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A non-enzymatic photoelectrochemical glucose sensor based on BiVO4
electrode under visible light

Abstract
A non-enzymatic photoelectrochemical (PEC) glucose sensor based on nanoporous bismuth vanadate (BiVO
4 ) electrode is fabricated on fluorine doped tin oxide by electrochemical deposition. The photogenerated
holes of BiVO 4 show a strong oxidizing ability, with adsorption of glucose on the surface of BiVO 4 , agreeing
well with the classical Langmuir adsorption model. Under visible light irradiation, the glucose molecules
adsorbed on the BiVO 4 electrode surface can be oxidized by the photogenerated holes, which results in
increased photocurrent. The fabricated BiVO 4 non-enzymatic photoelectrochemical sensor shows
outstanding catalytic activity, favourable selectivity, good reproducibility, and long-term stability for glucose
detection under optimized conditions. The linear range was 0-5 mM (correlation coefficient, R = 0.997) with
a detection limit of 0.13 μmol L −1 (signal-to-noise = 3). In addition, the proposed PEC sensor was
successfully applied to detect glucose in human serum samples. Our work provides a new strategy for the non-
enzymatic detection of glucose.
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ABSTRACT: A non-enzymatic photoelectrochemical (PEC) glucose sensor based on nanoporous 

bismuth vanadate (BiVO4) electrode is fabricated on fluorine doped tin oxide by electrochemical 

deposition. The photogenerated holes of BiVO4 show a strong oxidizing ability, with adsorption of 

glucose on the surface of BiVO4, agreeing well with the classical Langmuir adsorption model. 

Under visible light irradiation, the glucose molecules adsorbed on the BiVO4 electrode surface can 

be oxidized by the photogenerated holes, which results in increased photocurrent. The fabricated 

BiVO4 non-enzymatic photoelectrochemical sensor shows outstanding catalytic activity, 

favourable selectivity, good reproducibility, and long-term stability for glucose detection under 

optimized conditions. The linear range was 0–5 mM (correlation coefficient, R = 0.997) with a 

detection limit of 0.13 μmol L−1 (signal-to-noise = 3). In addition, the proposed PEC sensor was 

successfully applied to detect glucose in human serum samples. Our work provides a new strategy 

for the non-enzymatic detection of glucose.  
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1. Introduction 

Diabetes mellitus has been recognized as a worldwide disease which can lead to various functional 

disorders, even death in serious cases [1]. According to International Diabetes Federation (IDF) 

statistics, in the year 2017 alone, there were 425 million people living with diabetes, and the 

number was continuously increasing. Besides, it is estimated that approximately 4 million people 

between the ages of 20 and 79 died of diabetes in 2017, which was equivalent to one death every 8 

seconds [2]. Therefore, glucose detection is vital for the diagnosis and treatment of diabetes 

mellitus [3-5]. Over the past few decades, considerable efforts have been made to develop 

sensitive, fast, and low-cost glucose biosensors [6-8]. Ever since the first development of an 

enzyme-modified electrode by Clark and Lyons in 1962, great progress has been made in the study 

of glucose oxidase (GOx) sensors [9, 10]. Although good selectivity and desirable sensitivity can be 

achieved with enzymatic glucose sensors, their inherent drawbacks, such as intrusive chemical and 

thermal instability of the enzyme, severely hinder their practical application [11]. To overcome 

these disadvantages, research efforts have focused on developing non-enzyme glucose sensors, 

such as using noble metals, or charge-transfer-complex-based electrodes for the detection of 

glucose with high reliability and good device lifetime. These attempts still cannot fully substitute 

for enzymatic sensors in practical applications, however, owing to their intrinsic drawbacks 

[12-15]. For examples, noble metal modified electrodes are easily poisoned by the adsorbed 

intermediates [17]. The sensitivity of non-enzymatic sensors based on metal alloys is also 

suboptimal due to their high operating voltages [18].  

