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ABSTRACT

Now-a-days nanotechnology is one of the booming fields for the researchers. With the increase in industrialization
mainly textile, paper, medicine, plastic industry, there is an increase in concentration of organic dyes as pollutant.
Release of harmful dyes in water bodies has become a serious issue, as most of the dyes are carcinogenic and muta-
genic in nature and causes various diseases. Therefore, there is a requirement to find out new approaches for
efficient treatment of effluent containing dyes. Nanoparticles are one of the potential solutions to this problem. They
can be synthesized from different methods, however synthesis of nanoparticles from different plant parts (leaf, root
or stem extract) is economical as well as ecofriendly. Phytogenic nanoparticles have various environmental applica-
tions and one of them is remediation of dyes. The aim of this review is to provide an overview of last five years
studies about catalytic and photocatalytic degradation of various harmful dyes by plant synthesized nanoparticles,
mechanism of degradation and advantages and disadvantages of phytogenic synthesis.
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1 Introduction

Organic, inorganic, and biological contaminants infiltrate into water bodies due to the increase of
urbanization and industrialization, which is hazardous to humans and the environment. Environmental
pollution is a major concern for public health because it becomes the root cause of various diseases
throughout the world [1,2]. In the current situation, clean water is one of the major challenges society
faces around the world. The increasing human population is one of the major factors for water pollution.
Several physical, chemical, and biological methods are available for wastewater treatment. Current
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wastewater treatment methods have limitations such as inefficient energy, generation of residuals, etc. [3,4].
Therefore, an alternative way to overcome these problems is required.

One of the main elements of wastewater pollution is the presence of organic dyes. Synthetic dyes are
released from various industrial applications such as printing, textile, leather etc., and are considered as
detrimental pollutants that contain complex structures and cannot be easily degraded [5]. It is estimated
that 10-15% of the dyes are gone in the effluent during the process of dying in the textile industry.
Textile industry wastewater is one of the main sources of aromatic amines released into the environment
that cause various adverse effects [6]. The presence of coloring-containing dyes is due to the azo bond (—
N=N-) and related chromophores, therefore dumping of dyes into surface water not only influences the
aesthetic but also produces biotoxicity [7]. The existence of harmful synthetic dyes in the soil as well as
water is hazardous for humans and adversely affects our natural ecosystem. These dyes are accumulating
with water and soil, and then enter into the food chain; thereby it turns into a serious threat to food
security. Dyes have become a major concern compared to other environmental pollutants because these
dyes cannot be shattered by natural degradation [8]. The majority of dyes and their breakdown products
are carcinogenic, and some reactive dyes induce allergies such as skin irritation, eye infection, and
respiratory disorders, etc. [9]. Some also have mutagenic effects, especially azo dyes. There are various
methods used for the treatment of textile dye effluents such as chemical methods, physical methods,
biological methods by using enzymes, microorganisms [10] (Fig. 1). Traditional remediation methods of
cleanup are ineffective in dealing with this toxicity. Hence, there is a demand for an advanced method of
degradation of dyes.
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Figure 1: Traditional methods of dye removal

Nanotechnology provides an efficient approach to eliminating various contaminants from wastewater.
Integration of nanoscale materials into functional assemblies and in addition to multifunctional devices
can be accomplished through a ‘bottom-up’ approach. Nanotechnology has been used in the past few
years in numerous fields like cosmetics, medicines, paints, textiles, crafting iridescent glasswork, creation
of weapons, etc. [11]. The removal of contaminants from the environment is supposed as rectification.
Bioremediation is the term used when biological agents are involved in the rectification process.
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Specifically, once living plants are concerned with the degradation of pollutants which is referred to as
phytoremediation. Nanophytoremediation is a newer technique for degrading toxic pollutants and that
blends applied science with living plants [12].

