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Abstract
An eco-friendly approach was adapted for the synthesis of Eu doped  SnO2 nanoparticles (NPs) by using aqueous leaf extract 
of Calotropis gigantea. The attempt was made to see the effect of Eu content in  SnO2 NPs on photocatalytic degradation 
of methyl orange (MO). The characterization of synthesized NPs was carried out by applying different techniques such as 
diffuse reflectance spectroscopy fourier transform-infrared spectroscopy, X-ray powder diffraction (XRD), high resolution-
transmission electron microscopy, field emission-scanning electron microscopy, energy dispersive X-ray analysis and pho-
toluminescence spectroscopy. The XRD results confirmed, the polycrystalline nature and tetragonal rutile phase of  Eu3+ 
doped  SnO2 NPs. Bandgap of pure  SnO2 is 3.1 eV which is reduced to 3 eV for 0.1 mol%  Eu3+ hence doping is responsible 
for bandgap narrowing. Consequently, up to 90% photocatalytic degradation of MO by 0.1 mol%  Eu3+ doped  SnO2 takes 
place within 3 h under UV–Vis light(λ = 365 nm). It is noted that doping of Eu enhances the efficiency of MO by 10%.

1 Introduction

Waste effluents from dye industries, tremendous use of 
pesticides and fertilizers in agricultural processes and their 
disposal led to increasing in the number of various organic 
pollutants in the natural water bodies. Most of these organic 
pollutants are non-biodegradable and by anaerobic degrada-
tion may produce carcinogenic intermediates [1]. Advanced 
oxidation process (AOP) using semiconductor photocatalyst 
is one of the best treatment for the industrial dye effluents 
[2].

In recent years, the research has been focused on the 
green synthesis methods for the production of metal oxide 
nanoparticles due to their novel, environmental friendly and 

inexpensive approach [3, 4]. The metal oxide nanoparticles 
such as  TiO2 [5, 6], ZnO [7, 8] and  SnO2 [9] have been syn-
thesized by green route, which are used as photocatalyst in 
the degradation of various dye pollutants. The semiconduc-
tor materials have attracted much more attention for pho-
todegradation of the dye effluents from industries. Most of 
these semiconducting materials have wide bandgap hence 
they are capable to degrade the organic pollutant only in 
UV light. Additionally, by using large bandgap semicon-
ductor as a photocatalyst, the rate of recombination of elec-
tron–hole pairs enhances which reduces the activity of pho-
tocatalytic reaction. All these difficulties can be overcome 
by doping the semiconductor with rare earth elements. A 
suitable dopant like rare earth elements creates quasi-stable 
energy states within the bandgap energy. Besides, doping 
of appropriate ions into the host lattice increases electron 
trapping owing to their higher surface sites and the differ-
ence in bandgap energy leads to an increase in photocatalytic 
activity [10].Europium ion with  4f7 electronic configuration 
usuallly exist in the form of triply ionized ion  (Eu3+),which 
shows fast oxygen ion mobility and predominant catalytic 
properties [11].

SnO2 is a well-known wide bandgap (3.6 eV) n-type 
semiconductor which has been extensively used for various 
applications like gas sensors [12], transparent conducting 
electrodes [13], photocatalyst [14], Li-ion battery anode 
materials [15], dye-based solar cells [16] and optoelectronic 
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devices [17]. It is considered as the most promising semi-
conductor because of its unique optical, electronic and cata-
lytic properties. Due to strong oxidizing power, high pho-
tochemical stability and non-toxic nature,  SnO2 has gained 
more attention in the field of photocatalysis [18]. Doping 
the  SnO2 matrix with the suitable rare earth metal ion could 
introduce defects which reduces the optical gap and hence 
enhances the photocatalytic activity [2].

In the present paper, biosynthesis of pure and  Eu3+ doped 
 SnO2 nanoparticles prepared by microwave assisted sol–gel 
method using Calotropis gigantea (C.G.) leaf extract has 
been described. The different types of phytochemical con-
stituents are flavonoids, terpenoids, triterpenoids, saponins, 
resins, protease, esters of calotropeoles polyphenolic com-
pounds present in the C.G. as discussed in the previous 
reported paper [9] play important role in the synthesis of 
 SnO2 NPs.The plant have strong antioxidant property due to 
which for the synthesis of metal NPs the plant had become 
potential reducing and stabilizing agent [19] The effect of 
the  Eu3+ content on the photocatalytic properties of  SnO2 
NPs in case of photodegradation of MO under UV-light illu-
mination was investigated carefully.

