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This paper presents a new method for detecting malathion pesticides using a modified screen-printed electrode
(SPE) with a fluorescence quenching technique. The manganese-based MOF was synthesized using the solvother-
mal method. The synthesized MOFs were characterized by transmission electron microscopy (TEM), x-ray diffrac-

tion (XRD), Fourier transform infrared spectroscopy (FT-IR), and Raman spectroscopy. The material’s electrocatalytic
properties were assessed via electrochemical impedance spectroscopy (EIS) and cyclic voltammetry (CV). Within

the concentration range of 0.89 UM to 5.95 uM, the material’s response to malathion was analyzed with square wave
voltammetry (SWV), giving rise to a detection limit of 39.097 nM. Fluorescence quenching studies have been car-

ried out between 0.039 and 0.56 uM, with a lower detection limit of 62.03 nM. A sensor with good anti-interference
properties was tested for selectivity and practicability in detecting malathion in real samples, proving its potential use

Keywords Square wave voltammetry (SWV), Screen-printed electrode, Fluorescence quenching, Organophosphate

Introduction

An acetylcholinesterase inhibitor, malathion is an
organophosphate pesticide. It forms a long-lasting bond
upon absorption into the target organism, and the cho-
linesterase enzyme contains the serine residue (Bonner
et al. 2007). Acetylcholine builds up at the synapses fast
because of the phosphor-ester group that results from
the reaction. It is firmly coupled to cholinesterase and
irreversibly inactivates it. With a melting point of 37.1 °F
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and a boiling temperature of 156—157 °C, it has a skunk-
like stench (“Malathion _ C1I0H1906PS2 _ CID 4004 -
PubChem” n.d.).

According to certain studies, its remnants have been
found in food and water sources (Silva-Madera, et al.
2021). As a result, malathion is a major ecological pol-
lutant, and effective environmental monitoring and
mitigation are needed to develop low-cost, depend-
able, and decentralized analytical techniques. Traditional
techniques for determining malathion include high-
performance liquid chromatography (HPLC) (Huang
et al. 2019) and gas chromatography coupled to mass
spectrometry (GC-MC) (Xiao et al. 2013). Although
these approaches are trustworthy, they need complex
sample derivatization, expensive equipment, and highly
skilled analysts. Electrochemical methods have recently
emerged as a viable choice for toxicant detection due to
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their remarkable accuracy, low cost, sensitivity, and ease
of use (Piovesan et al. 2020).

No expensive equipment or specialized skills are
needed to use electrochemical sensor devices. For in-situ
environmental pollution analysis, the instruments can be
scaled. SPEs allow direct electrochemical processes to be
carried out outside centralized laboratories (Renedo et al.
2007). SPEs have been praised as effective transducers for
environmental testing because of their qualities, includ-
ing mass manufacture, low power consumption, rapid
response, and compactness (Couto et al. 2016). There-
fore, just 50 pL of solution may be required for a SPE
(Li et al. 2017). Like this, the working electrode area of
the SPEs may be readily altered to increase sensitivities,
decrease detection limits, and increase the selectivity of
electrochemical techniques (Santana and Spinelli 2020).

Malathion is challenging to identify directly using
electrochemical techniques since its redox pathways
are not aided by a catalyst. Metal-organic frameworks
(MOFs) are crystalline materials with a hierarchical
porous structure. MOFs offer a broad spectrum of func-
tions, including a strong absorption affinity and a large
surface area (Easun et al. 2017). Yet, the electrical con-
ductivity of these materials limits their electrochemical
applications. Monometallic MOF transition metal ions
improve the electrochemical characteristics of a MOF
via induced lattice distortion, interfacial electron cou-
pling, and combinatorial impact of metal ions. Further-
more, monometallic MOFs have extensive active areas
and stability; therefore, they are well suited to electron
transport catalytic processes. Co/Mn MOF for dichlor-
vos determination (Sankhla et al. 2024a), Mn/Fe MOF for
chlorpyrifos determination (Janjani et al. 2022), and Cu/
Ce MOF derivative for determination of malathion (Xie,
et al. 2019) are the recent publications using MOFs for
electrochemical sensing.

