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A sensitive electrochemical sensor composed of Nafion, tetraethylene pentamine-functionalized reduced 

graphene oxide (RGO-TEPA), and a glassy carbon electrode (GCE) was developed to analyze daphnetin 

(DAPH). The electrochemical behavior of DAPH on Nafion/RGO-TEPA/GCE was studied by cyclic 

voltammetry. The electroanalytical method for DAPH detection was established using differential pulse 

voltammetry. A detection limit of 0.5 nM (S/N = 3) and a linear calibration range of 0.1 to 10 μM were 

obtained. The reproducibility and repeatability of the method were calculated to be 1.6% and 4.8%, 

respectively. The sensor showed good selectivity for DAPH and was successfully applied to detect 

DAPH in Zushima tablets. The content of DAPH in Zushima tablets detected by our sensor  agreed well 

with that detected by HPLC. 
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1. INTRODUCTION 

Coumarin frameworks are ubiquitous in various medicinal compounds and play a crucial role in 

pharmaceuticals [1]. In particular, daphnetin (7,8-dihydroxycoumarin, DAPH) is one of the most 

important coumarin derivatives because of its multiple pharmacological effects and broad clinical 

applications [2−5]. For example, DAPH was found to be one of the major active ingredients in the 

Chinese medicinal herb Zushima, which is widely used to treat coagulation disorders and rheumatoid 

arthritis in China [6]. Due to its importance, the development of convenient, sensitive, and inexpensive 

methods for DAPH content detection is a meaningful task for quality control in pharmaceuticals. 

Traditionally, liquid chromatography (LC) and high-performance liquid chromatography (HPLC) are 

applied for the detection of DAPH content [7,8]. However, these methods have major drawbacks, 

namely, they are relatively time-consuming, require expensive equipment, and use of toxic solvents. 

Alternatively, electrochemical approaches have been used to detect the DAPH content in pharmaceutical 
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formulations with good detection sensitivity and a reasonable detection limit [9]. Furthermore, it has 

been demonstrated that nanocomposite-modified electrodes can sensitively increase the electrochemical 

response to DAPH [10,11]. 

In the last decade, reduced graphene oxide (RGO) has been increasingly studied for fabricating 

electrochemical sensors or biosensors because of its excellent electrochemical properties and large 

surface area [12,13]. Reduced graphene oxide-tetraethylene pentaamine (RGO-TEPA), a novel 

combination of RGO and TEPA by C-N covalent bonding, has been developed as an excellent substrate 

material for the modification of electrochemical immunosensors to detect numerous target analytes, such 

as monocyte chemoattractant protein-1 [14], fibroblast growth factor receptor 3 gene [15], T-2 toxin 

[16], and several cancer markers [17−22]. It has been found that the existence of the large number of 

amino groups in RGO-TEPA not only improves the stability of RGO but also allows the material to be 

modified by metals.  

In this study, we develop a sensitive electrochemical method for the detection of DAPH based 

on using an RGO-TEPA-modified glassy carbon electrode (GCE) as a novel electrochemical sensor. To 

the best of our knowledge, this is the first attempt to use an RGO-TEPA-modified electrochemical sensor 

to sensitively increase the electrochemical response of a pharmaceutical formulation. 

 

 

 

2. EXPERIMENTAL 

2.1 Reagents and instruments 

A standard DAPH reagent (98%) was purchased from Shanghai Yuanye Bio-Technology Co., 

Ltd. (Shanghai, China). RGO and RGO-TEPA were provided by Nanjing/Jiangsu XFNANO Materials 

Tech Co., Ltd. (Nanjing, China). A 5% Nafion solution was received from Sigma-Aldrich (St. Louis, 

Missouri, USA). The standard DAPH stock solution (1 mM) was prepared with anhydrous methanol and 

stored at 4°C in the dark. The supporting electrolyte (a 0.1 M phosphate buffered saline (PBS) solution) 

was prepared by mixing NaH2PO4 and Na2HPO4 solutions. The low pH value of PBS was adjusted with 

0.1 M H3PO4 solution. Working standards were prepared daily by diluting the stock solution to the 

desired concentration with PBS. All the other chemicals were of analytical grade or better and used as 

received. All the water used in this work was obtained from a Smart-DUVF water purification system 

(Shanghai Hitech Instruments Co., Ltd., China) with an electrical resistance of 18.2 MΩ cm. 

