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Abstract

In this study, carbon quantum dots (CQDs) were first synthesized using a hydrothermal method, and then, Au@SiO, core-
shell nanomaterials were synthesized using layer-by-layer assembly. CQDs were adsorbed on the surface of Au@SiO,
nanoparticles through self-assembly to form Au@SiO,/CQDs nanocomposite materials. Transmission electron microscopy
and X-ray diffraction were used to characterize the size, shape, element composition, and structure of nanocomposites;
ultraviolet-visible absorption spectroscopy and fluorescence spectroscopy were used to analyze the optical properties of
nanocomposites. The results show that Au@SiO,/CQD nanomaterials have a core-shell structure with good morphology and
exhibit excellent luminescence characteristics. The electrochemical performance of nanocomposites was characterized using
electrochemical means, and a hydrogen peroxide sensor was constructed for the sensitive detection of hydrogen peroxide,
thus realizing the rapid and sensitive detection of hydrogen peroxide at levels as low as 0.2 mM. The electrode GCE modified
with Au@SiO,/CQDs exhibits good selectivity and stability in the detection of hydrogen peroxide.
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Introduction advantages of simple operation, high detection sensitivity,
and fast response speed. Therefore, a type of H,0O, sensor

H,0, is a signal molecule that can regulate various biologi-  was constructed to be used for the sensitive detection of

cal processes such as immune cell activation [1] and cell
imaging [2]. However, excess H,0, can interfere with the
conduction of other signaling, which can cause diseases
such as cardiovascular disease, Alzheimer’s disease, and
cancer. Therefore, it is very important for H,O, detection.
Various measurement methods for H,0, have been explored,
including fluorescence detection [3] and chemiluminescence
[4]. Among them, the electrochemical method [5] has the
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H,0, [6].

Carbon quantum dots (CQDs) are a type of 0D nanomate-
rials with a size of < 10 nm [7]. It has the advantages of high
fluorescence intensity, good photostability, wide excitation
spectrum and narrow emission spectrum, large Stokes shift,
long fluorescence lifetime, and good biocompatibility [8].
Therefore, it has great application prospects in fluorescence
detection [9], biological imaging [10], biosensor [11], and
medicine [12]. Among the multiple properties of CQDs, the
most attractive one is its unique optical properties. It can
be used as an electrochemiluminescent material; however,
because of its own surface defects, its electrochemilumines-
cence intensity is low.

With the development of nanomaterials, precious metal
nanomaterials have attracted considerable attention. Au
nanomaterials have a local surface plasmon resonance
(LSPR) effect. At the resonance wavelength, Au nanopar-
ticles both scatter and absorb incident light. LSPR excita-
tion will produce an enhanced electromagnetic field around
nanoparticles [13, 14] and will have an impact on the proper-
ties of the nanomaterials around Au nanoparticles. Coating
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CQDs on the surface of Au@SiO,, based on the SPR of Au
nanoparticles, the luminous efficiency of CQDs is consider-
ably improved. SiO, acts as a spacer between Au core and
CQDs [15]; by adjusting the thickness of SiO, shell, Au
nanoparticles can either enhance or quench the properties of
CQDs because of the optical transparency and biocompat-
ibility of SiO,. Moreover, the SiO, coating will not affect
the properties of Au nanoparticles and CQDs, and SiO, can
increase the specific surface area, improve stability and pro-
vide modification sites for the easier modification of func-
tional groups such as amino and carboxyl groups [16, 17].
For hydrogen peroxide sensors, the synergy between CQDs
and Au@SiO, enables Au@ SiO,/CQD nanocomposites to
exhibit excellent electrochemiluminescence performance
and can be used as an ideal material.

This study reports a method for preparing Au@SiO,/
CQD nanocomposite, along with the electrochemilumi-
nescence of CQDs and the detection signal amplification
of Au@SiO,. Furthermore, it can be used for developing
hydrogen peroxide sensors and sensitive detection of differ-
ent concentrations of hydrogen peroxide.