Research on nanomaterial synthesis is of great interest due to its exceptional properties such as magnetic,
optoelectronic, and mechanical that are different from bulk materials [13]. These unique emerging features have
a potential role in electronics, medicines, and other fields. Due to the small size of nanoparticles, they exhibit
enhanced characteristics and are used for different applications [14,15]. Nanoparticles are generally grouped
into two types, i.e., organic nanoparticles which include carbon nanoparticles such as fullerenes, and
inorganic nanoparticles which include magnetic, metal, and semiconductor nanoparticles [16]. Metal
nanoparticles, such as gold and silver, have recently sparked renewed attention due to their superior material
characteristics and functional diversity [17,18]. Various reports have suggested the synthesis of different
nanoparticles such as copper, gold, silver, zinc, iron, etc., using plant extracts [19,20]. Different researchers
have reported utilization of green synthesized nanoparticles for the efficient removal of different dyes such
as phenol red, methyl orange, methyl red, eosin yellow, etc. [21-23]. This review summarizes the different
plant-derived nanoparticles that were used for the degradation of various dyes.

2 Classification of Dyes

Classification of dyes can be done based on a number of parameters like chemical structure, applications,
ionic charge, and color (Table 1).

Table 1: Classification of dyes

Types of dye  Features

Nitro dyes Polynitro derivative of phenol with at least one o-or p-nitro with respect to hydroxyl
group.
Azo-dyes It is the largest group of dyes; contain azo bonds as a bridge between aromatic rings.

Xanthene dyes Formed by condensation of phenols and phthalic anhydride in the presence of sulphuric
acid, zinc chloride or anhydrous oxalic acid.

Anthraquinoid Two benzene rings with a fused p-quinoid group.

dyes

Direct dyes They combine with polar groups of the fibers and contain basic or acidic groups.
Coloring takes place directly when the fabric is submerged in the dye solution.

Mordant dyes  They require the fiber to be pretreated with a mordant material for binding. The mordant
binds the fiber and dye together and forms an insoluble colored complex called lake.

Vat dyes These produce leuco compounds (alkali-soluble) on reduction with sodium
hydrosulphite.
This is how they are bound to the fiber in the reduced form and then is brought back to
the original form by oxidation in the presence of air or chemicals. They are insoluble.

Ingrain dyes As the name suggests, they are produced within the fabric.

Disperse dyes  They are insoluble in water but can dissolve some synthetic fibers. They are applied in
the form of a dispersion of dyes in soap solution and solubilizing agents like phenol,
cresol. They are then absorbed into the fiber at high temperature and pressure.

Reactive dyes  They are water-soluble and anionic dyes and their chemical structure contains azo,
oxazine, anthraquinone, phthalocyanine, formazan, and triarylmethane groups.
Extremely poisonous as they are easily bound with heavy metals like nickel, copper,
chromium, etc.

(Continued)
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Table 1 (continued)

Types of dye  Features

Acid dyes They are water-soluble and anionic compound, chemical structure contains nitroso,
nitro, azo anthraquinone, azine, xanthene, and triphenylmethanes.

Basic dyes They are water-soluble, positively charged located on sulfur/nitrogen/oxygen atom, very
bright dyes. The chemical structure contains cyanine, diazahemicyanine, thiazine,
triarylmethane, hemicyanine, oxazines, and acridine groups.

Sulfur dyes They are low-cost, have high molecular weight and are obtained from sulfurization of

organic compounds which contain sulfur and sodium sulfide groups in chemical
structure.

3 Problems Associated with Dye Contamination

Dyes are substances that are applied to a substrate to give color. Some of the common dyes that act as a
pollutant are methyl orange, eosin Y, methylene blue, etc. [24] (Fig. 2). Dyes can be classified based on their
color, ingredients, and applications, with dye applications being the most popular approach in nanomaterials [25].
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Figure 2: Common dye pollutants

