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ABSTRACT

Zinc oxide nanoparticles (ZnO) were synthesized using aqueous leaf extract of Pinus roxhurghii 1. (Chir) via green synthesis as
due to least toxic effect on environment, green synthesis has become one of the most important methods for the synthesis of
particles at nanoscale. Ultraviolet- Visible (UV-Vis) spectrum was used to assess the size of synthesized nanoparticles, XRD
and SEM analysis was further used to confirm the exact size and shape of these green nanoparticles, while functional groups
were recorded by using FTIR analysis. Change in color of the reaction mixture (pale yellow to whitish) was the visual
confirmation of ZnO particles while UV- Vis analysis presented a sharp peak at 377 nm which confirmed that the synthesized
particles were in nanoscale range. Hexagonal wurtzite structure of ZnO nanoparticles was confirmed through XRD analysis
which gives distinct peaks at 20 position. The average size of nanoparticles was around 24.71 nm with irregular shape of
particles. Leaf extract of P. roxburghii L. was found excellent reducing agent for the synthesis zinc oxide nanoparticles.
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INTRODUCTION

Nanotechnology is a field of science dedicated to the design, synthesis, characterization and application of materials and devices
on nanometer scale. That is less than 100 nanometers. Which is about 1000 times smaller than width of a human hair. Ability
of nanotechnology to create materials and devices with novel properties is a great platform for innovation and advancement.
By controlling synthesis of materials at tiny or minute dimensions with specific shape, size and properties help researchers
develop novel materials with revolutionary properties (Divya et al., 2018). Nanotechnology is a key driver of innovations across
many fields such as physics, biology, chemistry and materials science (Karthika et al., 2017). Nanoparticles have wide-ranging
applications across multiple industries such as medicine, drug delivery, diagnostics, agriculture, environment and materials
science. Manipulation of materials at nanoscale opens up possibilities improving health, advancing technology, addressing
environmental challenges and enhancing everyday products (Benelli et al., 2018). Application of nanotechnology in agriculture
offers innovative solutions to some of the most pressing challenges in farming such as nutrient delivery, pest control and
sustainable practices (Badar et al., 2023).

Synthesis of nanoparticles is a foundational aspect of nanotechnology, and various methods have been developed to create
nanoparticles with specific shape, size and properties. These methods are physical, chemical and biological (Ishwarya et al.,
2018). Physical methods involve breaking down bulk materials into nanoscale particles. Chemical methods involve assembly
of nanoparticles from atomic or molecular precursors. Biological methods involve green synthesis of nanoparticles (Banumathi
et al,, 2017). This eco-friendly approach uses plants or microorganisms for synthesis of nanoparticles (Singh et al., 2017).
Ongoing research in this area focuses on improving synthesis techniques to achieve greater control over particle size, shape
and surface chemistry, while also addressing concerns related to environmental impact and sustainability. As techniques
continue to advance, the potential for nanoparticles to revolutionize fields such as medicine, energy and environmental science
will only grow.

Most important feature of nanoparticles is, as their size decreases, the surface to volume ratio increases significantly. This
property makes nanoparticles more reactive allowing for more interactions with surrounding environments. High surface to
volume ratio allows for the efficient attachment of the drugs to the surface of nanoparticles. This enables targeted delivery of
therapeutic agent to specific cells or tissues, such as cancer cells, while minimizing side effects (Mundekkad et al., 2022). Due
to their enhanced reactivity, nanoparticles are widely used as catalyst for production of chemicals, pharmaceuticals and energy
conversion process (Narayan et al., 2019). High surface area of nanoparticles is utilized in formulation of nanofertilizers and
pesticides (Neme et al., 2021).

The conventional physical and chemical methods of nanoparticles synthesis have many disadvantages such as high cost, less
environment friendly and health risks. Green synthesis of nanoparticles is environment friendly and sustainable. Green
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synthesis occurs under mild conditions such as room temperature and atmospheric pressure and these nanoparticles are
biocompatible which is advantageous for medical and environmental application ((Sharma et al., 2021).

Based on better pharmacodynamics, improved safety, and nutritional productiveness, bioactive compounds of plants are
getting immense limelight.Plants have been used for centuries in traditional medicine to treat various diseases (Jakatia et al.,
2017). Some of these plants have been directly used in medicines while others have led to the development of modern drugs
(Bisht et al., 2019).

