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bstract

Two series of 1-furoylthioureas (FTHD) were used as modifiers of carbon paste electrodes (CPEs) for the analysis of Cd(II). The capacities of the
ewly FTHD-modified CPEs were calculated and the surface reactions during the preconcentration of Cd(II) were studied by cyclic voltammetry.
he analyte was accumulated on the surface of the modified CPEs by complexing with FTHD 3,3-disubstituted (series 1) and 3-monosubstituted

series 2) and reduced at a negative potential (−1.0 V). It was then quantified by differential pulse anodic stripping voltammetry (DPASV) in
ritton–Robinson buffer at pH 4. Experiments were conducted to establish the optimal carbon paste composition, electrolyte and pH of the
etermination, accumulation potential and time, and instrumental parameters. Under the optimized working conditions good linear correlations
ere obtained for the calibration graphs in the concentration ranges studied. For 5 min of accumulation time, detection limits using modified CPEs

−5 −1 −3 −1
ith ligands of series 2 were lower than that of series 1 (6 × 10 mg L versus 3 × 10 mg L , respectively, for the CPEs modified with 1-
uroyl-3-p-tetradecylphenylthiourea and 1-furoyl-3-benzyl-3-phenylthiourea taken as models of both series). For a series of seven determinations of
d(II) at 0.5 mg L−1 relative standard deviations below 3.9% were achieved for CPEs with ligands of both series. Only Pb(II) and Cu(II) apparently
ffected the electrochemical response of Cd(II).

2006 Elsevier B.V. All rights reserved.
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. Introduction

Cadmium is one of the most toxic heavy metals of prime
nvironmental and health concern. Cadmium toxicity may be
anifested by a variety of syndromes and effects on human

ealth [1,2]. Sensors for obtaining real time ppb-level cadmium
oncentration would reduce time and costs associated with the
ost common methods for the characterization and treatment

f hazardous waste sites. Stripping voltammetric techniques are
avourable methods for the determination of heavy metal ions,

ncluding Cd(II), because of their speed, remarkable analyti-
al sensitivity, relative instrumental simplicity and minimum
ample pre-treatment required prior to analysis. These attractive

∗ Corresponding author. Tel.: +34 956 016 355; fax: +34 956 016 460.
E-mail address: jluis.hidalgo@uca.es (J.L. Hidalgo-Hidalgo de Cisneros).
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eatures have resulted in rapid development and wide application
f stripping voltammetry [3–5]. A number of analytical deter-
inations of Cd(II) based on stripping voltammetry at hanging
ercury drop electrode have been reported [6–8]. However,
ercury drop electrodes have the disadvantage of being mechan-

cally unstable during various steps of the assay procedure and
ssues related to the use and disposal of toxic mercury, thus they
re less desirable than solid-state sensors in routine field applica-
ions [9,10]. In the past two decades, more and more works has
een performed at mercury free modified electrodes [11–16].
arbon paste electrodes chemically modified are endowed with
any good qualities, such as easy fabrication and renewal, low

ackground current, low cost, ease of handling and applicabil-

ty to anodic oxidations [3–5]. Different modifiers for carbon
aste have been reported in the last years for the electrochem-
cal stripping analysis of Cd(II): bismuth-powered [17], car-
amoylphosphonic acid [18], organofunctionalized amorphous

mailto:jluis.hidalgo@uca.es
dx.doi.org/10.1016/j.snb.2006.09.030
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ilica [19], diacetyldioxime [20], polycyclodextrin [21] and N-p-
horophenylcinnamohydroxamic acid [22]. The detection limits
or these carbon paste modified electrodes are in the range from
.0011 to 0.22 mg L−1, with relative standard deviations from
.6 to 6.5%. Due to its affinity by sulphurated species, modifiers
ontaining sulphur in their structures are of interest in the prepa-
ation of carbon paste electrodes chemically modified for cad-
ium detection. Two series (Figs. 1 and 2) of 1-furoylthiourea

