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INTRODUCTION

The rapid growth of the industrial society has resulted in
issues such organic pollutants released into the ecosystem,
which cause a serious threat to human health. Several tradi-
tional methods have been extensively investigated, but they
are not cost-effective and do not guarantee complete removal
of the toxic pollutant [1]. The best method for treating effluents
has been found to be photocatalysis, since it has a great oxida-
tive capacity against pollutants, is inexpensive and produces
no toxic byproducts [2].

Numerous semiconductor photocatalysts for the degra-
dation of hazardous pollutants, including ZnO, TiO2, ZnS,
SnS2, etc. have been reported time to time [3]. The photo-
catalytic activity will increase due to the effective generation
of photo-induced electron-hole pairs with a short bandgap and
low recombination rate [4]. Among these possible catalysts,
SnO2 stands out as a fascinating and auspicious substance since
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its high photoactivity, low cost and lack of toxicity [5,6]. The
physical and chemical properties of SnO2 has unique photo-
catalytic characteristics. Synthesis settings and post-calcination
conditions may affect these features [6]. SnO2 produces electron
(e–)-hole (h+) pairs that reduce and oxidize surface adsorbates
by using the radical species such as OH• and O2

−• [7].
However, nanostructured SnO2 material has limitations

in certain fields. Fast recombing of photogenerated e–-h+ pairs
and a large bandgap (3.6 eV) between the filled O2p valence
band (VB) and the Sn positions over the conduction band (CB)
bottom reducing the efficiency of photocatalytic activity [8].
Recently, several strategies for overcoming the aforementioned
issues via doping with additional metals have been proposed
[9]. As a result, light absorption may be widened from UV to
visible light while also increasing surface area. As a result of
its high electron mobility (240 cm2/Vs) and higher potential
conduction band (CB), SnO2 is a promising material for a wide
variety of applications, including gas sensing, photocatalysis,
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hydrogen generation, solar cells, supercapacitors, lithium-ion
battery electrodes, optoelectronic devices, transparent condu-
cting electrodes, and even state-of-the-art medical applications,
such as cancer treatment and disease diagnosis [10].

By combining alkaline metals with SnO2, the following
characteristics can occur (i) the energy gap is altered and improve
the electronic appearances which boost photocatalytic action,
(ii) it causes lattice defects like oxygen vacancies and the prod-
uction of ROS enhances the photocatalytic efficiency [11],
(iii) alkaline (Mg, Ca, Sr, Ba) doped SnO2 has high thermal
steadiness [12], and (iv) calcium ions could inhabit substitu-
tional positions in the SnO2 matrix or become separated at grain
boundaries. Bigger ionic radius of Ca2+ (1.14 Å) than Sn4+

(0.83 Å) proposes an insignificant replacement of Ca2+ ions in
the SnO2 matrix [13]. Calcium-loaded tin oxide sensors [14],
alkaline earth metal (Mg, Ca, Sr, Ba) doped SnO2 hollow nano-
spheres as a novel oxygen storage material [12], Ca and Pt
catalyzed thin film SnO2 gas sensors for CO and CO2 detection
[15], Ca, Sr and Ba on the structure, morphology and electrical
properties of (Co, Sb)-doped SnO2 varistors [16] and alkaline
earth metals (Ba2+, Ca2+ and Mg2+) doped SnO2 for visible light
photocatalytic degradation [11] have been reported.

Ca doped SnO2 nanoparticles have been prepared by preci-
pitation method [11], solvothermal route [12], sonochemical
method [14], etc. The simple chemical co-precipitation method
is amenable to controlling the surface morphology, crystalline
phase and grain size of the prepared nanoparticles [17]. In this
study, SnO2 and SnO2:Ca nanoparticles were synthesized and
the effect of Ca dopant on the structural, optical, morphological
and photocatalytic activities of SnO2 nanoparticles was inves-
tigated.

EXPERIMENTAL

Tin chloride, calcium acetate hydrate, centyl trimethyl-
ammonium bromide (CTAB) and ammonia solution provided
by Sigma-Aldrich were used for preparing SnO2 and SnO2:Ca
nanoparticles. A solvent mixture of double-distilled water and
ethanol (2:1 ratio) was utilized for sample synthesis.

