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Abstract

A novel photocatalyst, nanoporous anatase, Ti@stalline particles coupled by homogeneously dispersed Keggin wiiM3O40/TiO,,
was prepared by a simple and rapid process, i.e., at a lower temperatur€j2f)0combined sol-gel and programmed temperature hy-
drothermal methods. The resulting material was characterized by UV diffuse reflectant spectroscopy+XRIAS NMR, TEM, and
nitrogen adsorption. This new photocatalyst exhibited visible-light photocatalytic activity to decompose 10 various organic dyes in aqueous
systems. It was attempted to determine the feasibility of such a degradation by varying the chemical structures, either azoic (Congo Red
(CR), Methyl Orange (MO), Ponceau G (PG), Orange Il (Oll), and Eriochrome Blue Black B (EB)), or anthraquinonic (Alizarin S (AS)), or
heteropolyaromatic (Methylene Blue (MB)), or fluorescent (Neutral Red (NR), Rhodamine B (RB)), or sulfonic (Fuchsin Acid (FA)). The
intermediates and the final products of degradation were detected by electrospray mass spectrometer (ES-MS) and ion chromatography (IC).
According to the experimental results, we proposed a possible mechanism of the photodegradation of dyes under visible-light irradiation in
the aqueous system.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction [18,19] In the same way, many POM systems share the
same general photochemical characteristics as the semicon-
Since the discovery of photoelectrochemical splitting of ductor photocatalysts due to their combination of physical
water on n-type TiQelectrode$l], photochemistry has pos- and chemical properties, in terms of molecular and elec-
sessed many practical applications, such as in optoelectronidronic versatility, reactivity, and stability20,21] But the
devices or in the field of industrial and environmental catal- problem is that only about 3% of solar spectrum falls in this
ysis [2-7]. In recent years, two green photocatalysts now UV range, whose energy exceeds the bandgap of the anatase
widely used are semiconductor metal oxides (mainly2TiO crystalline phase or POMs (3.2 eV for anatase, and 4.6 eV for
in the anatase phase) and polyoxometalates (PQ844)7]. [PW12040]37). In addition, both the ultrafine Tigparticles
Anatase TiQ has attracted much attention due to their effi- and soluble POM catalysts suffer from their inability to be
cient decomposition ability for organic pollutants under irra- recycled due to the milky dispersion with the aqueous reac-
diation with UV light with wavelength shorter than 387 nm tants or high solubility in polar solvef22]. All these restrict
their technological applications on a large scale. The efficient

