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Synergistic SERS effects in organic/MoS2 heterojunctions with
cavity structure enabling nanoplastics screening and

antibiotic adsorption behavior detection
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The detection of nanoplastics (NPs) and their interactions with antibiotics is critical due to their potential environ-
mental and health risks. Traditional detection methods are challenged by the small size and chemical similarity of NPs
to microplastics. Current surface-enhanced Raman scattering (SERS) substrates for NP detection are limited by high
cost, reliance on single enhancement modes, and insufficient sensitivity and selectivity, especially for NP-antibiotic com-
plexes. In this study, the F/M-AAO substrate, which integrates 2,3,5,6-tetrafluoro-tetracyanoquinodimethane (F4TCNQ)
and molybdenum disulfide (MoS2) with anodic aluminum oxide (AAO) templates, is used to enhance the detection of NPs
and NP-antibiotic complexes. The conical cavity structure of the substrate facilitates the enrichment and direct detection
of NPs with diameters smaller than 450 nm. The three-dimensional (3D) F/M-AAO substrate achieved a limit of detection
(LOD) of 1.73×106 ng/L for 100-nm NPs and a minimum detection concentration of 10−10 M for ciprofloxacin adsorbed
on NPs (NPs-CIP). It demonstrated remarkable sensitivity and selectivity in the detection of both individual NPs and NP-
antibiotic complexes. This work highlights the innovative application of the F/M-AAO substrate in the SERS detection
of NPs and NP-antibiotic complexes, providing a low-cost and effective platform for monitoring emerging environmental
contaminants.

Keywords: synergistic SERS enhancement, organic/MoS2 composite, nanoplastics
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1. Introduction

The growing crisis of nanoplastics (NPs) pollution
poses a significant threat to global environmental health.[1]

These particles, usually less than 1000 nm in diameter, are
widespread in ecosystems and have been found in various
biological organisms, including humans.[2] The positively
charged surface of NPs enhance their adsorption of other con-
taminants, potentially increasing their ecological and health
impacts. Their capacity to adsorb a range of environmen-
tal contaminants, including heavy metals,[3] organic pollutants
and antibiotics,[4] ecological impact and health risks.[5,6] De-
spite research efforts, the detection of NPs remains a chal-
lenge. NPs, with dimensions typically below the resolution
threshold of conventional optical microscopy, present a chal-
lenge for direct detection. The stable macromolecular clus-
ter structure of NPs and the low concentrations of adsorp-
tion contaminants result in a small Raman scattering cross
section, making them difficult to fit into traditional Raman
detection.[7,8] These limitations have hindered a comprehen-
sive understanding of the distribution, behavior, and ecologi-
cal implications of NPs.[9,10]

Surface-enhanced Raman scattering (SERS) has become
an important analytical tool due to its high sensitivity, molecu-

lar specificity, and non-destructive nature.[11,12] SERS, which
is based on electromagnetic (EM) enhancement by modi-
fying the shape, size, and type of noble metal, is ideal
for the rapid and sensitive detection of NPs and associated
contaminants.[13] Liu et al. and Chang et al., have utilized
V-shaped and nanotrap SiO2@Ag SERS substrate to detect
microplastic (MPs) and NPs, respectively.[14,15] Zhang et al.
designed an array of gold triangular cavities and demon-
strated effective SERS detection of polystyrene nanoplastics
(PS-NPs).[16] However, current SERS substrates used for NP
analysis are limited by their high cost,[17] dependence on
single enhancement modes,[18] and lack of sensitivity and
selectivity.[19]

Abdur Rahim et al. developed an novel three-dimensional
(3D) SERS substrate fabricated with 2,3,5,6-tetrafluoro-
tetracyanoquinodimethane (F4TCNQ) and molybdenum disul-
fide (MoS2) composites combined with anodic aluminum ox-
ide (AAO) templates (F4TCNQ/MoS2/AAO, F/M-AAO) to
achieve the detection of heavy metal ions (Hg2+) in aque-
ous pollutants.[20] Although it is an innovation in non-metal
SERS, the enhancement mechanism for the pollutants is am-
biguous, and its applications are confined to the detection of
soluble liquid pollutants. Actually, the V-shaped F/M-AAO
substrate has broader applications in the SERS detection of
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NPs. Its 3D structure not only achieves confinement of inci-
dent light within the cavity, but also enables the screening and
enrichment of NPs with different sizes, effectively addressing
the challenge of distinguishing between NPs and MPs. The
organic/inorganic heterostructure provides EM enhancement
for NPs and simultaneously provides chemical (CM) enhance-
ment for other contaminants adsorbed on them. This approach
allows us to explore the synergistic enhancement effects of the
non-metallic hybrid SERS substrate on PS-NPs contamination
and provides a reliable platform for highly sensitive and spe-
cific detection in environmental monitoring.

