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ABSTRACT

Indiscriminate discharge of industrial wastewater without proper treatment pose a great threat to the
environment and living things. Although various methods are presently being used to mitigate these effects
however, most of these methods have some disadvantages such as high cost, low efficiency and risk of
reintroducing more pollutants to the environment. Presently, nanoparticles, due to their large surface to
volume ratio and excellent adsorbent properties, have been applied in wastewater treatment. Literature
studies has also revealed the efficacy of nanoparticles for individual dye degradation. In this study,
ecofriendly silver nanoparticles (AgNPs) was successfully synthesized using aqueous leaves extract of
Lantana camara. The ecofriendly synthesized AgNPs was first confirm by the observation of a distinct
colour change from colourless to light brown after addition of the aqueous leaves extract to 0.1 M silver
nitrate salt solution. The AgNPs was examined using UV-vis spectroscopy which revealed a characteristics
peak maxima at 430 nm. FTIR analysis revealed the possible biomolecules present in the leaves extract
responsible for capping and stabilization of AgNPs. XRD analysis revealed the crystalline nature with
particle size of 35.41 nm. SEM-EDS revealed the surface morphology and elemental composition with
silver accounting for 71%. Dye degradation activity of AgNPs on congo red dye was also investigated
which revealed that the degradation efficiency increased as concentration and exposure time increased with
80% efficiency achieved after after 6 hours. The result clearly shows the potential of ecofriendly
synthesized AgNPs in enhancing the degradation of congo red dye.

Keywords: Silver nanoparticles, wastewater, Ecofriendly synthesis, Congo red dye, Photocatalysis, Dye
degradation

INTRODUCTION

Most industrial effluent wastewater consist of to impart color includes but not limited to; acidic,
several contaminants such as dye, heavy metals, cationic basic and Azo [5].

antibiotics, pesticides, etc. [1,2]. Waste generated . . .
P [1.2] g Some of these synthetic dyes are highly toxic and

by textile, plastic, food, tanneries and . ) i )
carcinogenic and some of these industries

pharmaceutical industries consist of toxic . . .
discharge these dye containing effluent waste into

chemical dyes as part of the major pollutants
y P jor p nearby drains, rivers and lakes [6,7,8]. These

including other toxic chemical components [3,4]. .
g P [3.4] effluent water generated and discarded by most of

Some of the major dyes that are used by industries . . . L
these industries are in turn used for irrigation
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purposes which in turn affects the quality of crops
produced as well as becoming harmful to the soil
as well as humans who consume such crops.[9].
Dye molecules can also affect aquatic lives when
inhibits the

penetration of sunlight into water bodies [10].

present in water bodies as it
Thus, proper treatment of industrial effluent

before being discarded cannot be over

emphasized.

Recent developments in the field of nanoscience

and nanotechnology have brought about
significant attention as a result of its application
in various fields such as agriculture, medicine,
energy, climate including its application in the

field of photocatalysis [11,12,].

In recent years, the use of nanoparticles for
wastewater treatment has seen a steady surge as a
result of its ability to be used as adsorbents
filtration purposes [13]. This is due to the distinct
property of nanoparticles having a high surface

area to volume ratio [14]

Nanoparticles of metallic origin have been shown
chemical
that

to have several physical and

characteristics and tendencies aids
researchers in harnessing and applying them in
several field such as healthcare, food, textile,
electronics, biosensors, food, environment and
agriculture [15, 16]. Application of these
nanoparticles of metallic origin in the degradation
of dyes has drawn researches towards this field of
study in recent years due to its photo catalytic
tendencies [17]. Nanoparticles used for the

photocatalytic degradation of dyes in the textile
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industries are synthesized using various
processes which includes chemical, physical and
biological routes [18, 19], but, these physical and
chemical methods possess certain drawbacks
such as high energy consumption, being toxic to
the

procedures [20,21].

environment and complex synthesis

Therefore, alternative methods for the synthesis
of nanoparticles is of necessity. An eco-friendly
method for synthesis of silver nanoparticles uses
biological entities such as fungi, bacteria, and
plants extracts which is being used currently.
Plant-mediated approaches are straightforward,
cost-effective, and environmentally friendly [22].
A plant extract contains bioactive compounds
such as polyphenols, alkaloids, steroids,
flavonoids, and terpenoids which act as both
reducing and stabilizing agents during synthesis

of nanoparticles.[23,24,25].

