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In this paper, a highly sensitive voltammetric method for determination of rutin is developed using
multi-walled carbon nanotubes-aminate reduced graphene oxide (MWCNTs/ARGO) modified
electrode. The incorporated ARGO served as dispersing agent and conductive sheet, which could
effectively prevented aggregation of MWCNTs. Compared with either MWCNTs or ARGO, the
hybrid nanomaterials showed a strong synergistic effect between two materials and exhibited higher
activity for the electro-oxidation of rutin. MWCNTSs/ARGO composite was characterized by scanning
electron microscope (SEM) and electrochemical impedance spectroscopy (EIS). Under the optimized
conditions, MWCNTs/ARGO modified electrode exhibited wide linear range from 0.01 to 112 uM
with the detection limit of 2 nM (S/N = 3). Moreover, the proposed method was successfully applied to
determine rutin in compound rutin tablets and satisfactory results were obtained.

Keywords: Rutin; Graphene oxide; Carbon nanotubes; Determination; Sensor

1. INTRODUCTION

Rutin (3°,4’, 5, 7-tetrahydroxyflavone 3B-D-rutinoside) is a kind of bioactive flavonoid
glycosides, which is often used as anti-tumor, anti-inflammatory, anti-oxidants, etc. It is also used as a
therapeutical medicine with the functions in a wide range of circulatory problems, which can lower
blood pressure, reduce capillary permeability and dilute the blood [1]. Therefore, develop simple and
sensitive methods for rutin determination is very important.

Up to date, different methods have been reported for the determination of rutin, including high-
performance liquid chro-matography (HPLC) [2], UV-vis spectrophotometry [3], capillary


http://www.electrochemsci.org/
mailto:duanxuemin@126.com
mailto:lulimin816@hotmail.com
mailto:lulimin816@hotmail.com

Int. J. Electrochem. Sci., Vol. 10, 2015 9193

electrophoresis (CE) [4], flow injection analysis (FIA) [5], sequential injection analysis [6] and
electrochemical methods [7-9]. Among these methods, electrochemical methods have the advantages
such as simple, fast, sensitive and reliable. Electrochemical sensors also can be fabricated with small
dimensions and suitable for placement directly into biological samples. Based on the electroactivity of
rutin, it has been investigated and determined by electrochemical methods. Kang et al. [10] used glassy
carbon electrode (GCE) for rutin determination and further applied to real samples analysis. Zeng et al.
[11] investigated the detection of rutin at a single-walled carbon nanotubes modified gold electrode
and obtained a better sensitivity for rutin. Wei et al. [12] fabricated a CeO, nanoparticle-modified
electrode for rutin determination and demonstrated a strong catalytic effect of nanoparticle towards
electrochemical oxidation of rutin. Due to the presence of modifier on the electrode surface,
electrochemical behaviours of rutin and sensitivity can be greatly enhanced.

Carbon nanotubes (CNTSs) have received extensive attention due to their nanoscale dimensions
and outstanding materials properties including ballistic electronic conduction, immunity from
electromigration effects at high current densities, and transparent conduction [13-15]. The applications
of CNTs have been reported in various fields such as batteries [16], supercapacitors [17], chemical
sensors and biosensors [18, 19]. However, due to Van der Waals interactions between the side walls,
CNTs tend to irreversible agglomeration in a short period of time. These disadvantages seriously limit
the applications of CNTs and CNTs-based materials in many fields. To overcome this shortcoming,
different methods were invented for the dispersion of CNTs, including chemical oxidation [20,21] and
the use of surfactants [22-24] or metal salts [25,26]. However, strong acids treatment results in
material degradation and reduction of the electronic, thermal and mechanical properties [27-29]. While
the use of surfactants can not obtain stability CNTs suspension in wide concentration rang, and adding
of metal salts would reduce the stability of suspension, as the DLVO theory predicted [32]. It has been
reported CNTSs can be well dispersed through the introduction of graphene and its derivatives and the
obtained hybrid material exhibited better properties compared with individual component [33,34].

In this work, MWCNTs/ARGO nanocomposite was prepared using a simple ultrasonic mixing
method. ARGO served as dispersant which can effectively prevent agglomeration of MWCNTSs
without reducing their superior properties. In addition, due to the excellent conductivity and large
surface area of rtGNC, MWCNTSs/ARGO modified GCE exhibited better performance towards electro-
oxidation of rutin as compared to MWCNTs modified GCE. Consequently, an electrochemical sensor
based on MWCNTS/ARGO modified electrode was developed for the determination of rutin. The
sensor presents high sensitivity, low limits of detection, and excellent selectivity, which can open up
new opportunities for sensitivity, simple and sensitive detection of rutin in real sample analysis.

