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A novel sensor based on multi-walled carbon nanotube (MWNT) and ionic liquid (IL) modified 

screen-sprinted electrode (MWNT-ILSPE) has been produced and fabricated, which was used to detect 

rutin. Some physical and electrochemical methods such as scanning electron microscope (SEM) cyclic 

voltammetry (CV) and electrochemical impedance spectroscopy (EIS) were further applied to 

investigate the properties of this electrode. It illustrated that the properties of MWNT-ILSPE, which 

the surface area and redox peak current was increased and the peak-to-peak separation was reduced, 

have been improved greatly owing to ionic conductivity and adhesiveness of IL and high electron 

transfer of MWNT. Under the optimal conditions, the oxidative peak response was linearly related to 

the contents of rutin in a board range from 0.05 µmol/L to 3.5 µmol/L with the detection limit 

estimated to 0.02 µmol/L (S/N=3). Finally, the developed electrode can be successfully employed to 

detect the concentration of rutin in real samples with excellent selectivity and anti-interference ability. 
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1. INTRODUCTION 

Quercetin is one of the most widely occurring flavonoid, which is present in plants as 

glycosidic form [1]. Rutin (3, 3′, 4′, 5,7-pentahydrohy flavone-3-rhamnoglucoside) exists in buckwheat, 

sophora japonica, tomato, flavedo and tobacco [2, 3], which can interact with free radicals and various 

protein systems to exhibit anti-allergy, anti-bacteria, anti-inflammatory, anti-radiation, anti-tumor, 

anti-oxidant and significant scavenging abilities on oxygen radicals [4-9]. The content of rutin is 

usually detected by several spectrometric methods, including TLC [10], CE-FA [11], 
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mailto:pac@cau.edu.cn
mailto:pac@cau.edu.cn


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

  

8760 

chemiluminescence [12], HPLC [13] and spectrophotometry [14]. These methods, however, require 

expensive instrument, toxic organic solvents, time consuming, complex operation and sometimes lack 

in sensitivity. In comparison, electrochemical detection is one of the most economic and sensitive 

method for rutin determination, for the reason that rutin is an electroactive compound. By using 

different kinds of modifier on the electrode, chemically modified electrodes have been devised and 

employed for the investigation on the electrochemistry of rutin [15-17].  

Nanostructured materials have a broader range of applications in the field of analytical 

chemistry [18]. Carbon nano-materials [19], especially multi-walled carbon nanotube(MWNT), have 

found a broad application in sensor field due to its small size, outstanding electrical conductivity, 

chemical stability, mechanical strength and ratio of surface area to mass [20-22]. MWNTs based 

electrodes have been used for the electrochemical study of a large number of compounds, including 

aminophenol [23], ascorbic acid [24], cholesterol [25], hydrogen peroxide [26], heavy metals [27], etc. 

N-octylpyridinum hexafluoro- phosphate (OPFP) is one kind of ionic liquids (ILs), which exist in 

liquid state at around room temperature [28-29]. OPFP is considered to be a relatively recent magical 

chemical in view of the specific characteristics such as high chemical, relatively high ionic 

conductivity, good solubility and wider electrochemical windows. Ionic compounds have a large 

variety of applications in area of electroanalytical chemistry [30-32]. 

Recently, an increasing number of screen printed electrodes (SPE) have been exploited and 

employed in electrochemical detection because of simple manufacture, low cost, convenient use and 

mass-production [33-34]. However, the electrochemical researches for simultaneous determination of 

rutin were mainly focused on glass carbon electrode and carbon paste electrode [35]. There only exist 

few reports where disposable screen printed electrodes for the determination of rutin have been 

explored by now.  

In the present study, an ionic liquid of OPFP was used as a modifier to make a new kind of 

ionic liquid modified screen printed electrode (ILSPE). Then a composite material prepared by the 

mixture of MWNT and chitosan was immobilized on the surface of ILSPE to get a novel modified 

screen printed electrode named as MWNT-ILSPE. The properties of the MWNT-ILSPE were 

investigated by different methods such as such as scanning electron microscope (SEM) cyclic 

voltammetry (CV) and electrochemical impedance spectroscopy (EIS). At last the electrochemical 

behaviors of rutin on the MWNT-ILSPE were carefully studied and a new electroanalytical method for 

rutin determination was developed. 

