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Abstract: Here, we report a novel, easy-to-implement scalable single-step procedure for the fabrica-
tion of a solid-state surface-enhanced photoluminescence (SEPL) sensor via the direct femtosecond
(fs) laser patterning of monocrystalline Si wafers placed under the layer of functionalizing solution
simultaneously containing a metal salt precursor (AgNO3) and a photoluminescent probe (d114).
Such laser processing creates periodically modulated micro- and nanostructures decorated with Ag
nanoparticles on the Si surface, which effectively adsorbs and retains the photoluminescent sensor
layer. The SEPL effect stimulated by the micro- and nanostructures formed on the Si surface localizing
pump radiation within the near-surface layer and surface plasmons supported by the decorating Ag
nanoparticles is responsible for the intense optical sensory response modulated by a small amount of
analyte species. The produced SEPL sensor operating within a fluidic device was found to detect
sub-nanomolar concentrations of Hg2+ in water which is two orders of magnitude lower compared
to this molecular probe sensitivity in solution. The fabrication technique is upscalable, inexpensive,
and flexible regarding the ability to the control surface nano-morphology, the amount and type
of loading noble-metal nanoparticles, as well as the type of molecular probe. This opens up path-
ways for the on-demand development of various multi-functional chemosensing platforms with
expanded functionality.

Keywords: hybrid metal–semiconductor nanostructures; laser-induced periodic surface structures;
surface-enhanced photoluminescence; luminescence-based sensing; mercury ions

1. Introduction

The design and fabrication of solid-state chemical sensors for point -of-care testing,
security screening, or ecological monitoring represents an increasingly growing research
field. Along with improved sensor performance, demanding sensor designs should address
multiple criteria such as inexpensive and green mass production as well as facile minia-
turization. Among others, chemoresponsive luminescent materials represent a promising
platform for sensor design. Thus, being an almost non-invasive analytical technique,
luminescence-based sensing has become an effective analytical tool extensively used in
the chemical, biomedical, and diagnostic fields due to its unique capability in terms of
the sensitive monitoring of metal ions [1–4], anions [5,6], reactive oxygen species [7,8],
and biomolecules [9,10]. This approach combines the benefits of real-time analysis with
in situ detection [11]; however, the common solid state luminophores such as quantum
dots [12,13], polymers [14,15], or organic dyes [16,17] suffer the shortcomings of low lu-
minescence quantum efficiency and having a small extinction coefficient [18–21], which
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severely limits applications of these materials in the form of thin solid films for the highly
sensitive detection of analytes.

Inherently weak optical signals from quantum emitters can be empowered by plac-
ing them onto specially designed substrates via a phenomenon referred to as surface-
enhanced photoluminescence (SEPL). SEPL originates from the interaction between light,
luminescent species, and optically resonant nanostructures made of plasmon-supporting
noble metals [22] or high-index low-loss semiconductors (such as Si and Ge) [23–27]. This
technique has received wide attention in recent years due to a significant improvement
in sensing performance as a result of the ability to reliably detect an analytical signal
from a small number of quantum emitters, which in some cases can give single-molecule
sensitivity [28]. Hybrid combinations of plasmon-active nanoparticles and lossless semi-
conductors allowing to bring the benefits of both concepts into the unified nanostructures
hold promise for the development of advanced sensing platforms with expanded function-
ality and outstanding performance [29–32]; however, practical realization and replication
of such hybrid nanostructures and related sensing devices requires complex multi-step
production chains (such as the application of photoresist, exposure, etching, etc. [33])
making the resulting sensing platforms too expensive for routine applications. Moreover,
applying an emitting sensitive layer onto the hybrid nanostructures via chemical or physi-
cal processes adds another complicated link to the production chain of efficient chemical
sensing platforms.

In this paper, we demonstrate an easy-to-implement scalable single-step procedure
of SEPL sensor fabrication via direct femtosecond (fs) laser patterning of monocrystalline
Si wafers in a functionalizing solution simultaneously containing a metal salt precursor
(AgNO3) and a photoluminescent probe (d114) sensitive to the trace concentrations of
mercury ions (Hg2+). The laser-induced periodic surface structuring of the Si wafer results
in the formation of a nanograting, while localized thermal decomposition of the AgNO3
precursor decorates the obtained hierarchical surface morphology with plasmon-active
nanoparticles. The produced hybrid nanotextured surfaces exhibit good wettability, facili-
tating preferential deposition of d114 molecules directly from the functionalizing solution
that finalizes the SEPL sensor fabrication. The SEPL sensor areas were comprehensively
characterized by transmission electron microscopy (TEM) and optical and photolumines-
cence spectroscopy, confirming localized laser-assisted decoration of Si nanogratings by
Ag nanoparticles and enhanced PL signals from the attached d114 probe molecules. The
produced SEPL sensor operating within a fluidic device was found to detect sub-nanomolar
concentrations of Hg2+, improving the detection limit of the d114 probe used in the solution
by two orders of magnitude.

