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Bi/Bi2O3 nanoparticles were successfully deposited on the porous carbon cuboids through high 

temperature carbonization of bismuth-based metal organic frameworks. The as prepared Bi/Bi2O3/PCCs 

electrocatalyts were characterized by scanning electron microscopy, X-ray diffraction, and X-ray 

photoelectron spectroscopy to explore their structures and morphologies. The Bi/Bi2O3/PCCs modified 

glass carbon electrodes were used to simultaneously detect dopamine (DA) and uric acid (UA). The 

sensors presented preferable sensing performance with wide linear range of 1μM - 50μM for DA and 

30μM to 1500μM for UA. The sensitivity and determination limit are 204.38 µAmM-1cm-2 and 0.36 

µM for DA and 119.03 µAmM-1cm-2 and 10 μM for UA, respectively. The enhanced electrochemical 

performance of Bi/Bi2O3/PCCs may be due to the synergistic effect of Bi/Bi2O3 and porous carbon, 

where metallic Bi and porous carbon can improve the electron/electrolyte transfer efficiency and provide 

more active sites for DA and UA oxidation. The Bi/Bi2O3/PCCs sensors also presented the good 

selectivities for DA and UA detection. The as prepared material may be a promising electrocatalyst for 

biomolecules analysis. 
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1. INTRODUCTION 

 

Sensitively and accurately monitoring biomolecules such as dopamine (DA) and uric acid (UA) 

is of great importance because they associate with specific diseases[1]. For instance, Alzheimer's and 

Parkinson's diseases related neurological disorders are greatly regard to the abnormality of the DA level 

in physiological fluids[2, 3]. As the metabolic product of purine, UA is considered as another important 

biomarker in blood and urine for clinical diagnosis and healthcare, the abnormality of which might result 
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in serious diseases including Lesh-Nyhan syndrome, Hyperuricemia, and Gout[4, 5]. Due to the fact that 

DA is always coexisting with high level of UA, the simultaneous determination of both biomolecules is 

very important in diagnosing diseases and biomedical chemistry. Various methods including 

spectrophotometry[6], chemiluminescence[7], liquid chromatography[8], and capillary 

electrophoresis[9] have been applied to detect DA and UA. Recently, electrochemical sensors were 

considered as the most promising techniques for DA and UA detection due to the advantages of high 

sensitivity, easy operation, low cost, and instant analysis[10-12]. Due to the similar oxidation potentials 

of DA and UA their oxidation peaks are easily overlapped. Thus, electrode materials are greatly vital for 

the simultaneous determination of DA and UA. Therefore, various nanostructured materials were 

developed to construct electrochemical sensors for DA and UA detection. 

Currently, transition metal-based materials have attracted more and more attentions in 

developing biosensor as they possess more advantages (such as low cost, more abundance, and better 

biocompatibility) comparing with noble metals. For instance, nano-hexagonal Fe2O3 displayed superior 

sensing performance for UA and DA detection[13]. g-C3N4/Co nanohybrids demonstrated excellent 

electrocatalytic activities for DA and UA oxidation[14]. Particularly, bismuth-based materials were 

studied more intensively in biosensing areas own to their ionic conductivity and stability. Such as 

bismuth molybdates were used as DA sensors displaying excellent electrochemical performance towards 

DA oxidation[15]. Electrodeposited copper bismuth oxides also demonstrated impressive sensing 

properties for UA detection[16]. Unfortunately, the sensing performance (such as linear range and 

sensitivity) of bismuth-based materials still needs to be improved due to the massive aggregation and 

the poor intrinsic conductivity. Notably, coupling carbon materials (especially the porous carbon) with 

metal catalysts can greatly improve their electrochemical sensing properties as the porous structures may 

provide more effective surface area and prevent the agglomeration of catalysts and the high conductivity 

of carbon materials can improve the charge transfer of the sensors[17-19]. Moreover, the incorporation 

of metallic Bi on Bi2O3 may not only enhance the electronic conductivity and but also produce more 

redox active sites in the complex materials[20, 21]. Bismuth metal-organic framework, such as Bi-MOF 

composed of Bi3+ and 1,3,5-benzenetricarboxylic acid has a novel porous two-dimensional framework. 

