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Characterisation of Zn0 nanoparticles prepared
using aqueous leaf extracts of Chromolaena
odorata (L.) and Manihot esculenta (Crantz)

Plant-mediated routes for synthesising metal oxide nanoparticles are gaining tremendous attention
due to the benefits of the technique: simplicity, cost-effectiveness, and eco-friendliness. We compared
the properties of zinc oxide nanoparticles (ZnONPs) made from aqueous leaf extracts of Chromolaena
odorata and Manihot esculenta, both of which are abundant on the African continent. The phytochemical
composition of the extracts was first assessed using gas chromatography-mass spectrometry (GC-MS)
to determine the types of biomolecules involved in the reducing and capping processes that result in
ZnONP formation. After that, UV-Vis spectrophotometry, scanning electron microscopy, energy dispersive
X-ray analysis, transmission electron microscopy, X-ray diffractometry, and Fourier transform infrared
spectroscopy (FTIR) were used to study ZnONP formation, morphological characteristics, elemental
composition, shape and size properties, and phase composition. The ZnONPs made with Chromolaena
odorata leaf extract had a better distribution of spherical and hexagonal forms, with an average particle
size of 42.35 nm. The ZnONPs made with Manihot esculenta leaf as a reductant had a particle size of
14.71 nm on average and were more agglomerated with poor particle distribution. Phytosterols were
shown to be the most important biomolecules in the reduction and capping reactions, according to
GC-MS and FTIR analyses. In this study, we created a cost-effective technique for the synthesis of eco-
friendly ZnONPs for diverse applications, particularly in Africa, using Chromolaena odorata and Manihot
esculenta leaves.

Significance:

e This study could provide useful information on how the phytochemicals embedded in Chromolaena
odorata and Manihot esculenta could influence the properties of the ZnONPs obtained from them.

< Differences in morphology and formation yield of ZnONPs are obtainable from aqueous leaf extracts of
Chromolaena odorata and Manihot esculenta.

e Chromolaena odorata and Manihot esculenta could serve as dependable raw materials for the green
synthesis of ZnONPs in Africa.

Introduction

Due to their unique features as compared to bulk materials, nanostructured materials with dimensions of 1-100
nm have attracted a lot of research in recent decades." Nanomaterials such as nanoparticles, nanolayers, powders,
optoelectronics, mechanical nanodevices, and nanostructured biological materials have all been created using
nanoscience. Metal oxide nanoparticles have been used as antibacterial and anticancer drug/gene delivery
vehicles, and in cell imaging and biosensing materials, among other biomedical uses.? Furthermore, metal oxide
nanoparticles are important in the field of catalysis.?

Zinc oxide nanoparticles (ZnONPs) are a type of metal oxide nanoparticle that has good ultraviolet (UV) light-
absorbing characteristics as well as visible light transparency, making them ideal as sunscreen agents.*
Furthermore, because of their capacity to produce reactive oxygen species and induce apoptosis, they are being
studied as antibacterial and anticancer drugs. The US Food and Drug Administration has designated bulk ZnO as
‘a generally recognised as safe’ chemical, making ZnONPs appealing for drug administration.® As a result, ZnONPs
are thought to be superior to other metal oxide nanoparticles like iron oxide nanoparticles, which have anticancer,
antibacterial, and UV-absorbing capabilities. A report® on the safety of ZnONPs demonstrates that they do not
interact with the majority of pharmaceutically accessible compounds.

Several methods have been used to prepare ZnONPs with a key focus on developing stable and uniform nanosized
particles. Some examples of these methods are precipitation, wet chemical synthesis and solid-state pyrolysis.
A reaction between a zinc precursor and a precipitating reagent is used in the precipitation method. When Zn0
is calcined at a high temperature, an intermediate Zn product is generated.” The precipitation process has been
modified to create the wet chemical synthesis method. An additive is employed in this method to stabilise the
nanoparticles that are generated.? The solid-state pyrolytic method is a straightforward, quick, and cost-effective
process that involves combining zinc acetate and sodium bicarbonate, then pyrolysing the combination.® ZnONPs
are formed from zinc acetate, while sodium bicarbonate produces sodium acetate. The pyrolytic temperature can
be adjusted to control the particle size of the nanoparticles. The pH-dependent sol-gel method of manufacturing
ZnONPs, first developed by Spanhel and Anderson'® and later refined by Meulenkamp', involves solvation,
hydrolysis, polymerisation, and transformation with zinc acetate dihydrate as the precursor.

