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One-step rapid synthesis of fluorescent silicon nanodots for
hydrogen peroxide-related sensitive and versatile assay based on
inner filter effect

Haoyu Chen?, Li Wu?, Yugi Wan?, Lulu Huang?, Ningxing Li¢, Jinyang Chen®®*, Guosong Lai?

In this work, a kind of environment-friendly and water-dispersible silicon nanodots (SiNDs) was rapidly
synthesized by using the mild reagents (3-aminopropyl)triethoxysilane (APTES) and glucose. It was found that
the fluorescence of as-prepared SiNDs can be quenched obviously by permanganate due to the inner filter
effect. Inspired by this finding, a novel fluorescence sensor for sensitive detection of hydrogen peroxide
(H,0,) was developed through the oxidation-reduction reaction between permanganate and H,0,. The
detection limit of H,0, is down to 2.8 nM. Since H,0, is an important molecule and involved in various
studies, this sensor could be applied in amounts of H,0,-related biological analysis. As a proof-of-application
demonstration, a sensitive biosensor for glucose detection was constructed through the catalytic oxidation
of glucose to generate H,0,. The as-constructed sensor showed good linear response to glucose over the
range from 0.16 to 16 uM with a detection limit of 0.11 puM. Moreover, the biosensor can be readily
extended to other sensors for different targets, which indicates the broad applications of the proposed
sensing strategy in biomedical analysis.

1. Introduction

Silicon, known as the second most abundant element in
the earth’s crust, is the leading element and dominates the
modern microelectronic and semiconductor industry. In the
past years, the prosperous development of silicon
nanotechnology and nanomaterial promoted silicon-related
basic research and practical applications.!* Among these
silicon nanomaterials, silicon nanodots (SiNDs) have been
drawing dramatically increasing attention in chemical and
biological research in recent years.* 3 In addition to the
advantages of rich resource support, strong fluorescence, and
high photostability, 7 SiNDs also feature non- or low
toxicity, favorable biocompatibility and biodegradability,’1°

which showed the potential of being powerful alternatives to
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the toxic heavy metal contained II-IV quantum dots and
organic dyes. During the past two decades, most of the
prepared SiNDs were generally terminated with hydride or
halogen,!'"'* and consequently needed subsequent treatment
to improve the stability and water solubility, which limited
the wide-ranging applications greatly. Recently, it is realized
that rapid and facile aqueous synthesis approaches for water-
dispersible SiNDs would be favorable for further exploration
of their applications in biochemical research. For instance, He
et al. successfully developed various strategies for direct
preparation of highly fluorescent SiNDs in the aqueous phase
assisted with microwave or UV irradiation.!>!® Wang et al.
have facilely synthesized water-dispersible green-emitting
SiNDs at room temperature by using the ascorbate sodium as
reductant.!® Nevertheless, more efforts in developing simple,
fast and facile synthesis methods for water-dispersible SiNDs
are still desirable. What’s more, the optical applications of
fluorescent SiNDs were mainly focused on biological
imaging,® 4 and sensing of a limited variety of molecules and

ions (e.g., dopamine, hydrogen sulfide, metal ions, etc.).20-22
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So there is still much room to explore the applications of
SiNDs in biological and chemical sensing, the detection of
H,0, and related biomolecules based on fluorescent SiNDs is
even rare.

Hydrogen peroxide (H,0,) is an important molecule in
biology. It plays critical roles in maintaining the physiological
balance of organisms in the living body. Abnormal levels of
H,0, will lead to severe damage for protein and DNA, thus
further causing various pathological events such as
autoimmune diseases, neurodegeneration, or even cancers.?
25 So the detection of H,0, is of practical importance in the
chemical, biological, and clinical fields. Moreover, it is
known that H,O, is a byproduct of catalytic oxidation
reaction initiated by oxidase, such as glucose oxidase,
cholesterol oxidase, uricase, as well as the main reactant for
signal-readout in enzyme-linked immunosorbent assay
(ELISA) or similar immunoassay. For these reasons, the
propose of new methods for H,O, detection can also open the
new window for the sensing of biomolecules involved in
catalytic oxidation reactions, and promote the development of
ELISA-based medical assay.

