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Abstract:

A non-enzymatic electrochemical sensor that based on polystyrene@reduced graphene oxide(RGO)—F.
core-shell microspheres was developed for sensitive detection of hydrogen peroxide (H.02). Th~
polystyrene@RGO-Pt microspheres were prepared by microwave-assisted reduction of graphene oxide (GC)
and Pt precursor (H2PtCle ) that adsorbed on polystyrene microspheres. No surfactants or polyelectrolytes were
used as stabilizing agent for the preparation of the nanocomposite. Alternatively, polystyrene microsphere.
served as the core for supporting RGO nanosheets and Pt nanoparticles, which prevented the aggregation o»
the electrode material and resulted in the high electrochemically active surface area. Scanning electr~~
microscopy (SEM), transmission electron microscopy (TEM), energy dispersive X-ray spectroscopy (EDS .
X-ray photoelectron spectroscopy (XPS), X-ray diffraction (XRD), Raman spectroscopy, Fourier transforr
infrared spectroscopy (FT-IR), Ultraviolet absorption spectroscopy (UV), and Brunauer-Emmett-Teller (BE ™~
measurements characterized the nanostructure of polystyrene@RGO-Pt microspheres. Cyclic voltammetr
revealed the enhanced electrocatalytic activity of this core-shell microspheres. Such a non-enzyme’.c
electrochemical sensor is capable of detecting H202 with a wide linear range (0.5pM — 8000 piM), high
sensitivity (38.57 A mM™cm?), low detection limit (0.1 M, S/N=3), long-term stability, and good selectivi. ’
Furthermore, this sensor was found suitable for the determination of H2O. in human serum samples
Considering its simple synthetic procedure and high catalytic activity, the polystyrene@RGO-Pt microsphere¢ s

hold great promise in the development of high performance electrochemical sensors.

Keywords: Hydrogen peroxide, Non-enzymatic sensor, Core-shell nanostructure, Reduced graphene oxide,

Pt nanoparticles
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1. Introduction

Hydrogen peroxide (H20) is an important reactive oxygen species (ROS) that involves in sever:!
biological processes such as vascular remodeling, immune cell activation, stomatal closure and root growth. -
2 H,0- is also a product of glucose oxidation in the presence of glucose oxidase and oxygen.? Glucose conter*
can be measured indirectly through the detection of hydrogen peroxide. Thus, monitoring H2O> level is ¢ f
practical significance in biochemical, pharmaceutical, clinical, environmental, and industrial research. Amoriu
various developed methods (e.g., chemiluminescence,* fluorescence®), electrochemical sensors have receive .
considerable attention due to the advantages of simple, rapid, sensitive, and cost effective.® 7 Currern
electrochemical sensors often rely on the use of biological enzymes (e.g., hemoglobin,® horseradi~»
peroxidase,® and cytochrome ¢ *°). Despite the high selectivity and low detection limit, the enzyme senso: s
bear poor long-term stability and poor tolerance in experimental conditions. Alternatively, non-enzymati.
sensors are good candidates for H>O, detection due to the advantages of high stability, high electrocatalyti~
ability, and simplicity.!"*® However, many electrode materials suffer from slow electrode kinetics and high
overpotential for detection, which may cause severe interference from other molecules.’® Thus, it s
meaningful to develop novel electrode materials for the fabrication of non-enzymatic H20. sensors with
improved sensing ability.

Reduced graphene oxide (RGO), a two-dimensional single atomic planar sheet of sp? bonded carbon atoms
has received much attention in the fabrication of electrochemical sensors and biosensors.??? The advantage
such as high surface area, super conductivity and wide potential window of RGO enable it to improve tr.c
detection efficiency in terms of accelerating electron transfer rate and enhancing sensitivity.?*-?> Besides, Pt
nanoparticles (PtNPs) also exhibit electrocatalytic behavior towards H>O, and have been widely used in
sensors.?6-2 The decoration of PtNPs with RGO nanosheet will accelerate the detection efficiency by induciny