Dyes are utilized in a wide range of industries, including textile, printing, cosmetic, plastic, drug, and
food processing. Due to their high solubility, they are found in industrial wastewater. Even tiny quantities
of dye as low as 1 ppm are highly noticeable in the case of some dyes and are considered undesirable
components for the environment [26]. The dye contamination problem is significant (2%) of total dye that
is directly discharged from the aqueous effluent [27,28]. Typically, dyes affect the immune system but
can also cause several other problems (Fig. 3). Industrial effluents are rigorously regulated for organic
compounds and to keep their limit, removal of dye from wastewater is essential. The occurrence of dyes
in the natural resources of water can result in a reduction of sunlight penetration and depletion of
dissolved oxygen. Azo dyes are water-soluble and toxic; they pose a potential threat to animals, aquatic
organisms, and human beings [29]. In the process of degradation of some azo dyes, they produce
carcinogenic aromatic amines. Dyes can also penetrate groundwater and cause contamination of soil.
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Inhalation of dye particles can cause various respiratory problems which is the most common hazard linked
with reactive dyes [30]. Itching, watering of the eyes, sneezing, coughing, and breathlessness are some of the
signs associated with this kind of problem (Fig. 3).
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Figure 3: Health problems associated with dyes

4 Green Synthesis of Nanoparticles

For the green production of nanoparticles, the bottom-up technique is applied, and the reaction that
occurs is oxidation/reduction [31]. The need for a greener approach arose due to the cost and
environmental problems associated with physical and chemical processes [32]. Chemical synthesis occurs
in the presence of many harmful chemicals absorbed on the surface and has adverse effects when utilized
for medical applications. Because the chemical approach uses that are hazardous to the environment,
researchers have switched to the green synthesis of nanoparticles to avoid the toxic impacts of chemicals
[33]. To find out a cheaper way for the synthesis of nanoparticles, researchers utilize various biological
agents such as enzymes from microbes, fungal extracts, and extracts of plants. Due to their reducing
properties, they are generally accountable for metal compounds into their respective nanoparticles.
Researchers prefer plants for the synthesis of nanoparticles over bacteria or other biological substances
that of its several advantages over other biological entities [34]. Plants are safe to handle, easy to
maintain, easily available, and contain a variety of biomolecules such as tannins, alkaloids, terpenoids,
etc. Nanoparticle synthesis using plants involves the bioreduction of metal ions. Plant extract and metal
precursors are mixed at a suitable reaction condition whereas plant extract acts as a stabilizing and
reducing agent during the synthesis process [20,22] (Fig. 4).
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Figure 4: Green synthesis of nanoparticles using plants
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5 Different Types of Metallic/Metal Oxide Nanoparticles

Generally, metallic nanoparticles are solid colloidal metal particles that have a size from 10—100 nm.
Metallic nanoparticles with different shapes and sizes based on exceptional and useful physical and
chemical properties have been commonly considered in various applications [19,20]. Metallic/metal-oxide
nanoparticles which are commonly used in the environmental remediation process include silver, gold,
iron/iron oxide, copper/copper oxide, zinc oxide, etc.

Gold nanoparticles: Gold is a noble metal; it is used for the manufacturing of nanosized materials and
possesses several properties such as low toxicity to biological systems, conformational flexibility, etc. [35].
Synthesis of gold nanoparticles can be done by reducing gold in the aqueous phase, which tends to have a
quasi-sphere morphology because this shape represents the smallest surface area compared to other
morphologies [36]. The suspension of gold nanoparticles shows a ruby-red color due to light scattering
by the nanoparticles, but an increase in size or a change in environmental parameters leads to the
modification of the optical properties of the colloids [37].

Silver nanoparticles: Silver nanoparticles (AgNPs) are used for various purposes such as medical use,
healthcare sector, food industry, etc. It possesses some unique properties such as electrical, optical, thermal,
and biological [38]. AgNPs can be synthesized by chemical as well as biological methods. But biological
methods are simple, fast, and nontoxic and can produce a well-defined size and morphology under
optimized conditions [39].

