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a b s t r a c t

Traditional organic fluorophores, like cyanine dyes, suffer from their poor stability and weak brightness
of individual molecule. In this work, a novel cyanine dye with a large Stokes shift (w75 nm) was
encapsulated inside silica nanoparticles. The obtained small fluorescent silica nanoparticle (FSNP)
exhibits more than ten times brightness than the free dye. The enhanced fluorescence brightness was
assigned to the less homo Förster resonance energy transfer (HFRET) between multiple fluorophores,
which was confirmed by the longer fluorescence lifetime of FSNP with a large Stokes shift than that with
a normal Stokes shift. The FSNP’s photostability is much better than organic fluorophores and compa-
rable with that of Quantum Dots. When used in bioimaging, the FSNP remained a stable fluorescence
signal, while the control free dye faded within 12 h.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Bioanalysis and disease diagnosis call for highly bright fluo-
rophores to assure the ultra sensitivity for trace targets [1,2].
Quantum Dots (QDs) have emerged to satisfy the requirement
and have been explored as a hot research in the latest decade.
However, it has been doubtful whether QDs could be widely
used in bioanalysis applications due to their potential cytotox-
icity, blinking and size-dependent fluorescence [3e6]. Tradi-
tional organic fluorophores, like cyanine dyes, suffer from their
poor photostability, which limit their applications [7]. As an
alternative, fluorescent silica nanoparticles (FSNPs) encapsu-
lated organic fluorophores have attracted much attention in
biotechnology and nanotechnology, [5,6,8] due to their better
biocompatibility and less toxicity than QDs. At the same time,
FSNPs were proved to have much better photostability than free
organic fluorophores and comparable photostability with QDs
[9]. Moreover, FSNPs can afford simple chemistry for surface
modification and uniform nanoparticle size in different wave-
length regions [10].

Even though FSNPs have many advantages, their sizes and
fluorescence brightness have an annoying inverse proportion
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ngxj@dlut.edu.cn (X. Peng).

All rights reserved.
relationship [5]. While NPs’ size was decreased to less
than 50 nm, the fluorescence enhancement was found
less than 20 times [11e15]. In many cases, the FSNP’s
fluorescence were quenched compared to the corresponding
free dyes [16,17].

The potential quenching mechanism involves efficient non-
radiative rates and fast energy transfer between the closely
packed fluorophores within solid matrix. To address these
problems, Wiesner et al. developed bright and stable FSNPs with
a core-shell structure which can inhibit efficient nonradiative
decay [12,13]. Nooney et al. correlated the fluorescence
quenching with a fast homo Förster resonance energy transfer
(HFRET) between multiple fluorophores inside nanoparticles
[18,19]. It was suggested that an efficient way to inhibit the fast
HFRET should be to employ fluorophores with a large Stokes
shift [20].

Unfortunately most widely used organic fluorophores, like
traditional cyanine dyes, have a small Stokes shift of 15e30 nm.
Recently one new class of cyanine dyes with a large Stokes shift
have been developed in our lab [21]. Here, we employ such a tri-
methine cyanine dye (Stokes shift 74 nm) to form a new FSNP with
a core-shell structure, which shows more than ten times fluores-
cence brightness than its control free dye. At the same time, its
photostability and biostability were found much better than those
of the free control dyes.
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2. Experimental

2.1. Materials and methods

All the reactions were carried out under a nitrogen atmosphere
with dry, freshly distilled solvents under anhydrous conditions,
unless otherwise noted. Tetrahydrofuran (THF) was distilled from
sodium-benzophenone, and methylene chloride (CH2Cl2) was
distilled from calcium hydride. Silica gel (100e200 mesh) was used
for flash column chromatography.

1H-NMR and 13C-NMR spectra were recorded on a VARIAN
INOVA-400 spectrometer with chemical shifts reported as ppm
(in CDCl3, TMS as internal standard). Mass spectrometric data
were obtained on a Q-TOF Micro mass spectrometry. Fluorescence
measurements were performed on a PTI-700 Felix and Time-
Master system, visible absorption spectra were determined
using an HP-8453 spectrophotometer. Luminescence lifetimes
were measured on a Horiba Jobin Yvon Fluoro Max-4 (TCSPC)
instrument. The size and shape of silica nanoparticles were
characterized by transmission electron microscope, TEM (JEM-
1200EX). The following abbreviations are used to indicate the
multiplicities: s, singlet; d, doublet; t, triplet; q, quartet; m,
multiplet; br, broad.

