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ab s t r ac t
The photocatalytic oxidation of organic dye molecules is an active area of present day’s research. In 
this context, a new visible-light-driven photocatalyst of Bi–N codoped SnO2 nanoparticles was pre-
pared by hydrothermal method. The structural, morphological and optical properties were character-
ized by using UV–visible-diffuse reflectance spectroscopy, Fourier transform infrared spectroscopy, 
X-ray diffraction, scanning electron microscopy, energy dispersive X-ray spectroscopy, transmission 
electron microscopy, Brunauer–Emmett–Teller and X-ray photoelectron spectroscopy analysis. Bi–N 
codoped SnO2 showed an enhanced photocatalytic activity for the degradation of crystal violet by 
facilitating electron–hole pair separation. The highest crystal violet degradation was found in 97% 
(with 72.8% chemical oxygen demand removal) achieved with Bi, N–SnO2 concentration of 0.2 g/L, 
initial dye concentration 5 µM, pH 7 and irradiation time 180 min. Bi, N codoping in tin oxide had 
synergetic effect in enhancing its photocatalytic activity. The effects of doping on the SnO2 nanoparti-
cles included reduced energy band gap, high crystalline and small crystallite size as well as increased 
photocatalytic activity.
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1. Introduction

Photocatalysis using metal oxide as catalysts has been 
widely studied for promoting degradation of organic pollut-
ants. Over the past decade to up to date, semiconductor photo-
catalyst has become more and more attractive and important, 
since they have great potential to contribute to environmental 
remediation with the development of industry and economy 
of human society [1–3]. Among various oxide semiconductors, 
tin oxide (SnO2) is one of the most promising materials to be 
investigated today. This is because tin oxide is a well-known 
n-type wide band gap (3.6 eV) semiconductor [4] and for its 

potential application in transparent conducting electrodes, 
photochemical and photoconductive devices in liquid crystal 
display, gas discharge display and lithium-ion batteries [5]. 
The valence band (VB) of SnO2 lies at about 3.6 eV and situ-
ates at the deepest level in comparison with TiO2, ZnO, WO3, 
Fe2O3 and Bi2O3, indicating the fact that the photoholes in the 
VB of SnO2 have super strong oxidative power to decom-
pose most organic compounds. The present process, photons 
and energies corresponding to or exceeding the energy band 
gap of the semiconductor catalyst can excite electrons from 
the VB to the conduction band (CB), producing high-energy 
electron–hole pairs. SnO2 react with water and dissolving oxy-
gen to produce OH• free radicals with high chemical activity 
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and with the pollutant molecules adsorbed on the surface of 
SnO2 photocatalyst. Recently, massive efforts have been taken 
to modify the photocatalytic activity of SnO2 and make it suit-
able for receiving source light such as doping with nonmetals, 
metals and coupling with other metal oxides [6–11].

One of the most significant routes to modify the features 
of the SnO2 is the introduction of dopant material in the 
parent system. It has been revealed that several dopants (Cr, 
Co, Mn, Al, Mg, Cu, Fe, Ce and La) can escort to enhance 
the surface area of SnO2 nanostructure [12,13]. Anionic spe-
cies such as nitrogen, carbon and sulfur were identified to 
potentially form new impurity levels close to the VB or CB 
of SnO2, thereby lowering the band gap and shifting the 
absorption edge to the visible region. Codoping approaches 
have shown that a second element confers a synergistic sen-
sitizing effect to nonmetal-doped SnO2, thereby enhancing 
visible-light-induced photocatalytic activity. Recently, Asahi 
and Ohwaki [14] reported that doping TiO2 with N could 
cause a narrowing in the TiO2 band gap due to the mixing of 
p states of n with O 2p states of TiO2, and hence induce visi-
ble light activity. This has been illustrated in several system 
such as Ag–SnO2 [15], N–SnO2/TiO2 [16], Ce–Sb–SnO2 [17], 
N-doped SnO2 [18], S- or N-doped TiO2 [19], N, La–TiO2 [20].

