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A B S T R A C T

Hydrogen peroxide (H2O2) is one of the most universal and essential ingredients in distinct biological tissues.
Herein, a novel non-enzymatic sensor based on reduction graphene oxide-persimmon tannin‑platinum nano-
composite (RGO-PT-Pt) was exploited for H2O2 detection. RGO-PT-Pt nanocomposite was prepared by reduction
procedure with ascorbic acid as reducing agent and characterized by Scanning electron microscopy (SEM),
Transmission electron microscopy (TEM), ultraviolet visible spectroscopy (UV–vis) and Fourier infrared spec-
troscopy (FT-IR). Taking advantage of high electro-catalytic efficiency of Pt nanoparticles, high electronic
conductivity and large surface area of RGO, and significant adsorption ability of PT on metal ions and its pre-
vention of agglomeration to promote RGO dispersion, RGO-PT-Pt nanocomposite revealed better catalytic ability
towards H2O2 via a synergistic effect. Under the optimal conditions, the RGO-PT-Pt non-enzymatic biosensor
exhibited outstanding electrocatalytic activity towards H2O2 reduction. The amperometric response demon-
strated a linear relationship with H2O2 concentration from 1.0 to100 μM with the correlation coefficient of
0.9931. The limit of detection was 0.26 μM (S/N=3) and the response time was 3 s. Furthermore, the fabricated
sensor exhibited a practical applicability in the quantification of H2O2 in human serum samples with an excellent
recovery rate. Due to excellent performance such as fast response time, low detection limit, high stability and
selectivity, the RGO-PT-Pt non-enzymatic biosensor has potential application in clinical diagnostics.

1. Introduction

Hydrogen peroxide (H2O2) is one of the most universal and essential
ingredients in distinct biological tissues [1]. In the case of depletion of
antioxidants, the oxidation of biomolecules can cause oxidative stress
leading to elevated levels of H2O2 and other reactive oxygen species,
which in turn leads to neurological disorders, autoimmune diseases,
and even cancer [2]. The concentration of H2O2 is rather low under
normal physiological and can increase to ∼10−3 M under pathological
conditions such as traumatic brain injury, ischemia-reperfusion, en-
vironmental stresses, and so on [3]. H2O2 plays an important role as a
signal constituent to regulate miscellaneous biological processes [4–6].
Consequently, there is an increasing demand for fast, reusable, high
sensitivity and cost-effective analytical methods for H2O2 detection.

To date, many methods have been used for the H2O2 detection, such

as titration [7], spectrofluorometry [5, 8], chemiluminescence [9],
photocolorimetry [10], electrochemical analysis and so on [11–13].
Among them, electrochemical techniques, especially enzyme-based
electrochemical sensors, are particularly favored with high efficiency,
significant selectivity and activity [14–16]. However, natural enzymes
are sensitive to the environmental conditions and the instability of
enzyme-based biosensors is inevitable. Therefore, non-enzymatic bio-
sensors have aroused great attention because of their simplicity, low
cost, high reliability and sensitivity [6, 17]. For instance, Thanh et al.
[18] have constructed an effective non-enzymatic sensor based on
porous gold‑palladium nanoalloy network-supported graphene nano-
hybrids (Au Pd@GR) with excellent catalytic activity towards H2O2

detection. Although a great deal of non-enzymatic H2O2 sensor have
been designed, the study of nanomaterials with higher catalytic activity
towards H2O2 detection is still a great challenge [19].
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RGO has excellent electrical and mechanical properties because of
the loss of oxygen-containing functional groups which made it stable
compared to GO [13, 20, 21]. RGO provides a number of active defect
sites with significant turbulence and enlarge layer spacing that can ef-
fectively trap active species [2, 22, 23]. Moreover, RGO is an excellent
carrier to assist other nanoparticles to obtain rapid electrochemical
kinetics during electro-catalytic reactions, resulting in faster and more
sensitive current response. However, due to the strong π-π stacking
among the molecular, RGO would easily generate the reunion and in-
terlayer, which will affect the dispersion and hinder the further appli-
cations [24, 25]. Therefore, it is necessary to enhance the dispersibility
of RGO in solution with the appropriate biopolymer.

Persimmon tannin (PT), produced from the persimmon extract, is an
eco-friendly, water-soluble and low-cost natural biopolymer with mul-
tiple adjacent phenolic hydroxyl groups [26, 27]. PT shows high affinity
towards Au, Pt, Pd and other metal ions by chelating reaction, thus the
effective adsorption of metal ions [28–30]. PT is able to adsorb onto the
surface of graphene by π-π and electrostatic interactions to prevent
RGO agglomeration, and the mixed material would prove better ten-
ability of particle size, shape and high specific surface area for loading
more guest molecules [28, 31].