erivatives (FTHD) have been successfully used as ionophores
n ion selective electrodes (ISEs) for various heavy metal ions,
ncluding Cd(II) [23]. This application required a sharp modu-
ation of the coordination strength of these ligands. Formation
f very stable complexes is usually related to a short electrode
ifetime due to the poisoning of the ISE membrane. The best per-
ormance in that application corresponded to 3-monosubstituted
-furoylthioureas (series 2) and it has been the main antecedent
or using these ligands as Cd(II) complexing modifiers incor-
orated in carbon paste electrodes (CPEs). Recently we have
rst reported [24] the preliminary results concerning the pre-
oncentration and voltammetric determination of Cd(II) by dif-
erential pulse anodic stripping voltammetry (DPASV) at these
THD-modified CPEs in order to correlate the electroanalytical
esponse (dependence of the binding capabilities of the FTHD-
odified CPEs on the Cd(II) adsorption) with those changes

bserved in the FHTD Raman spectra after complexation with
dCl2 in neutral media (ethanol), and the chemical yield of

he complexes obtained, using the 1-furoylthioureas that gave
esponse for both techniques [24,25]. The present work deals

ith the development and evaluation of these new chemically
odified electrode systems suitable for the chemical preconcen-

ration of Cd(II) at trace levels, using the 1-furoylthioureas that
howed the best electrochemical behaviour. Some of the FTHD

ig. 1. Series 1 ligands. The C O and the C S groups adopt a twist “S”-shaped
onformation.
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ig. 2. Series 2 ligands. The C O and the C S groups adopt an “S”-shaped
onformation due to the intra-molecular N3–H· · ·O C– hydrogen bond bridge.

an preconcentrate Cd(II) from aqueous solution to the surface
f the modified CPE by forming complexes with this ion and
reatly increasing the sensitivity of its determination. The exper-
mental data show that some of the FTHD-modified CPEs have
igh sensitivity, adequate selectivity and reproducibility, and a
ide operative linear range of concentrations, for the determina-

ion of Cd(II) in water samples. The FTHD have the advantages
f simple methods of synthesis and purification, and their low
olubility in water.

. Experimental

.1. Reagents and chemicals

Graphite powder (spectroscopic grade RWB, Ringsdorff-
erke GmbH, Bonn-Bad Godesberg, Germany), mineral oil

Sigma, St. Louis, USA), acetic acid (Merck, Darmstad, Ger-
any), sodium hydroxide (Panreac Barcelona, Spain), boric

cid (Merck), ortho-phosphoric acid (Panreac) and cadmium
hloride (Merck) were used without further purification. Stock
olutions of 1 mg L−1 Cd(II) were prepared in water. Working
tandard solutions of lower concentrations were prepared freshly
y dilution. Nanopure water used throughout to prepare all solu-
ions was obtained by passing twice-distilled water through a

illi-Q system (18 M� cm, Millipore, Bedford, MA).
The 1-furoylthioureas (series 1 and 2) were synthesized as
reviously reported by Otazo-Sánchez et al. [23], and then re-
rystallized twice in ethanol. In order to provide certain continu-
ty with previous studies on these families of thiourea derivatives
23–25], the same numerals there used are preserved.
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show small differences. In general, the CVs of the CPEs modi-
fied with the derivatives of series 2 show lower residual current
and more symmetric anodic and catodic scans. These estima-
tions agree with the higher Cobs values observed for the CPEs

Table 1
Some CPEs modified with 1-furoylthiourea derivatives of series 1 and 2: capac-
ities calculated at 100 mV s−1

CPEs modified with Cobs (�F/cm2)

1c 8.6
1f 19.9
1d 12.4
1a 9.5
2f 2.8
90 O. Estévez-Hernández et al. / Senso

.2. Apparatus

Voltammetric measurements were performed with an Auto-
ab PGSTAT20 (Ecochemie, Utretcht, The Netherlands) poten-
iostat/galvanostat interfaced with a personal computer, using
he Autolab software GPES for waveform generation and data
cquisition and processing. The experiments were carried out
n a single-compartment three-electrode cell (25 mL), at room
emperature (25 ± 1 ◦C), under stirring during the accumula-
ion step. The electrochemical cell contains a working FTHD-

odified CPEs with a surface area of 7 mm2 (from Metrohm,
erisau, Switzerland), a platinum wire counter electrode and an
g/AgCl/3 M KCl reference electrode.

.3. Electrode preparation

The carbon paste unmodified was prepared by adding
.36 mL mineral oil to 1 g carbon powder. FTHD-modified CPEs
ere prepared by substituting corresponding amounts of the car-
on powder (5, 10 and 20% weight-to-weight ratio) by the FTHD
nd then adding the mineral oil and thoroughly hand-mixing in a
ortar and pestle. The resulting paste was packed into the elec-

rode and the surface was smoothed. The FTHD-modified CPEs
ere renewed after each measurement and then polished with
o. 1200 emery paper and wiped gently with weighing paper to
et a fresh surface.

