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Platinum nanoparticles were electrodeposited on graphene modified glassy carbon electrode to form a modified electrode, and
the electrode was characterized with scanning electron microscopy (SEM). At the modified electrode, rutin, a natural flavonoid,
shows a couple of well-defined redox peaks, which is corresponded to the reduction and reoxidation of rutin. The electrochemical
behaviors of rutin at the electrode were investigated, and the results indicated that the electrode reaction is controlled by adsorption
process. Under the optimal conditions, the peak currents of diﬀerential pulse voltammetry (DPV) increased linearly with the rutin
concentration in the range from 2.0 × 10−8 to 8.0 × 10−5 M with a limit of detection of 6.7 × 10−9 M. The as-prepared electrode
was successfully used for the selective determination of rutin in tablet, displaying a potential application of graphene composite
modified electrode.

1. Introduction
Rutin (quercetin-3-rutinoside, which chemical structure is
shown in Figure 1) is a natural flavonoid with a wide
of biochemical and pharmacological activities, including antigenotoxic, anti-inflammatory, antioxidant eﬀects,
antibacterial, antiviral, cytoprotective, and antiprotozoal
properties, hypolipidaemic and anticonvulsive eﬀects, and
anticarcinogenic [1–6]. The interest in using rutin in cosmetic and pharmaceutical formulations is to enhance their
antioxidant and vasoprotective properties, promoting relief
of the symptoms of lymphatic and venous insuﬃciency. Up
to now, methods for investigation of rutin have included
spectrophotometry [7], capillary electrophoresis [8], chemiluminescence [9], HPLC [10], and electrochemical methods
[11, 12]. Among these methods, electrochemical method is
simple and sensitive. However, the sensitivity and selectivity
of electrochemical method usually depends on the electrode
material.
Metal nanoparticles have attracted considerable attention
due to their conspicuous physical and chemical properties
[13, 14]. Previous investigates suggested that platinum
nanoparticles have a good electrocatalytic activity among

metal nanoparticles. So, platinum nanoparticles have widely
been applied in many fields, such as electrocatalytic oxidation of formic acid and methanol [15, 16]. However, in
order to utilize its function, platinum nanoparticles must
be immobilized on supported materials, such as carbon
materials and other conducting or semiconducting materials.
Graphene is a new form of carbon material with carbon
atoms parked in a two-dimensional honey lattice, which has
attracted a tremendous amount of attention due to their
extraordinary physical, chemical, and mechanical properties.
The unique nanostructure and properties of graphene
provide potential applications in synthesizing nanocomposites [17, 18] and fabricating various microelectrical
devices, such as battery [19], field-eﬀect transistors [20],
and ultrasensitive sensors [21]. In recent years, graphenebased composites had been used as electrode material
to construct electrochemical sensors and biosensors [22,
23]. For example, grapheme/palladium nanocomposite [24]
could be used to prepare hydrogen sensor, nitrogen-doped
graphene [25] was used for constructing glucose sensor,
and graphene/AuNPs/chitosan nanocomposite was used as
electrode material to realize glucose biosensing.
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Figure 1: Rutin chemical structure.

In this paper, chemically reduced graphene was used
as electrode material to construct a graphene electrode.
Then, platinum nanopaticles were electrodeposited on this
electrode surface to form a Pt nanoparticles/graphene
modified electrode. The modified electrode shows a good
electrocatalytic activity towards the redox of rutin. Based on
this, an electrochemical method for rutin determination was
constructed.

