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Abstract- The industrial growth of sectors
such as paper, textiles, medicine, rubber, and
plastics has led to an increase in pollution
from organic dyes. The release of hazardous
dyes into water bodies poses serious health
due to their and

risks carcinogenic

mutagenic properties. Finding effective
these harmful
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treatment methods for

effluents is essential. promising
solution is the use of nanoparticles as
photocatalysts, which has shown significant
potential. Nanoparticles can be synthesized
through various methods and are effective in
decontaminating dyes from polluted water.
Metal and metal oxide nanoparticles, along
with their nanocomposites, provide strong
solutions for the photocatalytic degradation
of hazardous dyes. This paper reviews the
types of dyes, metal nanoparticles, the
photocatalytic degradation process, and the

mechanisms involved in dye degradation.
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I. CLASSIFICATION OF DYES

Dyes are intricate  chemical
compounds that can significantly contribute
to the contamination of water bodies.
Addressing their impact is important for
maintaining water quality and ecosystem
health. There are two main types of dyes: (I)
Natural dyes and (II) Synthetic dyes. Natural
dyes are derived from plant parts like
flowers, leaves, roots, and stems, as well as
from animal sources and minerals.
Typically, they are non-hazardous. Synthetic
dyes, produced through chemical processes,
are harmful and difficult to degrade. They
are categorized into cationic, anionic, and
nonionic dyes, with cationic dyes being the

most toxic [1-3].
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Figure 1: Various types of Dyes

Common dye contaminants and

difficulties related to dye contaminants

Common dyes released from various
industries such as plastics, rubber, textiles,
printing, pharmaceuticals, food processing,
and cosmetics include Malachite Green,
Eosin Y, Methyl Orange, Phenol Red,
Orange G, Bromothymol Blue, Crystal
Violet, 4-Nitrophenol, Rhodamine B, Congo
Red, and Methylene Blue, among others.
Synthetic dyes are used to add color to
various substrates and are highly soluble in
water, contributing significantly to water

pollution. Degrading these dyes is
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challenging, with concentrations of 1 ppm or
higher being harmful to the environment.
Levels exceeding 2% pose even greater
risks. These dyes can negatively impact the
human immune system and health, reduce
sunlight penetration in water sources,
affecting aquatic life, and degrade soil
quality, leading to agricultural issues.
Exposure to dyes through contact or
inhalation can cause various respiratory and
skin-related issues, including sneezing,
coughing, breathlessness, itching, eye
infections, skin infections, cancer, and

hyperactivity [4-5].
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Figure 2: Methods of dye removal

Dye Degradation through Nanoparticles
Produced from Plants

The photocatalytic removal of dyes
and other contaminants with nanoparticles is
a cutting-edge technique for environmental
restoration. This method significantly
reduces the use of harmful chemicals.
Green-synthesized nanoparticles are
preferred in modern remediation techniques
due to their synthesis benefits, as they do not
require high temperatures and pressures and
produce non-toxic byproducts. While both
catalytic and photocatalytic degradation of
chemical have been

dyes studied,

photocatalytic =~ degradation is  more
advantageous because it is eco-friendly and
cost-effective, utilizing solar light without

generating secondary pollutants [6-7].
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II. VARIOUS METAL AND METAL
OXIDE NANOPARTICLES

Metal NPs are solid, colloidal

particles composed of metal,

typically
ranging in size from 10 to 100 nm. These
nanoparticles can have various shapes and
sizes, which are produced through a variety
of synthesis methods. They are widely used
in  numerous applications. Commonly
utilized metal and metal-oxide nanoparticles
in catalytic environmental remediation
include gold, silver, titanium, tin, copper,
manganese, iron, zinc, cerium, and
zirconium, among others.

Gold nanoparticles, which are tiny particles
of the noble metal gold (Au NPs), are

known for their low toxicity and flexibility



in biological systems. These synthesized
gold nanoparticles typically have a quasi-
spherical shape and display a ruby-red color
due to light scattering. Modifications to
environmental parameters can alter the
optical properties of these colloids. Gold
nanoparticles have shown impressive results

in the remediation of various dyes [8-9].

Silver nanoparticles (Ag NPs)

Silver  nanoparticles can  be
synthesized through both biological and
chemical methods. However, the biological
methods are often faster, simpler, and
produce non-toxic byproducts. Additionally,
these methods can lead to well-defined sizes
and desired morphologies under optimized
conditions. Silver nanoparticles (Ag NPs)
possess unique thermal, electrical, optical,
and biological properties, making them
suitable for wvarious applications in the
medical, healthcare, and food industries

[10,11].

