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In this paper, the effect of the deposition potential on characteristics, phase compositions and photocatalysis 
performances of SnO2 nanostructures obtained by electrodeposition method was studied. A cyclic voltammetry 
was utilized to investigate the electrochemical behaviour of SnO2 deposits. X-ray diffraction (XRD) analysis 
confirms the formation of a polycrystalline phase of rutil SnO2 structures and a deterioration of SnO2 crystallinity 
accompanied with the formation of SnO and Sn phases at a deposition potential of − 1.3 and − 1.5 V vs. SCE. 
Mott-Schottky plots confirm n-type conductivity of SnO2 semiconductor and show high donor densities in the 
order of 1020 cm− 3. The electrochemical impedance spectroscopy (EIS) measurements indicated a high separa-
tion of the photogenerated carriers for SnO2-SnO nanocomposite deposited at − 1.3 V. From field emission 
scanning electron microscopy (FE-SEM) images, a porous and homogenous SnO2 deposit with ultra-fine nano-
particles were observed. Optical transmittance spectra and Tauc plots display a variation of transmittance and 
gap energy with the deposition potential variation. The highest transmittance of 44 % with largest gap energy of 
4.17 eV were obtained for SnO2 nanostructures deposited at − 1.1 V. Photodegradation of MB organic dye using 
SnO2 catalyst was confirmed for all samples and reached a maximum efficiency of 49 % for the SnO2-SnO 
nanocomposite deposited at − 1.3 V.   

1. Introduction 

The metal oxide semiconductor nanostructures are an important 
material which has been used extensively in many interesting applica-
tions. The beneficial characteristics of these materials, at the nanometer 
scale, such as high conductivity, transparency and large specific surface 
area facilitates their application in optoelectronic devices, gas sensors, 
batteries and photo catalysts [1–6]. Materials based on tin dioxide 
(SnO2) nanostructures, such as nanocomposites heterostructures and 
elements doped SnO2 have attracted a great research interest due to 
their excellent properties. The SnO2 is a n-type semiconductor with a 
wide direct band gap (Eg = 3.6 eV at 300 K), a high chemical stability, 
high conductivity and transparency, good electrochemical performance 
and environment-friendly [7–9]. 

A considerable amount of recent literature has been published on the 
exploitation of materials based on SnO2 nanostructures in different ap-
plications. For example, SnO2 nanofibres, SnO2/NiO and Co3Sn2/SnO2 

nanocomposites were utilized as anode material for sodium and 
Lithium-ion batteries, which results in a high and improved cycling 
capacity [9–11]. The SnO2 nanoparticles and nanocrystals were 
employed in the photocatalytic degradation of dye methyl blue (MB), 
rhodamine B (RhB) and ppb-level acetaldehyde; the two materials show 
a high photocatalytic performance [7,12]. As well, Toloman and al. 
reported the application of SnO2-TiO2 nanocomposite heterostructures 
in the degradation of organic pollutants present in aqueous solution 
[13]. Other investigators have examined the Ni-doped SnO2 nano-
particles as a sensor for the ammonia at ambient temperature and the 
SnO2-SnO nanocomposites as a promising gas sensor for NO2 gas 
detection [14,15]. SnO2 quantum dots doped multiphase TiO2 nanorods 
display a high photocatalytic water splitting [16]. In addition, a SnO2/ 
SnO/Sn nanocomposite reveals a high potential to improve the perfor-
mance of Li-ion batteries [17]. 

Although extensive research has been carried out on materials based 
on SnO2 nanostructures, the application of SnO2-SnO-Sn 
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nanocomposites as a photocatalyst has not yet been reported. Further-
more, the studies reported on SnO2 based nanocomposite as photo-
catalyst have employed SnO2 powder suspension dissolved in the dye 
solution to evaluate the photocatalytic efficiency [12,13]. This method 
requires additional centrifuging and filtration of the dye solution after 
the photocatalysis. In contrast, the photocatalytic efficiency of thin films 
is evaluated by a simple immersion in organic dye. 