2. Experimental
2.1. Apparatus and Chemicals. All electrochemical experiments were carried out in a three-electrode cell controlled
by CHI 660B electrochemical workstation (CHI, USA).
Pt/GR/GC electrode was used as the working electrode. An
Ag/AgCl electrode and a platinum wire electrode were used
as the reference and the auxiliary electrodes, respectively.
S-4800 Scanning Electron Microscopy (Hitachi, Japan) was
used for the characterization of electrode surface. Graphite,
hydrazine hydrate solution, (50 wt%) was purchased from
Shanghai Chemical Reagent Co., Ltd. 2% Chitosan (from
Sigma) solution was prepared by dissolving Chitosan in 1%
acetic acid solution with magnetic stirring for 2 h. Rutin
and H2 PtCl6 ·6H2 O were purchased from Shanghai Reagent
Factory. Unless otherwise stated, reagents were of analytical
grade and used as received. All aqueous solutions were
prepared with doubly distilled water. All electrochemical
experiments were carried out at room temperature.
2.2. Synthesis of Graphene. Graphene used in this experiment
was prepared through chemically reducing graphene oxide.
Graphene oxide was synthesized from graphite according to
Hummers and Oﬀeman’s method [26]. The preparation of
graphene from graphene oxide can be described as follows:
(1) the synthesized graphene oxide was dispersed in water to
create a 0.08% (wt%) aqueous solution. Then, 1 mL of 2%
chitosan (CS) was added into 2 mL above solution, and the
solution was mixed by ultrasonication for 30 min to form a
lightly yellow dispersion. 40 µL hydrazine hydrate solution
was added to the lightly yellow solution. The mixture was
stirred for 5 min and reacted at 100◦ C for 24 h. In the end
of the reaction, the color of mixture solution changed from

lightly yellow to black, indicating the reduction of graphene
oxide. The black CS-dispersed graphene aqueous solution is
stable for four weeks at room temperature.
2.3. Preparation of Pt/GR/GC Modified Electrode. The bare
glassy carbon electrode was polished with emery paper
and alumina slurries (0.3 µm and 0.05 µm). Then, it was
thoroughly rinsed with water and sonicated in acetone and
water (each for 5 min). 10 µL of CS-dispersed graphene
solution was dropped onto a GC electrode surface, and the
electrode was allowed to dry in ambient air for 24 h to
form a CS-graphene modified electrode, noted as GR/GC
electrode. Then, the GR/GC modified electrode was soaked
in 1.0 × 10−3 M H2 PtCl6 solution. Platinum nanoparticles
were electrodeposited on the graphene electrode surface to
form a Pt/GR/GC electrode through applying a potential of
−0.2 V (versus Ag/AgCl) and continuing time of 20 s. The
electrode was rinsed and kept in refrigerator at 4◦ C before
used. Correspondingly, Pt/GC was prepared according to
above mentioned process without graphene.

