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A split-type structure of Ag nanoparticles and
Al2O3@Ag@Si nanocone arrays: an ingenious strategy for SERS-based detection†
Zhen Wang,a,b Chunxue Zheng,a,c Peng Zhang,a Zhulin Huang,a Chuhong Zhu,a
Xiujuan Wang,a Xiaoye Hu *a and Jian Yan *d
Herein, we report a facile strategy of combined SERS measurements based on a split-type SERS substrate,
which exhibits excellent SERS activity, detection signal reproducibility and chemical stability. The SERS
substrate consists of an ordered Al2O3@Ag@Si nanocone array and Ag nanoparticles (Ag-NPs), both of
which are fabricated individually. The Al2O3@Ag@Si nanocone array is obtained by ion-sputtering Ag on
an Si nanocone array and then coating an ultrathin (∼2 nm) Al2O3 dielectric layer via atomic layer deposition (ALD). Ag-NPs are synthesized via the liquid phase method and then immersed in an organic
solvent for liquid seal. For the SERS measurement, Ag-NPs are dispersed in a liquid containing the probe
molecules and then, they self-assemble on the surface of the Al2O3@Ag@Si nanocones. Subsequently,
the ultrathin Al2O3 dielectric layer separates Ag-NPs from the Ag@Si nanocones, forming massive gap-
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introduced hot spots. This substrate is sensitive to 1 pM Rhodamine R6G with an average enhancement
factor of up to 109, exhibiting excellent SERS activity. Moreover, due to the protection of the Al2O3 dielectric layer and the organic solvent for the Ag@Si nanocones and Ag-NPs against oxidation, the split-type
SERS substrate achieves an SERS signal with almost no attenuation after ﬁve months, indicating its good
chemical stability.

Introduction
Owing to its superior sensitivity and fingerprint-identification
feature, surface-enhanced Raman scattering (SERS) has been
recognized as a powerful tool for the ultrasensitive detection/
analysis of organic and biological molecules.1–5 The ability of
SERS-based detection relies mainly on the unique optical properties of metallic nanostructures, which can support high
electromagnetic fields upon the excitation of localized surface
plasmon resonance (LSPR),6,7 consequently enhancing the
Raman signals of the adsorbed molecules. Previous research
has demonstrated that SERS can amplify the Raman signals of
the molecules adsorbed at specific areas (the so-called hot
spots) of the SERS substrates by several orders of magnitude,
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even achieving single-molecule detection. In general, hot spots
can be produced at the tip and sharp edge of nanostructures,
especially at the gaps between nanounits (e.g., nanoparticles)
with a distance of less than 10 nm,8,9 where the enhancement
in the local electric field often arises. Consequently, research
interest on SERS-based detection has focused mainly on the
design and fabrication of SERS substrates with hot spots.10,11
Considering practical applications, the SERS substrates
require overall uniform signal reproducibility, eﬀective hot
spot dispersion and durability in the natural environment.
Thus, tremendous eﬀorts have been mainly devoted to ordered
nanostructures with controllable morphologies or gaps,
achieving uniform hot spots in an overall substrate to improve
the SERS signal reproducibility.12–14 For example, typical twodimensional plasmonic nanostructure arrays with narrow
nanogaps, sharp protrusions/valleys, and edges have been fabricated as the SERS substrates via various techniques such as
electron beam lithography/evaporation, photolithography,
nano-imprinting, and laser interference lithography.15–18 In
addition, some other template-assisted SERS substrates based
on ordered templates and polystyrene spheres with low cost
have also been reported, for instance,19 bi-nanoring arrays,20
hierarchically micro-nanostructured arrays,21 nanoporous
Au@Ag nanorod arrays,22 Ag-nanoparticle-decorated ZnO
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nanotaper arrays,23 Ag–Al alloy nanorod arrays24 and Au-coated
TiO2 nanotube arrays.25 Among the various reported nanostructures with induced hot spots, nanogaps can lead to SERS
enhancements by up to ten orders of magnitude due to LSPR
being coupled at the nanogaps, particularly when the gap is
precisely controlled within 5 nm, which shows great
advantages.26–28 Therefore, it is highly desired to engineer and
fabricate size controllable gaps in order to create gap-induced
hot spots. However, it is very diﬃcult to tune the gap distance
between nanounits accurately, especially when the distance is
less than a few nanometers.