Iron and iron oxide nanoparticles: Iron nanoparticles show better reactivity with oxygen in
comparison with bulk iron particles [40]. Iron nanoparticles are present in ultrahigh purity compared to
iron. Iron nanoparticles possess high thermal conductivity, high surface area, and also very high magnetic
properties [41]. The reactivity of iron nanoparticles is because of their surface area. Iron nanoparticles can
be more useful in a non-oxidizing environment because a large amount of energy is stored in nanoparticles
as surface energy [42]. Iron oxide nanoparticles are one of the most important oxides, they have been
widely applied in catalysis, biomedicine, magnetic materials, water treatment, and other fields [43].

Copper and copper oxide nanoparticles: Copper nanoparticles have diverse applications in fields such
as agriculture, agriculture, industrial engineering, and technological fields [22]. The synthesis of copper
nanoparticles has attracted particular interest, compared to other nanoparticles, because of their certain
properties, that is, they are less expensive than gold and silver nanoparticles [44]. The copper
nanoparticle can be synthesized by numerous methods such as vapor deposition, thermal deposition,
radiolysis reduction, chemical reduction of metal salts of copper, electrochemical reduction also room
temperature synthesis from hydrazine hydrate and starch [45]. From recent research, it was found that
green synthesis of copper nanoparticles can be achieved by using plant extract as well as microorganisms.
Due to the effective environmental applications of copper nanoparticles, it has been used in various
processes [46]. Copper oxide is a p-type semiconductor with diversified applications [47]. Surface
conductivity makes CuO an ideal material for semiconductor resistive gas sensor applications. Copper
oxide nanoparticles show a potential role in the degradation of dyes and other environmental pollutants [47].

Zinc oxide nanoparticles: Zinc oxide is known as multifunctional material due to its unique chemical
and physical properties [48]. Zinc oxide has applications in solar cells, ceramics, gas sensors, catalysts, and
cosmetics because it is a semiconductor in nature [49]. The morphology of zinc oxide nanoparticles depends
upon the process by which it has been synthesized. They can be nanoplates, nanorods, nanospheres,
hexagonal, tripods, tetrapods, etc. [50]. Environmental applications of zinc oxide nanoparticles include
dye degradation and wastewater remediation, etc. [51,52].

Nickel nanoparticles: Nickel nanoparticles have been widely explored due to their various potential
applications and their superior ferromagnetic properties such as high coercive forces, magneto-crystalline
anisotropy, and chemical stability [53].
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6 Characterization Methods of Synthesized Nanoparticles

Various techniques have been used for the characterization purpose which includes UV-visible
spectroscopy, i.e., based on surface plasmon resonance (SPR) principle [19]. Another technique is X-ray
diffraction (XRD) to determine the crystalline phase [22]. Fourier transform infrared (FTIR) spectroscopy
helps to identify the functional groups present in the sample. Characterization of nanoparticles based on
size, morphology, and surface charge was performed using atomic force microscopy (AFM), scanning
electron microscopy, and transmission electron microscopy [20,23]. Dynamic light scattering is used to
measure nanoparticles size.

7 Dye Degradation Using Plant-Derived Nanoparticles

Photocatalytic degradation of dyes and other pollutants has been extensively researched since the mid-
twentieth century. Dyes are commonly used in many products such as furniture, clothes, plastics, etc.
During the dyeing process, approximately 12% of the dyes are eliminated as waste and 20% of that waste
penetrates the environment and can severely affect populations causing serious health hazards [54]. These
reactive dyes possess respiratory problems because of the inhalation of dye particles [55]. Phytoremediation
using nanomaterials is one of the modern methods for dye degradation. Nanoscale particles are gaining
attention for remediation of environmental pollution. Nanoparticles are encouraged as an efficient nutrient
source for biomass production from plants because of intensified metabolic activities, and utilization of
native nutrients by promoting microbial activities [56]. The main concern of using nanomaterial is reducing
the use of harmful chemicals. Both catalytic and photocatalytic degradation of organic dyes is reported in
the literature. Photocatalytic degradation has an advantage over other methods, it is environment-friendly,
less expensive because it uses solar light, and does not produce any secondary pollutants. Application of
various plant-derived nanoparticles in dye degradation has been mentioned in Table 2.