Experimental
Chemicals

Chloroauric acid (HAuCl,-4H,0, 99.999%), cetyltrimeth-
ylammonium bromide (CTAB, 99.0%), sodium hydroxide
(NaOH, >96%), formaldehyde (CH,O, 37.0%), tetraethyl
orthosilicate (TEOS, >98.0%), methanol (CH;0, 99.7%),
ethanol (C,HO, 95.0%), glucose monohydrate (C4H ,0q.
H,0), chloroacetic acid (C,H;ClO,, 99.5%), 3-aminopropyl)
trimethoxysilane (APTES, 97%), hydrogen peroxide (H,O,,
30%), and deionized water were used for all experiments.

Synthesis of carbon quantum dots

The CQD solution was synthesized using a hydrothermal
method. For this purpose, weigh 1 g of glucose, add 25 mL
of deionized water, stir at room temperature for 10 min, and,
after all particles are dissolved, transfer to a polytetrafluoro-
ethylene reactor for reaction in a drying oven.

Subsequently, weigh 1 g of glucose, add 12.5 mL of etha-
nol, and 12.5 mL of deionized water, stir at room tempera-
ture for 10 min, and, after all particles are dissolved, transfer
to a polytetrafluoroethylene reactor for reaction in a drying
oven.

Both reaction solutions changed the reaction time (2, 4,
6, and 8 h) and changed the reaction temperature (160 °C,
180 °C, and 200 °C). After the reaction, pure carbon was
obtained using centrifugation and suction, and the QD solu-
tion was stored at 4 °C for later use.
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Synthesis of Au@SiO, nanoparticles

CTAB (0.05 g) was dissolved in deionized water (24 mL),
and then 0.5 mol/L of NaOH solution was added. The reac-
tion was conducted in a water bath at 80 °C for 15 min, and
then 412 pL of 0.048 mol/L. AuCl,-4H,0 solution and 500
pL of formaldehyde solution were added. In a few seconds,
the solution changed from colorless to wine red and then
reacted for 10 min to obtain Au nanoparticles.
Subsequently, the mixture of ethyl orthosilicate and meth-
anol (mol% = 4:1) was allowed to react for 6 h, centrifuged,
and then washed with ethanol and deionized water at 8000
rpm for three times to obtain Au@SiO, nanoparticles [18].

Synthesis of Au@SiO,/CQD nanocomposite

The synthesis of Au@SiO,/CQD nanoparticles is divided
into three steps:

(1) Hydroxylation of CQDS: Accurately weigh NaOH
(0.005 g) and chloroacetic acid (0.01 g) into pure
CQDS solution (2 mL), followed by ultrasonication
for 3 h. Then, ensure the water temperature remains
constant during ultrasonication.

(2) Amination of Au@SiO, nanoparticles [19]: Disperse
2 mL of Au@SiO, nanomaterials in 20 ml of ethanol,
add 2 pLL APTES, stir at room temperature for 24 h, and
centrifuge for washing.

(3) Adsorption of CQDs on Au@SiO, surface: Disperse
hydroxyl-functionalized CQDs and amino-functional-
ized Au@SiO, in ethanol (20 mL), stir at room tem-
perature for 12 h, and centrifuge and wash to remove
unadsorbed CQDs solution to obtain Au@SiO,/CQD
nanoparticles.

Electrode preparation and electrochemical
measurement

Using a three-electrode system, electrochemical characteri-
zation and analysis were performed on the CHI660c electro-
chemical analyzer. The working electrode was a glassy car-
bon electrode covered with Au@SiO,/CQD nanomaterials,
the reference electrode was an Ag/AgCl electrode, and the
counter electrode was a Pt electrode. Electrolyte solution:
0.1 mol/LL KClI solution and 2 mmol/L K;[Fe(CN),] solution
prepared now.

Electrode preparation: A glassy carbon electrode (GCE,
® =3 mm) was subsequently polished with 0.3-pm alumina
slurry. The GCE was ultrasonically cleaned with ethanol and
deionized water and dried at room temperature. Moreover,
the solutions of CQDs (5 pL) and Au@SiO,/CQDs (5 pL)
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were subsequently dropped on the GCE, and then dried at
room temperature. H,0O, detection was performed using a
time—current curve.