It is well known that noble metal nanoparticles exhibit outstanding
electro-catalytic activity towards H2O2 redox reactions [32–35]. Among
them, Pt nanoparticles (Pt NPs) are used as an excellent electro-catalyst
for the detection of H2O2 because Pt NPs can trigger a strong electro-
catalytic current for the evolution of H2O2 and lower the H2O2 oxida-
tion/reduction overvoltage efficiently [36].

In this work, a facile and effective non-enzymatic H2O2 biosensor
was constructed based on RGO-PT-Pt nanocomposite. The RGO-PT-Pt
nanocomposite was synthesized through a facile approach with as-
corbic acid (AA) as reducing agent. PT acts as an appropriate biopo-
lymer to prevent RGO agglomeration and enhance the dispersibility of
RGO. The conformation of the RGO-PT-Pt nanocomposite was char-
acterized by SEM, TEM, UV–vis and FT-IR. Taking advantage of the
high electro-catalytic efficiency of Pt NPs, high electronic conductivity
and high surface area of RGO, and the excellent adsorption capacity of
PT on metal ions and its prevention of agglomeration to promote RGO
dispersion, the RGO-PT-Pt nanocomposite revealed better catalytic
ability to H2O2 via synergistic effect. This novel non-enzymatic H2O2

biosensor exhibited excellent electrocatalytic performance towards
H2O2 such as fast amperometric response time, low detection limit, high
stability and selectivity.

2. Materials and methods

2.1. Chemicals and reagents

Sample of dry persimmon tannin powder (the feed material ex-
tracted from astringent persimmon) was amicable donated by Guangxi
Dekun Company of Agricultural Products (Guangxi, China). Graphene
oxide (GO) was purchased from TIMENANO Company (Chengdu,
China). HAuCl4 and H2PtCl6·6H2O were obtained from Guangfu Fine
Chemical Co., Ltd. (Tianjin, China). Ascorbic acid (AA), uric acid (UA),
hydrochloride (DA) and dihydroxy phenyl acetic acid (DOPAC) were
purchased from Shanghai Linc-Bio Science Co., Ltd. (Shanghai, China).
All other reagents were of analytical grade and used without any fur-
ther purification. All the solutions were prepared with ultrapure water
of 18MΩ purified from a Milli-Q purification system (Milli-Pore,
Bedford, MA, USA). The human blood serum was acquired from 181st
Hospital of Chinese People's Liberation Army (Guilin, China).

2.2. Apparatus

The morphology and structure of the RGO-PT-Pt nanocomposite
were characterized by scanning electron microscopy (SEM, Quanta 200,
Elementar, Germany) and Transmission electron microscopy (TEM,

JEM-2100F, Japan), Fourier transform infrared spectroscopy (FT-IR,
Bruker Tensor 27, Germany), ultraviolet visible spectroscopy (UV–vis,
UH5300, HITACHI, Japan), Raman microscope (RM, Thermo DXRxi,
Renishaw, UK) and X-ray photoelectron spectroscopy (XPS, ESCALAB
250Xi, Thermo Fisher, USA).

All electrochemical measurements were performed on CHI660D
electrochemical workstation (Shanghai Chenhua Instrument, China) at
room temperature. A conventional screen-printed carbon electrode
(SPCE, Nanjing Yunyou Biotech Co., Ltd., China) system was used for
all electrochemical measurements: one carbon paste electrode or
modified carbon paste electrode as the working electrode, another
carbon paste electrode as the auxiliary electrode and Ag/AgCl electrode
as the reference electrode. Cyclic voltammetry (CV) was performed in
phosphate buffer saline (PBS, pH 7.4, 0.1M Na2HPO4/KH2PO4 and
0.1M NaCl) containing 5mM K3Fe(CN)6/K4Fe(CN)6 and 0.1M KCl with
scanning range from −0.3 to 0.6 V and scanning rate of 100mV/s.
Electrochemical impedance spectroscopy (EIS) was acquired in PBS
containing 5mM K3Fe(CN)6/K4Fe(CN)6 and 0.1M KCl at +0.24 V from
0.1 Hz to 100 KHz. The amperometric curve technique (i-t) was carried
out in PBS under the constantly stirring.

2.3. Preparation of the RGO-PT-Pt nanocomposite

RGO-PT-Pt nanocomposite was synthesized through a facile ap-
proach with AA as reducing agent. Firstly, 10mL 0.1 mg/mL of GO was
dispersed with ultrasonic for 2 h to form a uniform suspension, then
10mg AA was slowly added and stirred for 12 h. Following that, the
mixed solution was centrifuged for 15min at 10,000 rpm, removed the
supernatant, washed twice with ultrapure water and got the RGO.
Secondly, 20mg PT was added into 10mL 0.1mg/mL RGO dispersion
and ultrasonic dispersed uniformly for 30min to gain well-distributed
RGO-PT suspension. Thirdly, 4 mL 1% H2PtCl6 solution and 10mg AA
were added into the RGO-PT suspension and stirred for 20 h. Fourthly,
the above mixed solution was centrifuged at 10,000 rpm for 15min,
removed the supernatant and washed three times with ultrapure water.
Lastly, the precipitates were re-dispersed in ultrapure water to form
1.0 mg/mL RGO-PT-Pt nanocomposite suspension and stored in re-
frigerator at 4 °C before use.

