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ABSTRACT 

The photo catalytic degradation of organ tin compounds (TBT, DBT and MBT) in aqueous N-doped TiO2 

suspension was studied. The N-doped TiO2 photo catalyst was prepared via the sol-gel method using titanium (IV) tetra iso 

pro poxide as a precursor. The prepared photo catalyst was characterized by XPD, SEM, TEM, UV-Vis/DRS and 

elemental analysis. Under UV-light irradiation, P-25–TiO2 was able to degrade TBT with the highest degradation 

efficiency than UN doped and N-doped TiO2. Under visible light and sunlight illumination, N-doped TiO2 gave the best 

catalytic efficiency for TBT, DBT and MBT compared with others photo catalysts. The rate constant for the degradation of 

TBT, DBT and MBT by the N-doped TiO2 were 0.1532 h-1, 0.2973 h-1 and 0.3950 h-1 respectively. The degradation of 

TBT should be in line with the debutylation process to generate DBT and MBT as by product. 
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INTRODUCTION 

Organ tin compounds (OTCs) were firstly synthesized by E. Frankland in 1853 [1]. Further investigations on the 

OTCs have lead to the discovery of more than 800 organ tin compounds to date. The basic chemical formula for OTCs is 

expressed as RnSnX4-n, in which R is an alkyl or aryl group and X is an inorganic substituent. OTCs are divided to 4 types 

such as, mono substituted (RSnX3), disubstituted (R2SnX2), tri substituted (R3SnX) and tetra substituted (R4Sn). Generally, 

tri substituted OTCs such as tri butyl tin (TBT) is more toxic than di- and mono substituted OTCs [2]. TBT was important 

toxic ingredients in fungicides, molluscides, repellent, wood preservatives and antifouling paint [3]. The toxicity of OTCs 

are strongly influenced by the length of the alkyl chains attached to the tin. TBT compounds are moderately toxic via both 

ingestion and dermal absorption. TBT lead to acute and chronic effect in non-target organisms even at low concentration. 

When expose to TBT, effect on reproduction, organ toxicity, carcinogenicity and imposex may occur. TBT is an endocrine 

disrupter which interferes with the endocrine system in organisms and humans. It causes physical damage, reproductive 

effects, teratogenic effects and, the most worrying, imposex of gastropod [4]. The very low levels of TBT (about 1 µg/L) 

are lethal or cause reduced growth and reproduction of commercial shellfish [5]. 

Degradation of OTCs occurs naturally in the environment which involves progressive debutylation. In this 

process, first, TBT is degraded and then dibutyl tin (DBT) and monobutlytin (MBT) are produced as products. These 

butyltin compounds are less toxic than TBT, so degradation of TBT can reduce the effect to the environment and organism 

expose to the substance [6]. Photo degradation occurs during laboratory exposure of solutions to UV light at a specific 

range of wavelength which depends on the energy required to breakdown the tin-carbon bond. TBT species are degraded 

very slowly by natural sunlight. Furthermore, the UV photo degradation of TBT leads to the formation of partially oxidized 

products from the organic groups attached to the tin atoms. Accordingly, new methods must be developed. Heterogeneous 

phocatalysis has been shown to be an attractive process for the degradation of many water pollutants. Powdered TiO2 is 
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one of the most promising photo catalysts for the detoxification of organic or inorganic contaminants in the aquatic 

environment [6]. Generally, TiO2 is only photo catalytically active under the UV light due to its large band gap of 3.0 eV 

for rutile and 3.2 eV for anatase. Since sunlight primarily consists of visible wavelengths, i.e. very small portion of the UV 

light, many attempts try to decreasing the TiO2 band gap in order that TiO2 can absorb light in a visible region. In the 

present study, chemical substitution is a promising way by, for example, replacing some oxygen atoms with nitrogen atoms 

[7]. This mixed state of N 2p and O 2p can lower the band gap of TiO2. 

The objectives of this work are to study the photo catalytic degradation of TBT under UV light, visible light and 

natural sunlight with N-doped TiO2 photo catalyst. The catalytic efficiency of N-doped TiO2 with others catalyst such as 

commercial P25-TiO2 photo catalyst and undoped TiO2 will be compared. 

MATERIALS AND METHODS 

Chemicals and Instruments 

The analytical standards used were tri butyl tin chloride (96% purity), dibutyltin chloride (98% purity), mono 

butyl tin chloride (95% purity) and tetra butyl tin obtained from Aldrich (Poole Dorset, UK). Ammonia solution (25%), 

tropolone (98% purity) and hexylmagnesium bromide solution (2 M in diethylether) were also obtained from Aldrich. 