specific microstructures or modifying the electron density in the resultant nanocomposite.*®*° 3! For instan~~
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Lin et al reported that poly(diallyldimethylammonium chloride) functionalized RGO/Pt nanocomposite
exhibited excellent catalytic activity towards formic acid oxidation.3? Wang et al reported nanocomposite « f
Pt nanoparticles and polydopamine-coated RGO for the electrochemical catalysis of oxygen reduction.3 Yuau
et al reported platinum—palladium—chitosan—-RGO hybrid nanocomposites for detection of cholesterol.* Chei
et al reported the synthesis of RGO—poly(sodium styrene sulfonate)-Pt nanocomposite and its application i»
methanol oxidation reaction.®® These reports reveal the remarkable electrocatalytic ability of RGO/Fu
nanocomposite and its potentiality in the development of electrochemical sensors.

It is noticed in these reports that RGO/Pt nanocomposites are dispersed in solutions with the aid os
surfactants or polyelectrolytes such as poly(diallyldimethylammonium chloride), chitosan, and poly(sodi:*
styrene sulfonate). The use of surfactants or polyelectrolytes exists disadvantages such as introducir i
additional diffusion resistance and blockage of certain active sites, which may increase the overpotential ¢,
the electrochemical reactions. Moreover, the synthesis process that using surfactants or polyelectrolytes .~
tedious and time-consuming. Thus, surfactant-free synthetic methods are desired for preparing RGO/P*
nanocomposite.

In this work, a microwave-assisted method was employed for the facile synthesis of polystyrene@RGO -
Pt core-shell microspheres. No surfactants or polyelectrolytes were employed in the synthesis process, an
the electrode material was given full pay to its catalytic activity. Polystyrene microspheres served as the core
for supporting RGO and Pt nanoparticles. The aggregation of the nanomaterial was effectively prevented, ar .
the resultant microspheres exhibits extremely high electrochemically active surface area. An enhance.
reduction peak current and low overpotential for the reduction of H>O. were achieved on polystyrene@RGO—
Pt microspheres modified electrode. Moreover, the wide linear detection range, low detection limit, high
sensitivity and fast response of the electrode, along with the applicability in human serum samples, made this

electrode promising as an effective non-enzymatic H>O> sensor.
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2. Experimental section
2.1. Preparation of polystyrene@RGO-Pt core—shell microspheres

Polystyrene microspheres were prepared according to the literature.*® Graphite oxide was synthesized from
natural graphite powder (Qingdao Hengrui Industrial) using the modified Hummers method.3” Exfoliation ¢
graphite oxide to graphene oxide (GO) was achieved by ultrasonication of the dispersion for 30 min.

The synthesis process of polystyrene@RGO-Pt is shown in Scheme 1. Firstly, 0.5mg polystyrer.
microspheres were dispersed into 20 mL ethylene glycol/water (1/1, v/v) solution, followed by the addition os
0.1mL GO (4mg ml?) and ultrasonication, which resulted in the nanostructrue of polystyrene@C"
microspheres. Then, 0.1mL Pt precusor (H2PtCle, 77mM) was added into the polystyrene@GO suspensiol .
After being vigorously shaken, the above mixture was heated 2 minutes in a household microwave oven thr .
is equipped with a voltage stabilizer (Panasonic, Power: 1000W, 40% of the power was used, SFig.1 i»
Supplementary Information). Herein, ethylene glycol plays a role of reducing agent for the reduction of GO
and H2PtCls according to the literature.® The resultant black product was isolated by centrifugation at 6 0%y
rpm for 15 minutes, followed by consecutive washing/centrifugation cycles two times with water. Th»
collected product was redispersed readily in water/ethanol mixture to produce a colloidal polystyrene@RGC -
Pt microspheres suspension. As a comparison, polystyrene@RGO and polystyrene@Pt was synthesized with
the above procedure.

