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Abstract. A co-precipitation method with water as a distinctive solvent was used for the synthesis of pure, Fe-doped and
surfactant-assisted Fe-doped SnO2 nanoparticles (NPs). Furthermore, the NPs were characterized using X-ray diffraction
(XRD), Fourier-transform infrared, scanning electron microscopy (SEM) with energy-dispersive X-ray analysis (EDAX),
high-resolution transmission electron microscopy (HRTEM), UV–visible, photoluminescence spectroscopy and spectrofluorometer. XRD patterns showed a tetragonal rutile structure of SnO2 phase without additional peaks and a shift was
noted for Fe-doped and surfactant-assisted Fe-doped samples. The crystallite sizes of Fe-doped and surfactant-assisted Fedoped SnO2 NPs were found to decrease from 10.39 to 6.347 nm. Spherical morphology with uniform size was observed
in all samples from SEM and HRTEM images. The presence of Sn, O and Fe ions was confirmed by EDAX analysis. The
band gap energy of NPs was measured to be 3.487, 3.741, 3.845, 3.783 and 3.552 eV for pure, Fe-doped,
cetyltrimethylammonium bromide, sodium dodecyl sulphate and Triton (surfactants) assisted Fe-doped NPs, respectively.
An increase in the band gap was observed due to addition of Fe and surfactants. The photocatalytic study confirms that
pure SnO2 NPs exhibit a significant photo-degradation of methylene blue dye under sun light. Moreover, the physical
properties of SnO2 were modified by Fe-doping and addition of surfactants in comparison with pure SnO2 NPs.
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Introduction

Nanomaterials have distinct characteristics due to their
smaller size. To enhance the properties of individual
nanomaterial two or more nanomaterials are added together
[1]. SnO2 is one of the most important and widely used
n-type semiconductors and its energy gap is 3.65 eV [2] in
the visible region. SnO2 has large optical transparency
([85%) and high absorbance in the ultraviolet region [3].
Moreover, it has been broadly used in the preparation of
solar cells, light emitting diodes, sensors and optical devices, and it acts as a photocatalyst [4–8]. In recent years,
SnO2-based nanomaterials have played a vital role in
lithium-ion batteries for energy storage. SnO2 nanomaterials were synthesized by using co-precipitation, anodization,
sol–gel, hydrothermal, wet oxidation, ultra-sonication and
electro-deposition methods [9,10].
The properties of SnO2 nanoparticles (NPs) (electronic,
optical and magnetic) were altered by proper doping of
elements [11,12]. To change the sensitivity and selectivity
with respect to pollutant gases, transition metals were doped
with SnO2 as reported by Bryan et al [13] and Choudhury