Cyclic voltammetry (CV) and differential pulse voltammetry (DPV) were conducted with a 

CHI660 electrochemical workstation (Shanghai Chenhua Instrument Co., Ltd., Shanghai, China). 

Electrochemical impedance spectroscopy (EIS) was carried out on an RST5210F electrochemical 

workstation (Suzhou Risetest Electronic Co., Ltd., Suzhou, China). A conventional three-electrode 

system was applied in the experiment with a bare or modified glassy carbon electrode (GCE, 3 mm 

diameter) as the working electrode and Ag/AgCl and platinum wire as the reference and counter 

electrodes, respectively. A PHS-3E pH meter (China Shanghai Electric Instrument Co., Ltd., China) was 

used for pH adjustments. 
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2.2 Preparation of the modified electrodes 

Before modification, the bare GCE was mechanically polished to a mirror-like surface in turn 

with abrasive paper and 0.3 and 0.05 μm alumina slurries. Then, the samples were cleaned ultrasonically 

in ethanol and ultrapure water for 5 min each. Finally, the samples were dried in air at room temperature. 

The purchased RGO-TEPA powder was ultrasonically dispersed in ultrapure water for 1 h to 

obtain a 1.0 mg mL-1 homogenous dispersion. Before coating with Nafion, a 0.5 wt.% Nafion solution 

was prepared by diluting a 5 wt.% Nafion solution in absolute ethanol (≥ 99.7 wt.%). Next, RGO-

TEPA/GCE was obtained by carefully casting an 8 μL RGO-TEPA suspension on the electrode surface 

and drying under an infrared lamp. Nafion/RGO-TEPA/GCE was obtained by dropwise adding 2 μL of 

0.5% Nafion ethanol solution onto the surface of dried RGO-TEPA/GCE. Thus, the Nafion/RGO-

TEPA/GCE sensor was developed layer by layer. 

 

2.3 Real sample solution preparation 

Zushima tablets were purchased from a local pharmacy in Hangzhou. Tablet powder was 

obtained from finely powdering 10 Zushima tablets in an agate mortar. The accurately weighed powder 

(0.3610 g) was transferred into 50 mL of 85% methanol and dissolved by ultrasonication for 30 min to 

obtain a homogenized suspension. The supernatant was collected by centrifugation and filtratration. The 

sample solution was stored at 4 °C in the dark. Before each measurement, a certain amount of sample 

was diluted to 10 mL with 0.1 M PBS (pH = 2.2). 

 

 

3. RESULTS AND DISCUSSION 

3.1 Electrochemical behaviors of Nafion/RGO-TEPA/GCE 

The electron transfer ability of the redox reaction on the Nafion/RGO-TEPA/GCE surface was 

verified by EIS using a 5 mM K3Fe(CN)6/K4Fe(CN)6 solution (containing 0.1 M KCl) as an 

electrochemical probe with an applied frequency range from 0.01 Hz to 1 MHz and an amplitude of 5 

mV. The bare GCE, RGO/GCE, RGO-TEPA/GCE, and Nafion/RGO/GCE were also detected for 

comparison, and the obtained results were reported in the form of Nyquist plots (Fig. 1).  

In the EIS curve, the diameter of the semicircle is equal to the Randles circuit (Rct) value which 

is related to the electron transfer kinetics of the redox probe at the electrode/electrolyte interface. The 

Rct values of the bare GCE, RGO/GCE, RGO-TEPA/GCE, Nafion/RGO/GCE, and Nafion/RGO-

TEPA/GCE were calculated to be approximately 149, 66, 60, 55, and 43 Ω, respectively. These results 

demonstrated that Nafion/RGO-TEPA accelerated the electron transfer between the electrode surface 

and the electrochemical probe K3Fe(CN)6/K4Fe(CN)6. 
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Figure 1. EIS of the bare GCE, RGO/GCE, RGO-TEPA/GCE, Nafion/RGO/GCE, and Nafion/RGO-

TEPA/GCE in 5.0 mM K3Fe(CN)6/K4Fe(CN)6 solution containing 0.1 M KCl. 

 

 

The active area of an electrode can be estimated by chronocoulometry. Fig. 2A shows the single-

potential-step chronocoulometric curves of the bare GCE, RGO/GCE, RGO-TEPA/GCE, 

Nafion/RGO/GCE, and Nafion/RGO-TEPA/GCE in a 1 mM K3Fe(CN)6 solution containing 0.1 M KCl. 

