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SUMMARY: 
The primary objective of this article is to help researchers and scientists understand the process of glucose sensing using electrochemistry and to optimize parameters to maximize the glucose sensing response. The process of fabricating a glucose sensor is described in detail with guidelines for obtaining its best chronoamperometric response.

ABSTRACT: 
Non-enzymatic glucose sensors employing nanostructured metal oxide materials are amongst the most extensively researched topics currently. Several transition metal oxides (TMOs), such as iron oxides (α-Fe2O3, γ-Fe2O3, Fe3O4, etc.), nickel oxide (NiO), copper oxide (CuO), Chromium trioxide (CrO3), etc., have been utilized as enzyme-mimicking catalysts for glucose oxidation. Along with the use of different TMO materials, considerable efforts have been put into studying the impact of different morphologies of these materials. The literature shows that the flower and wire-shaped catalysts perform better due to their large surface area.

This study presents the non-enzymatic glucose sensing properties of NiO nanoflower decorated glassy carbon electrodes (NiO NF@GCE). The central objective of this work is to shed light on the processes involved in the fabrication and characterization of glucose-sensing NiO nanoflowers on GCE. The amperometric detection of glucose shows a linear increase in current over physiologically relevant glucose concentrations ranging between 0 mM and 15 mM. The electrodes offer an excellent sensitivity of 281.69 µA mM-1·cm-2 and a limit of detection of 10 µM. The results show that the linear range of detection increases while the sensitivity decreases with an increase in the loading mass of the nanomaterial after a certain loading concentration. In addition, the electrodes showed high selectivity towards glucose in the presence of other interfering species, such as ascorbic acid, fructose, sucrose, and NaCl. The impact of loading concentration on the selectivity of NiO NF-modified electrodes shows a decrease in selectivity with the increase in loading of the nanomaterial after a certain optimal loading mass. 

INTRODUCTION:
Medical technologies have seen rapid advancement in the last two decades. Biosensing devices enabling real-time disease monitoring represent a major advancement, pioneered by the development of glucose sensors. Since the invention of Clark's glucose electrodes², glucose sensors have advanced significantly. They are still the most common in biosensing and hold a magnanimous 80% share of the whole biosensor market3. However, most of the commercial glucose sensors use an enzymatic mode of detection. The enzymatic sensors have high performance dependence on temperature, pH of the analytical solution, storage time and temperature4. Due to these drawbacks, non-enzymatic glucose sensors are the new trend in glucose sensing.

The current generation of glucose sensors5 uses metal and metal oxide nanoparticles for glucose sensing. These metal oxides are highly stable in ambient conditions and hence are an ideal choice over the enzymes. For a material to be used as a transducer for glucose, it must possess four important characteristics. The first characteristic is the high electrocatalytic activity⁶, making TMOs the ideal choice for this purpose. The availability of multiple stable oxidation states that can be used to oxidize glucose during the electrochemical transition process makes them a suitable candidate. The second one is a high surface area to provide maximum sites for glucose oxidation. Nano-structurization of these metal oxides and manipulation of morphologies give them an edge over their own bulk counterparts. The third one is high electrical conductivity for efficient changes in the electron transfer due to glucose oxidation. Finally, the fourth one is the good redox capability for effective reversibility and antifouling of the electrode. A completely reversible transition in the case of metal oxides is hard to find. However, quasi-reversible processes can be a good alternative. NiO NFs are one of the best options for non-enzymatic glucose sensing as they qualify stupendously in all four criteria. NiO outperforms other TMOs in terms of sensitivity, with only CuO showing comparable performance. Other TMOs, despite possessing multiple oxidative states, have not demonstrated such performance. The highest reported glucose sensitivity in literature7 is on a Ni-based electrode with Ni-doped Co3O4. Apart from all the above-mentioned advantages, the NiO nanoparticles are easy to synthesize, cost-effective, scalable, and offer high stability in alkaline medium8. Considering its alkaline stability, NaOH is the electrolyte of choice for NiO-based non-enzymatic glucose sensing experiments.

