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ABSTRACT: For the first time, a series of noble metal (Ag,
Au, Pd, and Pt) nanoparticles (NPs) based on new functional
graphene were successfully achieved via UV-assisted photo-
catalytic reduction by ZnO nanorods. The whole preparation
strategy for constructing noble metal deposited graphene
sheets/ZnO (GS/ZnO) was elucidated in detail in this work.
First, graphene oxide based two-dimensional carbon nano-
structures served as a support to disperse ZnO nanorods
through a hydrothermal route. The ZnO nanorods were self-
assembled onto the surface of graphene sheets, forming GS/
ZnO nanocomposite, and the graphene oxide was reduced,
yielding reduced graphene sheets in this synthetic procedure.
Second, the GS/ZnO films were further employed as
supporting materials for the dispersion of metal nanoparticles. Photogenerated electrons from UV-irradiated ZnO were
transported across GS to stepwise and respectively reduce v μL metal ions (Ag+, Pd2+, AuCl4

−, PtCl6
2‑, 20 mg/mL) into metal

(Ag, Pd, Au, Pt) NPs at a location distinct from the ZnO anchored site, forming five graphene-based hybrid nanocomposites
designated as GS/ZnO, GS/ZnO@Agv, GS/ZnO@Pdv, GS/ZnO@Auv, GS/ZnO@Ptv, respectively. The obtained mutihybrid
nanoarchitectured materials were clearly characterized by transmission electron microscopy (TEM) and X-ray diffraction (XRD).
According to the diameters and distribution, the four metal NPs on GS/ZnO were divided into two categories: Ag&Au and
Pd&Pt. Their difference was rooted in the rival abilities of gathering electron between graphene and different metal islands in the
photochemical reduction process. The electrochemical behaviors of the five resultant hybrid nanocomposites were investigated in
H2O2 as well as in potassium ferricyanide (Fe(CN)6

3‑/4‑) and displayed distinct electrocatalytic activity.
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■ INTRODUCTION

Hybrid nanocomposite materials with synergies different
components show distinguished performance in optics,
electronics, catalysis, and other applications.1,2 In recent years,
metal−semiconductor hybrids with improved functionality
were intensively investigated3,4 with many developed ways,
such as chemical and electrochemical metal deposition,
electrostatical metal deposition, metal sputtering, and so
forth. Among them, photochemical synthesis of metal−
semiconductor hybrids has attracted considerable attention in
recent years due to its advantages of comparatively mild
synthesis conditions, favorable prerequisites for the formation
of tight electronic contact between the components, and well
controllable kinetics.5,6 ZnO, because of its transparency in the
visible range, environmental and electrical stability, direct
energy band gap of 3.37 eV with a large excitation binding
energy of 60 meV, and so forth, was intensively used as the
semiconductor for metal deposition with photochemistry.7,8

For example, a new route to site-specific growth of Au particles
on ZnO nanopyramids under ultraviolet illumination has been

developed by Han’group.9 Claudia and co-workers synthesized
the site-specific Ag nanoparticles on ZnO nanorods through
anisotropic photoreduction of Ag+ ions.10

Graphene has become a rising star because of its one atom
thick and 2D layers of sp2-hybridized carbon structure.11,12

Unique properties, such as high specific surface areas of ∼2600
m2/g,13 high thermal conductivity, and excellent electronic
mobility,14,15 are opening a wide variety of applications in the
fields of capacitors, sensors, devices, drug delivery, and solar
cells.16−20 Specially, the ability of RGO to store and shuttle
electrons, as visualized via a stepwise electron transfer process,
demonstrates its capability to serve as a catalyst nanomaterial
and to transfer electrons on demand to adsorbed species. Using
reduced graphene oxide (RGO) as a two-dimensional support,
Kamat and co-workers prepared the TiO2−graphene nano-
composites through the UV-assisted photocatalytic reduction of
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graphene oxide, which is suspended in ethanol undergoing
reduction as it accepts electrons from UV-irradiated TiO2.