Table 2: Dye degradation using different nanoparticles synthesized from different plants

Plant’s name Nanoparticle Size Shape Name of dye Chemical formula  Structure of dyes % of Reference
(nm) of dyes Degradation
[https://pubchem.
ncbi.nlm.nih.gov/]

Alchemilla Zinc oxide 120 Cauliffiower ~ Rhodamine B C,gH3;CIN,O3 75% [57]
vulgaris

Albizia procera  Silver 6.18 Spherical Methylene Ci6H 3CIN3S 99.6% [58]

blue
Alpinia nigra Gold 21.52 - Rhodamine B C,gH3;CIN,O3 87.64 [59]
Alpinia nigra Silver 6 Spherical Rhodamine B C,3H3,CIN,O; O o 85.9% [60]
=N
S OSH
Aloe Copper 60 Malachite C46HsoN4-2HC,04- 1\ 80% [61]
barbadensis green C,H,0,4 O O
|

AU

(Continued)
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Table 2 (continued)

Plant’s name Nanoparticle Size Shape Name of dye Chemical formula  Structure of dyes % of Reference
(nm) of dyes Degradation
[https://pubchem.
ncbi.nlm.nih.gov/]
Angelica gigas  Gold - - Eosin Y CyoHgBr4Na,Os5 83% [62]
Annona ITron oxide 20 Spherical Methylene C6H5CIN5S - [63]
muricata blue
Arctium lappa  Gold 24.7 Spherical 4- C¢HsNO; - [64]
Nitrophenol
u ©
Azadirachta Copper 10-50 Circular and Reactive red  Cy4H30CpN14050Sg 60 o 78% [65]
indica oxide hexagonal 120 I g o
D o T @ﬁ;i’n %
Azadirachta Copper 21.6 Spherical Methylene Cy6H 3CIN3S | ‘ 80.5% [66]
indica oxide blue N Kjw\
E I Y
N
Camellia Nickel 43.87— Spherical Crystal violet C,5N3H30Cl '! | 99.5% [67]
sinensis 48.76 # O O =
|
AN
Camellia Silver 12-25 Spherical Eosin' Y CyoHBrsNa,Os 97% [68]
Jjaponica
Ceropegia Zinc oxide Methylene Cy6H 3CIN3S 99.6% [69]
attenuata blue
Carica papaya  Silver 10-70 Spherical Blue CP - 90% [70]
Calliandra Zinc oxide  19.45 Nanoflowers Methylene Cy6H13CIN3S 88% [71]
haematocephal blue
Crataegus Silver 25-45 Spherical Rhodmine B C,3H;,CIN,O3 85% [72]
pentagyna

(Continued)
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Table 2 (continued)

Plant’s name Nanoparticle Size Shape Name of dye Chemical formula  Structure of dyes % of Reference
(nm) of dyes Degradation
[https://pubchem.
ncbi.nlm.nih.gov/]
Celastrus Copper 2-10 Spherical Methylene Ci6H3CIN3S | ‘ 90% [73]
paniculatus blue N "<
U Ij
N
Carica papaya  Iron oxide 21.59 - Reactive CyoHpoNgNagO15Sg S @ A ©wr 76.6% [74]
yellow RR % g
«up 21 =
Cinnamomum  Mnganese Less than Spherical Congo red C3,H»,NgNa,04S, % 78.5% [75]
verum 100 nm a L,
Cyanometra Zinc oxide  13.33 Nanoflower Rhodamine B C,3H3,CIN,O3 98% [76]
ramiflora
Crinum Gold 17.6 Spherical 4- CgHsNO3 - [77]
latifolium Nitrophenol
Cordyceps Zinc oxide  10.15 Methylene Cy6H 3CIN3S 97% [78]
militaris Blue
Cynometra ITron oxide - - Methylene C16H13CIN5S - [79]
ramiflora blue
Cordia Silver 2-60 Spherical Crystal violet C,5N3H30Cl 85% [80]
dichotoma
Lt
Dalbergia Gold 10.5 Spherical Congo red C3,H2,NgNa,06S, ~ - [81]
coromandeliana - n " "
Nt O S HH
e g
Daphne Tron oxide 9.2 Spherical Methyl C14H4N3NaO;S o=NT 81% [82]
mezereum orange o=s=°

