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Foliate cobalt selenide (Co0.85Se) was synthesized by the hydrothermal method and was combined with 

trace platinum (Pt) to form a Pt/Co0.85Se material, which was modified on the surface of a glassy 

carbon electrode (GCE) to fabricate a novel nonenzymatic electrochemical sensor (Pt/Co0.85Se/GCE) 

for the selective determination of dopamine (DA). On the Pt/Co0.85Se interface, well-separated 

oxidation peaks of DA, ascorbic acid (AA), and uric acid (UA) were observed due to the superior 

conductivity of Co0.85Se and the excellent catalytic activity of Pt. With the synergistic effect of Pt and 

Co0.85Se, the linear range for DA detection was found to be 0.50–22.0 μM with a detection limit of 

0.39 μM (S/N=3) and a high sensitivity of 2306 µA mM-1 cm−2. Furthermore, the proposed sensor 

exhibited high selectivity for the determination of DA in the presence of UA, AA, and other potential 

interferences, which indicated that the sensor showed great potential for practical and reliable DA 

analysis of serum samples. 
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1. INTRODUCTION 

Dopamine (DA), as a natural neurotransmitter, is responsible for the regulation of myriad 

physical and cognitive functionalities. It plays important roles in the control of central nervous system 

and has cardiovascular, renal, and hormonal functions. Addiyionally, it is involved in drug addiction 

and diseases [1,2]. Low levels of DA may induce neurological disorders such as schizophrenia and 
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Parkinson's disease [3]. Therefore, the development of methods for the simple, accurate, rapid, 

inexpensive, and selective determination of DA is highly desirable in diagnostic research [1,4].  

Multifarious methods including spectroscopic [5,6], chromatographic [7], enzymatic [8], and 

electroanalytical methods have been explored because of their high efficiency and small sample-size 

requirements [9−11]. Specifically, the electrochemical technique is attractive due to its simplicity, high 

sensitivity, fast response, low cost, and ease of miniaturization [12]. Nonenzymatic electrochemical 

sensors are ideal systems for the direct oxidation or reduction of analytes and do not require fragile 

enzymes. We constructed several nonenzymatic electrochemical sensors to determine hydrogen 

peroxide, nitrite, and AA, which have several advantages including high sensitivity, selectivity, and 

stability [13−15]. However, for detecting DA, conventional electrodes cannot be used because it 

always coexists with ascorbic acid (AA) or uric acid (UA)  in biological samples, which usually foul 

the electrodes and have oxidation potentials that greatly overlap with taht of DA [16,17]. Thus, these 

harsh requirements motivate major efforts for developing stable, sensitive, and selective interfacial 

materials for detecting DA. 

Many nanomaterials, including carbon nanomaterials, inorganic or organic compounds, and 

noble metal nanoparticles (NPs) [18−20], have been used for constructing electrochemical sensors 

because of their unique catalytic and electrochemical activities. Platinum (Pt) NPs have been of 

particular interest due to their roles in many catalytic reactions and the controllable specific surfaces of 

electrodes [21]. Xu et al. chemically reduced Pt NPs on reduced graphene oxide for the detection of 

DA and UA in the presence of AA, which showed high selectivity [9]. Thiagarajan et al. proposed a 

biosensor based on electrochemical deposition of Pt and gold (Au) NPs with L-cysteine on a glassy 

carbon electrode (GCE), and achieved the simultaneous determination of AA, DA, and UA [22]. 

Therefore, Pt is excellent electrode materials for fabricating electrochemical sensors. However, the 

scarcity and high cost of the noble metal Pt limit its wide application. Alternative nanocomposites 

containing trace Pt have the synergistic effects of Pt and support materials, such as graphene [9,23], 

carbon nanotubes [24], and metallic hybrid [25], which can reduce the consumption of Pt and improve 

catalytic ability.   

