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bstract

Two series of 1-furoylthioureas were used as modifiers of carbon paste electrodes (CPE). The preconcentration of Cd(II) at CPE modified

ith these 3-monosubstituted and 3,3-disubstituted 1-furoylthioureas and its subsequent voltammetric determination was studied with Cd(II) test

olution. The preconcentration of cadmium at the surface of the modified CPE varied with the steric and electronic nature of the present CS
eighboring groups. This is in accord with the changes observed in the Raman spectra of the ligands after complexation with CdCl2, and with the
hemical yields of the complexes obtained.

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

The thiourea derivatives studied (3-monosubstituted and 3,3-
isubstituted 1-furoylthioureas) have been successfully used as
onophores in ion selective electrodes (ISEs) for Cd(II), Hg(II)
nd Pb(II) [1]. This application required a sharp modulation
f the coordination strength. Formation of very stable com-
lexes is usually related to a short electrode lifetime due to
he poisoning of the ISE membrane. The best performance
n that application has corresponded to 3-monosubstituted 1-
uroylthioureas, with a relatively high Raman frequency values
f their ν(C S) vibration [2]. It is dependant on an appropri-
te nucleophilic character of its sulphur atom. Thiourea and
ts derivatives are a versatile family of ligands appropriate for

orming complexes with ions of transition (e.g. Ni(II), Cu(II/I),
o(III), Zn(II), Ag(I), Cd(II), Pt(II), Pd(II), Au(III), Rh(III),
e(III), Tc(III)) and post-transition (e.g. Pb(II), Sb(III), Bi(III))

∗ Corresponding author. Tel.: +34 956 016 355; fax: +34 956 016 460.
E-mail address: ignacio.naranjo@uca.es (I. Naranjo-Rodrı́guez).
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ace complex

etals [3–6]. It is well known that the coordination chem-
stry of such derivatives is much more varied than that of
imple thiourea. Thus, the physiochemical properties of their
etal complexes are more pronounced, resulting in a num-

er of interesting potential technical and analytical applications
5]. Coordination compounds formed by the organic ligand
hiourea and metal(II) ion with d10 electronic configuration
Zn(II), Cd(II), Hg(II)) have recently received renewed atten-
ion for two main reasons: their non-linear optical properties
7,8] and the convenient preparation of semiconducting materi-
ls based on CdS through the thermal decomposition of those
omplexes [9,10]. With d10 metal ions (Zn(II), Cd(II), Hg(II),
g(I), Cu(I)), thiourea and its derivatives show certain regu-

arity concerning the metal coordination through only the S
tom [4]. We have previously studied the Raman spectra of two
eries of 1-furoylthiourea derivatives [2] and their complexes
ith CdCl2 [11] in order to identify those vibrations involv-
ng contributions from motions within the thioureido (NCSN)
ore, because they are the mainly affected after coordination.
his has proved an appropriate technique for shedding light on

he suitability of the thiourea derivatives studied in the men-
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tral band pass of the Raman spectrometer was 4 cm and the
90◦ configuration used with an incidence angle of 60◦ on the
metal surface when taking surface-enhanced Raman scattering
(SERS) spectra.
O. Estévez-Hernández et al. / Senso

ioned application [2]. The fact that this family of compounds
as been tested, with promising results, as ionophores in ion
elective electrodes [1], is the main antecedent for using 1-
uroylthioureas as heavy metal complexing modifiers incorpo-
ated in carbon paste electrodes (CPE). We have now carried
ut preliminary studies of the preconcentration of cadmium at
arbon paste electrodes modified with these compounds and
ts subsequent voltammetric determination with test solutions.
hemically modified electrodes consisting of carbon paste and
odifying reagent have been widely used, since they can be

