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Abstract

This research was to synthesize titanium dioxide and tin oxide — nitrogen doped
titanium dioxide nanoparticles. Amount of tin oxide was fixed at 3mol% and that of nitrogen
doped was varied from 10 to 40 mol% (TiO,, TiO,/3Sn0O,, TiO,/3Sn0,-(10-40)N) to improve the
photocatalytic efficiency and anti-fungal properties against Phytophthora spp. causing leaf fall of
rubber tree. Titanium dioxide nanoparticles were synthesized by sol-gel process and calcined at
400-600°C. From XRD analysis, it was found that anatase phase remains the predominant phase
at 400 and 500°C and as a mixture of anatase and rutile phases was performed at 600°C. XPS
study confirmed that N replaces the O in the lattice of TiO, and TiN is partly present. Co-doped
SnO, and N in titanium dioxide can reduce energy gap to be 2.98 eV and nitrogen doping seems
to hinder anatase to transform to rutile phase. This results in enhancement of photocatalytic
reaction. In addition, the testing of photocatalytic reaction was done by means of methylene blue
degradation under UV or fluorescent irradiation for 80 minutes. TiO,/3SnO,-40N nanopaticles
exhibited the highest photoactivity which its degradation rate was about 95.27% and 70.45%
under UV or fluorescent irradiation, respectively. Furthermore, the fungal disinfection test was
performed by TiO,/3Sn0O,-40N powder at the concentration of 1 mg/ml under UV or fluorescent
irradiation for 5 hours. Phytophthora spp. was completely killed with both conditions. Therefore,
Ti0,/3Sn0,-40N sample calcined at 600°C was selected to prepare TiO, colloids in which TiO,
nanoparticles were dispersed in chitosan or wood vinegar (0.5% solution) 0.1% solid. The
colloids were stabilized by a dispersant, Calgon at pH 7. The anti-fungal of Phytophthora spp.
test using the prepared colloids of 1 mg/ml was also done and it was revealed from SEM analysis
that cell walls of Phytophthora spp. have severely damaged and finally died. This result is
consistent with experiments on fresh leaves of rubber. For disinfection of Phytophthora spp. with

TiO,/3Sn0,-40N in chitosan and wood vinegar solution on young rubber trees (PRIM 600), the



®)

test started with spraying fungal spores’ concentration 2x10° spores/ml to 4-months old rubber
trees and kept them in cool place for 5 days before spraying with TiO, colloids at 1 mg/ml
concentration. The infection of samples and control were observed continuously during 30 days.
It was found that TiO, colloids either in the chitosan or wood vinegar solution can completely
killed Phytophthora spp.. The rubber trees treated with colloidal titanium dioxide were not

infected and grew well compared with the control without using colloidal titanium dioxide.
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Material name Anatase
Composition TiO,
System Tetragonal
Temperature (°C) 25
a(A), b(A), c(A) 3.7842(13) 3.7842(13) 9.5146(15)
o(deg), f(deg), y(deg) 90 90 90
Unit cell volume (A3) 136.3
D, (g/em’) 3.89
Space group 14 /amd (No.141)
Atom Site G xla /b zle B(A%
Ti 4a 1 0 0 0 0.390(63)
0] 8e 1 0 0 0.2081(2) 0.613(90)

(AW": Horn et al., 1972)

d' A =\ o 9 =3 4
M1319N 1.2 ﬁJJ‘]J@]‘VINf‘ﬂEJﬂ11/‘!611631‘1/1!71/]!148%llﬂ@f)ﬂul"”lfﬂ(h‘liﬂiﬁﬁiﬂWaﬂLL‘U‘]nglVlﬁ

Material name Rutile
Composition TiO,
System Tetragonal
Temperature (°C) 25
a(A), b(A), c(A) 4.593(2) 4.593(2) 2.959(2)
a(deg), f(deg), y(deg) 90 90 90
Unit cell volume (10\3) 62.42
D, (g/cms) 4.25
Space group P4 /mnm (No.136)
Atom Site G xla /b z/e B (Az)
Ti 2a 1 0 0 0 0.42(6)
o) 4f 1 0.3051(7) 0.3051(7) 0 0.6(6)

(‘ﬁm: Meagher et al., 1979)
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Material name Brookite
Composition TiO,
System Orthorhombic
Temperature (°C) 25
a(A), b(A), c(A) 9.174(2) 5.449(2) 5.138(2)
a(deg), f(deg), y(deg) 90 90 90
Unit cell volume (A3) 257
D, (g/crn3) 4.13
Space group Pbca (No.61)

Atom Site x/a /b zle B(A%
Ti 8c 0.1289(1) 0.0972(1) | 0.8628(1) 0.37(3)
0Ol 8c 0.0095(4) 0.1491(5) | 0.1835(5) 0.46(6)
02 8c 0.2314(4) 0.1110(4) | 0.5366(6) 0.53(7)

Ry Meagher et al., 1979)
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Hydrolysis: M—0—R+H,0—>M—OH+R—OH
Water Condensation: M—OH+HO—M—)M—O—M+H20

Alcohol Condensation: M—O—R+HO—M-—>M—0O—M-+R—OH
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(AW Judelson et al., 2005)
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(‘ﬁﬂJ”I: Hou et al., 2007)
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(VI‘JJ”I: Wang et al., 2011)
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