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Um sistema de análise por injeção em fluxo usando um eletrodo tubular baseado nas
propriedades redox de íons cobre (II) oclusos em membrana de EVA foi desenvolvido para
determinação de ácido L-ascórbico. A matriz de polietileno-co-vinil acetato (EVA 40% m/m) foi
dopada com íons cobre (II) e dispersa na superfície de um eletrodo tubular de grafite/epóxi. O
eletrodo mostrou resposta super-Nernstiana para ácido L-ascórbico na faixa de concentração entre
10-3 - 10-1 mol L-1 com um limite de detecção de 8,5×10-4 mol L-1, quando 0,1 mol L-1 de tampão
KH2 PO4 misturado com 0,1 mol L-1 de peróxido de hidrogênio em pH 5,0 foi empregado como
solução carregadora. O sistema FIA-potenciométrico permite uma freqüencia analítica de 120
amostras por hora com uma precisão de 3,6 %. Os resultados obtidos na determinação de ácido Lascórbico em amostras farmacêuticas, sem qualquer tratamento prévio, pelo método proposto
foram similares a aqueles obtidos pelo método da Farmacopéia Britânica.
A flow injection system using a tubular electrode based on the redox properties of copper (II)
ions occluded in EVA membrane was developed for L-ascorbic acid determination. The polyethylene-co-vinyl acetate (EVA 40% m/m) matrix was doped with copper (II) ions and dispersed
on the surface of a graphite/epoxy tubular electrode. The electrode showed a super-Nernstian
response for L-ascorbic acid concentration between 10-3 and 10-1 mol L-1 with a detection limit of
8.5×10-4 mol L-1, when 0.1 mol L-1 KH2PO4 buffer mixed with 0.1 mol L-1 hydrogen peroxide at
pH 5.0 was employed as carrier. The Potentiometric-FIA system allows an analytical frequency of
120 samples per hour with a precision of 3.6%. The results obtained for ascorbic acid determination
in pharmaceutical samples, without any previous treatment, were similar to those obtained by the
British Pharmacopoeia method.
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Introduction
L-ascorbic acid is a very important vitamin for human
beings, as it participates in various metabolic processes. Its
deficiency causes scurvy, which provokes degeneration in
blood vessel, teeth, bone and difficulty in cicatrization1-3. The
stability of aqueous solutions of L-ascorbic acid is dependent on the temperature, ultraviolet light, oxygen pressure,
pH, and catalysts such as copper (II) ions4-7 .
The development of a potentiometric biosensor for Lascorbic acid based on ascorbate oxidase obtained from the
cucumber peel showed that the potential development of
the electrode surface was probably due to Cu2+ ions present
in the molecular structure of the enzyme8. Recent work us*
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ing cupric ions (copper sulfate) occluded directly into a
membrane in substitution of the ascorbate oxidase corroborated this idea, showing response to the L-ascorbic acid and
some advantages in relation to the biosensor such as better
sensitivity and stability 9. Moreover, it is less expensive. In
both cases, the potential change in the electrode was caused
by the charge density variation due to the reduction of Cu2+
to Cu1+ by the monoascorbate ion. The electrode is regenerated by O2 which reoxidizes the Cu1+ to Cu2+. However,
the analysis time with the electrode in the steady state was
long, and depended on the quantity of copper (II) ions in
the membrane and the oxygen pressure. In first instance, an
excess of copper (II) ions in the membrane affected the potential due to leaching from the membrane to the solution.
On the other hand, the neccessity of electrode regeneration
with oxygen causes an increase in the time required to reach
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a new equilibrium. Thus, the analysis time was about 10 to 15
min resulting in a maximum analytical frequency of 6 samples
per hour. Flow injection analysis is a kinetic technique that
may overcome these problems, minimizing the leaching out
effect in the system and allowing quick regeneration of the
electrode . This work describes the preparation of a tubular
sensor based on cupric ions occluded into EVA membrane,
as well as the evaluation of the sensor performance and optimization of the FIA system, for application in the determination of vitamin C in pharmaceutical samples.

