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A B S T R A C T   

Successful ZnO, SnxZn1-xO [x = 0.01 and 0.03] films were synthesized by pyrolysis on glass substrates at Ts =
450 ◦C for 1 h. Sn doping effect on structural, microstructural, Seebeck coefficient and optical characterizations 
were performed. It found that all films crystallize in the hexagonal würtzite structure. The success of the 1 at.% 
Sn doping is confirmed by the SEM images which show that the microstructure of the 1 at.% Sn doped ZnO is 
rather similar to that of the undoped ZnO film and shows spherical grains, by further increasing the Sn content (3 
at.%), the films show a small spherical grains. Through FTIR analysis, distinct characteristic absorption peak at 
449 cm− 1 for the Zn–O stretching mode with some changes in intensities. ZnO, ZnO:Sn films transmit decrease 
from 87 to 66% with doping content, while the bandgap energy not affected with doping. The Seebeck coefficient 
decreases from |188| to |110|μV/K, while the carrier concentration increases from 3.37 × 1018 and 1.00 ×
1019cm− 3 with doping content. The photocatalytic activity of Zn1-xSnxO investigated by testing the degradation 
of methylene blue (MB).   

1. Introduction 

ZnO thin films are of great interest due to its special characteristics, 
such as non-toxicity, abundance in nature, high chemical and thermal 
stability and direct band gap (3.3 eV) [1]. These benefits are of immense 
importance in different domains such as gas sensors [2], piezoelectrical 
devices [3], surface acoustic wave devices [4] and solar cells [5,6]. 

Nevertheless, the surface conductance of this material is affected by 
chemisorptions and oxygen adsorptions. The electronic and optical 
characteristics of this material have been investigated by several sci
entists for specific uses [7]. The electrical and optical characteristics of 
various ZnO-doped metal ions have been analyzed [7,8]. 

Many types of dopants have been used (Al, In, As, S, Sn, Mn, etc. [9, 
10]) for many important applications in ZnO thin films, these dopant 
elements offer a manner to regulate the electrical, optical, and magnetic 
properties, which make doped ZnO films promising candidates as high 
conductivity and transparency conductors in visible light range. 

The Zinc oxide doped with Sn can increase the optical, electrical and 
structural properties of ZnO thin films [11,12]. As Sn4+ replaces Zn2+ in 
the ZnO crystal structure, two more free electrons are capable of 
participating in electrical conduction. Due to their nearly identical 

radius, Zn can be easily substituted by Sn without causing significant 
lattice distortion. 

TZO Thin films elaborated by the spray pyrolysis technique indicate 
that the optical properties of this system are not affected by the doping. 
While for the structural properties, the crystallite size increased with 
doping and reached a maximum value (42 nm) at 3 at.% doping [8]. 
Another study utilizing the same doping technique reported that the 
crystallite size attained a value of 95 nm at 2 at.% and 3 at.% doping, 
resulting in greater porosity values [13]. Recent works, thin films of 
Zn1-xSnxO (x ≤ 10 at.%) indicates that the doping influence on the 
optical properties that it observing a decrease in the values of the 
bandgap energy from 3.26eV to 2.96eV. To the structural and micro
structural, it shows a decrease in crystallite size values (50-26 nm, XRD) 
and the grain size (280-60 nm, SEM and AFM) [14]. 

Thanks to these properties, TZO thin films have several applications 
such as sensing applications [15], optoelectronic applications [16], 
dyesensi-tizedsolarcells (DSSC) [17,18]. Transparent electrode mate
rials [19] or anti-reflecting coatings (ARC) in semiconductor solar cells 
[20], photocatalytic activity [21]. 

Various deposition methods can be used to synthesize ZnO:Sn thin 
films, such as sol-gel [22], electron deposition [23], spray pyrolysis 
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[24], chemical vapor [25], pulsed layer [26] and thermionic vacuum arc 
[27]. Among these methods, the pneumatic spray pyrolysis has the 
advantage of low cost and easy preparation of metal oxide semi
conductors. The goal of this study is to obtain high photocatalyst ZnO:Sn 
thin layers for methylene blue degradation (MB), deposited on glass 
substrates by pneumatic spray pyrolysis technique, and to find out the 
effect of Sn content on their Seebeck coefficient, optical, structural, and 
microstructural properties. 