2.4. Preparation of the non-enzymatic electrochemical biosensor based on
RGO-PT-Pt nanocomposite

The bare SPCE was first activated by placing in a 0.5M H2SO4 so-
lution and scanning by CV for 10 cycles with the scanning voltage range
from −0.2 to 1.0 V and the scanning rate of 100mV/s. Then, Au NPs
was deposited onto the activated SPCE in 5mL of 0.01% HAuCl4 so-
lution at room temperature under a constant potential of −0.5 V for
120 s while the magnetic stirring. After the Au NPs/SPCE was cleaned
with ultrapure water and dried, 18 μL of RGO-PT-Pt nanocomposite
dispersion was added dropwise onto the surface of Au NPs/SPCE and
incubated at 26 °C for 30min. Then the working electrode was cleaned
again with ultrapure water to obtain the RGO-PT-Pt/Au NPs/SPCE and
stored in refrigerator at 4 °C before use. Thus, a non-enzymatic elec-
trochemical biosensor based on the RGO-PT-Pt nanocomposites (RGO-
PT-Pt biosensor) was fabricated.

2.5. Electrochemical detection of H2O2 with RGO-PT-Pt non-enzymatic
biosensor

The detection of H2O2 was performed by i-t at a voltage of −0.4 V
with RGO-PT-Pt/Au NPs/SPCE as the working electrode and PBS as the
supporting electrolyte. During the measurement, 10 μL H2O2 was con-
tinuously added to 10mL of PBS solution and record the electro-
chemical signals generated by different concentrations of H2O2.
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2.6. Exploration of the anti-interference capability of RGO-PT-Pt non-
enzymatic biosensor

In order to explore the anti-interference performance of RGO-PT-Pt
non-enzymatic biosensor, AA, UA, DA and DOPAC were selected as
interfering substances experiment. The amperometric responses were
recorded with the successive addition of 0.1mM H2O2, 0.1mM AA,
0.1 mM UA, 0.1mM DA, 0.1 mM DOPAC and a second 0.1mM H2O2

into 10mL PBS at a voltage of −0.4 V.

2.7. Application in human serum samples of the RGO-PT-Pt non-enzymatic
biosensor

To demonstrate the possible application of the proposed method,
human serum samples were assayed using the standard addition
method by the RGO-PT-Pt non-enzymatic biosensor. Human serum
samples were donated by local hospitals. A known quantitative H2O2

solution (15 μM, 40 μM, 60 μM) was added dropwise to a solution of
10mL 0.1M PBS containing 200 μL human serum. The level of H2O2 in
the spiked sample was measured in parallel 3 times with i-t using the
developed H2O2 biosensor.

3. Results and discussion

3.1. Analytical principle of RGO-PT-Pt non-enzymatic biosensor for
detection of H2O2

Herein, a novel non-enzymatic biosensor for H2O2 detection was
constructed based on RGO-PT-Pt nanocomposite, and the analytical
principle was schematically described in Fig.1A. First, RGO-PT-Pt na-
nocomposite was successfully prepared through a facile approach with
AA as reducing agent. Then, the bare SPCE was activated by H2SO4, and
electrodeposited of Au NPs onto the surface of SPCE through the iso-
static potentiometric deposition, which will increase the effective area
of the work electrode. After that, the RGO-PT-Pt nanocomposite was

immobilized onto the surface of the Au NPs/SPCE due to the π-π and
electrostatic adsorption. Thus a non-enzymatic electrochemical H2O2

biosensor, RGO-PT-Pt non-enzymatic biosensor, was fabricated. The
detection of H2O2 was performed by i-t at a voltage of −0.4 V with
RGO-PT-Pt/Au NPs/SPCE as the working electrode and PBS as the
supporting electrolyte. The amperometric responses were recorded with
the successive addition of H2O2. The current response was directly
proportional to the concentration of H2O2 so that the H2O2 was de-
tected with high sensitivity.

Among the RGO-PT-Pt nanocomposite, RGO was used not only to
increase the electrical conductivity of the bio-composite film but also to
provide specific surface area. PT acted as an appropriate biopolymer to
prevent RGO agglomeration and enhance the dispersibility of RGO. At
the same time, PT acted as bio-composite film material to adsorb metal
ions (Pt4+), the latter was then reduced to Pt NPs by AA, and Pt NPs
have the excellent catalytic ability for disintegration of the H2O2 and
electron conductivity. All in all, the integration of different ingredients
in the RGO-PT-Pt nanocomposite displayed their merits of each com-
ponent, and exhibited excellent catalytic ability to H2O2 via a sy-
nergistic effect.