2.2. Synthetic routes of the dyes

2.2.1. 1-ethyl-2,3,3-trimethyl-3H-indolenium iodide
A mixture of 2,3,3-trimethyl-3H-indole (31.8 g, 0.2 mol) and

ethyl iodide (62.4 g) was refluxed in 300 mL toluene for 6 h. Upon
being cooled to room temperature, the reaction mixture precipi-
tated. The solid was filtered and washed with cold diethyl ether to
give a pink power. Yield: 54 g; 86%.

2.2.2. 1-Ethyl-3,3-dimethyl-2-metheneindoline
1-ethyl-2,3,3-trimethyl-3H-indolenium iodide (12.6 g, 40mmol)

was dissolved in NaOH solution (100 mL, 20%). The mixture was
stirred for 1 h at room temperature, and then extracted with ethyl
ether (3 � 50 mL). The obtained organic layer was dried over
anhydrous Na2SO4, evaporated under vacuum to give a light yellow
oil (7 g, 94%), which was slowly changing into purple compound
exposed to air.

2.2.3. 1,3-bis(1-ethyl-3,3-dimethylindolin-2-ylidene)propan-
2-one (1)

1-Ethyl-3,3-dimethyl-2-metheneindoline (6.54 g, 35 mmol) and
triethylamine (4.1 g, 40 mmol) were stirred in 30 mL anhydrous
THF at 0 �C [22]. A solution of triphosgene (1.71 g, 17.5 mmol)
dissolved in 10 mL dry THF was subsequently added dropwise at
0 �C. After the addition, the mixture was stirred at room temper-
ature for 5 h. After the solvents were removed, the residue was
purified by a column chromatography (SiO2; methylene chloride/
petroleum ether ¼ 1:1) to afford a yellow powder product 1
(4.63 g, 67%). 1H-NMR (400 MHz, CDCl3): d 1.15 (t, 6.8 Hz, 3H, CH3),
d 1.71 (s, 6H, CH3), d 3.74 (q, 6.8 Hz, 2H, CH2), d 5.59 (s, 1H, CH),
d 6.84 (d, 8 Hz, 1H, Ar), d 6.87 (t, 7.6 Hz, 1H, Ar), d 7.15 (t, J ¼ 7.6,
1H, Ar), d 7.2 (d, 3.2 Hz, 1H, Ar). 13C-NMR (100 MHz, CDCl3): 10.82,
23.86, 36.26, 45.56, 104.69, 120.57, 121.46, 127.33, 137.63, 141.61,
165.20, 183.94. HRMS: m/z calcd (M þ H)þ for C27H33N2Oþ

401.2587; found, 401.2981.

2.2.3.1. Compound 2. A solution of compound 1 (4.0 g, 10 mmol) in
THF (30 mL) was heated to reflux under nitrogen. POCl3 (0.92 mL,
10 mmol) was added dropwise to the above solution under stirring
when reflux. After addition, the mixture was refluxed for 2 h
with the color change of the mixture from yellow to carmine. The
solvent was evaporated under reduced pressure. The column
chromatography (SiO2; methylene chloride/methanol ¼ 10:1) to
afford a red powder (4 g, 95%).

1H-NMR (400 MHz, CDCl3): d 1.37 (t, 7.2 Hz, 3H, CH3), d 1.519
(t, 7.2 Hz, 3H, CH3), d 1.64 (s, 6H, CH3), d 1.83 (s, 6H, CH3), d 4.08
(q, 7.2 Hz, 2H, CH2), d 4.38 (q, 7.2 Hz, 2H, CH2), d 5.78 (s, 1H, CH),
d 7.23 (d, 8.0 Hz, 1H, Ar), d 7.27 (t, 8.0 Hz, 1H, Ar), d 7.41 (t, 6.4 Hz,
1H, Ar), d 7.48 (t, 7.6 Hz, 1H, Ar), d 7.54 (d, 6.8 Hz, 1H, Ar), d 7.58
(t, 8 Hz, 1H, Ar), d 7.63(d, 8 Hz, 1H, Ar). 13C-NMR (100 MHz, CDCl3):
12.23, 13.71, 25.53, 25.99, 28.68, 39.47, 43.65, 44.75, 49.55, 53.34,
71.66, 96.08, 110.21, 113.26, 122.46, 123.20, 125.15, 127.83, 128.80,
129.66, 139.60, 139.72, 140.26, 140.52, 141.71, 164.63, 176.80. HRMS:
m/z calcd Mþ for C27H31N2

þ 383.2482; found, 383.2495.