Recently, photoelectrochemical (PEC) sensing has attracted substantial research interest for 

the detection of biomolecules [19-21]. Compared to conventional electrochemical methods, the 

PEC sensor has high sensitivity and a low background signal, which can be ascribed to its separate 

excitation source and detection signals [22]. Furthermore, the PEC sensor can simultaneously 

degrade the interfering substances and intermediate substances involved in glucose oxidation, 

avoiding chemical poisoning in detection [23]. Numerous photoactive materials have been deeply 

investigated for the preparation of PEC sensors, among which TiO2, as a commonly used 

photocatalyst, has received the most attention due to its excellent oxidation capability, high 

physical and chemical stability, and nontoxicity [24-28]. TiO2 suffers, however, from its large 



band-gap energy (Eg = 3.2 eV) and the rapid recombination rate of its photogenerated electron 

hole pairs, limiting its utilization in the visible light range [29, 30]. To improve the photocurrent 

and sensitivity, one of the most effective methods is to use new visible-light photocatalysts with 

narrow band gap [31-34]. BiVO4, with a monoclinic structure, has been widely developed as an 

excellent visible-light driven photocatalyst for photocatalytic degradation of organic pollutants 

and water splitting, due to its unique electronic band structure, high conduction band energy, good 

stability against photocorrosion, and nontoxicity relative to other visible-light active metal oxide 

semiconductors [35-41]. For example, Kudo et al fabricated a BiVO4 thin film electrode for 

efficient water splitting and obtained high photocurrent densities with an incident photon to 

converted electron (IPCE) value of 73% at 420 nm at 1.0 V vs. Ag∕AgCl [42]. Zhu et al reported 

that BiVO4 photoanodes with twin structure exhibited excellent photocatalytic activity towards 

water oxidation, benefiting from the enhanced charge separation and transport [43]. In addition, it 

was found that the photogenerated holes of BiVO4 had a strong oxidizing capability, so that they 

could directly oxidize the organic matter adsorbed on the electrode surface [37]. Research on its 

application in glucose detection, however, has been rarely explored. Based on these considerations, 

we have used nanoporous BiVO4 to construct a PEC glucose sensor as a substitute for TiO2, which 

will provide a new direction for the detection of glucose.  

In this work, we present the fabrication of a non-enzymatic PEC glucose sensor based on 

nanoporous BiVO4 electrode for effective glucose detection under visible light irradiation. The 

synthesis and characterization of the BiVO4 electrode were systematically studied. The properties 

of the sensor, such as sensitivity, selectivity, and detection limit in glucose detection, are discussed 

in detail. Moreover, the proposed PEC sensor was successfully applied to detect glucose in human 

serum samples. It was found that the valence band maximum (VBM) of BiVO4 is relatively low, 

which endows the photogenerated holes with strong oxidizing ability, so that they can directly 

oxidize glucose molecules adsorbed on the electrode surface. In addition, the adsorption of 

glucose on the surface of BiVO4 was found to agree well with the classical Langmuir adsorption 

model. Besides the outstanding photocurrent response, it was also demonstrated that the resulting 

sensor shows favourable selectivity to glucose.  

2. Experimental section 



2.1 Materials 

Fluorine doped tin oxide (FTO)-coated glass substrates were purchased from Yingkou OPV Tech 

New Energy Co., Ltd., and were sliced to 2.0  1.0 cm2 pieces. KI was purchased from Macklin 

Chemicals. p-benzoquinone was purchased from Sinopharm Group Chemical Reagent Co., Ltd. 

Bi(NO3)3·5H2O, HNO3, NaOH, dimethyl sulfoxide (DMSO), vanadyl acetylacetonate (VO(acac)2), 

dopamine (DA), ascorbic acid (AA), uric acid (UA), and other chemicals were obtained from 

Beijing Blue Yi Chemical Products Co., Ltd. All chemical reagents are of analytical grade. Human 

serum samples were collected from Xuanwu Hospital Capital Medical University.   

