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Abstract
Here we developed biogenic route for the synthesis of SnO2 NPs by using aqueous leaf extract of Calotropis gigantea 
which acts as reducing and stabilizing agent. The biosynthesized SnO2 NPs were characterized by different characterization 
techniques such as UV–visible diffuse reflectance spectroscopy (DRS), X-ray diffraction (XRD), Fourier transform infrared 
spectroscopy (FT-IR), field emission scanning electron microscopy (FE-SEM), energy dispersive X-ray analysis and high 
resolution transmission electron microscope. XRD pattern shows tetragonal structure of SnO2 NPs with 35 nm size. The 
FT-IR spectra of aqueous leaf extract shows the presence of hydroxyl group, aldehydes, amines and aromatic rings which 
are responsible for biochemical transformation. The FE-SEM analysis suggests mixed morphology with slight agglomera-
tion. DRS absorption spectrum indicates the band gap is about 3.1 eV. The photocatalytic activity of the synthesized SnO2 
NPs checked for the degradation of Methyl Orange and found up to 80% degradation within 3 h under UV–visible light.

1  Introduction

Nanotechnology is an advanced technology which deals with 
the preparation, processing and applications of nanomateri-
als. Nanoscale metal oxide semiconductors have been the 
subject of extensive research due to their unique properties 
[1]. In the world of Nanotechnology, Nanomaterials are of 
great interest due to their small size and amazing properties 
like large surface area, modified and easily tuneable mor-
phology [2, 3]. Industries like paper, plastic, textile and rub-
ber widely use the dyes which lead to severe environmental 
contamination due to the emission of the coloured and toxic 
wastewater into water bodies [4]. Hence to the removal of 
organic compounds from water and to decrease the concen-
tration of organic dyes, the use of photocatalyst is considered 

as most encouraging way [5]. In recent years the novel het-
erogeneous metal oxide semiconductor materials have been 
developed and attracted considerable attention owing to their 
photocatalytic ability in the degradation of various environ-
mental pollutants such as detergents, pesticides, dyes and 
volatile organic compounds under UV light irradiation to 
substitute the traditional waste water treatment [6].

SnO2 is one of the most intriguing materials today, since 
it is a well-known n-type semiconductor with a wide band 
gap of 3.6 eV, therefore it is used in transparent conductive 
electrode for solar cells, gas sensors, photoconductive and 
photochemical device in liquid crystal display and lithium 
ion batteries [7]. SnO2 nanoparticles (NPs) are also suitable 
to use as a photocatalyst because of high surface to volume 
ratio which results in increased sensitivity and adsorption 
[8, 9].

There are many reports on the synthesis of SnO2 NPs 
by conventional methods like spray pyrolysis, hydrother-
mal, chemical vapour deposition and sol–gel [10–13] but 
physical methods are highly expensive, while the chemical 
methods are harmful to the environment and living organ-
isms [14–16]. Due to negative impact of chemical methods 
to the environment there is urgent need to replace chemical 
methods by environment friendly methods. The use of plants 
for the synthesis of NPs could be advantageous due to envi-
ronmentally benign biological process as this eliminates the 
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elaborative process of maintaining cell culture [17]. Also, 
synthesis of nanomaterials using plant extract is the simplest 
approach because of its low-cost and ease operation [18]. 
A new branch of nanotechnology is called nanobiotechnol-
ogy which combines biological principles with physical and 
chemical procedures to generate nanosized particles with 
specific function [19].

The leaf extract of Calotropis gigantea (C. G.) is used for 
are the synthesis of AgNPs [20], CuO [21] and ZnO [22]. 
Even though there are various methods available for the syn-
thesis of SnO2, the biosynthesis of SnO2 was only reported 
by using Erwiniaherbicola [23].

In the present study, the green synthesis of SnO2 NPs 
achieved by using aqueous leaf extract of C. G. leaves. There 
are two species of Calotropis viz. C. G. and Calotropis pro-
cera having great similarity in the chemical properties. Many 
phytochemical constituents in various parts of Calotropis 
mainly in the leaves, the constituents like Uscharin, gigantin, 
calcium oxalate, α and β calotropeol, β amyrin, saturated and 
unsaturated fatty acids, hydrocarbons, acetates and benzo-
ates, flavonoids, triterpenoids, steroids, triterpenoids, sapo-
nins, terpenes, alcohols, resins and esters of calotropeols, 
volatile long chain fatty acids, glycosides and proteases have 
been found in various parts of Calotropis. The milky latex of 
plant is rich in lupeol, calotropin, calotoxin and Uscharidin, 
the latex protein [24].

