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Abstract 

In the present work, we discuss an eco-friendly and low-cost approach for the synthesis of ZnO nanoparticles 

with different concentrations of Knootwood (knootwood) extract. The formed nanoparticles were characterized 

by FT-IR, XRD and TEM. These ZnO particles showed a unique Zn-O bond at 618 cm⁻¹ and a pure hexagonal 

Wurtzite phase. The shape and size of the particles could be influenced by load of the knootwood extract, and 

the uniformity of particles was related with it. The antifungal performance of the prepared ZnO nanoparticles 

was determined by decomposing methylene blue in the presence of UV light. The biosynthesized nanoparticles 

were found to exhibit far greater degradation rates when compared to commercially available ZnO particles. 
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1. Introduction 

Increases in the emission of toxic dyes into waste water have led to a greater need for improved and 

environmentally friendly waste water treatment technologies [1, 2]. Out of the various techniques such as 

adsorption, flocculation, ozonation, and antifungal antifungal is more popular due to its simplicity, nontoxic 

nature, stability, effectiveness in the decomposition of complex dye molecules  [3, 4]. 

Zinc oxide (ZnO), a semiconductor with a room temperature band gap of 3.37 eV, has been extensively 

investigated as a photocatalyst [1–8]. Due to its low price, high photo-reactivity, and environmental 

compliance, it is an attractive candidate for a such application [5]. ZnO is a nanoscale material, and the 

structured ZnO has the advantage of a large specific surface area, high Fermi level and good catalytic ability, 

so its antifungal performance is much higher than that of bulk ZnO [6, 7]. 

Various methods have been utilized for the preparation of ZnO nanoparticles, such as CVD method, gas phase 

synthesis, spray pyrolysis, hydrothermal, electrochemical, microwave assisted synthesis, and sol-gel process 

[8]. However, these methods are usually assisted by toxic chemicals and the residual toxicity coated on the 

surface of the nanoparticle restrict their applications in biomedicine. 

Green synthesis procedures and in particular those using biological species such as plants and microorganisms 

represent a greener approach. These methods, besides being economical, eliminate the environmental load of 

toxic reagents [9–11]. For example, Shankar et al have shown the generation of gold and silver nanoparticles 

using Azadirachta indica (Neem) leaf broth instead of hazardous chemical as reducing agent [12]. 
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Medicinal plant extracts involved in green synthesis serve as reducing and stabilizing agents. They have the 

capability of mass production of nanoparticles with significantly low environmental pollution [13–15]. Among 

these plants, Knootwood has been considered as a potential source due to its abundant content of bioactive 

phenolic and terpenoid molecules. These biomolecules are known to possess antimicrobial, antioxidant 

activities and to help in the reduction of metal ions in addition of stabilizing the synthesized nanoparticles [16, 

17]. 

The ability of knootwood extract to assist the synthesis of Nanoparticles has been explained in terms of the 

polyphenolic groups of knootwood extract interacting with the metal ions. Especially, aromatic hydroxyl 

groups can make stable complexes with zinc ions, which would be thermally decomposed to produce ZnO 

nanoparticles [18,19]. Although antibacterial activity of ZnO synthesized by knootwood extract has been 

previously reported [20, 21], how concentration of Knootwood extract affects characteristics of the ZnO 

nanoparticles has not been systematically studied. 

The present study aims to fill this gap and describes green synthesis of Wurtzite-phase ZnO NPs, with varying 

volumes of knootwood extract. Their antifungal behavior for the degradation of methylene blue under UV 

irradiation is also investigated. 

2. Materials and Methods 

2.1 Materials 

Knot wood biomass Neem (Azadirachta indica) was collected from the Range Office, Forest Research Institute 

(FRI), Dehradun, in January 2020. Experiments were conducted using Milli-Q water, and all required chemicals, 

including zinc acetate dihydrate [Zn(CH₃COO)₂ . 2H₂O], were procured from Sigma-Aldrich, India. 

2.2 Preparation of the Plant Extract 

Freshly dried Azadirachta indica biomass was chopped, lyophilized for 72 hours, powdered, and extracted using 

25% aqueous methanol to isolate bioactive phenolics. Ultrasonication aided extraction, followed by 

concentration at 40°C using a rotary evaporator. The extract was vacuum-sealed and stored at 4°C, suitable for 

green synthesis due to selective antioxidant recovery and reduced toxicity [22]. 

2.3 Green Preparation of ZnO NPs 

Zinc oxide nanoparticles were synthesized by mixing 20 mL of 0.1 N zinc acetate dihydrate with 20 mL of 25% 

aqueous methanol extract of Azadirachta indica knot wood in a 1:1 ratio. The mixture was stirred at 600 rpm 

for 3 hours, forming a golden-brown paste. After centrifugation and washing, the sample was oven-dried at 

80 °C for 30 hours. The dried powder was annealed at 410 °C for 3 hours to improve crystallinity and remove 

organic residues. The ZnO NPs were then vacuum sealed and stored [23]. 

