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Summary:

Metal-Organic Frameworks (MOFs) are widely explored in electrochemical sensing due to their high
surface area, tunable porosity, and structural versatility. In this work, MOF-derived hybrid materials were
investigated for their potential in electrochemical applications. These materials preserve the hierarchical
framework of the precursor MOFs while exhibiting enhanced electrical conductivity, making them prom-
ising candidates for the development of highly sensitive electrochemical sensors. Their performance in
detecting target analytes in aqueous media, including heavy metal ions, was assessed using differential
pulse anodic stripping voltammetry (DPASV), demonstrating their potential for environmental monitor-

ing.
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Background, Motivation and Objective

Metal-Organic Frameworks (MOFs) are a class
of hybrid organic-inorganic crystalline materials
characterized by a periodic arrangement of
metal clusters interconnected by organic linkers
[1]. This highly tunable structure results in mate-
rials with exceptionally high surface area, well-
defined porosity, and diverse chemical function-
alities, making them ideal candidates for applica-
tions ranging from gas storage and catalysis to
drug delivery and chemical sensing [2]. The abil-
ity to control their composition at the molecular
level enables the design of MOFs with tailored
adsorption properties and specific interactions
with target analytes. However, their low conduc-
tivity limits direct electrochemical applications. A
possible strategy to overcome this limitation is
the pyrolysis of MOFs to obtain carbon-derived
materials, which preserve the porous structure of
the original MOFs while enhancing electrical
conductivity and stability in aqueous environ-
ments [3]. These features make them ideal for
electrochemical sensing. For example, carbon-
based ZIF-8 modified with bismuth has been
successfully employed for the detection of Cd(ll)
and Pb(Il), owing to their hierarchical porosity
and high surface area [4]. Electrochemical tech-
niques are widely employed for the sensitive and
selective detection of metal ions in solutions [5].
In this study, differential pulse anodic striping
voltammetry (DPASV), known for its low detec-
tion limits and high sensitivity [6], is used to eval-
uate the sensing performance of MOF-derived

hybrid materials, with a particular focus on de-
tecting cadmium and lead in aqueous solutions.
The conductive properties of these materials en-
hance charge transfer, while their porous struc-
ture facilitates analyte diffusion, resulting in im-
proved detection limits. ZIF-8 was selected as
the MOF precursor due to its high surface area
and porosity, which contribute to its effective-
ness in sensing applications. This approach,
however, can be extended to other MOFs, which
will be explored in future work.

Method

ZIF-8 was synthesized using a hydrothermal ap-
proach, with Zn?* as the metal and 2-methylimid-
azole as the ligand, using water as the solvent.
ZIF-8 was subjected to a pyrolysis process in a
nitrogen atmosphere for one hour to obtain the
corresponding carbon-based hybrid material.
This material was characterized using X-ray dif-
fraction, and electrochemical techniques includ-
ing cyclic voltammetry (CV), differential pulse
voltammetry (DPV), and electrochemical imped-
ance spectroscopy (EIS). For sensor fabrication,
a suspension of the corresponding MOF-derived
hybrid material in Nafion solution was drop-
casted onto the working electrode surface of a
screen-printed electrode (SPE) producing a uni-
form coating of the sensitive material. To evalu-
ate the sensing performance, DPASV was per-
formed in a buffer solution containing 20 mM
H,SO, and 30 mM KCI.
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Results

The electrochemical analysis of ZIF-8-derived
carbon-based material performed by DPASV
technique aimed to the quantitative determina-
tion of cadmium and lead ions in model solu-
tions. From Figure 1 can be seen that as the con-
centration increases, the intensity of the oxida-
tion peak current signal continuously increases.
The corresponding calibration curve was con-
structed to assess the sensor response across a
concentration range of 2 to 10 uyM, as shown in
Figure 2. The sensor demonstrated a reliable lin-
ear relationship between analyte concentration
and its corresponding signal, enabling accurate
detection within this range.

300
Pb
2504

200
10 uM

1504
Cd

Current / pA

100 2uM

50

T T
-1.0 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4
Potential / V

Fig. 1. DPASYV response of ZIF-8-derived carbon-
based material for detection of Cd(ll) and Pb(ll).
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Fig. 2. The corresponding linear plots of Cd(ll) and
Pb(ll).

The formula for the calculation of the limit of de-
tection (LOD) from a calibration curve is as fol-
lows:

__ 3.30plank
LOD = 23%blank (1)

Where 03,4, is the standard deviation of the
blank, representing the variability in measure-
ments of a sample with no analyte, indicating the
background noise. The slope of the calibration

curve is the rate of change in the current (1) with
respect to the analyte concentration (C), ob-
tained from the linear regression of the calibra-
tion data. The detection limits (LOD) for Cd(ll)
and Pb(ll) obtained from the electrochemical
analysis DPASV using the ZIF-8-derived carbon-
based material were below 0.05 uM and 0.007
MM, respectively. These values are comparable
and, in some cases, lower than those estimated
implementing classical carbon-based materials.
These preliminary results demonstrate the suita-
bility of the MOF-derived hybrid materials in the
development of sensors for the determination of
heavy metals in aqueous solutions, with potential
applications in environmental monitoring.
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