In this study, we investigated the SERS properties of PS-
NPs and the combined contaminants of PS and ciprofloxacin
(PS-CIP) using the 3D F/M-AAO substrate. The conical cav-
ity structure of the 3D F/M-AAO substrate improved the limit
of detection (LOD) for 100-nm PS-NPs to 1.73×106 ng/L. In
addition, the substrate achieved an ultra-high sensitivity LOD
of 10−10 M for PS-CIP, demonstrating excellent stability and
practicality. This study offers a straightforward and efficient
means of analyzing NPs and their associated adsorbents, pro-
viding a robust platform for the sensitive and specific detection
of emerging environmental contaminants using SERS.

2. Materials and methods
2.1. Preparation of F/M-AAO

The detailed procedure for the preparation of 3D
F/M-AAO SERS substrates is described in detail in the
literature.[20] For comparison, a reference sample was pre-
pared using flat sapphire substrates (F/M-Al2O3). The fabrica-
tion and SERS testing of the F/M-AAO substrate is described
in Fig. 1.

PS CIP

Screening

M AAO F/M AAOAAO
CVD Thermal evaporation

Mixed MPs  
and NPs

MoS2 F4TCNQ

PS NPs

Fig. 1. Schematic illustration of the preparation and SERS process of
the F/M-AAO substrate.

2.2. SERS measurements

The SERS properties of F/M-AAO was performed us-
ing Rhodamine 6G (R6G) as a basic probe. PS nanospheres,
mixed micro and nanoplastic spheres, and PS-CIP were uti-
lized as application probes. Aqueous solutions of R6G and
PS at different concentrations were prepared by dilution. PS
(1 mL, 100 nm in diameter), polyethylene terephthalate (PET)
(1 mL, 3 µm in diameter), and polymethyl methacrylate
(PMMA) particles (1 mL, 1.8 µm in diameter) were combined

to form a mixed dispersion at a concentration of 1×106 ng/L.
The mixed solution was sonicated at 25 ◦C for 1 hour to en-
sure uniform distribution of the particles. Solutions of differ-
ent concentrations were then dropped onto the F/M-AAO sub-
strates and air dried at room temperature. For antibiotic ad-
sorption detection, PS nanospheres were used as carriers fol-
lowing a standardized isothermal adsorption to ensure uniform
mixing and complete antibiotic adsorption. A ciprofloxacin
hydrochloride (CIP-HCl) stock solution was mixed with di-
luted PS nanosphere dispersion (1×106 ng/L, 100 nm) to a
final volume of 10 mL, with antibiotic concentrations loga-
rithmically ranging from 10−11 M to 10−2 M. Triplicate sam-
ples were prepared for each concentration to ensure statistical
validity. The mixtures were sonicated at 25 ◦C for 6 hours
to ensure complete adsorption of the antibiotic on the PS
nanospheres.

The enhancement factor (EF) and LOD of the SERS sub-
strates were quantitatively evaluated using the formula re-
ported in the literature.[21,22] For R6G, the EF and LOD were
calculated using the 612-cm−1 peak, while for 100-nm PS, the
1003-cm−1 and 1032-cm−1 peaks were used. All values were
derived by comparing powder samples under the same experi-
mental conditions.

2.3. Sample characterizations

The surface morphology and elemental distribution of
the samples were analyzed using a Zeiss Sigma 500 scan-
ning electron microscopy (SEM) at accelerating voltages of
3 kV. The valence band (VB) or highest occupied molecular
orbital (HOMO) of the sample can be obtained from ultra-
violet photoelectron spectroscopy (UPS) measurements per-
formed on a Thermo Scientific ESCALAB XI+ spectrometer
using the He I line (hν = 21.22 eV) as the ultraviolet emis-
sion source. Ultraviolet–visible (UV-vis) absorption spectra
were recorded using a Purkinje General TU-1900 spectropho-
tometer. The band gap of the sample can be determined from
the photoluminescence (PL) spectra. Raman and PL spectra
were characterized using a Horiba HR Evolution spectrom-
eter. Raman measurements were performed using excitation
wavelengths of 532 nm and 633 nm, while PL measurements
were performed using an excitation wavelength of 325 nm.
All tests were performed at room temperature to ensure con-
sistency with standard environmental conditions.

