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In the last few decades, nanotechnology a branch of science has become the soul of all the research and de-
velopments in the modern era of science and technology. Metal oxide nanoparticles have majorly contributed to
almost all the domains working on nanoscale. In them, tin oxide nanoparticles (SnO5 NPs) gained a lot of fame
among the researchers owing to its interdisciplinary applications. There are multiple physical and chemical
methods exist for the synthesis of different size and shapes nanostructures, which are now obsolete due to their
energy requirements and toxic nature. Now a days, green synthesis has however taken over them and is the most

used fabrication technique. In recent years, SnO, NPs have been synthesized via plant mediated synthesis, bio-
molecules and using microorganisms (referred to as biosynthesis). Various properties of the green synthesized
nanoparticles have also been discovered through different analytical techniques. This review deals with the
differently mediated green synthesis of SnO2 NPs, their properties, and multidisciplinary applications.

1. Introduction

Nanotechnology, abbreviated as nanotech is the intriguingly emerging
modern technique which involves the manipulation of bulk materials into
nanosized materials ranging from 1 to 100 nm. Nanotechnology encom-
passes almost all the domains known to mankind, it be physics, chemistry,
human biology, genetics, energy sciences, food industry, electronics,
aviation, medicine or any other field of scientific research [1]. The scaling
down of the size of materials increases its surface to volume ratio, thereby
bringing about novel physical, biological, chemical, electrical, and optical
properties to the material. These properties of nanomaterials and nano-
particles have led to their versatile applications. Thus, nanotechnology
produce materials with light weight, higher screening, better electrical
conductivity, more strength, more durability, and better reactivity with
other significant traits. Many prosperous materials have micro- and
nano-scale structures, and many industrial operations or processes that
have been used for decades (for example, manufacturing polymers and
steel) have manipulation phenomena at the nanoscale. The most advanced
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manufacturing process in nanotechnology is the manufacture of micro-
electronics, which uses thin film and photolithography techniques to
create micron and nanometer-sized components on computer microcir-
cuits. Nature abounds with such nanoscale structures, like milk (a nano-
scale colloid), hemoglobin in blood, proteins that carry oxygen, cells,
bacteria, viruses etc [2].

Nanoparticles (NPs) are ultrafine with many new physical, biological,
and chemical properties, which depend entirely on their size, shape, and
morphology. Due to its ultra-fine size, they have unique material prop-
erties; thus, can direct various fields inclusive of medicine and health-
care, engineering, textile, catalysis, and environmental remediation. NPs
exist in nature and are also produced by human activities. These atoms
can be of the same type or a combination of two different elements [3].
Based on origin, size, properties, and morphology, some of the most
common ones are metal based NPs, carbon-based NPs, ceramic NPs,
polymeric NPs, semiconductor NPs, lipid-based NPs, composites, and
dendrimers, etc. [4,5]. NPs of silver provide anti-microbial affect; gold
NPs helps treat cancer and cardiac illness; nickel NPs are the basis of fuel
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cells, nanowires, textiles, coatings, copper oxide NPs possess antibiotic,
antifungal and antimicrobial properties and zinc oxide NPs, Titanium
oxide NPs, Cerium oxide NPs are excellent UV absorber [6].

In the recent times the NPs employed at various walks of science are
generally oxides of metal owing to their high resistance to bacteria,
fungus and other infection causing microbes. The metal oxide NPs
generated using green synthesis show surprisingly good results and are
economically and environmentally benign to produce. Among the
various metal oxide NPs, SnO; NPs have gained much attention for they
have remarkably perceptible magnetic, photocatalytic, anti-bacterial,
anti-fungal properties.