The article, therefore, aims to utilize NiO NF as a glucose-sensing material. The base electrode chosen is a glassy carbon electrode (GCE), which is one of the most standard electrodes. However, it is similarly applicable to other substrates, such as metal foam electrodes (Ni and Cu Foam), Indium Tin Oxide (ITO) coated Glass, Fluorine Tin Oxide (FTO) coated Glass, Metal electrodes (Au, Ag, Cu, etc.), and screen-printed electrodes. The GCE can be replaced by other mentioned electrodes, and the processes can be translated equivalently onto them. More importantly, this can also be translated to other analytes such as ascorbic acid, uric acid, etc. A step-by-step guide is provided for experiments related to the chronoamperometric detection of glucose with a focus on the optimization of parameters that maximize the sensor's sensing performance metrics. 

PROTOCOL: 
1. NiO nanostructured flower synthesis

1.1. First, prepare a 6 mM solution of NiCl2·2H2O in 10 mL of ethanol.

1.2. In a separate beaker, prepare 10 mL of 3% Polyvinylpyrrolidone (PVP) solution in deionized (DI) water. Ultrasonicate the solution for 5 min at 40 KHz (50 W) and mechanically stir it for an additional 5 min. Repeat the cycle twice to completely dissolve the solid PVP. 

NOTE: If PVP remains, perform another cycle of sonication and stirring. 

1.3. Once the PVP is completely dissolved, add the 10 mL of PVP solution dropwise using a pipette into 10 mL of the Ni precursor solution under vigorous stirring. Continue to stir the mixture for 30 min after PVP addition.

NOTE: The addition of PVP is a critical step for achieving the desired morphology. 

1.4. Add 18 mM solution of urea (in a 1:1 mixture of DI: ethanol in 10 mL) dropwise to the prepared mixture, bringing the total volume of the solution to 30 mL.

1.5. Stir the solution for 10 min, transfer it into a polytetrafluoroethylene vessel, and seal it inside a stainless steel autoclave. 

1.6. Once properly sealed, keep the autoclave in an electric oven at 160 °C for 6–8 h. After autoclaving, allow it to cool naturally to room temperature. 

1.7. Centrifuge the resultant product at 26.88 x g and collect the precipitate for further use. The collected, green-colored precipitate Ni(OH)2 is gelatinous in nature, and the supernatant consists of the clear solvent. Decant the solvent and wash the precipitate using ethanol or DI at least 2–3 times. Dry the washed precipitate at 70 °C for 10 h in an electric oven. 

1.8. Put the dried powder in a box furnace at 450 °C for 4 h to anneal and obtain pure phase NiO NF, which is grey in color. 

2. Electrode fabrication

2.1. Polish GCE with 0.05 µm alumina nanoparticle slurry on a clean electrode polishing pad by repeated motions in the shape of the numeral 8. Rinse immediately using DI water and ultrasonicate using a bath sonicator in IPA and DI for 2 min each at 40 KHz (50 W). 

NOTE: GCE polishing is a simple procedure where the surface of Graphite is cleaned by mechanically rubbing it against fine powder slurry on a cleaning pad. The most common particle size for common cleaning is 0.05 µm.

2.2. Add a known mass (3–15 mg) of NiO NF powder to 3 mL of DI to prepare a nanoparticle suspension such that the concentration of nanoparticles ranges from 1–5 mg/mL.

2.3. Put the mixture in a bath ultrasonicator for 10–20 min to obtain a uniform dispersion. Ensure that there are no precipitates or settled particles after sonication.

NOTE: Avoid excessive sonication if stable suspensions are achieved with shorter ultrasonication times.

2.4. Cast 10 µL of the aliquot by dropping it on the cleaned surface of the GCE electrodes. Then, depending upon the concentration of the loading solution, name the electrodes NiO NF 1, NiO NF 2, NiO NF 3, NiO NF 4, NiO NF 5, respectively. 

NOTE: For consistent results, carefully put the drop exactly on the surface of the glassy carbon and not on the polymer electrode body. If the 10 µL drop seems excessive, use a smaller volume of the suspension to just cover the GCE surface.

2.5. Allow the electrodes to dry at room temperature overnight (10–12 h).
 
2.6. Finally, use a diluted binder solution (0.5 wt% in ethanol) for compact binding of the nanoparticles onto the surface of the electrode. For this, carefully drop cast 6 µL of the solution on the modified electrodes and allow them to dry in air at room temperature for 30 min.