et al [14]. Many researchers studied the properties of transition metal ions at low temperatures and observed their
photoluminescence (PL) characteristics by addition of surfactants [15]. Iron-oxide NPs were broadly used in drug
delivery, cancer treatment and magnetic-resonance imaging
[16,17] due to their good biocompatibility, highly crystalline and water soluble properties [18,19].
Surfactants were used to import the space for growth of
NPs, and they also affect nucleation, coagulation, etc. [20].
Furthermore, they increase their ionic conductivity and have
the ability to control grain size and surface properties of
metal oxides (ZnO, CuO and MnO). Gu et al [21] reported
the source of blue emission and the effect of impurity ions
on the oxygen vacancies which were related to luminescence property of nanocrystalline SnO. Dhanya Chandran
et al [22] observed the effect of cobalt-doped tin-oxide NPs
on photocatalytic and antimicrobial activities.
Kar and Patra [23] have found a significant improvement
in electrical, photocatalytic and optical properties of tinoxide nanomaterials after being doped with metal ions.
These nanomaterials are found in gas-sensing devices
due to their high sensitivity. Jana et al [24] produced
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metal–semiconductor nanostructures to enhance photocatalytic activity of nanomaterials and they are found in photovoltaic devices and light-harvesting applications. Kar et al
[25] synthesized high-photocatalytic activity tin-oxide NPs
by controlling size and shape of NPs during the preparation
process.
Sreekar Reddy et al [26] synthesized Fe2?-doped SnO2
NPs by the sol–gel method and studied their structural and
optical properties. They found that Fe ions improved the
optical properties of tin-oxide nanomaterials. Fe-doped
SnO2 NPs have been found to be suitable for humidity
sensor applications [27]. Chikhale et al [28] synthesized
pure and Fe-doped tin-oxide NPs for ethanol vapour
response properties by a facile co-precipitation route and
found that gas response properties of SnO2 were influenced
by Fe doping. Mariani Ciciliati et al [29] synthesized
hexagonal-shaped Fe-doped ZnO NPs by a modified sol–gel
method for various applications. Fe-doped SnO2 NPs have
found to be a potential candidate for secondary lithium-ion
batteries [30].
Co-precipitation method is an excellent and convenient
choice when high purity and better stoichiometric control
are required for the synthesis of metal-oxide NPs even
though the level of sophistication of the instrumentation for
analysis has increased significantly. Calcination temperatures are generally lower for the co-precipitation method
compared to other existing methods, and the product is
more easily powdered to produce finer particle sizes. The
most fascinating feature of this method is the control which
can be exerted over the morphology, which makes it to be
frequently utilized. This method is a promising synthesis
method due to its high yield, high product purity, the lack of
necessity to use organic solvents, low-processing temperatures, easily reproducible, low cost and precise control of
size compared to physical methods. The objectives of this
research are to synthesize pure, Fe-doped and surfactantassisted Fe-doped SnO2 NPs by a co-precipitation method.
The aim of using surfactants is to reduce the crystallite size
and to enhance the PL property of NPs.

2.
2.1

Experimental
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furnace was used to anneal the dried sample at 350°C for 1
h. Furthermore, the final precipitate was stored in an air-stiff
container. A similar procedure was followed for the synthesis of pure and surfactant (cetyltrimethylammonium
bromide (CTAB): 0.01 M, sodium dodecyl sulphate (SDS):
0.01 M and Triton X: 5 ml) assisted Fe-doped SnO2 NPs.

2.2

Characterization techniques

The crystalline nature of pure, Fe-doped and surfactantassisted Fe-doped NPs was identified using an X-ray
diffractometer (LABX XRD 6000) with CuKa as a radiation source (1.5406 Å) and JEOL-SEM (JSM-6390 LV) was
used to obtain scanning electron microscopy (SEM) and
energy-dispersive X-ray analysis (EDAX) images. The
morphology was clearly observed by high-resolution
transmission electron microscopy (HRTEM) (JEOL-JEM
2100). UV–visible spectra were analysed by means of a
UV–VIS–NIR spectrophotometer (JASCO) in the wavelength range of 200–800 nm. A Fourier-transform infrared
(FT-IR) spectrometer (IR Affinity-1S) was used to investigate the functional groups and bonding pattern of the
samples. The luminescence property of the samples was
examined using a Horiba Jobin Yvon spectrofluorometer.

2.3

Photocatalytic activity

The photocatalytic reactions of surfactant-assisted Fe-doped
SnO2 NPs were carried out by the degradation of methylene
blue (MB) dye solution under visible light irradiation using
a 500-W high-pressure halogen lamp. In this study, solution
was set aside 20 cm away from the light source to trigger
the photocatalytic performance. The dye solution was prepared by adding a fussy concentration (50 ppm) of dye to
0.1 g of the synthesized samples. The dye solution was kept
in a dark room and stirred for 10 min. The concentration of
the aqueous solution of each sample was analysed using a
UV–visible spectrophotometer.
The degradation efficiency of MB was calculated using
the following formula [31]:
g ¼ 1  C=C0 :

Materials and methods

The co-precipitation method was adopted to produce Fe–
SnO2 NPs with assisted surfactants. A total of 0.95 M tin
chloride (SnCl22H2O) and 0.05 M ferric chloride (FeCl3)
were dissolved separately in 20 ml distilled water under
continuous stirring for 15 min. Both the precursors were
poured into a beaker and the mixtures were stirred followed
by addition of ammonia drop by drop until the pH reached
8. The mixture was aged for 96 h to obtain a homogeneous
solution. The distilled water and ethanol were employed to
rinse the solution several times. The obtained product was
filtered and dried using an oven for 1 h at 80°C. A muffle
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ð1Þ

Here, C0 is the concentration of the dye (MB) before illumination and C is the concentration of the dye after
illumination.

