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Abstract A DNA-modified carbon paste electrode (DNA-
CPIE) was designed by using a mixture of the ionic liquid 1-
butyl-3-methylimidazolium hexafluorophosphate and paraffin
oil as the binder. The electrochemistry of rutin at the DNA-
CPIE was investigated by cyclic voltammetry and differential
pulse voltammetry. Rutin exhibits a pair of reversible redox
peaks in buffer solutions of pH 3.0, and respective electro-
chemical parameters are established. Under the optimal
conditions, the oxidative peak current is linear with the
concentration of rutin in the range from 8×10−9 to 1×
10−5 mol L−1, and the detection limit is 1.3×10−9 mol L−1 (at
S/N=3). The electrode exhibits higher sensitivity compared to
DNAmodified carbon paste electrode without ionic liquid and
better selectivity comparing with electrodes without DNA. It
also showed good performance, stability, and therefore
represents a viable method for the determination of rutin.
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Introduction

Ionic liquids (ILs) are kinds of ionic compounds, which
exist in liquid state at around room temperature. Because of

their high electrochemical stability, good ionic conductivity,
negligible vapor pressure and wide electrochemical windows
[1], ILs have received much attention in the electrochemistry
industry [2, 3], organic synthesis [4], catalysis [5], liquid-
liquid extraction [6], ect. Recently, ILs have been used as the
paste binders for fabricating of carbon composite electrodes,
which provide an obvious increase in the electrochemical
response of electroactive substrates and reduce the over-
potentials of some organic substances [7]. Makeli et al. [8]
fabricated a new carbon composite electrode using carbon
powder mixed with IL as the binder, which was used for
investigating the electrochemical oxidation of phenolic
compounds. High stable responses were obtained even at
high concentrations of phenol. Sun et al. [9] investigated the
electrochemical behaviors of ascorbic acid (AA) at the IL
modified carbon paste electrode, which decreased the over-
potential of AA. These excellent results indicate that using
IL-type carbon paste electrode for the determination of small
molecules is promising.

DNA is one of the most important biomacromolecules,
which offers the electrochemists a powerful tool to obtain
necessary information for the development of various
fields. For example, DNA recognition layers offer enor-
mous promise in monitoring of many important compounds
[10]. They are rapidly developed in the detection of
nucleotide sequences, DNA damage, and genetic diseases
[11]. This technique is also applied in drug monitoring [12]
and environmental research [13] for its low cost and rapid
response. Due to the high charge density of the DNA helix
and the binding ability for various molecules, DNA is an
available electrodes modification material with good selec-
tivity and sensitivity.

Rutin is called as vitamin P that belongs to flavonoid
compounds. Its several physiological activities including
analgesic [14] and anticancer activities [15] have been
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widely exploited due to its biological effects [16]. There has
been considerable effort in the development of analytical
methods for the determination of rutin including capillary
electrophoresis [17], high-performance liquid chromatogra-
phy [18], chemiluminescence [19] and sequential injection
analysis [20]. Some of the methods require large amounts
of toxic organic solvents or complex isolation processes.
Thereby, electrochemical methods have attracted extensive
interests because of its high sensitivity, simple preparation
and low costs. The previous electrochemical researches
about rutin were mainly performed on single-walled carbon
nanotube modified gold electrode (SWNT-Au) [21] and
single-sided heated graphite cylindrical electrodes [22]. In
this paper, A DNA modified carbon paste electrode (DNA-
CPIE) based on the mixture of IL and paraffin oil as the
binder for rutin monitoring was reported. The electrochemical
behaviors of rutin at the DNA-CPIE were investigated and a
sensitive voltammetric method for rutin determination was
developed.

Experimental

Reagents and materials

DNA was obtained from Biosharp and was prepared with
phosphate-buffered saline (PBS) (0.05 mol L−1, pH 7.0).
Rutin was purchased from Shanghai Boyun Biotech Co.
Ltd (Shanghai, China, www.chem-china.net). Its stock
solution (2×10−3 mol L−1) was prepared by dissolving it
with ethanol. Carbon powder (spectrum grade, average
particle size 4 μm) and paraffin oil were from Shanghai
Chemical Reagent Co (Shanghai, China, www.scrri.com).
Rutin tablet was purchased from Taiyuan Pharmaceutical Co.
Ltd (Taiyuan, China, www.sxtaiyao.com.cn). The supporting
electrolyte was 0.1 mol L−1 Britton-Robinson (B-R, pH 3.0).
All other chemicals were of analytical reagent. All solutions
were prepared with double-distilled water.