2.7. Keep the electrodes in a desiccator until further use. 

NOTE: Avoid long exposure to ambient conditions, as it might change the responses of the electrode due to changes in nafion.

3. Electrochemical detection process

3.1. For the electroanalytical solution, take 20 mL of 0.1 M NaOH solution in the electrochemical cell.

3.2. Use a three-electrode setup to analyse the glucose concentration. The Ag/AgCl (3 M KCl) and Pt wire are the reference and counter electrode, respectively.

3.3. Activate the NiO NF@GCE electrode by stabilizing it with 15 cycles of cyclic voltammetry (CV). The potential window of the CV is 0–0.8 V in a fast scan rate of 200 mV/s. The Ni+3/Ni+2 reduction peak potential is usually around 0.4–0.6 V.

3.4. After stabilization, run chronoamperometry for real-time detection of glucose using the NiO NF@GCE electrode. 

3.4.1. Firstly, establish the baseline by running chronoamperometry at the Ni reduction potential or glucose oxidation potential (as obtained from CV) for 100 s. 

NOTE: The stability time can be chosen to be anything different, keeping in mind that the current becomes constant for at least 10 s till the chosen time for establishing baseline current. 

3.4.2. Once the base current is established, pause the chronoamperometric experiment using the Pause button in the software.

3.5. For the analysis, prepare a 2 M stock solution of glucose. 

3.6. Lift the electrode stand and add 10 µL of the glucose stock solution to the electroanalytical solution, making the glucose concentration of the complete electroanalytical solution 1 mM with negligible change in the total volume. Stir the solution for 30 s to achieve homogeneity. 

3.7. Then, put the electrodes back into their previous state and resume the chronoamperometric measurement after 5 s by pressing the Resume button available in the software.

3.8. Choose a 30 s analysis window for the chronoamperometric detection of various concentrations of glucose. 

3.9. Repeat the process from step 3.6 to 3.8  to stepwise increase the glucose concentration up to 15 mM and record the chronoamperometric response.

4. Optimization of electrochemical process parameters

NOTE: The electrochemical detection process has several parameters, such as potential window determination, determination of the best potential of chronoamperometric detection, time for concentration determination, loading concentration of material, etc. Although there is no fixed method or workflow order for optimizing these parameters, the following steps can help optimize them the best.

4.1. In a typical initial experiment, start with a low loading concentration of nanomaterial (~1 mg/mL). 

NOTE: In order to optimize the process parameters, two important sensor characteristics are kept in mind. First, the sensitivity or responsivity towards the analyte (in this case, glucose). The primary objective is to maximize the sensitivity or responsivity (change in current response per unit glucose added). Second, but of the same importance, is the linear range of detection. A dynamically wide range of linear behaviour is essential for glucose detection. 

4.2. Optimize the potential window in which the Faradaic reaction occurs. 

4.3. Initially, run a broad scan of -1 V  to +1 V using cyclic voltammetry. 

4.4. Now, identify a small potential range where the Faradaic reaction is taking place using the reduction and oxidation peaks of the electrochemical process. For instance, a 0.1–0.8 V window is good enough for NiO NF@GCE based electrodes in 0.1 M NaOH. 

4.5. Collect the cyclic voltammograms for the electrochemical process in that potential window.

4.6. Add a small amount of glucose (typically 1 mM) to the solution to make redox peaks appear in the cyclic voltammogram (CV) and to resolve multiple peaks by enhancing the peak corresponding to glucose oxidation. 

4.7. Identify the anodic peak potential, which varies with glucose concentration, as the electrochemical potential where glucose is oxidized. Measure chronoamperometric responses slightly above this potential.

4.8. Once the potential window and the potential of glucose oxidation are identified, find out the optimal loading concentration by changing the concentration of the nanomaterial suspension drop-cast onto the electrode. In the present case, 4 mg/mL is the optimal loading concentration. 

NOTE: Generally, for most NiO-based electrodes described in the literature, the sensitivity increases with an increase in loading suspension concentration up to 3 mg/mL and decreases after that. Usually, the 3 mg/mL suspension shows the highest sensitivity and largest linear range. Thus, the one that consistently shows larger changes in current with each increment in glucose is the best. 