3.
3.1

Results and discussion
X-ray diffraction analysis

Powder X-ray diffraction patterns of pure, Fe-doped and
surfactant (CTAB, SDS and Triton)-assisted Fe-doped tinoxide NPs were recorded in the 2h range from 10 to 80°.
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Figure 1. XRD patterns of pure, Fe-doped and surfactantassisted Fe-doped SnO2 NPs: (A1) SnO2, (C1) Fe:SnO2, (C2)
Fe:SnO2:CTAB, (C3) Fe:SnO2:SDS and (C4) Fe:SnO2:Triton.

Figure 1 portrays the diffraction peaks well indexed and
high crystallinity attributed to the tetragonal rutile structure
of SnO2 (JCPDS: 41-1445) [32]. The peaks appeared at
26.6, 34.09, 37.8, 51.9, 54.7, 58.3, 62.01, 65.5, 66.2, 71.5,
75.3 and 78.8° can be indexed to the lattice planes of (110),
(101), (200), (211), (220), (002), (310), (112), (301), (202),
(301) and (330), respectively [33,34]. No additional peaks
were observed from the XRD analysis which indicates the
purity of the samples; however, a slight shift in the primary
peak (110) was observed, which indicated the substitution
of Fe ions with tetragonal SnO2 samples.
It has been found that the peak intensity of pure SnO2 is
higher than that of Fe-doped and surfactant-assisted Fedoped SnO2 NPs. The primary peak of all samples except
for CTAB-assisted Fe-doped SnO2 NPs is shifted towards
higher angle (green shift) due to smaller ionic radius of
Fe3? (0.063 nm) ions than that of Sn2? (0.069 nm) [35].
This leads to a change in lattice parameters with the
diffraction angles, and doping introduces some disorder in
the crystal lattice which makes the XRD peaks broader.
According to Bragg’s law [36]:
2dhkl sinðhÞ ¼ mk;

ð2Þ

where h, k and l are integers and d is the spacing between
the planes in the atomic lattice.
The crystallite sizes of pure, Fe-doped and surfactantassisted Fe-doped SnO2 NPs can be obtained by measuring
the change in full-width at the half-maximum (FWHM)
using Debye Scherrer’s formula:
D¼

Kk
;
b cos h
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Figure 2. Shift of primary peak of pure, Fe-doped and Fe-doped
surfactant-assisted SnO2 NPs: (A1) SnO2, (C1) Fe:SnO2, (C2)
Fe:SnO2:CTAB, (C3) Fe:SnO2:SDS and (C4) Fe:SnO2:Triton.

parameters were found, and indicated the presence of some
hydroxyl group in all prepared NPs [37]. It was found that
CTAB-assisted Fe-doped SnO2 NPs possess smaller crystallite size compared to other samples.

3.2

SEM analysis

SEM images were used to elucidate the size and morphology of the synthesized samples. All samples exhibit
spherical-shaped NPs which were uniformly distributed on
the surface [38]. It was observed that the grain size of Fe–
SnO2 NPs (31–57 nm) was decreased compared to that of
pure SnO2 NPs (36–60 nm) (figure 3).
The cationic (CTAB) surfactant controlled the growth
(32–56 nm) and surface morphology of NPs due to an
interaction between the metal cations and Sn2? ions [39,40].
The grain sizes of surfactant (Triton: 34–60 nm, SDS:
34–62 nm) assisted Fe–SnO2 NPs have slightly higher size
than that of CTAB-assisted Fe-doped SnO2 NPs due to low
molecular weights of CTAB [41]. The average crystallite
size calculated using XRD was several times smaller than
that observed using SEM. The grain size is larger than the
crystallite size because XRD measurements considered the
crystallite size as sizes of coherently diffracting domains of
crystals whereas one grain may contain several crystalline
domains.