The corresponding Q-t1/2 plots are provided in Fig. 2B, and the linear relationships of Q-t1/2 were 

expressed as Q (μC) = 14.4694t1/2 + 0.6694 (R2 = 0.9996), Q (μC) = 21.9014t1/2 + 1.2621 (R2 = 0.9923), 

Q (μC) = 28.6747t1/2 + 4.2133 (R2 = 0.9942), Q (μC) = 50.4908t1/2 + 3.9289 (R2 = 0.9977) and Q (μC) = 

60.2945t1/2 + 7.8804 (R2 = 0.9904), for the bare GCE, RGO/GCE, RGO-TEPA/GCE, Nafion/RGO/GCE, 

and Nafion/RGO-TEPA/GCE, respectively. According to the Anson equation (1) [23], 
1/2

dl ads1/2

2 ( )nFAC Dt
Q Q Q


                                                                                                     (1) 

where Qdl is the double-layer charge, Qads is the Faraday charge, F is the Faraday constant, A (cm2) is 

the active area of the working electrode, c (mol·cm-3) is the concentration of the substrate, n is the number 

of electrons transferred and D (cm2·s-1) is the diffusion coefficient, the value of n was 1 and D was 7.6 

× 10-6 cm2·s-1 in the K3Fe(CN)6 solution [24].  
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Figure 2. (A) Chronocoulometric curves of the bare GCE, RGO/GCE, RGO-TEPA/GCE, 

Nafion/RGO/GCE, and Nafion/RGO-TEPA/GCE in a 1 mM K3Fe(CN)6 solution containing 0.1 

M KCl. (B) The corresponding Q-t1/2 plots. 
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From the slope value of the regression equation of Q-t1/2, the active areas of the above electrodes 

were calculated to be 0.048 cm2, 0.073 cm2, 0.096 cm2, 0.168 cm2 and 0.201 cm2. These results indicated 

that the active area of Nafion/RGO-TEPA/GCE was approximately 4 times that of the bare GCE and 

much larger than that of the other electrodes. This large active area was beneficial for providing more 

electroactive sites to increase the electrochemical response of DAPH on Nafion/RGO-TEPA/GCE. 

 

3.2 Electrochemical behavior of DAPH on the Nafion/RGO-TEPA/GCE 

The electrochemical behaviors of DAPH on the bare GCE, RGO/GCE, RGO-TEPA/GCE, 

Nafion/RGO/GCE, and Nafion/RGO-TEPA/GCE were investigated by CV. As shown in Fig. 3, an 

enhanced redox current peak of DAPH with the largest background current was obtained on the 

Nafion/RGO-TEPA/GCE sensor compared with that of the RGO-TEPA/GCE, Nafion/RGO/GCE, 

RGO/GCE, and bare GCE sensors. The highest peak current observed might be due to the fast electron 

transfer kinetics on the Nafion/RGO-TEPA/GCE-modified electrode and the hydrogen bond formed 

between the amino groups in TEPA and the carbonyl groups in DAPH. The largest background current 

of the Nafion/RGO-TEPA/GCE might be due to the large effective surface area of the electrode. 

Therefore, it is feasible to detect DAPH with Nafion/RGO-TEPA/GCE. 

 
Figure 3. CV curves of DAPH (10 μM) on the bare GCE, RGO/GCE, Nafion/RGO/GCE, RGO-

TEPA/GCE, and Nafion/RGO-TEPA/GCE sensors in 0.1 M PBS (pH = 2.2) containing 10 μM 

DAPH at a scan rate of 50 mV·s-1. 
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3.3 Effect of the scan rate 

The electrochemical responses of DAPH (10 μM) at different scan rates before and after 

accumulation were investigated by CV to discuss the redox mechanism (Fig. 4). As shown in Fig. 4A-

D, the redox peak currents increased with the scan rate from 0.02 to 0.3 V s-1. Moreover, after DAPH 

accumulated, the redox peak currents were greater than those before accumulation. Fig. 4C shows, that 

both the oxidation peak current (Ipa) and the reduction peak current (Ipc) have a good linear range with 

the scan rate (v). The fitting linear regression equations are as follows: Ipa (μA) = –67.10v (V·s-1) + 2.15 

(R2 = 0.9939) and Ipc (μA) = 56.35v (V·s-1) – 1.51 (R2 = 0.9956), indicating that the electrochemical 

process of DAPH on Nafion/RGO-TEPA/GCE before accumulation is an adsorption-controlled process. 