The potential toxic effects of the reagents and side-products of the aforementioned chemical synthesis methods to
humans and the environment, render them unattractive for synthesising ZnONPs. These shortcomings have resulted
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in a paradigm shift to the plant-mediated route of synthesising ZnONPs.
Plant extracts are typically used as reducing and stabilising agents in
the formation of ZnONPs. The benefits of this method are simplicity of
the process, biocompatibility, eco-friendliness, extensive antimicrobial
activity of the obtained nanoparticles, and, most importantly, cost-
effectiveness.?

Plant extracts have been used to synthesise ZnONPs in several studies.
Using Andrographis paniculata leaf extract, Rajakumar et al."® produced
ZnONPs of spherical and hexagonal forms in the size ranges of 98-
115 nm and 57 nm, respectively, with strong antioxidant, anti-diabetic,
and anti-inflammatory effects. Nagajyothi et al." produced ZnONPs from
a Polygala tenuifolia root extract. Apart from demonstrating antioxidant
activity by scavenging 45.47% 2,2-diphenyl-1-picrylhydrazyl (DPPH) at
1 mg/mL, the ZnONPs also showed remarkable dose-dependent anti-
inflammatory action by reducing iNOS, COX-2, IL-1B, IL-6, and TNF-a
mRNA and protein expressions. The green synthesis approach was then
used to generate ZnONPs using a reducing agent extracted from the
Jacaranda mimosifolia flower." The results revealed ZnONPs with a size
range of 2—4 nm that were cytotoxic against Gram-negative Escherichia
coli and Gram-positive Enterococcus faecium bacteria.

Using the leaf extracts of Chromolaena odorata and Manihot esculenta,
the current study offers yet another intriguing opportunity to extend the
green synthesis of ZnONPs. Previous studies showed that Chromolaena
odorata, a fast-growing perennial and invasive weed, possesses
therapeutic effects against diarrhoea, hypertension, and inflammation.'®
The pharmacological potency is no doubt the result of important
phytochemicals inherent in the plant. In Africa, Manihot esculenta is
widely grown as an annual crop. The tubers (cassava) are a primary
carbohydrate source. Vitamins A, B1, calcium, calories, phosphorus,
protein, fat, carbohydrate, and iron are all found in the leaf, which is often
discarded during harvest. It can be used to treat measles, smallpox,
chickenpox, skin rashes, fevers and headaches, colds, constipation,
ringworm, tumours, conjunctivitis, sores and abscesses." Furthermore,
chlorophyll in the leaves serves as an antioxidant and anti-cancer agent.
Again, the pharmacological potency of these plants is no doubt the result
of important phytochemicals inherent in them.

The goal of this study was to assess the phytochemicals found in
aqueous leaf extracts of Chromolaena odorata and Manihot esculenta,
as well as to use them to make ZnONPs and investigate their qualities.
To our knowledge, there have been no previous studies in which the
synthesis of ZnONPs was jointly performed using Chromolaena odorata
and Manihot esculenta to evaluate the effect of phytochemicals on the
properties of the obtained ZnONPs.

Materials and methods

Materials

The Chromolaena odorata and Manihot esculenta leaves utilised in this
study were obtained from a bush near Bells University of Technology
in Ota, Ogun State, Nigeria, and their identities were confirmed at the
University of Lagos’ Botany Department. Sigma-Aldrich (Gillingham,
UK) provided the reagents utilised, which included Zn(NO,),.6H,0 and
absolute ethanol.

