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The synthesis of Myriophyllum sibiricum plant-based Zinc oxide nanoparticles 

was investigated via the co-precipitation method, and they were found to be 

effective for reducing Cr(VI) ions in aqueous solution. The formation of ZnO 

nanoparticles was confirmed by various techniques including X-ray diffraction, 

scanning electron microscopy, transmission electron microscopy, and UV-visible 

absorption spectroscopy. The results showed that 25 and 30 mL of the plant 

extract (ZnO-25 and ZnO-30) produced hexagonal phase and highly crystalline 

ZnO nanoparticles with spherical morphology and an average particle size of 

17.92 and 21.14 nm, respectively. The ZnONPs were used in the photo-enhanced 

reduction of hexavalent Cr ions, and the effects of solution pH, starting metal 

concentrations, and photocatalyst dosage were studied to determine the maximum 

performance of biogenic. ZnO-30 also demonstrated better free radical 

scavenging activity than ZnO-25. Using 2 g/L of ZnO nanoparticles resulted in a 

maximum Cr(VI) reduction of 90.2%. The results showed a clear relationship 

between metal ion reduction and catalyst dosage, with 2 g of ZnO nanoparticles. 

This demonstrates that biogenic synthesized ZnO nanoparticles are a promising 

photocatalyst capable of converting Cr(VI) into less hazardous Cr(III). These 

results, in accord with recent research indicating green approaches, are more 
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effective in developing metal oxide nanoparticles and demonstrating higher 

photocatalytic activity. 

Keywords: Biogenic, chromium(VI);,Free radicals, Myriophyllum sibiricum,  

ZnO nanoparticles. 

 

 

1. Introduction 

Zinc oxide nanoparticles are the most frequent nanoparticles among metal oxides [1, 2], and 

they are distinguished by their broad band gap n-type semiconductor characteristics. It is non-

toxic, highly durable, and has improved thermal and chemical stability[2]. Furthermore, 

ZnONPs are cost-effective, naturally abundant, possess a single oxidation state, and are highly 

biocompatible[3]. These properties make them an excellent choice for different industrial 

applications. The widespread usage of nanoparticles in modern medicine has been linked to 

their unique interaction with biological cells, specifically their penetration of cell walls and 

disruption of biochemical pathways[4]. Also, the broadband gap energy associated with 

ZnONPs rendered it an excellent and highly efficient catalyst in water treatment applications 

via photocatalysis technique[5]. 

 The traditional synthesis of ZnO NPs frequently uses energy-intensive procedures with 

dangerous substances, which thus causes harm to the environment.  To alleviate this issue, 

plant-based synthesis of ZnO NPs has become a viable and environmentally friendly 

solution[4, 6].  This is because utilizing plant extracts as stabilizing and reducing agents 

guarantees a biocompatible and environmentally benign procedure which is the purpose of this 

work. However, a thorough feasibility study is required to determine the appropriate plant with 

the needed properties. 

In this context, Myriophyllum sibiricum, a submerged aquatic plant with a rich phytochemical 

profile, provides a novel platform for the environmentally friendly synthesis of ZnO NPs in 

this regard[7]. The bioactive substances found in the plant, such as tannins, phenolics, and 

flavonoids, are essential for stabilizing the nanoparticles and lowering zinc ions. These 

biosynthesized ZnO NPs exhibit remarkable photocatalytic properties, making them an 

effective agent for the removal of water pollutants. They are capable of utilizing light energy 

to drive redox reactions, making them suitable for the reduction of Cr(VI) to its less toxic 

trivalent form (Cr(III)[8].  

Cr(VI) is one of the five heavy metals flagged by WHO due to its severe health and 

environmental effects[9]. Hexavalent chromium is a known carcinogen and mutagen, it is 

extensively used in industries like leather tanning, electroplating, and pigment production, 

resulting in its persistent contamination in the environment[10]. Developing effective and 

sustainable strategies for its removal has thus become a critical challenge. In our previous 

study[11], a similar plant (Myriophyllum spicatum) was utilized for the synthesis of an 

efficient CuO for the reduction of Cr(VI) to Cr(III), the outcome of this research suggested the 

robustness of this plant and its species. It is hereby speculated that the biogenic ZnONPs can 

efficiently reduce Cr(IV) to less harmful Cr(III) for further industrial reuse. 

