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high performance working electrode in the field of elec-
trochemical sensor.17–19 ILs exhibit the specific charac-
teristics such as good chemical and thermal stability, 
almost negligible vapor pressure, good ionic conductivi-
ty and wide electrochemical windows, which have been 
widely used in different fields of electrochemistry.20,21 
Maleki et al. indicated that IL modified CPE exhibited 
the superiority to different kinds of carbon electrodes 
such as glassy carbon electrode (GCE), carbon nano-
tubes (CNTs) modified electrode and edge plane 
pyrolytic graphite electrode.22 IL-CPE exhibits many 
advantages such as high electrocatalytic activity, wide 
electrochemical windows and good antifouling ability, 
so it is used for the electroanalytical chemistry or elec-
trochemical biosensors. Zhang et al. applied a 1-amyl-
3-methylimidazolium bromide modified CPE for the 
sensitive voltammetric determination of rutin.23 Our 
groups also applied different kinds of IL-CPE to study 
the direct electrochemistry of electroactive substances 
such as hemoglobin (Hb), ssDNA, dsDNA, catechol 
and so on.24–28 

In this study an IL 1-octyl-3-methylimidazolium 
hexafluorophosphate (OMIMPF6) modified electrode 
was used for the electrochemical determination of GMP 
for the first time. The selected OMIMPF6 was a hydro-
phobic IL that was more efficient for ion transfer within 
the CPE than other polar liquid.29 Optimal conditions 
for the electrochemical analysis were selected and GMP 
exhibited an adsorption controlled electrochemical pro-
cess on IL-CPE. The electrochemical parameters of 
GMP were calculated and the prepared electrode 
showed high sensitivity and stability with the GMP 
determination over the concentration range from 1.0 to 
1000.0 μmol dm–3.  

 

EXPERIMENTAL 

Reagents 

The stock solution (c = 10.0 mmol dm–3) of guanosine-
5’-monophosphate (GMP, ≥ 98.0 %, Shanghai Kayon 
Biological Tech. Ltd. Co., China) was prepared just 
before use and stored in a refrigerator at 4 °C. IL 1-octyl-
3-methylimidazolium hexafluorophosphate (OMIMPF6, 
Hangzhou Kemer Chemical Ltd. Co., China), graphite 
powder (average particle size 30 μm, Shanghai Colloid 
Chemical Co., China) and adenosine-5’-triphosphate 
(ATP, ≥ 98.0 %, Shanghai Kayon Biological Technolo-
gy Ltd. Co., China) were used without furthur purifica-
tion. 0.2 M Britton-Robinson (B-R) buffer solutions 
with various pH values were used as the supporting 
electrolyte. All the solutions were prepared from dou-
ble-distilled water and other chemicals used were of 
analytical reagent grade. 
 

Apparatus 

All the voltammetric measurements were carried out on 
a CHI 1210A electrochemical workstation (Shanghai 
CH Instruments, China). A three-electrode system, 
which was composed of a IL-CPE as working electrode, 
a saturated calomel electrode (SCE) as reference elec-
trode and a platinum wire as auxiliary electrode, was 
employed in the experiment. Electrochemical imped-
ance spectroscopy (EIS) was performed on a CHI 750B 
electrochemical workstation (Shanghai CH Instruments, 
China). Scanning electron microscopy (SEM) was con-
ducted with a JSM-6700F scanning electron microscope 
(Japan Electron Company, Japan). 
 
Fabrication of Modified Electrodes 

The traditional CPE was prepared by hand-mixing of 
graphite powder with liquid paraffin at a mass ratio of 
70:30 in an agate mortar. The OMIMPF6 modified CPE 
was fabricated by mixing 0.25 g of OMIMPF6, 3.2 g of 
graphite powder and 1.0 mL of liquid paraffin in a mor-
tar. The homogeneous paste was packed into a cavity of 
glass tube with the diameter of 4.2 mm. The electrical 
contact was got with a copper wire connected to the 
paste in the tube and the surfaces of CPE or IL-CPE 
were polished on a weighing paper just before use. 
 
Voltammetric Measurements 

The three-electrode system was immersed in a 10 mL 
electrochemical cell with proper amount of GMP and 
0.2 M B–R buffer solution (pH = 5.0). After accumula-
tion at 0.3 V in a still solution for 60 s, cyclic 
voltammetric experiments were performed in the poten-
tial range from 0.8 to 1.6 V with the scan rate as 100 mV 
s–1. The experimental parameters of differential pulse 
voltammetry (DPV) were selected as follow: increment 
potential, 0.008 V; pulse amplitude, 0.05 V; pulse 
width, 0.05 s; sample width, 0.0167 s; pulse period, 0.2 s; 
quiet time, 30 s. The voltammograms of B-R buffer so- 
lution were recorded and used as the background. 