In order to put forward new and facile aqueous-phase
synthesis methods and expand the applications of fluorescent
SiNDs in biochemical sensing, we proposed a kind of
environment-friendly and water-dispersible SiNDs fast

synthesized by using the mild reagents (3-
aminopropyl)triethoxysilane (APTES) and glucose. Inspired
by the finding that the fluorescence of the prepared SiNDs
can be quenched obviously by permanganate because of inner
filter effect, we also developed a novel fluorescence sensor
for sensitive detection of hydrogen peroxide (H,O,) through
the oxidation-reduction reaction between permanganate and
H,0,. Since H,0, is an important molecule and involved in
various studies, the proposed sensor could be applied in
amounts of H,0,-related biological analysis. In the present
work, a sensitive biosensor for glucose detection was
constructed as a proof-of-application demonstration, and the
preliminary detection of cholesterol was successfully
performed to reveal the versatility of the proposed sensing

strategy. We can thus reasonably expect that the biosensing in

2| J. Name., 2012, 00, 1-3

this work will provide new insights into the detection, of
) DOI: 10.1039/CIAN0O0395
H,O,-related biomolecules and the evelopment o

fluorescent immunoassay, as well as broadening the

biological applications of SiNDs.

2. Experimental

2.1. Materials and apparatus

Glucose was purchased from Sigma-Aldrich (U.S.A.).
(3-aminopropyl)triethoxysilane (APTES, 99%) and potassium
permanganate were purchased from Rhawn Co., Ltd.
(Shanghai, China). H,O, was purchased from Aladdin
Industrial Inc. (Shanghai, China). Glucose oxidase,
cholesterol, cholesterol oxidase (ChOx), cysteine, thrombin,
fructose, sodium fluorescein, and human serum were
purchased from Sigma-Aldrich (U.S.A.). All chemical
reagents were of analytical grade and used without further
purification.

Fluorescence spectra were obtained with an F-4700
fluorescence spectrophotometer (Hitachi, Japan). UV-vis
absorption spectra were recorded by a UV-3010
spectrophotometer (Hitachi, Japan) using a 1 cm path length
quartz cuvette. FTIR spectrum over the range 600-4000 cm!
was recorded with a Nicolet 5700 FTIR spectrometer.
Transmission electron microscopy (TEM) and high-resolution
TEM (HRTEM) images were obtained with a FEI Tecnai G?
F20 S-TWIN transmission electron microscope (U.S.A.).
Energy-dispersive X-ray (EDX) spectra were obtained with
field emission scanning electron microscope (Zeiss Merlin
Compact). Time-resolved fluorescence decay curves were
recorded with a FELIX32 system (Photon Technology

International).

2.2. Preparation of fluorescent SINDs
For the preparation of SiNDs, 1 mL of APTES (99%)

was firstly mixed with 4 mL of ultrapure water. Then 1 mL of
0.24 M glucose was added into the above mixture. After
blending, the mixture solution was heated to 70 °C with water
bath for 20 min to complete the reaction and obtain the

SiNDs. For purification, the as-prepared SiNDs solution was

This journal is © The Royal Society of Chemistry 20xx
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added into acetonitrile (the volume ration of SiNDs

solution/acetonitrile was fixed at 1:4) to induce the
precipitation of SiNDs. After centrifugation at 8000 rpm for 5
min, the collected precipitation was vacuum drying for
several hours, then the purified SiNDs were obtained and

stored at 4 °C for use.