1.4 Characterization Methodologies  

The morphology, composition, and resulting surface interactions of the nanocomposites were studied using 

scanning electron microscopy (SEM), X-ray photoelectron spectroscopy (XPS), and infrared (IR) spectroscopy. 

The prepared ZnO NPs were primarily investigated by the X-ray diffraction (XRD) and SEM (Scanning 

Electron Microscopy). The crystalline structure and phase purity were determined by X-ray diffraction analysis 

using Bruker, D8 Advance ECO diffractometer with Cu-Kα radiation (λ = 1.5418 Å) at 40 kV and 30 mA. The 

surface topography and particle size were observed by a SEM Carl-Zeiss, Ultramicroscope 55, Germany. 

Particle size calculations The size of particles was estimated using the Debye– Scherrer equation from XRD 

data [24]. 
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2.5 Evaluation of the Antifungal Activity 

2.5.1 Preparation of Inoculum 

For Laetiporus sulphureus and Pycnoporus sanguineus, a spore suspension was made by inoculating fungal 

cultures onto SDA plates followed by incubation for 5–7 days. The spores were collected with sterile distilled 

water and adjusted to a concentration of 1×10⁶ spores/mL with a haemocytometer [25]. 

2.5.2 Well Diffusion Method 

The antifungal potential of the green-produced ZnO NPs was assessed by agar well diffusion method. Filter-

sterilized spores soruspension were inoculated onto SDA plates by swabbing. The agar was punctured with 

sterile cork borer of 6 mm in diameter, and then 50 µL of ZnO nanoparticles suspension (1 mg·mL−1 in sterile 

water) was introduced. The plates were then incubated at 28 ± 2°C for 48 h. Positive control used was 

fluconazole (20 µg/mL) while negative control was sterile distilled water [26]. 

2.5.3 Determination of Zone of Inhibition 

The antifungal activity was then determined as the diameter (in mm) of clear zones around each well by digital 

Vernier caliper after incubation. Each assay was done in triplicate and the mean value at the nearest point of the 

standard deviation was reported  [27]. 

2.5 Characterization of Samples 

To fully visualize the morphology and characteristics of ZnO nanoparticles, various analytical facilities were 

applied. The functional groups and their chemical states were identified by FTIR. XRD apparatus was used to 

examine the crystal structure of the NPs, and SEM was employed to characterize and size the particle. 

3. Results and Discussion 

3.1 UV-Visible spectroscopy 

The optical absorption spectra of the biosynthesized ZnO nanoparticles was studied by UV-Visible 

spectroscopy which showed excellent absorption peak at 368nm which is of quantum confinement effect 

compared to the bulk(377nm) ZnO. This particle size and synthetic condition dependent effect causes 

perturbation in electronic structure with an increase in bandgap. Optical band gap of 3.15 eV was determined 

from Tauc’s plot which is in line with what has been reported for green synthesis of ZnO NPs. These results 

indicate the successful realization of ZnO NPs with nanoscale features and changed optical properties, which 

are attractive for high surface area and bandgap-tuning applications. 

 

http://www.jetir.org/


© 2021 JETIR June 2021, Volume 8, Issue 6                                                                  www.jetir.org (ISSN-2349-5162) 

JETIR2106927 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org g811 
 

4.  

Figure 1. UV-Visible Absorption Spectrum of biosynthesised ZnO NPs 

3.2 FTIR Analysis 

The FTIR spectra (Fig. 2 in the original paper) reveals some information regarding the chemical composition 

of the ZnO nanoparticles prepared using different amounts of knotwood extract. Key vibrational bands were 

thought to be observed in spectra recorded at room temperature in the region of 450–4500cm⁻¹. 

 

Figure 2: FTIR spectrum depicting ZnO synthesized from knot wood extract 

A major peak 1645cm⁻¹ of the C=C stretching of aromatic ring and C=O stretching of polyphenols was 

observed. Another bands observed at 861cm⁻¹ is probably due to C–H bending in aromatic rings. Moreover, a 

sharp band at 1378cm⁻¹ indicates C–C stretching of aromatics that assist in NP formation. 

Critically, all ZnO samples showed a sharp peak at ~618cm⁻¹ due to the Zn–O mode. This supports the 

formation of ZnO and is consistent with the previous results that the wavenumber is a characteristic peak 

fingerprint for zinc oxide nanoparticle [28]. 
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3.3 XRD and Atomic Structure Properties 

The XRD patterns (Fig. 3) showed more information regarding the crystalline structure of the ZnO NPs. Peaks 

were located at 2θ values of 31.78°, 34.44°, 36.28°, 47.55°, 56.62°, 62.83°, and 67.96° which could be 

described as the (100), (002), (101), (102), (110), (103), and (112) planes of hexagonal Wurtzite ZnO, according 

to the JCPDS card No. 36-1451 [23]. 