The synthesis process was repeated three times to demonstrate the reliability of this method. Ultraviolc.
(UV) absorption spectroscopy was used to monitor the microwave-assisted reduction reaction (SFig.2 in
Supplementary Information). The suspension of polystyrene@GO exhibited an absorption peak at 231 nm.
After the microwave heating, the absorption peaks of all the products shifted to 268 nm, indicating the

reduction of GO to RGO *° and the reliability of the synthetic method.
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Scheme 1

The polystyrene@RGO-Pt microspheres suspension was dropped on the electrode surface as catalyst 101
the reduction of H2O». Prior to modification, the glassy carbon electrode (GCE) was polished with 1, 0.3 &ac
0.05 pum alumina slurry, respectively. The GCE was washed successively with 1:1 nitric acid, acetone an 1
water. Then, 5 pL polystyrene@RGO-Pt microspheres suspension was carefully dropped on the cleaned GCe
surface and dried in atmosphere environment.

2.2. Characterizations

The polystyrene@RGO-Pt core—shell microspheres were characterized by field-emission scann’ -
electron microscopy (SEM, Hitachi S-4800), field emission transmission electron microscopy (TEM, Ft i
TecnaiG? F20 s-twin D573 with an accelerating voltage of 200 kV) equipped with energy dispersive X-ray
spectroscopy (EDS), X-ray photoelectron spectroscope (XPS, ESCALAB-MKII 250 photoelectro
spectrometer, VG Co.), X-ray diffraction (XRD, CuKo radiation, D/max2550VB, Rigaku), Raman
spectroscopy (Horiba Jobin Yvon T64000 system with 514.5nm radiations), Fourier transform infrare 1
spectroscopy (FT-IR, Bruker IFS55), Brunauer-Emmett—Teller (BET) surface area analyzer (Micromeritic.
ASAP-2020M automatic volumetric instrument), Ultraviolet absorption spectroscopy (UV, UV-17C)
Shimidazule), and Electrochemical workstation (CHI1760d).

2.3. Electrochemical measurements

A three-electrode cell was employed for the electrochemical measurement of H>O,. A glassy carboa
electrode (diameter: 3 mm, geometric electrode surface area: 0.07 cm?) was used as the working electrode, =
platinum wire was used as the counter electrode, and an Ag/AgCl electrode (KCI saturated) was used as *'.c
reference electrode. All potentials in the text are with respect to the Ag/AgCl reference electrode. Cyc'ic
voltammograms (CVs) and amperometric i-t curves were obtained in Phosphate Buffered Saline (PBS, "

7.0) with spiked H20,.
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3. Results and discussion
3.1 Polystyrene@RGO-Pt microspheres

The resultant polystyrene@RGO-Pt microspheres were analyzed by SEM, TEM, EDS, XPS, XRDL,
Raman, FT-IR, and BET measurement. Fig.1 shows the SEM images of polystyrene microsphere,
polystyrene@GO microsphere, and polystyrene@RGO-Pt microsphere, respectively. Fig.1A depicts that tt °
surface of polystyrene microspheres is smooth. After anchored with GO, the surface of microsphere became
wrinkled (Fig.1B). GO nanosheets can attached onto the surface of polystyrene microsphere via m- .
interaction.*®*% In the microwave-assisted heating process, most of the oxygen group on GO were removeu
and Pt precursor (H2PtCls) were reduced to Pt nanoparticles and attached on the microspheres. Fig.1C exhiki*~
the resultant core-shell nanostructure of polystyrene@RGO-Pt microspheres. Pt nanoparticles were uniformlv
distributed on the surface of microsphere. Polystyrene microsphere served as the core for supporting RG’
nanosheets and Pt nanoparticles, which effectively prevented the aggregation of the nanomaterials. Althoug?
no surfactants or polyelectrolytes were used in the synthesis progress, highly dispersed polystyrene@RGO. -
Pt microspheres with a small size distribution were observed in a low magnification SEM image (Fig.1™".
Their average size, measured from 100 microspheres, was ca. 580nm.

