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Abstract: A paradigm shift in the preparation of nanoparticles from a chemical synthetic
route to the green synthetic method using plant extractives has gained much impetus. This
study used Chromolaena odorata leaf extract to prepare zinc oxide nanoparticles (ZnO-
NPs). The ZnO-NPs were characterised by spectroscopic, optical and thermal techniques.
Thermogravimetric Analysis (TGA) revealed no significant weight loss observed after
550°C for precursor powder which was further calcined using a furnace at 800°C and
900°C to obtain ZnO-NPs. Fourier Transform Infrared Spectroscopy (FTIR) spectroscopy
analysis indicated Zn-O stretching between 400 cm™ to 500 cm™. UV-Vis spectra show a
strong absorption band at 388 nm for both calcination temperatures. Scanning Electron
Microscopy (SEM) images showed the irregular shapes of the samples at different
calcinations. The X-ray diffraction (XRD) diffractograms showed that the synthesised
ZnO-NPs are in a hexagonal wurtzite structure. Studies of the electrochemical performance
showed that ZnO-NPs made with Chromolaena odorata extract and calcined at 800°C have
better cyclability than ZnO-NPs calcined at 900°C. Due to better cyclability, these ZnO-
NPs can be applied as anode material in sodium-ion batteries.
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Introduction

Nanotechnology has given the field of science a  range of applications (Yusoff et al., 2015; 2020;

new revolution. Nanotechnology aims to provide
useful design, characterisation, production, and
application of structures. The fabrication of
devices and systems by controlling their nano-
scale size and shapes (Vallinayagam ez al.,2021).
Furthermore, materials like nanostructures,
nanoparticles (NPs), and nanocomposites are an
outcome of nanotechnology (Yusoff ez al., 2015;
Nasrollahzadeh et al., 2019; Bandeira et al.,
2020; Saidi et al., 2020; Ganasan et al., 2023).
In this structural evolution in nanoscale material
synthesis metal and metal oxide nanoparticles
are widely studied and imparted to their wide

2021; Bandeira et al., 2020; Saidi et al., 2020;
Yusoff et al., 2021; Ramesh & Venkateswarlu,
2022).

Zinc oxide nanoparticles (ZnO-NPs) are
known for their impressive properties such as
antibacterial, antifungal, UV filtering properties,
and high catalytic and photochemical activity
along with these, it also exhibit great binding
energy, broadband gap, high piezoelectric
properties (Raut et al., 2013; Yedurkar et al.,
2018). ZnO-NPs is an example of attractive
metal oxide NP material with a high bond
strength which contains optoelectronic short-
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wavelength applications due to its large band
gap (3.37 eV) and high exciton binding energy
(60 meV) at room temperature (Vaseem et al.,
2010).

Recently, the synthesis of ZnO-NPs is
preferable towards biosynthesis, a technique
of synthesising NPs using microorganisms and
plants. This green, environmentally friendly,
savvy, biocompatible methodology (Agarwal
et al., 2017). Green synthesis of NPs is famous
among researchers because of their non-
hazardous and very eco-friendly nature (Yusoff
et al.,2015; Bandeira et al., 2020; Thiyagarajulu
et al., 2021; Sharma et al., 2021; Rodrigues et
al., 2021; Dharmalingam et al., 2022). This
method is also preferable due to its stability and
high synthesis rate compared to the chemical
method (Ramanarayanan ef al., 2018; Bandeira
et al., 2020; Yusoff et al., 2020).

Precipitation, hydrolysis, pyrolysis, sol-gel,
hydrothermal, and solvothermal procedures for
preparing ZnO-NPs employ toxic reagents, are
time-consuming, and produce waste (Nava et
al., 2017; Gilavand ef al., 2021; Droepenu et al.,
2021).

Because of the cost-effective, economic
viability, non-toxic and eco-friendly green
synthesis of metal or metal oxide NPs has
generated researchers’ interest in producing
ZnO-NPs with various shapes and sizes (Vaseem
etal.,2010; Yusoffet al.,2021). From a previous
study, Chromolaena odorata leaves consist of
bioactive compounds, where the polyphenolic
flavonoid molecule demonstrates effectiveness
as both reducing and capping agents used in the
synthesis of metal oxide nanoparticles, which
develop the potential for application in green
synthesis processes (Buniyamin et al., 2022).
This study focuses on the green synthesis of
ZnO-NPs using Chromolaena odorata leaves
extract and establishing their morphology and
size. The obtained ZnO-NPs were investigated
for their potential as anode material for sodium-
ion batteries (SIBs). SIBs are an alternative to
replace Lithium-ion Batteries (LIBs) since they
share similar electrochemical natures. Only
limited works have been reported for potential

anode material for sodium-ion batteries (Wang
et al., 2016; Qin et al., 2016; Durai et al., 2017,
Wang et al., 2019).

