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Um sistema de analise por injecdo em fluxo usando um eletrodo tubular baseado nas
propriedadesredox de ions cobre (1) oclusos em membrana de EVAldsenvolvido para
determinagéo de acido L-ascérbico. Atnz de polietilenazo-vinil acetato (EVA 40% m/m) foi
dopada com ions cobre (Il) e dispersa na superficie de um eletrodo tubular de grafite/epdxi. O
eletrodo mostrou resposta super-Nernstiana para acido L-ascorbico na faixa de concentracao entre
103- 101 mol L' com um limite de detecgdo de 814 mol L1, quando 0,1 mol{ de tampé&o
KH>PQOy misturado com 0,1 mol-L de peréxido de hidrogénio em pH 5,0 foi empregado como
solucéo carregadora. O sistema FIA-potenciométrico permite uma frequiencia analitica de 120
amostras por hora com uma preciséo de 3,6 %. Os resultados obtidos na determinagédo de &cido L-
ascorbico em amostras farmacéuticas, sem qualquer tratamento prévio, pelo método proposto
foram similares a aqueles obtidos pelo método da Farmacopéia Britanica.

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 detéiominEhe poly-
ethyleneeo-vinyl acetate (EVA 40% m/m) matrix was doped with copper (l) ions and dispersed
on the surface of a graphite/epoxy tubular electrode. The electrode showed a super-Nernstian
response for L-ascorbic acid concentration betweerah@ 161 mol L-1with a detection limit of
8.5x104 mol L1, when 0.1 mol t1 KH,POy buffer mixed with 0.1 mol i1 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 ing cupric ions (copper sulfate) occluded directly into a
membrane in substitution of the ascorbate oxidase corrobo-

L-ascorbic acid is a very important vitamin for human rated this idea, showing response to the L-ascorbic acid and
beings, as it participates in various metabolic processes. Isome advantages in relation to the biosensor such as better
deficiency causes scurvy, which provokes degeneration isensitivity and stability. Moreover, it is less expensive. In
blood vessel, teeth, bone and difficulty in cicatrizatidThe  both cases, the potential change in the electrode was caused
stability of aqueous solutions of L-ascorbic acid is depenby the charge density variation due to the reduction &f Cu
dent on the temperature, ultraviolet light, oxygen pressureto Cul* by the monoascorbate ion. The electrode is regene-
pH, and catalysts such as copper (ll) fohs rated by @Qwhich reoxidizes the Gu to Cl2+. However,

The development of a potentiometric biosensor for L-the analysis time with the electrode in the steady state was
ascorbic acid based on ascorbate oxidase obtained from theng, and depended on the quantity of copper (Il) ions in
cucumber peel showed that the potential development dhe membrane and the oxygen pressure. In first instance, an
the electrode surface was probably due t&*@ns present  excess of copper (ll) ions in the membrane affected the po-
in the molecular structure of the enzy@ni@ecent work us-  tential due to leaching from the membrane to the solution.
On the other hand, the neccessity of electrodenegion
"e-mail: kubota@igm.unicamp.br with oxygen causes an increase in the time required to reach
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a new equilibium. Thus, the analysis time was about 10to 15 at a constant flow-rate of 2.2 mL miinto the tubular

min resulting in a maximum analytical frequency of 6 samples electrode (ISE). The potentials, developed by the ascor-
per hour. Flow injection analysis is a kinetic technique that bate on the ion selective electrode were measured with a
may overcome these problems, minimizing the leaching out pH/lon Analyser (P) from Corning (350 model), using an
effect in the system and allowing quick regeneration of the Ag/AgCl wire (RE) as reference, coupled to a microcom-
electiode . This worldescribes the preparation of a tubular puter (C) for data acquisition. All measurements were

sensor based on cupric ions occluded into EVA membrane, carried out at room temperature. A manual homemade

as well as the evaluation of the sensor performance and opti-injector (1) was used to add pQ of the sample and stan-

mization of the FIA system, for application in the determina-
tion of vitamin C in pharmaceutical samples.

Experimental

Chemicals and samples

L-ascorbic acid, potassium dihydrogenophosphate, hy-
drogen peroxide and copper (ll) sulfate were purchased

from Merck (Darmstadt - Germgh The poy(ethylene-
co-vinyl acetate), EVA 40% (m/m) copwmher 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 (Il) 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 (Il) solution and the
resulting mixture is dropped into a tubular graphite/epoxy
electrode (Figurd). Themembrane was left to dry for
30 min and the electrode was stored at room temperature.
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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-1H,0,) was aspirated througlydon- tube (1.42 mm

i.d.) by the peristaltic pump (PP) Ismatec (IPC-8 model)

dard 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
Pharmacopoei® for ascorbic acid determination was
employed to compare the results obtained with the pro-
posed system.