Due to their inherent large surface area and abundant unsaturated active sites the Bi-MOF derived 

materials may display superior electrochemical performance[22, 23]. However, to the best of our 

knowledge, no efforts were attempted to incorporate metallic Bi and Bi2O3 on the porous carbon cuboids 

(PCCs) using Bi-MOF as precursors for simultaneous determination of dopamine and uric acid. 

Herein, we report the in situ generation of Bi/Bi2O3 on PCCs through pyrolyzing the bismuth 

based metal organic frameworks (Bi-MOFs) under inert atmosphere. The as prepared materials were 

investigated by cyclic voltammetry (CV) and differential pulse voltammetry (DPV) to evaluate their 

sensing performance for UA and DA detection. The sensors displayed high sensitivities and wide linear 

ranges for simultaneously detecting DA and UA. The superior sensing properties may be due to the 

synergistic effects of metallic Bi, Bi2O3 and porous structured carbon cuboids, which may provide more 

active sites and improve the charge transfer efficiency. 
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2. EXPERIMENTAL SECTION 

2.1 Preparation of Bi/Bi2O3/PCCs 

Bi/Bi2O3/PCCs were obtained by pyrolyzing cuboid structured Bi-MOFs in N2 atmosphere. 

Firstly, 4.85g Bi(NO3)3·5H2O and 4.203g 1,3,5-Benzenetricarboxylic Acid were evenly grinded and then 

transferred into 100 ml methanol. The mixed solution was stirred at 60 ºC for 4 h. The precipitates of 

Bi-MOFs were achieved by successively centrifuging at 4000r/min, washing with methanol, and drying 

at 60 ºC overnight. The Bi/Bi2O3 coupled porous carbon cuboids (Bi/Bi2O3/PCCs) were obtained by 

annealing the precipitate at 800 ºC for 2 h under N2 atmosphere with the heating rate of 5 ºC/min. As a 

comparison, the precipitate was also annealed with the same procedure at the air atmosphere instead of 

N2 atmosphere, which was labelled as Bi2O3. 

 

2.2 Materials characterization 

XRD was carried out on Thermo ARL SCINTAG X'TRA. SEM was performed in a Hitachi S-

4700 and XPS analysis was measured on a PHI-5400 system. Electrocatalysts were evaluated on 

CHI630D and Zahner Zennium work stations. 

 

2.3 Electrochemical Measurements 

All the electrochemical measurements were conducted with a three-electrode configuration using 

0.1M phosphate buffer solution (PBS) as supporting electrolyte. Saturated calomel electrode and Pt plate 

electrode are reference and counter electrodes. Glassy carbon electrodes (GCEs) were modified by the 

obtained catalysts and used as working electrodes. Typically, GCEs were firstly polished with 0.3μm 

alumina and then rinsed with deionized water and ethanol and dried in air. Subsequently, 10 L catalyst 

slurry (8mg catalysts, 10ml ethanol and 10 L Nafion solution) was dropped onto the glass carbon area 

and dried in air. CVs were recorded at the potentials ranging from -0.1 V to 0.6 V with scan rate of 50 

mV/s. DPVs were measured from -0.1 V to 0.6 V with step potential of 4 mV, the amplitude of 50 mV 

and pulse width of 0.04 s and pulse period of 0.5 s. The interference study of DPVs were investigated in 

the same procedures in 0.1 M PBS in presence of different interferents (Such as urea, glucose, proline, 

lysine, glutamate, and valine). The frequency in electrochemical impedance spectroscopy (EIS) 

measurement was set as 10 mHz - 100KHz with the amplitude of 5 mV. 

 

 

3. RESULTS AND DISCUSSION 

 

 Fig. 1 displays the morphology of the obtained materials. The SEM images of Bi-MOFs (Fig. 

1a and b) demonstrate typical cuboids-like structures with relatively smooth surface. After annealing at 