2. Experimental part 

2.1. Pneumatic spray pyrolysis 

Zn1-xSnxO [x = 0.00, 0.01 and 0.03] thin films deposited by pneu
matic spray pyrolysis technique, using an air compressor [28], were 
grown on 30 × 10 Cm2 glass substrates ultrasonically cleaned. These 
latter were rinsed with acetone followed by deionized water and finally 
dried at room temperature. The precursor solutions were prepared using 
zinc acetate (C4H6O4Zn ⋅ 2H2O) (Fulka99.9%); and tin chloride (SnCl2) 
(Fulka 99.9%); as the source material for Zn and Sn. Firstly, 1.2g of 
dehydrate zinc acetate was dissolved in 30 ml of methanol (Merck 
99.5%) and stirred for 30 min using a magnetic stirrer at ambient 
temperature to obtain a clear and homogeneous solution. Then, SnCl2 
was added as Sn4+ metal ions source in molar (Sn/Zn) ratio of 1 at.%, 
and 3 at.%. The solution was finally mixed for 30min using a magnetic 
stirrer. For film deposition, the main deposition settings were 450 ◦C, 20 
ml/h, 20 cm, 1.5atm and 1 h for temperature, sputtering rate, 
nozzle-to-substrate distance, air pressure and the deposit time, 
respectively. 

2.2. Characterization techniques 

Various parameters of the so-obtained Sn-doped ZnO thin films were 
examined. The crystallinity was investigated via X-ray diffraction (XRD) 
in 25–70◦ range using Cu Kα radiation (1.5418 Å), by means of PAN
alytical Empyrean diffractometer. Surface morphology of films was 
characterized by scanning electron microscopy (SEM), carried out with a 
JEOL JSM 7500F microscope. The infrared absorption (FTIR) spectra 
were recorded to examine the structure using Thermo-Nicolet equip
ment in 4000–400 cm− 1 region. The transmittance was recorded in 
wavelength range of 190–1100 nm with Parkin Elmer UV-VIS-NIR 
Lambda 19 spectrophotometer. The Seebeck coefficient was calculated 
on the basis of detected Seebeck voltage and temperature gradient range 
difference from zero to 160 K with 20 K steps. 

2.3. Photocatalytic experiments 

Photocatalytic activity of Zn1-xSnxO thin films [X = 0.00, 0.01 and 
0.03] was evaluated by measuring MB decolorization under UV-light 
irradiation at room temperature, using a 100 W incandescent lamp. 
The photocatalyst and MB solution were placed in 250 ml beaker for 30 
min with stirring in the dark to reach the adsorption-desorption equi
librium of MB on the catalyst surface pretreated the solutions. After
wards, the solutions were irradiated each 30 min, and the concentration 
of MB was determined by recording the changes in the maximum ab
sorption band of MB (664 nm), using Parkin Elmer UV-VIS-NIR Lambda 
spectrophotometer 19. 

3. Results and discussion 

3.1. Structural properties 

The X-ray diffraction patterns of Zn1-xSnxO [x = 0.0, 0.01, and 0.03] 
thin films (Fig. 1.), correspond to three main diffraction peaks of ZnO, 
(100), (002), (101), (102), (110) and (103). All observed peaks were 
attributed to hexagonal wurtzite polycrystalline structure according to 
(JCPDS 36–1451), with lattice parameters: a = b = 3.251 Å, c = 5.320 Å 
and the space group P63mc [29–32]. No additional phases corresponding 
to SnO and SnO2were formed. 

Moreover, it noticed that the obtained TZO layers were preferentially 
oriented along the (002) direction [33]. This revealed a complete 
dissolution of Sn in the ZnO crystal lattice by occupying the ionic sites of 
Zn. The relative intensity of diffraction peaks decreased with increasing 
Sn content. 

From the condition of substitutional solid solution (S.S) by W. Hume- 
Rothery, the difference between the ionic radii and the dopant lattice 
must be less than 15% for the dopant to be incorporated. In our study, 
the ionic radii values of Zn2+ and Sn4+ were 0.74 Å and 0.69 Å 
respectively, so the substitution of these dopants with Zn2+ was feasible 
in the film lattice [34]. 

Also, the intensity of this preferential peak (002) increased to a 
maximum value that indicated an improvement in the c-axis orientation 
of ZnO thin films for a doping content of x = 0.01 [35], this could be 
attributed to the lowest surface energy, since the hexagonal structure, 
which is the c-plane of ZnO crystallites, is the one that matches to the 
most densely packed plane [36]. In the contrary, intensity decreased 
directly when tin doping content exceeded 1 at.%, which showed that 
the crystallinity of the films was affected. This result might be explained 
by the formation of stresses due to the difference in ion radius between 
zinc and tin [37]. 