4.9. Fine-tune other parameters, such as the analysis window and analytical potential, by maximizing sensitivity, linear range, and consistency of the obtained results.

4.9.1. Use a 30 s analysis window to obtain repeatable results even without adding glucose. 

4.9.2. Observe visual clues in the chronoamperometric curve, ensuring current stabilizes after 30 s. 
 
NOTE: For tuning parameters, it is essential to focus on improving the consistency of the measurement since maximization has been previously achieved. Look for visual clues in the chronoamperometric curve. The current spike returns to almost the same value when glucose is not added. Additionally, the change of current (ΔI) in the case of simultaneous addition at each increment also remains fairly constant. Avoid longer analysis durations and maintain a balance between consistency and sensitivity.

4.10. Once all the parameters are optimized, characterize at least ten electrodes at the optimized experimental conditions to plot the calibration curve by linear fitting of the data extracted at different concentrations after 30 s for all ten electrodes. 

NOTE: A smaller set of 5 electrodes has been chosen in this study. 

REPRESENTATIVE RESULTS: 
The characterization of NiO nanoflowers was done to affirm their structural and morphological properties. The structural properties were investigated using X-ray diffraction (XRD) and Raman spectroscopic methods. The morphology on the other hand was confirmed using Scanning Electron Microscopy.

The XRD pattern of the NiO nanoflowers is shown in Figure 1A for 20–80° range. The step size was set at 0.02626°/step, and the scan rate for the experiment was 12°/min. The XRD analysis showed well-defined peaks at 37.2°, 43.2°, 62.8°, 75.3°and 79.3° corresponding to the (111), (200), (220), (311) and (222) diffraction planes, respectively. These peaks match well with literature9, confirming phase pure NiO formation with negligible presence of Ni(OH)2 and Ni2O3 phases. The same structure was affirmed using Raman spectroscopy, where the four characteristic peaks corresponding to the NiO phase were obtained. The Raman spectra were recorded in a range of 400-1600 cm-1 with a 532 nm green laser. The laser intensity was 1 mW, and the acquisition time was 10 s. The Raman spectrum of the NiO NF is shown in Figure 1B. The four characteristic peaks were LO1 (512 cm-1), TO2 (692 cm-1), LO2 (1073 cm-1), and 2M (1460 cm-1). These peaks match closely with literature9, reaffirming the structural information obtained using XRD. The flower-shaped morphology was affirmed by Field Emission scanning electron microscopy (FESEM), which was done at 10.0 kV in the secondary electron mode. A low magnification image shows uniform flower-shaped particles formed throughout, as evident from  Figure 1C. A higher magnification image of the same sample is shown in Figure 1D, clearly showing the marigold flower-type spherical particles. The average diameter of these particles in Figure 1D is 0.91 µm ± 0.15 µm as determined by the ImageJ software. The particle size distribution analysis, as per the ImageJ software, is shown in Supplementary Figure 1.

[Place Figure 1 here]

The electrochemical results obtained using NiO NF decorated GCE are discussed as per the experiments described in the protocol section. To begin with, the electrodes are tested using cyclic voltammetry. The reduction and oxidation peaks of Ni+3/Ni+2 are not present in the first CV. However, with fifteen cycles, the definite peaks are clearly visible. As discussed above, the first parameter to optimize is the loading concentration. The cyclic voltammograms show an increase in peak currents with increasing loading concentration, which saturates at 4 mg/mL (NiO NF4), indicating complete surface coverage with the NiO nanoflowers.

The comparative plot of the 15th cycle of the CVs is shown in Figure 2A.  The CV shows that the reduction and oxidation peaks lie at approximately 0.5 V and 0.3 V, respectively. Since both peaks are visible and the peak separation is greater than 59 mV, this indicates the quasi-reversible nature of the electrochemical reaction. The increase in peak separation with increased loading shows a reduction in the electron transfer process, making it shift more towards irreversibility. However, this is well compensated for by the increment in electroactive surface area due to the high surface area of the NiO nanoflowers, thereby showing an increase in the peak current responses. After recording CVs, the glucose detection response was obtained using chronoamperometry. The comparative plot of the chronoamperometric responses with respect to glucose at different loading concentrations is shown in Figure 2B. For each loading concentration, five electrodes were prepared. The chronoamperometric response of the electrode that is closest to the mean responses of the particular loading is shown in Figure 2B.  It is clearly evident that NiO NF 4 electrodes outperform others in terms of sensitivity. This is evident through current responses shown in Figure 2C. The NiO NF4 electrode shows a much higher value of slope as compared to the others. The data supporting the above statement is given in Supplementary Table 1. This table shows that the average response of the NiO NF4 electrodes is higher than the average response of either of NiO NF3@GCE and NiO NF5@GCE electrodes. Thus, it was chosen to be used for further experiments. 

