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Abstract: Green synthesis has become highly regarded as a cost effective, 

sustainable, and environmentally friendly method for producing a variety of 

nanomaterials, such as metal and metal oxide nanoparticles. This technique 

incorporates the use of biological materials like bacteria, fungi, algae, and plant 

extracts. Among these green synthesis methods, utilizing plant extracts stands out 

for its simplicity and efficiency in large-scale nanoparticle production compared to 

bacteria and fungi-based methods. This research focuses on the synthesis and 

characterization of zinc oxide and chitosan nanoparticles using extracts from the 

leaves of Azadirachta indica and Catharanthus roseus respectively. The 

biosynthesized nanoparticles were examined through FTIR for identifying functional 

groups and field emission scanning electron microscopy for analyzing their 

morphology. FTIR analysis revealed peaks at 3496.08 cm-1 for O-H and C=O groups, 

2307.25 cm-1 for C-H stretching vibrations of an aromatic aldehyde, 1617.59 cm-1 

for aromatic rings, and 984.06 cm-1 for saturated primary alcohol. Chitosan 

nanoparticles showed a primary alcohol absorption peak at 795.11 cm-1, indicating 

C-OH stretching vibrations. SEM images revealed that the surfaces of the 

nanoparticles were rough. The green synthesis of nanoparticles using plant extracts 

is anticipated to be widely applied in environmental remediation and various 

sectors, including the pharmaceutical, food, and cosmetic industries. 
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1. Introduction 

The term 'nano' originates from a Greek prefix 

meaning 'dwarf' and represents one billionth of a 

meter (10^-9 meters). The National 

Nanotechnology Initiative (NNI) in the USA 

identifies two primary challenges in 

nanotechnology: altering and controlling particle 

shape and size at the nanometer scale, and 

leveraging nanoparticle properties at the Nano 

level [1]. Nanotechnology encompasses the 

development, characterization, production, 

management, and application of nanostructured 

materials, typically sized between 1-100 nm [2]. 

This field has gained significant attention due to 

its innovative nature and broad applications 

across various science and technology sectors. 

Nanoparticles (NPs) are generally produced 

through various chemical and physical methods, 

which can be costly and pose environmental and 

health risks [3]. However, microbial synthesis 

offers a simpler, cost-effective, and 

environmentally friendly alternative for 

producing metal nanoparticles like gold, silver, 

and platinum [4]. Among inorganic NPs, ZnO 

NPs are particularly notable for being easy to 

prepare, inexpensive, and safe for humans and 

animals [5]. The basic principle of green 

synthesis for metal oxide nanoparticles involves 

reducing metal complexes in dilute solutions to 

obtain metal colloidal dispersions. Natural 

materials like plant extracts are gaining interest 

due to their ability to reduce metal precursors to 

nanoparticles [6]. The synthesis of NPs using 

leaf extracts involves phytochemicals that serve 

as reducing and capping agent [7]. There are 

numerous reports on the green synthesis of ZnO 

NPs using extracts from plants such as 

Sambucus ebulus, Azadirachta indica, Costus 

igneus, Cassia fistula, and Melia azedarach. 

Azadirachta indica, also known as neem, is 

valued in traditional Indian medicine for its 

therapeutic benefits and rich phenolic content. 

Water-soluble flavones and organic acids act as 

bioreductants, reducing zinc ions to form zinc 

nanoparticles [8]. ZnO NPs are utilized in 

agriculture, textiles, cosmetics, and diagnostics 

due to their safety and excellent antimicrobial 

properties [9].  

Chitosan is a renewable, biodegradable, 

biocompatible, and non-toxic polymer derived 

from chitin, which is found in the shells of sea 

crustaceans, as well as in the cell walls of certain 

fungi and insects [10].  It readily forms 

complexes with metals, creates polycations in 

acidic conditions, and has excellent film-

forming capabilities. Chitosan forms porous 

matrix structures that enhance catalytic 

processes and is widely used in various fields, 

including water treatment, cosmetics, textiles, 

and biological activities such as antimicrobial, 

antitumor, hemostatic functions, and wound 

healing. Chitosan nanoparticles, typically 
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ranging from a few to several hundred 

nanometers, are synthesized using chemical 

techniques such as ionic gelation, 

microemulsion, water-in-oil emulsion, 

precipitation, spray-drying, polyelectrolyte 

complex formation, and desolvation methods 

[11]. Several hypotheses have been proposed to 

explain the antibacterial mechanism of chitosan-

based nanoparticles. The most widely accepted 

hypothesis suggests that chitosan polycations 

interact with anionic components on the 

bacterial surface, disrupting cell membrane 

permeability. This interaction allows the 

nanoparticles to bind to DNA, ultimately leading 

to bacterial cell death [12]. Another hypothesis 

proposes that chitosan nanoparticles form 

chelate complexes with metal atoms or ions on 

the bacterial cell wall, producing toxic effects 

and inhibiting cell growth. Zinc oxide-chitosan 

nanoparticles have demonstrated strong 

antimicrobial and biofilm inhibition properties, 

highlighting their potential in preventing 

bacterial infections [13]. This study is centered 

on the synthesis and characterization of zinc 

oxide and chitosan nanoparticles using leaf 

extracts from Azadirachta indica and 

Catharanthus roseus.  