Characterization

Transmission electron microscopy (TEM) and high-resolu-
tion transmission analysis were performed at an accelerat-
ing voltage of 200 kV using Tecnai G2 F20 S-TWIN field-
emission transmission electron microscope (FEI Company,
USA). UV-2550 UV-Vis spectrophotometer (Shimadzu) was
used for UV-vis absorption analysis. Fluoromax-4 steady-
state/transient fluorescence spectrometer (HJI'Y Company,
France) was used to test the fluorescence spectrum. X-ray
diffraction (XRD) analysis was performed using the DMAX
UITIMAIV X-ray diffractometer (Rigaku). Cyclic voltam-
metry curves and AC impedance spectra were obtained using
CHI660c electrochemical workstation (Shanghai Chenhua
Instrument Co., Ltd.). The time—current curve was obtained
using German Zahner electrochemical workstation.

Results and discussion
Characterization of CQDs

Figure 1 shows the CQDs synthesized using a hydrothermal
method and characterized by TEM. The figure shows that the
synthesized CQDs are quasi-spherical with good dispersion
and no aggregation. From Fig. 1b (inset), the lattice fringes
of CQDs can be clearly observed, which corresponds to the
(002) reflection of graphitic carbon [20]. The size of CQDs
is approximately between 2 and 3.5 nm, and the average par-
ticle size is 2.85 nm through particle size statistical analysis.

Figure 2 shows the optical properties of CQDs are char-
acterized by fluorescence and ultraviolet spectroscopy. Fig-
ure 3a shows the UV absorption spectrum of CQDs. There

Fig. 1 a TEM images of CQDs
with different magnification
factor and (b) high-resolution
images of carbon quantum dots
inserted

is obvious absorption in the ultraviolet region, and the maxi-
mum absorption peak is at 283 nm. This is attributed to the
n-nt* transition of the C=0 bond, and the n-n* transition
of the conjugated C=C. Figure 2b shows the fluorescence
spectrum of CQDs. With excitation from 320 to 420 nm,
the emission peak position red-shifted from 406 to 478 nm,
indicating that the prepared CQDs have excitation wave-
length dependence, which may be attributed to the difference
of light selectivity of differently sized nanoparticles [21].
Moreover, the excitation light has a wide wavelength range
and a large Stokes shift [22], which can effectively avoid the
overlap of emission and excitation spectrums [23]. These
characteristics are consistent with the literature reports and
can meet the requirements of further application.

When using glucose as carbon source and deionized
water as solvent to synthesize CQD-based solution, the
fluorescence spectrum obtained is shown in Fig. 2c. The
fluorescence intensity of CQD-based solution increased with
increase in reaction time, and the highest fluorescence inten-
sity was obtained at 8 h. Because the reaction temperature
increased, the fluorescence intensity increased in sequence,
and the fluorescence intensity was the strongest at 200 °C.
When using glucose as carbon source and ethanol and deion-
ized water as solvents to synthesize CQD-based solution,
the fluorescence spectrum obtained is shown in Fig. 2c.
The fluorescence intensity of CQDs first increased and then
decreased with extension of reaction time. The highest fluo-
rescence intensity was obtained at 4 h. As the reaction tem-
perature increased, the fluorescence intensity sequentially
increased and the fluorescence intensity was strongest at 200
°C. From the comparison between these two figures, when
ethanol is added to the solvent, the fluorescence intensity
is significantly higher than that of CQDs synthesized using
only deionized water as the solvent. Because of the high
fluorescence intensity and low requirements of experimen-
tal conditions, CQDs synthesized with ethanol and water as
solvents for subsequent experiments.

@ Springer
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Fig.2 a UV-vis spectra of 13
CQDs synthesized with ethanol 5] (@)
and water as solvents; b fluo-
rescence spectra of CQDs at
different excitation wavelengths;

the fluorescence spectra of iy
CQDs synthesized with water 2 08+
as a solvent (¢) and ethanol as a 06

solvent (d) at different reaction
temperatures and times were
studied %]
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Fig.3 Schematic diagram of the
synthesis process of Au@SiO,/
CQDs nanocomposites

