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SnO  is an n-type semiconductor with a band gap between 3.6 and 4.0 eV, whose intrinsic characteristics are

responsible for its electrical conductivity, good optical characteristics, high thermal stability, and other qualities.

Such characteristics have provided excellent results in advanced oxidative processes, i.e., heterogeneous

photocatalysis applications. This process involves semiconductors in the production of hydroxyl radicals via

activation by light absorption, and it is considered as an emerging and promising technology for domestic-industrial

wastewater treatment.
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1. Tin-Oxide-Synthesis, Structure, Properties, and
Applications as Heterogeneous Photocatalyst

Tin dioxide (SnO ), obtained by combining Sn  and O , is a ceramic material that has been used in a wide variety

of applications, such as gas sensors, photovoltaic energy converters, and photocatalysts . The success for

multiple applications of SnO  is due to its intrinsic characteristics, such as: n-type conductivity, which is responsible

for the conductivity of the material, and in addition to optical and electrical characteristics, high thermal stability,

and high surface area . Electrical conductivity can be described in terms of the movement of negatively

charged electrons, and this gives rise to an n-type semiconductor .

As for the crystal structure of SnO , at room temperature, it adopts a rutile-type tetragonal structure (cassiterite)

with P42/mnm space group, as illustrated in Figure 1. This structure is formed by a tetragonal unit cell defined by

three (3) parameters: the a and c lattice parameters and the internal parameter, u, which defines the oxygen

position (u, u, and 0). At room temperature, the theoretical lattice parameters for SnO  are a = 4.7374 Å, c =

3.1864 Å , and u = 0.3056 Å. It has been reported that SnO  can also adopt an orthorhombic, CaCl -type

(Pnnm) structure, besides existing in an orthorhombic α-PbO -type (Pbcn), a cubic pyrite-type (Pa-3), an

orthorhombic ZrO -type (Pbca), and a cotunnite-type (Pnma) structure. However, these structures are metastable

at ambient conditions, and it is hard to follow these phase transitions through traditional methods under low

pressure and temperatures .
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Figure 1. (a) A P42/mnm tetragonal crystal structure of SnO  showing (b) environment of distorted SnO

octahedron and (c) lattice parameters, obtained using VESTA software and structural parameters reported in .

The structure of SnO  consists of chains of SnO  octahedra in which each Sn atom is octahedral, surrounded by

six oxygen atoms, while each oxygen is surrounded by three Sn atoms arranged at the corners of an equilateral

triangle. The structure’s Sn:O coordination is 6:3, with each octahedron not being regular, showing a slight

orthorhombic distortion .

SnO  can present nano- and micro-structured characteristics, however, most researchers have been dedicated to

the synthesis of SnO  in the form of nanoparticles. Such characteristics have offered good opportunities to explore

new physical and chemical applications. Recently, SnO  has been applied to the degradation of antibiotics , fuel

cell catalysts , gas sensors , sodium ion batteries , light-emitting diodes , heterogeneous photocatalysis,

and antimicrobial activity . There are several synthesis routes and experimental conditions to obtain SnO  in

powder form, the choice of which may influence the particles’ morphology and texture, besides their structural,

optical, and electronic properties, which will consequently impact the efficiency and final application of the material.

In relation to SnO -based thin films, chemical deposition methods have appeared to be the most used 

.

With respect to the applications in photocatalysis, SnO  catalysts with a tetragonal, rutile-type structure are the

main phases investigated, but a recent work reported that the coexistence of mixed tetragonal–orthorhombic

phases affected the photocatalytic efficiency of SnO  .
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2. Synthesis Methods and the Influence of Experimental
Parameters on the Characteristics and Photocatalytic
Properties of SnO -Based Materials

One of the main aspects this entry refers to is the approach of how different synthesis methods and experimental

parameters affect the photocatalytic properties of SnO -based materials.

Researchers have employed different methods to produce new materials with specific properties and applications.