Fig. 1B depicted the amperometric response of the developed RGO-
PT-Pt non-enzymatic biosensor for H2O2 detection at a voltage of
−0.4 V using the amperometric i-t technique. As can be seen in Fig. 1B,
there was a remarkable ladder-like current response
(ΔI=356 ± 49.5 nA) in the presence of H2O2 (curve b). As a control,
an unconspicuous response appeared under the absence of H2O2 (curve
a).

In addition, Fig. 1C showed the current response for the measure-
ment of H2O2 by non-enzymatic sensors with different materials, where
the curves a, b, c, d and e represented the bare SPCE, Au NPs/SPCE,
RGO/Au NPs/SPCE, RGO-PT/Au NPs/SPCE, RGO-PT-Pt/Au NPs/SPCE,
respectively. It was evident that RGO-PT-Pt/Au NPs/SPCE exhibited the
highest amperometric response for H2O2 detection (curve e) compared
with the other different materials.

Fig. 1. (A) Principle of non-enzymatic bio-
sensor based on RGO-PT-Pt composites for
detection H2O2; (B) Current-time curve of
the non-enzymatic biosensor (a) without
and (b) with 0.1 mM H2O2 at a voltage of
−0.4 V; (C) The current response curves of
H2O2 were detected by non-enzymatic bio-
sensors of different materials: SPCE (a), Au
NPs/SPCE (b),RGO/Au NPs/SPCE (c), RGO-
PT/Au NPs/SPCE (d),RGO-PT-Pt/Au NPs/
SPCE (e),Illustration was the histogram of
the corresponding response current.
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Fig. 2. (A) SEM image for RGO-PT-Pt nanocomposite; (B) TEM image for RGO-PT-Pt nanocomposite; (C) FT-IR spectra of GO (a), RGO (b), RGO-PT-Pt nanocomposite
(c); (D) UV–vis spectra of RGO (a), and RGO-PT-Pt nanocomposite (b).

Fig. 3. SEM images for bare SPCE (A); Au NPs/SPCE (B); RGO-PT-Pt/Au NPs/SPCE (C); (D) Cyclic voltammetry response for bare SPCE (a), Au NPs/SPCE (b), RGO-
PT-Pt/Au NPs/SPCE (c) in PBS containing 5mM K3Fe(CN)6/K4Fe(CN)6 and 0.1M KCl with scanning range from −0.3 to 0.6 V and scanning rate of 100mV/s; (E)
Electrochemical impedance spectroscopy of bare SPCE (a), Au NPs/SPCE (b), and RGO-PT-Pt/Au NPs/SPCE (c) in PBS containing 5mM K3Fe(CN)6/K4Fe(CN)6 and
0.1M KCl at 0.24 V with a frequency range of 0.1–100 kHz.
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3.2. Characterization of the RGO-PT-Pt nanocomposites

The typical SEM images of RGO-PT-Pt nanocomposites were shown
in Fig. 2A. The image of RGO-PT-Pt nanocomposites (Fig. 2A) showed a
uniform distribution of white spherical particles with about
200 ± 10 nm (Pt NPs) on the surface and a layer of film. The spherical
particles were Pt NPs and the film may be PT. This implied that the Pt
NPs had been successfully generated with a facile approach by AA re-
duction.

The morphology of RGO-PT-Pt nanocomposites was also studied by
TEM. Fig. 2B showed some black spherical particles with the particle
size of about 200 nm attached to the top of the membrane. The film
would be the mixture of RGO-PT and the black spheres was Pt NPs. This
phenomenon was consistent with the SEM analysis.

FT-IR spectrometry is used to characterize the functional groups of
the nanomaterials. Fig. 2C described the FT-IR spectra of GO (curve a),
RGO (curve b), RGO-PT-Pt (curve c) nanocomposite. The strong and
broad band at 3423 cm−1 for various samples was assigned to the
stretching vibration of the hydroxyl groups. For the GO (Fig. 2C, curve
a), the characteristic peaks were found at 1122 cm−1 (CeC stretching
vibration), 1384 cm−1 (CeH stretching vibration), 1637 cm−1 (C]C
stretching vibration) and 1718 cm−1 (C]O stretching vibration), re-
spectively. Compared to the spectrum of GO, the specific peaks in the
spectrum of RGO (Fig. 2C, curve b), RGO-PT-Pt (Fig. 2C, curve c) were
obviously less and weaker. Specially, the C]O absorption peak had
disappeared, which indicated that the GO was reduced to RGO and the
RGO-PT-Pt nanocomposite was successfully prepared.

In addition, the UV–vis spectra of RGO (curve a) and RGO-PT-Pt
(curve b) nanocomposite were shown in Fig. 2D. There was a significant
difference, where RGO had an absorption peak at 245 nm, 277.5 nm
and 290 nm, while RGO-PT-Pt had a maximum absorption peak at
295 nm.