 

RESULTS AND DISCUSSION 

Characteristics of the IL Modified Electrode  

Figure 1a showed the SEM image of CPE and the sur-
face was not very smooth. On the IL-CPE a more uni-
form surface topography was obtained with graphite 
particles dispersed and bridged by OMIMPF6 (Figure 
1b), which was related to the preparation process of the 
modified carbon paste. OMIMPF6 is an IL with high 
viscosity, which can disperse and adhere the graphite 
powder together with void space filled with IL, so the 
uniform surface appeared on IL-CPE.  
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Ferricyanide/ferrocyanide redox system is used to 
compare the electroactivity of the modified electrodes. 
Cyclic voltammograms of CPE and IL-CPE were rec-
orded in a 0.5 M KCl solution containing K3[Fe(CN)6 ] 
(c = 1.0 mmol dm–3) at a scan rate of 100 mV s–1. 
As shown in Figure 1c, the redox peak current of 
[Fe(CN)6]

3–/4– probe were much higher at IL-CPE with 
the peak-to-peak separation, ΔE = 90 mV (curve b) as 
compared to that of CPE, which had the value of ΔE = 
382 mV (curve 1). This result informed that IL-CPE 
could provide an increased electrochemical response 
and better reversibility due to the good ionic conductivi-
ty of IL in the carbon paste. The faradic current (Ip) of 
ferricyanide exhibited good linear relationship with the 
square root of scan rate (ν1/2) in the range from 30.0 to 
500.0 mV s–1, indicating the electrode process was con-
trolled by a semi-infinite linear diffusional process. The 
electrochemical effective area of IL-CPE was estimated 
by the Randles-Sevcik equation using ferricyanide (c = 
1.0 mmol dm–3 as the electrochemical probe. By explor-
ing the relationship of Ip with scan rate, an electrochem-
ical effective area of 0.15 cm2 was obtained for IL-CPE, 
while the electrochemical area of CPE, though with 
same geometric area, was only 0.11 cm2. 

The interfacial properties of the modified elec-
trodes were furthur compared by electrochemical im-
pedance spectroscopy (EIS) with the typical Nyquist 
plots presented in Figure 1d. EIS is a commonly used 
method to probe the interface information during the 
modification process of the chemically modified elec-
trodes. In EIS results the semicircular part at higher 
frequencies corresponds to the electron transfer limited 
process and the linear part at lower frequencies corre-
sponds to the diffusion process. The diameter of the 
semicircle is equal to the electron transfer resistance 
(Ret), which controls the electron transfer kinetics of the 
redox probe at the electrode interface. In Figure 1d the 
Z ' and Z '' are the real and imaginary variable of imped-
ance and the Randle circuit (Figure 1d, inset) is further 
used to fit the impedance data obtained in the experiment. 
Here the semi-circular part at higher frequencies corre-
sponds to the electron-transfer limited process, and its 
diameter is equal to the electron-transfer resistance (Ret), 
which controls the electron-transfer kinetics of the redox 
probe at the electrode interface. On traditional CPE a big 
semicircle domain appeared, indicating a high electron 
transfer resistance existed (curve 1). The result was due to 
the nonconductive liquid paraffin existed in the carbon 
paste. While on IL-CPE a nearly straight line appeared 
(curve 2) and the Ret value of IL-CPE (47.47 Ω) was much 
smaller than that of CPE (1035.95 Ω), also indicating the 
loading of high ionic conductive ILs into carbon paste 
improved the conductivity of the modified electrode. 

The capacitance of the modified electrode was  
further calculated from the experimental background 
current by using the equation of Capp = I / (S·ν),30 
where I is the average of the positive and the negative 
charging current obtained from the cyclic voltam- 
metric curves at 0.4 V, which were performed in 
phosphate buffer solution (c = 0.05 mol dm–3, pH = 7.4) 
between 0 and 0.6 V; S is the geometric area of  
the electrode; ν is the scan rate. The capacitance  
value of IL-CPE was calculated as 46.11 μF cm–2, 
which was much higher than that of the CPE (6.1  
μF cm–2). The increase of the capacitance of the  
modified electrode reflected that the presence of IL 
film on the electrode surface could act as the double 
layer on the interface.  