e use of the visible-light of the solar spectrum may then appear
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have been made by doping other coupled semiconductor phohot water three times, and then dried at room temperature.
tocatalyst§23,24] coating and doping with transition metal The product is white powder.
and noble metdPR5], and chemically modified Tighby C or Elemental analysis was performed on a Leeman Plasma
N to its reduced forms such asTiO,_,C, or n-TiO2_ ;N Spec (l) ICP-AES. DR UV-vis spectra were recorded on a
[2,3,26] Therefore, the charge separation in the photocarriers Cary 500 UV—-vis—NIR spectrometer. The XRD patterns were
generation was enhanced, and the energy needed for photoexabtained with a Japan Rigaku D/max 2000 X-ray diffractome-
citation was reduced, both of which make modified titanium ter with Cu Ku radiation ¢ = 0.154178 nm)3!P MAS NMR
dioxide possible to absorb light in the visible region. spectrum was obtained on a Varian Unity-400 NMR spec-
In our previous work, a series of porous silica or tita- trometer. TEM and SAED measurements were carried out
nia (in the amorphous phase) materials impregnated with using a JEM-2010 microscope. BET specific surface area,
POMs have been prepared, and these hybrid catalysts presergore size, and pore volume were calculated from nitrogen
much higher photocatalytic activity than that of the start- adsorption—desorption isotherms determined at 77 K using
ing POM, and being more easily handled for recycling use an ASAP 2010 surface analyzer (the sample was outgassed
[20,21,27-29] Considering the properties of titanium diox- under vacuum at 20CC).
ide and POMSs, in this paper, we first design and prepare
nanoporous anatase Ti©rystalline particles coupled by ho- 2.2. Measurement of photocatalytic activity
mogeneously dispersed polyoxotungstateRW:2,040) at a
lower temperature (20CC) via combination of the sol—-gel The photoreactor was designed with cylindrical cell Pyrex
technique with the programmed temperature hydrothermal glass configuration and an internal light source surrounded by
method. The photocatalytic activity oBRW;2040/TiO2 can a glass jacket, where the suspension of catalyst and aqueous
be enhanced by: (a) the synergistic effect resulting from the dyes completely surrounded the light source. The tempera-
combination of the starting polyoxotungstate and the anataseture of suspension was maintained att3R°C by circulation
TiO2 support[29]; (b) the bimodal porous structure (mi- of water through an external cooling coil. The light source
cro/mesoporosities); it can initiate the photochemical reac- was 400 W Xe lampX( > 420 nm).
tions under visible-light irradiation. Visible-light photocat- The visible-light catalytic activity of the nanocomposite
alytic activity of the nanoporous polyoxotungstate—anatase was tested using CR, MO, PG, Oll, EB, AS, MB, NR, RB,
composite was measured by the decomposition of variousand FA as the targets. A general photocatalytic procedure was
dyes (azoic, anthraquinonic, heteropolyaromatic, fluorescent,carried out as follows: 0.25 g of catalysgPMW;2040/TiO2
and sulfonic). The as-prepared material exhibited high pho- was suspended in a fresh agueous dye soluGgr(0.05 g/l,
tocatalytic activity for decomposition of dyes under visible- 200 ml). The suspension was ultrasonicated for 10 min and
lightirradiation. Meanwhile, itis easy to separate the catalyst stirred in the dark for 30 min, and then the Xe lamp was
for recycling uses after the reaction is finished, and almost inserted into the suspension after its intensity became stable.
identical dye conversions are achieved in the third runs, sug- The suspension was vigorously stirred with the photoreactor
gesting that the photocatalytic activity of the composite is open to air during the process.
stable under visible-light irradiation. At given intervals of illumination, a sample of PWTiO>»
suspension was taken outand centrifuged. The upper clear so-
lution was analyzed by UV-vis spectroscopy using a 756 CRT

2. Experimental UV-vis spectrophotometer. In situ FT-IR experiment was car-
ried out by an Impact 410 FT-IR spectrometer with 256 scans
2.1. Preparation and characterization of photocatalyst at4 cnmtresolutions. An IR cell can be kept below ¥0Torr

by an oil-diffusion pump and mechanical pump. Some inter-

A typical method of preparation of nanoporous mediates were identified by LQC ES-MS spectrometer and
H3PW12040/TiO2 (PW12/TiO2) crystalline particles is de-  some final products were detected by a DX-300 IC equipped
scribed below. Titanium tetraisopropoxide (TTIP, 98%, 6 ml) with a COM-IT conductivity detector.
was dissolved with 30 ml of iso-propyl alcohol while stirring
was used. In another containesPIW;12040 (0.4 g) was dis-
solved with water (0.8 ml), and then added into the TTIP 3. Results and discussion
solution drop by drop. The resulting mixture was adjusted to
pH 1-2 by addition of 8 mol/l HCI, and then stirred at room 3.1. Properties of photocatalyst
temperature for 1 h. Then, the mixture was heated toC15
until homogeneous $PW12040/TiO2 hydrogel formed. This Diffuse reflectance (DR) UV-vis spectra showed that the
hydrogel was transferred into an autoclave, and then heatedH3PW;2040/TiO> crystallites exhibited broad and strong ab-
to 200°C at a heating rate of about€/min. Finally, the tem- sorption in the range from 200 to 400 nm, which was different
perature was keptat 20€ for 1 h. After cooling the hydrogel ~ from the original HPW1,040 and anatase TigXFig. 1). The
to room temperature, the hydrogel was dehydrated slowly atred-shift (ca. 15 nm) was observed compared with the anatase
50°C in a vacuum for 24 h. The dried gel was washed with support. The red-shift and widening of this band have been at-
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while the temperature for calcinations of amorphous;Tti®
its anatase structure is at ca. 5@[37]). In Fig. 2B, only
<— H,PW,,0,/TiO, anatase phase was present inilpWO, nanoparticles and no

