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Abstract

Nanoparticles (NPs) can be synthesized using a simple and environmentally friendly method by utilizing infuse
of the plant. The secondary metabolites contained in infused Africa leaves were used as reducing and stabilizing
agents in the synthesis of NiCoFe,O; NPs. The characteristics and photocatalytic activity of NiCoFe,Oj against the
photodegradation of diazinon have been investigated using UV-Vis, FTIR, XRD, and SEM. The UV-Vis spectra
showed that NiCoFe;Oy had been formed, as established with a maximum absorbance peak at 277 nm. The FTIR
results also confirmed the presence of a ferrite spinel group at a wave number of 565cm-1. The XRD diffractogram
showed a cubic crystal of NiCoFe;O; with a size of 8.79 nm, which was also confirmed from the SEM images that
the NPs were slightly agglomerated with an average size of 94.37 nm. The photocatalytic performance of NiCoFe,O4
against diazinon which was carried out for 300 minutes under UV light obtained a degradation percentage of

72.40% producing diazoxide, 2-isopropyl-6-methyl-4-pyramidal (IMP) and diethyl phosphonate. It was concluded

that infused African leaves had an active role in the synthesis of NiCoFe;Oj.
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Introduction

Ferrite-based nanoparticles are starting to
develop due to their wide use in technology and
industry (Gibin & Sivagurunathan, 2017). Among
the spinel ferrite group, nickel cobalt ferrite
(NiCoFe,Oy) attracts special attention, because it
had good chemical properties such as thermal
stability, high electrical resistivity, and high cursivity
(Velhal et al., 2015). Previous studies synthesized
NiCoFe;O4 which was applied as catalysts in the
degradation of pollutant compounds, including
reduction of nitroaromatic compounds and photo-
oxidative degradation of rhodamine B (Singh et al.,
2014), methylene blue (Naik et al., 2019), alizarin
reds (Srinivas, 2019) and congo red (Abbas et al.,
2021).

Synthesis of nanoparticles can be carried out
using the sol-gel method (Ridha & Khader, 2021),
co-precipitation (Nurmadina et al., 2021), and
hydrothermal (Balideh et al., 2021). Synthesis of
nanoparticles also can be carried out using a simpler
and environmentally friendly method by utilizing
secondary metabolites, such as flavonoids, alkaloids,
tannins, and saponins that can be used as reducing
and stabilizing agents (Sulaiman et al, 2018). Several
studies reported that plant extracts such as Physalis
angulate, (Sulaiman et al., 2018) stem Foeniculum

vulgare, and Mentha arvensis (Ahmad et al., 2020)
could synthesize each of these compounds
lanthanum oxide (La;O;), vanadium pentoxide
(V,0s5), and rtitanium dioxide (TiO;). The
flavonoids, saponins, tannins, terpenoids, and
steroid  glycosides contained in African leaf
(Vernonia amygdalina Del) extract also have the
potential as reducing and stabilizing agents
(Mwanauta et al., 2014).

In previous studies, most of the secondary
metabolites used in the synthesis of NPs were
extracted by maceration method using organic
solvents. This research led to an extract preparation
method that was more environmentally friendly
with the use of an abundantly available solvent.
Infused Africa leaves were elaborated on their
performance as reducing and stabilizing agents in
the synthesis of NiCoFe;O4. The characterization of
NiCoFe,O4 was carried out using UV-Vis, FTIR,
XRD, and SEM. The NPs performance on
degraded diazinon pollutants has been investigated.

Methods

Materials

The equipment used in this research were
glassware, spray bottle, oven, analytical balance, hot
plate, and magnetic stirrer, centrifuge, spatula,
sonicator, furnace, degradation equipment.
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The instrument used to analyze such is UV-
Vis  Spectrophotometry  (Shimadzu UV-1900),
Fourier Transform Infrared (Bruker Alpha 2), X-ray
Diffraction (Rigaku MiniFlex 600), and Scanning
Electron Microscopy (Tescan Vega3).

The chemicals included NaOH, diazinon,
Nl(NOg)gGHzO, F€C156Hzo, CO(NOg)zGHzO
were purchased from Merck, and African leaves
(Vernonia amygdalina Del) were collected from
Palembang, South Sumatra.

Preparation of infused African leaves

The 5 grams of clean African leaf was boiled
in 100 ml of distilled water for 30 minutes. Then
cooled and filtered to obtain an infused African leaf
(Gingasu et al., 2016).