(Continued)
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Table 2 (continued)

Plant’s name Nanoparticle Size Shape Name of dye Chemical formula  Structure of dyes % of Reference
nm 0 €s egradation
(nm) f dy Degradati
[https://pubchem.
ncbi.nlm.nih.gov/]
Drypetes Copper 25 Spherical Congo red C3,H,5NgNayO6S, ~ - [83]
sepiaria oxide N n " "
Nt O S HH
e g
Ficus carica Copper 61 Spherical Alizarin Ci3HoN;05 o b 89.71% [84]
yellow R .
i
Foeniculum Gold 20 Spherical Methylene Cy6H 3CIN3S | ‘ - [85]
vulgare blue N "<
U Zj
N
Gmelina Silver 8-32 Spherical Methylene Cy6H 3CIN3S | ‘ 100% [86]
arborea blue N N ‘\
U Ij
N
Hyphaene Silver 20 Spherical Congo red C3,H,oNgNa,O6S, _ 80% [87]
thebaica - o N "
o Q.
w
Ixora Tron—copper 50-200  Cubic and Methylene Cy6H 3CIN3S ' ‘ - [88]
finlaysoniana bimetallic rectangular  blue N *
\@ /KZ
N
Justicia copper 10-15 Nano flower Methylene C16H13CIN3S ' ‘ 97% [89]
gendarussa oxide blue N M
\@ /KZ
N
Madhuca Cupric - Spherical Methylene Cy6H3CIN3S ' ‘ 77% [90]
longifolia oxide blue N *
\@ /KZ
N
Mediterranean  Iron 19 - Methyl C14H14N3NaOsS o™’ 95% [91]
cypress orange
Mussaenda Silver 57.92 Spherical Rhodamine B C,3H3,CIN,O; - [92]
glabrata and
triangular

(Continued)
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Table 2 (continued)
Plant’s name Nanoparticle Size Shape Name of dye Chemical formula  Structure of dyes % of Reference
(nm) of dyes Degradation
[https://pubchem.
ncbi.nlm.nih.gov/]
Methyl C14H4N;3Na0;S o -
orange ‘©°
Nigella Sativa  Silver 10-12 Spherical Congo red C3,H2,NgNa,06S, _ 98.5% [93]
w’
Nigella arvensis Gold 3-37 Spherical Methylene Cy6H 3CIN3S ' ‘ 44% [94]
blue N *
O
N
Naregamia Gold 27.92 Poly-shaped  4- CcHsNO; o5 -° - [95]
alata Nitrophenol
H o
Plumbago Silver 55 Eosin Y CyoHgBrsNa,Os - [23]
zeylanica
Phoenix Zinc oxide 30 - Methylene Cy6H 3CIN3S | ‘ 90% [96]
dactylifera blue N "<
L
N
Prosopis farcta  Silver 30 Spherical Methylene Cy6H 3CIN3S | ‘ 70.2% [97]
blue N "<
L
N
Punica Silver 57.7- - Methylene C,6H5CIN5S | ‘ 89% [98]
granatum 142.4 blue Y 28
L
N
Punica ITron oxide 25-55 Semi Reactive blue - - 95.08% [99]
granatum spherical
Phoenix Silver/Silver 28-39 Oval and Congo red C3,H»,NgNa,04S, _ 84.5% [100]
dactylifera L. oxide spherical - o N ~
Na O i N
w’
Psidium Copper 2-6 Spherical Nile blue C,oH0CIN;O L J 93% [101]
guajava oxide i

(Continued)
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Table 2 (continued)