3. Results and Discussion
3.1. SEM Characterization of Graphene and Pt/GR/GC Electrode. The morphologies of graphene oxides, graphene, and
Pt/graphene on electrode surface were observed by SEM.
Figure 2 shows the typical SEM images of electrode surface
covered with graphene oxide, graphene, and Pt nanoparticle/graphene, respectively. From Figure 2(a), the graphene
oxide film looks like a thin wrinkled paper on electrode
surface. From Figure 2(b), the CS-dispersed graphene film
shows a clear flake-like shape, which is significantly diﬀerent
from that of the graphene oxide. Additionally, the irregular
shapes of graphene through a simple casting method on GC
electrode exhibit a layer structure. From Figure 2(c), it can be
seen that those white dots, which are platinum nanoparticles,
were uniformly dispersed on graphene surfaces. It indicated
that Pt/GR/GC modified electrode was successfully prepared.
3.2. Electrochemical Response of Rutin on Pt/GR/GC Electrode.
Figure 3 shows the typical cyclic voltammograms (CVs) of
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Figure 2: SEM image of (a) graphene oxide, (b) graphene, and (c) platinum nanopaticles on graphene.
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rutin at diﬀerent electrode in pH 5.0 phosphate buﬀer solution. As can be seen from Figure 3, a couple of well-defined
redox peaks was observed at all four electrodes, which
corresponds to the reduction and reoxidation of rutin. The
cathodic and anodic peak potentials were about at 0.357 V
and 0.420 V (versus Ag/AgCl). Among the four electrodes,
Pt/GR/GC electrode gave the highest peak current. Both
cathodic and anodic peak currents are about 15, 10, and
5 times higher than that of bare GC, Pt/GC, and GR/GC
electrodes, respectively, as shown in inset of Figure 3. It
can be concluded that the composite of graphene and Pt
nanoparticle provides more active sets for the direct electron
transfer between rutin and electrode. It is possible that
graphene may play a primary important action, which has
larger surface areas and can adsorb easily rutin molecules.
The hydroxyl groups of rutin on the graphene surface were
catalytically oxidized to corresponding o-quione by platinum
nanoparticles on the surface of graphene. So, it makes more
sensitive response on Pt/GR/GC electrode than on other
electrodes.
Electrochemical behaviors of rutin on the Pt/GR/GC
electrode were also investigated. Firstly, we examined the
eﬀect of pH of supporting electrolyte in the range from 4.0
to 8.0. 0.1 M phosphate buﬀer solution selected as supporting
electrolyte. When the pH of supporting electrolyte changed
in the range of 4.0∼8.0, a couple of redox peaks could still
be observed but both cathodic and anodic peak potentials
were shifted to negative direction. Further experimental
results suggested that the formal potential of rutin is
dependent linearly on pH of supporting electrolyte with a
slope of 49.0 mV/pH, revealing that proton takes part in
the electrode reaction of rutin. Among above pH range, in
pH 5.0 supporting electrolyte, better sensitivity and peak
profile were obtained. Thus, pH 5.0, 0.1 M phosphate buﬀer
solution was selected as supporting electrolyte for further
experiments.
Secondly, we studied the eﬀect of scan rate on redox
peaks of rutin. With increasing the scan rates, both the
anodic peak current and the cathodic peak current are
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Figure 3: Typical CVs of (a) bare GC, (b) Pt/GC, (c) GR/GC, and
(e) Pt/GR/GC electrode in 0.1 M pH 5.0 phosphate buﬀer solution
containing 5 µM rutin. (d) CV of Pt/GR/GC electrode in 0.1 M pH
5.0 phosphate buﬀer solution without Rutin. Inset: comparison of
anodic peak currents obtained in 5 µM rutin solution at diﬀerent
electrodes.

linearly proportional to the scan rates in the range form 10
to 250 mV/s. The anodic peak potentials shift in gradually
positive direction and the cathodic peak potentials shift in
negative direction. The results indicate that the electrode
reaction of rutin is controlled by adsorption process.
3.3. Electrochemical Determination of Rutin. In order to
obtain higher sensitivity, diﬀerential pulse voltammetry
(DPV) was used to determine rutin. Figure 4 records the
DPV curves of diﬀerent concentration of rutin at Pt/GR/GC
modified electrode. As can be seen, the DPV peak current
increased linearly with rutin concentration. A good linear
relationship between the peak current and rutin concentration in the range of 2.0 × 10−8 to 8.0 × 10−6 M has been
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Table 1: Comparison of diﬀerent electrodes for rutin determination.
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Figure 5: Comparison of DPV currents of 1.0 × 10−6 M rutin
with 1.0 × 10−3 M outer species in 0.1 M pH 5.0 phosphate buﬀer
solution. The inset is to present other column with lower resolution
on y axis.
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Figure 4: DPV curves of diﬀerent concentrations of rutin in 0.1 M
pH 5.0 phosphate buﬀer solution.

obtained and the correlation coeﬃcient is 0.9998. The limit
of detection (LOD) is 6.7 × 10−9 M at a signal-to-noise ratio
of 3. The determination parameters of rutin for this assay
were compared with other methods, and the results were
listed in Table 1. As can be seen from Table 1, this can provide
an assay with wider concentration range and lower LOD.
In Figure 4, an unobvious peak at about 0.15 V was also
observed. The previous reported literature suggested that
only one DPV peak of rutin can be observed in the presented
potential window. According to the literature [27], the small
peak at 0.15 V may be come from thimbleful quercetin,
whose structure is similar to rutin and can be as impurity
existing in rutin sample.
In experiment, it was observed that Pt nanoparticles
density on the Pt/GR/GC electrode surface can influence
on electrochemical response of rutin. Because of the
high density Pt nanoparticles will result in aggregation of
nanoparticles and the low density will make the active sites
become lack. In order to obtain higher response signal,
Pt nanoparticles density was controlled through controlling
both the electrolytic time and the concentration of H2 PtCl6 .
An optimum conditions including 20 s electrolytic time and
1.0 × 10−3 M H2 PtCl6 was selected to electrodeposit Pt
nanoparticles on graphene.
The repeatability and selectivity of this assay were also
investigated. The repeatability of the Pt/GR/GC modified

