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of folic acid is observed for concentrations of acid
below 1.0 X 10- 8 M and no saturation is reached
as the currents observed increased with increas
ing concentration. Above these concentrations a
very slightly increasing slope can be shown at the
beginning of the curves followed by an slight
decline of the curves. Again no saturation can be
demonstrated as the currents increased with in
creasing concentration. This behaviour can be
explained in terms of a very weak adsorption and
the semi-diffusional behaviour of the molecule on
this kind of electrode. In spite of this, using an
accumulation period of 60 s an excellent linear
calibration graph from 1.0 X 10- 9 to 2.5 X 10-8

M was obtained. The adjusted equation of the
calibration graph was

i (nA) = 6.575 X 107CfoliC aCictCM) - 0.0305

r = 0.9994, n = 10

4

5

Fig. 6. Accumulation curves for folic acid. For conditions, see
text. Concentration: • = 1X10-9 ; + = 2 X10-9; * = 3 X
10-9 ; A = 4x 10-9 ; X = 1X10- 8 ; • = 2x 10-8 ; ., marked
a=4XlO- 8 M.

when MXT was studied. In the following work,
values of liE of 15 and 25 mV were chosen as
most suitable for folic acid and MXT, respec
tively, because with these values the ratios of
peak height to peak width at half-height are more
favourable. This gives a good balance between
sensitivity and selectivity.

Different behaviour was observed when the
variation of the phase-selective current with the
detection angle was studied. Folic acid gave ap
proximately the same intensity currents for detec
tion angles close to 0° or 90° whereas MXT
produced the maximum current at about 90°, it
being negligible at 0°. This different behaviour
can be explained by taking into account their
adsorption behaviour as indicated below. In sub
sequent work, angles of 4° and 90° for folic acid
and MXT detection, respectively, were chosen.
At 4° the best discrimination of the faradaic
charge against capacity current was obtained for
folic acid, whereas the measurement of MXT at
90° was necessary. Although most of the current
measured is capacitive, reproducible signals and
excellent calibration graphs were obtained, as
shown later. The behaviour of MXT can be ex
plained by taking into account that the adsorp
tion of both the reduced and the oxidized forms
is strong, as has been reported previously, and
that the electrochemical reaction is rapid, in such
a way that the faradaic impedance becomes purely
capacitive [25].

Accumulation curves and calibration plots
Owing to the steady-state diffusional mass

transport characteristics exhibited by these micro
electrodes, the need for stirring the solutions
during the accumulation time was eliminated.
However, during the deposition period it was
necessary to hold a potential of - 0.2 V (starting
scanning potential) in order to keep the film of
mercury stable. Accumulation curves at different
concentrations of both molecules were obtained
by plotting the currents measured at different
accumulation times (Figs. 6 and 7). Only MXT
showed the expected behaviour; folic acid showed
different behaviour to that previously observed
on conventional mercury electrodes [19,20]. In
fact, as shown in Fig. 6, a negligible accumulation
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Fig. 3. Comparison of voitammetric responses in the determi
nation of lead. (A) Pulse differential voitammogram. Scan
rate, 15 mV s-l; pulse amplitude, 70 mY. (B) Linear-sweep
voitammogram. Other conditions as in Fig. 2.

-1-000

, I

E(VOLT)

B'--

! ,

-0.400

both differential pulse and linear scans have been
applied. One of the voltammograms obtained for
each technique is shown in Fig. 3.

Taking into account the peak current ob
tained, the magnitude of the background current

E (V) -1,OOOV

Fig. 2. Cyclic voitammograms obtained with a 10% moss-mod
ified electrode in acetate buffer (pH 6.0 and ionic strength
0.70); preconcentration time, 3 min; lead concentration, 4.8 X

10-6 M; scan rate, 100 mV S-l; reduction potential, -1.000
V; reduction time, 48 s.

- 0.400V

acid-sodium acetate of 0.01 ionic strength. The
electrode was then transferred to the measure
ment cell containing, as supporting electrolyte,
acetate buffer of pH 6.0 and ionic strength 0.70; a
potential of - 1.000 V was applied for 48 sand
the cyclic voltammograms were obtained (begin
ning with the anodic scan) between - 1.000 and
-0.400 V.

Figure 2 shows one of the voltammograms
obtained. It has two visible peaks, a big, well-de
fined anodic one at - 0.520 V and a second less
intense and more poorly defined cathodic peak at
-0.780 V.

The anodic process is reversible, as can be
observed from the difference of 28 mV between
peak and half-peak potentials. The difference
between peak potential and half-peak potential
in a reversible system is 59 X n -1 mV, n repre
senting the number of electrons exchanged [29].

In view of the results obtained, the anodic
peak was chosen for lead quantification.

Different measuring techniques can be used in
anodic stripping voltammetry. In the present work

pH

Fig. 1. (A) Effect of pH on the binding of lead(II) to the
Sphagnum moss. The profile was obtained using a solution
containing 3 mg ml- 1 Sphagnum, 2.9xlO- 4 M lead(II), and
30 min contact time. (B) Effect of pH on the preconcentra
tion/voltammetric response of a 6% moss-modified electrode.
Lead concentration, 4.8 X 10-6 M; preconcentration time, 210
s; scan rate, 10 mV S-l; repetition time, 0.8 s; pulse ampli
tude, 70 mY; reduction potential, -1.000 V; reduction time,
60 s; supporting electrolyte, 0.2 M acetate buffer of pH 5.0.
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