12740

0.6

0.4- separate polyoxotungstate-related phase was observed. This
g H,PW,,0,, finding indicated that BPW;2040 was either in the octahe-
§ dral interstitial sites or the substitutional positions of 7iO
0.2+ Tio, [38]. This XRD result is consistent with the conclusion ob-
< tained from the diffuse reflectance UV-vis spectra.

Elemental analysis for PW/TiO, (loading on the com-
. : position): P, 0.18%; W, 12.9%; PW, 19.6%, and the calcu-
200 300 400 lated P:W ratio from these data was ca. 1:di2ggesting the
Wavelength/nm —— original Keggin unit existing in the PY/TiO, composite.
Fig. 1. DR-UV-vis spectra of ¥PWi»040. TiO, (anatase) support, and In. order to further conf!rm the |_nco.rporat|on and con-
HsPWi12040/TiO; (anatase) composite. nection of PW> cluster with the titania framework, the
PW;,/TiO» material was analyzed by solid-st&f® magic-
. i o ) angle spinning (MAS) NMR. The PWY cluster displayed
tributed to a distorted tetrahedral coordination environment 5 -haracteristic peak at—14.0 ppm Fig. 3, which is dif-
or the existence of some titanium species in an octahedralerent from the starting §PW12040 (—15.0 ppm), suggest-
coordination envir_onrr_]er[BO,31], i.e., the in_troduction of ing that the acid—base interaction betweesPk/ 2040 unit
polyoxotungstate in Ti@framework results in the changes  anq the anatase matrix existing in the composite, resulting in
of cqordlnatlon environment of Tlpcrystalllqe. (=TiOH,™)(H2PW120407) specieg39]. The shift may be
Fig. 2A and B showed the X-ray diffraction (XRD) pat-  js0 due to the changes of the coordination environment of P
terns of TiQ and HPW;2040/TiO2 prepared via sol-gel  5iom in the composite.
following programmed temperature hydrothermal treatment T, 3nsmission electron microscopy (TEM) image showed
have uniform anatase structure with its characteristic diffrac- (o presence of uniform nanoparticles in the as-prepared com-
tion peaks of 2values at25.3(101),37.8(004),48.0(200), posite Fig. 4). The sizes of most particles in the product were
and 54.4 (1 0-5), 62?’?(2 11), respect'lvel)[32]- However, found to be less than 10 nm. As we know, if the particle size
H3PW12040/TiO2 particles prepared via only sol-gel method  pecomes sufficiently small, quantum confinement of electron
or sol-gel method following hydrothermal treatment without |g44s 10 a size-dependent separation between the valence and
programmed temperature is amorphobig( 2C). The pre-  ¢onqyction bands, which are split into discrete exciton-like
cipitate derived by sol-gel method is amorphous in nature, gia1e440]. The selected area electron diffraction (SAED) was
requiring further_heat treatment at a high tempera.ture to. in- herfect and showed that the composite has a uniform poly-
duce crystglllzatlon. The thermal process results in particle crystalline structure (inset ifig. 4). The rings of the sample
agglomeration and grain grqwth, and hen_ce may induce un-\yere indexed to diffraction from the (101), (004), (200),
expected phase transformati@3—36] At th_IS_ considerably (105), (204), (116), and (215) planes of anatase, which
lower temperature (200C), the decomposition of the poly-  \yere consistent with the XRD patterns depicted above.
oxotungstate ar_1d the_ collapses of the pores can be avoided Nitrogen adsorption—desorption analysis showed the
(H3PWi12040 unit begins to decompose at ca. 3&D[28], composite was a novel bimodal pore system with mi-
cro/mesoporositied{g. 5. According to IUPAC definition,