2.2 Preparation of BiVO4 Electrode 

A mature and simple electrochemical deposition method was used to fabricate nanoporous BiVO4 

electrodes on the FTO by the same method as reported in previous works [32]. In detail, the 

plating solution was prepared by dissolving 40 mM Bi(NO3)3·5H2O in 50 mL of a 400 mM KI 

aqueous solution. The pH of the resulting opaque orange solution was adjusted to 1.75 by adding 

dilute HNO3, which converted the opaque solution to a transparent red-orange solution. This 

solution was mixed with 0.23 M 1, 4-benzoquinone in ethanol with stirring for a few minutes. A 

standard three-electrode cell was used for all electrodepositions, with a FTO working electrode, a 

platinum counter electrode, and an Ag/AgCl (4 M KCl) reference electrode. To obtain samples 

with different thickness, the electrodeposition time of 30, 90, 150, 210, 270, 330, 390, 450, and 

550 s was adopted, respectively, at the same potential of +0.13 V. The as-prepared BiOI 

electrodes were purged thoroughly with deionized water, and then dried in an oven at 110 oC. 

After that, 0.20 M vanadyl acetylacetonate (VO(acac)2) dissolved in dimethyl sulfoxide was 

dropped uniformly on the BiOI films, and they were then heated in a muffle furnace at 450 oC for 

2 h with a ramping rate of 2 oC /min. Excessive V2O5 on the electrodes was removed by 

immersing them in 1.0 M NaOH for 30 min with mild stirring. The resultant BiVO4 electrodes 

were rinsed with ultrapure water and dried in air. The whole synthesis process of the proposed 

electrode was shown in Scheme 1. 

2.3 Characterization and Photoelectrochemical Measurements of the BiVO4 Electrode 

X-ray diffraction (XRD) was conducted with a X Pert Pro (PANalytical) diffractometer. Scanning 



electron microscopy (SEM) measurements were conducted with a HITACHI S-4800. Ultraviolet 

(UV)-visible diffuse reflectance spectra were collected on a Hitachi U3010 spectrophotometer. 

X-ray photoelectron spectroscopy (XPS) data were acquired on a PHI-5300 photoelectron 

spectrometer. The thickness of BiVO4 films was measured by the DEKTAK 6M stylus profiler. 

The electrodeposition process and PEC properties of the electrodes were carried out and 

investigated, respectively, in a conventional three-electrode cell in conjunction with a CHI650D 

electrochemical workstation (Chenghua, Shanghai). A 300 W Xenon lamp was employed as the 

light source with an intensity of 100 mW/cm2. Biological procedures were completed under the 

guidelines of Institute of Zoology, Chinese Academy of Sciences. 

3. Results and Discussion 

3.1 Characterization  

Fig. 1 displays the XRD patterns of the BiOI and BiVO4 films. In the BiOI, peaks at 29.6°, 

31.7°, 45.4°, and 55.2° are observed, corresponding to the (102), (110), (200), and (102) planes, 

respectively, for the tetragonal phase of BiOI (JCPDS No. 10-0445). For the BiVO4 sample, the 

main diffraction peaks at 18.9° and 28.9° are well indexed to the monoclinic scheelite phase of 

BiVO4 (JCPDS No. 14-0688). The XRD patterns confirm that the electrodeposited BiOI film has 

been effectively converted to pure phase BiVO4. No additional diffraction peaks other than for the 

FTO substrate are observed. Moreover, the intensity of the diffraction peaks of BiVO4 indicates 

high crystallinity, which is beneficial to facilitate the separation of electron-hole pairs and prevent 

the recombination of photogenerated charge carriers in the bulk. 

The morphology of the BiOI and BiVO4 samples were examined by SEM. As exhibited in the 

upper row of Fig. 2, the BiOI film is composed of extremely thin plates with ample space between 

them that have grown vertically on the FTO substrate. Consequently, a nanoporous BiVO4 film 

possessing an average particle size of 70 nm is obtained, as shown in the lower row of Fig. 2. It 

can be explained that, during the annealing process, the voids between the BiOI platelets 

effectively suppress the grain growth of BiVO4, leading to the formation of nanoporous BiVO4 

electrode, which obviously enhances the porosity and the specific surface area. 