Fortunately, the development of the ultra-thin film technique gives an eﬀective method for the precise control of the
distance between nanounits, further creating a film-isolated
(or shell-isolated) strategy for the fabrication and design of
SERS substrates with gap-introduced hot spots.29 The film-isolated strategy can be expressed briefly as follows. An ultra-thin
(less than 5 nm) film is used to isolate two independent plasmonic nanounits (e.g. metallic nanoparticles) to form gaps,
and the distance between the gaps can be accurately manipulated at the atom level by tailoring the thickness of the ultrathin film.30,31 Based on this strategy, various methods, such as
galvanic replacement-free deposition,32 precursor hydrothermal method33 and the atomic layer deposition (ALD) technique,34 were employed to fabricate film-isolated or shell-iso-
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lated nanostructures as SERS substrates, obtaining an EM field
and excellent SERS enhancement. However, due to the unavoidable fact that the gaps are filled by the ultra-thin film, the
formed hot spots in film-isolated or shell-isolated nanostructures are located inside the film or shell, which cannot
allow probe molecules into the centre area of the hot spots.35
Obviously, the role of these hot spots is not brought into full
utilization. Therefore, it is urgent to develop strategies that can
ensure the entrance of the probe molecules into the gaps to
obtain strong SERS activity.
Considering the advantages and disadvantages of the shellisolated method for SERS substrates,36 we improved the shellisolated strategy, and herein, present a split-type SERS substrate loaded with high density gap-induced hot spots between
Ag-NPs and Ag-nanocones, as shown schematically in Fig. 1.
Firstly, Ag-nanocone arrays were fabricated by ion-sputtering
Ag on Si nanocone arrays, which were subsequently coated
with ultrathin 2 nm Al2O3 films via ALD,37,38 forming the
Al2O3@Ag@Si nanocone arrays (Step (II) in Fig. 1b). Then, the
Al2O3@Ag@Si nanocone arrays were decorated using 3-aminopropyl trimethoxysilane (APTMS) for the subsequent selfassembly of Ag-NPs on the surface of the Al2O3@Ag@Si nanocones during the SERS measurement. On the other hand, AgNPs were fabricated independently via the liquid phase
method, and immersed in organic solvent for liquid seal to

Fig. 1 Schematic procedure for the fabrication of split-type SERS substrate. (a) Si nanocone arrays fabricated via PS sphere-assisted reactive ion
etching. (b) Fabrication of APTMS-functionalized Al2O3@Ag@Si nanocone arrays. (c) Assembly of analyte-loaded Ag-NPs on Al2O3@Ag@Si nanocone
arrays. (d) Formed split-type SERS substrate of Ag-NPs@Al2O3@Ag@Si nanocone arrays.
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prevent oxidation. During the SERS measurement, the Ag-NPs
were dispersed in a liquid containing the probe molecules,
then assembled on the APTMS-decorated Al2O3@Ag@Si nanocone arrays through the electrostatic force between negatively
charged Ag-NPs and amine groups, readily forming abundant
shell-isolated hot spots between the Ag-NPs and Ag@Si nanocones (Step (III) in Fig. 1b). Based on this strategy, the splittype SERS substrate showed excellent SERS activity, detection
signal and chemical stability. The results indicate that these
split-type SERS substrates demonstrate an average enhancement factor of 9 orders of magnitude and an overall relative
standard deviation (RSD) of 9.6%. Moreover, due to the liquid
seal strategy and the Al2O3 protection layer on the Ag@Si nanocone, the SERS signal intensity from the split-type substrate
did not decreased after five months. The practical application
of the split-type SERS substrate was demonstrated by quantitative detection of thiram (a widely used plant fungicide) and a
mixture of 4-ATP and thiram, proving its potential in the trace
detection of organic pollutants.

Experimental
Materials
Ethanol (≥99.7%), acetone (≥99.5%), PVP (K-90), silver nitrate
(≥99.8%), 3-aminopropyl trimethoxysilane (APTMS) and
sodium citrate (≥99.5%) were obtained from Aladdin.
Monodisperse polystyrene microspheres (PS) (diameter:
500 nm) in aqueous suspensions were purchased from Alfa
Aesar. The noble metal targets (Au and Ag, ≥99.9%), single
crystalline Si wafers, and glass slides were purchased from
ZhongNuo
Advanced
Material
(Beijing)
Technology
Corporation. Rhodamine 6G (R6G), 4-aminothiophenol (4-ATP,
97%) and thiram were purchased from Sigma-Aldrich.
