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Sensitive and selective determination of harmful organophosphate is rigorously fundamental due to its large negative influence on
the environment and human health. Ultrasensitive fluorescence nanocomposite was developed for malathion detection which was
based on electrostatic interaction between polyaniline and Ag-ZnO nanocomposite. The nanocomposite (Ag-ZnO/PANI) was
prepared via the sol-gel technique next in situ oxidative polymerization of polyaniline. The synthesized nanocomposite was
characterized by FT-IR, XRD, SEM, UV-vis, and fluorescence spectroscopic techniques. The fluorescence intensity of the
nanocomposite was quenched by MA, which was proportional to the concentration of MA in the range of 0–1000 nM, with a
detection limit of 13.2 nM. The proposed method was sensitive, selective, easy in design, and fast in operation. Therefore, it has
been effectively used for MA detection in agricultural products with suitable recovery.

1. Introduction

Organophosphate pesticides (OPs) have been utilized world-
wide because of their particular benefits such as ease of
synthesis, low environmental persistence, and the moder-
ately high death rate for insects [1, 2]. Inferable from their
persistence, toxicity, and bioaccumulation, they make long-
term harm to the environment and living species [3, 4].
Specifically, malathion (MA) is an organophosphate pesti-
cide which is mainly used to enhance food production and
control pests and increases harvest all over the world. How-
ever, unreasonable use of OPs results in various adverse effects
on human beings, wildlife, and the environment [4–6].

Consumption of agricultural products which contain
excessive amounts of malathion could combine with certain
cholinesterases (such as acetylcholinesterase (AChE)) in the
human body, cause serious damage to human nerve function,
and even cause unsteadiness, shortness of breath, cerebral
pain, loss of motion, respiratory damages, aggravated asthma,
and death [3–6]. Several methods have been developed over

the past few years for the determination of OPs, such as
high-performance liquid chromatography [6], gas chromatog-
raphy [7], enzyme-linked immune sorbent assays [8], colori-
metric sensing [9], and fluorescence spectroscopy [1, 10–12].

These ordinary techniques are sensitive and accurate, but
they suffer from numerous drawbacks, including substantial
instruments, time-consuming processes, significant expense,
long analysis time, the necessity of highly trained personnel,
and the inability to be used for continuous monitoring [13].
Recently, the OP pesticide biosensors advanced to AChE
inhibition. Furthermore, biocompatible nanomaterials in
biosensors improve their performance by augmenting the
surface area needed for AChE immobilization as well as
reducing the response time [14].

Conversely, measurements based on the quenching of
the photoluminescent characteristics of nanomaterials have
been widely used for the detection of DNA, proteins, micro-
organisms, metal ions, and others. It has different advan-
tages such as high sensitivity and selectivity, fast response
time, visualization, and being inexpensive and accurate for
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qualitative and quantitative detection of Ops [1, 5]. Consid-
ering the previous works, enzyme-free sensors based on
metals or their oxides like CuO [15], CeO2 [16], Fe2O3
[17], MnO2 [18], and others have been utilized due to their
minimal expense, excellent electrocatalytic activity, and the
capacity to conduct electrochemical reactions at lower
potentials [15–18].

Zinc oxide (ZnO) is perhaps the most encouraging mate-
rial in sensory applications because of its high conductive
electron movement and great adsorption quality [19]. How-
ever, limitations like low sensitivity, poor selectivity, and
high working temperature are as yet difficulties related to
these sensors [20]. To beat the drawback and to upgrade
the detecting characteristics, the modification supported by
different metals and organic molecules has drawn extensive
interest [19–24].

There are several reports on the upgrading of the elec-
tronic, catalytic, and sensorial potential of ZnO by incorpo-
rating noble metals such as Cu, Pt, Co, Pd, and Ag [21, 25,
26]. Among these, Ag merits special consideration due to
its stability, conductivity, nontoxic nature, and compara-
tively less expensive. The incorporation of Ag nanoparticles
(NPs) with ZnO in the polymer matrix upgrades the
mechanical properties and modifies the surface and conduc-
tivity of ZnO [21, 26]. Polyaniline (PANI) is also an impor-
tant polymer with high conductivity and an extensional
conjugated electron framework. Supporting the inorganic
filler with this organic polymer is used to tune the optical,
electrical, and photocatalyst properties as well as upgrade
the detecting capability of ZnO [25, 27].

