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Abstract

Multinuclear Solid State NMR and EPR Studies of Dibenzyl Ketones and
Benzocyclobutene Adsorbed on MFI Zeolites

Wei LI

High purity MFT zeolites with well-ordered structure and uniform size have been
synthesized and characterized using solid state ®Si NMR and microscopic methods (SEM
and AFM). Multinuclear solid state NMR (*Si, “*C, H) was employed to study the
adsorption and photochemical reaction products of dibenzyl ketones in synthetic MFI
crystals. Electron Paramagnetic Resonance (EPR) spectroscopy was employed to study
the photochemical reaction intermediate in MFI zeolites. Computer modeling was
employed to facilitate the interpretation of the experimental findings.

DBK and p-Me-DBK were found to adsorb in the internal surfaces of MFI
zeolites where the mobility of the molecules was greatly restricted. The transformation
of the MFT structure indicated thac the phenyl rings of the guest molecules tend to remain
in the intersections. The adsorption of DBK in MFI zeolites was found to have at least
two_ distinct environments; these two adsorption environments may be assigned to the two

channel systems in MFI zeolites.



When o-Me-DBK adsorbs on an MFI zeolite, it first fills up all of the holes on the
external surface before it fills the "flat” surface among the holes to form a monolayer.
The mobility of o-Me-DBK in the monolayer was much more restricted when compared
with o-Me-DBK molecules in the multilayers.

Photolysis of DBK generated persistent benzyl radicals in MFI zeolites due to
supramolecular steric effects. Tile steady-state concentration of those reaction
intermediates was much higher in NaZSM-5 than that in large synthetic silicalite crystals,
possibly due to the strong m-cation interactions in NaZSM-5.

The reaction products from photolysis of DBKs@MFI were also studied by solid
state NMR. For DBK@MFT, the photolysis product, DPE, induced stronger structural
perturbation on the host zeolites. For o-Me-DBK@MFI, the sieving of the reaction
product into the internal channels' was clearly demonstrated by using solid state NMR.

The diffusion of benzocyclobutene is much faster than that of o-xylene in MFI
zeolites. This was rationalized by the small critical size difference of the two molecules.
Photolysis of benzocyclobutene in zeolites produced persistent benzocyclobutene radical
cations due to electron transfer. Upon contact with air, the radical cation transformed to
peroxy radicals.

Oxygen was confirmed to be the dominant factor determining the ®Si spin-lattice
relaxation time. The effect‘of addition of organic molecules was found to be related to

the guest structure as well as to loading.