Deionized (DI) water was prepared with a Milli-Q water purification system. All chemicals were used without any
purification.
Fabrication of Al2O3@Ag@Si nanocone arrays
Firstly, well-aligned Si nanocone arrays were fabricated via the
PS sphere template-assisted reactive ion etching technique
according to a previous report.39 Secondly, an ion-sputtered Ag
nanoparticle film about 100 nm (ion-sputtered Ag under a
current of 25 mA and sputtered for 20 minutes) thick was fabricated to cover the exposed Si nanocone array, and subsequently an ultrathin Al2O3 dielectric layer (2 nm) was isotropically deposited on the Ag@Si nanocone surface via the ALD
technique at a temperature of 80 °C. The Al2O3 precursors, i.e.,
trimethylaluminum (TMA) and ozone (O3), were alternatively
pumped into the reaction chamber using high purity N2
(99.999%, 20 sccm) as the carrier and purge gas. Typically, one
complete reaction cycle took ∼60 s and consisted of four steps:
(1) TMA reactant exposure, 0.02 s; (2) N2 gas purging, 30 s; (3)
O3, 0.5 s; and (4) N2 gas purging, 30 s. The deposition rate was
about 0.1 nm per circle. For the 2 nm Al2O3 shell, 20 cycles
was enough according to our previous work.40
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Synthesis of Ag-NPs
Ag-NPs were synthesized via a hydrothermal method according
to a previous report.41 In a typical procedure, 1.0 g of PVP
(K-90) was added to 50 mL solution of AgNO3 (∼1.0 × 10−3 M)
in deionized water under vigorous magnetic stirring, and then
the mixture was heated until it began to boil. Sodium citrate
solution was added dropwise to the silver nitrate solution and
continued to heat for 15 min. The as-synthesized product was
naturally cooled to room temperature and the Ag-NPs were collected via centrifugation and washed with water and ethanol
alternately, 5 times. The obtained Ag-NPs were preserved in
ethanol solution to prevent oxidation by air.
Assembly of Ag-NPs on Al2O3@Ag@Si nanocone arrays
The Al2O3@Ag@Si nanocone array was modified with APTMS
(3-aminopropyl trimethoxysilane) according to a previous
method.42,43 First, the substrate was cleaned for 10 min by
plasma cleaning. Then, the cleaned substrate was immersed in
10 mL of ethanol solution containing 1 mM of APTMS at 60 °C
for 10 min. Finally, the modified substrate was washed with
ethanol with ultrasonicated for 2 min to remove any physisorbed APTMS molecules, and air-dried for further application. Subsequently, the modified Al2O3@Ag@Si nanocone
array was combined with the mixed solution to finally obtain
the Ag@ Al2O3@Ag@Si SERS substrate. Consequently, nanogaps (about 2 nm) were formed between the adjacent nanocones and the Ag-NPs due to the separation of the ultrathin
Al2O3 layer.
Measurements of SERS performance
For the SERS measurements (confocal microprobe Raman
system (Renishaw, inVia)), the excitation light with an excitation wavelength of 532 nm was vertically projected onto the
sample and the eﬀective power of the laser source was
0.05 mW for the detection of R6G, and 0.5 mW for the detection of 4-ATP, thiram and their mixture. To eﬀectively trap the
target molecules before the Ag-NPs were anchored on the substrate, highly dispersed Ag-NPs were mixed with the analyte
solution of varying concentrations by ultrasonication for
several minutes. This mixture was then dripped onto the
Al2O3@Ag@Si nanocone arrays modified by APTMS, and
assembled into split-type substrates. Finally, the substrates
with detection molecules were naturally air-dried, and then
their SERS activities were measured.

Results and discussion
Fig. 2 shows the morphologies of the split-type substrate
during each fabrication stage, from Si nanocone arrays to AgNPs@ Al2O3@Ag@Si nanocone arrays. In this procedure, a
close-packed PS monolayer template was firstly prepared on a
silicon substrate based on gas–liquid interface self-assembly
and monolithic transfer (Fig. S1, ESI†), as previously
reported.44 Then, the close-packed PS spheres were etched to
form unclose-packed array as a mask plate. Finally, large-area
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Fig. 2 Scanning electron microscopy (SEM) images of Si nanocone
arrays (a), Al2O3@Ag@Si nanocone arrays (b), and Ag-NPs@Al2O3@Ag@Si
nanocone arrays (c) top view and (d) side view. Insets in each image
show the close-up view.