Preparation of the aqueous leaf extracts

Dust and particle contaminants were removed from the leaves of
Chromolaena odorata and Manihot esculenta by washing them first with
tap water and then with deionised water to prepare the extracts. They
were then dried in the sun and ground into fine granules to speed up
the extraction process. Each powdered sample (24 g) was combined
separately with 250 mL deionised water, sealed, and heated in a
water bath for 15 min. The combinations were then cooled to ambient
temperature and filtered to yield the aqueous extracts, which were then
stored at 5-10 °C in the refrigerator for later use.

Synthesis of ZnONPs

The Chromolaena odorata and Manihot esculenta aqueous leaf extracts
(250 mL) were added in drops to a 0.1-M solution of Zn(NQ,),.6H,0
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(50 mL) in a conical flask under a continual stirring condition using a
magnetic stirrer to make ZnONPs. The 12-h addition time resulted in the
production of solid-liquid dispersion mixtures, which were centrifuged
for 15 min at 3835 g force. The supernatants were then removed, and
the residues were rinsed with deionised water to remove any remaining
Zn(NO,),.6H,0 and organic compounds. For drying, the remnants
were placed in a 70 °C oven for 2 h. After that, ZnONPs were obtained
by calcination in a muffle furnace at 500 °C for 3 h. To improve the
dispersion of the ZnONPs, they were sonicated in ethanol at 40 °C for
1 h in an ultrasonic cleaner. ZnONPs from Chromolaena odorata were
designated ZnO_CNPs, while those from Manihot esculenta were
designated ZnO_MNPs.

Characterisation

The phytochemicals in the Chromolaena odorata and Manihot esculenta
aqueous leaf extracts were determined using a gas chromatograph—
mass spectrometer (GC-MS; Shimadzu QP2010SE, Markham, Ontario,
Canada). Before injection into the GC-MS, ethanol was added to the
crude aqueous extracts to obtain an ethanolic solution of the extracts at
a mixture ratio of 1:1. From the retention times, fragmentation patterns
and peak areas, the various phytochemicals present in the extracts and
their concentrations were determined. The formation of ZnONPs was
validated using a UV-Vis absorption spectrophotometer to measure the
wavelengths of absorption of the mixture obtained during the reaction
between Zn(NO,),.6H,0 and the Chromolaena odorata and Manihot
esculenta leaf extracts, which ranged from 300 nm to 800 nm (Uniscope
SM 7504).

In a scanning electron microscope (SEM) equipped with an energy
dispersive X-ray analyser (EDX) unit (JEOL JSM 7660F), the
microstructure and elemental composition of the ZnONPs were assessed
to evaluate particle distribution and support the presence of ZnO in
the samples. An accelerating voltage of 15 kV was used to evaluate
the material.

The samples were analysed using a transmission electron microscope
(TEM; JEM-ARM200F-G) running at a 200-kV accelerating voltage
to determine the particle size and shape of the ZnONPs. The average
particle size of each sample was then calculated using ImageJ software
from the TEM micrographs.

To establish the type of phases present and analyse the crystalline nature
of the ZnONPs, the diffraction patterns of the samples were obtained
using an X-ray diffractometer (XRD; Rigaku D/Max-IIIC).

Fourier transform infrared (FTIR) spectroscopy (Nicolet iS10) with a
wavenumber in the range of 350-4000 cm' was used to determine the
type of bonds present in the ZnONPs to complement the results of the
GC-MS, UV-Vis, and XRD.