Subsequently, in the present study, Ag-decorated ZnO
supported by PANI (Ag-ZnO/PANI) NCs was synthesized.
The NC crystalline size, morphological properties, optoelec-
tronic properties, and surface functional groups were
characterized by X-ray diffraction, scanning electron micro-
scope, UV-vis, and FT-IR techniques. The sensitivity and
selectivity of the NCs to MA were studied by using a fluores-
cence spectrophotometer.

2. Experimental Methods

2.1. Reagents and Chemicals. Silver nitrate (169.87 g/mol),
Zinc(II) acetate dehydrate (183.48 g/mol), aniline (93.13 g/
mol), sulphuric acid (98 g/mol), sodium hydroxide (40 g/
mol), oxalic acid (90.03 g/mol), hydrochloric acid (36.46 g/
mol), ethanol (46.07 g/mol), ammonium persulfate
(228.18 g/mol), and malathion (330.358 g/mol) were used.
All chemicals were of analytical grade (Sigma-Aldrich) and
used as received without further purification.

2.2. Synthesis of Ag-ZnO Nanoparticle. Silver-doped zinc
oxide (Ag-doped ZnO) NPs were prepared by a sol-gel
method [28]. 100mmol of Zn(II) acetate dehydrate was dis-
solved in 200mL of ethanol solution and stirred for 30min.
Separately, oxalic acid dehydrate (55.8mmol) was dissolved
in 80mL of ethanol solution which was added slowly with
constant stirring for 3 hr to the Zn(II) acetate solution until
a white solution was formed. To this solution, 4% wt of silver
nitrate was added and stirred for an additional 3 hr. The

solution was dried on a water bath to form a xerogel. The
xerogel was calcined at 500°C in a muffle furnace at a heating
rate of 5°C/min. Then, it was kept at this temperature for
2 hr, lastly obtaining a dark brown powder of Ag-ZnO after
grinding using the motor pestle.

2.3. Synthesis of Ag-ZnO/PANI Nanocomposite. The synthe-
sis of Ag-ZnO/PANI NCs was carried out as follows: 2 g of
Ag-ZnO NPs were added into 200mL of 1M H2SO4 solu-
tion. 2mL of aniline was added dropwise to the solution
and stirred for 30min until a silvery-white color was formed.
A solution of 35.1mmol of ammonium persulfate oxidant in
100mL of H2SO4 solution was added dropwise under a
refrigerator and stirred for 30min. The solution color was
changed into dark green confirming the formation of the
Ag-ZnO/polyaniline hybrid.

It was kept at room temperature for 24 hr, and then, the
solution was filtered and washed with distilled water until
the filtrate became colorless. Finally, the precipitated mate-
rial was filtered and dried in a vacuum oven at 80°C for 6
hours. Thus, Ag-ZnO/PANI NC was prepared [29, 30].

2.4. Structural Characterizations. X-ray diffraction patterns
were obtained using a BRUKER D8 (West Germany) and
equipped with Cu Kα radiation (λ = 1:5405Å) at room tem-
perature in the scan range 2θ between 10 and 90o.

Accelerating voltage and the applied currents were 40 kV
and 30mA, respectively. The morphologies of the nanocom-
posites were done by using EVO 18 SEM. The absorbance
was recorded by using the SPECTRONIC GENESYS 2PC
UV-vis spectrophotometer. Fourier transform infrared (FT-
IR) spectroscopy was used in the region between 4000 and
400 cm−1 to determine the functional groups and surface
structure of the samples by a model of Shimadzu 8400S
(German) using KBr plates. The fluorescence spectra were
measured using Shimadzu RF 5301PC spectrofluorimeter.

2.5. Detection of MA and pH Optimization. A stock solution
of 50mg/L of MA was prepared in 100mL of double distilled
and deionized water. Sensing of OPs was performed by pre-
paring a series of concentrations and by adjusting the pH (7)
to the optimum at room temperature. The MA sensing was
performed by monitoring the fluorescence behavior of the
Ag-ZnO supported by the PANI NC solution.

The synthesized NC was dispersed in distilled water, and
the spectra were recorded at different excitation wavelengths
from 350 to 430nm with a gap of 10 nm before the addition
of OPs. Then, the fluorescence intensity of the aqueous solu-
tion of the NC was measured with a consecutive addition of
0.01M of MA at 380nm. To calculate the analytical param-
eters, the slope of the calibration curve was used based on
Equation (1) [31]:

I0 −
I
I0

=m MA½ � + b, ð1Þ

where I0 and I represent the fluorescence intensities of Ag-
ZnO/PANI in the absence and presence of MA, m-slope,
and b-intercept and [MA] is the concentration of MA. The
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limit of detection (LOD) can be calculated using the equa-
tion of LOD=3SD/slope, where SD is the standard deviation
of the calibration curve [24]. The quenching efficiency (QE)
was estimated using Equation (2) [31].

