

  crystals-11-01467




crystals-11-01467







Crystals 2021, 11(12), 1467; doi:10.3390/cryst11121467




Article



Green Synthesis of Ni-Cu-Zn Based Nanosized Metal Oxides for Photocatalytic and Sensor Applications



Mir Waqas Alam 1,*[image: Orcid], Muhammad Aamir 2, Mohd Farhan 2[image: Orcid], Maryam Albuhulayqah 3, Mohamad M. Ahmad 1[image: Orcid], C.R. Ravikumar 4, V.G. Dileep Kumar 5 and H.C. Ananda Murthy 6





1



Department of Physics, College of Science, King Faisal University, P.O. Box 400, Hofuf, Al-Hassa 31982, Saudi Arabia






2



Department of Basic Science, Preparatory Year Deanship, King Faisal University, P.O. Box 400, Hofuf, Al-Hassa 31982, Saudi Arabia






3



Department of Biomedical Engineering, Faculty of Engineering King Faisal University, P.O. Box 400, Hofuf, Al-Hassa 31982, Saudi Arabia






4



Research Centre, Department of Chemistry, East West Institute of Technology, VTU, Bangalore-91, Karnataka 560091, India






5



Department of Chemistry, PES University, Karnataka 560085, India






6



Department of Applied Chemistry, School of Applied Natural Sciences, Adama Science and Technology University, Adama 1888, Ethiopia









*



Correspondence: wmir@kfu.edu.sa







Academic Editor: Yuanhua Lin



Received: 16 November 2021 / Accepted: 25 November 2021 / Published: 26 November 2021



Abstract

:

The preparation, characterization, and application of Nickel oxide (NiO)–Copper oxide (CuO)–Zinc oxide (ZnO) transition nanometal oxides have significantly enhanced their tunable properties for superior multifunctional performances compared with well-known metal oxides. NiO–CuO–ZnO nano transition metal oxides were synthesized by a simple eco-friendly solution combustion method. X-ray diffraction studies revealed distinct phases such as monoclinic, cubic, and hexagonal wurtzite for CuO, NiO, and ZnO, respectively, with NiO having the highest composition. The particle sizes were found to be in the range between 25 and 60 nm, as determined by powder X-ray diffraction. The energy bandgap values were found to be 1.63, 3.4, and 4.2 eV for CuO, ZnO, and NiO, respectively. All metal oxides exhibited a moderate degradation efficiency for AR88 dye. The results of ultraviolet–visible absorption spectra helped identify the bandgap of metal oxides and a suitable wavelength for photocatalytic irradiation. Finally, we concluded that the electrochemical studies revealed that the synthesized materials are well suitable for sensor applications.
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1. Introduction


Developing nations have encountered dangerous environmental risks in the last couple of decades owing to a failure to deliver pure water. More than 10 million individuals were afflicted with different diseases due to water contamination [1], according to the World Health Organization (WHO, 2014). The United Nations (WWAP 2016) recently estimated that one billion people depended largely on water sources [2]. For all creatures and the world economy, clean water is, therefore, an essential component. On the other hand, the organic industry directly disposes of its chemical waste to clean water sources, resulting in many environmental problems [3]. Therefore, for the most important environmental and sustainable growth of human existence, society must guarantee adequate safety measures.



In recent times, researchers have been more interested in nanosized metal oxides as photocatalysts for their possible usefulness in wastewater treatment [3,4,5,6,7,8,9,10,11,12]. Nanosized materials offer improved degradation efficiencies compared with micro and bulk materials because they provide good characteristic outcomes through a quantum containment effect [13]. For the study of photocatalytic and sensing applications, binary metal oxide nanocomposites with distinct morphology and structure are currently being developed, which is an important perspective. Synthetic dyes are widely used in various industries, including textiles, photography, cosmetics, and food, due to their rapid production process. The discharge of industrial effluents into natural water bodies results in polluting both water as well as the environment. In addition to this, 10–15% of the population were negatively affected, the wastewater discharged by these industries is severely hazardous due to the carcinogenic nature of the organic contaminants present. It also has adverse effects on aquatic life. Nanometal oxides are a viable option for the treatment of wastewater and have been used in a range of applications, such as fuel cells, gas sensors, solar cells, water storage, antimicrobial activities [8,9,10,11,12]. The interest shown in synthesizing metal oxides with more appealing morphologies was tremendous. Nanosized metal oxides have been synthesized using various methods since their size, shape, and structure, such as nanospheres, nanowires, nanocombs, nanoleaves, and nanobelts, are related to the characteristics of these nanomaterials [13,14,15,16]. Recent publications have focused on synthesizing nanometal oxides using different physical and chemical techniques, such as sol-gel, hydrothermal, precipitation, thermal breakdown, and combustion methods [7,8,9,10,11,12]. The production of nanosized metal oxide in superior morphological forms or sizes is of growing importance. To synthesize the nanomaterials with desired morphology, high stable a new era of green synthesis has been proposed and this method is gaining interest among many researchers. Primarily, the nanomaterials can be synthesized by green synthesis through regulation, cleaning, and control, and with the remediation process will help to overcome environmental problems. The reduction of derivatives, prevention of waste, and use of safe solvents that are nontoxic to the environment are the basic principles of the green synthesis approach.