21

Continuously, they also succeeded in selective anchoring of
semiconductor and metal nanoparticles at separate sites.
Photogenerated electrons from UV-irradiated TiO2 are trans-
ported across RGO to reduce silver ions into silver nano-
particles at a location distinct from the TiO2 anchored site.22

Large-area reduced graphene oxide−ZnO thin film suspensions
were fabricated and patterned by Liua et al. with a mild
photoassisted reduction method, and its photocatalytic
performance in reduction of Cr(VI) was enhanced.23 There-
fore, through the photoelectric reduction, the electrons
photoexcited from ZnO can be transferred into GS and
combined with metal ions to produce metal nanoparticles
(NPs), which provide a convenient route to successfully embed
the resultant metal NPs with varied diameters on the GS/ZnO
films.
Herein, positively charged ZnO nanorods were first self-

assembled onto the surface of negatively charged graphene
oxide forming GS/ZnO nanocomposite through a hydro-
thermal route in the presence of poly(N-vinyl-2-pyrrolidone)
(PVP). Consequently, ZnO nanorods functionalized GS were
achieved with improved water solubility and enhanced electrical
conductivity. Then, the GS/ZnO was dispersed in polar
solvents and exposed to UV light (λ ≈ 265 nm). The
photocatalytic reduction of metal ions (Ag+, Pd2+, AuCl4

−,
PtCl6

2‑) to metal (Ag, Pd, Au, Pt) NPs occurred, and the
resultant metal NPs were embedded on the GS/ZnO films with
varied diameters as a function of the feeding volume of the
reductant. Finally, five graphene-based hybrid nanocomposites
were prepared and designated as GS/ZnO, GS/ZnO@Agv, GS/
ZnO@Pdv, GS/ZnO@Auv, and GS/ZnO@Ptv. We interest-

ingly found that the morphology as well as the distribution of
the resultant for four GS/ZnO@Mv films obtained through a
photoelectric reduction process fell into two categories: Ag&Au
and Pd&Pt. Their difference was rooted in the rival abilities of
gathering electron between graphene and different metal
islands in the photochemical reduction process. Moreover, it
was reported that incorporation of two or more catalyst
particles onto an individual graphene or reduced graphene
oxide sheet at separate sites can provide greater versatility in
carrying out selective catalytic or sensing processes.24 There-
fore, further electrochemical research including electrochemical
characteristics and electrochemical activities toward the
reduction to H2O2 of the five as-prepared graphene-based
hybrid nanocomposites has also been systematically discussed
in this work.

■ RESULTS AND DISCUSSION
Characterization of GS/ZnO@M380 Nanocomposites.

To reveal the metal NPs spreading on the GS clearly, GS/ZnO
composite was synthesized as the mass ratio of 1:2 and then
dissolved in ethanol (5 mg/mL). Upon UV irradiation, a
solution-based stepwise electron transfer process was con-
ducted as shown in Scheme 1. The first step involved one
charge separation in ZnO nanorods using UV irradiation (λ ≈
265 nm), forming electron−hole pairs. In the presence of
ethanol, the holes were scavenged to produce ethoxy radicals,
thus leaving the electrons to accumulate within graphene.
Second, the stored electrons were then transferred to the
additive metal ions (Ag+, Pd2+, AuCl4

−, PtCl6
2‑) and allowed the

reduction of metal ions to form metal (Ag, Pd, Au, Pt) islands
on the surface of graphene. Third, as irradiation continued, the
excitated electrons competed for storing within GS or gathering

Scheme 1. Schematic for the Procedures of the Preparations of (i) GS/ZnO and (ii) GS/ZnO@Pd/Pt and GS/ZnO@Ag/Aua

aInset: digital photographs of (a) GO, (b) GS/ZnO, (c) GS/ZnO@Ag, (d) GS/ZnO@Pd, (e) GS/ZnO@Au, and (f) GS/ZnO@Pt.
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around the deposited metal islands. The electrons in GS were
scavenged by metal ions to produce new metal islands, while
the electrons gathered around the previous metal islands were
captured by additive metal ions, thus making these metal
islands grow. In the presence of coinage coinage metals islands,
such as Ag and Au, electrons accumulate and pass to the islands
where they are stored,25,26 which endows the growth of the
primary metal islands. However, unlike the coinage metals,
most potent hydrogenation catalysts, such as Pd and Pt, do not
display strong plasmon bands in the UV−vis region, which is
due to the damping effect of the d−d transitions in these metals
and thus tends to wash out the free electron contribution to the
dielectric function.27 Therefore, the electrons are stored in
graphene to facilitate the deposition of growing new metal
islands at different sites on the GS/ZnO surface.
Figure 1 displays the representative TEM images for GS/