AgNps have been synthesized using several

plants including lantana camara, moringa
oleifera, Menta piperita and others for their
antifungal, antimicrobial and catalytic potential

[26]

Lantana camara is a perennial species of
flowering plant within the verbena family, native
to the American tropics. It is a scrambling,
thorny, evergreen shrub that can grow up to 2
meters tall and perhaps 2.5 meters wide. The
plant is often used in domestic medicine and
research carried out mainly in India has shown it
to contain a number of compounds with

medicinal activity. It is commonly cultivated as
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an ornamental in tropical gardens, where it is also
grown as a hedge plant. It is a natural pioneer
species, establishing in open places and providing
a suitable habitat for rainforest trees to become
established. The aromatic leaves are used to make
a tea. It is a very adaptable species, which can
inhabit a wide variety of ecosystems; It has
spread from its native range to around 50
countries, where it has become an invasive

species.

Several studies have investigated the catalytic
tendencies of nanoparticles against several toxic
dyes such as Congo red, Tymol blue, Auramine
O, Rhodamine B dye, Phloxine B, Methly orange,
etc, [27, 28]. Between 90-100% degradation was
recorded for various dyes through silver
nanoparticles. Also, dye degradation processes
involving nanoparticles is fast and eliminates the
risk of toxic chemicals that accompany physical
as well as chemical wastewater treatment process
[29]. In recent years, researchers have shown the
efficient dye degradation potential of green
synthesized AgNPs for methyl orange, methyl
red and congo red [30], A study of the synthesis
of AgNPs from Sophora mollis leaf extract
demonstrated 88% degradation of methylene blue
in 160 min [31]. Also, researchers reported in a
separate study the promising potential of AgNPs
for the degradation of methylene blue [32].

From observation, several literature highlighted
the catalytic potency of silver nanoparticles on
individual dyes using chemical and other physical
methods only, however, these methods in turn

tends to release more toxic chemicals back into
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the environment which has the potential of
affecting the eco system. Therefore, it is very
imperative to study the photocatalytic dye
degradation  potential ~ of  nanoparticles
synthesized in an eco-friendly nature. The present
study provides an easy and eco-friendly (plant
mediated; using aqueous leaf extract of lantana
camara) method for the synthesis of silver
nanoparticles at room temperature, which was
characterized for its surface plasmon resonance
and morphological features such as shape and
size using UV-visible spectroscopy, SEM, XRD,
etc. The eco-friendly synthesized AgNPs was
further investigated for its dye degradation
potential. To the best of my knowledge, this is the
first report to study the photocatalytic dye
degradation potential of eco-friendly synthesized
AgNPs using aqueous leaf extract of Lantana

camara at room temperature on congo red dye.
MATERIALS AND METHODS
Materials

Silver nitrate salt, Congo red salt were of
analytical grade and obtained from BDH
Chemicals Ltd. Poole, England. Fresh leaves of
Lantana camara was obtained from the green
house of Plant Science and Biotechnology
Department of University of Jos, positioned in
plastic bags and transported to the laboratory. The
stock solution for the dye was prepared by
dissolving 0.069 g of dye in 100 mL of double

distilled water

Methods
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Preparation of Aqueous Leaf Extract of

Lantana Camara

Fresh 10 grams of uninfected leaves of Lantana
camara was weighed and then washed several
times with running tap water and rinsed with
deionized water for removal of dust particles.
Afterwards, the leaves was chopped into smaller
pieces to obtain better yield of the extract. The
chopped and weighed material was then be
transferred into a 500 ml beaker containing 100
ml of deionized water and then heat on a hotplate
at 45°C. The mixture was then brought to boil for
10 minutes and allowed to cool after which it was
filtered using Whatman filter paper No. 1. The
filtrate was kept for onward use.

Preparation of 0.1 M AgNO; Salt Solution

1.70 grams of silver nitrate salt was weighed and
transferred into a beaker containing 100 ml of
deionized water. The mixture was stirred to
ensure that the salt dissolved properly. The

prepared salt solutions was stored for onward use.

