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Reaction of o-phenylenediamine and 8-formyl-7-hydroxycoumarin yield a new coumarin salen ligand,
(CSB) which was isolated as orange air-stable solid and characterized by melting point,
thermogravimetric analysis (TGA), mass spectra, infrared and NMR (1H, 13C) spectroscopy. New CSB
was dispersed in nafion and nafion-CSB composite was deposited on a glassy carbon electrode. The
modified electrode nafion-CSB/GCE allowed the formation in-situ of mercury film for detection of Pb
(II) and Cd(II) by anodic stripping voltammetry (ASV) in buffer phosphate solution pH 3.0 and 4.0.
Optimal conditions were studied (mercury concentration: CHg 40.0 mg L-1; CSB concentración; CCSB;
20.0 µmol L-1; pH 3.0 and pH 4.0; EACC:-1.1 V and tACC: 80).The detection limit (3σ/b) for Pb (II) Cd
(II) were of 0.15 µg L–1 for Pb(II) and Cd(II) at pH 3.0. Moreover, 0.071 and 0.080 µg L–1 for Pb(II)
and Cd(II), respectively at pH 4.0, The method was validated using ICP multi-element standard
solution IX (Merck) containing As, Be, Cd, Cr(VI), Hg, Ni, Pb, Se and Tl 100 mg L-1. Finally, river,
tap and mineral waters were analyzed.

Keywords: Schiff base, 7-hydroxycoumarin, Anodic stripping voltammetry, Modified electrode, Lead,
Cadmium, water samples

1. INTRODUCTION
Lead and cadmium are classified as hazardous metals by the Agency for Toxic Substances and
Disease Registry. Excessive amounts of these metals in the environment is very harmful to humans,
animals, and plants [1]. The contamination of lead and cadmium in living organism may cause
irreparable damage to the DNA [2]. The water sources are the most affected ecosystem by the
contamination of lead and cadmium from the industrial production. Therefore, is necessary the
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developed of new sensitive methodologies that allow identifying and quantifying lead and cadmium in
natural waters. Electroanalytical techniques offer great advantage, related to sensitivity and low
operational costs. Anodic stripping voltammetry (ASV) has proven to be very effective to determine
Pb and Cd; this is demonstrated by the numerous publications in the last decades. Modified carbon
electrodes with bismuth [3], antimony [4] and mercury films [5], have been the most used methods to
quantify lead and cadmium. Other alternatives have been the modification of electrodes with carbon
nano-materials as graphene, [6], carbon nanotubes [7, 8], biological material such as bacteria [9] and
ligands [10] as chelating-adsorbent agents. These chelating-adsorbent agents must form fast kinetic
complexes and must be electro active. Moreover, the chelating-adsorbent agents must have active
surface area (R-OH, R-O-R, etc.) that allow their spontaneous adsorption on the electrode surface.
Some of the ligands used as chelating-adsorbent agents in the simultaneous determination of Pb and
Cd are Clioquinol [11], 2-mercaptobenzothiazole [12], 8-hydroxyquinoline [13], 4-methylcatechol
[14], uric acid [15], and pyrogallol red [16], where have been reported detection limits (DoL) between
0.05 and 17.0 µg L-1 for lead and 0.01-10 µg L-1 for cadmium. On the other hand, in these reports have
using adsorptive stripping voltammetry (AdSV). Schiff bases are attractive as chelating-adsorbent
agents in modified electrodes because of these ligands have the C=N donor system that can coordinate
with various metal ions and form stable complexes. In addition, schiff bases are easy and inexpensive
to prepare [17 ,18, 19, 20, 21].
In this work, we report the synthesis of the Schiff base 8,8'-((1E,1'E)-(1,2phenylenebis(azanylylidene))bis(methanylylidene))bis(7-hydroxy-2H-chromen-2-one) (Scheme 1).
This new coumarin salen ligand can bind metal ions by the azomethine groups, as well as by the
phenolic hydroxyl groups of the coumarin moieties. The aim of this research was to optimize the ASV
technique to simultaneously determine Pb and Cd with mercury film and nafion coated new coumarin
schiff base like chelating-adsorbent agent. To the best of our knowledge, in-situ mercury film
electrodes with coumarin derivatives for the simultaneous determination of lead and cadmium have not
been reported.