2. Materials and Methods
2.1. Chemicals and Instruments

Rhodamine 6G (99%, Sigma Aldrich, St. Louis, MO, USA), silver nitrate (Sigma-Aldrich,
St. Louis, MO, USA, 99%), 4-(dimethylamino)benzaldehyde (99%, Sigma Aldrich, St. Louis,
MO, USA), Lawesson reagent 2,4-Bis-(4-methoxyphenyl)-1,3-dithia-2,4-diphosphetane 2,4-
disulfide (97%, Sigma Aldrich, St. Louis, MO, USA), hexane (95%, Sigma Aldrich, St. Louis,
MO, USA), chloroform (99%, Sigma Aldrich), ethyl acetate (99.8%, Sigma Aldrich),
dichloromethane (99%, Sigma Aldrich, St. Louis, MO, USA), hydrazine monohydrate
(98%, Sigma Aldrich, St. Louis, MO, USA), and silica gel (100/200 µm) were used as re-
ceived. All other reagents were of analytical grade and used without purification. All
aqueous solutions were prepared using Millipore ® water. The Fourier transform infrared
radiation (FT-IR) spectra of the compounds in the range 400–4000 cm−1 were recorded
using a Perkin Elmer Spectrum 100BX II spectrometer in KBr pellets. The 1H, 13C NMR
spectra were performed on a Bruker Avance 400 with the frequency of proton resonance
400 MHz using CDCl3 as the solvent and tetramethylsiliane as the internal reference. Mass
spectrometry was performed on a LC-ESI/MS system Shimadzu LCMS-2010.
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2.2. Synthesis of the Photoluminescent Probe (d114)

The probe used in the work (d114) was obtained in three successive stages from rho-
damine 6 g as we described earlier [19]. 1H NMR (400 MHz, CDCl3, ppm, δ): 8.53 (s, 1H, H(24)),
8.12–8.14 (m, 1H, H(12)), 7.05–7.07 (m, 1H, H(9)), 7.37 (s, 1H, H(18)),7.40 (s, 1H, H(19)),
7.66 (s, 1H, H(15)),7.69 (s, 1H, H(22)), 7.40 (m, 2H, H(10), H(11)), 6.30 (br. s, 2H, H(26),
H(30)), 6.62 (br. s, 2H, H(27), H(29)), 3.50 (br.s, 2H, H(33), H(36)), 3.20–3.21 (q, 4H, H(34),
H(37)), 3.01 (s, 6H, H(41), H(42)), 1.92 (s, 6H, H(32), H(39)), 1.29–1.33 (t, 6H, H(35), H(38));
13C NMR (100 MHz, CDCl3, ppm, δ): 14.36, 14.92, 17.02, 22.92, 29.93, 32.15, 38.78, 40.38,
96.75, 111.76, 118.32, 122.32, 127.29, 127.91, 130.39, 130.64, 132.12, 150.20, 152.39, 155.67,
159.72; ESI-MS (m/z, +νe mode) 576.34 [M + H]+, calc. for C35H38N5OS+ is 576.28; Elemen-
tal Analysis data: Calc. C, 73.01; H, 6.48; N, 12.16; S, 5.57; Expt. C, 73.33; H, 6.54; N, 12.18;
S, 5.41. Mp: 208–210 ◦C (with decomposition). Detailed information on the synthesis and
characterization are provided in the Supplementary Materials.