800 ºC the surface of Bi/Bi2O3/PCCs (Fig. d, e, f) turned much rougher than that of Bi-MOF. The similar 

cuboids-structures can also be observed on Bi/Bi2O3/PCCs, which exhibited distinct porous structures 

and overlapped with each other with random aggregations of nanoparticles. The distinctly bright 
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nanoparticles may be metallic Bi or Bi2O3 originating from Bi3+ in Bi-MOFs. The EDS pattern (Fig. 2a) 

proves the existence of Bi, O and C elements in Bi/Bi2O3/PCCs. The elemental mapping further 

demonstrates the uniform distribution of Bi, O and C in the sample, which may suggest the even 

dispersion of Bi/Bi2O3 in the entire cuboids-like structures of Bi-MOFs derived carbon. XRD (Fig. 2b) 

analysis proves the existence of both metallic Bi and Bi2O3 in Bi/Bi2O3/PCCs. The diffraction signals 

corresponding to (201), (002), (220), (222), (400), (203), (421), (402), and (610) crystal planes of 

tetragonal Bi2O3 can be observed on the XRD patterns (PDF#27-0050). Moreover, the diffraction peaks 

marked with asterisks can be indexed to hexagonal Bi (PDF#44-1246). The results may indicate that 

Bi/Bi2O3 were successfully generated on the PCCs. 

 

 

 

Figure 1. SEM images of Bi-MOF (a, b) and Bi/Bi2O3/PCCs (d, e, f); (c) Elemental mapping of 

Bi/Bi2O3/PCCs. 

 

 

 
 

Figure 2. (a) EDS spectra of Bi/Bi2O3/PCCs; (b) XRD pattern of Bi/Bi2O3/PCCs. 
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Figure 3. XPS survey spectra (a) and Bi 4f (b), O 1s (c), and C 1s (d) spectra of Bi/Bi2O3/PCCs. 

 

The valence state and composition of Bi/Bi2O3/PCCs were further evaluated by XPS. Distinct 

signals of Bi, O and C can be investigated on the XPS survey spectra (Fig. 3a), indicating the successful 

formation of Bi/Bi2O3/PCCs, which is consistent with the EDS results. Bi 4f spectrum (Fig. 3b) can be 

deconvoluted into two pairs of Bi 4f peaks suggesting the existence of two different states of Bi. The 

peaks at 158.8 eV and 164.03 eV can be attributed to the Bi3+ 4f 7/2 and Bi3+ 4f 5/2 corresponding to 

Bi3+ in Bi2O3 and  another two peaks are related to the metallic Bi[24, 25]. Three peaks can be observed 

on the deconvoluted O 1s XPS spectrum (Fig. 3c). The peaks located at 529.4 eV corresponds to the Bi-

O bond in Bi2O3 and another two may be attributed to the adsorbed oxygen (O-C/O=C) on the surface 

of Bi/Bi2O3/PCCs [26, 27]. C 1s spectrum is showed in Fig. 3d, which presents three peaks of C-C/C=C 

(284.6 eV), C-O (285.8 eV), and O-C=O (288.8 eV), respectively, suggesting the formation of PCCs. 

The XPS results further confirmed the successful synthesis of the Bi/Bi2O3/PCCs electrocatalysts. 

CVs were carried out in 0.1M PBS (pH 7.5) to evaluate the electrochemical performance of 

electrodes. Both CVs of Bi/Bi2O3/PCCs and Bi2O3 electrodes (Fig. 4a) displayed no detectable anodic 

peaks in PBS and the current of Bi/Bi2O3/PCCs is much higher than that of Bi2O3 electrodes, indicating 

better electrocatalytic activity of Bi/Bi2O3/PCCs. The electrocatalytic oxidation of 20 M DA (Fig. 4b) 

and 300 M UA (Fig. 4c) were also investigated on both Bi/Bi2O3/PCCs and Bi2O3 electrodes. Distinct 

anodic peaks can be observed on both CV curves of Bi/Bi2O3/PCCs implying that they have good 

catalytic activities for DA and UA oxidation. Fig. 4d demonstrates the CVs of Bi/Bi2O3/PCCs and Bi2O3 

electrodes simultaneously in presence of both DA and UA. Although the anodic peaks are not as obvious 
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as individual measurement, the highly increased anodic currents for both DA and UA oxidation can also 

be investigated on Bi/Bi2O3/PCCs electrodes, suggesting the improved sensing performance for 

simultaneously DA and UA detection. 

 

 

 
 

Figure 4. CVs of Bi/Bi2O3/PCCs and Bi2O3 recorded in 0.1 M PBS (pH 7.4) without (a) and with 20 

M DA (b), 300 M UA (c), and mixture of 20 M DA and 300 M UA (d). 