Results and discussion

UV-visible spectrophotometry

Nanoparticles are known to absorb visible to near-infrared radiation
depending on their size and shape. This phenomenon is known as
surface plasmon resonance (SPR) and is linked to the collective
oscillation of surface electrons of nanoparticles. Dispersion of plasmonic
nanoparticles produces one or more peaks that can be exploited to
obtain relevant information on shape, size, and size distribution due to
the SPR property of nanoparticles. The UV-Vis analysis gave a significant
UV absorption band at 373 nm, as seen in the UV-Vis spectrum of the
reaction mixture of the Chromolaena odorata extract and Zn(NQ,),.6H,0
(Figure 1a). The band is due to the excitation of the valence electrons
of ZnO present in the nanoparticles (nanocrystal/nanosphere) generated
by the reaction of the Chromolaena odorata extract and Zn(NQ,),.6H,0.
There are no extra absorption bands visible, indicating that the ZnONPs
are extremely pure. Figure 1b shows the UV-Vis spectrum of the reaction
mixture of the Manihot esculenta extract and Zn(NQ,),.6H,0. A prominent
UV absorption band may be seen near 379 nm. The smoothness of the
curve, in addition to the shift in absorption band, demonstrates the purity
of the ZnONPs derived from the Manihot esculenta leaf. The ZnO UV
absorption area is reported to range between 300 nm and 500 nm.'
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Figure 1:  Ultraviolet-visible absorption spectra of the mixture of Zn(NO,),.6H,0
with extracts of (a) Chromolaena odorata and (b) Manihot
esculenta stirred for 12 h, indicating the formation of ZnONPs

observed at 373 nm and 379 nm, respectively.

Previous research found that ZnO has UV absorption peaks at 372 nm'®,
375 nm'8, and in the region of 358-375 nm?. The symmetry of the
bands suggests that a larger proportion of the particle is spherically
shaped. This result also indicates the high bio-reducing ability of the
phytochemicals present in the extract.

Furthermore, the surface SPR peak of the produced ZnONPs was
327 nm. Using Equation 1, the bandgap energy of the resultant SPR
was calculated:
E = he/A, Equation 1
where h stands for Plank’s constant (6.626 x 10-* J.s), ¢ for light velocity
(3.0x 108 m/s), and A for the wavelength. A bandgap of 3.79457 eV was
discovered, indicating the occurrence of a blue shift.*"

Morphological characteristics and elemental composition
of ZnONPs

The morphologies of the ZnONPs are depicted in Figure 2. As observed in
Figure 2a, the microstructure of ZnO_CNPs are spherical and hexagonal
with some degree of agglomeration. Even so, the particles are well
distributed to present a high surface area. The result from a previous
study??> which obtained a similar morphology from plant-mediated
synthesis using Andrographis paniculata leaf extract indicated that the
obtained ZnONPs exhibited strong antioxidant, anti-diabetic, and anti-
inflammatory potentials. Similarly, ZnONPs prepared using an aqueous
extract of Aloe vera® not only presented a microstructure resembling
the one obtained in this study, but also gave good antibacterial activity
against E. coli and Staphylococcus aureus.

In contrast, ZnO_MNPs exhibited spherical, hexagonal and rod-like
shapes but appeared less agglomerated than those of ZnO_CNPs,
nonetheless showing lower particle distribution and limited surface area.

The presence of Zn and O in the sample at high intensity and 1:1 atomic
ratio, as found in pure ZnQ, verifies the synthesis of ZnONPs in Zn0_
CNPs (Figure 3a) and ZnO_MNPs (Figure 3b), respectively. The spectra
show carbon atom peaks from several biomolecules in the plant extract
that served as reducing and capping agents during the process that
resulted in the creation of ZnONPs.

Particle size and shape

The TEM images of the ZnONPs are presented in Figure 4. The micrograph
of ZnO_CNPs indicates that the particles were different shapes, some
spherical and others oval or hexagonal (Figure 4a), in agreement with
the SEM result (Figure 2a). The TEM revealed an average particle size
of 42.35 nm. The particles appeared agglomerated, as observed earlier
in the SEM micrograph (Figure 2a). Those of ZnO_MNPs (Figure 4b)
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Figure 2:  Scanning electron micrographs of (a) ZnO_CNPs and (b) ZnO_

MNPs.