2.3. Laser Fabrication of the SEPL Sensor

A single-crystal silicon wafer was fixed in a 3 mm quartz cell filled with a transparent
functionalizing solution (methanol/H2O/AgNO3/d114) and directly processed using fs
laser pulses (a pulse duration of 200 fs and a central wavelength of 515 nm). Laser radiation
was focused onto the Si surface using a dry microscope objective with a numerical aperture
of 0.42 through the approx. 3 mm-thick layer of the solution. The cell was placed onto
a motorized PC-driven nanopositioning stage allowing precise lateral translation of the
sample with respect to the laser spot position. Laser fluence at the output of the microscope
objective was controlled by a pyroelectric detector. (A schematic of the experimental setup
is presented in Supplementary Materials Figure S2). In all of the experiments, a fixed
pulse repetition rate of 1 KHz and a laser scanning speed of 100 um/s were used to avoid
excessive heating of the functionalizing solution. After laser processing, the substrate
containing the sensitive SEPL spot was successively washed in ethanol and neutral pH
deionized water to remove weakly adsorbed precursors and air dried.

2.4. Characterization

The morphology and chemical composition of the laser-patterned Si surface were
preliminarily studied using a scanning electron microscope (SEM; Ultra 55+, Carl Zeiss)
equipped with an energy-dispersive X-ray (EDX) detector. EDX chemical mapping was
carried out at 5 kV acceleration voltage to minimize the penetration depth of the electron
beam to the Si bulk increasing signals from the near-surface elements. Focused ion beam
milling (FIB; Helios 450, Thermo Fisher, Waltham, MA, USA) was carried out to prepare
cross-sectional cuts and 100-nm thick lamella to be further visualized with the transmission
electron microscope (TEM; Titan 60–300, Thermo Fisher, Waltham, MA, USA). The milling
procedure was performed through the Pt protective layer that was applied over the area of
interest using the electron-beam-induced deposition system.

The optical reflectivity of the laser-patterned Ag-decorated Si surface was evaluated
using an optical microscope coupled to an optical spectrometer (Shamrock 303i, Andor
Technologies, Belfast, UK) with a TE-cooled CCD-camera (Newton, Andor Technologies,
Belfast, UK). A microscope objective with a numerical aperture of 0.95 was used to deliver
the broadband radiation of the supercontinuum light source to the sample surface and to
collect the back-reflected light. A commercial confocal micro-Raman setup (Ntegra Spectra
II, NT-MDT) was used to study SEPL effects in the laser-textured surface areas. Linearly
polarized CW laser radiation with a wavelength of 473 nm was used to excite the SEPL
signal from the d114 adsorbed on the laser-patterned and smooth Si surface areas. The
same pump was utilized for confocal mapping of the reflectivity as well as Raman signal
distribution over the sample surface. Microscope objectives with NA = 0.28 and 0.7 were
used to focus the pump radiation onto the sample surface and to collect reflection, PL, and
Raman optical signals that were analyzed with an optical spectrometer (Shamrock 303i,
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Andor Technologies, Belfast, UK) equipped with a TE-cooled CCD-camera (i-Dus, Andor
Technologies, Belfast, UK).

2.5. Sensing Experiments

To examine d114’s sensing performance in solution, the probe was dissolved in wa-
ter/methanol mixture (1/1, v/v; pH = 7.0) to get a 2 × 10−5 M stock solution. Depending
on desired concentration of Hg2+, 2–20 µL of 10−3 M or 10−4 M HgCl2 aqueous solution
was added to 2 mL of d114 stock solution and allowed to equilibrate for 60 min at room
temperature before measurements. Fluorescence measurements of the solutions were per-
formed on Shimadzu RF-6000 spectrofluorophotometer using 1 cm path length cuvettes at
room temperature. To study the optical response of the SEPL sensor, the laser-patterned Si
wafer was placed in the fluidic device, allowing for sequential injection of either deionized
water containing a calibrated concentration of Hg2+ or an EDTA solution (10−5 M). The
SEPL signal of the d114 probe capping Ag-decorated Si nanograting was excited with a
linearly polarized (473 nm) laser pump focused by an objective with NA = 0.1. The same
objective collected the PL signal analyzed as a function of the Hg2+ concentration with an
optical spectrometer (Shamrock 303i, Andor Technologies) with a TE-cooled CCD-camera
(Newton, Andor Technologies, Belfast, UK).