The choice of an appropriate condition to prepare a material is crucial to modifying its physicochemical

characteristics, such as crystal structure and morphological and texture characteristics of the particles (size, shape,

surface area, and surface charge characteristics), as well as the electronic and optical properties. The variation on

these characteristics may change the applicability of the material. In this sense, different researchers have devoted

to obtaining SnO -based materials with specific characteristics and efficient photocatalytic behaviors. Among the

great variety of methods known in the literature, SnO -based photocatalysts have been obtained, in their powder

form, by a solvothermal reaction , the microwave-assisted hydrothermal method , chemical precipitation ,

the polymeric precursor method , and sol-gel , all which are mostly used.

In relation to the photocatalytic properties of SnO  particles, although there is a variety of organic pollutants,

organic dyes such as Methylene blue (MB), Rhodamine B (RhB), and Methyl orange (MO) have been the most

used as target molecules to evaluate the photocatalytic efficiency of SnO . However, other organic dyes such as

Congo red (CR), Malachite green (MG) and Eriochrome black T (EBT) have also been explored for such purposes.

In this context, the photodegradation of these organic dyes is highlighted. Apart from powdered SnO  materials,

SnO -based films have also been used as photocatalysts for dye photodegradation . For the

preparation of films, chemical  and physical-based deposition methods  are used. In the following

sections, photocatalytic applications of pure and doped SnO -based catalysts, as well as the composites based on

SnO  in powdered and film forms prepared by different techniques, are also discussed.

2.1. Pure SnO -Based Photocatalysts

Besides being synthesized in its pure form, SnO  has been prepared in its doped form with metals or nonmetal

ions, as well as in the form of composites with other semiconductor materials, or even impregnated in inert, non-

active photocatalytic materials. It is well known that the generation of electrons/holes (e /h ) pairs by absorption of

a photon of equal energy, to or higher than the band gap energy induced by light, is a basic prerequisite for a

semiconductor to be used in photocatalysis. Because of its wide band gap of SnO  (3.6 eV), no absorption

response to the visible light would be achieved, and this is the main disadvantage of this material, which restricts

its application in practical devices. A wide variety of pure semiconductor materials, particularly SnO , have been

investigated regarding the photocatalytic properties, but only few of them are considered effective photocatalysts.

Besides the value of the forbidden band energy corresponding to absorption in the visible region, it is required that

the energy levels of the conduction and valence bands are suited to the redox potential of the water, so as to
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produce reactive agents to promote breaking of organic pollutants molecules. Therefore, different authors have

employed various synthesis methods and varied experimental conditions in order to change particle characteristics,

which include size, morphology, and texture, as well as the crystallinity and the presence of defects, in order to

design efficient photocatalysts under UV irradiation. These parameters can play an important role during

photocatalysis, as they can affect the adsorptive and photo-absorption capacity of the catalyst, besides reducing

photogenerated changes of recombination during photoexcitation. In addition, some authors also explored the

reaction mechanisms involved in the photodegradation of the dyes and how the reactive species act for the

photocatalysis to occur.

2.2. Doped SnO  Photocatalysts

Although pure SnO  nanoparticles with a different morphology have shown efficiency in the degradation of dyes

under irradiation, different authors have developed strategies to overcome the low photoactivity of SnO  under

visible light exposure. For instance, doping SnO  with different foreign ions has shown to be an efficient way to

shorten its band gap and enhance its photoactivity.