2  Materials and methods

Tin (IV) chloride pentahydrate  (SnCl4·5H2O) and europium 
nitrate pentahydrate (Eu  (NO3)3·5H2O) used in the pre-
sent study were of analytical grade purchased from Sigma 
Aldrich. The C.G. leaves were collected from Kolhapur dis-
trict (India). Millipore water was used for the preparation of 
all the solutions.

2.1  Synthesis of Eu doped  SnO2 NPs

The synthesis of Eu doped  SnO2 NPs was carried out by 
using aqueous leaf extract of C.G. The detailed procedure for 
the leaf extract preparation is reported in the previous paper 
[9]. For the synthesis of Eu doped  SnO2 NPs, 0.1 mol% of 
europium nitrate solution was added into 40 mL of stannic 
chloride solution (0.05 M) and stirred on a magnetic stirrer 
for thorough mixing of the solution. To this solution, appro-
priate quantity of aqueous leaf extract of C.G. was added 
dropwise with constant stirring. The gelatinous precipitate 
was obtained after complete addition of leaf extract. The 
supernatant solution was decanted and the as-obtained pre-
cipitate was washed with distilled water for several times and 
particles were separated by centrifugation. The precipitate 
was dried in the microwave oven at 900 W for 20 min (20 s 
on 40 s off cycle). Finally, the obtained dried powder was 
finely crushed in mortar and pestle, then crushed powder 
was kept for calcination at 400 °C up to 3 h.

2.2  Characterization

The XRD patterns of Eu doped  SnO2 NPs were obtained 
using a panalytical diffractometer [Model D2 PHASER]. 
Diffuse reflectance spectra of NPs were obtained using 
UV–Vis spectrophotometer (JASCO V-770). FT-IR spec-
tra were obtained by using an FT-IR spectrophotometer 
(JASCO-4600, Japan). The shape and size of NPs were 
investigated by using transmission electron microscopy 
(JEM-2010, JEOL). The field emission-scanning electron 
microscopy (FE-SEM) and EDAX images were obtained 
using (JEOL-JSM-6360). Photoluminescence (PL) spectra 
were recorded on spectrofluorometer (FP-8200, JASCO, 
Japan).The dye concentration was measured by UV.Vis 
spectrophotometer (Shimadzu, Model UV-3600).

2.3  Photocatalytic degradation of methyl orange

The photocatalytic activities of synthesized Eu doped 
 SnO2 NPs were evaluated via degradation of MO dye 
(λmax = 464 nm) solution at room temperature. In a typi-
cal photodegradation process, 0.15 g of photocatalyst was 
dispersed in 100 mL aqueous dye solution (20 ppm). The 
photocatalytic activity of  SnO2 NPs was tested at ambi-
ent condition under UV–visible light (λ = 365 nm) irra-
diation, which was obtained from high-pressure mercury 
lamp (Philips, HPL-N, 250W). The adsorption–desorption 
equilibrium was established by stirring the suspension in 
dark for 30 min prior to the irradiation. After irradiating the 
solution with UV-light, 3 mL suspension was withdrawn in 
the periodic time intervals of 30 min. Then the withdrawn 
solution was centrifuged and the supernatant solution was 
collected to determine absorbance of the dye solution by 
using spectrophotometer.

3  Results and discussion

3.1  X‑ray diffraction patterns pure  SnO2 and Eu 
doped  SnO2 NPs

Figure 1 shows the X-ray diffraction (XRD) profiles for Eu 
doped  SnO2 NPs with Eu concentration from 0 to 0.125 mol%. 
The indexing of XRD peaks was carried out by using JCPDS 
Card No. 41-1445. All the observed peaks indexed to tetrago-
nal rutile structure of  SnO2; there is no indication of  Eu2O3 
or  Eu2SnO7 peaks; which confirmed the incorporation of 
the dopant into lattice site of  SnO2. By concentrating on the 
(211) peak for different  Eu3+ dopant concentrations shown in 
Fig. 2, broadening and slight shifting of peaks towards higher 
angle than the pure  SnO2 is observed. This suggests that the 
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incorporation of  Eu3+ into the  SnO2 lattice which leads to 
imperfection in crystals. This can be explained by Bragg’s 
law Eq. 1.