repared easily and have a stable electrode response [12,13].
herefore they have been used to accumulate analytes selectively
nd to protect them from interference by other ions. Similar
tudies have been reported using thiourea derivatives for Ag(I)
14] and Pd(II) [15]. Electrodes modified with selective ligands
nable the immobilization of metal ions by the formation of sur-
ace complexes at the electrode [16–18]. Different modifiers for
arbon paste have been reported in the last years for the electro-
hemical stripping analysis of Cd(II): bismuth-powered [19],
arbamoylphosphonic acid [20], organofunctionalized amor-
hous silica [21], diacetyldioxime [22], polycyclodextrin [23]
nd N-p-chorophenylcinnamohydroxamic acid [24]. The detec-
ion limits for these carbon paste modified electrodes are in the
ange from 0.0011 to 0.22 mg L−1, with relative standard devi-
tions from 2.6 to 6.5%; these results agree with those reported
n this paper. We present here the first results concerning the
reconcentration and voltammetric determination of cadmiun at
-furoylthioureas modified electrodes. We have correlated the
lectroanalytical results (dependence of the binding capabili-
ies of the CPE modified with different 1-furoylthioureas on the
d(II) uptake) with those changes seen in the 1-furoylthiourea
erivatives Raman spectra after complexation with cadmium
hloride in neutral media (ethanol), and the chemical yield of the
omplexes obtained. A preliminary electrochemical analysis of
d(II) with a 3-monosubstituted 1-furoylthiourea modified car-
on paste electrode is also described.

. Experimental

.1. Synthesis of ligands and their complexes with CdCl2

The 1-furoylthioureas were synthesized as previously
eported by Otazo-Sánchez et al. [1,25]. According to their
ubstituents, these ligands were labeled as Series 1 and 2
Figs. 1 and 2). Series 1 (compounds 1a, 1b, 1c, 1d, 1e and
f) involves 3,3-disubstituted 1-furoylthioureas while Series

(compounds 2b, 2d, 2f, 2g, 2h and 2j) concerns to 3-
onosubstituted. In order to provide certain continuity with

revious studies on these families of thiourea derivatives
1,2,11,25], the same numerals used there are preserved. The
espective CdCl2 complexes of both Series were labeled as
dCl2-ligand. Complexation occurred when isoconcentrated
thanolic solutions of thiourea derivatives and cadmium chloride

ere mixed at room temperature in 1:1 molar ratio. The reactive
ixture was left to evaporate until complexes precipitated. The

admium chloride mixtures with 1c, 1d and 1e ligands did not
orm precipitate, although the solution turned turbid. The rest

F
f

ig. 1. Series 1 ligands. The C O and the C S groups adopt a “U”-shaped
onformation.

f the products were collected by filtration, then washed with
thanol and finally dried in air.

.2. Raman measurements

Raman spectra were collected by a capillary sample tech-
ique on a Perkin-Elmer system 2000 NIR-FT-RAMAN and
Lexel model 98 krypton ion laser (λ = 647.1 nm). The laser

ower at the sample surface was restricted to 40 mW. The spec-
−1
ig. 2. Series 2 ligands. The C O and C S groups adopt an “S”-shaped con-
ormation due to the intra-molecular N3-H· · ·O C– hydrogen bond bridge.
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Table 1
CdCl2 complexes with Series 1 and 2 ligands: chemical yield and ν(C S)
decrease after complexation

Sample Synthesis yield (%) Thioureido band IV
(ν(C S)) (cm−1)

ν(C S) downshift
after complexation
(cm−1)

1a 699
CdCl2-1a 48 693 6
1b 693
CdCl2-1b 39 686 7
1c 710
CdCl2-1c Not precipitated
1d 713
CdCl2-1d Not precipitated
1e 701
CdCl2-1e Not precipitated
1f 709
CdCl2-1f 55 708 1
2b 759
CdCl2-2b 47 750 9
2d 750
CdCl2-2d 71 737 13
2f 743
CdCl2-2f 81 726 17
2g 744
CdCl2-2g 77 728 16
2h 760
CdCl2-2h 95 747 13
2
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.3. Chemicals, solutions and electrochemical setup