QE = I0 −
I
I0
: ð2Þ

To optimize the experimental condition, the reaction
times between the NCs and MA were investigated. Further-
more, the effect of pH was studied in the pH range of 3 to 11.

Each time, the pH was maintained by using 0.1M HCl
and 0.1M NaOH measured by a pH meter under a constant
excitation wavelength and concentration.

2.6. Detection of Real Sample. The methodology was applied
for MA sensing from two different agricultural products
(potatoes and tomatoes) which were purchased purposively
from a local market. The samples were allowed to be dried,
then grounded and spiked with MA standards of 0.05, 0.1,
and 0.15M and 0.25μM, separately. Then, they were care-
fully standardized and formerly allowed to stand for 24 hr.
The powders were mixed with 30mL ethanol and 5mL
water, with ultrasonic extraction for 1 hr, and centrifuged
for 30min at 4000 rpm. The supernatant was transferred
and evaporated at 50°C [32].

Finally, the fluorescence spectra of the NCs and the dry
residue solution were measured in ultrapure water. The selec-
tivity of this technique was studied by evaluation of fluores-
cence intensity using UV-vis spectra taken before and
subsequent addition of a series of Mg2+, glucose, CO3

2−,
Cl-, and Cd2+ [30, 33].

3. Results and Discussion

3.1. Characterization of the Nanocomposite

3.1.1. FT-IR Spectra. FT-IR technique was used to determine
the functional groups of PANI and Ag-ZnO. The peak at
608 cm−1 in Figure 1(b) is attributable to the metallic stretch-
ing of Ag-O, and the small peak centered at 609 cm-1 in
Figure 1(a) is due to the Ag-O group revealing the existence
of Ag. In addition, the bands at 492 cm-1 showed Zn–O bond
observed. The presence of peaks due to ZnO and Ag confirms
the effective interaction of their elements. All these effects
indicated well incorporation as well as the presence of inor-
ganic filler (Ag-ZnO nanoparticle) into the host matrix.

The absorption band of PANI has occurred at 1126 cm-1

which is due to stretching vibration of quinoid ring
Figure 1(a). The peak at 3442 cm−1 is attributable to the free
N–H vibrational stretching of the primary and secondary
amine groups. Similarly, the peaks associated with the C-H
and C-N stretching vibrations are located at 2932 and
1470 cm-1, respectively. In addition, the peak at 1293 and
801 cm-1 corresponds to the C-N in-plane deformation and
a=CH in-plane vibration of PANI Figure 1(b). Thus, from
the FT-IR spectra, it is confirmed that the NPs existent in
the macromolecular chain of PANI and aniline monomers

are successfully polymerized on the surface of Ag-ZnO
NPs confirming that the PANI is existing in the NCs.

3.1.2. XRD Analysis. The XRD patterns of the Ag-ZnO and
Ag-ZnO/PANI are shown in Figure 1. As shown in
Figure 1(c), diffraction peaks located at 2θ = 31:79, 34.44,
36.27, 47.55, 62.87, 67.97, and 69.11° are in good agreement
with (100), (002), (101), (102), (110), (103), (112), and (201)
crystal plane of wurtzite structure of ZnO (JCPDS
card.No.75-576).

The reflection planes at (111), (200), (120), and (311)
show the characteristics of face-centered cube Ag metal in
Ag-ZnO NPs (JCPDS, No. 04-0783). The average crystal
grain size of Ag-ZnO NPs can be calculated according to
the Scherrer equation (Equation (3)) [34], which estimated
is as 35.68 nm [35, 36].

Dhkl =
kλ
βhkl

cos θhkl , ð3Þ

where Dhkl is the particle size which is perpendicular to the
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Figure 1: FT-IR spectra of Ag-ZnO/PANI (a) and Ag-ZnO (b);
XRD patterns of Ag-ZnO (c) and Ag–ZnO/PANI NCs (d).
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normal line of the plane (k = 0:9, λ = 0:15405nm) (wave-
length of X-ray), βhkl is the FWHM of the diffraction line,
and θ is the diffraction angle of hkl.