 

2. EXPERIMENTAL 

2.1 Apparatus 

All the electrochemical experiments were performed on a CHI660D electrochemical 

workstation (CHI Instrument Company, Shanghai, China). Traditional three-electrode system was used, 

which was composed of a homemade MWNT-ILSPE (Φ=3.0mm) as working electrode, a platinum 

wire electrode as auxiliary electrode and an Ag/AgCl electrode as reference electrode. A PHS-3C 

digital pH-meter (Shanghai instrument scientific instrument co., LTD, China) was used to adjust the 

pH value of sodium acetate buffer solution. The temperature of experimental measurements is at 25℃. 
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2.2 Reagents 

Multi-walled carbon nanotube was purchased from Xianfeng nanomaterials technology co., 

LTD (Nanjing, China). N-octylpyridinum hexafluorophosphate (OPFP, Purity>99%) were provided by 

Shanghai Chengjie Chemical co., LTD. Cyclohexanone, acetone and dimethyl formamide obtained 

from Beijing chemical factory. Graphite powder (size < 30 μm, spectral pure grade) and chitosan were 

bought from Sinopham Chemical Reagent Co., Ltd. (Shanghai, China). Rutin tablets were produced by 

Tianjin pharmaceutical co., LTD and bought at the local drugstore. An acetate buffer solution (0.1 

mol/L, pH 3.0) was used as the supporting electrolyte. Ultrapure water was used during the whole 

process of the experiment. All other chemicals were analytical grade without further purification. 

 

2.3 Electrode preparation 

The ILSPE was fabricated by following the steps below. Firstly, 0.05 g cellulose acetate was 

dissolved into a mixture of solvents containing 2.5 mL cyclohexanone and 2.5 mL acetone. Then 0.5 g 

OPPF and 2.0 g graphite powder were added into the solution and mixed to form a homogeneous and 

viscous ink by ultrasonic shaking. The modified process was executed by using a pipette to direct write 

the composite onto the surface of SPE. After that, put the prepared electrode in an environment of 

80 °C for 30 min. 

0.2 g chitosan flakes were weighed and dissolved in aqueous solution of 100 mL 1.0 % acetic 

acid. Then 2.0 mg MWNT was added into above 0.2 wt% CS and the miscible liquid should be 

ultrasonically dispersed for 2 h to give a stable suspension. Finally, 2.0 µL dispersion liquid was 

dropped on the ILSPE surface, which was drought by infrared heat lamp. 

 

2.4 Tablet Treatment 

Ten rutin tablets (label amount: 20.0 mg/tablet) were dried and then ground into a fine powder 

by using agar and pestle. After that, weighed accurately about 1.2 g powder into 50.0 mL centrifuge 

tube dissolved with methyl alcohol for 30 min and separated by filtration. These procedures can be 

repeated multiple times, and the supernatant was transferred quantitatively into a 100 mL volumetric 

flask every time. Finally, the extract was diluted with methyl alcohol to 100.0 mL for further analysis. 

 

2.5 Measurement procedures 

The three-electrode surface was submerged in a 0.2 mol/L acetate buffer (pH 3.0) containing 

rutin. The CV were recorded in the potential range from 0 V to 1.0 V at the scan rate of 0.10 V/s and 

the DPV potential scan was carried out from 0 V to 1.0 V (amplitude, 0.01 mV; pulse width, 0.2 s; 

sample width, 0.02 s; pulse period, 0.5 s; quiet time, 2 s; sensitivity,10
-5

 A/V).  
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3. RESULTS AND DISCUSSION 

3.1 Characterization of MWNT-ILSPE 

 
 

Figure 1. Cyclic voltammetric response of different electrodes in 5.0 mmol/L K3[Fe(CN)6] and 0.1 

mol/L KCl solution with scan rate 100 mV/s, (a) SPE, (b) MWNT-SPE, (C)ILSPE, (d) 

MWNT-ILSPE. 

 

Potassium ferricyanide was chosen as an electroactive probe by cyclic voltammetric 

measuremen to account for the advantages of the modified electrodes. Fig.1 showed the cyclic 

voltammograms of different modified electrodes. On SPE (Fig. 1a), the peak-to-peak separation (ΔEp) 

was 400 mV with the smallest redox peak current, which was mainly due to the sluggish electron 

transfer rate at the interface. While on the MWNT-SPE (Fig. 1b), both the background current and the 

redox peak currents were increased and the ΔEp value reduced to 343 mV at the same time, which 

could be ascribed to the large specific surface area and high electron transfer of MWNT. 

