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Table 1 
Copper complexes in homogeneous photo-oxidations of organic substrates in condensed media 

Organic substrate Conditions Active species” Ref. 

Ammo acids (L’) 
Glycine 
NTA 
IDA 
IDA 
Alcohols, benzene, 

toluene 
Phenol 
Phenol 

Methylsubstituted 
phenols 

Phenol 
Phenol 
Phenol 
Phenol 
TNT 

aerobic 
anaerobic 
aerobic 
acidic media 
neutral media 
ACN 

MN-Q, 
ACN-OZ 

ACN-O2 

ACN-water-O, 
ACN-water-O2 
water-o, 
water-& 
ACN-water-O, 

Cu( II IL: 
Cu( II)L’, 
Cu( II )NTA 
Cu( II )IDA 
Cu( If )IDA 
cucl,r 

CUCI, 
CULT 
CUCI, 

CULT 
CUL, 
CUL,, CUCI, 
CUL, 
CUCI,, CUL, 

Cu(I)+CO1 (I&O,) 
Cu(I)+NH,+HCWO 
Cu(I), HCMO, co,, ID.4 
Cuf I ), ?-U-IO. C02, glycine 
cu(I:, Ha-IQ, coz 
Cu( I ), aldehydes, ketones. 

chloroderivatives 
Cut I). pbq, dhb 
Cut 1). pbq 

Cu( I ), monomeric 
benzoquinones 

Cut I ). CC&, pbq 
Cu( I h CO2, pbq 
pbq, CO, 
ph. Co, 
CO2 

v31 
I’%231 
[30,31,34] 
1321 
1333 
WI 

1431 
WI 

I447451 

t35] 
lW 
[541 
[55,56] 
L571 

* L=bpy, phen; ’ dhb =dihydroxybenzene. 

[23], which may further react with Cc(H) to produce hydroxyE radicals. These 
photoreactions are known to damage biological systems 8243. Glutamic acid, nspartic 
acid and glycine along with alanine are major amino acid components of humic and 
fuivic acids, which are widespread organic substrates in the aquatic environment 
[as]. The coordination of copper was also observed when copper sorbed to microbial 
surfaces [25,26] in the aqatic environment. The results of direct photolysis [27] of 
copper complexes with amino acids [22] and amincs as hgands help to account for 
the sunlight-induced reduction of Cu( II) in natural waters [?3 j. 

Another interesting aspect of these studies is the enhanced toxicity of copper in 
the environment as a result of the photochemical properties of Cu( 
complexes. Their observed toxicity [28] may be connected with increased co~cen- 
tration of the highly toxic ‘free’ copper formed as a photoproduct and/or with 
cleavage of proteins taking place within the photoreactions of Cu( II ) on cell surfaces, 
thus impairing biological functions. Also, the subsequent reactions of radicals formed 
in the Fen aber-Weiss reaction between the Cu(1) produced by photoreduction 

NW surfaces and hydrogen peroxide could result in destruction processes 
. The enhancement of light-induced peroxidation on photosynthetic membranes 

[29] is also known to be related to the photoinduced radical reactions initiated by 
reduction of Cu( II ) by superoxide radicals. 

The photodegradation of the aminopolycarboxylic acids nitrilotriacetate acid 
(NTA) and iminodiacetic acid (IDA) induced by complexation with copper( 11) has 
been studied 130-331. When uncomplexed, NTA and IDA in water do not absorb 
solar light and their phototransformation is unimportant. The degradation reactions 
of NTA [30] are of interest owing to its use as a substitute for phosphate in detergents 



and its eventual acc~~~~at~o~ in wastewater. 

experimental conditians copper(II ) is c 
oxidation takes place; the fmnatim of 
reduction was observed. The easy 
makes this system catalytic (similar to t 
previously developed in non-aqueous 
regard to the fate of both NTA and 
ment upon excitation by solar light 1331. 

kotocatalytic aerobic oxidation of organic contamin 
most promising new technologies for addressin 

shown [ 123 that copper complexes act as catalysts for ho 
of hydroxylic organic substrates (very often polluta 

) metal center to Cu( I ) 136 ] and Cl’ radical ( 
[37] towards other organic substrates (p 

alcohols, benzene, tohene) prese 
was Wor$ly dependent on the osition of the cop 
tkc Dossibility of useful control. 
S~OWII th2t photoproduced Cu( 
rate of Cu(II ) photoreduction i 
a drawback in ~~~t~~e~~ca~ 
oxidation products and led to 
redox cycle 1381 working under 

To extend the application of 
of organic substrates [ 11,121 with 
a novel route of phenol horn0 
copper chiorocomplexcs has b 
hydroxybenzene (known as in 
to CO2 and water) were fou 

e presence of o-cresoi 
ml fed to the very 

98% selectivity, and 100% come 

ACN resulted in pbq formation [43-491 ad/or in t 
to CO, in aqueous solution [XI]. The enhancement of 



Fig. 1, Environmentally interesting photo-oxidations based on Cu( I1 )-Cn( H ) photocataIytic redox 
cycle in the Cu(l[I)/Cu(I)-L(Q)-0, homogeneows system (& and/or Q=pohtant, W=E,, or 

fL,,= oxidant). 





Table 2 
The role of copper presence in heterogeneows photo-oxidations of organic substrates in aqueous media 
~~~~~ 
OFganiC Conditions Active species 
substrate 

Eflect of 
copper on 
degradation 
rate of 
0gaIk 
substrate 

Toluene 
ChlOrO- 
benzene 
Formic acid 
Acetic acid 

__. .-. -.. 
TiCI2 (pH 3) 

TiO, 
TiO2 

Propionic 
acid 
Toluenes 
Phenol 
Phenol 
Tduene 
Phenol 
Phenol 

m-5 CU(lI) increase WI 
ternary complex increase PI 

OS 
cm)] f ilXF6XW co2 WI 

wonoacetato Cu(%I) increase co, PQI 
(diacetato Cu (II) is poison) 

increase a=02 k-951 

ND. : not determined. 
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