Fig.1

Fig.2A and Fig.2B reveal the typical TEM images of polystyrene@RGO-Pt microspheres. The core-she 1
nanostructure is obviously visible. The inner core represents polystyrene microsphere. The wrinkled shell, the.t
attached on the surface of the core, is composed of RGO-Pt nanocomposite. The thickness of the shell vz~
about in the range from 20 nm to 43 nm. The magnified image at the edge of the shell reveals the nanostruct: . c
of RGO-Pt nanocomposite (Fig.2C). High loading of Pt nanoparticles on RGO nanosheets was observed. Hi~h
resolution TEM image (Fig.2D) indicates that the mean diameter of the Pt nanoparticles, measured from SC

microspheres, is estimated as ca. 3.4 nm. The measured interplanar spacing for the lattice fringes is 2.2¢ A

7
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which corresponds to the (111) lattice plane of face-centered cubic (fcc) Pt. This TEM analysis demonstrated
the core-shell nanostructure of the polystyrene@RGO-Pt microspheres. Moreover, the high resolution TEM
image on the edge of RGO indicates that the layer number of RGO was about 5-6 layers (SFig.3 in
Supplementary Information). The composition of the polystyrene@RGO-Pt microspheres was furthe~
characterized by energy dispersive X-ray spectroscopy (EDS). The EDS spectrum (Fig.2E) shows the peal s
that corresponding to C, Pt, Cu, O, and Si elements, confirming the composition of polystyrene@RGO—F.
microspheres.
Fig.2.

XPS was performed for the characterization of polystyrene@RGO-Pt microspheres. The C*-
deconvolution spectrum were used to illustrate the formation of RGO. In Fig. 3A, the three peaks that centere 1
at 284.7, 286.7, and 288.6eV correspond to C-C in aromatic rings, C-O (epoxy and alkoxy), and O-C=0 i
GO, respectively.** In Fig.3B, the intensities of all C1s peaks of the carbon binding to oxygen, especially th>
peak of C-O (epoxy and alkoxy), decreased dramatically, indicating that most of the oxygen-containinn
functional groups were removed after the microwave-assisted reduction. So it is inferred that GO was reduc .u
to RGO. Fig.3C exhibits two peaks at 71.6 and 75.1 eV that correspond to the Pt 4f7;; and Pt 4f 52 binding
energy, respectively.* They are assigned to the metallic Pt (0) state and indicated the presence of Pt elemei t
in polystyrene@RGO-Pt microspheres.

XRD patterns of the electrode materials were recorded in Fig. 3D. For graphite (curve-a), a sharp peak i «
26.3<that corresponding to C(002) plane is observed due to the good crystallinity of graphite. The d-spaciny
is calculated as 0.34 nm according to Bragg equation. Curve-b represents the XRD patterns of GO that
obtained by the oxidation of graphite using the modified Hummers method. It is observed that the C(002) peak
shifts to 12.3<and the interlayer spacing was increased to 0.72 nm. The increment of the interlayer spacing is

mainly caused by the oxygen functional groups on GO. Curve-c reveals the XRD patterns of the result~=t
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polystyrene@RGO-Pt microspheres that obtained from the microwave-assisted reduction. It is observed the
C(002) peak at 12.3<that corresponding to GO was almost disappeared, and the very tiny and wide C(00™)
peak at about 28.6 °was ascribed to RGO nanosheet on the microspheres. The disappearance of the C(00Z,
peak at 12.3<indicates that GO has been reduced to RGO “° by this microwave-assisted reduction. Moreover,
the peaks found at 39.8< 46.3< 67.6< 81.4 are assigned to the Pt (111) (200) (220) (311) faces, respectivel v
(PDF#87-0646), which demonstrate the Pt nanoparticles on the microspheres.

Fig.3

Raman spectroscopy was used to further characterize the resultant polystyrene@RGO-Pt microspher -
The electrode materials show primary peaks centered at ~1350 cm™ (D band), ~1591 cm™ (G band), and ~26¥ ¢
cm™ (2D band) (Fig.4A). The D band is usually attributed to the disorder and imperfection of the carbo.
crystallites, the G band is ascribed to the Ezq phonon of C sp? atoms, and the 2D band is a second orde*
vibration caused by the scattering of phonons at the zone boundary. 4"*° The intensity ratio of the D band tn
G band (Io/lg) in the Raman spectrum corresponds to the extent of disorder in the graphitic carbon. >° Tt 2
Io/lg ratio of polystyrene@RGO-Pt is 1.07, higher than that of GO (0.79). This increase of Ip/lgratio inferri,
that polystyrene@RGO-Pt has a lower graphitic crystalline structure, which is caused by deoxygenation ¢ f
GO in the microwave assisted reduction. During the reduction process, the oxygen functional groups in GC
can be partially removed, and the conjugated RGO network (sp? carbon) will be reestablished. Nevertheles .,
the size of the reestablished RGO network is smaller than the original ones, which leads to the increasiny
extent of disorder and a larger Ip/l¢ value of polystyrene@RGO-Pt.>! Therefore, the change in the Ip/lgre*: -
demonstrate the reliability of the microwave assisted reduction method for the preparation = .
polystyrene@RGO-Pt. Furthermore, the position and shape of the 2D band can be used to distinguish the
layer numbers of RGO. The broad 2D band at 2691 cm™ indicated that the layer number is about 5 layers "