Tin (IV) oxide (SnOy) is a recognized group 14 metal oxide nano-
particle comprehending appreciable physical, chemical, optical, and me-
dicinal properties. SnO, NPs present as crystallite have rutile tetragonal
phase and exhibit quasispheroidal and spherical morphologies Nano-
structured SnO3, particles possess exceedingly large potential in environ-
ment remediation because of their reasonably designed structure and
flexible band energy gap ranging from 3.6 to 3.8 eV. The low manufacture
cost, rapid response and high sensitivity has paved the way for use of SnO;
NPs in chemi-resistant gas sensors and can detect various gases like nitrous
oxide, nitrogen dioxide, hydrogen disulphide and carbon monoxide.
Alterable properties of nanostructured SnO, give them photocatalytic
degradation efficiency towards various organic dyes, organic industrial
and domestic contaminants, and other pharmaceutical compounds.
Different morphologies of SnO, nanostructures namely, nanowires,
quantum wires, nanorods, hollow spheres, nanofilms, hollow nanotubes,
core-shells etc. and their ability to be tuned as metal ion doping, metal
oxide-SnOydoping, SnOz-noble metal doping; make them potential can-
didates for electronic storage device making and also energy generation
[7]. The high surface to volume ratio, fine particle size imparts mobility
and low atom count on edge and vertex impart nano absorptivity to SnO;
NPs and make them potent for grey water treatment, pollutant sensing and
restoration of environment. Their high thermal resistivity up to 500 °C and
their strong physical and chemical stability mate them viable in the
manufacture of dye-sensitizing solar cells, lithium-ion batteries and pho-
toelectrochemical cells. The strong physical and chemical hold favors the
application of nanosized tin oxidized in catalysis, electrolysis, fluorescent
diodes, glass coatings as well as antistatic coatings [8].

All these distinctive physiochemical properties have led to astounding
research in the synthesis of SnO, nanostructures [9]. Conventionally,
chemical, and physical methods like chemical precipitation, hydrother-
mal, microemulsions, sol-gel methods were employed for the synthesis of
SnO5 NPs. However, their (chemical methods) toxic effects, expenses and
high energy and pressure requirements have limited their adoption.
Therefore, cost effective and environment friendly methodology called
green synthesis came into existence, where plant extracts, biomolecules,
agriculture products etc. are used as reducing and capping agents [10].

Thereby, the current review encapsulates the comparative study of
different biological and green agents used for the synthesis of SnO5 NPs.
It also successfully covers all the studies dealing with the characterization
and properties of differently mediated SnO5 NPs.

2. Synthesis of SnO; NPg

NPs are prepared using two approaches which are top-down approach
and bottom-up approach. These approaches are applied to different
modes of preparation, which are physical method, chemical method, and
biological method [11].

2.1. Bottom-up method

Bottom-up or constructive method is the synthesis of bulk material
from atom to clusters to SnOy NPs. It includes sol-gel method, spinning
method, chemical vapor deposition (CVD), pyrolysis and biosynthesis.
This is the widespread technique because of ease and efficiency to tune
the size of the particles as and where needed.
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2.2. Top-down method

Top-down or destructive method is the synthesis of SnO, NPs by
reduction of a bulk material to nanometric scale particles. It's inclusive of
mechanical milling, laser ablation, sputtering and thermal decomposi-
tion, nanolithography. One of the major drawbacks of this method is its
inability to control the size of the particles. Thus, this technique is less
prevalent in the nanotechnological development of matter.

2.3. Chemical and physical methods for synthesis of SnO2 NPs

Studies show the employment of various chemical and physical
technologies in the synthesis of SnO;NPs. These include thermolysis
[12], hydrolysis [13], microwave assisted method [14], sol-gel method
[15], chemical decomposition [16], solid state chemical reaction method
[17] and flame synthesis [18]. Chemical process was the most wide-
spread synthesis technique used for SnO, NPs synthesis years ago owing
to their ease of synthesis and control over shape of NPs as well as their
manageable size. However, these methodologies pose environment sus-
tainability threats and thereby limitations like cost-effectiveness, eco--
toxicity and high pressure and energy requirements exist. Thus,
chemically synthesized SnO5 NPs lagged behind in mass production. It
also limited their potential applications in different domains. Restricted
yet acknowledgeable number of studies have been done on the side ef-
fects posed using these physiochemical methods for SnO, synthesis and
have also discussed the disadvantages of the NPs so synthesized [19].

The thermolysis methods involves the use of precursor bis (dime-
thylamido) tin (II) dimer, [{Sn (NMey)2)2}2]. The synthesis proceeds by
the decomposition of the dimer [{Sn (NMe3)2)2}2] in a single step at a
temperature around 190 °C, in a thermo-gravimetric instrument under
the helium airflow. Resultant pure tin is obtained when the precursor is
reduced in weight by almost 55%. The thermal oxidation of pure tin for
6 h at 200 °C, followed by heating in the presence of air for 6 h at 600 °C,
leads to the formation of SnOy NPs [20]. During the synthesis of SnO2
NPs through the hydrolysis of tin isopropoxide in the presence of ace-
tylacetone and p-toluenesulphonic acid, and then ageing at 60 °C. This
resulted in the formation of non-aggregated monodisperse spherical
cassiterite-SnO NPs which can be preserved at 4 °C temperature for a
period of 4 months after which it destabilizes. Likewise, another
appealing technique which is reported to be highly viable is microwave
assisted technique. In this method a hydrated tin oxide salt aqueous so-
lution is taken, which adds up to the formation of crystalline SnO
nanoplatelets, which on annealing yields crystalline SnO5 for tempera-
tures corresponding to 300 °C [21].