electrode was evaluated as the following process. The repeatable experiments were performed in 0.1 M pH 5.0 phosphate
buﬀer solution containing 2.0 × 10−6 M rutin. Six-time
measurement of peak current was carried out using the
same electrode that was refreshed before each measurement.
The process for refreshing the electrode can be described
as follows: continual CV scans were preformed in a blank
pH 7.0 PBS until no redox peak of rutin can be observed
[27]. The relative standard deviation was calculated to be
5.1%, indicating that the as-prepared Pt/GR/GC electrode
has a good repeatability. In order to study the selectivity,
the interference from CTAB, dopamine (DA), ascorbic acid
(AA), and glucose (GO) was investigated, and the result
was shown in Figure 5. Under the same conditions, the
assay of 1.0 × 10−6 M rutin was not interfered with 1.0 ×
10−3 M above species. The result indicates that the modified
electrode can be used to determine rutin in the presence
of the amount of outer species and used as a potential
tool to analyze factual drug containing rutin with a good
selectivity. In addition, the as-prepared Pt/GR/GC modified
electrode was stored at room temperature for 4 weeks, and its
response current only decreased about 4.5% comparing with
original currents in the same concentration of rutin solution,
suggesting that the electrode has long time response stability.
3.4. Determination of Rutin in Tablet. In order to evaluate
the applicability of the modified electrode, the rutin in tablet
as factual sample was detected. The tablet containing rutin
was triturated firstly and dissolved with water. After filtered,
the solution was diluted and used as sample to detect rutin
directly. According to the experimental conditions, rutin
was detected in real samples, and the result was shown in
Table 2. No significant diﬀerence between the determined
result and the marker of label can be observed. In addition,
the spiking experiment was carried out. Figure 6 shows the
typical voltammograms obtained from the analysis of real
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Table 2: Determination of rutin in tablet∗ .
No.

Content
(mg/tablet)

1
2
3
∗

20.2
20.4
19.6

Added in
sample
(10−2 mg/L)
1.01
1.02
1.47

Found in
sample
(10−2 mg/L)
1.05
1.05
1.39
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Figure 6: Typical CVs of (a) rutin sample (containing 2.6 µg Rutin)
and (b) a was spiked with 2.6 µg rutin in 5 mL 0.1 M pH 5.0
phosphate buﬀer solution.

sample and spiking sample. The experimental results, as
recovery, were shown in Table 2. The recovery from 95%
to 104% shows that the proposed assay is credible. It also
suggests that the prepared electrode is suitable for rutin
determination in commercial pharmaceutical samples. On
the other hand, comparing the assay based on the Pt/GR/GC
electrode with other electrodes described in the literature
[11, 28, 29] for rutin determination, our electrode has higher
sensitivity, lower detection limit, and wider linear range.

4. Conclusions
In this paper, a Pt/GR/GC modified electrode was constructed through directly electrodepositing Pt nanoparticles
on the surface of chemically reduced graphene nanosheet
modified electrode. The electrode showed a sensitive
response to rutin. A simple and sensitive electrochemical
method for rutin determination based on the modified
electrode was developed. Under optimized conditions, the
modified electrode exhibited a good performance in terms
of sensitivity, LOD, and linear calibration range. Moreover,
the modified electrode shows higher stability and better
repeatability, which may foretell the potential applications of
graphene as electrode material in the electroanalytical field.
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