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The photolysis of isomeric pairs of p,p’-dialkyl-substituted phenyl benzyl ketones adsorbed on MFI zeolites has been investigated by EPR
spectroscopy. Photolysis produces persistent “benzoyl type” and “benzyl type” radicals. The dominant persistent radical produced by photolysis
of any particular isomeric pair depends on the length and position of the p-alkyl chain. The results are attributed to supramolecular sterecisomers
resulting from preferential adsorption of the longer alkyl chain into the pores of the zeolite.

The adsorption and diffusion of benzene and alkylbenzeneslength because of the attractive dispersion forces resulting
on the external and internal surface of MFI zeolites (silicalite from the complementary and close fit of the chain and the
and ZSM-5) are generally accepted as playing an importantvoid space of the internal surface of an MFI zedfite.
role in the catalytic preparation and separation of alkyl Investigation of the photochemical reactions of molecules
benzenes by MFI zeolités# The kinetic diameter (molecular  adsorbed on MFI zeolites has provided insights to the
cross section) of a benzene ring is approximately the samesupramolecular structure and dynamics of adsorbed mol-
as the pore diameters of MFI zeolites, leading to significant ecules and of the reactive radical intermediates produced by
size/shape selectivity of adsorption and diffusion of alkyl- photolysis® For example, photolysis of dibenzyl ketone and
benzened.The strength of adsorption of-alkyl chains by its derivatives adsorbed on MFI zeolites results in the
the channel system of ZSM-5 increases with increasing chainformation of persistent organic centered radicals which are
readily detected by conventional EPR analysitie degree
t Columbia University. of persistence has been shown to depend significantly on
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and on the supramolecular structure and dynamics of theproducetwo stereochemical supramolecular isomearse of

radicals produced by photolysis.

which is preferred, depending on the positignaf p’) of

We report here an EPR analysis of the persistent carbonthe long alkyl chain ofL, or 2,. In the case oL, @ZSM-5,

centered radicals produced by photolysis of a family of pairs
of isomericp,p’-dialkyl phenyl benzyl ketones adsorbed on
MFI zeolites1,@MFI and2,@MFI (Figure 1). This family
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Figure 1. Structures investigated in this report.

allows a systematic EPR investigation of the influence of

n-alkyl chains on the structure and persistence of radicals

produced by photolysis of ketones@MFI. A striking de-
pendence of the EPR spectra on the locatpir(p’) and
the length Q) of the alkyl chains ofl, and 2, is observed

(Figure 2). These EPR results, together with those from the

photolysis of the ketone3,,@MFI and4@MFI (Figure 1),
lead to the conclusion that there is preferential adsorption
of the longer alkyl chains into the pores of MFI zeolites to
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Figure 2. EPR spectra produced by the photolysidg®ZSM-5
(left) and2,@ZSM-5 (right). The simulations employed literature
hyperfine coupling constarftand line broadening parameter of ca.
5—6 G. Fits to the experimental spectra for the “benzoyl type” signal
(top left) assumed a mixture of 95% (n > 1) and 5%B (n = 1)
and for the “benzyl type” signal (top right) assumed a mixture of
7% A (n = 1) and 93%B (n > 1). The benzoyl spectrum was
simulated as a powder spectrum.
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the EPR spectrum (i.e., the structure of the persistent radical
produced by photolysis) depends strikingly on the preferred
supramolecular stereoisomer.

The family of isomerig,p'-dialkyl phenyl benzyl ketones
1, and 2, (Figure 1) was adsorbed from isooctane onto an
MFI zeolite (silicalite or NaZSM-5= ZSM-5, SiGQ/Al,O3
= 40, NaO = 1.9% by wt) at 1% wt/wt (ketone/zeolite)
loading. After removal of solvent by argon flow, the samples
were rotated and photolyzed under vacuum for ca. 7 min
with a 450 W medium-pressure mercury lamp equipped with
a chromate solution filter and then placed in the EPR
spectrometer, and the EPR spectra were recorded within a
period of 5 min. Representative EPR spectra resulting from
the photolysis ofl,@ZSM-5 (left) and2,@ZSM-5 (right)
are shown in Figure 2. The simulated spetisee figure
caption for details) of g-substituted alkyl benzoyl radical
(left, top) and go-substituted alkyl benzyl radical (right, top)
are shown for comparison. The “benzoyl type” radicals
produced from photolysis df,@ZSM-5 are persistehfor
several hours (g ca. 1 h forp-n-dodecyl benzoyl radicals),
the “benzyl type” radicals produced from photolysis of
2,@ZSM-5 are persistent for many houts,¢ > 1 day for
p-n-dodecyl benzyl radicals), and the lifetime of both types
of radicals increases with an increase in the alkyl chain
length. Similar EPR results were obtained for photolysis of
1.@silicalite and2,@silicalite. However, the lifetimes of
both types of persistent radicals produced by photolysis were
generally shorter for radicals produced on silicalite than for
those produced on ZSM-5.