   After IL was coated on the SPE, a well-defined and enhanced redox peaks with a small ΔEp of 

140 mV was obtained because of high ionic conductivity and good electrochemical stability of IL (Fig. 

1c).When MWNT film was modified on the ILSPE (Fig. 1d), a pair of redox peak current increased 

two times than ILSPE’s and the ΔEp value decreased to 116 mV. By combing the higher ionic 

conductive IL with the large surface area of MWNT, a hybrid composite was formed on the electrode 

surface, which could greatly enhance the performance of the modified electrode. 

According to the Randles-Sevčik equation [36]: 
5 3/2 1/2 1/2

pcI =(2.69 10 )n AD v C´  

where Ipc, n, A, D, C and v represent the reduction peak current (A), the electron transfer 

number, the apparent electrode area (cm
2
), the diffusion coefficient of K3[Fe(CN)6] (cm

2
/s), the 

concentration for K3[Fe(CN)6] (mol/cm) and the scan rate (V/s) respectively, the apparent electroactive 

area of electrodes can be calculated. Base on the above formula, the effective electrode contact area of 

MWNT-ILSPE was 0.106 cm
2
, which was roughly 1.5 times larger than its geometric area (0.071 

cm
2
), representing that the effective electroactive sites of modified electrode was increased. 
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Figure 2. Electrochemical impedance spectra of different modified electrodes in 5.0 mmol/L 

K3[Fe(CN)6] containing 0.1 mol/L KCl with the frequently from 10
4
 to 0.1 Hz; (a) SPE, (b) 

MWNT-SPE, (c)ILSPE and (d) MWNT-ILSPE. 

 

The interfacial electron transfer resistance (Ret) on the modified electrodes can be provided by 

electrochemical impedance spectroscopy (EIS). The Nyquist diagrams of different modified electrodes 

in 5.0 mmol/L K3[Fe(CN)6] and 0.1 mol/L KCl mixture solution were recorded with the frequencies 

swept from 10
4
 to 0.1 Hz and shown in Fig. 2. The Ret value of SPE derived from the semicircle 

domains of impedance spectra was got as 11440 Ω. When the SPE’s surface was coated by chitosan -

MWNT mixture, the Ret value was estimated to be 3300 Ω for MWNT-SPE (Fig. 2b), because the 

good comprehensive properties of MWNT, especially high conductivity, can decrease the resistance 

and facilitate the electron transfer of the electrochemical probe. The Ret value of ILSPE was about 270 

Ω, which was far less than that of SPE. The results proved the presence of IL on the electrode surface 

could increase the conductivity of electrode interface due to high ionic conductivity and adhesiveness 

of OPFP. While on the MWNT-ILSPE, the Ret value is equal to 230 Ω (Fig. 2d), explaining that the 

synergistic effect of MWNT and IL on the modified electrode efficiently improved the surface area 

and conductivity of the electrode and made it easier for the electron transfer to take place [37]. 

 

 
A B C

 
 

Figure 3. SEM images of (a) SPE, (b) ILSPE and (c) MWNT-ILSPE 

 

Figuer 3 showed the surface morphological structures of prepared electrodes using scanning 

electron microscope (SEM). As can be seen in Fig. 3A, the surface of SPE was covered with the 
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disordered distribution of gaps and graphite blocks, which affirmatively affected the conductivity of 

electrode [23]. While on the ILSPE, the surface was compact and homogeneous (Fig. 3B), indicating 

the solid binder OPFP has excellent adhesiveness to graphite particles. Fig. 3C exhibited the typical 

SEM image of MWNT-ILSPE, it could be observed that some tuber-like structures adheres on the 

ILSPE’s surface, showing the forming of MWNT layer on the electrode surface. 

 

3.2 Electrochemical behaviors of rutin 

 
 

Figure 4. Cyclic voltammograms of 20.0 µmol/L rutin in sodium acetate buffer solution (pH 3.0) on 

the different electrodes: (a) SPE, (b) MWNT-SPE, (c) ILSPE and (d) MWNT-ILSPE. 

 

In 20.0
 
µmol/L rutin, a pair of well-defined redox peaks can be found on each modified 

electrode in Fig. 4, indicating that the electrochemical reaction had took place on the working 

electrodes in line with the electrochemical reaction mechanism of rutin. The electrochemical data on 

different electrodes were listed in Table 1. It can be seen that the redox peak currents on MWNT-SPE 

(Fig. 4b) and ILSPE (Fig. 4c) were bigger than that of commercial SPE (Fig. 4a), showing the 

superiority of MWNT-SPE and ILSPE such as high inherent electrocatalytic ability, huge specific 

surface area and good conductivity towards rutin. While on MWNT-ILSPE (Fig. 4d) the biggest redox 

peak currents appeared with the smallest ΔE value, which proved the synergistic effects of MWNT and 

IL were present on the electrode surface. 