2.2.3.2. Compound 3a. To a solution of compound 2 (0.55 g,
1.31 mmol) in anhydrous THF (20 mL) was added APTES (0.1 mL)
dropwise over 5 min at room temperature under a nitrogen
atmosphere, the mixture was stirred at room temperature for 2 h.
The color of the mixture changed from red to yellow. The solvents
were evaporated under reduced pressure. A yellow powder product
(0.36 g, 42.9%) was isolated by a column chromatography (SiO2;
methylene chloride/methanol ¼ 100:6).

1H-NMR (400 MHz, CDCl3): d 0.66 (t, 8 Hz, 2H, CH2), d 1.16
(t, 4 Hz, 12H, CH3), d 1.41 (t, 8 Hz, 3H, CH3), d 1.50 (s, 6H, CH3), d 1.61
(s, 6H, CH3), d 1.97 (m, 8 Hz, 2H, CH2), d 3.23e3.27 (b, 2H, CH2),
d 3.76 (q, 7.2 Hz, 8H, CH2), d 4.11 (q, 6.4 Hz, 2H, CH2), d 5.16
(s, 1H, CH), d 5.30 (s, 1H, CH), d 6.82 (d, 8 Hz, 1H, Ar), d 6.89 (d,
3.6 Hz, 1H, Ar), d 7.06 (t, 7.2 Hz, 2H, Ar), d 7.17 (d, 6.8 Hz, 1H, Ar),
d 7.23e7.29 (m, 1H, Ar); HRMS: m/z calcd Mþ for C36H54N3O3Si
604.3934; found, 604.3920.

2.2.3.3. Compound 3b. A mixture of 6-aminohexanoic acid (2.60 g,
20 mmol) and compound 2 (4.82 g, 11.5 mmol) were dissolved in
anhydrous THF (40 mL) at room temperature under a nitrogen
atmosphere. The purification procedure is similar to that of 3a. The
desired product (2.97 g, 46%) was obtained by a column chroma-
tography (SiO2; methylene chloride/methanol ¼ 100:6).

1H-NMR (400 MHz, CDCl3): d 1.16 (m, 2H, CH2), d 1.42 (t, 8 Hz,
3H, CH3), d 1.49 (s, 12H, CH3), d 1.73 (m, 4 Hz, 2H, CH2), d 1.91
(m, 2H,CH2), d 2.57 (t, 4 Hz, 2H, CH2), d 3.20 (s, 1H, NH), d 3.78
(m, 2H, CH2), d 4.09 (q, 8 Hz, 2H, CH2), d 5.19 (s, 1H, CH), d 6.86
(d, 8 Hz, 1H, ArH), d 6.92 (d, 7.2 Hz, 1H, ArH), d 7.06 (t, 7.2 Hz, 2H,
ArH), d 7.17 (d, 6.8 Hz, 1H, ArH), d 7.23e7.29 (m, 3H, Ar); HRMS:m/z
calcd Mþ for C33H44N3O2 514.3428; found, 514.3433.

2.2.3.4. Compound 3c. Compound 3c was facilely synthesized in
high yield by the procedure as published in the literature [23].
1H-NMR (400 MHz, CDCl3): d 1.49 (t, 7.2 Hz, 3H, CH3), d 1.63
(m, 6 Hz, 2H, CH2), d 1.72 (s, 12H, CH3), d 1.79 (m, 6.8 Hz, 2H, CH2),
d 1.88 (m, 6.8 Hz, 2H, CH2), d 2.54 (t, 7.8 Hz, 2H, CH2), d 4.14 (t, 8 Hz,
2H, CH2), d 4.30 (q, 7.2 Hz, 2H, CH2), d 6.89 (d, 1.2 Hz, 1H, Ar), d 7.13
(d, 1.2 Hz, 2H, Ar), d 7.18 (t, 8 Hz, 2H, Ar), d 7.26 (m, 2H, Ar), d 7.39
(m, 4H, Ar), d 8.41 (t, 13.6 Hz, 1H, CH); HRMS: m/z calcd Mþ for
C31H39N2O2 471.3012; found, 471.3029.