Experimental
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at a constant flow-rate of 2.2 mL min-1 to the tubular
electrode (ISE). The potentials, developed by the ascorbate on the ion selective electrode were measured with a
pH/Ion Analyser (P) from Corning (350 model), using an
Ag/AgCl wire (RE) as reference, coupled to a microcomputer (C) for data acquisition. All measurements were
carried out at room temperature. A manual homemade
injector (I) was used to add 50 µL of the sample and standard solutions (S) in the carrier line. The peak height was
utilized to correlate the signal with the concentration of
standards and samples. The standard method of British
Pharmacopoeia 10 for ascorbic acid determination was
employed to compare the results obtained with the proposed system.

L-ascorbic acid, potassium dihydrogenophosphate, hydrogen peroxide and copper (II) sulfate were purchased
from Merck (Darmstadt - Germany). The poly(ethyleneco-vinyl acetate), EVA 40% (m/m) copolymer was acquired
from Aldrich (Milwaukee – USA). The pharmaceutical
samples were purchased at a local drugstore.
Procedures
Preparation of the potentiometric sensitive membrane for
L-ascorbic acid
A saturated solution of copper (II) sulfate is prepared by
dissolving about 0.5 g in 500 mL of deionized water. Then,
500 mL of EVA solution (0.25 g in 10 mL of tetrahydrofuran
- THF) is added to 100 mL of the copper (II) solution and the
resulting mixture is dropped into a tubular graphite/epoxy
electrode (Figure 1). The membrane was left to dry for
30 min and the electrode was stored at room temperature.

Figure 1. Scheme of the cell and tubular electrode used in flow system.

Potentiometric-FIA system
Figure 2 shows the schematic diagram of the employed
Potentiometric-FIA system. The carrier solution (B - 0.1
mol L -1 phosphate buffer at pH 5.0 mixed with 0.1 mol
L -1 H2O2) was aspirated through Tygon  tube (1.42 mm
i.d.) by the peristaltic pump (PP) Ismatec (IPC-8 model)

Figure 2. Flow injection manifold for L-ascorbic acid determination
in pharmaceutical samples by potentiometric detection using tubular
electrode.

The L-ascorbic acid standard solutions were freshly
prepared with deionized water in the concentrations between 1×10 -4 and 1×10 -1 mol L -1 (pH < 3). Some
interferents were studied by the matched-potential
method, which is recommended by the International
Union of Pure and Applied Chemistry (IUPAC) to overcome difficulty in the obtainment of accurate selectivity coefficients when ions of unequal charges are involved or if the interfering ions do not follow the
Nicolsky-Eisenman equation. In this method, the K pot
is defined as the activity (concentration) ratio of the primary ion and the interfering ion, which gives the same
potential change in a reference solution 11,12. The K pot
can be calculated by the equation:
pot
=
K A,B

aA − aA
aB

(1)

where, aA is initial background activity of primary ion
(A); aB is activity of interfering ion that gives the same
potential that a given activity of the primary ion (aA’) previously established.
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(a)
45 mV

Optimization of the FIA system
Effect of pH, ionic strength, H2O2 concentration and FIA
system parameters

monodehydroascorbate + H+
(2)

monoascorbate
+ e -; E0 = +127 mV
Cu 2+ + e -

Cu1+; E0 = + 158 mV

H2O2 + 2H+ + 2e-

(3)

2H2O; E0 = + 1770 mV (4)

The potential ECu2+/Cu1+ in the EVA membrane, which
is monitored by the graphite/epoxy electrode, is given by
the Nernst equation:
0
+
ECu 2+ /Cu 1+ = ECu
2+
/Cu 1+

2+

RT Cu
ln
nF Cu 1+

(5)

At a constant concentration of H2O2 and copper (II)

(b)
-1

1,4

Signal/Regeneration Time (mV s )