Based on this fact, N. Mala et al.  synthesized SnO  nanoparticles doped with Mg  + Co  cations by a low-cost

chemical solution method and investigated the antibacterial activity and photocatalytic efficiency toward the

degradation of Methylene blue (MB) and Malachite green (MG) dyes. The authors revealed that the samples

presented a tetragonal crystalline phase, with an average crystallite size of 24 and 25 nm for pure SnO  and SnO -

Mg:Co, respectively. The authors suggested that this slightly increase of the crystallite size after doping was due to

local distortions in the SnO  lattice induced by the presence of dopants. A nanorod-like morphology was confirmed

through SEM images, with a reduction in the crystal length and in the average diameter after doping. Surprisingly,

an increase in the band gap energy estimated for SnO  (3.52 eV) and SnO -Mg:Co (4.22 eV) was observed. This

behavior is attributed to the quantum confinement effect that normally happens when the nanoparticle size

decreases. However, no meaningful variation was observed in the particle size for pure and doped SnO  samples.

Regarding the photocatalytic activity of SnO  and SnO :Mg:Co nanoparticles, the authors observed that SnO

presented an efficiency of 82 and 86%, while SnO -Mg:Co displayed 89 and 92% efficiency toward MB and MG

dyes degradation, respectively, under visible light after 60 min.

Although doped SnO  is most prepared in powder, thin films based on doped SnO  have also been studied in

photocatalysis. For instance, S. Vadivel and G. Rajaraja et al.  prepared magnesium-doped SnO  films by the

chemical bath deposition method, varying Mg  molar concentrations (1, 5, and 10%). The films were deposited on

glass, and after deposition they were annealed at 500 °C for 5 h in air to promote crystallization. From XRD

analysis, the tetragonal rutile phase was confirmed in all films. Atomic force microscopy (AFM) images revealed

that the surface roughness decreases with increasing dopant concentration. The optical band gap energy for pure

SnO  was 3.63 eV, decreasing to 3.42 eV for the film doped with 10% Mg. The photocatalytic activities of the films

were evaluated by the degradation of Methylene blue (MB) and Rhodamine B (RhB) dyes under UV irradiation.

The maximum photodegradation of the dyes was reached for 10% Mg-doped SnO  film, degrading 80% of MB and
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90% of RhB after 120 min. Fast electron transfer and high efficiency in electron–hole pairs separation led to a

significant improvement of photocatalytic activity in the doped sample.

In the work conducted by Haya et al.  films of pure SnO  and doped with 2, 4, 6, and 8% of Sr  were prepared

by a chemical solution deposition method using the sol-gel method to deposit the solution coating on a glass

substrate. The effect of doping on the structural, optical, morphological, and photocatalytic properties of the films

were studied. According to the results, the increase in Sr  doping promotes a decrease in crystallite size and an

increase in the lattice distortion. These effects generate a greater number of defects, such as grain boundaries,

micro-stresses, and displacements in the thin film lattice. The average crystallite size decreased from 7.61 nm for

undoped SnO  to 3.80 nm for 8% Sr-SnO . It was also observed by UV-visible analysis that the presence of

dopants introduced new intermediate levels in the semiconductor band gap (Eg), decreasing Eg from 3.86 eV for

pure SnO  film to 3.76 eV for Sr-richer SnO  film. Additionally, the morphology of the films was analyzed by AFM,

and a smaller grain size was observed for 8% Sr-SnO  (4.96 nm). Consequently, it showed the lower surface

roughness when compared to the other films. Concerning the photocatalytic activity, the greatest efficiency in the

degradation of MB dye under irradiation was attained for 8% Sr-SnO  film, which was attributed to smaller grain

sizes and surface roughness, as well as the introduction of new energy levels below the conduction band of the

pure material, resulting from the Sr doping.

