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A glassy carbon electrode modified by carboxyl-functionalized reduced graphene oxide (ERGO-

COOH/GCE) was developed by electrochemical deposition method. The electrochemical behavior of 

caffeic acid (CA) on the ERGO-COOH/GCE was studied, and an electroanalytical method for the 

detection of CA in tablets was established. The effects of the modification parameters, the pH of the 

buffer solution and the scanning rate on the electrochemical behavior of CA were investigated by cyclic 

voltammetry (CV). The results revealed that modifying the GCE by electrochemical deposition 

facilitated a more sensitive response to CA on the modified electrode than modifying it by drop coating. 

The peak current of CA on the ERGO-COOH/GCE was significantly higher than that on the bare glassy 

carbon electrode (GCE) over five scan cycles, and the optimized the concentration of GO-COOH, the 

scanning cycles, and the pH were 4 mg·mL-1, 5 cycles, and 2.0, respectively. The redox reaction of CA 

on the modified electrode was a quasi-reversible process controlled by adsorption and involved the 

transfer of two electrons and two protons. The ERGO-COOH/GCE showed a linear response to CA in 

the range of 0.05 ~ 20 µM with a limit of detection of 8 nM (S/N=3). The modified electrode exhibited 

good repeatability and reproducibility and anti-interference performance. The ERGO-COOH/GCE was 

applied to the detection of CA in caffeic acid tablets with a recovery of 97.7% ~ 108%.  

 

 

Keywords: Caffeic acid; electrochemical deposition; ERGO-COOH/GCE; modified electrode; 

differential pulse voltammetry  

 

 

1. INTRODUCTION 

Caffeic acid (CA, 3,4-dihydroxycinnamic acid) with the molecular formula of C9H8O4 is a kind 

of phenolic compound (Fig. 1) that often exists in Chinese medicinal herbs such as Solidago, thymus, 

Cimicifuga, Eucommia ulmoides, etc. CA has multiple pharmacological activities, including anti-

inflammatory and antiviral activity and increased white blood cell and platelet counts. Therefore, it is 

mostly used in the prevention and treatment of diseases related to oxidative stress, inflammatory 
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reactions, and viral infections, such as brain tissue damage [6], cardiovascular disease [7], human 

immunodeficiency virus (HIV) infection [8], leukopenia and thrombocytopenia [9]. Due to its important 

pharmacological activities, it is necessary to develop a simple, rapid, and low-cost analytical method for 

the determination of CA content.  

In recent years, various analytical methods have been developed to analyze the content of CA, 

including high-performance liquid chromatography [10], capillary electrophoresis [11], liquid mass 

spectrometry/mass spectrometry [12], and electrochemical methods [13]. By comparison, 

electrochemical methods have been widely used in the analysis and determination of many electroactive 

drugs [14-16] because of their low technical cost, sensitivity and rapid analysis, easy miniaturization, 

and easy operation. CA has a phenolic hydroxyl group, carboxyl group, and other electroactive groups 

that can undergo redox reactions within a certain potential range. Thus, several modified electrodes have 

been prepared and reported for the detection of CA. Karikalan [17] et al. prepared a nitrogen-doped 

carbon-modified electrode (NDC/GCE) for electrochemical determination of CA in red wine with a 

linear range of 0.01~350 μM, and a detection limit of 4 nM (S/N = 3). Manikandan [18] et al. prepared a 

fluorine-doped graphene oxide modified electrode (F-GO/GCE) for electrochemical determination of 

CA in red wine with a linear range of 0.5~100 μM and a detection limit of 18 nM (S/N = 3). Gao [19] et 

al. prepared a Pt-PEDOT/reduced graphene oxide modified electrode (F-GO/GCE) for electrochemical 

determination of CA in green tea and black tea with a linear range of 0.005~50 μM and a detection limit 

of 2 nM (S/N = 3). These reports reveal that electrochemical methods have great potential in the 

qualitative and quantitative determination of CA in food texture. However, the determination of CA in 

drugs has not been as successful and most studies have reported problems of complex preparation 

methods, narrow linear ranges, and high detection limits. Tyszczuk [20] et al. prepared a lead film 

modified electrode (PdFE/GCE) for electrochemical determination of CA in Plantago lanceolata with a 

linear range of 0.08~0.5 μM, and a detection limit of 0.4 nM (S/N = 3).   