However, up to now the detailed study of the structural, 
morphological and optical properties of hydrothermal synthe-
sized bismuth and nitrogen codoped SnO2 nanoparticles is still 
scantly. The aim of the work was to investigate and to map 
out the possibilities of utilizing the photocatalytic activity of 
Bi, N codoped SnO2 nanoparticles for the removal of crystal 
violet (CV) and all of the prepared nanoparticles are found to 
have high photodegradation efficiency. The as-synthesized 
nanoparticles were characterized using UV–visible-diffuse 
reflectance spectroscopy (UV–Vis-DRS), Fourier transform 
infrared spectroscopy (FTIR), X-ray diffraction (XRD), scan-
ning electron microscopy (SEM), energy dispersive X-ray 
spectroscopy (EDX), transmission electron microscopy (TEM), 
Brunauer–Emmett–Teller (BET) method and the average pore 
size determined using the Barrett–Joyner–Halenda (BJH) 
model and X-ray photoelectron spectroscopy (XPS) tech-
niques. Furthermore, the photodegradation was also assessed 
in terms of chemical oxygen demand (COD). The effects of 
doping on these nanoparticles included reduced energy band 
gap, high crystalline of anatase phase, and small crystallite size 
as well as increased photocatalytic activity. The new photocat-
alysts have potential applications in environmental remedia-
tion. A possible mechanism for the photodegradation of CV 
over Bi, N–SnO2 was also discussed in this contribution.

2. Experimental setup

2.1. Reagents

Fig. 1 shows the structure of CV. Stock solution of CV was 
prepared by dissolving the CV in water. All chemicals used 
were of reagent grade and used without further purification. 
Deionized, doubly distilled water was used throughout this 
study.

2.2. Synthesis of Bi–N–SnO2 nanoparticles

All samples were prepared using uniform proce-
dures. Bismuth and nitrogen doped and codoped tin oxide 

nanoparticles have been synthesized by a hydrothermal 
route. 0.01 M solution of SnCl2.5H2O, BiNO3.5H2O and 
urea were prepared with a molar ratio X = Bi/(Bi + Sn) and 
N/(N + Sn) by proper dissolving into deionized water. 15% 
ammonium hydroxide solution is added to the aqueous solu-
tion containing the tin chloride. Under vigorous stirring and 
adding concentrated HCl to adjust pH. The precipitate is 
refluxed for 1 h at 60°C. The resulting mixtures are allowed 
to stand at room temperature. Subsequently, the precipitates 
were washed several times with distilled water to remove 
residual and unwanted impurities. The final product is dried 
in an air hot oven at 100°C for 2 h and calcined for 2 h. Finally, 
the nanoparticles were calcined at 200°C for 2 h, and the sam-
ples denoted as SnO2, Bi–SnO2 and N–SnO2 and Bi–N–SnO2, 
respectively.

2.3. Characterization techniques

The optical properties were investigated using a 
UV–Vis-DRS were recorded in air at room temperature 
in the wavelength range of 200–800 nm using Shimadzu 
UV-2450 spectrophotometer. BaSO4 was used as a reference 
with spectral reflectance standard in the wavelength range 
of 200–800 nm. The FTIR transmittance spectra of the sam-
ples were also analyzed using FTIR spectrometer JASCO-460 
plus. The XRD measurements were carried out on a XPERT 
PRO X-ray diffractometer, using a Cu Kα (λ = 0.15406 nm) 
irradiation at 45 kV and 40 mA. SEM studies were carried out 
with a JSM 6701F-6701 scanning electron microscope oper-
ated to observe the surface morphology of the nanoparticles. 
Surface elemental composition was analyzed using an EDX 
attached to the SEM. TEM analysis was performed under 
TEM-TECNAI G2 model to observe the surface morphology, 
structure and grain size of the nanoparticles. The surface area 
was measured on approximately 250 mg of the samples using 
Kr at the liquid nitrogen temperature using a Micromeritics 
ASAP 2020 apparatus. Before the measurements, the samples 
were degaussed at 350°C for 18 h. The values of the surface 
areas were determined by the BET analysis of the physisorp-
tion isotherms. XPS measurements were taken in AXIS-
NOVA system, equipped with a nonmonochromatic Al Kα 
(1,486.6 eV) X-ray source.