Using a non-conventional method to prepare thin films, Loyola Poul Raj et al.  prepared SnO  thin films doped

with 3 and 6 mol% of Tb  on a glass substrate by the spray nebulized pyrolysis (NSP) method and calcined them

at 400 °C to crystallize the materials. The authors investigated the photocatalytic property of the films in the

degradation of MB dye under UV irradiation. According to the authors, doping SnO  films with up to 6% of Tb

cations induces a decrease in the grain size from 80 to 56 nm, and the band gap from 3.51 to 3.36 eV, which

directly impacts photocatalysis, as reported by other authors. Indeed, a maximum of 85% of dye degradation was

observed after 120 min under UV irradiation using SnO  film doped with the 6 mol% Tb . Using PL spectroscopy,

the authors reveal that Tb doping leads to the creation of more defects that act as reactive sites for catalyzed

reactions. As a consequence of the study, the authors concluded that Tb doping favored photocatalytic reactions by

reducing particle size, and therefore increasing the surface area and the number of reactive sites on the surface,

which allows the dye adsorption. In addition, Tb doping induces a decrease in the band gap of the materials, which

favors photo-absorption, aiming to potentialize charge carriers to participate in photocatalytic reactions.

2.3. SnO -Based Composite Photocatalysts

As one can see from studies discussed in the sections above, pure and doped SnO  particles and films have been

well explored. However, SnO  has also been combined with other different semiconductors in order to reduce

recombination of the photoinduced charge carriers, to therefore improve photocatalytic activity.

Considering this fact, Abdel-Messih et al.  synthesized SnO /TiO  nanoparticles with a spherical mesoporous

morphology synthesized by the sol-gel process, using polymethylmethacrylate as a template. The amount of SnO

(0–25%) in relation to the mass of pure TiO  was varied to obtain composites with different compositions. The
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samples were calcined at 800 °C for 3 h to ensure complete organic polymer decomposition. In relation to the

photocatalytic property of the materials, photodegradation of Rhodamine B (RhB) dye was performed under UV

irradiation using a catalyst/dye concentration of 1 g L . The photodegradation efficiency of the composites

increased with the increase of tin oxide content up to 10% (about 92% of the dye degraded after 3 h). However, the

sample with 25 mol% of SnO  showed the lowest efficiency, which was attributed to the loss of the titanium

anatase phase. The authors concluded that there is an optimal amount of SnO  to achieve the maximum efficiency.

In addition, the remarkable reduction in particle size by the existence of SnO  in the composites enhanced the

oxidizing power and extended the photoinduced charge separation, and these were the main reasons for the

increase in the catalytic activity of the samples.

2.4. Final Remarks

The number of materials for the formation of the SnO  with a different particle size and morphology, besides doped

SnO  with an appropriate amount and type of dopant, and also the formation of the composite with SnO , plays an

important role in improving the photocatalytic activity of the SnO  material. In relation to composites, the excess of

both species can be harmful to the contact surface between the phases, mainly due to the high degree of particle

agglomeration. Tests using scavengers, such as p-benzoquinone (BZ, C H O ), isopropanol (ISO, (CH ) CHOH),

and ammonium oxalate monohydrate (AO, (NH ) C O ·H O) indicate OH is the main species in most

photocatalytic mechanisms. However, to obtain more insights about the photocatalytic mechanism involved in

composite materials, the reseachers seek to understand the charge transfer between the phases from the band

structures of each individual material. Structural and electronic defects can also generate energy levels between

the VB and CB, and, therefore, modify the photocatalytic mechanism of composites. The creation of different

interfaces between the phases may reduce charge carriers’ recombination, leading to the formation of a great

number of free radicals to improve photocatalysis. In addition, several other parameters can impact the

photocatalytic efficiency of composites, such as phase composition, surface area, morphology, particle size, pore

structure, electron–hole recombination rate, and band gap energy of the individual components. Some authors

showed that the high surface area and the presence of pores are more effective parameters that affect dye

degradation since the existence of several active sites, responsible for the adsorption of molecules, is crucial for

the photocatalysis to occur.

Based on the findings above, it can be concluded that to design a new photocatalytic material with specific

characteristic, one has to consider optimizing type and amount of dopants and interface characteristics between

materials, or even the nature of the desired product (powder, film, etc.), besides the microstructure of the material

(particle size and morphology), and by a choice of specific synthesis methodology and appropriate experimental

conditions.
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