2. EXPERIMENTAL
2.1. Materials and methods
All reagents and solvents were used as received, without further purification. 7hydroxycoumarin, hexamine, o-phenylenediamine, anhydrous magnesium sulfate, absolute ethanol,
dichloromethane, acetonitrile, glacial acetic acid, nitric acid, among others, were of analytical grade
and purchased from Merck. Cd(II), Pb(II), and Hg(II) standard solutions were prepared by diluting
commercial standards (Merck). Water used for dilution of the standard, reagents, and preparation of
samples was obtained from Merck (HPLC-type water). Nafion® (5% w/v solution) was obtained from
Aldrich. All other chemicals such as nitric acid, KCl, etc., were analytical grade from Merck. Buffer
phosphate solution (BPS) (0.1 mol L−1) was prepared from H3PO4/H2PO4-/HPO42-, adjusting the pH
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with NaOH solution. Reference ICP multi-element standard solution IX (Merck) containing As, Be,
Cd, Cr(VI), Hg, Ni, Pb, Se and Tl 100 mg L-1was used for validation and interference studies.
The reactions were monitored by thin layer chromatography (TLC) on silica gel plates using
dichloromethane or a mixture of dichloromethane and methanol (30:1) as solvents, and observed with
UV lamp (254 nm or 365 nm). NMR data were recorded on a Bruker Avance 400 spectrometer
(400.13 MHz for 1H; 100.61 MHz for 13C). 1H and 13C NMR chemical shifts δ are reported in parts per
million (ppm) relative to TMS, with the residual solvent peak used as an internal reference. High
resolution mass spectra (HRMS) were obtained on an Agilent Technologies Q-TOF 6520 spectrometer
via an electrospray ionization (ESI) in positive ion mode. Infrared spectra (FT-IR) were recorded on a
Thermo Nicolet Nexus 470 ESP FT-IR Spectrometer using KBr discs. Thermogravimetric analysis
(TGA) was performed on a NETZSCH STA 409 PC/PG instrument in a nitrogen atmosphere with a
continuous flow of 100 mL/min and a heating rate of 10 °C/min, from 30 to 700 °C. Melting points
were determined in open capillary tubes on a Mel-Temp® Electrothermal melting point apparatus and
are uncorrected.
SWASV´s (square wave anodic stripping voltammograms) were obtained with a Dropssens
µStat 400 potenciostat. Electrochemical impedance spectroscopy (EIS) was obtained with a Versa Stat
3. potentiostat/galvanostat. Glassy carbon electrodes (3-mm) diameter, reference electrode
Ag/AgCl/KCl 3 mol L−1 and auxiliary electrode (platinum wire).were used. pH was measured with an
Ohaus model ST 3100 pH meter.

2.2. Chemical synthesis and characterization
The coumarin Schiff base (2) was synthesized according to the Scheme 1. The synthetic
procedure of 8-formyl-7-hydroxycoumarin (1) was adapted and slightly modified from literature [22].