Synthesis of SnO2 and Ca doped SnO2: Calcium acetate
hydrate and tin chloride were dissolved in 90 mL of distilled
water and ethanol. The aforementioned CTAB solution was
then slowly infused with  aqueous solution while being vigo-
rously stirred. It was precipitated by the gradual addition of
an ammonia solution. Calcination was used to get rid of organic
stabilizer and the solvent medium. After 2 h annealing step
at 500 ºC, SnO2 and SnO2:Ca-CTAB were crystallized. The
obtained products were then sintered at 500 ºC for 2 h in an
air environment. This technique ensured that no discernible
impurity phase was occurred by mixing it at the atomic level.

Characterization: The morphology of the synthesized
samples was examined by CAREL ZEISS, EVO 18. The X-ray
diffraction (XRD) was used to analyze the structures of the
prepared sample by employing CuKα (λ = 1.5414 Å) radiation
as the X-ray source, with the incident angle fixed at 2θ and
the scan range was from 20º to 80º. In this case, an FT-Raman
spectrometer was used to analyze the Raman spectra (Bruker
RFS 27). The vibrational analyses were inspected using a Fourier

transmission infrared spectrometer (FTIR-7600 Lambda
Intelligent). The absorption spectrum (Lambda 35 model) were
collected using a UV-Vis-NIR spectrophotometer. At an exci-
tation wavelength of 330 nm, the photoluminescence spectra
were analyzed using a spectroflurophotometer (Shimadzu RF-
5301). The electrochemical impedance spectroscopy (EIS)
readings were analyzed using the software programme Versastat
MC-Metex.

Photocatalytic activities: The photocatalytic activity of
the prepared nanoparticles was assessed for degrading methy-
lene blue dye solution. SnO2 and SnO2:Ca nanoparticles (10 mg)
were mixed with 100 mL of methylene blue dye solution.
Visible light radiation was exploited as a source of illumination.
For 30 min, the dye solution was kept in dark to verify adsorption-
desorption equilibrium. The apparent absorption intensity of
effluent was analyzed using Perkin-Elmer LAMBDA-35
spectrophotometer. The degradation efficiency of the dye was
calculated using eqn. 1:

o

o

C C
Degradation efficiency (%) 100

C

−= × (1)

where Co and C represent the concentrations of the dye mixture
in the effluent at time t = 0 and time t, respectively.

RESULTS AND DISCUSSION

XRD studies: All samples of SnO2 and SnO2:Ca nano-
particles comprised of tetragonal structure (JCPDS no. 880287)
is shown in Fig. 1. The diffraction peaks of SnO2:Ca nano-
particles at 2θ values of 26.6º, 33.9º, 37.9º, 51.8º, 54.9º, 57.7º,
61.9º and 64.9º can be associated with the crystallline plane
of (110), (101), (200), (211), (220), (002), (310) and (112),
respectively [18]. Since no impurity phase was observed, the
final products produced under the current experimental condi-
tions are highly pure. Broad peaks observed in diffraction
patterns showed that the synthesized samples are nanocrys-
talline in nature. The CaO stabilizing the grain boundaries and
prevents SnO2 particles from developing during calcination,
which in turn keeps the fine-grained structure intact and lowers
the SnO2 peak intensities [14]. The Scherrer’s formula was
used for calculating the crystallite size and their obtained value
was 17 nm for SnO2 and 10.03, 13.2 and 8.84 nm for 3, 5 and
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Fig. 1. XRD spectra of SnO2:Ca nanoparticles
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7 wt.% Ca doped SnO2 nanoparticles, respectively. A reduction
of the grain sizes due to the integration of Ca2+ impurities lead
to the reduction in nucleation as well as hamper the growing
of SnO2 crystal [11].

Morphological studies: EDAX was used to study the
elemental allocation of SnO2:Ca and the consistent data of
weight percentages are shown in insert of Fig. 2a-b. The EDAX
spectrum validated the existence of Ca, Sn and O within the
doped SnO2 samples. Additionally, these spectra proved that
the samples had no other components.

Fig. 3 depicts the surface morphology of SnO2:Ca nano-
particles (0,3,5 and 7 wt.%) as examined by SEM. The SnO2

and SnO2: Ca (3 wt.%) nanoparticles exhibits the spherical
shape (Fig. 3a-b), whereas SnO2:Ca (5 wt.%) illustrates the
irregular shape with small nanoparticles (Fig. 3c). The 2D square
platelet shaped SnO2:Ca (7 wt.%) nanoparticles are shown in
Fig. 3d. The SnO2:Ca (7 wt.%) nanoparticles are reinforced
along (110) facets that hinder growth in different directions.
On the other hand, the development of 2D square nanoplatelets
of SnO2:Ca (7 wt.%) may be ascribed to the capping ligands
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Fig. 2. EDAX spectra of SnO2:Ca nanoparticles
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Fig. 3. SEM images of (a) undoped, (b) 3 wt.%, (c) 5 wt.% and (d) 7 wt.% Ca doped SnO2 nanoparticles
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(CTAB) template effect. It is concluded that the Ca doping
influences the host SnO2.