A previous study9 showed that the electrode based on
copper (II) ions occluded in EVA exhibits a response for
ascorbate in the pH range between 3.5 and 8.0 and an ionic
strength between 0.1 and 1 mol L-1 had no significant effect on the electrode response. However, kinetic studies of
the autoxidation of L-ascorbic acid catalyzed by cupric
ions showed that the rate constant decreases at lower solution pH; being zero at pH below 2.04,5. On the other hand,
it has been suggested that for maximum stability, the ascorbic acid solutions should be buffered at a pH less than 5.413.
Based on these considerations a 0.1 mol L-1 phosphate
buffer at pH 5.0 as carrier was employed. One problem in
the optimization of the Potentiometric-FIA system was the
regeneration of the copper (II) ions on the electrode. A
carrier line containing only buffer produced a signal with
a long regeneration time, as can be seen in Figure 3a (A).
This is explained by the small quantity of oxygen dissolved
in the carrier line. Thus, the time required to regenerate
the electrode is long. Therefore, to improve the
electroderegeneration time without a significant decrease
in thesignal, a stronger oxidizer was tested; hydrogen peroxide was mixed with the buffer. The best ratio between
signal and regeneration time was verified for a hydrogen
peroxide concentration of 0.1 mol L-1 as shown in Figure
3. An increase in the hydrogen peroxide concentration
above 0.1 mol L-1, results in a diminished regeneration
time but also proportionally decreases the signal. Therefore, the tubular electrode proposed for L-ascorbic acid
based on copper (II) ions incorporated in EVA works at
pH 5.0, according to the equations14,15:

1,2
1,0
0,8
0,6
0,4
0,2
0,0

0,2

0,4

0,6

0,8

1,0

-1

[H2O2] (mol L )

Figure 3. Effect of the hydrogen peroxide concentration in the
signal and regeneration time ratio of electrode, obtained for injection
of 50 mL of 0.1 mol L-1 L-ascorbic acid. (a) Signal obtained for
different H 2 O2 concentrations, mol L -1: A. without; B. 0.05; C.
0.1; D. 0.5; E. 1.0. (b) Graphic representation.

ions the potential of the electrode can be represented as:
Emonoascorbate = E 0 +

RT
lu[monoascorbate]
F

(6),

0
where, Eo is ECu 2+ /Cu +1 = Emonoascorbate + constant

The influence of sample volume and flow-rate on the
potentiometric signal produced by the L-ascorbic acid is
shown in Figure 4. The signal increases with the sample
volume and tends to be a constant for an injected volume
greater than 100 mL, indicating saturation of the copper
(II) ions on the sensor surface. The flow-rate causes a significant influence in the signal increasing it until 2.2 mL
min-1 and decreasing considerably at greats flow-rates. This
occurs due to a reduced oxidation velocity of the monoascorbate ion catalyzed by the copper (II) ions. The best conditions for good sensitivity and proportioning a high analytical frequency were 2.2 ml min-1 flow-rate and sample
volume of 50 mL. The response time and the regeneration
time of the electrode, under these conditions, were 4.3 s
and 15.0 s, respectively.
Analytical performance of the system
Figure 5 shows the signals of the standard used solutions to obtain the calibration curve for L-ascorbic acid
with the proposed potentiometric-FIA system. The sensor
presented super-Nernstian behavior between 10 -3 and
10-1 mol L-1 concentration range for L-ascorbic acid with
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Sample volume (µL)

20

40

60

80

100

120

140

150

160

Peak height, ∆ E (mV)

Table 1. Potentiometric selectivity coefficients for the monoascorbate
sensor estimated by the matched-potential method11 at pH 7.0.
Interfering

KA,B pot*

Hydroquinone
Dopamine
Catechol
L-Dopa
4-Nitrophenol
3-Nitrophenol
Tyrosine
2-Nitrophenol
Phenol
Resorcinol

6.0
4.2
1.4
0.91
0.10
0.10
0.093
0.091
0.090
0.090

B

140

130

120

A

110

185

100

90
1.0

1.5

2.0

2.5

3.0

Flow-rate (mL min-1)

Figure 4. Influence of the sample volume and flow-rate in the
signal of the proposed Potentiometric-FIA system for L-ascorbic
acid concentration, 3×10 -2 mol L-1. Effect of the flow-rate (A) and
injected sample volume (B) on the potentiometric signal. Conditions:
A Sample volume, 50 mL and B Flow-rate, 2.2 ml min-1.
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316.0
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Figure 5. Diagram showing a typical signal obtained with the
proposed FIA system using a potentiometric sensor based on copper
(II) ions occluded in EVA membrane. It shows the signals for injections
of standards, samples and repeatability.