2.2.1. Synthesis of 8-formyl-7-hydroxycoumarin (1)
A mixture of 7-hydroxycoumarin (5.0 g, 30.8 mmol), hexamine (10.0 g, 71.3 mmol) and glacial
acetic acid (40 mL) was stirred at 95 °C for 5 h. Then aqueous 45% (v/v) HCl (80 mL) was added and
the mixture was heated for 30 min. After the reaction mixture was cold down to room temperature,
distilled water (400 mL) was added and the resulting solution was extracted with dichloromethane (5 x
100 mL). The combined organic extracts were washed with brine (250 mL), dried over anhydrous
magnesium sulfate, filtered off and evaporated under reduced pressure to afford the crude product.
Flash chromatography of the residue over silica gel, using dichloromethane, gave compound 1 as a
pale yellow solid. Yield: 893 mg (15 %). mp 187-188 °C (from dichloromethane). Rf = 0.3 (DCM). IR
(KBr, cm-1): ν 3428, 3076, 2919, 1729, 1657, 1600, 1230, 1180, 1162, 1112, 997, 853. 1H NMR (400
MHz, CDCl3): δ (ppm) 12.21 (s, 1H), 10.60 (s, 1H), 7.65 (d, J = 9.6 Hz, 1H), 7.59 (d, J = 8.8 Hz, 1H),
6.89 (d, J = 8.8 Hz, 1H), 6.33 (d, J = 9.6 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ (ppm) 193.1 (HCO),
165.7 (C), 159.3 (C), 156.9 (C), 143.5 (CH), 136.1 (CH), 114.9 (CH), 113.6 (CH), 111.0 (C), 108.9
(C). HRMS (ESI+) m/z calculated for [C10H6O4+H]+: 191.0339; found 191.0338 [M+H]+.
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2.2.2. Synthesis of 8,8'-((1E,1'E)-(1,2-phenylenebis(azanylylidene))bis(methanylylidene))bis(7hydroxy-2H-chromen-2-one) (2)
A solution of o-phenylenediamine (28.4 mg, 0.26 mmol) in ethanol (4 mL) was added dropwise
to a solution of 8-formyl-7-hydroxycoumarin (100 mg, 0.52 mmol) in hot ethanol (7 mL), then the
reaction mixture was stirred at 50 ºC for 2 h. The compound 2 precipitated out as an orange solid.
After TLC showed complete conversion, the reaction mixture was cold down to room temperature, and
the precipitate was isolated by centrifugation, washed with cold ethanol and dried under vacuum.
Yield: 113 mg (95 %). mp 241-242 °C (from ethanol). Rf = 0.5 (DCM:MeOH 30:1). IR (KBr, cm-1): ν
3421, 3346, 1733, 1612, 1591, 1487, 1235, 1112, 834. 1H NMR (400 MHz, CDCl3): δ (ppm) 14.67 (s,
2H), 9.39 (s, 2H), 7.64 (d, J = 9.5 Hz, 2H), 7.45 (d, J = 8.8 Hz, 2H), 7.43 (m, 4H), 6.95 (d, J = 8.8 Hz,
2H), 6.26 (d, J = 9.5 Hz, 2H). 13C NMR (100 MHz, CDCl3): δ (ppm) 166.9 (C), 160.3 (C), 157.5 (CH),
155.4 (C), 144.2 (CH), 141.3 (C), 132.9 (CH), 128.9 (CH), 119.9 (CH), 115.7 (CH), 112.3 (CH), 110.3
(C), 107.3 (C). HRMS (ESI+) m/z calculated for [C26H16N2O6+H]+: 453.1081; found 453.1109
[M+H]+.

2.3. Anodic stripping voltammetry procedure
10 mL of water or 10 ml of sample, 250 µL Hg2+ solution 1000 mg L-1, 200 μL of BPS (0.1
mol L−1), and aliquots (10-100 µL) of Pb (II) and Cd(II) solutions (1.0 mg L−1) were pipetted into the
voltammetric cell, then, the pre-concentration step was initiated for an optimal time (tacc) and potential
(Eacc) at a stirring speed of 500 rpm. After an equilibration time of 3 s, SWASV´s were recorded, while
the potential was scanned from -1.1 to 0.0 V using square wave modulation with 10 mV step
amplitude, 100 mV pulse amplitude and 30-Hz frequency. Each voltammogram was repeated three
times. Calibration curves were obtained and detection limits (DL) were calculate from 3Sx/y/b
2.4. Electrochemical impedance spectroscopy (EIS)
Electrochemistry Impedance Spectrum (EIS) was done with 10 mL of Fe(CN)63- 0.01 mol L-1
in KCl 0.01 mol L-.1. Nyquist plot was obtained between 10.0 kHz and 1.0 Hz using glassy carbon
electrode (GCE), glassy carbon coated nafion electrode (nafion-GCE) and glassy carbon coated nafion
coumarin electrode (nafion-CSB/GCE).