In the hybrid of Ag-ZnO/PANI, the diffraction peak of
PANI was overlapped with the peak of Ag-ZnO, which
results in a weak peak in the composite. The characteristic
peaks corresponding to the reflection of (111), (200), (220),
and (311) crystal planes were shown as 38.06, 44.23, 64.36,
and 77.4°, respectively. It can be observed from Figure 1(d)
that two broad amorphous peaks about 2θ = 18° and 25.42°

are related to the planes of the PANI molecular chain.
The average crystal size was calculated at 38.06, 44.23,

and 64.36°, and the average size of the NCs estimated is
about 31.52 nm. The diffraction peaks of Ag-ZnO NPS move
slightly towards the direction of the 2θ decrease in the Ag-
ZnO/PANI NCs, and there is variation in broadness and
intensity which is due to the strong interfacial interaction
among Ag-ZnO and the polymer of aniline [30, 35].

3.1.3. Morphology. Morphological features of the as-
synthesized Ag-ZnO and Ag-ZnO/PANI composites are
shown in Figure 2. The Ag-ZnO NPs show an irregular
morphology Figure 2(a) and ensure a certain extent agglom-
eration, which is because the radius of Zn is smaller than
that of Ag, and the two NPs have different valence states.
Consequently, there are some variations between them in
morphology. Ag-ZnO/PANI NCs Figure 2(b) reveal that
PANI is coated on the surface of Ag-ZnO, and the image
showed an aggregate of particles with no distinct morphol-
ogy, but brighter spots on the surfaces possibly represented
Ag metal on the nanocomposite.

3.1.4. UV-vis Spectra. UV-vis spectrum of PANI NPs is
shown in Figure 3(a), and the characteristic band was
observed at 415 and 310nm with a bandgap of 2.73 eV.
The absorption peak observed at this two-point is expected
for aromatic nuclei with π-π ∗ electronic transitions and
charge transfer from the benzenoid ring to the quinoid rings
[30]. The UV-vis spectrum of Ag NPs is shown in
Figure 3(b) with a strong absorption peak of about 418nm
with a bandgap of 2.8 eV, which is attributed to the surface
plasmon resonance, which confirms the symmetric and nar-
row size of Ag NPs [37].

The UV-vis spectra of Ag-ZnO and Ag-ZnO/PANI NC
are presented and compared in Figures 3(c) and 3(d). The
Ag-ZnO particles represent a sharp absorption peak around
430nm corresponding to the bandgap of 2.61 eV, and the
modification of the ZnO by Ag significantly affects the band-
gap [31, 38]. As expected, the Ag-ZnO particles supported
by PANI could expand the wavelength response to longer.
The central absorption edge for Ag-ZnO/PANI rose at
470nm, attributable to the 2.42 eV bandgap [30].

According to Rahman et al. [38], Ag-ZnO NPs exhibit
lower bandgap energies compared to ZnO. It is observed that
the characteristic peaks appear in Ag-ZnO/PANI NCs with a
redshift in the peak position after the addition of PANI. This
substantial increase in wavelength may be due to the interac-
tion and synergism between Ag, ZnO, and PANI within NCs.

This can simplify the electron excitation with relatively low
energy for enhanced detection of the malathion.

3.1.5. Photoluminescence Spectra. The photoluminescence
spectra of ZnO and Ag-ZnO NPs at excitation wavelengths
of 360 and 370nm are shown in Figures 3(e) and 3(f). Broad
emission bands from 380 to 490nm and 450 to 600 nm are
shown for ZnO and Ag-ZnO NPs, respectively. To study
the fluorescence properties of Ag-ZnO/PANI NCs, the emis-
sion spectra can be used to describe the recombination
method of photogenerated holes and electrons by the fluo-
rescence emission intensity. The good emission intensity is
related to the recombination of photogenerated charge trans-
porters with a short lifetime. The departure of the photogener-
ated transporter, holes, and electrons is large because of a
longer lifetime, which allows weakening of the intensity in
the fluorescence spectra [37]. The maximum emission fluores-
cence spectrum of Ag-ZnO/PANI NCs was obtained by excit-
ing the NCs at the excitation wavelength of 380nm
(Figure 3(g)) with a range of 510-630nm band centered at
581nm.