0.1 mv

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 be-
tween X104 and x10-1 mol L-1 (pH < 3). Some
interferents were studied by the matched-potential
method, which is recommended by the International
Union of Pureand Applied Chemistry (IUPAC) to over-
come difficulty in the obtainment of accurate selectiv-
ity coefficients when ions of unequal charges are in-
volved or if the interfering ions do not follow the
Nicolsky-Eisenman equation. In this method, theotK
is defined as the activity (concentration) ratio of the pri-
mary ion and the interfering ion, which gives the same
potential change in a reference solufib&Z2 The Kpot
can be calculated by the equation:

pot _ da—3aa
Kiag =

(1)

where, a is initial background activity of primary ion
(A); ag is activity of interfering ion that gives the same
potential that a given activity of the primary ion’jgre-
viously established.
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Optimization of the FIA system

Effect of pH, ionic strength, 4@, concentration and FIA
system parameters

A previous study showed that the electrode based on
copper (1) 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 had no significant ef-

fect 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 solu-

tion pH; being zero at pH below 2.8 On the other hand,

it has been suggested that for maximum stability, the ascor-

bic acid solutions should be buffered at a pH less thaa 5.4
Based on these considerations a 0.1 mblghosphate
buffer at pH 5.0 as carrier was employed. Onelprakin

the optimization of the Potentiometric-FIA system was the
regeneration of the copper (I) ions on the electrode. A
carrier line containing only buffer produced a signal with
a long regneration time, as can be seeniguFe 3a ).

This is explained by the small quantity of oxygen dissolved
in the carrier line. Thus, the time required toenegrate
the electrode is long. Therefore, to inope the
electroderegeneration time without a significant decrease
in thesignal, a stronger oxidizer was tested; hydrogen per-
oxide was mixed with the buffer. The best ratio between
signal and regeneration time was verified for a hydrogen
peroxide concentration of 0.1 mofllas shown in Figure

3. An increase in the hydrogen peroxide concentration
above 0.1 mol 4, results in a diminished regentgoa

time but also proportionally decreases the signal. There-
fore, the tubular electrode proposed for L-ascorbic acid
based on copper (Il) ions incorporated in EVA works at
pH 5.0, according to the equatidfds

monoascorbates==== monodehydroascorbate +H
+e; B0 =+127 mV (2)

3)
2H,0; 0=+ 1770 mV  (4)

Cu2t +e- Cul+; E0O = + 158 mV

HoOp + 2H* + 2e

The potential g 2*/c 1t in the EVA membrane, which
is monitored by the graphite/epoxy electrode, is given by
the Nernst equation:

RT Cu*

E e ®)

_ 0
(oTa ool ECLF* Ich*

At a constant concentration oh®, and copper ()
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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-ascorbic acid. & Signal obtained for
different H,O, concentrations, mol 4: A. without; B. 0.05; C.

0.1; D. 0.5; E. 1.0. p) Graphic representation.

ions the potential of the electrode can be represented as:

monoascorbate™

E E° +%Iu[monoascorbate]

(6),

0
ot T Emonoascorbate"' constant

where, Bis E_.,

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
(I) ions on the sensor surface. The flow-rate causes a sig-
nificant influence in the signal increasing it until 2.2 mL
min-1 and decreasing considerably at greats flaesdalhis
occurs due to a reduced oxidation velocity of the monoas-
corbate ion catalyzed by the copper (ll) ions. The best con-
ditions for good sensitivity and proportioning a high ana-
lytical frequency were 2.2 ml minflow-rate and sample
volume of 50 mL. The response time and the regéoera
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 solu-
tions to obtain the calibration curve for L-ascorbic acid
with the proposed potentiomietIA system. The sensor
presented super-Nernstian behavior betweefd a0d
10-1 mol L-1 concentration range for L-ascorbic acid with



\Vol. 11, No. 2,2000 Potentiometric Determination of L-ascorbic 185

Sample volume (uL) Table 1. Potentiometric selectivity coefficients for the monoascorbate
20 40 60 80 100 120 140 160 sensor estimated by the matched-potential meéthatdpH 7.0.
T T T T T T T T T T T T T -
150 L Interfering KisP*
Hydroquinone 6.0
Dopamine 4.2
mor Catechol 1.4
N L-Dopa 0.91
E 30t 4-Nitrophenol 0.10
v 3-Nitrophenol 0.10
£ 10| Tyrosine 0.093
2 2-Nitrophenol 0.091
< Phenol 0.090
§ 110 - Resorcinol 0.090
100 |-
o , , , , system was tested during six months without any change