2.2.3.5. Compound 3d. Dye 3c was dissolved in dry DMF, then N,
N0-dicyclohexyl carbodiimide (DCC) (5 equiv/carboxyl group) and
NHS (N-hydroxysuccinimide, 10 equiv/carboxyl group) were added
at room temperature under nitrogen. After 24 h, APTES (1 equiv/
carboxyl group) was added. The mixture was left to stir at room
temperature for 8 h. The solvents were evaporated under reduced
pressure. The product was purified by flash chromatography
(SiO2; methylene chloride/methanol ¼ 100:4). The product
was certified by mass spectrometry with the molecular peak of the
fluorophore-conjugated APTES (m/z ¼ 674.4349).



Scheme 1. Synthetic routes of the dyes.

Table 1
Photophysical characteristics of dyes in ethanol at 1 � 10�5 M Molar extinction
coefficients are in cm�1 M�1 and at the maximum of the highest peak.

Dye lex
(nm)

lem
(nm)

Stokes
shift (nm)

3(�105) Ff

2 524 564 40 1.18 0.0027
3a 466 540 74 -a 0.0065
3b 464 536 72 0.54 0.0074
3c 550 571 21 0.94 0.095
FSNP-A 465 535 70 0.049b

FSNP-B 567 577 10 0.018c

The fluorescence quantum yields are measured relative to free Rhodamine B
(Ff ¼ 0.69 in methanol).

a Free dye 3a is not stable in ethanol.
b NPs which contain 392 molecules per FSNPs was measured.
c NPs which contain 138 molecules per FSNPs was measured.
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2.3. UVeVis absorption and photoluminescence spectroscopy

Fluorescence measurements were performed on a PTI-700 Felix
and Time-Master system, visible absorption spectra were deter-
mined using an HP-8453 spectrophotometer. To quantify the
brightness of the particles in comparison to free dye, standard
absorption matching between free dye and particle solution by
spectrophotometry and subsequent emission investigation of these
matched solutions by spectrofluorometry was performed [20]. Free
dyes, QD and fluorescence nanoparticles were dissolved in ethanol,
with almost the same UV absorbance by adjusting concentration.
The total amount of the Cy3 dye per unit volume can be derived
through the absorption [24], we suppose that the amount of the
Cy3 dye molecules in solution and FSNPs suspension are almost the
same when they have equivalent UV absorbance value. Fluores-
cence spectra were obtained immediately, the excitation wave-
lengths of dye 3b, dye 3c, QD, FSNP-A and FSNP-C were 464 nm,
550 nm, 464 nm, 464 nm and 550 nm respectively. The fluores-
cence enhancement was evaluated by the fluorescence intensity at
the maximum of the highest peak.

2.4. General method of synthesizing fluorescent silica nanoparticles

3a or 3d was dissolved in 20 mL dried ethanol, then 1 mL
ammonia and 40 mL deionized water were added with stirring. Core
formed after 9 h of stirring, a shell of pure tetraethyl orthosilicate
(TEOS) was added by controlled addition of 200 mL at a rate of 2 mL
per minute. (Note: a stepwise addition of TEOS is necessary to keep
the total amount of TEOS and hydrolyzed TEOS in the system at any
time below the critical nucleation concentration to preserve non-
fluorescent particles from forming.) After 12 h of stirring, nano-
particles were isolated by centrifugation at the speed of
14,000 rpm, and the isolated products were re-dispersion in
ethanol. After repeating 3 times of washing and re-dispersion, the
solution was centrifuged at the speed of 2000 rpm to remove any
aggregated particles.
2.5. Determination of dye content of FSNPs

The yield of dye was determined quantitatively by UVeVis
spectroscopy. The presence of unencapsulated dye was determined
by centrifuging. The concentration of dye in the supernatant was
determined spectrophotometrically [17].

As the TEM characterization showed that the Cy3 doped core-
shell FSNPs were uniform in size. The average volume per FSNPs
was obtained from the TEM, see Eq. (1).