Synthesis of Ag Nanoparticles

The silver nanoparticles was produced by
reducing the precursor salt of silver, using
aqueous leaf extract of Lantana camara. 10 ml of
freshly prepared leaf extract was added drop wise
to 50 ml of 0.1 M AgNOs; solution with constant
stirring on a magnetic stirrer. On addition of the
extract and after a period of time, a color change
from colorless to pale brown was observed
indicating the formation of Silver nanoparticles
nanoparticles (AgNps). The AgNPs formed was
then centrifuged at 3000 rpm for 15 minutes,
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washed with distilled water, allowed to dry at
room temperature and kept for further analysis.

Solution and Surface Characterization

The the
nanoparticles was confirmed by sampling the
aqueous component using GENESYS 10UV UV-

visible spectrophotometer. Distilled water was

presence of synthesized  silver

used as a blank. Absorbance measurement was
carried out at a wavelength of 300-800 nm at a
scan interval of 5 nm in order to obtain the UV-
visible spectrum of the nanoparticles. The
biomolecule responsible for the reduction of
AgNPs was determined using Perkin Elmer
Fourier transform infrared (FT-IR) spectroscopy.
The x-ray diffraction (XRD) patterns and particle
size was recorded on The XRD Empyrean
Malverrn Panalytical Diffractometer. The voltage
and current was set at 45kV and 40 mA, with
temperature, set at 21- 23° C. The surface
morphology of the biosynthesized AgNPs was
also determined using Agilent 5500 Atomic
Force Microscopy.

Catalytic dye degradation using silver

nanoparticles

The photocatalytic dye degradation potential of
AgNPs was evaluated for congo red. Before the
dye degradation experiment, the dye solution (1
mM congo red solution) at various exposure time
intervals was scanned between 200 nm and 800
nm to obtain absorbance maxima to serve as

control for the analysis. 1 mg AgNPs was added
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to 5 ml of the dye solution to prepare a 200 ppm
solution and exposed to sunlight. The dye
degradation/photocatalytic study was performed
with the prepared sample, it was scanned
regularly between 300 nm and 800 nm at different
time intervals of 2 hours, 4 hours, 6 hours and 8

hours to measure the change in intensity via the

Ao - At
Ao

Dye degradation % =

X100 ........

https://doi.org/10.46602/jcsn.v49i5.1012

Amax. The Amax value was used to determine the
percentage as well as rate of degradation. This
procedure was repeated for 400, 600, 800 and
1000 ppm solution of AgNPs respectively. The
degradation of dyes in terms of percentage was

calculated as per the following equation (1) [33]:

Where Ao denotes absorbance at zero time; At denotes absorbance at t time.

RESULTS AND DISCUSSION
Optical Property

The optical properties of silver nitrate solution,
Lantana camara leaf extract, and silver
nanoparticle are shown in plate 1. After addition
of 10 mL of Lantana camara leaf extract, the color
of 0.1 M silver nitrate solution changed from

colorless to pale brown, then light brown,

indicating the formation of silver nanoparticles.
Silver nanoparticles are known to have a
distinctive brown color. The excitation of the
surface plasmon resonance action in silver
nanoparticles is responsible for the color changes.
The size and shape of metal surface plasma
oscillations, as well as their optical properties, are

well known.

Plate 1: (a) Lantana camara aqueous leaves extract (b), silver nitrate solution (c), solution of silver

nanoparticle

UV-Vis spectrophotometry

UV-visible spectroscopy was used to monitor the

reduction of aqueous silver metal ions after

treatment with Lantana camara leaf extract which
acted as the reducing agent. The UV-visible
spectrum of the reaction mixture indicated the

presence of surface plasmon resonance (SPR)

ISSM 0795 - 22066



J. Chem. Soc. Nigeria, Vol. 49, No. 5, pp 803 — 817 [2024]

absorption band of approximately 425-435 nm
with maximum absorbance at 430 nm which can
be attributed to the presence of silver
nanoparticles. The nearly symmetrical structure
of the plasmon band can be attributed to the fact

that the nanoparticles are no homogenous and

Absorbance

https://doi.org/10.46602/jcsn.v49i5.1012

also not uniformly dispersed. This non-
uniformity of the nanoparticles might be
responsible for the slightly broad absorption
peak. The particle size, shapes, homogeneity and
capping agent determines the position of the

plasmon resonance.