2.4. Evaluation of photocatalytic activity

CV was chosen as model pollutant. 300 mL of CV with an 
initial concentration of 5 µM aqueous solution and 0.2 g of 

Fig. 1. Structure of crystal violet (CV).
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Bi–N–SnO2 photocatalyst were fed into immersion type pho-
toreactor; isothermal water flowing in and out through the 
space between the walls controlled the reaction temperature 
at 25°C. A xenon arc lamp operated at 300 W was used as the 
light source. Prior to illumination, the suspension was stirred 
in the dark for 30 min to achieve an adsorption–desorption 
equilibrium state [21–23]. Then, the suspensions contain-
ing CV and photocatalyst were irradiated using the xenon 
light with continuous stirring. Analytical samples were 
drawn from the reaction suspensions after every 10 min 
reaction and then centrifuged at 10,000 rpm for 10 min. 
The CV concentrations of the filtrates were analyzed by 
UV–Vis spectroscopy (400–800 nm) at its maximum absorp-
tion wavelength of 590 nm. The photodegradations of CV 
were calculated by the following formula:

Photodegradation (%) o

o

=
−C C

C
×100  (1)

where Co is the concentration of CV before irradiation time and 
C is the concentration of CV after a certain irradiation time.

3. Results and discussion

3.1. XRD

The crystal structure of Bi–N–SnO2 greatly affects its 
photocatalytic activity. Fig. 2 shows the XRD pattern of 
as-synthesized SnO2, Bi–SnO2, N–SnO2 and Bi–N–SnO2 
nanoparticles calcined at 200°C for 2 h. However, the XRD 
patterns of the single element-doped SnO2 (Bi–SnO2 and 
N–SnO2) and codoped SnO2 (Bi–N–SnO2) consists of the metal 
ion peaks. For SnO2 doped with Bi and N, the diffractograms 
show no additional peaks that can correspond to secondary 
phases of the doping of nitrogen, this is because of the low 
concentration of nitrogen; but it is evident that the doping 
does not lead to drastic changes in the SnO2 structure. For the 
SnO2 all the diffraction peaks can be indexed as the typical 
tetragonal primitive with lattice constants in agreement with 
the values in the standard card (JCPDS No. 88-0287). No other 
diffraction peaks are detected in the SnO2. Crystallite sizes 
belonging to different directions are calculated from XRD 
data using Scherrer’s theorem. Crystallite sizes of pure SnO2, 
Bi–SnO2, N–SnO2 and Bi–N–SnO2 were found to be 30.86, 
24.26, 17.67 and 10.42 nm, respectively. The average particle 
size of all the nanoparticles was tabulated in Table 1. The crys-
tallite size was decreased on codoped SnO2 comparing with 
SnO2 and doped SnO2 nanoparticles. The crystalline sizes were 
estimated from XRD peaks using the Scherrer equation [24]:

D K
Cos

=
λ

β θ
 (2)

where D is crystalline size, K is the shape factor equals to 0.89, λ 
is the wavelength of X-ray radiation (Cu Kα = 0.15406 nm), 
β is the angle with at half maximum height and θ is the half 
diffraction angle.

3.2. UV–Vis-DRS

The spectra were taken in the wavelength range of 
200–800 nm for studying the optical properties of the SnO2, 
Bi–SnO2, N–SnO2 and Bi–N–SnO2 as-synthesized nanoparti-
cles were shown in Fig. 3(a). The band gap energy values of 
different samples were calculated using the Tauc’s relation 
[25,26]:

αhv A hv Eg
n

= −( )  (3)

where n is a constant which depends on the probability of 
transition; it takes the values n = 1/2 for indirect allowed 
transitions, respectively. Fig. 3(b) shows variation of (αhν)2 
vs. hν, the straight line in the higher energy domain, 
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Fig. 2. XRD patterns of SnO2, Bi–SnO2, N–SnO2 and Bi–N–SnO2.