2.5. Sample preparation
Commercial mineral water was bought from supermarket. River water samples were collected
on August, 2016 from three points of the Ambala River, near to Universidad de Ibagué (Ibagué,
Colombia). Tap water was obtained from our laboratory. Samples were stored frozen until analysis.
Prior to analysis, the samples needed no treatment to remove organic matter. To eliminate matrix
effects, the standard addition method was used. All measurements were obtained at room temperature
(≈25 °C).
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2.6. Preparation of in-situ mercury film nafion-coated new coumarin schiff base glassy carbon
electrode (in-situ HgF-nafion-CSB/GCE)
Before each preparation, the GCE was polished with Al2O3 (0.05-0.3 μm) On a soft cloth, and
submerged in a bath ultrasonic for five minutes with 0.3 mol L−1 HNO3 and ethanol. 2.3 mg of CSB
were mixed with 200 uL of nafion. After a strong agitation and when the mixture were homogenize, 10
µL were deposited on the electrode freshly polished to dryness of the excess solvent. nafion-coated
new coumarin schiff base glassy carbon electrode (nafion-CSB/GCE) was developed. Mercury film
was prepared in-situ. The electrode was immersed in an electro-analytical cell containing the plating
solution of Hg(II) (30 mg L−1) in the presence of Pb (II) and Cd(II) them, the mercury film was formed
by holding the working electrode potential at −1.1 V for 80 s. No deaeration of the solutions was
applied in this study. The entire study was performed with 10 mL of mercury dissolution.

3. RESULTS AND DISCUSSION
3.1. Synthesis of coumarin Schiff base

Scheme 1. Synthesis of coumarin Schiff base.

First, the reaction between 7-hydroxycoumarin and hexamine was carried out in glacial acetic
acid to give 8-formyl-7-hydroxycoumarin 1; this synthesis was adapted and slightly modified from
literature [22]. Then, the coumarin Schiff base 2 was synthesized with a high yield (95%) from the
condensation reaction between o-phenylenediamine and two equivalents of 8-formyl-7hydroxycoumarin in absolute ethanol at 50 °C (Scheme 1). The compound was obtained as an orange
solid with a melting point of 241-242 °C and showed low solubility in chloroform and
dichloromethane. The molecular structure of new coumarin Schiff base was verified unambiguously by
FT-IR, 1H and 13C NMR spectroscopy, and high resolution mass spectrum (HRMS) through
electrospray ionization (ESI).
The IR spectrum showed a broad band at 3421 cm-1 corresponding to the ν(O-H) stretching
vibration of the phenolic OH bond. The strong band at 1733 cm-1 is assigned to ν(C=O) stretching
vibration of the carbonyl group in the lactone ring. An intense band at 1612 cm -1 corresponds to
ν(C=N) of the azomethine group.
The 1H NMR chemical shift assignments of the coumarin Schiff base in CDCl3 are shown in
Figure 1. The singlet signal at lower field δ 14.67 can be attributed to the protons of phenolic OH
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group, the downfield shift probably resulting from the intramolecular hydrogen bonding to the imine
nitrogen. A singlet at δ 9.39 is due to azomethine proton (-N=C-H). There are two coupled doublets at
δ 7.64 (J = 9.5 Hz) and δ 6.26 (J = 9.5 Hz) corresponding to the vinyl protons of the coumarin ring.
The resonance shifts for aromatic protons are observed at δ 7.45-6.95. The integral values of the
protons agree with the expected structure.
The HRMS (ESI+) spectrum in acetonitrile showed the ion peak [M+H]+ at m/z 453.1109
(Calcd. 453.1081), which is consistent with the molecular weight of the ligand. The thermogravimetric
analysis (TGA) curve in nitrogen atmosphere from 30 to 700 °C showed that the coumarin Schiff base
has a decomposition temperature (Tdec) of 252 °C, which is defined as the temperature of 5% weight
loss [23]. During the heating process, the TGA curve showed two stages of loss without formation of
stable intermediates and with maximum decomposition rate at 312 and 515 ºC. A total loss of 73.1%
(Calcd. 71.7%) is observed in the temperature range of 200-700 ºC, which is presumably due to the
loss of two coumarin fragments.