330 430 530 630 730 830

Wavelength (nm)

Figure 1: UV-visible spectrum of silver nanoparticle

Scanning Electron Microscope and Energy-
Dispersive X-ray Spectroscopy Analysis

The SEM-EDS analysis was utilized to examine
the surface roughness and morphology of the Ag
nanoparticles as shown in plate 2. The
morphology shows the intricacy of the particle
size to be densely packed with slightly rough
surface and revealed the cuboidal nature of the
nanoparticles, this surface roughness might be

attributed to biomolecules from the leaf extract

808

that are bound to the Ag nanoparticles A similar
shape was reported by Banerjee et al., [34] in this
work using tulsi extract. The EDS analysis
revealed a strong signal in the silver region with
a percentage weight of 71% and this confirms the
formation of silver nanoparticles Elumalia et al.,
[35]. The EDS profile also shows weak signals of
oxygen, carbon, Silicon, sulphur, and gold, which
may have originated from the biomolecules

bound to the surface of the silver nanoparticle.
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Plate 2: SEM-EDS Analysis of silver nanoparticles

Fourier Transform Infra-Red Spectroscopy !, The band at 3750 cm™, corresponds to hydroxyl
(FTIR) analysis (-OH) medium stretch for alcohols. Aliphatic
amine N-H medium stretching is responsible for
the bands at 33501cm-*. The 2900 cm™ can be
attributed to C-H stretching for medium alkanes,

Figure (2A and 2B) shows the FTIR spectra of
Lantana camara aqueous leaf extract and silver

nanoparticles respectively. The former shows the
C=C stretch for conjugated alkenes can be

attributed to the bands at 1650 cm™. While 1050
cm? is attributed to N-H stretching for amides.

distinct absorption bands for the biomolecules
present in the plant extract involved in the
reduction of silver ions. Absorbance peaks were

recorded at 3750, 3350, 2900, 1650 and 1050 cm" From the FTIR spectrum of Ag nanoparticles
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(figure 2B), it was observed that there was a
marked reduction in the intensities of the peaks
compared to that of the aqueous leaves extract of
Lantana camara which suggests that the
biomolecules present in the extract have been
in

used up the synthesis of the silver

nanoparticles. Aqueous leaf extract of Lantana
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camara is known to contain tannins, alkaloids and
carbohydrates and flavonoids which are rich in
antioxidant properties capable of donating atoms
of hydrogen and protein moieties that can bind
with silver and capable of reducing Ag+ to Ag°
and also serve as stabilizing agents to the
synthesized AgNPs [36].
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Figure 2A: FTIR spectrum of Lantana camara leaves extract. Figure 2B: FTIR Spectrum of Ag

nanoparticles
X-ray Diffraction (XRD) Analysis

The XRD is used in the determination of the size,

shape, fraction analysis and parameter
determination of the sample, the position of the
peaks obtained from diffraction pattern also gives
information about the translational size and shape
of the crystal. The average size of the silver
nanoparticles was calculated using the Debye-

Scherrer equation

_ Kz
- BcosO

Where, D= is the thickness of the crystal,

k= constant,

810

% = wavelength of the X ray’s incident on the

crystal,

= is the width at half maxima at (111) reflection
at Bragg’s angle 20, while 0 is the Bragg angle
and the constant (k) has a value of 0.94 and the
wavelength (1) of 1.5418

The XRD pattern of Ag nanoparticles with crystal
planes of (111), (200), (220) and (222) showed
diffraction peaks at 23, 29, 31 and 44 indexed as
crystalline silver. The average size of the
synthesized nanoparticles was determined to be
35.41 nm, which was calculated from (table 1).

This corresponds with the average size the silver
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nanoparticles synthesized using Acalypha indica (JCPDS) which showed that the biosynthesized
leaf extracts by Krishnaraj et al. [37]. The values silver nanoparticles exhibit a Face center cubic
of the crystals planes of the biosynthesized silver crystals. The other peaks might be as a result of
nanoparticle observed were compared with the some bioorganic compounds or proteins present
standard powder and diffraction card of Joint in the plant extract. [38]
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Figure 3: XRD spectrum of silver nanoparticle

Table 1: Average size analysis of silver nanoparticles from XRD analysis

Position (nm) Height (Abs) FWHM (radians) d-Spacing (A) Particle size
(nm)