Titanium oxide nanoparticles (TiO, NPs)

Titanium  dioxide nanoparticles

(TiO, NPs) are synthesized for wvarious

applications,  including  photocatalysis,

wastewater treatment, solar cells, and

antibacterial agents. These nanoparticles are
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easy to produce, cost-effective, and exhibit
low toxicity. TiO, NPs are particularly
effective as photocatalysts due to their
unique optical and electronic properties,
chemical stability, and suitable bandgap. As
a result, they can effectively degrade both
inorganic and organic pollutants. As an
example, the degradation of methylene blue
in the presence of TiO, NPs was found to be

88% [12-13].

Tin oxide nanoparticles (SnO; NPs)

Tin  oxide is an  N-type
semiconductor with a bandgap of 3.6 eV at
room temperature. Tin oxide nanoparticles
(SnO, NPs) exhibit excellent electrical and
optical properties, low resistivity, and
effective photocatalytic activity at room
temperature. These nanoparticles are utilized
in  various applications, including
photovoltaics, coatings, gas sensors, and
photo-sensors. Research has shown that
biologically synthesized SnO, NPs, with a
particle size of 21 nm, serve as outstanding
photocatalysts for degrading methylene blue
(MB). Rod-shaped and smaller-sized SnO,
NPs demonstrate a higher degradation rate,
achieving over 90% degradation of
methylene blue under UV light irradiation
within 30 minutes [14-15].

Iron and iron oxide nanoparticles



Iron nanoparticles (Fe NPs) exhibit
enhanced reactivity with oxygen compared
to bulk iron particles and are available in
extreme purity. They possess remarkable
magnetic properties, a large surface area,
and good thermal conductivity. The higher
surface area of iron nanoparticles, which
enables them to store a substantial amount
of energy as surface energy, is responsible
for their increased reactivity. This makes
iron nanoparticles particularly effective in
non-oxidizing environments, batteries, and
glassmaking etc. In addition to iron NPs,
iron oxide nanoparticles (FeO NPs) are also
important. They are widely used in various
fields, including biomedicine, catalysis,

water treatment, and magnetic materials [16-

17].

Copper and copper oxide nanoparticles
Copper nanoparticles (Cu NPs) have
garnered significant interest due to their
lower cost compared to gold and silver.
These nanoparticles have a wide range of

applications across various fields, including

industrial engineering, agriculture, and
technology. A variety of techniques,
including chemical reduction, vapor
deposition,  thermal  deposition, and

radiolysis reduction of copper salts, can be

used to create Cu nanoparticles. Copper
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oxide (CuO) has the potential to degrade
synthetic dyes and other environmental
pollutants due to its high surface
conductivity, which makes it a perfect
material for gas sensor applications. Copper
(IT) oxide nanoparticles (CuO NPs) typically
have a narrow bandgap and a monoclinic
structure. They possess several interesting
properties, including high stability, good
thermal conductivity, photovoltaic
capabilities, selectivity, and antimicrobial
activities.

Copper oxide (CuO) nanoparticles
have a variety of applications, including use
ceramics, advanced

in gas sensors,

superconductors, and magnetic storage

media. Recently, green-synthesized CuO

nanoparticles were tested for their

effectiveness in the photodegradation of
dyes, specifically Nile Blue and Yellow 60.
The results showed that within 120 minutes,
93% of Nile Blue and 81% of Yellow 60
were successfully degraded [18-20].

Zinc oxide nanoparticles
Zinc oxide stands out among all the

metal oxides as a  multipurpose

semiconductor material because of its

distinct chemical and physical

characteristics. Since zinc oxide

nanoparticles are semiconductors by nature,



they can be used in solar cells, gas sensors,
catalysts, ceramics, and cosmetics. Various
shaped morphologies of =zinc oxide
nanoparticles, like nanorods, nanoplates,
tripods, tetrapods, hexagonal, etc. ZnO NPs
are utilized in various environmental
applications, including dye degradation and

wastewater treatment [21-23].

Manganese dioxide nanoparticles (MnO;
NPs)

Manganese dioxide is used in
ceramic industries under visible light, and
found that after 90 minutes, the degradation
of CV was achieved 97% while 98.53% of
CR degraded in 5 minutes. MnO, NPs
normally possess a 2D structure and are
used in fluorescence sensing, biomedicine,
magnetic resonance imaging, and in the
functionality of cargo-loading. MnO, NPs
were used to degrade crystal violet and

Congo red (CR) dye from wastewater [24].