highly ordered Si nanocone arrays (Fig. 2a) were achieved by
etching the Si sheet using SF6 plasma bombardment under
the assistance of a PS sphere template. The typical close-up
view (inset in Fig. 2a) clearly reveals the cone shape structure
with a predesigned average diameter of 200 nm at the twist
and 400 nm in height. After ion-sputtering Ag, the Ag material
formed an island-like film covering the surface of the Si nanocones, inheriting the original nanocone-like feature and
achieving a well-aligned array of Ag@Si nanocones, as shown
Fig. 2b and the corresponding inset. The thickness of the AgNPs film could be tailored by adjusting the duration and
current of ion-sputtering. Here, we applied a current of 25 mA
to ion-sputter Ag for 20 min, obtaining an Ag film with a thickness of 100 nm. Next, the Al2O3@Ag@Si nanocone array was
achieved by coating an ultrathin Al2O3 film on the surface of
the Ag@Si nanocones via the ALD technique. The thickness of
the Al2O3 film could be manipulated at the atom level by changing the ALD cycle numbers. Here, the thickness of the Al2O3
film was determined to be 2 nm based on our previous
research results,40,45 which would obtain the strongest EM
field. In general, an Al2O3 film of 2 nm thickness could be
achieved via twenty cycles of ALD. After coating the 2 nm Al2O3
film, the Al2O3@Ag@Si nanocone array showed no obvious
morphological change with the Ag@Si nanocone array, which
was slightly ambiguous due to the poor conductivity of the
Al2O3 layer (Fig. S2†). In the SERS measurement, the as-synthesized Ag-NPs (Fig. S3†) together with the adsorbed target
molecules self-assembled on the surface of the Al2O3@Ag@Si
nanocones. Thus, to achieve a uniform assembly of Ag-NPs,
the Al2O3@Ag@Si nanocone was firstly immersed in an
APTMS solution for functionalization. Since the citrate-protected Ag-NPs have negative charges on their surface, they are
easily immobilized on the amine group-terminated APTMSdecorated Al2O3@Ag@Si nanocone by electrostatic force.
Fig. 2c clearly reveals that the APTMS molecule-modified
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Al2O3@Ag@Si nanocone array could preferentially capture AgNPs in the solution due to the presence of APTMS. The
enlarged figure (inset in Fig. 2c) shows a large number of AgNPs adsorbed onto the surface of the nanocone. The side-view
of the split-type SERS structure (Fig. 2d) also indicates that the
Ag-NPs are sequentially anchored to the nanocone. By contrast,
the Ag-NPs could not eﬀectively adsorb on the nanocones
without the modification of APTMS, and just simply aggregated at the tip and distributed randomly at the bottom of the
nanocones, as shown in Fig. S4.† After forming the Ag-NPs@
Al2O3@Ag@Si nanocone array, numerous hot spots were
observed between the Ag-NPs and Ag@Si nanocone, which is
attributed to the 2 nm gaps between the Ag-NPs and the
Ag@Si nanocone due to the separation of the ultrathin Al2O3
films. In addition, compared with the bare Ag@Si nanocone,
the ultrathin Al2O3 film on the surface of the Ag@Si nanocone
is very dense, protecting the Ag film of the Ag@Si nanocone
against oxidization in air.46
For the split-type structure, we also measured the optical
absorption bands of the Ag-NPs, Ag@Si nanocone arrays, and
Ag-NPs@Al2O3@Ag@Si nanocone arrays, as shown in Fig. S5.†
For Raman measurement, there are usually three excitation
wavelengths, including 532, 633 and 785 nm. The results show
that the split-type SERS substrate displays an LSPR band from
400 nm to 600 nm, indicating the use of 532 nm excitation
would lead to higher SERS intensities compared to the other
excitation lines owing to the resonance between the excitation
and substrate in the EM field. To further check and select
ideal excitation wavelength, we also conducted comparative
Raman measurements on the split-type structure using the
three excitation wavelengths. The results in Fig. S6† are consistent with the comparative Raman measurements of the
split-type SERS structures.