Figure 3:  Energy dispersive X-ray analyser spectra of (a) ZnO_CNPs and

(b) ZnO_MNPs showing a 1:1 atomic ratio of Zn and 0.

were much smaller, with an average size of 14.71 nm, most of which
were hexagonal and less agglomerated, as observed previously in the
SEM result (Figure 2b). The agglomeration observed in the particles
is the result of high surface energy, usually associated with synthesis
occurring in an agueous medium.' The disparity in the degree of particle
dispersion and size in ZnO_CNPs and ZnO_MNPs could be attributed to
the different types of biomolecules present in the extracts and the extent
to which they were involved in the capping reactions.

Equation 22* was used to calculate the average number of Zn atoms (N)
in each kind of nanosphere:

Equation 2
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Figure 4:

Where p is the density for hcp unit cell lattice of Zn (7.13 g/cm® = 7.13x
102" g/nm3), D is the particle size in nm, M represents the atomic weight
of Zn (63.3800 g/mol) and N, is Avogadro’s constant (6.023 x 10%
atoms/mol). By applying Equation 2, the average number of Zn atoms
per synthesised nanoparticles in ZnO_CNPs was 2 695 040 atoms, but
was 676 251 atoms in ZnO_MNPs. This result is indicative of the number
of Zn atoms present on the surface of the samples. Therefore, Zn0_CNPs
contained more Zn surface atoms than did ZnO_MNPs, which validates
the SEM results presented in Figure 2.

Diffraction patterns

The XRD patterns of the ZnONPs are shown in Figure 5. For ZnO_CNPs
(Figure 5a), the peaks gave hkl reflection plane reflections at 100, 002,
101, 110 and 201, corresponding to hexagonal wurtzite ZnO, when
indexed using the standard diffraction reference file (JCPDS36-1451) in
both angular location and intensity.'3 In ZnO_MNPs (Figure 5b), the peaks
corresponded to 100, 002, 101, 102, 110, 103 and 112 ZnO crystal
planes. The sharp nature of diffraction peaks indicates that the ZnONPs
possessed crystalline structure, especially ZnO_MNPs. Interestingly, no
additional peaks due to the presence of metallic impurities are seen on
the diffractograms, suggesting the absence of impurities of other metal
oxides in the samples.

The Scherrer equation (Equation 3) was also used to estimate the
crystallite size of the ZnONPs to compare with those obtained from the

Transmission electron micrographs of the ZnONPs: (a) ZnO_CNPs and (b) ZnO_MNPs.

TEM data, where k = 0.9 is the shape factor, A is the X-ray wavelength
of CuKa radiation (1.54 A), is the Bragg diffraction angle, and is the
full width at half maximum of the most prominent diffraction peak. The
crystallite sizes obtained from the Scherrer calculation were 44.50 nm
and 16.32 nm, respectively, for ZnO_CNPs and ZnO_MNPs. These
values were close to the 42.35 nm and 14.71 nm obtained for Zn0_
CNPs and ZnO_MNPs, respectively, using TEM, which thus validates the
TEM results.

Equation 3

GC-MS analyses

The compounds identified in the GC-MS analyses of the aqueous
leaf extracts of Chromolaena odorata and Manihot esculenta are
depicted in Table 1 and Table 2, respectively. The data analysis of
the Chromolaena odorata aqueous leaf extract (Table 1) revealed the
presence of four major compounds based on their percentage peak
area, namely: 7-oxabicyclo[4.1.0]heptan-2-ol (10.89%), beta-sitosterol
(37.97%), methanesulfonic acid (4.92%), 1,6-dideoxydulcitol (4.09%),
[(6R)-6-[(8R,9S,10S,13R,145,17R)-10,13-dimethyl-2,3,4,5,6,7,8,
9,11,12,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-
17-yl]-2-methylhepta-1,3-dienyl] benzoate (7.80%), and kauran-18-al,
17-(acetyloxy-, (4.beta.)((7.33%) and beta-sitosterol (36.97%).