(1)n� = 2d sin �

In the present case, after doping 2θ values are increases 
which indicates a decrease in the interplanar distance (d); 
that may cause by the fact that the ionic radius of  Eu3+ 
(0.095 nm) is larger than that of  Sn4+ (0.071 nm) [20]. 
From this fact, it is clear that with increase in dopant con-
centration, slight increase in the lattice parameters takes 
place.This indicates  Eu3+ ions occupy the lattice sites of 
 Sn4+ and leads to an increase in the interatomic distance 
and expansion in lattice parameters. The lattice constants 
of  SnO2 for a tetragonal structure where a = b ≠ c, were 
calculated by following    Eq. 2.

Moreover, the average crystallite size corresponding 
to (110) peak was calculated by Scherrer’s formula. The 
crystallite size of  SnO2 decreases from 34 to 24 nm. The 
decrease in crystallite size (D) with increase in Eu concen-
tration from 0.0 to 0.125 mol% observed,it indicates that 
the grain shrinkage due to Eu dopant is possible which 
leads to supersaturation. The grain shrinkage is induced by 
the surface segregation of the dopant ions on the surface, 
which can be stabilized by the progressive decrease of the 
surface energy and it can provide a barrier for the crystal 
growth diffusion [11, 21]. The broad XRD peaks of the 
sample obtained in the present condition are associated 
with crystallite size or microstrain or both. The presence 
of three types of imperfections like dislocation, stacking 
fault probability and lattice distortion in the  SnO2 crys-
tal is responsible for the appearance of microstrain [22]. 
Microstrains are calculated by Eq. 3.

where β is the FWHM in radian, θ is the Bragg’s angle in 
degree. Microstrain of Eu doped  SnO2 NPs increased with 
increase in dopant concentration.The incorporation of the 
 Eu3+ions into the matrix could leads to larger mismatch. 
Therefore microstrain must be related to oxygen vacancies 
and site disorder [11]. The calculated crystallite size, lattice 
parameters, and microstrain are shown in Table 1 it is clear 
that with increase in Eu-doping concentration the crystal-
lite size of  SnO2 NPs decreases and photocatalytic activity 

(2)1

a2
=

h
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a2
+

l
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4

Fig. 1  XRD patterns of  Eu3+ doped  SnO2 nanoparticles at different 
concentrations

Fig. 2  XRD peak (211) shifting for  Eu3+ doped  SnO2 nanoparticles at 
different concentrations

Table 1  Structural and Optical 
parameters of Eu 3+ doped  SnO2 
nanoparticles

Concentration of Eu 
dopant (mol%)

Bandgap energy 
(eV)

Crystallite size 
(nm)

Lattice constants (Å) Microstrain (ɛ)

a = b c

0.000 3.10 35 4.7220 3.1943 0.0124
0.075 3.08 28 4.7222 3.1955 0.0126
0.100 3.00 25 4.7251 3.1978 0.0127
0.125 3.30 24 4.7493 3.2000 0.0136
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increases. Also as crystallite size decreases, microstrain 
increases. Thus by doping of Eu in  SnO2 is responsible to 
increase in microstrain which ultimately enhances the pho-
tocatalytic activity.

3.2  FE‑SEM and EDAX spectra of Eu doped  SnO2 NPs

The FE-SEM images of pure and 0.1 mol  % Eu doped 
 SnO2 NPs are shown in Fig. 3a, b which show the agglom-
eration of the nanostructure in the 1 μm scale. Figure 4 
shows the EDAX spectrum of Eu doped  SnO2 NPs which 
indicates the presence of O, Sn, and Eu in the NPs. The 
spectrum determines well- defined peaks at 0.5, 3.6, and 
1.2, 5.7, 6.7, 7.7 keV relative to O, Sn and Eu respec-
tively. The atomic % of Sn, O and Eu elements are 26.87, 
53.2 and 0.18% respectively. 