Raman studies: The Raman spectra of Ca doped SnO2

nanoparticles is shown in Fig. 4. At the middle of first Brillouin
zone, the normal vibration modes’ mechanical representation
is provided by M = A1g + A2g + B1g + B2g + Eg + 2A2u + 2B1u +
4Eu [19]. The vibrational mode such as A1g, B1g, B2g are non-
degenerate vibrates perpendicular to c-axis and Eg doubly
degenerate modes along the direction of the c-axis are Raman
active and B1u and A2g modes are silent modes. The A2u and
triply degenerate Eu modes are IR active, whereas 2Eu and
1A2u are acoustic modes [20]. The Sn atom remains in a rest
location, while the O-atoms vibrate. The Eg, A1g and B2g are
existed at 482, 631 and 778 cm–1, respectively.
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Fig. 4. Raman spectra of SnO2:Ca nanoparticles

The zone center vibrations of bulk crystalline SnO2 having
tetragonal rutile form generate four Raman active peaks viz.
A1g (634 cm–1), B2g (773 cm–1) and Eg (473 cm–1) [21]. These
active modes correlate well with the previously reported typical
rutile tetragonal SnO2 structure [11]. The non-degenerate A1g

and B2g Raman modes represent the contraction and extension
of the vibration of Sn–O links. The Eg mode is related to the
oxygen plane vibration. When alkaline metal ions were added,
there is a shift toward a higher wavenumber. Substitution of
alkaline metals marginally modify the defect such as unocc-
upied lattice locations, which may lead to lattice distortion
and a decrease in lattice space symmetry [22].

FTIR studies: The FTIR spectra of SnO2 and SnO2:Ca
nanoparticles are displayed in Fig. 5. A band near 3442-3430
cm–1 is ascribed to the vibrational mode of O–H bonds, whereas
narrow band at 1640-1631 cm–1 is due to the bending vibration
of H2O [23]. The peaks observed at 2937-2922 cm–1 and 1434-
1393 cm–1 for SnO2 and SnO2:Ca, respectively indicates the
CH2 stretching of the CTAB [24] and C-H bending vibration,
respectively. The FT-IR spectra bands at 1103 and 1051 cm–1

for SnO2 and SnO2:Ca are assigned toward C–O–C vibrating
mode. The intense peak identified at 561-556 and 657-641 cm–1

concurrence the O–Sn–O and Sn–O lattice stretch, respectively
[25]. To a greater extent than without doping, a peak of SnO2
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Fig. 5. FTIR spectra of SnO2:Ca of nanoparticles

occurs at 561 cm–1 for SnO2 gets shifted to 556 cm–1 for SnO2:
Ca (3 and 5 wt.%) and at higher concentration (Ca = 7 wt.%)
it is reduced. The introduction of Ca2+ ions in the interstitial
site leads to the widening and shifting of Sn–O–Sn and Sn–O
modes. As Ca2+ ions impact the SnO2 lattice more strongly
than Sn4+ ions because of its greater ionic radii. The bands
related to OH groups in the prepared samples indicate increased
the photocatalytic activity and hinder electron-hole pair recom-
bination [26].

Optical studies

UV-Vis DRS studies: The optical features of SnO2 and Ca
doped SnO2 nanoparticles was determined by UV-Vis DRS.
Fig. 6a shows that all the synthesized photocatalysts illustration
the absorption wavelength in the UV region. Moreover,
SnO2:Ca nanoparticles revealed a red shifted than SnO2 and
which is similar to alkaline earth metals doped SnO2 [11]. The
absorption peaks of SnO2 and SnO2:Ca nanoparticles appear
at 330 and 540 nm, which is caused by photon excited electrons
(e–) from the valence band (VB) to the conduction band (CB).

The band gap of the synthesized nanoparticles is calculated
by Taucs plot and is shown in Fig. 6b. The bandgap energy
was found to be 3.7, 3.51, 3.4 and 3.3 eV for pure SnO2, 3 wt.%,
5 wt.% and 7 wt.% Ca doped SnO2 nanoparticles, respectively.
The decrease in band gap of Ca doped SnO2 nanoparticles
confirmed that Ca2+ ions were doped into the SnO2 lattice. An
increase in the conduction band (CB) of SnO2:Ca (7 wt.%)
nanoplates allows for several photogenerated e− to combine
with O2 and create O2

−• and also blocks the recombination of
e−h+ pairs [27].