ZnO@ M380 hybrid nanocomposites at low (Figure 1a−d) and
high magnifications (Figure 1e−h). It is evident that metal NPs
are deposited on GS with high-contrast to ZnO nanorods, and
their sizes and distributions vary from each other. As revealed in
HRTEM images (Figure 1e−h), the lattice spacing of the Ag,

Pd, Au, and Pt nanocrystals are about 0.24, 0.23, 0.24, and 0.23
nm, respectively, corresponding to single crystals of Ag, Pd, Au,
and Pt all with many (111) facets,28−31 It confirms that the
black dots seen from the TEM images are the relevant metal
NPs other than ZnO nanorods.
From Figure 1, we also can see that the diameters of Ag NPs

range from 12 to 34 nm while the sizes of Au NPs are varied
from 20 to 36 nm, which is due to easy accumulation electrons
of the Ag and Au islands thus in favor of the Ag and Au islands
growth. More importantly, the Au islands are easier to pile up
electrons than Ag, thus making the size of Au NPs are larger
than that of Ag. The mechanism is further demonstrated by
continuous addition of 200 μL Ag+ and AuCl4

− solution into
the reaction system. As shown in Figure 2a and c, a part of the

small Ag and Au NPs are still exist, however, most of them
reach the sizes larger about 50 nm and 80 nm respectively.
Compared with that of Ag and Au NPs, the growth and
topography of Pd and Pt NPs are definitely different. In Figure
1b and d, we can see that the Pd and Pt NPs are relatively
uniformly distributed on GS/ZnO films with no agglomeration
and are well isolated from each other. The diameter of Pd NPs
is from 5 to 23 nm and that of the Pt NPs is 2−3 nm, which are
much smaller than Ag and Au. The reason is the two islands of
Pd and Pt have the tendency to wash out the free electrons,
thus enabling the electrons stored in GS to grow new small
metal islands at different sites. Comparatively speaking, the Pt
islands are more inclined to repel the electrons accumulation
than Pd, thus making the Pd NPs grow larger and distribute
more unevenly than Pt. Additionally, further increase of 200 μL
Pd2+ and PtCl6

2‑ solution only led to aggregation of Pd and Pt
NPs, while the increase in their particle sizes is almost
negligible (Figure 2b and d). And the Pt NPs seem to form a
kind of compact cluster. The above results conformed well with
the mechanism in Scheme 1.
Figure 3 presents X-ray diffraction (XRD) spectra of GS/

ZnO@M380, where the XRD patterns of ZnO nanorods and
GS/ZnO/M380 are also shown for comparison. Apparently,
almost all GS/ZnO@M380 samples exhibit the usual wurtzite
structure, Just like original ZnO nanorods, with similar peak
intensities and shapes, which shows 11 peaks at 31.7°, 34.4°,
36.2°, 47.5°, 56.6°, 62.9°, 66.4°, 68.0°, 69.1°, 72.6°, and 77.0°,
indexed to (100), (002), (101), (102), (110), (103), (200),

Figure 1. Typical TEM images of (a) GS/ZnO@Ag380, (b) GS/
ZnO@Pd380, (c) GS/ZnO @Au380, and (d) GS/ZnO@Pt380; HRTEM
images of the interface of (e) Ag NPs, (f) Pd NPs, (g) Au NPs, and
(h) Pt NPs and ZnO nanorods. All scale bars shown represent 50 nm.

Figure 2. Typical TEM images of (a) GS/ZnO@Ag580, (b) GS/
ZnO@Pd580, (c) GS/ZnO@Au580, and (d) GS/ZnO@Pt580.
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(112), (201), (004), and (202) planes of the ZnO crystal,
respectively.32,33 Furthermore, the observed peaks correspond-
ing to the (111), (200), (220), and (311) facets of Ag, Pd, Au,
and Pt were all assigned (JCPDS card), which demonstrated
that Ag, Pd, Au, and Pt NPs are all composed of pure crystalline
with the face-centered cubic (fcc) structure.34−37 The intensity
ratios of the (200) peak to the (111) peak obtained for the Ag
(0.401), Pd (0.464), Au (0.346), and Pt indicate that Ag, Pd,
Au, and Pt were preferentially dominated by (111) facets. The
(200) peak for Pt cannot be assigned in this XRD pattern,
which can be explained by considering that the (200) peak is
overlapped with ZnO (102).
The chemical state of the metal in GS/ZnO@M380 has been