Many MOFs were used as electrochemical sensors
to detect malathion, and the results were encouraging.
Some examples of such materials are Cu-MOF (Al'Abri,
et al. 2019), Cu/Co MOGs (He et al. 2023), and Ce(III,
IV)-MOF (Ma et al. 2022). They exhibited high sensitiv-
ity, selectivity, and stability for efficient malathion detec-
tion. These findings show that MOF-based sensors can be
used in monitoring the environment and public health,
which constitutes a firm background for further studies
on this topic. We discuss the importance of our paper in
the literature, which emphasizes how MOFs can enhance
the efficiency of electrochemical sensors for malathion
detection.

A branch of MOFs is made up of luminescent metal—
organic frameworks (LMOFs) (Ding et al. 2019; Liu
et al. 2019). LMOFs have improved optical character-
istics because of their ordered structure and adjustable
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pores (Yang et al. 2021), which gives them tremendous
potential for advancement along with their usage in
the field of luminescence sensing (Cai and Jiang. 2017;
Wang et al. 2022). Amino acids, antibiotics, pH, small
molecules, insecticides, anions, and cations (Sankhla
et al. 2024b; Hu et al. 2022; Chen et al. 2022) are just
a few of the targets these sensors have been used to
investigate thus far. Much study has been focused on
designing and developing MOF-based multi-functional
sensors because MOFs demonstrate efficient and multi-
functional detecting capabilities. Several reports of
luminous MOFs have detected multiple targets (Wang
2023).

In recent advancements, Kim et al. (Kim et al. 2023)
demonstrated the synthesis of electrospun manganese-
based metal-organic frameworks (MOFs) for creating
MnOx nanostructures embedded in carbon nanofib-
ers, showcasing their potential as high-performance
nonenzymatic glucose sensors. Their work highlights
the versatility and effectiveness of Mn-MOFs in elec-
trochemical sensing applications, emphasizing the inte-
gration of MOFs with conductive substrates to enhance
sensor performance. In this study, we used Mn** metal
centers in MOF frameworks to produce a monometal-
lic Mn-MOF. The Mn(Il) ion pairs exhibit high syn-
ergism due to their size, which improves electron
transit. Incorporating metallic ions inside the frame-
work enhances the quest for redox catalytic reactions,
and subsequent malathion determination was achieved.
The resulting structure has long-range disorder and
high porosity. Because of this, incorrectly positioned
metal coordination sites within the framework devel-
oped catalytic activity to absorb malathion and subse-
quent electro-reduction. Mn-MOF was used to improve
the surface of screen-printed electrodes for the electro-
chemical determination of malathion. Mn-MOF was
dispersed in an ethanol solution for the optical deter-
mination of malathion. So, we have used Mn-MOF for
opto-electrochemical studies in this article.

Experimental

Reagents

Each chemical employed was unaltered and of ana-
lytical grade. Alfa Aesar, USA, provided a 5% w/w
dispersion of NafionD-521 in water with 1-hydroxypro-
pane, while Sigma-Aldrich, USA, provided malathion.
Potassium ferricyanide, potassium ferrocyanide, N,
N’-dimethylformamide, and terephthalic acid (H,BDC)
were supplied by Loba Chemie of India. Merck of
the USA provided manganese chloride hexahydrate
(MnCl,.4H,0) and ethanol.
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Synthesis of monometallic Mn-MOF

As reported in the literature, a solvothermal technique
was used to create monometallic MOF containing man-
ganese ions (Qi et al. 2019). MnCl,.4H,O has a total
molar amount of 0.003 mol. MnCl2.4H,0 (0.003 mol,
0.593 g) was dissolved in 10 mL of ethyl alcohol solu-
tion, BDC (0.00075 mol, 0.125 g) was dissolved in
another 10 mL of ethyl alcohol solution, and stirring
was employed to speed up the dissolving process. After
that, the solutes were continuously shaken and dropped
into 10 mL DMF. DMF while being constantly agitated.
Finally, the solution was transferred to a Teflon-linked
autoclave (0.1 L) after a furious hour of stirring. For
12 h, the autoclave was heated to 150 °C in an oven. The
sample was filtered and carefully cleaned with DMF and
ethanol three times after it had cooled to room tempera-
ture. Before being collected, the material was dried in a
vacuum oven for 12 h at 60 °C.

