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Herein, we report a novel electrochemical sensor for the determination of caffeic acid based on the 

cobalt oxide microballs modified screen printed electrode. The cobalt oxide microballs is synthesized 

through a facile sonochemical strategy. Furthermore, as-synthesized Co3O4 microballs were 

systematically characterized by X-ray diffraction method (XRD), Fourier transformer infrared 

spectroscopy (FT-IR) and scanning electron microscope (SEM). The electrocatalytic activity of Co3O4 

microballs modified electrode evaluated by the determination of caffeic acid using cyclic voltammetry 

(CV). Differential pulse voltammetry (DPV) was used to derive the analytical curve. The proposed 

sensor exhibited superior electrocatalytic activity towards caffeic acid determination in terms of decent 

sensitivity, a broad dynamic range with a lower limit of detection 48 nM. In addition, the proposed 

sensor offers good selectivity, good reproducibility, and decent stability. Moreover, the real sample 

analysis were carried out in wine samples and obtained an acceptable recovery rate.   

 

 

Keywords: cobalt oxide microballs, sonochemical, caffeic acid, decent sensitivity. 

 

1. INTRODUCTION 

Caffeic acid (CA, 3, 4-dihydroxycinnamic acid) is one of the most important compound in the 

classification of phenolic acids. CA is found in red wines, cloves, coffee, star anise, olive oil and some 

vegetables and fruits [1]. It has several pharmacological functions, such as antioxidant, anti-

inflammatory, antibacterial and immune-modulatory [2]. The two hydroxyl groups of CA significantly 

contributed to the unique antioxidant properties [3]. Interestingly, some studies reported that CA acts 

as an anti-tumor agent, however, some reports showed that CA has carcinogenic effects [4]. Thus, the 
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quantitative detection of CA attains great significance to comprehend our daily diet. Moreover, the 

determination of CA in wines received a considerable importance in quality control analysis. Hitherto, 

various analytical methods have been developed to determine the CA, including capillary gas 

chromatographic method [5], liquid chromatography–electro spray ionization mass spectrometry [6], 

high pressure liquid chromatography (HPLC) [7,8], capillary electrophoresis [9] and voltammetric 

method [10]. These reported methods need sophisticated facilities and highly skilled technicians to 

operate those instruments; furthermore, they are time-consuming process. Among the aforementioned 

techniques, the electrochemical methods are more preferred due to the excellent sensitivity, quick 

response, excellent selectivity, low cost, reliability and its simplicity. Considering the fact that the 

selectivity and sensitivity of electrochemical detections are strongly dependent on the nanostructures 

and properties of electrode materials, researchers are now focusing on the use of novel nanostructured 

materials or chemically modified electrodes. 

The nanostructures of metal oxides like TiO2, Fe3O4, NiO, MnO2 and Co3O4 have been used as 

catalysts in various applications, including lithium ion batteries, super-capacitors, solar cells, fuel cells 

and catalysis to overcome the high cost of metals [11,12]. Recently, electrodes modified with metal 

oxide nanostructures have been thoroughly investigated for the electrochemical determination of 

several biologically important analytes because of their interesting electrocatalytic properties. Among 

the various metal oxides, Cobalt oxide nanoparticles are promising electrode materials for the 

development of electrochemical sensors owing to their high specific area, low-cost, earth abundance, 

good electrochemical properties, large surface area and possess good ability of promoting electron 

transfer reactions. Controlled synthesis processes of nanomaterials to implement desired structure, 

shape, and size have guided to many applications and the morphology has profound impact on the 

performance of polyhedrons structured cobalt oxide [13]. Because of their good electrochemical 

features, cobalt nanoparticles have been used to modify on electrode surfaces for various 

electrochemical applications. For instance, electrophoretic deposition of CoOx nanoparticles on 

electrode surface, the electrode was used for fast, accurate sensitive sensing of As(III) species and 

H2O2 over a large dynamic range [14]. Salimi et al. Showed that hemoglobin can be immobilized on a 

Co3O4-modified glassy electrode which reveals the Fe(III)/Fe(II)redox signal related hemoglobin. The 

hemoglobin/Co3O4/glassy carbon electrode can be used for the sensitive detection of hydrogen 

peroxide [15]. Recently, cobalt oxide nanoparticles have been used to decorate on reduced graphite 

oxide-modified glassy carbon electrode. The two nanomaterials work in synergy to yield a very 

sensitive sensor for hydrogen peroxide [16]. The combination of the same two nanomaterials into a 

new 3D material showed very promising results in supercapacitors and non-enzymatic glucose sensors   

[17]. 

