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Abstract 

CFC is photodegraded by only hard UV radiation (UV-C) in the upper atmosphere. We have found that fine crystallites of t1o2 catalyse 
photodecomposition of dichlorodifluoromethane at much longer wavelengths (365-366 nm), which is band gap absorption region of the Ti0 2 

crystallites. Oxidation products detected are fluoride and chloride ions, and chlorine. Experiments are conducted in the gaseous phase, using 
Ti0 2 supported on glass plates. Implication of the findings on atmospheric CFC degradation are discussed. 
© 2004 Published by Elsevier B.V. 

Keywords: Chlorofluorocarbons; Photocatalysis CFC photocatalytic degradation; Titanium dioxide 

1. Introduction 

It is known that fine particles of T i 0 2 in the presence of 
moisture and oxygen, efficiently catalyse photo-oxidation 
reactions. Ultraviolet light (wavelength < T i 0 2 band gap 
radiation) absorbed by T i 0 2 particles creates electrons and 
holes respectively in the conduction and valence bands. 
Electrons are accepted by oxygen molecules forming super­
oxide ions 02*~~, whereas holes are consumed by hydroxyl 
ions on the surface of T i 0 2 generating hydroxyl-free radicals 
OH*. Both O2* - and OH* are potential oxidants capable of 
oxidizing most organic compounds [1-3]. This fact has been 
utilized to oxidize organic contaminants in water and also 
initiate photocatalytic reactions in the gaseous phase. The 
gaseous phase photocatalytic reactions with T i 0 2 are 
generally carried out with T i 0 2 crystallites deposited on 
an inert substrate and the stability of T i 0 2 enables its 
deposition on materials such as glass and porcelain by spray 
pyrolysis and other processes that require heating at 
moderately high temperatures [4-10]. 

Chlorofluorocarbons (CFCs) are highly stable compounds 
resistant to photo-oxidation and degraded only by UV-C 
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radiation at higher altitudes in the atmosphere. The life times 
of trichloroflouromethane (CFC-11) and dichlorodifluoro­
methane (CFC-12) in the atmosphere exposed UV-B radiation 
(i.e., wavelength range 280-320 nm) are estimated to be 80 
and 100 years, respectively [11-14]. Attempts have been made 
to decompose CFC using catalysts [15,16]. Although T i 0 2 

based catalysts were used for thermal decomposition of CFC 
[15,16], we have not seen any reports, which indicate that CFC 
has been mineralized with T i 0 2 photocatalytically. We have 
found that CFC-12 can be readily photo-oxidized by much 
longer wavelength ~366 nm UV radiation in the presence of 
fine crystallites of T i 0 2 (crystallites of average linear 
dimension ~ 5 nm, with a band edge at ~360 nm). Experi­
ments are conducted in the gaseous phase using TiC>2 
immobilized on glass plates. Results indicate that photo-
generated hydroxyl-free radicals are instrumental in oxidative 
photodegradation of dichlorodifluoromethane. 

2. Experimental details 

Titanium dioxide was deposited on glass plates (Shanghai 
Company-Microscope Slides) by the technique described 
below. Titanium isopropoxide (1 mL), glacial acetic acid 
(5 mL) and isopropanol (15 mL) were mixed and 5 mL of 
water was added dropwise while keeping the mixture 
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