 

 

Table 1. Electrochemical data of 20.0 µmol/L rutin on different working electrodes 

Electrode  Ipc(µA) Ipa(µA) ΔE(mV) Ipa/ Ipc 

SPE - - - - 

MWNT-SPE 2.81 1.49 123 0.53 

ILSPE 3.75 3.25 73 0.87 

MWNT-ILSPE 10.45 9.54 56 0.91 
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3.3 Effect of pH 

The influence of buffer pH on the response of rutin at the MWNT-ILSPE was researched. From 

the Fig.5, a fact was found that the redox peak current decreased gradually and the peak shifted to the 

negative direction with decreasing pH from 2.0 to 7.0. When pH exceeded 7.0, the peak disappeared 

completely. Thus, a pH 3.0 was selected as the optimal pH in the subsequent experiments. 

 
 

Figure 5. The cyclic voltammograms of MWNT-ILSPE in sodium acetate buffer solution with 10.0 

µmol/L rutin at different pH from a to f are 2.0, 3.0, 4.0, 5.0, 6.0 and 7.0; Scan rate 100 mV/s. 

  

The increase of pH had an inverse negative relationship with the peak potential. The equation 

between Epa and pH value was: Epa (V) =0.752−0.071pH (r=0.996). As the slope value was −71 

mV/pH, it demonstrated that acidic buffer can offer protons to participate in the electrochemical 

reaction of rutin. In neutral and alkaline solution, the peak current decreased gradually owing to lack of 

proton. This consequence was very close to the reported pH values of other electrodes.  

 

3.4 Effect of scan rate 

The influence of scan rate on the electrochemical response of 20.0 µmol/L rutin on the 

MWNT-ILSPE was studied with the results shown in Fig. 6. It can be seen that the redox peak current 

increased and the peak-to-peak separation enlarged gradually along with the increase of the scan rate. 

The redox peak currents were in good linear relationship with the square root of the scan rate (v
1/2

) in 

the range from 20 mV/s to 500 mV/s, which demonstrated that the electron transfer reaction of rutin on 

the MWNT-ILSPE was diffusion-controlled process in the solution (Fig.6B). The linear regression 

equations were: Ipa (µA)= 40.68 v
1/2

 (v: V/s) −3.921(r=0.996), Ipc (µA)= −48.75 v
1/2

 (v: V/s)＋6.898 

(r=0.997). Based on the equations [38]: 
2 2

pa / 4 / 4I n F vA RT nFQv RTG*= =
 

The electron transfer number, n, was estimated to be 2, implying that there are two electrons 

involved in the oxidation process, which was in accordance with previous repor[39] . 
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From 100 to 500 mV/s, the redox peak potential and ln v also exhibited a good linear 

relationship with the regression equations as Epa (V) = 0.214 ln v (v: V/s)+0.785 (r=0.990), Epc (V)= 

−0.196 lnυ (v: V/s)+0.246 (r=0.986), respectively(Fig.6C). According to Laviron theory the 

electrochemical parameters were calculated with the results of the charge transfer coefficient (a ) as 

0.52 and the electron transfer rate constant (ks) as 0.16833 s
-1

. 

 
 

Figure 6. (A) Cyclic voltammograms of 20.0 µmol/L rutin with different scan rate on MWNT-ILSPE 

in sodium acetate buffer solution (from a to y: 20, 40, 60, 80, 100,120, 140, 160, 180, 200, 220, 

240,260, 280, 300, 320, 340, 360, 380, 400, 420, 440, 460, 480, 500 mV/s, respectively); (B) 

Linear relationship between peak potentials (Ep) and lnv; (C) Linear relationship of cathodic 

and anodic peak current (Ip) versus v
1/2

. 

 

3.5 Calibration curve 

 
 

Figure 7. Differential pulse voltammograms of different concentrations of rutin in sodium acetate 

buffer solution. from a to j: 0, 0.05, 0.2, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, and 3.5 µmol/L 



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

  

8767 

The sensitivity of differential pulse voltammetry was much higher than cyclic voltammograms. 