examined by X-ray photoelectron spectroscopy (XPS). In
Figure 4a, peaks located at 284.6, 285.4, and 288.7 eV are the
deconvolution spectra from C 1s of GS/ZnO, corresponding to
C−C, C−OH, and carboxylic groups O−CO, respectively.
The low intensity of the oxygen functional groups confirms the
presence of reduction of GO into GS. The peak at binding
energy of 1023 eV corresponds to the Zn (2p3/2) and another
one located at 1046 eV is attributed to the Zn (2p1/2), which
are identical to those of ZnO nanorods. For all the metal
species, two peaks are observed, and no other peaks can be
deconvoluted (Figure 4c−f). The data and the assignments of
XPS spectra for the GS/ZnO@M380 composites definitely
indicate that the photoelectric reduction has reduced the ionic
metals into the metallic states.
Further characterization of GS/ZnO@M380 hybrid nano-

composites using electrochemical technique was also per-
formed. The cyclic voltammograms of electron transfer
indicator of Fe(CN)6

3‑/4‑ were studied at four GS/ZnO@
M380 modified electrodes. The comparison among them with
respect to the peak-to-peak separations (ΔEp) and the
magnitude of peak current were also investigated together
with GS/ZnO in Figure 5 (left). Compared with GS/ZnO, it
can be clearly witnessed that GS/ZnO@M380 based electrodes
all displayed higher magnitude of peak current and smaller ΔEp
value. Among the GS/ZnO@M380, GS/ZnO@Pt380 (curve a)
with the ΔEp value of 169 mV shows the enhanced peak
current compared with the other three with the ΔEp values of
293 mV (Pd), 365 mV (Ag), and 460 mV (Au). The order of
the peak currents is also coinciding with the ΔEp sequence very

well. Therefore, the above results reveal that electron transfer is
more facilitated at GS/ZnO@Pt380 and GS/ZnO@Pd380
surfaces. Electrochemical impedance spectroscopy (EIS)
further confirmed the above results. In Figure 5 (right), the
charge-transfer resistance (Rct) of the Fe(CN)6

3‑/4‑ redox
couple is near 3.4 kΩ at GS/ZnO substrate (curve e), and
then it decreases to 2.78, 2.39, 1.75, and 1.46 kΩ at GS/ZnO@
Au380, GS/ZnO@Ag380, GS/ZnO@Pd380, and GS/ZnO@Pt380
substrate electrodes, respectively. The decreases in the charge-
transfer resistance at GS/ZnO@M380 surfaces, particularly at
GS/ZnO@Pt380 and GS/ZnO@Pd380 surfaces, intrinsically
enhance the electron transfer, which is in good agreement
with the results obtained in cyclic voltammetry.

Electrochemical Activity of GS/ZnO@M380 Nanocom-
posites. Most metal NPs electrocatalysts have been evaluated
for both the methanol-oxidation and oxygen-reduction
reactions.38,39 In the light of the above fact that the diameters
and distribution of the four respective resultant metal NPs on
GS/ZnO exerted a significant difference, it is therefore of our
interest to investigate what role these resultant GS/ZnO@M
hybrid nanocomposites with different additive amounts of
metal ions may play on the electrocatalytical behavior of some
kind of substance. Here, we take H2O2 as the probe. Figure 6a
presents the dependence of the current responses of GS/
ZnO@M hybrid nanocomposites with different additive
amounts of metal ions to 1.0 mM H2O2 on their specific
peak potentials, which are recorded between −0.4 and +0.6 V
by cyclic voltammetry at GS/ZnO@Mv based glassy carbon
electrodes in 0.1 M PBS (pH 7.4). For GS/ZnO@Agv, GS/
ZnO@Auv, and GS/ZnO@Ptv, the current value increases
slightly with different additive amounts of metal ions, after
which the growth speeds up and reaches the maximum at their
specific amount. Taking GS/ZnO@Ptv, for example, the
current value increases slightly with adding the first 580 μL
of H2PtCl6 in small increments, after which the growth speeds

Figure 3. Typical XRD patterns of (a) ZnO, (b) GS/ZnO@Pt380, (c)
GS/ZnO@Pd380, (d) GS/ZnO@Au380, (e) GS/ZnO@Ag380, and (f)
GS/ZnO. (Inset graph is taken from the spots assigned on curves b
and c.)