2. EXPERIMENTAL

2.1. Chemicals and reagents

Rutin was obtained from Biopurify and ARGO was purchased from Nanjing Xianfeng nano
Co. MWCNTSs (purity > 95 %) were obtained from Shenzhen Nanotech Port Co. Ltd. Rutin stock
solution (5107 M) was prepared in absolute ethanol and stored at 277~281 K. Lithium perchlorate
trinydrate (LiClO4+3H,0), acetic acid, disodium hydrogenphosphate dodecahydrate (Na;HPQO,), and
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sodium dihydrogenphosphate dehydrate (NaH,PO,4) were obtained from Sinopharm chemical reagent
Co. Ltd. Al reagents were of analytical grade unless specific instructions. Redistilled water was used
during the experiments.

2.2. Apparatus

Electrochemical measurements were carried out on a CHI 660D electrochemical workstation
(Shanghai, China). The measurement was carried out in a three-electrode system, including glass
carbon electrode (GCE) or composites modified GCE as working electrode, platinum wire as auxiliary
electrode and saturated calomel reference electrode (SCE). During the experiments, the atmosphere of
redistilled water was set by passing N, for 15 min. Except the specific statement, the electrochemical
measurements were carried out in 0.1 M PBS (pH 7) at room temperature (25 * 4 C).

2.3. Preparation of MWCNTs/ARGO and fabrication of MWCNTS/ARGO /GCE

The MWCNTS/ARGO suspension was prepared by adding 2 mg ARGO and 1 mg pristine
MWCNTSs to 1 ml deionized water. A stable black suspension was obtained by ultrasonicating for 2 h.
Prior to modification, GCE was polished with chamois leather containing 0.05 um Al,O3 then cleaned
by ultrasonically with doubly-distilled, absolute ethanol and redistilled water, respectively, each for 5
min. To obtain MWCNTSs/ARGO modified GCE (MWCNTs/ARGO/GCE), 5 uL. MWCNTs/ARGO
dispersion was dropped on GCE and dried (at room temperature). For comparison, the MWCNTSs
modified GCE (MWCNTs/GCE), ARGO modified GCE (ARGO/GCE) were also prepared.

3. RESULTS AND DISCUSSION

3.1. Characterization of the synthesized MWCNTs/ARGO/GCE

The morphologies of the prepared ARGO, MWCNTs and MWCNTS/ARGO were investigated
by means of SEM (Fig. 1). It was found that ARGO exhibited crumpled and wrinkled flake like
morphology (A), while large quantities of MWCNTs were well distributed within the film and
displayed serious aggregation problem (B). However, one can see that the extent of aggregation and
number of junctions between MWCNTs in MWCNTs/ARGO (C) hybrid film were clearly reduced
compared to raw MWCNTSs, which can be attribute to the excellent dispersing ability of ARGO. The
uniformly distributed MWCNTS/ARGO nanohybrid can greatly improved conductivity and increase
the surface-to-volume ratio and be highly efficient to capture more rutin molecules, thus the response
properties of the prepared sensors will be greatly improved.
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Figure 1. SEM images of ARGO (A), MWCNTSs (B) and MWCNT/ARGO (C).
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Figure 2. The electrochemical impedance spectrum of GCE (a), MWCNTs/GCE (b), ARGO/GCE (c)
and MWNTS/ARGO/GCE (d) in 5 mM Fe(CN)s>" (1:1) solution containing 0.1 M KCI.

In order to study the interface properties of modified electrodes, electrochemical impedance
spectrum (EIS) technique was used to characterization of graphene-related materials. EIS curve usually
consists two parts, a semicircle part at high frequency corresponding to electron transfer resistance
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(Re) and straight part at low frequency corresponding to diffusion process. Fig. 2 displays the EIS
curves of bare GCE (a), MWCNTs/GCE (b), ARGO/GCE (c), and MWCNTs/ARGO/GCE (d). It can
be observed that the Ret of bare GCE was 600 Q, while MWCNTSs/GCE showed a Ret of 300 Q. When
ARGO was modified on GCE, the R decreased again, indicating the excellent conductivity of ARGO.
Smallest Re; value can be observed on MWCNTs/ARGO/GCE, which was attributed to the fact ARGO
prevented the aggregation of MWCNTSs as well as the synergistic effect between MWCNTSs and
ARGO.