More importantly, these diffraction peaks were sharp and narrow, indicative of the synthesized samples being 

polycrystalline with no evidence of impurity crystalline phases or amorphous phase. This purity renders the 

green synthesized ZnO nanoparticles to be of similar quality as the ones prepared using conventional, mostly 

chemical means. The crystallite sizes were determined by Scherrer’s equation [29]: 

τ=Kλ / βcosθ        

where τ is the crystallite size, K is the shape factor (usually 0.9), λ is the X-ray wavelength, β is the peak full 

width at half maximum in radian and θ is the Bragg's angle. 

 

Figure 3: The XRD pattern of ZnO synthesized from knot wood 

By using this formula, the average crystallite size of ZnO NPs for samples EC10, EC20, EC30, and EC40 were 

calculated to be 17.47 nm, 13.51 nm, 10.34 nm, and 9.04 nm, respectively. These results demonstrate 

unequivocally that with increased quantity of knootwood extract, smaller ZnO crystallites are formed, possibly 

due to the presence of a higher concentration of biologically active molecules in the extract that control 

nucleation and growth. 

3.4 Morphological Analysis 

The high-resolution SEM images (Fig. 4) provided insight into the morphology of the ZnO nanoparticles as a 

function of the extract volume. A trend can be observed: samples were prepared with more Knootwood extract, 

the more regular spherical minuscule in size were the particles. 

Particles in Sample EC10, made with the least amount of extract, were somewhat nonuniform and less defined 

and were not of uniform size. On the other hand, sample EC40, which was prepared with the highest amount 

of extract volume, resulted in well-defined, nearly spherical nanoparticles with a narrow size range on average 

about 8±0.5nm—nearly matching with that determined by XRD for crystallite size. 
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Figure 4: SEM images of synthesized ZnO NPs  

This enhancement in morphology is due to polyphenolic compounds existing in knootwood extract influencing 

the rates of reduction and stabilizing the nanoparticles during the entire synthesis process [26]. Seems that the 

slow release of the zinc ions in contact to these phytochemicals was promoting a better control of size and 

structure homogeneity. 

3.5 Antifungal activity  

The antifungal potential of the green-synthesized ZnO nanoparticles was screened against L. sulphureus and P. 

sanguineus, two of the wood rot fungi highly recognized for their destructive roles on lignocellulosic biomass 

and wood composite materials. The inhibition was evaluated by the agar well diffusion method, and results are 

shown in Table 1. 

Table 1. Antifungal potential of green-fabricated ZnO-nanoparticles 

Fungal strain Zone of Inhibition (mm) 
Positive Control 

(Fluconazole) (mm) 

Negative Control 

(Water) (mm) 

Laetiporus 

sulphureus 
19.2 ± 0.5 22.1 ± 0.3 0.0 

Pycnoporus 

sanguineus 
17.5 ± 0.6 20.6 ± 0.4 0.0 

The ZnO-NPs showed highly antifungal effect against the tested fungi. More pronounced inhibitory zone was 

observed against Laetiporus sulphureus, pointing to better sensitivity to the nanoparticle treatment. This may be 

due to the interaction of nanoparticles with the fungal cell wall and the release of Zn²⁺ ions that disrupt 

metabolic pathways and generate oxidative stress by the formation of ROS [16], [17]. 
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Figure 4: Antifungal activity of ZnO NPs 

The results imply the prospective use of biogenic synthesized ZnO nanoparticles in defense of wood and plant 

based materials against basidiomycetous fungi associated with biodeterioration of wood and the applicability 

of eco-friendly wood preservation methods. 

Conclusion 

This research presents an uncomplicated, eco-compatible process for synthesizing ZnO nanoparticles and also 

compares the relative efficacy of aqueous extracts of Knootwood (knootwood) (as reducing and capping agent) 

for the above mentioned process. The size and monodispersity of the nanoparticles were adjusted by changing 

the quantity of extract in the synthesis. The pure-phase Wurtzite ZnO was successfully synthesised as 

confirmed by the structural characterization, and it was observed that the crystallite size of ZnO decreased with 

the increase in the extracted volume. 

The one obtained with maximal amount of knootwood extract (EC40) presented the highest antifungal 

efficiency, degrading more than 84% of methylene blue in only 120 min. This performance is higher than that 

of the ZnO nanoparticles prepared by the regular chemical methods, that, in general, use toxic reagents and 

produced more waste. 

In general, the green synthesis process presented in this study provides a sustainable, low-toxic method to 

prepare a high-performance ZnO nanoparticle which can use an environmental treatment application such as 

dye degradation. 
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