3. Results and discussion
3.1. Properties of F/M-AAO

The F/M-AAO substrate exhibits distinct structures and
properties that contribute to its enhanced SERS performance.
The SEM image (Fig. 2(a)) reveals that F4TCNQ nanopar-
ticles, approximately 28 nm in diameter, uniformly cover
the MoS2 modified AAO (M-AAO) surface. The conical

047402-2



Chin. Phys. B 34, 047402 (2025)

pore structure of the AAO template concentrates MoS2 and
F4TCNQ within the cavities. The E2g and A1g Raman peaks
of MoS2 at 385.5 cm−1 and 406.9 cm−1, respectively, indicate
the in-plane and out-of-plane vibrational modes (Fig. 2(b)).
The frequency difference (∆ν) of 23.4 cm−1 indicates the for-
mation of a three-layer MoS2 film in the F/M-AAO.[23] Com-
pared to MoS2 modified Al2O3 (M-Al2O3), the observed red-
shift of the E2g and A1g peaks of MoS2 in the F/M-AAO com-
posite suggests the compressive strain in the MoS2 layers of
the F/M-AAO composite.[24] This strain facilitates the deposi-
tion of F4TCNQ organic molecules on the MoS2 surface, lead-

ing to the formation of relatively isolated nanoislands. The
peaks at 1105 cm−1, 1245 cm−1, 1397 cm−1, 1451 cm−1, and
1640 cm−1 in Fig. 2(c) are attributed to F4TCNQ.[25] The Ra-
man peak intensities of both F4TCNQ and MoS2 on the AAO
substrate are significantly enhanced compared to those on the
flat sapphire substrate. This enhancement is attributed to the
large surface area provided by the distinctive inverted cone
structure of the AAO template. It promotes the growth of nu-
merous F4TCNQ nanoparticles and provides a substantial in-
terfacial area between the organic and inorganic phases, which
is essential for efficient SERS activity.
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Fig. 2. Characterization of the fundamental properties of F/M-AAO. (a) SEM images of F/M-AAO. The inset shows the particle size distribution
of F/M-AAO. (b) and (c) Raman spectra of different substrates in different ranges.

3.2. Basic SERS properties of F/M-AAO

R6G molecules were used to evaluate the fundamental
SERS properties of the F/M-AAO composites. Figure 3(a) il-
lustrates a comparison of the SERS activity of R6G molecules
different substrates under 532-nm laser excitation. The Ra-
man signal of R6G (10−7 M) was enhanced on the bare AAO
substrate, but no signal was observed on the flat sapphire sub-
strate. This indicates the conical structure of AAO contributes
positively to SERS activity. The EF of M-AAO is approxi-
mately 3.45 times that of bare AAO. F/M-AAO exhibited the
highest SERS activity with an EF of 23.2 times that of AAO.
Figure 3(b) illustrates the linear correlation between Raman

signal intensity and R6G concentration. The LOD for R6G
was 3.67×10−14 M, with an EF of 1.82×1012 calculated from
the SERS peak of a 10−15-M R6G solution, demonstrating the
high sensitivity of the SERS analysis. Figure 3(c) shows that
R6G at 10−7 M exhibits SERS effects on the F/M-AAO sub-
strate under both 532-nm and 633-nm laser excitations. R6G
molecules display resonance Raman scattering (RRS) signals
under 532-nm laser excitation, and their Raman signal is also
significantly enhanced under 633-nm laser excitation due to
the resonance excitation of the F/M-AAO substrate. There-
fore, even if the probe molecules are not excited under optimal
resonance conditions, the F/M-AAO substrate can still provide
significant enhancement effects.
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Fig. 3. SERS properties of R6G on F/M-AAO: (a) SERS results of R6G (10−7 M) on different substrates under a 532-nm laser, (b) the
logarithmic relationship between SERS peak intensity and R6G concentration under 532-nm laser excitation, (c) SERS spectra of R6G (10−7 M)
on F/M-AAO using different laser wavelengths.