Characterization of Mn-MOF

With the use of a field emission transmission electron
microscope (TEM-Titan Themis), we looked at the sur-
face morphology of the produced MOF. The phase of
MOF (X'Pert PRO, PANalytical, Netherlands) was char-
acterized using an x-ray diffractometer with CuKa radi-
ation, with a wavelength of 0.154 nm and a step size of
0.02° in two scan ranges of 4°—80°. Several functional
groups of the artificially created MOF were evaluated
using the attenuated total reflectance (ATR) configura-
tion of Fourier transforms infrared (FT-IR) spectroscopy
(Alpha, Bruker, Germany) within a wavenumber span-
ning from 500 to 4000 cm™'. A Raman spectrometer
(P785, Tracer) was utilized to acquire significant vibra-
tional characteristics for the functional groups under Ar
ion laser irradiation at 785 nm.

Fabrication of a sensor based on Mn-MOF

The sensor has an auxiliary, working, and reference elec-
trode and was created using three-in-one screen-printed
carbon electrodes that are available for purchase. Prior
to modification, SPE underwent 10 scans at a rate of
0.1 V/s using 0.05 mL of a 0.5-M sulfuric acid solution
as the electrolyte. The potential scan range was—0.5 V
to+0.5 V. A pre-treatment method increased the SPE’s
functionality and surface roughness, which increased its
voltamperometric responsiveness. De-ionized water was
then used to clean the SPE.

The produced Mn-MOF was ultrasonically dispersed
to a concentration of 1 g/mL in a 10:1 mixture of isopro-
pyl alcohol and Nafion polymer solution in order to alter
the electrode’s surface. Dropcasting a 5-uL sample from
the modified dispersion onto the SPE working electrode’s
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base, the sample was allowed to dry and develop a uni-
form layer in the ambient environment. The modified
electrode with Mn-MOEF/SPE is also used in sensing
applications.

Electrochemical measurements

A potentiostat (Sensit Smart) was utilized in each elec-
trochemical study, and the experimental parameters were
managed by PS Trace 5.9 software. An aqueous solution
containing 0.1 M KCl and a 5-mM [Fe(CN)é]S_/ 4~ redox
probe was used as the electrolyte for the electrochemi-
cal testing of Mn-MOEF/SPE. Every test was carried out
at room temperature. CV investigations were carried out
at a scan rate of 0.1 V/s throughout a potential range that
varied from—1.2 V to 1 V. For electrochemical imped-
ance spectroscopy (EIS) measurements, a DC voltage of
0 V against a reference and a pulse amplitude of 0.01 V
was employed, spanning the frequency range of 1 Hz to
100 kHz.

Quantification of malathion

The surface-modified Mn MOF/SPE found malathion at
various quantities ranging from 30 pL to 170 uL. In 0.1 M
KCl aqueous medium solution with 5-mM [Fe(CN)é]?”/ 4=
redox probe, experiments for square wave voltamme-
try (SWV) were conducted. SWV was performed at a
frequency of 10 Hz, an amplitude of 0.15 V, and a step
height of 0.01 V in the potential range of —1.0 V to 1.0 V.
The importance of variables like elution duration was
increased for effective malathion quantification. The
behavior of the synthesized MOF’s absorption was also
studied. Additionally, the adsorption behavior of the
synthesized MOF was examined using double potential
step chronocoulometric (DPSC), where the forward and
reverse potentials were, respectively, 0.5 V and—0.5 V.
(0.1 s pulse width).

Fluorescent sensing experiment

An RF-6000 fluorescence spectrophotometer was used to
record the fluorescence spectra. LabSolutions RF version
1.17 was utilized to control the experimental conditions,
and the parameters that were employed are EM wave-
length end: 5800 A, EM wavelength start: 2500 A, EX
wavelength: 2600 A, data interval: 10 A.

An hour was spent sonicating 2 mg of Mn-MOF that
had been dissolved in ethanol for the fluorescence sens-
ing experiment. The solution steadied into a suspension
after a few while.

Results and discussion
Material characterizations
Figure la depicts the synthesized Mn-MOF’s powder
x-ray diffraction (PXRD) pattern. The detected peaks
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for Mn-MOF were 26.825°, 24.515°, 21.485°, 20.015°,
18.005°, 15.575°, 14.705°, 13.775°, and 9.065°. These
values are almost identical to those reported in the
previous study (Sundriyal et al. 2019). The average crys-
talline size was 12.38 nm, as determined by the Debye—
Scherrer equation:

D = (0.9 x 1)/(cos x B)

where 0, 8, 4, and D represent Bragg’s angle, full width
at half maxima wavelength, x-ray, and crystalline size,
respectively.