With the rapid development of nanotechnology, graphene and graphene oxide (GO) have been 

the focus of attention due to their large theoretical specific surface area, high theoretical capacitance, 

and good thermal conductivity [21-23]. Carboxylated graphene oxide (GO-COOH) is a derivative of GO 

that shows a higher specific surface area, easier preservation, and better conductivity than GO. It can 

covalently combine with electrode materials and can be better dispersed in solution [24]. In recent years, 

an increasing number of scientists have used GO-COOH as an electrode-modified material for 

electrochemical detection. For example, Dilmac [25] et al. prepared a carboxylated graphene oxide Au 

nanocomposite-modified electrode (GO-COOAu/GCE) by the drop coating method for electrochemical 

determination of glucose in human serum samples with a linear range of 0.02~4.48 μM and a detection 

limit of 6 μM (S/N = 3). Song [26] et al. prepared a carboxylated graphene oxide polyethyleneimine 

nanocomposite-modified electrode (GO-COOH/PEI/GCE) by the drop coating method for 

electrochemical determination of sensing with a linear range of 27~120 μM and a detection limit of 950 

nM (S/N = 3). To data, there have been no reports of GO-COOH modified on an electrode by 

electrodeposition to detect CA.  

In this paper, a glassy carbon electrode was modified with carboxyl functionalized reduced 

graphene oxide (ERGO-COOH/GCE) by electrochemical deposition [27] for the detection of CA. 

Compared with the reported methods, the modified electrode had the advantages of simple preparation, 
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good reproducibility, and better detection performance. Furthermore, the real sample analysis of CA in 

caffeic acid tablets showed the practicability of this electrode.  

  

  
 

Figure 1. The chemical structure of CA  

 

 

 

2. EXPERIMENTAL  

2.1. Reagents and instruments  

Carboxylated graphene oxide (GO-COOH) was purchased from Nanjing Xianfeng nano Co., 

caffeic acid (HPLC≥99%) was purchased from Aladdin Chemistry Co., caffeic tablets were provided by 

Dezhou Deyao Pharmaceutical Co. The supporting electrolyte for electrochemical detection was 0.04 M 

Britton-Robinson buffer solution (B-R, pH = 2.0). All the other chemicals were of analytical grade or 

better. Ultrapure water (electrical resistance of 18.2 MΩ·cm) obtained from a Smart-DUVF water 

purification system (Shanghai Hitech Instruments Co., Ltd., China) was used to prepare all solutions.   

A CHI660 electrochemical workstation (Shanghai Chenhua Instrument Co. Ltd., Shanghai, 

China) was used to perform cyclic voltammetry (CV) and differential pulse voltammetry (DPV). An 

RST5210F electrochemical workstation (Suzhou Risetest Electronic Co., Ltd., Suzhou, China) was used 

to perform electrochemical impedance spectroscopy (EIS). A conventional three-electrode system was 

used for electrochemical detection with an ERGO-COOH/GCE as the working electrode and Ag/AgCl 

and a Pt wire as the reference electrode and counter electrode, respectively.   

 

2.2. Preparation of the ERGO-COOH/GCE  

Before modification, the bare GCE was successively polished with 0.3, 0.1, and 0.05 μm alumina 

slurries. Then, the electrodes were sonically washed in ethanol and ultrapure water for 3 min each. 

Finally, the samples were dried in air at room temperature.  

GO-COOH was ultrasonically dispersed in a PBS solution (pH = 5.75) for 2 h to obtain a 

homogenous dispersion (4 mg·mL-1). Next, the polished GCE was immersed in the GO-COOH modified 

solution for CV ranging from 0.6 V to -1.5 V at a scan rate of 0.025 V·s-1 for 10 cycles for 

electrochemical deposition of GO-COOH on the surface of the GCE to obtain the ERGO-COOH/GCE. 