 

 
Figure 5. (a) DPVs of Bi/Bi2O3/PCCs and Bi2O3 in presence of 40 M DA and 100 M UA; (b) EIS 

spectra of Bi/Bi2O3/PCCs and Bi2O3 in 0.1 M PBS (pH 7.4) (inset of upper left is the enlarged 

EIS in high frequency and bottom right is the equivalent electrical circuit). 
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DPV is a highly sensitive analytical method because it can effectively inhibit the influence of 

charging current. Therefore, DPV method was applied to investigate the current sensitivity and 

separative capacity for DA and UA detection. Fig. 5a shows the DPV curves of Bi/Bi2O3/PCCs and 

Bi2O3 electrodes with a mixture of 40 M DA and 100 M UA in 0.1 M PBS. Two distinguished peaks 

with peak separation of 0.145 V can be observed on Bi/Bi2O3/PCCs, suggesting they have preferable 

capability for simultaneous detection of DA and UA. Moreover, the peak currents for DA and UA 

oxidation on Bi/Bi2O3/PCCs are much higher (4.2 times for DA and 2.3 time for UA) than that of Bi2O3, 

indicating the better sensing performance of Bi/Bi2O3/PCCs. The interfacial conductivity was evaluated 

by EIS to further explore the improvement of the sensing performance on Bi/Bi2O3/PCCs electrodes. As 

can be investigated on Fig. 5b, EIS of both Bi/Bi2O3/PCCs and Bi2O3 electrodes present compressed 

semicircles in higher frequency and relatively straight line in lower frequency, which are related to the 

charge transfer resistance (Rct) and electron/electrolyte diffusion (W), respectively. The diameter of 

semicircles for Bi/Bi2O3/PCCs is much lower than that of Bi2O3, implying the lower Rct (2.94  103  

vs. 1.35  105  obtained from the corresponding equivalent circuit) and faster charge transfer efficiency 

of Bi/Bi2O3/PCCs. The lower Rct of Bi/Bi2O3/PCCs may be due to the incorporation of metallic Bi and 

the combination of porous carbon cuboids. The results suggest that Bi/Bi2O3/PCCs may possess better 

electrochemical activities for UA and DA oxidation, which is consistent with CVs and DPV analysis. 

 

 
 

Figure 6. CVs of Bi/Bi2O3/PCCs in presence of 50 M DA (a) and 300 M UA (c) with various scan 

rates; the linear plots between square root of scan rates and current response of DA (b) and UA 

(d). 
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The kinetics of DA and UA oxidation on Bi/Bi2O3/PCCs electrodes were also investigated by 

recording CVs with various scan rate () in 0.1 PBS. As can be observed on Fig. 6a redox peak currents 

for DA oxidation increased gradually with  increasing. Moreover, the slight shift of anodic and cathodic 

peaks to higher and lower potentials indicates the kinetic limitation for DA electrocatalytic oxidation. 

The plots of anodic and cathodic peak currents (Ipa and Ipc) vs. 1/2 (Fig. 6b) demonstrates a good linear 

relationship in a wide range (0.005 V/s - 0.2V/s), suggesting the diffusion-controlled process for DA 

oxidation on Bi/Bi2O3/PCCs electrodes[13, 28]. The CVs of Bi/Bi2O3/PCCs electrodes for UA oxidation 

(Fig. 6c) displays distinct anodic peaks and indistinct cathodic peaks in all the scan range (0.005 V/s - 

0.2V/s), implying the irreversible oxidation of UA on electrodes. Moreover, the Ipa also increased with 

the increase of . The good linear relationship was also obtained between Ipa and 1/2 (Fig. 6d), which 

also indicates the diffusion-controlled reaction for UA oxidation. Therefore, the reaction of both UA and 

DA oxidation on the surface of Bi/Bi2O3/PCCs are diffusion-controlled process.  

 

 

 
 

Figure 7. (a) DPVs of Bi/Bi2O3/PCCs in presence of 40 M DA and 200 M UA with various pH (Insert 

is the effects of pH on anodic currents of DA and UA); (b) Effects of pH on anodic peak potentials 

of DA and UA; DPVs of Bi/Bi2O3/PCCs in 0.1 M PBS (pH 7.5) with various DA (c) and (UA) 

(Inserts are the corresponding linear plots between anodic currents and concentration of DA and 

UA). 
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The sensing performance for UA and DA detection can be greatly affected by the pH of 

supporting electrolytes. The DPV curves of Bi/Bi2O3/PCCs electrodes (Fig. 7a) were recorded in 

presence of 40 μM DA and 200 μM UA with various pH. It can be observed (insert in Fig. 7a) that both 

DA and UA displayed an increase of peak currents with pH increasing from 5.5 to 7.5. However, the 

subsequent increase of pH resulted in the distinct decrease of peak currents. Fig. 7b demonstrates the 

peak separation of DA and UA with different pH, implying that the higher pH is beneficial to the peak 

separation. Considering the comprehensive impact of pH to peak potentials and currents, all the 

subsequent DPV measurements were performed in PBS with pH of 7.5.  