0.0

the isotherm ofFig. 5A belongs to type I, that is, a sharp
101 increase in the adsorbed amount of & very low relative
pressured/po < 0.1) occurred. And the pore size was de-
4
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Fig. 2. XRD patterns for anatase TiQA), H3PW;2040/TiO, (anatase) Fig. 3. 3IP MAS NMR spectrum of the EPW;,040/TiO, (anatase) com-
composite (B), amorphouszRW;2040/TiO, composite (C). posite.



206

.Qm

ﬂ,ﬁ% .

‘ ‘:

Fig. 4. TEMimage and SAED pattern (inset) of PW12040/TiO> (anatase)
nanocomposite.

termined to be about 0.6 nm with narrow distribution using
the BJH modelfig. 5C). At the same time, we observed the
isotherm offFig. 5B is of type IV and shows steep hysteresis

loop at high relative pressure, which is typical of mesoporous

materials with pore size of about 4.0 niFig. 5D). Forma-
tion of micropores in the product is directly related to the

preparation method used here. That is, during the process o

hydrolysis of titanium tetraisopropoxide (TTIP) in the pres-
ence of HPW;2040, the Keggin units were entrapped by the
titania network and entered its pore to interact with its in-
ternal surface hydroxyl groups of E=Ti—OH), resulting in
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Fig. 5. Nitrogen adsorption—desorption isotherm and pore size distributions

for H3PW2040/TiO; (anatase) hybrid. (A): Isotherm of type I; (B): isotherm
of type IV; (C): micropore size distribution; (D): mesopore size distribution.
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Fig. 6. UV-vis spectral changes of MB (0.05g/l, 200mL) on
H3PW;2040/TiO2 (0.25 g, anatase phase) composite with visible-light ir-
radiation time.

the &TiOH,™)(H2PW12040™) composite with the decrease
of the pore size of the titania network. In this composite,
hydrogen bonds such as®;- - -HO-Ti, W—O¢- - -HO-Ti,

and W-Oe- - -HO-Ti also formed between the oxygen atoms
of Keggin ion and the=Ti—OH groups of titania network.
Subsequent dehydration is also necessary to ensure Keggin
units were entrapped into the pore of titania network. And
some internal surface of titanium dioxide framework that did
not entrap the Keggin ions would still retain the mesoporous
structures. Moreover, the BET surface area of {PMNO2
was 201 M g~1, which was improved greatly compared with
both the starting polyoxotungstates (<18gn) and the De-
gussa P25 (50 Ag 1) [32].

3.2. Studies of visible-light catalytic degradation of dyes

3.2.1. Photocatalytic activity
We studied the degradation of methylene blue (MB) as

F model reaction to investigate the photocatalytic activity

of PW12/TiO2 and the degradation mechanism on this cat-
alyst under visible-light irradiation. MB is a heteropolyaro-
matic dye, and the structure of MB is illustratedTiable 1
The present photocatalytic tests were run in agueous solution
containing molecule oxygen from air dissolved in solution.
The changes in the concentration of MB recorded following
UV-vis irradiation are shown ifrigs. 6 and 7 The results