The working electrode was a CPE with a surface area of
mm2 (from Metrohm, Herisau, Switzerland), the counter elec-

rode was a platinum wire, and a silver/silver chloride/3 M KCl
lectrode was used as the reference. The modified carbon paste
onsists of 5 g graphite powder (spectroscopic grade RBW, from
GL Carbon, Ringsdorff, Germany); 1.0 g modifier (20% with
espect to the amount of the graphite powder) and 1.8 mL paraf-
n oil (Merck, Darmstad, Germany) thorougly mixed with mor-

ar and pestle. The surface of the CPE was renewed after each
easurement and then polished with No. 1200 emery paper and
iped gently with weighing paper.
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 in
single-compartment three-electrode cell, at room temperature

25 ± 1 ◦C), under nitrogen atmosphere where was necessary.
For the measurements, 25 �L of Cd(II) stock solutions

1000 mg L−1, prepared by dissolving 0.0500 g of CdCl2·2H2O
rom Merck in 50 mL of water) were added to the cell con-
aining 25 mL of Britton-Robinson buffer solution (pH 4) in
rder to have a Cd(II) concentration of 1 mg L−1. Boric acid,
rthophosphoric acid, acetic acid and sodium hydroxide for the
ritton-Robinson buffer solution were from Merck. Nanopure
ater was obtained by passing twice-distilled water through a
illi-Q system (18 M� cm, Millipore, Bedford, MA).

.4. Electrochemical procedure

Differential pulse anodic stripping voltammetry (DPASV)
as the electrochemical technique applied for the determina-

ion of Cd(II) following a preconcentration step at −1.0 V for
min. After equilibration of 5 s DPASV was carried out from
1.0 to −0.5 V. Other instrumental parameters for DPASV were

s follows: pulse amplitude +100 mV, pulse repetition time 0.6 s
nd scan rate 10 mV s−1. Cadmium was preconcentrated with
otation of the CPE at 1500 rpm.

. Results and discussion

.1. The structure of the ligands used

From published data we [1] we can generalize that in Series
ligands (Fig. 1) the dihedral angles in the CO-NH-CS-NH

ystem are nearly 0◦ in a Z,Z conformation, resulting in a “U”-
haped arrangement with respect to the CO and CS groups. For
eries 2 ligands (Fig. 2) the dihedral angles in the system CO-
H-CS-NH are close to 0◦ in a fixed E,Z conformation with CO

nd CS groups in an “S”-shaped arrangement. An intramolec-
lar hydrogen bond between the available proton on N3 and

he carbonyl group has been previously confirmed [1,25]. This
ast Series of ligands may be appropriate for complex formation
hrough the S atom because the latter remains practically free of
teric impediment from the substituents groups.

b
f
r
r

j 796
dCl2-2j 86 791 5

.2. Stability of the complex formed

In Table 1 are collected the chemical yield obtained for the
omplexes and the Raman band values (thioureido band IV) used
s sensor for the complex formation. The analysis of Raman
pectra was carried out principally to reveal the effect of coor-
ination on the vibrational band of the ligand in the metal
omplexes in the region of 685–795 cm−1. This is a spectral
one practically free of other bands, where a fundamental with
majority contribution from ν(C S) motion (band IV) has been
ssigned. Certainly, the most significant spectral change caused
y complex formation is the decrease of the ν(CS) stretching
requency. Although this vibration is also strongly coupled with
ther modes, our assignment of the band with the highest ν(CS)
haracter is based on the previously IR and Raman study of
he ligands [2]. For all the complexes with 1-furoylthioureas
-monosubstituted examined, there is a clear lowering of this
and by about 12 cm−1 in average for the Cd(II) complexes.
he lowering of wavenumber can be investigated to the reduced
ouble bond character of the C S bond. In the case of the com-
lexes with the 1-furoylthioureas 3,3-disubstituted the ν(CS)
tretching frequency is less affected by coordination by about
cm−1. Some of this kind of ligand (1c, 1d and 1e) did not
ield the expected CdCl2 complexes. For the ligand 1f it was
ossible to obtain the complex, but the change in the thioureido

