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Abstract

Toxic heavy metals are one of the most dangerous agents for the organism health and the
environment. In this study, a new, selective electrochemical sensor was prepared using zirconium
oxide/porous carbon nanoparticles (ZrO2/NPC) modified carbon paste electrode for simultaneous
determination of lead (Pb?*) and cadmium (Cd?") ions. ZrO,/NPC material was obtained from one-
step calcination of MOF. Infrared analysis and scanning electron microscopy were used to evaluate
the characteristics of the sample and the prepared electrode. The electrochemical behavior of the
modified electrode was evaluated using cyclic voltammetry in [Fe (CN)e]** solution, which
represents the electron transfer process is controlled by diffusion, at the electrode surface. For
guantitative analysis differential pulse voltammetry method was used. Under optimal analytical
conditions, differential pulse voltammograms at different concentrations of Pb2 + and Cd2 + ions
were recorded simultaneously by ZrO2 / NPC / CPE. and detection limits of 0.61 pM and 1.43 uM
were calculated for Pb?* and Cd?*, respectively. In addition, sensitivity, selectivity, and recovery were
determined in real water samples.

Introduction

Heavy metal pollution is one of the most serious problems in the world that threatens the health of
millions of people and the natural ecosystem. Heavy metals are generally referred to as those metals
that have a specific gravity of more than 5 g / cm3 and include Pb?*, Cd?*, mercury (Hg?), arsenic
(As * and As %), chromium (Cr 3* and Cr %) and copper. (Cu 2*). Various sources of heavy metals
include natural weathering of the earth's crust, mining, industrial effluents, sewage disposal, insect or
disease control agents in crops, and improper disposal of municipal waste. For this purpose, efficient
analytical methods should be used to determine these non-degradable toxic ions. There are many
sensitive methods for determining the amount of metal ions in water sources, including atomic
absorption spectroscopy (AAS) and induced plasma mass spectrometry (ICP-MS) have been used.
Although these methods are very sensitive, they involve complex operations, costly maintenance,
expensive equipment, and require a relatively large sample size for analysis. In recent years,
electrochemical techniques have been considered ideal for the detection of heavy metals as well as
other environmental pollutants due to their high sensitivity and accuracy, low cost, fast response,
mobility, as well as providing a wide linear dynamic range.Organic metal frameworks (MOFs) are
known as porous crystalline materials that contain coordinated bonds between organic ligands and
metal ions. In other words, porous coordinated polymers contain infinite inorganic nodes, which are
joined together by organic binders. Special features such as high porosity, high catalytic activity, large
specific surface area, adjustable pore size, make them suitable options for various applications such as
gas absorption, measurement, and storage. Despite these salient features, in poor conditions such as
high humidity and high temperatures, some MOF structures are subject to breakage and collapse.
However, the poor thermal stability property of MOF can be used to obtain porous carbon by thermal
decomposition. Through this process, metal ions and MOF organic ligands are converted to metal
oxide nanoparticles and carbon structures, respectively. Among the various MOFs, NH2-UiO-66 has
good chemical and thermal stability due to its compact structure and strong Zr-O bonds. Structurally,
Zr cations are attached to 8 oxygen atoms by a square anti-prism geometry to form a secondary
structural unit, so that each unit is attached to 12 two-way BDCs with free amine groups in NH2-UiO-
66 can prepare good coordination sites for heavy metal ions. Therefore, in the present paper, ZrO2
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was used to modify CPE and ZrO, / NPC / CPE was studied to simultaneously identify Pb 2* and Cd
2" jons in acetate buffer solution.

Material and Methods

All chemicals including graphite powder, paraffin oil, sodium chloride, sodium hydroxide, potassium
ferric cyanide Ks[Fe (CN)g] and potassium ferrocyanide Ka[Fe(CN)s], 2-amino terephthalate (NH.-
BDC) ZrCl,, ethanol, dimethylformamide (DMF), acetic acid (CH3COOH), Pb (NOs), and Cd (NOs).
were purchased from Sigma and Merck. NH,-UiO-66 was synthesized by heat solvent method. First,
0.223 g of ZrCl, salt was dissolved in 50 ml of DMF and then sonicated for 10 min to uniform
solution. Then 0.22 g NH2-BDC was added to the solution and sonicated again for 10 min. After that,
2 ml of acetic acid was added to the solution as a modulator and the solution was sonicated for 5 min
to homogenize the solution and to start the nucleation process. The final solution was transferred to an
autoclave and placed in a fan oven for 24h at 120°C. At the end of the synthesis time, the autoclave
was allowed to cool to ambient temperature and then the formed precipitates were centrifuged three
times with fresh DMF and then washed three times with fresh ethanol to replace the solvent to remove
the remaining solvent. Disappear. Finally, the white NH2-UiO-66 precipitates were dried for drying at
120 °C for 12 h. Finally, ZrO, / NPC was obtained from the thermal decomposition of UiO-66-NH,
at 50 550 at 5 °C for 5h.To prepare the modified CPE, 0.45 g of graphite, 0.05 g of ZrO,/NPC and
about 3 drops of paraffin oil were mixed in a mortar for 15 to 20 minutes to obtain a homogeneous
dough. The resulting paste was pressed into the glass tube with the help of copper wire, which is the
electrical wire of the copper interface. The surface of the CPEs is usually polished on a clean white
paper until a smooth, mirror-like surface is observed. This is done after each test

Conclusion

The present study proposes the preparation of ZrO, / NPC-modified CPE for the simultaneous
determination of Pb?* and Cd?*. ZrO, / NPC was prepared from UiO-NH2 as a modifier by a simple
one-step thermal decomposition method. Under optimal experimental conditions, ZrO, / NPC / CPE
was used to detect metal ions by DPV. The proposed sensor has good electrocatalytic activity, high
active surface area, good conductivity, and good adsorption to these analytes. LOD was calculated for
Pb?* and Cd? *, 0.619 sM and 1.43 uM, respectively. Also, the recovery results in the well water
sample showed acceptable results from the practical application of ZrO, / NPC / CPE in the real
sample. In addition, the effect of disturbing ions on the detection of Pb? and Cd** ions were
negligible. Therefore, the prepared sensor could measure heavy metal ions simultaneously and it can
be recommended for measuring other heavy metal ions or other environmental analytes. It also
considered ZrO, / NPC as a modifier at the surface of other electrodes for environmental and clinical
monitoring.
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