3.2. Optimization of Experiments. The stability of the sensor
is fundamental; the effect of pH on fluorescence intensity in
the presence of 1μM MA solution is studied and carried out
in the pH range of 3 to 11. Figure 4(a) shows that the change
in pH of the solution had an observable change in the fluores-
cence intensity of the NCs and MA. The fluorescence had a
maximum intensity at neutral pH (pH = 7). However, the
fluorescence spectra of Ag-ZnO/PANI+MA are slowly
declining again with further increasing or decreasing the pH
from 7. This can be described depending on the protonation
and deprotonation of the amine groups at the polyaniline
surface and the carbonyl, sulfide, or methoxy group of MA.

It is stated that the benzenoid rings are the reason for the
fluorescence emission, whereas at low pH the PANI is proton-
ated and the quinoid rings act as a fluorescence quencher.
Moreover, at low pH, the aggregation of Ag-ZnO/PANI is
established by the action of intramolecular hydrogen bonds
with the carbonyl, methoxy, or sulfide groups of MA on the
surface of the Ag-ZnO/PANI+MA [31].

Moreover, at higher pH (8–11), the deprotonation of
amino moieties of PANI has created a negative charge cloud
on the surface and made anionic layers which undergo
strong electrostatic interaction with different functional
groups of MA. While at neutral pH there is no protonation
or deprotonation of Ag-ZnO/PANI NC and MA, in addi-
tion, the maximum fluorescence is achieved. Therefore, we
chose pH = 7 as the experimental condition.

Figure 4(b) illustrates the quenching efficiency of MA
with increasing reaction time. Upon addition of 2μM MA
into the Ag-ZnO/PANI NC at pH7, the fluorescence
quenched quickly, and the fluorescence intensity nearly
reached its lowest value after 30 sec depending on this result;
the reaction time of 2min seems to be selected for the detec-
tion of MA.

3.3. Quenching Mechanism of Sensor. The most possible
mechanism for the fluorescence enhancement of Ag-ZnO/
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Figure 2: SEM image of Ag-ZnO (a) and Ag-ZnO/PANI (b).
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PANI NCS due to PANI adsorption onto Ag-ZnO NPs is
based on the van der Waals force as well as the electrostatic
force of interaction. A large number of delocalized electrons
on the amine groups of PANI and the inorganic filler allow
moderate electrostatic interaction. Such electrostatic effect

is the main reason for the interaction between Ag-ZnO
and PANI [39].

Generally, the quenching of the fluorescence spectra of Ag-
ZnO/PANI NCs by MA is shown schematically in Figure 5,
which possibly occur due to the inner filter process and electron
and energy transfer. Inner filter effect needs an overlap
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between the absorption spectrum of the MA, the excitation
spectrum, and the emission band of the Ag-ZnO/PANI NC.

The absorption spectra of MA can be shielded as part
of the radiation from the excitation of the Ag-ZnO/PANI
NC, and the MA can absorb the emitted light by the
Ag-ZnO/PANI NC. Additionally, the spectral overlap
between the absorption peaks of MA and the absorption
and emission spectra of Ag-ZnO/PANI NC allows the
inner filter effect and subsequently reduces the intensity
of the emission spectra.

Furthermore, the electron-donating amine groups of
polyaniline can strongly interact with carbonyls as well as
sulfide groups of MA. This effect is also told that the quench-
ing mechanism is not associated only with the inner filter
effect process but also forms the aggregate of the compound
[30, 31, 37, 39, 40].

In the standard state, the fluorescence quantum yield
(QY) of Ag-ZnO/PANI NCs was calculated relative to the
integrated fluorescence emissions of L-tryptophan (standard
solution of amino acids; QY = 0:1435) fluorescent with
similar optical properties by using Equation (3) [41, 42].

ΦF =ΦF stdð Þ ×
F × Astd × n2

Fstd × A × n2std
× F × Astd × n2

Fstd × A × n2std
, ð4Þ

where F and Fstd are the fluorescence area of the sample
and the standard amino acid, respectively; A and Astd are the
absorbance of the NCs and standard amino and; and n and
nstd are the refraction index of the NCs and the standard
amino acid. The QY of Ag-ZnO/PANI NCs is 0:149 ≈ 15%.
This value is approximately similar to the QY of the stan-
dard L-tryptophan that reported by Kirby and Steiner [43].

3.4. Sensitivity and Selectivity for MA. The sensitivity of the
sensor is one of the main aspects of analysis [44]. The inten-
sity of the NC recovers proportionally with the concentra-
tion of malathion. To check the validity of this method, we
used Ag-ZnO/PANI NC to detect MA in optimum condi-
tions. An arrangement of MA solution composed of 0-
1μM together with an appropriate amount of Ag-ZnO/
PANI NCs was used to measure the fluorescence spectra.