2.3. Quantum yield calculations

The quantum yield (QY) of the as-prepared SiNDs was
obtained using sodium fluorescein (QY = 95% in 0.1 M
NaOH aqueous solution) as the standard. According to the
integrated areas of fluorescence emission and absorbance of
the SiNDs and sodium fluorescein, the QY of the SiNDs

could be calculated from Equation (1) below:2¢

2
Astd ]sumple Nsample

@sample = X X X Dgq (1)

A4 sample Lsd }75,‘1

Dy is the QY of the standard compound. Ay and A are
the absorbance of the standard compound and sample at the
excitation wavelength (396 nm), respectively. I, and Loy
are the integrated areas of fluorescence emission of the
standard compound and sample in the emission region of 400-
600 nm, respectively. 7 is the refractive index of the solvent

(equal to 1.33 for water).

2.4. H,0; detection and glucose detection

In the analytical application, the SiNDs could be used
without further purification to shorten the whole experimental
time. Typically, for H,O, detection, 400 pL of 20 mM
glucose was mixed with 100 pL of APTES (diluted with
ultrapure water in 1:3 v/v ratio) and 1 mL ultrapure water,
after blending for 2 min, the mixture was incubated at 70 °C
for 20 min to complete the preparation of SiNDs. Then 300
pL of as-prepared SiNDs solution was mixed with 300 puL of
0.013 M potassium permanganate to form probe solution.
After that, 400 uL of different concentrations of H,O, was
added into the probe solution and incubated at room
temperature for 30 min, respectively. Finally, the fluorescence
emission of the solution was measured by the fluorescence

spectrophotometer.

This journal is © The Royal Society of Chemistry 20xx
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For glucose detection, the SINDs were prepared, with, the
same procedures as mentioned above. DS(i)rlhli(l)éllr(ﬁlg,/%%?)Nigﬁ%oAf
as-prepared SiNDs solution was mixed with 300 uL of 0.013
M potassium permanganate to form probe solution. The
solutions of glucose and glucose oxidase were prepared with
HEPES buffer (40 mM, pH = 7.0), respectively. An amount
of 100 uL of glucose oxidase (2 mg-mL-) was mixed with
400 pL of different concentrations of glucose and incubated
at 37 °C for 30 min. After the catalytic oxidation reaction, 400
pL of the mixture solution was added into 600 pL of the
probe solution consisted of SiNDs and potassium
permanganate and incubated at room temperature for 30 min.
Finally, the fluorescence emission of the solution was
measured by the fluorescence spectrophotometer. For the
glucose detection in complex biological environment, the
human serum prechecked with glycopenia was chosen as the
model of a complex biological matrix. Then different
concentrations of glucose (0, 2.0, 10, 20 uM) were spiked
into the 20% diluted human serum and buffer, respectively.
The prepared samples were tested with the proposed method,
and subsequent procedures were the same as those mentioned

above.

2.5. Cholesterol detection

The cholesterol solution was firstly prepared with 100
mM phosphate buffer (pH = 6.8) containing 1.0% (v/v) triton
X-100 and a suitable amount of acetone. The cholesterol
oxidase solution was prepared with 100 mM phosphate buffer
(pH =6.8) containing 1.0% (v/v) triton X-100. Then 250 pL
of cholesterol oxidase (0.1 U-pL-") was mixed with 250 pL of
cholesterol and incubated at 40 °C for 30 min. After the
catalytic oxidation reaction, 400 pL of the mixture solution
was added into 600 pL of the probe solution consisted of
SiNDs and potassium permanganate and incubated at room
temperature for 30 min. The subsequent steps were the same

as those of glucose detection.