Consequently, this study explores the biogenic synthesis, characterization, and photocatalytic 

efficiency of Myriophyllum sibiricum-derived ZnO nanoparticles in reducing Cr(VI) under 
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light irradiation. The work provides a sustainable way to manage environmental pollution 

while developing green nanotechnology practices by fusing the sophisticated capabilities of 

green nanotechnology with the natural phytochemistry of the plant.Materials and methods 

 

2. Materials and Methods 

2.1 Materials 

Fresh leaves of Myriophyllum spicatum were gathered from the Vaal River in South Africa 

and identified correctly. The initial pH was changed using 0.1 M HCl and NaOH. We bought 

lead nitrate salts, potassium dichromate, and copper acetate from Sigma-Aldrich in South 

Africa. The Model Select Analyst HP40, a piece of equipment made in the United Kingdom, 

processed the deionized water used to prepare the solution. Every chemical that was used was 

analytical grade. 

2.2 Methods 

2.2.1 Preparation of Myriophyllum spicatum leaf extract 

Myriophyllum spicatum leaves were double-washed with purified water to remove the 

adhering dirt and then shade-dried for 7 days [12, 13]. About 8 g of blended leaves were added 

to 80 mL of deionized water and was then heated at 70 °C for 5 h. The mixture was then 

filtered and cooled to 25 °C before storing in a refrigerator.  

2.2.2 Synthesis of ZnO nanoparticles  

The techniques outlined by Ghorbani, Mehr [14] were used to synthesize the biogenic ZnO 

nanoparticles. However, 15, 20, 25 and 30 mL of the extract were utilized to synthesize 

Myriophyllum spicatum-based ZnONPs, the optimum volumes of 25 and 30 mL extract 

designated as ZnO-25 and ZnO-30 nanoparticles.  Essentially, each of 25 and 30 mL of plant 

extracts were combined with 20.05 mL of zinc acetate solution. To bring the pH down to 7, a 

NaOH solution was utilized. These mixtures were then agitated with a magnetic stirrer in a 

beaker at 85°C for two hours. The solutions were centrifuged for 15 minutes at 5000 rpm, and 

the supernatant was disposed of. After being cleaned using a 1:1 ethanol and distilled water 

mixture, the leftover product was centrifuged three times to get rid of any contaminants. 

Afterwards, the product was dried overnight in a fume hood and then calcined at 400 ℃ for 2 

h to afford a white product which was later characterized to confirm the successful synthesis 

of biogenic ZnO nanoparticles. 

2.2.3 Characterization of nanoparticles  

A Bruker D8 Advanced X-ray diffractometer (Karlsruhe, Germany) with a proportional 

counter that uses Cu Kα radiation (k = 1.5405 Å; nickel filter), was used to identify the phase 

and crystalline nature of the biogenic ZnO nanoparticles. A Quanta FEG 250 scanning electron 

microscope (SEM) with a 30 kV acceleration voltage was used for the analysis of the external 

morphology. A TECNAI G2 (ACI) transmission electron microscope (TEM) with a 200 kV 

accelerating voltage was used to examine the internal morphology of the ZnO nanoparticles. 

The absorption property of the synthesized ZnO nanoparticles was measured using a Cary 30 

UV-vis spectrophotometer (Agilent Technologies from 200 to 800 nm). 



1367 Opeyemi A. Oyewo et al. Myriophyllum Sibiricum Plant-Based Zinc...                                                                                  
 

Nanotechnology Perceptions Vol. 20 No. S16 (2024) 

2.2.4. Photocatalytic reduction of Cr(VI) in water  

The reduction of the Cr(VI) ions in simulated water was investigated using plant-based ZnO 

nanoparticles under visible light irradiation. For this investigation, a 250–W Xe discharge 

lamp was used with a flowing water source inside the reactor vessel. In this investigation, 0.5 

to 2 g of ZnO nanoparticles and a concentration of roughly 50 mg/L of metal ions were utilized. 

After adding the nanoparticles to the aqueous pollutant solution, it was magnetically agitated 

for an hour in the dark until the adsorption equilibrium was achieved. After that, the mixture 

was continuously stirred for 120 minutes while exposed to a visible lamp. The aliquots were 

taken from the solution at 15-minute intervals over a 120-minute time. The degradation 

efficiency of the chromium ions was studied using UV–visible spectrophotometer  

The percentage photocatalytic reduction of Cr(VI) ions was calculated using the following 

equation:  

Reduction yield % =       
Co− Ce  

Co
 x 100     (1) 

Where, 𝐶0 is the initial concentration 𝐶𝑒 is the concentration of metals after a specific time. 

