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The hydroxyl radical is among the most reactive species in
chemistry, and it is a key intermediate in cellular oxidative stieéss
and in advanced oxidation techniques for the remediation of
polluted wastewaters. The wide use of Ti@ as photocatalyst
and Fenton-like processes as general methodologies to degrad
organic material is based on the intermediacy of @idlicals*®
The development of new methods of generation of @dicals
and their detection using time-resolved techniques is of intéfest.

Herein, we report a heterogeneous photocatalytic system
consisting of 2,4,6-triphenylpyrylium ion (T® encapsulated
inside the supercages of Y zeolite (TPY) that generates OH
radicals in the presence of water.

In principle, a general, viable strategy to form Otddicals
would be the generation of ' by the photoinduced electron
transfer (PET) from water to a suitable excited electron acceptor
(ET step in Scheme 1). However, despite the relatively low
oxidation potential of water (1.28 V vs SCE, pH 5.7), this
methodology has not been exploited in full owing to a combina-
tion of negative factors including degradation of the photosen-
sitizer and solubility problem.

The organic TP tetrafluoroborate salt ([TBBF,*], TPT) is
only sparingly soluble in water, where it undergoes nucleophilic
addition of water to form 1,3,5-triphenylpent-2-en-1,5-dione
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Eigure 1. Transient spectra of TPT in GBN/H,O 90/10 (A, triplet
excited state) and a TPY#B slurry (B, TP) after 355 nm laser excitation
recorded at 1 and 10s, respectively.
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conditions, no PET between TRnd HO takes places, although
this process is predicted to be exergonic by the Relveller
equation®!! and the wide use of TP as electron-transfer
photosensitizet?13

Pyrylium cleavage to PDO is totally supressed upon” TP
incorporation inside the supercages of Y zedtttélhus, periodic

(PDO). Even an aqueous suspension of TPT becomes totallycontrols by diffuse reflectance spectroscopy of TPY stirred in

hydrolyzed in a few hours. In acetonitrile/water mixtures (50/

water did not show any noticeable change in the intensity of the

50), TPT is persistent enough to allow laser flash photolysis (LFP) characteristic TP absorption bandsi(370 and 420 nm) for
studies’ Under these conditions, the only transient species periods of 3000 h. Given the previous study showing that TP
observed is TP triplet excited state and no evidence for the s accommodated inside the zeolite supercaj@sreasonable
formation of TP was obtained (Figure 1A). Thus, under these gxplanation is based on molecular modefhgrhese calculations
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Scheme 2 with an aqueous solution of MVgIl LFP of MVZT/TPY slurry

in water has a band to 470 nm decaying in the microsecond time
scale, together with an additional broad band at 570 nm exhibiting
a much longer lifetime (Figure 2B). Comparison with Figure
1B indicates that this 570 nm band corresponds, at least in part,
to TP.

The generation of OHradicals in the photolysis of TPY in

TP* Ph moves out of the plane

CH3;CN/H,O (50/50) has also been confirmed in two alternative
0.0 A ways. Irradiation of TPY in the presence of 5,5-dimethyl-1-
‘ pyrrolineN-oxide (DMPO) generated an EPR signagjat 1.997
compatible with the [DMPG-OH]* adduct® On the preparative
5 0.01- scale, irradiation of benzhydrol (1®M) in the presence of TPY
° ’ formed benzophenone (26%) as the sole product.
The potential of TP to generate OHradicals has been
o s~ exploited in the photochemical hydroxylation of benzene. Thus,
conventional Hg lamp irradiation (350 nm, 2 h) of TPY in
' ! ! ! benzene containing water (10 mL of dry benzene with:lLGf
H,O added with a syringe) leads to the formation of phenol as
the predominant product (purity 82% of the 8 mg residue).
0-08 4 Another straightforward application of this TPY/Bl photo-
- catalytic system is the degradation of pesticides in water.
iy Methylparathion (MP) was chosen becausé&is(2.6 V vs SCE)

Q  0.04 is high enough to ensure that no direct PET betweeh Sifiglet
excited state and MP can occur. As a matter of fact, only TP
triplet excited state is observed as a transient in the LIFB56

0 | nm, exclusive excitation of TP of a solution of TPT and MP in
acetonitrile. In contrast, heterogeneous irradiation of an aqueous
300 400 500 600 700 suspension of MP using TPY as photosensitizer causes degrada-
Wavelength (nm) tion to paraoxon and 4-nitrophenol (eq 1). The kinetics of

Figure 2. (A) Transient absorption spectrum of a®tsaturated solution oH
of TPT in benzene recorded 2s after 355 nm laser excitation. (B) s e
Transient diffuse reflectance spectrum recordedu&Cafter 355 laser 02N—<i>—o-ﬁ'>—oc043 hv O2N “R—OCH; _ ()
excitation of a M\#*-doped TPY/HO slurry: i and ii correspond to the OCHy  TPY, H,0 OCH;  H,0
bleaching of TP ground state, iii is assigned to the MiV-OH- adduct, mMP (paraoxon) NO,

and iv is the absorption of the TP

) o formation of 4-nitrophenol shows that it is a secondary product
the hydrolysis of TP was complete within a few hours, thus  gnq probably arises from hydrolysis of paraoxon. Diffuse
supporting the importance of the spatial confinement. reflectance spectroscopy reveals that the® TiBn remains

In contrast to the behavior of TPT in acetonitrile/water najtered and that TPinside Y zeolite is also protected from
solutions, LFP of a slurry of TPY in 40 affords TPas a transient  he attack of OM Further, iodimetric titrations of a lamp
species, thus indicating that a PET process occurs WhensTP 4 diated suspension of TPY (300 mg) in distilled water (25 mL)
entrapped in the polar zeolite pores (Figure 1B). The ability of ggiaplished that the photocatalytic system had generated a
zeolites to favor electron-transfer processes is well docume”tedstationary concentration of 2:2 10-2 M of hydrogen peroxide.

in the literature!® As previously reported by us, only TRriplet H.O o S : '
; . o o1 ) 20, presumably arising from Ottoupling, is the obvious final
excited state is observed when TPY is irradiated in the absenceproduct when these radicals do not have alternate reaction

17 i i
of water!” To probe whether the primary PET process generating pathways. Formation of #0, in the y-radiolysis of HO (the

+. . . H — . . .
HoO™ leads to the formation of OHadicals, we undertook time cleanest way to produce OHs well established in the literatufé.

resolved experiments and exploratory product studies. L .
: A The crystal structure of the zeolite is not damaged in the process
Thus, a TPY sample, partially dehydrated by heating it at 100 as determined by XRD.

°C under reduced pressure for 1 h, was stirred in neat benzene . . . . )
for 30 min. The suspension was filtered and dried in air. LFP |n.00n(.3|LIJSI0n, by encapsulation inside the rigid zeolite lattice
(A 355 nm, exclusive excitation of T@ of this benzene- TP is efficiently protects TP from attack of HO or OH. Upon
impregnated TPY in the presence of®leads to the observation ~ Photolysis of an aqueous slurry of TPY, PET with formation of
of the hydroxycyclohexadienyl radical as a transient characterized TP Pyrylium radical and OHoccurs. These hydroxyl radicals
by an intense absorption at 350 Afn.The same transient have been trapped with DMPO and positively detected by time-
spectrum is obtained for a water-saturated TPT solution in benzener€solved spectroscopy using benzene ancdfVas probes.

(Figure 2A). Likewise, generation of Ohh the photolysis of
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