3. Results and discussion

J. Name., 2013, 00, 1-3 | 3


https://doi.org/10.1039/c9an00395a

oNOYTULT D WN =

Analyst

3.1. Preparation of fluorescent SINDs

The preparation method of SiNDs is illustrated in
Scheme 1A. The silicon source APTES was firstly mixed
with the reductant glucose in a certain ratio, then the mixture
solution was heating in water bath for 30 min to obtain the
fluorescent SiNDs. In the synthesis process, the ratio of
reactants and reaction temperature are determinant factors to
the yield of SiNDs, so the concentration of glucose and the
temperature of water bath were evaluated, respectively. Under
the same concentration of APTES (1.67%, v/v), the
fluorescence intensity of prepared SiNDs increased with the
increase of glucose concentration from 16-40 mM, and then
decreased when the concentration of glucose was up to 56
mM (Fig. S1, Supplementary information). So the glucose
concentration was fixed at 40 mM in subsequent experiments.
With the same principle, the optimum reaction temperature
was explored as 70 °C (Fig. S2). Since the SiNDs are soluble
in water and insoluble in acetonitrile, the purified product
could be obtained through the induced precipitation of SiNDs
by acetonitrile. The collected solid particles of SiNDs were
faint yellow under daylight and exhibited brilliant blue color
under UV irradiation (Fig. S3). Moreover, the stability against
photobleaching of as-prepared SiNDs was investigated. The
results showed that the fluorescence intensity was still kept as
95% of the initial intensity when the SiNDs solution was
radiated by UV-light for two hours (Fig. S4), indicating the
excellent photostability of the SiNDs.

A }J Gl
ucose .
™ /\/\ b
O/SI\ NH; > SiNDs

r Cf 70°C, 20 min

Glucose

B \ Gluconic
0, — —¥ acid
\ 3 S, H,0, :
‘mos} >  SiNDs > ‘iNDs;
313 o 3
RO~
IFE
3= MnO, Mn® GOx

Scheme 1 Schematic illustrations of SiNDs synthesis (A) and

application in the sensing of H,O, and glucose (B).
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To confirm the successful synthesis and investigate the
characteristics of the SiNDs, the obtained product was
characterized by using fluorescence spectroscopy, UV-vis
absorption spectroscopy, FTIR spectroscopy, transmission
electron microscopy (TEM), and EDX spectroscopy,
respectively. As shown in Fig. 1A, the maximum excitation
and emission wavelengths of SiNDs are 396 and 486 nm,
respectively. The significant UV absorption of SiNDs appears
in 350-400 nm, and has much overlap with the excitation
spectrum as expect. Moreover, the resultant SiNDs sample
solution is pale yellow under daylight and produces strong
blue luminescence under UV irradiation (Fig. 1A, inset),
indicating excellent aqueous dispersibility and high
fluorescence of the resultant SiNDs. The quantum yield (QY)
of the SiNDs in aqueous solution at room temperature is
determined to be 22% using sodium fluorescein (QY = 95%
in 0.1 M NaOH aqueous solution) as the standard, which is
comparable with those of the SiNDs prepared in the previous
work.!> 1% 27 To confirm the presence of various chemical
bonds in SiNDs, FTIR spectra of the as-prepared SiNDs were
measured, which feature several distinct absorption peaks in
the range of 1000-3500 cm™! (Fig. 1B). Typically, the sharp
absorbance peak at 1050 cm! is corresponding to the
vibrational stretch of Si-O bonding. The strong absorbance
peeks at 1595, 2928 and 3360 cm! are assigned to the N-H
bending vibration, the O-H and N-H stretching vibration,
respectively. It is indicated that the as-prepared SiNDs
contain a large number of amino groups which is favorable to
the functional modification of SiNDs. The generation of
SiNDs was also evidenced by the TEM image which clearly
showed that the prepared SiNDs were spherical in shape, and
the average size of them was about 2.7 nm, the obvious
crystal lattice structures was presented in the HRTEM image
as well (Fig. 1C). The HRTEM images of SiNDs mixed with
different solutions were also obtained to confirm the stability
of SiNDs (Fig. S5). What’s more, the elemental composition
of the SiNDs was identified with EDX spectroscopy. It is

indicated that the SiNDs contained Si, C, O, and N elements

This journal is © The Royal Society of Chemistry 20xx
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Fig. 1 (A) Fluorescence spectra and UV-vis absorption spectrum of
SiNDs, insets: photographs of SiNDs aqueous solution under
irradiation with daylight (left) and UV-light (right), respectively. (B)
FTIR spectrum of SiNDs. (C) TEM image of SiNDs, inset: size
distribution and HRTEM image of SiNDs. (D) EDX spectrum of
SiNDs, inset table: elemental ratios of SiNDs.

