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An important property of acid zeolitesised as industrial Figure 1. Transient reflectance spectra obtained @s5after 266-nm

catalysts is their "?‘b'“ty to prlomote and §upport the fprmatlon excitation of bicumene (closed circles) and’'4#methoxybicumene

of unstable_ ar_l(_i highly rea(_:tlve Carbocatlc_)n lnt_ermedlates. As (open circles) encapsulated within the cavities of NaY, and:6 &fter

a result, significant effort is currently being directed toward 30g nm excitation of chloranil co-incorporated with ‘4gdmethoxy-
understanding the mechanisms by which zeolites influence thepicymene (squares) in NaY. The insert shows the decay of cumyl cation
reactivity of incorporated carbocations, especially with respect at 330 nm (closed circles) and the 4-methoxycumyl cation at 360 nm
to the stabilizing influence of zeolite cavitiés® Several of (open circles) generated within the cavities of NaY.

these studies have shown that various carbocations are suf-

ficiently long-lived in acid zeolites to be observed by diffuse {ransient species is therefore identified as the 4-methoxycumyl

reflectance spectroscopy and, in some cases, solid-state NMRcation formed upon laser photolysis of the incorporated neutral
On the other hand, little information is currently available picymene derivative, eq 1 {R= R, = OCH).

concerning the formation and behavior of reactive carbocations
within zeolites containing no Brested acid sites. It is therefore
difficult to establish if the long lifetimes of carbocations in
proton exchanged zeolites are due primarily to the presence of
the strong Brasted acid site%,or if other factors are also
important, such as electrostatic interactforis which the
negatively charged zeolite framework acts as a non-nucleophilic
counteranion, or the confined environnfethat protects the A reasonable mechanism for the formation of the 4-meth-
carbocation from nucleophilic quenchers. In the present work, oxycumyl cation is rapid fragmentation of the radical catidA
we describe results concerning the generation and absoluteproduced by photoionization of the precursor, eq 1. This agrees
reactivity of cumyl cations within cavities of the nonacidic with formation of the 4-methoxycumyl cation, together with
zeolite NaY. These results represent the first direct observationthe chloranil radical anionlfax = 420 and 450 nm§ upon
of reactive carbocations in NaY, and provide novel information photoinduced electron transfer with co-incorporatediloranil
about the reactivity of the carbocations in the absence andas the sensitizer, Figure 1 (squar&s)’ Our inability to
presence of coadsorbed alcohol nucleophiles. observe the intermediate radical cation, which should have an

The transient diffuse reflectance spectrum obtained upon 266-absorption band similar to that of the 4-methoxytoluene radical
nm laser irradiation (Nd:YAG lases 10 mJ/pulse<8 ns pulse cation at 420 nn8 is consistent with the rapid (ca. 4671
width) of 4,4-dimethoxybicumene incorporated into NAY, fragmentation of the 4;4dimethoxybicumene radical cation in
Figure 1 (open circles), reveals the formation of a transient solution!® and indicates that fragmentation is also rapid in
species with strong absorption centered at 360 nm. The transienNaY 20
was not affected by the addition of oxygen into the zeolite  Photoionization of the unsymmetrical 4-methoxybicumene (eq
sample, but its decay did increase in the presence of nucleophiles), R, = OCHs; R, = H), which might have resulted in the
(vide infra). In addition, the maximum at 360 nm and the nice formation of either the 4-methoxycumyl cation or the parent
symmetrical shape of the band match closely those for the cumyl cation, led only to the formation of the 4-methoxycumyl
4-methoxycumyl cation previously observed in solutlriThe cation. The parent cumyl cation was generated upon 266-nm
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T os T i 2 25 "o es 1 s 2z s ns laser pulse decreases significantly as the alcohol content
[Alcohol] (M) [Alcohol] (M) increases, Figure 2b. This represenssadicquenching process
Figure 2. Effect of adsorbed methanol (circles), ethanol (squares), and involving rapid ¢-10° s™*) reaction of an alcohol molecule that
2-propanol (diamonds) on (a) the observed rate constant for the decayiS in close proximity to (i.e. in the same cavity as) the
and (b) the top reflectance at 360 nm of the 4-methoxycumyl cation photogenerated carbocationic center, Scheme 1. It is noteworthy
generated in NaY. that the decrease in the amount of observed carbocation is the
same regardless of which alcohol is coadsorbed into the sample,
nm, Figure 1 (closed circles), identical to that observed for the as expected for a fast static quenching process in which the

cumyl cation in solutiort? guencher and the carbocation reside in the same cavity.

