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Abstract: The present work shows the obtainment of biosynthesized SiO2 with the aid of Jasminum
grandiflorum plant extract and the study of its photocatalytic ability in dye degradation and an-
tibacterial activity. The obtained biosynthesized SiO2 nanoparticles were characterized using X-ray
diffractometer analysis, Fourier transform infrared spectroscopy analysis, ultraviolet–visible diffuse
reflectance spectroscopy, field-emission scanning electron microscope with energy-dispersive X-ray
analysis, transmission electron microscopy and X-ray photoelectron spectroscopy. The UV-light irradi-
ated photocatalytic activity of the biosynthesized SiO2 nanoparticles was examined using methylene
blue dye solution. Its reusability efficiency was determined over 20 cycles and compared with the
commercial P-25 titanium dioxide. The bacterial resistivity of the biosynthesized SiO2 nanoparticles
was examined using S. aureus and E. coli. The biosynthesized SiO2 nanoparticles showed a high level
of crystallinity with no impurities, and they had an optimum crystallite size of 23 nm, a bandgap
of 4 eV, no Si-OH groups and quasi-spherical shapes with Si-2p at 104 eV and O-1s at 533 eV. Their
photocatalytic activity on methylene blue dye solution could reach 90% degradation after 40 min of
UV light exposure, and their reusability efficiency was only 4% less than that of commercial P-25 tita-
nium dioxide. At the concentration of 100 µg/mL, the biosynthesized SiO2 nanoparticles could allow
the resistivity of E. coli to become borderline to the resistant range of an antibiotic called Amikacin.

Keywords: SiO2 nanoparticles; silicon; green synthesis; photocatalysis; Jasminum grandiflorum

1. Introduction

Metal oxide nanoparticles are being used in diverse applications in various fields
like drug delivery, absorbents, microbial activity, sensors, ceramics, catalysts, supercon-
ductors, semiconductors, superconductors, cancer activities, etc. [1–4]. Due to their wide
bandgap, stability, low toxicity and high availability, metal oxides become highly used in
several applications [5–9].

Metal oxide nanoparticles can be synthesized via different methods like green syn-
thesis, sol–gel, co-precipitation, chemical/physical vapor deposition and hydrothermal
methods [10–14]. Green synthesis is one of the best synthesis processes due to its lower tox-
icity, ease of use, low energy consumption and the fact that no secondary toxic compounds
are composed in the synthesis time [14–17]. Moreover, by-products and unsuccessful
synthesized products from green synthesis do not contribute to worldwide environmental
water pollution [18–20].

In addition, pure water production is a process with many steps that has a high cost
and requires high energy. The increase in population and industries is affecting pure water
sources [20–22]. Most of the industries release dye onto land and into water systems, which
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causes numerous problems for living beings [22–26]. Hence, scientists are taking serious
actions to restore water systems and treat polluted water in the environment. Among all the
water remediation processes, photocatalysis is one of the best and most efficient techniques
in removing organic pollutants from wastewater systems. In addition, bacterial imperfec-
tions are a big threat to human health and can damage all nutrient systems. Therefore,
currently, photocatalytic dye degradation techniques are highly needed worldwide [27].

When a photocatalyst is exposed to UV light, electron–hole pairs are produced as a
result of the excitation of electrons from the valence band to the conduction band. This
leads to redox reactions in which the reduction occurs in the conduction band and the
oxidation occurs in the valence band. Thus, during photocatalysis, reactive oxygen species
(ROS) such as hydroxyl radicals (•OH), superoxide radicals (•O2) and singlet oxygen
(1O2) will be produced. These ROS will participate in chemical reactions that induce
the degradation of organic pollutants adsorbed on the surface of the photocatalyst. For
photocatalytic systems to operate at their best, it is essential to comprehend these chemical
reactions properly [28–34].

It is reported that SiO2 nanoparticles have high photocatalytic stability and endurance.
Also, SiO2 nanoparticles have high potential to produce reactive oxygen species (ROS)
and enhance oxidative stress, which can produce the deduction of cell proliferation and
suppress communications over the cell system [35,36]. The interface between Si and O
atoms distributes electrons and forms encapsulation over the bio-elements.

The Jasminum grandiflorum plant comprises benzyl compounds, phytol compounds,
linalool and eugenol that can assist in creating zero-valent metal atoms and lattice
oxygen attachment [37–40].