3.2 Electrochemical behavior of rutin on MWCNTs/ARGO/GCE

Cyclic voltammetric responses of rutin at the bare GCE (a), MWCNTSs/GCE (b), ARGO/GCE
(c) and MWCNTs/ARGO/GCE (d) in the presence of 30 uM rutin (0.1 M PBS, pH 7.0) were shown in
Fig. 3. As can be seen, no obvious peak can be found at bare GCE, which might be due to the sluggish
electron transfer of low conductivity of GCE. At MWCNTs/GCE and ARGO/GCE, the redox peak
currents increased significantly, which were clear evidences of strong interfacial accumulation abilities
of MWCNTSs and excellent conductivity of ARGO. Morever, the peak current increased again at
MWCNTSs/ARGO/GCE due to the synergistic effect of MWCNTSs and ARGO, in which the uniformly
distributed MWCNTSs improved accumulation ability and ARGO sheets provided a large specific
surface area to increase the loading amount of rutin.
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Figure 3. Cyclic voltammograms of 30 uM rutin in 0.1 M PBS (pH 7) at bare GCE (a),
MWCNTSs/GCE (b), ARGO/GCE (c) and MWCNTS/ARGO/GCE (d). Scan rate of 50 mV s™.
Enrichment time: 40 s.
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3.3 Optimization of the experimental conditions

3.4.1 Effect of enrichment time

Enrichment leads to more rutin molecules being absorbed on electrode surface and enhance
sensitivity. Therefore, the dependence of oxidation peak current of rutin on enrichment time at
MWCNTSs/ARGO/GCE was investigated. MWCNTSs/ARGO/GCE was immersed into 0.1 M PBS (pH
7.0) containing 30 uM rutin, and then stirred different time from 10 s to 70 s with an interval of 10 s
before each detection. As can be seen from Fig. 4, the anodic peak current of rutin increased with the
enrichment time from 10 s to 40 s, and then tended to be a constant. This indicated that enrichment
time for 40 s led to saturated adsorption of rutin at MWCNTs/ARGO/GCE. Considering both work
efficiency and sensitivity, 40 s was used in further experiments.
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Figure 4. Variation of the peak currents with enrichment time in 0.1 M PBS (pH 7). rutin
concentration: 30 uM. Scan rate: 50 mV s,

3.4.2. Effect of pH values

The effect of pH value on the current responses of 30 uM rutin at MWCNTs/ARGO/GCE was
investigated by changing pH value from 5 to 9 in 0.1 M PBS. As can be seen in Fig. 5A, with the
increase of pH value, oxidation potential (Eps) of rutin shifted toward negative values, indicating
proton was involved in the electrode reaction. In addition, a good linear relationship between E,, and
pH value can be seen from Fig. 5B. The linear equation was Ep, = -0.064 pH + 0.900 (R*=0.993). A
slop of -0.064 mV pH™ indicated the same number of electron and proton were involved in electrode
reaction. Furthermore, it was also found that the oxidation peak exhibited highest current when the pH
value was 7.0. Therefore, pH 7.0 was set for further experiment.
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Figure 5. (A) CVs of MWCNTs/ARGO/GCE in PBS with different pH containing 30 uM rutin; (B)
Effect of pH values on anodic peak potentials and anodic peak currents of rutin.

3.4.3 Effect of scan rates on the peak currents of rutin

In order to investigate the electrochemical reaction mechanism, the experiment of peak current
responses of 30 uM rutin on MWCNTs/ARGO/GCE with different scan rate was carried out.
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Figure 6. (A) Cyclic voltammograms of 30.0 uM rutin with different scan rates (v) at
MWCNTSs/ARGO/GCE in pH 0.1 PBS (pH 7) (from the inner to the outer are 10, 25, 50, 75,
100, 125, 150, 175, 200, 225, 250, 275, 300 mV s*, respectively.). (B) The relationship
between redox peak currents and scan rates. (C) The relationship between redox peak potential
and the natural logarithm of scan rates.
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As shown in Fig. 6A, with the increase of the scan rate, the redox peak currents increased
simultaneously, accompanied with an enlargement of the peak separation. And the peak currents of the
redox peak currents varied linearly with the scan rates in a range from 10 to 300 mV s™ (Fig. 6B), the
linear regression equation can be expressed as lp, = 8.265 + 0.263 v (R? = 0.992) and lpe = -3.624 —
0.259 v (R?® = 0.989), respectively. These behaviours illustrated that the redox of rutin on
MWCNTs/ARGO/GCE was predominantly adsorption-controlled process [35].