Figure 4. XPS spectra of (a) C1s and (b) Zn2p in GS/ZnO, and the
photoelectric-reduced GS/ZnO@M composites: (c) GS/ZnO@Ag,
(d) GS/ZnO@Pd, (e) GS/ZnO@Au, and (f) GS/ZnO@Pt.
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up and reaches the maximum at GS/ZnO@Pt780. As for the
GS/ZnO@Pdv nanocomposites, it is soon to come to
saturation when adding only 180 μL of PdCl2. The most
active electrocatalytic behavior with the optimized amount of
metal ions toward the reduction of H2O2 for GS/ZnO@Mv, as
illustrated in Figure 6b−f, is GS/ZnO@Ag780, GS/ZnO@Pd180,
GS/ZnO@Au1180, and GS/ZnO@Pt980, respectively. It can be
explained by considering that, with the increasing the volume of
the metal ion, the metal NPs’ effective electroactive area of the
electrode is increased and its electrochemical behavior is also
improved. However, the further increase may lead to the
aggregation of metal NPs, thus resulting in the counteractive
effect on the electrocatalytic activity. In addition, we also found
that, with the same addition volume of varied metal ions, GS/
ZnO@Pd380 possessed the highest electrocatalytic activity
toward H2O2 than GS/ZnO@Ag380, GS/ZnO@Au380, and
GS/ZnO@Pt380. It can be generally accepted that the four
metals all have their intrinsic catalytic activity. And more
importantly, the smaller size and more uniform distribution of
the deposited Pd and Pt NPs based films provide higher
electroactive surface area and thus substantially decreased the
overpotential in the detection of H2O2, which caused the higher

activities in the electrochemical performance of GS/ZnO@Pd
and GS/ZnO@Pt observed here. Furthermore, the GS/ZnO@
M may be an attractive robust and advanced hybrid electrode
material with great promise for electrochemical sensors and
biosensors design.

■ CONCLUSIONS

In this work, a series of metal NPs with different topography
and diameter based on new functional graphene were
successfully achieved via UV-assisted photocatalytic reduction
through ZnO nanorods. Noble metal NPs embedded on GS/
ZnO provided larger electroactive area, and electrochemical
characteristics were improved. Therefore, taking H2O2 as the
probe, we investigated the role that these resultant GS/ZnO@
M hybrid nanocomposites with different additive amounts of
metal ions may play on their electrocatalytical behavior.
Furthermore, it should also be possible to control the particle
size of metal NPs by controlling the proportion of of electron
storage in graphene.

Figure 5. Cyclic voltammograms obtained at GS/ZnO and GS/ZnO@M380-GC in 0.1 M KCl solution containing 1 mM K3Fe(CN)6 and Nyquist
plots obtained at GS/ZnO and GS/ZnO@M380-GC in 0.1 M KCl solution containing 1 mM [Fe(CN)6]

3‑/4‑: (a) GS/ZnO@Pt380, (b) GS/ZnO@
Pd380, (c) GS/ZnO@Ag380, (d) GS/ZnO@Au380, and (e) GS/ZnO.

Figure 6. (a) Dependence of the responses of GS/ZnO@M380 hybrid nanocomposites modified electrodes to 1.0 mM H2O2 on their specific peak
potentials with different additive amounts of metal ions: 80, 180, 380, 580, 780, 980, 1180, and 1380 μL. Comparison of cyclic voltammetry (CV)
responses of the (b) GS/ZnO, (c) GS/ZnO@Ag780, (d) GS/ZnO@Pd180, (e) GS/ZnO@Au1180, and (f) GS/ZnO@Pt780 modified electrodes in
blank 0.1 M PBS (pH 7.4) (bottom line) and 1.0 mM H2O2 in PBS (above line).
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■ EXPERIMENTAL SECTION
Chemicals and Reagents. Graphite powder (GO, 99.5%, 325

mesh) was from Alfa Aesar. Silver nitrate (AgNO3, 99.8%, 20 mg/mL),
palladium dichloride (PdCl2, 99.9%, 20 mg/mL), hydrogen tetra-
chloroaurate hydrate (HAuCl4·3H2O, 99.9%, 20 mg/mL), hexachlor-
oplatinic acid hexahydrate (H2PtCl6·6H2O, 99.9%, 1g/5 mL), and
poly(N-vinyl-2-pyrrolidone) (PVP·K30, molecular weight = 30 000−
40 000) were purchased from Shanghai Chemical Reagent Company
(Shanghai, China). All other reagents and solvents were of analytical
grade and used without further purification. Double-distilled water was
used for preparation of all solutions and for washing.
Apparatus and Instruments. FT-IR spectra were obtained from