Additionally, Fig. 4D shows, that Ipa and Ipc have a good linear range with the square rootof the scan rate 

(v1/2). The fitting linear regression equations can be expressed as follows: Ipa (μA) = –75.89v1/2 (V1/2·s-

1/2) + 3.73 (R2 = 0.9980) and Ipc (μA) = 65.53v1/2 (V1/2·s-1/2) – 2.87 (R2 = 0.9984), indicating that the 

electrochemical process of DAPH on Nafion/RGO-TEPA/GCE after accumulation is a diffusion-

controlled process.  
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Figure 4. CV curves of DAPH (10 μM) on Nafion/RGO-TEPA/GCE in 0.1 M PBS (pH = 2.2) at 

different scan rates from 0.02 to 0.30 V·s-1 with 20 mV s-1 intervals before (A) and after (B) 

accumulation. (C) Linear relationship obtained for the redox peak current vs. the scan rate. (D) 

Linear relationship obtained for the redox peak current vs. the square root of the scan rate. 

 

The relationship between the scan rate and redox peak potential (E) was deduced from Fig. 4A 

and is shown in Fig. 5. With an increasing scan rate, the oxidation peak potential (Epa) positively shifted, 

and the reduction peak potential (Epc) negatively shifted, indicating a quasi-reversible electrode process. 

For the model of a surface-controlled process, the electron transfer kinetics of daphnetin on 

Nafion/RGO-TEPA/GCE could be deduced by the Laviron equations (2-4) [25]: 

0'

pa ln
(1 )

RT
E E v

nF
 


                                                                                                                             (2) 

0'

pc ln
RT

E E v
nF

                                                                                                                             (3) 

=
p

lg lg(1 ) (1 ) lg lg (1 )s
2.303

nF ERT
k

nFv RT
     


     

                                                                                        (4) 

where, E0′ is the formal standard potential, ks is the apparent heterogeneous electron transfer rate 

constant, n is the electron transfer number, α is the charge transfer coefficient, v is the scan rate, and ΔEp 

is the peak-to-peak potential separation. 

When v＞0.06 V·s-1, Epa and Epc had a good linear relationship with lnv providing regression 

equations of Epa (V) = 0.0418lnv + 0.6794 (R2 = 0.9868) and Epc (V) = –0.0231lnv + 0.4428 (R2 = 
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0.9852). Based on the slopes of the Epa-lnv and Epc-lnv lines, n and α were calculated to be 1.7 and 0.64, 

respectively. Since n should be an integer, there were 2 electrons involved in the redox reaction of DAPH 

at Nafion/RGO-TEPA/GCE. Additionally, according to equation (4), ks was calculated to be 0.42 s-1. 

 

Figure 5. Relationship between the peak potential and lnν. 

 

3.4 Chronocoulometric studies 

The saturated adsorption capacity (Γ*) and diffusion coefficient (D) of DAPH on the 

Nafion/RGO-TEPA/GCE surface were calculated by the chronocoulometry curves of Nafion/RGO-

TEPA/GCE in a 0.1 M PBS (pH = 2.2) solution in the absence (Fig. 6A, curve a) and presence (Fig. 6A, 

curve b) of DAPH (10 μM). 

The corresponding Q-t1/2 plots are provided in Fig. 6B, and the linear relationship of Q-t1/2 

corresponded to the following equations: Q (μC) = –55.44t1/2 –156.42 (R2 = 0.9995) and Q (μC) = –

87.15t1/2 – 314.25 (R2 = 0.9978). According to the Anson equation (equation (1) provided in Sec. 3.1), 

the value of Qads was calculated to be 1.47 ×10-4 C for the oxidation of adsorbed daphnetin, and D was 

4.0 × 10-8 cm·s-1. The Γ* of DAPH on Nafion/RGO-TEPA/GCE could be determined to be 3.79 ×10-9 

mol·cm-2 using Laviron’s theory (5) 
*

ads
Q nFA

                                                                                                                                (5) 
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Figure 6. (A) Chronocoulometric curves of the background (curve a) and 10 μM DAPH in 0.1 M PBS 

(pH 2.2) on Nafion/RGO-TEPA/GCE (b). (B) Corresponding Q-t1/2plots. 
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3.5 Optimization of measurement parameters 

3.5.1 Effect of pH 

The redox peak current of DAPH was also greatly influenced by the pH value of the supporting 

electrolyte.  