2. Materials and methods 

Azadirachta indica (neem) and Catharanthus 

roseus (sadabahar) leaves were used for the 

synthesis of zinc oxide and chitosan 

nanoparticles respectively (Fig.1). Then, these 

nanoparticles were characterized using Fourier 

Transform Infrared Spectroscopy (FTIR) and 

Field Emission Scanning Electron Microscopy 

(FE-SEM). 

2.1. Preparation of Azadirachta indica 
leaves extract for zinc oxide 
nanoparticles 

Fresh, healthy, young neem leaves were 

collected from a government school in Bhuna 

(Fatehabad). The leaves were thoroughly 

washed five times with distilled water to remove 

any dust particles. Twenty grams of dried leaves 

were added to 1000 ml of double-distilled water 

and stirred for 20 minutes at room temperature 

using a magnetic stirrer. The mixture was then 

filtered through Whatman No. 4 filter paper to 

remove solid particles and impurities, followed 

by centrifugation to eliminate any remaining 

debris. The resulting extract was ready for use in 

preparing zinc oxide nanoparticles [14]. 

2.1.1. Synthesis of Zinc oxide (ZnO) 
nanoparticles  

The synthesis of zinc oxide nanoparticles (1%) 

followed the method [14]. One gram of zinc 

acetate was dissolved in 100 ml of double-

distilled water and stirred for 30 minutes. Then, 

10 ml of neem leaf extract was added to the zinc 

acetate solution and stirred for 3 hours to allow 

interaction. The solution was placed in a hot air 

oven at 80°C for 12-13 hours to promote the 

formation of zinc oxide nanoparticles. The 

nanoparticles were then separated by 

centrifugation, washed twice with double-
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distilled water to remove impurities, and dried at 

60°C in an oven to ensure stability and 

preservation. 

 

 

 

Fig. 1. Preparation of zinc oxide nanoparticles (a) and chitosan nanoparticles (b) 

 

 2.2 Preparation of Catharanthus roseus 
Leaf Extract for Chitosan Nanoparticles 
Fresh, healthy, young Catharanthus roseus 

(Sadabahar) leaves were collected from a 

government school in Bhuna (Fatehabad). The 

leaves were thoroughly rinsed multiple times 

with distilled water to remove any dust particles 

and then cut into small pieces. Eight grams of 

leaves were boiled in 100 ml of distilled water at 

80°C for 4 minutes. The extract was filtered 

through Whatman No. 1 filter paper to remove 

solid particles and plant debris, followed by 

centrifugation at 4000 rpm for 30 minutes. The 

supernatant was collected for further use in 

synthesizing chitosan nanoparticles [11]. 

2.1.2. Synthesis of Chitosan Nanoparticles 
Using Catharanthus roseus Leaf 
Extract 

Chitosan nanoparticles were synthesized using a 

3:1 ratio of chitosan to leaf extract. Chitosan was 

dissolved in an aqueous solution of 1% glacial 

acetic acid at a concentration of 2 mg/mL and 

stirred at 100 rpm. Then, 6.5 ml of Catharanthus 

roseus leaf extract was added dropwise to 20 ml 

of chitosan solution under constant stirring at 

100 rpm for 30 minutes. The nanoparticle 

solution was purified by centrifugation at 13,000 

rpm for 20 minutes. The nanoparticle pellet was 

collected and washed with distilled water [11]. 
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2.2. Characterization of green synthesised 
nanoparticles  

The green synthesised zinc oxide and chitosan 

nanoparticles were characterized using FTIR and 

FE-SEM to study the functional groups, size and 

morphological features present in the samples. 

FTIR Spectroscopy is a robust technique 

employed to explore chemical bonds within 

materials. For this study, FTIR analysis was 

performed within the spectral range of 4000-400 

cm⁻¹ to effectively identify functional groups in 

the extracted polymer. The spectra for both zinc 

oxide and chitosan nanoparticles were obtained 

by forming potassium bromide (KBr) pellets. 

Functional groups in the nanoparticles were 

identified by creating graphs that plotted the 

relationship between wavenumber (cm⁻¹) and 

transmittance, using software like Origin Pro 

9.0. To assess the surface morphology of the 

synthesized nanoparticles, FE-SEM analysis was 

employed. This analysis was conducted using a 

JEOL IT800 microscope located at the Center 

for Bio Nanotechnology, CCSHAU, Hisar, 

operating at an accelerating voltage of 30 kV. A 

dried sample weighing 0.01 g was placed on a 

stub coated with carbon tape and platinum, and 

then examined under the microscope. These 

analytical techniques provided comprehensive 

information on the functional groups, size, and 

surface morphology of the synthesized zinc 

oxide and chitosan nanoparticles. 