Nickel nanoparticles
Nickel nanoparticles (Ni NPs) are

currently  being intensively  explored

according to their multiple potential

applications and exceptional ferromagnetic
properties, such as high coercive forces,
chemical stability, and magneto-crystalline
[25-26]. In

anisotropy experiments
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involving the degradation of Crystal Violet
dye, these nickel nanoparticles achieved a

remarkable degradation yield of 99.5%.

Zirconium oxide nanoparticles (ZrO,
NPs)

Zirconium nanoparticles (ZrO, NPs)
exhibit a range of advanced properties,
including high chemical stability, strong
corrosion resistance, and excellent resistance
to color changes, chemicals, and
microorganisms. ZrO, NPs can exist in
several crystal structures: cubic, monoclinic,
and tetragonal phases, depending on the
temperature and pressure conditions. The
monoclinic phase of ZrO, NPs is stable up
to 1100 °C, while the tetragonal phase is
stable between 1100 °C and 2370 °C. The
cubic phase occurs at temperatures above
2370 °C.

An investigation on photocatalytic
breakdown of methyl orange (MO) dye
using ZrO2 NPs under UV light found a
stunning 97% destruction of the dye within

80 minutes.

Cerium oxide nanoparticles (CeO, NPs)
Cerium dioxide (CeO,) is the most

stable oxide of cerium, primarily due to its

Cerium  oxide

+4  oxidation  state.

nanoparticles (CeO, NPs) are commonly



fields,

biomedicine, bio scaffolding, drug delivery,

used in  various including
and environmental applications. A study
conducted by  Ravishankar et al
demonstrated that the photodegradation of
trypan blue in the presence of CeO, NPs and
UV light resulted in nearly 100%
degradation of the dye from the aqueous

solution within 135 minutes [28-29].

III. PHOTO-CATALYSIS ACTIVITY
BY NANOPARTICLES AND ITS
MECHANISM

When exposed to light energy, metal
oxide nanoparticles with wide band gaps
generate electron-hole pairs. These interact
with substrates on the photocatalyst's
surface, effectively degrading organic and
inorganic pollutants into less hazardous
compounds like carbon dioxide and water.
Photocatalysts accelerate chemical reactions
under UV and visible light, and effective
processes are characterized by stability, an
adequate bandgap, high surface area, proper
morphology, and reusability. Photocatalytic
reactions can be categorized into two types:
homogeneous and heterogeneous. The main
applications of photocatalytic reagents
involve degrading hazardous materials into

carbon dioxide and water, destroying or
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deactivating microorganisms, degrading

waste plastics, and decomposing

environmental pollutants. Metal oxide

nanoparticles and nanocomposites are
recognized for having photocatalytic activity
in the ultraviolet and solar light spectrum.
Photocatalysis occurs on the surface
of metal oxide nanoparticles or
nanocomposites, facilitated by conduction
and valence bands. Light absorption
motivates electrons from the valence band to
the conduction band, resulting in oxidation
and reduction reactions that produce reactive
oxygen (ROS), which

species are

responsible for dye degradation. This
process generates holes (4") and electrons
(e) and accelerates the formation of highly
reactive hydroxyl radicals (OH—) from
moisture and atmospheric oxygen. These
reactive species effectively oxidize and
decompose organic materials and can

destroy bacteria in the environment.

IV. PHOTOCATALYTIC
MECHANISM OF DYE
DEGRADATION BY
NANOPARTICLES
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metal oxide nanoparticles [30]