The obtained electrode was washed with ultrapure water and dried at room temperature.   
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2.3. Real sample solution preparation  

The tablet powder was obtained from 10 caffeic acid tablets (0.1392 g·tablet-1) finely powdered 

in an agate mortar. An accurate weight of 0.1252 g powder (approximately 80 mg CA) was transferred 

into a 100 ml volumetric flask, and 40 ml ethanol, 2 ml hydrochloric acid solution (0.1 M) were added, 

the flask was filled to the scale line with ultrapure water. After shaking well, the sample solution was 

obtained by centrifugation and filtration. Before each measurement, the desired concentration of sample 

was prepared with the supporting electrolyte.  

 

 

3. RESULTS AND DISCUSSION  

3.1. Optimization of modification conditions  

3.1.1. Influence of modification methods  

While drop coating was mostly used to modify GO-COOH on the electrode surface in prior 

studies [28,29], electrodeposition was applied in this work to modify the bare GCE surface with GO-

COOH. The electrochemical performances of the electrodes prepared by drop coating and 

electrodeposition were compared by EIS and the detection of CA.  

EIS was performed on the bare GCE, GO-COOH/GCE, and ERGO-COOH/GCE in 5 mM 

K3[Fe(CN)6]/K4[Fe(CN)6] solution (containing 0.1 M KCl), and the results are shown in Fig. 2A. The 

Nyquist impedance spectrum consists of a semicircle and a straight line, and the diameter of the 

semicircle in the high frequency region corresponds to the electron transfer impedance (Ret) [30]. Fig. 

2A shows that the semicircle diameter of ERGO-COOH/GCE is significantly smaller than that of GO-

COOH/GCE and GCE. The Ret values of the bare GCE, GO-COOH/GCE, and ERGO-COOH/GCE 

were calculated to be approximately 149, 94, and 48 Ω, respectively. The results demonstrated that the 

electrodeposited ERGO-COOH film was beneficial for accelerating the electron transfer process and 

enhancing the conductivity of the electrode. The results further prove that ERGO-COOH is modified on 

the electrode surface.  

To estimate the active area of electrodes, the redox properties of the GCE, GO-COOH/GCE, and 

ERGO-COOH/GCE were studied in a 1 mM K3[Fe(CN)6]/K4[Fe(CN)6] solution containing 0.1 M KCl 

at different scan rates from 0.02 to 0.3 V·s-1. The electrode active surface areas of the detected electrodes 

were calculated by the Randles-Sevcik equation (1) [31],  

 

       (1)  

 

where Ip (A) is the redox peak current, n is the number of electrons transferred, C (M) is the 

concentration of the K3[Fe(CN)6]/K4[Fe(CN)6] solution, D (cm2·s-1) is the diffusion coefficient, A (cm2) 

is the active area of the working electrode, and v (V/s) is the scan rate. The results showed that the redox 

peak currents (I) of the GCE, GO-COOH/GCE, and ERGO-COOH/GCE had a good linear relationship 

with the square root of the scan rate (v1/2), and the slopes of the linear equations were 36.98, 40.40, 
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111.74 μA·s1/2·V-1/2, respectively. By substituting the above slopes in equation (1), the active areas of 

the above electrodes were calculated to be 0.050, 0.055, and 0.151 cm2. The effective area of the ERGO-

COOH/GCE was 3.0 and 2.7 times that of the GCE and GO-COOH/GCE, respectively, which indicated 

that the modified layer of ERGO-COOH formed by electrodeposition has a larger effective area than the 

modified layer of GO-COOH formed by the drop coating method, which can improve the detection 

sensitivity.  

Fig. 2B shows the CV plots of CA on the GCE, GO-COOH/GCE, and ERGO-COOH/GCE. The 

redox peak current of CA on ERGO-COOH/GCE prepared by electrodeposition is significantly higher 

than that on the GO-COOH/GCE prepared by the dropping coating method. This is because the graphene 

oxide was reduced to reduced graphene oxide, and reduced graphene oxide has higher conductivity [32] 

and a larger electrochemical active area than graphene oxide. Therefore, we chose the ERGO-

COOH/GCE prepared by the electrodeposition method to further establish the method for CA detection.  