Under UV light, biosynthesized SiO2 nanoparticles that have bandgaps of 4 eV show
good photocatalytic ability in MB dye degradation. On top of that, biosynthesized SiO2
nanoparticles also provoke reactive oxygen species (ROS) and oxidative stress which can
restrict cell viability. Thus, the current work focuses on two important aspects, which are
(i) biosynthesized SiO2 nanoparticles obtained from a mixture of Jasminum grandiflorum
plant extract and sodium metasilicate nonahydrate and (ii) the methylene blue (MB) dye
degradation and S. aureus and E. coli bacterial resistivity of nanomaterials.

2. Materials and Methods
2.1. Materials

Sodium metasilicate nonahydrate (Na2SiO3·9H2O, CAS number = 13517-24-3;
99.9% purity) and methylene blue dye (C16H18ClN3S·3H2O, CAS number = 7220-79-3;
99.9% purity) were acquired from HiMedia, Mumbai, India. Jasminum grandiflorum plant
flowers were collected from Kerala, India.

2.2. Preparation of Plant Extract

To obtain the plant extract, the Jasminum grandiflorum flowers were cleaned with
running tap water in order to remove any dirt. The clean flowers (5 g) were then mixed
with 100 mL of distilled water, and the mixture was heated at 70 ◦C for 10 min. The mixture
was centrifuged at 10,000 rpm 3 times (with each time lasting 15 min) to separate the plant
extract from the residue. The extract was then filtered with Whatman No. 1 filter paper
(40 µm) to further remove the impurities. The obtained Jasminum grandiflorum extract was
then used in the biosynthesis of SiO2 nanoparticles. When it was not used straight away, it
was stored in a refrigerator to prevent evaporation.

2.3. Biosynthesis of SiO2 Nanoparticles

SiO2 nanoparticles were synthesized using 0.1 M sodium metasilicate nonahydrate
and 10 mL of Jasminum grandiflorum plant extract. These two solutions were mixed by using
a magnetic stirrer for 30 min to obtain a milk-white solution. The white color provides
information that Si4+ reduction took place, revealing the formation of SiO2 nanoparticles
in the solution. The white solution was centrifuged at 10,000 rpm three times (with each
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time lasting 20 min) and then filtered with Whatman No. 1 filter paper (40 µm) to obtain
the SiO2 nanoparticles. The obtained pellets were heated in an oven at 100 ◦C for 2 h. The
treated biosynthesized SiO2 nanoparticles were then stored for the further evaluation of
material characterizations.

2.4. Characterization of SiO2 Nanoparticles

The material structure and phase stability were evaluated using an X-ray diffractome-
ter (XRD) (PANalytical X’Pert with Cu Kα (1.5405 Å) in 30 kV and 40 mA). The optical
properties were measured using ultraviolet–visible diffuse reflectance spectroscopy (UV-
Vis DRS) (UV-2600 Shimadzu, Kyoto, Japan). The functional group of biosynthesized
SiO2 nanoparticles was evaluated using Fourier transform infrared spectroscopy (FTIR)
(Perkin Elmer, Waltham, MA, USA; 4000 cm−1 to 400 cm−1). The surface morphologies and
their material presence were captured using a field-emission scanning electron microscope
(FESEM) with energy-dispersive X-ray (EDX) analysis (Carl Zeiss, Jena, Germany) and a
transmission electron microscope (TEM) (Titan, Hillsboro, OR, USA). The binding energies
of the biosynthesized SiO2 nanoparticles were observed using X-ray photoelectron spec-
troscopy (XPS, PHI 5000 Versa Probe III, Physical Electronics, Chanhassen, MN, USA). The
determination of total organic carbon (TOC) values was carried out using a total organic
carbon analyzer (TOC-VCPH/CPN, Shimadzu, Kyoto, Japan).

2.5. Photocatalytic Activity

The UV-light photocatalytic activity of the biosynthesized SiO2 nanoparticles was
examined using an MB dye solution (10 ppm). Then, 10 mg of SiO2 nanoparticles was
poured into the MB dye solution of 100 mL and the mixture was stirred for 40 min in
the dark. The absence of light was used in order to achieve the adsorption–desorption
equilibrium. The combined photocatalyst and dye solution was placed in a shielded
chamber and exposed to the UV light source, which was a Deuterium lamp (λ = 160 nm). In
the time interval of 10 min, an aliquot of 5 mL was taken out and centrifuged at 5000 rpm for
10 min to separate the catalyst from the dye solution. The obtained supernatant solution was
pipetted out carefully and examined using UV–visible spectroscopy. The dye degradation
due to the biosynthesized SiO2 nanoparticle was then calculated [41,42]. The quenching
experiment is an extremely helpful tool for determining the active species that are involved
in the process of photocatalysis. These active species include superoxides, free radicals,
sulphates and holes. In this study, quenchers with a concentration of 1 mmol/L were used
for the analysis. These quenchers were triethanolamine (TEOA), p-benzoquinone (BQ),
methanol (MeOH) and tert-butyl alcohol (TBA). The changes induced by these quenchers
were measured using UV–visible spectroscopy, which provided insights into the role of the
active species in the dye photodegradation.