Plant’s name Nanoparticle Size Shape Name of dye Chemical formula  Structure of dyes % of Reference
(nm) of dyes Degradation
[https://pubchem.
ncbi.nlm.nih.gov/]
Ruellia Tron oxide  52.78 - Crystal violet C,5N3H30Cl | | 80% [102]

N N
tuberosa = O O s

Syzygium Zinc oxide - - Methylene C16H1sCIN3S ' ‘ 91.4% [103]
cumini blue N N’\
\@ /Kj
N
Suaeda Zinc oxide 100 Methylene Cy6H 3CIN3S ' ‘ 54% [104]
Jjaponica blue N *
\@ /Kj
N
Solanum Copper 20-40 Spherical Crystal violet C,sN3H;3,Cl l l 97% [105]
lycopersicum oxide < O O TS
|
PR
Tamarindus Copper 50-100 - Rhodamine B C,3H3,CIN,O; 77% [106]
indica L. oxide
Trianthema Zinc oxide  25-90 - Synozol navy - - 91% [107]
portulacastrum blue K-BF
Trigonella Iron 11 - Methyl Cy4H14N3NaO;S g™ 95% [108]
foenum- orange 0=:=0

graecum ©

Zingiber Silver 20 - Methylene C,6H;5CIN5S

officinale blue N M
N

8 Mechanism of Dye Degradation

- [109]

As aresult of the exceptional characteristics of nanoparticles, they can be utilized for the remediation of
harmful dyes. Nanoparticles act as catalysts and increase the degradation mechanism. Nanoparticles are
irradiated by a light source such as UV light or visible light [21]. Degradation method is either
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accomplished by directly treating the nanoparticle surface with high-energy light sources or with the
assistance of the photosensitization pathway. In the case of direct photocatalytic degradation, electrons
excited from the valence band (filled) to the conduction band through energy given by light and it is
called photoexcitation. Then photoexcited electrons are utilized by dissolved oxygen that is available in
the reaction mixture so that the formation of free radical oxygen can take place. At the same time,
photoexcited holes produced in the valence band can oxidize the adsorbed water molecules to produce
OH radicals. These free radicals are very reactive and able to degrade dye molecules that have been
adsorbed on the photocatalyst [21].

9 Advantages and Disadvantages of Nanoparticles Use in Dye Degradation

Nanoparticles have various applications, and there is great interest in investigating and developing new
methods that can help to remediate environmental problems such as dyes [110]. There are different methods
available for nanoparticles synthesis, phytogenic synthesis of nanoparticles has various advantages such as
easier management, large production, simple downstream processing, and different applications. However,
the synthesis procedure is limited to a few metals, some sulfides, and oxides [110,111]. Therefore, there is a
requirement to develop newer methods to synthesize nanoparticles from metal oxides and even their carbides
and nitrides [111]. More experimental validations are required to understand the mechanism involved in the
synthesis process. Plant-derived approaches pose some challenges when it comes to industrial applications.
Nanoparticles’ shape and size depending upon their plant localization and metal ions content. Furthermore,
isolation, extraction, and purification approaches are not very effective and create problems, which lead to a
lower rate of recovery.

10 Conclusions

Nowadays environmental pollution is a serious concern which increases day by day. The major concern
of the remediation process is that the methods themselves will not affect the environment. The use of harsh
chemicals and toxic materials must be avoided and also the cost of the process must be below. For a cost-
effective and environment-friendly remediation technology, bioremediation and phytoremediation must be
preferred. Using plants and microorganisms for remediation technology is good for our environment. For
dye degradation nano-phytoremediation is a new achievement. Nanotechnology is growing very fast,
because of the small size of nanoparticles, it possesses unique properties which is better than bulk matter.
Nanoparticles synthesized from plants are a good alternative for the remediation process and effective for
dye degradation. Biological synthesis of nanoparticles using plant material provides an environmentally
friendly, quick, and effective track for nanoparticle synthesis. Synthesized nanoparticles have potential
applications in the biomedical field, sensor development, and environmental remediations.
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