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ABSTRACT: Gold−silver alloy core silica shell nanoparticles
(Au/Ag@SiO2 NPs) with fully accordable photophysical
properties were developed and used as contrast agent for
multiplexed cell-imaging applications. Using a seed growth
strategy, these nanoparticular labels can be designed to suit
specific experimental needs and be clearly identified based on
their distinctive combination of scattering and fluorescence
colors. In this Article, the multiplexed cell-imaging capabilities
of Au/Ag@SiO2 NPs are presented using four different
combinations of core composition and fluorescence colors. In
a proof of concept experiment, 86% of total nanoparticles were
correctly identified by an optical microscope with a system
offering fluorescence and darkfield detection capabilities. This multiplatform identification strategy was successfully applied for
the detection of four different nanoparticular architectures in cell-imaging experiments.

■ INTRODUCTION

During the last few decades, nanotechnology has emerged as
one promising research field leading to the development of
multiple nanoparticular architectures currently used in an
extended range of imaging, sensing, and catalyst applications,
among many others.1−8 Metallic nanoparticles (NPs) have
attracted much attention because of their outstanding photo-
physical properties highlighted in various biomedical applica-
tions.9−13 In this Article, the plasmonic properties of greatly
uniform gold−silver alloy NPs were exploited for the design of
superluminescent contrast agents for multiplexed analysis in
cell-sorting and cell-imaging applications. Cell analysis is an
integral part of biochemical experiments, and numerous
techniques are available to obtain relevant information on cell
identity, structure, function, or current state.14−20 Plentiful
applications involve protein quantification, structural staining,
and, for the purpose of this work, immunofluorescence labeling,
which takes advantage of the antibody−antigen recognition
reaction. The use of fluorophore-labeled antibodies to highlight
specific intra- or extracellular antigens has led to the
development of cell characterization assays for fluorescence
microscopy and flow cytometry applications. In the case of
studies dealing with weakly expressed antigens or rare-events
detection issues, the use of highly luminescent and time-stable
fluorophores is recommended to maximize detectability and the
signal-to-background ratio. Moreover, most cell-characteriza-
tion experiments involve the use of multiple cell-labeling
moieties together to obtain various information on cell
populations simultaneously. Multiplexed analysis is limited,
however, by the ability of the sensing system to isolate each cell

label in a single detection channel with minimal crosstalk. In
the case of fluorescence-based detection techniques, for
example, one must consider the use of fluorophores with
narrow emission bands to minimize spectral overlap leading to
experimental issues and complex results interpretation.
Fluorescent dyes are commonly used as labels, but they tend

to suffer from photobleaching and large excitation and emission
bandwidths,21,22 thus limiting their use to very short
observation time in the case of microscopy experiments or to
fewer detection channels (<7 colors)23 for flow cytometry
applications. The use of quantum dots (QDs) for cell labeling
has emerged as an alternative strategy for multiplexed analysis
assays because of their narrow and tunable emission band.23−25

However, the fluorescence intermittency (blinking) and their
potential toxicity limit their use as reliable contrast agents for
biological applications.21,23,26,27 Plasmonic nanomaterials, more
especially gold or silver NPs (AuNPs and AgNPs), have been
applied to a wide range of applications including labels for cell-
tagging applications.28,29 Among others, NPs used as contrast
agents were previously reported for optical, electronic, X-ray, or
magnetic resonance image observations30−32 and, more
interestingly, as fluorescence quenchers or signal enhancers
within a variety of fluorescent core−shell architectures.33−35
Recently, multiple research groups have shown interest in the
unique photophysical properties of plasmonic NPs for
multiplexed analysis.9,12,36,37 For example, the scattering band
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of plasmonic active NPs can be adjusted by the modification of
their size, composition, or geometrical shape.38−40 Unlike
fluorescence or quantum dots luminescence, scattering does
not present any kind of dark state or blinking and is not subject
to photobleaching, allowing extended observation periods
under low-intensity illumination, thus improving the signal-to-
background ratio for better detection contrast. For example,
Bergeron et al. reported the use of a reflected-light microscope
dedicated to plasmonic imaging for multiplexed analysis of
cancer cells using Au and Ag NPs together with Au nanorods as
contrast agents.21 This study has motivated the development of
a NP system offering the fully accordable plasmonic and
fluorescence properties for improved multiplexed possibilities.
Recently, our group has proposed a gold−silver alloy NP (Au/
AgNPs) synthesis based on a seed-growth approach offering
remarkable features in terms of size and composition
adjustability.40 Au/AgNPs with different size diameters
generating predetermined scattering colors were successfully
prepared, observed, and identified under darkfield (DF)
microscopy.12