%3 which is consistent with the TEM results (SFig.3 in Supplementary Information).

9
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Fig.4B shows the FT-IR spectra of the electrode materials. Curve-a indicates the presence of the oxygen-
containing functional groups on GO. The wide peak at about 3447 cm™ is attributed to the hydroxyl stretchin »
vibration of C-OH groups, and the peak at about 1394 cm™ corresponds to the hydroxyl bending vibration o
C-OH groups **. The peak at about 1727 cm™ is due to the C=0 stretching in carboxyl group, and the pea':
at 1644 cm™ is assigned to carbon skeleton (C=C/C—C) *5. The peak at 1104 cm™ is ascribed to carboxy C—)
or alkoxy C-0.%% As for polystyrene@RGO-Pt (curve-b), the intensity of the peaks related to the oxyger-
containing functional groups are found to be decreased, indicating that most of the oxygen functional grouf.
were removed by the microwave-assisted reduction. Typical polystyrene sphere absorption bands at 302/
(2925 and 2852), (1602, 1500, and 1451), (1076 and 1029), (765 and 698) cm™ were observed in curve ~
These peaks are attributed to stretching vibration of =C—H, stretching vibration of -CH>—, stretching vibratic
of aromatic C=C, in-plane bending vibration of =C-H, and out-of-plane bending vibration of =C-',
(monosubstitued ring) #* 42, The main characterization peaks of polystyrene sphere were found in curve-L
confirming the attachment of RGO on polystyrene spheres in the resultant product of polystyrene@RGO-Pt

N2 adsorption measurement (Fig.5) was conducted to investigate the BET surface area .
polystyrene@RGO-Pt microspheres. Ultrahigh-purity-grade N2 was used in the adsorption measurement. Th=
N2 isotherm was measured using a liquid nitrogen bath (77 K). The BET surface area was calculated to L»
31.82 m?/g.

Fig.4
Fig.5

Polystyrene@RGO-Pt microspheres modified GCE was subjected to cyclic voltammetry in H2SOas to
determine the electrochemically active surface area (ECSA). ECSA represents the number of available active
sites for electrocatalysis and electron transfer at the electrode surface. The cyclic voltammograms in Fig.o

shows two well-defined peaks in the potential range from —-0.20 to 0.10V. The cathodic and anodic peaks 7

10
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due to hydrogen adsorption/desorption processes. The integration of both cathodic and anodic peaks quantifies
the activity of platinum sites for hydrogen adsorption and desorption. ECSA can be determined by charr >
integration (Qn(C)) of the hydrogen adsorption and desorption peaks of the cyclic voltammogram followiny
the equation.®’

ECSA (Pt)=Qn/210(1C cm?)

Where 210C cm is the charge associated with a monolayer adsorption of hydrogen. In Fig.6 the
electrochemical charge is 368.2|uC. The ECSA of polystyrene@RGO-Pt is calculated as 1.75 cm?, which 7.
25 times of the geometric electrode surface area (0.07 cm?). The large ECSA is benefit for the electrocatalysis
of H,0, reduction. As a comparison, the ECSA of polystyrene@Pt was calculated as 1.03 cm? (14 times of *»~
geometric electrode surface area). The higher ECSA of polystyrene@RGO-Pt than that of polystyrene@Pt s
possibly because the wrinkled RGO nanosheets on polystyrene microsphere increased the loading of F.
nanoparticles