Photoluminescence studies: The photoluminescence
spectra of the SnO2 and SnO2:Ca nanoparticles are shown in
Fig. 6c. Undoped SnO2 revealed a violet and green emission
at 445 and 507 nm. By comparing to undoped SnO2, SnO2:Ca
exhibits emission peaks at 360, 395, 466 and 518 nm. The UV
emission peaks exists at 360 and 395 nm are associated with
near band edge emissions of excitons and which is analogous
to the work of Asaithambi et al. [11] regarding the alkaline
earth metals doped SnO2. The appearance of new peak on SnO2:
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Fig. 6. (a) UV-vis diffuse reflectance spectra, (b) Taucs plot and (c) PL spectra of SnO2 and SnO2:Ca nanoparticles

Ca nanoparticles proposes an augment in oxygen vacancies
[28]. Blue emission peak observed at 466 nm is due to the
structural defects and electron recombination with shallow
level defects [29]. The weak green emission peak, appearing
at 520 nm, corresponds to the singly ionized oxygen vacancies
[30]. Increasing the Ca dopant intensifies the non-radiative
transition. Since these defect energy levels are inside the band
gap of SnO2, may account for the observed emissions at longer
wavelength [31].

The most prevalent defects in oxides are oxygen
vacancies, which typically operate as radiative centers in the
luminescence action. The photons emission at 390 nm is related
to the existence of VO+ (neutral oxygen vacancies) in SnO2

matrix, which can be transformed into ionized vacancies
[31,32]. The other two wide peaks may be as a result of
univalent (VO•) and bivalent (VO••) positive charged oxygen
vacancies and which energy levels are situated within the band
gap. In actual fact, Ca2+ is incorporated to Sn4+, an oxygen ion
location remains left unoccupied for maintaining the 1:2 cation
and anion affiliation site. With Kroger-Vink equation, it could
be represented as [14]:

CaO(s) + SnO2 → Ca″Sn + Ox + VO••

As observed from the PL spectra, calcium doping incre-
ased the oxygen vacancies in SnO2 up to the solubility limit.
Typically, a low intensity of PL emission presumes a low recom-
bination of excited electrons and holes, which enables the prod-
uction of a large number of •OH radicals to enhance the photo-
catalytic degradation [26].

Electrochemical studies: The Nyquist plot and their
equivalent circuit of SnO2:Ca nanoparticles are displayed in
Figs. 7 and 8, respectively. Fig. 8 shows that SnO2:Ca (7 wt.%)

SnO2 SnO :Ca (3 wt.%)2

SnO :Ca (5 wt.%)2 SnO :Ca (7 wt.%)2

Rs C1

Rp CPE1

Rs

RsRs

C1

C1C1
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W1W1

CPE1

CPE1CPE1

Fig. 7. Correspondent circuit utilized for fitting data of SnO2:Ca nano-
particles

demonstrated lesser arc radius in the EIS Nyquist plots com-
pared to other samples. It is suggested that SnO2:Ca (7 wt.%)
had lower interfacial layer resistance and therefore faster e–−h+

pairs transfer also separating efficacy [32]. In addition, the
SnO2:Ca (7 wt.%) nanoplate shows the smallest semicircle in
the higher frequency zone, representing that 7 wt.% Ca doped
electrode has a low charge transmission resistance. Since, the
existence of Ca2+ in SnO2 increases charge carrier passage.

Photocatalytic degradation

Influence of SnO2:Ca nanoparticles: The influence of
dopant concentration on the photocatalytic action of SnO2 nano-
particles was determined by analyzing alterations in the optical
absorption characteristics of aqueous methylene blue dye via
photodegradation. Fig. 9a-d illustrates the photodegradation
of methylene blue dye in SnO2 and SnO2:Ca samples (2 h).
The absorption spectra of methylene blue dye exhibited a high
absorption peak at 664 nm, which was attributed to a chromo-
phore. When the exposure duration to visible light was increa-
sed from 30 to 120 min, it was found that all the absorption
peaks were progressively weaker, indicating that the catalyst
acted to break down the methylene blue chromophore in
addition to the aromatic ring and their decomposed products.