O Au

Synthesis of Au@SiO, nanoparticles and coating
of CQDs

Figure 3 shows the fabrication of Au@SiO,/CQDs nano-
composites. At first, Au nanoparticles were synthesized by
the reduction of chloroauric acid with CTAB as a template.
Then, by adding tetraethyl orthosilicate, the surface of Au
nanoparticles was coated with a layer of SiO, shell to obtain
Au@SiO, nanoparticles. Note that the thickness of SiO,
shell can be adjusted by changing the amount of tetracthyl
orthosilicate solution, and then (3-aminopropyl)trimethox-
ysilane (APTES) was added to modify the surface of SiO,
with amino functional groups. To synthesize the CQD-based
solution using a hydrothermal method, the reaction solvent,
reaction temperature, and reaction time were changed, the
best reaction conditions were determined, and chloroacetic
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acid was added to enrich the surface of CQDs with hydroxyl
functional groups. To synthesize Au@SiO2/CQDs nano-
composites, amino-functionalized Au@SiO, nanoparticles
and hydroxyl-functionalized CQDs are combined with N-H
bonds.

Au@SiO, core-shell nanomaterials with different SiO,
thicknesses were synthesized by changing the TEOS amount
and adding ethanol. The morphology of Au@SiO, struc-
ture was characterized by a transmission scanning electron
microscope. The TEM image obtained is shown in Fig. 4.
The synthesized Au@SiO, nanoparticles have a nearly
spherical core-shell structure. The black area in the center
is the Au core; the light-colored area around the Au is the
wrapped SiO, shell. Figure 4c (inset) is a high-resolution
image of the Au core, and the lattice spacing can be clearly
observed, which is 0.24 nm, and corresponds to the (111)
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Fig.4 TEM image of Au@SiO, core-shell nanoparticles. Add TEOS ethanol solution (a) 400 pL, (b) 500 pL, (c) 580 pL, (d) 720 pL, (e) 900
pL, (f) 1150 pL; the illustration in (¢) is a high-resolution image of the Au core; g-i TEM image of Au@SiO,/CQD nanocomposite structure

crystal plane of Au. When the Si source is 400 and 500
pL, Fig. 3a and Fig. 4b show that the surface of SiO, is
rough, but the particle size distribution is uniform. With
increase in the amount of Si source, the surface of SiO,
gradually became smooth. When the amount of Si source is
1150 pL, a large number of SiO, spheres are formed, which
indicates that the amount of Si source has reached saturation.
The thickness of SiO, shell of Au@SiO, nanoparticles was
measured using Nano Measure. Figure 5 shows the resulting
particle size distribution diagram. When the amount of Si
source added is 400-900 pL, the corresponding SiO, shell
thickness average size is 24.5, 28.5, 29.9, 30.6, and 32.3
nm, respectively; the change is not obvious. Until the addi-
tion of Si source is 1150, a large number of silicon spheres
appear. This indicates that the thickness of self-assembled
Si0, has reached saturation; moreover, the growth of SiO,
shell can be seen from the change in thickness and size. With
increase in the amount of Si source added, the thickness of
SiO, shell gradually increased. When the added amount was
small, the size obviously increased. When the added amount

increased from 900 to 1150 pL, the size increased became
smaller. Figure 4g, Fig. 4h, and Fig. 4i shows that CQDs
adsorbed on the surface of Au@SiO, core-shell structure;
the lattice fringes of CQDs on SiO, surface can be clearly
seen from the high-resolution image of Fig. 4i the lattice
spacing is 0.32 nm, corresponding to the (002) crystal face
of graphite carbon.

Figure 6 is the infrared spectrum of Au@SiO,/CQDs,
with obvious infrared peaks appearing at 3379.71 cm!,
2924.22 cm™, 2853.83 cm™, 1636.80 cm™, 1045.65 cm™,
965.11 cm™!, and 784.51 cm’.. Among them, the peak of
3379.71 cm’! is attributed to the stretching vibration of N-H,
indicating that Au@SiO, successfully aminated. The peak
at 924.22 cm! is regarded as the stretching vibration of C-H
in the carbon-to-carbon double bond. The peak at 2853.83
cm’! belonged to the stretching vibration of C-H in — CHO,
the peak of 1636.80 cm™! is due to C=C stretching vibra-
tion, and the peaks at 1045.65 cm™ and 965.11 cm™! are
attributed to Si-O stretching vibration and bending vibra-
tion, respectively. The peak at 784.51 cm™! is regarded to the
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Fig.6 The infrared spectrogram of Au@ SiO2/CQDs nanoparticle

out of plane bending vibration of C-H in the carbon-carbon
double bond. By analyzing the infrared spectrum, it was
found that the functional groups of the complex were both
aminated Au@SiO,. The N-H in, as well as the carbon-to-
carbon double bond in carbon quantum dots, indicating the
structure of Au@SiO, @ CQD composite.