Fig.6
3.2 Electrochemical reduction of H202

The electrocatalytic behavior of polystyrene@RGO-Pt modified GCE towards H.O; reduction wes
investigated using cyclic voltammetry. Polystyrene@RGO modified GCE and polystyrene@Pt modified GC.=
were also constructed for comparison. Fig.7A shows cyclic voltammograms of different electrodes in N»-
saturated PBS (pH 7.0) containing 5 mM H20>. Reduction peaks can be observed within the potential windo' v
from —0.4 to 1.0 V. Whereas no oxidation peaks are visible in the reverse potential scan, suggesting that H.C,
undergo an irreversible reduction process on the electrodes. The reduction peak is barely visible at bare GCE
due to slow electron transfer kinetics of H20O- reduction process. As a comparison, the reduction peak current
increased to 5.4 A on polystyrene@RGO modified GCE. Moreover, the peak current is 30.7 A on

polystyrene@Pt modified GCE. The largest peak current (61.9 4A) was observed on polystyrene@RGO- ™t

11
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modified GCE, and the reduction peak was centered at -0.05V (vs Ag/AgCl), which is a more positive
reduction potential than the recent reports.>® %° The larger peak current and the lower overpotential for HaC-
reduction indicates the good catalytic ability of polystyrene@RGO-Pt. This enhanced catalysis can be
attributed to the following factors. Polystyrene microspheres served a core to anchor RGO nanosheets and P*
nanoparticles, which prevented their aggregation. The resulted high ECSA of polystyrene@RGO-Pt modifie 1
GCE (1.75 cm?, 25 times of the geometric electrode surface area) may lead to the enhanced peak current. The
high loading of Pt nanoparticles on the microspheres resulted in the high electrocatalytic ability towards H2C.
reduction. Moreover, surfactants or polyelectrolytes that may blocking the electron transfer on the nanoparticie
surface were not employed in the synthesis process, which ensured that Pt nanoparticles was given full pay *~
its catalytic activity.

The electrochemical behavior of polystyrene@RGO-Pt modified GCE towards H2O; reduction was als
investigated at different potential scanning rate (Fig.7B). The result indicates that the reduction peak currer
increases linearly with the square root of scanning rate from 0.03 V/s to 0.33 V/s (inset of Fig.7B ). This resu'*
demonstrates that the electron transfer for the H202 reduction on polystyrene@RGO-Pt modified G~
displays a diffusion controlled process.

Fig.7
3.3 Amperometric determination of H20:

The polystyrene@RGO-Pt modified GCE was further used to amperometric analysis. The electroc':
potential was maintained at —0.05V during the detection process. The typical i-t curve was shown in Fig.84..
The successive addition of H20- into the stirring PBS leads to an increment in the reduction current. The
current reaches the steady state rapidly, revealing the fast response to H.O> reduction. Analysis of the reduction
current as a function of H>O> concentration is depicted in Fig.8B. The current values are proportional to the

concentration of H20- in the range of 0.5 piM — 8000 M with a linear regression equation of i (#A) =-0.0675

12
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¢ (1M) —1.756 (R?=0.995). The analytical sensitivity is 38.57A mM* cm? (ECSA=1.75 cm?), and the limit
of detection (LOD) was calculated as 0.1 pM at a signal-to-noise ratio of 3. The performance f
polystyrene@RGO-Pt modified GCE was compared with sensors in the recent reports (Table 1), indicatiny
its satisfied sensing performance.
Fig.8
Table 1.

3.4 Repeatability, stability, and selectivity

The repeatability of polystyrene@RGO-Pt modified GCE was evaluated by 7 successive determinatior:
of 1 mM H.O> with the same electrode. It is found that the electrode exhibits a satisfying repeatability wit~ ~
relative standard deviation (RSD) of 4.85%. After the polystyrene@RGO-Pt modified GCE was stored for € )
days at room temperature, it kept 89.2% of its initial current response. This long-term stability proved th:
better performance of the non-enzymatic polystyrene@RGO-Pt sensor than enzymatic sensors. The electrode
to-electrode reproducibility was also examined using five different electrodes. The RSD value was calculate
to be 5.21%. The influence of some common electro-active substances, glucose, ascorbic acid (AA), dopam’ .c
(DA), and uric acid (UA), were assessed. Fig.8C shows that 5.0mM glucose, 0.1mM AA, 0.1mM dopamin=
(DA), and 0.1mM UA did not cause obvious interference for the determination of 1.0mM H20- (signal chang>
below 5%). The selectivity of the proposed method may derive from the low overpotential for H.O> reduction
at polystyrene@RGO-Pt modified GCE.
3.5 Determination of H20:2 in real samples