In addition, the peak position of (002) plane was shifted heteroge
neously according to the doping rate 2θ = 34.46, 34.49, and 34.41◦, for 
the concentrations of x = 0.00, 0.01, and 0.03 respectively. For 1 at.% 
doping content, the peak position of the (002) plane was shifted to the 
high 2θ value. This could be attributed to the fact that the ionic radius of 
Sn4+ is smaller than that of Zn2+leads to an increase in the diffraction 
angle (002) and a slight reduction in the interplanar spacing (d (002)) 
[38]. However, for a doping content of 3 at.%, the peak (002) shifted to 
an angle (2θ) lower than that of pure ZnO thin films this may possibly 
interpreted by the influence of the experimental conditions and the 
deposition method (pneumatic spray) In other hand due to the differ
ence in ionic radius. 

The crystallite size of Zn1-xSnxO thin films were calculated using 
Debye– Scherrer formula [39,40]: 

D=
0.9λ

βcosθ
(1)  

where D is the grain size of the crystallites, λ is the X-ray wavelength, β is 
the full width half maxima and θ is the Bragg diffraction angle. The 
determined crystallite sizes were changed by varing Sn doping from 0 at. 

Fig. 1. X-ray diffraction patterns of Sn-doped ZnO thin films with different Sn 
concentrations. 
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% to 3 at.%. Table 1 illustrates that the crystallite size is reduced with 
increasing Sn content, except for that of 3 at.%. 

The film lattice parameters were defined by formula (2) [41]: 

1
d2 =

4
3

(
h2 + hk + k2

a2

)

+

(
l2

c2

)

(2)  

where a and c are the lattice parameters, h k l, are the miller indices and 
d is the interplanar distance for the atoms. It may be noted that no 
changes in the lattice parameters were observed in the doped thin films 
(Table 1). The X-ray patterns indicated clearly that the pure and Sn- 
doped ZnO films presented a good crystalline nature. 

Also, for the wurtzite structure, the significance of the c/a ratio is 
judged to be 1.633 [42], in our paper, the c/a ratio revealed values re
sults in the range of 1.601 and 1.604, which could mean the creation of 
oxygen on the interstitial sites and zinc vacancies (VZn) [43]. 

From the present structural studies, we have also estimated the lat
tice strain of the samples by using the following relation [44]: 

ε= βcosθ
4

(3) 

Table 1, shows the values of lattice strain of pure and Sn-doped 
samples which decreases from 6.34 × 10− 3 to 5.56 × 10− 3 for pure 
ZnO and 3% Sn-doped ZnO successively, this confirms the incorporation 
of Sn into ZnO films. 

The dislocation density (δ) of the obtained films has been calculated 
using the following equation [45]: 

δ=
1

D2 (4) 

The dislocation density of the samples was slightly higher (7.55 ×
10− 4) for 1% Sn–ZnO compared to pure ZnO (7.52 × 10− 4) confirming 
the incorporation of Sn ions in ZnO, then reduced to 5.98 × 10− 4 for 3 at. 
%Sn–ZnO indicating an impact structure due to the substitution of Sn4+

in the ZnO lattice. 

3.2. Surface morphological properties 

The surface morphologies of prepared thin films are shown in Fig. 2. 
As can be seen in the images, ZnO and TZO films were polycrystalline, 
continuous (no pores were observed), and consisted of nanosized grains. 
The microstructure of the 1% Sn-doped ZnO was rather similar to that of 
the undoped ZnO films and had spherical grains. Both films have smaller 
spherical grains by increasing the Sn content to 3 at.%. 

At 3% doping level, the grain size seemed to be decreased compared 
to 1 at.% doping level, which suggests a decline in crystalline properties. 
This might be assigned to the concentration limit of Sn doping in the 
ZnO lattice. 

3.3. The chemical composition properties 

The chemical composition of the thin films deposited on a glass 
substrate was determined by energy dispersive X-ray spectroscopy 
analysis. The EDAX spectrum (Fig. 3) collected below 20 keV indicated 
the existence of Zn, Sn and O in the thin film. The Si peak originates in 
the glass substrate [31]. The EDAX analysis, as reported in Table 2, 
showed a perfect correlation between expected doping level and Sn/Zn 
content extracted from the EDAX spectra. This indicated a full doping 
process and a high purity films with uniform doping concentration in 

Table 1 
X-ray difraction data (d-spacing, FWHM, cell parameters ‘a’ and ‘c’, c/a ratio, average crystallite size (D) and micro-strain (ε) of diferent Zn1− xSnxO thin flms).  