3.3. SERS enhancement mechanisms of F/M-AAO

The SERS activity of the 3D F/M-AAO composite for
R6G molecules is attributed to the synergistic effects of EM
and CM enhancements. As shown in the UV-vis absorption
spectra in Fig. 4(a), F/M-AAO substrate exhibits a significant

absorption enhancement compared to the flat sapphire sub-
strates. Compared to M-AAO, the absorption peaks of the
F/M-AAO composites show redshifts with the strongest ab-
sorption peak positions corresponding to the energies of the
532-nm and 633-nm excitation lasers. This indicates that the
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conical cavity structure of AAO enhances the light reflection
and absorption within the cavity.[26]

Finite difference time domain (FDTD) solution simula-
tions further elucidate the effect of the geometric configuration
of the substrate on the electric field distribution. The simula-
tions were based on the structural parameters of a typical sub-
strate and referred to the literature.[20] Figure 4(b) shows that
the electric fields of the incident laser and within the AAO cav-
ity, denoted as |E0| and |E|, respectively. Under 532-nm and
633-nm laser excitations, the maximum ratio |E|/|E0| in the
F/M-AAO cavity reaches 5.15 and 6.98, respectively. The sig-
nificantly enhanced electric fields are formed near the organic
F4TCNQ nanoparticles and create localized “hot spots” that
are uniformly distributed throughout the cavity. Simulations
of the substrates excited by 532-nm and 633-nm lasers show
similar patterns, confirming that the electromagnetic waves of
the incident laser are multiply scattered by the conical cav-
ity walls and absorbed by the MoS2 layer and the F4TCNQ
nanoparticles, resulting in a light trapping phenomenon within
the cavity. As a result, the absorption rate of incident light on
the substrate surface was greatly enhanced, and the EM-SERS
effect was generated on the probe molecules.

The CM-SERS activity of F/M-AAO is evidenced by the
significant redshifts observed in the UV-vis spectra compared
to M-AAO (Fig. 4(a)). This shift indicates a reduced energy
gap in the composites, facilitated by the π-conjugated organic
molecules, leading to an overlap of the electronic wave func-
tions at the 2D inorganic/organic interface. The PL spectra in
Fig. 4(c) reveal that the peak at 666 nm (peak A) can be fitted
by the neutral exciton peak (X) and the negative exciton peaks

(XN) of MoS2. The peak at 628 nm (peak B) corresponds
to direct interband transitions of MoS2. In F/M-AAO, the X
peak displays a slight blueshift (0.07 nm) and increased in-
tensity compared to M-AAO, while the B and XN peaks show
decreased intensity and a blueshift for the B peak (0.21 nm).
This blueshift suggests a transition from charged negative to
neutral excitons, indicating that charges have been transferred
from the MoS2 film into the F4TCNQ nanoislands.[27]

The work function (φ ) and the difference between the
VB maximum and the Fermi energy level (EFermi), as deter-
mined by UPS, are 5.30 eV and 1.6 eV, respectively (Fig. 4(d)).
The band gap of the F/M composite, determined by PL spec-
troscopy, is 1.87 eV. Based on these data, the electronic energy
band structure and energy level diagram of the F/M-AAO can
be constructed, as illustrated in Fig. 4(e). Charges are initially
excited from the HOMO to the lowest unoccupied molecu-
lar orbital (LUMO) of F/M, and then transition to the LUMO
of the adsorbed molecule (µCT). Raman photons are emit-
ted when the charges return to the LUMO of F/M. Vibronic
coupling facilitates charge transfer (CT) between the substrate
and the molecule. In addition, the resonance-enhanced Ra-
man scattering (RRS) of R6G (µRRS−M) can be achieved un-
der 532-nm laser excitation. Under 633-nm laser excitation,
the RRS of the F/M-AAO substrate enhances the excitation of
charges to the LUMO of F/M (µRRS−S), improving the CT for
the absorbed molecules. Thus, even if the molecules do not
generate resonant Raman scattering under the incident laser,
the RRS effect between the F/M-AAO composite and the in-
cident laser can still induce SERS signals for the adsorbed
molecules.
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3.4. SERS performances of PS nanoparticles