During a study, 0.1 M tin chloride solution prepared in deionized
water, which was pH adjusted using ammonium hydroxide. It was fol-
lowed by washing with water till the solution was devoid of chloride ions
[22]. Ethanol was then used to wash away ammonium ions. The resulting
precipitate was irradiated to radiation frequency of 2.45 GHz and power
1 kW in a regular domestic microwave [23]. Mesoporous silica was
immersed into prepared Sn(acac)2Cl; precursor solution for about 5 days
at room temperature (25 °C). It was then and dried under vacuum for
almost 12 h. Firstly, the precursor sample was annealed for a period of 2 h
at 200 °C and then exposed to oxygen rich atmosphere for 1 h. At tem-
perature less than 500 °C, the sample turned blackish brown. On
annealing at 600 °C, the color disappeared resulting in SnOy NPs
dispersed in monolithic mesoporous silica. Although hydrothermal and
microwave assisted hydrothermal process have some features in com-
mon, yet microwave assisted method have dominance over it. In the
typical conventional hydrothermal method, 10 ml of SnCl4~HCI stock
solution is transferred to an autoclave safe Teflonl container. An
appropriate amount of liquid ammonia or urea is added to it. It is then
autoclaved at 100-200 °C for 0.5-8 h. The microwave assisted hydro-
thermal process used 5-10 ml SnCly— HCI stock solution and base like
ammonium hydroxide or urea and was exposed to a temperature range of
100-200 °C for 30 min to 4 h at 300W power [24]. During the
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preparation of SnO5 NPs used the same sol-gel methodology, conducted
by varying reaction conditions as in concentration of ammonia and the
reaction temperature and reaction rate. Generally, tin(IV) chloride so-
lution with 25% ammonia solution in it is constantly stirred at a
controlled rate within particular pH range and at temperatures generally
between 30 and 90 °C. After magnetic stirring for almost 2 h, the sol is
aged for a day. The resulting gel is washed with ethanol and dried at
80 °C, grinded and calcined at 400 °C for 2 h [25].

3. Biological synthesis of SnO, NPs

The chemicals methods are reported to have adverse effects on the
environment as well as the place of application of the SnO; NPs. The
conditions of synthesis like high temperature and high pressure also
opposed the mass production of SnO; NPs and hence sidelines the ap-
plications, thus, a need for a better synthesis technique is necessary [26].
This search led to the discovery of green synthesis, and it includes the
involvement of naturally available plants, plants material and microor-
ganism as reducing agents in the fabrication of nanostructures. Various
studies reported the use of aqueous or alcoholic extract derived from
leaves of plants and trees, flowers, fruits, fruit peels, roots, waste plant
material as well as agricultural waste for SnO, NPs synthesis. Moreover,
various researchers also mentioned the use of other biological sources
like bacteria, vitamins, proteins, and other metabolites together with
some precursor for the purpose of reduction and capping. The main
advantage of using biological synthesis is the cost-effectiveness,
non-toxic approach which in turn ensures utilization in vivid applica-
tions in many domains (Fig. 1) [27].
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4. Synthesis from plant extract

The abundance of renewable resources like plants made the green
synthesis cost effective and the presence of phytochemical added to their
safety and non-toxic nature. The procedure exhibited potential of being
direct, handy to implement and kinetically faster. The biomolecules in the
plants like the vitamins, proteins, polysaccharide, amino acids, enzymes
and organic constituents like phenolic acids, citrates, flavonoids, alka-
loids, tannins, carbonyls, amines, and amides are the key active compo-
nents responsible for capping, reduction, and stabilization. The
involvement of these high metabolites was reported widely moreover,
most of the work includes the involvement of leaves extract of plants [32].