3.3. SEM characterization of RGO-PT-Pt non-enzymatic biosensor

Fig. 3A-3C showed the SEM images of the different SPCE modified
with various materials. Fig. 3A represented the surface of the bare
SPCE, which can be seen that the electrode surface was uneven without
particle distribution. Fig. 3B was the surface of the SPCE after the
electrodeposition of Au NPs. It can be seen that the bright white par-
ticles with uniform distribution on the electrode surface, which showed
that the Au NPs had been successfully modified on the electrode surface
by electrodeposition. Fig.3C depicted the RGO-PT-Pt nanocomposite
fixed on the electrode surface. Compared with that of Fig.3B, the sur-
face of the electrode became smooth, a sheet-like film in which some
bright spots randomly distributed in the image of the RGO-PT-Pt na-
nocomposites modified SPCE.

3.4. Electrochemical behavior of the RGO-PT-Pt non-enzymatic biosensor

Cyclic voltammetry (CV) was used to observe the changes of elec-
trochemical behavior at different stages of the RGO-PT-Pt non-enzy-
matic biosensor. The CV behavior of the different modification stages of
the SPCE was carried out in PBS containing 5mM K4Fe(CN)6/K3Fe
(CN)6 and 0.1M KCl, and the results were shown in Fig. 3D. Seen from
Fig. 3D, a reversible redox peak appeared (49.08 μA) with bare SPCE
due to the equivalent amount of Fe(CN)64− and Fe(CN)63− ions in the
reaction medium (Fig. 3D, curve a). Compared to the bare SPCE, the
redox peak for the Au NPs/SPCE (Fig. 3D, curve b) increased sig-
nificantly (62.99 μA). This may be that the Au NPs on the surface of the
SPCE facilitates the transfer of electrons. Moreover, an oxidation peak
current of 60.65 μA appeared in the RGO-PT-Pt/Au NPs/SPCE (Fig. 3D,
curve c), which was relatively larger than the current of bare SPCE, but
was less than that of Au NPs/SPCE. This was because that the RGO and
Pt NPs in RGO-PT-Pt nanocomposites (curve c) had the effect of in-
creasing the electro-conductivity, but PT was a kind of the polymer

materials with weak electro-conductivity.
Furthermore, the average value of the electroactive surface area

could be calculated according to the Randles-Sevcik equation [36,[37]]:

= ×Ip 2.69 10 AD n γ C5 1/2 3/2 1/2 (1)

where Ip means the current peak, A is on behalf of the electroactive
surface area (cm2), D is the diffusion coefficient in the [Fe(CN)6]3−/4−

(6.70 ± 0.02× 10−6 cm2/s), n is the number of electrons partici-
pating in the redox reaction (for [Fe(CN)6]3−/4−, n=1), γ represents
the scanning rate (V/s) and C delegates the concentration of the redox
probe (mol/cm3).

By calculation, the effective surface area of the working electrode
was bare SPCE (0.0446 cm2) < RGO-PT-Pt/Au NPs/SPCE
(0.0551 cm2) < Au NPs/SPCE (0.0573 cm2). Therefore, the deposition
of Au NPs was beneficial to increase the surface area of the electrode.

Electrochemical impedance spectroscopy (EIS), a valid method for
exploring the properties of surface modified electrodes, was performed
for the different modification stages of at +0.24 V in PBS containing
5mM [Fe(CN)6]3−/4−and 0.1M KCl, and the results were shown in
Fig. 3E. Seen from Fig. 3E, the impedance of the bare SPCE was rela-
tively high with the value of 11,950Ω (curve a). After deposition of Au
NPs on the surface of SPCE (curve b), the resistance was decreased to
1942Ω because that the presence of Au NPs enhanced the electron
transfer rate. When the RGO-PT-Pt nanocomposite was modified to the
electrode, the impedance value increased to 2187Ω (curve c), which
indicating that the electron-transfer capacity of the composite material
was weaker than the Au NPs. The EIS results were in good agreement
with those obtained from CV, revealing the successful fabrication of the
RGO-PT-Pt non-enzymatic biosensor.

3.5. XPS characterization of RGO-PT-Pt non-enzymatic biosensor

XPS was further used to estimate effective information on the pro-
cess for the different stages of SPCE modification. Fig. 4A illustrated the
full XPS spectra of all the elements of the modification process of SPCE.
Seen from Fig. 4A, a higher intensity C1s (283.05 eV), O1s (531.37 eV)
associated with lower intensity peak series of N1 s (398.45 eV), Au4f
(82.71 eV). In addition, the appearance of the new Pt 4f (71.08 eV) was
related to lower intensity peak series of N1s (398.45 eV), Au4f
(82.71 eV).