To obtain detailed chemical surface information, we conducted XPS measurement on the 



BiVO4 samples, which are presented in the supplementary material in Fig. S1. All the spectral data 

is consistent with previous research reports [44, 45], suggesting that the prepared BiVO4 film is 

composed of only Bi, V, and O without any detectable impurities. 

The UV-visible (UV-Vis) absorption spectrum of BiVO4 electrode is shown in the Fig. 3. It 

can be seen that the BiVO4 sample exhibits a clear absorption edge at about 500 nm, 

corresponding to the visible light region. This indicates that BiVO4 can efficiently absorb visible 

light, which is consistent with the yellow color of the electrode (lower-left inset in Fig. 3). 

Moreover, the band-gap energy of the prepared BiVO4 sample is determined to be approximately 

2.4 eV according to the Tauc equation (upper-right inset in Fig. 3).  

3.2 Photoelectrochemical behavior of BiVO4 electrode 

In order to investigate the photoelectrochemical performance of BiVO4 photoanode, linear 

sweep voltammetry (LSV) was conducted in 0.5 M phosphate buffer, and the results are presented 

in Fig. 4a. Under visible light, the current increases with increasing applied potential and reaches 

1.45 mAcm-2 at +0.6 V versus Ag/AgCl, which is equivalent to +1.23 V versus reversible 

hydrogen electrode (RHE), whereas negligible current is produced in the dark. The inset of Fig. 4a 

exhibits the transient photocurrent responses measured at +1.23 V (vs. RHE) applied potential 

with chopped illumination in 0.5 M phosphate buffer. A spiculate photocurrent spike is observed 

immediately when the light is turned on, and it then drops down to a steady photocurrent, which 

means that the BiVO4 electrode demonstrates a significant response to visible light. The current 

density of BiVO4 also retains an almost constant value after 400 s, showing excellent photoelectric 

stability.  

A Mott–Schottky experiment was performed to determine the band positions of the BiVO4 

sample. The flat band potential is evaluated by the onset potential of the photocurrent, as shown in 

Fig. 4b. The corresponding flat-band potential value of the as-prepared film is determined by the 

Mott−Schottky equation [46]. 
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where C = space charge capacitance, ε = dielectric constant, ε0 = vacuum dielectric constant, ND = 

donor density, kb = Boltzmann’s constant, E = applied potential, Efb = flat band potential, and q = 



electronic charge. The flat band potential of BiVO4 is calculated to be −0.455 V vs. Ag/AgCl, 

(0.156 V vs. RHE). As is well known, the conduction band position of many n-type 

semiconductors is 0-0.1 eV higher than the flat potential. Assuming that the gap between the 

bottom of the conduction band and the flat potential is 0.05 eV, the conduction band position of 

BiVO4 is determined to be +0.1 eV. Since the band gap of the as-prepared sample is 2.4 eV (inset 

of Fig. 3), the valence band position is estimated to be +2.5 eV. According to the above-mentioned 

values, we constructed a schematic diagram of the band positions and the redox potential for 

BiVO4 film, as shown in the inset of Fig. 4b, which reveals that the valence band position of 

BiVO4 is relatively low and that the photogenerated holes with strong oxidizing ability can 

directly oxidize organic materials adsorbed on the electrode surface. 

    Electrochemical impedance spectroscopy (EIS) is a useful method to investigate 

electrochemical behaviour from the aspect of charge transfer. To assess the kinetics of charge 

transfer in BiVO4 electrode, we conducted EIS measurements in 0.10 M phosphate buffered saline 

(PBS) in the dark and under illumination, and the corresponding results are shown in Fig. S2. 

Compared with BiVO4 in the dark, the BiVO4 electrode under illumination exhibits dramatically 

decreased resistance even without any applied bias (potential = 0 V). This indicates that the 

electrode possesses higher electron-hole separation efficiency and suffers from a lower charge 

recombination rate under light irradiation [47]. 