H20. in human serum sample were determined using polystyrene@RGO-Pt modified GCE. The protein
in human serum was precipitated by trichloroacetic acid and centrifuged. The protein-free serum supernatant
was used for analysis. The H20: levels were determined by amperometric method. The results are summarizeu

in Table 2. The recoveries are between 102.0-104.2%. This result suggests the applicability of the nr=-

13
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enzymatic Sensor.

Table 2.

4. Conclusions

Page 14 of 25

This work provides a novel surfactant-free synthetic method of RGO and Pt nanocomposite. The strateg:’

is promising for the fabrication of high performance non-enzymatic electrochemical sensors. The as prepare 3

polystyrene@RGO-Pt microspheres modified electrode presents a high electrochemically active surface area

that is 25 times of the geometric electrode surface area. Enhanced electrochemical performance of H.C.

reduction on polystyrene@RGO-Pt modified electrode was achieved due to large surface area anu

electrocatalytic activity of the nanocomposite. Amperometric method was constructed for the sensit™

determination of H.O> Moreover, the method was applied to the determination of H2O2. in human serui

samples with satisfied results.
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Tables

Table 1. Analytical parameters of several electrodes for H,O, determination

Electrodes Linear range LOD Ref.

Graphene—Pt nanocomposite 21UM-710pM 0.5pM 9

Reduced graphene oxide decorated with high

0.1mM-70mM 2.04pM 58
density Ag nanorods
Graphene wrapped Cu,O nanocubes 0.3mM-7.8mM 20.8M 60
Three-dimensional graphene 0.4M-660pM 80nM 61
Nitrogen-doped graphene-silver nanodendrites 100pM-80mM 0.26pM 59
Carbon  quantum  dots/octahedral ~ CuzO

5pM-5.3mM 2.8pM 62
nanocomposites
Graphene and gold nanorods nanocomposite 30pM-5mM 10pM 63
Polystyrene@RGO-Pt 0.5pM-8mM 0.1pM This work

Table 2. Determination of H,O; in human serum sample (n=5)

Sample Added (mM) Found (mM) Recovery (%)
1 0.15 0.15340.002 102.0
2 0.30 0.31140.007 103.7
3 0.45 0.46940.009 104.2
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Figure captions

Scheme 1. The synthesis process of polystyrene@RGO-Pt

Fig.1. SEM images of polystyrene microsphere (A), polystyrene@GO microsphere (B), polystyrene@RGO-
Pt microsphere (C), and large scale view of polystyrene@RGO-Pt microsphere (D).

Fig.2 Typical TEM images of polystyrene@RGO-Pt microspheres (A) and (B). The magnified TEM image
at the edge of polystyrene@RGO-Pt microspheres (C). High resolution TEM image of Pt nanoparticles on
polystyrene@RGO-Pt microspheres (D). The EDS spectrum of polystyrene@RGO-Pt microspheres (E).

Fig.3 XPS C 1s spectra of polystyrene@GO (A), and polystyrene@RGO-Pt (B). XPS Pt 4f spectra 7
polystyrene@RGO-Pt (C). (D) XRD patterns of graphite (curve-a), GO (curve-b), and polystyrene@RGO-P*

(curve-c)

Fig.4 (A) Raman spectra of GO (curve-a) and polystyrene@RGO-Pt (curve-b). (B) FT-IR spectra of Gf

(curve-a), polystyrene@RGO-Pt (curve-b), and polystyrene sphere (curve-c).
Fig.5 N2 adsorption—desorption isotherm of polystyrene@RGO-Pt microspheres.

Fig.6 Cyclic voltammogram at polystyrene@RGO-Pt microspheres modified GCE in 0.5M H2SO4at a scan
rate of 50mV/s.