12.135 5.101 0.725 0.179 9.201

21.184 9.123 0.636 0.137 20.977

23.681 5.890 0.720 0.317 26.955

26.924 8.023 0.210 0.278 29.795

29.789 9.207 0.265 0.387 33.089

33.416 5.602 0.425 0.167 44.270

44.219 11.001 0.328 0.241 56.659

57.321 4.000 0.352 0.195 63.047
Catalytic Activity of Silver Nanoparticles Congo red dye is harmful and toxic to a wide

variety of organisms including humans and can
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be carcinogenic and mutagenic. The efficiency of
the photocatalytic degradation of Congo red dye
by the eco-friendly synthesized Ag nanoparticles
was investigated using UV-vis spectroscopy.
(Figures 4A — 4E) shows the degradation of
Congo red dye after addition of AgNPs of
different concentrations (200, 400, 600, 800 and
1000 ppm), the degradation was observed at
uniform time intervals of 2 to 8 hours in each
case. Dye degradation was observe to increase
with increase in concentration of nanoparticles
and exposure time
degradation of 80% observed at (1000 PPM) after

6 hours exposure time, complete degradation was

with  maximum dye
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not observed. Dye degradation process was

observed to reduce after 6 hours at all
concentration, this might be due to the binding of
degraded materials to the nanoparticle surface.
Shroog et al. [39] reported on the facile bio-
fabrication of silver nanoparticles using Salvia
officinalis leaf extract and its catalytic activity
towards Congo red dye degradation. Rajkumar et.
al. [40] also reported on the Bio-synthesized
silver nanoparticles for effective photo-catalytic
degradation of Congo red dye in aqueous
solution: optimization studies using response

surface methodology.
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Figure 4 A-E: Photocatalytic dye degradation of Congo red dye at various concentrations of AgNPs and

exposure time.
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CONCLUSION

In this study, aqueous leaves extract of Lantana
camara was used via a facile and cost effective
eco-friendly route at room temperature to
synthesize silver (AgNPs) nanoparticles. The
plant extract acted as a reducing and stabilizing
agent to the nanoparticles owing to its rich
biomolecule  content.  Photocatalytic  dye
degradation potential of the synthesized AgNPs
showed about 80% degradation of Congo red dye
after 6 hours exposure time. Furthermore, most
literature studies have shown the use of other less
eco-friendly methods of synthesis which are
either expensive or toxic to the environment.
Therefore, this study could serve as an indicator
for researchers to explore more eco-friendly route
in the synthesis of nanoparticles for large scale

industrial application.
ACKNOWLEDGEMENT

The authors are grateful to the staff of Adamawa
State University Electro-nano laboratory, and the
Microbiology laboratory of the University of Jos
for the use of their laboratory and their technical

support.
REFERENCES

1. S. Samuchiwal, D. Gola, A. Malik,
Decolourization of textile effluent using
native microbial consortium enriched from
textile industry effluent, J. Hazard Mater.

402 (2021) 123835,
https://doi.org/10.1016/j.jhazmat.2020.12
3835.

2. M. Bansal, P.K. Patnala, T. Dugmore,
Adsorption of Eriochrome Black-T(EBT)
using tea waste as a low cost adsorbent by

814

https://doi.org/10.46602/jcsn.v49i5.1012

batch studies: a green approach for dye
effluent treatments, Curr. Res. Green
Sustain.  Chem. 3 (2020) 100036,
https://doi.org/
10.1016/j.crgsc.2020.100036.

3. M. lkram, M.I. Khan, A. Raza, M. Imran, A.
Ul-Hamid, S. Ali, Outstanding
performance of silver-decorated MoS2
nanopetals used as nanocatalyst for
synthetic dye degradation, Phys. E Low-
Dimensional Syst. Nanostruct. 124 (2020)
114246,
https://doi.org/10.1016/j.physe.2020.1142
46.

4. C. Stone, F.M. Windsor, M. Munday, I.
Durance, Natural or synthetic —how global
trends in textile usage threaten freshwater
environments, Sci. Total Environ. 718
(2020) 134689,
https://doi.org/10.1016/j.scitotenv.2019.1
346809.

5. M. Mathur, K.S. Vijayalakshmi, D. Gola, K.
Singh, Decolourization of textile dyes by
Aspergillus lentulus, J. Basic Appl. Eng.
Res. 2 (2015) 1469-1473

6. A.V. Samrot, H.H. Ali, J. Selvarani A, E.
Faradjeva, R. P, P. P, et al., Adsorption
efficiency of chemically synthesized
Superparamagnetic Iron Oxide
Nanoparticles (SPIONSs) on crystal violet
dye, Curr. Res. Green Sustain. Chem. 4
(2021) 100066,
https://doi.org/10.1016/j.crgsc.2021.1000
66.