Sample d (Å) FWHM a (Å) c (Å) c/a D (nm) ε × 10− 3 δ × 10− 4 

ZnO 2.6024 0.2657 3.249 5.204 1.601 36 5.57 7.52 
Zn0.99Sn0.01O 2.6004 0.2657 3.243 5.200 1.603 36 5.47 7.55 
Zn0.97Sn0.03O 2.6061 0.2362 3.249 5.212 1.604 41 4.86 5.98  

Fig. 2. SEM images of undoped film (a), 1 at.% Sn-doped ZnO films (b), and 3 
at.% Sn-doped sample (c). 
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agreement with XRD results. Composed entirely of Sn, Zn and O, pre
sented a great degree of purity with the absence of impurities. 

Stoichiometric flms of the form Zn1-xSnxO were considered. The 
stoichiometry of the films was determined exclusively at Sn and Zn 
signal using formula (5): 

x=
r

(r + 1)
(5) 

In which x corresponds to the atomic content of Sn and r to the ratio 
of EDAX signals of Zn and Sn (Table .2). Fig. 4 Showed very clearly the 
incorporation of tin in the high lattice for all doping levels. It showed the 
ratio of Sn (EDAX) signals as a function of Sn atomic content calculation, 
which demonstrated the efficiency of tin doping. 

3.4. Fourier transform infrared (FTIR) analysis 

FTIR spectrums were investigated in the range of 400–4000 cm− 1. 
Fig. 5, showed a number of clearly characterized peaks appearing at 
449, 1020, 2359, 1636, 3450, 2851 and 2931 cm− 1. The clearly resolved 
peak at 449 can be attributed to the vibrational stretching modes of the 
M − O (Zn–O) bonds, which is the same as reported by Khedidja et al. 
[46], and Kumar et al. [42,43]. With a shift of this peak position 
compared to the value of the single crystal (437 cm− 1) utilized in 
approximating the intrinsic stress in the ZnO films [46]. At 1020 cm− 1 

there is a minor peak due to the deformation of C––O. The other peak at 
2359 cm− 1 is attributable to the CO2 molecules that exist in the air [46]. 

Two peaks showing up at 3450 cm− 1 and 1636 cm− 1 found due to the 
hydrogen bond vibrations involved in the O–H oscillators in alcohol 
[44]. 

Very weak peaks at 2851 cm− 1, 2931 cm− 1were found and are 
attributed to C–H stretching vibrations of the alkane groups. These 
specific peaks correlate well with the frequencies of C–H2 symmetric 
stretching (2855 ± 10 cm− 1), C–H2 asymmetric stretching (2926 ± 10 
cm-1) and C–H3 asymmetric stretching (2962 ± 10 cm-1) vibrations of 
saturated hydrocarbons, respectively [47–50]. 

3.5. Seebeck coefficient 

Fig. 6. Plots the ΔV as a function of temperature gradient for TZO 
films from 0 to 160 K. Clearly, the values of the Seebeck coefficient were 
negative. The Seebeck coefficient in a typical metal generally contains 
contributions from two different mechanisms: thermal diffusion of 
electrons and phonon drag [51]. If a temperature gradient is available in 

Fig. 3. EDAX elemental composition analysis of a pure ZnO flm and b–d Sn–doped Zn1− xSnxO thin flms. The images b–d correspond to the Sn atomic content of 1 at. 
%, and 3 at.%, respectively. 

Table 2 
Thin film composition and stoichiometry obtained by statistical analysis of 
EDAX spectra.  