As the chemical industry develops, a great deal of industrial waste is increasingly released into the environment, which is highly likely to have negative effects on human immunological function and reproductive system, resulting in neurological and behavioral abnormalities in humans. The treatment or cure for several diseases such as diabetes is still under process therefore it is important to manage the life conditions with this disease. The monitoring of blood glucose levels is considered an important way to early detect this disease and control its side effect. In addition to that, the sensing of blood glucose can be very helpful for patient treatment. The creation of novel sensors has thus become a highly important topic of study to detect chemicals at trace levels. Electrochemical detection methods offer benefits over other traditional approaches [8,14]. One of the fastest expanding fields is electrochemical sensors. To produce oxidation or reduction of an electroactive species, amperometric sensors employ the voltage between a reference and an electrode [14].



The study’s main objective is to use Centella asiatica plant powder as a fuel for the synthesis of metal oxide nanoparticles, such as zinc oxide (ZnO), copper oxide (CuO), and nickel oxide (NiO). The produced distinct metal oxide characteristics were categorized by several techniques, including X-ray diffraction (XRD), transmission electron microscopy (TEM), and energy-dispersive X-ray spectroscopy (EDS). Similarly, the produced metal oxides were applied to degrade Acid red 88 (AR88 MW. 400.38 g/mol) dye by a photocatalytic interaction with ultraviolet (UV) light radiation.




2. Experimental


2.1. Preparation of NiO, CuO, and ZnO NPs


NiO, CuO, and ZnO NPs were synthesized using a solution of Centella asiatica plant (India) extract as a green fuel, the dried leaves of Centella Asiatica plant were used to green synthesize NPs by combustion. The plant leaves were subjected to drying in an autoclave and the fine powder was obtained when ground in a mortar. In brief, a stoichiometric measure of 2.0 g of nickel nitrate, cupric nitrate, and zinc nitrate (ACS reagent ≥99.99% purity) (Sigma-Aldrich, St. Louis, MO, USA) was mixed separately with 10 mL of Centella asiatica plant extract used as a fuel to get a homogeneous mixture. The blends were kept in a preheated muffle furnace maintained at 400 ± 10 °C using a silicon crucible. The reaction mixture bubbled to bring out a transparent gel, and later white-colored highly porous powders were left behind in each crucible. Finally, each powder was further calcined at 800 °C to obtain the final product [17]. Figure 1 shows a pictorial representation of the synthesis of NiO, CuO, and ZnO (NCZ).




2.2. Characterization


Powder X-ray diffraction (PXRD) patterns (2θ = 10°–80°) were obtained using a Siemens diffractometer (D5000) (Siemans, Berlin, Germany) with CuKα1 radiation. Functional group analysis was carried out using a Fourier-transform infrared (FTIR) spectrometer (Nicolet Avatar 370, Waltham, MA, USA). TEM was used to examine the morphologies and existent elements within the metal oxides (JEOL JSM 2100, Tokyo, Japan) Diffuse reflectance spectroscopy (DRS) was applied to calculate the metal oxide bandgap energies (performed in the range of 200–800 nm using a Shimadzu UV–vis 1800 double-beam spectrophotometer) (Shimadzu, Tokyo, Japan). The cyclic voltametric (CV) tests were performed on a CHI608E potentiostat (CH Instruments, Inc. Austin, TX, USA).





3. Results and Discussion


3.1. Structural Analysis


The characteristics of the synthesized metal oxide nanomaterials before conducting the real photocatalytic test were important for categorizing an effective catalyst. The PXRD pattern identified lattice parameters such as crystallinity of the material and structure of metal oxide nanomaterials. The XRD patterns of all the synthesized metal oxides are shown in Figure 2.