 

3. Results and discussions 

3.1 Characterization results 

3.1.1 X-ray diffraction studies of biogenic ZnO nanoparticles 

Figures 1a-d depict the diffraction patterns of ZnO-15, ZnO-20, ZnO-25, and ZnO-30 

nanoparticles, based on the volume of extract utilized in the synthesis. The diffraction patterns 

of ZnO-25 and ZnO-30 nanoparticles showed a high degree of crystallinity, comparable to 

recent findings in the literature [5]. The diffraction peaks for ZnO-25 and ZnO-30 appeared at 

2θ values of 32.01°, 34.67°, 36.46°, 47.75°, 56.79°, 63.04°, 67.52°, 68.14°, 69.25⁰, 72.73⁰, 

77.14⁰, 81.57°, and 31.93°, 34.57°, 36.38°, 47.63°, 56.67°, 62.89°, 67.51°, 68.0°, 69.12⁰, 

72.56⁰. 76.98⁰, 82.12° are in good agreement with a hexagonal wurtzite structure (JCP2 card 

no. 36-1451) with a lattice constant of a = b = 3.242 Å and c = 5.205 Å [15]. Debye-Scherer 

equation (Equation 2) was used to estimate the average crystallite size of both ZnO-25 and 

ZnO-30 nanoparticles [16] and the size of the nanoparticles was found to be about 19.45 and 

24.60 nm, respectively.  

D =
Kλ

βCOSθ
                                                         (2) 

Where, D = crystallite size (nm), K = 0.9 (Scherrer constant), 𝜆 = 0,15406 Å, β = Full width 

at half maximum (FWHM), and θ = Bragg’s angle of reflection. 
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Figure 1: X-ray diffraction studies of Myriophyllum spicatum plant extract ZnONPs (a)15 

mL (b) 20 mL (c) 25 mL (d) 30 mL 

3.1.2  SEM, TEM, and particle size distribution of biogenic ZnO nanoparticles 

Figure 2a–f shows the morphological properties of ZnO-25 and ZnO-30 nanoparticles. SEM 

micrographs of ZnO-25 and ZnO-30 revealed a spherical form with a high degree of 

agglomeration (Fig. 2a and b). This mass gathering of nanoparticles could be attributed to 

particle contact caused by substantial kinetic energy from high-temperature calcination [8].  

Furthermore, the large agglomerations may be owing to the creation of metallic connections 

that are difficult to rupture, therefore, increasing the surface reactivity [17]. The interior 

morphology of these samples is shown in Figures 2c and 2d which also confirm that ZnO-25 

and ZnO-30 nanoparticles have a spherical form with some aggregation on their surfaces. The 

particle sizes of ZnO-25 and ZnO-30 (Fig. 3a and f) were determined to be 18.02 and 21.11 

nm. 



1369 Opeyemi A. Oyewo et al. Myriophyllum Sibiricum Plant-Based Zinc...                                                                                  
 

Nanotechnology Perceptions Vol. 20 No. S16 (2024) 

Figure 2: (a, b) SEM of ZnO-25 and ZnO-30 mL, (c, d) TEM of ZnO-25 and ZnO-30mL (e, 

f) particle size distribution histogram of ZnO-25 and ZnO-30 mL of the extract of 

Myriophyllum spicatum plant -ZnONPs 

3.1.3 UV-visible studies of ZnO nanoparticles synthesized using Myriophyllum spicatum 

extract 

The UV-visible absorption spectra of ZnO-25 and ZnO-30 show a strong absorption peak at 

375 and 378 nm, consistent with ZnO. These peaks confirm the successful production of 

biogenic ZnO nanoparticles and could be attributed to inherent electron transmissions from 

ZnO's valence band to the conduction band [10]. Similar results were reported for ZnO 

nanoparticles produced from Caesalpinia crista [18] and Artocarpus hirsutus [19]. The band-

gap energies of both ZnO nanoparticles were determined using Tauc’s plot equation (equation 

3).  

αhv = [A(hv - Eg)]n                                   (3) 
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where α is the absorption coefficient, A is the constant, h is the plank’s constant, ν is the photon 

frequency, Eg is the optical band gap energy, and n is 1/2 for direct band gap semiconductor.  

The computed band gap energies for ZnO-25 and ZnO-30 nanoparticles were 3.25 (Fig. 3b) 

and 3.31 eV (Fig. 3d). These results are slightly lower than bulk ZnO's band gap of 3.4 eV. 