10 15 20 25 30 in the signal being observed. A previous study of several
Flow-rate (mL min™) interferent® demonstrated that the sensor based on EVA
Figure 4. Influence of the sample volume and flow-rate in the  doped with copper (ll) ions was about 250 times more sen-
Zggago?]fcgfrapﬁ'ggo);eoi F::é??'f”;?fgft'E;Athzyzgiv”_‘r;g k)'zsncdorb'c §itive for L-agcorpic acid than iodide, the main interfering
injected sample volumeB] on the potentiometric signal. Conditions:  10N. Thepossible interferents to the proposed electrode are
A Sample volume, 50 mL ar@l Flow-rate, 2.2 ml mirt. catechol and its derivatives, because these substances are
also oxidized by oxygen in the presence of coppe¥§(ll)

Table 1 shows the influence of some phenolic compounds

10000 5 min on the response of the sensor. The electrode showed a re-
— 125 mv sponse for 1,4- dihydroxybenzene (hydroquinone), 3-
S oo , Sameles hydroxytyramine (dopamine), 1,2-dihydroxybenzene (cat-
- - echol) and 3-(3,4-dihydroxyphenyl)-L-alanine (L-dopa).
1000 " Repeatability In the hydroquinone and dopamine cases, the electrode
1x10° mol L™

responds about six and four times greats for these sub-
stances than L-ascorbic acid, respectively. However, these
compounds are not present in pharmaceutical formulations
10 containing L-ascorbic acid and thus are not a serious prob-
lem. MoreoverBalla et all6 suggested that the pH-de-
pendence of the kinetic data in the oxidation of catechol
catalyzed by copper (I1) involves the monoprotonated spe-
Figure 5. Diagram showing a typical signal obtained with the cies rather than undissociated species with a chain-propa-
proposed FIA system using a potentiometric sensor based on copper gation step. The pK of the hydroxyl groups in the hydro-
(I1) ions occluded in EVA membrane. Itlghows the signals for injections quinone (10.4), dopamine (10.4 and 13.1), catechol (9.3
of standards, samples and repeatability. 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
a detection limit of 8.6104 mol L-1in the optimized con-  trm and therefore the electrode does not respond to them.
ditions. This super-Nermstian behavior can be explained Tgsts with dopamine at pH 4.0 confirm this hypothesis.
by a memory effect due to adsorption of L-ascorbic acid The gpplicability of the proposed sensor is verified by the
as a result of the high concentration of copper (1) ions in regyits listed on Table 2 for vitamin C determination in
the membrane. The equation that describes the a”alyticalpharmaceutical samples. The analyzed drugs contain sev-

performance of the sensor is given by: eral compounds in their formulations, each as sweeteners,
AE = - (212 6) + (69 3)ascorbic acid] @ salts and preservatives, bgt no.S|gn|f|cant |.nter'fere.nce was
observed. The result for vitamin C determination in these
The correlation coefficient (r) was 0.997 for N = 5. samples gave good agreement to the Spectrophotobietric

The system allows an analytical frequency of 120 and British Pharmacopoeia meth8tishat showing a good
samples per hour with a precision of 3.6% (relative stan- applicability of the FIA method for ascorbic acid determi-
dard deviation for epeatability of 15 injections). The  nation 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 Spectrophotométric FIA British Pharmacopoeia
#1 1g/Tablet 1.04 (+0.02) 1.02 (+0.05) 1.032 (+0.004)
#2 19/ 10g of drug 1.07 (x0.02) 1.10 (+0.10) 1.01 (+0.01)
#3 0.24 g/Tablet 0.240 (+0.001) 0.23 (+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 de-
scribed in the literature. Those described are associated
with amperometric and spectrophotometric dete¢féh
differential measurements or previous sample treatment on
line to eliminate interference. To our knowledge, the ap-
plication of FIA coupled to a potentiometric sensor for L-
ascorbic determination that combines the selectivity of the
sensor with the speed of the technique has not been re-
ported. The Potentiometric-FIA system proposed for L-
ascorbic 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 (Il) ions presented
and improved the response andemegyation time of the
electrode. This methodology can be applied with good pre-
cision to the quality control of vitamin C in pharmaceuti-
cal samples.
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