Table 1
XRD particle size (nm), TEM particle size, band gap (Eg, eV), surface area (m2/g) and morphology of SnO2, Bi–SnO2, N–SnO2 and 
Bi–N–SnO2

Samples XRD particle size (nm) TEM particle size (nm) Band gap, Eg (eV) Surface area (m2/g) Morphology

SnO2 30.86 – 3.32 16.02 Uniform, global and 
slightly agglomerated 
with nanoaggregates

Bi–SnO2 24.26 – 3.15 35.73 

N–SnO2 17.67 – 2.79 35.06

Bi–N–SnO2 10.42 11.0 2.59 140.43 
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indicating a direct optical transition. The band gap energy Eg 
was obtained by extrapolating the linear portion of the graph 
to energy axis at α = 0. The dopants affected the UV–Vis-DRS 
spectra by inhibiting recombination of electron–hole pairs, 
especially in the case of N doping. The major effect of N dop-
ing on the absorption spectra enhanced absorption at long 
wavelength regions (>500 nm) in the N-doped SnO2, which 
might be useful in enhancing the photocatalytic visible light 
activities of these materials. An increasing amount of Bi led 
to higher absorbencies in the visible region, emphasizing the 
synergistic effect of codoping in enhancing visible light activ-
ity. The optical band gaps were 3.32, 3.15, 2.79 and 2.59 eV for 
the pure SnO2, Bi–SnO2, N–SnO2 and Bi–N–SnO2 nanoparti-
cles, respectively. The narrow band gap, caused by localized 
N 2p states in the band structure in the form of substitutional 
and interstitial N states, allowed the enhancement of visible 
light photocatalytic activity. After Bi and N codoping to the 
SnO2, the photoabsorptions of photocatalyst enhanced spe-
cifically in the range of 400–800 nm. It could be seen that the 
red shift in UV–Vis spectra divulge the visible range absorp-
tion with Bi and N codoped SnO2.

3.3. SEM–EDX and TEM

Figs. 4(a)–(d) show the overall surface morphology of 
SnO2, doped and codoped SnO2 nanoparticles. The figures 
reveal that the SnO2 compound consists of large aggregates 
these are transformed to finer aggregates on doping bismuth 
and nitrogen. The images show the agglomeration of homo-
geneous particles with a size distribution of around 1 µm in 
diameter. The SEM investigations of all samples reveal the 
crystallites nature of nanoparticles.

Figs. 5(a)–(d) show the EDX spectra of the prepared 
products, the elemental composition of the samples such 
as Sn, Bi, N and O are examined using EDX analysis, which 
confirm the availability of dopants Bi and N on the SnO2 

Fig. 4. SEM image of (a) SnO2, (b) Bi–SnO2, (c) N–SnO2 and (d) Bi–N–SnO2.
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matrix. It could be observed that Bi and N had been success-
fully doped in the SnO2 crystal lattice. The atomic percentage 
of Bi and N are almost equal to their nominal stoichiometry 
within the experimental error.

Fig. 6 shows typical TEM images of Bi–N–SnO2 nanopar-
ticles. It was obvious from TEM micrographs that the mor-
phology of the particles are found to be nearly spherical in 
shape and form the images it is also evident that in the pres-
ent synthesized samples agglomeration was decreased with 
uniform distribution of particles by the doping of Bi and N 
to the host matrix. The average size of nanoparticles obtained 
from TEM analysis is in the range of 11.0 nm, which is slightly 
higher than the crystallite size calculated from XRD spectra.

3.4. BET analysis

Figs. 7(a)–(d) show the BET specific surface areas of 
the SnO2, Bi–SnO2, N–SnO2 and Bi–N–SnO2 nanoparticles 
and the values are reported in Table 1. The surface area of 
SnO2, Bi–SnO2, N–SnO2 and Bi–N–SnO2 for 16.02, 35.73, 
35.06 and 140.43 m2/g, respectively. Undoubtedly codoping 
led to the enhancement of the BET surface area. Moreover 
the codoping had an influence on the surface area of SnO2 
photocatalysts. As in the literature, the reaction of photocata-
lytic activity that occurs on the surface area of photocatalyst 

affects the reaction rate. The codoped SnO2 nanoparticles fol-
low the type-IV isotherms indicating that the samples have 
mesoporous structure [27]. High specific surface area of Bi, 

Fig. 5. EDX data of (a) SnO2, (b) Bi–SnO2, (c) N–SnO2 and (d) Bi–N–SnO2.

