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Abstract: Nanocomposites based on SnO2-Mn were synthesized by the reaction of tin (II) chloride dihydrate and man-

ganese (II) chloride tetrahydrate at a molar ratio of 10:1 in the presence of ammonium hydroxide at 80°C. The SnO2-Mn

nanocomposites were stirred with fullerene [C60] in a mass ratio of 2:1 in tetrahydrofuran to prepare SnO2-Mn-C60 nano-

composites; these  nanocomposites were obtained upon heating the mixture of SnO2-Mn nanocomposites and fullerene [C60]

in an electric furnace at 700°C for 2 h. The synthesized SnO2-Mn-C60 nanocomposites were confirmed through various char-

acterization methods such as X-ray diffraction and scanning electron microscopy. The photocatalytic activities of the SnO2-

Mn-C60 nanocomposites were demonstrated by the degradation of the organic dyes BG, MB, MO, and RhB under 254 nm

irradiation and evaluated using UV-Vis spectrophotometry.

Keywords: SnO2-Mn-C60 nanocomposites, photocatalytic activities, degradation of the organic dyes, UV-Vis spectropho-

tometry

Introduction

The synthesis and characterization of semiconductor mate-

rials are gaining popularity important functional materials

such as dielectrics, polymers, magnetics, and semiconductors

due to their good optical properties.1-3 In recent years, the

investigation of nanocrystalline semiconductors focused on

enhancing the optical properties of nanocrystalline semicon-

ductors have been conducted.4 

Tin oxide (SnO2), an n-type semiconductor, is one of the

most interesting and well-known oxide semiconductor mate-

rials. Tin oxide has a rutile crystalline structure, and exhibits

numerous engaging chemical and physical properties. The

band-gap energy of tin oxide is 3.6 eV.4-7 Nanostructured tin

oxide is a technologically versatile and important semicon-

ductor. Especially, the optical properties of tin oxide have

been studied with great interests for industrial application.

Due to its higher optical transparency, remarkable chemical

stability, and electrical conductivity, tin oxide has been uti-

lized for various applications such as optoelectronic devices,

liquid crystal display transistors, solar cells, oxidation catal-

ysis, gas sensors, transparent conducting electrodes, and spin-

tronics.8-12

Nanoscale tin oxide/has been synthesized by several meth-

ods such as sol-gel, gel-combustion, hydrothermal, chemical

precipitation, and solvothermal technology, etc.13-15 Among

the various technology, the sol-gel method has been known

as one of the most effective methods since it allows the struc-

tural and surface properties of nanomaterials to be con-

trolled.16 The chemical precipitation method is a simple and

promising because the particle size and morphological prop-

erties of the nanoparticles can be controlled by the reaction

conditions such as concentration, pH, reaction temperature.13

Recently, great number of studies have been carried out tin

oxide doping with a proper activator for the modification of

the optical, magnetic, and electrochemical properties of metal

oxide semiconducting materials.5 It has been proved that

transition metal ion doping is an effective method to regulate

the transport performance of carriers, surface properties, and

energy levels of semiconductors.17 Due to the fact that dop-

ing with Mn results in an electronic band structure variation

of SnO2 and shows a large magnetoresistance, most of the

previous studies have been focused on the preparation of Mn-

doped SnO2.
18,19 So far, most researchers have focused on the

magnetic properties of Mn-doped SnO2, but the optical and
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catalytic properties of Mn-doped SnO2 nanoparticles not

being investigated widely.5,8 Detailed studies about these

properties are needed to explore the potential applications of

this nanomaterial.

 The organic pollutants generated by chemicals from syn-

thetic dyes and pigments are the most refractory pollutants

in industrial wastewater, and cause many environmental

problems. In order to remove these pollutants, various meth-

ods have been considered and much effort has been

devoted.20,21 Traditional methods such as active sludge,

adsorption on activated carbon, combined coagulation, and

electrochemical oxidation have proved to be adequate.22

Nowadays, the use of photocatalytic degradation is a prom-

ising method to remove these organic pollutants and has

attracted the interest of many researchers.23,24 Photocatalytic

degradation is induced by electron-hole pairs, which are gen-

erated in semiconducting materials under illumination by

light.23-25 Furthermore, it should be noted that the photocat-

alytic activity of semiconducting materials can be enhanced

by combining semiconducting materials with nanocarbon

materials. Due to the electron-accepting performance of

fullerene [C60], many C60-modified semiconducting materials

have been prepared for the photocatalytic degradation of

organic dyes.26,27

Therefore, in the present study, we report the doping of

SnO2 nanoparticles with Mn ions using a simple method. The

synthesis of SnO2-Mn-C60 nanocomposites was achieved by

calcining a mixture of SnO2-Mn nanocomposites and fuller-

ene [C60] in an electric furnace. The structural and morpho-

logical properties were studied by X-ray diffraction (XRD)

and scanning electron microscopy (SEM). The photocatalytic

activities of the SnO2-Mn-C60 nanocomposites were charac-

terized by the degradation of the organic dyes BG, MB, MO,

and RhB, using UV-Vis spectrophotometry.