Materials and Methods
Preparation of Chromolaena adorata Extract

Zinc acetate dehydrate (Sigma Aldrich) was used
to prepare the zinc acetate dehydrate solution
without further purification. 4 g of zinc acetate
dehydrate was weighed and dissolved in 20 mL
of distilled water. The solution was stirred for
about 10 min (Yusoff et al., 2020).

Green Synthesis of ZnO-NPs

The preparations for ZnO-NPs were carried out
according to the method published by Yusoff
et al. (2020) with some modifications. 80 mL
aqueous extract of Chromolaena odorata was
mixed homogenously with 20 mL zinc acetate
dehydrate solution at a fixed temperature of
75°C. A brown precursor precipitate was formed
after continuous stirring for up to 10 hours
(Figure 1). The precursor was kept in the oven
at 80°C overnight to dry. The precursor was
calcined at 800°C and 900°C for 6 hours in the
furnace and white precipitate was obtained by
grinding to get fine particles.

e/

Figure 1: Formation of dark brown precipitate

Characterisation of ZnO-NPs

ZnO-NPs have been characterised by
Thermogravimetric  Analysis (TGA) from
Perkin Elmer was used to determine the
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amount of material weight change, either as a
function of rising temperature or as a function
of time, in an atmosphere of nitrogen, helium,
air, other gas, or as a vacuum of up to 30 m
Torr. Fourier Transform Infrared Spectroscopy
(FTIR) spectrometer from Shimadzu was used
to determine prominent characteristics of metal
oxide. The optical properties of ZnO-NPs have
been characterised by UV-Vis from Shimadzu.
The ZnO-NPs were dispersed in distilled water
and then the solutions were stirred for 10 min
before UV-Vis measurement. Scanning Electron
Microscopy (SEM) from JEOL was used to
image the form, size and microstructure of the
products, while X-ray diffractogram (XRD)
from Rigaku was used to determine the structure
of the ZnO-NPs.

Fabrication of Super Capacitor Electrode

The copper foil was cut into strips to prepare
the supercapacitor electrode (1 cm x 2 cm). The
copper foil was rinsed in ethanol for 15-30 min
and the copper foil was dried with tissue paper.
Each of the copper foil strips was weighed and
recorded. One side of the foil has been labelled
accordingly. ZnO-NPs have been acting as
active material. For electrode paste, ZnO-NPs,
carbon black, and polyvinylidene difluoride
(PVDF) were weighed at 0.0150 g, 0.0004 g and
0.0001 g, respectively. The mixture was ground
with mortar and pestle for 15 min. After that, a
drop-by-drop of 1-methyl-2-pyrrolidine (NMP)
was added. The homogenous slurry was pasted
on a few pieces of labelled copper foil and dried
at 100°C for 6 hours in the vacuum. After being
dried for 6 hours, the copper foil with carbon
paste was weighed. The weight range of active
material was measured around 0.5 to 1.0 mg.

Electrochemical Performance

The electrochemical output testing was
performed in a glove box packed with argon.
The sodium foil was applied to the form of a coin
(CR2032) that serves as the counter-electrode
of reference. The electrolyte 1 M NaClO,,
was dissolved in propylene carbonate (PC)
with 5% wt mixture. Fluoroethylene carbonate
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(FEC) and Whatman (GF/D) glass fibre are
separators. On the battery test device (Neware
Battery Analyser) at 0.013V, the galvanostatic
charge/discharge tests were carried out. All
the electrochemical tests were evaluated under
room temperature and pressure.

Results and Discussion
Thermogravimetric Analysis (TGA)

TGA measured substance weight change as
a function of temperature or isothermal time.
The derivative weight loss curve can show the
weight loss peak. The analysis was performed by
gradually increasing the temperature and plotting
the graph weight against the temperature.

Before calcination, four sets of precursor
samples were analysed using TGA with a 1°C/
min heating rate using argon gas. Figure 2
shows the TGA graph of all four samples. To
test the consistency of the Chromolaena odorata
extract-based ZnO-NP synthesis process, these
four samples were synthesised individually. All
four sets of TGA curves showed continuous
weight loss of up to 650°C; after that, no
significant weight loss was observed. From this
result, the calcination temperature was chosen at
800°C and 900°C.