Fig. 4B showed the XPS characterization of four elements (O1s, N1s,
C1s, Au4f) at different stages of SPCE modification. Compared to the
bare SPCE (Fig. 4B, curve a), the signals of C1s (283.27 eV), N1s
(398.45 eV) and O1s (531.37 eV) decreased, and the Au4f (82.71 eV)
signal appeared (Fig. 4B, curve b), which was due to the electro-
deposition of Au NPs on the surface of SPCE. However, when the RGO-
PT-Pt nanocomposite was immobilized to the Au NPs/SPCE (Fig. 4B,
curve c), the signal intensity of O1s (532.04 eV)rapidly increased while
the signal intensity C1s (284.45 eV), N1 s (398.97 eV), Au4f (82.90 eV)
were relatively weaken with the presence of Pt 4f (71.08 eV) signal due
to the adding Pt NPs within the RGO-PT-Pt nanocomposite. The rapidly
increased in the O1s was due to the fact that the PT contains a large
amount of oxygen, while the C1s was only slightly reduced because of
the increase of oxygen leading to decrease of C atom content in the
whole system.

Furthermore, the relative abundance (% of atoms) of the various
elements (C, O, N, Au, Pt) for reaction processes are summarized in the
Table inset Fig. 4A. The immobilized RGO-PT-Pt nanocomposite on the
surface of electrode caused a strong increase in the proportion of O
from 16.56% to 29.86% and mild decrease in the proportion of C from
75.38% to 68.01%. In addition, the new proportion of Pt was 1.15%,
while the proportion of Au decreased strongly from 4.44% to 0.16%.

3.6. Raman spectroscopy of RGO-PT-Pt non-enzymatic biosensor

Raman spectroscopy is a ubiquitously practiced technique for
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distinguishing between sp2 and sp3 hybridization in carbonaceous
materials. Fig. 4C depicted the Raman spectroscopy for different stages
of SPCE modification. Seen from the Fig.4C, the two main characteristic
Raman bands can be seen obviously at 1347.939 cm−1 (D-band) and
1592.854 cm−1 (G-band). The intensity of D-band and G-band of RGO-
PT-Pt/Au NPs/SPCE was higher than those of bare SPCE and Au NPs/
SPCE. By calculation, the value of ID/IG for RGO-PT-Pt/Au NPs/SPCE
was 0.925, while the ID/IG for Au NPs/SPCE was 0.974 and 0.957 for
bare SPCE. This is may be the fact that RGO-PT-Pt has been successfully
immobilized on the electrode surface and changed the intensity of D-
band and G-band, specifying the decreased structural disorders of the
surface of SPCE.

3.7. RGO-PT-Pt non-enzymatic biosensor for the detection of H2O2

Fig.4D showed CV response of the constructed non-enzymatic bio-
sensor for the detection of H2O2. A reduction peak of H2O2 emerged in
the presence of 0.1 mM H2O2 in PBS (curve c→ e) and the RGO-PT-Pt/
Au NPs/SPCE (curve e) had the highest reduction peak current of H2O2.

As a control, a negligible reduction peak of H2O2 can be obtained on
bare SPCE (curve a). These results indicated that the construction of the
non-enzymatic was relatively successful and the experimental results
are consistent with the report [2]. This is may be the fact that the RGO-
PT-Pt nanocomposite revealed better catalytic ability to H2O2 via sy-
nergistic effect. The synergistic effect of PT, RGO and Pt NPs provided
excellent catalytic ability for disintegration of the H2O2 and electron
conductivity, which can efficiently amplifying the current signal for
H2O2 detection.

3.8. Optimization of experimental conditions for the RGO-PT-Pt non-
enzymatic biosensor for detection H2O2

To achieve the best performance for the RGO-PT-Pt non-enzymatic
biosensor, the experimental conditions for H2O2 detection was opti-
mized by varying different the layers of RGO-PT-Pt nanocomposite, the
concentrations of the RGO-PT-Pt nanocomposite, the pH of the buffer
solution, and the detection potential. Fig. 5A showed the effect of dif-
ferent layers of RGO-PT-Pt nanocomposites on the current response of
the RGO-PT-Pt non-enzymatic biosensor. Seen from Fig. 5A, the current
response of the biosensor gradually increased with the increase of the
amount of RGO-PT-Pt nanocomposite and reached the highest peak
with three layers. Then the current response began to decline gradually
as the increasing of the layers of RGO-PT-Pt nanocomposite. Thus, three
layers of RGO-PT-Pt film were chosen for further experiments.

Fig. 5B showed the change in H2O2 current response in different
concentrations of the RGO-PT-Pt nanocomposite. As can be seen from
Fig. 5B, the current response increased as the concentration increased.
When the concentration of the RGO-PT-Pt nanocomposite was 1.0mg/
mL, the current increase gradually tended to be flat, Therefore, the
concentration of 1.0 mg/mL for the RGO-PT-Pt nanocomposite was
selected for subsequent experiments.