The presence of metallic structures near fluorescent dyes is
known to improve their photophysical properties. Noble metals
such as gold and silver are frequently being used to increase
fluorescence signals due to near-field photophysical inter-
actions, a phenomenon called metal-enhanced fluorescence
(MEF).41−43 When there is MEF, the fluorophore excitation
and emission rates increase as its excited state lifetime reduces,
which leads to an apparent increase of quantum yield and
photostability. Nanoparticular core−shell architectures with
dye-doped silica shells have been designed to exploit the
advantages of MEF over commonly used fluorescent
molecules.33,34,44−46 Core−shell NPs can be ingeniously
designed to position fluorophore molecules at a precise
distance from the NP surface to maximize fluorescence and
avoid metallic quenching.47 Moreover, the presence of a silica-
shell around the metallic core improves the NP colloidal
stability48 and maximizes the surface-modification possibilities,
thanks to the now well-known silica processing chemistry.49

In this Article, we propose alloy-core and fluorescent silica-
shell NPs (Figure 1) as contrast agents in a multiplatform

detection strategy for improved multiplex detection capabilities.
The idea is to develop an accordable NP system exhibiting
highly controlled fluorescence and plasmonic scattering
features. In a proof-of-concept study, silver-core and silica-
shell NPs (Ag@SiO2) along with 50/50 Au/Ag alloy core silica
shell NPs (Au/Ag@SiO2) were prepared. Using a simple
chemistry reaction, fluorophores molecules (fluorescein iso-
thiocyanate (FITC) or rhodamine B isothiocyanate (RBITC))
were covalently incorporated inside the silica shell (Table 1),

resulting in four different color combinations of contrast agents
that can be differentiated using fluorescence and darkfield
microscopy.

■ EXPERIMENTAL METHODS
Materials. Gold−silver alloy NPs with different sizes and

compositions were fabricated by a successive seeded growth
method of alloy on initial ∼15 nm diameter Au seeds.40

HAuCl4, AgNO3, and trisodium citrate (Na3Cit) were
purchased from Sigma-Aldrich. Silver NPs used in this study,
0.02 mg/mL (∼70 nm), were received from nanoComposix
(no. AGCN70). For the fluorescent precursor synthesis,
anhydrous N,N-dimethylformamide (DMF, Aldrich no. 68-12-
2), triethylamine (Aldrich), 3-(aminopropyl)triethoxysilane
(APS, Aldrich no. 919-30-2), fluorescein isothiocyanate
(FITC, Aldrich no. 27072-45-3), Rhodamine B isothiocyanate
(RBITC, Aldrich no. 36877-69-7), and CF 647 dye (Aldrich
no. SCJ4600048) were used as received. For the silica shell
coating preparation, tetraethyl orthosilicate (TEOS, Aldrich no.
78-10-4), 28−30% NH3·H2O (Aldrich no. 7664-41-7), and
anhydrous ethanol (EtOH) were used as reagent, catalyst, and
dispersion media, respectively. Eighteen MΩ deionized water
was obtained from a EMD Millipore water purifier.