The primary absorption band was nearly disappeared and
the colour of methylene blue solution had disappeared within
120 min, indicating a more thorough mineralization of methylene
blue by SnO2:Ca (7 wt.%) nanoplates. Typically, degradation
does not produce any new peaks in the absorption spectrum.
It clearly indicates that SnO2:Ca (7 wt.%) nanoplates exhibited
the best photocatalytic activity (degraded 83%) by comparing
with other samples such as SnO2, SnO2:Ca (3 and 5 wt.%),
which were 66%, 68% and 71%, respectively. The efficiency
of SnO2:Ca photocatalyst compared with SnO2 based nano-
particles are displayed in Table-1.

Several distinct parameters, including morphology, particle
size, absorbency, crystallinity and surface area, can affect the
enhancement of photodegradation performance [33]. High
surface area might offer additional photodegradation reaction
active sites and boost the effectiveness of the e–-h+ split-up [5].
Furthermore, compared to other morphologies, the photocatal-
ytic degradation of nanoplatelet 2D structures with lower band
gap energies of SnO2:Ca (7 wt.%) was higher.
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TABLE-1 
DEGRADATION EFFICIENCY (%), REGRESSION  

COEFFICIENT (R2) AND RATE CONSTANT (k)  
OF THE SnO2:Ca NANOPARTICLES 

MB dye (120 min) 
Sample Degradation 

efficiency (%) 
R2 K 

SnO2 66 0.95220 0.008931 
SnO2:Ca (3 wt.%) 68 0.98920 0.009670 
SnO2:Ca (5 wt.%) 71 0.99420 0.011920 
SnO2:Ca (7 wt.%) 83 0.99674 0.014640 
 

Kinetic study: As stated by the Langmuir–Hinshelwood
kinetics model the degrading rate constant of the synthesized
SnO2:Ca nanoparticles was measured by the constant rate reck-
oning ln (C0–Ct) = kt, where k is the rate constant and C0, Ct

are the before and final absorption of methylene blue dye sub-
sequently at time t, respectively. The photodegradation process
obeys the pseudo-first-order kinetics as a result of the photo-
catalytic reaction illustrates the straight relationship. A graph
between ln(C0/Ct) and irradiation time is revealed in Fig. 10b.
When Ca dopant concentration is increased, k value also increased
from 0.008931 to 0.01464 min–1. The SnO2:Ca (7 wt.%) nano-
plates has a highest k value than other photocatalysts.

Proposed mechanism: The capture of e– from the CB of
SnO2 by photocatalytic activity when Ca is added to SnO2

lowers the possibility of charge recombination. Additionally,
it produces oxygen vacancies and facilitates charge carrier
separation. Moreover, the photocatalyst’s broad surface area
encourages higher organic contaminant adsorption on its
surface, which may increase photocatalytic activity [34]. When
SnO2 is exposed to light, it absorbs light equivalent to or more
than its band gap, causing an e– to be moved from the VB to
the CB. Recombination of e–−h+ pairs was reduced, e– and h+

can readily travel to the photocatalysts surface and it may
participate in redox reactions with adsorbed species. The
detached holes existing in the VB of SnO2 can reduce the H2O
to produce hydroxyl radical (OH•) and concurrently, the

bandgap of SnO2 is reduced by Ca ions to generate reactive
superoxide radicals(O–

2
•), which then convert into OH• over

electron reduction paths as shown in Fig. 11.

S

N

N
CH3

CH3

N
H3C

CH3 Cl–

Methylene blue
molecules

Decomposed products

SnO :Ca2

H O2

O–

2•

O2

Ca
2+

H O2 2

OH•

CB

VB

e–

h+h+
h+

e– e–
e–

Fig. 11. Photocatalytic mechanism of SnO2:Ca nanoplates

Conclusion

The 2D SnO2:Ca nanoplates were prepared via a facile
precipitation method. CTAB acted as a morphology and structure
capping agent, thus increasing the surface area and enhancing
the photocatalytic activity under visible light. The obtained
SnO2:Ca (7 wt.%) nanoplates showed higher photocatalytic
degrading of methylene blue dye than undoped SnO2. Electro-
chemical analysis divulged that the higher photocatalytic
activity of SnO2:Ca (7 wt.%) nanoplates is due to the improve-
ment of the charge transmission and separating efficacy. The
lowest intensity of photoluminescence emission suggests the
less recombination of excited electrons and holes as a signifi-
cant prompting feature for the photocatalytic elimination of
methylene blue dye. This study providing a simple calcium
doped approach for preparing SnO2:Ca effective photocatalyst
for decomposing organic impurities.
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