Fig. 5C indicated the change of the current response value of H2O2

in PBS with different pH value (6.0–8.0). It can be seen from Fig. 5C
that the current response increased first and then decreased with in-
crease of pH value. The amperometric response was the highest when
the pH was 7.4, indicated that the biosensor was more active at this pH
value. Thus, pH 7.4 was chosen as the optimum working pH for the
reaction medium, which was close to the normal pH of the human

Fig. 4. XPS spectra of the surface of SPCE in different stages: (A) Full spectra; (B) XPS spectra of C1s, N1 s, O1s and Au4f for bare SPCE (a); Au NPs/SPCE (b); RGO-
PT-Pt/Au NPs/SPCE (c); (C) Raman spectra for bare SPCE (a), Au NPs/SPCE (b), RGO-PT-Pt/Au NPs/SPCE (c); (D) Cyclic voltammetry response for bare SPCE (a), Au
NPs/SPCE (b), RGO/Au NPs/SPCE (c), RGO-PT/Au NPs/SPCE (d),RGO-PT-Pt/Au NPs/SPCE (e) in the presence of 0.1 mM H2O2 in PBS from −0.7 to 0.8 V with
100mV/s scanning rate.
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environment.
Fig. 5D represented the results of the relation between the current

response and potentials. Seen from Fig. 5D, the amperometric response
was gradually intensified with the detection potential changed from
−0.1 to −0.5 V. At potentials more negative than −0.1 V, H2O2 is
electrochemically reduced in neutral solutions, and the current signal
increases accordingly with the applied potential negatively shifting to
−0.5 V. With consideration of the interferences from other physiolo-
gical materials, the applied potential of −0.4 V is regarded as an ap-
propriate compromise between sensitivity and selectivity [2, 41].

3.9. Performance of the RGO-PT-Pt non-enzymatic biosensor towards H2O2

Herein we use the RGO-PT-Pt non-enzymatic biosensor to facilitate
the reduction of H2O2 and measure the reduction current at a certain
potential using the current-time technique. Under the optimized con-
ditions, the developed RGO-PT-Pt non-enzymatic biosensor was used
and the current response was recorded for the successive addition of
H2O2 with different concentrations in PBS (Fig. 6A). Seen from Fig. 6A,
the current response increased with the increasing H2O2 concentration.
And the RGO-PT-Pt/Au NPs/SPCE responded very rapidly to the addi-
tion of H2O2, producing steady-state signals within 3 s. Fig. 6B was the
calibration curve of the RGO-PT-Pt non-enzymatic biosensor for the
detection of different concentrations of H2O2. As shown in Fig. 6B, the
concentration of H2O2 was in satisfactory linear relationship with the
response current at the range of 1.0–100.0 μM. The linear equation was
I(nA)= 43.55C(μM)+ 207.81 with a correlation coefficient of 0.9931.
The sensitivity, expressed as the slope of the calibration straight-line
section, was calculated from the plot of Fig. 6B by means of linear re-
gression. With the help of a linear regression of these values, the sen-
sitivity was calculated to be 0.780 μA μM−1 cm−2. The limits of de-
tection (LOD), defined as CLOD= 3Sb/b, where Sb was the standard
deviation of 6 replicate blank signals and b was the slope of the linear
section of calibration curve, had been calculated to be 0.26 μM at the
signal-to-noise ratio of 3.

Furthermore, the analytical performance of the proposed biosensor
was compared with other non-enzymatic H2O2 biosensors, as sum-
marized in Table 1. Seen from Table 1, the performance of the RGO-PT-
Pt non-enzymatic biosensor was better than previously reported sen-
sors. These excellent performances of the RGO-PT-Pt non-enzymatic
biosensor may be attributed to synergistic effect of the high electro-
catalytic efficiency of Pt NPs, high electronic conductivity of RGO and
the adsorption ability of PT on metal ions. In addition, it was further
demonstrated that RGO-PT-Pt is a promising nanomaterial for the
modified electrodes for detection of H2O2.

3.10. Specificity, reproducibility and stability of the RGO-PT-Pt non-
enzymatic biosensor

The specificity of the RGO-PT-Pt non-enzymatic biosensor was in-
vestigated by comparing the amperometric responses of successive
addition of 0.1mM H2O2, 0.1 mM AA, 0.1mM UA, 0.1 mM DA, 0.1 mM
DOPAC and 0.1mM H2O2 in 10mL of PBS at the applied potential of
−0.4 V. As shown in Fig. 6C, the response current increased obviously
after addition of H2O2, and no obvious changed after the addition of
AA, UA, DA, DOPAC, respectively, while the current obviously in-
creased again after H2O2

+was secondly added. These results showed
that the responses caused by AA, UA, DA and DOPAC could be negli-
gible, which indicated that the RGO-PT-Pt non-enzymatic biosensor has
a good selectivity and can be used for the detection of H2O2 without any
effect caused by possible interferents.