3. Results and Discussion

The fabrication procedure of the SEPL sensor with light-emitting molecules attached to
the nanoparticle-decorated nanotextured Si surface is schematically illustrated in Figure 1a.
The depicted single-step procedure involves direct fs-laser patterning of the monocrys-
talline Si wafer placed into a transparent functionalizing solution (methanol/H2O, 10/1,
v/v) that contains both the AgNO3 precursor and the d114 probe at millimolar concentra-
tions. Multi-pulse laser exposure at pulse energy below a single-pulse ablation threshold of
silicon (Fth = 0.13 J/cm2) causes melting and morphology rearrangement of the near-surface
layer. Interference of the incident radiation with its portion coupled to the surface plasma
wave creates a periodically modulated intensity pattern imprinted on the Si surface as a
nanograting with a characteristic period of about 250 nm and a nano-trench orientation
perpendicular with respect to the polarization direction of the laser radiation [34]. The pro-
duced morphology represents common laser-induced periodic surface structures (LIPSSs)
that can be expanded over large surface areas by scanning the Si surface with a laser beam
at a constant scanning speed, preserving a certain number of laser pulses N applied per
surface site [35]. An example of such nanoscale morphology produced by scanning the Si
surface along a snake-like trajectory (vertical offset between linear scan lines of 0.8 um)
at F = 0.1 J/cm2, a scanning speed v = 0.1 mm/s, and a 1 KHz pulse repetition rate is
shown in Figure 1b. At the same time, laser-induced heating of the Si wafer as well as
partial heat dissipation to the surrounding solution facilitates thermal decomposition of
the AgNO3 precursor to the metal phase. This process is expected to be localized near the
laser-heated interface and results in the decoration of the formed surface morphology by
Ag nanoparticles with an average size of 30 ± 10 nm that can be seen on the close-up SEM
images (inset of Figure 1b). What is noteworthy is that both the multi-photon photoreduc-
tion and the plasma-assisted reduction scenario [31,36–38] of AgNO3 decomposition can
hardly be realized in our case considering the near-threshold laser fluence F used in this
experiment as well as the rather low thermal decomposition temperature (>250 ◦C) of the
metal precursor.

It is important to stress that controllable laser texturing of Si in liquid surroundings
substantially limits the range of available laser fluences. In particular, at the fixed ratio
between scanning speed v and the pulse repetition rate, an increase in F up to 0.145 J/cm2

leads to excessive boiling of the functionalizing solution at the interface that deteriorates
the focal plane profile of the laser beam near the Si surface resulting in uneven laser
nanopatterning. Laser fluence below 0.1 J/cm2 causes no evident surface modification
even at a much higher number of applied pulses N per surface site (much slower scanning
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speed v). What is noteworthy is that the variation in the fluence within the mentioned
optimal processing range 0.1 < F < 0.145 J/cm2 for the fixed content of AgNO3 in the
functionalizing solution weakly affects the average content of the Ag within the processed
area (around 2.2 ± 0.5 wt.% according to the EDX analysis).
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Figure 1. (a) Schematically illustrated procedure of SEPL sensor fabrication. (b) Top-view SEM images
of the laser-patterned Si surface produced under single- (left) and double-pass (right) procedures.
Insets on both images provide a closer look at the surface morphology with well seen isolated Ag
nanoparticles. Arrows in the left-bottom part of the images illustrate the laser scanning directions.
(c) EDX chemical mapping and (d) EDX spectrum (the inset table shows elemental composition)
of the Si surface containing a square-shaped laser textured area (a lateral size of 50 × 50 µm2).
(e) Averaged height (200–300 nm) and periodicity (around 250 nm) of nano-trenches in the laser-
patterned Si surface revealed by an SEM image of a cross-sectional FIB cut made perpendicularly to
the trench orientation. (f) Close-up TEM images of the Si nano-trenches that show the decorating
Ag nanoparticles and the disordered (amorphized or oxidized) Si near-surface layer. A solution
containing 10−3 M of AgNO3 was used to produce all of the demonstrated surface textures.

Figure 1c,d summarizes the results of the EDX chemical mapping of the Si surface
with a central laser-textured area using a solution containing 10−3 M AgNO3 and the
10−3 M d114 probe. These results clearly indicate localized decoration of the patterned area
with Ag nanoparticles and partial oxidation of the surface upon laser texturing, as well
as an increased content of carbon atoms in this area. The latter can be related to the local
deposition of d114 molecules from the functionalizing solution due to adsorption on a sig-
nificantly increased area of the patterned surface. Such deposition appears to be stimulated
by the good wettability of the laser-textured surface and strong Van der Waals forces acting
in the nano-trenches. Figure 1e,f provides deeper insights into the nanoscale morphology
and composition of the Ag-decorated Si nano-trenches. In particular, the demonstrated
SEM and TEM images reveal the average depth of the trenches (approx. 250 nm), the pres-
ence of Ag nanoparticles, and an interface Si layer with a disordered lattice. The latter
feature can be attributed to the laser-induced amorphization of silicon upon ultrafast laser
heating/recrystallization [39] or the formation of silicon dioxide [23].