The novelty of this work is the preparation of SnO2-SnO and SnO2- 
SnO-Sn nanocomposite thin films with high photodegradation efficiency 
by a simple electrodeposition method. In this paper, SnO2 nano-
structures and SnO2-SnO-Sn nanocomposites were electrodeposited on 
ITO substrates by the variation of the deposition potential as a key 
electrochemical parameter. Which can influence the phase composition, 
the physical properties and the photocatalysis performance of the elec-
trodeposited semiconductor? The electrochemical, structural and opti-
cal properties of the obtained samples were characterized by different 
techniques. The photocatalytic activity of SnO2 and SnO2-SnO-Sn 
nanocomposite thin films was studied through the degradation of 
methylene blue dye organic pollutant. 

2. Experimental 

The electrodeposition and the electrochemical measurements 
(Chronoamperometry, Cyclic Voltammetry, Mott-Schottky and Electro-
chemical Impedance Spectroscopy) were carried out in a conventional 
three-electrode cell using a Volta-Lab 40 Potentiostat/Galvanostat 
controlled by a PC. The counter electrode and the reference electrode are 
a platinum wire electrode and a saturated calomel electrode (SCE, 
E◦=0.241 vs HNE), all measurements were versus this reference. 

For the electrodeposition of SnO2 nanostructures, the working elec-
trode was an indium tin oxide coated glass substrate (ITO: sheet resis-
tance of 30 Ω/cm2) of 1 cm2 exposure surface area. The pretreatment of 
the ITO substrates was as described in our previous report [18]. The 
electrodeposition was carried out under potentiostatic mode using 
chronoamperometry technique for 10 min deposition time. The elec-
trolyte aqueous solution was consisting of 0.04 M SnCl2 as precursor, 
0.1 M NaNO3 as supporting electrolyte and 0.1 M HNO3 to maintain an 
acidic pH. The deposition temperature was fixed at 70 ◦C using a ther-
mostatic bath. While, three different depositions potential values were 
applied: − 1.1, − 1.3 and − 1.5 V. After the electrodeposition, the ob-
tained samples were rinsed with distilled water and were dried in air 
under ambient conditions. 

Cyclic Voltammetry (CV) and the Mott-Schottky (M− S) analysis 
were realized at room temperature and the working electrode was the 
SnO2 nanostructures deposited at three different applied potentials. For 
CV study, the substrate was immersed in 0.1 M KCl solution under a 
scanning potential from 0 to − 1.0 V with a scanning rate of 50 mVs− 1. 
From M− S analysis, the conduction type and the donor density were 
identified in 2 M NaNO3 electrolyte under a frequency of 500 Hz. The 
electrochemical impedance spectroscopy (EIS) measurement was per-
formed in aqueous electrolyte of 0.1 M NaNO3 and frequency range from 
50 Hz to10 kHz. 

The morphological characterization was obtained using field emis-
sion scanning electron microscopy (FE-SEM, Joel JSM-7001F). Phase 
identification and crystallographic structure of the samples were 
determined by X-ray diffraction (XRD) using the CuKα radiation 
(λ = 1.5406 Å) over an angular range of 20 to 80◦. The optical properties 
were measured with a UV–Vis–NIR spectrophotometer (Shimadzu UV- 
1800) in the wavelength range of 200 to 100 nm. 

The photocatalytic activity of SnO2 nanostructures thin films was 
evaluated by degradation of 10-5 M methylene blue dye aqueous solu-
tion. All experiments were carried out in a dark room with destined 
opening to irradiate the samples by UV Lampe (254 nm and power of 
12 W). The SnO2 nanostructures layers elaborated at three different 
potential values − 1.1, − 1.3 and − 1.5 V were immerged in 25 ml MB 
aqueous solutions to receive the UV irradiation for 3 h. After each 

experiment, the decrease in absorption intensity of MB solution is 
studied using UV–Vis–NIR spectrophotometer (Shimadzu UV-1800). 