The monoclinic structure of CuO was confirmed by the diffraction pattern, and the planes that resembled the monoclinic structure (JCPDS: 80-1916) were (111), (202), (020), and (202), which corresponds to the 2θ values of 38.6°, 48.8°, 53.3°, and 58.2°, respectively [7]. The XRD pattern showed great purity, and no impurity peaks besides CuO were found. The XRD patterns of ZnO NPs are depicted in Figure 2. No impurity peaks were detected in the spectra, and no evidence of any other phase formation was found to be present, indicating that the ZnO was of high purity. In ZnO NPs, the hexagonal phase of zinc oxide with a wurtzite structure was revealed by the appearance of planes (100), (002), (101), (102), (110), and (103), which corresponds to the 2θ values of 31.8, 34.41, 36.27, 47.62, 56.63, 62.93, 66.51, 67.91, and 69.22, respectively [18]. The first, second, third, fourth, and fifth rings, measured from the center, corresponding to the (111), (200), (220), (311), and (222) planes of NiO NPs [7]. Due to the tropism of the particles at random and the small particles, the widening of diffraction rings composed of many diffraction spots is observed, indicating that the NPs have a polycrystalline structure. The polycrystalline structure and the face-centered cubic (FCC) structure were also confirmed by selected area electron diffraction. This is in good agreement with the X-ray results discussed above.



By employing the Debye–Scherrer equation, it was possible to determine the crystallite size of the synthesized metal oxides:


  D =   K λ   β    cos    θ      



(1)




where K = 0.9,   λ    = 1.54 × 10−10, D is the crystallite size, β is the full width half maximum (FWHM), and θ is the angle of diffraction. It can be noted that metal oxides existed as crystalline NPs with sizes in the range of 25–30 nm, which is consistent with the TEM images shown in Figure 4. The average crystallite size of the metal oxide NPs was computed using the Debye–Scherrer formula, as shown in Table 1.




3.2. Functional Group Analysis


FTIR spectra help analyze the possibility of bonding between neighboring structures and the surface of metal oxides. Therefore, FTIR was used in this study to demonstrate the interactions at the surface that may occur as a result of possible adsorption of NPs, as well as to determine the structure of the adsorbate species. The FTIR spectra of synthesized NiO, CuO, and ZnO metal oxides are presented in Figure 3. The spectra exhibit a broad absorption band at 3430 cm−1, which refers to the stretching of the hydroxyl group due to the oscillation of the water molecule bound to the nanocomposite surface.



In this case, the absorption peak at 2926 cm−1 can be assigned to vibrational modes of Ni–O–C. The bending vibration of water molecules was found to be responsible for the peak present at 1635 cm−1. Symmetric and asymmetric stretching vibrations of the O–C=O bond, as well as the C–O stretching vibration resulting from the absorption of CO2 present in the atmosphere, are assigned to the peaks present at 1420, 1130, and 840 cm−1, respectively. A small peak at around 450 cm−1 is attributed to the vibration of the Ni–O bond [19]. Cu–O vibration can be assigned to a strong band at 536 cm−1, which indicates the formation of CuO NPs. The presence of an additional peak at approximately 1385 cm−1 can be assigned to Cu2+–O2− stretching [20]. In the case of ZnO, the peak at 484 cm−1 corresponds to a characteristic absorption of the ZnO bond. The deformation and elongation of the ZnO bond can be observed by the bands present at 440, 480, and 670 cm−1 [18]. The existence of these peaks indicates that ZnO has formed.




3.3. Morphological Analysis


Using TEM micrographs, the morphological analysis of the prepared photocatalysts was performed. It was observed from the TEM images that each nanoparticle exhibited different morphologies such as sheets, while some of the particles are spherical. Overall, the particles are agglomerated which is clearly seen. In the micrographs, it was observed that the material contains NPs (Figure 4a–c) with sizes ranging from 25 to 50 nm. In the TEM analysis, the agglomeration is mainly due to the solvent which we have used solvent conditions, environmental factors, temperature, and the surface chemistry of the nanoparticles. Furthermore, the SAED pattern in Figure 4d exhibits 3 intense fringes which correspond to the planes (111) and (131), and (202) of CuO. Figure 4e also exhibits three fringes which are responsible by the planes (220), (111), and (200) of NiO. The SAED pattern of ZnO exhibits two intense fringes which are attributed to the planes of (100) and (101), which are given in Figure 4f.