—=—CR
—e— MO
—A—PG
—v—Oll
—e—EB
= —o—AS
—o— MB
—a—NR
—v—RB
—o—FA

T T T T
120 180 240 300

Time/min

Fig. 7. Concentrations of different dyes changes as a function of visible-light
irradiation time.
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Table 1
Characteristics of 10 dyes photocatalytically degraded under visible-light irradiation
Dye Chemical formula MW (g/mol) Amax (NM)
NH, NI,
Congo Red (CR 1 _N=N__N=N_ D 696.67 498
ongo Red (CR) A P P .
NaO;S NaO;S
Methyl Orange (MO) NaO3S ~©—r\— N—Q—NCHJ)’ 327.34 464
OH SO3Na
Ponceau G (PG) 8 480.42 507
SO3Na
OH
Orange |1 (Oll) —N=N—®7803Na 440.40 482
OH oH
Eriochrome Blue Black B (EB) Naoas—N—N 416.40 619
OH
0]
Alizarin S (AS) OH 360.28 520
SOzNa
0]
N
1
Methylene Blue (MB) (HsC),N N N(CHa), 373.88 664
+
Neutral Red (NR HCl 288.7 2
eutral Red (NR) H3C)2N—(j[ O:N" 88.78 525
(C2Hs)2N CZH )2Cl
Rhodamine B (RB) 479.28 554
NH,
Fuchsin Acid (FA) 585.58 544
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obtained in the process of photocatalytic degradation of MB J)
1.0 O Dark 1st @ Dark 2nd ¢ Dark| 3rd

are summarized as follows.
On stirring the suspension of aqueous MB solution 0.8-
(50 mg/l or 0.14 mmol/l, 200 ml) without catalyst in the dark o o o
for 5h, the disappearance of MB was negligible. In addition, 0.64
the MB solution without catalyst is directly photolyzed un- @, Reel >
der visible-light irradiation for 5 h, and the conversion of MB O 0.4
was only 15%. However, the conversion of MB was much © © ° ©
higher when visible-light irradiation was applied in the pres- 0.2 o o o
ence of PW>/TiO2 (0.25g), namely, the conversion of MB ° 4 ° ° 5
reached 96% after 60 min visible-light irradiatioRig. 6). 0.0+~ s 120 150 240
When the as-prepared anataseJI{Q.25 g) was used as cat- t (min)

alyst, the MB conversion was less than 40% in the same time,

and the milky dispersion with the agueous reactant was un-Fig. 8. Cycling runs in the photodegradation of MB in the presence of
able to separate and recycle. These data illustrate that thedsPWi2040/TiO> (anatase) under visible-light irradiation.

visible-light photocatalytic activity of PW/TiO2 is higher

than that of the traditional anatase piCatalyst, and it sug-
gests that the degradation of MB mainly originated from the 4 jecolorizaton of this new catalyst for organic dye pollu-
synergistic effect yielded by the combination of Pnd 545 \we chose other nine colorful dyes including azoic (CR,

T!Oz. The synergistic; effect is that in the system of anatgse MO, PG, Oll, and EB), anthraquinonic (AS), fluorescent (NR
TiOz crystalllpe pgrucles goupleq by homogeneously dis- and RB), and sulfonic (FA). Their structures and other details
plerse(: Keg?]m units, tf:je interfacial ele?:ron _tr_abr|15f|_erhtakes are listed inTable 1 In particular, we selected 5 azo dyes as
place from the TiQ conduction to PW, after visible-light o5 tants Azo dyes are abundant class of synthetic, colored,

:crradlaltlon. Sughlan efrect|t\)/_e electron trgsfsr ;:]an |nh|b|tdthe organic compounds, which are characterized by the presence
ast electron—hole recombination on piCand the trappe of one or more azo bonds-{\=N-) [41]. Bio-treatment of

holes have sufficient time to react witfy@ to generate OH azo dyes is, in general, ineffective, due to their resistance