Individual detection of UA and DA with Bi/Bi2O3/PCCs electrodes was investigated by recording   

DPV curves in pH 7.5 PBS with various concentration of DA and UA. As shown in Fig. 7c the anodic 

current response of DA increases distinctly with increasing concentration of DA. The good linear 

relationship between DA concentration (1 μM - 50 μM) and current response can be obtained from the 

linear regression equation of Iap (µA) = 0.04161 C (µM) + 4.1137 (µA) (R2 = 0.99945) (Insert in Fig. 

7c). The detection limit (LOD) of DA can be calculated to be 0.33 μM (S/N = 3) and the sensitivity is 

212.03 µAmM-1cm-2. Fig. 7d demonstrates the DPV of UA with concentration ranging from 30μM to 

1500μM, which presents the similar relationship between Iap and CUA. The linearity was described as Iap 

(µA) = 0.02456 C (µM) + 5.0349 (µA) (R2 = 0.99709) with sensitivity of 125.15 µAmM-1cm-2 and 

LOD of 10 μM. 

 

 
Figure 8. DPVs of Bi/Bi2O3/PCCs in 0.1 M PBS (pH 7.5) for (a) various DA with fixed concentration 

of UA and (c) various UA with fixed DA; The corresponding plots of anodic currents vs. 

concentration of (b) DA and (d) UA. 



Int. J. Electrochem. Sci., 17 (2022) Article Number: xx 

  

10 

 

Apart from the preferable individual sensing properties for UA and DA detection on 

Bi/Bi2O3/PCCs electrodes, the sensors were also evaluated by DPV to analyze UA and DA with the 

fixed concentration of DA and UA, respectively. Fig. 8a displays the DPV curves of DA on 

Bi/Bi2O3/PCCs electrodes in presence of 100 μM UA. It can be observed that with the increase of DA 

concentration anodic current increases gradually and UA has no effect on the DA detection. The linear 

regression of DA (Fig. 8b) is Iap (µA) = 0.05006 C (µM) + 3.99957 (µA) (R2 = 0.99192) in range of 

0.5μM - 50μM. The LOD and sensitivity are 0.17μM and 255.08 µAmM-1cm-2, respectively. Similar 

trends can also be observed when fixing DA concentration and increasing UA concentration from 30μM 

to 1500μM (Fig. 8c). Linear plots between Ipa and CUA are illustrated in Fig. 8d with regression equation 

of Iap (µA) = 0.01988 C (µM) + 3.24251 (µA) (R2 = 0.99626). The LOD and sensitivity are 10 μM and 

101.30 µAmM-1cm-2, respectively. The results suggest that the Bi/Bi2O3/PCCs electrodes may have 

preferable sensing performance for simultaneous detection of UA and DA.  

 

 

 
 

Figure 9. (a) DPVs of Bi/Bi2O3/PCCs in 0.1 M PBS (pH 7.5) with various concentration of DA and UA; 

The corresponding plots of anodic currents vs. concentration of DA (b) and UA (c); (d) anodic 

current response of Bi/Bi2O3/PCCs in presence of various interferents. 

 

 

Moreover, the simultaneous detection of both UA and DA on Bi/Bi2O3/PCCs sensors was also 

investigated by recording DPV response with simultaneously increasing DA and UA concentration. Fig. 
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9a demonstrates two well-defined peaks corresponding to DA and UA oxidation and the separated peak 

currents increase with increasing the concentration of two compounds. The linear range of DA is 1μM - 

50μM with the regression equation of Iap (µA) = 0.04011 C (µM) + 4.26153 (µA) (R2 = 0.995) (Fig. 9b). 