Moreover, as shown in Fig. 6C, at higher scan rates, the anode (Ep.) and cathode (Epc) peak
potential had a linear relationship with the natural logarithm of scan rates (In v). The regression
equations were expressed as Ep, = 0.109 + 0.052 In v and Eyc = 0.453 — 0.047 log v with R = 0.991
and 0.994, respectively. According to Laviron’s model [36], the slope of the line for Ep, and Ejc could
be expressed as 2.3RT/n(1-a)F and -2.3RT/noF, respectively. Therefore, the -electron-transfer
coefficient (), electron-transfer number (n) and apparent rate constant (ks) were calculated as 0.53, 2
and 0.26 s respectively. These result indicated the fast electron-transfer process of rutin on the
MWCNTs/ARGO/GCE.

3.4 Chronocoulometry
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Figure 7. (A) Plot of Q-t curves of bare GCE (a), MWCNTs/GCE (b), ARGO/GCE (c) and
MWCNTS/ARGO/GCE (d) in 0.1 mM K3[Fe(CN)g] containing 1.0 M KCI. (B) Plot of Q-t'?
curves at bare GCE (a’), MWCNTSs/GCE (b’), ARGO/GCE (c¢’) and MWCNTs/ARGO/GCE

().

The electrochemically effective surface areas (A) of bare GCE (Fig. 7A, curve a),
MWCNTSs/GCE (Fig. 7A, curve b), ARGO/GCE (Fig. 7A, curve ¢) and MWCNTs/ARGO/GCE (Fig.
7A, curve d) have been investigated. According to the previous literature [37], A can be determined by
chronocoulometry using 0.1 mM Kj3[Fe(CN)g] containing 1 M KCI as model complex, based on Anson
equation:

Q(t) = 2nFACD*t*#/x™ + Qg + Qugs

where Qgqs IS Faradic charge, Qq is double layer charge, which could be eliminated by
background subtraction, D is diffusion coefficient, ¢ is concentration of substrate and A is effective
surface area of working electrode. Other symbols have their usual meanings. The linear regression
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equation of Q-t? curves on GCE, MWCNTs/GCE,ARGO/GCE and MWCNTs/ARGO/GCE were Q
(10 C) = -3.455 + 20.384 t*? (R? = 0.999), Q (10°C) = 25.433 + 164.020 t*? (R* = 0.999), Q (10°C)
= -26.991+200.339tY? (R? = 0.999) and Q (10° C) = 37.596 + 220.670 t*? (R* = 0.999), respectively
(Fig. 7B). Based on the slopes of the linear relationship between Q and t*?, A was calculated to be
0.068 cm? for bare GCE, 0.546 cm* for MWCNTS/GCE, 0.667 cm” for ARGO/GCE. While the A of
MWCNTs/ARGO/GCE was 0.735 cm?, over 10 times higher than that of bare GCE. These results
indicated that MWCNTS/ARGO/GCE showed larger surface area, which could increase the
electrochemical active site, enhance the electrochemical response and decrease the detection limit.

3.5 Determination of rutin

Under the optimal experimental conditions established above, calibration curves of rutin in
PBS were measured by differential pulse voltammetry (DPV). As shown in Fig. 8, the oxidation peak
current was positive correlation to the rutin concentrations in the range of 0.01-112 puM, and the
detection limit was estimated to be 2 nM (S/N = 3). The linear equation was | = 0.0.349 + 1.118 ¢ (R?
= 0.990). Besides, a comparison between the proposed method and other electrochemical techniques
for the detection of rutin was provided in Table 1. It can be seen that the detection of rutin on
MWCNTSs/ARGO/GCE can achieve wider linear range and lower detection limit. These comparison
data further indicated that MWCNTs/ARGO/GCE exhibited a significant enhance electrochemical
performance towards rutin.
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Figure 8. DPVs of 0.01, 0.06, 0.2, 0.8, 1, 4, 6, 8, 10, 30, 50, 70, 90 and 112uM rutin on
MWCNTSs/ARGO/GCE. Inset of Fig 7. plot of the oxidation peak currents against the
concentrations of rutin. Other conditions are the same as Fig 3.
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3.6 Long-term storage stability and interference study

Long-term storage stability experiment was carried out by using one electrode to detect 30 uM
rutin each day. The electrode was stored in PBS after each measurement. Results indicated that no
obvious change was noticed in peak current and peak potential after 5 days’ detection. Only 4 %

decrease of the current response was found after 20 days’ detection, which demonstrated long-term
stability of MWCNTs-rGNC/GCE.

