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The main objective of the work in hand is to investigate the degradation of 

sunset yellow dye under UV light using the TiO2 and SnO2 as 

photocatalysts. Thin films of TiO2 (T), SnO2 (S) and their nanocomposite 

(TS) were deposited by spray pyrolysis on glass substrate at 550 °C. 

According to X-ray diffraction (XRD), all the films had a polycrystalline 

structure. The S film had traces of SnO and the T film was a mixture of 

anatase and rutile. The TS film was a combination of anatase, rutile and 

SnO2. The grain size decreased from 115 nm in S to 21.5 and 18.8 nm in T 

and TS films respectively. Tensile strain was present in all films. The UV-

Vis spectra revealed relatively higher transmittance in TS and T and lesser in 

S. Using the Tauc plot, the optical gap energy was calculated to be 3.60, 

3.17 and 3.71 eV for S, T and TS respectively. The surface morphology 

examined by SEM showed homogenous grain with different shapes and 

sizes. The photodegradation of sunset yellow dye after 18 hours was 

ameliorated in the TS film to reach 90.27% where the S and T films had 

19.74 and 29.65 degradation percentage respectively. The photocatalysis 

kinetics was found to fit a first order chemical reaction.  

 

 

INTRODUCTION* 

 Dyes are extensively used to color products in a 
variety of industries, including fabrics, materials, 
leather, decorations and paints, photographs, 
cosmetic and pharmaceutical products, biological 
pigments, and food. AZO dyes currently account 
for the majority of dye chemistry production 
volume, and their importance may grow in the 
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future.1 In fact, approximately 70% of all the dyes 
used in industry are azo dyes.2 The harmful effects 
of AZO dyes on humans and aquatic life, on the 
other hand, have prompted urgent calls for the 
treatment of AZO dye-containing effluents in order 
to get rid of them or convert them into useful and 
safe products.3 Actually, these dyes are classified 
as emerging pollutants because, even at low 
concentrations, they have complex chemical 
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structures and mechanisms of action that make 
proper removal from water and wastewater 
difficult. These waste waters can have a number of 
effects on the receiving water bodies, including 
reduced solar infiltration and changes in 
photosynthetic activity and biochemical oxygen 
demand. Furthermore, if these compounds are 
ingested by humans, they can cause serious health 
problems due to their high carcinogenic, 
mutagenic, and teratogenic potential. As a result, 
these pollutants must be monitored and properly 
removed from the environment. The Conventional 
physical, chemical and biological procedures hold 
limitations and are avowed deficient in the removal 
of dyes, due to the stability of their chemical 
structure in adverse conditions.4  
      Sunset yellow is a member of the AZO dyes 

group and like the rest of the AZO, at low 

concentrations (order of 1 ppm), in drinking water 

and lakes can cause significant damage and 

potential health  issues.  In order to remove this 

environmental threat, further researches are being 

carried out in order to find out how to reduce the 

risk of damage, using different methods among 

which photodegradation by means of metal 

oxides.5 

      Titanium dioxide (TiO2) is a multifunctional 

material and has attracted great attention because 

of its exceptional catalytic and semiconductor 

features. Nowadays, with the onset of 

nanotechnology, titanium dioxide powder and 

films have been widely investigated due to its new 

properties obtained by reducing particle size, 

including high chemical stability, non-toxicity, 

high oxidizing power, biocompatibility, high 

dielectric constant and transmittance and wide 

band gap energy (3.0–3.2 eV).6 These properties 

make TiO2 an excellent material for different 

applications such as water separation for hydrogen 

generation,7 antimicrobial surfaces,8 solar cells,9 

gas sensors10 and self-cleaning coatings for urban 

buildings.11 In addition, TiO2-based thin films are 

being used as a photocatalyst in a wide range of 

environmental remediation techniques especially in 

studying the degradation of organic pollutants. 