3.3  HR‑TEM images of pure  SnO2 and Eu doped 
 SnO2 NPs

The HR-TEM images and SAED patterns of pure and Eu 
doped  SnO2 NPs are shown in Fig. 5. Figure 5a, d shows 
agglomeration in the  SnO2 and 0.1 mol% Eu doped  SnO2 
NPs. Figure 5b, e shows the interplanar ‘d’ spacing calcu-
lated for (110) hkl planes of pure and 0.1 mol% Eu doped 
 SnO2 NPs. The SAED patterns of pure and 0.1 mol% Eu 
doped  SnO2 NPs are shown in Fig. 5c, f. The number of 
circular rings in SAED patterns indicates polycrystalline 
nature. In comparison with pure  SnO2, the circular rings 
of the Eu doped samples are doted in nature indicating 
the small size of crystals.

3.4  UV–Vis diffuse reflectance spectra of  SnO2 NPs

The UV–Vis diffuse reflectance spectra of pure and Eu doped 
 SnO2 NPs in the range of 200-800 nm were scanned with 
varying concentration of Eu from 0 to 0.125 mol% as shown 
in Fig. 6. The Fig. 6. indicates a red shift in the absorption 
spectra due to Eu doping. It is clear that, as dopant concen-
tration increased from 0 to 0.1 mol%, the absorption peak 
was shifted towards longer wavelength (red shift) as com-
pared to the pure  SnO2 NPs. The optical bandgap of pure and 
Eu doped  SnO2 NPs with change in dopant concentration 
was obtained with the help of Tauc’s plot by extrapolating 
the (αhν)2 versus hν as function of photon energy, as shown 
in Fig. 7. The band gap obtained are 3.1, 3.08 and 3.0 eV for 
pure  SnO2, 0.075 and 0.1 mol% Eu doped  SnO2 respectively. 
The decrease in bandgap with increase in dopant concen-
tration may be due to the substitution of  Eu3+ ions which 
introduced electron states into the bandgap of  SnO2 to form 
lowest unoccupied molecular orbital which intern increase 

Fig. 3  FE-SEM images of a 
Pure  SnO2, b 0.1 mol%  Eu3+ 
doped  SnO2 nanoparticles

Fig. 4  EDAX spectrum of 0.1 mol%  Eu3+ doped  SnO2 nanoparticles
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the separation ratio of photoinduced electrons and holes and 
improves the photocatalytic activity of  SnO2 catalyst [23].

3.5  FT‑IR spectra of pure  SnO2 and Eu doped  SnO2 
NPs

The FT-IR spectrum of pure  SnO2 NPs shown in Fig. 8. 
The band at 3480 cm−1 due to stretching vibrations of water 
molecule [24].The absorbance peak at 2350  cm−1 cor-
responds to C-H stretching and bending vibrations which 
shows presence of aldehydes, amines and aromatic ring. 

The peak at 620 cm−1 is attributed to O–Sn–O bridge func-
tional group of  SnO2 due to which the presence of  SnO2 in 
the crystalline phase is confirmed [25]. Figure 9 shows the 
FT-IR spectrum of 0.1 mol% Eu doped of  SnO2 NPs The 
absorption peak at 3395 cm−1 corresponds to the stretching 
vibration of O–H bond. Bending vibration of H–O-H bond 
from water molecule is responsible for peak at 1635 cm−1. 
The OH as quencher of the  Eu3+ ions emission will influ-
ence the energy transfer distance between the Eu and the 
host. The intense peak at 627 cm−1 corresponds to stretching 
vibrations formed by the O–Sn–O bond. The appearance 
of unusual peak at 523 cm−1 may be due to the defects on 

Fig. 5  a TEM image of pure 
 SnO2 b HR-TEM image of 
pure  SnO2, c SAED pattern of 
pure  SnO2, d TEM image of 
0.1 mol%  Eu3+ doped  SnO2, e 
HR-TEM images of 0.1 mol% 
 Eu3+ doped  SnO2 and f SAED 
pattern of 0.1 mol%  Eu3+ doped 
 SnO2

Fig. 6  UV–Vis diffuse reflectance spectra of Pure and  Eu3+ doped 
 SnO2 nanoparticles at different concentration

Fig. 7  Tauc plot for determination of bandgap of Pure and  Eu3+ 
doped  SnO2 at different concentration
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nanocrystalline surface because lattice dislocation would 
modify the local symmetry in the crystal, which allows the 
forbidden vibration mode to occur [26].