Synthesis of NiCoFe;O4

Thel0 ml of infused African leaves were
added to  the precursor's  solution  of
Ni(NO3)s.6H20, Co(NOs3),.6H,0, FeCl5.6H,O in
a ratio of 1: 1:2. The solution was sonicated for 30
minutes while adding 0.2 M NaOH. Then it was
calcined using a muffle furnace at 800 °C for 1 hour
and characterized using UV-Vis, FT-IR, XRD, and
SEM.

Photocatalytic degradation of diazinon

A 20 ml solution of 18 ppm diazinon was
added NiCoFe,O4 with variations of 3 mg, 6 mg, 9
mg, 12 mg, 15 mg, 18 mg, 21 mg, and 24 mg, then

___________________________________________

UV-Vis analysis

As Figure 2, the UV-Vis spectra of
NiCoFe;O4 showed absorption at a wavelength of
277 nm. Previous research found that CoFe Oy
nanoparticles had an absorption at a wavelength of
273.6 nm (Kulshrestha & Anand, 2019) and NiO
nanoparticles have absorption at a wavelength of
290 nm (Racik et al.,, 2018). This indicates that
NiCoFe;Os NPs had been formed and were
experiencing electron excitation which was
indicated by a shift in wavelength at 277 nm.

irradiated with a UV lamp for 300 minutes. The
degraded solution was centrifuged for 2 minutes at
a speed of 9500 rpm, to separate the nano-catalyst
from the solution. The solution obtained was
measured by UV-Vis spectrophotometry at a
wavelength of 247.5 nm (Khoiriah et al., 2020).
Then the GC-Ms analysis was performed.

Results and Discussion

Synthesis of NiCoFe;O4

Figure 1 presents the results of the synthesis
of NiCoFe;Os using infused African leaves.
Synthesized NiCoFe;Os nanoparticles were black
crystals and could be attracted by a magnet. This
explains that the infuse used has an active role in the
synthesis process.

The content of secondary metabolites in
African leaves (Vernonia amygdalina Del) such as
phenolic acids, saponins, flavonoids, coumarins,
terpenes, luteolin, and lignans (Ijeh & Ejike, 2011)
played an important role in synthesizing
NiCoFe;Os nanoparticles as  reducing and
stabilizing agents. Phenolic compounds in Vernonia
amygdalina Del act as organic ligands and reduce
metal ions. In addition, polyphenols can undergo
enol-keto tautomeric transformation to release
reactive hydrogen atom species that play a role in
reducing metal ions (Desalegn et al., 2020).

FTIR analysis

The FTIR spectrum of NiCoFe,O4 (Figure
3) showed the presence of a ferrite spinel group at a
wave number of 565 em™. The spinel ferrite phase
characteristics were in the range of 500-600 in the
higher frequency band, the absorption area is due to
the distribution of cations at the tetrahedral sites of
MFe,O4 (Naik et al., 2019; Vinosha et al., 2018).

XRD analysis

Figure 4 shows an X-ray diffractogram of
NiCoFe;O4 nanoparticles confirming the formation
of ferrite appearing at peaks of 20 18.5°, 35.9°,
37.4°, 43.2°, 53.7°, 57.4° that the Miller index of
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NPs identified at (111), (311), (222), (400), (422),
and (511) in accordance to JCPDS database Nol-
1121 (Naik et al, 2019). The synthesized
NiCoFe;O4 had a cubic structure. Miller index is
311 which shows that there is a plane intersection
on the x, y, and z axes at points 3, 1, and 1 with the
z-axis being perpendicular (Reddy et al., 2016). The
crystal size of the nanoparticles calculated using the
Debye-Scherrer equation (Eq. 1) was 8.79 nm,
where D is the crystal size, k is the diffraction

absarbance

k| O T I 1] ] Hl

wavelength (nm)

Figure 2. NiCoFe.O, UV-Vis absorption
spectrum

SEM analysis
The morphology of NiCoFe,O4 shown in

Figure 5 is that the NiCoFe;O4 NPs were cubic in
an average size of 94.37 nm and looked slightly
agglomerated. The agglomeration occurred because
of chemical compounds in the nanoparticles by

adding the infused Africa leave (Sari et al., 2017).