and IV was not significant. It seems that the complexes with 1-
uroylthioureas 3,3-disubstituted are difficult to form for steric
easons (ligands 1c, 1d, 1e and 1f present at least one aromatic
ings as N3-substutuent) that affect not only the nucleophilic
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Fig. 3. DPASV of Cd(II) at the CPEs modified with 3-monosubstituted 1-
furoylthioureas after 3 min of preconcentration (rotation at 1500 rpm). Support-
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binding only through the C S group. However, the number
(concentration) of available C S bending sites were differ-
O. Estévez-Hernández et al. / Senso

haracter of the CS group (a weaker M–S interaction) but also
he crystallization process. This behavior is consistent with the
hemical yield obtained for the CdCl2 complexes of both lig-
nd families. Although the chemical yield obtained during the
omplex synthesis can be affected for certain ligand features
e.g. steric factor, solubility) it can also be used as indication of
he stability of these complexes. Thus, the higher yields were
bserved for the coordination compounds formed with Series 2
igands. As already mentioned, for some ligand-CdCl2 mixtures
ithin Series 1 no solid precipitates are obtained, suggesting low

tability of the corresponding complexes. From both criteria, the
hemical yield and the decrease of the Raman ν(CS) stretching
requency after coordination of the ligand with cadmium chlo-
ide, the complexes of higher stability are those formed with
igands from Series 2.

.3. Electrochemical studies

In order to ascertain the general characteristics of the 1-
uroylthioureas-modified CPE, the electrochemical response of
he ligands-modified CPE was examined, after exposure to an
queous solution of Cd(II) ions. As far as preconcentration
nalysis is concerned, the rate determining step is most often
iffusion on the target analyte to the binding sites located inside
he electrode modifier (3-monosubstituted 1-furoylthioureas and
,3-disubstituted ones) during the accumulation step, and from
hese sites to the conducting portion of the electrode to undergo
harge transfer (detection step), mainly for a reversible pro-
ess. Hence, high sensitivity and low detection limit would be
chieved using an electrode modifier containing a large amount
f accessible binding sites, which could be easily reached by
he analyte in a short time. Considering the different structure of
oth Series of ligands and the nature of the N3-substituent groups
Figs. 1 and 2) in the nearby of the principal nucleophilic center
CS group) variations in terms of sensitivity (different Cd(II) ion
ptake) were expected.
The preconcentration of Cd(II) at the modified CPE
ucceeds with potentiostatic pretreatment. As presented in
able 2, the oxidation of Cd(II) ions occurs at the aver-
ge electrode potential of −0.77 V. This value shifts for

able 2
eries 1 and Series 2 modified CPEs: observed DPASV peaks for 1 mg L−1 of
d(II)

C-modified Ep (V) Ip (�A)

C-1a −0.77 0.3
C-1b No peak No peak
C-1c −0.79 0.9
C-1d −0.77 9.9
C-1e −0.77 10.2
C-1f −0.77 0.1

C-2b −0.79 5.2
C-2d −0.77 23.0
C-2f −0.77 15.6
C-2g −0.76 10.2
C-2h −0.77 68.8
C-2j −0.80 3.7

e
w

F
f
i
2
P

ng electrolyte Britton-Robinson, pH 4.0. Scans from −1.0 to −0.5 V, scan rate
5 mV s−1, pulse amplitude +100 mV, pulse repetition time 0.2 s. (a) PC-2h; (b)
C-2d; (c) PC-2f; (d) PC-2g; (e) PC-2b; (f) PC-2j.