Pinus roxburghii 1. is native to the Himalayan region (Secim-Karakaya et al., 2021). In Pakistan, it is found in Azad Kashmir,
Khyber Pakhtunkhwa, and some parts of Punjab (Shankar et al., 2015). Documented roles of P. roxburghii 1. are anticancer
(Sajid et al.,, 2018), antiparasitic (Farooq et al., 2008), antimicrobial (Salem et al., 2014), antihyperlipidemic (Safaeian et al.,
2019), anti-inflammatory (Labib et al., 2017) and antioxidant (Sharma et al., 2020).

P. roxchurghii L. is commonly known as Chir, Chil and is enriched source of B-secretase 1 and cholinesterase, pinene, flavoanoids,
which have strong Anti-inflammatory, anticancer, antioxidant activities (Bhardwaj et al., 2022; Hou et al., 2019).

Methodology

Experimental plant

Plant was collected in triplicates from Minimerg, Pakistan (34.7908°N 75.0799°E), stored at -80 °C to prevent stress, identified
by informed taxonomists for voucher number at Department of Botany, Government College University, Lahore, and
preserved at the University of Lahore, Lahore, with their botanical numbers.

Preparation of Leaf Extract

Collected leaves of P. roxburghii L. were carefully washed and dried to remove the excess moisture, which were then ground to
make fine powder and sieved. Boil five grams of the powder in100ml of distilled water at 60 °C for 2 hours. Filter the mixture
using filter paper.

Preparation of 1.0 M Zinc chloride

For the synthesis of zinc oxide nanoparticles, 20 ml of filter solution were taken in 250 ml volumetric flask at 70 °C. Reaction
mixture was covered with aluminum foil, this reaction was sustained for 2.0 hours, with constant stirring during the reaction
to ensure uniform mixing and particle formation. Further pH of the reaction mixture was maintained slightly basic (pH 9).
After the appearance of white precipitates at the bottom of flask, centrifuge the mixture at 10,000 rpm for 20 min, make sure
the washing with distilled water and ethanol (Badar et al. , 2023).

Calcination and grinding of nanoparticles

Obtained particles were oven dried at 100°C for 1 hour, and then these NPs were calcinated at 400°C for 1 hour (Wu et al.
2011), followed by their grinding into a fine powder by using a mortar and pestle and stored (with date of synthesis) for further
use.

Characterization of Nanoparticles

Prepared nanoparticles were further characterized by
o Ultraviolet-visible spectroscopy

® Fourier transform infrared spectroscopy

® X-ray diffraction Anlysis

® Scanning electron microscopy Analysis

Ultraviolet-Visible Spectroscopy analysis

Synthesized nanoparticles were first assessed through UV-Vis spectrophotometer analysis using spectrophotometer (Shimadzu
UV-1800). Stock solution of NPs was prepared by dissolving 10mg ZnO NPs in 10mL deionized water in a glass beaker which
was left on stirring till complete dispersion. Prepared stock solution was used for the analysis by taking this sample in a quartz
cuvette. The wavelength of the instrument was kept in the range of 200-800 nm, while the scan speed was adjusted medium,
and readings were recorded. UV vis analysis was performed for the confirmation of size, shape, and concentration of
nanoparticles (Shambhari et al. 2018).

Fourier Transform Infrared Spectroscopy (FT-IR) Analysis

FTIR analysis was used to determine the functional groups present on the surface of ZnO NPs, ZnO NPs were mixed with
potassium bromide (KBr) at a fixed ratio of 1:19. Prepared samples were then placed in a metal hole which was compressed
until it was firmly packed, for this analysis FT-IR spectroscopy (Thermo Scientific) was used. This technique is essential for
the detection of present functional groups on the surface of particles (Yang et al. 2009; Docter et al. 2015).

X-ray Diffraction (XRD) analysis

X-ray diffraction pattern of the dried biofabricated ZnO NPs were carried out using PANalytical Xpert powder diffractometer
(Malvern) for the determination of shape and average size of green nanoparticles. The average crystallite size of biofabricated
ZnO NPs was determined from the highest intense/narrower peak using Debye Sherret’s equation: D=kABcos0

Where, D is crystallite size of nanoparticles, k is Sherrer’s constant, which is 0.94, X is the wavelength of X-ray sources used in
XRD (1.5406A), B is full width at half maximum (FWHM) of diffraction peak. 6 refers to Bragg’s angle. The most intense
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peak was chosen which is <010> and crystalline size of synthesized “biofabricated ZnONPs was determined around 21.63
(Gholamali, I., & Yadollahi, M. (2021)).

Scanning Electron Microscopy (SEM) and EDX analysis
For further confirmations SEM analysis of prepared nanoparticles was performed using Carl Zeiss (model: FE-SEM sigma
500 VP) to assess the surface morphology, shape, and size of biofabricated ZnO NPs (Dihom et al., 2022).