The slight weight loss, seen at about 200°C,
is the elimination of moisture. Larger weight
loss can be seen at 300°C, possibly caused by
the degradation of chemicals in plant extract
(Bandeira et al., 2020).

Fourier
(FTIR)

ZnO-NPs bond vibrations were measured using
FTIR. The spectra were measured at a range
from 4000 cm™ to 400 cm™ by using the KBr
pellet method with a ratio for KBr and sample
is 7:1. Figure 3 shows the comparative spectra
of commercial ZnO, ZnO before calcined and
calcined samples at 800°C and 900°C.

The FTIR spectra confirmed the presence of
specific bands for several functional groups and
the wide peak of all spectra shown between 3000

Transform-Infrared Spectroscopy
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Figure 2: TGA graphs of four sets of precursor samples before calcination

and 3500 cm'. This has shown the occurrence
of stretching vibrations of the O-H groups in
water, and wide O-H peaks have narrowed with
increased temperature calcination (Kayani et al.,
2015; Fakhari et al., 2019; Yusoff et al., 2020).

The two peaks around 1650 to 1400 cm’!
correspond to either C-H bending or C-N
stretching due to the presence of alkyl in
Chromolaena odorata plants. C-O stretching
causes a band between 1000 and 1100 cm
(Kayani et al., 2015; Dhanemozhi ef al., 2017,
Fakhari et al., 2019). The characteristic peak
of the Zn-O stretching vibration peak appears
at band 450 to 510 cm™ in the spectra (Kayani

et al., 2015; Dhanemozhi et al., 2017; Fakhari
et al., 2019; Yusoff et al., 2020). Protein amino
acids and amide associations stabilise ZnO-
NPs, while phenolic compounds are related
to the reduction process (Kayani et al., 2015;
Dhanemozhi et al., 2017; Fakhari et al., 2019;
Yusoff et al., 2020).

It can be argued that NPs are protected by
compounds in the extract that can help prevent
cluster formation (Datta et al., 2017). Table 1
summarises the band assignments of commercial
Zn0, ZnO before calcined, and ZnO at 800°C.
and 900°C.
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Figure 3: FTIR spectra of ZnO (a) commercial ZnO, (b) ZnO before calcined, (c) ZnO-NPs calcined at
800°C, and (d) ZnO-NPs calcined at 900°C
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Table 1: Band assignments of commercial ZnO precursor before calcine, ZnO-NPs calcined at 800°C
and 900°C

Characteristics Wavenumber (cm™)

Band assignment Commercial ZnO ZnO before ZnO-NPs ZnO-NPs
Calcine Calcined at 800°C Calcined at 900°C
O-H stretching 3471.87 3433.29 3448.72 3448.72
CNsaching 159706 145047 195939 1627.92 160477
c-0 1072.42 1064.71 1072.42 1064.71
Zn-0 447.49 447.49 478.35 447.49

UV-Visible Spectroscopy (UV-Vis)

Electromagnetic radiation, such as visible
light, is mostly used as a wave phenomenon
with wavelength or frequency characteristics
(Dhanemozhi et al., 2017). UV-Vis of ZnO-
NPs from previous studies has shown a sharp
absorption peak range from 355 nm to 370 nm.
Additionally, UV-Vis spectra are used to measure
nanoparticles in size and shape (Darvishi ef al.,
2019). The UV-Vis absorption spectra from
previous studies were recorded between 365 nm
to 390 nm (Darvishi et al., 2019; Yusoff et al.,
2020). Figure 4 shows UV-Vis spectra of ZnO-
NPs calcined at 800°C and 900°C.

ZnO-NPs calcined at 800°C and 900°C
show a prominent absorption band at 388 nm.
This confirms that the synthesised products are
ZnO only because the spectra showed no other

peaks. These data confirm the presence of ZnO-
NPs as the band of absorption obtained is quite
similar to the previous research, showing a better
result of ZnO-NPs absorption of UV. According
to Chieng and Loo (2012), the ZnO-NPs that
have absorption in the UV-Vis spectrum at a
higher wavelength corresponded to the results
of increasing particle size (Chieng et al., 2012).
The band gap will increase due to an increment
in particle size and calcination temperature.