 

  
 

Figure 2. (A) EIS of the GCE (a), GO-COOH/GCE (b), and ERGO-COOH/GCE (c) in 5 mM 

K3[Fe(CN)6]/K4[Fe(CN)6] solution containing 0.1 M KCl. (B) CV curves of 5 µM CA on the 

GCE (a), GO-COOH/GCE (b), and ERGO-COOH/GCE (c) in  0.04 M B-R buffer solution (pH 

= 2.0) at a scan rate of 0.05 V·s-1. 

 

3.1.2. Effect of the modified solution concentration  

Fig. 3 shows the effect of the amount of GO-COOH on the response of CA on the ERGO-

COOH/GCE. The redox peak current of CA gradually increased with increasing concentration of the 

GO-COOH modification solution. When the GO-COOH solution concentration was 4 mg·mL-1, the 

current reached the maximum and tended to be stable. Therefore, 4 mg·mL-1 was selected as the optimal 

concentration of the modification solution.  



Int. J. Electrochem. Sci., 16 (2021) Article ID: 210761 

  

6 

  
 

Figure 3. Effect of GO-COOH concentration (1, 2, 3, 4, 5 mg·mL-1). (A) CV curves of CA on ERGO-

COOH/GCE modified with different concentrations of GO-COOH in 0.04 M B-R buffer solution 

(pH = 2.0) at a scan rate of 0.05 V·s-1. (B) The relationship between the redox peak current and 

the concentration of GO-COOH.  

 

3.1.3. Effect of the scanning cycle  

The scanning cycle determines the thickness of the surface of the modified electrode and affects 

CA detection. Thus, the effect of ERGO-COOH/GCE with different CV scanning cycles on the detection 

of CA was investigated. As shown in Fig. 4, the scanning cycles increased from 0 to 5, the coverage rate 

of ERGO-COOH on the electrode surface increased, and the effective surface area detected by the 

electrode increased, resulting in a significant increase in the peak current. When the scanning cycles 

exceeded 5, the peak current decreased, which was due to the saturation of ERGO-COOH on the 

electrode surface and the increase in thickness, which hindered the electronic exchange between CA and 

electrode [33]. Therefore, we chose 5 as the number of scanning cycles for electrodeposition.  

 

 

 
 

Figure 4. The effect of different numbers of electrodeposition cycles (0, 2, 3, 4, 5, 6). (A) CV curves of 

CA on ERGO-COOH/GCE modified with different electrodeposition cycles in 0.04 M B-R 

buffer solution (pH = 2.0) at a scan rate of 0.05 V·s-1. (B) The relationship between the redox 

peak current and the electrodeposition cycle. 
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3.2. Electrochemical behavior of CA at the ERGO-COOH/GCE  

3.2.1. Effect of pH  

The effect of the pH of the supporting electrolyte on the response of CA on the ERGO-

COOH/GCE was investigated by CV in B-R over a pH range of 2.0 ~ 4.5. As shown in Fig. 5, when the 

pH was 2.0, the oxidation peak current of CA reached its maximum value, and the redox peak decreased 

as the pH continually increased. This response might be due to the absence of protons in CA when the 

pH increased gradually, which made it difficult for the phenolic hydroxyl group in CA to undergo 

electrochemical reactions. It can also be seen from Fig. 5 that the redox peak potential moved to the 

negative potential direction with increasing pH, indicating that protons participated in the electrode 

reaction. The oxidation peak potential (Epa) and the reduction peak potential (Epc) have good linear 

relationships with pH. The linear regression equations can be expressed as Epa (V) = – 0.0575 pH + 

0.6692 (R2 = 0.9863) and Epc (V) = – 0.0593 pH + 0.6254 (R2 = 0.9959). The linear slopes of the 

oxidation peak and the reduction peak are –59.3 mV·pH-1 and –57.5 mV·pH-1, respectively, which are 

close to the theoretical value of –59.2 mV·pH-1, indicating that protons participate in the electrochemical 

reaction of CA, and the number of protons is equal to that of the transferred electrons [34]. In the 

following experiments, a pH of 2.0 was chosen for further experiments.  