Hence, this method was employed for quantitative determination of rutin. Figure 7 showed the DPV 

for rutin in different concentrations under the optimal conditions. A linear relationship was obtained 

between the DPV oxidation peak current and rutin concentrations in the range from 0.05 µmol/L to 3.5 

µmol/L with the linear regression equations as Ipa (µA)=0.782C (µmol/L)+0.135 (r=0.995) and the 

detection limit was estimated to be 0.02 µmol/L(S/N=3).  

The comparison of the analytical parameters of MWNT-ILSPE with some of the reported 

electrodes for rutin detection was presented in Table 2. As seen, the performance parameters of linear 

concentration range and detection limit was in the intermediate state, which might be attributed to the 

synergistic effect of high conductivity of MWNT and excellent adhesive of IL 

 

 

Table 2. Comparison with other electrodes for rutin detection 

Analyte Modifier Method Concentration range 

(mol/L) 

Detection 

limit(mol/L) 

Reference 

ruin IL-CPE CV 4.0×10
-6

 −5.0×10
-3

 2.0×10
-6

 [41] 

ruin DNACPIE DPV 8.0×10
-9

 – 1.0×10
-5

 1.3×10
-9

 [42] 

rutin Nafion-GO-IL/CILE DPV 8.0×10
-8

 –1.0×10
-7

 1.6 ×10
-8

 [43] 

rutin AuNPs/en/MWNTs/GCE DPV 4.8×10
-8

–9.6×10
-7

 3.2 ×10
-8

 [44] 

rutin AuNPs/CNT/CPE DPV 4.0×10
-10

–1.0× 10
-8

 

2.0×10
-8

–1.0× 10
-6

 

4.0×10
-11

 [45] 

rutin MWNT-ILSPE DPV 5.0×10
-8

–3.5× 10
-6

 2.0×10
-8

 The present 

 

 

3.6 Interference studies 

The interference study was a vital property for electrochemical electrode, which was performed 

by adding various common-existed organic and inorganic compounds in medicine with rutin into a 

standard solution (max: 50-fold mass ratios) containing 2 µmol/L. Under the optimized conditions, it 

was found that 25-fold of quercetin, vitamin B2, glucose, methyl maltose, ascorbic acid, alcohol, 

starch, dopamine and 50-fold concentrations of Na
+
, Co

2+
, Ca

2+
, Mg

2+
, Fe

3+
, Al

3+
, Ni

2+
, Cu

2+
, 

CH3COO
-
, Cl

-
, SO4

2-
, CO3

2-
, NO3

-
 did not interfere with rutin determination (oxidation peak current 

change < 5%). The results showed clearly that few of the coexisting substances can disturb 

the detections and the modified MNCT-ILSPE exhibited excellent selectivity and anti-interference 

ability. 

 

3.7 Application 

In order to evaluate the practicability of MWNT-ILSPE in real sample, the electrode was 

applied to determinate the extracts of rutin tablets by using standard addition method. Each extract 

solution undergoes three parallel determinations and the analytical results were listed in Table 3. It was 
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showed that the RSD was below 5%, suggesting that the results obtained by MWNT-ILSPE were 

acceptable and the recovery varied from 97.85 to 103.57%, demonstrating that rutin contained in 

medicines and chemical reagents can be efficiently detected by this proposed electrode. 

 

Table 3. Determination results of rutin in tablet samples and recovery 

No Sample (mg) Add (mg) Found
[a]

 (mg) RSD (%) Recovery (%) 

1 20 - 19.57 4.4 97.85 

2 20 5 24.87 3.2 99.40 

3 20 10 30.75 3.7 100.25 

4 20 15 36.25 2.6 103.57 

a: Average of three determinations 
 

 

4. CONCLUSIONS 

In this paper, the electrochemical behavior of rutin was investigated on the MWNT-ILSPE in a 

0.2 mol/L sodium acetate buffer solution of pH 3.0, and the electrochemical parameters were 

calculated by different methods. The novel screen-sprinted electrode was perfect combination of the 

advantages of SPE, IL and MWNT, which greatly enhanced the practical value and electrochemical 

properties. Under the optimized conditions, the anodic peak current was proportional to the rutin 

concentration in the range from 0.05 µmol/L to to 3.5 µmol/L with the detection limit estimated to 0.02 

µmol/L (S/N=3). Finally, the proposed method was further applied to detect the content of rutin in real 

samples with good selectivity and excellent anti-interference ability. 
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