2.6. Antibacterial Activity

The antibacterial resistivity of the biosynthesized SiO2 nanoparticles was examined
using a well diffusion method using Gram-positive Staphylococcus aureus (ATCC 6538)
and Gram-negative Escherichia coli (ATCC 8739). The bacterial cultivation was carried
out by injecting 10−6 CFU/mL into a nutrient broth. The loaded nutrient broth was then
incubated for 12 h. The sterilized Petri plates composed of Mueller–Hinton agar were used
by swabbing the incubated nutrient broth on it. The gel puncture was used to create a
well that had a diameter of 5 mm. Different concentrations (10, 20, 50 and 100 µg/mL) of
biosynthesized SiO2 nanoparticles were put in the well. The sample-loaded Petri plates
were incubated at 37 ◦C for the whole day. The inhibition zones of the biosynthesized
SiO2 nanoparticles with different concentrations were measured in mm scale. The bacterial
activity of SiO2 nanoparticles was compared with a standard antibiotic disc of Amikacin.
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3. Result and Discussions
3.1. Biosynthesized SiO2 Nanoparticles Reaction Mechanism

The possible mechanism (reduction and stabilization) involved in the synthesis of SiO2
nanoparticles using the Jasminum grandiflorum plant extract could be explained as follows:
The sodium silicate was used as a precursor, and the flower extract of J. grandiflorum was
used as a reducing agent in the synthesis of SiO2 nanoparticles. The chemical composition
of the Jasminum grandiflorum plant is benzyl acetate (23.7%), benzyl benzoate (20.7%), phytol
(10.9%), linalool (8.2%), isophytol (5.5%), phytyl acetate (5.3%) and volatile compounds
which are linalool (3.0%), methyl linoleate (2.8%), eugenol (2.5%), cis-jasmone (1.9%),
indole (1.8%), methyl palmitate (1.4%), benzyl alcohol (1.3%), α-farnesene (1.1%) and
jasmine lactone (1.1%) [43]. Among those, the phytochemicals are benzyl acetate, phytol,
isophytol, eugenol, linalool and oleuropein [43,44]. Herein, eugenol, which is a biologically
active monoterpenoid, is reported to be involved in the biosynthesis of SiO2 nanoparticles,
acting as both a reducing and capping agent [45]. Similarly, in the present study, eugenol
had a role as an electron donor which donated electrons to Si4+ ions to reduce them
to SiO2 nanoparticles and also stabilized the dissolved oxygen in the development of
biosynthesized SiO2 nanoparticles.

3.2. X-ray Diffraction Analysis

The X-ray diffraction pattern of the obtained biosynthesized SiO2 nanoparticles is
shown in Figure 1, and it is well-matched with a standard JCPDS card (46-1045) [46,47]. The
broad peak at 20-32◦ corresponds to the (101) plane of SiO2 nanoparticles in a hexagonal
structure. The crystallite size of the biosynthesized SiO2 nanoparticles was calculated using
the Debye Scherrer formula [47–50], and the calculated optimum size is 23 nm. It can be
seen that plant extract synthesis of silica method may produce SiO2 nanoparticles with high
crystallinity. In this work, the biosynthesized SiO2 nanoparticles also exhibit high mitigation
electron streams and refined crystalline properties. These properties of biosynthesized
SiO2 nanoparticles can lead to lattice strains as well as increasing charge separations. High
crystallinity and the lower crystallite sizes of the biosynthesized SiO2 nanoparticles are
extremely important, especially in energy-, optical- and catalytic-related applications.
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3.3. FTIR Analysis