4.1. Leaves

For instance, economically biosynthesized SnO5 NPs from aqueous
leaves extract of Aquilaria malaccensis plant aka agarwood, in solution of
tin(IV) chloride pentahydrate at room temperature following eco-friendly,
non-toxic, and rapid green path. The synthesized NPs agglomerates were
found to be uniformly distributed spheres showing great potential in
catalysis and optoelectronic devices [28]. Daphne Mucronata leaves
extract was employed as reducing and capping agent for SnOy NPs fabri-
cation [29]. The synthesized NPs have efficiency in degradation of R6G
dye and, also are effective against fungal and bacterial strains. The green
synthesis of highly crystalline SnO, NPs using Delonix elata leaf extract via
different synthesis techniques (sonication, microwave method and wet
chemical method) [30]. Another study revealed that microwave synthe-
sized SnOy NPs possess excellent crystallinity and exhibit higher surface
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Fig. 1. Biological synthesis of SnO, NPs.
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area 196 m? g~ compared with the other two methods [31] by using
extract of Carica Papaya (CP), Moringa oleifera (MO), Murraya koenigii
(MK) and Acalypha indica (AI) leaves for the synthesis of SnO, NPs.

In another attempt, aimed to determine the anti-cancer ability of SnO;
NPs produced using water extracts from Limonia acidissima and biologi-
cally derived leaves. The so furnished NPs showed 89% photocatalytic
degradation proficiency against Rhodamine B organic dye [32]. To carry
out the green synthesis of SnO, NPs in a simple, environmentally friendly,
and low-cost process using guava leaf extract (Psidium guajava) [33].
Combining efficiency with environmental protection features, these NPs
can be used for sustainable development or other industrial applications.
During the furnishing of SnO2 NPs from piper betle leaf extract, to remove
reactive yellow dye 186 (RY-186) [34]. The use of biosynthesized SnO, as
a heterogeneous catalyst to purify industrial wastewater to protect the
environment is dealt with in this study. For the synthesis of SnO5 NPs using
stevia rebaudiana plant ethanol extract. The synthesis of SnO5 NPs from the
leaf extract of the S. rebaudiana plant is a very simple, economical, and
environmentally friendly process [35]. This process can also be used to
synthesize other metal nps, as the use of green synthesis methods, with
non-toxic chemicals and green tea extract (Camellia sinensis) to efficiently
synthesize SnO; NPs [36]. Study proposed an ecologically harmless
method for synthesizing SnO5 NPs using aloe vera extract. The metal salts
present in aloe vera plant extract led to the formation of corresponding
hydroxide [37]. For the bio-synthesized SnO, NPs using leaf extract of fig
(Ficus carica) prepared using water and tin (II) chloride solution at 80 °C.
The results show that the biomolecules may be used as a matrix for
reducing and stabilizing NP Stannous oxide [38].

Few researchers furnished SnO, NPs from aloe vera plant where the
metal salts present in plant extract leads to the formation of hydroxides.
The prepared SnO» exhibited antibacterial property with more inhibition
in gram positive strain compared to gram negative strain [39]. The green
synthesis of the SnO, NPs by using the leaf extract of the Delonix elata leaf
extract. In this study different route of synthesis was used. The synthe-
sized materials were characterized by using various analytical techniques
like XRD (X-ray diffraction), FTIR (Fourier transform infra red spectros-
copy) SEM (Scanning Electron microscopy) and TEM (Transmission
electron microscopy). The fabricated NPs exhibited very good photo-
catalytic activity in the degradation of Rhodamine B (Rh B) dye [40].

4.2. Fruits

This study focused on synthesizing SnO, NPs via greener method. The
study wrapped the use of Cyphomandra betacea fruit extract in methanol to
biosynthesize SnO5 NPs [41]. In an article [42], researchers introduced a
one-step, inexpensive and environmentally friendly method for synthe-
sizing SnO, NPs from Averrhoa bilimbi fruit essence. During one attempt
jujube fruit was employed as a non-toxic renewable reducing agent and
excellent stabilizer to synthesize SnO; NPs in a green manner [43].

4.3. Vegetable

Attempts were made to use vegetables in the biosynthesis of Sn(OH),
using the water extract of fresh cauliflower (Brassica oleracea L. var
botrytis). The obtained SnOy NPs were identified to be rutile tetragonal
phase having quasi spherical and spherical morphologies for two sam-
ples. The average size range was found to be 3.62-6.34 nm. The photo-
catalysis of methylene blue (MB) under UV irradiation showed 91.89 and
88.23% degradation efficiency respectively [44].