 

Figure 3: UV-vis: (a) Absorption spectrum, and (b) Tauc plot of ZnO-25 mL (c) Absorption 

spectrum, and (b) Tauc plot of ZnO-30. 

3.2 . Photocatalyst reduction of Cr(VI) to Cr(III)  

Hexavalent chromium exists in three ionic forms: HCrO4−, CrO4, and Cr2O72− [20]. These 

species are predominated in different solution pH, chromium ions exist in both neutral and 

basic media, while the hydro chromium can be found in lower pHs. The amount of Cr(VI)  

remaining at any given time was calculated using the relationship: 

[Cr(Tot)] – [Cr(VI)]  =  [Cr(III)],                           (4) 

                                                        
[Cr(Tot)]  −  [Cr(VI)]

[Cr(Tot)]
                  (5) 

The reduction of Cr(VI)  to Cr(V), by reducing the molecular oxygen to hydrogen peroxide is 

the first stage in the reduction procedure of Cr(VI) to Cr(III). After that, Cr(V) generates 

hydroxyl radicals, followed by intermediates like Cr(IV), free radicals, and finally Cr(III) [21, 

22].    
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Figure 4: UV-vis absorption spectra of photocatalytic reduction of Cr(VI)  ions using 

biogenic ZnONPs 

3.3 The effects of solution pH on the Cr(VI) and Pb(II) reduction  

The pH of the solution determines the impact of surface charges, which are positive in acidic 

environments and negative in alkaline environments. Figure 5 depicts the effect of solution pH 

on the photocatalytic reduction of Cr(VI). As such,  Cr(VI) solution pH between 3 and 9 was 

tested on biogenic ZnO nanoparticles. Acidic mediums reduce Cr(VI) to Cr(III) than alkaline 

mediums. As the pH increases, the reduction of Cr(VI) metal ions decreases, which might be 

attributed to a decrease in the number of H+ ions in the solution. The electrostatic interaction 

between positively charged metal ions and negatively charged nanoparticles is thought to be 

the primary mechanism controlling Cr ion reduction in water. As a result, the fate of Cr(VI) 

during photocatalytic reduction is determined by the surface charge at the semiconductor-

electrolyte interface. 

 

Figure 5: Effect of solution pH on the reduction of Cr(VI) using an extract of Myriophyllum 
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spicatum-based ZnONPs (conc of photocatalyst =2 g/L, Cr(VI)=50 mg/L). 

3.4 Effect of the catalyst dosage and initial concentration of Cr(VI)  

Metal ion concentrations ranged from 20 to 80 mg/L, and catalyst dosages of 0.5 to 2 g/L were 

studied. Figures 6a and 6b show how various process parameters affect the reduction of Cr(VI) 

to Cr(III). An indirect link between concentration rise and the rate of reduction of the metal 

ion was discovered. This could be because the large concentration of metal ions slowed the 

migration of both ions to the semiconductor surface. On the other hand, increasing the catalyst 

dosage resulted in a greater reduction of metal ions in the solution. This suggested an increase 

in the active site of the catalyst in the solution as the ZnO dosage increased, which improved 

the reduction process in water [23] 

 

Figure 6: Effect (a) catalyst dose (b) Cr(VI) initial concentration using an extract of 

Myriophyllum spicatum-based ZnONPs (conc of photocatalyst =2 g/L, Cr(VI)=20 mg/L). 

 

4. Conclusion 

ZnO nanoparticles were successfully produced utilizing various amounts of Myriophyllum 

spicatum plant extract to reduce Cr(VI) to Cr(III). The physicochemical properties of biogenic 

ZnO nanoparticles were studied with XRD, SEM, TEM, and UV-visible absorption 

techniques. X-ray diffraction examination revealed that 25 and 30 mL ZnO nanoparticles 

based on Myriophyllum spicatum plant extract had a higher crystallinity and a hexagonal 

wurtzite structure. The internal and external morphology showed both nanoparticles to be 

spherical with average particle sizes of 18.02 and 21.11 nm for ZnO-25 and ZnO-30. The 

photocatalytic analysis revealed that plant-based ZnO nanoparticles reduced Cr(VI) with a 

better efficiency of 90.2%. As the pH rose from 3 to 9, the reduction efficiency dropped. An 

increase in the catalyst dosage was discovered to be directly proportional to the reduction to 

Cr(VI), but a rise in the concentration of Cr(VI) inhibited the removal process. 
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