The functional groups, surface modifications and purity of the plant extract and the
biosynthesized SiO2 nanoparticles were determined from FTIR spectroscopy (see Figure 2)
with a limit of 400 to 4000 cm−1. The FTIR analysis of the Jasminum grandiflorum plant
extract exhibited distinctive peaks at 3313 cm−1, 1619 cm−1 and 1029 cm−1, showing the
presence of particular functional groups in the extract. The peak at 3313 cm−1 indicates
the presence of hydroxyl (OH) groups, which are likely attributable to substances such
as benzyl acetate and eugenol, both of which have hydroxyl groups in their chemical
structures [43]. Moreover, the presence of linalool, which contains hydroxyl groups, may
also contribute to the observed peak at 3313 cm−1 [44]. The peak at 1619 cm−1 corresponds
to the stretching vibrations of carbonyl (C=O) groups, indicating the presence of chemicals
like benzyl acetate in the extract. The peak at 1029 cm−1 is associated with the C-O bond’s
bending vibration that coincides with the presence of substances like phytol, isophytol and
oleuropein, all of which have either groups or alcohol moieties in their structures. These
FTIR results corroborate the presence of the compounds such as benzyl acetate, phytol,
isophytol, eugenol, linalool, and oleuropein in the extract. As for the biosynthesized SiO2
nanoparticles, the vibration bands around 460 cm−1 and 1099 cm−1 are due to the bending
and asymmetric vibrations of Si–O and Si–O–Si [51]. Similarly, the band around 813 cm−1

is caused by the symmetric vibrations of Si–O–Si. No broad band is near 3440 cm−1,
which corresponds to O-H stretching due to Si-OH vibration or surface-absorbed water
molecules by silica moieties [52,53]. The obtained FTIR spectra of the biosynthesized SiO2
nanoparticles were compared with the previous literature, and there are no additional peaks
appearing in the FTIR spectra, which would indicate the presence of any impurities. Plant
molecules assist in producing Si4+ to O2− ions and stabilizing the ions in the biosynthesis
of SiO2 nanoparticles [54–58].
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Figure 2. FTIR spectra of (a) Jasminum grandiflorum plant extract and (b) biosynthesized
SiO2 nanoparticles.

3.4. UV-Vis DRS Analysis

The optical properties of biosynthesized SiO2 were collected from the UV-Vis DRS.
The absorbance spectrum of the biosynthesized SiO2 nanoparticles is shown in Figure 3a.
The Kubelka–Munk relationship was used to find the bandgap value of the biosynthesized
SiO2 nanoparticles, as shown in Figure 3b. Tracing the slope to the x-axis of the absorbance
spectrum in Figure 3a, the wavelength is found to be around 310 nm, which is similar to
the bandgap value of 4 eV, as shown in Figure 3b.
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3.5. FESEM with EDX Analysis

Figure 4a–d depict the structure and the material state of the biosynthesized SiO2
nanoparticles. Quasi-spherical and conjoint-spherical shapes are observed in the biosynthe-
sized SiO2 nanoparticles, and an agglomeration of particles can be seen in Figure 4a,b. The
EDX spectrum and the weight percent of Si and O atoms are presented in Figures 4c and 4d,
respectively. The weight percent of Si atoms is half of that of O atoms, which is shown in
Figure 4d. The oxygen orientation and the metal element reduce the degree of agglomera-
tion and increase stability. Moreover, the oxygen enrichment in the biosynthesized SiO2
nanoparticles could induce electron trapping in dye degradation and bacterial inactiva-
tion activities. In addition, the Jasminum grandiflorum plant extract ensures the formation
of SiO2 nanoparticles in the biosynthesis [59–61]. Furthermore, the biosynthesized SiO2
nanoparticles are highly acceptable nanoparticles in bacterial- and water-remediation-
related applications.
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3.6. TEM Analysis

The morphological entity and the size of the biosynthesized SiO2 nanoparticles were
detected using transmission electron microscopy. Figure 5a,b display the TEM images
of the biosynthesized SiO2 nanoparticles having quasi-spherical and conjoint-spherical
shapes, which is consistent with Figure 4a,b. The magnification of the biosynthesized
SiO2 nanoparticles at 100 nm clearly depicts poly-dispersive and equally distributed quasi-
spherical shapes. The higher magnification at 50 nm on a different spot also demonstrates
conjoint-spherical shapes [62–65].
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Figure 5. (a,b) TEM images of biosynthesized SiO2 nanoparticles under two different magnifications.
(c) Histogram of the number of particles of biosynthesized SiO2 nanoparticles versus size.

The histogram of SiO2 nanoparticles was plotted from the TEM images using ImageJ
software version 1.44; see Figure 5c. It can be seen that the biosynthesized SiO2 nanopar-
ticles show various sizes; however, their distribution is high in the range of 10–28 nm in
size. Larger particles with sizes between 43 and 60 nm can be seen also in Figure 5c, but
their quantities are a lot lower. The obtained optimum size with the highest number of
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particles is around 23 nm, which is well matched with the XRD crystallite size obtained
in Section 3.2.

