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Supported iron tetrasulfophthalocyanine can efficiently
catalyze the degradation of organic pollutants by H,O,
under visible light irradiation in an aqueous solution, and the
catalyst can be easily recycled without apparent loss of
activity.

Soluble metalloporphyrins and metallophthalocyanines have
attracted much attention for their application in oxidative
degradation of organic pollutants in water in the presence of an
oxygen atom donor.r A new trend of this field is to develop
supported complexes for facile recovery and easy separation of
the catalyst.2 It has been reported that iron tetrasulfophthal ocya-
nine (FePcS) immobilized on ion-exchange resin could effec-
tively catalyze the oxidation of polychlorophenolsby H,O, ina
CH3CN-H,0 solvent mixture .3 However, the conversion rate
of the organic compoundswas grestly reduced if water was used
as the sole solvent. The requirement of an organic co-solvent
serioudly limits its application in water treatment. Based on the
visible light absorption property of FePcS, we have recently
demonstrated the degradation of organic pollutants in aqueous
solutions of FePcS and H,O, without addition of any organic
solvents.# In this photoassisted reaction, HO- radicals have been
observed to be the main reactive species for the degradation of
organics.

Here we report the devel opment of a photocatal ytic treatment
system that consists of immobilized FePcS under visible light
irradiation for the degradation of organic pollutants by H,O,. In
this photoassisted process, water is used as the sole solvent. A
poly(vinylbenzene) resin (Amberlite-IRA 900) is used as the
support for FePcS. The ammonium groups in the resin bind to
the sulfonato groups of FePcS by electrostatic interactions
resulting in a stable heterogeneous photocatalyst .5 Fig. 1
presentsthetime profile for the degradation of Orangel, one of
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Fig. 1 Degradation of Orangell (0.2 mM, 50 ml) under different conditions;
(8 inthe presence of resin (10 mg) only under irradiation with visible light;
(b) in the presence of FePcS-resin (10 mg) under irradiation with visible
light; (c) in the presence of FePcS-resin (10 mg) and H,O, (5 mM) in the
dark; (d) under otherwise identical conditions as (c) except irradiation with
visible light. Molar ratio of FePcS/Orange Il is 0.014:1.
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the main pollutants from textile and photographic industries, in
water under different conditions. Under light irradiation with a
500-W halogen lamp (light filter A <450 nm), the complete
disappearance of Orange Il in the agueous FePcS-resin/H,0,
solution was observed after photoreaction for only 50 min. In
control experiments under irradiation with visible light, Orange
I was scarcely degraded after 60 min of photoreaction in the
heterogeneous solutions containing only resin (curve @) or the
resin loaded by FePcS (curve b). In the presence of both FePcS-
resin and H,O,, no significant degradation of Orange Il was
observed in the dark after 60 min (curve c). The absorbance
decreased by ca. 30% (from point A to B) before light
irradiation. Thiswas attributed to the dark adsorption of Orange
Il on the resin surface. Besides, the photodegradation of Orange
Il was aso evident from the color change on the catalyst
surface. Before irradiation, the catalyst was brown, due to the
adsorbed dye of Orange I1. The solution became colorless after
exposure to visible light for 50 min (curve d in Fig. 1). Further
irradiation for 20 min changes the catalyst to blue (inherent
colour of support FePcS), indicating that Orange |1 both on the
surface of support catalyst and in bulk solution can be
efficiently degraded. However, in the other three cases (curves
a—cinFig. 1), the color of resin or FePcS-resin in the Orange 1
solution remained orange or brown even if the reaction time
exceeded 140 min.