.4. Procedure

Cyclic voltammograms (CVs) were carried out after purg-
ng the solutions for 10 min with nitrogen. CVs of the base line
ere run from −0.7 to 0.8 V and back (at scan rates from 10

o 500 mV s−1) using Britton–Robinson buffer at pH 4 as elec-
rolyte support. CVs of Cd(II) solutions in aqueous media were
ecorded from −0.4 to −1.1 V and back at the same scan rates.

All quantitative measurements were performed using DPASV
o achieve the sensitivity required for trace analysis. Twenty-five

illiliters of supporting electrolyte was added to the electro-
hemical cell, and then standard solution of Cd(II) was added
nto the cell. The mixture solution was stirred for 5 min at the
otential of −1.0 V and let to settle for 5 s. The stripping voltam-
ograms in the range from −1.0 to −0.5 V were recorded in the

ifferential pulse mode, for which the scan rate was 20 mV s−1,
he pulse amplitude 100 mV, the pulse repetition time 0.6 s and
he pulse duration 0.06 s.

. Results and discussion

.1. Electrochemical stripping

The performance of the newly FTHD-modified CPEs devel-
ped is based on the preconcentration of Cd(II) from aqueous
olution onto the surface of the modified electrodes by forming

omplexes of different strength with the modifier [24]. By this
eans, the surface concentration of Cd(II) is much larger than

hose of the unmodified electrode and the sensitivity is greatly
ncreased. The Cd(II) accumulated was reduced at −1.0 V and

2
2
2
2

d Actuators B 123 (2007) 488–494

he product was then oxidized in the stripping stage. The steps
an be described as follows:

(Cd2+)sol. + (FTHD)surf. → (Cd2+-FTHD)adsorb. (the accu-
mulation/complexing stage);
(Cd2+-FTHD)adsorb. + 2e− → (Cd0, FTHD)adsorb. (the accu-
mulation/reduction stage);
(Cd0, FTHD)adsorb. − 2e− → (FTHD)surf. + (Cd2+)sol./surf.
(the stripping step).

.2. Cyclic voltammetry studies

After various preliminary studies using DPASV [24] the reac-
ions of Cd(II) at the CPEs-FTHD modified in the presence
f chloride as a complexing anion were investigated by cyclic
oltammetry.

CVs of the FTHD-modified CPEs were recorded in the sup-
orting electrolyte. In cycles between −0.7 and 0.8 V, no redox
eaks were observed except for the CPE modified with ligand
h. In relation to the observed capacities, they were calculated
y means of the equation Cobs = i/v, where i is the average
nodic and cathodic current and v is the scan rate [26]. In these
alculations, those parts of the voltammograms where faradaic
ntensities prevailed upon capacitive intensities were not consid-
red. The capacities calculated for some of the FTHD-modified
PEs at scan rate of 100 mV s−1 are shown in Table 1.

In general, the values obtained are low for all the FTHD-
odified CPEs. The high content of modifier in carbon paste
ixture (20% in all the cases) and the non-homogeneity of the
aterial could be the reason for that behaviour. The CPE mod-

fied with ligand 2h had the highest capacity. The CV obtained
ith this electrode showed a signal in absence of any analyte,

o this CPE is not appropriated for metal determination. Its
ehaviour is similar to a reversible system as much for the near-
ess of the anodic and cathodic peaks as the similar current
eaks, with a icp/iap ratio close to the unity. The anodic current
t 0.23 V should be caused by the oxidation of the reductive
leavage of the –NO2 group of the ligand 2h.

The CVs of the CPEs modified with the series 1 and 2 ligands
h 49.1
j 1.8
m 3.8
d 2.9
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Fig. 5. Cyclic voltammograms obtained by 1d CPE modified in the range
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ig. 3. Cyclic voltammograms obtained by 2m (thicker curve) and 1d CPEs
odified at 100 mV s−1 in Britton–Robinson pH 4 electrolyte.

odified with the compounds of series 1 (Table 1). The useful
otential range for the voltamperograms obtained with the CPEs
odified with the derivatives of series 2 is wider in the anodic

ange while it is similar in the cathodic range for CPEs modified
ith both series. Fig. 3 shows the scans at 100 mV s−1 for the
PEs modified with the ligands 1d and 2m (selected as models
f both series) where the differences commented above can be
bserved. In general, upon increasing the scan rate an increasing
f the residual current and a higher distortion of the signals are
bserved. These effects are common for all the modified CPEs.