3. Results and discussion 

The cyclic voltammetry (CV) is a precise electrochemical method 
employed to investigate the reduction and oxidation process at the 
electrode–electrolyte interface. CV is a potentiodynamic technique that 
involves applying a potential sweep at a fixed scan rate and then 
recording a current density response resulting from redox reactions. To 
confirm the formation of SnO2 nanostructures, the electrochemical 
behavior of the samples deposited at three different potentials was 
studied by cyclic voltammetry. The voltammograms of SnO2 samples 
were carried out in 0.1 M KCl electrolyte with a scan rate of 50 mV.s− 1 as 
illustrated in Fig. 1. As can be seen, all three samples show identical 
voltammogram shape. In the forward scan (cathodic scan), a cathodic 
current appeared at − 0.45 V which indicates the reduction of SnO2 to 
SnO and may be to the reduction of SnO to Sn, as shown in Eqs. (1) and 
(2) [19]. The marked increase of the cathodic current at about − 1 V is 
associated with hydrogen evolution (Eq. (3)). In the back scan (anodic 
scan), the appearance of anodic peak related to the reversible oxidation 
of SnO to SnO2 and may be correspond to the oxidation of Sn to SnO as 
ascribed in Eqs. (4) and (5), respectively. The current density of the 
anodic peak (iap) was 0.24, 0.35 and 0.34 mA/cm2 for the samples 
deposited at − 1.1, − 1.3 and − 1.5 V vs SCE, respectively. It is clear that 
the current density augmented by increasing the deposition potential 
from − 1.1 to − 1.5 V. Which can be explained by the increase of SnO 
amount in the samples deposited at − 1.3 and − 1.5 V, respectively; in 
comparison to that deposited at − 1.1 V. This finding is confirmed by 
XRD analysis (Fig. 4), where the intensity of SnO diffraction peaks 
increased for the nanocomposites deposited at − 1.3 and − 1.5 V. It is 
important to note that the reversibility of SnO2/SnO and the SnO/Sn 

Fig. 1. Cyclic voltamperogrammes of SnO2 nanostructures obtained at three 
different deposition potentials in 0.1 M KCl with 50 mVs− 1 scan rate. 
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redox couples is an advantage that promotes the application of SnO2 and 
SnO2-SnO-Sn nanocomposites as anode material in batteries. 

SnO2 + 2e− + 2H+ → SnO + H2O (1)  

SnO + 2e− + 2H+ → Sn + H2O (2)  

2H+ + 2e− + → H2 (3)  

SnO + H2O → SnO2 + 2e− + 2H+ (4)  

Sn + H2O → SnO + 2e− + 2H+ (3) 

In case of semiconductor (SC)/electrolyte contact, charges are 
exchanged between the SC and the redox couple in the electrolyte until 
equilibrium state, where the Fermi levels of the two materials are equal. 
In n-type SC, the electrons transfer from the SC to the redox couple 
presents in the electrolyte, charge carriers (electrons) are depleted in a 
zone named space charge layer (SCL) which becomes positively charged 
and the carrier densities are much lower than those of the electrolyte 
solution. The SCL is counterbalanced essentially by a layer of negative 
charge in electrolyte named Helmholtz layer, assimilates a parallel-flat 
capacitor. Assuming that the capacity of the Helmholtz layer is larger 
than that of the space charge region, the capacity of semiconductor 
passive layer follows the Mott–Schottky equation [20,21]: 

1
C2

SC
=

2
εε0qA2ND

[

V − Vfb −
KT
e

]

(6)  

where C2
SC is the semiconductor capacity, ε0 is the vacuum permittivity, ε 

is the relative permittivity of the semiconductor, e the elementary 
charge, ND the donor carrier concentration, V the applied potential, Vfb 

the flat band potential, T the thermodynamic temperature and K is the 
Boltzmann’s constant. The study of the variation of the semiconductor 

capacitance in the space charge region (1/Csc
2 ) as a function of the 

applied potential allows the identification of the semiconductor type 
and the estimation of the charge carrier density (ND). 

The Mott-Schottky plots of the samples obtained at three different 
deposition potentials were carried out in aqueous electrolyte of 2 M 
NaNO3 with 500 Hz frequency as presented in Fig. 2. The plots present a 
straight-line part with positive slope which is in good agreement with 
Mott- Schottky equation of a n-type semiconductor [22,23]. The donor 
density is proportional to the inverse of the slope (ND = 2

εε0qA2 ×
1

slope,

slope =
d( 1

C2
SC
)

dV ) and the flat-band can be obtained by extrapolating the 
intercept with x-axis at 1

C2
SC 
= 0. 