The reproducibility was assessed by detecting the responses to
10 μM H2O2 at five electrodes independently. The relative standard
deviation (RSD) was calculated to 4.0%. Furthermore, the stability of
the RGO-PT-Pt non-enzymatic biosensor was evaluated by placing the
prepared RGO-PT-Pt non-enzymatic biosensor in a humid environment
at 4 °C when the sensors were out of use, and measuring its response
current to 10 μM H2O2 solution every 2 days. A 4.23% decrease in the
current response was observed after 4 days and 8.85% decrease after
8 days. Eventually, the current response maintained its initial current

Fig. 5. (A) Effect of layer number of RGO-PT-Pt composite on current response; (B) Effect of the concentration of RGO-PT-Pt composite on current response; (C) Effect
of pH on current response; (D) Effect of the potentials on current response. Error bars indicated the relative standard deviation of three repetitive experiments.
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response of 89.00% after 20 days. Thus, these results indicated the
prepared sensor exhibited an acceptable reproducibility and stability.

3.11. Real human serum sample analysis

In order to verify the practical application of the prepared sensor,
the feasibility of the proposed H2O2 detection method in real human
serum samples was evaluated using the standard addition method. The
experimental results are shown in Table 2. From Table 2, it can be seen
that the recovery rate is between 98.38% and 108.90%. The satisfying
results demonstrated that the biosensor had a great potential for prac-
tical application.

4. Conclusions

In summary, a facile and effective non-enzymatic electrochemical
biosensor for H2O2 detection was constructed based on RGO-PT-Pt
nanocomposite. The RGO-PT-Pt nanocomposite was prepared by facile
reduction method with AA as reducing agent. Taking advantage of high
electro-catalytic efficiency of Pt nanoparticles, high electronic con-
ductivity and large surface area of RGO, and significant adsorption
ability of PT on metal ions and its prevention of agglomeration to
promote RGO dispersion, the RGO-PT-Pt nanocomposite revealed better
catalytic ability towards H2O2 via a synergistic effect. Under the op-
timal conditions, the prepared RGO-PT-Pt non-enzymatic biosensor
responded very rapidly towards H2O2, producing steady-state signals
within 3 s. The linear relationship between the amperometric current
response and the H2O2 concentration was very well over the range from
1.0 μM to 100 μM with a readily achievable detection limit of 0.26 μM
(S/N=3). In addition, the fabricated sensor demonstrated the practical

Fig. 6. (A) Current-time curves of different concentrations of H2O2 including 1, 5, 10, 30, 50, 80, 100 μM (a–g); (B) Calibration curve of the non-enzymatic biosensor
sensor for the detection of different concentrations of H2O2. The current signal was obtained by i-t technique which was carried out in PBS at −0.4 V with agitation
rate about 100 rpm. And the error bars represent the relative standard deviation (n=3 electrodes); (C) Current-time curve of RGO-PT-Pt/Au NPs/SPCE with
successive additions of 100 μMH2O2, 100 μMAA, 100 μM UA, 100 μMDA, 100 μM DOPAC and 100 μMH2O2 at RGO-PT-Pt/Au NPs/SPCE electrode at the potential of
−0.40 V in PBS with stirred 100 rpm rate.

Table 1
Comparison of the electroanalytical parameters for a variety of electrodes
modified with Pt NPs for the detection of H2O2.

Electrode Applied
potential (V)

Electrolyte pH LOD
(μM)

References

Pt NPs/SPCEs 0.2–0.7 PBS (7.4) 16 [38]
Pt/Cu/GCE 0.3 PBS (7.4) 12.2 [39]
Au-Pt BM-NPs/SPCEs 0.4 PBS (7.4) 10 [40]
MWCNTC/Pt NPs/

SPCEs
−0.4 PBS (6.9) 1.23 [41]

Pt NPs-CNF PDDA
/SPCEs

0.5 PBS (7.0) 2.4 [42]

Pt-polypyrrole/GCE −0.1 PBS (7.0) 1.2 [43]
RGO/CS/Fc/Pt/GE −0.05 PBS (7.0) 0.02 [44]
Pt NPs/SPCEs 0.7 PBS (7.0) 1.9 [12]
RGO-PT-Pt NPs/

SPCEs
−0.4 PBS (7.4) 0.26 This work

Table 2
Determination of H2O2 in human serum samples with RGO-PT-Pt non-enzy-
matic biosensor.

H2O2 added
(μM)

Response current (nA) Concentration Found (μM) Recovery
(%)

15 320 14.757 ± 1.007 98.38
380
360

40 1280 43.571 ± 3.901 108.90%
1210
1440

60 1960 57.977 ± 5.00 96.63%
1540
1880
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applicability in human serum samples with the appreciable recovery
and also exhibited the excellent performances in terms of selectivity,
reliability, reproducibility and stability. The RGO-PT-Pt non-enzymatic
biosensor can be very useful for detection of H2O2 and offer great po-
tential in providing a sensitive and potent method for detection of H2O2

in clinical diagnostics.
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