Scanning Electron Microscopy (SEM)

SEM image shows the morphological, size
details and surface of the ZnO commercial
and ZnO synthesised by Chromolaena odorata
extract under different calcination temperatures
of 800°C and 900°C. Morphology samples are
viewed under 3500X magnification with an
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Figure 4: UV-Vis spectra of ZnO-NPs calcined at 800°C and 900°C
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acceleration rate of 15 kV. Figure 5 shows the
images obtained for commercial ZnO, ZnO-NPs
calcined at 800°C and 900°C.

From the observations, the shapes of
commercial ZnO ZnO-NPs calcined at 800°C
and 900°C are mixtures of irregular shapes. SEM
determination showed the formation of ZnO-
NPs as well as the dispersed and aggregation of
the particles can be seen. ZnO-NPs synthesised
using Chromolaena odorata appeared larger
than commercial ZnO after calcination.

Swum BBE8E  IMNOS,

UMT

Figure 5: SEM images at 3500X magnification of (a)
commercial ZnO, (b) ZnO-NPs calcined at 800°C,
and (¢) ZnO-NPs calcined at 900°C

This explains that it is possible to obtain
ZnO-NPs with the same type of crystal but
different particles due to the temperature of
the calcination (Thirumavalavan et al., 2013;
Yusoff et al., 2020). According to Dhanemozhi
et al. (2017), improved surface morphology can
be detected by increasing the temperature of
calcination and obtaining larger particle sizes
with small NP surface area (Ashraf ef al., 2015;
Dhanemozhi et al., 2017). Table 2 shows the
size range of SEM micrographs for ZnO-NPs in
several areas.

Table 2: Size range of SEM micrographs for ZnO-
NPs synthesised using Chromolaena odorata

Sample Size Range (nm)
Commercial ZnO 200-1000
ZnO-NPs calcined 800°C 700-1500
ZnO-NPs calcined 900°C 5001500

X-ray Diffraction (XRD)

Figure 6 shows the XRD patterns of commercial
ZnO and ZnO calcined at temperatures 800°C
and 900°C. The crystallite sizes of commercial
ZnO calcined at 800°C and 900°C calculated
using the Scherrer formula, are shown in Table
3. The average crystallite size of commercial
ZnO0 is 54 nm, while ZnO calcined at 800°C and
900°C are 27 nm and 28 nm, respectively.

Table 3 shows the data of XRD and d
references (PDF 89-1397 and JCPDS 06-0644)
of commercial ZnO, ZnO-NPs calcined at
800°C and 900°C. All the diffraction peaks are
in the range of 20° to 80° it can be concluded
that the structure of ZnO-NPs is in hexagonal
wurtzite structure.

With an increase in calcination temperature,
the intensity of diffraction peaks increases,
indicating the strengthening of the ZnO phase
(Ashraf et al., 2015). The three intense peaks
correspond to the (100), (002), and (101) planes.
The preferred orientation is observed along the
(101) plane is observed.
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Figure 6: XRD diffractograms (a) commercial ZnO, (b) ZnO calcined at 800°C, and (c) ZnO calcined at 900°C
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Table 3: Peak assignments of commercial ZnO and ZnO-NPs calcined at 800°C and 900°C for ZnO-NPs
(Kayani et al., 2015; Ashraf et al., 2015; Yusoft et al., 2020). No peaks corresponding to the impurities
were detected, so there are no peaks other than ZnO peaks and this verified that the pure ZnO-NPs were
synthesised. The JCPDS 06-0644 data confirm these peaks and the wurtzite structure.

Samples 20 d (exp) d (ref) hkl (;Zy:t(‘:ll::)e Ass:;e:;en .
Commercial ZnO 31.72 2.819 2.817 100 4435 ZnO
34.35 2.608 2.606 002 42.94 Zno
36.19 2.480 2.478 101 42.92 Zn0
47.47 1.914 1.913 102 39.30 Zno
56.52 1.627 1.626 110 37.40 ZnO
62.79 1.479 1.479 103 64.11 Zn0
66.30 1.409 1.408 200 58.28 ZnO
67.88 1380 1.379 12 60.61 ZnO
69.01 1360 1.359 201 57.93 ZnO
72.52 1.302 1.303 004 82.55 ZnO
76.90 1.239 1.239 202 64.26 ZnO
ZnO-NPs 800°C 31.74 2.817 2.814 100 29.05 ZnO
34.48 2599 2.604 002 32.51 Zno
36.23 2.478 2478 101 27.55 ZnO
47.53 1.911 1.912 102 30.74 Zn0
56.51 1.627 1.627 110 23.56 ZnO
62.84 1.478 1.478 103 22.96 ZnO
66.28 1.409 1.409 200 2427 ZnO
67.88 1380 1380 12 23.18 ZnO
68.98 1360 1.360 201 21.15 ZnO
72.53 1.302 1.302 004 34.17 ZnO
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76.86 1.239
ZnO-NPs 900°C 31.60 2.829
34.29 2.613
36.06 2.488
47.37 1.918
56.37 1.631
62.72 1.480
66.15 1.412
67.74 1.382
68.88 1.362
72.43 1.304
76.76 1.241