2 � Materials and methods

Tin (IV) chloride pentahydrate (SnCl4·5H2O) was purchased 
from Fume chemicals, India Pvt Ltd. The C. G. leaves were 
collected from Kolhapur district (India). All the chemicals 
were of analytical grade and used as received. The solutions 
were prepared in Millipore water obtained from Millipore 
water system (Millipore Corp., Bangalore, India). All the 
glassware used were properly washed with distilled water 
and dried in hot air oven.

2.1 � Preparation of leaf extract of C. G.

For the preparation of leaf extract of C. G., the fresh leaves 
were washed many times with distilled water and dried 
under sunlight. Then 4 g of dried leaves were crushed, boiled 
in 100 mL distilled water for 15 min until the formation 
of yellow colour solution. The solution was kept to attain 
room temperature; then the leaf extract was filtered through 
Whatmann filter paper No.1 and stored in the refrigerator.

2.2 � Synthesis of SnO2 NPs

For the synthesis of SnO2 NPs, 10 mL of C. G. leaf extract 
was diluted to 100  mL with distilled water and added 

dropwise into the 40 mL of SnCl4·5H2O (0.05 M) solu-
tion with constant stirring. After complete addition of leaf 
extract, a gelatinous precipitate was obtained. Then the 
precipitate was washed several times using distilled water 
and dried in the microwave oven at 900 W for 20 min (20 s 
on 40 s off cycle). The obtained dried powder was then 
grounded by using mortar and pestle. Further the calcina-
tions of powder were carried at 400 °C for 3 h. The sche-
matic representation of formation of SnO2 NPs is shown in 
Fig. 1. The synthesized powder further mashed in the mortar 
and pestle for the further characterization.

2.3 � Qualitative phytochemical screening of C. G. 
leaf extract

The C G. leaf extract was subjected to chemical tests for the 
identification of their active constituents. The chemical tests 
were performed by reported methods [25, 26].

2.3.1 � Test for tannins

1 g of C. G. dried leaf powder was boiled in 40 mL distilled 
water. In the filtrate, FeCl3 (0.1%) was added which gives 
brownish green colour to the mixture, shows presence of 
tannin in the plant extract [25].

2.3.2 � Test for saponins

5 mL of distilled water was added to 10 mL of leaf extract, 
and the mixture is vigorously stirred for few minutes, when 
few drops of olive oil added in this mixture and stirred, it 
forms froath. This shows the presence of saponins [25].

Fig. 1   Schematic representation for the synthesis of SnO2 NPs
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2.3.3 � Test for flavonoids

To the aqueous leaf extract, 10 mL of ethyl acetate was 
added and the test tube containing this mixture was heated 
in the water bath. 1 mL of dilute ammonia was added to 
this mixture, which gives yellow colour, i.e., presence of 
flavonoids [25].

2.3.4 � Test for terpenoid

Leaf extract was taken in a test tube and 2 mL of ammonia 
was added. The test tube was kept in water bath to cool 
and 3 mL of conc. H2SO4 was added from the side of the 
test tube. This shows reddish brown colour at the interface 
indicates the presence of terpenoids [25].

2.3.5 � Test for steroids

2  mL conc. H2SO4 was added to the 1  mL ethanolic 
extract, and then 2 mL of acetic anhydride was added. 
There is no change in the colour of extract from Violet 
to Blue or Green. This indicates steroids are absent [25].

2.3.6 � Test for phenols

5% ferric chloride was added to the 2 mL leaf extract 
which shows black colouration. This indicates presence 
of phenols [26].

2.3.7 � Test for alkaloids (Mayer’s test)

Mayer’s test reagent was added to 2 mL of leaf extract 
which gives cream coloured precipitation. i.e., presence 
of alkaloids [26].

2.3.8 � Test for proteins (Biuret test)

The leaf extract was heated with distilled water and fil-
tered. To this filtrate 2% CuSO4, 95% ethanol and KOH 
was added which form a pink ethanolic layer. This indicate 
the presence of proteins [26].

2.3.9 � Test for quinons

5 mL of leaf extract was treated with 2 mL of concentrated 
HCl, this shows yellow precipitation. This indicates the 
presence of quinons [26].