b
c
a

d
e,f

g

h

Figure 1. 1H NMR spectrum of coumarin Schiff base in CDCl3.
3.1. Electroactive properties of nafion-CSB/GCE.
With the aim of verifying the electroactive properties of the new coumarin schiff base (CSB) in
the modified electrode with nafion in regard to the transfer of electrons, was studied the modified
surface using EIS. Results were reported in a Nyquist plot, with real resistance (Z´) axis (x) is and
imaginary resistance (Z´´) axis (y) scanning of high to low frequencies. High resistance values while
the frequency values decrease indicate a high impediment to the transfer of electrons [24]. Nyquist plot
of a solution containing 0.01 mol L−1 of Fe(CN)6-3 in KCl 0.10 mol L−1 on GCE, nafion/GCE and
nafion-CSB/GCE are shown in Fig. 2. The graphic showed a semi-circle (curve a), using GCE in high
frequency part between. This result suggests high impediment to the transfer of electrons. Using
nafion/GCE (curve b) also suggest high impediment to the transfer of electrons. With nafion-
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CSB/GCE (curve c), the values of z' resistance decreased considerably. Therefore, the transfer of
electrons was improved when new coumarin was deposited on GCE with nafion.

Figure 2. Nyquist plot of 0.01 mol L−1 Fe(CN)6-3 in 0.01 mol L−1 KCl a) GCE, b) nafion/GCE and c)
nafion-CSB/GCE.

3.2. Anodic stripping property of lead and cadmium on in-situ HgF-nafion-CSB/GCE
Preliminary experiments were performed to study the behavior of lead and cadmium on the
modified electrode in-situ (HgF-nafion-CSB/GCE) in the presence de Hg (II) by ASV. When mercury
solution is added to the cell, the film of mercury is formed in-situ at -1.1 V by 80 s allowing the
reduction of lead and cadmium in the surface of the electrode.

Figure 3. SWASV´s of Pb(II) and Cd(II) (4.7 μg L−1) using in-situ HgF/GCE (dot line), in-situ HgFnafio /GCE (dash line) and in-situ HgF-nafion-CSB/GCE (solid line): Conditions: pH 3.0;
CCSB: 24.17 µmol L−1; CHg: 30 mg L-1; Eacc: -1.0 V; tacc: 60 s step amplitude: 10 mV; pulse
amplitude: 50 mV and frequency: 20 Hz.

Figure 3 shows the oxidation of Pb (II) and Cd (II) 4.70 µg L-1 in the presence (solid line) and
absence (dot and dash lines) of new coumarin (CSB) (30.2 mmol L-1). In the absence of CSB, one
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anodic peaks of Pb (II) and Cd (II) were seen at −0.64 V using in-situ HgF/GCE. Two well separated
anodic peaks of Pb (II) and Cd (II) were seen at -0.67 and -0.81 V(anodic current 1.4 and 1.8 µA)
respectively using in-situ HgF-nafion/GCE; whereas in the presence of CSB (in-situ HgF-nafionCSB/GCE), two well-developed and separate anodic peaks to less negative potentials were seen (−0.54
and -0.71 V for Pb(II) and Cd(II), respectively), These signals confirm that the complexes have been
formed and that requires more energy for Pb (II) and Cd (II) oxidation. Possibly the complex prevents
the lead and cadmium penetrate very internally to the crystalline structure of mercury. Moreover,
anodic peak currents increased, improving the charge transfer and sensitivity. With respect to the
position of anodic peaks signals, Hocevar et al., using antimony film [4], reported values of -0.53 and 0.78 V for Pb(II) and Cd(II), respectively, and Wang et al., [3] using bismuth film reported values of 0.55 and -0.79 V for Pb(II) and Cd(II). In our measurements, peak currents were seen at similar
potential.

3.3. Optimization of Operational Parameters
Aim to obtain the best conditions, peak currents for Pb(II) and Cd(II) using in-situ HgF-nafionCSB/GCE were studied as a function of CHg, pH, CCSB, EACC, and tACC. The results are shown below.
3.3.1. Study in function of the concentration of mercury (CHg)
With the objective of decreasing the amount of mercury that is necessary for the formation of
the film of mercury, has studied the anodic peak current for Pb (II) and Cd (II) on concentration of
mercury between 10-40 mg L-1 (Fig. 4). The results showed that anodic peak currents for Pb (II) and
Cd (II) were highest in 40 mg L-1 of Hg2+.