Nicolet Nexus 670 spectrometer. UV−vis absorption spectra were
recorded on CARY-50 Conc spectrometer. The morphologies of the
as-prepared GS-ZnO as well as the corresponding GS-ZnO@M hybrid
nanocomposites were studied on a scanning electron microscope
(Hitachi Co. Ltd., Tokyo, Japan) and transmission electron micro-
scope (JEOL 2010, operating at 200 KV). The XRD patterns were
collected on a Bruker D8 ADVANCE instrument using Cu Kα
radiation. The thermal decomposition temperatures (Td) with a 5%
weight loss were assessed by employing a TGA 851e/SF/1100
analyzer at a heating rate of 10 °C/min under flowing nitrogen
atmosphere. Raman spectra were obtained on a J-Y T64000 Raman
spectrometer with 514.5 nm wavelength incident laser light. X-ray
photoelectron spectroscopy (XPS) experiments were carried out on a
RBD upgraded PHI-5000C ESCA system (Perkin-Elmer) with Mg Kα
radiation (hν = 1253.6 eV) or Al Kα radiation (hν = 1486.6 eV).
Electrochemical experiments were performed on CHI 832B electro-
chemical workstation (CH Instrument) with a conventional three-
electrode system composed of a platinum wire as counter electrode, a
saturated calomel electrode (SCE) (Jiangsu Electroanalytical Instru-
ments Factory, China) as reference electrode, and a bare or a modified
glass carbon electrode as working electrode.
Preparation of GS/ZnO. ZnO nanorods were synthesized through

a hydrothermal route. Typically, 4.45 mmol Zn(CH3COO)2·2H2O
was dissolved in 42 mL of methanol containing 250 μL of H2O and
heated to 70 °C. KOH (9.62 mmol) dissolved in 23 mL of methanol
was added into the above solution over 10−15 min and then heated at
80 °C for 2 h. The resultant solution, which became white, was
ultrasonically treated for 30 min in a water bath and then transferred
into a Teflon-lined stainless autoclave and heated up to 180 °C for 72
h. The obtained white powder was ZnO nanorods. Graphite oxide was
synthesized from graphite by a modified Hummers method.16 the
obtained GO was mixed with ethanol to yield a yellow-brown
suspension and ultrasonicated until it became clear without particulate
matter. A homogeneous GO dispersion (40 mg/mL) was used for
further chemical reduction. In the typical process of preparing
graphene/ZnO nanocomposite, 25 mL of GO suspension (40 mg/
mL), 1 g of PVP, and 2 g of ZnO were first mixed together and stirred
for 1.5 h, and then transferred into a Teflon-lined stainless autoclave
and heated up to 180 °C for 3 h. After cooling to room temperature,
the resulting ashen suspension was centrifuged and washed with
ethanol several times and then dried under vacuum at 60 °C.
Preparation of GS-ZnO@M. Before self-assembly of M NPs on

the surface of GS/ZnO with the assistance of UV-light, 25 mg of the
GS/ZnO nanocomposite was first dispersed in 5 mL of ethanol and
ultrasonicated to form a 5 mg/mL suspension. Then, a known amount
of deaerated Mn+ (AgNO3, PdCl2, HAuCl4, and H2PtCl6) aqueous
solution (20 mg/mL) was slowly added in small increments to the as-
prepared deaerated GS-ZnO suspension under stirring. Finally, the
resulting dispersion was exposed to UV-light for 30 min, during which
Mn+ was photoreduced to M0.
Construction of GS-ZnO@M Modified Electrode. Glassy

carbon electrode (2 cm × 1.5 cm) used in the electrochemical
experiments was polished with alumina paste (0.05 μm) on a
microcloth and subsequently ultrasonically cleaned thoroughly with
acetone, NaOH (1:1), HNO3 (1:1), and doubly distilled water and
then dried at room temperature. Then, 2 μL of the above GS/ZnO@
M suspension was dropped onto the cleaned bare electrode, being

allowed to dry at ambient temperature. To get good redox peaks, the
GS/ZnO@M380 suspension diluted three times was used to construct
the electrode to perform the cyclic voltammetry of electron transfer
indicators such as Fe(CN)6

3‑/4‑.
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