Metal chalcogenides, including metal sulfides and selenides are considered to be perfect 

alternatives for use as electrode materials due to their high conductivity and excellent catalytic activity 

[26]. Specifically, transition-metal selenides have been extensively applied in the fields of 

rechargeable batteries, supercapacitors, and catalysts [27]. Among them, cobalt selenides (CoSe) have 

exhibited good performance in energy storage devices [28], as counter-electrodes in dye-sensitized 

solar cells (DSSCs) [29], and in catalysis [30]. However, CoSe have been scarcely used as electrode 

materials to construct nonenzymatic electrochemical sensors for applications in the field of analytical 

chemistry. 

Therefore, to take full advantages of the catalytic activity of Pt, the electrochemical properties 

of CoSe, and the synergistic effects thereof, graphene-like Co0.85Se was synthesized by the 

hydrothermal method and was combined with trace Pt to prepare Pt/Co0.85Se nanocomposites. The as-

prepared Pt/Co0.85Se nanocomposites were used as electrode materials to fabricate a novel 

nonenzymatic electrochemical sensor. To evaluate the performance of the sensor, DA was used as the 

model target to investigate the catalytic activity and selectivity of the sensor. The results suggest that 
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the sensor has several advantages as follows: a very small amount of Pt was employed; the 

electrochemically active area was enlarged; the electrocatalytic activity, sensitivity and selectivity for 

the determination of DA were improved, and the sensing behavior in blood serum samples was 

attractive. We anticipate that the proposed method can extend the application range of CoSe material 

in analytical chemistry and can provide a new strategy to construct novel electrochemical sensors. 

 

 

 

2. EXPERIMENTAL  

2.1. Reagents and chemicals 

Se powder (99.999%), CoCl26H2O (99.9%, Aladdin), and N2H4H2O (85 wt %) were 

purchased from Aladdin (Shanghai, China). Chloroplatinic acid hexahydrate (H2PtCl6·6H2O, 99.9%) 

was bought from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China). Phosphate buffered saline 

solution (PBS, 0.10 M, containing 0.10 M KCl) with different pH was measured with a pH meter 

(Mettler, Toledo, Canada). The serum sample was centrifuged at 4000 rpm at 4 C for 20 min, and it 

was then diluted to the desirable concentrations with 0.01 M PBS. 

 

2.2. Synthesis of Co0.85Se 

Cobalt selenides (Co0.85Se) was synthesized via a one-step hydrothermal reaction. Briefly, 0.12 

mmol Se powder and 0.1 mmol CoCl26H2O were dissolved in 25.0 mL ultrapure water, and then 7.5 

mL N2H4H2O was added under sonication for 20 min. Subsequently, 6.5 mL mixed solution was 

placed into a 10 mL Teflon-lined autoclave while stirred for 7 minutes. The autoclave was tightly 

sealed and heated at 120 C for 12 h and was then cooled to room temperature naturally. Black 

precipitate was collected and alternately washed with ethanol and ultrapure water for several cycles 

followed by drying under a vacuum at 80 C for 3 h. Co0.85Se was then obtained for characterizing and 

constructing electrochemical sensor. 

 

2.3. Preparation of modified electrodes 

3.6 mg Co0.85Se powder was dissolved in 2.5 mL ethanol and water solution (volume ration, 

1:1) by sonication for 30 min. A glassy carbon electrode (GCE) was cleaned and 10.0 μL Co0.85Se 

suspension was then dropped on its surface. It was then dried under ambient temperature to prepare 

Co0.85Se/GCE. Then, 4.0 μL 4.69 mM H2PtCl6 aqueous solution was dropped on the surface of 

Co0.85Se/GCE. After it was dried in a dark place, the modified electrode was electrochemically reduced 

by successive scans in 0.5 M H2SO4 for 25-cycles between 0.55 and −0.2 V to obtain Pt/Co0.85Se/GCE. 