It is apparent that the length and, particularly, the position
of the longerp-alkyl group have dramatic effects on the
structure of the dominant persistent radical that is produced
from photolysis of a given pair of isomeric ketones. As the
p-alkyl chain on the benzoyl moiety df, is lengthened from
n=1ton==8ton=10ton= 12 (and the benzyl moiety
maintains ap-methyl substituent), the EPR spectra are
relatively strong in intensity and display dominantly the
features of a “benzoyl type” radical (e.@\, see Figure 2),
with a minor “benzyl type” component (e.dd). The relative
intensity of the benzoyl type signal increases with increasing
length of the alkyl chain. On the other hand, as the alkyl
chain on the benzyl moiety &, is lengthened fronm = 1
ton=8ton= 10 ton = 12 (and the benzoyl moiety
maintains ap-methyl substituent), the EPR spectra are
relatively weak in intensity and display dominantly the
features of gp-substituted alkyl “benzyl type” radical such
as B, with a minor contribution from the “benzoyl type”
component (e.gA). For2,(n=8ton=10ton = 12),
the “benzoyl type” signal decreases with increasing length
of the alkyl chain. From simulation (Figure 2, top right) the
observed EPR spectra fit well to “benzyl type” radicals such
asB with a minor contribution of benzoyl type radicals such

(6) Magnetic Properties of Free Radicals, Part B; Landolt-Bernstein,:
Springer-Verlag: Berlin-Heidelberg, 1977; New Series II.
(7) Griller, D.; Ingold, K. U.Acc. Chem. Red.976,9, 13.
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asA. The broad spectral lines show that the radicals are nea

the slow motion limit for EPR. Scheme 1 Favored Stereochemistry af, and 2;, and
For comparison with other zeolites, the EPR resulting from Preference for Persistent Radical Formation
photolyses of ketones adsorbed on Na5A were investigated. H o
Na5A has pores leading to the internal surface which are Hﬂé’;‘gve) {%;23@6)
smaller than the molecular cross section of benzene. The ~° e A - H
photolysis ofl;,@Na5A and?;,@Na5A produced weak EPR _ _ M- é)— .
signals (supporting material) which were not characteristic
of either “benzoyl type” or “benzyl type” persistent radicals. ;, L zZ z L 2
The influence of ortho substitution, which prevents entry 5 e g 5
of an alkyl benzene chain into the internal surface of MFI' | ezsms 112:@25,“_5 2,,@ZSM5 212;"’@923,\,,_5
zeolites, was also investigated. Photolysis3pf@ZSM-5 (persistent) (persistent)

produces an EPR spectrum (Supporting Information) that is
similar in intensity, lifetime, and structure to the “benzoyl
type” EPR produced by photolysis af{>@ZSM-5 (Figure  argument. Since-xylene is not adsorbed into the pores of
2). Photolysis of4@ZSM-5 did not produce EPR signals MF| zeolites at room temperature, thexylyl group of 3;,
characteristic of persistent radicals of “benzoyl type” or s expected to prevent the molecule from being adsorbed
“benzyl type”(Supporting Information). deeply into the MFI internal surface. However, a structure
The EPR spectra of Figure 2 demonstrate a strong such as that shown in Scheme 1 igs@ZSM-5, for which
preference for formation of persistent “benzoyl type” radicals thep-alkyl chain and associated benzoyl group are adsorbed
from photolysis ofl,@ZSM-5 (n= 8, 10, and 12) and for  into the internal surface, is plausible. The observation that
the formation of persistent “benzyl type” radicals from photolysis 0f3,,@ZSM-5 produces a “benzoyl type” spec-
photolysis of2,@ZSM-5 (n= 8, 10, and 12). Of particular ~ trum similar in intensity, lifetime, and structure to that
importance is the very strong and very selective “benzoyl produced by photolysis df@ZSM-5 is particularly reveal-
type” signal that is produced fal,@ZSM-5 (n= 8, 10, ing. The observation of similar EPR spectra is consistent
and 12) compared t8,@ZSM-5 (n=1, 8, 10, and 12). We  with similar initial supramolecular structures and dynamics.
suggest that the origin of these observations is the result ofSince the initial supramolecular structure3pf@ZSM-5 will
different supramolecular structures that are determined bypossess the-substituted ring to be at or near the external
the p or p' position of the longer alkyl chain and the surface with the alkyl chain adsorbed internally, then
characteristics of the pores at or near the external surface1,,@ZSM-5 must also be sited at or near the external surface
We attempt to deduce the nature of the supramolecularwith the alkyl chain adsorbed internally. Thus, when
structures whose photolysis produces the persistent radicald;,@ZSM-5 is adsorbed at or near the external surfage,
by first determining the most likely position of the adsorbed deduce the structure shown in Scheme 1 is favored.
ketones, considering two possibilities: (1) adsorption mainly  The issue arises as to why one supramolecular structure
on the external surface; (2) adsorption partially or wholly in  should be preferred for a givenp'-dialkyl ketone. The heat
the internal surface. We then speculate on the reason for theof adsorption oh-alkyl chains in MFI zeolites increases with
most likely possibility being consistent with the EPR the length of the alkyl chaiflt is plausible, therefore, that
observations. for structures such ak, and2, the adsorption of the longer
Possibility (1), that the initial ketone structures and the chain into the holes on the external surface will be favored.
radicals produced by photolysis are mainly on the external If this is the case, two possible supramolecular stereocisomers
surface, is considered unlikely on the basis of the following will result: a stereoisomer that is adsorbed with the longer
observations. Persistent radicals are not produced by pho-alkyl chain being closer to the external surface and a second
tolysis of 1;,@Nab5A or2;,@Na5A although photolysis does  stereoisomer that is adsorbed with the longer alkyl chain
occur. For Na5A the ketones and radicals produced arebeing farther away from the external surféce.
compelled to be adsorbed on and diffuse on the external Scheme 1 provides a representation of the proposed
surface, since the pores on the external surface are smallemechanism to explain the EPR data for photolysis of
than the aromatic rings df, and2,. This conclusionis also  1,,@ZSM-5 and 2;,@ZSM-5. For clarity, the favored
supported by the absence of persistent radicals from thesupramolecular sterecisomers are shown adsorbed near the
photolysis of4A@ZSM-5 which is completely adsorbed on pore openings on the external surface.
and produces only radicals on the external surface. These Photolysis of phenyl benzyl ketones resultsicleavage
results imply that for photolysis to produce persistent radicals, to produce a “benzoyl type” radical and a “benzyl type”
the aromatic portion of the ketones must be adsorbed eitherradical? If, at the time of the photolysis, structures such as
deep in the internal structure or at least adsorbed near thehose shown in Scheme 1 are adsorbed at or near the
external surface. boundary of the external surface as proposed, on the basis
This leaves possibility (2) as a working paradigm for the
initial supramolecular structures shown in Scheme 1. We _ (8) Turro, N. J.; Han, N.; Lei, X.-G.; Fehlner, J. R.; Abrams JL Am.
distinguish adsorption deep within the internal surface from CNem: Soc1995,117, 4881,