Preparation of Fluorescent Precursors. FITC-APS and
RBITC-APS were prepared following a similar protocol.58 They
were prepared in DMF with triethylamine as a catalyst.
Typically 2.2 mg (5.7 μmol) of FITC was mixed with 150 μL of
DMF, 2 μL of triethylamine, and 2 μL of APS in a light-proof
tube in continuous agitation at 50 °C for 3 h. The solution was
diluted in 13.5 mL of EtOH, resulting in a fluorophore solution
at 420 μM. Similarly, 3 mg of RBITC was mixed with 4 μL of
APS in 150 μL of DMF and 2 μL of triethylamine with all other
reagents and reaction conditions being the same.

Preparation of Fluorescent AuAg@SiO2 NPs. Eighty nm
50/50 Au/Ag and 74 nm Ag NPs were used as the core. For the
fluorescent silica shell synthesis, 4 mL of a 50/50 Au/Ag alloy
NP aqueous solution at ∼5 × 109 NPs/mL was added directly
to 12 mL of anhydrous EtOH under continuous stirring. Then,
1.2 μL of TEOS and 625 μL of 30% ammonia solution were
added. A small volume of the fluorescent silica precursor (50
μL for FITC per example) was added directly to the
nanoparticles solution 30 min after the start of the silica-
coating process to reduce the amount of fluorophore quenched
because of their close proximity to the metal core. After a 24 h
reaction period, the fluorescent core−shell nanoparticles were
clean and dispersed in ethanol and stored at 4 °C away from
light until their use.

Nanoparticle Characterization. UV−visible experiments
were carried out on an Epoch Microplate spectrometer and
used to study the plasmonic band evolution and evaluate the
colloidal stability of nanoparticles at every step during synthesis.
The steady-state fluorescence measurements were realized with
a Varian Cary Eclipse. The structure of each nanoparticle

Figure 1. Schematic of alloy-core and fluorophores embedded silica-
shell nanoparticles with the four types of core−shell NPs used as
contrast agent in this work.

Table 1. Four Types of Core−Shell NPs As Contrast Agenta

core AgNPs Au/AgNPs

fluorophore FITC RBITC FITC RBITC

NPs Ag@
SiO2+FITC

Ag@
SiO2+FITC

Au/Ag@
SiO2+FITC

Au/Ag@
SiO2+RBITC

aFour types of NPs synthesized with Ag and 50/50 Au/Ag alloy core
coated with a fluorescent silica shell (FITC or RBITC).
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sample was defined by transmission electron microscopy
(TEM, JEOL 2100), and the data were used to generate size
distributions and to confirm core−shell morphology. Copper
grids (Pacific grid tech, Cu-400CN) were dipped into diluted
NPs ethanol solution and air-dried before TEM analysis.
DF and fluorescent microscopy images were acquired with an

Eclipse Ti microscope (Nikon) equipped with a 100× oil-
immersion objective (numerical aperture (NA) 0.5−1.3,
Nikon) with with a 4.2 megapixel color CMOS camera (xiQ,
2048 × 2048 pixels) or a QIclick CCD camera (Qimaging,
1392 × 1040 pixels) for detection and imaging. Two light
sources were available, a 100 W halogen lamp (Nikon) and the
Intensilight Epi-fluorescence Illuminator from Nikon for DF
and fluorescence applications, respectively. FITC (Thorlabs,
MDF-FITC, excitation filters/emission filters: 475 ± 35 nm/
530 ± 43 nm, dichroic: 470−490 nm/508−675 nm) and
RBITC (Nikon, TRITC/Cy3 long pass filter set, excitation
filters/emission filters: 540 ± 25 nm/605 ± 55 nm long pass,
dichroic: 565 nm) filters were used for fluorescence measure-
ments. The sample preparation method for microscopy
experiments was developed to obtain a final NP concentration
of ∼1 NP/μm2 in the instrument field of view. The
hyperspectral images were acquired using an imaging spectro-
graph (Shamrock 750, Andor Technology) equipped with an
EMCCD camera (Newton 971, 1600 × 400 pixels, Andor
Technology) and a 150 lines per mm grating providing a 242
nm bandpass.