3.7. XPS Analysis

The binding energy spectra of the biosynthesized SiO2 nanoparticles obtained from
X-ray photoelectron spectroscopy are shown in Figure 6. The wide spectrum in Figure 6a
reveals the presence of Si and O and C elements. The carbon peaks which are composed
of C-C, C-O, C-H and C=O in Figure 6d are mainly due to the contamination of the
environmental air because XRP is a quantitative technique that is very surface sensitive.
The detailed scan of a Si atom in the SiO2 nanoparticles is located at 104 eV, revealing
the Si-2p state [66,67]. The O-1s peak located at 533 eV reveals the lattice oxygen that is
attached to the Si-2p state. The findings show that the biosynthesized SiO2 nanoparticles
are free of impurities.
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3.8. Photocatalytic Dye Degradation

In this study, an MB dye was used to determine the photocatalytic potential of the
biosynthesized SiO2 nanoparticles under UV-light irradiation. The degradation analysis
was carried out on an aliquot in the time interval of 10 min for a duration of 40 min. The
absorbance spectra of the MB photodegradation with the biosynthesized SiO2 nanopar-
ticles is shown in Figure 7a, the degradation percentage in Figure 7b and the pseudo-
first-order reaction rate constant in Figure 7c. The UV-light irradiation over the dye and
catalyst solution excites the electrons from the valence band to the conduction band of
the biosynthesized SiO2 nanoparticles. The photoexcited electrons on the conduction
band are captured by the dissolved O2 molecules, which are then turned into superoxide
radical anions (O•−2

)
[68–72]. The reduction of O•−2 will turn it into hydrogen peroxide

(H2O2). The further reduction of (H2O2) will turn it into hydroxyl radical (OH•), which
will degrade the MB dye solution. On the other hand, the MB dye solution can also
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undergo degradation with holes at the valence band. The color of the MB dye solution
gradually becomes less intense when the reaction proceeds on the surface of the biosyn-
thesized SiO2 nanoparticles. On top of that, UV-light irradiation can also degrade the dye
molecules due to their photolysis effect. The degradation percent of the MB dye solution
without the biosynthesized SiO2 nanoparticles under UV light is found to be 16%, which
is demonstrated in Figure 7b. The degradation of the MB dye solution on the surface of
the biosynthesized SiO2 nanoparticles can reach 90% after 40 min at a kinetic constant of
0.04704 min−1. The equations starting from the electrons being excited under UV light on
the surface of the biosynthesized SiO2 nanoparticle until the MB dye’s degradation are
described as follows:

SiO2 + hν→ h+VB + e−CB

O2 + e−CB → O•−2

O•−2 + e−CB + 2H+ → H2O2

H2O2 + e−CB + H+ → HO• + H2O

MB + OH• → CO2 + H2O

MB + h+VB → MB•+(intermediate)→ oxidation of MB

Water 2023, 15, x FOR PEER REVIEW 11 of 20 
 

 

 
Figure 7. (a) Absorbance of photodegradation of MB, (b) degradation percentage, (c) pseudo-first-
order kinetic rate constant and (d) MB degradation mechanism on biosynthesized SiO2 nanoparti-
cles. 

Reusability Analysis 
Industrial-scale photocatalysts are mainly based on the durability and efficiency of 

the photocatalytic materials. The recycling efficiency of the biosynthesized SiO2 nanopar-
ticles is compared with the P-25 titanium dioxide up to 20 cycles, as displayed in Figure 
8. The initial degradation percentage is 90% of SiO2 and 96% of P-25. It can be seen that 
the degradation percent decreases slowly every five cycles. In the 20th cycle, the degrada-
tion percentage of SiO2 becomes 86% and that of P-25 becomes 91%. The degradation dif-
ference is 4% between the SiO2 and P-25 photocatalysts. This shows that the biosynthe-
sized SiO2 nanoparticles are actively equal to the commercial P-25 photocatalyst. Degra-
dation losses can be caused by various factors such as (i) the usage of the surface (dry and 
wash), (ii) active sites being covered by targeted materials and (iii) the whole surface and 
pores being blocked by secondary products. This work shows that the stability of the bio-
synthesized SiO2 nanoparticles is high and their degradation losses are minimal. All these 
factors indicate that they could be used as a good photocatalyst against pollutants because 
their reusability is more or less equal to the commercial P-25 photocatalyst. 

Figure 7. (a) Absorbance of photodegradation of MB, (b) degradation percentage, (c) pseudo-first-
order kinetic rate constant and (d) MB degradation mechanism on biosynthesized SiO2 nanoparticles.