The optimal amount of IL added in CPE was  
selected to get the best stability and electrochemical 
response. By changing the ratio of IL with liquid 
paraffin in the carbon paste and the electrochemical 
responses of modified electrodes were recorded in the 
ferricyanide solution and compared, a final amount  
of 0.25 g OMIMPF6 was selected for the preparation 
of IL-CPE, which gave the smallest ΔE value and the 
highest redox peak current. The electrochemical  
response did not changed after scanning in the 
ferricyanide solution for 50 circles at the scan rate of 
100 mV s–1, indicating the good stability of IL-CPE 
at the selected preparation ratio. 

Figure 1. SEM images of CPE (a) and IL-CPE (b); Cyclic
voltamograms (c) of CPE (1) and IL-CPE (2) in a solution of
0.5 M KCl containing 1.0 mmol dm–3 K3[Fe(CN)6 ] at the
scan rate of 100 mV s–1; Electrochemical impedance spectra
(d) for CPE (1) and IL-CPE (2) in a solution of 0.1 M KCl
containing 0.1 mmol dm–3 [Fe(CN)6]

3–/4– and with the fre-
quencies swept from 105 to 10–2 Hz. 
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Cyclic Voltamogram of GMP 

Typical cyclic voltamograms of 500.0 μmol dm–3 GMP on 
IL-CPE and CPE were recorded and shown in Figure 2. 
No voltammetric responses appeared on IL-CPE (curve a) 
and CPE (curve c) in B-R buffer solution (pH = 5.0), 
indicating no electrochemical reaction took place. The 
oxidation peak potential of GMP appeared at +1.15 V 
on CPE (curve d) and at +1.14 V on IL-CPE (curve b) 
without any reduction peak, which indicated a totally 
irreversible electrode process under the selected condi-
tions. At the same time, the oxidation peak current of 
GMP on IL-CPE was 1.85 times larger than that of 
CPE. The results indicated that IL-CPE exhibited an 
electrocatalytic activity toward the GMP oxidation. 
Based on the reference29 IL-CPE showed an enhanced 
electrochemical performance than CPE due to the 
presence of IL in the carbon paste, which could not 
only facilitate the electron transfer rate between GMP 
and electrode, but also accumulate more GMP on the 
electrode surface due to the presence of IL film. So the 
improved determination sensitivity was achieved on 
IL-CPE. 
 
Effect of Buffer pH 

The effect of solution pH on the oxidation response of 
GMP was investigated by cyclic voltammetry in the pH 
range of 3.5–8.0. In the pH range investigated a stable 
and well-defined irreversible oxidation peak was ob-
tained and the relationship of the electrochemical re-
sponses with pH value was plotted with the results 
shown in Figure 3. The highest oxidation peak current 
was observed at pH = 5.0 and then decreased with in-
creasing pH. Therefore buffer of pH = 5.0 was selected 
as the optimal supporting electrolyte solution. The oxi-
dation peak potential (Epa) shifted to the negative direc-
tion with the increase of solution pH value, indicating 

that protons took part in the electrode reaction. The 
relationship between the oxidation peak potential and 
buffer pH was investigated with the linear regression 
equation as Epa /V = –0.051 pH +1.410 (γ = 0.996). The 
slope value of –51 mV pH–1 was close to the theoretical 
Nernst response of –59 mV pH–1, indicating that equal 
numbers of protons and electrons were involved in elec-
trochemical oxidation of GMP. 
 
Effect of Scan Rate 

The influence of scan rate on the oxidation peak current 
of GMP was investigated in the range from 30 to 500 
mV s–1. With the increase of scan rate the oxidation 
peak current increased gradually and a linear relation-
ship was got between the oxidation peak current (Ipa) 
and scan rate (υ) with the linear regression equation as 
Ipa /μA = –335.26 ν / V s–1 – 22.26 (γ = 0.999), indicating 
an surface-confined adsorption-controlled electrode 
process. According to the following equation: 
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where A is the effective area of the electrode; Q is the 
charge involved in the reaction; υ is scan rate; ГT  
is the amount of the adsorbed analyte, n, R, F and T 
have their common meanings. The coverage concentra-
tion (ГT) of GMP on the electrode surface can be calcu-
lated as 2.34×10–9 mol cm–2 from the slope of the plot 
of Ipa vs. v. With the increase of scan rate the oxidation 
peak potential moved to a positive direction and the 
oxidation peak potential (Epa) was proportional to  
the logarithm of scan rate with the equation as  
Epa /V = 0.037 ln ν / Vs–1 + 1.21 (γ = 0.997). Based on 
the Laviron’s equations:31  
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Figure 2. Cyclic voltamograms of IL-CPE (a), CPE in Brit-
ton-Robinson buffer solution of pH = 5.0 and that of 500.0
μmol dm–3 GMP (c) on IL-CPE (b), CPE (d), respectively.
Conditions: preconcentration at +0.30 V for 60 s with the scan
rate as 100 mV s–1.  