3.3

HRTEM analysis

ð3Þ

where D is the mean crystallite size, K is the shape factor
(0.89), k is the wavelength of the incident beam (CuKa), b
is the FWHM and h is Bragg’s reflection angle (figure 2).
Table 1 shows the crystallite size, lattice parameters and
cell volume of all samples in which small changes in lattice

HRTEM images and their corresponding selected area
electron diffraction (SAED) patterns of CTAB-assisted FeSnO2 NPs are shown in figure 4. It has been found that the
CTAB-assisted Fe–SnO2 NPs were spherical in shape with
an average diameter of about 6–12 nm [42]. The SAED
pattern confirms the crystalline nature of NPs and the area
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Table 1.

Samples
A1
C1
C2
C3
C4
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XRD parameters of pure, Fe-doped and surfactant-assisted Fe-doped SnO2 NPs.
Lattice
parameter (Å)

Crystallite size
(D) (nm)

Dislocation density (d) (91015 lines
per m2)

Microstrain (e)
(10-3)

a

c

Unit cell volume
(V) (Å3)

10.39
7.7846
6.347
6.791
8.566

9.2633
16.5015
24.8235
21.6836
13.6283

3.3333
4.4501
5.4576
5.1010
4.0438

4.7271
4.7292
4.7182
4.7232
4.7630

3.1732
3.1748
3.1673
3.1683
3.1883

70.9081
71.0044
70.5095
70.6787
72.3324

Figure 3. SEM images of pure, Fe-doped and surfactant-assisted Fe-doped SnO2 NPs: (A1) SnO2, (C1) Fe:SnO2,
(C2) Fe:SnO2:CTAB, (C3) Fe:SnO2:SDS and (C4) Fe:SnO2:Triton.

of the particles were about 150–250 nm. The interplanar
spacing (dhkl) well matched with XRD results and standard
JCPDS values. The lattice planes of CTAB-assisted Fedoped SnO2 NPs with their d-spacing attributed to the
tetragonal phase are shown in table 2 which are evenly
distributed as depicted in figure 4 [43].

3.4

EDAX analysis

The elemental compositions of all synthesized samples
were studied using EDAX analysis (figure 5). The identified
peaks confirmed the presence of Fe, Sn and O and also
illustrated that Fe element was doped on the lattice point of

tin oxide [44]. A weight percentage of elemental composition of the synthesized samples is predicted in table 3.

3.5

UV and photoluminescence spectral analysis

UV–visible spectroscopy was used to find out the optical
transmission characteristics and band gap energy of all
samples. The UV–visible study was carried out under the
transmittance conditions of wavelength range between 200
and 800 nm. The graph plotted between wavelength and
transmittance for the synthesized NPs are shown in figure 6.
It was noted that all samples show a significant transmittance in the visible region and the transmittance of

Bull Mater Sci

Figure 4.
Table 2.

(2020) 43:212

212

HRTEM images of CTAB-assisted Fe-doped SnO2 NPs.

d values of CTAB-assisted Fe-doped SnO2 NPs.

Reported JCPDS d values (Å)
3.3470
2.6427
2.3690
1.7641
1.4392

Page 5 of 10

XRD d values (Å)

HRTEM d values (Å)

Lattice planes (hkl)

3.33979
2.63113
2.36063
1.75938
1.42575

3.4054
2.6427
2.369
1.790
1.4324

110
101
200
211
112

Figure 5. EDAX images of pure, Fe-doped and surfactant-assisted Fe-doped SnO2 NPs: (A1) SnO2, (C1) Fe:SnO2,
(C2) Fe:SnO2:CTAB, (C3) Fe:SnO2:SDS and (C4) Fe:SnO2:Triton.
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Table 3. Elemental composition of pure, Fe-doped and surfactant-assisted Fe-doped SnO2 NPs.