Figure 1b displays the surface morphology of the
synthesized Mn-MOF analyzed by transmission elec-
tron microscopy. It has a homogeneous, flexible lami-
nar structure. This refers to the previously mentioned
article (Joshi et al. 2022). Because there are more active
sites on the porous surface of Mn-MOF, a greater sur-
face area is available for porosity and adsorption, which
is advantageous in electroanalysis.

The FTIR spectra of the Mn-MOF are shown in
Fig. 1c, demonstrating the presence of several additional
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functional groups. New bands are seen in Mn-MOF at
1391 cm™!, which are attributed to symmetric stretch-
ing vibrations of ~-COO—-, and 1564 cm™', which are
attributed to asymmetric stretching vibrations of the
same compound. These results demonstrated that after
complexing with Mn ions, acidic COOH was deproto-
nated (Sundriyal et al. 2019).

As seen in Fig. 1d (Pabbi et al. 2018), vibrational
modes were investigated using Raman spectroscopy.
Peaks at 857 cm™!, 720 cm™!, and 632 cm™! repre-
sent the C—H bonding of the synthesized Mn-MOF,
whereas the aromatic ring bond for the C=C is seen
at 1612 cm™! (Joshi et al. 2022). About 1415 cm™ is
where carboxylate asymmetric vibration maxima were
discovered (Janjani et al. 2022). According to our find-
ings, H,BDC coordinated with Mn(II) metal ions to
form a stable structure.

Electrochemical examination

Figure 2a depicts the cyclic voltammograms acquired for
Mn-MOFEF/SPE as well as bare SPE in 0.1 M KCI solution
using a 5-mM Fe(CN)>~*~ redox probe at a 100-mV/s
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Fig. 2 a CV of Mn-MOF/SPE and bare SPE electrodes and b EIS Nyquist graphs of Mn-MOF/SPE and bare SPE electrodes (inset fitted Randle’s circuit)

scan rate. For Mn-MOF/SPE and bare SPE, the poten-
tial value and anodic peak current remained at 0.637 V
and 243.3pA and 0.515 V and 168.3uA, respectively. For
Mn-MOF/SPE and bare SPE, the cathodic peak current
and potential value remained—101.1 pA and 0413 V
and—93.86 pA and 0.055 V, respectively. 0.224 V and
0.46 V are the peak-to-peak separation potentials for
Mn-MOFEF/SPE and bare SPE, respectively. Peak-to-peak
separation decreases and, along with these, peak current
increases for working electrodes treated with Mn-MOF/
SPE, implying quicker electron transport after electrode
alteration. The peculiar shape and synergistic effect
induced by the metal ions in the Mn-MOF/SPE structure
may be responsible for the better redox behavior of the
Mn-MOF-modified SPE (Tang et al. 2022).

The Randles—Sevcik equation was used for the deter-
mination of electroactive surface area, which was derived
as described in the following:

I = 2.687 x 10°13/2AD'2Cv1/?

where concentration (mol cm™) is denoted by C, maxi-
mum current (Ampere) is denoted by I, the electroac-
tive surface area (cm?) is denoted by A, scan rate (Vs™?) is
denoted by v, the diffusion coefficient (7.2x107¢ cm?s™1)
is denoted by D, and during the redox process # is the
number of electrons that are transferred (Pabbi et al.
2018). Figure S1 shows the cyclic voltammograms with
both the original and altered electrodes. The electrode
surface area of Mn-MOF/SPE was about double that of
bare SPE. The monometallic Mn-MOF surface-modified
electrode has a considerable increase in electrode surface
area, which may boost the adsorption and coordination
sites for malathion interactions.

Moreover, Mn-MOEF/SPE demonstrated a reduced
resistance to charge transfer (Rct) of 0.00072 m{) com-
pared to bare SPE at 0.001 mQ. Rct arose because of
electron charge transport restrictions between the elec-
trolyte and the modified electrode. The fitted Randle’s
circuit and EIS spectra of these are shown in Fig. 2b. In
its Nyquist plot, Mn-MOF had a narrower semicircle
than bare SPE. The EIS and CV investigations validated
the SPE surface alteration using monometallic Mn-MOF,
demonstrating more electrocatalytic activity and charge
transfer kinetics enhancement than bare SPE.