4.4. Seeds

Considering the possible applications of nanostructured materials
doped with transition metals and the advantages of new, economical and
environmentally friendly biosynthesis methods, the Nickel SnO, nano
material doping is synthesized using water (ideally kitchen garbage)
obtained from soaked Bengal gram beans (Cicer arietinum L.) extract [45].
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4.5. Peels

While working on the synthesis of SnO, NPs through green chemistry
using of C. aurantifolia peels extract at different concentrations as
reducing agent. Thus, high-purity SnO, NPs with good photocatalytic
performance were synthesized using this green approach [46].

Different concentrations of Lycopersicon esculentum peel extract to
fabricate SnO2 NPs. The obtained NPs are crystalline, purely tetragonal
crystal structure having Sn—O bond at 666 cm™ with band gap of around
3.3 eV. The sample with 4% peel extract degraded methylene blue dye
with 100% efficiency under UV exposure [47].

4.6. Flower

During an attempt to biosynthesized spherical tetragonal rutile SnO,
NPs of average particles size 2.1 nm—4.1 nm using Saraca indica flower.
The synthesized NPs exhibit antibacterial activity against GNB E. coli and
the antioxidant activity of the furnished NPs was also evaluated [48].

4.7. Root

A team of researchers [49] focused on synthesizing materials that
decompose toxic substances such as dyes through environmental syn-
thesis. They synthesized SnO, NPs using the water extract of the root
cortex of Catunaregamspinosa.

5. Synthesis from biomolecules

A team of researchers employed biosynthesis methods and described
the green synthesis of SnO, NP using vitamin C as a reducing agent [50].

5.1. Synthesis from bacterial sources

Bacterial extracts and fungal extracts have been reported to be an
alternate source for biosynthesis of SnO3 NPs. The metabolites like bac-
terial proteins and biomolecules present in the bacterial biomass serve as
effective stabilizing and reducing agent for the biosynthesis of SnO5 NPs.
Although much bacterial and fungal specie are reported to serve as po-
tential candidates for reducing and capping agents in the SnO, NPs
synthesis, yet till date only one research study has been reported in which
SnO, NPs obtained by using the bacterium Erwinia herbicola [51].

6. Applications

The rapid pace of urbanization has led to a faster environment
deterioration, faster fossil fuel depletion, rapid water contamination and
what not. This increasing energy crisis and the depletion of natural re-
sources have begun to plague mankind as a result of this, arose an earnest
demand for alternative energy sources and highly efficient energy stor-
age methodsfor a sustainable future. In this regard, modern technology
has given the mankind a chance to redemption by righting all the wrongs
committed. Nanotechnology perhaps has been of most use and impor-
tance. Various engineered metal and metal NP has served this purpose
quite rightfully, of which SnO2 NPs have shown commendable results.

6.1. Biological applications

The green synthesized SnO, NPs have been reported to have dis-
played anti-microbial, antioxidant, anti-cancerous and excellent photo-
catalytic degradation property (Fig. 2).
6.2. Anti-bacterial

The activity of SnO2 NPs against various bacterial species has been

reported. Both gram negative and gram-positive bacterial strains are
effectively defensed by the green synthesized SnO; NPs. The
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(Table 1) precisely set forth various plant mediated SnO, NPs having
shown anti-bacterial activity against different bacterial strains
(Fig. 3).

Anti-bacterial inhibition zones developed through agar method, using
differently concentrated NPs samples against the bacterial specimens of
Escherichia coli and S. aureus, of which E. coli exhibited better activity [84,
85].

Agar well diffusion method was employed, to study the antibac-
terial activity of the synthesized doped SnO, NPs against the bacterial
strains of Bacillus subtilis and Escherichia coli. The activity was
confirmed using various characterization techniques as well, namely
SEM (Scanning Electron Microscopy), TEM (Transmission electron
microscopy) and CLSM (confocal laser scanning microscopic) analysis
[86].