Figs. 4 and 5 show CVs for Cd(II) solutions obtained at CPEs
odified with 1d and 2m in the range 10–500 mV s−1. These

-furoylthioureas showed similar electrochemical behaviour to
he other compounds of the same series; they were selected,
ecause they showed the highest sensitivity for each series, with
he aim to realize a comparison. A similar behaviour is observed
or both CPEs, which corresponds to an adsorption mechanism,
ith weak adsorption of the product [27–29]. The cathodic scan
roduces the reduced species of cadmium, which is deposited on

he electrode. This deposition favours the oxidation process and
ence the current peak of this signal (i.e., the anodic peak), but
ot the reduction process. When the scan rate increases the con-
ribution of the material that diffuses is low compared with the

ig. 4. Cyclic voltammograms obtained by 2m CPE modified in the range
0–500 mV s−1 for 20 mg L−1 Cd(II) in Britton–Robinson pH 4 electrolyte.
he thicker curve corresponds to the voltammogram obtained at 500 mV s−1.
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0–500 mV s−1 for 20 mg L−1 Cd(II) in Britton–Robinson pH 4 electrolyte.
he thicker curve corresponds to the voltammogram obtained at 500 mV s−1.

dsorption; the concentration of product of the cathodic reaction
ear the electrode is slightly enhanced because of adsorption,
nd this results in a lower cathodic peak, and in a marked increase
f the anodic peak. Hence, it confirmed that the anodic stripping
rocess must be shown as the more adequate, because the accu-
ulation of the material after a previous reduction is favoured.
The anodic peak shows a typical scheme of product weakly

dsorbed (see Figs. 4 and 5); increasing the scan rate the peak
otential shifts to more positive values and the current peak is
nhanced/increased.

On the other hand, the cathodic peak does not completely fol-
ow the sequence of a product weakly adsorbed, since a decrease
f the peak current and a positive shift of the potential should be
xpected; the presence of the product adsorbed, and hence, its
igher concentration in the nearby of the electrode, must be on
ccount of a clear but slightly decreasing of the signal. However,
his behaviour is only observed at high scan rates.

To explain these phenomena the following kind of reaction
s proposed. Since, a modifier with binding capacities for the
eduction reaction reactant (Cd(II) in this case) is used at the
lectrode surface, a double process of weak adsorption could
e assumed, for both the reagent and the product (metallic cad-
ium) of the reduction reaction. The weak adsorption of the

eagent implies an increasing of the cathodic current peak and
negative shift of the peak potential [27]. The increase of the

can rate implies an increasing reduction peak current. This is the
ffect observed over the cathodic peak with increasing scan rate
or the CPEs modified with both series of ligands. When the scan
ate is too high the effect of the adsorbed product dominates; the
athodic peak decreases for the reasons above mentioned, and
he potential shifts to more positive values. On the other hand, for
he anodic signal the effect of the product adsorption is always
bserved, with an increase of the peak current and a positive
hift of the potentials with increasing scan rate.

The effects described above are observed in the CPE modified
ith 2m; for this CPE the effect of product adsorption clearly

revails, as the iap/icp (anodic peak intensity/cathodic peak inten-
ity) ratio is always over 1, and it increases with increasing scan
ate.
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The CPE modified with 1d does not show such predominant
ffect of the product adsorption. The cathodic peak decreases for
he highest values of scan rate (as it corresponds to the product
dsorption), but the iap/icp ratio is below 1 even for the lowest
can rate. Although this ratio increases with increasing scan rate,
t maintains values closed the unity in a wide scan rate range, as
t should be expected due the reagent adsorption.

From these studies we can establish/say that the FTHD-
odified CPEs show promising behaviour with respect to the

ase line. In the determination of Cd(II), the adsorption plays a
ery important role, emphasizing the weak adsorption of the
roduct with oxidation signals of greater intensity than the
eduction signals. It agrees with the preliminary results obtained
y DPASV [24]. The FTHD-modified CPEs by series 2 ligands
how a larger sensitivity. This fact will be confirmed in the fol-
owing calibration studies and detection limits calculation.