Figure 5:
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X-ray diffractometer pattern of the ZnONPs — (a) ZnO_CNPs and (b) ZnO_MPs — showing the presence of pure Zn0 crystalline phase.
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Chromolaena odorata aqueous leaf extract

Peak | Retention time (min)

Peak area (%)

Name of compound

Molecular weight

Page 5 of 8

Gas chromatography—mass spectrometry results showing the phytochemicals, along with their corresponding peak areas, found in the

Molecular formula

1 7.564 1.55 Glycerin 92.094 C,H,0,
2 9.587 0.53 Trans-1,4-cyclohexanediol 116.158 CeH,,0,
3 10.357 0.34 Benzoic acid, ethyl ester 150.17 C,H,,0,
4 11.099 0.90 2,2,3,3-Tetragthyloxirane 156.269 C,oHy0
5 12.131 10.89 7-Oxabicyclo[4.1.0]heptan-2-ol 114.144 CHigo2
6 12.294 4.09 1,6-Dideoxydulcitol 150.174 CoH..0,
7 13.745 0.95 1,4,2,5-Cyclohexanetetrol 148.16 CH.,0,
8 15.313 1.83 1-Methyl-6- (3-methylbuta-1,3-dienyl)-7-oxabicyclo[4.1.0]heptane 178.27 C,,H,0
9 15.550 2.50 Stevioside 804.88 CyHeo0sg
10 15.735 1.63 1,7,7-Trimethylbicyclo[2.2.1]heptane-2,5-diol 170.252 C,Hys0,
11 15.941 1.37 cis-Z-alpha-Bisabolene epoxide 220.356 C,H,,0
12 16.153 1.14 cis-Z-.alpha.-Bisabolene epoxide 220.356 C,H,,0
13 16.920 1.23 1-Heptadec-1-ynyl-cyclopentanol 320.361 CypoH,0
14 17.086 3.27 1-Heptatriacotanol 357 C,;H,0
15 18.051 15.91 Beta-Sitosterol 414.718 CyoHs0
16 18.120 13.37 Beta-Sitosterol 414.718 C,eH.,0
17 18.201 8.69 Beta-Sitosterol 414.718 CyoH5,0
18 19.012 4.92 Methanesulfonic acid 96.1 CH,0,S
[(6R)-6-[(8R,9S,10S,13R,14S,17R)-10,13-Dimethyl-
19 19.324 7.80 2,3,4,5,6,7,8,9,11,12,14,15,16,17-tetradecahydro-1H-cyclopenta[a] 488.74 C,yH 502
phenanthren-17-yl]-2-methylhepta-1,3-dienyl] benzoate
20 19.529 2.79 (1-(Naphthalen-1-yl)propan-1-ol 186.104 C,H,0
21 19.625 7.33 Kauran-18-al, 17-(acetyloxy-, (4.beta.)- 346.511 CpHaud
2w am et
23 20974 286 [Z:A?(gg:gﬂairl;;g;(;t;;nzoxepin, octahydro-2,2,5a,9-tetramethyl-, 999 366 C,H,0
24 20.906 0.71 2H-3,9a-Methano-1-benzoxepin, octahydro-2,2,5a,9-tetramethyl-, 999 366 CHO

[3R-(3a,5a0,90,9a0)]-

The biomolecules identified in high concentration from the GC-MS analysis
of Manihot esculenta aqueous leaf extract included glycerin (10.31%),
d-mannitol (8.55%) 2-deoxy-D-galactose (3.90%), 11-(2-Cyclopentene-1-
ylyundecanoic acid (4.04%), [1,1"-bicyclopropyl]-2-octanoic acid (3.99%),
9,9-dimethoxybicyclo  [3.3.1]nona-2,4-dione  (8.47%), 2-methoxy-4-
vynylphenol (3.39%), B-sitosterol (12.22%) and cholest-5-en-3-ol (7.48%).
These biomolecules (including phytosterols) contain -C-0-C, -C-0-, —
C=C~, -C=C~, and —C=0 functions which are known to act as reducing
agents in plant-based synthesis.?