For comparison, Co0.85Se/GCE was prepared using 10.0 μL Co0.85Se suspension and Pt/GCE was 

obtained by redcution of 4.0 μL H2PtCl6 aqueous solution in the same method. 
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2.4. Apparatus and measurements 

Cyclic voltammetry (CV), differential pulse voltammetry (DPV), electrochemical impedance 

spectroscopy (EIS), and amperometric current−time (i−t) curve generation were carried out on a 

CHI660C electrochemical workstation (Shanghai Chenhua Co., Ltd., China). Three-electrode system 

consist of a fabricated sensor (Pt/Co0.85Se/GCE), Pt wire counter electrode, and Ag/AgCl reference 

electrode. All the potentials in this research were reported versus the Ag/AgCl reference electrode. The 

solution in electrochemical expreiments were deoxidized by pure nitrogen for 15 min. 

a Sirion 200 scanning electron microscope (SEM) equipped with energy-dispersion 

spectroscopy (EDS) (Netherlands) was utilized to characterize the modified electrodes and measure the 

elemental concentrations in the samples. X-ray diffraction (XRD) profiles of the obtained Co0.85Se 

were recorded on an X-ray powder diffractometer (X' Pert PRO, Philips) with Cu K radiation ( = 

0.154 nm). The composition of selenide was detected by inductively coupled plasma–atomic emission 

spectroscopy (ICP-AES, Thermo Jarrell Ash Corp., USA). The mass of Pt on the surface of the 

Pt/Co0.85Se-modified electrode was quantified by ICP-AES. For ICP-AES analyses, the 

Pt/Co0.85Se/GCE was soaked in 3.00 mL aqua regia and was sonicated for 10 min, and was then diluted 

to the concentration of the detecting solution. 

 

 

 

3. RESULTS AND DISCUSSION 

3.1. Characterization of Co0.85Se and Pt/Co0.85Se 

 
 

Figure 1. XRD pattern of the Co0.85Se sample. 

 

The XRD pattern of the Co0.85Se powder sample is shown in Figure 1. All peak positions can 

be well indexed to Co0.85Se [JCPDS No. 52-1008]. No other peaks associated with impurities are 
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observed, which indicates the purity of the synthesized sample. The compositions of Co and Se were 

quantified by ICP-AES. The results show that the atomic ratio is 0.832:1.000 for Co:Se, which is close 

to the stoichiometric ratio of Co0.85Se. 

Common SEM images and corresponding EDS of the Co0.85Se and Pt/Co0.85Se on the surface 

of the GCE are shown in Figure 2. Co0.85Se exhibits a foliate structure, similar to the structure of 

graphene, which is consistent to a previous report (Figure 2A) [31]. The foliate structure of Co0.85Se 

produces a large surface area, which is beneficial to electrodeposition and electrocatalysis. When trace 

Pt was electrochemically reduced on Co0.85Se by CV, as shown in Figure 2B, the morphology of the 

Co0.85Se structure became more compact. However, we did not clearly find Pt NPs due to their low 

abundance on the surface of Co0.85Se. Spectra of Co0.85Se from EDS analysis (Figure 2C) clearly 

showed the existence of elemental Co and Se in their stoichiometric ratio (Co0.85Se). After being 

deposited on the Co0.85Se/GCE by cyclic voltammetry (Figure 2D), Pt peaks appear and the O peak 

decreases, which indicates that trace Pt is reduced from H6PtCl6 on the surface of Co0.85Se and the 

oxygen-containing groups decrease with cyclic potential scanning. The amount of Pt on Co0.85Se was 

quantified by ICP-AES to be 22.65 g cm−2, which was calculated by the effective area of the 

Pt/Co0.85Se modified electrode. 