The aim of this study is to develop a novel, simple, reliable electrochemical sensor for the 

determination of caffeic acid based on the sonochemical synthesized cobalt oxide microballs modified 

screen printed electrode (SPCE). The cobalt oxide microballs modified SPCE showed a better 

electrocatalytic redox behavior compared with unmodified SPCE. The constructed Co3O4 based sensor 

matrix possesses a good sensitivity, a broad working range, decent selectivity and reproducibility. The 

practical application of the sensor was evaluated by using red wine samples and obtained satisfactory 

recover results. 
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2. EXPERIMENTAL SECTION 

2.1 Chemicals and Instruments 

Cobalt acetate, Ascorbic acid, sodium hydroxide, disodium hydrogen phosphate, and sodium 

dihydrogen phosphate were purchased from sigma Aldrich. All chemicals and reagents used in this 

study analytical rank and used as received without additional refinement. All the electrochemical 

experiments were carried out by using CHI 900 work station. The structural behavior of the Co3O4 was 

analyzed by X-ray diffraction pattern analysis (XRD), XPERT-PRO with Cu Kα radiation (λ = 1.5406 

Å). Fourier transform infrared (FT-IR) spectra were taken from KBr window in JASCO FT/IR-6600 

spectrophotometer. The morphology of the Co3O4 was observed by scanning electron microscopy 

(SEM) on HITACHI under the accelerating voltage of 20 kV. The pH measurements were carried out 

using a clean pH meter (pH500) with a combined pH glass electrode. The conventional three electrode 

system was used for the electrochemical studies, the modified SPCE was used as a working electrode, 

saturated silver/ silver chloride as a reference electrode and platinum wire used as a counter electrode. 

 

2.2 Synthesis of cobalt oxide microballs 

In a typical synthesis, Cobalt acetate (0.1 M) solutions were prepared in 10 ml of water and 

stirred for 5 minutes at room temperature to obtain a completely dissolved clear solution. Next, 5 ml of 

1 M NaOH solution was added to the above mixture and then allowed to stirring for 6 h at 80 °C. The 

resultant precipitate was rinsed with copious amount of water and ethanol to remove unreacted 

reagents and transferred to hot air oven and dried at 60 °C. Subsequently, the obtained dried product 

was calcined about 2 h at 300 °C with a ramping rate of 5 °C min
-1

 and attained the final product 

cobalt oxide microballs. 

 

2.3 Fabrication of modified electrode  

2 mg of cobalt oxide microballs was dispersed in 1 mL of DI water and ultrasonicated for 10 

min. Then allowed to form a homogeneous solution, after that about 6 μL of the solution was drop 

casted on SPCE and dried at room temperature. This Co3O4 modified electrode was used for the further 

electrochemical measurements. 

 

 

 

3. RESULTS AND DISCUSSIONS  

3.1 Surface characterization of Co3O4 

The XRD curve of Co3O4 microballs (Figure. 1A) displayed significant diffraction peaks at 

20.4° (111), 32.5° (220), 37.7° (311), 38.7° (222), 45.2° (400), 55.4° (442), 60.3° (511), and 66.8° 

(440) and these peaks were consistent with the standard diffraction peaks of Co3O4 crystal lattice 
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(JCPDS no. 42-1467) [18]. Such sharp diffraction peaks indicate the well crystallization of Co3O4 

microballs. FT-IR spectrum of Co3O4 showed two vibration peaks at 534 and 688 cm
–1

 that were 

originated from Co3O4 (Figure 2B). A broad band appeared at around 3395 and 1634 cm
-1

, which are 

due to the –OH stretching vibration associated with deformation vibration of H2O because of the 

sample always contact with an environment and absorb the moistures [19]. The morphology of Co3O4 

microballs was examined by SEM (Figures 1C), and the images of Co3O4 microballs displayed 

obvious spherical shaped ball-like micro-particles with good uniformity. The microballs structure, 

roughed surface and high crystallinity jointly furnished large surface area, which is highly beneficial in 

electrochemical sensing. The EDX profile of Co3O4 microballs featured with O and Co element with 

atomic percentages of 67.9 and 32.1 %, respectively (Figures 1D). 