The CPEs modified with 1d and 2m were the CPEs modified
ith ligands of each series that showed the most promising per-

pectives for Cd(II) determination by DPASV. We are now inter-
sted in experiments conducted to establish the optimal media
onditions, and the electrochemical and instrumental parameters
f the method.

.3. Stripping voltammograms of Cd(II) at the CPEs
odified with 1d and 2m

The determination of Cd(II) in aqueous solution at the CPEs
odified by 1d and 2m was carried out by DPASV after 5 min

f accumulation at −1.0 V in a solution containing Cd(II). The
oltammograms are showed in Fig. 6. Two well-defined and
nhanced peaks are observed for the modified CPEs as com-
ared to the unmodified one. At the unmodified CPE a Cd(II)
xidation peak of 1.8 �A appears at −0.78 V, while the FTHD-

odified CPEs exhibit an anodic peak at −0.77 V, with higher

ntensity for the anodic current (9.9 and 21.2 �A for 1d and 2m
odified CPEs, respectively) in comparison with that observed

t the unmodified electrode. The increase in anodic current at

ig. 6. DPASV voltammograms of Cd(II) in Britton–Robinson electrolyte pH
at the CPEs modified with 2m and 1d (larger current peaks) and unmodi-

ed CPE; accumulation time: 300 s; accumulation potential: −1.0 V; differential
ulse amplitude: 100 mV; scan rate: 10 mV s−1; 2m (1d)/graphite powder: 20%
w/w).
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he FTHD-modified CPEs demonstrates that the FTHD play an
mportant role in the accumulation process of Cd(II) on the elec-
rode surface.

.4. Effect of carbon paste composition

The amount of FTHD in the carbon paste must significantly
ffect the height of the voltammetric signal. The anodic peak
f cadmium was increased with FTHD-modified CPEs. This
bviously indicates that the voltammetric response results from
he accumulation of Cd(II) at these electrodes by means of the
omplex formation reaction between the metal ion, Cd(II), and
he modifier, FTHD. The effect of carbon paste composition on
he peak current was tested using FTHD-modified CPEs pre-
ared with 5, 10 and 20%. The anodic peak current increased
ith increasing amount of modifier, because the concentration
f FTHD on the surface of the modified CPE increased corre-
pondingly. Higher modifier quantities in carbon paste usually
oad to a decreasing of the conductive area at the electrode
urface [19,20,22]. Hence, we did not study carbon paste with
THD/carbon powder weight ratio over 20%. Consequently, a
arbon paste composition of 20% of FTHD was used in further
tudies.

.5. Effects of pH and electrolyte

The influence of pH on the determination of Cd(II) was inves-
igated. From pH 2.0 to 8.0, the peak current increased at first
ntil the peak current reached a maximum value around pH 4.
he continuous increase of pH led to a decrease of peak current
nd a broadening of the signal, which is due to the hydrolysis
f Cd(II). Also, the FTHD can slowly dissolve in basic solution
or the acidity of the amidic proton NH and lose its ability of
omplexing Cd(II).

The effect of another buffer electrolyte of pH 4, such as
Ac/NaAc was studied. When the measurements were per-

ormed in this electrolyte, the shape of the stripping peak current
as similar, but a smaller peak height was obtained. Thus, buffer

olution Britton–Robinson (pH 4) was suitable as supporting
lectrolyte.

.6. Effects of accumulation potential and time

Accumulation potential is an important parameter for strip-
ing techniques and has non-negligible influence on the sensi-
ivity of determination. The effect of accumulation potential on
he stripping peak current of Cd(II) was studied in the range from

0.9 to −1.2 V. The peak increased with the negative shift of the
ccumulation potential. The increase of the reduction potential
eyond −1.0 V (in negative sense) led to a steady-state current.
t the same time, over this potential of −1.0 V another metal

ons can be reduced and cause interference on Cd(II) determina-
ion. Hence, a reduction potential of −1.0 V was chosen for all

ubsequent experiments to allow a difference of about 200 mV
rom the peak potential observed.

Similarly, the accumulation time is a decisive factor in any
echnique dealing with a preconcentration step. The quantity
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f Cd(II) reduced over the surface of the FTHD-modified
PEs increased with increasing accumulation time in the range
–10 min. Beyond this period, the current peak reached a flat
evel caused by the complete coverage of active sites on the
urface of the modified CPEs. Taking account of sensitivity
nd efficiency, accumulation time was 300 s in the following
xperiments.