Dye degradation using different metal and

nanoparticle | Size Shape Name of Dye Chemical formula | % Refer
of Dye Degrad | ence
ation
Gold 21.52 - Rhodamine B Cy3H;31;CIN,O5 87.64 [31]
- Eosin Y C,0H¢BrsNa,Os 83% [32]
247 Spherical 4- Nitrophenol C¢HsNO; - | [33]
10.5 Spherical Congo red C3,H2NgNa,O¢S» - | [34]
20 Spherical Methylene blue | C;6H 3CIN;S - | [35]
Silver 6.18 Spherical | Methylene blue | C16H;sCIN;S 99.6% | [36]
6 Spherical Rhodamine B CosH31CIN,O3 85.9% | [37]
12-25 Spherical | Eosin Y C,0H¢BrsNa,Os 97% [38]
25-45 Spherical Rhodamine B Cy3H;31CIN,O5 85% [39]
2-60 Spherical Crystal violet CysN3H;30C1 85% [40]
8-32 Spherical | Methylene blue | CisH;sCIN;S 100% [41]
20 Spherical Congo red C3H2oNegNaxO6Ss | 80% [42]
10-12 Spherical Congo red C3oH2oNgNa,O6S, | 98.5% | [43]
30 Spherical | Methylene blue | C1¢H;sCIN;S 70.2% | [44]
Copper 61 Spherical Alizarin yellow | C;3H9N3;Os 89.71% | [45]
R
2-10 Spherical | Methylene blue | CisH;3sCIN;S 90% [46]
Nickel 43— 49 Spherical | Crystal violet C25N3H30Cl 99.5% | [47]
Maganese <100 nm | Spherical Congo red C3oH2oNgNa,O6S;, | 78.5% | [48]
Iron 19 - Methyl orange C14H14N3NaOsS 95% [49]
Zinc oxide 120 Cauliflower | Rhodamine B C,3H3,CIN, O3 75% [50]
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- - Methylene blue | C;¢H 3CIN3S 99.6% | [51]
19.45 Nanoflower | Methylene blue | C¢H;3CIN;S 88% [52]
13.33 Nanoflower | Rhodamine B C28H31CIN203 | 98% [53]
10.15 - Methylene Blue | C;¢H3CIN3S 97% [54]
30 - Methylene blue | C;sH 3CIN3S 90% [55]
Iron oxide 21.59 - Reactive yellow | CyoHp0NgNasOysS | 76.6% [56]
RR 6
9.2 Spherical Methyl orange Ci14H14N3NaOsS 81% [57]
25-55 Semi Reactive blue - 95.08% | [58]
spherical
Copper oxide | 10-50 Circular Reactive red 120 | CasH30CloN14020S | 78% [59]
and 6
hexagonal
21.6 Spherical Methylene blue | C;sH 3CIN3S 80.5% | [60]
25 Spherical Congo red C32H2NgNa,O6S, - [61]
V. BENEFITS AND DRAWBACKS However, the synthesis procedures for

OF NANOPARTICLES FOR
DYE DEGRADATION

Metal and metal oxide nanoparticles
offer a wide range of applications, and there
is a strong interest in exploring and creating
novel approaches to address environmental
issues such as dye contamination. Various
methods exist for synthesizing
nanoparticles, with phytogenic synthesis
several These

offering advantages.

advantages include easier management,

large-scale production, eco-friendly

processing, and a range of applications.
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nanoparticles are currently limited to a small

number of metals, oxides, and some
sulfides. There is a critical need to discover
novel ways for manufacturing nanoparticles
from metal oxides, nitrides, carbides, and
other substances. Improved experimental
techniques are required to better understand
the mechanisms included in the nanoparticle
manufacturing process. Although plant-
mediated techniques have some advantages,
they confront limitations when used in
industrial settings. The size and shape of
nanoparticles depend on the specific plant

used and the concentration of metal ions




present. Furthermore, the methods for
extraction, isolation, and purification are not
very effective, which leads to difficulties

and results in lower recovery rates.
VI. CONCLUSIONS

Nowadays, a large amount of
pollutants is released by industries into
water sources and the environment, making
environmental pollution a serious problem
that is increasing day by day. The primary
consideration for remediation methods is
that the processes should not negatively
impact the environment. The use of harmful
chemicals and toxic materials should be
avoided, and the methods must be cost-
effective. For an eco-friendly and cost-
effective remediation strategy,
phytoremediation and bioremediation should
be prioritized. Utilizing plants and
microorganisms in remediation technologies
is better for our environment. One
significant advancement in synthetic dye
degradation is nanoparticle-assisted
phytoremediation. Nanotechnology has been
rapidly advancing due to the unique
properties of nanoparticles, which are often
superior to those of bulk materials. Green-
synthesized nanoparticles from plants have
been established as a promising alternative

for environmental remediation. They are
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effective for the degradation of dyes and
offer an eco-friendly, quick, and efficient

process for nanoparticle synthesis. In this

article, we discuss the method of

photocatalysis, including the use of various
efficient metals, metal oxides, and their
composites as photocatalysts for the
degradation of different dyes from aqueous

solutions under suitable irradiation. For

large-scale wastewater treatment processes,
it is essential to design stable, cost-effective,
and eco-friendly metal oxides and their

composite-based  photocatalysts.  These

photocatalysts should prioritize safety and
high efficiency, particularly under visible
light. Additionally, they should be reusable

and easy to recover.