 

 
 

Figure 1. XRD pattern (A), FT-IR spectrum (B), SEM image (C), EDAX analysis (D) of Co3O4 

 

3.2 Electrochemical behavior of CA  

The electrocatalytic oxidation of CA on bare SPCE, and Co3O4/SPCE was primarily assessed 

by cyclic voltammetry (CV). Figure 2A shows the CV responses of modified SPCEs, which are 

recorded in 0.05 M phosphate buffer (PB) solution at scan rate of 50 mV/s. The bare SPCE shows only 

very weak redox behavior towards 500 μM of CA. A pair of well-defined quasi-reversible redox peaks 
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appeared on the Co3O4 modified SPCE at various peak potential in addition of 500 μM CA. The 

observed redox peaks are attributed to the formation of o-quinone, these redox reactions of CA were 

followed via two-electron transfer process [20]. This high electrocatalytic oxidation of CA at 

Co3O4/SPCE indicated that the Co3O4 has a good electrocatalytic activity toward the CA detection.  

 

 
 

Figure 2. (A) CV of bare SPCE (a) and Co3O4/SPCE (b) in the presence of 500 μM CA in 0.05 M PB 

solution (pH 7.0) with scan rate 50 mVs
-1 

(B) CVs of Co3O4/SPCE in 500 μM CA solutions in 

various pHs. Scan rate: 0.05 mVs
−1

. (C) CV responses obtained at Co3O4/SPCE in the presence 

of 500 μM CA as a function of scan rate ranging from 20 to 200 mVs
-1

 in 0.05 M PB solution 

(pH 7.0) (D) corresponding calibration plot of current vs. scan rate. 

 

3.3 Effect of scan rate and pH  

The electrocatalytic behavior of CA was further evaluated based on the effect of scan rate. 

Figure 2C displayed the CV responses of Co3O4/SPCE at different scan rates from 20 to 200 mV/s in 

0.05 M PB solution. The oxidation/reduction peak currents of the CA were increased with increasing 

the scan rates, and the consequent peak potentials were slightly shifted. This relocated potential was 

influenced by the size of the diffusion layer, which depends on the scan rate. At lower scan rates, the 

thickness of the diffusion layer is high and it has been grown much further from the electrode surface. 

In contrast, the thickness of diffusion layer is considerably low at high scan rates. As a result, the 
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altering flux is drastically lower at the electrode surface when sweeping the potential at lower scan 

rates, hence, the peak potential was shifted. In addition, the peak current of CA oxidation was plotted 

against the scan rate and shown in Figure 3D. The observed plot indicated that the CA oxidation had a 

good linearity (R
2
 = 0.9978 and 0.9986). This study indicated that the electrocatalytic oxidation of CA 

at Co3O4/SPCE was controlled by the adsorption controlled process [21].  

The pH of the electrolyte was considerably influenced the electrochemical behavior of CA. 

Hence, the oxidation of CA was studied by CV in the various pH solutions containing 500 μM CA at 

scan rate of 50 mV/s. Figure 2B, shows the CV responses of the CA oxidation at Co3O4/SPCE in 

different pH ranging from 3.0 to 11.0. It can be seen that the peak potentials of the CA oxidation 

curves were shifted to the more negative potential when increase the pHs [22]. The anodic peak 

potentials (Epa) did not follow the linear relationship against the pHs. The Co3O4/SPCE exhibited an 

utmost redox peak current for the pH 7.0. This investigation resulted that the CA oxidation at various 

pHs didn’t show any appreciable linearity over the pHs. This is because of the surface confined 

adsorption of the CA at the Co3O4/SPCE surface. 

 

3.4 Determination of CA on Co3O4/SPCE 

 
 

Figure 3. (A) DPVs at Co3O4/SPCE in PBS (pH 7.0) containing various concentrations of caffeic acid 

(0.2 – 272 µM). (B) Calibration plot of caffeic acid sensor. 