All the samples have a carrier concentration more than 1020 cm− 3, 
which is a positive factor for n-type semiconductor applications. When 
the deposition potential increase from − 1.1 to − 1.3 V, the carrier con-
centration decreases from 10.23 × 1020 to 4.93 × 1020 cm− 3, respec-
tively. A re-increase to a value of 6.95 × 1020 cm− 3 was observed for 
− 1.5 V. This dependence of the carrier concentration with the deposi-
tion potential may be due to the different phase composition in each 
sample as revealed in XRD patterns (Fig. 4). Where the sample composed 
of pure SnO2 (deposited at − 1.1 V) shows the highest ND. On the other 
hand, the samples contain SnO and Sn impurity phases deposited at − 1.3 
and − 1.5 V present lower carrier concentration due to the presence of 
SnO phase, which acts as p-type autodoping in these nanostructures 
[24–26]. The re-increase of donor density for the samples obtained at 
− 1.5 V could be attributed to the decrease in the crystallite size 
(Table 1). 

The flat band potential (Efb) values are − 0.47, − 0.32 and − 0.37 V vs. 
SCE for the samples deposited at − 1.1, − 1.3 and − 1.5 V, respectively. 

The interface transfer/recombination rate of photogenerated carriers 

Fig. 2. Mott-Schottky plots of SnO2 nanostructures obtained at three different 
deposition potentials in electrolyte 2 M NaNO3. 

Table 1 
The crystallographic parameters determined with respect to the peak (110) of 
SnO2 nanostructures as a function of the deposition potential.  

E (V vs. SCE) − 1.1 − 1.3 − 1.5 Standard Paramaters 

2θ (◦)  26.49  26.65  26.45 26.59 
β (◦)  2.449  2.347  4.032 / 
a (Å)  4.754  4.726  4.761 4.736 
c (Å)  3.177  3.215  3.168 3.201 
d110 (Å)  3.362  3.342  3.367 3.347 
D (nm)  6.53  6.81  3.96 / 
σ 1018 (lines/m2)  5.48  5.09  14.79 / 
ε (%)  0.59  0.57  0.98 /  

Fig. 3. Nyquist plots of SnO2 nanostructures obtained at three different depo-
sition potentials in electrolyte of 0.1 M NaNO3. 
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is an important factor that defines the photoactivity performance of a 
semiconductor. Therefore, the electrochemical impedance spectroscopy 
(EIS) measurement was performed to have a deep insight on the trans-
fer/recombination process at the interface of SnO2 samples. Fig. 3 dis-
plays the impedance spectra of the samples obtained at three different 
deposition potentials. The EIS diagrams were recorded in aqueous 
electrolyte of 0.1 M NaNO3 and frequency range from 10 kHz to 50 Hz. 
As can be seen, the semicircle radius in the Nyquist plot changes by the 
variation of the deposition potential. The smallest radius was obtained 
for the sample deposited at − 1.3 V. This indicates that the SnO2-SnO 
nanocomposites have the most effective separation and the highest 
transfer of the photogenerated carriers compared to the other samples. 
This might be related to the formation of p-SnO/n-SnO2 junction that 
facilitates the charge separation at the junction interface [27]. 

The phase purity and crystalline structure of the samples were 
studied using XRD measurements. The XRD patterns obtained from the 
deposits grown at three different potentials are presented in Fig. 4. The 
diffracting peaks correspond to ITO substrate are indicated by stars in 
the XRD patterns. All the samples present a polycrystalline tin oxide 
with tetragonal rutil structure (JCPDS card no. 88–0287). In particular, 
the nanostructures deposited at − 1.1 V has a noticeable (110), (101), 
(211) and (112) orientations, signed to SnO2 phase [28,29]. The broad 
and small diffraction peaks reflect the nanometric scale of the SnO2 
particles [6,30]. As shown in Fig. 4, the structure of the samples was 
sensitive to the deposition potential of SnO2. The crystallinity of SnO2 
was changed by increasing the deposition potential and other diffraction 
peaks also appeared. We observed a decrease in the number and the 
intensity of the diffraction peaks correspond to SnO2 phase for the 
sample deposited at higher potential − 1.3 and − 1.5 V, respectively. 
Especially the sample obtained at − 1.5 V that revealed only one peak of 
SnO2 (110). This designates the deterioration of SnO2 phase 

crystallinity with increasing the deposition potential [31]. Also, the 
presence of new peaks in the samples deposited at − 1.3 and − 1.5 V 
indicates the formation of secondary phases of tetragonal tin monoxide 
(SnO) at 2θ = 29.74◦ (JCPDS card no. 78–1913) and tetragonal metallic 
Sn at 2θ = 32◦ (JCPDS card no. 89–2958). This confirms the formation of 
SnO2-SnO-Sn nanocomposites in the samples deposited at − 1.3 and 
− 1.5 V, while no peaks of other impurities were detected [34,35]. The 
reaction mechanisms proposed for the formation of SnO is similar to that 
of SnO2 deposition detailed in our previous work and in several studies 
[18,33]. The reaction paths are ascribed as follow: 