 

  
 

Figure 5. (A) CVs of CA (5 µM) on the ERGO-COOH/GCE in 0.04 M B-R at different pH (2.0, 2.5, 

3.0, 3.5, 4.0, 4.5) and a scan rate of 0.05 V·s-1. (B) pH-dependence of Ep and I.  

 

3.2.2. Effect of the scan rate  

The effect of the scan rate on the response of CA on ERGO-COOH/GCE was investigated by 

CV at different scan rates from 0.02 V·s-1 to 0.30 V·s-1. As shown in Fig. 6A, the redox peak currents of 

CA increased continuously with increasing scan rate. Both the oxidation peak current (Ipa) and the 

reduction peak current (Ipc) have good linear relationships with the scan rate (v), and the linear regression 

equations can be expressed as Ipa (μA) = – 208.067 v (V·s-1) – 5.553 (R2 = 0.9921) and Ipc (μA) = – 

205.780 v (V·s-1) – 5.220 (R2 = 0.9924), suggesting that the reaction of CA on the ERGO-COOH/GCE 

is an adsorption-controlled process [35]. As shown in Fig. 6A, an increase in the scan rate resulted in a 
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positive shift in the oxidation peak potential (Epa), and a negative shift in the reduction peak potential 

(Epc), indicating a quasi-reversible electrode process. 

 

  
 

Figure 6. (A) CVs of CA (5 µM) on the ERGO-COOH/GCE in 0.04 M B-R (pH = 2.0) at different scan 

rates (0.02 V·s-1 to 0.30 V·s-1) with 20 mV·s-1 intervals. (B) The linear relationship between the 

redox peak current and the scan rate.  

  

 

Furthermore, when v＞0.10 V·s-1, the plots between the redox peak potential (E) and the natural 

logarithm of scan rate (lnv) exhibited two good linear relationships with the regression equations of Epa 

(V) = 0.02553lnv + 0.6183 (R2 = 0.9867) and Epc (V) = –0.02562lnv + 0.4517 (R2 = 0.9836). For the 

model of a surface-controlled process, the electron transfer kinetics of CA on the ERGO-COOH/GCE 

could be deduced by the Laviron equations (2-4) [36], 

                                                               (2)  

 

                                                                    (3)  

  

         (4)  

 

Note that 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, R 

is the gas constant, F is Faraday’s constant, and ΔEp is the peak-to-peak potential separation.  

According to the slopes of Epa-lnv and Epc-lnv, the values of α and n were calculated to be 1.9 

and 0.50, respectively. Therefore, the number of electrons involved in the redox reaction of CA on 

ERGO-COOH/GCE was found to be 2. Additionally, ks was calculated to be 1.5 s-1 according to equation 

(4).  
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Figure 7. Relationship between the redox peak potential and lnν deduced from Fig. 6A.  

  

All the above results indicate the electrochemistry of CA on ERGO-COOH/GCE was a two-

proton two-electron process.  The reaction is shown in Fig. 8 and was consistent with the reported 

electrochemical detection of CA [20].  

 

 

  
 

Figure 8. The electrochemical reaction of CA on the ERGO-COOH/GCE  

 

3.2.3. Chronocoulometric studies  

Because CA detection on the ERGO-COOH/GCE is an adsorption-controlled process, single 

potential step chronocoulometry can be used to calculate the Faraday charge (Qads), the diffusion 
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coefficient (D), and the saturated adsorption capacity (Γ*) of CA on the ERGO-COOH/GCE surface. 

For this system, the potential was stepped from 0.1 to 0. 8 V, and the Q-t curves were performed in the 

absence (Fig. 9A, curve a) and presence (Fig. 9A, curve b) of CA (5 μM) in 0.04 M B-R (pH = 2.0). The 

corresponding Q-t1/2 plots are shown in Fig. 9B.  