However, there are many limitations that must be 

overcome to improve their efficiency and decrease 

the rapid recombination of photogenerated charge 

carriers.12 TiO2 thin films in general crystalize as 

anatase, rutile, or a mixture of both. The anatase 

phase being more reactive is frequently used in 

photocatalytic applications.13 One important 

approach to overcome the quick recombination of 

photogenerated charge carriers is forming TiO2 

composites. Many such composite semiconductor 

systems have been proposed as photocatalysts: 

TiO2-SiO2,14 TiO2–ZnO,15
 TiO2–CuO,16

 CdO–

TiO2–CuO.17 In this regard, SnO2 was chosen as 

the second compound for the preparation of TiO2-

SnO2 nanocomposites. Tin oxide (SnO2) is an n-

type semiconductor material that shows interesting 

properties such as a wide band gap ranging from 

3.6 to 3.8 eV,18 high transparency in the visible 

region, high electrical conductivity, good adhesion 

to glass, low expenses and good stability in various 

weather conditions. These properties make tin 

oxide suitable for many applications, particularly 

as a window layer in solar cells,19 heat reflectors in 

solar cells,20 light-emitting diodes,21 gas sensor,22 

transparent electromagnetic shielding materials,23 

lithium-ion batteries,24 and optical and pho-

tochemical devices in liquid crystal displays.25 

      In this paper, TiO2, SnO2 and TiO2-SnO2 

nanocomposite thin films have been prepared by 

spray pyrolysis technique and used to improve the 

sunset yellow dye photodegradation by the creation 

of TiO2-SnO2 heterojucntion as an eco-friendly 

technique. In the meanwhile, structural, 

morphological, optical properties of all films were 

investigated. 

RESULTS AND DISCUSSION 

 
1. X-ray diffraction 

 

 Fig. 1 displays the XRD patterns of the TiO2, 

SnO2 and their composite. 

According to the JCPDS Card No.: 21-1272, 

29-1360, 41-1455 and 06-0395 that identifies 

anatase TiO2, rutile TiO2, tin(IV) oxide (SnO2) and 

romarchite (SnO) respectively. We could conclude 

from Fig. 1 that: the T thin film displayed a 

mixture of rutile and anatase TiO2. The diffraction 

planes of rutile were assigned at the positions 

27.20, 34.34, 64.81 and 78.68°. The anatase planes 

were assigned at 38.38, 51.98, 54.92, 61.93, 71.19 

and 78.68°. Moreover, the S sample had two 

crystal structures namely SnO2 and SnO. The first 

phase was identified at 25.86, 38.91, 53.97 and 

70.23°. The SnO crystal phase had two peaks and 

they were identified at 48.22° and 62.39°. Finally, 

the TS film was mainly composed of anatase and 

rutile TiO2 at 27.20, 34.27, 78.60 and 38.28, 51.90, 

54.81, 61.92, 78.60° respectively. The SnO2 was 

discerned at 34.27 and 65.86°.  
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Fig. 1 – X-ray diffraction pattern of the TiO2, SnO2 and their composite elaborated films. 

 

 
Fig. 2 – Crystallite size and strain of the S, T and TS deposited films. 

 

To calculate the crystallite size and the micro-

strain in the films from the Full Width at Half 

Maximum (FWHM) of the measured peaks, 

Williamson-Hall method was adopted.26  

 

 The broadening attributed by the crystallite size 

and strain are given as follows: 

 

 

where K=0.9 for Gussian peak fitting,  is the 

wavelength of X-rays,  is the crystallite size,  is 

the Bragg’s angle and  is the strain. By plotting 

 we could 

determine the strain from the slop  and the 

crystallite size from the intercept  . 

 Fig. 2 depicted the crystallite size and the strain 

in each film. We could see the remarkable 

difference in both quantities with respect to S 

sample ( , as the TS sample regis-

tered the lowest crystallite size value of 18.8 nm 
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and a somewhat medium strain. The decrease in 

crystallite size in T and TS film relative to the S 

film can be attributed to the grow competition of 

different phases present in them, mainly anatase 

and rutile.27  

 

2. UV-Vis analysis 

The UV-visible spectra, at the wavelength 

range of 250 to 800 nm for all films, were shown 

in Fig. 3. The absorption edges around 387 and 

344 nm for T and S films respectively shifted with 

the structure change, i.e. the formation of TiO2-

SnO2 composite. From the same figure, the TS and 

T films displayed a relatively high transmittance of 

around 70% in average in the visible portion of the 

electromagnetic spectrum (400-800nm); however, 

the S film’s transmittance was around 62%. These 

values transparency might limit the use of the films 

in other application such as solar cells. The gap 

energy was calculated based on the Tauc method:28 

 

where υ is the frequency of the photon, h is the 

plank’s constant, Eg is the optical gap energy, α is 

the absorption coefficient and n equals 2  for 

indirect and ½ for direct allowed transitions 

respectively. The gap energy of SnO2 ranges from 

3.5 to 3.8 eV.29,30 The gap energy of S, T and TS 

films were approximated to be 3.60, 3.17 and 3.71 

eV respectively as indicated in Fig. 4. The slight 

increase in the composite gap energy can be traced 

to the relative positions of the conduction bands 

(CB) and valence bands (VB) of SnO2 and TiO2. 