RESULTS
Identification and classification of plant
Plant has been identified as Pinus roxburghii L. and saved in herbarium with botanical number of GC.Herb.Bot. 3754, Figure

1).

Kingdome: Plantae
Division: Tracheiophyte
Class: Pinopsida

Otrder: Pinales

Family: Pinaceae

Genus: Pinus

(AN g Vi M o (@ Species: Roxburghii
Figure 1 Characteristic features of Pinus roxburghii L. (a) Cone b) Tree c) Needles d) Trunk.)
(Khan et al. , 2023)

Synthesis of Zinc oxide nanoparticles
A visual change in color of the reaction mixture was the first clear indication of the synthesis of ZnO NPs (Figure 2 A and B).
A clear white colored powder of NPs were collected in glass petri plates after centrifugation.

*) B)
Figure 2Confirmation of synthesis of ZnO NP (A) Change in color (B) ZnO NP in solid form

Ultraviolet-Visible Spectroscopy analysis

A sharp and clear peak was detected at 377 nm which was an indication of zinc oxide nanoparticles (Figure 3 A and B). This
peak was due to the surface plasmon response (SPR) effect, which is a collective oscillation of electrons at the surface of the
NPs.
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@) ®)
Figure 3 UV Spectrum of bio -fabricated ZnO nanoparticles (A) Graphical presentation (B) Dotted
presentation

Fourier Transform Infrared Spectroscopy (FT-IR) Analysis

Figure 4 clearly indicated the presences of carbon carbon double bonds C=C which means alkenes are present. Three sharp
peaks at 1606 cm-!, 1953 cm-! and 2115cm-! were recorded which indicated the presence of aromatic rings and alkenes. Peak
position at 2115cm-! was due to the presence of carbonyl functional group, which is common in ketones, aldehydes, or
carboxylic acids. There are some other possible compounds which may exhibit these peaks such as Terpenes, oleic acid, linoleic
acid, acetone, methyl ethyl ketone, formaldehyde, acetaldehyde and acetic acid, propionic acid (Table 2).The peak at position
detected at 2079 cm-! was due to the presence of a nitrile functional group, which is common in compounds containing a
cyano group (-CN). While peak at 1826cm-'indicated the presence of a carbonyl functional group, which is linked with ketones,
aldehydes, or carboxylic acids. Similar peaks 1606 cm-!, 1953 cm-! and 2115cm-!were recorded by the NPs prepared using P.
roxcburghii L. which is the indication of plant extract. However,two peaks were not recorded by NPs such as1826cm-! and
2079cm-'which means some of the were break during nanoparticle synthesis, and some compounds reduced to form NPs.
Presence of these stretches attributed to the zinc oxide nanoparticles.
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Figure 4 FTIR spectrums of bio-fabricated ZnO nanoparticles
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Table 2.0 Identified functional groups after FTIR analysis of zinc nanoparticles

Plant extract ZnO NPs

Peak position Functional group Peak position Functional group

1606 cm-! C=C stretching (aromatic rings) 1606 cm-! C=C stretching (aromatic rings)

1632 cm-! C=N stretching vibration 1953 cm-! C=C stretching (alkenes)

1826 cm-! C=0 stretching carbonyl functional group | 2115 cm-! C=0 stretching carbonyl functional group
2117 cm-! C=0 stretching carbonyl functional group

2079 cm-! (C=N) stretching vibration

XRD analysis

The crystalline structure and phase of the nanoparticles (NPs) were characterized by X-ray diffraction (XRD) analysis, and the
obtained results are presented in Figure 5. The XRD pattern of the ZnO NPs exhibited distinct peaks at (100), (002), (101),
(102), (110), (103), (200), correspond to the hexagonal (wurtzite) structure of ZnO with preferred orientation along (101) plane.
For the doped material, the XRD pattern showed 20=20.81°, 26=28.85°, 20=48.99° and 20=58.13° indexed.

Intensity(a.u.)

600
100

500
400 002
300
200
4 OOM w u

0

101

102

110

103
200

004

10 20 30

40

50 60 70 80

2 theta(degree)

Figure 5 XRD patterns of ZnO NPs synthesized from the aqueous extract of P. roxburghii L. leaf

SEM Analysis
The SEM analysis revealed that the morphology and sized of biosynthesized ZnO NPs obtained as irregular in shape, well
dispersed, uniform in size and well crystalline in nature. particle sizes ranging from 10 to 50 nm and a mean size of 24.71 nm

(Figure 6 A-E).