Zn1− xSnxO “Nominal” Sn 
content (at) 

Zn (at. 
%) 

Sn (at. 
%) 

O (at. 
%) 

x (Sn) “EDS” Sn 
content (at) 

ZnO 72.42 / 27.58 0 
Zn0.99Sn0.01O 79.23 1.00 19.77 0.01361 
Zn0.97Sn0.03O 79.27 3.20 17.53 0.03763  

Fig. 4. a) Sn/Zn atomic ratio and b) Sn atomic content (measured with EDAX) 
plotted as function of the expected Sn content. 
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a sample, the hotter end electrons will tend to diffuse toward the cooler 
end, so a thermoelectric potential difference between the hotter and 
cooler ends ΔV generated. Then, the magnitude of the electric field may 
be described as, E~ = S ∇ T. S ≈ -ΔV/ΔT is the Seebeck coefficient. The 
Seebeck coefficients are in the range of − 181, − 135 and − 110 μV/K, for 
ZnO, Zn0.99Sn0.01O, and Zn0.97Sn0.03O respectively. This negative 
values of |S| showed the n-type of our pure and doped ZnO films [52]. 
These results are similar to those of other transparent conducting oxides 
such as ZnO or In2O3, where Seebeck coefficients in the range of − 20 
μV/K to − 500 μV/K have been determined [53,54]. 

The Fermi energy (FE) has been calculated by the following equation 
[51]: 

EF =
π2k2

BT
3|e||S|

(6)  

where e is the electron charge, kB is the Boltzmann constant and T is the 
absolute temperature, The Fermi energy values are listed in Fig. 7. The 
values of Fermi energy decreased by increasing doping content and this 
could be interpreted by the diffusion of Sn+4 in the ZnO lattice, as 

Sn+4ions will easily replace Zn+2 ions and generate two extra elec
tronic vacancies. As a result, ZnO:Sn films would exhibit good electrical 
conductivity and will be a suitable material for photovoltaic application. 

The carrier concentration has been calculated using the following 
equations, when  

|S|> 75 μV/K [55]:                                                                                

m*
S =

h2

2kBT

⎧
⎪⎪⎨

⎪⎪⎩

3n
16

̅̅̅
π

√

⎛

⎜
⎜
⎝exp

⎡

⎢
⎢
⎣

|S|
(
kB/e

) − 2

⎤

⎥
⎥
⎦ − 0.17

⎞

⎟
⎟
⎠

⎫
⎪⎪⎬

⎪⎪⎭

2 /

3

(7)  

where e is the carrier charge, kB is the Boltzmann constant, T is the 
absolute temperature, h is the Planck constant, mS* is the effective 
Seebeck mass of ZnO, and n is the carrier concentration. 

The results of carrier concentration of the Sn-doped ZnO thin films 
shown in Fig. 7. The Seebeck coefficient and carrier concentration 
generally have an inverse proportional relationship [56]. In our case, the 
values of carrier concentration increased with doping level from 3.37 ×
1018, to 1.00 × 1019 cm− 3 for ZnO and Zn0.97Sn0.03O films 
respectively. 

Due to the substitution of Sn4+ ions at the site of Zn2+ ions, it results 
in an increase in the carrier concentration in Sn-doped ZnO than in the 
undoped ZnO thin films has been observed. Saliha et al. [19] has 
released analogous results, as well as Hannas et al. who indicated that 
carrier concentration increased with increasing Sn doping concentration 
from 1 at.% to 5.0 at.% [57]. 

To determine the values of the NC the effective density in the con
duction band, we have used the expression (7) [58], which interpolate 
the interval between non-degenerate and degenerate semiconductors, 
results are shown in Fig. 7. 

NC = 2
(

2πm*
SkBT

h2

)3 /

2

(8) 

There are various studies concerning mS*, including some which 
consider mS* to be a constant, that is 0.28 m0 for ZnO [59]. In our study, 
the resulting effective density value of ZnO was 3.71 × 1018 cm− 3. From 
the previously calculated carrier concentration values, it was confirmed 
that the ZnO films were non-degenerate. In contrast Zn0.99Sn0.01O and 
Zn0.97Sn0.03O films were considered to be degenerated as they contain 
excess charges compared to the localized states (NC) of ZnO. Resulting 
of the substitution of some zinc atoms by tin atoms, attributing an 

Fig. 5. FTIR spectra of ZnO: Sn thin films in the game 400–4000 cm− 1.  

Fig. 6. Seebeck coefficients for ZnO, and Sn-doped ZnO thin films with 
different Sn concentrations. 

Fig. 7. Seebeck coefficients as a function of carrier concentrations for ZnO and 
ZnO: Sn thin films. 
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increase of the carrier concentration with doping content [60]. 