3.3 Photoelectrochemical oxidation of glucose  

Firstly, the cyclic voltammetry curves (CVs) of BiVO4 electrode for the photoelectrochemical 

oxidation of glucose were measured in 0.1 M NaNO3 solution under light illumination. As shown 

in Fig. 5a, a significant oxidation peak is observed at about +0.15 V (vs. Ag/AgCl) when the 

glucose is added to the electrolyte, and the anodic peak current increases with increased glucose 

concentration, which suggests that the BiVO4 electrode exhibits a good response to glucose at 

+0.15 V under visible light irradiation. Furthermore, the CVs of BiVO4 electrode with different 

concentrations of glucose in the dark are almost negligible compared with that of under light 

illumination (Fig. S3). Therefore, we set the bias potential at +0.15 V (vs. Ag/AgCl) for all 

subsequent experiments. The effect of the potential scan rate on electron transfer between glucose 

and the surface of the BiVO4 electrode was also investigated in 0.1 M NaNO3 with 2 mM glucose. 



As shown in Fig. S4, the anodic peak current linearly increases with increasing scan rate, 

indicating that the oxidation of glucose on the BiVO4 electrode is a surface controlled 

photoelectrochemical process.  

Fig. 5b presents a typical photocurrent response of BiVO4 electrode with and without glucose 

at an applied potential of 0.15 V (vs. Ag/AgCl) under visible light illumination. It can be observed 

that the photocurrent decreases rapidly and then settles on a steady value. For the blank sample 

without glucose, the steady photocurrent (Iblank) results from the oxidation of water. Meanwhile, 

the total photocurrent in the steady state (Itotal) in the presence of glucose can be divided into two 

parts: one arises from the oxidation of water (Iblank) and the other is due to the oxidation of glucose 

(Inet) [48]. Therefore, the Inet can be calculated by subtracting Iblank from Itotal (see Eq. (2)). 

Inet = Itotal - Iblank                                          (2) 

Based on the above discussion, the initial photocurrent is caused by the oxidation of 

pre-adsorbed glucose molecules. As the dark processing time increases, the total amount of 

transferred electrons (Qnet) resulting from the degradation of glucose molecules adsorbed on the 

BiVO4 electrode increases and reaches a maximum at a certain time, as shown in Fig. 6a. The 

in-situ adsorption measurement of glucose illustrated in Fig. 6b also indicates that the adsorption 

process reaches a maximum for all concentrations from 100 μM to 2 mM after 2 min. As known, 

the adsorption behavior of organic compounds on the surfaces of metal oxides commonly follows 

the Langmuir adsorption model [49, 50]. Assuming monolayer adsorption, the Langmuir isotherm 

equation can be written as:  

                         

net max max

1 1C
C

Q Q KQ
= +                            (3) 

Where C is the equilibrium bulk concentration of adsorbate, Qnet is the net charge resulting from 

the oxidation of adsorbate, Qmax represents the maximum net charge for 100% surface coverage, 

and K denotes the adsorption equilibrium constant. The experimental data obtained in Fig. 6b was 

used to fit with the Langmuir model by plotting C/Qnet against C. A straight line was then obtained 

as shown in Fig. 6c. This result indicates that the adsorption of glucose on the surface of BiVO4 

agrees well with the classical Langmuir adsorption model, where the glucose molecules form a 

monolayer covering the surface of the BiVO4 electrode.  



3.4 Detection of glucose  

Previous research demonstrates that the thickness of the BiVO4 film has a great 

influence on the initial photocurrent and sensitivity of the electrode [51]. Therefore, the 

thickness of BiVO4 film was optimized by investigating samples with different deposition 

times. As shown in Fig. S5, with increasing deposition time, the thickness of the film 

linearly increases, and the initial photocurrent yields an optimum response at around 390 s. 

The reason is that the response current density is primarily dominated by light absorbance 

when the deposition time is less than 390 s. Deposition times over 390 s will generate thick 

films that are not favorable for the transfer of charge carriers. Thus, 390 s was used in the 

deposition of BiVO4 in further experiments.   

The effect of light intensity on the photocurrent response of BiVO4 electrode was also 

investigated by linear sweep voltammetry (LSV). In this study, the light intensity was adjusted 

by changing the distance between the electrolytic cell and the lamp. As demonstrated in Fig. 