Figure 4. Peak currents for Pb(II) and Cd(II) in function of CHg using in-situ HgF-nafion-CSB/GCE
Conditions: Pb(II), Cd(II) 4.7 μg L−1. Other conditions as in Fig. 3.
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3.3.2. Study in function of pH
The variation of anodic peak currents for Pb (II) and Cd (II) as a function of pH was studied
using in-situ GC-HgF-NCM/E between 2.0 – 7.0 pH range (Fig. 5). Buffer compositions were H2PO4-/
H3PO4 (pH 2.0 – 4.0) and H2PO4-/HPO42- (pH 5.0 - 7.0) solutions (0.1 mol L−1). The conditions were:
Pb (II) and Cd(II); 4.7 µg L-1, CCSB; 24.17 µmol L−1; CHg; 30 mg L-1 EACC =-1.0 V; and tACC = 60 s.

Figure 5. Peak currents of Pb(II) and Cd(II) in function of pH using in-situ HgF-nafion-CSB/GCE.
Conditions: Pb(II), Cd(II) 4.7 μg L−1. Other conditions as in Fig. 3.

The results showed that anodic peak currents was highest at pH 3.0 for Pb (II) and pH 4.0 for
Cd (II). At pH 5.0, anodic peak currents decreased considerably. Metal hydroxide complexes can be
formed with Pb (II) and Cd (II) and decrease anodic peak currents for at pH values higher of 5.0 [25].
Values of 3.0 and 4.0 were used for further experiments.

3.3.3. Study in function of the concentration of new coumarin (CCSB)
The CSB concentration is importance in relation with the sensitivity. C CSB must to be at a
concentration higher that concentration of Pb (II) and Cd (II); but excessive concentration could
saturate the electrode surface, blocking the transport of charge, affecting sensitivity. Anodic peak
currents for Pb (II) and Cd (II) increased with increasing CCM up to ~20.0 µmol L−1 and then decreased
considerably, probably because the free CCSB saturate the electrode surface. An optimum CM
concentration of 20.0 µmol L−1 was used for further experiments.

3.3.4. Influence of EACC and tACC on the anodic peak currents.
Accumulation potential (EACC) on the peak currents was studied over the -1.4 to -1.0 V range in
presence of Pb(II) and Cd(II) 4.7 μg L−1. Anodic peak currents were maximum for Pb (II) and Cd(II) at
-1.4 V. However, the stability of the electrode surface was affected, possibly by the hydrolysis of
water. An Eacc of -1.1 V was chosen for further studies. Another parameter studied was accumulation
time (tACC), this was examined in 10–110 s range. Anodic Peak currents for Pb (II) and Cd (II)
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increased linearly with time accumulation until 80 s, and then tended to a constant value. The value of
80 s was used for further studies.

3.4. Effect of instrumental variables (frequency, step potential, and amplitude)
Instrumental parameters provide a portion of the sensitivity and selectivity. The instrumental
parameters studied were: frequency, step amplitude, and pulse amplitude. Anodic peak currents
increased as all parameters increased. Frequency of 20 Hz, step amplitude of 10 mV and pulse
amplitude of 50 were selected for further experiments.

3.5. Detection limit (DL) and reproducibility (% RSD).
LD and % RSD using optimal conditions (CHg; 40.0 mg L-1, CCSB; 20.0 µmol L-1 pH 3.0 for Pb
(II) and pH 4.0 for Cd(II) (PBS); EACC:-1.1 V and tACC: 80 s with stirring rate 500 rpm; step amplitude
10 mV; pulse amplitude 500 mV, and frequency of 20 Hz) using in-situ HgF-nafion-CSB/GCE were
obtained. Anodic peak currents were proportional to the concentration of Pb(II) and Cd(II) over the
0.95–10.5. µg L-1 range, with a detection limit (3Sx/y/b) of 0.15 µg L–1 for Pb(II) and Cd(II) at pH 3.0
(Fig. 6A) and 0.071 and 0.080 µg L–1 for Pb(II) and Cd(II), respectively (Fig. 6B) at pH 4.0. The
results showed that the current ratio between the Pb (II) and Cd (II) is almost 1:1 and the sensitivity is
improved at pH 4.0. The relative standard deviations were 1.0% and 1.5% for Pb(II) and Cd(II),
respectively, (n = 7) for solutions containing Pb(II) and Cd(II) 4.70 µg L–1. The results obtained were
equally acceptable to other work previously with antimony [4] and bismuth [3]film electrodes. The
table 1 summarize other modified electrodes using for Pb and Cd.