[Place Figure 2 here]

To study the glucose-sensing response and its mechanism, CVs were recorded without (control) and with 2 mM glucose at a 100 mV/s scan rate. The corresponding voltammograms are shown in Figure 2D. The Ni+3/ Ni+2 reduction peak is enhanced with the addition of 2 mM Glucose. It is observed that in control conditions, the anodic and cathodic peak current ratio is close to unity, asserting a quasi-reversible process as described above, but this is not the case with the addition of glucose. This indicates the adsorptive behaviour of glucose onto the surface of NiO NF decorated GCE electrodes. To study the mechanism in detail, scan rate-dependent CVs were recorded. As expected, the peak currents rise with increasing scan rate. The scan rate-dependent CVs in the presence of 2 mM glucose in 0.1 M NaOH are shown in Figure 3A. The anodic and cathodic peak currents were plotted against the square root of the scan rate, as shown in Figure 3B. The plot shows a linear increment of the peak currents for both anodic and cathodic processes with excellent R2 values of 0.9989 and 0.9979, respectively. The linear nature of this plot indicates a diffusion-controlled process, which is governed by Randle's Sevcik Equation. This makes it an excellent candidate for quantitative estimation of glucose. 

Finally, the NiO NF4@GCEs were analyzed for glucose response using chronoamperometry to obtain the calibration values. A sample response of the NiO NF4@GCE is shown in Figure 3C. A small sample set of five electrodes was chosen for calibration and calculation of other sensor parameters. Therefore, a slightly large variation in responses can be seen for a few glucose concentrations around 10 mM. 

[Place Figure 3 here]

The regression plot for calibration is shown in Figure 3D. The slope of the linear fit shows the responsivity ~20 µA/mM for NiO NF4 @GCE. The R2 coefficient for the linear fitting of the calibration curve is 0.9998. This corresponds to the excellent linear nature of the glucose sensing in a wide range of 1–15 mM.  The sensitivity is obtained by dividing the responsivity by the electrode's area. Hence, for the NiO NF4@GCE, it was found to be 281.69 µA/mM cm2.  The limit of detection is calculated using the standard formula:

LoD= [T  (σ)]/ R

Where, T = Student's T  distribution function, σ =  SD of the blank, and R = slope of the calibration curve. The articles by Hans-Peter Loock and Peter D. Wentzell10, Alvaro Lavin et. al.11 provide extensive and interesting details for the calculation of detection limits. These studies are noteworthy in providing a realistic and comprehensive understanding of the mathematics/statistics involved in LoD calculation. However, the enhanced methods described in these articles have not been used. Since only five samples were used for calibration, a value of 3.3 was chosen for the Student's T distribution function rather than the standard value of 3 for 99 percent accuracy. The LoD was calculated to be ~10 µM. 

The Limit of Quantification (LoQ) is perhaps a more realistic parameter for analyzing the biosensor's performance. It is the lowest analyte concentration that can be measured with acceptable accuracy. 

Generally,     LoQ = 3  LoD

Thus, the LoQ for the NiO NF4@GCE was found to be 30 µM, which is fairly good and important for detecting glucose at even smaller concentrations.

The selectivity of the fabricated glucose sensor was tested in the presence of common serum interference agents such as Ascorbic Acid, Sucrose, Fructose, and NaCl. The amperometric curve shown in Figure 4A shows the excellent selectivity of the sensor in the presence of 0.1 mM of these interfering analytes. These chemicals can be oxidized in the presence of metal oxide nanoparticles. 