1-Butyl-3-methylimidazolium hexafluorophosphate
([BMIM] [PF6]) was prepared as described in the literatures
[23, 24]. The purity of IL was checked by elemental
analysis and 1H NMR and 13C NMR spectroscopy, and the
residual water content was analyzed by standard Karl-
Fisher titration to be below 0.07% (w/w).

Preparation of the modified electrode

The conventional carbon paste electrode (CPE) was con-
structed by mixing carbon powder with paraffin oil in
weight ratio of 85:15. The CPIE was prepared by adding
[BMIM] [PF6] to the conventional carbon paste, and the
optimal paste was comprised of carbon powder, paraffin oil,
and IL for 80:15:5. Mixing proceeded for an additional

30 min to form a homogeneous paste. A portion of the
paste was then packed tightly into the cavity (2 mm
diameter, 2 mm depth) of a Teflon tube and a bare copper
wire had been inserted through the opposite end to produce
electrical contact. The composite surface was smoothed on
a weighing paper and rinsed carefully with double-distilled
water. The obtained composites were uniform and the
surfaces of the prepared electrodes were smooth, indicating
that there was good conglutination to IL with carbon
powder and paraffin oil. The DNA-CPIE was designed by
transferring a droplet of 30 μL of 1 mg mL−1 DNA solution
onto the composite surface, followed by air-drying overnight.

Apparatus and procedures

All electrochemical experiments were performed on a CHI
660 electrochemical workstation (CH Inc., USA, www.
chinstruments.com). A standard three-electrode system was
used with the DNA-CPIE as a working electrode, a
platinum wire as an auxiliary electrode, and a saturated
calomel electrode (SCE) as a reference electrode. All
potentials given were referred to the SCE. The microstruc-
ture characterization of carbon paste electrode surfaces was
performed with the Navo 400 Scanning Electron Micro-
scope (SEM, FEI Company of USA). All measurements
were performed at ambient temperature.

Results and discussion

The surface topography of the paste electrodes

The morphologies of CPE and CPIE were characterized by
SEM. The surface of CPE was predominated by isolated and
brokenly shaped graphite flakes, and each layer could be
distinctly distinguished (Fig. 1a). After adding the IL to the
paste, the surface of CPIE was relatively uniform and few
separated layers could be seen (Fig. 1b). The uniformity of
surface showed the good adherence of carbon powder,
paraffin oil and IL. A mass of IL was embedded in carbon
powder and paraffin oil, which bridged carbon flakes [25].

Electrochemical behaviors of rutin

The electrochemical behaviors of rutin were studied by cyclic
voltammetry (CV). In 1.0×10−4 mol L−1 rutin, a couple of
well-defined peaks could be seen at the DNA-CPIE with
oxidative peak potential (Epa) of 0.488 V, reductive peak
potential (Epc) of 0.427 V (Fig. 2c). The peak-peak
separation (ΔEp) was 61 mV. The peak couple attributed to
the redox of dihydroxyl groups at B-ring [26]. It was obvious
that the current at the DNA-CPIE was higher than that at the
DNA-CPE (Fig. 2a). The higher current might be due to the
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use of IL as binder, which resulted in an increase in the
electron transfer rate [27]. On the one hand, IL had high
ionic conductivity that could facilitate fast transportation. It
would induce the reduction of surface diffusion capacitance.
On the other hand, there were many cavities within its
molecule structure that was easy to hold more charges. Thus,
IL as a binder could enhance electrochemical performance of
the DNA-CPIE [28]. The peak current of rutin at the DNA-
CPIE decreased comparing with at the CPIE (Fig. 2b). It
indicated that DNA and rutin had a strong interaction and
formed weakly electroactive rutin-DNA complex, which
resulted in the decrease of peak current [26]. A pair of peaks
at the DNA-CPIE could be observed after the addition of
4.63×10−6 mol L−1 rutin into B-R (pH 3.0) buffer solution
(Fig. s1a, see Supplementary material). Then the electrode
was removed from the solution, thoroughly rinsed with pure
water and put into B-R (pH 3.0) buffer solution. After this
process, a similar voltammogram was obtained, with only a
little decrease of peak current (Fig. s1b, see Supplementary
material). This illustrated that rutin could be adsorbed onto
the DNA-CPIE surface. Considering the signal of samples at
CPIE without DNA modification was easily interfered by
other substance [29], the DNA-CPIE was priority consider-
ation for the determination of rutin in the experiment.