Titanium (IV) tetra isopropoxide (AR grade) was obtained from ACROS (New Jersey, USA). Degussa P25-TiO2 was 

obtained from S.M. Chemical (Bangkok, Thailand). Samples for X-ray powder diffraction (XPD) analysis were 

characterized using a Philips Pw1830 X-ray diffractometer (CuKα, 1.5418˚A). Samples for transmission electron 

microscopy (TEM; JEOL 1200EX, 120 keV) were deposited on carbon-coated, 3-mm diameter, electron microscope grids. 

Percentage of nitrogen in the photo catalyst was determined by LECO CHNS-932 Elemental Analyzer. The GC–FPD 

system was an Agilent 7890A tandem with Flame Photoemission Detector. The column was a Varian CP-Sil8, 30 m x 0.25 

i.d., 025 µm film thickness.  

Photo Catalyst Preparation 

N-doped TiO2 catalyst was prepared following the sol–gel method by addition of 5 mL of 25% ammonia solution 

to 10 mL of titania precursor. In this work, titanium (IV) tetra iso-propoxide was chosen as the main starting material 

because it is generally used for TiO2 synthesis, and for commercial P25–TiO2. After the reactions, the mixture was 

incubated at 30˚C for 1 h and then 105˚C for 1 h to obtain a pale yellow solid. Subsequently, the solid was calcined at 

temperature 400˚C for 1 h to provide catalysts for further characterization. The color of catalysts varied depending on the 

calcinations temperature, from brown at low temperature to white and light yellow at high temperature. Undoped TiO2 was 

prepared under the same conditions as N-doped TiO2 except that nanopure water was added into the titania precursor 

instead of ammonia solution. 

Photo Catalytic Degradation 

Photo catalytic activity was assessed by the photo degradation of TBT under artificial visible light and under 

sunlight (in June 2013, Bangkok, Thailand). A stock solution of TBT 1000 µgmL−1 was prepared in methanol. From the 

stock solution, 10 µgmL−1 working solutions in nanopure water were freshly prepared prior to under taking the reaction. 

The photo catalytic degradation was carried out in 250 mL beaker containing 150 mL working solution and 0.10 g of 

catalyst at room temperature (25–30◦C). For the visible irradiation, the reaction mixture was stirred for 30 min in the dark 

then stirred under visible light using a 190 W, Xe-lamp equipped with a HOYA UV 385 cutoff filter at an average distance 
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of 30 cm between water surface and lamp. Samples were collected between 30 min and 3 h. For the natural light, the 

reaction mixture was stirred in the dark for 30 min then stirred with direct exposure to sunlight. The experiments were 

carried out between 11.00 am and 5.00 pm during the months of June 2013 in Bangkok. Samples were collected between 

30 min and 5 h. Concentration of TBT and degradation products were determined in all samples using GC–FPD by 

extraction method that developed by Bangkedphol et al. [8]. Dark control samples were covered with aluminum foil and 

stirred under the same condition. 

RESULTS AND DISCUSSIONS 

Characterization of N-Doped Photo Catalyst 

The XPD pattern in figure 1 shows 2Ѳ peaks at 25.36o, 37.94o, 48.20o, 53.94o, 55.13o which are regarded as an 

attributive indicator of the anatase phase of titania. The average particle size was calculated by applying Scherrer’s 

equation to the anatase (101) diffraction peaks which represented the highest intensity peak for each pure phase.                      

The prepared N-doped TiO2 had a crystallite size of 11.3 nm. Unit cell volume from the calculation for the tetragonal 

system was 0.135 nm3. 

 

Figure 1: The XPD Pattern of N-Doped Tio2 after the Calcination at 400oc 

The SEM image (as shown in figure 2a) exhibits that the surface morphology of N-doped TiO2 is mainly fluffy 

like grains. These results are in good agreement with TEM image (as shown in figure 2b) that the particle morphology is 

somewhat spherical in both the analysis. Furthermore, the average crystallite size of N-doped TiO2 is 15 nm based on the 

diameter calculation of randomly selected 50 particles. 