Reference

[1] Deepika B., Neeta R. S., Joginder S., &
Rameshwar S. K.; Biological methods for textile
dye removal from wastewater: A review. Critical
Science and

Reviews in Environmental

Technology (2017), 47, 1836-1876.

[2] Sharma J., Sharma S., Soni V.; Classification
and impact of synthetic textile dyes on Aquatic

Flora: A review. Regional Studies in Marine

Science (2021), 45, 101802.

[3] Kishor R., Purchase D., Saratale G. D.,
Saratale R. G., Ferreira L. F. R.
and health

et al;

Ecotoxicological concerns  of



persistent coloring pollutants of textile industry

wastewater and treatment approaches for
environmental safety. Journal of Environmental

Chemical Engineering (2021), 9(2), 105012.

[4] Hu H., Li X., Wu S., Yang C. Sustainable

livestock wastewater treatment via

phytoremediation: current status and future
perspectives. Bioresource Technology (2020),

315, 123809.

[5] Tkaczyk A., Mitrowska K., Posyniak A;
Synthetic organic dyes as contaminants of the
aquatic environment and their implications for

ecosystems: A review. Science of the Total

Environment (2020), 717, 137222.

[6] Adane T., Adugna A. T., Alemayehu E.;
Textile industry effluent treatment techniques.

Journal of Chemistry (2021), 5314404.

[7] Jain A., Ahmad F., Gola D., Malik A.,
Chauhan N. et al.; Multi dye degradation and
antibacterial potential of Papaya leaf derived
silver nanoparticles. Environmental
Nanotechnology,

(2020), 14, 100337.

Monitoring ~ Management

[8] Alireza S., & Farid M; A novel and simple

micro-emulsion method for synthesis of
biocompatible functionalized gold nanoparticles.
Journal of Molecular Liquids. (2018), 268, 849—

853.

[9] Jishma P., Thomas R., Snigdha S.,
&Radhakrishnan, E. K. Kinetic study of gold

nanoparticle-mediated photocatalytic

27

degradation of Victoria blue. 3 Biotech (2018)
8(2), 97.

[10] Antonio F., Alessandro M., Rita M., Elisa
P., Enrico B., & Luca M. Green synthesis of Ag
using plant metabolites. AIP
Conference Proceedings (2017), 1873, 020012.

nanoparticles

[11] Ashok D., Raju S., & Rama K.; Phyto
mediated synthesis of silver nanoparticles using
Dicrostachys cinerea leaf extract and evaluation
of its antibacterial and photocatalytic activity of
International ~ Journal  of

textile  dye.

ChemTechResearch (2017), 10, 302-314.

[12] Goutam S. P., Saxena G., Singh V., Yadav
A. K., Bharagava R. N., &Thapa K. B.; Green
synthesis of TiO2 NPs using leaf extract of
Jatropha curcas L. for photocatalytic degradation
of tannery wastewater. Chemical Engineering

Journal (2018), 336, 386-396.

[13] Mobeen Amanulla A., &Sundaram R,
Green synthesis of TiO2 nanoparticles using
orange peel extract for anti-bacterial,
cytotoxicity and humidity sensor applications.
Materials Today: Proceedings (2019), 8, 323—

331.

[14] Barkha R., Sathyanarayanan P., & Niroj

Kumar S.; Polyol asserted hydrothermal
synthesis of SnO2 nanoparticles for the fast
adsorption and photocatalytic degradation of
methylene blue cationic dye. New Journal of

Chemistry (2018), 42, 943-954



[15] Bhavana S., Gubbiveeranna V., Kusuma C.

G., Ravikumar H., Sumachirayu C. K.,
Nagabhushana H., & NagarajuS; Facile green
synthesis of SnO2 nps using Vitex altissima (1)
leaves extracts: Characterization and evaluation
of antibacterial and anticancer properties;
Journal of Cluster Science. (2019), 30(2), 431—

437.

[16] Amrutha S., & Sridhar S.; Green synthesis
of magnetic iron oxide nanoparticles using
leaves of Glycosmis mauritiana and their
antibacterial activity against human pathogens;
Journal of Innovations in Pharmaceutical and

Biological Sciences (2018) 5, 22-26.

[17] Bishnoi S., Kumar A., &Selvaraj R.; Facile
synthesis of magnetic iron oxide nanoparticles
using inedible Cynometra ramiflora fruit extract
waste and their photocatalytic degradation of
methylene blue dye; Materials Research Bulletin
(2018)97, 121-127.