Electrochemical activity of Malathion upon Mn-MOF/SPE
The redox behavior for malathion upon Mn-MOF modi-
fied electrode has been examined by adjusting the poten-
tial scan rate of CV on a scale spanning 0.05 to 3 V/s in
Fig. 3a. The peak current magnitude increases linearly
with increments in scan rate, as seen in Fig. 3b. Figure S2
shows a correlation between the peak current and loga-
rithms of the scan rate, demonstrated by the adsorption-
regulated aspect of the electrode method (Shih et al.
2004).

Moreover, the regression equations reflect peak poten-
tial fluctuation for increasing scan rate, as illustrated in
Fig. 3c:

Epa = 0.129 logy + 0.777
Epc = —0.034 logv — 0.893

The cathodic peak potential and the anodic peak
potential are represented by E,,. and E,,, respectively, and
the scan rate is denoted by v. Laviron’s theory (Laviron
1979) explains that these equation’s slopes were equal
to—2.3RT/anF for cathodic peak and 2.3RT/(1-a)nF for
anodic peak. Here, n denotes the quantity of reacting
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electrons, and a denotes the electron transfer coefficient.
n and a were determined to be 2.2 and 0.79, respectively.
Malathion, therefore, underwent a two-electron electro-
chemical reaction. As was already said, Fig. 4 shows a
method for the mechanism of malathion (He et al. 2023).

Moreover, the organophosphate malathion, which
was detected in 0.1 M KCI solution using a 5-mM
Pe(CN)ég’/‘*’ redox probe, was used to assess the elec-
trochemical adsorptive effectiveness of both the sur-
face-modified and unmodified electrodes. The charge

(time)/? graph of Mn-MOF/SPE and bare SPE,
respectively, are shown in Fig. 5's Anson plots (Ansonl
n.d.). The difference between the forward and back-
ward step linear plot’s y-axis intercept readings referred
to as the adsorbed faradic charge (Qads), depicts the
number of active species adsorbed onto the electrode
surface by the Cottrell theory. The Q,4, have been deter-
mined to be 1.407 mC for Mn-MOF/SPE and 0.60 mC
for bare SPE. (Xu et al. 2020). The monometallic Mn-
MOF modified electrode’s mesoporous surface and
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remarkable electroactivity significantly enhance mala-
thion adsorption.

Assessing Mn-MOF/SPE activity for malathion

The SWV approach was employed for sensing measure-
ments because it improved discrimination for faradic
currents. Figure 6a demonstrates the SWV responses for
the Mn-MOFEF/SPE sensor at various malathion concen-
trations. A wide range of malathion concentrations were
electro-analyzed to establish the electrochemical sensor’s
functioning range.

The peak current was shown to respond linearly
to malathion concentrations between 10 and 170
puL with the regression equation Igyy(HA)=—92.68
C(uM) +339.824 with correlation efficiency is 0.99065
where the SWV current response is denoted by Iy~ and
malathion concentration is denoted by C as shown in
Fig. 6b. When malathion’s concentration increased, the
Mn-MOFE/SPE probe’s peak current response decreased.
The limit of detection was computed as 39.907 nM using
the 3(SD)/(slope) criteria, wherein the standard devia-
tion is denoted by SD and the Slope is of the calibration
curve. Perhaps as a result, Mn-MOF-SPE, across a wide
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concentration range, exhibited low detection limits and
strong sensitivity for malathion.

Fluorescent sensing activity of Mn-MOF for malathion

An hour was spent sonicating 2 mg of Mn-MOF that had
been dissolved in ethanol for the fluorescence sensing
experiment. The solution steadied into a suspension after
a few while.

Several pesticides were selected for fluorescence sens-
ing, including DDVP, chlorpyrifos, and malathion. Fig-
ure 7a illustrates how applying the same amount of the
other insecticides caused a variation in the fluorescence
intensity. The remarkable selectivity of Mn-MOF was
confirmed when the quenching rate of fluorescence
intensity practically reached 99% with the addition of
malathion.