However, the results show better selectivity in the case of NiO NF4 as compared to NiO NF5. The NiO NF5 shows higher current in the chronoamperometric plot for other interfering agents despite having similar responses against glucose. This shows that selectivity is deteriorating after 4 mg/mL loading concentration. A much clearer interpretation can be drawn from the histogram shown in Figure 4B. The relative change in current corresponding to that of glucose is plotted. The NiO NF5 shows a poorer response compared to NiO NF4 in terms of selectivity. It is important to note that the last spike in both the selectivity curves corresponds to blank experiments. After the initial spike, the current returns to its former value in 30 s as discussed in previous sections. The chronoamperometric responses after different cycles of glucose detection, showing the repeatability of the electrode and comparative changes in current for different cycles at different concentrations, are shown in Figure 4C,D.

[Place Figure 4 here]

FIGURE AND TABLE LEGENDS: 
Figure 1: XRD spectra, Raman spectrum, and FESEM images of the NiO nanoflower sample. (A) XRD Spectrum of NiO nanoflower sample, (B) Raman Spectra of NiO nanoflower sample, (C) Low magnification FESEM micrograph for NiO nanoflowers, (D) High magnification FESEM micrograph of NiO nanoflowers.

Figure 2: Cyclic voltametric and chronoamperometric responses for optimization of glucose sensing. (A) Cyclic voltammograms of 15th cycle for different nanomaterial loading concentrations (1-5 mg/mL), (B) Chronoamperometric responses with glucose for different nanomaterial loading concentrations (1–5 mg/mL), (C) Current responses with respect to Glucose concentration for chronoamperometric responses in (B), (D) Cyclic Voltammogram showing response of bare, Nafion+NiO (4 mg/mL) coated electrodes with (2 mM Glucose) and without glucose in 0.1 M NaOH.

Figure 3: Cyclic voltametric and chronoamperometric responses for glucose sensor NiO NF4@GCE. (A) Cyclic Voltammograms of NiO NF4@ GCE in 0.1 M NaOH and 2 mM Glucose at different scan rates, (B) Plot of Peak currents vs square root of scan rate for the CVs in (A), (C) Chronoamperometric response for varying glucose concentrations at 4 mg/mL nanomaterial loading, (D) Calibration plot for glucose measurement with respect to 4 mg/mL nanomaterial loading.

Figure 4: Selectivity and Repeatability responses of glucose sensor. (A) Chronoamperometric response for selectivity of the NiO NF@GCE glucose sensor for 4 and 5 mg/mL nanomaterial loading concentrations, (B) Relative response for various interfering agents with respect to glucose presented in (A). (C) The chronoamperometric responses after different cycles of glucose detection showing repeatability of the electrode. (D) Bar graph plot showing comparative changes in current for different cycles at different concentrations.

Supplementary Figure 1: The particle size distribution bar graph and the peak fitting.

Supplementary Table 1: Current responses of NiO NF3, NiO NF4, and NiO NF5 @ GCE electrodes and their average responses at different glucose concentrations.

DISCUSSION:
The amperometric detection of bioanalytes is a common method used for glucose sensing. This process can be exactly transposed with other metal oxides such as ZnO, CuO, Fe2O3, CrO3, MnO2, etc. The process remains the same even for different analytes such as ascorbic acid, uric acid, etc. However, the process parameters and optimization vary from system to system. The procedure is highly dependent upon two parameters mentioned below.  

The optimum nanomaterial loading is one of the foremost criteria for recording the best response. The three quantifiable properties of the loading parameter are amount, uniform surface coverage, and proper adhesion. As previously stated in the methods section. First, it is important to identify the best loading concentration for the particular transducing nanomaterial. A detailed description of it is provided in both the methods and the representative results section. To concisely summarize, each time a dispersion is cast, a layer of uniform thickness of the nanomaterial is deposited onto the electrode. Initially, since the mass of the nanomaterial is very small, the surface of the GCE is not completely covered with the NiO nanoflower particles. Once complete surface coverage is achieved, only the thickness of the film/layer increases. A thicker film hinders the transfer of electrons from the NiO particles at the surface, reacting with the glucose molecules in the solution to the GCE. Thus, the current response starts decreasing. At the NiO NF 4 loading condition, the film formed performs best and therefore is used for further experiments, ensuring optimal performance. Thus, for an optimization, it is required that five electrodes of each loading be prepared. The average increase in current response per unit glucose concentration change is recorded. The one showing maximum consistent changes is chosen for further experiments.

