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Abstract: Many carbon materials are well-known conductive material, widely used in the fabrica-
tion of composite electrodes. In this work, diverse allotropic forms of carbon as graphite, MWCNTs
and rGO were tested. Furthermore, these materials allow the construction of cheaper, smaller, port-
able, reliable, and easy to use devices, which can be easily modified. The above-mentioned compo-
sites electrodes were developed for metal analysis in water, such as, Cu, Cd and Pb that at high
concentration can have consequences on human health. SWASYV is the selected technique. It would
be ideal to exploit the potential properties of mercury for metal detection by tuning electrode’s sur-
face. Due to mercury’s hazardous properties and to reduce the amount used in polarography, the
use of nanoparticles is a good option due to their properties. Mercury nanoparticles were here used
to modify the surface of the composite electrodes to improve electroanalytical sensor response. For
this reason, using this modified composite electrodes lower detection limits and wider linear range
can be achieved for Cd (0.05-1 mg-L™") and Pb (0.045-1 mg-L") but for Cu (0.114-1.14 mg-L™') mean-
ingful variations was not observed compare to the bare electrode.

Keywords: electrochemistry; Hg nanoparticles; graphite; composite electrodes; metal analysis;
SWASV

1. Introduction

Water is fundamental for all the Earth’s living forms, and a key issue for social and
economic development. Nowadays, water analysis is a concerning topic, for that reason
monitoring some parameters is important to prevent some health problems. One of the
parameters that has become important is determinate the concentration of heavy metals
in water. To do this analysis several techniques are used, such as Atomic Absorption Spec-
troscopy (AAS) [1], Inductively Coupled Plasma (ICP) [2], High Performance Liquid
Chromatography (HPLC) [3], etc. Some of the metals that can be found in water are: Cu,
Cd and Pb and at high concentration can have consequences on human health [4-6].

In this work, voltametric techniques are the chosen ones, concretely Square-Wave
Anodic Stripping Voltammetry (SWASV) [7,8]. SWASV consists in two steps. First, apply-
ing a potential to preconcentrate the analyte on the surface of the electrode and second
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the measurement is performed applying staircase potential and the current generated is
recorded.

To use this technique, composite electrodes were construct using different carbon
materials and a non-conductor epoxy. The behavior of graphite, reduce graphene oxide
(rGO) and carbon nanotubes (CNTs) were tested in the detection of Cd, Pb, and Cu. How-
ever, we can work with the bare electrode and the modification of their surface with mer-
cury nanoparticles (Hg-NPs) was also tested [9]. Mercury was used, long time ago, in po-
larography, and it is well-known for its ability to form amalgams with some metals re-
ducing the potential where they appear [10,11]. Hence, taking advantage of these proper-
ties the aim of this work is to reduce the amount of mercury used in polarography for the
Cd, Pb, and Cu determination.

2. Composite Electrodes Construction, Characterization, and Modification
2.1. Composite Electrode Construction

Composites were constructed using three different carbon materials: graphite, CNTs
and rGO. The first step is to weld a copper sheet to a commercial connector; after that, it
is placed in a PVC tube. A mixture of one of the carbon materials and Epotek H77 is pre-
pared, and the PVC tube (2.1 cm, = 6 mm) is filled with this mixture. Then, it is cured for
2 days at 80 °C and the surface must be polish.

The percentage tested of carbon materials are shown in Table 1. These percentages
were optimized previously, and it’s related which improved electroanalytical properties
of developed sensors as detection limit and sensitivity [12].

Table 1. Percentages used in the construction of each electrode.

Material % Carbon material % Epotek H77
. 15 85
Graphite 20 80
CNTs 10 90
rGO 15 85

2.2. Composite Electrode Chacaterization

Electrodes were characterized using Cyclic Voltammetry (CV) and Electrochemical
Impedance Spectroscopy (EIS) using a computer-controlled Multi AUTOLAB M101 (Eco
Chemie, Utrecht, The Netherlands) with a three-electrode cell: a platinum-based electrode
53-671 (Crison Instruments, Alella, Barcelona, Spain) as a counter electrode, an Ag/AgCl
handmade electrode as a reference electrode, and the constructed composite electrodes
were used as a working electrode. The characterization was performed in solution com-
posed by: 0.01M KsFe(CNs), 0.01M KsFe(CNe) and 0.1 M KCL. For CV the scan rate was 10
mV:-s7 and the rate of frequencies used in EIS was 0.01 to 10 Hz.

The behavior of 15% rGO electrode was unusual, possibly related to the orientation
of the layers in the Epotek H77 matrix, and its characterization using CV and EIS was not
successful. In Error! Reference source not found. the characterization of the rest of the carbon
electrodes, with graphite or CNTs, can be observed. The most notable difference is
showed in EIS, where the 20% graphite presents the lower charge transference resistance.
Thus, a highly conductive surface is then available for the preconcentration of cationic
metals.
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Figure 1. CV (a) and EIS (b) characterization of the different electrodes.