3.3. Fluorescence quenching
permanganate

of SiNDs by

It was found that the fluorescence of SiNDs could be
quenched by permanganate, and the fluorescence intensity of
SiNDs decreased gradually with the enhancement of
permanganate concentration (Fig. 2A). According to previous
reports, the overlap between the absorption spectrum of the
absorber and the excitation and/or emission band of the
fluorophore would result in inner filter effect with high
UV-vis

efficiency.”® 2° In consideration of the wide

absorption range of permanganate, the fluorescence
quenching of SiNDs by permanganate is most likely due to
the inner filter effect. To confirm the quenching mechanism,
the UV-vis absorption spectra of permanganate and
fluorescence spectra of SiNDs were recorded. As shown in
Fig. 2B, the absorption spectrum of permanganate hardly
overlaps with the excitation spectrum of SiNDs in 380-420
nm, but overlaps with the emission spectrum of SiNDs

completely in 450-520 nm. Therefore, the fluorescence

This journal is © The Royal Society of Chemistry 20xx
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Fig. 2 (A) Fluorescence spectra of SiNDs mixed with different
concentrations of permanganate. (B) UV-vis absorption spectra of
MnOy (a), MnO,4 + H,0, (b) and Mn2* (c); fluorescence excitation
spectrum (d) and emission spectrum (e) of SiNDs. (C) Time-
resolved fluorescence decay curves of SiNDs mixed with different
concentrations of permanganate (0, 80, 110, 150 uM). (D) Stern-
Volmer plot for the fluorescence quenching of SiNDs by
permanganate, F and F, are fluorescence intensities of the SiNDs
mixed with and without permanganate, respectively.

quenching is mainly attributed to the inner filter effect of

permanganate toward SiNDs. In addition, when the
permanganate was treated with H,O,, the strong absorption in
450-600 nm was disappeared (Fig. 2B), which is mainly
attributed to no obvious absorption for ultraviolet visible light
of Mn?* generated from the reaction of permanganate with
H,O,. It means that the inner filter effect can be eliminated
through the redox reaction of permanganate with H,O,. To
further explore the quenching type, we measured the
fluorescence lifetime which can be used to distinguish the
dynamic quenching or static quenching.’® 3! The time-
resolved fluorescence decay curves of SiNDs in the presence
of different concentrations of permanganate were shown in
Fig. 2C. It is revealed that the fluorescence lifetime of SiNDs
decreased with the increase of permanganate concentration,
which indicating the occurrence of dynamic quenching.
However, the reduction in fluorescence lifetime was not in
linear proportion to the reduction in fluorescence intensity at
all the three permanganate concentrations (Table S1). It

means that the fluorescence quenching was not only the result

J. Name., 2013, 00, 1-3 | 5

Please do not adjust margins

g
i

Fluorescence Intensity (



https://doi.org/10.1039/c9an00395a

oNOYTULT D WN =

25

0 N O

- O

1% Rowp opded g/ 142
N ©

oL UuDSDDSDNSDNSNSD S BUBlisieden @3 uned
SOOI ANNRAWN OOV RWN SOOI NN W

Analyst

of dynamic quenching. What’s more, the Stern-Volmer curve

was plotted according to Stern-Volmer equation (Equation 2)

FyF =1+ Kg/[O] 2

F and F are fluorescence intensities of the SINDs mixed with
and without permanganate, respectively. Ky is the quenching
constant. /Q] is the concentration of permanganate. As shown
in Fig. 2D, the curve is not a straight line, but a bending line
concaving toward the y-axis, which confirmed that the
fluorescence quenching was result from the combination of
dynamic and static quenching. The coexistence of both
dynamic and static quenching might also explain the highly
efficient fluorescence quenching of SiNDs by permanganate,
which is just favorable to construct the quenching-and-

recovery based sensor.

