid adsorption capacity of metal halide on SF-AETS/MABA depends on the nature of the
complex formed on the surface and the affinity of any particular ligand attached to the metal.
Maximum adsorption capacity, ni™®, for CuCl, and CoCl,, was 0.17 and 0.64 mmol g1, respectively,
indicating that cobalt binds more effectively than cooper to available basic centers. The average
stability constant (I') and the average number of ligands bonded and coordinated to the metallic ion
(A) were determined from the plot of 1/ns and 1/C. The average stability values of CuCl, and CoCl;
in SF-AETS/MABA were 391 and 191 dm3mol%, respectively, and the average number of ligands (A)
for SF-AETS/MABA was four to cooper and one to cobalt metallic ions. The values of calculated
constants indicate the formation of stable complexes.

Electrochemical studies

Silica SF-AETS/MABA/Cu(ll)

Voltammetry experiments using CMCPE modified with different silica materials were carried out.
For the electrode modified with only SF-AETS/MABA, no current peaks were observed, while for
CMCPE prepared with SF-AETS/MABA having complexed cooper (ll) attached, some peaks were
obtained. They can be observed in Figure 5, where stabilization of CMCPE/SF-AETS/ MABA/Cu(ll) in
0.10 mol dm™3 PBS, pH 7.0 was followed by cyclic voltammograms recorded consecutively at
20 mV st in the potential range of -1.0 to 1.0 V (vs. Ag/AgCl) at 298 K. In this potential range, a pair
of peaks is observed in Figure 5, with almost reversible characteristics, E1/2 = -0.11 V (where E1; =
(Epa + Epc)/2 and Epa and E,c are anodic and cathodic peak potentials, respectively). These almost
reversible peaks were assigned to the Cu(ll)/Cu(l) redox pair, while the irreversible anodic peak at
Epa=0.90 V was assigned to the Cu(lll)/Cu(ll) redox pair.

Cyclic voltammograms of stabilized CMCPE/SF-AETS/MABA/Cu(ll) electrode, recorded at different
potential scan rates, are shown in Figure 6. It is obvious that the value of the potential difference
between anodic and cathodic peaks, AE, (AE, = Epa- Epc), is increased at higher scan rates. This result
reflects the kinetics of electron transfer on the electrode surface, which is not fast enough, as a
consequence of having a matrix with considerable resistance. The graphs of anodic peak current as
a function of the square root of scan rate and anodic peak current as a function of scanning rate
(not shown here) presented linear behavior, which suggests a diffusion-controlled process [16,17].
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Since it was shown earlier that electroactive species strongly adhere to the matrix, the mechanism

may be explained by the transport of the ion of supporting electrolyte from the electrode surface
for charge compensation [18,19].

200

100 -

-100 {4

T T T T T T T T T T T

100 0 -030 0 0.50 100
E/V
Figure 5. Cyclic voltammograms of CMICPE/SF-AETS/MABA/Cu(ll) electrode stabilization in
0.10 mol dm3PBS, pH 7.0, at 20 mVs*and 298 K

40

-40 . . . .
- 040 -0.13 0.10 035
E/'V
Figure 6. Cyclic voltammograms of CMICPE/SF-AETS/MABA/Cu(ll) electrode in 0.10 mol dm= PBS
pH 7.0, at 298 K, as a function of the scan rate (5, 10, 20, 30, 50 and 60 mVs™)

The nature of supporting electrolyte that was changed by varying the cation and anion
(phosphate buffer, KCI, NH4Cl, NaNOs and NH4NOs3) did not produce any significant influence on E1/,.
Such results suggested that these supporting electrolytes are not interacting with the matrix surface
and produce no significant change of the midpoint potential [20].

With CMCPE/SF-AETS/MABA/Cu(ll) electrode, a preliminary study of oxidation of vitamin Bs was
made by voltammetric measurements. Figure 7 shows electrochemical responses of CMCPE/SF-
AETS/MABA/Cu(ll) without (curve a) and with 9.8x10* mol dm of vitamin Bg (curve b). It is obvious
that the anodic oxidation potential of VBs is around Epa= 0.95 V, as shown in Figure 7(b).