To further increase the effective surface area upon laser-texturing of the Si in a func-
tionalizing solution, the processed area was scanned again along the snake-like trajectory,
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keeping the same experimental parameters (F = 0.1 J/cm2, v = 0.1 mm/s and 1 KHz pulse
repetition; lateral offset between the scan line of 0.8 um; Figure 1f). This process slightly
increases the Ag content (up to 2.5 wt.%) and adds a microscale surface morphology to
the already created nano-trenches which can be observed by comparing the visible and
near-IR reflectance spectra of textures produced under single- and double-pass procedures
(Figure 2a,b). First of all, in both cases the average reflectivity drops by more than an order
of magnitude compared to the reflectivity of the pristine Si wafer. Moreover, an additional
laser pass creates hierarchical surface morphology superimposed with the already pro-
duced nanograting, strongly reducing the surface reflectivity at near-IR frequencies and
confirming the enlarged surface area. Figure 2c summarizes studies of the various optical
properties of a representative patterned Si surface area (a lateral size of 50 × 50 um2) carried
out using confocal laser microspectroscopy at 473 nm pump. Along with a locally reduced
surface reflectivity, these studies also reveal enhanced Raman yield associated with the c-Si
band at 521 cm−1 within the textured surface area as well as a 20-fold more enhanced PL
signal (compared to a smooth Si wafer dipped into the same functionalization solution;
Figure 2d) related to adsorbed d114 molecules capping such hierarchical morphology. The
uniform PL signal coming from these molecules indicates their homogeneous distribution
over the textured surface. Both PL and Raman signals are known to be proportional to the
pump radiation intensity which is expected to be enhanced owing to reduced reflectivity
as well as near-field light localization effects at the pump wavelength. Such effects can
be stimulated by micro- and nanostructures formed on the Si surface localizing pump
radiation within the near-surface layer and surface plasmons supported by decorating
Ag nanoparticles. In addition, in the case of PL signal enhancement, the interaction of
quantum emitters (such as organic dye molecules) with optically resonant structures (such
as plasmonic nanoparticles or Mie-resonant Si surface features) can also lead to sponta-
neous emission enhancement via the Purcell effect related to a reduction in the radiative
lifetime as well as modification of the emission directivity. Comparison of d114 PL signals
collected on smooth and textured surface sites with microscope objectives with NA = 0.7
and 0.28 showed that molecules on a laser-textured surface emit light predominantly in
the vertical direction. Along with the discussed Purcell effect, this can also indicate the
localization of d114 molecules within the Si nano-trenches owing to Van der Waals forces,
as mentioned above.

As mentioned above, a variation in the laser fluence F within a rather narrow optimal
processing window weakly affects the amount of Ag nanoparticles decorating the Si surface.
At the same time, this amount can be efficiently controlled by tuning the concentration
of the AgNO3 precursor in the functionalizing solution. Figure 2e clarifies the role of Ag
nanoparticles in the SEPL properties of the produced surface textures. In particular, a
low AgNO3 concentration provides a negligibly small amount of decorating plasmonic
nanoparticles, resulting in rather weak PL signal enhancement (with respect to those
achieved on a patterned Si surface produced in a functionalizing solution without AgNO3)
irrespective of the surface morphology controlled by the applied fluence F. An increase in
the Ag content provides up to an eight-fold boost in the spontaneous emission from the
d114 molecular layer on the laser-patterned surfaces. This feature indicates a strong con-
tribution of plasmon-mediated effects to the observed enhancement of d114 spontaneous
emissions evidently dominating over the related PL quenching effects. Efficient interaction
of the organic molecules with plasmonic nanoparticles is also obvious from the appearance
of the vibration bands related to the d114 organic dye in the optical spectra owing to the
surface-enhanced Raman scattering effect (inset, Figure 2d).
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Figure 2. Reflectance spectra of (a) the pristine Si wafer and (b) the laser-textured Si surface areas
produced using either single- or double-pass approaches (in both cases, the fixed laser fluence
F = 0.1 J/cm2 was used). (c) Correlated reference SEM, surface reflectivity (at 473 nm), Raman (at
520 ± cm−1), and PL (at 560 ± 30 nm) images of the laser-patterned hierarchical surface area. The
green curve in the right-most image provides an average PL intensity profile over the textured
area and surrounding smooth sites. (d) PL spectra of d114 organic dye nanolayer on the laser-
patterned (orange curve) and smooth (gray curve) Si surface sites. The inset magnifies the part of
the spectrum with well-seen Raman bands of crystalline silicon and d114 organic dye. (e) Average
normalized PL yield from the d114 layer as a function of laser fluence F used to produce hierarchical
Si nanotextures in functionalizing solutions containing variable amounts of AgNO3 ranging from
5 × 10−5 to 5 × 10−3 M. A signal from the laser-patterned Si surface produced in the functionalizing
solution without AgNO3 was used for signal normalization.