We investigated the SERS detection of PS nanoparticles
using the F/M-AAO composite. The F/M-AAO substrate has
a unique conical cavity structure. The SEM image in Fig. 5(a)
confirms the effective enrichment of PS nanoparticles within
the conical pores of the F/M-AAO, with a uniform distribution
of nanoparticles in each pore. The distinctive architecture en-
sures that nanoparticles of the optimal size are not only trapped
but also retained within the cavity, enhancing their interaction

with the laser excitation during SERS analysis. The corre-
sponding FDTD simulation, shown in the inset of Fig. 5(a), il-
lustrates that the PS nanospheres in the F/M-AAO cavities are
surrounded by F4TCNQ nanoislands closely adhering to the
cavity walls. Although the PS-NPs do not exhibit resonance
excitation under laser illumination, the electric field around the
PS nanospheres is enhanced. This configuration optimizes the
electromagnetic field effect and maximizes the Raman signal
enhancement.
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Fig. 5. SEM images and SERS properties of PS-NPs on F/M-AAO substrate: (a) SEM image of PS nanoparticles adsorbed on the F/M-AAO
substrate. The inset shows the electric field distribution (|E|/|E0|) around the F/M-AAO containing 100-nm PS nanoparticles. (b) Raman
spectra of 100-nm PS nanoparticles (1× 108 ng/L) on the F/M-AAO substrate, excited by different lasers. (c) Raman spectra of 100-nm PS
nanoparticles (1×108 ng/L) on different substrates. (d) Relationship between SERS intensity and the concentration of PS-NPs. (e) Raman
spectra of PS nanoparticles of different sizes (1×108 ng/L) on F/M-AAO substrate. (f) SERS results of mixed plastics on different substrates.

Table 1. Comparisons of acquired results with references for SERS detection of PS.

SERS Type of
Nanostructure

Minimum
LOD (ng/L) Reference

substrate substrate size of PS (nm)

Au metal nanourchins 600 – [28]
SiO2PC@Ag metal nanowall 200 5×105 [15]
Au@Ag/AAO metal nanostars 400 5×108 [17]

Co3O4/Co3S4/Ag
semiconductor

3D nanosheet arrays 100 1×108 [29]
heterostructure

D(C7CO)-BTBT/MoS2
semiconductor

nanowall 100 4.5×105 [30]
heterostructure

F/M-AAO
semiconductor

3D conical cavity arrays 100 1×106 this work
heterostructure

Figure 5(b) demonstrates the significant SERS activity
of F/M-AAO for 100-nm PS nanoparticles at a concentra-
tion of 1×108 ng/L under 532-nm and 633-nm excitations.
Under 532-nm excitation, the main characteristic peaks at
1003 cm−1 and 1032 cm−1 correspond to the ring breathing
and C–H vibration of the benzene ring in PS nanoparticles.
The Raman peak intensity at 1003 cm−1 for PS nanoparticles
on the F/M-AAO substrate is approximately 13 times higher
than that on the F/M-Al2O3 substrate (Fig. 5(c)). The EFs
of PS nanoparticles absorbed on the F/M-AAO substrate at

1003 cm−1 and 1032 cm−1 were 9.43×103 and 5.74×103, re-
spectively. The LOD for PS nanoparticles on F/M-AAO was
as low as 1.73×106 ng/L (Fig. 5(d)), which is exceptionally
sensitive for SERS analysis of PS nanoparticles as detailed in
Table 1. In the concentration range of 106 ng/L to 108 ng/L, a
linear relationship between the peak intensity and the concen-
tration of PS nanoparticles is observed, with the coefficients of
determination (R2) of 0.982 and 0.994 for the 1003-cm−1 and
1032-cm−1 peaks, respectively.