The both CB and VB of SnO2 are slightly above 

that of TiO2 with a difference of around 0.14 and 

0.64 eV respectively 31. When analyzing the films 

with UV-Vis, the interaction will be collective and 

we observe the overall gap to be from the VB of 

TiO2 to the CB of SnO2 which correlates perfectly 

with our results, that is a slight increase of the TS 

film (3.71 eV) compared to S film gap (3.60 eV).

 

 
Fig. 3 – Transmittance spectra of TS, T and S films. 

  

 

 
Fig. 4 – Tauc plot of the various films. 
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Fig. 5 – SEM Surface morphology images and histogram of the deposited films. 

 
3. SEM images and surface morphology 

 The surface morphology of all the films (Fig. 5) 
seemed to have a homogenous grain distribution as 
clearly shown in the histogram where the normal 
distribution peak is narrow. The TS films had grain 
size ranging from 70 to 140 nm with almost 
spherical-like shape with an average size of  
100 nm. The same grain shape can be observed for 
S film with grain size in the interval of 100 to  
160 nm and average of 130 nm. The T film on the 
other hand had somewhat different morphology, 
where elongated grains are observed with an 
average length of 500 nm. From Figs. 2 and 5 we 
can see that the crystallite size and the grain size of 
the S film are almost the same but in the case of T 
and TS films the grain is comprised of smaller 
crystallites. The surface morphology relies on 
variety of physical entities and preparation 
conditions dealing with spray pyrolysis process. 
These parameters can be: the solution viscosity and 
precursor concentration.32 

   
4. Photocatalytic activity 

 The photocatalytic performance of T, S and TS 
films was evaluated by degradation of sunset 

yellow dye under UV-light radiation. The temporal 
variation of the dye concentration by the catalyst 
effect of the films was monitored by the absorption 
peak at 482 nm and it is depicted in Fig. 6. After 
18 hours, the degradation percentage of TS

 
nanocomposite film reached 90.27%which is very 
superior to that of T and S films as they exhibited a 
maximum percentage of degradation of 29.65% 
and 19.74% respectively. The results are 
accordance with the literature where SnO2-TiO2 
was found to exhibit an enhancement in 
photodegradation of acrylic acid.33 For an insight 
on the kinetic of the reaction, the results were fitted 
to pseudo first order reaction.34  

 

where k is a reaction rate (positive constant) and C 
is the concentration at time t, or equivalently using 
the percentage of degradation X. 

 

 
 The percentage of degradation then can be 

fitted by the following equation 
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Fig. 6 – Sunset yellow dye degradation by the individual films. 

 

 

Fig. 7 – Percentage of degradation and first order chemical reaction fitting for all the films. 

      

To quantify the fitness of the first order 

chemical reaction, the coefficient of 

determination (COD) was set as the criterion. 