Fig. 6. TEM image of Bi–N–SnO2.
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N–SnO2 will provide more active site for the photocatalytic 
reaction with dye molecules and enhance the interfacial reac-
tion process. This phenomenon favors the enhancement in 
photocatalytic activity [28,29].

3.5. XPS

Figs. 8(a)–(d) represent the XPS spectrum of Sn 3d, O 
1s, Bi 4f and N 1s in synthesized Bi–N–SnO2. It is used to 
investigate the elemental composition and chemical states of 
bismuth, nitrogen, oxygen and tin. The peaks at 485.34 and 
491.06 eV in Fig. 8(a) can be attributed to Sn 3d5/2 and 3d3/2 of 
SnO2 while the peak at 530.81 eV (Fig. 8(b)) belongs to O 1s 
of SnO2. The peaks at 165.19 and 159.9 eV (Fig. 8(c)) can be 
assigned to Bi 4f7/2 and 4f5/2 whereas the peaks at 403.13 eV 
(Fig. 8(d)) is attributed to N 1s in Bi–N–SnO2.

3.6. Measurement of photocatalytic activity

The photodegradation of CV is used to evaluate the pho-
tocatalytic activity of SnO2, Bi–SnO2, N–SnO2 and Bi–N–SnO2 
nanoparticles. The photocatalytic activities of all the samples 

under visible light irradiation are shown in Fig. 9. The pho-
todegradation was also measured in dark and in the absence 
of catalyst, the degradation is negligible. Vignesh et al. [30] 
demonstrated the increment in surface area of nanoparti-
cles could make the more photoactive site then smaller one, 
the time required for adsorption–desorption equilibrium 
between the pollutant and photocatalyst was 30 min. We 
observed that the changes of photocatalytic activity of Bi–N 
codoped SnO2 are attributed to the Bi–N structure and oxy-
gen vacancy. First, because the oxygen vacancies give rise to 
the local states below the conduction edge and the intersti-
tial N atoms induce the local states near the VB edge, both 
the doped atoms and the O2 vacancies in the lattice of SnO2 
can extend its light absorption from UV to visible range. CV 
with an initial concentration of 5 µM under visible light for 
various irradiation times. The results revealed that the metal 
and nonmetal codoped SnO2 showed higher photocatalytic 
activity than that of Bi–N–SnO2. In addition, photocatalytic 
activity of the prepared nanoparticles can be ranged in the 
following order: Bi–N–SnO2 > Bi–SnO2 > N–SnO2 > SnO2 that 
is Bi–N–SnO2 nanoparticles displayed highest photocatalytic 
of 97% for CV can be degraded in 180 min. The ultimate 
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photocatalytic activity is obtained in the codoped SnO2 
nanoparticles, which can be explained due to the synergistic 
effects of Bi and N doping. The amount of CV was plotted as 

a function of irradiation time. It is clear, that the photodegra-
dation of CV in the presence of the Bi–N–SnO2 led to the deg-
radation of the compound in Fig. 10. The degradation of the 
590 nm absorption band suggests the chromophore respon-
sible for the characteristic color of the dye was being broken 
down. The photodegradation of CV in the presence of the 
prepared catalyst follows pseudo-first-order kinetic equation 
and it can be expressed as follows [31]:

− =ln( )C C kt/ 0  (4)

where C0 is the initial concentration of CV at t = 0 min, C is the 
concentration of CV at irradiation time t and k is the rate con-
stant. The plot of –ln(C/C0) vs. irradiation time t is depicted 
in Fig. 11. And a linear relationship is observed. The rate con-
stant (k) was calculated from the slopes and it was found to 
be 1.0 × 10–3 s–1, 3.0 × 10–3 s–1, 6.0 × 10–3 s–1 and 2.3 × 10–2 s–1 for 
SnO2, Bi–SnO2, N–SnO2 and Bi–N–SnO2, respectively.