From Table 1, we observed that the plant of C. G. con-
tains higher amount of flavonoids and phenols that are 
important for complex formation with tin (Sn4+). Other 

constituents like alkaloids, terpenoids, etc. also present. 
The content of Steroids are absent in the plant.

2.4 � Characterization

The prepared SnO2 NPs were characterized thoroughly by 
using different characterization techniques. The powder 
X-ray diffraction (XRD) patterns of catalyst were recorded 
by using Bruker Analytical Instrument, Germany [Model-
D2 PHASER (Cu Kα)]. Diffuse reflectance spectrums 
(DRS) of SnO2 NPs were obtained using UV–Vis (JASCO 
V-770 spectrophotometer). FT-IR spectra were obtained 
using a FT-IR (JASCO-4600). TEM images were scanned 
with JEOL-JEM 2100 equipped with high-resolution 
Gatan CCD camera. The SEM-EDS images were obtained 
using (JEOL-JSM-6360).

2.5 � Photocatalytic degradation of Methyl Orange

Photocatalytic activity of the synthesized SnO2 NPs was 
tested for the degradation of Methyl Orange (MO) as a 
model pollutant under UV-light. High-pressure mercury 
lamp (250 W) was used as a UV light source. The photo-
catalytic experiment was carried out in photoreactor which 
was kept open in the air for photo-oxidation reaction. The 
optimum quantity of SnO2 was obtained by varying the 
amount of SnO2 from 0.5 to 2.0 mg in 100 mL of MO 
solution (20 ppm). Prior to irradiating the solution with 
UV light, 150 mg of catalyst was suspended into 100 mL 
of MO solution at neutral pH and magnetically stirred for 
30 min in dark to ensure adsorption–desorption equilib-
rium. After irradiating the solution with UV-light, at peri-
odic time intervals 0 to 30 min, 3 mL reaction mixture 
was withdrawn, centrifuged, and the supernatant solution 
was collected and optical density (OD) measured by using 
UV–visible spectrophotometer.

Table 1   Phytochemical 
constituent present in aqueous 
leaf extract of Calotropis 
gigantea 

S. no. Constituents Results

1 Alkaloids +
2 Tannins +
3 Saponins +
4 Flavonoids ++
5 Terpenoids +
6 Steroids ̶
7 Phenols ++
8 Proteins +
9 Quinons +
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3 � Results and discussion

3.1 � X‑ray diffraction

The XRD pattern of the synthesized SnO2 NPs is shown in 
Fig. 2. The peaks at 2θ values of 26.5°, 34°, 37.9°, 51.7°, 
54.4°, 57.7°, 61.7°, 64.8°, 71.3° and 78.5° associated with 
(110), (101), (200), (211), (220), (002), (310), (301), (202) 
and (222) planes respectively that indicates the formation of 
SnO2 with tetragonal structure according to JCPDS card no. 
77-0452. The average crystallite size of SnO2 NPs was found 
to be 35 nm calculated from Scherrer’s equation.

D = k�∕�cos�

where λ is the X-ray wavelength of Cu Kα (1.54 Å), θ is 
the Bragg’s angle, β is the full width at the half maximum 
in radians and k is unknown shape factor.

3.2 � FE‑SEM and EDS analysis of SnO2 NPs

The morphology of biosynthesized SnO2 NPs was observed 
by using FE-SEM. Figure 3 shows FE-SEM images with 
different magnification. This shows agglomeration of poly 
dispersed nanostructures of SnO2. The agglomeration effect 
depends on the size of the particles. According to XRD anal-
ysis, the estimated average crystallite size is found to be 
35 nm, as the particle size move towards the nanoscale, the 
agglomeration gets increased [27].

Figure 4 shows EDS spectrum of biosynthesized SnO2 
NPs, which represents intense peaks of Sn and O at 3.6, 
0.5 eV respectively. The presence of intense peaks of both 
Sn and O clearly indicates the composition is pure SnO2. 
Few weak signals of copper (Cu), phosphorous (P), nitrogen 
(N) and carbon (C) are also recognized due to the presence 
of biomolecules like aldehydes, amines, terpenoids and phe-
nolic compounds in plant extract. The Cu and C signals may 
be associated with grid used for SEM analysis.