Influence of pH

The effect of pH on the response of rutin at the DNA-CPIE
was studied. As can be seen, the peak current decreased
gradually with increasing pH from 3.0 to 8.0 (results not
shown). After pH exceeded 8.0, the peak nearly disappeared.
It indicated that proton involved in the electrochemical
reaction of rutin. In basic solutions, the peak current decreased
gradually due to lack of proton. Synchronously, pH that was
less than 3 may induce the alteration of DNA structure [30].

Therefore, pH 3.0 was selected as the optimal pH in the
following experiments. Both Epa and Epc shifted negatively
with the increase of pH. The relationships between the peak
potential and pH were in the following: Epc (V)=0.5879–
0.052 pH, E0’ (V)=0.6318–0.056 pH, Epa (V)=0.6757–
0.060 pH (results not shown). From the slope value of the
above equations, it could be concluded that E0’ was pH
dependent with a slope of 56 mV, which showed that the
electron and proton ratio taking part in the electrode reaction
was 1:1[31].

Influence of scan rate

The redox peak current increased linearly with scan rate (ν)
from 0.01 to 0.3 V s−1 in pH 3.0 B-R buffer solution
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Fig. 2 Cyclic voltammograms of 1.0×10−4 mol L−1 rutin in B-R (pH
3.0) buffer solution, at (a) the DNA-CPE, (b) the CPIE and (c) the
DNA-CPIE

Fig. 1 SEM micrographies
of (A) CPE and (B) CPIE
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(Fig. 3). The linear regression equations were: ipa=–5.694×
10−7–3.734×10−5 ν (ipa: A, ν: V s−1), ipc=8.983×10

−7+
4.094×10−5 ν (ipc: A, ν: V s−1) (Fig. 3A). The result
indicated that the redox process of rutin at the DNA-CPIE was
controlled by adsorption. With the increase of ν, Epa shifted
positively, Epc shifted negatively and ΔEp increased,
indicating the reaction gradually became less reversible.
From 0.08 to 0.3 V s−1, the peak potentials exhibited linear
relationship with the logarithm of ν (Fig. 3B). The linear
regression equations were: Epa (V)=0.4117–0.020 lgν, Epc

(V)=0.5145+0.023 lgν. According to Laviron formula [32,
33], the charge transfer coefficient α was 0.54. Based on the
equation: |Ep–Ep/2|=47.7/αn [34], the electron transfer
number n was calculated to be 2. Hence, the electrochemical
redox mechanism of rutin involved two electrons and two
protons process. As Δ Ep was more than 59/n mVand Ep was
dependent on ν, it could conclude that the redox reaction of
rutin was a quasi-reversible process [34].

Influence of accumulation time and accumulation potential

The oxidative peak current increased with accumulation
potential from −0.6 to 0.3 V, and then decreased rapidly
(results not shown). Hence, 0.3 V was chosen as accumu-
lation potential for subsequent analysis. The response of
rutin increased with the increase of accumulation time. For
9.26×10−8 mol L−1 rutin, the peak current reached a
maximum value after accumulation time was above 240 s.
For 4.63×10−6 mol L−1 rutin, the curve leveled off after
accumulation time exceeded 210 s (Fig. 4). So accumula-
tion time 240 s was used in the further experiments.

Influence of the content of IL

Different content of IL was added into the mixture of
carbon powder and paraffin oil in order to choose the most
appropriate composite of paste electrode. As can been seen
from Fig. 5, IL as the binder of the paste electrode
enhanced the electrochemical response of rutin to some
extent. When IL content increased from 0% to 5% (Fig. 5a
→ c), higher sensitivity and broader linear response for
rutin could be observed. After adding more IL into the
composites (for example 8%), the electrochemical response
of the modified electrode decreased significantly (Fig. 5d).
If the content of IL was beyond a certain value, the
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Fig. 4 Dependence of oxidative peak current on accumulation time in
9.26×10−8 mol L−1 rutin. Inset: variation of oxidative peak current
with accumulation time in 4.63×10−6 mol L−1 rutin
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electrode exhibited a very large background current (results
not shown). The high background current of DNA-CPIE
may be due to the accessible capacitance of IL [28].
Replacing paraffin oil with IL as the binder, there was no
peak that could be seen. It was in accordance with formerly
reported [28]. So the optimal weight ratio of carbon
powder: paraffin oil: IL was 80:15:5.