NO−
3 + 2H2O + 2e− → NO−

2 + 2OH− (7)  

Sn2+ + 2OH− → Sn(OH)2 (8)  

Sn(OH)2 → SnO + H2O (9) 

The presence of metallic Sn in these nanostructures can be explained 
by the close potential values of the reduction of nitrate ions to the 
reduction of Sn4+ to metallic Sn [18,34]. 

The crystallite size was estimated from the full-width at half- 
maximum (FWHM) of the (110) peak using the Scherrer’s equation 
[35]: 

D =
0.9 λ

β cosθ
(10)  

where λ, β and θ are the X-ray wavelength of Cu Kα1 radiation 
(λ = 1.54056 Å), the full width at half maximum (FWHM) and the 
diffraction angle, respectively. 

The values of the average crystallite size (D) are very small (Table 1) 
and are in agreement with the results of previous study [36]. It is clear 
that the deposition potential has a significant influence on all 

Fig. 4. XRD patterns of the SnO2 nanostructures electrodeposited on ITO 
substrates at three different deposition potentials. 

Fig. 5. FE-SEM images of SnO2 nanostructures electrodeposited at three 
different deposition potentials: a) − 1.1 V, b) − 1.3 V and c) − 1.5 V. a’)–c’) 
showing the higher magnification images of the same samples (40000x 
enlargements). 
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crystallographic parameters (Table 1). Effectively, the observed d- 
spacing values of the (110) peak of SnO2 nanostructures grown at three 
different applied potentials were compared with the reported values in 
JCPDS reference. The values of the calculated crystallographic param-
eters are very close to the standard values of tin oxide, with some dif-
ferences in the sample deposited at − 1.5 V that may be due by the 
constraints related to the existence of Sn impurities. 

Based on the micro structural parameters, the defects density (σ) and 
microstrain (ε) can be calculated through the following relations 
[37,38]: 

σ =
1

D2 (11)  

ε =
β cos θ

4
(12)  

where D is the average crystallites size and β the FWHM for the (110) 
peak. The defects density and microstrain of SnO2 deposited at three 
different potentials are set out in Table 1. For the nanocomposites grown 
at − 1.5 V, the high dislocation density value (14.79 lines/m2) is related 
to the decrease in the grain size. 

Fig. 5 presents the field emission scanning electron microscopy (FE- 
SEM) images of the SnO2 nanostructures at three different applied po-
tentials. The FE-SEM images show a uniform, porous and homogenous 
deposit with ultra-fine nanoparticles. This can offer a large surface area 
with more reactive sites that improve the photocatalytic performances 
of these samples. The grain size decreases with increasing the deposition 
potential in addition to the formation of cracks on the surface of the 
samples deposited at − 1.3 and − 1.5 V, respectively. These cracks can be 
attributed to the acceleration of the concurrent reaction of hydrogen 
liberation in acidic medium. This inhibits the deposition of SnO2 on the 
surface and eventually the appearance of cracks [39,40]. 

The optical transmission spectra of the samples obtained at three 
different applied potentials are shown in Fig. 6. The transmittance 

curves revealed an identical shape for all samples. The average values of 
transmittance in the visible range were 44 % for the sample deposited at 
− 1.1 V and 32 % for the two other samples obtained at − 1.3 and − 1.5 V, 
respectively. It is important to note that the highest transmittance is 
obtained for − 1.1 V which corresponds to the SnO2 pure phase. This may 
be explained by the thickness increase with increasing the deposition 
potential demonstrates by chronoamperometry study (not shown here), 
which reduce the transmittance of the samples deposited at high po-
tential. It is well established that the increasing of film thickness causes a 
high surface roughness which degrade the optical transparency; this 
effect is due to the increase of light scattering resulting from rough 
surface [41]. 