Theoretically, the localized EM field enhancement can be
generated in the nanogaps between the Ag-NPs and Ag@Si
nanocones in the split-type structure of the AgNPs@Al2O3@Ag@Si nanocones, forming SERS hot spots.
Thus, to confirm this, FEM modeling was performed with the
model parameters based on the observed micro-morphologies.
The simulated electric field distributions (Fig. 3) of the splittype SERS structures display the evident EM enhancement
within the gaps between the Ag-NPs and the Ag film of the

Fig. 3 E-ﬁeld intensity distribution of the Ag-NP-decorated
Al2O3@Ag@Si nanocones. (a) Horizontal plane electric-ﬁeld distribution
and (b) cross-sectional electric-ﬁeld distribution over the selected AgNPs@Al2O3@Ag@Si.
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Ag@Si nanocones. Obviously, these nanogaps oﬀer SERS hot
spots for the target analysis. The SERS comparative measurements also indicate that compared with the conventional SERS
substrate (Ag film, Ag-NPs@ Al2O3@Ag film, Ag@Si nanocone
arrays, and Ag-NPs@Ag@Si nanocones without the isolating
layer), the split-type structure displays improved SERS sensitivity eﬀectively (Fig. S7†). This is consistent with the results of
FEM modeling, and indicates that the ultrathin Al2O3 dielectric layer separates the Ag@Si nanocones from the Ag-NPs,
forming hot spots while positioning the probe at the gaps.
Moreover, the comparative results between the AgNPs@Al2O3@Ag film and Ag-NPs@Al2O3@Ag@Si array indicate that the Ag-NPs@Al2O3@Ag@Si array exhibits higher
SERS activity, which is mainly attributed to the higher density
hot spots due to the larger specific surface area of the nanocones. In addition, considering the influence of the Ag-NPs
concentration on the SERS activities of the split-type substrates, the SERS activities of the Al2O3@Ag@Si nanocone
arrays assembled with the diﬀerent concentrations of Ag-NPs
were measured (Fig. S8†). It is clear that with an increase in
the Ag-NPs concentration, the peak intensity increased
because of the increase in the number of hot spots between
the Ag-NPs and Ag@Si nanocones. When the concentration of
Ag-NPs increased to 0.5 mol L−1, the peak intensity reached
the maximum value. As the Ag-NPs concentration further
increased, the Ag-NPs gradually accumulated to cover the hot
spots, and the peak decreased with an increase in concentration. Thus, the Al2O3@Ag@Si nanocone array assembled
with 0.5 mol L−1 Ag-NPs showed the optimal SERS activity.
To further check the SERS signal sensitivity and reproducibility of the split-type substrates, R6G was again used as probe
molecules. Fig. 4a shows the Raman spectra of R6G with
varying concentrations (1 × 10−8, 1 × 10−9, 1 × 10−10, 1 × 10−11,
and 1 × 10−12 M) forming the split-type SERS substrates, dis-

Fig. 4 SERS signal uniformity of the split-type substrates. (a) Raman
spectra of R6G with varying concentrations adsorbed on the split-type
substrates. (b) Raman spectra of R6G with diﬀerent samples. (c) SERS
mapping of 10 × 10−9 area. (d) Intensity deviation of the 611 cm−1 peak
calculated using the SERS spectra from the SERS mapping shown in (c).
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playing high-quality SERS signals and low signal/noise ratios.
Even when the concentration of the R6G solution decreased to
1 × 10−12 M, the bands of R6G were still conspicuous.
Obviously, the enhancement factors for the split-type substrates compared with that of the constituent silver cores surpassed 5 orders of magnitude, in full agreement with the
theoretical calculation results. Additionally, the repeatability
manufacturing capacity of the split-type substrates was also
checked by measuring the SERS activity of the diﬀerent
batches of substrates fabricated using the same technologies
and parameters (Fig. 4b), showing that the largest variation in
the 611 cm−1 peak was 6% among the five samples.
Furthermore, for a single split-type substrate, SERS mapping
(Fig. 4c) was applied using a concentration of 1 × 10−9 M R6G
on a 50 × 50 µm2 area to estimate the signal reproducibility.