Figure 6. SWASV´s and calibration curve (insert) for increasing concentration of Pb(II) and Cd(II) A)
pH 3.0 and B) pH 4.0 using in-situ HgF-nafion-CSB/GCE. Conditions: CHg; 40.0 mg L-1; CCSB
20.0 µmol L-1; EACC -1.1 V; tACC 80s. Other conditions as in Fig. 3.
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Table 1. Detection limit for Pb(II) and Cd (II) using modified electrodes.
Electrode

Material

Detection limit
References
(µg L-1)
Pb
Cd
SPCE
Bi-PSS
0.27
0.10
[26]
GCE
BiOCl/MWCNT 1.90
4.00
[27]
SPCE
N/IL/G
0.08
0.06
[28]
GCE
NG
0.050
0.56
[29]
GCE
HgF-N-CSB
0.071
0.080
This work
SPCE: screen printed carbon electrode; Bi: bismuth; PSS: polystyrene sulfonate; BiOCl: bismuthoxychloride; MWCNT: multi walled carbon nanotubes; N/IL/G: nafion/ionic liquid/graphene; NG: Ndoped graphene; HgF: mercury film; CSB; coumarin salen ligand.

3.6. Validation of the method and interference study
The accuracy and interferences of the method was evaluated by determining Pb(II) and Cd(II)
using ICP multi-element standard solution IX (Merck) containing As, Be, Cd, Cr(VI), Hg, Ni, Pb, Se
and Tl 100 mg L-1. The results have been summarized in table 2. Standard solution was diluted to 1 mg
L-1 and 50 µL were added to the cell with 10 mL of water, 0.25 mL BPS and 0.25 mL Hg2+.These
results were satisfactory because the standard tested contains other metal ions that could interfere with
the signals of Pb (II) and Cd (II).

Table 2. Values obtained for Pb and Cd using ICP multi-element standard solution. (n=3) using in-situ
HgF-nafion-CSB/GCE
Standar solution (µg L-1)

Found (µg L-1)

% Relative error

Pb (II)

Cd(II)

Pb (II)

Cd(II)

Pb (II)

Cd(II)

4.76

4.76

4.58

6.00

-3.78

26.0

4.76

4.76

5.60

4.37

17.6

-8.19

3.7. Analysis of real samples
in-situ HgF-nafion-CSB/GCE was used to determine Pb(II) and Cd(II) in commercial mineral,
tap and river waters without prior treatment. The results have been summarized in table 3. Cd(II) was
not detected in any of these samples. possibly the concentration is lower than the detection limited.
Similar results have been reported previously for the same type of samples using mercury film
electrode [26].
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Table 3. Values obtained for Pb and Cd in real samples (n=2) using in-situ HgF-nafion-CSB/GCE
Waters samples

Found (µg L-1)
Pb (II)

Cd (II)

Mineral

1.73

-

Mineral

2.1

0.12

*River (Ambala)

1.8

0.084

River (Ambala)

0.9

0.38

Tap

0.22

0.21

*Figure 7 show voltammograms and calibration curve (insert) for Ambala river

Figure 7. SWASV´s and calibration curve (insert) for *Ambala river sample using in-situ HgF-nafionCSB/GCE. Conditions: pH 4.0; CHg; 40.0 mg L-1; CCSB 20.0 µmol L-1; EACC -1.1 V; tACC 80s.
Other conditions as in Fig. 3.
4. CONCLUSIONS
In summary, we have developed an in situ mercury film nafion coated electrode for the
simultaneous determination of Pb(II) and Cd(II) using a new coumarin salen ligand as chelatingadsorbent. This ligand was synthesized efficiently by a simple Schiff base condensation between ophenylenediamine and 8-formyl-7-hydroxycoumarin. The accumulation step was more effective with
the new coumarin, allowing greater sensitivity. Analysis of the real samples does not need
pretreatment optimizing the analysis time.
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