Fluorescence intensity of the maximal emission at 571nm
was observed, which varied with the concentration of MA
Figure 6(a). The blue shift (~10nm) observed revealed the for-
mation of an aggregate of compounds. Although, the fluores-
cence intensity of the NPs decreased with increasing amounts
of MA and the fluorescence quenching ratio was proportional
to the MA concentration of 0.01-0.95μM.

There are two linear regions of correlation in the MA
concentration range of 0.01–0.1μM (R2 = 0:990) and 0.1–
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Io/I and concentration of MA, Io and I are the fluorescence intensities of Ag-ZnO/PANI nanocomposite in the absence and presence of MA,
(c) QE versus MA concentration from 0.1 to 0.8 μM, and (d) from 0.01 to 0.1 μM at pH 7 and λex = 380 nm.
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0.8μM (R2 = 0:987) as shown in Figures 6(c) and 6(d),
respectively. This shows that the quantitative measurement
of MA using Ag-ZnO/PANI NCs sensor can be accomplished
with different sensitivities (slopes of the lines) of 1.022 and
0.0133μM according to the range of detection. The limit of
detection acquired from the calibration line is 0.0081μM
(Figure 6(b)). It is found that the NC has a reasonable limit
of detection for MA; therefore, the result indicates the NC
was sensitive enough to monitor MA concentration.

To check the selectivity performance of the sensor
towards MA detection, a similar experiment was performed
with different interference such as Mg2+, glucose, CO3

2−, Cl-,
and Cd2+ Figure 7(a) using a fluorescence spectrophotome-
ter. The shape and band maxima of the fluorescence spectra
remain unchanged, and no other emission towards longer
wavelengths was noticed except for the redshift (~19 nm)
of glucose due to interaction with NCs. This observation

suggests that the weak fluorophore–quencher interaction
does not change the spectral of NCs.

The NC also showed high selectivity on UV-vis spectra
Figure 7(b). Apart from MA, no other ion-induced absorp-
tion maximum shift. Furthermore, the interference investi-
gation of these OPs indicated the NC was capable to be
applied to complex environments with small interference
from other ions. Hence, the fabricated sensor is quite selec-
tive and specific towards OPs on both fluorescence and
UV-vis spectra.

3.5. Analysis of MA in Real Samples. The pretreated potato
and tomato were added into Ag-ZnO/PANI, and the data
were collected by a fluorescence spectrophotometer, and a
calibration curve was used to study the spiked experiments.
The results of the experiment are given in Table 1. Four
samples were not detected in the absence of spiked MA,
and those recovered were in the range of 91.0–99.6% and

Table 1: Determination of MA spiked in commercial samples.

Sample (n = 5) Spiked (μM) Found (μM/μg/L) Recovery (%) RSD (%)

Potato

0 0 0 0

0.05 0.041 82 2.63

0.1 0.093 93 2.74

0.15 0.11 96 1.32

0.25 0.189 93.3 2.87

Tomato

0 0 0 0

0.05 0.043 86 2.45

0.1 0.089 89 3.11

0.15 0.109 72 1.41

0.25 0.179 71.6 1.93

RSD: relative standard deviation.
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Figure 7: (a) The fluorescence intensity of Ag-ZnO/PANI NC with different interferences (Mg2+, glucose, CO3
2−, Cl-, and Cd2+, all

interference concentrations of 0.125μM) and MA (0.5μM) as the Ag-ZnO/PANI NC as control and (b) UV-vis spectral variation of Ag-
ZnO/PANI NC upon additions of various OPs.
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92.8–95.6% with acceptable results. The relative standard
deviation (RSD) ranges were 1.19–5.05% and 4.01–5.06%,
respectively. The sensitivity and selectivity of this method
were comparable with most of the informed methods. A
comparison between this work and other reported systems
for MA sensing in detection limit (LOD) or linear range is
summarized in Table 2.

4. Conclusion

In summary, a novel ultrasensitive fluorescence quenching
probe based on Ag-ZnO/PANI NC was developed for MA
detection, which has a detection limit of 0.132μM. The
fluorescence of Ag-ZnO/PANI NC is strongly quenched
by MA and has several uses such as fast response time,
good stability, high selectivity, and sensitivity. Additionally,
the Ag-ZnO/PANI NC has been effectively used for MA
detection in agricultural products with suitable results.
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