Degradation of diazinon
Synthesis of NiCoFe,O4 was used to degrade

diazinon into harmless compounds through

1

constant (0.9), A is wavelength and {8 is Full-Width

Half~-Maximum.
kA

" Bcosb
Vernonia amygdalina leaf extract was used to
synthesize MnO, NPs that obtained an average size

in the range between 20 nm and 22 nm (Dessie et
al., 2020).

transmittance {a.u)

photodegradation. NiCoFe;O4 was exposed to UV
light, then absorbed the photons that caused
electrons in the valence band to move to the
conduction band. The displacement produced a
hole in the valence band. The hole generated by the
displacement interacts with HO on the surface of
the photocatalyst to form *OH as a reducing agent.
O, with electrons in the conduction band forms
superoxide radicals as oxidizing agents. These
reducing and oxidizing agents attacked the
diazinon.

Intensity (a.u)

1 G0

s
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Figure 4. XRD diffractogram of NiCoFe;Os

s
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The maximum wavelength of diazinon
produced in the current study was 247.5 nm. The
effect of adding catalyst mass is shown in Figure 6.
The more mass of catalyst used, the more increase
percentage of degradation, due to the increased
surface area of the catalyst and the increasing
number of photon absorption on the sutface of the
catalyst, so that the production of active species
increases (Khoiriah et al., 2020). Percent
degradation increased with increasing catalyst
amount from 3-12 mg, however, the degradation
percentage decreased when the catalyst mass was
above 12 mg On the other hand, percent
degradation decreased sharply when the catalyst
mass was 15 mg, it was caused by the electron-hole
undergoing recombination of electrons that occurs
very quickly and releases color which was not useful
in photocatalysts (Bey, 2009).
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Figure 5. SEM of NiCoFe204 nanoparticles magnification (a) 20,000
times, (b) 30,000 times, (c) 50,000 times, (d) Particle size histogram of
NiCoFe;O4

41 %

-
i

Figure 6. The curve of the effect of adding mass to the catalyst
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The addition of excess catalyst mass (18 — 24
mg) also reduced the percentage of degradation due
to agglomeration of the catalyst which inhibited the
degradation (Hossaini et al., 2014), as well as the
decreased penetration of photons from light to the
diazinon solution (Khoiriah et al., 2020).

A previous study utilizing Vernonia
amygdalina Del leaf extract to synthesize Ag;O NPs
reported that NPs had a band gap of 1.56 €V, and
were able to degrade 71.59% of methylene blue
(Widyaningtyas et al., 2019). In addition, Vernonia
amygdalina Del leaf extract was also used to
synthesize green silver nanostructures showing a
significant synergistic antibacterial effect against S.
aureus, E. coli, P. aeruginosa, and E. aerogenes
(Desalegn et al., 2020).

71,30 %
70.57 %
70,19 %
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Fragmentation of diazinon was confirmed using Gas
Chromatography and Mass Spectroscopy (GC-
MS). A chromatogram of diazinon (Figure 7)
showed a retention time of diazinon before
degradation was 7.28 minutes and a shift to 7.23
minutes after degradation. Peak intensity decreased
after degradation, indicating that diazinon had been
degraded. Diazinon (m/z 304) was fragmented into
several compounds as shown in Figure 8. Main
product of fragmentation diazinon were diazoxide
(m/z  289), 2-isopropyl-6-methyl-4-pyrimdiol
(IMP) (m/z 152) and diethyl phosphonate (m/z

137) (Sakkas et al., 2005; Wang & Shih, 2016).
Diazoxide was formed by the substitution of sulfur
with oxygen at the P=S bond through oxidation,
then IMP is formed due to the hydrolysis of
diazoxide which results in breaking the PO bond in
the pyrimidine group (Wang & Shih, 2016). When
diazinon was degraded, the OH attack on the ~O-
functional group forms diazinon into two by-
products, namely diethyl phosphonate and IMP
(Basfar et al., 2007). Diazinon fragmentation was
shown in Figure 9.
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Conclusions

Infused African leaves played an active role in
the synthesis of NiCoFe;Os NPs. Synthesized
NiCoFe;O4 NPs were black crystals, cubic in the
average size of 94.37 nm, and slightly agglomerated.
The percent degradation of NiCoFe;O4 NPs to
diazinon pesticide through photodegradation was
72.41% with the optimum catalyst mass being 12
mg.
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