To thoroughly study the fluorescence quenching behav-
ior of Mn-MOF by malathion, concentration titration
tests were conducted. Figure 7b displays the fluorescence
spectra of Mn-MOF distributed in ethanol and different

Malathion concentrations. Figure 7c illustrates the lin-
ear response of malathion concentrations to intensity
in the range of 10 pL to 150 pL. As the concentration of
malathion increased, the Mn-MOF’s intensity response
decreased. With a correlation efficiency of 0.99038, the
detection limit was calculated as 62.03 nM using the
3(SD)/(slope) criterion, where SD and the slope indi-
cate the calibration curve’s standard deviation and slope,
respectively. Consequently, Mn-MOF demonstrated
excellent sensitivity to malathion and low detection limits
over a broad concentration range.

Detection mechanism for optical sensing of malathion
using Mn-MOF

Malathion detection using metal-organic frameworks
(MOFs) involves several intricate mechanisms, each con-
tributing to the fluorescence response changes observed
during the sensing process. One primary mechanism is
the photoelectron transfer (PET), where an excited elec-
tron transfers from the lowest unoccupied molecular
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Fig. 8 a, b Malathion intensity response on a Mn-MOF mainly in different interferent chemicals

orbital (LUMO) of the photo-excited donor (MOF) to the
LUMO of the acceptor (malathion). This electron transfer
leads to fluorescence quenching, which is a crucial indi-
cator in detecting the presence of malathion. The PET
process largely depends on the energy levels of the donor
and acceptor, which cause fluorescence quenching when
the LUMO of MOF is at a higher energy level than that of
malathion (Silva et al. 1997).

Forster resonance energy transfer (FRET) is another
important mechanism in studying fluorescence. It is a
non-radiative process whose efficiency changes depend-
ing on the distance between the donor (MOF) and accep-
tor (malathion), the extent of spectral overlap, and the
dipole—dipole interaction between them. When mala-
thion is present, it changes fluorescence in MOFs using
FRET due to coinciding excitation and emission spectra.
With this mechanism, susceptible detection can be pro-
vided for target analyte malathion since minor distance
or spectral overlap variations may considerably affect the
emitted light (Zhang et al. 2019).

The inner filter effect (IFE) is one of the most signifi-
cant mechanisms for optical sensing with MOFs to detect
malathion. This occurs through either adsorption of fluo-
rescent emission onto the analyte (malathion) or com-
petitive absorption of excitation light between the analyte
and MOF. The IFE differs from PET and FRET because it
does not depend on the distance between the MOF and
malathion. Instead, this method relies on the overlap of
the analyte’s absorption spectrum with that of the MOF
emission or absorption spectra, thus giving a way for
visual fluorescence quenching in response to malathion
detection (Sousaraei et al.. 2019).

Additionally, fluorescence features of MOFs can be
affected by the presence of specific functional groups
on the ligands; these are active sites for target recogni-
tion. Such groups change the fluorescence of MOFs via

Table 1 Malathion content in real-world matrices

S.No Analyte Spiking Retrieved Retrieve (%)
concentration  concentration
(uM) (uM)

1 Tap water  0.11 0.1186 100.5

2 RO water  0.079 0.102 129.35

coordination or covalent interactions with them. Dur-
ing this detection process, malathion may interact with
ligands or metal nodes in the MOF, leading to structural
changes or even destruction of the MOF framework,
causing changes in fluorescence intensity. Experiments
conducted with Mn-MOFs and malathion have indicated
that crystal structure and chemical links between units
in the MOF stay unaltered during the sensing process,
as suggested by Raman spectra, which is considerably
consistent with literature S3. Nevertheless, quenching of
fluorescence can also occur if an electron transfer occurs
from fluorophore to malathion, as shown by Stern—
Volmer curves (Fig. 7c), which exhibit linearity at low
concentrations but divergence at higher values. These
discoveries indicate a complex nature concerning fluores-
cence quenching and other factors like energy mismatch
and absorption that influence optical sensing of mala-
thion through using MOFs as platforms.