3.4. DRS Analysis


One of the most effective tools available for analyzing the optical activity of nanoscale samples, providing insight into phenomena such as transitions from one state to another, as well as charge transfer investigation, is the diffuse reflectance spectrometer. A single broad absorption band at 360 nm is observed in the absorption spectra of the synthesized NiO samples, as depicted in Figure 5a. In addition to metallic nickel, there is no other band that corresponds to it. When divalent nickel ions with electronic configuration 3d [8] transition from one state to another, they form a band at 360 nm that is spin-allowed. The bandgap value (Figure 5b) for NiO was found to be 4.2 eV. The charge transfer transition band for the octahedrally coordinated Cu2+ species is shown to have a broad range of wavelengths between 350 and 750 nm, which is due to the d–d transition band. The CuO cluster formed in a highly dispersed state was confirmed, and the bandgap value was 1.63 eV. Surface absorption of radiation in the UV region at 366 nm was observed for ZnO nanostructure; based on this observation, its bandgap was found to be 3.4 eV. Therefore, the energy bandgap of the prepared samples is determined by applying the Schuster–Kubelka–Munk (SKM) function. It follows from this that any wavelength in the Schuster–Kubelka–Munk equation is equivalent to Equation (2) [6,18,21],


  F  ( R )  =     ( 1 − R )  2    2 R    



(2)




where R denotes the absolute reflectance of the sample and F(R) denotes the so-called reflectance factor, referred to as the Kubelka–Munk function.




3.5. Photocatalytic Activity of NiO, CuO, and ZnO on AR88 Dye


To stud the effect of photocatalytic activity of the synthesized metal oxides, AR88 dye was chosen as the pollutant and the degradation of the dye was studied under UV irradiation. The graph plotted in Figure 6a depicts the degradation, which is dependent on time for all the metal oxides that have been prepared. Figure 6c shows the degradation percentages (90 min) of all metal oxides after being exposed to UV light. To evaluate the photocatalytic effect of the synthesized material on AR88 dye, preliminary tests were carried out under a variety of conditions to perform different experiments. Using the AR88 dye solution alone, it was found that the dye removal efficiency was insignificant, after 60 min in the dark. This explains why the dye molecules are excited by photons and the subsequent displacement of their energy in the excitation state, which does not affect the decolorization of the dye.



A stock solution of the dye (AR88) was first prepared, and then a 250-mL sample of 20 ppm of the dye was drawn for use in the experiment from that stock solution. The dye solution was taken in a glass circular vessel where 60 mg of the prepared photocatalyst was added. An investigation into the photocatalytic degradation efficiency of the synthesized catalysts on the AR88 dye was carried out under UV light irradiation at intervals of every 15 min for a total of 90 min. During the degradation process, the dye’s absorption band intensity decreased as the process progressed. To put it another way, the photodegradation efficiency increased with an increase in exposure time. The dye degradation absorbance is proportional to the amount of dye remaining in the dye solution, which is further evidence of this relationship. Figure 7a shows the absorbance spectra of metal oxide NPs when they are treated with AR88 dye extracts, and Figure 7b shows the percentage of dye degradation over time as a function of time interval in the same experiment. While it was initially discovered that the percentage of dye degradation was low, the dye degradation increased with an increase in exposure time, as evidenced by the results. With respect to photocatalytic activity, the graph illustrating the percentage degradation versus time intervals indicates that the CuO NPs synthesized using Centella asiatica plant extract have a photocatalytic activity of 44%, followed by NiO with a degradation of 46% and ZnO with the highest degradation of 51% among the prepared metal oxides in the absorbance range of 480–490 nm. Figure 7c shows that the dye degraded at a rate of 9.9%, 18.6%, 26.9%, 34.3%, 40.5%, and 46% at intervals of 15 min for NiO, 6%, 15.8%, 22%, 27.9%, 36.9%, and 44% for CuO, and 10.2%, 19.6%, 28.17%, 36%, 44%, and 51% for ZnO. Overall, it was observed that ZnO outperformed all other photocatalysts prepared with Centella asiatica plant extract in terms of photocatalytic decolorization after 90 min of UV irradiation.