It is noteworthy that when the concentration exceeds
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1×108 ng/L, the accumulation of PS nanoparticles in the pores
reaches saturation, which weakens the linear relationship, as
illustrated in Fig. 5(d). The F/M-AAO nanostructure exhibits
selectivity in the SERS detection of PS nanoparticles. PS
nanoparticles smaller than 450 nm were successfully trapped
within the cavities. Consequently, when the particle size ex-
ceeds 500 nm, the Raman signals are almost identical and rel-
atively weak. When the particle size is smaller than the cavity
diameter (450 nm), the SERS signal for 100-nm PS nanoparti-
cles is enhanced by 1.6-fold and 4.7-fold compared to 200-nm
and 300-nm PS nanoparticles at the same concentration, re-
spectively (Fig. 5(e)). This enhancement is attributed to the
size and number of nanoparticles that can fit into the cavity.
Large nanoparticles are excluded from the cavity, resulting in
weaker Raman signal enhancement. The SERS application of
the F/M-AAO substrate was demonstrated by selectively de-
tecting a mixture containing 100-nm PS nanoparticles, 1.8-
µm PMMA and 3-µm PET particles. Figure 5(f) illustrates
that the nanostructure of F/M-AAO effectively excludes the
larger PMMA and PET particles from the nanocavities, allow-
ing accurate identification and enhancement of Raman signals
specific to the 100-nm PS nanoparticles.

3.5. SERS performances of PS-CIP

We utilized the SERS activity of F/M-AAO substrates to
detect of PS-CIP contaminants. Antibiotic molecules are eas-
ily interfered by the fluorescence background under shorter
wavelength laser excitation.[31] Therefore, we performed an-

tibiotic detection under 633-nm laser excitation, as shown in
Fig. 6(a). The SERS spectra of CIP-HCl are clearly dis-
cernible with minimal fluorescence interference. Under 633-
nm laser illumination, the F/M-AAO substrate demonstrated
a distinct advantage in the detection of CIP-HCl with Raman
peaks at 745 cm−1, 785 cm−1, 1271 cm−1, 1397 cm−1, and
1630 cm−1. The minimum detectable concentration of CIP by
SERS is 1×10−8 M, which is close to the maximum residue
limit (MRL) set by the European Union. The intensities of
the Raman peaks at 1397 cm−1 and 1630 cm−1 correlated lin-
early with the concentration of the antibiotic, with R2 values
of 0.972 and 0.969, respectively.

Figures 6(d) and 6(e) display the SERS spectra of CIP-
HCl adsorbed on PS nanoparticles at a fixed concentration of
106 ng/L for 100-nm NPs. Notably, the minimum detectable
concentration of PS-CIP is as low as 10−10 M, which is two or-
ders of magnitude more sensitive than that of CIP alone. In the
concentration range of 10−2 M to 10−11 M, a logarithmic rela-
tionship is observed between the peak intensities at 1397 cm−1

and 1628 cm−1 and CIP concentration, with R2 values of 0.990
and 0.997, respectively. At concentrations above 10−4 M, the
SERS intensity of CIP adsorbed on PS nanoparticles is only
slightly higher than that of pure CIP, probably due to the sat-
uration of antibiotic adsorption on PS nanoparticles at high
concentrations. These results highlight the potential of F/M-
AAO substrates for sensitive and selective SERS detection of
antibiotic contaminants in complex environmental samples.
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Fig. 6. SERS properties of CIP HCl and PS-CIP on F/M-AAO substrate: (a) SERS spectra of CIP on different substrates, (b) SERS spectra of
CIP at different concentrations on F/M-AAO substrates, (c) logarithmic plot of SERS peak intensity versus CIP concentration, (d) SERS spectra
of CIP and PS-CIP on F/M-AAO substrate, (e) SERS spectra of PS (1×106 ng/L, 100 nm in diameter) adsorbed with different concentrations
of CIP, (f) logarithmic relationship between SERS intensity and PS-CIP concentration according to panel (e).

4. Conclusions
In this study, the highly sensitive SERS platform

F/M-AAO, which integrates organic components with two-
dimensional layered materials and a specific conical cavity

structure, was successfully utilized to achieve the selective de-

tection of NPs and demonstrate its effectiveness in the accu-

rate detection of NPs, antibiotics, and the synergistic toxicity

of PS-CIP contaminants. The platform enables the screening

047402-6



Chin. Phys. B 34, 047402 (2025)

and detection of NPs smaller than 450 nm with high sensitiv-
ity, achieving a detection limit of 1.73× 106 ng/L when CIP
is adsorbed on PS nanoparticles with a minimum detection
concentration of 10−10 M. This work highlights the potential
of F/M-AAO in detecting NPs contamination and improving
the selectivity of NPs detection. These results represent a sig-
nificant advancement in SERS technology, establishing F/M-
AAO composites as a cost-effective, stable and effective plat-
form for the detection of NPs, and represent a promising ap-
proach for the monitoring and specific detection of emerging
environmental contaminants.
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