V ¼ 4=3pðd=2Þ3 (1)

Where V is the average volume and d is the diameter determined by
TEM. The converted amount of TEOS and the density of the FSNPs
(corresponding to that of amorphous silica, ca. 2.2 g/cm3), allowed



Fig. 1. The diameter distribution curves for FSNP-A (a) and FSNP-C (b) from DLS measurement (mean number percent) performed on an aqueous suspension of NPs (1.0 mg/mL).
TEM images show FSNP’s shape and size.
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the estimation of the number of FSNPs in the suspension obtained
at the end of the synthesis. As we know the total number of the Cy3
dye molecules in the suspension, the number of the Cy3 dye per
FSNPs obtained from Eq. (2).

Np ¼ Ncy3=Nnp (2)

Where Np is the the number of the Cy3 dye per FSNPs, Ncy3 is the
total number of the Cy3 dyemolecules in the suspension and Nnp is
the number of FSNPs in the suspension.

2.6. Photostability test

Free dyes, QD and fluorescence nanoparticles were dissolved
in 3 mL H2O, with almost the same UV absorbance by
adjusting concentration. Samples were exposed to light under
a W-Halogen lamp (200 W), the distance between lamp and
samples is 30 cm. Absorption spectra of samples were taken
after every 1 h.
Fig. 2. Fluorescent intensity comparison of QD545, FSNP-A (392 molecules per
nanoparticle), free dye 3b, 3d and FSNP-C (138 molecules per nanoparticle) in ethanol
absolute. All samples were dispersed or dissolved in ethanol to a final concentration
with almost the same absorbance (0.01).
2.7. Preparation and staining of cell cultures

MCF-7 cells were maintained in minimum essential medium
(DMEM) supplemented with 10% fetal bovine serum, 100 units/mL
penicillin and 100 mg/mL streptomycin. The cells were incubated at
37 �C in 5% CO2. Two days before imaging, cells were plated on
tissue culture plates. Cells were then incubated in fresh media at
37 �C, 5% CO2. One day prior to imaging, the media was exchanged
for 500 mL fresh media with FSNPs encapsulated 3a (50 mg/mL) and
free dye 3b (5 mM) and the cells were incubated for 12 h. Lumi-
nescence imaging was performed after washing the cells three
times with PBS buffer. After imaging, the cells were incubated at
37 �C in the presence fresh media for another 12 h. The cells were
washed with PBS buffer for three times before imaging.

2.8. Fluorescence imaging experiments

Fluorescence imaging studies were performed with a Nikon
eclipase TE2000-5 inverted fluorescence microscopy. The cells
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Fig. 3. Fluorescence decay of FSNPs and the control dyes. The concentration of free
dyes is 5 � 10�5 M in ethanol, and the concentrations of FSNPs were adjusted to have
the same absorbance with its corresponding free dye.
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were excited with green light and emission was collected by
a 605e680 nm band pass filter. The microscope settings (bright-
ness, contrast, and exposure time) were held constant before and
after pretreatment of cells with FSNPs to compare the relative
intensity of fluorescence. Image analysis was performed in Adobe
Photoshop.

3. Results and disscusion

The fluorophores used for FSNPs were synthesized in our lab
(Scheme1). Compound 1was obtained by condensation ofN-Ethyl 3H
indoline and triphosgene, following chlorination with phosphoryl
Fig. 5. Optical (up) and fluorescence (below) images of MCF-7 cells incubated with FSNP-A
12 h at 37 �C, remaining free dyes and surface-bound FSNPs were washed by fresh mediu
eclipase TE2000-5 inverted fluorescence microscopy. The cells were excited with green ligh
5a, 5b, 5e and 5f were incubated with fresh media at 37 �C for another 12 h. Images 5c, 5d
microscopy after incubating. The microscope settings (brightness, contrast and expose tim
pretation of the references to colour in this figure legend, the reader is referred to the web
chloride to give trimethine cyanine dye 2. Dye 2 can transfer into its
silicon ethoxide 3a by an SNAr reaction [21]. One control dye 3bwas
synthesized by similar procedure. Both free dyes 3a and 3b have
a large Stokes shift (Table 1 and Fig. S1). For comparison, one cyanine
dye 3c with a small stokes shift and its silicon ethoxide 3d was
synthesized by previous reported methods [23]. Two FSNPs doped
with 3a and 3c were synthesized by a modified Stöber protocol
[13,16,20,25,26] (named as FSNP-A and FSNP-C). Both FSNPs possess
the same core-shell structure to inhibit nonradiative decay [12].