a detection limit of 8.5×10-4 mol L-1 in the optimized conditions. This super-Nernstian behavior can be explained
by a memory effect due to adsorption of L-ascorbic acid
as a result of the high concentration of copper (II) ions in
the membrane. The equation that describes the analytical
performance of the sensor is given by:
∆E = - (212 6) + (69 3)p[ascorbic acid]

(7)

The correlation coefficient (r) was 0.997 for N = 5.
The system allows an analytical frequency of 120
samples per hour with a precision of 3.6% (relative standard deviation for repeatability of 15 injections). The

system was tested during six months without any change
in the signal being observed. A previous study of several
interferents9 demonstrated that the sensor based on EVA
doped with copper (II) ions was about 250 times more sensitive for L-ascorbic acid than iodide, the main interfering
ion. The possible interferents to the proposed electrode are
catechol and its derivatives, because these substances are
also oxidized by oxygen in the presence of copper (II) 16.
Table 1 shows the influence of some phenolic compounds
on the response of the sensor. The electrode showed a response for 1,4- dihydroxybenzene (hydroquinone), 3hydroxytyramine (dopamine), 1,2-dihydroxybenzene (catechol) and 3-(3,4-dihydroxyphenyl)-L-alanine (L-dopa).
In the hydroquinone and dopamine cases, the electrode
responds about six and four times greats for these substances than L-ascorbic acid, respectively. However, these
compounds are not present in pharmaceutical formulations
containing L-ascorbic acid and thus are not a serious problem. Moreover, Balla et al.16 suggested that the pH-dependence of the kinetic data in the oxidation of catechol
catalyzed by copper (II) involves the monoprotonated species rather than undissociated species with a chain-propagation step. The pK 17 of the hydroxyl groups in the hydroquinone (10.4), dopamine (10.4 and 13.1), catechol (9.3
and 13.0) and L-dopa (10.0 and 11.8) suggests that at a pH
below 4.0 these substances are in the totally undissociated
form and therefore the electrode does not respond to them.
Tests with dopamine at pH 4.0 confirm this hypothesis.
The applicability of the proposed sensor is verified by the
results listed on Table 2 for vitamin C determination in
pharmaceutical samples. The analyzed drugs contain several compounds in their formulations, each as sweeteners,
salts and preservatives, but no significant interference was
observed. The result for vitamin C determination in these
samples gave good agreement to the Spectrophotometric 18
and British Pharmacopoeia methods10, that showing a good
applicability of the FIA method for ascorbic acid determination in real samples.
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Table 2. Results obtained in the Vitamin C determination in pharmaceutical samples with the proposed potentiometric-FIA system.
Samples

Nominal value

Spectrophotometric18

FIA

British Pharmacopoeia10

#1
#2
#3

1g/Tablet
1g/ 10g of drug
0.24 g/Tablet

1.04 (±0.02)*
1.07 (±0.02)
0.240 (±0.001)

1.02 (±0.05)*
1.10 (±0.10)
0.23 (±0.01)

1.032 (±0.004)*
1.01 (±0.01)
0.252 (±0.002)

Containing: #1 1 g of sucrose; #2 3.8 g of sucrose and 5 g of glucose; #3 0.40 g of Acetylsalicylic acid;
*Standard deviation of three determinations.

Conclusions
Few FIA systems for L-ascorbic determination are described in the literature. Those described are associated
with amperometric and spectrophotometric detection18-21
differential measurements or previous sample treatment on
line to eliminate interference. To our knowledge, the application of FIA coupled to a potentiometric sensor for Lascorbic determination that combines the selectivity of the
sensor with the speed of the technique has not been reported. The Potentiometric-FIA system proposed for Lascorbic acid determination, in pharmaceutical samples,
shows simplicity, rapidity and efficiency, in relation to the
others methods. The FIA system permitted the solution of
some problems that the potentiometric electrode based on
an EVA membrane doped with copper (II) ions presented
and improved the response and regeneration time of the
electrode. This methodology can be applied with good precision to the quality control of vitamin C in pharmaceutical samples.
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