Other than these, anti-bacterial studies have been conducted and
observations were made on activities follow two different methodologies
where firstly, NAM (nutrient agar media) is prepared, poured on sterile
petri dishes, and is solidified for an hour or so. Bacterial culture is then
swabbed over it. After this, either agar wells are made using cork borer or
the loaded disc are placed on the inoculated petri plates. The former is
called the agar well diffusion method and the latter are referred to as agar
disc diffusion method. In the age well diffusion method the NPs solutions
to be tested are poured into the agar wells, while in the disc diffusion
method the NPs loaded Whatman paper discs are gently placed on the
inoculated plates. The plates are then covered and incubated for 24 h at
37 °C. After incubation, the inhibition zones are measured in mm using
transparent ruler. The picture below depicts the procedure of deter-
mining the anti-bacterial activity of the synthesized NPs using the agar
diffusion method [87,88].

6.3. Anti-fungal

While studying the anti-fungal propensity of doped and undoped NPs
against A. niger, A. flavus, and C. albicans fungi specimens [89]. On other
hand, in some other attempts the anti-fungal activity of the green syn-
thesized SnO, NPs along with the anti-bacterial activity was employed.
The antifungal activity of SnOy NPs carried out via Potato Dextrose Broth
antifungal assay, reveals that the Asperjillus nigar had a significant activity
as compared to T. viridea fungi species [90].

6.4. Antioxidant

For the analysis of free radical equivalent of DPPH (1, 1-diphenyl-2-
picrylhydrazyl) per mg of the sample to be 0.8026, ensuring the use in
biomedical purposes. The plant extracts contain alkaloids, cyclopeptides,
flavonoids, phenols, tannins and minerals like Cu, Fe, Mn, Zn, Se which
attribute to the therapeutic and antioxidant property of the NPs thus
synthesized [91].

6.5. Anti-cancerous

Fabricated green synthesized NPs unveil robust cytotoxic effect on the
breast cancer MCF-7 in comparison to human lung fibroblast (WI38) and
human amnion (WISH) cell lines. Furthermore, the green synthesized un-
doped SnO; and Co-doped SnO2 NPs demonstrated the significant in vitro
anticancer activity and in vivo antitumor propensity against mammary
gland breast cancer (MCF-7) cell lines and Ehrlich ascites tumor
respectively, which exhibited their potential applications in Oncology
field [92].