 

 
 

Figure 2. Common SEM images of Co0.85Se (A) and Pt/Co0.85Se (B) modified GCEs. EDS images of 

Co0.85Se (C) and Pt/Co0.85Se (D) modified GCEs. 
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3.2. Electrochemical behavior of the modified electrodes 

Figure 3A presents the CVs of the different modified electrodes in 5.0 mM K3[Fe(CN)6] at a 

scan rate of 0.05 V s−1. As expected, quasi-reversible redox behaviors of K3[Fe(CN)6] were observed 

on the bare GCE, Pt/GCE, Co0.85Se/GCE, and Pt/Co0.85Se/GCE with separations of cathodic and 

anodic peaks (Ep) of 67, 75, 91 and 86 mV, respectively. The peak currents of Pt/GCE, Co0.85Se/GCE, 

and Pt/Co0.85Se/GCE increased and their Ep were comparable to that of the bare GCE. The peak 

current on the Pt/Co0.85Se/GCE increased by approximately 29% as compared to GCE, Pt/GCE, and 

Co0.85Se/GCE. These electrochemical behaviors indicate that the Pt/Co0.85Se nanocomposites facilitate 

fast electron transfer between the probe and the electrode surface [32]. 

The microscopic electrochemically active area of Pt/Co0.85Se/GCE was investigated by CV 

using K3[Fe(CN)6] as the redox probe at different scan rates. The electrochemically active area (A) of 

the modified electrode can be calculated by the Randles-Sevcik equation: ipa = 2.69 × 105 A D1/2 n3/2 

v1/2 c [33,34], where ipa is the anodic peak current, n is the electron transfer number, D is the diffusion 

coefficient of the probe, v is the scan rate, and c is the concentration of K3[Fe(CN)6] probe. As shown 

in Figure 3B, the ipa value increased linearly with the square root of scan rate (R=0.9976). This 

characteristic indicates that the electrochemical reaction of the redox probe on Pt/Co0.85Se/GCE is a 

quasi-reversible and diffusion-controlled electrochemical process in this scan range [35]. For 5.0 mM 

K3[Fe(CN)6] with 0.10 M KCl electrolyte, n=1, D= 6.70 × 10−6 cm2 s−1 [36], the electrochemical active 

area of Pt/Co0.85Se/GCE was calculated as 0.0989 cm2 from the slope of the relationship between ipa 

and v1/2 (inset in Figure 3B), which indicates a larger surface area associated with Pt/Co0.85Se/GCE 

compared to bare GCE (0.0706 cm2) [37]. From all above results, it is clear that Pt/Co0.85Se/GCE 

possesses larger specific surface area, higher electroactivity comparing to those of GCE, Pt/GCE, and 

Co0.85Se/GCE. 

 

 
 

Figure 3. (A) CVs for bare GCE, Co0.85Se/GCE, Pt/GCE, and Pt/Co0.85Se/GCE in 5.0 mM K3[Fe(CN)6] 

containing 0.10 M KCl. (B) CVs of the Pt/Co0.85Se/GCE in 5.0 mM K3[Fe(CN)6] at different 

scan rate of 0.02, 0.04, 0.06, 0.08, 0.1, 0.12, 0.16, and 0.2 V s−1 (from inner to outer lines). 
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3.3. Electrochemical catalysis and conditional optimization of the Pt/Co0.85Se/GCE 

AA DA, and UA probably coexist in biological samples and they show serious interference in 

the electrochemical determination DA [17]. Therefore, the electrochemical behaviors of the three 

species on the Pt/Co0.85Se/GCE were investigated to evaluate the electrocatalytic activity and 

selectivity. Figure 4A displays DPVs for the electrochemical oxidation of a ternary mixture containing 

0.59 mM AA, 5.96 μM DA, and 15 μM UA in 0.10 M PBS (pH 7.0) using different modified 

electrodes. Significantly, due to the synergistic effecst of the Pt and Co0.85Se nanomaterials, not only 

the oxidation peaks of DA, AA, and UA separate from overlapped at bare GCE, Pt/GCE, or 

Co0.85Se/GCE to distinguishable in turn at Pt/Co0.85Se/GCE, but also the oxidation peak currents of the 

three biomolecules increased obviously. The peak separations between AA and DA, and between DA 

and UA are 136 mV and 131 mV, respectively, which are larger or comaprable to the reported results 

[1, 38]. It indicates that the Pt/Co0.85Se/GCE has good distinguishing ability toward the catalytic 

oxidation of AA, DA, and UA and selective determination of DA can be achieved by the proposed 

sensor. 