3. Results and Discussion 

3.1. Synthesis and Characterization of Zinc 
Oxide and Chitosan Nanoparticles 

Azadirachta indica (neem) and Catharanthus 

roseus (sadabahar) leaves were used to 

synthesize zinc oxide and chitosan 

nanoparticles, respectively. Zn²⁺ ions were 

reduced to Zn⁰ nanoparticles when neem leaf 

extract was mixed with a zinc acetate solution. 

Secondary metabolites in the sadabahar leaf 

extract facilitated the formation of chitosan 

nanoparticles. 

3.2. Characterization of Prepared 
Nanoparticles 

3.2.1. Fourier Transform Infrared 
(FTIR) Spectroscopy 

The FTIR spectra of zinc oxide and chitosan 

nanoparticles were recorded (Fig. 2). Zinc oxide 

nanoparticles exhibited significant absorption 

peaks at 3496.08 cm⁻¹, indicating strong OH 

(hydroxyl) group hydrogen stretching vibrations. 

The presence of C=O (carbonyl) functional 

groups was also observed at the same 

wavenumber, 3496.08 cm⁻¹, suggesting these 

functional groups coexist within the ZnO 

nanoparticle structure. An absorption peak at 

2307.25 cm⁻¹ corresponded to aromatic C-H 

stretching vibrations, emphasizing the presence 

of aromatic compounds in the ZnO 

nanoparticles. Additionally, an absorption peak 

at 1617.59 cm⁻¹ indicated the presence of an 

aromatic ring structure within the nanoparticles. 

In chitosan nanoparticles, the presence of 

primary (1°) alcohol groups was confirmed by 

an absorption peak at 795.11 cm⁻¹, indicating C-
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OH stretching vibrations. N-H stretching 

vibrations were identified at 1626.35 cm⁻¹, 

affirming the presence of amine groups in the 

chitosan structure. Another absorption peak at 

1124.96 cm⁻¹ corresponded to C-N stretching 

vibrations, further supporting the molecular 

composition of chitosan.  Similar studies have 

revealed that bands at 3421 and 3483 cm⁻¹ 

correspond to the stretching and bending 

vibrations of the OH group. Peaks at 1649 and 

1655 cm⁻¹ match with C=O vibrations, while 

peaks at 1021 and 1055 cm⁻¹ correspond to the 

C-O stretching mode of esters. Absorption 

regions at 902 and 942 cm⁻¹ can be assigned to 

HO-C=O stretching bands. The significant peak 

observed in chitosan nanoparticles at ~1632 

cm⁻¹ is due to N-H bending of 1° amines, and 

the peak at ~1105 cm⁻¹ is for C-N stretching of 

aliphatic amines. This suggests the capping of 

chitosan nanoparticles by nitro compounds, 

likely due to alkaloids present in C. roseus. The 

peaks at 721 and 772 cm⁻¹ imply the presence of 

a metal oxide bond (11, 13, 15]. 

 

 

Fig. 2. FTIR spectrum of zinc oxide and chitosan nanoparticles 

 

3.2.2. Field Emission- Surface Electron 
Microscopy (FE-SEM) of 
nanoparticles 

Scanning Electron Microscopy (SEM) was 

employed to investigate the surface morphology 

of the synthesized nanoparticles. The SEM 

images revealed that the surface was rough and 

zinc clusters exhibited a compact arrangement of 

homogeneous nanoparticles with a spherical 

shape, embedded within the biopolymer matrix 

(Fig. 3). This indicated the successful 
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incorporation of zinc oxide and chitosan 

nanoparticles ranged from 36.2-81.5 with mean 

diameter of 52.3 nm and 52.1-144.9 nm with 

mean diameter of 100.3 nm respectively. Similar 

results were observed that synthesized CS/ZnO 

nanoparticles had an agglomerated spherical-

shaped nanostructure [16]. Chitosan 

nanoparticles appeared spherical-like particles of 

chitosan nanoparticles, and energy-dispersive 

spectroscopy confirmed the presence of carbon 

and oxygen as the main elements of chitosan 

[17]. 

 

 

 

4. Conclusion 

The green synthesis of nanoparticles is gaining 

importance as a possible alternative to chemical 

and physical methods. The synthesis of ZnO 

NPs using biological methods is attributed to the 

reducing and stabilizing efficiency of secondary 

metabolites found in various plant extracts. The 

present work reports the low-cost, green 

synthesis of zinc oxide (ZnO) and chitosan 

nanoparticles using 10% and 6% (w/v) of 

Azadirachta indica (Neem) and Catharanthus 

roseus leaves extract, respectively. These 

synthesized nanoparticles were characterized 

using FTIR and FE-SEM for functional group 

identification and morphological features, 

respectively. The progress of green chemistry, 

utilizing plants in the synthesis of nanoparticles, 

has garnered significant attention due to the 

numerous advantages associated with this eco-

friendly approach. It has been explored as a 

powerful catalyst for several organic 

transformations. This research provides a 

concise method for synthesizing zinc oxide and 

chitosan nanoparticles on a natural scale. To 

pursue a healthy life and environment, it is 

imperative to develop green synthetic 

approaches to obtain nanomaterials targeted for 

different applications. 
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