W. Ahmad et al.

Current Research in Green and Sustainable Chemistry 4 (2021) 100211

Table-1
Varity of Plant extract used in the synthesis of SnO, NPs with their shape, Size & brief application.
Plant specie (Plant part) ~ Precursor Bioactive compounds Crystal lattice Size of NPs Shape of NPs Application Ref.
and shape morphology
Aloe barbadensis (peels) Sn(NO3),-3H,0 - Spherical 17 nm Spherical Antibacterial and [52]
antifungal
Annona squammosa SnCl,-2H,0 - Tetragonal, 27.5 nm Spherical Cytotoxicity effect [53]
(peels) 20 nm against hepG2
Annona squamosalinn metallic tin _ Tetragonal 29-37 nm Irregular Antioxidant [54]
(leaves) spherical
Aspalathus linearis SnCly-5H,0 Aspalathin, orientin, isoorientin, Tetragonal 2.1-19.3 nm Spherical Congo red, methylene [55]
(leaves) luteolin, nothofagin etc. rutile quasi-spherical ~ blue and Eosin Y
degradation
Aguilaria malaccensis SnCly-5H,0 Terpenoids, saponin, tannin, Tetragonal 6.3 and 3.4 nm Spherical _ [56]
(leaves) alkaloids, flavonoids, squalene,
polyphenol etc.
Brassica oleracae L. var. SnCl,-2H,0 Vitamin C, glucosinolates and Tetragonal 3.62-6.34 nm Quasi Aqueous methylene [57]
botrytis (leaves) flavonoid rutile spherical and blue degradation
spherical
Cyphomandra betacae SnCl, N Spherical 15—-20 nm Spherical Methylene blue [58]
(Fruits) cluster degradation
Calotropis gigantea SnCly-5H,0 Alkaloids, Tannins, Saponins, Tetragonal 30-40 nm Spherical Methylene orange [59]
(leaves) Quinons Flavonoids, Phenols, degradation
Terpenoids,
Proteins
Camellia sinensis SnCl, Catechins Tetragonal <20 nm Spherical N [60]
(leaves)
Catunaregam spinosa SnCl, 7-hydroxy-6-methoxy-2H- _ 47 £ 2 nm Spherical Congo red degradation  [61]
1benzopyran-2(% of 67.47) etc.
Cicerarietinum (seeds) SnCly _ Tetragonal s ~11 nm and 6 nm Spherical NO,, gas sensing [62]
Cleistanthus collinus Aq. tinoxide soln.  Lignan lactone glucosides Tetragonal 49.26 nm _ Antibacterial and [63]
(leaves) primitive antioxidant
Clerodendrum ineume SnCly-2H,0 Flavonoids and phenolic _ 30 nm Spherical Antibacterial, [64]
(leaves) NaOH, NH4,OH compounds antifungal, and
anticancer
Daphne alpina (leaves) SnCly-5H,0 _ Tetragonal and 23 (£2) nm Elongated Adsorption of Cd%* [65]
orthorhombic
Delonixelata tin chloride Phenolic compounds mainly two B 13-18 nm. Clusters like Rhodamine B [66]
flavanones namely Quercetin and foam degradation
Rutin
Ficus carica (leaves) SnCl,-2H,0 Volatile essential oil and Tetragonal 128 nm Spherical ng+ electrochemical [671
flavonoids sensor
Jujube (fruits) SnCl,.2H,0 - Tetragonal 23 nm Clusters like [68]
foam
Litsea cubeba (fruits) SnCl, _ B 30 nm Irregular Congo red degradation [69]
and antioxidant
Lycopersicon esculentum SnCl,-2H,0 Metal salts, phenolic compounds, Tetragonal 5.56 nm Quasi- Methylene blue [70]
(peels) carotenoids, ascorbic acid rutile spherical degradation
(vitamin C), vitamin E, folic acid,
and flavonoid
Parkia speciosa (pods) SnCly-5H,0 Vitamins, polyphenolic Tetragonal ~1.9 nm Spherical Acid yellow 23 [71]
compounds, and amino acids rutile degradation
Persia americana (seeds) ~ SnCl, _ Tetragonal 4 nm Fine flakes Phenolic red dye [72]
rutile degradation
Phaseolus lunatus L SnCl,-2H,0 _ B 18 nm Porous Alizarin red S [73]
(leaves) degradation
Piper betle (leaves) SnCl, Monoterpenes, esters, alcohol, Tetragonal 8.4 nm Hollow RY 186 dye [74]
aldehyde and phenol spherical degradation
Piper nigrum (seeds) SnCl,-2H,0 _ Tetragonal 10—15 nm spherical Cytotoxicity studies [75]
rutile
Plectranthus amboinicus SnCl,-2H,0 _ Tetragonal 63 nm Cluster Rhodamine B [76]
(leaves) degradation
Psidium guajava (leaves)  SnCly Phenolic compounds, flavonoids, Tetragonal 8-10 nm Spherical RY 186 dye [77]
sesquiterpene alcohols and rutile degradation
triterpenoid acids
Punica granatum (seeds) SnCly-xH,0 Phenolics, flavonoids, Tetragonal 20 nm Spherical and Antioxidant and [78]
ellagitannins, and rutile cuboidal antibacteria
proanthocyanidin compounds
Stevia rebaudiana Aqueous tin Austroinullin, f-carotene, B 20—-30 nm Spherical Antibacterial [79]
(leaves) oxide dulcoside, nilacin, rebaudi oxides,
riboflavin, steviol and stevioside
Saraca indica(flowers) SnCly-xH,0 Flavanones and terpenoids Tetragonal 2.1-4.1 nm Spherical Antibacterial and [80]
antioxidant
Solanum nigrum(leaves) (SnCly) (aqueous)  _ _ 19.56 nm Trigonal and Antibacterial [81]
spherical
Tradescantias pathacea SnCly-5H,0 Coumarins, alkaloids, saponins, Tetragonal 46.36-89.10 nm. Spherical [82]
flavonoids and terpenoids. rutile

(continued on next page)
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Plant specie (Plant part)  Precursor Bioactive compounds Crystal lattice Size of NPs Shape of NPs Application Ref.
and shape morphology
Carica papaya, Murraya SnCl,.2H,0 _ Tetragonal 5 nm, 19 nm, Tiny Rhodamine B [83]
koenigii, Moringa 38 nm,11 nm particles along degradation
oleifera, and Acalypha with rods.

indica

Autoclave the
required apparatus

‘ I =ln(‘u=nl‘oR
- -1

Incubated
overnight

Fig. 3. General procedure for the

6.6. Photocatalytic

Based on a report mentioning that 99.70% degradation of R6G dye
catalyzed by the synthesized SnO2 NPs [93]. While on other hand, in an
attempt on the degradation proficiency of methylene blue dye catalyzed
by synthesized SnO2 NPs [94].