Table 4. Band gap energy of pure, Fe-doped and surfactant-assisted Fe-doped SnO2 NPs.
Sample

Weight (%)
Sample

Sn L

OK

Fe K

Total

SnO2 (A1)
Fe:SnO2 (C1)
Fe:SnO2:CTAB (C2)
Fe:SnO2:SDS (C3)
Fe:SnO2:Triton (C4)

57.13
61.23
62.23
66.45
63.46

42.87
37.10
36.02
31.64
34.47

—
1.67
1.75
1.91
2.07

100
100
100
100
100

Figure 6. Transmittance spectra of pure, Fe-doped and surfactant-assisted Fe-doped SnO2 NPs: (A1) SnO2, (C1) Fe:SnO2, (C2)
Fe:SnO2:CTAB, (C3) Fe:SnO2:SDS and (C4) Fe:SnO2:Triton.

(2020) 43:212

SnO2 (A1)
Fe:SnO2 (C1)
Fe:SnO2:CTAB (C2)
Fe:SnO2:SDS (C3)
Fe:SnO2:Triton (C4)

Band gap energy (eV)
3.487
3.741
3.845
3.783
3.552

Figure 8. PL spectra of pure, Fe-doped and surfactant-assisted
Fe-doped SnO2 NPs: (A1) SnO2, (C1) Fe:SnO2, (C2) Fe:SnO2:
CTAB, (C3) Fe:SnO2:SDS and (C4) Fe:SnO2:Triton.

Figure 7. Plot of (ahm)2 vs. hm from UV data for pure, Fe-doped
and surfactant-assisted Fe-doped SnO2 NPs.

Figure 9. FT-IR spectra of pure, Fe-doped and surfactantassisted Fe-doped SnO2 NPs: (A1) SnO2, (C1) Fe:SnO2, (C2)
Fe:SnO2:CTAB, (C3) Fe:SnO2:SDS and (C4) Fe:SnO2:Triton.

Fe-doped and surfactant-assisted Fe-doped tin-oxide NPs
were found to increase compared to pure SnO2 NPs.
Figure 7 depicts the Tauc’s plot curve for pure, Fe-doped
and surfactant-assisted Fe-doped NPs. The energy gaps in

all samples are calculated using the following expression
[45]:

ð4Þ
ðahmÞ2 / A hm  Eg ;
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Assignments of frequencies of FT-IR spectra of the synthesized NPs.

SnO2 (A1)

Fe:SnO2 (C1)

Fe:SnO2:CTAB (C2)

Fe:SnO2:SDS (C3)

Fe:SnO2:Triton (C4)

Assignments of
frequencies

638.44
1026.13
1069.62
1126.43
1233.73
1448.54

636.51
1029.99
1126.43

648.08
1136.07

634.58
1031.92
1126.43

642.3
1029.99
1122.57

Sn–O–Sn stretching
O–Sn–O
C–O stretching

1543.05

1535.34

1537.27

1463.97
1527.62

1625.99

1649.14

1647.21

1639.49

1639.49

2927.94
3414

2929.87
3415.93

2941.44
3433.29

2927.94
3421.72

2927.94
3429.43

N–H stretching
(NH deformation
of ammonia)
C=C stretching,
O–H bending
Vibration
O–H stretching
Vibration

Figure 10. Schematic representation of photocatalytic mechanism of MB dye.