3.3 � TEM images of SnO2 NPs

TEM analysis was taken to obtain the information about the 
size and morphology of the SnO2 NPs. Figure 5a, b shows 
TEM images of SnO2 NPs with various magnifications. It 
can be rightly seen that the formed SnO2 NPs are irregularly 
agglomerated and the average size is about 30–40 nm. The 
d spacing of 0.33 nm is observed which is well agree with 
the values of d which are obtained from XRD proves the 
tetragonal structure of SnO2 and shown in Fig. 5c. Figure 5d 

Fig. 2   XRD pattern of SnO2 NPs

Fig. 3   SEM images of biosynthesized SnO2 NPs
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shows the selected area electron diffraction pattern (SAED) 
of SnO2 NPs. From SAED pattern, it is indicates that the 
particles are nanocrystalline in nature.

3.4 � UV–Vis diffuse reflectance spectrum of SnO2 
NPs

Figure 6 shows UV–Vis DRS of SnO2 NPs. It can be seen 
that the material has good absorption capacity in the visible 
region in the range of 400–700 nm. The plot of (αhν)2 ver-
sus photon energy (hν) was obtained to determine accurate 
band gap of SnO2 NPs (Fig. 7). The band gap was found to 
be 3.1 eV, which suggest that the biogenically synthesized 
material is useful for photocatalytic applications.

3.5 � FT‑IR analysis of SnO2 nanoparticles

Figure 8a shows FT-IR spectra of leaf extract. The broad 
and intense band at 3237–3465 cm− 1 shows O–H stretch-
ing [28]. The absorption at 1632  cm− 1 owing an aro-
matic ring [29]. The bands located at 1040 and 650 cm− 1 
represents the C–N and N–H stretching vibrations of 
amines, respectively [30, 31]. Broad bands at 3287, 1632, 
2106 cm− 1 shows the presence of hydroxyl group, alde-
hydes, amines and aromatic ring. Figure 8b shows FT-IR 
spectrum of SnO2 NPs. The band appearing at 3480 cm− 1 
is corresponds to O–H stretching vibrations due to 
absorbed water on the sample surface [32]. The presence 
of an intense band positioned between 562 and 655 cm− 1 
related to the Sn–O–Sn vibrations which confirms the 
presence of SnO2 as a crystalline structure [31].

Fig. 4   EDS Image of SnO2 NPs

Fig. 5   a, b TEM images of SnO2 NPs with different magnifications, c 
HR-TEM of SnO2 and d SAED pattern of SnO2

Fig. 6   UV–Vis DRS of SnO2 NPs
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3.6 � Plausible reaction mechanism of SnO2 NPs

The probable reaction mechanism of formation of SnO2 
NPs is shown in Fig. 9. When SnCl4.5H2O salt solution 
is mixed with C. G. leaf extract, the Sn4+ ions distribute 
steadily in the solution and form a complex with active 
sites of hydroxyl groups. The formed complex decomposes 
when subjected to calcination. Polyphenolic molecules 
that interact with tetravalent Sn4+ cation forming bridge 
like network between two OH groups from two different 
chains of polyphenolic group. The tetravalent Sn4+ cations 
keeps the polyphenolic molecules together [20].

3.7 � Photocatalytic properties

Figure 10 shows the degradation of MO dye under UV light 
by using SnO2 photocatalyst. The concentration of MO dye 
decreases gradually under UV light after the addition of 
SnO2. When the solution mixture was irradiated for 210 min, 
the degradation of MO (20 ppm) found to be 78%.

3.7.1 � Effect of catalyst loading

The effect of catalyst loading on the degradation of MO dye 
was determined by varying the amount of catalyst as 50, 
100, 150 and 200 mg that shows 2.58, 15, 32 and 19.35% 
of MO (20 ppm) degradation respectively in 60 min. High 
degradation rate was observed with 150 mg of the catalyst. 
The effect of loading different amount of catalyst SnO2 on 
the degradation of MO dye is depicted in Fig. 11.

From Fig. 11 it is clear that as catalyst loading increases 
from 50 to 150 mg the rate of degradation of MO dye 
increases thereafter the degradation rate decreases, the 
maximum decolourization occurred at 150 mg of SnO2. As 
the catalyst dosage increases, the total active surface area 
increases due to which more active sites on catalyst surface 
are available [33]. Below optimal amount, the number of cat-
alytic active sites is less due to which there is decrease in the 
production of reactive species takes place resulting in low 
percentage degradation. Above the optimal catalyst amount, 
particle–particle interaction increases hence the solution 
becomes turbid which affects the poor light absorption and 
loss of charge carriers before surface reaction resulting in 
low percentage degradation. The optimum catalyst loading 
is found to be dependent on the initial concentration of MO 
solution [34].