To achieve the best electrochemical response, effects of the electrolyte solution including the 

KCl concentration, Tris-HCl buffer (0.10 M, pH 8.1), acetate buffer (0.10 M, pH 5.0), sodium citrate 

buffer (0.10 M, pH 4.1), and the amounts Co0.85Se were optimized. The present system, the solution of 

0.10 M PBS with 0.10 M KCl (pH 7.0), showed good electrocatalysis and distinguishing ability toward 

AA, DA, and UA.  For decreasing the usage of the noble metal Pt, only 4 L 4.69 mM H2PtCl6 was 

dropped on the dried film of the 10 L 1.44 mg mL–1 Co0.85Se modified GCE, and was then 

electrochemically deposited to obtain Pt/Co0.85Se/GCE, which exhibited excellent electron transfer 

between the electrode and the probe (Figure 3A) 

 

 
 

Figure 4.  (A) DPVs at bare GCE, Co0.85Se/GCE, Pt/GCE, and Pt/Co0.85Se/GCE in 0.10 M PBS (pH 

7.0) containing 0.59 mM AA, 5.96 μM DA, and 15 M UA, respectively. (B) DPVs at 

Pt/Co0.85Se/GCE in 0.10 M PBS containing different concentrations of DA (0.50–22.0 μM). 

 

Figure 4B displays the DPVs used for the determination of DA on Pt/Co0.85Se/GCE. With 

successive additions of DA, the DPV oxidation peak currents increased linearly as the concentration 

increased, and the oxidation potentials remained unchanged at a high concentration. The corresponding 
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linear responses for the determination of DA were obtained in concentration ranges of 0.50–22.0 μM 

(R=0.992) with a limit of detection (LOD) of 0.39 μM. The response sensitivity for DA was 2306 μA 

mM cm–2. Compared to other nanomaterial modified sensors (Table 1), the Pt/Co0.85Se/GCE exhibited 

wide linear ranges, high response sensitivity, and a low LOD. The results suggest that Pt/Co0.85Se is a 

novel potential material for the fabrication of nonenzymatic electrochemical sensors. 

 

Table 1. Comparison of the response characteristics of different sensors for DA determination 

 

Electrode Linear range 

(M) 

LODs 

(µM) 

Sensitivity 

(µA mM−1 

cm−2) 

Ref. 

PImox–GO/GCE a 12–278 0.63 1953 [39] 

Graphene-AT /GCE 5–25 5 27200 [40] 

GO-PAN/GCE 1–14 0.5 − [41] 

RGO/AuNPs 1.0–100 0.69 2231 [42] 

PG/GCE 5.00–710 2.00 568 [43] 

GEF/CFE 0.7–45.21 0.5 − [44] 

Pt/GCE 0.03–8.1 0.03 − [45] 

Nafion/Pt/MC/GCE 0.50–23.0 0.39 2306 This work 

a. Abbreviations: PImox: polyimidazole; GO: graphene oxide; AT: 2-Amino-thiazol; PAN: 

polyaniline; RGO: reduced graphene oxide; PG: pristine graphene. GEF: Graphene flowers; CFE: 

carbon fiber electrode. 

 

3.4. Properties and application of the presented sensor 

 
Figure 5. (A) DPVs at Pt/Co0.85Se/GCE in 0.10 M PBS (pH 7.0) containing 0.25 mM AA, 56 μM UA, 

and various concentrations of DA. (B) Amperometric responses of the sensor with three 

additions 66.7 µM DA and successive additions 0.83 mM Lys, Glc CA, 1.7 mM NH4
+, NO3

–, 

CO3
2–, NO2

–, Mg2+, Ca2+, F–, Br–, and 0.2 mM H2O2. 