3.6. Mechanism of Photodegradation


The photoinduced process occurs when sunlight induces photonic energy (hv), which is equal to or greater than that of the excitation energy (Eg), resulting in the excitation of electrons to the empty conduction band from the filled valence band. As illustrated in Equation (3), this photoinduced process results in the formation of electron–hole (e−/h+) pairs. Because of their migration, the electron–hole pairs can get involved in redox reactions, as demonstrated in Equations (4)–(6), in which the H+ combines with hydroxide ions and water to form hydroxyl radicals, and the hydrogen peroxide and superoxide radicals were produced by the reaction of e− with oxygen [22,23]. Hydroxyl radicals are formed by the reaction between hydrogen peroxide and superoxide radicals [Equations (9)–(13)]. Finally, powerful oxidizing radicals that are generated will react with the pollutants that are adsorbed on metal oxides’ surfaces, resulting in the production of intermediate compounds in a relatively short period. As shown in Equation (13), in the end, the intermediate products will be converted to green compounds such as H2O, CO2, and some mineral acids. As a result, the redox reaction is the primary mechanism of photodegradation of organic compounds in the presence of UV light irradiation. The following is a summary of the mechanism:


   MO     →   h ν       MO   (   e     CB   −   )  +  (   h     VB   +   )   



(3)
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   Organic   pollutant  +      OH   •    → Intermediates  



(12)






  Intermediates →   CO  2  +      H   2  O  



(13)







Because ZnO absorbs more light across a wider range of wavelengths than NiO and CuO (Figure 6), it has been demonstrated to have higher absorption efficiency across a wider range of wavelengths. A catalyst can generate photogenerated electron–hole pairs that determine the photocatalytic activity of the catalyst. Figure 8 shows a schematic representation of the photocatalytic mechanism.




3.7. Electrochemical Studies


To determine the charge, transfer resistance, and conduction efficiency of the prepared metal oxides (NiO, ZnO and CuO) using a green method, electrochemical studies were carried out on the metal oxides. The electrochemical studies were performed using a three-electrode system, with 1 M KOH solution being used as an electrolyte and glucose being used to investigate the sensing capability of the prepared metal oxides. By calculating the charge transfer resistance, it is possible to determine the separation efficiency between the holes and the generated electrons. The CV studies were carried out with Ag/AgCl as a reference electrode and platinum as a counter electrode, and the results were used to determine the charge efficiency and reversibility of the reaction. To determine the material stability, various scan rate studies were carried out, and the results are depicted in Figure 8.



The CV technique was used to determine the electrochemical behavior (reduction–oxidation) of the electrodes. The shape of the CV curve was determined by the shape of the electric double-layer capacitance, where the capacitance was determined by the complete redox reaction of the electrodes [23,24]. In ZnO, an electron will be given out, resulting in Zn0 becoming Zn2+, in NiO Ni0 becoming Ni2+, and in CuO Cu0 becoming Cu2+; as a result, an anodic peak is formed and can be clearly seen in Figure 9. When the reduction occurs from Zn2+, Ni2+, and Cu2+ to Zn0, Ni0, and Cu0, respectively, a cathodic peak will be formed. It is clear from the CV graphs that both reduction and oxidation peaks can be found in all the synthesized materials. The reduction peak potentials for NiO, ZnO, and CuO were 0.16 V, −0.81 V, and −0.6 V, respectively. As a result, the reduction peak potential for NiO, ZnO, and CuO was 0.28 V, −0.19 V, and −0.37 V, respectively. As seen in Figure 9, as the scan rate is increased, the peak currents of both the oxidation and reduction peaks increase. At the same time, the oxidation peaks shift slightly to the positive side of the potential, whereas the reduction peaks shift slightly to the negative side of the potential [23].



To confirm the electrode process, a graph of peak current versus scan rate is plotted, as shown in Figure 10. A linear line can be observed for all the metal oxides, indicating that the reaction was diffusion controlled [25,26]. According to the graph, a particular linear line was observed, which corresponds to NiO, where an increase in peak currents was observed, and this could be due to the high reversibility of the electrode reaction and was also confirmed by the results of the CV experiments. For the prepared metal oxides, EIS studies were carried out to better understand the resistance provided by the metal oxides themselves, which is shown in Figure 11. Each of the three regions in the Nyquist plot can be distinguished as follows: (1) the semicircle region, which can be used to determine the resistance offered by different materials; (2) the Warburg element, and (3) slope, which represents ion transport [27,28]. It is clear from the results that the NiO electrode has a smaller semicircle than the CuO and ZnO electrodes. This may be attributed to the ohmic resistance offered by the NiO electrode in the basic medium.