7. D. Gola, A. Bhattacharya, P. Dey, A. Malik,
S.Z. Ahammad, Assessment of drain water
used for irrigation in the Delhi region, J.
Heal. Pollut. 10 (2020) 200610,
https://doi.org/10.5696/2156-9614-
10.26.200610.

8. D. Gola, A. Malik, Z.A. Shaikh, T.R.
Sreekrishnan, Impact of heavy metal
containing wastewater on agricultural soil
and produce: relevance of biological
treatment, Environ. Process 3 (2016),
https://doi.org/10.1007/s40710-016-0176-
9.

ISSM 0795 - 22066


https://doi.org/10.1016/j.physe.2020.114246
https://doi.org/10.1016/j.physe.2020.114246
https://doi.org/10.1016/j.scitotenv.2019.134689
https://doi.org/10.1016/j.scitotenv.2019.134689
https://doi.org/10.5696/2156-9614-10.26.200610
https://doi.org/10.5696/2156-9614-10.26.200610
https://doi.org/10.1007/s40710-016-0176-9
https://doi.org/10.1007/s40710-016-0176-9

J. Chem. Soc. Nigeria, Vol. 49, No. 5, pp 803 — 817 [2024]

9. S. Khan, A. Malik, Toxicity evaluation of
textile effluents and role of native soil
bacterium in biodegradation of a textile
dye, Environ. Sci. Pollut. Res. 25 (2018)
4446-4458,
https://doi.org/10.1007/s11356-017-0783-
7.

10. B. Fatima, S.I. Siddiqui, R. Ahmed, S.A.
Chaudhry, Green synthesis of f-CdwO4
for  photocatalytic  degradation and
adsorptive removal of Bismarck Brown R
dye from water, Water Resour, For. Ind. 22
(2019) 100119, https://doi.org/10.1016/
j-wri.2019.100119.

11.Sharma JK, Srivastava P, Ameen S, Akhtar
MS, Sengupta SK, Singh G.
Phytoconstituents assisted green synthesis
of cerium oxide nanoparticles for thermal
decomposition and dye remediation. Mater
Res Bull. 2017;91:98-107.

12. Gangadoo S, Stanley D, Hughes RJ, Moore
RJ, Chapman J. The synthesis and
characterisation of highly stable and
reproducible selenium nanoparticles. Inorg
Nano-Met Chem. 2017;47:1568-76

13. lravani S. Green synthesis of metal
nanoparticles using plants. Green Chem.
2011;13:2638-50

14. A. Roy, “Plant derived silver nanoparticles
and their therapeutic applications,” Current
Pharmaceutical Biotechnology, vol. 22,
no. 14, pp. 1834-1847, 2021

15. N. Ben Messaoud, M.E. Ghica, C. Dridi, M.
Ben Ali, C.M.A. Brett, Electrochemical
sensor based on multiwalled carbon
nanotube and gold nanoparticle modified
electrode for the sensitive detection of
bisphenol A, Sensor. Actuator. B Chem.
253 (2017) 513-522,
https://doi.org/10.1016/j.snb.2017.06.160.

16. A. Shankar, V. Kumar, N.K. Kaushik, A.
Kumar, V. Malik, D. Singh, et al,
Sporotrichum thermophile culture extract-
mediated greener synthesis of silver
nanoparticles:  eco-friendly  functional
group transformation and anti-bacterial
study, Curr. Res. Green Sustain. Chem. 3

815

https://doi.org/10.46602/jcsn.v49i5.1012

(2020) 100029, https://doi.org/10.1016/
j.crgsc.2020.100029.

17. D. Garg, A. Sarkar, P. Chand, P. Bansal, D.
Gola, S. Sharma, et al., Synthesis of silver
nanoparticles utilizing various biological
systems: mechanisms and applications—a
review, Prog. Biomater. (2020) 1-15,
https://doi.org/10.1007/s40204-020-
00135- 2.