ach CPE. The results obtained also implied that different 1-
uroylthioureas as CPE modifiers exerted significantly differ-
nt binding capabilities, since different peak currents of the
ifferential pulse voltammograms were recorded at the same
xposure time (Figs. 3 and 4), and the following uptake order
as found (PC-2h > PC-2d > PC-2f > PC-2g ≈ PC-1e ≈ PC-
d > PC-2b > PC-2j > PC-1c ≈ PC-1a ≈ PC-1f ≈ PC-1b). The
eak currents variations are attributed primarily to the increased
mount of Cd(II) preconcentrated at the electrode surface. The
-furoylthioureas (presumably through the CS group) act as
reconcentration sites for metal ions. From the similar shape
f curves presented with different final equilibrium currents
ecorded at the same Cd(II) concentration, the assumption could
e made that a similar interaction process was involved in all
igands studied, including the possibility that metal ions were
nt for each CPE and therefore different equilibrium currents
ere detected. It is assumed that the preconcentration at the

ig. 4. DPASV of Cd(II) at the CPEs modified with 3,3-disubstituted 1-
uroylthioureas after 3 min of preconcentration (rotation at 1500 rpm). Support-
ng electrolyte Britton-Robinson, pH 4.0. Scans from −1.0 to −0.5 V, scan rate
5 mV s−1, pulse amplitude +100 mV, pulse repetition time 0.2 s. (a) PC-1e; (b)
C-1d; (c) PC-1c; (d) PC-1a; (e) PC-1b; (f) PC-1f.
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odified CPE occurs by formation of cadmium complex of
he respective ligand. The complex formation occurs proba-
ly via a ligand exchange reaction at the electrode surface, a
eaction without charge transfer across the electrode/solution
nterface. Therefore, the elucidation of the reaction mechanism
y electrochemical means is difficult. The analytical signal is
etermined in accordance with metal complex electrochemical
roperties.

The preconcentration is more effective at the electrodes mod-
fied with 1-furoylthioureas 3-monosubstituted (especially com-
ounds 2f, 2h, 2g, 2d) leading to the most intense voltammetric
esponses. Although they display a larger double bond charac-
er of the C S (higher frequency values of the Raman ν(CS),
ee Table 1) with a lower nucleophilic character of the sulphur
tom than the 3,3-disubstituted compounds [26], it seems that
he steric factor determines the formation and the stability of
he complex. The results suggest that the formation of the sur-
ace complex (sensitivity) is not favored with the compounds of
eries 1 (except compounds 1d and 1e) for this reason.

Thus, using the data obtained from differential pulse
oltammograms, it is possible to estimate the stability of the
d(II) ion complex compounds with the 1-furoylthiourea
erivatives. This result agrees with those observed in Raman
pectra, because the changes in the ν(CS) stretching frequency
f the ligand after complexation are more significant (a
tronger complex is probably formed) with 1-furoylthioureas
-monosubstituted. The ν(CS)′ decrease order founded
as (CdCl2-2f > CdCl2-2g > CdCl2-2h ≈ CdCl2-2d > CdCl2-
b > CdCl2-1b ≈ CdCl2-1a ≈ CdCl2-2j > CdCl2-1f). Again
omplexes formed from compounds 2f, 2h, 2g and 2d exhibit
he bigger variation (average of 12 cm−1 in Raman). In Series

ligands, compound 2b shows the worst combined behavior
n electrochemical response, band IV diminution and complex
ield (as similar as the Series 1 derivatives). It seems that
he cyclohexyl group in this compound promotes a strong
teric hindrance similar to that present in the 1-furoylthioureas
,3-disubstituted.

Only the complex formed with 2j exhibits ν(CS)′ decrease
imilar to those of the Series 1. It accords also with the higher
hemical yields of the synthesis obtained for the cadmium com-
lexes of the Series 2′ ligands (see Table 1). Compared with the
est of the Series 2 derivatives, compound 2j shows a low electro-
hemical signal and a little downshift of the Raman band IV. In
act, it has the highest frequency value of the band. It seems that
he hydrogen bond bridge between N1 proton and the pyridyl
itrogen [1] leads to a higher electronegativity of N1 atom that
imits the thioamide resonance and favors the retention of a high
lectron density in the C S double bond [2].