■ RESULTS AND DISCUSSION
Structural and Composition Characterization. Figure 2

shows transmission electron microscopy (TEM) images of pure
Ag and 50/50 Au/AgNPs before and after the silica shell
formation. The silica shell thicknesses are ∼12 and ∼27 nm for
the alloy and silver core−shell NPs, respectively. TEM image
analysis confirms that there is a decrease in the size of the silver
core during the synthesis of Ag@SiO2 NPs (see Figure 2e).
The initial mean diameter of Ag NPs was 70 ± 8 nm and
decreased to 55 ± 7 nm after the fluorescent silica-coating
preparation (Figure 2f). On the other end, the mean diameter
of alloy NPs was not affected by the silica-coating synthesis and
remained constant at 84 ± 9 nm (Figure 2c). The size
reduction for Ag NPs is probably caused by an etching effect
during the tetraethyl orthosilicate (TEOS) polymerization
process catalyzed by ammonia. Indeed, Ung and Liz-marza50

have reported a similar effect and attribute the etching effect to
the oxidization of silver in the presence of ammonia. The same
group has also studied the effect of ammonia on small (<30
nm) bimetallic NPs with 25/75, 50/50, 75/25 Au/Ag
compositions. They showed that the etching effect is far less
severe for Au rich and 50/50 Au/Ag NPs than Ag rich NPs,51

in agreement with the results of Figure 2.
To evaluate the core-etching effect of the silica-coating

synthesis for Au/AgNPs, we prepared two types of alloy NPs
having similar mean diameters (59 ± 5 and 61 ± 8 nm) with
different Au/Ag core-composition ratios (10/90 and 50/50). A
silica shell was grown on both alloy NPs using the same
experimental conditions. Post-synthesis TEM image analysis
confirmed that the etching effect was more important for silver-
rich alloy NPs. The TEM image-analysis results (Figure 3c and
g) show a reduction of the core diameter for 10/90 Au/Ag@
SiO2 (59 ± 5 to 43 ± 4 nm) while there was no significant
change for 50/50 Au/Ag@SiO2. The corresponding energy-
dispersive X-ray spectroscopy (EDS) results (Figure 3d and h)

show a significant 30% reduction in the silver composition for
10/90 Au/Ag@SiO2 after the silica shell synthesis compared to
only ∼5% for 50/50 Au/Ag@SiO2. These results confirm that
Au/AgNPs with higher gold ratios are less prone to the core-
etching process, which can take place during the silica-coating
reaction. The mechanism of Au protecting NP from etching is
not entirely clear. However, as proposed by Rodriǵuez-
Gonzaĺez et al.,51 gold atoms could rearrange and would have
a protecting effect on silver, preventing further etching during
the silica-core synthesis because they are less affected by
ammonia. From AgNPs, 10/90 Au/Ag NPs and 50/50 Au/Ag
NPs, the above results (Figures 2 and 3) show that, during the
silica-coating process with ammonia as catalyst, the 50/50 Au/
Ag alloy NPs endure the least size reduction phenomenon.
Therefore, the higher the gold ratio is for the starting NPs, the
easier the silica layer can be generated around the core without
any significant core size reduction.

Optical Characterization. Characterization of the photo-
physical properties for gold, silver, or alloy nanoparticles were
compared to their corresponding theoretical extinction spectra
obtained using Mie Theory calculations.52 The UV−visible
spectra for Ag@SiO2 and 50/50 Au/Ag@SiO2 measured before
and after the silica-coating process are presented in Figure 4

Figure 2. TEM images before and after silica coating for (a, b) 50/50
Au/AgNPs and (d, e) pure Ag NPs along with (c, f) their respective
size distribution. (e) TEM images for Ag@SiO2 NPs clearly shows
voids near Ag cores resulting from etching during the coating process.
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and can be compared to their theoretically calculated ones for
both FITC and RBITC silica-embedded fluorophores. The
absorption of both FITC and RBITC can hardly be observed
because of their relatively low absorption intensities compared
to the extinction of metallic NPs. The dielectric function for
Au/AgNPs was taken from Rioux et al.,53 and the refractive
index for the silica shell was computed using the dispersion
equation from Malitson.54 Core diameters and silica-shell
thicknesses considered for calculations were evaluated by TEM
image analysis (details in Supporting Information).