18. A. Jain, F. Ahmad, D. Gola, A. Malik, N.
Chauhan, P. Dey, et al., Multi dye
degradation and antibacterial potential of
Papaya leaf derived silver nanoparticles,
Environ. Nanotechnol., Monit. Manag.
(2020) 100337, https://doi.org/10.1016/
j.-enmm.2020.100337.

19. K. Gudikandula, S. Charya Maringanti,
Synthesis of silver nanoparticles by
chemical and biological methods and their
antimicrobial properties, J. Exp. Nanosci.
11 (2016) 714-721,
https://doi.org/10.1080/17458080.2016.11
39196.

20 A. Roy, “Synthesis of silver nanoparticles
from medicinal plants and its biological
application: a review,” Research &
Reviews in BioSciences, vol. 12, no. 4, p.
138, 2017.

21 H. M. Ahmed, A. Roy, M. Wahab et al.,
“Applications of nanomaterials in agrifood
and pharmaceutical industry,” Journal of
Nanomaterials, vol. 2021, Article ID
1472096, 10 pages, 2021

22. S. Raina, A. Roy, and N. Bharadvaja,
“Degradation of dyes using biologically
synthesized silver and copper
nanoparticles,” Environmental
Nanotechnology, Monitoring &
Management, vol. 13, article 1002

23 A. Roy, “A review on the alkaloids an
important therapeutic compound from
plants,” IJPB, vol. 3, no. 2, pp. 1-9, 2017.

24. A. Roy, N. Jauhari, and N. Bharadvaja,
“Medicinal plants as a potential source of
chemopreventive agents,” in Anticancer
Plants: Natural Products and

ISSM 0795 - 22066


https://doi.org/10.1007/s11356-017-0783-7
https://doi.org/10.1007/s11356-017-0783-7
https://doi.org/10.1007/s40204-020-00135-%202
https://doi.org/10.1007/s40204-020-00135-%202
https://doi.org/10.1080/17458080.2016.1139196
https://doi.org/10.1080/17458080.2016.1139196

J. Chem. Soc. Nigeria, Vol. 49, No. 5, pp 803 — 817 [2024]

25

26.

27.

28

29.

30

31.

Biotechnological Implements, pp. 109-
139, Springer, Singapore, 2018.

. A. Roy, T. Attre, N. Bharadvaja, A. Tiezzi,

and T. M. Karpinski, “Anticancer agent
from medicinal plants: a review,” New
Apects in  Medicinal Plants and
Pharmacognosy, vol. 1, p. 54, 2017.

Cai, Y., Sun, M., and Cork, H. (2003)
Antioxidant activity of betalains from
plants of the Amaranthaceae. Journal of
Agriculture  and  Food  Chemistry
(51)8:2288-2294

S.S.R. Albeladi, M.A. Malik, S.A. Al-
Thabaiti, Facile biofabrication of silver
nanoparticles using Salvia officinalis leaf
extract and its catalytic activity towards
Congo red dye degradation, J. Mater. Res.
Technol. 9 (2020) 10031-10044,
https://doi.org/10.1016/j.jmrt.2020.06.074

M. Chandhru, S.K. Rani, N. Vasimalai,
Reductive degradation of toxic six dyes in
industrial wastewater using
diaminobenzoic acid capped silver
nanoparticles, J. Environ. Chem. Eng. 8
(2020) 104225, https://doi.org/10.1016/
j-jece.2020.104225.

S. Pandey, J.Y. Do, J. Kim, M. Kang, Fast
and highly efficient catalytic degradation
of dyes using «x-carrageenan stabilized
silver nanoparticles nanocatalyst,
Carbohydr. Polym. 230 (2020) 115597,
https://doi.org/10.1016/j.carbpol.2019.115
597.

.P.C.L. Muraro, S.R. Mortari, B.S. Vizzotto,

G. Chuy, C. dos Santos, L.F.W. Brum, et
al., Iron oxide nanocatalyst with titanium
and silver nanoparticles: synthesis,
characterization and photocatalytic activity
on the degradation of Rhodamine B dye,
Sci. Rep. 10 (2020) 1-9,
https://doi.org/10.1038/s41598-020-
59987-0.

A. Nazir, N. Alwadai, S. Faroog, M. Igbal,
M. Abbas, E.A. Alabbad, et al., Synthesis,
characterization  and photocatalytic
application of Sophora mollis leaf extract

816

32.

33.

34,

35.

36.