Although compound 1b has yield of the complex and down-
hift of the band IV similar to 1a, it does not show electrochemi-
al signal. Nevertheless, this may be due not to the complex for-
ation with Cd(II), but only to the physical problems observed

n the incorporation of this compound into the carbon paste. Its

ad adhesion to the work electrode promotes the loosening of the
aste during the measurement process. The aliphatic nature of
he substituents in the compounds 1a, 1b and 2b may explain its
omparable behavior both in complex yield and the downshift of

t

f
t

d Actuators B 120 (2007) 766–772

he Raman band IV. It was not possible to obtain complexes from
ompounds 1c, 1d and 1e and that is why its electrochemical
esponses could be not correlated with the Raman spectra. With
espect to the electrochemical results, strong and stable com-
lexes from 1d and 1e could be obtained. As already mentioned
n Section 2.1, the cadmium chloride mixtures with 1c, 1d and
e ligands did not form precipitate, although the solution turned
urbid, suggesting a low stability in the solid state of the cor-
esponding complexes [11]. Such behavior could be attributed
o the presence of quite voluminous substituents. Probably, the
d(II) complexes from 1d and 1e stay in solution, because the

arge N3
′-substituent groups present (ethyl-phenyl and bencyl-

henyl, respectively) hinder the formation of the crystals. Thus,
n 3,3-disubstituted compounds the steric interactions in some
ases reduce the stability of the complex formed (complexes
dCl2-1f, CdCl2-1b and CdCl2-1a) or hinder the good crystal-

ization of the coordination compounds (CdCl2-1d and CdCl2-
e). For CdCl2-1c, both factors are observed. Such information
s very important for the increase in selectivity both at the stage
f surface preconcentration and the stage of voltammetric deter-
ination of Cd(II) and other heavy metal ions. Thus, the fact that

-furoylthioureas 3,3-disubstituted apparently form a weaker
omplex with Cd(II) (although for these compounds chelate for-
ation is more feasible) can be advantageously used to prevent

he interference of other metal transition ions with cadmium
ons.

.4. Electrochemical analysis

In order to evaluate the use of 1-furoylthioureas carbon
aste modified electrodes as electrochemical devices for the
nalysis of Cd(II), several studies were carried out with a 3-
onosubstituted 1-furoylthiourea modified carbon paste elec-

rode, specifically PC-2d. Although PC-2h gives the higher peak
ntensity (see Table 2), the signal obtained is asymmetric and
ear the background discharge; so it is difficult to obtain good
eaks for lower Cd(II) concentrations.

.4.1. Effect of electrochemical parameters
Accumulation potentials between −1.2 and −0.9 V were

nvestigated. It was observed that in the interval from −1.2 to
1.0 V the same peak current was obtained for Cd(II); at more

ositive potentials a decrease in the anodic peak current caused
y an inefficient reduction of Cd(II) at the electrode surface was
bserved. Thus −1.0 V was chosen as the accumulation poten-
ial in order to obtain the better peak current and to avoid the
eduction of other metals.

With respect to the preconcentration time, the anodic peak
urrent increases with increasing in the preconcentration time
etween 0 and 350 s; after this value peak current remains nearly
onstant due saturation of binding sites at electrode surface.
ence a preconcentration time of 300 s was used for subse-
uent studies, as compromise between sensitivity and analysis

ime.

The anodic peak current for Cd(II) was also evaluated as a
unction of scan rate between 6 and 60 mV s−1 and pulse ampli-
ude from 25 to 150 mV. The peak current increased and the
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eak potential shifted toward more anodic values for faster scan
ates. A scan rate of 10 mV s−1 was chosen because it showed
he better peak definition and a relatively faster analysis. Similar
ffect was found when pulse amplitude increased, which caused
oss of peak definition and more broad peaks (less selectivity of
he signals). A pulse amplitude of 100 mV was chosen as a com-
romise between sensitivity and selectivity. These instrumental
arameters are in accordance to literature [22,24].