Since the FePcS-resin catalyst can be easily recovered by
filtration, we carried out three consecutive degradations of
Orange Il with FePcS-resin as the photocatalyst. The FePcS-
resin was repetitively utilized each time after the color of
Orange Il both in bulk solution and on the catalyst surface
disappeared. Fig. 2 confirms that the activity of the photo-
catalyst can be maintained. During the photoreaction process,
no FePcS was found in the bulk solution, as measured by both
UV/Vis spectroscopy and HPLC. The results indicate that the
supported FePcS is an efficient and rather stable photocatalyst
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Fig. 2 Supported FePcS-resin catalyst recycling in repetitive degradation of
Orange Il (0.2 mM, 10 ml) by H,O, (5 mM) in the presence of FePcS-resin
(10 mg).
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for the degradation of organic pollutants in water under visible
light irradiation.

A remarkable feature is the enhanced photocatalytic effi-
ciency of FePcS after immobilizing onto aresin (TON > 14).
The catalytic activity of FePcS-resin in this heterogeneous
system (molar ratio of FePcS/substrate = 0.014-0.068:1) is
remarkably enhanced compared to that in homogeneous system
(molar ratio of FePcS/substrate >1:3).4 A reasonable explana-
tion for the activity enhancement of the immobilized FePcS is
that the phthalocyanine (Pc) rings of FePcS in solution are
essentially planar and stacked in a parallel fashion along one of
the axes.® The interaction of FePcS with resin may block the
stack of FePcS to a certain extent, which then alows H,0, to
easily approach the iron center of FePcS at the axial directionto
give [HOOFePcS]. This results in the activation of H,0,.7:8
Under visible light irradiation, [HOOFePcS] can be excited and
then undergoes rapid cleavage to generate HO.radicals that can
degrade organic pollutants effectively.

The degree of the substrate mineralization (theinitial system
contained 0.2 mM of Orange Il, 5 mM of H,O, and 10 mg of
FePcS-resin in which molar ratio of FePcS/Orange 11 is 1.36%)
was evaluated by determination of the total organic carbon
(TOC). The TOC removal yield was 25% after the suspension
wasirradiated continuously for 250 min. When the degradation
products were analysed by gas chromatography—mass spec-
trometry (GC-MS), five different peaks appeared in the
chromatogram, which correspond to formic acid 1, N,N-
dimethylformamide 2, oxalic acid 3, 1,2-benzenedicarboxylic
acid 4 and 1,2-benzenediformic anhydride 5, respectively
(Table 1). These products of mainly small organic acids show
low toxicity and are all biodegradable.12° In control experi-
ments, no signalsof the productsfrom the Orange Il degradation
were observed for the reaction carried out in the absence of

Table 1 The main degraded products evidenced by GC-MS?

Peak Retention Structural
no. time/min Identified intermediates by MS formula
1 6.53 Formic acid HCOOH
2 11.20 N,N-Dimethylformamide HCON(CHj3),
3 12.08 Oxalic acid HOOC-COOH
COOH
4 23.69 1,2-Benzenedicarboxylic acid @[
COOH

co
5 26.09 1,2-Benzenediformic anhydride ©i :o
co

a The samplesfor GC-M S (Trio-2000, column PEG20M, size30 M x 0.25
mm) in the photodegradation of Orange Il (0.2 mM) in the presence of
FePcS-resin (10 mg) and H,O, (5 mM) under visible light irradiation were
prepared as follows. the degraded solution was first filtered through a
Milliporefilter (pore size 0.22 um), vaporized directly (below 323 K) under
reduced pressure, and the residue was then dissolved in methanol. See text
for details.

H,0O, under the same conditions, or in the presence of FePcS-
resin and H,O, in the dark.

Furthermore, we al so carried out the degradation of Sulforho-
damine B (SRB) and sdlicylic acid (SA) in the presence of
FePcS-resin/H,O, under visible light irradiation and found that
both SRB and SA could be easily degraded. These results
demonstrate the advantages of the immobilized FePcS over the
unsupported FePcS for effective elimination of organic pollut-
ants in water utilizing visible light or direct sunlight. This new
approach might be applicable as an aternative or com-
plementary method for the treatment of organic pollutants in
wastewater.
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