; . ) (9) Turro, N. J.Modern Molecular Photochemistry; University Science
adsorption at or near the external surface with the following Books, Mill Valley, CA, 1991; Chapter 13.
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of previous result§, photolysis will produce a persistent The observation that the persistence of the radicals
radical from the moiety bound to the zeolite hole and a increases with the length of the alkyl chain is consistent with
transient radical from the moiety that protrudes from the a diffusion mechanism in determining radical persistence.
external surface. The absence of persistence of radicals=or example, radicalradical reactions may result if radicals
produced on the external surface is confirmed from the resultsdiffuse from the internal to the external surface encounter
of photolysis oA@ZSM-5 which does not produce persistent and then react on the external surface. It is also possible
radicals upon photolysis. Applying this reasoning to that radical—radical reactions may occur between radicals
11,@ZSM-5 and?1,@ZSM-5, it is concluded thdh@ZSM-5 that encounter at the intersections of the internal surface. It
will mainly produce a persistent benzoyl radicdl R@ZSM- is also possible that photolysis produces some radicals in
5) upon photolysis and tha2,,@ZSM-5 will produce a  the framework of the zeolite which are not detected, because
persistent benzyl radical (R@ZSM-5) upon photolysis  of their breadth or because they appear out of the range of
(Scheme 1)t is to be noted that the radicals observed by detection, but which serve as scavengers of the persistent
EPR are only a fraction of the actual radicals produced by radicals. Finally, we note that both types of radicals decayed
photolysis. The transient radicals produced have reacted andaster when adsorbed on silicalite than on ZSM-5. This result
are not observed in our experiments. is also consistent with Scheme 1, since the pores of the
Some comments on the proposed stereoisomers shown irsilicalite framework do not possess the more strongly binding
Scheme 1 are in order, in particular concerning the issue of cations that are present on the ZSM-5 surface.
why the molecules ofl;, and the “benzoyl type” radicals In closing, we comment that the persistence observed in
produced by photolysis might prefer to be adsorbed in a porethis report may be closely related to a kinetic mechanism
yet remain close to the interface at the external surface. Thefor radical persistencE.When radicals are produced in pairs,
“benzoyl type” spectrum (Figure 2) was best fit to a powder if one of the radicals of the pair has a significantly different
spectrum, indicating complete immobility of the radical on rate of radical-radical reaction than the other, there will be
the EPR time scale, indicating significant binding of the a build up in the concentration of the radical which reacts at
radical to the zeolite. We speculate that the pore openingsthe slower rate. In favorable cases this can lead to radical
at the interface are able to bind the carbonyl group becausepersistence. In the systems investigated here, the smaller
of some polar interactions provided by SiOH (silicalite and radical produced by photolysis of eithei@MFI or 2,@MFI
ZSM-5) defects or by cations (ZSM-5) near the pores on will diffuse faster and undergo radiealadical reactions with
the external surface. In support of this speculation, there isa higher probability than the larger radical. This will
evidence in the literature that Al atoms, and, therefore, eventually lead to an excess of the larger radical and would
compensating cations, tend to concentrate near the pore orbecome persistent if its rate of radieahdical reaction is
the external surface which would make the structure for very slow.
1,,@ZSM-5 shown in Scheme 1 plausiBfeFurthermore,
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