S6a, with increasing light intensity, the photocurrent increases, although the shape of the anode 

LSV curves is not change. The influence of light intensity on the photocurrent under a constant 

potential was also investigated (Fig. S6b). Clearly, the current density measured at 0.6 V vs. 

Ag/AgCl increases as the light intensity increases from 0 to 100 mW/cm2, and it displays a 

nearly linear correlation with light intensity. 

Under the optimized experimental conditions, a time-dependent PEC photocurrent (i–t) 

measurement of the BiVO4 electrode upon successive addition of glucose to 0.1 M NaNO3 was 

carried out at an applied potential of 0.15 V. As shown in Fig. 7a, the photocurrent of the BiVO4 

electrode increases upon each addition of glucose, and rapidly reaches a new steady-state, 

suggesting that the as-prepared electrode exhibits an excellent response to the changing glucose 

concentration with a rapid oxidation process. Meanwhile, the calibration curve for BiVO4 based 

PEC glucose sensor is worked out, as presented in Fig. 7b. The proposed glucose sensor displays 

an excellent linear range from 0 to 5 mM with a correlation coefficient (R) of 0.997 (inset in Fig. 

7b), and the detection limit is 0.13 μM (signal to noise, S/N = 3), which allow BiVO4 to serve 

as a visible-light photoelectrochemical material with high sensitivity for the sensing of glucose. 

Additionally, the error bars, which represent standard deviations for five separate 



measurements at each glucose concentration, indicate good repeatability of the BiVO4 

electrode in detecting glucose.  

3.5 Selectivity, reproducibility, and stability  

It is well known that ascorbic acid (AA), dopamine (DA) and uric acid (UA) are common 

interfering species for glucose detection [52-54]. Thus, in order to better evaluate the selectivity of 

the BiVO4 sensor, interference tests were conducted in 2 mM glucose solution containing 10 mM 

AA, DA, or UA, which are 5 times more concentrated than glucose. As shown in Fig. 8a, none of 

these interfering substances cause any observable change in the photocurrent for the proposed 

PEC sensor. According to the Ref. [55], the content of glucose in human serum is about 30 times 

that of AA or DA at normal physiological levels. Therefore, the sensor based on BiVO4 has good 

selectivity toward glucose. 

The reproducibility of the PEC sensor was investigated by measuring the current responses of 

ten independently prepared BiVO4 electrodes toward 2 mM of glucose solution. As shown in Fig. 

8b, the relative standard deviation (RSD) is 2.21%, suggesting excellent reproducibility. The 

BiVO4 electrodes were also used to test for 2 mM glucose five times, and the RSD was lower than 

2.0%, indicating a good repeatability. To verify the stability of the proposed glucose sensor, 

time-dependent photocurrent (i–t) measurements were conducted at several representative glucose 

concentrations from 0 to 4 mM at 1.5 V vs. Ag/AgCl (Fig. 8c). It was found that the current 

response to each glucose concentration is highly stable and well-consistent with the repeated light 

on–off cycles. The sensor was stored at room temperature, and its long-term stability was 

evaluated by testing the current response of the BiVO4 film electrode to 2 mM glucose over 30 

days. According to the results in Fig. 8d, the electrode maintained about 91% of the initial 

detection signals even after 30 days, which implies the good stability of the PEC sensor. 

3.6 Human serum sample measurements 

To investigate the practicability of the PEC glucose sensor, the BiVO4 modified electrode 

was utilized for glucose detection in real blood serum samples. The human serum samples were 

diluted by 100 fold with 0.1 M NaNO3 solution before measurements and the results are shown 

in Table 1. It should be noted that the determined glucose concentrations are all similar to the 

values measured by the hospital. Also, the RSD of the PEC glucose sensor is below 7% even at 



low concentrations, suggesting that the electrode can be practically employed to detect glucose 

in real serum samples. 

 

Table 1 Detection of glucose in human serum samples. 