Figure 7 shows the structure of Au@SiO, nanomaterials
was analyzed by XRD. There are four distinct diffraction
peaks at 38.2°, 44.4°, 64.7°, and 77.6°, corresponding to
the (111), (200), (220), and (311) planes of the Au cubic
face-centered phase (JCPDS card PDF#99-0056) [24]. The
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Fig.7 XRD patterns of Au@SiO, nanomaterials synthesized with
different TEOS ethanol solution addition amounts

broad peaks marked with black triangle between 20° and 25°
correspond to the SiO, shell (JCPDS card PDF#38-0651);
the SiO, coated is amorphous [25]. From bottom to top in
the spectrum, the Au@SiO, nanostructures synthesized by
adding TEOS and ethanol solutions of 400, 500, 580, 720,
900, and 1150 pL as the amount of silicon source increase;
namely, as the thickness of the SiO, shell increases, the
intensity of the Au diffraction peak decreases.

The optical properties of Au@SiO,/CQD nanocompos-
ites were characterized using UV-vis spectroscopy. Figure 8a
shows the absorption spectrum of the pure composite of



Gold Bulletin (2023) 56:145-155

151

Fig.8 a UV-vis spectra of
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CQDs and Au@Si0,/CQDs. CQDs exhibit a strong absorp-
tion at 283 nm. When CQDs are adsorbed on the surface of
Au@SiO, nanoparticles. This absorption peak disappears
because of the coordination combination of hydroxylated
CQDs and aminated Au@SiO,, resulting in a change in
the polarity of the coordination environment of CQDs. The
Au@Si0,/CQD composite material has an absorption peak
at 539 nm, which is the SPR absorption peak of Au nanopar-
ticles. The absorption spectrum shown in Fig 7b is obtained
by adding different amounts of TEOS in ethanol to obtain
nanoparticles with different SiO, shell thicknesses. With
increase in the amount of Si source added, the absorption
peak position has a slight red shift from 527 to 536 nm. This
is attributed to the SPR characteristics of Au nanoparticles,
which largely depends on the dielectric constant of the sur-
rounding medium of Au nanoparticles. Because the refrac-
tive index of SiO, (n = 1.4585) is higher than that of water
(n = 1.3325), the position of absorption peak is red-shifted
after coating with SiO, on the surface of Au, and the thicker
the SiO, shell, the more the redshift.

The Au@SiO,/CQDs composite material was charac-
terized using fluorescence spectroscopy, and the excitation
wavelength was selected as 352 nm to test the emission spec-
trum. Figure 8c shows that the fluorescence intensity first
increases, and then decreases with increase in the amount
of Si source; moreover, the fluorescence intensity is the
strongest at 720 pL. Compared with the hydrolysis in etha-
nol, the increase of SiO, layer thickness is not obvious, but
the maximum SiO, thickness is about 30 nm according to
the fluorescence test (Fig. 8c). Figure 8d is to prepare Au@

T T T T T
550 600 650 400 450 500 550 600
Wavelength (nm)

Wavelength (nm)

Si0,/CQD composite material by changing the amount of
CQDs added, adding 0.5 mL, 1 mL, 2 mL, and 3 mL of
CQDs, respectively, as the amount of CQDs increases, the
fluorescence intensity increases. When the amount of CQDs
increased from 2 to 3 mL, the increase in fluorescence inten-
sity was not obvious; therefore, the optimal amount of CQDs
was 2 mL.

Electrochemical characteristics

Electrochemical impedance technology can effectively
monitor the assembly effect of electrodes. EIS comprises
two parts: one part is a semicircular part representing high
frequency, which can indicate the migration ability of elec-
trons on the electrode surface. The larger the diameter of
the arc, the greater the resistance of electron migration, i.e.,
the greater the resistance of the electrode. The other part
is the low-frequency linear part, which corresponds to the
diffusion process at the interface between the electrode and
electrolyte [26]. After many attempts, it was found that the
pH value has a significant effect on the potential of the oxi-
dation and reduction peaks which is believed to occur due
to the participation of protons in the electrode reaction [27].
When pH = 6.5, the peak performance is relatively stable, so
the system studied in this article is set to pH = 6.5.