As expected, a red-shift of the plasmonics band is observed
for the 50/50 alloy NPs after the silica-coating process (Figure
4a). The ∼15 nm red-shifts recorded for both nanoparticles
were confirmed by Mie calculations (Figure 4a-i).55 An
unexpected smaller (∼3 nm) red-shift was measured for Ag@
SiO2+RBITC NPs and even more surprisingly, a ∼6 nm blue
shift was observed for Ag@SiO2+FITC NPs even if their
corresponding smaller core size were considered in the
calculations. The experimental results for Ag@SiO2 were
significantly different from the theoretically expected ones
based on nanoparticular core−shell architectures. TEM
observations of Ag@SiO2+RBITC and +FITC samples
indicated the presence of voids between the core and the
shell (Figure 2 e), which have direct impacts on the position of
the NPs plasmonics band. The silver-core-etching phenomenon
may originate from the presence of ammonia during the silica-
coating process.56 Consideration of smaller core size diameters
(Figures 2f and 3g) in the calculations could not explain the
results observed as there was still a ∼10 nm discrepancy with
the experimental measures (Figure 4b-i and b-ii). Therefore,
reconsideration of the nanoparticular architecture was realized
in order to take into account the presence of a 5 nm thick space
filled with the NP suspension medium. Using this modified
model (see parameters used in Supporting Information), the
calculated spectra for Ag@SiO2+RBITC and +FITC were
virtually identical to their counterpart measured experimentally
(Figure 4b-ii and b-iii).
Fluorescence characterization for Ag@SiO2 and 50/50 Au/

Ag@SiO2 NPs are detailed in Supporting Information for
FITC- and RBITC-embedded core−shell NPs. The MEF factor
was measured for Ag@SiO2 NPs with RBITC by comparing the
maximum fluorescence intensity of a Ag@SiO2 RBITC solution
before and after a complete core-etching process using a 250
mM sodium chloride solution. A MEF factor value of 4 was
calculated for the Ag@SiO2+RBITC (see Supporting Informa-
tion). There are many studies demonstrating the impact of the
fluorophore−metal distance on fluorescence intensity and MEF
factor.42,57 The core−shell nanoparticle synthesis has been
developed to obtain the maximum fluorescence intensity from
the nanoparticle knowing that there is a non-negligible fraction
of fluorophores positioned at the close distance from the core
that could experience metal quenching and leading to an
underestimate of the MEF factor.

Multiplexed Imaging. The principal objective of this
Article is to present a multiplatform detection approach
exploiting the remarkable photophysical properties of alloy-
core and fluorescent silica-shell nanoparticles for multiplexed
imaging applications. The strategy is based on the use of
spectrally distinguishable nanostructures offering multiple
combinations of scattering and fluorescence colors. In this
proof-of-concept study, four different color-coded NPs were
mixed together and sampled on a glass slide. Single-particle
identification was accomplished by acquiring the scattering
spectra and the fluorescence properties of each nanoparticle.
Ag@SiO2 and 50/50 Au/Ag@SiO2 appear blue and green
under darkfield microscopy, respectively. Their specific color is
attributed to the position and shape of their plasmonics band,
which have a maximum at ∼450 nm for silver core NPs and
∼520 nm for 50/50 Au/AgNPs. A spectrometer was positioned
on the detection path of the optical microscope used in this
study in order to acquire the individual scattering spectrum of
each nanoparticles. Attribution of the core compositions was
realized using each nanoparticle’s maximum scattering value.