Figure 8 shows the electrochemical behavior of CMCPE/SF-AETS/MABA/ Cu(ll) electrode in PBS
containing 0.30 cm3 of Revivan drug in the presence of vitamin Bg (Cvss = 9.8x10™* mol dm3), and after
successive additions of dopamine, in the concentration range of 9.6x10°to 2.5x10* mol dm™.
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EIV
Figure 7. Electrochemical behavior of CMCPE/SF-AETS/MABA/Cu(ll) electrode in 0.10 mol dm™ PBS,
pH 7.0, at 20 mV sland 298 K: (a) without, and (b) with 9.8 x10* mol dm vitamin Be

60

EN
Figure 8. Dopamine determination in Revivan by the standard multiple addition method on the
CMCPE/SF-AETS/MABA/Cu(ll) electrode in 0.10 mol dm™3PBS, pH 7.0, at 20 mV s* and 298 K:
(a) 0.30 cm? of Revivan in the presence of 9.8x10* mol dm™ VBs and after successive additions of
dopamine (9.6x10° to 2.5x10* mol dm3)

The oxidation potential of dopamine is at Epa= 0.39 V, and anodic peak current graph versus
dopamine concentration (Cpa = 9.6x107 to 2.5x10* mol dm3) allowed the quantification of dopa-
mine present in the drug. A linear correlation was observed between I, and DA concentration, with
a detection limit of 9.4x10° mol dm™3. The determined value in mol dm was 5.1x107?, and after,
this value was recalculated to g cm3. The value was found equal to (4.9 +£0.3)x103 g cm™3is in accor-
dance with that supplied by the manufacturer.

The reproducibility of the electrode response to DA was also investigated by repetitive measure-
ments. The results of 200 successive measurements showed a relative standard deviation of 1.03 %.
Thus, the modified CMCPE/SF-AETS/MABA/Cu(ll) electrode was found to be a very stable and highly
reproducible electrode, appropriate for DA determination.

Silica SF-AETS/MABA/Co(ll)

First, the stabilization of CMCPE/SF-AETS/MABA/Co(ll) electrode was followed by recording
consecutive CVs in 0.10 mol dm3PBS, pH 7.0 at 298 K. CVs were carried out at 20 mV s* going from
1.0to -0.70 V (vs. Ag/AgCl) (cathodic scanning), and presented in Figure 9.

An almost reversible peak with E1/; = 0.84 V can be assigned to the Co(lll)/Co(ll) redox pair. After
the stability of the CMCPE/SF-AETS/MABA/Co(ll) electrode was attained, it was used the study of
oxidation of dopamine in the presence of vitamin Bs. Up to now, the electrochemical oxidation of
vitamin Bg has been mostly studied on carbon paste electrodes.
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200

075 050  .025 0 025 050 075 1.00
E/V
Figure 9. Cyclic voltammograms of CMCPE/SF-AETS/MABA/Co(ll) electrode stabilization in
0.10 mol dm3PBS, pH 7.0, at 20 mVsand 298 K

The reaction was supposed to involve the oxidation of pyridoxine (PYX) into pyridoxal derivative
(PYO) [21]. The voltammetric response obtained with the CMCPE/SF-AETS/MABA/Co(ll) after the
successive additions of vitamin Bg in the concentration range 9.9x10° to 3.9x10* mol dm3,
however, did not present significant current variations (Figure 10). For this reason, CMCPE/SF-
AETS/MABA/Co(ll) cannot be used for the electrochemical determination of vitamin Be in the drug.

-0.75 =-0.50 -0.25 0 0.25 0.50 0.75 1.00
E/V

Figure 10. Electrochemical behavior of the CMCPE/SF-AETS/MABA/Co(ll)electrode in
0.10 mol dm 3PBS, pH 7.0, at 20 mV s and 298 K without and with added vitamin Bg in the
concentration range of 9.9x10 to 3.9x10“*mol dm™

Figure 11 shows the electrochemical behavior of CMCPE/SF-AETS/MABA/Co(ll) electrode in
0.10 mol dm3 PBS, pH 7.0, after dopamine additions of 5.0x107 to 2.0x10* mol dm™.

/
—
10 -;5’/':,/,“
‘ e/
4 p—
- e
~ 0 i
10
0.75 050 025 28 0.50 0.7$ 1.00

0 0
E/V
Figure 11. Electrochemical behavior of the CMCPE/SF-AETS/MABA/Co(ll)electrode in
0.10 mol dm™ PBS, pH 7.0, at 20 mV s* and 298 K without and with added DA in
the concentration range of 5.0x10 to 2.0x10* mol dm3
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Electrochemical behavior of CMCPE/SF-AETS/MABA/Co(ll) electrode as a function of scanning
rate in the presence of 2.0x10* mol dm dopamine is presented in Figure 12.