Applicability of the Mn-MOF-based malathion optical
sensor

Malathion’s anti-interference effectiveness in the pres-
ence of other pesticides and ions was then studied. Other
pesticides and ions did not interfere with malathion, as
shown in Fig. 8a, b, and the maximal intensity change is a
little less than 10%.
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Table 2 Various papers were used to compare the electrochemical organophosphate determination
Nanoplatform Technique Organophosphate Dynamic range Limit of detection Reference

analyte
Mn-MOF-SPE SWvV Malathion 0.89 uM and 5.95 uM 39.097 nM Present work
COFTFPB-DBD/GCE DPV Malathion 1072 g/L-108 g/L 30x107"3 g/L Liang et al. 2021)
Ce(lll, IV)-MOF SWV Malathion 1.0 uM~0.1 pM 0.045 pM Ma 2022)
AChE/CS/Fe;0, CV/Amperometry  Malathion 0.5 to 20 nmol L™ 0.3 nmol L™ Rodrigues et al. 2018)
Mn-MOF Fluorescence Malathion 0.039 uM and 0.56 uM 62.03 nM Present work
SiC@CuO-NPs DPV Malathion 0.03-3nM 0.01 nM Bakytkarim et al. May 2021)
CuO-NPs/3DGR/GCE DPV Malathion 0.03-1.5nM 0.01 nM Xie et al. Mar. 2018)
AChE/CNT-NH,/GCE DPV Malathion 0.2-1and 1-30 nM 0.08 nM Yu et al. Jun. 2015)

The Mn-MOF sensor’s analytical utility in the sample
was tested using a spiked-recovery technique. Tap water
and RO water were used as real sample matrices for elec-
troanalysis, and the samples were spiked with malathion.
Table 1 gives us the recovery percentage of malathion in
tap water and RO water.

The experimental results show that Mn-MOF has a
good selectivity for Malathion detection. Table 2 out-
lines the sensing performance of Mn-MOF with the per-
formance of other reported electrochemical sensors for
organophosphate.

As seen in Table 2, the innovative characteristics of the
current work set it apart from previous studies. Using
Mn-MOF as the sensing material is a novel strategy for
determining organophosphate pesticides. High surface
area, adjustable pore size, and outstanding stability are
benefits of this metal-organic framework, all necessary
for effective analyte detection. Using these characteris-
tics, the sensor outperforms conventional sensing mate-
rials in terms of sensitivity towards malathion. Moreover,
this sensor’s use of a fluorescence quenching mechanism
and electrochemical studies adds even more novelty.
Although the opto-electrochemical technique is a well-
known phenomenon, its use in malathion detection still
needs to be explored, especially concerning MOF-based
sensors. Through this technique, the sensor can reach a
low detection limit, making it possible to detect mala-
thion reliably at trace levels.

Among the other essential features of the sensor is the
wide range of concentration it can cover. Some of the ear-
lier works on detecting malathion have restricted their
detection to either low or high concentrations of mala-
thion. Still, the present work provides insightful material
behavior toward malathion in the concentration range of
0.89-5.95 uM through square wave voltammetry (SWV).
Fluorescence quenching was in the range of 0.039—
0.56 pM. This wide action range guarantees that the sen-
sor will be helpful where the presence of malathion at

varying concentrations is possible. This is a unique and
essential addition to the field of pesticide detection since
the material used for sensing is Mn-MOF, the concentra-
tion range is significant, and opto-electrochemical tech-
niques are used as an approach. This work sheds light on
the MOF-based sensor and provides promising future
research directions for designing high-performance
detection platforms for detecting organophosphorus pes-
ticides such as malathion.

Conclusion

This study presents the development of a non-enzymatic
opto-electrochemical sensor for ultra-trace quantifica-
tion of Malathion. The sensor is made from Mn-MOF,
one of the monometallic MOFs that was scaled up in this
research, and its properties were well characterized using
different techniques like EIS, CV, FTIR, XRD, Raman
spectroscopy, and TEM. These comprehensive inves-
tigations confirmed the solid cooperative interaction
between the transition metal ions of the MOF framework
and their high electrocatalytic activities toward Mala-
thion with enhanced surface area. The newly developed
sensor performed excellently by detecting Malathion
at 39.907 nM by SWV technique and 62.03 nM by fluo-
rescence quenching, as shown by SWV measurement
and fluorometric analysis results. One significant benefit
of this fabricated sensor was its exceptional selectivity
towards common interfering chemicals, thus ensuring
only reliable measurements. This sensor is highly robust
for in-situ environmental pollution assessment and has
simple assembly and installation. The present investi-
gation provides an efficient and practical solution for
tracking and examining minuscule levels of contamina-
tion with malathion in ecology through an Mn-MOEF-
based opto-electrochemical sensor. It can be used for
other environmental monitoring purposes due to the low
detection limit as well as excellent fluorescence response.
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