Figure 3. TEM images for (a) 61 ± 8 nm 50/50 Au/AgNPs and (e)
59 ± 5 nm 10/90 Au/AgNPs and after coating with silica shell (b) 50/
50 Au/Ag@SiO2 and (f) 10/90 Au/Ag@SiO2. The respective NP
diameter distributions are shown in (c) and (g). Silver concentration
bar graph are presented for (d) 50/50 Au/AgNPs and (h) 10/90 Au/
AgNPs before and after silica coating based on energy-dispersive
spectroscopy (EDS) examination of 5 individual NPs.
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Globally, scattering spectra of 28 particles were recorded as
shown in Figure 5c and d. On the other end, fluorescence

identification was performed by measuring the signal intensities
in each detection channel for all nanoparticles (FITC and
RBITC) (Figure 5b). Using optical filter sets specific to each
fluorophore, detection thresholds were fixed at three times the
standard deviation (pixel to pixel) over the average intensity
recorded for a blank sample (nanoparticle-free). Figure 5c
shows that 24 of 28 NP cores were correctly identified by their

scattering maximum, resulting in a 86% core-composition
differentiation capability. Four NPs, noted as dashed circles 1,
2, 3, and 4 in Figure 5a and b, were not correctly identified
because of their higher scattering intensities, broader scattering
spectra, and more ambiguous peak position compared to the
other NPs (Figure 5d), probably as a result of clusters
formation. Finally, we observed several isolated fluorescence
spots without any scattering signals (noted in yellow triangles).
These NPs might be either core-free silica NPs or fluorescent
silica fragments that do not produce any coloration under
darkfield microscopy.
We assessed the performances of fluorescent Au/Ag@SiO2

as contrast agents for cell-imaging applications. A 1:1 mixture of
Ag@SiO2 and 50/50 Au/Ag@SiO2 NPs with either a FITC
(Au/Ag@SiO2+FITC) or a RBITC (Au/Ag@SiO2+RBITC)
fluorescent silica shell was added to a dead retina cells sample
(ARPE-19). The latter was observed by darkfield and
fluorescence microscopy, and a representative image of the
probed area is presented in Figure 6. Stronger photo-
luminescent spots were attributed to NP clusters, which is a
hypothesis confirmed by darkfield microscopy. Eight circled
nanoparticles were characterized and clearly identified by their
respective scattering and fluorescence properties (Figure 6c−e).
This experiment demonstrates how the fully accordable
photophysical properties of alloy-core and silica-shell nano-
particles can be exploited in a multiplatform detection strategy
for cell-imaging applications with multiplexed analysis capa-
bilities.
Reflected light microscopy offers exceptional detection

contrast when using NPs as cell labels for imaging applications
in highly diffusing media.12 Fluorescent Au/Ag@SiO2 were
added to a dead retina cells sample, and the latter was observed
by fluorescence, darkfield, and reflected-light microscopy. Each
image was compared to a nanoparticle-free sample (Figure 7).
Experimental results confirm the high potential of the use of
alloy-core silica-shell NPs as effective contrast agents for all
three modes of optical microscopy. The scattering light for cells
is stronger under darkfield microscopy, making nanoparticle
detection and identification more complicated. Rather, the
same scattering signal is significantly lower for reflected light

Figure 4. Presentation of the experimental and calculated UV−visible spectra for (a) 50/50 Au/AgNPs and (b) Ag NPs before and after the silica
shell coating process (with FITC and RIBTC). A ∼15 nm red-shift of the plasmonics band maximum was observed between 50/50 Au/Ag NPs and
50/50 Au/Ag@SiO2 independently of the fluorophore embedded in the silica shell. The same red-shift was smaller (∼3 nm) for Ag@SiO2+RBITC,
and a 6 nm blue-shift was measured for Ag@SiO2+FITC. Calculated UV−visible spectra of 50/50 Au/AgNPs (a-ii) and Ag NPs (b-i, b-iii) before
and after silica coating are aligned to the experiment peaks. For both FITC- and RBITC-incorporated Ag@SiO2 NPs, the blue-shift of the plasmonics
band results from the presence of a void layer between the silver core and the silica shell (b-iii, a 5 nm void was used for this calculation, estimated
from TEM images). The schematics show the nanoparticle geometries considered for the calculations.