1.239 202 38.45 ZnO
2.817 100 29.05 ZnO
2.604 002 32.51 Zn0O
2478 101 27.55 ZnO
1.912 102 30.74 Zn0O
1.627 110 23.56 ZnO
1.478 103 22.96 Zn0O
1.409 200 24.27 ZnO
1.380 112 23.19 ZnO
1.360 201 21.15 ZnO
1.301 004 34.17 ZnO
1.240 202 38.45 ZnO

The XRD data were used to calculate the
crystalline and average crystallite sizes using the
Scherrer equation (Asraf ef al., 2015).

kA

= 1
B cos @ O

where;

D = crystalline size (nm)

k = Scherrer constant which is equal to 0.9

A = wavelength of the x-ray which is equal to
0.15406 nm

B = full width at half maximum (FWHM) of the
peak in radians

0 = peak position in radians

Electrochemical Performance of ZnO-NPs

The cycling stability of the prepared ZnO-NPs
was further investigated by measuring their
cycle performance up to 200th cycles. Figure 7
compares the cycling performance of ZnO-NPs
calcined at 800°C and 900°C. The test cells were
cycled ata 0.1 C rate between 0.01 and 3.00 V.

ZnO-NPs calcined at 800°C delivered a high
initial charge/discharge capacity of 49/254 mAh
g while ZnO-NPs calcined at 900°C delivered
a lower initial charge/discharge capacity of
52/205 mAh g'. For ZnO-NPs calcined at
800°C, the capacity drops quickly for the first
5 cycles and remained stable at approximately
48 mAh g! up to 200 cycles. The cyclability of
ZnO-NPs calcined at 800°C is much better than
ZnO-NPs calcined at 900°C; this could be due to

the small particle sizes of ZnO will shorten the
diffusion lengths of Na-ions and increases the
active sites for the insertion/de-insertion of the
ions (Durai et al., 2017).

Galvanostatic charge-discharge profiles for
ZnO-NPs were shown in Figure 8 for selected
charge-discharge cycles. The first discharge
profiles differ from effective cycles and have a
normal slope in the 0-3.0 V voltage range for
both samples. The first cycle’s degradation of
the electrolyte and creation of a Solid Electrolyte
Interface (SEI) on electrode particles can
produce significant irreversible capacity (Qin
et al.,2016). Compared to ZnO-NPs calcined at
900°C, the initial charge/discharge capacity of
ZnO-NPs calcined at 800°C is higher and shows
long plateaus, while ZnO-NPs calcined at 900°C
exhibit shorter plateaus. The possible sodiation/
desodiation mechanism of ZnO is described as
follows (Qin et al., 2016).

ZnO + 2 Na'" + 2e < NaZO +7Zn

Zn +Na'+ e <> NaZn

2
(€)

Conclusion

In conclusion, ZnO-NPs using Chromolaena
odorata leaves extract were obtained at
calcination temperatures of 800°C and 900°C
using a green synthesis approach. A dark brown
precipitate formed at 80°C after heating in the
oven and a white colour of ZnO-NPs powder
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Figure 7: Cycling performances of ZnO-NPs calcined at 800°C and 900°C
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was obtained after calcination. The influence
of the temperature of the calcination on the
ZnO-NPs was investigated. Analysis of FTIR
spectroscopy showed ZnO stretching between
400 and 500 cm™. The XRD spectrum showed
that the synthesised ZnO is in a hexagonal
wurtzite structure with high crystallinity and
a sharp peak of ZnO at (101), indicating the
high crystallinity. TGA analysis revealed no
significant weight loss observed for these
samples after 550°C. SEM images showed
different irregular shapes. In the cyclability
study, the initial charge/discharge capacity of
ZnO-NPs calcined at 800°C is higher and shows
long plateaus, while ZnO-NPs calcined at 900°C
exhibit shorter plateaus. These eco-friendly
ZnO-NPs could be further exploited in size and
shape as a future compatible candidate in SiBs.
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