In order to estimate the optical gap energy (Eg) of SnO2 nano-
structures deposited at three different potentials, we plotted the Tauc 
characteristic curves using the following relation [42]: 

Fig. 6. Transmittance spectra of SnO2 nanostructures electrodeposited on ITO 
substrate at three different deposition potentials. 

Fig. 7. Tauc plots of SnO2 nanostructures electrodeposited on ITO at three 
different deposition potentials. 
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(αhv)
1
n = A (hv − Eg) (13)  

where h is the Planck’s constant, v is the photon frequency, a is the 
absorption coefficient, Eg is the band gap energy and A is the slope of the 
linear part of Tauc plot. The value of the exponent (n) denotes the nature 
of the electronic transition, whether direct or indirect, allowed or 
forbidden. For direct allowed transitions n = 1/2, for direct forbidden 
transitions n = 3/2, for indirect allowed transitions n = 2 and for indi-
rect forbidden transitions n = 3. Fig. 7 illustrates the variation of (αhν)2 

as a function of hν, the straight-line portion of the plots indicates the 
direct allowed transition in the tin oxide semiconductor [43]. The op-
tical band gap energy (Eg) is determined by the interception of the linear 
part of the curve (αhν)2 with the energy axis at (αhν)2 = 0. The obtained 
Eg values were 4.17, 4.06 and 4.09 eV for the samples deposited at − 1.1, 
− 1.3 and − 1.5 V, respectively. The variation of Eg as a function of the 
deposition potential is related to the change in the phase composition, 
crystallinity, grain size and charge carrier density in each sample [41]. 
As can be seen from Fig. 7, the Eg decrease from 4.17 to 4.06 eV with 
increasing the deposition potential from − 1.1 to − 1.3 V, which is likely 
to be related to the decrease of donor density from 10.23 x1020 to 
4.95x1020 cm− 3 for the sample deposited at − 1.1 and − 1.3 V, respec-
tively. This effect is known as Moss-Burstein effect [44]. The re-increase 
of the gap energy to 4.09 eV for the sample formed at − 1.5 V is related to 
the decrease of the crystallite size, shown in XRD result (Table1). This is 
defined as the quantum size effect induced by the nanometric size of 
SnO2 crystallites in these nanostructures [45,46]. 

The SnO2 based nanocomposites are potential photocatalyst for the 
degradation of organic pollutants that was the subject of many studies. 
For example, the photocatalytic activity of SnO2 and SnO2-SnO nano-
composites synthesized by electrochemical pulsed current in the MB 
degradation under UV irradiation was studied by Ulyankima et al. [47]. 
It was found that the degradation efficiency reaches 92.1 % during 
30 min irradiation time. This high photocatalytic activity (in compari-
son to the individual SnO2) was related to the inhibition of the photo-
generated electron-hole recombination process by the efficient charge 
separation due to the formation of coupled semiconductor system SnO2- 
SnO. Tammina et al. investigated the influence of SnO2 nanoparticle size 
on the degradation of MB under UV irradiation [48]. 100 % degradation 
efficiency was reported and the smallest nanoparticles (3 nm) exhibited 
a higher degradation rat within a shorter time. The reason for this 
improvement was the large surface area of these nanoparticles that al-
lows the adsorption of larger number of dye molecules on the particle 
surfaces. This enhances the interaction of adsorbed dye molecules with 
the free radicals generated on the nanoparticle surfaces. Another study 
by Dlugosz et al. [49] has exanimated the degradation of MB and RhB 
using ZnO-SnO2-Sn nanocomposites. The highest removal efficiency 
achieved was 96 % and 15 % under UV and visible light, respectively. 
The presence of SnO2 was found to increase the photoactivity and extend 
the lifetime of the nanocomposite. While, the presence of Sn nano-
particles has ameliorated the activity under the visible light [49]. 

Since the utilization of catalyst in the form of powder suspension still 
exhibits a high photodegradation efficiency close to 100 %, all these 
recent studies utilized powder suspension of SnO2 based nano-
composites as photocatalyst for dye degradation. However, the purpose 
of the present work is testing SnO2 nanocomposites thin films fabricated 
by simple electrochemical deposition for MB photodegradation. In 
addition, we investigated the effect of the presence of SnO and Sn phases 
in the nanocomposite on the degradation efficiency. The photocatalysis 
experiment is carried out by a simple immersion of SnO2 nano-
composites films in MB dye solution and then pulling them after the 
degradation without additional centrifuging and filtration of the dye 
solution to separate the catalyst powder. 