As shown in Fig. 9a, curve m represents the bare glassy
carbon electrode, curve n represents CQDS-modified
glassy carbon electrode, and curve p represents Au@
Si0,@CQD. The modified glassy carbon electrode was
used as the working electrode. It can be seen from the

@ Springer
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figure that the electrochemical reaction resistance of bare
glassy carbon electrode is the largest, and the resistance of
CQDS-modified glassy carbon electrode is reduced Au@
510, @CQD The minimum resistance is obtained by modi-
fying the glassy carbon electrode Au@SiO,@CQD/GCE.
The electrode resistance is roughly estimated to be 2200
Q, indicating that Au@SiO,@CQD. Compared with the
pure CQDS, the nanocomposites have stronger electron
transport capacity, and their core-shell structure is con-
ducive to providing larger response surface and electron
transfer channels [28]. Furthermore, the migration resist-
ance of electrons on the surface of electrode changes with
the change in modifier, which indicates that the modifier
is successfully modified to the electrode surface and elec-
trode is successfully assembled.

Cyclic voltammetry (CV) curves of the ferricyanide sys-
tem are an effective tool to characterize the electrochemical
behavior of electroactive materials on the electrode surface
[29]. The electrical activities of glassy carbon electrodes
modified with different materials were recorded in an elec-
trolyte containing 2.0 mmol/L K; [Fe (CN) (] and 0.1 mol/L
KCI containing 10 mM H,0,, as shown in Fig. 10a. Curve
A is bare glassy carbon electrode, showing redox peaks at
0.78 V and 0.53 V; curve B is CQDS-modified glassy car-
bon electrode, and the peak values at 0.82 V and 0.46 V
are not obvious; curve C is Au@SiO,/CQDs. The modified
glassy carbon electrode was prepared at 0.71 V and 0.63 v.
A more obvious redox peak of [Fe (CN) (] 3- was observed
at v Au@SiO,/CQDs. The modified glassy carbon elec-
trode has fast electron transfer efficiency. The surface area

Fig. 10 a Bare GCE; beqds/ 0
GCE; C with different working 15
electrodes Au@SiO,/CQDs/
GCE. Cyclic voltammetry
curves in 2.0 mmol/L K; [Fe
(CN) 4] and 0.1 mol/L KClI elec-
trolyte containing 10 mM H,0,.
b Cyclic voltammetry curves
with Au@SiO,/CQDs/GCE in £l
electrolytes containing different 154
concentrations of H,O,; scan-
ning rate: 50 mV/s. ¢ Cyclic
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of different modified electrodes was estimated by Randles-
Sevcik equation.

I, = 2.69 x 10°AD'/2p3/2/1/2C

where IP is the peak current value; D is the diffusion
coefficient of K5 [Fe (CN) (], which is (7.6 X 10 cm [2]/
s); n is the electron transfer number of the reaction system,
which is 1; y is the scanning rate, which is 50 mV/S; and C
is the concentration of K; [Fe (CN) ], which is 2 mmol/L.

The electroactive surface area of different electrodes was
estimated, Au@SiO,/CQDs/GCE. The electroactive area of
the electrode is about 1.42 times of the bare GCE electrode
and 2.63 times of the CQDS/GCE electrode (Au@SiO,/
CQDs/GCE). The large surface activity of the electrode can
be attributed to the adsorption of CQDS on the surface of
Au @ Si0,. Si0, provides a large specific surface area and
increases the active area of the electrode. Au provides good
conductivity [30] and excellent catalytic activity.

Therefore, electrochemical analysis could be conducted
using the electrode modified with Au@SiO,/CQDs nano-
composites. Figure 10b shows the obtained cyclic voltamme-
try curve in electrolytes containing different concentrations
of H,0, using Au@Si0,/CQDs/GCE electrode. As shown
in the figure, the upward peak is the oxidation process, cor-
responding to the oxidation peak, and the downward peak is
the reduction process, corresponding to the reduction peak.
With the increase of H,0, concentration, the oxidation peak
potential moved from 0.78 V to 0.76 V, the reduction peak
potential moved from 0.53 V to 0.56 V, and the reduction
peak current increased significantly with the increase of
H,0, concentration, indicating Au@SiO,/CQDs/GCE elec-
trode has good electrocatalytic activity for the reduction of
H,0,, which belongs to a typical electrocatalytic reduction
process [31].