[18] Bhumika K. S., Dimple V. S., &Debesh R.
R.; Green synthesis of CuO nanoparticles using
Azadirachta indica and its antibacterial activity

for medicinal applications; Materials Research

Express (2018) 5, 095033.

[19] Fuku X., Thovhogi N., & Maaza M.
Photocatalytic effect of green synthesized CuO
environmental
pollutants AIP Conference
Proceedings (2018) 1962, 040006

nanoparticles on  selected

and pathogens.

28

[20] Ghareib M., Abdallah W., Abu Tahon M.,
& Tallima A.; Biosynthesis of copper oxide
nanoparticles using the preformed biomass of
Aspergillus fumigatus and their antibacterial and
photocatalytic activities; Journal of
Nanomaterials &Biostructures (2019)14, 291—

303.

Digest

[21] Ahmar Rauf M., Mohammad O., Ravikant
R., Faraz A., Nazoora K., & Swaleha Z.; Bio
mimetically synthesized ZnO nanoparticles
attain potent antibacterial activity against less
susceptible S. aureus skin infection in
experimental animals; RSC Advances (2017)

7(58), 36361-36373.

[22] Aminuzzaman M., Ying L. P., Goh W. S,
& Watanabe A.; Green synthesis of zinc oxide
nanoparticles using aqueous extract of Garcinia
and  their

mangostana  fruit

pericarp
photocatalytic activity, Bulletin of Materials

Science (2018) 41, 50

[23] Balaji S., & Kumar M. B.; Facile green

synthesis of =zinc oxide nanoparticles by
Eucalyptus globulus and their photocatalytic and
antioxidant Advanced

Technology (2017) 28, 785-797.

activity; Powder

[24] Mengstu E. A., Gebrekidan M. T,
Gebretinase Y. N., & Tesfakiros W. G,
Structural, optical, and photocatalytic activities
of Ag-doped and Mn-doped ZnO nanoparticles;
Journal of Nanomaterials (2018) 9425938.



[25] Adinaveen T., Karnan T., &Selvakumar S.
A. S.; Photocatalytic and optical properties of
NiO added Nephelium lappaceum L. peel
extract: An attempt to convert waste to a

valuable product; Heliyon (2019) 5(5), e01751.

[26]

Microwave-assisted Chemical

Anjali M., Nanda B., & Vijay V.
synthesis  of
Nickel Oxide; International Journal of Scientific

Research and Education (2017)5, 6281-6286.

[27]

A. Behbahani, S. Rowshanzamir, A. Esmaeilifar
; Hydrothermal Synthesis of Zirconia
Nanoparticles from Commercial Zirconia;

Procedia Engineering, (2012) 42, 908-917

[28] Anitha R., Ramesh K. V., & Sudheer
Kumar K. H.; Photocatalytic activity of CeO2
nanoparticles,

Synthesis using Artocarpus

Gomezianus fruit mediated facile green
combustion method; International Journal of

Pharma and Bio Sciences (2017) 8, 933-936.

[29] Fatemeh J., Mohammad E. T. Y., Mohsen
B., & Ali E. H.; Biosynthesis, characterization
of certum oxide nanoparticles  using
Ceratoniasiliqua and evaluation of antioxidant
and cytotoxicity activities. Materials Research

Express (2019) 6, 065408.

[30]. Roy A., H. C. Ananda Murthy H.C.,
Hiwa M. A, Mohammad N.I, Prasad R;
Phytogenic Synthesis of Metal/Metal Oxide
Nanoparticles for Degradation of Dyes;

29

General of Renewable Materials

(2022)10(7)

[31] Rajendrachari S., Taslimi P., Karaoglanli A.
C., Uzun O., Alp E. et al.; Photocatalytic
degradation of Rhodamine B (RhB) dye in waste
water and enzymatic inhibition study using
cauliflower-shaped ZnO nanoparticles
synthesized by a novel one-pot green synthesis
method. Arabian Journal of Chemistry (2021)

14(6), 103180.

[32] Rafique M., Sadaf 1., Tahir M. B., Rafique
M. S., Nabi G. et al.; Novel and facile synthesis
of silver nanoparticles using Albizia procera leaf
extract for dye degradation and antibacterial
applications; Materials Science and Engineering:

C (2019) 99, 1313-1324.

[33] Baruah D., Goswami M., Yadav R. N. S.,
Yadav A., Das A. M.; Biogenic synthesis of
gold nanoparticles and their application in
photocatalytic degradation of toxic dyes; Journal
of Photochemistry and Photobiology B: Biology
(2018) 186, 51-58.