The effect of the deposition potential on the methylene blue (MB) 
photocatalytic degradation by SnO2 nanostructures was evaluated using 
UV–vis absorption spectroscopy. Since the samples obtained at − 1.1, 

–1.3 and − 1.5 V applied potentials have a large band gap of 4.17, 4.06 
and 4.09 eV, respectively; the photoactivation of the samples was car-
ried out under a UV range sufficient energy (λ = 254 nm). Fig. 8 shows 
the photo degradation plots of MB dye after 3 h continuous UV irradi-
ation without and with the addition of SnO2 catalyst nanostructures 
deposited at three different applied potentials. The dye degradation was 
monitored from the decrease of the intensity of MB dye absorption peak 
centred at 662 nm, along with the discoloration of the MB aqueous so-
lution. As can be seen from Fig. 8, in the absence of SnO2 photocatalyst 
and under a UV irradiation for 3 h the absorption intensity of MB was 
unchanged. This confirms that the direct photolysis is almost neglected. 
Another study reported efficiency less than 6 % of direct photolysis of 
MB dye under UV irradiation [43]. On the other hand, with adding SnO2 
catalyst deposited at three different potentials, a great decrease in the 
absorption intensity was noted. The degradation efficiency D (%) of the 
MB organic dye by the SnO2 catalyst was calculated using the following 
formula [51]: 

D (%) =
C0 − Ct

C0
× 100 (14) 

Fig. 8. Photodegradation plots of MB aqueous solution without and with the 
presence of SnO2 catalyst nanostructures grown at three different deposi-
tion potentials. 

Table 2 
Photodegradation parameters of the MB organic dye by the SnO2 catalyst 
nanostructures obtained at different deposition potentials..   

Absorbance [MB] x105 

mol/l 
D (%) 

MB  0.365  1.000 / 
MB/UV  0.365  1.000 00 
MB þ SnO2 (¡1.1 V)/UV  0.222  0.608 39 
MB þ SnO2 (¡1.3 V)/UV  0.187  0.512 49 
MB þ SnO2 (¡1.5 V)/UV  0.325  0.890 11  
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where and the dye concentration before and after the photodegradation, 
respectively. The obtained results are summarized in Table 2. The 
nanostructures grown at − 1.1 and − 1.3 V show degradation efficiency 
of 39 % and 49 %, respectively (Table 2). The amelioration of the 
photocatalytic efficiency of SnO-SnO2 nanocomposite obtained at 
− 1.3 V compared to that of the pure SnO2 formed at − 1.1 V can be due 
to the formation of p-SnO/n-SnO2 heterojunction. The internal field 
built up in this junction facilitates an efficient migration of charge car-
riers leading to the high photocatalytic performance of SnO2-SnO 
nanocomposite [52]. This result is in agreement with EIS impedance 
(Fig. 3), that confirms an effective transport and separation of the 
photoinduced electron and hole in the sample deposited at − 1.3 V due to 
the formation of p-SnO/n-SnO2 heterojunction. On the other hand, the 
back down of the degradation efficiency for the samples obtained at 
− 1.5 V may be explained by the increase of the amount of metallic Sn 
impurities as mentioned in XRD analysis (Fig. 4). Compared with other 
studies reported on the degradation of organic dye using SnO2 thin films, 
the degradation efficiency of SnO2 samples deposited at − 1.1 V observed 
in this investigation (39 %) is far above those reported by Ayadi et al. 
[50]. In this study, Ce-doped SnO2 thin film fabricated by spray pyrolysis 
shows an efficiency of 19 % for the degradation of MB dye under UV 
irradiation for 100 min. Also, close results to our finding were obtained 
by Roy et al. [53] which studied the MB degradation using SnO2 powder 
suspension. A degradation efficiency of 34 % within 3 h irradiation 
under 400 W mercury vapor lamp was reported for pristine SnO2. 
Whereas, 64 % efficiency was obtained for SnO2-SnO nanocomposites 
[53]. 