.7. Effect of pulse amplitude and scan rate

The influences of parameters of DPASV on the measurements
f Cd(II) were studied. The results showed that the stripping peak
urrent increased with increasing differential pulse amplitude
nd it remains nearly constant when differential pulse ampli-
ude is larger than 100 mV. Thus, 100 mV was chosen as the
ifferential pulse amplitude.

Scan rate can also influence the determination of Cd(II) by
PASV. The peak current increased with the increasing of scan

ate, but slightly over 20 mV s−1. However, the shape of strip-
ing peak became apparently asymmetry when scan rate was
arger than 20 mV s−1. For that reason, 20 mV s−1 was chosen
s the scan rate.

.8. Calibration graph, detection limit and precision

The sensitivity of the method was studied by recording dif-
erential pulse anodic stripping voltammograms at different
d(II) concentrations. For the CPE modified with 2m a cali-
ration plot influenced by the electrode surface saturation was
bserved. Depending on the ranges it could be obtained linear
anges described by different regression equations. For the lower
ange (0.0010–0.0075 mg L−1) the linear regression equation
as Ipa(�A) = 0.20 + 168.33 [Cd(II)] (mg L−1), with a correla-

ion coefficient of 0.999. The anodic peak current at the carbon
aste modified electrode PC-1d was proportional to the concen-
ration of Cd(II) in the range 0.01–0.1 mg L−1, with a correlation
oefficient of 0.993. The linear regression equation was: Ipa
�A) = 0.13 + 18.80 [Cd(II)] (mg L−1). From 0.1 mg L−1 a devi-
tion from linearity was observed due to the saturation of the
lectrode surface.

The detection limits in the linear range for both modified
PEs, calculated [30] as the signal of the blank plus three times

ts standard deviation are also reported. The detection limits
btained were 6 × 10−5 and 3 × 10−3 mg L−1 for the CPEs mod-
fied with 2m and 1d, respectively.

The results obtained for the detection limits of these modi-
ed CPEs with two FTHD (taken as models of the behaviour
f the derivatives of both series) show that the ligands of series
(1-furoylthioureas 3-monosubstituted) have greater sensitivity

oward Cd(II). This fact is consistent with the results previously
eported for the complexes of these ligands with cadmium chlo-
ide [24,25].
The relative standard deviations were found to be 3.9% for
even determinations of 0.5 mg L−1 Cd(II) in the experimental
onditions previously optimised. The results indicate that the
THD-modified CPEs have good reproducibility.

R

d Actuators B 123 (2007) 488–494 493

.9. Effects of other ions

The influence of Hg(II), Zn(II), Ag(I), Pb(II) and Cu(II) on
d(II) peak current was also evaluated at a 1:1 interferent:analyte
ass ratio. Hg(II), Zn(II) and Ag(I) do not interfere the deter-
ination of Cd(II). However, the presence of Cu(II) or Pb(II)

nterfere significantly by suppressing the Cd(II) signal up to
0–50%, because they form complexes with the modifier and
revent the complex formation and accumulation of Cd(II) at
lectrode surface; peak potential for Pb(II) signal is near to that
f Cd(II), and overlapping is also observed.

.10. Applications to real water samples

Some tests were carried out for spiked superficial water
collected from San Pedro river, Puerto Real, Cádiz, Spain)
nd spiked drinking water samples; Cd(II) concentrations
n cell of 0.05 and 0.01 mg L−1 for the CPE modified with
m, and 0.25 and 0.05 mg L−1 for the CPE modified with
d were used. The results show recoveries of 92–96%; the
tandard addition method was used for the determinations. In
ll cases the paste was removed from the electrode, giving
elative standard deviations for the repeated measurements
elow 4%. As a previous step, the absence of Cd(II) in
he real samples was tested by ICP (inductively coupled
lasma).

. Conclusions

A simple and effective electrode system for the determi-
ation of Cd(II) was developed. The concentration of Cd(II)
t the surface of the FTHD-modified CPEs is increased by
he formation of cadmium complexes of the FTHD, specially
or the 3-monosubstituted ligands (series 2). The FTHD and
heir cadmium complexes show thermal and physical stability,
igh temperature of decomposition and a pH operational
ange from slightly acid to neutral; the moderate stability
onstants of the complexes favour the reversibility during
he stripping step and the adsorption process, as it has been
onfirmed by the CV studies. The FTHD-modified CPEs
howed good capacities, stability, sensitivity and reasonable
electivity.
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