3.7. Mechanism of degradation

As mechanistic scheme of the photocatalytic degra-
dation by Bi–N–SnO2 photocatalysts is shown in Fig. 12. 
When semiconductor is illuminated by UV irradiation, a VB 
electron goes to CB leaving a hole in VB. Generally, these 
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electron–holes are recombined to reduce the photocatalytic 
activity of semiconductors. But the presence of Bi and N trap 
the electron from CB of SnO2. Simultaneously, it suppresses 
the electron–hole recombination. It is well established that 
Bi traps the electrons from CB of SnO2. The ‘N’ doping also 
expresses the electron–hole recombination by electron trap-
ping. In N-doped SnO2 interband-gap states are formed 
above the VB. The holes generated migrate to the surface 
where they scavenge water molecules or OH ions to form 
OH radicals mineralize any adsorbed organic molecules. 
The trapped electrons by Bi and N product more number of 
superoxide radical anion and at the same time VB holes of 
SnO2 react with water is produce highly reactive hydroxyl 
(OH) radical. The superoxide radical anion and hydroxyl 
radical are used for the degradation of dye. The doping Bi 
as Bi4+/Bi3+ presented on the surface of N–SnO2 photocatalysts 
can act as electron traps and enhance the charge separation 
and further improve the photocatalytic activity of Bi–N–SnO2 
predominantly. The synergistic effects of Bi and N doping, 
in which the N doping cause the visible light response and 
improves the quantum yield and photocatalytic activity of 
SnO2, and Bi doping cause the enhancement of the separation 
of photogenerated charge carriers [32].

3.8. Effect of Bi–N–SnO2 dosage

In order to optimize the dosage of catalyst, experiments 
were carried out with from 0.125 to 0.25 g/L, at constant CV 
concentration of 5 µM and the results were shown in Fig. 13. 
The photodegradation efficiency of CV is negligible (5.15%) 
without addition of photocatalyst during 180 min irradiation. 
The photodegradation of CV increases with increase of cata-
lyst from 0.125 to 0.20 g/L. This is due to the increase of total 
active surface area and the availability of more active sites on 
the catalyst surface for photoreaction. However, the high cat-
alyst dosage (0.25 g/L) increases the turbidity of the suspen-
sion, leading to a shielding effect on the penetration of light. 
Therefore, the absorption of light by the catalyst is limited 
and the surface area also reduced due to agglomeration of 
the catalyst at high catalyst dosage [33,34].
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Fig. 12. Proposed visible-light-induced photocatalytic 
mechanism of Bi–N–SnO2.

 

-30 0 30 60 90 120 150 180 210

0.0

0.2

0.4

0.6

0.8

1.0

Ad
so

rp
tio

n 
in

 d
ar

k

CV
 C

/C
0

Time (min)

 without catalyst
 0.125 g/L
 0.150 g/L
 0.175 g/L
 0.2 g/L
 0.25 g/L

Fig. 13. Effect of dosage on the photodegradation of CV.



R. Arunadevi et al. / Desalination and Water Treatment 78 (2017) 330–340338

3.9. Effect of pH in photodegradation

pH is an important factor that influences the photodegra-
dation process. The effect of pH on the photodegradation of CV 
was studied in the range of 5–9 with an initial CV concentration 
of 5 µM and Bi–N–SnO2 dosage of 0.2 g/L and the results were 
displayed in Fig. 14. The photodegradation of CV increases 
when the pH is increased from 5 to 7 and then decreases at 
the pH 9. This is due to the change in electrostatic attraction 
or repulsion between dye molecules and catalyst. CV is a cat-
ionic dye and therefore the electrostatic attraction between the 
dye molecules and catalyst is greatly improved at pH 7 [35]. 
The adsorption of H2O molecules at the semiconductor surface 
followed by the dissociation –OH groups, leading to coverage 
with chemically equivalent metal hydroxyl group (M–OH) [36].