The observed first-order rate constants for the decay of the  Observation of static quenching is significant because it leads
carbocations in NaY, Figure 1 (insekys= 3.8 x 10° s™* for to the conclusion that a rapid intracavity reaction occurs each
the 4-methoxycumyl cation and 59 10° s™* for the unsub-  time an alcohol molecule enters a zeolite cavity containing a

stituted cumy! cation, are significantly slower than for the same 4-methoxycumyl cation. Therefore, it can also be assumed that
carbocations in solution such as in water or acetonitrile. In fact, dynamic quenching represents a diffusion controlled process.
highly nonnucleophilic solvents such as 2,2,2-trifluoroethanol This is consistent with the observation that the magnitude of
(TFE) for the 4-methoxycumyl cation or 1,1,1,3,3,3-hexafluoro- the dynamic quenching rate constant is highly dependent on
2-propanol (HFIP) for the parent cumyl cation are required to the size of the alcohol. Diffusion coefficients ranging from 2.6
stabilize kinetically the carbocatiof$?to the same degree as  x 109 cm? s~1 for methanol, 1.3x 10~° cnm? s~1 for ethanol,
observed in NaY. Thus, the environment within the cavities and 0.67x 1079 cn? s1 for 2-propanol can be calculated by
of a nonacid zeolite is capable of sustaining a significant using values ok, obtained from the slopes of the quenching
carbocation lifetime, even in the absence of strongnBted plots and a modified version of the Smoluchowski equatfefi.
acid sites. The relatively long lifetimes in NaY are consistent These values are in the range expected for diffusion coefficients
with the notion that the zeolite cavity kinetically stabilizes the in NaY 27 and reinforce the conclusion that dynamic quenching
carbocation, with the negatively charged framework possessingrepresents a diffusion controlled process.
low nucleophilicity and acting instead as a nonnucleophilic  The static quenching observed in the present work suggests
counteranion. It is also likely that the high electrostatic field that the “encounter-complex” generated when an alcohol diffuses
present within the NaY cavities plays an important role in into a cavity containing a carbocation rapidly collapses to give
stabilizing the cumyl cation%. product. On the other hand, the reaction of the 4-methoxycumyl
In NaY, the parent cumyl cation is only about 1.5 times more cation with methanol in solvents such as TFE is activation
reactive than the 4-methoxy derivative. This small difference controlled, taking place with a second-order rate constant of
in reactivity contrasts sharply with that observed in nonnucleo- ca. 1x 106 M1 s 1thatis 1@ times smaller than the diffusion
philic solvents such as TFE where the cumyl cation is about limit. Thus, the intracavity reaction of the carbocation with
10 000 times more reactive toward addition of the solvent than the alcohol appears to occur more rapidly than collapse of an
the 4-methoxy derivativé® Thus, whereas reactivity in solution  encounter-complex generated in solution. One consequence of
is largely determined by the thermodynamic stability of the the zeolite environment is therefore to actualhgreasethe
carbocation, thermodynamic stability does not seem to play areactivity of the alcohol toward the carbocation once it has
significant role when the carbocations are embedded within the entered the carbocation containing cavity. This may be an in-
zeolite cavities. cage effect caused by the presence of both reactants within the
As shown in Figure 2a, coadsorption of methanol, ethanol, same restricted space, or a catalytic effect whereby the weakly
or 2-propanol within the zeolite caviti€sesults in an increase  basic oxygens of the active sites remove a proton from the
in the observed rate constant for the decay of the 4-methoxy- oxygen of the alcohol as it reacts with the cumyl cation. At
cumyl catior?* This increase indicates that the carbocation and the same time, dynamic quenching is slower in NaY than in
alcohol react by adynamic quenching process involving  solution. Thus, because the alcohols must first navigate the
diffusion of the alcohol into the cavity containing the carboca- channels and pores of the zeolite in order to find a cavity
tion, Scheme 1. The slopes of the plots represent second-ordegontaining a carbocation, a second consequence of the zeolite
rate constantsk, for the reaction of the alcohol and the s to decreasehe overall dynamic quenching efficiency of the
carbocation. The rate constant for quenching by meth&gol, nucleophile by reducing the rate of diffusion of the alcohol.
= (5.54 0.3) x 1® M1 s71, is significantly greater than that
for quenching by ethanoky = (2.2 £ 0.3) x 1® M1 s71,
which in turn is larger than that by 2-propané}, = (0.8 £
0.3) x 10° M1 5L In addition to dynamic quenching, the
amount of the 4-methoxycumyl cation remaining after the 10-
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