.4.2. Calibration graph and influence of other metals
The sensitivity of the method was studied by recording differ-

ntial pulse anodic stripping voltammograms at different Cd(II)
oncentrations. The anodic peak current at the carbon paste
odified electrode (PC-2d) was proportional to the concen-

ration of Cd(II) in the range of 0.005–0.05 mg L−1, with a
etection limit of 0.007 mg L−1. The linear regression equation
s: Ipa (A) = 1.52 × 10−8 + 6.5 × 10−5 [Cd(II)](mg L−1). From
.1 mg L−1 a deviation from linearity was observed due to the
aturation of the electrode surface. Relative standard deviation
alues below 5% were obtained for the concentrations tested.

The influence of Hg(II), Zn(II), Pb(II) and Cu(II) on Cd(II)
eak current was also evaluated. Hg(II) and Zn(II) cause only
egligible effect on the Cd(II) signal; however, the presence of
u(II) or Pb(II) interfere significantly by suppressing the Cd(II)

ignal up to 40–50% change in peak current, because they form
omplexes with the modifier and prevent the complex formation
nd accumulation of Cd(II) at electrode surface.

. Conclusions

Comparison of Raman-spectra and electrochemical studies
anodic stripping voltammetry) provides an appropriate pro-
edure for estimating the coordination strength of the Cd(II)
omplexes with 1-furoylthiourea derivatives, although prob-
ems associated with the incorporation of the 1-furoylthiourea
erivatives into the carbon paste must be considered. The
-furoylthioureas 3-monosubstituted (Series 2) form stronger
d(II) complexes in ethanol media than the 3,3-disubstituted
ompounds (Series 1). Structural features as steric hindering and
he nature (aliphatic or aromatic) of the N3-substituents deter-

ine the stability of the complexes.
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. Estévez-Hernández is a Full Researcher at Institute of Science and Technol-
gy of Materials of the Havana University. He received a BS degree in Chemistry
rom Havana University in 1995 and a Master in Organic Chemistry in 1999.
e’s currently a PhD student at the Department of Analytical Chemistry of the
niversity of Cádiz. His current research interests involve molecular materials

nd chemical sensors.

.L. Hidalgo-Hidalgo de Cisneros is a Professor at the University of Cádiz.
e received a BS degree in Chemistry from the University of Murcia in 1970

nd a PhD in Analytical Chemistry from the University of Murcia in 1975. His
urrent research interests are in electrochemical and mass sensors, environmental
nalytical chemistry and chemometrics.

. Reguera is a Full Researcher at Institute of Science and Technology of
aterials of the Havana University. He received a BS degree in Physics from
avana University in 1977 and a PhD in Chemistry from National Center for
cientific Researchs of Cuba in 1988. His current research interests involve
olecular materials, molecular blocks assembling and nanotechnologies.
. Naranjo-Rodrı́guez is a professor at the University of Cádiz. He received
BS degree in Chemistry from the University of Cádiz in 1986 and a PhD in
nalytical Chemistry from the University of Cádiz in 1994. His current research

nterests are in chemical sensors, new materials applied to analytical chemistry
nd electrochemistry.


	On the complex formation of CdCl2 with 1-furoylthioureas: Preconcentration and voltammetric behavior of Cd(II) at carbon paste electrodes modified with 3-monosubstituted and 3,3-disubstituted derivatives
	Introduction
	Experimental
	Synthesis of ligands and their complexes with CdCl2
	Raman measurements
	Chemicals, solutions and electrochemical setup
	Electrochemical procedure

	Results and discussion
	The structure of the ligands used
	Stability of the complex formed
	Electrochemical studies
	Electrochemical analysis
	Effect of electrochemical parameters
	Calibration graph and influence of other metals


	Conclusions
	Acknowledgements
	References