radicals. Th_e O_H radicals phOtQ'OX'd'Zed MB, fes“'“”g N to aerobic degradation, which represent an increasing envi-
the decolorization _Of_ the solutio29). Pure a_natase_Tp ronmental danger. The other four dyes represent different
has no the synergistic eff_ect,. therefore th? |nt_erfaC|aI elec- types including anthraquinonic, heteropolyaromatic, fluores-
tron transfer takes pIa.ce In Titself, resulting in the fast __centand sulfonic. The degradation processes were controlled
ele.c.tron—hole recombmgﬂon. Thergfore, 'the photgca}talync by monitoring the absorbance characteristics of the targets at
efficiency of anatase Ti©under visible-light irradiation max, and the results were shown Fig. 7. From Fig. 7,
was I(_)wer_. . o _ we observed the concentrations decrease by ca. 50% before
This high photocatalytic activity is also attributed 10 ;sjp|e jightirradiation for CR, MB, NR, and RB, which sug-
the bimodal porous structure of thesPAW12040/TIO, ested the strong adsorption of these reactants, occurred on
nanocomposite. First, it provides enhanced mass ranspore g rface of the catalyst, and the dye molecules can easily
for molecules into and ogt of the pore structure. Second, we react with the catalyst, resulting in the higher conversion in
noted_that th_e concentration (_)f MB decreas_ed by ca. 5% be-ye ghorter reaction time. The adsorptions of other six dyes
fore visible-light irradiation [Fig. 7), suggesting that strong MO, PG, Oll, EB, AS, and FA) were weaker, and the con-
adsorption of the reactants occurred (the adsorption reacheq . <ions were lower accordingly. The detailed reaction con-
equilibrium after stirring the suspension for 30 min). With ditions, conversions and reaction rates were listéghisle 2
large surfacg area, the composite exhibited binqry function, e main, the higher the conversion, the faster the initial
for d(_agradat_lon of MB _through both photocatalysis and ad- rate is. But the conversion of CR is high, and its initial rate
sorption, which played important roles to decompose the MB is slow. It was possibly because the CR molecule with large

molecules. ) . ) and complicated structure was hardly degraded.
After the reaction finished, the suspension was cen-

trifuged, and the catalyst 4PW;2040/TiO2 was separated.

The amount of W determined by ICP-AES in the resulting 3.2.2. Photocatalytic kinetics

clear solution was 0.2%, which confirmed the less solubility =~ We selected MB as reference to investigate the kinetics
of the catalyst during the reaction process. After treated, the of dye degradation in aqueous solution under visible-light
catalyst was reused in the photocatalytic experiment. The cat-irradiation, and the results were shownfeig. 9. It follows
alytic activity of H3PW12040/TiO2 in the degradation of MB an apparentfirst-orderin agreementwith agenerally observed
was maintained efficiently after three repeated experimentsLangmuir—Hinshelwood kinetics model:

(Fig. 8). In addition, the catalyst can be separated from the

solution simply by settlement, which is better than the tradi- , _ d_C _ _kKC 1)

Inorder to sufficiently test the efficiency of the degradation

tional TiO, system. d ~ 1+ KC
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Table 2
Visible-light photocatalytic activity of the nanoporous polyoxotungstate—
anatase composite for organic dyes degradation

Substrat® Time (min) Conversion (%) Initial rate
(mg =t min—1)°

CR 120 92 0.18

MO 240 72.4 0.17

PG 180 94.8 0.30

oll 240 67.2 0.26

EB 180 75.8 0.31

AS 240 72.8 0.23

MB 60 96 0.35

NR 60 98.2 0.30

RB 60 98 0.34

FA 240 75 0.15

209

40 60
t/ min

0 20

Fig. 9. First-order linear I€y/C = f(t). Conditions:Cy = 66.6pumol/l;
m(H3PW;2040/TiO2) = 0.25g;V = 200 ml.

a The concentration of substrate was 50mg/l, the weight of catalyst P€ Simplified to an apparent first-order equation:

PW;2/TiO, was 0.25 g, and the reaction occurred under visible-light irradi-
ation (. > 420 nm) at room temperature, and the system was open to air.

b Conversion (%) = (+ C,/Cp) x 100;Cp andC, = concentration of the
substrate at times 0 andCp = 50 mg/).