Water 2023, 15, 2973 10 of 18

The degradation of hazardous organic substances on semiconductor nanoparticles is
basically influenced by three important parameters: (i) electron excitation and empty hole
creation during irradiation, (ii) superoxide and hydroxyl radical generation and (iii) organic
pollutant degradation [71–73]. The biosynthesized SiO2 nanoparticles provide the central
electric ground, with charge separation being induced by UV light [69–73]. The charge
separation will then lead to the hydroxyl radical generation that promotes the degradation
activity in the dye compounds [74,75]. A schematic drawing of the dye photodegradation
mechanism is depicted in Figure 7d.

Reusability Analysis

Industrial-scale photocatalysts are mainly based on the durability and efficiency of the
photocatalytic materials. The recycling efficiency of the biosynthesized SiO2 nanoparticles
is compared with the P-25 titanium dioxide up to 20 cycles, as displayed in Figure 8. The
initial degradation percentage is 90% of SiO2 and 96% of P-25. It can be seen that the
degradation percent decreases slowly every five cycles. In the 20th cycle, the degradation
percentage of SiO2 becomes 86% and that of P-25 becomes 91%. The degradation difference
is 4% between the SiO2 and P-25 photocatalysts. This shows that the biosynthesized
SiO2 nanoparticles are actively equal to the commercial P-25 photocatalyst. Degradation
losses can be caused by various factors such as (i) the usage of the surface (dry and
wash), (ii) active sites being covered by targeted materials and (iii) the whole surface and
pores being blocked by secondary products. This work shows that the stability of the
biosynthesized SiO2 nanoparticles is high and their degradation losses are minimal. All
these factors indicate that they could be used as a good photocatalyst against pollutants
because their reusability is more or less equal to the commercial P-25 photocatalyst.
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Photocatalysis is influenced by various parameters like dye volume, the irradiation
of the light source, the catalyst dosage and the bandgap of the materials. In this study,
the photocatalytic activity of the biosynthesized SiO2 nanoparticles is compared with
the previously reported SiO2 associated with other metal oxides are tabulated in Table 1.
The metal–oxide interface reduces the electron–hole recombination and prolongs the life-
time, which induces the degradation activity [76,77]. Noble metal association on the SiO2
nanoparticles increases the metal trap on the catalyst surface which could increase the
degradation potential [76,78]. The reported ZnO@SiO2-Ag nanoparticles reduced MB



Water 2023, 15, 2973 11 of 18

dye by 81% when exposed to visible light, while TiO2@SiO2-Ag nanoparticles reduced
Rh-B dye by 92% and MB dye by 85% when exposed to visible light. With the sunlight
as a light source, MB dye was reduced by 97.7% in core–shell SiO2/TiO2 nanoparticles.
Noble metal–carbon decorations of SiO2 nanoparticles accelerated the electron excitation
and improved the oxidation and reduction capabilities of the catalyst; thus, they can pro-
duce better photocatalytic degradation against various dyes [78–87]. The dopant of SiO2
nanoparticles encourages a high adsorption ability compared to pure SiO2 nanoparticles.
Due to their wide bandgap, SiO2 nanoparticles cannot absorb visible light, and thus, they
need some dopants to help absorb visible light. UV-light irradiation motivated charge
carriers and produced high active OH radicals on pure SiO2 nanoparticles that had large
surface areas, high porosity levels and different crystalline natures, allowing them to have
good degradation efficiency against the noxious dye compounds.

Table 1. Photocatalytic comparison table of reported SiO2 associated with other metal oxides to
biosynthesized SiO2 nanoparticles in this study.

S.no Sample Dye Light Source Dosage Dye Volume Degradation
Percentage Ref

1. ZnO@SiO2-Ag MB Visible light 0.1 g 100 mL 81 [76]

2. TiO2@SiO2-Ag Rh-B and MB Visible light 100 mg 100 mL 92 and 85 [77]

3. Core–shell
SiO2/TiO2

MB Sun light 10 mg 100 mL 97.7 [88]

4. Nitrogen-doped
SiO2/TiO2

MB Visible light 0.010 g 20 mL 96 [79]

5. Zn-doped-SiO2 CV Solar light 0.5 mg 100 mL 85.5 [80]

6. CeO2-SiO2
Rhodamine

6G Visible light 5 mg 5 mL 98 [81]

7. Ag-modified hollow
SiO2/TiO2

Rh-B Visible light 30 mg 50 mL 90 [82]

8. Graphene/SiO2 MO UV light 0.03g 100 mL 99 [78]

9. Ag2CrO4 over
SiO2-aerogel

ORGANIC
DYE Visible light 0.2 g 100 mL 95.4 [83]

10. g-C3N4/SiO2-Au Rh-B Visible light 0.05 g 50 mL 99.8 [84]