Sample 

Concentration 

measured by 

hospital (mM) 

Concentration 

measured by the 

PEC sensor (mM) 

Recovery 

(%) 

RSD (%)  

(n = 5) 

1 4.8 4.94 102.9 5.5 

2 5.1 4.99 97.8 6.9 

3 5.6 5.46 97.5 4.1 

4. Conclusion 

In conclusion, a non-enzymatic PEC glucose sensor based on BiVO4 electrode was 

successfully fabricated. The adsorption of glucose on the surface of BiVO4 agrees well with the 

classical Langmuir adsorption model. The sensor based on BiVO4 electrode can realize the 

PEC oxidation of glucose under visible-light irradiation with an outstanding photocurrent 

response. In the range of 0-5 mM, a good linear relationship between glucose concentration and 

current value has been established. Furthermore, the sensor exhibited a high selectivity 

against several tested common interfering substances in glucose detection. Additionally, 

the proposed sensor detected glucose in human serum samples. This work not only has 

developed a photoelectrochemical glucose sensor based on BiVO4 electrode under visible light, 

but also has demonstrated the bright prospects for the PEC sensor in organic matter detection. 
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Figure captions 

Scheme 1 Synthesis process of BiVO4 sensor for glucose detection. 

Fig. 1 XRD patterns of the BiOI and BiVO4 (*, FTO). 

Fig. 2 Top view SEM images of (a) BiOI and (b) BiVO4; side view SEM images of (c) BiOI and (d) BiVO4.  

Fig. 3 The UV-Vis spectrum of BiVO4 decorated FTO electrode. The insets show the color and the band-gap value 

of the film, respectively. 

Fig. 4 (a) Photocurrent density-potential curves of BiVO4 electrode in 0.5 M phosphate buffer in the dark and 

under air mass (AM) 1.5G illumination. The inset shows the photocurrent density-time curve of BiVO4 electrode 

(0.6 vs. RHE) (b) Mott-Schottky plot for BiVO4 electrode. The inset shows a schematic diagram of the band-gap 

structure and the redox potential of BiVO4 electrode, with D representing an organic molecule. 

Fig. 5 (a) Continuous cyclic voltammograms (CVs) of BiOV4 electrode in the presence of different concentrations 

of glucose, collected with a scanning rate of 100 mV/s in 0.1 M NaNO3 solution under illumination. (b) Typical 

photocurrent responses of BiOV4 electrode in 0.1 M NaNO3 in the presence (red line) and absence (black line) of 

glucose. Dark current is shown as a dashed line 

Fig. 6 (a) Typical in situ transient photocurrent–time profile for various pre-adsorption times (i.e., dark times) in 

0.1 M NaNO3 solution containing 3 mM glucose. (b) The relationship between glucose concentration and Qnet 

obtained from the in-situ adsorption measurements within a short time scale. (c) The fitting of the isotherm to the 

Langmuir adsorption model. 

Fig. 7 (a) Photocurrent responses of the BiVO4 photoelectrodes in 0.1 M NaNO3 at +0.15 V (vs. Ag/AgCl) upon 

the successive addition of 20 μL glucose (0.3 M). (b) Summary of the sensing signal versus glucose concentration. 

Inset: magnified curve for the low concentration range. 

Fig. 8 (a) Effect of interference (AA, DA, and UA) on the response currents. Experiments were performed in 0.1 

M NaNO3 containing 2 mM glucose in the absence and presence of 10 mM AA, DA or UA with light illumination. 

(b) Photocurrent response of 10 electrodes to 2 mM glucose in 0.1 M NaNO3. (c) Time-dependent photocurrent of 

BiVO4 electrode at 0.15 V vs. Ag/AgCl over repeated on–off cycles of simulated sunlight illumination. The 

glucose concentrations are 0–4 mM. (d) Stability test of BiVO4 electrode over a month. 
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Fig. 5 
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Fig. 8 
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Table 1 Detection of glucose in human serum samples. 

Sample 

Concentration 

measured by 

hospital (mM) 

Concentration 

measured by the 

PEC sensor (mM) 

Recovery 

(%) 

RSD (%)  

(n = 5) 

1 4.8 4.94 102.9 5.5 

2 5.1 4.99 97.8 6.9 

3 5.6 5.46 97.5 4.1 
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