Table 1. Comparison with other electrodes for the determination of rutin.

Modified electrodes Linear range (uM) Detection limit (uM)  References
*PYT/IL-CPE 0.5-100 0.358 [38]
"MWCNTs-CHIT/ABPE 0.02-10 0.01 [39]
*SWNT/Au 0.02-5 0.01 [11]
YERG/CILE 0.07-100 0.024 [40]
®|L/CCE 0.3-100 0.09 [41]
"IL/CPE 0.04-10 0.01 [42]
9pVP/CPE 0.39-13 0.15 [43]

MWCNTs/ARGO/GCE 0.01-112 0.002 This work

*PYT/IL-CPE: pyridinium-typed ionic liquid modified carbon paste electrode;
"MWCNTs—CHIT/ABPE: multi-walled carbon nanotubes-chitosan modified acetylene black paste
electrode;

‘SWNT/Au: single-walled carbon nanotubes modified gold electrode;

YERG/CILE: Electrochemical reduced graphene modified carbon ionic liquid electrode;

®IL/CCE: ionic liquid modified carbon ceramic electrode;

"IL/CPE: ionic liquid modified carbon paste electrode;

9PVP/CPE: poly(vinylpyrrolidone) modified carbon paste electrode.

Furthermore, possible interferences were investigated by introducing other species while the
rutin concentration was fixed to 10 uM. The limit of potential interfering substances was defined as
error-less than 5 % during the experiment. Results showed that 1000 fold of K*, Na*, Mg?*, Ca**, Cu*,
Fe**, Pb?*" showed that no significant interference on the current. In order to evaluate the effect of the
presence of excipients commonly found in pharmaceutical formulations on the determination of rutin,
100 fold glucose, glycine, magnesium stearate, oxalic acid and citric acid were also investigated as
potential sources of interference. None of these tested substances interfered in the determination of 10
UM rutin (signal change <5%). Such results indicated that the proposed analytical method had
excellent anti-interference ability.
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Table 2. Results for the determination of rutin in compound tablet samples.

samples Specified Detected Added Total found  Recovery
(LM) (LM) (LM) (LM) (%)
1 3.02 3.00 0.5 3.44 98.29
2 3.02 2.99 1 4.13 103.51
3 3.02 3.02 5 7.98 99.50
4 3.02 3.04 8 11.24 101.81
5 3.02 2.98 12 21.11 100.62

3.7 Real sample analysis

In order to examine the proposed method in practical application, MWCNTs-rGNT/GCE was
used to detect compound rutin tablets. Prior to analysis, the tablets were ground into fine powder with
mortar, then accurately weighed. In order to prepare 1 mM rutin solution, the rutin power was
transferred into 10 ml volumetric flask, then dissolved and brought to volume by 0.1 M PBS (pH 7.0).
The sample analysis was carried out by DPV technique using a recovery test method. As can be seen in
Table 2, the recovery of rutin was in the rang of 98.29-103.51 %, indicating that MWCNTSs-
rGNC/GCE can be successfully applied for the detection of rutin in real sample analysis.

4. CONCLUSION

In summary, MWCNTs/ARG nanoposite was prepared through a simple and efficient
approach. ARGO not only acted as a dispersant which can effectively prevent aggregation of
MWCNTSs, but also provided excellent conductivity and large surface area. The composite combining
the advantages of MWCNTSs and ARGO possessed synergetic catalytic effect on the oxidation of rutin,
and the significant increase in peak currents have greatly improved analytical performance of the
prepared sensor. Under the optimized conditions, the MWCNTSs/ARGO modified GCE exhibited good
performance in terms of sensitivity, detection limit, response and linear calibration range for rutin
detection. In addition, the proposed sensor also exhibited good repeatability, reproducibility and anti
interference ability. These results indicate that the new MWCNTS/ARGO nanostructure is
scientifically interesting and has great potential for use in sensors, nanoelectronics and other
electrochemical applications.
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