where hm is the photon energy and a is the absorption
coefficient.
It was observed from the Tauc’s plot that the band gap
energy was shifted from 3.487 to 3.845 eV in pure, Fedoped and surfactant-assisted Fe-doped SnO2 NPs. It was
found from the literature survey that band gap energy of
pure tin-oxide NPs is between 3.5 and 3.8 eV [46]. The
increase in the band gap energy of Fe-doped and surfactantassisted Fe-doped SnO2 NPs is mainly due to the increase in
oxygen vacancies [47,48]. It has been noted that CTABassisted Fe-doped SnO2 NPs have more optical conductivity
compared to the other samples (table 4).
Figure 8 shows the PL spectra of pure, Fe-doped and
surfactant-assisted Fe-doped SnO2 NPs at an excitation
wavelength of 325 nm at room temperature. At 450 nm, the
spectra show a strong UV emission peak for all samples. A
decrease in emission peak was noted whereas addition of Fe
and surfactants induced a little shift towards lower wavelength due to the presence of Fe dopant which causes lattice

Figure 11. Photo-degradation of the samples: (A1) SnO2, (C1)
Fe:SnO2, (C2) Fe:SnO2:CTAB, (C3) Fe:SnO2:SDS and (C4)
Fe:SnO2:Triton.

defects [49,50]. In particular, Triton-mediated Fe-doped
SnO2 NPs exhibited a high intensity emission peak compared to Fe-doped and SDS- and CTAB-mediated Fe-doped
SnO2 samples; this may be due to a decrease in crystallite
size and less intensity than those of pure SnO2 NPs [51].

3.6

FT-IR analysis

Functional groups and detail of chemical bonding for the
existed elements in the synthesized NPs were studied by
FT-IR spectroscopy. Figure 9 illustrates the characteristic
peaks between 634 and 648 cm-1 which were attributed to
the O–Sn–O and Sn–O–Sn stretching vibration modes [52]
and the band in the 2500–3700 cm-1 region belongs to a
specific frequency of the stretching mode of water
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Figure 12. UV absorbance of MB as a function of irradiation time for pure, Fe-doped and surfactant-assisted Fe-doped SnO2 NPs.

molecules [53,54]. The absorption peak appeared at
1625.99 cm-1 corresponds to the C=C stretching [55]. Fedoped and surfactant-assisted NPs revealed the strong
absorption band nearer 550 cm-1 which is attributed to the
Fe–O stretching mode [35]. However, CTAB-assisted Fedoped SnO2 NPs show deviation towards lower wavenumber due to surface morphology (table 5).
3.7

Photocatalytic mechanism

A photocatalysis-based removal process has recently been
attracted researchers as a probable resolution for environmental pollution problem. In the photocatalytic degradation
process, electron (e-) and hole (h?) pairs are generated if
the semiconductor photocatalysts absorb light energy equal
to or greater than its band gap energy as referred by
Alshabanat et al [56]. The free radicals such as hydroxyl
(*OH) radicals generated by the electron–hole pairs are
supposed to be involved in the photocatalytic reaction as
oxidizers of organic pollutants.
Heterogeneous photocatalysis emerged as a promising
destructive tool among the new oxidation methods or
advanced oxidation processes [57], following the frequently
proposed mechanism. After excitation of light, a photogenerated excited electron in the filled valence band (VB) of
the semiconductor (photocatalyst) is transferred to the

empty conduction band (CB) with the simultaneous
formation of holes (h?) in the VB (equation 5) and allows
the oxidation of dye molecule as shown in equation (6). The
holes (h?) in the VB react with water directly (equation 7)
or with surface hydroxyl ions (OH-) (equation 8) to form
the highly reactive hydroxyl radicals (OH*) and the oxygen
molecules are reduced by electrons in the CB to superoxide
radicals (equation 9) which leads to the formation of
hydroxyl radicals (OH*) (equation (10)).
The hydroxyl radicals (OH*) oxidize the organic pollutants (MB) to produce degraded products as follows. Sudha
and Ranjitha [58] explained the photocatalytic mechanism
of samples against MB dye:

þ
ð5Þ
SnO2 þ hm ¼ SnO2 e
CB þ hVB

þ

hþ
! oxidation of dye molecule
VB þ dye ¼ dye
hþ
VB




ð6Þ
þ

þ H2 O ! H þ OH





hþ
VB þ OH ! OH

e
CB


þ O2 ! O

O þ H2 O !