 

Figure 3. The relationship of the oxidation peak current (Ipa)
and the oxidation peak potential (Epa) with buffer pH. Condi-
tions: preconcentration at +0.30 V for 60 s with the scan rate
as 100 mV s–1. 
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The values of the charge transfer coefficient (α) 
and electrode reaction standard rate constant (ks) were 
calculated to be 0.32 and 9.14×10–5 s–1, respectively. 

Based on the above results, an electrooxidation 
mechanism of GMP can be proposed in Scheme 1, 
which involved in the oxidation of GMP molecules to 
form 8-oxoguanine occuring in the nucleophilic –
N(7)=C(8)– bond of guanine base.32 
 
Optimal Experimental Conditions  

Due to the adsorption process of GMP on IL-CPE,  
accumulation step can increase the concentration of 
GMP on the electrode surface, and then enhance the 
sensitivity. The effect of accumulation potential was 
tested from 0.3 V to 0.8 V and the oxidation peak cur-
rent of GMP had no change, implying that the accumu-
lation process was almost independent of electrostatic 
interaction. Hence 0.3 V was chosen as the accumula-
tion potential. The oxidation peak current of GMP (c = 
500.0 μmol dm–3) increased with the increase of accu-
mulation time in the range from 0 to 60 s. When the 
accumulation time was above 60 s, the peak current 
increased little and kept almost unchanged, which indi-
cated the saturated adsorption of GMP on the electrode 
surface, so the optimal accumulation time was fixed at 
60 s in the following experiments. 
 
Calibration Curve 

Under the selected conditions the relationship between 
the oxidation peak current of GMP with its concentra-
tion was established with the typical differential pulse 
voltammograms shown in Figure 4. The oxidation peak 
current increased linearly with the GMP concentration. 
A good linear relationship was got in the concentration 
range from 1.0 to 180.0 μmol dm–3 with the linear re-
gression equation as Ipa /μA = 0.148 c /μmol dm–3 + 

1.273 (γ = 0.986) and in the range from 180.0 to  
1000.0 μmol dm–3 with the linear regression equation as 
Ipa /μA = 0.029 c /μmol dm–3 + 19.874 (γ = 0.995). The 
determination limit was estimated to be 0.16 μmol dm–3 
(S/N = 3), which is calculated by the equation: cL = 
KSo /S, where cL is the detection limit, K is a constant 
related to the confidence level, according to the sugges-
tion of IUPAC, K = 3 (99 % confidence), So is the 
standard deviation of the blank measurements (N = 9) 
and S is the slope of the calibration curve. The result 
indicated that the proposed method could be applied to 
low concentration GMP determination.  

Five modified electrodes were prepared by the 
same procedure and applied to the determination of 
500.0 μmol dm–3 GMP solution with the relative stand-
ard deviation (RSD) value of 3.7 %, which indicated 
that IL-CPE exhibited highly repeatability. The storage 
stability of IL-CPE was investigated and 96.4 % of its 
initial current value remained after 7 days and 91.5 % of 
the initial responses still remained after 30 days storage, 
indicating the good storage stability of the modified 
electrode. 

 

Figure 4. Differential pulse voltammograms of different GMP 
concentrations (from a to f: 50.0, 70.0, 100.0, 300.0, 500.0, 
700.0 μmol dm–3) on IL-CPE in B-R buffer solution of pH = 
5.0 at the scan rate of 100 mV s–1. Conditions: 
preconcentration at +0.30 V for 60 s. Inset was calibration 
curve between the oxidation peak current with GMP concen-
tration.  

 
Scheme 1. Electro-oxidation process of GMP 
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Selectivity 

IL-CPE also showed excellent ability to distinguish the 
electrochemical responses of GMP and ATP in the 
mixed solution. As shown in Figure 5, cyclic 
voltammograms of different concentrations of GMP 
with a fixed concentration of ATP on IL-CPE exhibited 
two well-defined oxidation peaks at 1.096 V and 1.408 
V (vs. SCE), respectively. The oxidation peaks were 
corresponded to the oxidation of GMP and ATP, respec-
tively, with the peak-to-peak separation as 312 mV, 
which was large enough for the simultaneous determi-
nation. Thus, electrochemical signals of GMP and ATP 
were independent on IL-CPE, which exhibited good 
distinguish ability of the modified electrode. 