¢ The initial rate is defined that the decrease of substrate concentration in

the initial 60 min ¢ = —dc/dt, mg I=* min—1, considering the adsorption of
the substrate).

wherer is the degradation rate of the reactant (mg/l m),
the concentration of the reactant (mgflxhe illumination
time, k the reaction rate constant (mg/I min), akdhe ad-
sorption coefficient of the reactant (I/mg).

When the initial concentratio@g is micromolar solution
(Co =66.6pmol/l in the present experiment), thg. (1)can

Ho,~1-0;

Visible-Light

-~

MB

[PW;50,-TiO] ]

PW,,TiO, (6+h*

C
In (—0) = kKt = kapgt (2

C
A plot of In Cp/C versus time represents a straight line, the
slope of which upon linear regression equals the apparent
first-order rate constaitpp (0.044 mirr1).

3.2.3. Photocatalytic mechanism

In the direct photocatalysis, both positive holes and hy-
droxyl radicals have been proposed as the oxidizing species
responsible for initiating the degradation of the organic sub-
strates[18,19,42,43] Two possible mechanisms have been
proposed. The first mechanism is that when photocatalytic
oxidationis conducted inthe presence of water, the holes were

dyegy — > Decomposition of
dye

dye+O,

[PW,,TiOy
+OH +H*

[MBOO]+_> Destruction of
heteropolyaroma

Scheme 1. Proposed photodegradation mechanism of dyes in the preseaB&\GbE,/TiO>.
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efficiently scavenged by water and generated hydroxyl radi-
cals OH, which are strong and unselected oxidant species in
favor of totally oxidative degradation and mineralization for
organic substrates. The second one is that substrates (dyes)
with the proper oxidation potential can undergo direct oxida-
tion, and generate radical species. In our system, we proposed

Transmittance
@

apossible dye photocatalytic degradation mechanism accord- A 837
ing to the above experimental results, which was confirmed
by in situ FT-IR result 5cheme 1 In the photocatalysis, the 2000 P g

H3PW;2040/TiO2 hanocomposite absorbed visible-light to
produce electron/hole (éh™) pairs. Some organic dyes can
be strongly absorbed on thesPW;2040/TiO2 surface. For Fig. 10. In situ IR spectra of the 3PW;2040/TiO,composite (A) and ad-
example, MB is mainly oxidized by photogenerated hole lo- sorbed dioxygen on the composite at 298 K after admission¢B0Torr)
calized on the surface of the irradiated catalyst, generated arfo" 1 min (B).

adsorbed MB cation radical (MB). The MB cation radical

formed combines with molecular oxygen and results in the temperature on the composite is showrrig. 10 The band
destruction of heteropolyaromatic. The active oxygen speciesat 837 cnt? for 160, adsorption was clearly observed after
produced during this photocatalysis process was superoxideadmission of®0; to the system of PW/TiO» and aqueous
species (@ ), which was confirmed by in situ FT-IR spec- MB (Fig. 1@B). This band is originated from a peroxo-bond
trum (Fig. 10. That s, IR spectrum of adsorbed @t room (O-0) stretching vibratiofd4]. For other dyes adsorbed less

Za /il
ﬁg .

M 319

Detected M + H 285
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Scheme 2. Photocatalytic degradation pathway of MB in the presencgPrWHO40/TiO>.
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Fig.11. Evolutionof NH T, Sy2~,NO;~, CI—, acetic acid and formic acid
in solution during photocatalytic degradation of M8y(= 0.14 mmol/L).
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recycling uses after the reaction is finished. The mechanism
of photodegradation of organic pollutants on the as-prepared
catalystunder visible-lightirradiation was due tg"O/OH®.

The application of as-prepared material exhibits a potential
for the treatment of dye pollutants because it can fully utilize
solar radiation. The present work also provides useful insight
for the development of a new route in synthetic chemistry.
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