Figure 5. (a) Darkfield and (b) fluorescence microscopy images of a
Ag@SiO2 and 50/50 Au/Ag@SiO2 mixture. (c) Scattering light
identification of each identifiable nanoparticle and presentation of the
scattering spectra for (d) four specific NPs identified by dashed circles
in figures (a). Fluorescence signal from NPs identified by yellow
triangles in (b) do not show corresponding scattering signal in (a).
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without any loss of the nanoparticle signal. Moreover, the depth
of field for reflected-light microscopy is smaller than that for
darkfield, resulting in a better Z-axis definition and lower
background signal. Colocalization of NPs under three different
modes of optical microscopy was possible using fluorescent
alloy-core silica-shell nanoparticles as contrast agents (Figure
7). As an additional proof-of-concept experiment, fluorescent
Au/Ag@SiO2 were used for cell-tagging applications by flow

cytometry (see Supporting Information). Using a well-known
cross-linking chemistry reaction, specific and nonspecific
antibodies to HeLa cells were functionalized at the surface of
fluorescent core−shell nanoparticles. The results are promising,
despite not being perfect, and are paving the way for further
improvements in terms of fluorescence intensity because
detection specificity was advantageously compared to the use
of regular fluorophore-labeled antibodies.

Figure 6. (a) Darkfield and (b) fluorescence images of a retinal cell sample (ARPE-19) in the presence of a nanoparticles mixture with their
respective close-up views (c and e). (d) Characterization of the scattering and fluorescence properties for eight nanoparticles identified by circles in
(c) and (e). The four types of color-coded nanoparticles were identified by their scattering spectra and fluorescence properties.

Figure 7. (a, d) Fluorescence, (b, e) darkfield, and (c, f) reflected-light image of a NPs mixture containing four spectrally different types of metallic
and alloy-core NPs (Ag@SiO2+FITC/RBITC, 50/50 Au/Ag@SiO2+FITC/RBITC) in the presence of fixed retinal cells (ARPE-19) and their
respective controls without nanoparticles (d−f).
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■ CONCLUSIONS
Fluorescent alloy-core silica-shell nanoparticles were prepared
for cell-tagging and -imaging applications. The size and
composition of the alloy core can be adjusted to control the
position and width of the plasmonics band to meet specific
experimental needs. Using a well-known silica-processing
reaction, fluorescent silica shells were grown around the alloy
nanoparticles, making the nanoparticular architecture well-
suited for multiplexed analysis using a multiplatform detection
strategy. Retinal cells were observed by fluorescence and
darkfield microscopy in the presence of four different color-
coded Au/Ag@SiO2 NPs. Most NPs could be identified by
their fluorescence and scattering properties using a simple
detection algorithm. On the basis of this proof-of-principle
study, it is anticipated to achieve higher levels of multiplexing
by better controlling the synthesis of Au/Ag alloy NPs to
reduce the width of their size distribution, thus allowing more
scattering colors to be used simultaneously without compro-
mising identification capabilities.40 Furthermore, quantum dots
could be incorporated in the silica shell of Au/Ag@SiO2 NPs
instead of fluorophore molecules. A single excitation wave-
length would be needed to generate light from all contrast
agents, while the narrower emission band of QDs would
enhance the multiplexed analysis possibilities of Au/Ag@SiO2.
Finally, the applicability of fluorescent alloy-core silica shell
nanoparticles for cell-tagging and -imaging applications was
presented. This highly reliable synthesis process offers great
control on the size and composition of the final NPs. The latter
can be exploited to generate nanostructures with specific
photophysical and spectral properties, making this technology
highly versatile. The scattering color adjustability of the alloy-
core nanoparticles could be exploited in the design of a new
cytometry platform with color-coded scattering signal detection
capabilities. The principal advantage of scattering over
fluorescence is the time stability of the signal over time.
Using alloy nanoparticles, one can create a multiplex-labeling
assay specifically designed for long time observations using low-
light excitation: it is ideal for cell observation because it offers
adjustable photophysical properties to suits specific exper-
imental needs, thus representing a cheaper alternative to
conventional cell-labelling moieties in terms of detectability and
photostability.
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