The linear relationship of Q-t1/2 corresponded to the following equations, Q (μC) = –18.64t1/2 – 

80.54 (R2 = 0.9998) and Q (μC) = –22.71t1/2 – 204.72 (R2 = 0.9957) for the absence and presence of CA, 

respectively. In Anson equations (5) and (6) [37], Qdl is the double-layer charge, Qads is the Faraday 

charge due to the oxidation of adsorbed CA, F is the Faraday constant, A (cm2) is the active area of 

ERGO-COOH/GCE, c (mol·cm-3) is the concentration of CA, n is the number of electrons transferred 

and D (cm2·s-1) is the diffusion coefficient.  

 

 (5)  

 

The value of Qads was calculated to be 1.24 × 10-4 C, and D was 1.91 × 10-8 cm·s-1. The Γ* of CA 

on the ERGO-COOH/GCE was determined to be 4.26 ×10-9 mol·cm-2 according to equation (6)  

 

 (6)  

 

 

  
 

Figure 9. (A) Chronocoulometric curves in the absence (curve a) and presence (curve b) of 5 μM CA in 

0.04 M B-R (pH 2.0) on ERGO-COOH/GCE. (B) Corresponding Q-t1/2 plots.  

 

3.3. Analytical performance  

3.3.1. Calibration curve and detection limit  

Under the optimal experimental conditions, DPV was used to investigate the relationship 

between the peak current and the concentration of CA (Fig. 10A). As shown in Fig. 10B, the peak 
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currents linearly increased as the concentration of CA increased within the range of 0.05 µM to 20 µM, 

and the linear regression equation could be expressed as Ipa (μA) = 4.165 C (μM) + 1.305 (R2 = 0.9983) 

with a sensitivity of 27.58 μA·μM-1·cm-2 and a detection limit of 8 nM (S/N = 3). As shown in Table 1, 

our ERGO-COOH/GCE had a relatively excellent detection performance compared with previously 

reported CA sensors.  

 

  
 

Figure 10. (A) DPV curves of CA on the ERGO-COOH/GCE in 0.04 M B-R buffer solution (pH = 2.0) 

at different concentrations (0.05, 0.1, 0.5, 1, 2.5, 5, 7.5, 10, 15, 20 µM) at a scan rate of 0.05 V·s-

1. (B) Calibration curves corresponding to the redox peak current (Ipa) and the concentration of 

CA.   

 

Table 1. Comparison of the electrochemical sensing performance of different modified electrodes 

toward CA detection  

 

Electrode  
Linear range  

(μM)  
LOD  
(nM)  Method  Real sample  Reference  

FLD/MWCNT/SPE  2.0~50  200  DPV  Mate tea, fennel tea, white tea  [38]  

CNF/C-SPE  0.1～40  3.23  CV  
Active Detox, DVR-Sten Glycemo, green 

tea  
[39]  

CF-UME  1.0～500  410  CV  White wine, rose wine, red wine  [40]  

f-MWCNTs/α-NaFeO2/GCE  0.1～154.7  2  DPV  Coffee, green tea, red wine  [41]  

SnO2-RGO/GCE  0.15～25  80  DPV  Red wine  [42]  

GR/CuO@Cu-BTC/GCE  0.02～10  7  DPV  Red wine  [43]  

PEDOT-modified electrode  0.15～4  110  DPV  -  [44]  

PtCu/GCE  1.2～1930  350  DPV  -  [13]  

Chit-CB/rGO/GCE  
0.6~106 0.0006～

573  

21  
0.03  

DPV AMP  
Red wine, white wine, pink wine  [45]  

CPE/MWCNTs- Bi/CTAB  0.06～500  0.157  DPV  Coconut water, coffee, tea  [46]  

Cu2S NDs@GOS NC/SPCE  0.055～2455.1  0.22  AMP  Soft drink, red wine  [47]  

F-GO/GCE  0.5～100.0  180  DPV  Red wine  [18]  