 

 
Figure 7. (A) CV curves of DAPH (10 μM) on Nafion/RGO-TEPA/GCE in 0.1 M PBS at different pH 

values (1.6, 1.8, 2.2, 2.6, 3.0) and a scan rate of 50 mV·s-1. (B) pH-dependence of Ep and I. 
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Thus, the electrochemical response of DAPH (10 μM) on Nafion/RGO-TEPA/GCE was 

investigated by CV in PBS over a pH range of 1.6 ~ 3.0. As shown in Fig. 7A, the current intensity of 

DAPH first increased with an increasing pH value from 1.6 to 2.2, while continually increasing the pH 

value led to a decrease in the current intensity. Therefore, considering the detection sensitivity, a pH of 

2.2 was chosen for further experiments. 

From Fig. 7B, it is distinctly found that the redox peak potential of DAPH shifted negatively with 

an increasing pH, which means that protons are involved in the electrode reaction. The oxidation peak 

potential (Epa) followed the linear equation Epa (V) = 0.685 − 0.0375 pH (R2 = 0.9935). The reduction 

peak potential (Epc) followed the linear equation Epc (V) = 0.624 − 0.0776 pH (R2 = 0.9929). The slope 

value (-37.5 mV·pH-1) was less than the theoretical value (-59.0 mV·pH-1), suggesting the involvement 

of an unequal number of protons and electrons. According to the Nernst equation, the transferred number 

of electrons in the oxidation process was double the number of protons. According to the above results, 

it appeared that two electrons and one proton were involved in the redox reaction of daphnetin. This 

result is different from the reported references, where equal numbers of electrons and protons are 

involved in the redox reaction of daphnetin [9-11]. However, a similar result has also been reported in 

other references about Nafion-covered electrodes [26-29]. The possible reason might be due to the 

competition between DAPH and the proton with the Nafion film. [28]. 

 

3.5.2 Effect of the amount of RGO-TEPA on the oxidation peaks of DAPH 

The amount of RGO-TEPA can directly change the properties and functions of the electrode 

surface and finally affect the detection of DAPH. Thus, the effect of the amount of RGO-TEPA was 

investigated by covering the GCE surface with 4 ~ 11 μL of RGO-TEPA solution. As shown in Fig. 8, 

the oxidation peak current increased with an increasing amount of RGO-TEPA up to 8 μL and then 

decreased gradually. This result should be attributed to the decreased electron-transfer rate resulting 

from the considerable thickness of the nanofilm formed by an excessive amount of RGO-TEPA. 

Therefore, 8 μL of RGO-TEPA solution was selected as the optimal amount for the preparation of the 

modified electrode. 
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Figure 8. Effect of the accumulated volume of RGO-TEPA on the oxidation peak current of DAPH at a 

concentration of 1 mg mL-1 and a scan rate of 50 mV·s-1. 

 

3.6 Analytical performance 

3.6.1 Repeatability and reproducibility 

The repeatability of Nafion/RGO-TEPA/GCE was evaluated by detecting the oxidation peak 

current of 10 μM DAPH of one modified electrode by DPV. The relative standard deviation (RSD) for 

seven independent measurements was 1.6%. The reproducibility of the proposed sensor was estimated 

by the oxidation peak current of 10 μM DAPH of five parallel modified electrodes by DPV under the 

same conditions. The RSD of the current response was 4.8%, which indicated the good reproducibility 

of the sensor. 

 

3.6.2 Calibration curve and detection limit 

Fig. 9A shows the oxidation peak current of different concentrations of DAPH under the optimal 

DPV conditions using Nafion/RGO-TEPA/GCE. The peak current had a linear relationship with the 

concentration of DAPH in the range of 0.01~1.0 μM and 1.0~10 μM (Fig. 9B). The linear regression 

equation could be expressed as Ipa1 (μA) = 4.798C (μM) +0.021 (R2= 0.9975, 0.01 ~ 1.0 μM) with a 

sensitivity of 23.87 μA L μM-1 cm-2, and Ipa2 (μA) = 1.678C (μM) + 3.816 (R2= 0.9931, 1.0 ~ 10 μM) 

with a sensitivity of 8.35 μA μM-1 cm-2. The oxidation of DAPH on the modified electrode exhibited a 

high sensitivity at low concentrations and a low sensitivity at high concentrations. The low sensitivity at 

high concentrations may be due to fewer active sites and the kinetic limitations for the oxidation of 

DAPH [30]. Furthermore, the detection limit was calculated to be 0.5 nM (S/N = 3). As shown in Table 
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1, comparing the performance of our Nafion/RGO-TEPA/GCE sensor with previously reported DAPH 

sensors, Nafion/RGO-TEPA/GCE had a wider linear range and lower detection limit. 