Fig. 7   A plot of (αhν)2 versus photon energy (hν)

Fig. 8   a FT-IR spectrum of Calotropis gigantea leaf extract, b FT-IR spectrum of SnO2 NPs
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3.7.2 � Effect of pH

Figure 12 shows the effect of pH of MO dye on the deg-
radation rate when the catalyst amount taken is 150 mg. 
The results show that photodegradation of MO is highest 
at pH 6.5 while in both acidic and alkaline medium the 
degradation rate is low. It can be attributed to the surface 

charge of nanoparticles. Whereas, the acidity of suspen-
sions can be affected on the surface charge and dispersion 
of nanoparticles. Therefore, the dispersion of nanoparti-
cles in the suspension enhance with respect to the surface 
charge of nanoparticles [35]. The % degradation is higher 
in acidic condition, because the organic compound in the 
solution react with the dissolved oxygen into ground state 
charge transfer compound, which become into inspiring 
state under light and dissociating into R and O unrestricted 
radicals in the acidic condition, this accelerate the photo 
oxidation of organic compound. At pH 6.5 there is no sur-
face charge on SnO2 due to Van Der Waal’s forces this 
benefits the disperse. Hence at pH 6.5, the degradation 
efficiency of SnO2 is higher [36].

Fig. 9   Plausible mechanism for the formation of SnO2 NPs

Fig. 10   Photocatalytic degradation of MO dye under UV light

Fig. 11   Effect of amount of catalyst on degradation of MO

Fig. 12   Effect of pH on MO dye degradation
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3.7.3 � Mechanism of photodegradation

When the catalyst surface is illuminated with the light 
energy higher than its band gap energy, it leads to the for-
mation of holes (h+) in the valence band and an electron (e−) 
in the conduction band of SnO2 NPs (Eq. 1).

The holes (h+) act as an oxidizing agent and oxidize the 
pollutant directly or react with water to form hydroxyl radi-
cals (Eq. 5) while the electrons (e−) in the conduction band 
acts as a reducing agent and reduce the oxygen adsorbed on 
the surface of SnO2 (Eq. 6). The probable mechanism for the 
photodegradation of MO is shown below [34].

4 � Conclusions

In summary, the SnO2 NPs were biosynthesized by using 
aqueous leaf extract of C. G. This route is the green, rapid, 
eco-friendly and non-toxic for the synthesis of SnO2 NPs 
using easily available C. G., which acts as reducing and 
stabilizing agent. The phytochemical screening confirmed 
that the presence of rich amount of metabolites like sapo-
nins, phenols, alkaloids, terpenoids, flavonoids, proteins and 
quinons are found in leaf extract. The size, structure and 
morphology of biosynthesized SnO2 NPs were examined by 
XRD, FE-SEM, HR-TEM, DRS and EDS analysis. The XRD 
indicates the tetragonal structure of SnO2 NPs. FE-SEM 
shows spherical morphology with slight agglomeration. The 
average crystallite size of SnO2 NPs were found to be in 
the range 30–40 nm which is confirmed by XRD and TEM 

(1)SnO2 + h → SnO2 + e−CB + h+VB

(2)e−CB + h+VB → heat (unproductive)

(3)
h+VB + dye → dye⋅+ → oxidative degradation of MO

(4)h+VB + H2O → H+ + OH⋅

(5)h+VB + HO−
→ OH⋅

(6)O2 + e−CB → O2
⋅−

(7)O2
⋅− + 2H2O → HOO⋅ + 2HO

(8)2HOO⋅ + H2O + e−
CB

→ HOO⋅− + 2HO

(9)2HOO⋅ + H2O + e−
CB

→ H2O2 + OH−

(10)H2O2 + e−CB →
⋅OH + OH

(11)H2O2 + h → 2⋅OH

(12)⋅OH + Dye → MO degradation

(13)O2
⋅− + Dye → MO degradation.

analysis. The FT-IR analysis of aqueous leaf extract con-
firmed the presence of hydroxyl group, aldehydes, amines 
and aromatic rings which are responsible for biochemical 
transformation. The DRS spectrum confirmed the biosynthe-
sized SnO2 NPs has high absorption with 3.1 eV band gap. 
The photocatalyst SnO2 degrades the MO (20 ppm) dye upto 
80%, within 210 min.
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