The FSNPs sizes were characterized by dynamic light scattering
(DLS) and TEM. It is shown FSNP-A has a particle diameter about
30e15 nm in the TEM photography. (Fig. 1) The FSNP-A made in
optimized conditions is estimated to encapsulate about 392 dye
molecules in one nanoparticle (Fig. 2 and Table S1). And its fluo-
rescence quantum yield was 7.5 times of that of its free dye 3a
(Table 1). As shown in Fig. 2, the FSNP-A is about 14 times more
fluorescent than its free control dye 3b when the absorbance at
lmax of both solutions of FSNP-A and 3b were adjusted to 0.01.
Noteworthly, FSNP-A shows a comparable brightness with dye 3d,
even though weaker than a commercial QD (lem ¼ 545 nm). In
contrast, FSNP-C has much weaker fluorescence than the free dye
3c, its fluorescence quantum yields of FSNP-C drop continuously
when encapsulating dye molecules number from 13 to 1300
(Tables S1 and S2, and Fig. 2 and Figs. S7 and S8).

We attribute the difference of fluorescence properties between
the two FSNPs to the different Stokes shift of their original dyes. The
new dye 3a with a large Stokes shift makes less efficient HFRET
occur between dye molecules inside a nanoparticle, which leads to
brighter fluorescence of FSNP-A. Fluorescence decay measure-
ments were employed to confirm the less efficient HFRET in FSNP-
A than in FSNP-C. The HFRET interaction happens between close
pairs of dye molecules (excited one and unexcited one). It is a very
fast process which can shorten fluorescence decay time [27,28]. As
shown in Fig. 3, FSNP-A has much longer fluorescence decay than
FSNP-C and the two free control dyes. This means that less efficient
HFRET occurs in FSNP-A than in FSNP-C. From the above results, it
(50 mg/mL) (Fig. 5aed) and dye 3b (5 mM) (Fig. 5eeh) in medium. Following uptake for
m. Images 5a, 5b, 5e and 5f were obtained immediately after washing under a Nikon
t and emission was collected by a 605e680 nm band pass filter. After imaging, samples
(labeled FSNP-A) and 5g, 5h (labeled with dye 3b) were obtained from confocal laser
es (1/10.0 s)) were stayed the same during fluorescence imaging studies. (For inter-
version of this article.)
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can be concluded that the large Stokes shift leads to brighter
fluorescence. Although dye 3b also has a large Stokes shift, it
possesses a shorter decay time than FSNP-A. That may be due to its
strong trend to form aggregation in solution which can quickly
quench the fluorescence.

Conventional organic fluorophores usually suffer from their poor
photostabilities, which limits their imaging time. A long tracking time
is desirable for bioanalysis and disease diagnosis. The photostability of
FSNP-A was compared with that of QD545 and the other two free
dyes (dye 3b and dye 3c). As shown in Fig. 4, the FSNP-A shows
comparable photostability with QD545, and much more stable than
free organic fluorophores. This result is consistent with the other
reports, [9,29] and ensures this new FSNP to have a longer imaging
time than organic dyes. Besides the photostability, the stability of
FSNPs in real biology environment is another key factor in practical
applications. As shown in Fig. 5, FSNP-A was found to have better
biostability than its free dye 3b in the MCF-7 cells imaging experi-
ments. After 12 h incubationwith the fluorophores, both FSNP-A and
3b stained cells were washed with PBS (Dulbecco’s Phosphate Buff-
ered Saline) buffer. A series of samples (FSNP-A (Fig. 5a and b), 3b
(Fig. 5e and f)) were imaged immediately. The other series of samples
(FSNP-A (Fig. 5c and d), 3b (Fig. 5g and h)) were imaged after being
incubated with fresh media (37 �C, 5% CO2) for another 12 h. We
cannot find visible signal intensity of FSNP-A stained cells decreases
by comparing Fig. 5b and f. But obvious signal intensity drops for 3b
stained cells by comparing Fig. 5d and h.

4. Conclusion

we successfully developed a novel FSNP encapsulated a cyanine
dye with a large Stokes shift which leads to brighter fluorescence.
And its excellent photostability and biostability were demonstrated
by comparing with its control organic dyes. Due to its large Stokes
shift, this new FSNP has potential to be used in imaging multiple
biological events simultaneously [30]. Current efforts in our lab are
to develop near-infrared FSNPs with a large Stokes shift and to
apply these FSNPs into bioanalysis.
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