3.6. Optical properties 

Fig. 8 represents typical transmittance spectra of ZnO, and TZO thin 
films developed by different concentrations of Sn (1, and 3 at.%) in 
wavelength range 190–1100 nm. From the transmittance spectra, it can 
be seen that the transmittance values of our developed thin films varied 
between 66% and 87% in the visible range. The transmittance decreased 
with the increasing content of Sn, due to an increase of the photon 
scattering by the defects of the crystal created by the doping or perhaps 
because of the progression of the metal/oxygen ratio [41]. In addition, 
all the layers showed high transmittance in the visible range and with a 
clear absorption edge at ~381 nm. 

The films characteristics were evaluated using a single effect oscil
lator suggested by Wemple and DiDomenico [61]. The solid curves 
(Fig. 8) correspond to the fitting curve and the symbols represent the 
experimental data. The figure showed a good correlation with the 
experimental data. The values of d, Eg, n at 598 nm, n∞ and E0 
extracted by fitting [61] are listed in Table 3. 

The width of the band gap was determined from the extrapolation of 
the linear part of the of the curve representing the function: 

αhν=A
(
hν − Eg

)1 /

2 (9)  

where hν is the photon energy, Eg is the optical bandgap energy, and A is 
a constant. We noted that the energy bandgap of TZO tin films was a 
little higher than that of undoped ZnO layers. As a result, tin, as a dopant 
of ZnO thin films, can be considered not to change the optical bandgap 
energy of TZO thin films considerably [60]. 

The calculated refractive index [61], of Zn1-xSnxO films are shown 
in Fig. 9. It is interesting that refractive index of films increased with 
increasing Sn dopant concentration. The refractive index is sensible to 
structural defects (e.g., voids, dopants, inclusions) [31]. This variation 

may be due to the incorporation effect of Sn. 
The values of the dispersion energy (Ed) were calculated using the 

formula [61]. Results were reported in Table 3. 

n2
∞ − 1 =

Ed

E0
(10) 

Were E0 is the single oscillator energy and n∞ represents the static 
refractive index. The values of Eo and Ed for all films increased with 
doping, that confirmed the substitution of Sn4+ in the ZnO. 

The oscillator strengths f for Sn-doped ZnO films were calculated 
using the relation [62]: 

f =E0Ed (11) 

The obtained values of f were reported in Table 3. It can be noted that 
the values of f increased with doping levels as the other optical 
parameters. 

The calculation of the porosity P performed through the optical pa
rameters by applying the Lorentz-Lorenz equation [32]. 

P= 1 −
[(

n2
film − 1

)(
n2

bulk + 2
)/(

n2
film + 2

)(
n2

bulk − 1
)]

(12) 

Porosity values (Table 3), were less than of pure ZnO, wich could be 
due to modification in crystal structure. This reduction in porosity 
resulted in a decrease in adsorption surface area. It can be seen that 
Zn0.97Sn0.03O films had a higher value than Zn0.99Sn0.10O in 
agreement with the XRD and SEM results. 

3.7. The photocatalytic performance of the Sn-doped ZnO thin films 

Fig. 10 (a) illustrated the changes in MB concentration with the in
crease of irradiation time by utilizing Sn-doped ZnO thin films as pho
tocatalysts. All samples revealed a common tendency, i.e., the MB 
concentration decreased smoothly with extending irradiation time. 
Under irradiation, ZnO is absorbing photons and generating electrons 
and holes. While these electrons and holes can move to the surface of 

Fig. 8. Transmission spectra of ZnO, TZO thin films deposited on glass sub
strate at 450 ◦C. Measured (full circles) and calculated (solid lines) trans
mittance spectra of films. 

Table 3 
Dispersion parameters of the Sn_ZnO films extracted by fitting the experimental data.  

Samples Thickness (nm) Eg (eV) n at 598 nm n∞ E0 Ed f (eV)2 P 

ZnO 540 3.254 1.71 1.60 4.555 7.10 32.34 0.216 
1%Sn_ZnO 150 3.256 1.82 1.74 4.558 7.65 34.86 0.127 
3%Sn_ZnO 190 3.258 1.74 1.67 4.561 8.11 36.98 0.191  

Fig. 9. Refractive index of ZnO, TZO thin films Refractive deposited onto glass 
substrate at 450 ◦C. 
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ZnO grains, they will react with water and produce hydroxyl radicals 
[63–65]. The hydroxyl radicals are powerful oxidizing agent that can 
degrade organic pollutants. Fig. 10 (a) demonstrated that Sn doping 
enhanced the photocatalytic performance of ZnO thin films and accel
erated photo degradation reaction process. 