The interferences of some potentially coexisting sub-
stances on the determination of 10.0 μmol dm–3 GMP was 
systematic evaluated in B-R buffer solution of pH = 5.0. 
As shown in Table 1 metal ions such as Na+, Mg2+, Zn2+ 
and thymine, L-valine, cytosine etc. barely influenced the 
oxidation peak current of 10.0 μmol dm–3 GMP with signal 

changes below ± 4 %, revealing that IL-CPE had excellent 
selectivity to GMP determination. 
 
Analytical Applications  

The proposed method was applied to the determination 
of artificial samples, which contained several possible 
interferences in a biological sample, such as glycin, L-
leucine, Cu2+, Zn2+ and Na+. Each sample was prepared 
by mixing 10.0 μmol dm–3 interferences with different 
concentrations of GMP. Three samples were further 
detected by the experimental procedure with standard 
addition method. From Table 2 it can be seen that the 
determination results were satisfactory with the recov-
ery in the range from 94.25 % to 101.5 %, which indicat-
ed that the proposed electrode could be efficiently used 
for the determination of GMP in the artificial samples. 

The practical application of the proposed method 
was further proved by the measurement of GMP content in 

Table 1. Influence of coexisting substances on the determina-
tion of 10.0 μmol dm–3 GMP (n = 3) 

Coexisting Substance c /μmol dm–3 Relative error / % 

thymine 10.0 3.90 

L-valine 10.0 2.11 

L-thyptophan 10.0 2.97 

L-glutamate 10.0 2.18 

L-leucine 10.0 2.51 

cytosine 10.0 3.98 

Mg2+ 10.0 0.27 

Zn2+ 10.0 –0.55 

Na+ 10.0 1.12 

 

Figure 5. Differential pulse voltammograms of different 
concentrations of GMP on IL-CPE in B-R buffer solution of 
pH = 5.0 with 100.0 μmol dm–3 ATP. The concentrations of 
GMP from a to e are 40.0, 60.0, 80.0, 100.0, 200.0 μmol dm–3. 

Table 2. Determination results of GMP in artificial samples (n = 6) 

Sample c /μmol dm–3 c(Found) /μmol dm–3 c(Added) /μmol dm–3 c(Total) /μmol dm–3 RSD / % Recovery / % 

1(a) 20.0 21.3  80.0 100.8 0.80 99.4 

2(b) 40.0 40.5 60.0 101.4 1.40 101.5 

3(c) 60.0 61.1 40.0 98.8 1.20 94.25 
(a) Sample 1 contains 10.0 μmol dm–3 of glycin, L-leucine, Cu2+, Zn2+ and 20.0 μmol dm–3 GTP. 
(b) Sample 2 contains 10.0 μmol dm–3 of glycin, L-leucine, Zn2+, Na+ and 40.0 μmol dm–3 GTP. 
(c) Sample 3 contains 10.0 μmol dm–3 of glycin, L-leucine, Cu2+, Na+ and 60.0 μmol dm–3 GTP. 

Table 3. Determination results of GMP in chicken powder samples (n = 6) 

Sample c(Determined) /μmol dm–3 c(Added) /μmol dm–3 c(Found) /μmol dm–3 RSD / % Recovery / %

1 1.425 1.00 2.406 1.50 98.1 

2 1.404 1.00 2.361 0.83 95.7 

3 1.512 1.00 2.524 1.20 101.2 
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chicken powder samples, which were purchased from the 
local supermarket. The samples were treated with the fol-
lowing procedure. 8.0 g of chicken powder was dissolved 
in 40 mL water by ultrasonicated and the solution was 
filtrated with 0.45 μm Nylon film. The filtrate was collect-
ed and diluted to 50 mL with double distilled water and 
further detected by the proposed method. All the solutions 
were determined for six times by the standard addition 
method with the results summarized in Table 3. It can be 
seen that the recovery was in the range from 95.7 % to 
101.2 %, indicating the precise of the proposed method. 
 
CONCLUSION 

A new IL-CPE fabricated with 1-octyl-3-methylimid- 
azolium hexafluorophosphate (OMIMPF 6) was devel-
oped, which exhibited the characteristics such as good 
stability and electrocatalytic activity. The 
electrooxidation of GMP was investigated with an en-
hanced oxidation response appeared at 1.14 V and elec-
trochemical reaction was an adsorption-controlled irre-
versible process with two-electron and two-proton pro-
cess. Under the optimized conditions good linearity was 
observed between the oxidation peak current and the 
concentration of GMP in the range from 1.0 to 1000.0 
μmol dm–3 with a detection limit of 0.16 μmol dm–3 (S/N 
= 3) after accumulation for 60 s. The proposed method 
showed good selectivity in the detection of GMP without 
interference from coexisting substances and was further 
applied to the determination of different samples with 
satisfactory results. 
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