3.6  Photoluminescence (PL) spectra pure  SnO2 
and Eu doped  SnO2 NPs

Figure 10 shows the PL spectra of Eu doped  SnO2 NPs with 
varying concentration ranging from 0.075- 0.125 mol% at 
excitation wavelength 290 nm. The strongest 5D 0 → 7F1 tran-
sition at 580 nm in Fig. 10 indicates high site symmetry, 
and Eu 3+ ions are largely surrounded by  SnO2, however, no 
emission peak of Eu was observed. It is possible that weak 
 Eu3+ ions emission peak was embedded in the signal from a 
strong, deep-level emission. From Fig. 10 it is clear that PL 
intensity decreases with increase in dopant concentration 

and it can be attributed to concentration quenching effect 
which is described by cross relaxation process. The PL pro-
cess involves exchange of energy between pair of neighbor-
ing ions and migration of excitation energy [27]. Doping 
the metal oxide with rare earth metal ion is responsible to 
increase number of surface defects which is responsible for 
the enhancement of photocatalytic activity, surface area and 
surface defects [28]. It is well known that the PL intensity is 
directly related to electron hole pair recombination rate. In 
general decrease in PL intensity leads to slow recombina-
tion rate so that it increases the life time of photogenerated 
charge carriers thereby enhancing the photocatalytic activ-
ity [29]. The results clearly indicates that in comparison 
with pure  SnO2, the Eu doped  SnO2 NPs shows significant 
quenching in PL intensity. This suggests that Eu doping is 
responcible to minimize the electron–hole pair recombina-
tion due to which better separation of photogenerated charge 
carriers takes place and hence there is enhancement in pho-
tocatalytic activity occurs.

3.7  Photocatalytic properties of Eu doped  SnO2 NPs

3.7.1  Effect of dopant concentration

The effect of dopant concentration on the photodegradation 
of MO dye under UV light is shown in Fig. 11. It can be seen 
that as the concentration of Eu in  SnO2 NPs increases from 
0.075 to 0.1 mol%; the photodegradation rate of MO dye was 
also increased. However at 0.125 mol% of Eu concentration, 
sudden decrease in the photodegradation rate was observed. 
The enhancement in the photocatalytic activity is due to the 

Fig. 8  FT-IR spectrum of Pure  SnO2 nanoparticles

Fig. 9  FT-IR spectrum of 0.1 mol%  Eu3+ doped  SnO2 nanoparticles

Fig. 10  Photoluminescence spectra of  Eu3+ doped  SnO2 nanoparti-
cles at different concentrations
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photogenerated electrons captured by suitable amount of 
dopant, which is responsible to decrease the rate of recom-
bination of electron–hole. However, as the dopant concen-
tration increases, the captured electron–hole pair starts to 
overcome the obstacles and recombine. On the other hand, 
the recombination becomes dominant, at certain concentra-
tion of dopant. The Eq. 4 shows that, at a certain dopant con-
centration, the rate of recombination exponentially increases 
with decrease in the distance between trap sites that’s why 
reduction in photocatalytic activity takes place [30].

where,  Krecomb is the rate of recombination, R is the distance 
between trap site of electron  (e−) and hole  (h+) and a0 is the 
hydrogenic radius of wave function for charge carrier.