Cyclic voltammetry curves at different scanning rates of
Au@Si0, @CQDs/GCE electrodes was studied, as shown
in Fig. 10c. With the scan rate increasing from 10 mV/s to
100 mV/s, the peak potential changes little with the scanning

rate, and the response of peak current changes obviously.
The redox peak current becomes more negative with the
correction of oxidation peak current change. The peak cur-
rent has a good linear relationship with the square root of
scanning rate, as shown in Fig. 10d. The black square curve
represents the change of oxidation peak current with the
square root of scanning rate. The linear equation is I (p a) =
1.648 (V) 1/2(MV /s) 1/2 + 3.096 The linear equation is
I(pa)=-2.120(V) 1/2(MV /s) 1/2-3.756 (R2 = 0.986).
Therefore, the redox reaction on the surface of Au@SiO,/
CQDs/GCE electrode is corresponding to a semi-infinite
linear diffusion process [32, 33].

As Au@SiO,/CQD nanocomposites show better catalytic
activity compared to pure CQDs, therefore, Au@SiO,/CQD-
modified glassy carbon electrode was selected to study the
ampere response of H,0, to achieve better detection results.
Select Au@Si0O,/CQDs/GCE as the working electrode in
2.0 mmol/L K;[Fe(CN)¢] and 0.1 mol/L KCI electrolyte
under the condition of constant voltage. Observe the cur-
rent change with the addition of different concentrations of
H,0,; Fig. 11a shows the time—current curve. Obvious cur-
rent response can be obtained when adding a small dose of
0.2 mM. After each addition of H,0,, the maximum response
can be reached within 4 s, indicating that the working elec-
trode has a rapid response to H,0O,. As shown in Fig. 11b,
the linear curve of current with the concentration of H,0O,
is made. The current has a good linear relationship with the
concentration of H,0,, and the corresponding linear equation
is as follows: I (pA) = —0.55 C (mM) — 0.306 (R = 0.98712),
and the linear response range is from 0.2 to 18 mM.

The interference of external factors needs to be consid-
ered In the process of detecting H,0,. Added possible inter-
fering substances (with a concentration of ImM) such as
ascorbic acid, lactic acid, and glucose to the electrolyte solu-
tion for testing, the results show that the above substances
had no significant impact on the determination of the modi-
fied electrode, indicating that the modified electrode had
good selectivity under these experimental conditions.

The reproducibility and repeatability of the sensors used
for detection are crucial. Before the electrode was used to
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Fig. 11 a Amperometric
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Fig. 12 Cyclic voltammetry curves obtained from GCE modified
with Au@SiO, @CQDs before (a) and after (b) storage at room tem-
perature for 1 week in a solution containing 5SmM H,0,

explore stability, it was used in the experiment shown in
Fig. 10 and the electrode exhibits good cycling stability after
100 cycles of cyclic scanning. And then keep it in air at
room temperature for a week. Figure 12 shows the compari-
son of GCE modified with Au@SiO,/CQDs before and after
being stored in air without any protection for a week. It can
be seen that the oxidation reaction shows a little shift, with a
slight decrease in peak current. The results show the stabil-
ity of the Au@SiO,/CQD-modified electrode is excellent.

Conclusion

In this study, CQDs were synthesized using a one-step
hydrothermal method; moreover, Au@SiO,/CQD nanocom-
posites were synthesized using a layer-by-layer wrapping
method. The nanocomposites showed excellent electrochem-
ical properties. By constructing a hydrogen peroxide sensor
for the sensitive detection of H,O,, the minimum detection
concentration can reach 0.2 mM, which has the advantages
of high sensitivity and fast response. The electrode GCE
modified with Au@SiO,/CQDs exhibits good selectivity and
stability in the detection of hydrogen peroxide. Therefore,
for H,0, sensors, Au@Si0O,/CQDs nanocomposite materials
can become ideal materials.
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