Fig. 10 (b) showed the degradation rate (%) of the samples under 
irradiation for 5 h. For the first 120 min, both undoped and Sn-doped 
ZnO thin films had the same degradation rate (15%), but after this 
time, the degradation efficiency of the Sn doped ZnO thin films was 
improved, compared to the undoped ZnO films, especially for the 3 at.% 
Sn_ZnO samples (38%). As for ZnO (35%) and 1 at.%Sn_ZnO (20%) 
samples. The improved photodegradation efficiency was expected as a 
result of the reduced recombination of photogenerated electrons and 
holes. 

The kinetics of the degradation reaction in solution is shown in 
Fig. 11, and the main calculated kinetic parameters of MB degradation 
are presented in Table 4, using the following equation (13) [66].  

A = X *exp (− k * t) + E                                                               (13) 

While the unit of the (pseudo) rate constant of order k is, the inverse 
of the unit of time used (min-1), X is the amplitude of the process, E is the 
end, and both have the same units as the measured quantity A. 

It can be seen that the degradation of our dye perfectly followed 
pseudo first order kinetics. Although the k values for thin films were 
0.000244, 0.007857 and 0.000171min-1 for ZnO, 1%Sn_ZnO, and 3% 
Sn_ZnO respectively. The high k-value of the 1 at.%Sn_ZnO thin films 
during the first 120min confirmed that the effect of Sn, which improves 
the separation efficiency of photoinduced charge carriers and optical 
absorption in the visible region, is the reason for the increase in pho
tocatalytic activity, which is in agreement with the UV–vis results. 

Although many factors affect the photocatalytic performance of ZnO 
thin films, the surface morphology, Crystal structure, the effect of the 
optical gap [32]. The influence of Sn doping on methylene blue degra
dation is more complex to interpret in our case. The results showed that 
Sn-doped ZnO films had the highest number of charge concentration 
compared to pure ZnO, thus improving the photodegradation process 
that was mainly resulting from the decrease in the recombination of 
photogenerated electrons and holes. 

The value of the bandgap energy (Eg) of ZnO and TZO thin films were 
equal, so we could not rely on this factor. One more factor was needed to 
be clarified was the thickness, we had noticed that the thickness of Sn- 
doped ZnO thin films was lesser than that of pure ZnO, we could state 
that there was a proportionality between thickness and photocatalysis. 

On the other hand, concerning crystal structure, we had obtained the 
same structure for both 1%Sn–ZnO and ZnO, but with different thickness 
(150 and 540 nm) in that order. 3%Sn–ZnO film showed lesser thickness 
(190 nm). Affecting structure and could be considered as changing the 
structure, this results confirmed that the thickness and the changes in 
crystal lattice parameters had affected the MB degradation. The last 
considered factor was the morphology of thin layers which was changed 
with an improvement in MB degradation for a doping rate of 3 at.%. 

4. Conclusion 

Thin films of ZnO and Sn-doped ZnO were deposited by pneumatic 
spraying technique. A study of the effects of Sn concentration on the 
structural, microstructural, optical, Seebeck coefficient and photo
catalytic properties of the films was carried out. The un-doped and Sn- 
doped ZnO deposited films showed that the films have a poly
crystalline structure that preserves their preferential orientation (002). 
It is found that 1 at.% is optimum concentration without deterioration of 
the crystalline and structural properties of ZnO films. The microstruc
ture of the 1% Sn-doped ZnO is rather similar to that of the undoped ZnO 
film and has spherical grains. By increasing the Sn content more (3%), 
the films have both small spherical grains. Since the optical 

Fig. 10. Photocatalytic activity of ZnO, TZO thin films in MB solution (a), 
degradation rate of ZnO, TZO thin films in MB solution (b). 

Fig. 11. Degradation kinetics of MB aqueous solutions by ZnO, TZO thin films.  
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transmittance increases and becomes significant for >381 nm, which 
proves that Sn-doped ZnO thin films have excellent transparency in the 
visible range while the optical gap is kept the same with increasing Sn/ 
Zn doping ratio. The Seebeck coefficient was decrease with increasing Sn 
doping concentration. However, the carrier concentrations increase 
with the increase of doping content. The results of the application of ZnO 
and Zn1-xSnxO (x = 1, and 3 at.%), as a photocatalyst for the photo
degradation of methylene blue, indicated that the 3%Sn_ZnO sample is 
more appropriate for photocatalytic applications. 
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