ð8Þ



HO
2

ð7Þ

ð9Þ
þ OH



OH þ Organic molecules þ O2
! Degraded productsðCO2 þ H2 OÞ:

ð10Þ
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The recombination of hole and electron may reduce the
photocatalytic activity of the prepared photocatalyst:
þ
e
CB þ hVB ! SnO2 :

It has been recognized that the hydroxyl radical OH* is an
active species for the degradation of many organic compounds [58].
The schematic representation of the photocatalytic
mechanism for MB dye by using Fe-doped SnO2 catalyst is
shown in figure 10.

3.8

Photocatalytic activity measurements

Based on the ability of degradation of MB dye under visible
light irradiation, the catalytic property of pure, Fe-doped
and surfactant-assisted Fe-doped SnO2 NPs was evaluated.
Figure 11 shows the influence of the photocatalyst on the
degradation of MB dye with the irradiation time.
Figure 12 elucidates the modification in the absorption
spectra of the prepared Fe-doped SnO2 nanoparticles with and
without surfactants during MB photo-degradation. It was
found that at 660 nm, the intensity of adsorption peak
decreases as the irradiation time increases in all samples [59].
Maximum dye (MB) degradation was observed above 120
min in pure SnO2 NPs; whereas the degradation was decreased
in Fe-doped and surfactant-assisted Fe-doped SnO2 NPs. The
degradation of dye was found to be 43% (C1), 25% (C2), 28%
(C3) and 49% (C4) respectively. The photocatalytic property
depends on the morphology, energy gap and particle size of
NPs [31]. Moreover, the band gap energy is high in Fe-doped
and surfactant-assisted Fe-doped SnO2 samples compared to
pure SnO2 sample, resulting in less photocatalytic activity due
to generation of less h?–e- couples [60].
The catalytic reusability is one of the essential parameter
in the process of photocatalysis, as it significantly affects
the cost of treatment process [61]. In the first cycle, the dye
degraded almost completely within 120° min and showed a
53% degradation in the first cycle for pure SnO2 NPs,
whereby, after the first cycle of catalysis, the solid phase
was recovered from the MB solution. Using double-distilled
water, the catalyst was washed and centrifuged for 15 min.
The obtained sample was completely dried and then reused in a freshly prepared MB solution and the photocatalysis was repeated. Three cycles of such photocatalysis
were performed with the same batch of catalyst to evaluate
the reusability of the catalyst, and in each cycle a fresh MB
solution was used. The recycled pure SnO2 NPs clearly
exhibited less degradation efficiency during all exposure
intervals. A similar effect was observed for the Fe-doped
and Fe-doped surfactant-assisted SnO2 samples. Based on
the earlier reports, the downtrend of photocatalytic degradation for recycled SnO2 NPs could be a result of decrease
of oxygen vacancies during the heat-treated recycled process due to a decrease of UV–visible absorption.
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Conclusion

Pure, Fe-doped and surfactant-assisted (CTAB, SDS and
Triton) Fe-doped SnO2 NPs were synthesized by a simple
co-precipitation method. XRD spectra revealed the crystalline nature and tetragonal phase of SnO2 NPs. The
crystallite size of Fe-doped and surfactant-assisted Fedoped SnO2 NPs were found to decrease compared to those
of pure SnO2 NPs. A uniform spherical morphology was
observed in all synthesized samples from SEM and HRTEM
images. The presence of Sn, O and Fe ions was identified by
EDAX analysis. Using Tauc’s expression, the band gap
energy of the synthesized NPs was measured to be 3.487,
3.741, 3.845, 3.783 and 3.552 eV for pure, Fe-doped and
surfactant-assisted Fe-doped SnO2, respectively. A strong
UV emission peak from the PL spectra and high photocatalytic property were observed in the pure SnO2 sample
compared to Fe-doped and surfactant-assisted Fe-doped
SnO2 samples.
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