11. TiO2/SiO2
cationic blue

X-GRL UV light 0.08 g 50 mL 95 [85]

12. Pb3Nb4O13/fumed
SiO2

Rhodamine B Visible light 0.3 g 100 mL 96 [86]

13. Nd2O3-SiO2 MV UV light 120 mg 50 mL 95 [87]

14. SiO2 MB UV light 10 mg 100 mL 90 Present
work

The presence of sulphates, holes, superoxides and hydroxide radicals can have a
significant impact on how effectively the process of photocatalytic degradation works.
The findings of the experiment on quenching are presented in Figure 9, which shows the
percentage of degradation without the use of quenchers is 90%. It is possible to draw paral-
lels between this value and the suppression values of holes, superoxides and hydroxides.
Hydroxides, superoxides and holes all have higher suppression values than MeOH, as
shown in the figure. It is clear that the resistance of holes to degradation is superior to
that of hydroxides and superoxides, and their association with the photocatalyst boosts the
activity of the photocatalyst when it comes to the degradation of dye. The biosynthesized
SiO2 nanoparticles have a high capacity for absorption and make a significant contribution
to the degradation process; as a result, the efficiency of the process is significantly improved.
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These findings shed light on the possibility that the biosynthesized SiO2 nanoparticles
could improve the efficiency of photocatalytic dye degradation.
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The efficiency with which a SiO2 photocatalyst mineralized substances was deter-
mined via total organic carbon (TOC) analysis. The efficiency of the biosynthesized SiO2
photocatalyst in terms of %TOC removal is displayed in Figure 10. Only 5% of the organic
species are converted to minerals in the first 10 min. However, after 60 min, that percentage
rises to 30.0%, and after 120 min, it rises to 65.0%. The remaining organic molecules in the
MB dye are successfully converted to inorganic minerals using the UV/SiO2 nanoparticle
system, as demonstrated by these results. This suggests that the biosynthesized SiO2
photocatalyst could be used to degrade and transform organic pollutants, as the efficiency
of mineralization increases over time.
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3.9. Antibacterial Activity

The zone of inhibitions of the biosynthesized SiO2 nanoparticles with different con-
centrations against the bacterial activities of E. coli and S. aureus is presented in Figure 9.
In general, it can be seen that the zone of inhibitions increases when the concentration of
biosynthesized SiO2 nanoparticles increases for both types of bacteria. Closely examining
the histogram, at the concentrations below 20 µg/mL, Gram-negative E. coli exhibits higher
bacterial activity than Gram-positive S. aureus. At a concentration higher than 50 µg/mL,
Gram-negative E. coli exhibits less bacterial activity than Gram-positive S. aureus. Com-
pared to the zone inhibition diameter of the control, Amikacin, in Table 2, Gram-negative
E. coli starts to lose its resistivity at the concentration of 100 µg/mL as the achieved zone of
inhibition is 14 mm, which is at the border of the resistant range. However, S. aureus still
has strong resistivity against the concentration of 100 µg/mL because the achieved zone
of inhibition is 11 mm. Biosynthesized SiO2 nanoparticles and dissolved oxygen gas can
lead to the generation of various ROS. The antibacterial mechanism of biosynthesized SiO2
nanoparticles is explained in Figure 11. The bacterial interface undergoes dissociation with
metal ions, which plays a key role in bacterial inactivation activities. Abundant reports
demonstrate the probable mechanism of the antibacterial activity of nanoparticles [89–94].
The present work discusses the bacterial inactivation mechanism against the bacterial
strain and compares it with the previous literature. The Si4+ efficiently interacts with the
charged bacterial strain surface and breaks down the body of the membrane’s operational
outline [95,96]. Moreover, Si4+ damages the cell membrane assembly, and subsequently, it
may promote cell deactivations. Further, Figure 12 shows that Si4+ and O2- ions’ dissolution
together with ROS development can result in the deactivation of bio-compounds and
provoke cell death.

Table 2. Inhibition zone diameter of Amikacin as control.