Two phytochemicals — glycerin and beta-sitosterol — were present in
both extracts in significant amounts and could have played dominant
roles in the formation of the ZnONPs. Glycerin, in particular, has been
found to play various roles in the synthesis of metal and metal oxide
nanoparticles. It has been used in the hydrothermal reduction of
nitrates of manganese, cobalt, copper, iron, nickel, and silver to their
corresponding metals and metal oxides.? Jankovi¢ et al.?” synthesised
ZnONPs by combining the Zn(NO,),.6H,0 starting material with glycerin
without using a solvent, wherein the glycerol served as the dispersant.
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The result obtained showed that the ZnONPs were well dispersed,
with an average size of 2.06 nm. Furthermore, ZnONPs were prepared
starting from aqueous ZnCl, solution and aqueous hydroxide solution. In
this reaction, glycerin was added as a stabiliser at room temperature.?
It was reported in this study® that the shape of the ZnONPs obtained
depended on the concentration of the ZnCl, and the molar ratio of the
glycerin to Zn** in the mixture. The role of beta-sitosterol in extracts
was also profound. Previous studies®3 have attributed the reducing and
capping reactions of nanoparticles formation to phytosterols.

FTIR confirmation of ZnONPs formation

The FTIR spectra of the ZnONPs are presented in Figure 6. The spectrum
of ZnO_CNPs (Figure 6a) gave a broad band centred at 3415.64 cm!
considered to be the stretching vibrational mode of OH groups, with a
bending mode around 1619.13 cm resulting from the phytochemicals
involved in the capping reactions to form ZnO_CNPs."® Other peaks
attributed to the presence of the phytochemicals are those at 2929.13,
2345.59,1619.13 and 1568.13 cm! which are the stretching vibrational
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Table 2:  Gas chromatography—mass spectrometry results showing the phytochemicals, along with their corresponding peak areas, found in the Manihot
esculenta aqueous leaf extract

Peak | Retention time (min) | Peak area (%) Name of compound Molecular weight | Molecular formula
1 6.727 0.26 2,5-Hexanediol 118 CeH,,0,
2 8.149 10.31 Glycerin 92 C,H,0,
3 8.502 1.95 Methyl 2-0-benzyl-d-arabinofuranoside 254 Cy;H, 0,
4 8.707 1.05 Methoxyacetic acid, heptyl ester 188 CyoH,0,
5 9.036 1.12 Hexane, 1,1’-0xybis- 186 C,,H,0
6 10.068 0.56 1,3-Dioxolane, 2,4,5-trimethyl- 116 CeH,,0,
7 10.496 0.58 Oxirane, octyl- 156 C,oH,0
8 10.860 0.50 Hydroguinone 110 CeH:0,