The RSD of the intensities was calculated to be 9.6% compared
to the average relative peak intensity, proving the high signal
uniformity of the SERS substrate (Fig. 4d). To verify the protective eﬀect of the Al2O3 film on the Ag@Si nanocone sensitivity,
we further evaluated the long-term chemical stability of the
split-type SERS substrate. The Raman spectra of R6G from
both the fresh split-type substrate and after storage for
diﬀerent times are shown in Fig. S9.† As expected, the SERS
spectra exhibit non-attenuation after five months and slight
attenuation after 12 months, while that of the most previous
studies of bare Ag SERS substrates declined drastically in air.47
The SERS sensitivity of the split-type substrate was also
measured using 4-ATP as a non-resonant probe molecule, as
shown in Fig. 5a. It shows that 4-ATP at low concentration
down to 1 × 10−10 M can still be identified, suggesting that the
split-type substrates can be also used as eﬀective SERS substrates for the detection trace-level non-resonant molecules.

Fig. 5 (a) Raman spectra of 4-ATP with varying concentrations
adsorbed on the split-type substrates. (b) Raman spectra of thiram with
varying concentrations. (c) Calibration plot of the relative peak intensity
at 1383 cm−1 versus the logarithmic concentration of thiram. (d) SERS
spectra of multiple trace organic pollutants adsorbed on the split-type
SERS substrate.
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Moreover, the Raman mapping also shows the good reproducibility of the SERS signals across the examined area using 1 ×
10−7 M 4-ATP since the RSD value of the intensities was calculated to be 11% (Fig. S10†). When 4-ATP was used as a standard probe molecule, the estimation of the average enhancement factors (EF) reveals that the split-type substrate has an
enhancement of about 6.96 × 109 for 4-ATP at 1384 cm−1
(Fig. S11†), about 3 orders higher than that of the commercial
Au@Si or Ag@Si nanorod arrays.48
Finally, to demonstrate the practical application of the
split-type substrates, we performed Raman measurements
with thiram. Thiram is widely used as a plant fungicide in
green vegetables to retain their freshness, and thus it enters
the food chain, which is harmful to human health and the
environment. Fig. 5b shows the significant vibration fingerprints of the thiram molecule in the SERS spectra with various
concentrations (1 × 10−5, 1 × 10−6, 1 × 10−7, 1 × 10−8, and 1 ×
10−9 M) excited by a 532 nm laser. The strong peak at
1384 cm−1 can be clearly distinguished when the concentration decreased to 1 × 10−9 M. In addition, the quantitative
Raman analysis reveals a linear relationship between 1 × 10−7
and 1 × 10−5 M. The LOD of thiram was calculated to be 1.2 ×
10−8 M for the split-type substrate (Fig. 5c). To further prove
the SERS-based detection ability of the split-type structures,
they were also used to detect a mixture of 4-ATP (0.2 × 10−6 M)
and thiram (1 × 10−6 M) in water. The SERS spectrum clearly
displays the vibrational bands of the two analytes, as shown by
the upper curve in Fig. 5d. The interesting detail lies in the
fact that the vibrational bands of both analytes were enhanced
in the SERS spectrum. For example, the 1384 cm−1 band of
4-ATP was apparently from the characteristic peak (1384 cm−1)
of thiram. However, the mechanism of the details needs to be
further analyzed and checked in future work.

Conclusions
In summary, we introduced a novel split-type SERS substrate
based on the strategy of separated fabrication and combined
SERS measurement. This split-type strategy eﬀectively solves
the problem of the shell-isolated SERS substrates, i.e. the
probe molecules are unable to enter the center area of the hot
spots, thus improving the SERS activity. Meanwhile, the
assembly of Ag-NPs on the ordered array ensured the reproducibility of the SERS signals. In addition, the liquid seal strategy
of Ag-NPs and the protection layer on the Ag@Si nanocones
inhibited the oxidation of the Ag materials in the SERS substrates, increasing their storage life. Overall, the split-type
SERS substrates can meet three demands in practical application, i.e. excellent SERS activity, good overall signal reproducibility and chemical stability. The SERS measurements
showed that the split-type SERS substrates demonstrate an
average enhancement factor of 9 orders of magnitude, and can
keep the SERS activity from attenuation for five months in air.
For practical application, they can achieve the detection of a
mixture of 4-ATP (0.2 × 10−6 M) and thiram (1 × 10−6 M) in
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water. Thus, the split-type strategy can provide a reference for
potential SERS-based applications.
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