       

(a)          (b) 

Figure 2: SEM (a) and TEM (b) Image of the Prepared N-Doped Tio2 

The UV-Vis/DRS spectrum of the N-doped TiO2 in figure 3 exhibits two-step absorption edges of yellow N-

doped TiO2. The first edge is located at 392 nm and the second edge is apparently shown at 507 nm. These edges indicated 

that nitrogen doping had a significant impact on the band structure of TiO2. From the calculation, the energy band gaps 
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(Eg) were 3.16 and 2.45 eV. The result from the elemental analysis also confirmed that the catalyst contained 0.054% 

nitrogen. 

 

Figure 3: The UV-Vis/DRS Spectrum of N-Doped Tio2 

Photo Catalytic Activity 

The results of photo catalytic degradation of TBT under UV light by various photo catalysts are shown in figure 4. 

The photo catalytic efficiency was determined by calculating the relative concentration (C/Co), where C is concentration of 

TBT at the sampling time and Co is the initial concentration of TBT. Under UV light irradiation, P25-TiO2 was able to 

degrade TBT with the highest % degradation of 82.72% and the rate constant of 0.3750 h-1. This phenomenon can be 

explained by the synergistic interaction between anatase and rutile phase as stated by Sminiotis and Sun [9]. When anatase 

attach to rutile, it would cause band bending which reduced the possibility of electron-hole pair recombination. This might 

enhance the photo catalytic activity of P25-TiO2.  

 

Figure 4: Photo Degradation of TBT under UV light by P25-TiO2, 
                  Undoped TiO2, N-doped TiO2 and without Photo Catalyst 

The results of photo catalytic degradation of TBT under visible light by various photo catalysts are shown in 

figure 5. The undoped TiO2 and P25-TiO2 did not show any degradation activity under visible light irradiation. Since the 

band gap energy of these two photo catalysts are high, electron in the valence band cannot be activated to the conduction 

band by the lower energy of visible light. The N-doped TiO2 provided the best catalytic efficiency with 39.20% 

degradation with the first order rate constant of 0.1532 h-1. In addition, the visible light could not degrade the TBT as no 

degradation activity occurs in blank experiment. 
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Figure 5: Photo Degradation of TBT under Visible Light by P25-TiO2,  
            Undoped TiO2, N-Doped TiO2 and without Photo Catalyst 

 
The results of photocatalytic degradation of TBT under sunlight by various photocatalysts are shown in figure 6. 

This indicated that N-doped TiO2 could enhance the photodegradation of TBT under sunlight with the highest conversion 

of 82.20% and the first order rate constant of 0.2063 h-1. The N-doped TiO2 displayed successful degradation activity in 

sunlight which is a result of “band gap narrowing”.  

 

Figure 6: Photo Degradation of TBT under Sunlight by P25-TiO2,  
                  Undoped TiO2, N-Doped TiO2 and without Photo Catalyst 

 
Figure 7 shows the photo degradation of MBT, DBT and TBT under visible light by N-doped TiO2.                             

The % degradation for MBT, DBT and TBT were 84.68%, 75.55% and 39.20%, respectively. The rate constant for MBT, 

DBT and TBT were 0.3950 h-1, 0.2973 h-1 and 0.1532 h-1, respectively. In order to understand the degradation mechanism, 

the photo catalytic degradation of a mix solution (MBT+DBT+TBT) by N-doped TiO2 under visible light was conducted. 

The result is shown in figure 8. After the illumination for 1 hour, the concentration of TBT and MBT were decreased but 

not for DBT. After 2 hours the concentration of DBT stated to decrease while the concentration of MBT started to increase 

which may due to the debutylation of DBT. In case of TBT, the amount of TBT was unexpected increase after 2 hours 

which may come from the recombination process as previously explained by Navio et al. [5]. The degradation of TBT 

should be in line with the debutylation process to generate DBT and MBT as by product. 
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Figure 7: Photo Degradation of MBT, DBT and TBT under Visible Light by N-Doped Tio2 

 

Figure 8: Photo Degradation of Mix Solution of MBT, DBT  
            and TBT under Visible Light by N-Doped Tio2 

 
CONCLUSIONS 

A simple sol–gel method was successfully applied for the synthesis of nanoparticle N-doped TiO2, visible and 

sunlight-active photo catalysts. According to XPD analysis, the N-doped TiO2 calcined at400◦C was in anatase phase. The 

N-doped catalyst enhanced the degradation of TBT in water under sunlight giving a 39.20% reduction from initial TBT 

concentration in 4 hours. The process can now move forward to application on a larger scale for TBT remediation in water. 
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