Analytical application

Differential pulse voltammetry (DPV) was employed for
the determination of rutin at the DNA-CPIE (Fig. 6). Under
the optimized experimental conditions, the oxidative current
was linear with the concentration of rutin from 8×10−9 to 1×
10−5 mol L−1. The linear regression equation was: ipa (A)=
2.90×10−8+0.28c (ipa: A, c: mol L−1). The linear range was
wider than the value of 4.0×10−8 to 1.0×10−5 at the CPIE
using 1-amyl-3-methylimidazolium bromide as modifier (1×
10−8 mol L−1) [27]. The detection limit of 1.3×10−9 mol L−1

(S/N=3), which was lower than the previous reports with
SWNT-Au (1×10−8 mol L−1) [21]. The detection limit of
rutin at the DNA-CPIE was not obvious lower than at the

DNA-CPE. However, higher sensitivity and broader linear
response for rutin at the DNA-CPIE could be observed
comparing with at the DNA-CPE. The relative standard
deviation (RSD) was 3.1% for ten successive determinations
of 4.63×10−6 mol L−1 rutin using a single DNA-CPIE. The
RSD was 8.2% with five separately prepared DNA-CPIEs.
The stability of DNA-CPIE was also investigated. The
biosensor was stored in the dry state in the refrigerator at
4°C when not in use. The oxidative current of 4.63×
10−6 mol L−1 rutin on the biosensor could remain 96.8% of
the initial response after one week use. These results indicated
the DNA-CPIE had high sensitivity, good repreativity and
stability.

Rutin tablet marked 0.02 g per tablet was employed, and
dissolved it with B-R buffer solution (pH 3.0) prior to use.
Standard curve method was utilized to calculate the content
three times, and the results were calculated as 0.02±
0.0004 g. It indicated that the results were consistent with
the standard content. Table 1 showed that the recoveries
were between 99.3% and 101.3%, which testified that the
method was applicable to quantitative determination of rutin.

The influence of some potentially interfering species on
the detection of rutin was investigated. The criterion used
for the presence of interference was 5% or greater change in
the peak current of 1.0×10−6 mol L−1 rutin. It was founded
that 1,000 folds of Na+, K+, Ba2+, NO3

−, Cl−, glucose, 100
folds of citric acid, 1 fold of folic acid, dopamine,
adrenalin, and AA did not interfere with the analysis of
rutin at the DNA-CPIE. However, in the same conditions,
the CPIE was easily interfered by potentially interfering
species. 1,000 folds Ba2+, 1 fold of adrenalin, and AA
interfered in the determination of rutin at the CPIE.
Therefore, the DNA-CPIE was priority consideration for
the determination of rutin in the experiment.

Conclusion

The DNA-CPIE was designed and the electrochemical
behaviors of rutin were investigated. The electrochemical
mechanism of rutin at the DNA-CPIE was an adsorption-
controlled quasi-reversible process involving two electrons
and two protons. DPV signal of rutin increased linearly
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Fig. 6 DPV curves of rutin in B-R solution at the DNA-CPIE at
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No Sample (0.1µM) Added (0.1µM) Found[a] (0.1µM) Recovery (%) RSD (%)

1 2.51 1.65 4.16 100.8 2.5

2 2.51 3.31 5.81 99.8 2.0

3 2.51 4.96 7.42 99.3 1.7

4 2.51 6.51 9.14 101.3 1.9

5 2.51 9.78 12.30 100.1 2.0

6 2.51 13.03 15.63 100.6 1.4

Table 1 Recovery test of rutin

[a] Average of three determinations
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with its concentration in the range from 8×10−9 to 1×
10−5 mol L−1, with the detection limit of 1.3×10−9 mol L−1.
It was found that the DNA-CPIE had long linear range and
low detection limit for the determination of rutin. The
excellent results indicated the method could be applied for
the determination of other flavonoid compounds.
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