The produced Ag-decorated hierarchical Si textures functionalized with a light-emitting
d114 nano-layer were further tested regarding their ability to detect highly toxic Hg2+ ions
in water. The utilized molecular probe dissolved in the water/methanol system has pre-
viously shown its efficiency regarding the detection of Hg2+ via PL yield proportional to
ion concentration (Figure 3a). The calibration dependence of d114 solution (2·× 10−5 M)
PL intensity on the Hg2+ concentration is shown in Figure 3b, revealing the detection limit
of such a PL sensing approach as small as ≈0.01 µM. To attest the sensing performance of
laser-patterned textures, the samples were placed into a fluidic device to inject either Hg2+

aqueous solution of variable concentrations or EDTA solution to remove chelated ions and
restore the sensitive layer (Figure 3c). Due to the efficient laser pump (at 473 nm) of the
molecular nanolayer covering the anti-reflecting NP-decorated Si surface morphology that
provides good matching of both the NP plasmon band and the emitter absorption band, a
stable and detectable PL signal from the sensitive layer was observed even at low-intensity
pumping (≈20 µW/µm2). In addition, the signal stability was also ensured by the poor
water solubility of d114, which prevents it from leaching into solution during multiple
injections of the deionized water containing trace amounts of Hg2+. The laser-patterned
Si sensor reacts by increasing the average PL intensity as a function of mercury ion con-
centration in the injected liquid as shown in Figure 3d,e. Systematic studies of the device
response allowed us to calculate the limit of detection (LoD) as 3σ/slope ~ 100 pM as well
as the dynamic range of sensor operation up to ~100 nM. By comparing the LoD value
obtained for the patterned Si sensor functionalized by d114 molecules with those achieved
in the solution state, one can find at least 100-fold better performance for the SEPL-based
approach. Moreover, chelated ions can be rather quickly removed from the sensitive layer
by sequentially washing the sample in the EDTA solution and deionized water; as a result
the sensor demonstrated reusability and reversibility of the optical response (Figure 3f,g).
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Figure 3. (a) Schematic illustration of Hg2+ recognition by d114 (left panel) and photograph demon-
strating the optical response of the probe in solution under illumination with 365 nm LED (right panel).
(b) Dependence of the response signal on the analyte concentration and results of the Hg2+ LoD
calculations. (c) Schematic of the experimental setup used for Hg2+ optical sensing by the SEPL sensor.
(d) Wide-range dependence of the response signal on the analyte concentration (10−11–10−6 M Hg2+)
in log-scale and (e) linear range in the region of low concentrations revealing Hg2+ LoD.
(f) Reversibility of the optical response and (g) kinetics characteristics of the SEPL sensor.

4. Conclusions

To conclude, an SEPL sensor with outstanding performance regarding the detection
of toxic mercury ions was fabricated using single-pot single-step direct fs-laser patterning
of a Si wafer in a functionalizing solution. The SEPL effect coming from the efficient
light intensity localization by the laser-textured interface containing a light-emitting nano-
layer of chemosensory molecules allowed us to reach the detection limit of mercury ions
of 100 pM which is two orders of magnitude lower compared to this molecular probe’s
sensitivity in solution. The fabrication technique is upscalable, inexpensive, and flexible
regarding the ability to control the surface nano-morphology of Si [23,27,40–42], the amount
and type of loading noble-metal nanoparticles [31,43,44], as well as the type of molecular
probe. This opens up pathways for the on-demand development of various multi-functional
chemosensing platforms with expanded functionality.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/chemosensors11050307/s1. Detailed synthesis procedure
and Figure S1: The synthesis route of d114 (compound 2); Figure S2: Schematic of the experimental
setup for laser assisted fabrication of SEPL sensor.

https://www.mdpi.com/article/10.3390/chemosensors11050307/s1
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