COD is a number between 0 and 1. If it is 0, it 

indicates that the fit explains none of the 

variability of the response data around its mean, 

while if COD is 1; it indicates that the fit explains 

all the variability of the response data around its 

mean. In general, the larger the COD, the better 

the fit explains the data.35 The fitting of the 

degradation percentage are depicted in Fig. 7. All 

of the films had COD above 0.95, which is an 

indication that the kinetics of the photocatalysis 

activity of the films was indeed a first order 

chemical reaction. SnO2 does not perform well as 

photocatalysis, most likely due to the relative 

position of its conduction band, which is 

insufficient for reducing oxygen molecular to a 

superoxide anion.36 The enhancement in the 

performance of the TS film relative to T and S 

films can be attributed to the formation of n–n 

heterojunction which plays an essential role in the 

effective separation of light induced electrons and 

holes. Both the SnO2 and TiO2 are identified as  

n-type semiconductors. The Conduction Band 

(CB) and the Valence Band (VB) positions of 

TiO2 are more negative than SnO2,37 therefore, 

when band gap excitation occurs in TiO2/SnO2 n–

n heterojunction, the electron-hole pairs in TiO2 

are generated first since its Fermi energy level is 

higher than that of SnO2 due its smaller work 

function.38 Afterwards, the electron migrates from 

CB of TiO2 to that of SnO2 and the hole migrates 

from VB of SnO2 to that of TiO2. The charge 

transfer between TiO2 and SnO2 effectively 

separates the electrons and holes pairs.39 Dye 

degradation in TiO2 is dominated by indirect 

mechanisms generally dominant rather than direct 

mechanism.40–42 The indirect dye degradation 

mechanism relay on ionization of water at the 

semiconductor surface, where the photogenerated 

holes at the valence band react with water to 

produce OH˙ radical, the later is highly oxidizing 

element. It reacts with adsorbed dye molecules or 

those very close to the catalyst surface.43 An 

increase in the electron hole separation inside the 

semiconductor is therefore a direct increase in its 

efficiency.



 Photodegradation of sunset yellow 509 

 
Fig. 8 – Solution preparation and deposition process. 

 
EXPERIMENTAL  

 In this work, spray pyrolysis deposition method was used 
to deposit the TiO2, SnO2 and their composite on ordinary 
glass substrates. For that, the sprayed solutions at 0.1 M in 
methanol were prepared at room temperature under constant 
stirring for one hour in open air. The first solution (S1) was 
prepared by dissolving titanium isopropoxide (C12H28O4Ti, 
Aldrich purity > 97%) in methanol. The second solution (S2) 
was prepared by dissolving tin chloride dehydrate (SnCl2 
2H2O, Biochem purity > 98%) in methanol. The substrates 
were ultra-sonically cleaned in a 1:1 bath of acetone and 
methanol at T=40 °C for 10 minutes then dried in air. The T 
film was obtained by spraying the solution S1, S film was 
obtained by spraying S2 and TS film was obtained by spraying 
a mixture, (1:1) of S1 and S2. The total volume sprayed for 
each film was 10 mL at a rate of 1 mL/min. The distance 
nozzle-substrate was kept at 20 cm and the heating plate at 
550 °C. To characterize the films, the X-Ray Diffraction 
(XRD) analyses was performed using ARL EQUINOX 100 X-
ray diffractometer. To examine the surface morphology, a 
Tescan Vega 3 Scanning Electron Microscope (SEM) was 
employed. To assess their transmittance, the obtained films 
were scanned by UV-Visible light from 250 to 800 nm using 
JASCO V-630 spectrophotometer. For the photocatalysis 
assay, sunset yellow was used at a concentration of  

, pH of 8.8, under ambient temperature and a  

280 nm UV lamp was used to activate the process. The 
absorbance was evaluated by the same UV-Vis 
spectrophotometer. The following diagram summaries the 
solution preparation and deposition.  

CONCLUSIONS 

 In summary, the synthesis of SnO2 and TiO2 
and their composite SnO2-TiO2 films abbreviated 

as S, T and TS respectively is carried out. From 
XRD analysis, all of the films were polycrystalline 

and mixed phase. The S films exhibited SnO2 and 
traces of SnO with the biggest crystallite size of 

115 nm, where T and TS film had crystallite size 

of 21.5 and 18.8 nm respectively. All of the films 
experienced tensile strain. The UV-Vis 

measurement indicated a fairly high transmittance 
for T and TS films, the gap energy was calculated 

from the Tauc plot to be 3.60, 3.17 and 3.71 eV for 
S, T and TS respectively. The SEM images 

revealed homogenous grain distribution with 
different shapes (spherical like in S and TS and 

elongated for T). Finally the photocatalysis of 
sunset yellow dye by the three films was enhanced 

by the formation of n-n heterojuction in the TS 
film to reach 90.27%. All of the films 

photocatalysis behavior was really close to a first 
order chemical reaction. The elaborated films 

promise a cleaner, cheap and efficient way to 
reduce environmental hazards of sunset yellow dye 
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with the possibility of reusing them due to their 
thin films nature.  
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