3.4. H,0,; detection

As mentioned above, the fluorescence of SiNDs can be
effectively quenched by permanganate due to the inner filter
effect which can be easily eliminated through the redox
reaction of permanganate with H,O,. It is reasonable to infer
that the quenched fluorescence will be recovered when H,0,
is added into the mixed solution of SiNDs with permanganate,
and the recovery degree can be modulated by H,0,
concentration. Besides, the inner filter effect is well-known as
a simple and effective way for fluorescence modulation, also
regarded as a smart approach for the design of nanocrystal-
based biochemical sensors.3> 3> Hence, in this work, a simple
and novel fluorescence sensor for H,O, detection was
constructed, the schematic diagram is illustrated in Scheme
IB. Since the concentration of permanganate is a key factor
that influences the sensor response to H,O,, we investigated
the concentration of potassium permanganate, and fixed the
optimal concentration at 3.9 mM (Fig. S6). Then the
sensitivity of the as-constructed sensor was evaluated. As
shown in Fig. 3A, the fluorescence signal of the sensor
dramatically increased with the increase of the concentration
of H,0,, and the fluorescence intensity versus H,0,

concentration was plotted at a wide concentration range from

4.0 nM to 20 uM (Fig. 3B). There is a good linear

6 | J. Name., 2012, 00, 1-3

relationship (R? = 0.9938) between the fluqrescence

. . . .%ot 1(5).1039[C9/—\i\100595
intensities and H,O, concentrations with a detection limit o

2.8 nM (calculated from signal-to-noise ratio of 3.0). To our
knowledge, the sensitivity of this sensor is superior to those
of some fluorescence

previously (Table S2).344!

nanosensing method reported
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Fig. 3 (A) Fluorescence spectra of the sensor in response to the
different concentrations of H,0,. (B) Relationship between the
fluorescence intensity and H,O, concentration, inset: corresponding
calibration curve for H,O, detection.

3.5. Glucose detection

As is known, a lot of biomolecules which play important
roles in physiological reaction and human health, can be
oxidized by their specific oxidases to generate H,O,. It means
that the fluorescence sensor responded to H,O, could be
extended to the oxidase-based biomolecule detection. As a
proof-of-application demonstration, a sensitive biosensor for
glucose detection was constructed, the schematic diagram of
sensing is illustrated in Scheme 1B. To evaluate the linear
response range and sensitivity of glucose detection, the
fluorescence emission titration experiment with increasing
concentrations of glucose was carried out. As shown in Fig.
4A, the fluorescence signal gradually enhanced with the
increase of glucose concentration. There is a clear linear
relationship (R? = 0.9926) between the fluorescence intensity
and the concentration of glucose over the range from 0.16 to
16 uM (Fig. 4B). It is noted that the detectable minimum
concentration of 0.16 uM meets well the requirement for
clinical diagnosis (threshold glucose concentration for
diabetes patients is about 7 mM#*?). In addition, the limit of
detection (LOD) was calculated as 0.11 uM based on the

linear fitting and signal-to-noise ratio of 3.0. To the best of

This journal is © The Royal Society of Chemistry 20xx
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our knowledge, this LOD can be comparable with or even
lower than those of most fluorescence sensing strategies
reported previously (Table S2).3% 36, 39, 40, 4345 Gelectivity is
also a key parameter to evaluate the sensing performance, so
the experiment of recognition to different biomolecules with
the as-constructed sensor was conducted. It was shown that
the signal of glucose recognition was obviously stronger than
those of other molecules detection (Fig. 4C). This excellent
selectivity was mainly attributed to that the glucose oxidase-
catalyzed oxidation reaction was triggered exclusively by the
target glucose. Moreover, to evaluate the detection capability
in complex biological environment, different concentrations
of glucose were separately spiked into the 20% diluted human
serum, and then the samples were tested with the fluorescence
sensor, respectively. As shown in Fig. 4D, the fluorescence
signals detected in the diluted human serum had no
significant differences with those obtained in buffer, which
indicated the stability of detection as well as the potentiality
of real sample analysis. Such satisfactory performance of the
sensor benefited from the specificity of the catalytic oxidation
fluorescence