 

In addition to sensitivity, high selectivity is a crucial parameter in real sensors for detecting DA. 

To evaluate the ability of anti-interference, the ternary mixture containing AA, DA, and UA was 

investigated. In the ternary mixture, the concentration of DA changed, whereas those of AA and UA 
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remained constant. As shown in Figure 5A, the peak current of DA increases with the addition of DA 

while the peak currents of AA and UA do not change obviously. The results indicate that the proposed 

sensor exhibits good selectivity in the ternary mixture. 

Furthermore, the influences of potential interferences including lysine (Lys), glucose (Glc), 

citric acid (CA), NH4
+, NO3

–, CO3
2–, NO2

–, Mg2+, Ca2+, F–, Br–, and H2O2 were investigated by the 

amperometric current-time method. As shown in Figure 5B, the Pt/Co0.85Se/GCE responds quickly to 

the oxidation of 66.7 M DA and achieves a steady-state current within 1.6 s after addition of DA. 

However, no noteworthy current responses were observed for the additions of 0.83 mM Lys, Glc, CA, 

1.7 mM NH4
+, NO3

–, CO3
2–, NO2

–, Mg2+, Ca2+, F–, Br–, and 0.2 mM H2O2, which suggests that the 

presence of these substances does not interfere with the detection of DA. 

The stability of the sensor was evaluated by successive sensor responses to DA for 1 h. As 

shown in Figure 6, the catalytic current is very stable and only shows a slight decay after 1 h of 

successive detection (Figure 6). Moreover, the catalytic current still exhibits sensitive response to DA 

after 1 h, indicating its excellent operational stability. The long-term stability was also investigated by 

the current response to DA. After 20 day of storage, the presented sensor retained 99.3% of its original 

current response to DA. The results confirm the excellent operational and storage stability of the 

sensor.  

 

 
Figure 6. Successive current response of the sensor to 33 µM DA before and after the 1 h response. 

 

In addition, the intra- and inter-reproducibility of the sensor were evaluated by 5 different 

prepared sensors on a single GCE and 5 sensors with five different GCEs, respectively. The modified 

proccess was treated by the same method. The relative standard deviations (RSD) are both less than 

4.8% for the intra- and inter-reproducibility. The results indicate acceptable reproducibility of the 

presented sensor.  

The utilization of the proposed sensor in a serum sample was studied by using the standard 

addition method. Prior to the measurements, the serum sample was centrifuged at 4000 rpm at 4 C for 

20 min, and was then diluted 1:20 with 0.10 M PBS. According to the standard curves that are shown 
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in Figure 4, the recoveries for the determination of DA range between 97% and 106% (Table 2), which 

reveal that the fabricated sensor based on Pt/Co0.85Se nanomaterials can be practically applied in 

biological samples. 

 

Table 2. Determination of DA in real samples 

Sample Detected 

(M) 

Added  

(M) 

Total   

(M) 

Recovery    

(%) 

1 

2 

3 

0.51 2.0 2.64 106 

0.49 4.0 4.62 103 

0.53 8.0 8.29 97 

 

4. CONCLUSIONS 

An interfacial material was proposed via combination of Co0.85Se and trace Pt (Pt/Co0.85Se), 

which was first used to fabricate a novel nonenzymatic electrochemical sensor (Pt/Co0.85Se/GCE). The 

modified interface has a large effective surface area and fast electron-transfer kinetics due to 

synergistic effects of the catalytic activity of platinum, the foliate structure, and conductivity of 

Co0.85Se. The prepared sensor exhibits high sensitivity and good distinguishing ability towards the 

oxidation of AA, DA, and UA. Moreover, the sensor shows excellent response stability and 

reproducibility for the determination of DA with a wide linear range and a low LOD. 
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