37.

https://doi.org/10.46602/jcsn.v49i5.1012

mediated silver nanoparticles, Z. Phys.
Chemie. (2021), https://doi.org/10.1515/
zpch-2020-1803.

M. Rafique, I. Sadaf, M.B. Tahir, M.S.
Rafique, G. Nabi, T. Igbal, et al., Novel
and facile synthesis of silver nanoparticles
using Albizia procera leaf extract for dye
degradation and antibacterial applications,
Mater. Sci. Eng. C 99 (2019) 1313-1324,
https://doi.org/10.1016/j.msec.2019.02.05
9

M. Mathur, D. Gola, R. Panja, A. Malik,
S.Z. Ahammad, Performance evaluation of
two  Aspergillus  spp. for  the
decolourization of reactive dyes by
bioaccumulation and biosorption, Environ.
Sci. Pollut. Res. 25 (2018),
https://doi.org/10.1007/ s11356-017-0417-
0.

Banerjee, P., Satapathy, M.,
Mukhopahayay, A., & Das, P. (2014). Leaf
extract mediated green synthesis of silver
nanoparticles from widely available Indian
plants: synthesis, characterization,
antimicrobial property and toxicity
analysis. Bioresources and Bioprocessing,
1(2).

Elumalai, D., Hemavathi, M., Deepaa, C.
V., & Kaleena, P. K. (2017). Evaluation of
phytosynthesised silver nanoparticles from
leaf extracts of Leucas aspera and Hyptis
suaveolens and their larvicidal activity
against malaria, dengue and filariasis
vectors. Parasite Epidemiology and
Control, 2(4), 15-26.

B. Ajitha, Y. Ashok Kumar Reddy, Syed
Shameer, K.M. Rajesh, Y. Suneetha, P.
Sreedhara Reddy, Lantana camara leaf
extract mediated silver nanoparticles:
Antibacterial, green catalyst, Journal of
Photochemistry and Photobiology B:
Biology, Volume 149, 2015, Pages 84-92,
ISSN 1011-1344,
https://doi.org/10.1016/j.jphotobiol.2015.
05.020.

Krishnaraj C, Jagan EG, Rajasekar S,
Selvakumar S, Kalaichelvan PT, Mohan N.

ISSM 0795 - 22066


https://doi.org/10.1016/j.carbpol.2019.115597
https://doi.org/10.1016/j.carbpol.2019.115597
https://doi.org/10.1038/s41598-020-59987-0
https://doi.org/10.1038/s41598-020-59987-0
https://doi.org/10.1016/j.msec.2019.02.059
https://doi.org/10.1016/j.msec.2019.02.059
https://doi.org/10.1016/j.jphotobiol.2015.05.020
https://doi.org/10.1016/j.jphotobiol.2015.05.020

Synthesis of silver nanoparticles using
Acalypha indica leaf extracts and its
antibacterial activity against water borne
pathogens. Colloids Surf B 2010;76:50.

38. Khan, F., Sharig, M., Asif, M., Siddiqui, M.

A., Malan, P., & Ahmad, F. (2022). Green
nanotechnology: Plant-mediated
nanoparticle synthesis and application.
Nanomaterials, 12(4), 673.

39. Shroog Shdied Royji Albeladi, Magsood

Ahmad Malik, Shaeel Ahmed Al-thabaiti,
Facile biofabrication of silver
nanoparticles using Salvia officinalis leaf
extract and its catalytic activity towards
Congo red dye degradation, Journal of

J. Chem. Soc. Nigeria, Vol. 49, No. 5, pp 803 — 817 [2024]

817

https://doi.org/10.46602/jcsn.v49i5.1012

Materials Research and Technology,
Volume 9, Issue 5, 2020, Pages 10031-
10044, ISSN 2238-7854,
https://doi.org/10.1016/j.jmrt.2020.06.074

40. Rajkumar, A., Sivaarajasekar, N., and

kandasamy S. (2021). Bio-synthesized
Silver Nanoparticles for effective Photo-
catalytic Degradation of Congo Red Dye
in Aqueous Solutions: Optimization
Studies Using Response Surface
methodology. Analytical Chemistry
lettere, 11(6), 801-815.
https://doi.org/10/1080/22297928.2021.19
94007

ISSM 0795 - 22066


https://doi.org/10/1080/22297928.2021.1994007
https://doi.org/10/1080/22297928.2021.1994007