 

Under optimized conditions, the differential pulse voltammetry (DPV) was used to evaluate the 

electrocatalytic performance of the Co3O4/SPCE. Figure. 3A. shows the anodic current responses of 

CA oxidation in 0.05 M PB (pH = 7.0) solution containing different amount of CA. The linear 

relationship between the anodic peak current and concentration was in the range of from 0.2 to 272 µM 

CA solution with the R
2
 = 0.997 (Figure. 3B). Noticeably, the estimated LOD to be 48 nM (S/N=3), 

which is surpassed many earlier reported CA sensors (Table. 1). The calculated sensitivity of the 

electrode to be 1.276 µA µM
-1

 cm
-2

. Overall electrocatalytic performance of the Co3O4/SPCE, in terms 
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of sensitivity, broad linear range and lower detection limits were compared with previously reported 

CA sensors and shown in Table. 1. The superior electrocatalytic activity may be attributed to the 

uniform size of Co3O4 microballs structure.  

 

Table 1. Comparison of the electrocatalytic performance of the Co3O4/SPCE for the CA detection with 

earlier reported sensor. 

 

Electrode Linear range (µM) LOD (µM) Ref. 

Laccase biosensor 

(LTV-SPE) 

0.5–130 

 

0.524  

 

23 

Laccase-MWCNT-

chitosan/Au 

0.735–10.5 

 

0.151  

 

24 

Poly(Glutamic 

Acid)/GCE  

 

4–30 

 

3.91  

 

25 

Activated GCE  

 

0.1–1 0.068  

 

26 

ERGO/Nafion  

 

0.1 – 10 0.09 27 

ERGO/SPCE  

 

0.2-2100 

 

0.064  

 

28 

Co3O4/SPCE 0.2 – 272 0.048 This work 

 

3.5 Selectivity, reproducibility and stability 

In order to evaluate the selectivity of the proposed sensor was studied by DPV method in the 

presence of structurally similar compounds and some common anion and cations. The anti-interference 

ability of the proposed sensor was studied by DPV in the presence of CA with 10-fold excess of 

interfering ions such as catechol, dopamine, ferulic acid, resorcinol, ascorbic acid, glucose and uric 

acid. The obtained interference analysis with those compounds results specified that almost there is no 

interference current was observed. Additionally, the anti–interference  ability was assessed in 100 

times excess of Na
+
, K

+
, Mg

2+
, Ni

2+
, Cu

2+
, Cl

−
, NO3

−
, and SO4

2−
. The attained interference signal 

response was level than 4 %, hence the Co3O4/SPCE sensor holds acceptable selectivity toward the 

determination of CA. The reproducibility of the proposed CA sensor was explored by determining the 

current response of five different electrodes and using same procedure. The relative standard deviation 

(RSD) of the obtained response current was 1.96 %, which showed that the developed sensor had good 

reproducibility. Furthermore, the stability of the proposed CA sensor was inspected by the oxidation 

peak current response of CA in after 4 weeks. The electrode was kept at 5°C, when not in use. The 

obtained results showed that retained about 91.52 % current response compared with the initial peak 

current on electrode in after 4 weeks. From this analysis the developed Co3O4/SPCE sensor had good 

selectivity, acceptable reproducibility and a long-term stability. 
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3.6 Real sample analysis  

Practical applicability of the fabricated Co3O4/SPCE sensor was estimated to detect the CA in 

red wine. Two different red wines samples were used for the real sample analysis and each sample was 

detected three times in parallel. Under optimized experimental conditions, certain amount of raw wine 

were directly added into the 0.05 M PBS and calculated the amount of CA. The concentration of CA 

determined by the voltammetric method to be 97.1 μM for sample 1 with the RSD of 2.8 %. Similar 

analytical procedure were followed for another samples and obtained recovery results were shown in 

Table 2.  

 

Table 2. Real time determination of CA in Red wine samples by using proposed method  

 

Red wine Found (µM) RSD (%) 

Sample 1 97.1 2.8 

Sample 2 96.2 3.1 

 

 

 

4. CONCLUSION 

In summary, we have reported a novel electrochemical sensor for the determination of caffeic 

acid based on the cobalt oxide microballs modified screen printed electrode. The cobalt oxide 

microballs were synthesized via a facile sonochemical method. The electrocatalytic activity of the 

prepared Co3O4 microballs evaluated by the determination caffeic acid using cyclic voltammetry (CV). 

Differential pulse voltammetry (DPV) was used to derive the analytical curve. The proposed sensor 

exhibited superior electrocatalytic activity towards caffeic acid determination in terms of decent 

sensitivity, a broad dynamic range with a lower LOD of 48 nM. In addition, the proposed sensor offers 

good selectivity, nice reproducibility, and decent stability. Moreover, the real sample analysis were 

carried out in wine samples and obtained an acceptable recovery rate.   
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