3.10. Effect of initial dye concentration

The effect of initial CV concentration was investigated 
in the presence of 0.2 g/L of Bi–N–SnO2 at a pH 7 by vary-
ing concentration from 5 to 15 µM is displayed in Fig. 15. 
As the initial CV concentration increases, the degradation 
percentage decreases. This is due to the following reasons: 
at high dye concentration, the generation of active species on 
the photocatalyst surface is reduced because the active sites 
are completely covered by the dye molecules. According to 
Beer–Lamberts law the path length of photons entering into 
the dye solution decreases. The generation of reactive species 
also remains constant at fixed catalyst concentration.

3.11. COD analysis

The COD is commonly used as an effective technique 
to assess the degree of mineralization reached during the 
photocatalytic treatment [37]. The COD was determined by 
standard dichromate method [38] and the results are shown 
in Fig. 16. Also, COD removal efficiency of the CV under opti-
mized conditions (CV concentration 5 µM, catalyst dosage 
0.2 g/L, pH 7) was studied at the reaction time of 180 min and 
72.8% COD removal efficiency was obtained. The experimen-
tal result might be interpreted by assuming that most of the 
solute was completely mineralized in the photocatalytic pro-
cess. Moreover, the removal of the COD does not also embody 
completely the mineralization of CV. The results indicated that, 
during the photodecolorization process, most of organic matter 
degrades to smaller species (especially inorganic compounds) 
and hence the required COD decreases [39]. The percentage 
removal efficiency was calculated by the following formula

% of COD removal
COD COD

COD
blank CV

blank

=
−

×
[ ]

100  (5)

The BET surface area of codoped photocatalysts was 
higher compared with single element dopant, thus giv-
ing higher available sites for adsorption and degradation 
reaction to take place. It was observed that Bi–N–SnO2 pho-
tocatalyst displayed the highest COD removal. During the 
photocatalytic process, the absorbed photon energy excites 
the electron in the VB and transferred it to the CB, leaving a 
hole in the VB.

-30 0 30 60 90 120 150 180
-0.1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

Ad
so

rp
tio

n 
in

 d
ar

k

CV
 (C

/C
o)

Time (min)

 

 

 pH=5
 pH=7
 pH=9

Fig. 14. Effect of pH on the photodegradation of CV.
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3.12. Comparison with other catalysts

Various SnO2 modified catalysts for removal of pollutant 
in water were reported in literature [40–43] and the present 
investigation are summarized in Table 2.

4. Conclusion

In order to enhance the visible light photocatalytic activity 
of Bi–N–SnO2 nanoparticles for practical environmental reme-
diation, a facile hydrothermal method for the degradation of 
CV in water. The Bi and N can act as electron mediator to effec-
tively inhibit the recombination of photogenerated electron/
hole pairs. The UV–Vis-DRS analysis shows that the codoping 
of Bi and N into SnO2 shifts the absorption band of SnO2 from 
UV to visible region and the band gap energy is reduced for 
codoped catalysts (from 3.32 to 2.59 eV), the largest reduction 
gap was observed for codoped catalysts. SEM and EDX studies 
were done to fully analyze the surface morphology and elemen-
tal composition of the Bi–N–SnO2 nanoparticles having uniform 
agglomeration. Also, EDX and XPS results confirm the existence 
and atomic percentage of all elements present in the as-syn-
thesized catalyst. Bi–N–SnO2 nanoparticles in the size range 
of 11.0 nm were observed in TEM image. The structure of the 
obtained tetragonal SnO2 nanoparticles was also characterized 
by XRD and FTIR analysis. The average particle size of tetrag-
onal nanoparticles obtained by the XRD analysis is 10.42 nm. 
This is good agreement with TEM observation. The UV–Vis 
absorption spectra demonstrated the quantum confinement 
effect. The photocatalytic activity measurement demonstrates 
that the Bi–N–SnO2 photocatalysts show superior photoactivity 
in degradation of CV under visible light irradiation.
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Symbols

C0 —  Concentration of dye before irradiation time
C — Concentration of dye after irradiation time
D — Crystalline size
K — Shape factor
λ — wavelength of X-ray

β — Angle with at half maximum height
θ — Diffraction angle
α — Adsorption coefficient
hν — Light frequency
A — Constant
k — Rate constant
t — Time
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