The LOD is about 0.36 µM and the sensitivity is 204.38 µAmM-1cm-2, which is close to the value 

obtained with fixed UA concentration (255.08 µAmM-1cm-2) and with absence of UA (212.03 µAmM-

1cm-2). The fitting results of UA (Fig. 9c) also present the similar results with the regression equation 

of Iap (µA) = 0.02336 C (µM) + 3.78672 (µA) (R2 = 0.99881) and linear range of 30μM - 1500μM. 

Moreover, the sensitivity of 119.03µAmM-1cm-2 with LOD of 10 μM is close to 101.30 µAmM-1cm-

2 (fixed DA) and 125.15 µAmM-1cm-2 (without DA). The results suggested the independent oxidation 

of UA and DA on the Bi/Bi2O3/PCCs electrode, which is possible for simultaneously detecting both 

compounds without any mutual interference. The sensing performance of Bi/Bi2O3/PCCs sensors has 

also been compared with the previously reported electrochemical sensors (Table 1). The Bi/Bi2O3/PCCs 

sensors displayed relatively wider linear range and lower detection limit. 

 

Table 1. Comparison of the sensing performance of the Bi/Bi2O3/PCCs sensors with other 

electrochemical sensors 

 

Electrode 

materials 

Linear range (μM) LOD (μM) Reference 

DA UA DA UA  

Bi/Bi2O3/C 0.1-50 30-1500 0.03 10 This work 

Au-Cu2O/rGO 10-90 100-900  3.9 6.5 [29] 

N-rGO 1-60 1-30 0.1 0.2 [30] 

MnO2/NG 0.1-10 10-100 0.034 0.039 [31] 

NiO-trGO 10-500 100-500 0.05 10 [32] 

GO/TmPO4 2-20 10-100 0.785 3.73 [33] 

AuNPs@ACOF/p-BFu 0.75-40 1-200 0.15 0.22 [34] 

3D-KSC/CCSBP 14.1-100 450-1200 4.6 150 [35] 

 

Table 2. determination results of DA in serum sample 

 

Sample Added(μM） Found(μM) Recovery(%) 

1 10.00 10.14 101.4 

2 20.00 20.42 102.1 

3 30.00 32.02 106.7 

 

Table 3 determination results of UA in serum sample 

Sample Added(μM） Found(μM) Recovery(%) 

1 100.00 101.21 101.2 

2 200.00 204.88 102.4 

3 300.00 303.23 101.1 
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The selectivity of Bi/Bi2O3/PCCs sensors was also investigated by recording DPVs of UA 

(40μM) and DA (300 μM) in presence of various interferences such as Urea, Glucose, Pro, Lys, Glu, 

and Val. The current responses of UA and DA with the coexistence of interferences are showed in Fig. 

9d. As can be found that the interfering substances have no distinct effect on simultaneous detection of 

DA and UA. Therefore, the results may suggest that the Bi/Bi2O3/PCCs sensors have preferable 

selectivity for UA and DA analysis. DA and UA in real serum samples were also detected by DPVs with 

a standard addition method to demonstrate the applicability of Bi/Bi2O3/PCCs sensors. Table 2 and 3 

display that the recoveries of the DA are in the range of 101.4% - 106.75% and the recoveries of UA are 

between 101.1% and 102.4%, which are within the reasonable ranges. The results suggested that the 

Bi/Bi2O3/PCCs sensors can also be used to detect UA and DA in real samples with good accuracy and 

high precision. 

 

 

4. CONCLUSION 

In summary, Bi/Bi2O3/PCCs were prepared through pyrolyzing Bi-MOF with organic 

frameworks as both carbon source and reducing agent to form the metallic Bi. The obtained 

Bi/Bi2O3/PCCs were applied to simultaneously detect DA and UA, which presents excellent sensing 

performance including high sensitivity and low detection limit. The linear range of DA detection is 1μM 

- 50μM with sensitivity and LOD of 204.38 µAmM-1cm-2 and 0.36 µM, respectively. The linear range 

of UA ranges from 30 μM to 1500 μM with sensitivity and LOD of 119.03 µAmM-1cm-2 and 10 μM, 

respectively. The improved sensing performance of Bi/Bi2O3/PCCs may be due to the faster charge 

transfer efficiency originating from the incorporation of metallic Bi and the combination of porous 

carbon cuboids. Therefore, the study of Bi/Bi2O3/PCCs sensor may provide a promising strategy to 

construct new sensing materials for biomolecules detection. 
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