The photodegradation mechanism of the different deposited samples 
can be explained as follows. For the pure SnO2 deposited at − 1.1 V 
(Fig. 9a), the illumination of SnO2 film surface by enough UV light 
induced the formation of an electron (e) in the conduction band and a 
hole (h+) in the valence band. The generated electron reduces the oxy-
gen (O2) adsorbed on the catalyst surface to oxygen radical (O2

•-). While, 
the hole oxidizes a water molecule to produce OH radicals (OH•) that 
oxidizes the MB molecule [54]. The obtained OH• and O2

•- radicals are a 
powerful oxidating species that degrade efficiently the MB dye mole-
cules to CO2 and H2O [55]. On the other hand, the photodegradation of 
MB dye followed another process due to the formation of p-SnO/n-SnO2 
heterojunction in the nanocomposite deposited at a higher deposition 
potential (− 1.3 V). Which results in a better degradation efficiency for 
this sample as explained above. As shown in Fig. 9b, the electron-hole 
pairs (e-, h+) are generated in SnO2 and SnO then migrate to the junc-
tion interface that the separation of electron hole pairs. As a result of 
this, the electrons present in the conduction band of SnO2 reduce the 
molecular oxygen to reactive superoxide radicals (O2

•-). Whereas, the 
holes present in the valence band of SnO produces hydroperoxyl radicals 

(OH•) by the oxidation of H2O molecules. Then OH• and O2
•- radicals 

oxidize the MB dye. For the SnO2-SnO-Sn nanocomposite deposited at 
− 1.5 V, the high amount of Sn present in this sample reduced the MB 
photodegradation efficiency. 

4. Conclusion 

In summary, the deposition potential had a great effect on the 
different properties of the tin oxide nanostructures obtained by elec-
trodeposition on ITO substrate. Cyclic voltammetry shows redox 
reversibility of the SnO2/SnO couple. A n-type conductivity and a 
variation of the charge carrier concentration with the deposition po-
tential were observed. A high separation of the photogenerated carriers 
was confirmed for SnO2-SnO nanocomposite deposited at − 1.3 V. An 
ultrafine and uniform morphology of SnO2 nanostructures is noted with 
a decrease in grain size with increasing the deposition potential. XRD 
analysis shows the formation of SnO2 polycrystalline structure at − 1.1 V 
and a degradation of the crystallinity of SnO2 with the formation of 
SnO2-SnO-Sn nanocomposite by increasing the deposition potential to 
− 1.3 and − 1.5 V. The optical properties are influenced by the deposition 
potential where the highest transmittance of 44 % is obtained at − 1.1 V 
with large optical gap energy of 4.17 eV. A high photodegradation ef-
ficiency of 49 % is attributed to the nanocomposite deposited at − 1.3 V, 
which suggests the application of SnO2-SnO nanocomposites as photo-
catalyst for degradation of organic pollutants. 
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(LCIMN), Université Ferhat Abbas-Sétif-Algeria. He received 
his Ph.D. degree in Engineering Matreials from Strasbourg 
University, France in 1996. His research interest includes 
electrochemical nucleation and growth, electrochemical nano-
engineering of Transparent Conducting Oxide nanostructures 
for photovoltaic, photonic, Photoelectrochemistry applications, 
control of microstructure and properties of nanostructures 
using electrochemical deposition (miniaturization, Intercon-
nection,…). He has published more than 80 high impact 
journals. 

K. Daideche et al.                                                                                                                                                                                                                               

http://refhub.elsevier.com/S1387-7003(22)00962-5/h0025
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0025
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0030
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0030
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0035
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0035
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0040
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0045
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0045
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0050
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0055
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0055
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0060
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0060
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0070
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0070
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0070
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0075
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0080
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0080
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0085
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0085
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0090
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0095
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0095
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0105
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0110
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0115
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0120
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0125
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0125
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0130
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0150
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0150
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0155
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0160
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0160
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0165
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0165
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0170
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0175
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0180
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0195
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0195
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0200
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0200
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0205
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0210
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0215
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0220
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0225
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0230
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0230
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0235
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0240
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0245
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0245
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0250
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0250
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0255
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0255
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0260
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0265
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0265
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0275
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0280
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0280
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0285
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0285
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0290
http://refhub.elsevier.com/S1387-7003(22)00962-5/h0290

	Influence of deposition potential on the electrochemical growth and photocatalysis performance of SnO2 nanostructures
	1 Introduction
	2 Experimental
	3 Results and discussion
	4 Conclusion
	Declaration of Competing Interest
	Data availability
	Acknowledgments
	References