2.3. Composite Electrode Modification with Hg-Nps

After the electrode characterization, the surface of the electrode is modified with mer-
cury nanoparticles (Hg-NPs) following the synthesis from [9]. In the synthesis, 78 mg
Hg2(NOs)2 - 2 H20 are used, 1 mL 1IN HNO:s is added and then 0.5 mL of a solution of 3.5
g of PVA (Polyvinyl Alcohol) in 16 mL of Milli-Q water. All the steps of the synthesis were
performed at 25 °C and under stir.

20 pL of the nanoparticle’s solution are drop casted on the electrode surface and dried
in the oven at 80 °C for 2h. The modified electrodes were characterized using Scanning
Electron Microscopy (SEM) (MerlinFe-SEM, Carl Zeiss, Germany) and the Hg-NPs were
characterized using Transmission Electron Microscopy (TEM) (JEM-2011 200 kV, Jeol,
USA).

Figure 2. (a) Retrodispersive (left) and secondary electron (right) SEM images. (b) 20% graphite
electrode drop casted with Hg-NPs image (c) TEM image of the Hg-NPs.

2.4. Metal Solution Preparation and Determination

The metal solutions were prepared using certified stock standards of 37 mg-L-
Pb(NOs)2 (299%, supplied from Sigma-Aldrich), 11438 mg-L1 Cu(NOs)2 (99.5 %, pur-
chased from Merck) and 1000 mg-L* Cd(NOs)2 (99 %, obtained from Panreac). They were
added to a 0.1 M Acetic acid (CHsCOOH, 99.9% acquired from J.T.Baker, HPLC reagent)
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/ 0.1 M Ammonium acetate (NH«CH3COO, 97 % purchased from Panreac) buffer with
Milli-Q water at pH 4.6 [13] .

2.5. Bare Composite Electrodes

For metal determination, the technique chosen was SWASV. It consists in applying a
potential (-1.4 V) for 7 minutes that reduce the metal ions on the electrode surface, then
and staircase potential is applied and the current generated is recorded. All this process
is performed under N2 bubbling. Moreover, a modification in the electrochemical cell is
used, instead of using a handmade reference electrode, the one used for the measurements
is Orion 900 electrode (Crison Instrument, Thermo Scientific, MA, USA).

Firstly, all the bare electrodes were used for the electrochemical detection of Cd, Pb
and Cu. The results for all electrode studied are shown in Error! Reference source not
found..
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Figure 3. Calibration curves for Cd, Pb and Cu for each raw material.

As can be seen, 20% graphite electrodes showed the best response, as it has a better
sensitivity compared with 15% graphite and 10% CNTs composite electrodes for three
metal cations analyzed.

2.6. Hg-NPs drop casted electrodes

The next step is modifying the surface of the 20% graphite electrode with Hg-NPs, as
mentioned above. Once the surface is modified, the electrode is tested for Cd, Pb and Cu
determination using SWASV. The corresponding results are shown in Error! Reference
source not found..
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Figure 4. Calibration curves for Cd (a), Pb (b) and Cu (c) for 20% graphite (black) and 20% graph-
ite plus Hg-NPs (blue).

With this modified 20% graphite electrode lower quantification limits can be
achieved. In Error! Reference source not found. all the parameters of the calibration curves
are summarized.

Table 2. Feature’s parameters: sensitivity, r> and linear range of each cationic metal detected separately.
[Cd*]
Electrode (20% graphite) Sensitivity [A {mg L )] r’ (n) Linear Range (mg 1)
Bare (1.640.1) x10* 0.995 (n=5) 01-1
plus Hg-NPs (3.440.2) x10° 0.98 (n=6) 0.05-1
[Pb*]
Electrode (20% graphite) Sensitivity [A {mg L )] r? (n) Linear Range (mg 1)
Bare (1.940.2) x10* 0.95 (n=4) 0.09-0.45
plus Hg-NPs (6.440.3) x10° 0.98 (n=7) 0.045-1
[Cu®]
Electrode (20% graphite) Sensitivity [A {mg L )] r? (n) Linear Range (mg 1)
Bare (9.740.9) x10° 0.95(n=7) 0.057-1.14
plus Hg-NPs (741) x10°® 0.90 (n=5) 0.114-1.14

3. Conclusions

Carbon composite electrodes are very versatile, robust, and reliable electrodes to
work with for Cd, Pb and Cu detection. The well-known properties of mercury to form
amalgam with other metals can be taking in advantage to modify the surface of the carbon
composite electrode in order to decrease the limit detection of the bare electrode. To em-
ulate the polarography, the use of Hg-NPs reduces the amount of mercury used without
losing its properties. In this case, Cd, and Pb form amalgam with Hg, reducing the detec-
tion limit (Cd = 0.05 mg'L-1; Pb = 0.045 mg-L-!) in comparison with the bare electrode. Cu
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metallic cation doesn’t have this behavior. Although the bare electrode has higher sensi-
tivity because its electroactive area is not modified, when the electrode was modified with
Hg-NPs its electroactive area decreases. We added a polymer (from the synthesis of the
NPs) over the electrode’s surface that is not as good conductor as graphite. On the other
hand, we improved the detection limit due to the specific interaction of mercury with
metals cations.
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