X30

X1,000  10um

www.KurdishStudies.net



https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/x-ray-diffraction
https://www.sciencedirect.com/topics/chemical-engineering/zinc-oxide

862 Green Synthesis of Zine Oxide Nanoparticles Using Aqueous Extract from Pinus Roxburghii L. leaves

20kV  X10,000 1pm 20kV  X30,000 0.5um

20kv  X2,500 10um
®)
Figure 6 Scanning Electron Micrographs of ZnO NPs from P. roxburghii L. leaf extract at 20 kV
(A)X30 and 500 um (B) X1000 and 10 um (C) X10, 000 and 1.0 pm (D) X30, 000 and 0.5 pm E) X2500 and 10 um

EDX Analysis
The elemental compositions of Zn ONPs were as present in prepared material, which yields strong to weak signals of 62.4%
for zinc and 37.3% for oxygen (Figure 7), which is consistent with previous work on the synthesis of ZnO NPs.

TYUK|

@ Quant Result - Analysis Uncertainty: 99.00 %
171K Element | Weight % MDL | Atomic % Error %
152K 0 37.6 0.09 71.1 9.2
Zn 62.4 0.18 289 22
133K
114K/
95K
76K
S7K|
38K
19K
oK. : ! . =~ : _— . ' ]
0.0 13 2.6 39 5.2 6.5 7.8 9.1 104 11.7 13.0

Figure 7EDX analysis of ZnO NPs from P. roxburghii L. leaf extract
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DISCUSSION

Visual observation of solution color change is the first indication of successful synthesis of nanoparticles (Happy et al. 2019).
Reading of UV- vis in the wavelength range of 250-500 nm is used to assess the size of particles. In case of ZnO NPs
maximum absorption had been found in the range of 300—350 nm (Nagajyothi et al. 2014). UV-vis analysis of ZnO NPs
usually show a characteristic peak around 350-380 nm, a study conducted by Geetha and Sakthi, 2016 reported peak of ZnO
NPs at 376 nm by UV analysis. Findings of study conducted by Asady et al (2020) were closely in favor with present study.
The presence of aromatic compounds in the P. roxburghii were found responsible for the synthesis of ZnO NPs similar findings
were reported by Colak et al. (2017). Likewise, the peak positions attributed to carbonyl compounds were due to the used
plant extract which has potential of catalytic activity of metal particles (Anusuya et al. 2021). The presence of flavonoids such
as quercetin, kaempferol, and isorhapontigeninin the plant extract of P. roxburghii assisted synthesis of ZnO NPs (Bhuyan et
al. 2015). Phytochemicals present in plant parts are the important constituents for the synthesis of nanoparticles. It had been
reported that phytochemicals like flavonoids, ketones, aldehydes, amine, amide, organic acid are the key components for the
reduction of Zinc ion to nanoparticles (Happy et al. 2019). Moreover this plant is also reported to have Abietadiene, Copaene,
Humulene, Italicene, Juvabione, Sandaracopimarinal, Sclarene and Carene (Hasan et al. 2023) which are expected to be
attached as a reducing agent with zinc nanoparticles.

Peak positions obtain in X-ray diffraction analysis by experimental samples were also reported by number of studies as in a
study conducted by Demissie et al., (2020), diffraction peaks at 20 value of =31.76°, 34.42°, 36.24°, 47.54°, 56.59°, 62.86°,
66.41°, 67.97°, and 69.06° were corresponding to (100), (002), (101), (102), (110), (103), (200), (112), and (201) crystal planes.
Results of current study are in accordance to the results of present experimental analysis (Getie et al., 2017; Gholamali and
Yadollahi, 2021). Results of another study suggested that sharp peaks obtained by XRD analysis were used to calculate average
size. Reported results of another study were in line with present study suggested that NPs were hexagonal wurtzite in shape
(Dobrucka and Dlugaszewska 2016).

SEM analysis was used for the morphological study of the experimental nanoparticles, as reported by experts (Rajiv et al,,
2013).

CONCLUSION

Leaf extracts of P. roxburghii were an outstanding material for the synthesis of zinc oxide nanoparticles as this extract lead to
the stability of nanoparticles and caping agents. Moreover, prepared nanoparticles were in nano range, while FTIR analysis
revealed that the stability and the successful synthesis of these nanoparticles were due to different metabolites in plant extracts.
Average size calculated was around 24.71 nm with irregular shape of particles. These nanoparticles could be further used for
various branches of science due to their valuable features and are applicable for all kinds of advanced studies.
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