3.8. Glucose Sensing


By using glucose as the analyte, the prepared metal oxides were evaluated for their sensing applicability. Glucose was first dissolved in double-distilled water, and then a known concentration of the glucose solution was added to the electrolyte solution to determine its sensing ability. According to the data shown in Figure 12, there is a significant difference between the anodic and cathodic peak intensities, confirming that the synthesized metal oxides are appropriate for use in sensing applications. A peak at −0.2 V corresponds to the anodic oxidation peak, and a peak at −0.5 V corresponds to the cathodic reduction peak [29], as can be observed in Figure 12. As the concentration of the sensing analyte increases, there is no significant shift in the peak, and both the oxidation and reduction peaks are clearly visible, indicating that CuO is suitable for use as a glucose sensor [29,30,31]. NiO exhibits a significant shift in both the oxidation and reduction peaks, with the oxidation peak shifting completely to the negative potential (−0.5 V) and the reduction peak shifting completely to the positive potential (−0.43 V) [32,33]. In the case of ZnO, two oxidation peaks were observed at −0.04 and −0.4 V, as well as an appearance of a reduction peak near −0.3 V [34,35,36,37]. It has been observed that, with increasing concentration of the analyte, an increase in peak intensity is observed, with no shift in the peak observed to either side of the potential [22,38,39,40,41]. Based on the information presented above, we can conclude that the metal oxides prepared using a green approach are suitable for glucose sensing in a basic medium.



Figure 13a,b depicts the calibration curves for both the oxidation and reduction peak currents with respect to glucose concentration based on the fitted data. According to the results, the oxidation peak potential for NiO, CuO, and ZnO were −0.49, −0.21, and −0.04 V, whereas the reduction peak potential for NiO, CuO, and ZnO were −0.43, −0.48, and 0.30 V, respectively. The sensing activity is a diffusion-controlled process, and the calibration curve can be used to illustrate this.





4. Conclusions


Using a green combustion approach, we have successfully synthesized three metal oxides: nickel oxide, copper oxide, and zinc oxide. The PXRD analysis confirms the phase purity of the samples, and the planes obtained from the analysis are in good agreement with the SAED pattern obtained from the TEM analysis. The metal oxides that were prepared were tested for a variety of applications, including photocatalysis and sensors. To determine the photocatalytic ability of the metal oxides, AR88 dye was used as a test substrate and the obtained results were notably appreciable. It should be noted that ZnO exhibited a greater photocatalytic activity than NiO and CuO. The sensing ability of the metal oxides was investigated using glucose as a sensing analyte. Because of their abilities and the obtained results, it can be concluded that the synthesized metal oxides have the potential to be used in a variety of applications.
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Figure 1. Schematic representation of NCZ NPs. 
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Figure 2. X-ray diffractogram of all the synthesized metal oxides (NiO, CuO, and ZnO). 
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Figure 3. Functional group analysis of all the synthesized metal oxides by FT-IR spectroscopy. 






Figure 3. Functional group analysis of all the synthesized metal oxides by FT-IR spectroscopy.



[image: Crystals 11 01467 g003]







[image: Crystals 11 01467 g004 550] 





Figure 4. TEM analysis and SAED pattern of synthesized photocatalyst: (a,d) CuO; (b,e) NiO; (c,f) ZnO. 
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Figure 5. (a) DRS spectra and (b) Energy bandgap of all the MO samples. 
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Figure 6. AR88 dye adsorption spectra with respect to time for the synthesized metal oxides (a) NiO, (b) CuO, (c) ZnO. 
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Figure 7. (a) Effect of metal oxides on the degradation of AR88 dye. (b) Percentage degradation with a time interval of 15 min. (c) Degradation percentage of metal oxides on AR88 dye. 
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Figure 8. Pictorial representation of possible photocatalytic mechanism. 
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Figure 9. Cyclic voltametric studies of prepared metal oxides (a) NiO, (b) CuO, (c) ZnO in 0.1M KOH. 
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Figure 10. Plot of peak current versus square root of scan rate. 
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Figure 11. Nyquist plots of the prepared metal oxides. 
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Figure 12. Glucose sensing for the prepared metal oxides by cyclic voltametric studies, (a) NiO, (b) CuO, (c) ZnO. 
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Figure 13. (a) Oxidation peak current response vs. Glucose concentration with fitted data, (b) Reduction peak current response vs. Glucose concentration with fitted data. 
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Table 1. Average crystallite size of the metal oxides synthesized via the green method.
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	Metal Oxides
	Average Crystallite Size (nm)





	NiO
	30–50



	CuO
	30–60



	ZnO
	25–40
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