E/V
Figure 12. Electrochemical behavior of CMCPE/SF-AETS/MABA/Co(ll) electrode in
0.10 mol dm™ PBS, pH 7.0, 298 K and 2.0x10* mol dm™ DA at different
scan rates (2, 5, 10, 20, 30, 40, 50, 60, 70 mV s?)

The graph of anodic peak current for CMCPE/SF-AETS/MABA/Co(ll) at the oxidation potential of
dopamine (Epa= 0.250 V) against /2 presented linear behavior with two slopes, one at high and the
other at low scan rates [22].

The electroanalytical determination of dopamine in Revivan ampoules was executed with this
CMCPE/SF-AETS/MABA/Co(ll) electrode by the method of multiple pattern addition. Dopamine
concentration was varied from 4.9x10° to 1.93x10* mol dm3 and the presence of Bg vitamin
4.5x10° mol dm™ did not show significant variation (Figure 13). A linear correlation is observed
between peak current and dopamine concentration with a detection limit of 4.9x10> mol dm3. The
graph of anodic peak current versus dopamine concentration allowed the quantification of dopa-
mine present in the drug. The determined value in mol dm3 was 8.9x1072, and after, this value was
recalculated to g cm3. The value was found equal to (4.8 £ 0.3)x103 g cm™3, which coincides with
that provided by the manufacturer (5 mg cm3).

80

35 1

30

LA

20 , . x . . -
0.75 -0.50 025 0 0.25 0.50 0.75

E/V
Figure 13. Determination of dopamine in Revivan by the multiple standard addition method at
CMCPE/SF-AETS /MABA/Co(ll) electrode in 0.1 mol dm=3 PBS, pH 7 at 20 mV s and 298 K. (a) cyclic
voltammogram in the presence of Bs vitamin 4.5x10” mol dm (b) after addition of 0.50 cm? of
Revivan and successive additions of dopamine in the concentration range of 4.9x10”°to 1.93x10™*
mol dm™

The comparison of CMCPE/SF-AETS/MABA/Co(ll) electrode response with that of glassy carbon
electrode in the solution containing a mixture of vitamin Bs and dopamine is presented in Figure 14.
Compared to glassy carbon, for the CMCPE modified with silica, there is no appearance of the
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oxidation peak of vitamin Bg in the studied potential range. Also, the current catalysis for dopamine
oxidation is clearly presented for CMCPE/SF-AETS/MABA/Co(ll) electrode, showing much greater
sensitivity than is observed for the glassy carbon electrode.

§0

1/ uA

E/N

Figure 14. Comparison of (a and b) CMCPE/SF-AETS/MABA/Co(ll) electrode and (c) glassy carbon
electrode responses in 0.10 mol dm3PBS, pH 7.0, and 4.5x10° mol dm3 VBs at 20 mV s, and 298 K
after: (a) addition of 0.50 cm?® of Revivan; (b and c) addition of 1.93x10* mol dm™ of dopamine

The performance of CMCPE/SF-AETS/MABA/Co(ll) electrode over five months was followed by
measurements of oxidation peak currents for dopamine in PBS on each consecutive day. This serves
as an indicator of the stability of modified electrodes toward dopamine. The electrodes were used
every day. The experimental results indicated that current responses showed a relative standard
deviation of 2.0 %, suggesting that modified electrodes possess fine stability.

The reproducibility of electrodes was investigated. Repetitive measurements were performed in
dopamine. The results of 200 successive measurements show a relative standard deviation of
1.03 %. Thus, the modified electrodes are found very stable, showing great reproducibility.

Conclusions

The enrichment of interfacial layer of silica gel by chemisorption, with interactions of covalent
nature on its surface through the use of silylating agents with nucleophilic sites, favored the
increased capacity of organofunctionalized silica to sequester metals, with complexes anchored on
its surface. The analytical results obtained from the electrode containing Cu(ll) and Co(ll) complexes
were very promising. The benefits to employ the suggested electrodes have been stated by our
analytical processes, and its progress is easy. The electrodes did not present significant variation in
response after five months of use, thus showing good chemical stability. These characteristics make
this material very attractive for use as a sensor for dopamine determinations.
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