Second, uniform coverage of the nanomaterial is sometimes an issue with the adopted dropcasting method. The coffee ring effect is one of the significant hindrances associated with this method. However, these can be countered by altering drying temperature and solvent proportions. In case the nanomaterial is magnetic, for instance, in the case of Fe2O3. It is important to prevent coagulation due to magnetic forces so that uniform surface coverage is achieved. For such a case, the dispersion can be prepared in more volatile solvents such as ethanol or dimethyl formamide (DMF). This makes the drying of dispersion much faster, countering the magnetic effects to a fair extent. Additionally, the coating volume is minimized so that the solvent drying is quicker. The loading is compensated for by increasing the concentration of the dispersion. It is important to note that the objective is not to do the process quicker, but to minimize the non-uniformity during nanomaterial coating. Excessive reduction in deposition time will lead to improper adhesion of the nanomaterial over the active surface of the sensor. The adhesion is the final metric that critically impacts the performance. In most cases of dropcasting, a binder is essentially employed for the proper adhesion of the metal oxide nanomaterial. In this case, as well, we have used perfluorinated resin, a common binder in most glucose sensors, as there is no binding force between the electrode and NiO. This is even true for enzymatic glucose sensors as well. With the recent ban on this resin production across the globe, it is getting increasingly difficult to find distributors for it. Several other polymers, such as Polyvinylidene fluoride12 (PVDF), Polyaniline13 (PANI), Polyvinyl Alcohol14 (PVA), Chitosan15, etc. are amongst the top substitutes for it. Although they can be used as substitutes, none of them can outperform resin in terms of sensitivity. Excellent electrical conductivity and selective permeability of glucose give it an advantage over others. However, in the near future, it will be a forceful change to switch to Chitosan (due to excellent biocompatibility and biodegradation) or Polyaniline (due to better electrical conductivity). Although it seems simple, the use of an optimum quantity of binder is tricky since it is an important factor in achieving the best sensitivity. The excess use of it might result in the blocking of the active sites of the electrocatalyst deposited. This can be seen with little or no changes in the CV of the fabricated device with and without glucose. On the other hand, less use of binder might result in leaching of the nanomaterial into the electroanalytical solution during the sensing experiment. It is advisable to use the least amount of binding polymer so that the nanomaterial does not etch out during the experiment. For PVDF and PANI, a concentration of 0.1–0.5 wt% of the dispersion is an ideal amount. For polymers such as PVP and  PVA, a small amount of 1–3 wt% solution is used in the suspension or dispersion. 

Another factor influencing device response is the electroanalytical conditions in which the sensing is done. There are three influencing parameters associated with electroanalytical conditions where people usually make mistakes. These are the choice of electrolyte, the choice of analytical potential, and the choice of analysis time. The latter two have been discussed previously in the methods section. The former, however, is the factor that is often neglected by many researchers. The electrolyte is selected based on the activity of the transducer material chosen. In literature, the two common electrolytes chosen are Phosphate Buffer Solution (PBS) and NaOH. Almost 90% of the articles on glucose sensing use these two electrolytes. Neither of these electrolytes is often the best electrolyte. PBS is a common biosensing electrolyte that must be chosen only when there is the use of enzyme proteins and biomarkers as the bioreceptor element. Non-enzymatic glucose sensors have no binding to PBS as the analytical solution. More often than not, the least faradaic response is in PBS as compared to other electrolytes. The other electrolyte chosen for glucose sensing is NaOH. In this case, NiO performs best in alkaline conditions; therefore, it is a good and justified choice. However, when using metal oxides such as Fe2O3, CrO3, and MnO2, the best performance is often observed in acidic conditions. For such materials, a neutral electrolyte such as KNO3 or KCl can be used, and an optimum pH can be determined for best sensing performance. An article by Suyanta et al.16 is a good example showing how the choice of a good electrolyte can improve the overall sensing response.

The commercial glucose biosensors at present rely heavily on the enzymatic mode of detection. The non-enzymatic biosensors will soon replace them in the near future. The development of these non-enzymatic sensors will effectively cut down the cost, increase shelf life, and enhance the performance of these glucose sensors. Thus, the method described above is an essential tool and the metal oxide nanostructure-based glucose sensors are definitely the way to move ahead.
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