Experimental

1. Materials 

Tin (II) chloride dihydrate [SnCl2·2H2O] was obtained

from Duksan Pharmaceutical Co., Ltd. Manganese (II) chlo-

ride tetrahydrate [MnCl2·4H2O], ammonium hydroxide

[NH3·H2O], brilliant green (BG), and methyl orange (MO)

were supplied by Sigma-Aldrich. Fullerene [C60] was pur-

chased from Tokyo Chemical Industry Co., Ltd. Methylene

blue 3H2O (MB), Rhodamine B (RhB), and tetrahydrofuran

(THF) were obtained from Samchun Chemicals. All chem-

ical materials were used as received without any further puri-

fication or treatment.

2. Synthesis of SnO2-Mn-C60 nanocomposites 

In a typical procedure SnO2-Mn nanocomposites were syn-

thesized by adding MnCl2·4H2O to 100 ml of 0.01 mol dm-3

SnCl2·2H2O aqueous solution in a molar ratio of 1:10

(MnCl2·4H2O/SnCl2·2H2O). The mixture was then stirred for

10 min at 80°C, following which 3 ml of NH3·H2O was

added dropwise to obtain a white precipitate. After addition,

the resulting solution was continuously stirred at 80°C for 30

min. The resulting precipitate was centrifuged and washed 5

times with distilled water and then dried at 80°C for 12 h in

an electric oven to collect the SnO2-Mn nanocomposites.

Subsequently, the resulting SnO2-Mn nanocomposites were

mixed with fullerene [C60] at a 2:1 mass ratio in THF (10

mL) and then calcined in an electric furnace (Ajeon Heating

Industry Co., Ltd.) at 700°C for 2 h under an inert atmo-

sphere of argon gas to form SnO2-Mn-C60 nanocomposites.

3. Characterization of samples

The structures of the SnO2-Mn nanocomposites and SnO2-

Mn-C60 nanocomposites were characterized by XRD with

Cu Kα radiation (Bruker, D8 Advance, λ=1.54178 Å). SEM

(JEOL Ltd, JSM-6510) at an accelerating voltage of 0.5 to

30 kV was used to examine the morphological characteri-

zation of the samples and particle shapes. UV-Vis spectra of

photocatalytic degradations were recorded using a UV-Vis

spectrophotometer (Shimadzu UV-1619PC). 

4. Evaluation of the photocatalytic activity

The photocatalytic activity of the prepared SnO2-Mn-C60

nanocomposites was demonstrated by monitoring the deg-

radation of the various organic dyes including BG (1.32×10−2

mmol/L), MB (1.05×10−2 mmol/L), MO (6.11×10−2 mmol/

L), and RhB (1.00×10−2 mmol/L). In a typical experiment,

a 10 ml glass vial was charged with a 10 ml organic dye solu-

tion of each of the foregoing dyes, each having an absor-

bance value of 1.0. As a photocatalyst, 5 mg SnO2-Mn-C60

nanocomposites were added into the organic dye solution. To

achieve an adsorption-desorption equilibrium between the

organic dye and photocatalyst, the glass vial was kept in a
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dark environment for 30 min. Then, the reactor was irradi-

ated by a UV-lamp (8 W, 254 nm, 77202 Marne-la-Vallée-

cedex 1, France). The process of photocatalytic degradation

was analyzed using UV-Vis spectrophotometry by monitor-

ing at 20 min interval.

Results and Discussion

1. XRD and SEM analysis

The XRD patterns of the SnO2-Mn nanocomposites and

SnO2-Mn-C60 nanocomposites are shown in Figure 1a and

Figure 1. (a) XRD pattern of SnO2-Mn nanocomposites. (b) XRD pattern of SnO2-Mn-C60 nanocomposites.
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1b, respectively. The characteristic peaks at 2θ = 26.6°, 33.9°,

38.0°, 51.8°, 54.8°, 57.9°, 66.0°, 71.3°, and 78.7° correspond

to the (110), (101), (200), (211), (220), (002), (301), (202),

and (321) crystal planes of SnO2-Mn, respectively.4,28 The

XRD patterns of C60 showed a small peak at 2θ = 21.8° cor-

respond to the (311) crystal plane of C60 powders, respec-

tively (JCPDS file No.44-0558).29 The XRD patterns also

show that the SnO2-Mn nanocomposites and SnO2-Mn-C60

nanocomposites have good crystallinity and large surface

areas. 