 

 
Figure 9. (A) DPV curves of DAPH on Nafion/RGO-TEPA/GCE in 0.1 M PBS (pH = 2.2) with different 

concentrations: (a) 0.01, (b) 0.05, (c) 0.1, (d) 0.5, (e) 1.0, (f) 2.0, (g) 5.0, (h) 8.0, and (i) 10.0 μM. 

The inset curve represents the DPV curves of Nafion/RGO-TEPA/GCE at low DAPH 

concentrations (a-c). (B) Calibration curve corresponding to the response of the modified sensor 

to the concentration of DAPH. Scan rate: 50 mV·s−1. 
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Table 1. Comparison of the electrochemical sensing performance of different modified electrodes 

toward DAPH detection.  

 

Electrode Linear range (μM) LOD (nM) Technique Reference 

ERGO/GCE 0.05~2 30 DPV 9 

SDS-GN/SnO2/GCE 0.03~8 8 DPV 10 

Ca2GeO4-GR/GCE 0.02~0.9 6 DPV 11 

Nafion/RGO-TEPA/GCE 0.01~10 0.5 DPV This work 

 

 

3.6.3 Interference studies 

Under optimal experimental conditions, the potential interference from metal ions and organic 

compounds that may be present in pharmaceutical samples was investigated in a 10 μM DAPH solution 

by DPV. The tolerance limit was defined as the maximum concentration of the interfering species that 

caused an error of less than ±5%. As shown in Fig. 10 (relative to the DAPH concentration), 200-fold 

concentrations of Na+, Ca2+, Zn2+, K+, and Cl-, 100-fold concentrations of Cu2+, SO4
2-, malic acid, 

glucose, and tartaric acid, 50-fold concentrations of sucrose, citric acid and ascorbic acid showed no 

interference on the detection of DAPH. These results indicated that the Nafion/RGO-TEPA/GCE sensor 

has an excellent anti-interference ability. 

 
Figure 10. Relative analytical response (IInterference/IDAPH) of 10 μM DAPH in the presence of different 

interferents. 
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3.6.4 Real sample analysis 

To verify the validity of the present method, it was employed to determine DAPH in Zushima 

tablets. The sample preparation procedure is described in Section 2.4. Briefly, 4.44 μL of the real sample 

solution was diluted to 25.00 mL by the supporting electrolyte and analyzed. A recognizable oxidation 

peak was observed for DAPH in the real sample. To evaluate the accuracy of the proposed method, the 

recovery test was also carried out by adding known levels of DAPH to the sample. Moreover, the sample 

was also detected by the HPLC method to further verify the accuracy of the proposed method. The 

obtained results are listed in Table 2. The recoveries of DAPH on Nafion/RGO-TEPA/GCE ranged from 

101.5% to 108.5%, and the contents of DAPH detected by HPLC and the Nafion/RGO-TEPA/GCE 

sensor were in good agreement. From these excellent results, Nafion/RGO-TEPA/GCE was confirmed 

as an efficient electrode for the effective and accurate detection of DAPH in real samples. 

 

 

 

Table 2. Recovery results for DAPH in Zushima tablet samples (n = 3) 

 

Sample 

DPV HPLC 

Added 
(μM) 

Expected 
(μM) 

Found 
(μM) 

RSD 
(%) 

Recovery 
(%) 

Content in each 
tablet (mg·tablet-1) 

Content in each 
tablet (mg·tablet-1) 

Zushima 
tablets 

0.000 0.000 0.197 4.8 - 

5.03 5.12 0.200 0.397 0.404 1.3 103.5 
0.400 0.597 0.631 2.5 108.5 
0.600 0.797 0.806 1.5 101.5 

 

 

4. CONCLUSIONS 

In summary, a novel, reliable and sensitive sensor for the electrochemical detection of DAPH 

was successfully developed based on RGO-TEPA and Nafion through the dropwise addition of layers 

method. The sensor was first applied to detect DAPH in Zushima tablets. Under optimal conditions, a 

wide linear range (0.01 ~ 10.0 μM) with a detection limit of 0.05 nM, good reproducibility, and good 

selectivity were achieved on the Nafion/RGO-TEPA/GCE sensor due to the good electroconductivity 

and excellent electron transfer capability of RGO-TEPA. These results demonstrated better performance 

than the reported results for other DAPH-detecting sensors. The proposed sensing strategy may be  

potentially applied in the detection of other pharmaceuticals. 
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