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In recent years, there has been considerable interest in th
generation and reactivity of simple monoaryl benzylic radicals
within the cavities of zeolites.> The majority of these studies
have determined the ratio of products upon steady-state photolysi
of dibenzyl ketone and its methylated derivatives. Both the
reactivity and mobility of the monoaryl radicals within the zeolite
framework have been inferred from the yield and distribution of
the product mixtures, with the conclusion that simple monoaryl
benzyl radicals are highly mobile within the zeolite framework
and that coupling reactions are very fast.

The direct detection of reactive intermediates within the cavities
of zeolites has given important information about the reactivity
of transients species in the unique environment provided by the
zeolite® 2t Surprisingly, however, no time-resolved studies of the
benzyl radical produced upon photolysis of dibenzyl ketone within

the cavities of zeolites have been reported. Presumably, the lack

of time-resolved results is due to the ill-defined transient diffuse

reflectance spectra generated upon laser excitation of dibenzyl

ketone within zeolited? We now report the direct observation of
photogenerated benzyl radicals within cation-exchanged Y fau-

jasites using nanosecond diffuse reflectance spectroscopy. Evi-
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dence is also presented for the simultaneous detection of the
benzyl anion.

Our belief was that the ill-defined spectra generated upon
photolysis of dibenzyl ketone within the cavities of zeolites was
due, at least in part, to the initial generation of a radical pair within
the supercage instead of a single “free” benzyl radi¢# Thus,
our approach was to utilize a precursor, phenylacetic ®efd?’
that upon 266-nm laser photolysis would generate a zeolite
supercage with only one radical species.

Figure 1 shows the transient diffuse reflectance spectrum
generated upon 266-nm laZeexcitation of phenylacetic acid
incorporated into dry NaY under reduced pressure {I®rr).2°

®The spectrum shows a strong absorption band centered at 315-

nm and a shoulder at 305-nm that coincide nicely with the known
absorption spectrum for the benzyl radical in soluidhe

Sransient species at 315-nm is completely quenched by the addition

of oxygen to the sample, which is characteristic of radical
species?3! Consistent with the formation of the benzyl radical
is that one of major products upon steady-state photolysis ifNaY
in the absence of oxygen is bibenz$the product from radical
radical coupling. The proposed mechanism for the generation of
the benzyl radical is shown in eq 1, path a. Upon incorporation
into the nonacidic Y zeolite, phenylacetic acid deprotonates to
the phenylacetate anighwhich undergoes photoionizatitt>3°
upon 266-nm laser excitation to give the acyloxy radical that then
rapidly loses C@to yield the benzyl radical.
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A second weaker absorption band at 350 nm is also clearly
observed, (Figure 1). The decay rate constant for the 350-nm band,
ksso = 5 x 10° s7%, is significantly faster than that for the 315-
nm band® ks;5 = 2 x 1P s74, indicating that these absorption
bands do not belong to the same transient species. The 350-nm
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Wavelength (nm) Figure 2. Transient decay traces at 315 nm for the benzyl radical

generated upon 266-nm laser excitation of phenylacetic acid in (left) dry,

Figure 1. Transient diffuse reflectance spectrum generated upon 266- evacuated (16 Tor) LiY (W), NaY (a), KY (#), RbY (O), and CsY

nm laser photolysis of phenylacetic acid in evacuated{T®rr) NaY (®) and (right) dry, evacuated (10 Torr) NaY with loading levels

under dry conditions. The inset shows the transient spectrum after the ; I " ) .
sample was exposed to the atmosphere for a period of 10 s and then(phenylacetlc acid:-number of NaY cavities) of 2@)(1:1 ©), 1:2 @)

and 1:5 ), 1:10 (#), 1:100 ©). The inset shows the amoumAJ =
reevacuated (10 Torr). Spectra were recorded) 0.20, ) 0.74, ©) - . - .
1.76, and @) 6.36s after the laser pulse. Adi=1a:s) Of the fast-decaying benzyl radicals as a function of loading

level.

band is also completely quenched by oxygen, indicating that the
transient species is not due to a carbocation or radical cation
intermediate’’

the fast-decaying radicals are generated in open void spaces and
are sufficiently mobile to cavity-jump into neighboring cavities.
. . ) The differences observed in the decay kinetics are presumed
The intensity of the 350-nm band was found_to be h'ng to be due to the variations in the mobility of the benzyl radical.
dependent on the amount of water coadsorbed into the zeolitejit the larger cations, such as Gshe mobility of the radicals
framework. Exposure of the sample to the atmosphere for 10 Sig considerably reduced due to the cations partially blocking the
and reevacuation to remove oxygen significantly enhanced the moyement of the radicals through the pores connecting neighbor-
production of the 350-nm band (Figure 1, inset). We assign the jng cavities. In addition, the relatively high concentration of
350-nm transient species to the benzyl anion generated uponprecursor molecules produces a secondary cage that inhibits the
photolysis of phenylacetaté,eq 1, path b, on the basis of the  mobility of radicals? and this effect increases as a function of
following information. The benzyl anion is known to be a cation size.
photoproduct upon photolysis of phenylacetate in polar environ- | congrast, the decay of the anion was found not to be
ments?>® The benzyl anion is also known to have a strong gependent on the zeolite counteridrin each case, the benzyl
absorption in the 350-nm region and to be rapidly quenched by anjon decayed with closely similar kinetids,~ 5 x 10 s~
oxygen#*#°In addition, the second major product generated upon The decay traces return close to the baseline, indicating that
steady-state photolysis of phenylacetic acid within NaY in the mopbility of the anion is not an important factor in the reaction of
absence of oxygen is toluene, which is the product expected fromthe benzyl anion. The coadsorption of water into the zeolite

the benzyl anion. Furthermore, when phenylacetiz-d, acid framework had little influence on the decay kinetics.

was irradiated in NaY in the absence of oxygen, tolueped,, The decay traces at 315-nm upon laser photolysis of phenyl-
produced by protonation of the benayle-d, anion, was obtained  acetate within NaY as a function of loading level are shown in

as a major product in addition to bibenayle-ds. No toluene-  Figure 2 (right). Clearly, the fraction of radicals that decay rapidly

o,0,0-03 was produced, indicating that toluene is not generated over the first 15us increases significantly as the total yield of
by reaction of the benzyl radical with the precursor. In addition, radical increases. Thus, as more radicals are produced, the
when unlabeled phenylacetic acid was photolyzed within NaY, probability of finding a neighboring cavity containing another
also in the absence of oxygen after the co-incorporation of benzyl radical is higher than that at low loading levels.

methanold (CH;OD), the products obtained were toluene, |y conclusion, we have shown clearly that the benzyl radical

tolueneei-d, and bibenzyl. can be readily generated and observed within the cavities of alkali-
The decay kinetics at 315-nm for the benzyl radical in LiY, exchanged Y faujasites. The benzyl anion is also generated upon

NaY, KY, RbY, and Cs¥*42are shown in Figure 2 (left). The  photolysis of phenylacetate, and its yield is highly dependent on

decay of the benzyl radical is fastest in LiY and slowest in CsY. the hydration state of the zeolite. Our investigations into the

This suggests that the benzyl radical decays in a fast manner bybehavior of photogenerated simple radicals and anions within the

a coupling reaction with a second benzyl radical and that the three-dimensional lattice of zeolites continue.

mobility decreases along the series from LiY to CsY. In addition,
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