Figure 2 shows the SEM image of the SnO2-Mn-C60 nano-
Figure 2. SEM image of SnO2-Mn-C60 nanocomposites.

Figure 3. (a) UV-vis spectrum of the BG solution with SnO2-Mn-C60 nanocomposites as photocatalyst under UV lamp illumination at 254

nm. (b) UV-vis spectrum of the MB solution with SnO2-Mn-C60 nanocomposites as photocatalyst under UV lamp illumination at 254 nm. 
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composites. The spherical morphology of the SnO2-Mn nano-

composites is clearly visible in Figure 2, and it can also be

seen that the SnO2-Mn nanocomposites adhere to the surface

of fullerene [C60] with a spheroidal morphology. It should be

noted that the particle size of SnO2-Mn nanocomposites is

comparatively smaller than that of fullerene [C60].

2. Photocatalytic performance

In order to investigate the photocatalytic activities of the

synthesized samples, the degradation of the organic dyes BG,

MB, MO, and RhB was performed by using SnO2-Mn-C60

nanocomposites as photocatalyst under UV lamp illumina-

tion at 254 nm. Figure 3a shows the degradation of BG using

SnO2-Mn-C60 nanocomposites as photocatalyst. Figure 3b

displays the UV-Vis spectra of the degrading MB solution.

Figure 3c shows the UV-Vis spectra of the degradation of

MO. Finally, Figure 3d is the UV-Vis spectra of the degra-

dation of RhB. This investigation indicated that the absor-

bance values of the organic dyes decreased according to

Figure 3. (c) UV-vis spectrum of the MO solution with SnO2-Mn-C60 nanocomposites as photocatalyst under UV lamp illumination at 254

nm. (d) UV-vis spectrum of the RhB solution with SnO2-Mn-C60 nanocomposites as photocatalyst under UV lamp illumination at 254 nm. 
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increasing irradiation time. As a result, the solution color of

the organic dyes changed from dark to light color. 

3. Kinetic study 

Results of the above investigations show that the value of

the concentration ratio ln(C/C0) is proportional to the irra-

diation time. In order to determine the degradation rate of the

organic dyes when using SnO2-Mn-C60 nanocomposites as

photocatalyst under UV lamp illumination at 254 nm, the

Langmuir-Hinshelwood model was used as a model fit for

the pseudo-first-order reaction. This model has been applied

to the photocatalytic degradation kinetics of many organic

compounds in many papers, and so it was suitable to be used

for the kinetics study of photocatalytic degradation.30,31 The

equation can be written as follows:

where C/C0 is the concentration ratio of the organic dye solu-

tion at a measuring time t to the initial concentration. The

reaction rate constant was Kap. Figure 4 shows that the order

of photocatalytic degradation of the organic dyes with SnO2-

Mn-C60 nanocomposites was BG > RhB > MB > MO. It can

be said that the degradation rate of BG was the fastest and

the degradation rate of MO was the slowest when using

SnO2-Mn-C60 nanocomposites as photocatalyst under ultra-

violet irradiation at 254 nm.

Conclusion

In summary, Mn ion-doped SnO2 nanoparticles were suc-

cessfully synthesized using a chemical precipitation method,

and SnO2-Mn-C60 nanocomposites were prepared by heating

SnO2-Mn nanocomposites and fullerene [C60] at 700°C for

2 h. The structural and crystalline analysis were carried out

by XRD. SEM analysis revealed that SnO2-Mn nanocom-

posites were adhered to the surface of fullerene [C60] with a

large spheroidal morphology. The photocatalytic activity of

the synthesized SnO2-Mn-C60 nanocomposites was examined

by the degradation of organic dyes BG, MB, MO, and RhB

under UV lamp illumination at 254 nm. The UV-Vis spectra

showed that the order of photocatalytic degradation of the

organic dyes with SnO2-Mn-C60 nanocomposites was BG >

RhB > MB > MO.
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Figure 4. Kinetics study of the photocatalytic degradation of organic dyes with SnO2-Mn-C60 nanocomposites as photocatalyst under 254

nm UV irradiation. 
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