3.7.2  Plausible mechanism of photodegradation of Eu 
doped  SnO2 NPs

Along with the photocatalytic degradation experiments 
we have carried out several control experiments in order to 
ensure that the decrease in the dye concentration is due to 
the photocatalytic activity. The control experiments are (i) the 
adsorption of MO by Eu doped  SnO2 was checked by taking 
the photocatalyst into MO solution in the dark, the adsorp-
tion–desorption equilibrium was attained within 30 min and 
no significant change in concentration of MO was observed 
shown in Fig. 12a; (ii) the direct photolysis was carried out 
by irradiating the dye solution directly with the mercury lamp 
without photocatalyst, considerable change in concentration of 

(4)K
recomb

∝ exp

(

−2R

a0

)

the dye was observed shown in Fig. 12b The maximum degra-
dation efficiency of 90% was observed by using 0.1 mol% Eu 
doped  SnO2 within 210 min shown in Fig. 12c.

The photocatalytic degradation of MO dye by using 
0.1 mol% Eu doped  SnO2 NPs is shown in Fig. 13. The pho-
todegradation of dye increases with increase in dopant concen-
tration when irradiated under UV light (λ = 365 nm).

(5)Dye + h� → Dye∗

(6)
Dye∗ + Eu − SnO2 → Dye∗ + Eu − SnO2 + e−

CB
+ h

+

VB

(7)Eu3+ + e−
CB

→ Eu2+ (electron trapping)

(8)Eu2+ + O2 → Eu3+ + O⋅

2
(electron transfer)

Fig. 11  Effect of Eu dopant concentration on photocatalytic degrada-
tion of MO

Fig. 12  Photodegradation of methyl orange (20 ppm) under UV light

Fig. 13  Photocatalytic degradation of MO dye using 0.1 mol%  Eu3+ 
doped  SnO2 nanoparticles
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The plausible mechanism for photocatalytic activity of 
Eu doped  SnO2 against MO dye is shown in Fig. 14 it is 
initiated by photoexcitation of the semiconductor, followed 
by the formation of electron–hole pairs (Eq. 6). The recom-
bination of these electron hole pairs reduces the photocat-
alytic activity of  SnO2 NPs. Therefore Eu dopant is used 
along with  SnO2 NPs. The width of bandgap energy levels 
between valence band and conduction band get reduced 
due to introduction of  Eu3+ in  SnO2 NPs. Being a p-type 
dopant, the  Eu3+ ions act as electron scavenger and inhibit 
recombination rate resulting in an increase in photocatalytic 
activity [31].  Eu3+ ions are get reduced to  Eu2+ by trap-
ping the surface electrons (Eq. 7). The  Eu2+ thus formed 
get readily oxidised back to  Eu3+ by transferring the  e− to 
surface adsorbed oxygen as the standard reduction potential 
of  Eu3+/Eu2+ is more electronegative (− 0.43 eV) than the 
standard electrode potential of  O2/O

⋅−

2
(− 0.33 eV) (Eq. 8). Eu 

doping enhances the oxygen availability on the surface of the 
catalyst as Eu being lanthanide ion have special electronic 
structure of  4fx5dy which would be able to form the labile 
oxygen species [32, 33].

The active OH⋅ radicals generated by the transfer of 
charge from h+

VB
 to the  H2O molecule which is capturing 

the catalyst surface. The OH. and photogenerated  h+ are 
extremely strong, non-selective oxidant which leads to the 
partial or complete degradation of several organic chemicals 
on the catalysts surface [34]. The OH. radical being strong 
oxidising agent degrades the dye into  CO2 and water.

(9)h
+

VB
+ H2O → H+ + ⋅OH

(10)h
+

VB
+ H2O → ⋅OH

(11)Dye∗ + O⋅

2
→ CO2 ↑ +H2O (Mineralization)

(12)Dye∗ + ⋅OH → CO2 ↑ +H2O

4  Conclusions

Eu doped  SnO2 NPs were prepared by environment 
friendly biosynthesis process using aqueous leaf extract 
of C.G. by microwave assisted sol gel technique. The as 
synthesized Eu doped  SnO2 NPs were used for the photo-
catalytic degradation of MO dye. The dopant concentra-
tion has strong impact on the photocatalytic activity of 
the  SnO2 NPs. The optimum  Eu3+ concentration in  SnO2 
NPs was found to be 0.1 mol%, at which 90% photodeg-
radation of MO dye was obtained. The effect of doping 
of appropriate ions into host lattice for the enhancement 
of photocatalytic activity can be attributed to increase in 
electron trapping owing to their higher surface sites and 
difference in bandgap energy.
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