Fig.7 (A) Cyclic voltammograms of 5 mM H20- in PBS (pH 7.0) at bare GCE (curve-a), polystyrene@RGU
modified GCE (curve-b), polystyrene@Pt modified GCE (curve-c), and polystyrene@RGO-Pt modified GC':
(curve-d). The potential scan rate is 100 mV s*. (B) Cyclic voltammograms of 5 mM H,02 in PBS (pH 7.()
at polystyrene@RGO-Pt modified GCE with different potential scan rate (30, 60, 90, 120,150, 180, 210, 24(".
270, 300, and 330 mV s?), and the inset shows the dependence of current response versus the square root ¢.f

scanning rate.

Fig.8 (A) Typical amperometric response of polystyrene@RGO-Pt modified GCE to the increasing
concentration of H202 (0.5 M — 8000 M) in PBS (pH 7.0). Applied potential: -0.05V. (B) The current-
concentration calibration curve (n=5). (C) Amperometric response of polystyrene@RGO-Pt modified GCE
to the sequential addition of 1mM H202, 5.0mM glucose, 0.1mM ascorbic acid (AA), 0.1mM dopamine
(DA), 0.1mM uric acid (UA), and 1mM H20.. Applied potential: -0.05V.
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Scheme 1
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Scheme 1. The synthesis process of polystyrene@RGO-Pt
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Fig.1

Fig.1. SEM images of polystyrene microsphere (A), polystyrene@GO microsphere (B), polystyrene@RGC -

Pt microsphere (C), and large scale view of polystyrene@RGO-Pt microsphere (D).
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Fig.2
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Fig.2 Typical TEM images of polystyrene@RGO-Pt microspheres (A) and (B). The magnified TEM image
at the edge of polystyrene@RGO-Pt microspheres (C). High resolution TEM image of Pt nanoparticles on

polystyrene@RGO-Pt microspheres (D). The EDS spectrum of polystyrene@RGO-Pt microspheres (E).
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Fig.3
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Fig.3 XPS C 1s spectra of polystyrene@GO (A), and polystyrene@RGO-Pt (B). XPS Pt 4f spectra ¢
polystyrene@RGO-Pt (C). (D) XRD patterns of graphite (curve-a), GO (curve-b), and polystyrene@RGO-F *

(curve-c)
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Fig.4
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Fig.4 (A) Raman spectra of GO (curve-a) and polystyrene@RGO-Pt (curve-b). (B) FT-IR spectra of GO

(curve-a), polystyrene@RGO-Pt (curve-b), and polystyrene sphere (curve-c).
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Fig.5 N2 adsorption—desorption isotherm of polystyrene@RGO-Pt microspheres.
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Fig.6
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Fig.6 Cyclic voltammogram at polystyrene@RGO-Pt microspheres modified GCE in 0.5M H2SOsat a

scan rate of 50mV/s.
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Fig.7 (A) Cyclic voltammograms of 5 mM H20- in PBS (pH 7.0) at bare GCE (curve-a), polystyrene@RG™
modified GCE (curve-b), polystyrene@Pt modified GCE (curve-c), and polystyrene@RGO-Pt modified GC.=
(curve-d). The potential scan rate is 100 mV s*. (B) Cyclic voltammograms of 5 mM H,02 in PBS (pH 7. »
at polystyrene@RGO-Pt modified GCE with different potential scan rate (30, 60, 90, 120,150, 180, 210, 240,
270, 300, and 330 mV s?1), and the inset shows the dependence of current response versus the square root <.

scanning rate.
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Fig.8 (A) Typical amperometric response of polystyrene@RGO-Pt modified GCE to the increasing
concentration of H202 (0.5 M — 8000 M) in PBS (pH 7.0). Applied potential: -0.05V. (B) The current-
concentration calibration curve (n=5). (C) Amperometric response of polystyrene@RGO-Pt modified GCE
to the sequential addition of 1mM H202, 5.0mM glucose, 0.1mM ascorbic acid (AA), 0.1mM dopamine

(DA), 0.1mM uric acid (UA), and 1mM H20>. Applied potential: -0.05V.

25