[34] Baruah D., Yadav R. N. S., Yadav A., Das
A. M.; Alpinia nigra fruits mediated synthesis of
silver nanoparticles and their antimicrobial and
photocatalytic activities; Journal of
Photochemistry and Photobiology B: Biology

(2019) 201, 111649.

[35] Chokkalingam M., Rupa E. J., Huo Y.,
Mathiyalagan R., Ananda Padmanaban G. et al,;
Photocatalytic degradation of industrial dyes



using Ag and Au nanoparticles synthesized from
Angelica gigas ribbed stem extracts; Optik
(2019) 185, 1213-1219. DOI
10.1016/j.1j1€0.2019.04.065.

[36] Nguyen T. T. N., Vo T. T., Nguyen B. N.
H., Nguyen D. T., Dang V. S. et al.; Silver and
gold nanoparticles biosynthesized by aqueous
extract of burdock root, Arctium lappa as
antimicrobial agent and catalyst for degradation
Science and

34247-

of pollutants; Environmental
Pollution Research (2018) 25(34),

34261.

[37] Thirumurugan A., Harshini E., Marakatha
Nandhini B. D., Kannan S. R., Muthukumaran
P.; Catalytic degradation of reactive red 120 by

copper oxide nanoparticles synthesized by

Azadirachta indica. In: Bioremediation and
sustainable technologies for cleaner
environment, pp. (2017)95-102. Springer,
Cham.

[38] Rafique M., Shaikh A. J., Rasheed R., Tahir
M. B, Gillani S. S. A.
biodegradation of methylene blue by copper

et al.; Aquatic

oxide nanoparticles synthesized from
Azadirachta indica leaves extract. Journal of
Inorganic and Organometallic Polymers and

Materials (2018) 28(6), 2455-2462.

[39] Bibi I., Kamal S., Ahmed A., Igbal M.,
Nouren S. et al; Nickel nanoparticle synthesis
using Camellia sinensis as reducing and capping
agent: Growth mechanism and photo-catalytic

activity evaluation. International Journal of

30

Biological Macromolecules. (2017) 103, 783—
790.

[40] Karthik R., Govindasamy M., Chen S. M.,
Cheng Y. H., Muthukrishnan P. et al;
Biosynthesis of silver nanoparticles by using
Camellia japonica leaf extract for the
electrocatalytic reduction of nitrobenzene and
photocatalytic degradation of Eosin-Y. Journal
of Photochemistry and Photobiology B: Biology

(2017) 170, 164-172

[41] Nayak S. S., Mirgane N. A., Shivankar V.
S., Pathade K. B., Wadhawa G. C; Degradation
of the industrial dye using the nanoparticles
synthesized from flowers of plant Ceropegia
attenuata. Materials Today: Proceedings. (2021)
37,2427-2431.

[42] Vinayagam R., Selvaraj R., Arivalagan P.,
Varadavenkatesan T; Synthesis, characterization
and photocatalytic dye degradation capability of
Calliandra haematocephala-mediated zinc oxide
nanoflowers. Journal of Photochemistry and

Photobiology B: Biology. (2020) 203, 111760.

[43] Ebrahimzadeh, M. A., Naghizadeh A.,
Amiri O., Shirzadi-Ahodashti M., Mortazavi-
Derazkola S.; Green and facile synthesis of Ag
nanoparticles using Crataegus pentagyna fruit
extract (CP-AgNPs) for organic pollution dyes
antibacterial

degradation and

Bioorganic Chemistry (2020) 94, 103425.

application.

[44] Mali S. C., Dhaka A., Githala C. K., Trivedi

R.; Green synthesis of copper nanoparticles



using Celastrus paniculatus Willd. leaf extract

and their photocatalytic and antifungal
properties. Biotechnology Reports (2020) 27,

e00518.

[45] Bhuiyan, M. S. H., Miah M. Y., Paul S. C.,
Aka T. D., Saha, O. et al.; Green synthesis of
iron oxide nanoparticles using Carica papaya
leaf extract: Application for photocatalytic
degradation of remazol yellow RR dye and
antibacterial Heliyon (2020) 6(8),

e04603.

activity.

[46] Kamran U., Bhatti H. N., Igbal M., Jamil
S., Zahid M.;

characterization

Biogenic synthesis,

and investigation of
photocatalytic and antimicrobial activity of
manganese nanoparticles synthesized from
Cinnamomum verum bark extract. Journal of

Molecular Structure. (2019) 1179, 532-539.