9 10.875 1.25 Hydroquinone 110 CeH:0,
10 11.092 3.49 d-Mannitol, 1,4-anhydro- 164 CeH,,0;
1 11.452 1.63 cis1-Deoxy-d-mannitol-Z-alpha-Bisabolene epoxide 166 CeH,,0;
12 12.122 5.06 d-Mannitol, 1,4-anhydro- 64 CeH,,0;
13 12.180 3.18 1-Deoxy-d-altritol 166 CeH,,0;
14 12.317 3.39 2-Methoxy-4-vinylphenol 150 CH,0,
15 12.408 0.92 2-Methyl-9- .beta.-d-ribofuranosylhypoxanthine 282 C,H, N0,
16 12.760 1.53 2-Deoxy-D-galactose 164 CeH,,0;
17 13.564 1.12 2-Azatricyclo[4.3.1.1(4,8)]undecane 151 CiHN
18 13.653 0.67 2,7-Dioxatricyclo[4.3.1.0(3,8)]dec-4-ene 138 CH,,0,
19 14.529 3.90 2-Deoxy-D-galactose 164 CeH,,0;
20 15.198 4.04 11-(2-Cyclopenten-1-yl)undecanoic acid, (+)- 252 C,eHy0,
21 15.627 4.27 9,9-Dimethoxybicyclo[3.3.1]nona-2,4-dione 212 C,H,0,
22 16.204 3.99 [1,1°-Bicyclopropyl]-2-octanoic acid, 2’-hexyl-, methyl ester 322 C,,H,,0,
23 16.862 1.26 cis-Z-.alpha.-Bisabolene epoxide 220 C,,H,,0
24 16.924 2.82 2,6,8-Trimethylbicyclo[4.2.0]oct-2-ene-1,8-diol 182 C,,H,0,
25 17.085 0.94 1,2-15,16-Diepoxyhexadecane 254 C,sHy0,
26 17.398 0.73 8-Tetradecyn-1-ol 210 C,,H,0
27 17.474 0.26 cis-Z-.alpha.-Bisabolene epoxide 220 C,H,,0
28 17.993 4.20 9,9-Dimethoxybicyclo[3.3.1]nona-2,4-dione 212 C,H,0,
29 18.060 7.48 Cholest-5-en-3-ol, 4,4-dimethyl-, (3.beta.)- 414 C,oH,,0
30 18.120 12.22 beta.-Sitosterol 414 C,oH,,0
31 18.558 1.85 Gis-Z-.alpha.-Bisabolene epoxide 536 C,H,0
32 18.838 0.88 cis-Z-.alpha.-Bisabolene epoxide 220 C,H,,0
33 19.269 1.08 1-Heptadec-1-ynyl-cyclopentanol 320 C,H,,0
34 19.410 1.03 9,12,15-0ctadecatrienoic acid, 2-[(trimethylsilyl)oxy]-1-[[ (trimethylsilyl) 496 C,,H,0,Si,
35 19.532 2.52 1-Heptatriacotanol 536 C,;H,0
36 19.627 3.12 Kauran-18-al, 17-(acetyloxy)-, (4.beta.)- 346 C,,H,,0,
37 19.877 1.70 9,10-Secocholesta-5,7,10(19)-triene-1,3-diol, 25-[(trimethylsilyl 488 CyoHs,0,Si
38 20.027 214 1-Naphthalenepropanol, .alpha.-ethyldecahydro-5-(hydroxymethyl)- 308 CyoHy60,
39 20.278 1.00 9,12,15-0ctadecatrienoic acid, 2-[(trimethylsilyl)oxy]-1-[[ (trimethylsilyl) 496 C,,H,,0,5i,
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Figure 6:

frequencies of C-H, O-H in SO,H* and C=C in benzene, respectively.
The presence of ZnONPs is observed as a broad band centred at 577
cm. The spectrum of ZnO_MNPs showed peaks due to the presence of
capping biomolecules at 3480, 1708, 1633, 1102.54 and 993.64 cm'.
The broad band centred at 3480 cm" is associated with the stretching
vibrations of 0-H, the one at 1708 cm " is considered as C=0 stretch,
while those at 1102.54 ¢cm' and 993.64 cm' are due to the presence
of C-0 diagnostic stretching vibration.®? The peak for the Zn—0 bond in
Zn0_MNPs is observed at 431 cm-*.33

In conclusion, our results validate the biological synthesis of ZnONPs
using Chromolaena odorata and Manihot esculenta aqueous leaf
extracts. GC-MS analysis identified 24 phytochemicals in the aqueous
extract of Chromolaena odorata leaf and 33 in that for Manihot esculenta,
mostly phytosterols which, in synergy with other phytochemicals, acted
as reducing, capping and stabilising agents to form the ZnONPs. The
capping and stabilising roles performed by these biomolecules were
confirmed by the appearance of a carbon peak in the EDX spectra of the
ZnONPs and the presence of bonds related to the biomolecules when
examined through FTIR. This method offers an interesting alternative
approach for synthesising ZnONPs which precludes the use of harsh
conditions, such as high temperature, pressure, high energy demand,
and toxic chemicals usually associated with conventional techniques.
Even more interesting is that, while Chromolaena odorata is a ravaging
weed, after harvesting the tubers, the leaves of Manihot esculenta are
discarded as waste. We also found that the properties of the ZnONPs
were influenced by the type of phytochemicals inherent in the plants.
Therefore, the current plants’ parts, being abundant in most parts of
Africa, could serve as raw materials for the large-scale synthesis
of ZnONPs.
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