The prepared SnO, NPs for their photocatalytic degradation profi-
ciency against Congo red, Methylene blue and Eosin Y under UV light
irradiation were checked and based on findings it may be concluded that
the NPs synthesized by them exhibited excellent photocatalytic degra-
dation for Methylene blue and Eosin Y, while in the case of Congo red, the
photodecomposition was quite low [95].

In addition to the above-mentioned studies, many research papers
reported the photocatalytic response of the green furnished SnO, NPs for
the methylene blue dye [96], dealt with the aqueous MB dye [97], and
MB photo catalyzed degradation using the respectively synthesized SnO2
NPs [98]. While 80% degradation reported of methyl orange dye within
120 min of UV exposure [99]. SnO, catalyzed degradation of Congo red
dye was studied with a 92% degradation rate within 50 min of irradiation
whereas Rhodamine b dye was a part of photocatalytic analysis [100,
101]. Acid yellow 23 was employed during the degradation of alizarin
red using differently synthesized SnO, NPs [102]. Whereas in another
attempt phenol red examination showed total degradation of phenol red
dye using green synthesized SnO5 NPs [103]. RY186 reported a cumu-
lative percentage degradation of the RR-120 and RG-19 as 38.2% and
61.7%, respectively under similar conditions whereas the selective po-
tential was however more for RY-186 dye over other dyes towards the
photo catalyzed degradation [104]. Examination of photocatalytic
property of the biosynthesized SnO5 NPs using rhodamine B (Rh B) dye
which was studied for degradation activity under visible light illumina-
tion [105]. During the examination of degradation almost 90% degra-
dation of reactive yellow 186 dye in sunlight on an exposure of 180 min
[106]. In another attempt of study based on photocatalytic property of
silver doped SnO,NPS against Methylene Blue, Rose Bengal, Methyl Vi-
olet 6B, and 4-nitrophenol [107].

NAM pouring

Inoculation of
Bacterial Strain

Placement of
NPs loaded disc

determination of antimicrobial activity.

A noticeable degradation (84%) of Eriochrome Black T dye was
recorded, by the green synthesized SnO, NPs. The image shown below
shows the setup for photocatalytic activity analysis of the synthesized
SnO2NPs on methyl red and Coomassie brilliant blue dyes (Figs. 4 and 5)
[108].

7. Physiochemical applications
7.1. Gas sensing

During the study of the gas sensing efficacy of Ni-doped SnO; sensors
towards a number of flammables, poisonous, toxic and corrosive gases
like hydrogen sulfide, liquefied petroleum gas, ammonia and nitrogen
dioxide at 200 °C which is optimal operating temperature for NO; gas.
The results suggest that the Ni-doped SnO films can be used to monitor
the NO, emissions [44].

7.2. Adsorption of Cd**

Study confirmed that the green fabricated SnO; NPs have great
compatibility to be used as heavy metal ion like cadmium (cd®H [1091.

7.3. HZ" electrochemical sensor

In another successful attempt to obtain biosynthesized SnO2 NPs as
electrode modifier for electrochemically detection of Hg?" in various
water samples [110].

8. Conclusions

Present review article was focused on the various available green
synthesis methods for the preparation of SnO2 NPs. Attempt was made to
accumulate maximum possible findings in the field of green synthesis
method for the preparation SnOy NPs, furthermore various potential
applications of SnO; NPs like antimicrobial, Photo-catalytic and
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T
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in dark
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in sunlight

Dye+ NPs Solution
in UV light

Fig. 4. General procedure for the determination of photo-catalytic activity.

* methylens blue
= methyl orange
* congo red

* phenol red

* R6G
e eosin yellow

= acid yellow

Photocatalytic dye degradation

e eriochrome black t

* RR-120, RG-19 and RY-186

\

* Rose Bengal, Mcthyl Violet 6B, and 4—nitrophcny

Fig. 5. Photo catalytic activity of SnO, NPs.

physiochemical applications were discussed in detail. This work,
emphasized on different mediated green synthesis of SnOy NPs, simul-
taneously elaborated their properties and multidisciplinary applications
as well as the elucidation of characterization of the SnO; NPs.
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