[47] Varadavenkatesan T., Lyubchik E., Pai S.,

Pugazhendhi A., Vinayagam R. et al;
Photocatalytic degradation of Rhodamine B by
zinc oxide nanoparticles synthesized using the
leaf extract of Cyanometraflora. Journal of
Photochemistry and Photobiology B: Biology

(2019) 199, 111621

[48] LiJ. F., Rupa E. J., Hurh J., Huo Y., Chen
L. et al.; Cordyceps militaris fungus mediated

zinc oxide nanoparticles for the photocatalytic

degradation of Methylene blue dye. Optik
(2019) 183, 691-697. [49]. Bharathi, D.,
Vasantharaj, S., Bhuvaneshwari, V.; Green

synthesis of silver nanoparticles using Cordia

31

dichotoma fruit extract and its enhanced
antibacterial, anti-biofilm and photo -catalytic
activity. Materials Research Express (2018)

5(5), 055404.

[50] Umamaheswari C., Lakshmanan A.,
Nagarajan ~ N. S.; Green synthesis,
characterization and catalytic degradation

studies of gold nanoparticles against Congo red
and methyl orange. Journal of Photochemistry

and Photobiology B: Biology (2018) 178, 33-39

[51] Beheshtkhoo N., Kouhbanani M. A. J.,
Savardashtaki A., Amani A. M., Taghizadeh S;
Green synthesis of iron oxide nanoparticles by
aqueous leaf extract of Daphne mezereum as a
novel dye removing material. Applied Physics

A. (2018) 124(5), 1-7.

[52] Narasaiah P., Mandal B. K., Sarada N. C.;
Biosynthesis of copper oxide nanoparticles from
drypetessepiaria leaf extract and their catalytic
activity to dye degradation. IOP Conference
Materials

Series: Science and Engineering

(2017) 263(2), 022012.

[53] Usman M., Ahmed A., Yu B., Peng Q.
Shen Y. et al.; Photocatalytic potential of bio-
engineered copper nanoparticles synthesized
from Ficus carica extract for the degradation of
toxic organic dye from waste water: Growth
mechanism and study of parameters affecting
the  degradation
Research Bulletin (2019) 120, 110583.

performance.  Materials



[54] Choudhary M. K., Kataria J., Sharma S.; A

biomimetic  synthesis of stable gold
nanoparticles derived from aqueous extract of
Foeniculum wvulgare seeds and evaluation of
their catalytic activity. Applied Nanoscience

(2017) 7(7), 439-447

[55] Saha, J., Begum, A., Mukherjee, A.,
Kumar, S.; A novel green synthesis of silver
nanoparticles and their catalytic action in the
reduction of Methylene Blue dye. Sustainable

Environment Research (2017) 27(5), 245-250.

[56] Bello B. A., Khan S. A., Khan J. A., Syed
F. Q., Mirza, M. B.

antibacterial and pollutant degradation potential

et al; Anticancer,
of silver nanoparticles from Hyphaene thebaica.

Biochemical and  Biophysical = Research

Communications. (2017) 490(3), 889—894.

[57] Ebrahiminezhad A., Taghizadeh S,
Ghasemi Y., Berenjian A.; Green synthesized
nanoclusters of ultrasmall zero valent iron
nanoparticles as a novel dye removing material.
Science of the Total Environment (2018) 621,

1527-1532.

32

[58] Chand K., Jiao C., Lakhan M. N., Shah A.

H., Kumar V. et al; Green synthesis,
characterization and photocatalytic activity of
silver nanoparticles synthesized with Nigella
sativa seed extract. Chemical Physics Letters

(2021) 763, 138218.

[59] Rambabu K., Bharath G., Banat F., Show P.
L; Green synthesis of zinc oxide nanoparticles
using Phoenix dactylifera waste as bio-reductant
for effective dye degradation and antibacterial
performance in wastewater treatment. Journal of

Hazardous Materials (2021) 402, 123560.

[60] Miri A., Vahed H. O. S., Sarani M.;
Biosynthesis of silver nanoparticles and their
role in photocatalytic degradation of methylene

blue dye. Research on Chemical Intermediates

(2018) 44(11), 6907—6915.

[61] Bibi 1., Nazar N., Ata S., Sultan M., Ali A.

et al; Green synthesis of iron oxide
nanoparticles using pomegranate seeds extract
and photocatalytic activity evaluation for the
degradation of textile dye. Journal of Materials
Research and Technology (2019) 8(6), 6115—

6124