reaction and the reproducibility of the

quenching-recovery.
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Fig. 4 (A) Fluorescence spectra of the sensing system in response to
the different concentrations of glucose. (B) Relationship between the
fluorescence concentration,  inset:

intensity and  glucose

corresponding calibration curve for glucose detection. (C)
Fluorescence signals of the sensor responded to glucose compared to
the other carbohydrates and substances. (D) Fluorescence signals of

glucose detection in buffer and diluted human serum samples,
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respectively. Fy is fluorescence intensity of the sensing system. ig the
absence of target molecule, F is fluorescenc® fniteisifip O e \Sensing
system in the presence of glucose or other molecules.

3.6. Versatility of detection

To demonstrate the versatility of the fluorescence sensor
in H,O,-related biomolecule detection, the feasibility of
cholesterol detection was explored. The principle of
cholesterol detection is similar to that of glucose detection
just by replacing the glucose oxidase with cholesterol
oxidase. As shown in Fig. SA, when the cholesterol oxidase
and cholesterol were individually added into the mixture
solution of SiNDs with potassium permanganate, only weak
fluorescence signal was detected, which had no obvious
differences with that of adding buffer into the mixture
solution. However, when cholesterol was premixed with
cholesterol oxidase for sufficient reaction and then added into
the mixture solution, obvious fluorescence emission was
obtained, which indicated that the H,O, generated from the
oxidation of cholesterol by cholesterol oxidase resulted in the
significant fluorescence recovery of SiNDs. What’s more,
with the increase of cholesterol concentration, the
fluorescence signal of the sensor dramatically enhanced (Fig.
5B). Therefore, these results fully confirmed the feasibility of
cholesterol detection as well as the versatility of the newly
proposed sensing strategy in this work. It is reasonable to
infer that other biomolecules, such as uric acid, choline and

amino acid, could also be detected with the proposed sensing

strategy.
A B
023 0.25
0204 . 020
,L?: 015 g 0154
< B
= =]

010 0.104

0.05 005

s Rl ol i gl Gl * Chotcterat Coneentration (u¥1)
Fig. 5 (A) Fluorescence signals of the probe solution consisted of
SiNDs with potassium permanganate mixed with different solutions,
respectively, Fy is fluorescence intensity of the probe solution, F is
fluorescence intensity of the probe solution mixed with different
solution. Cholesterol, 15 uM; Cholesterol oxidase, 0.02 U-uL!. (B)
Fluorescence of the

signals sensor responded to different
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concentrations of cholesterol, Fy and F are fluorescence intensities of
the sensing system in the absence and presence of cholesterol.
Cholesterol oxidase, 0.02 U-uL!.

4. Conclusions

In summary, we put forward a new synthesis method of
fluorescent SiNDs which was further applied in the
construction of biochemical sensor for H,0,-related
molecules. The successful preparation of SiNDs with mild
reagents and simple operation enriched the strategies for
simple, fast and facile synthesis of SiNDs. Based on the
finding that the fluorescence of SiNDs can be quenched
obviously by permanganate due to the inner filter effect, a
novel fluorescence sensor for H,O, and glucose was
proposed. The as-constructed fluorescence sensor exhibits
high sensitivity, selectivity and stability. In addition, this
biochemical sensor could be extended to the detection of
different target molecules, which indicates the versatility of
the sensing strategy. Therefore, it is reasonable to expect that
our efforts will provide new insights into the nanosensing of

H,0,-related biomolecules, as well as broadening the

biochemical applications of fluorescent SiNDs.
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