N-CQD@HP- 
Cu2O/MWCNT/GCE  

0.05～43  4  DPV  Red wine  [31]  

Pt-PEDOT/rGO/GCE  0.005～50  2  DPV  Green tea, black tea  [19]  

CoFeSe2/f-CNF/GCE  0.01～263.96  2  DPV  Red wine  [48]  

PtAuRu/GCE  8.7～16600  390  DPV  -  [49]  

HMGO/GCE  0.01～608  4  AMP  Red wine  [50]  

ERGO-COOH/GCE  0.05～20  8  DPV  CA tablet  This work  
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3.3.2. Repeatability and reproducibility of the ERGO-COOH/GCE  

The repeatability and reproducibility of the ERGO-COOH/GCE were investigated by detecting 

the oxidation peak current of 5 µM CA by DPV. The relative standard deviation (RSD) of the oxidation 

peak current with fifteen consecutive measurements of CA on one ERGO-COOH/GCE was 0.8%, 

indicating the good repeatability of the present method (Fig. 11A). The RSD of the peak current response 

of CA was 2.4% with six parallel modified electrodes, proving the good reproducibility of the electrode 

preparation (Fig. 11B).  

 

  
 

Figure 11. (A)  DPV curves of 5 µM CA on the ERGO-COOH/GCE for 15 consecutive measurements. 

(B) DPV responses of 5 µM CA on six different ERGO-COOH/GCEs.   

 

3.3.3. Interference studies  

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

compounds that may be present in pharmaceutical samples was evaluated in a 5 μM CA solution by 

DPV. The maximum concentration of the interfering species that caused an error of less than ±5% was 

defined as the tolerance limit. Fig. 12A shows that Fe2+, Ca2+, and CO3
2- in 50-fold, Zn2+, Cu2+, glucose, 

tartaric acid, sucrose, and dextrin in 100-fold, citric acid and ascorbic acid in 150-fold, K+, Cl-, Na+, 

Mg2+, SO4
2- and malic acid in 200-fold concentration of 5 μM CA did not interfere with the determination 

of CA. The results suggested that the ERGO-COOH/GCE had good anti-interference performance for 

the determination of CA.  
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Figure 12. (A) Relative DPV response (IInterference/ICA) of 5 µM CA on the ERGO-COOH/GCE coexisting 

with different interferences in 0.04 M B-R (pH 2.0). (B) DPV curves of 5 µM CA with or without 

the presence of 50 µM malic acid, citric acid, ascorbic acid, glucose, tartaric acid, sucrose, and 

dextrin on ERGO-COOH/GCE.  

 

3.4. Real sample analysis  

The proposed electrochemical sensor was applied to detect CA in caffeic acid tablets to evaluate 

the applicability of the present method. Under optimal experimental conditions, the standard addition 

method was used to determine the content of CA by DPV. As shown in Table 2, the average recovery of 

CA on the ERGO-COOH/GCE was 104% with RSD of 5.1%, and the percentage of the labelled amount 

of CA in caffeic acid tablets was calculated to be 99%, which indicated that the method had excellent 

accuracy.  

 

 

Table 2. Determination for CA in Caffeic acid tablets  

 

Sample  Initial (μM)  Added (μM)  Found (μM)  
Reference 

(%)  
RSD  

（%，n=3）  

Caffeic acid tablets  1.98  
2.00  
4.00  

4.10  
6.14  

108  
105  

4.2  
3.1  

  6.00  7.80  97.7  3.7  
 

 

 

4. CONCLUSIONS  

In this paper, a sensitive sensor named ERGO-COOH/GCE for the electrochemical detection of 

CA was developed based on GO-COOH by the electrodeposition method. The electrochemical behavior 

of CA was studied, and an electrochemical analysis method for the accurate detection of CA was 

established. Under optimal conditions, the ERGO-COOH/GCE has a high sensitivity, good precision, a 
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strong anti-interference ability, and a low detection limit. The prepared ERGO-COOH/GCE may be 

suitable for the accurate determination of CA in other drug samples and food samples.  
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