Control
Zone Diameter According to the Criteria Published CLSI [95]

Resistant (mm) Intermediate (mm) Susceptible (mm)

Amikacin ≤14 15–16 ≥17

Water 2023, 15, x FOR PEER REVIEW 15 of 20 
 

 

of inhibition is 14 mm, which is at the border of the resistant range. However, S. aureus 
still has strong resistivity against the concentration of 100 μg/mL because the achieved 
zone of inhibition is 11 mm. Biosynthesized SiO2 nanoparticles and dissolved oxygen gas 
can lead to the generation of various ROS. The antibacterial mechanism of biosynthesized 
SiO2 nanoparticles is explained in Figure 11. The bacterial interface undergoes dissociation 
with metal ions, which plays a key role in bacterial inactivation activities. Abundant re-
ports demonstrate the probable mechanism of the antibacterial activity of nanoparticles 
[89–94]. The present work discusses the bacterial inactivation mechanism against the bac-
terial strain and compares it with the previous literature. The Si4+ efficiently interacts with 
the charged bacterial strain surface and breaks down the body of the membrane’s opera-
tional outline [95,96]. Moreover, Si4+ damages the cell membrane assembly, and subse-
quently, it may promote cell deactivations. Further, Figure 12 shows that Si4+ and O2- ions’ 
dissolution together with ROS development can result in the deactivation of bio-com-
pounds and provoke cell death. 

Table 2. Inhibition zone diameter of Amikacin as control. 

Control 
Zone Diameter According to the Criteria Published CLSI [95] 
Resistant (mm) Intermediate (mm) Susceptible (mm) 

Amikacin ≤14 15–16  ≥17 

 
Figure 11. Antibacterial activity of biosynthesized SiO2 nanoparticles. Figure 11. Antibacterial activity of biosynthesized SiO2 nanoparticles.



Water 2023, 15, 2973 14 of 18
Water 2023, 15, x FOR PEER REVIEW 16 of 20 
 

 

 
Figure 12. Antibacterial mechanism of biosynthesized SiO2 nanoparticles. 

4. Conclusions 
The biogenic production of nanomaterials mainly focuses on decreasing the chemical 

use and increasing the chemical-free environment. In this study, biosynthesized SiO2 na-
noparticles were successfully synthesized from a mixture of Jasminum grandiflorum plant 
extract and sodium metasilicate nonahydrate. The biosynthesized SiO2 nanoparticles 
could produce reactive oxygen species that would lead to antibacterial activity in the bac-
terial systems. The MB dye degradation of SiO2 is 90% after 40 min under UV-light irradi-
ation, and E.coli has less resistivity than S. aureus at the concentration of 100 μg/mL of 
biosynthesized SiO2 nanoparticles. As a result, the biosynthesized SiO2 nanoparticles 
could be used as substitutes for water purification and bacterial elimination. 

Author Contributions: Conceptualization, P.C., S.M.W., S.F.L. and W.-C.L.; methodology, P.C., and 
W.-C.L.; software, P.C.; validation, P.C., J.K.G., S.F.L. and W.-C.L.; formal analysis, P.C., and S.F.L.; 
investigation, P.C., J.K.G. and W.-C.L.; resources, S.M.W., and W.-C.L.; data curation, P.C., S.M.W., 
J.K.G. and W.-C.L.; writing—original draft, P.C.; writing—review and editing, P.C., S.M.W. and 
S.F.L.; visualization, P.C.; supervision, S.M.W., S.F.L. and W.-C.L.; project administration, S.M.W., 
and W.-C.L.; funding acquisition, S.M.W., M.R.S., S.F.L. and W.-C.L. All authors have read and 
agreed to the published version of the manuscript. 

Funding: Authors are grateful to the Researchers Supporting Project No. (RSP2023R326), King Saud 
University, Riyadh, Saudi Arabia. 

Data Availability Statement: All research data associated with the manuscript are available. 

Acknowledgments: The authors are grateful to the Researchers Supporting Project No. 
(RSP2023R326), King Saud University, Riyadh, Saudi Arabia. Parvathiraja Chelliah is thankful to 
the V.O. Chidambaram College, Thoothukudi, Tamilnadu and Sadakathullah Appa College, Tiru-
nelveli, Tamilnadu, India. 

Conflicts of Interest: The authors have no conflict of interest. 

References 

Figure 12. Antibacterial mechanism of biosynthesized SiO2 nanoparticles.

4. Conclusions

The biogenic production of nanomaterials mainly focuses on decreasing the chemical
use and increasing the chemical-free environment. In this study, biosynthesized SiO2
nanoparticles were successfully synthesized from a mixture of Jasminum grandiflorum plant
extract and sodium metasilicate nonahydrate. The biosynthesized SiO2 nanoparticles
could produce reactive oxygen species that would lead to antibacterial activity in the
bacterial systems. The MB dye degradation of SiO2 is 90% after 40 min under UV-light
irradiation, and E.coli has less resistivity than S. aureus at the concentration of 100 µg/mL
of biosynthesized SiO2 nanoparticles. As a result, the biosynthesized SiO2 nanoparticles
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