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Studies on gas adsorption in porous polymers via solid-state NMR

24 H
SRR gk R 12 % LB o 00 AR 5 )

(G CNEDEF)

Solid-state nuclear magnetic resonance (NMR) spectroscopy is fully exploited

to characterize gas adsorption in metal organic frameworks (MOFs) and coval
ent organic frameworks (COFs), which are porous crystalline polymers constru
cted by organic linkers and interconnected by metal clusters or covalent bon
ds. In particular, the applicant has extensively studied the following two t
opics, gaining insight into the structure and the process behind the curious
macroscopic properties of the MOFs and COFs, and demonstrating the powerful
nature of NMR spectroscopy for characterization of electronic state and dyn
amics.

(1) *®Na SSNMR studies on sodium—ion-induced discriminative adsorption of ace
tylene (C,H,) and carbon dioxide (CO,)
Separation of acetylene and carbon dioxide is important but challenging due
to their similar properties. The applicant designed and synthesized a COF fu
nctionalized with a sodium sulfonate group. This COF, named Py—Na COF, was f
ound to show discriminative C,H,/CO, adsorption. To study the binding site, t
he applicant conducted DFT and MD calculations, finding that the sodium ion
interacts with the guest gas molecules. In addition, the applicant carried o
ut high-resolution *Na multi-quantum magic—-angle—spinning (MQMAS) experiment
s, confirming the stronger host—guest interaction between C,H, and Py—Na COF
than that between CO, and Py—Na COF, and thereby gaining an insight into the
mechanism of discriminative adsorption.

(2) Crystal-size effect on the kinetics of CO, adsorption in MOF

So far, many previous studies addressed crystal-size dependence of the effic
iency of gas adsorption in MOFs. In contrast to such a macroscopic aspect, 1
ittle is known about the size effect from the microscopic, molecular perspec
tive. The applicant has bridged the gap in the current studies of the size e
ffect through C NMR studies of CO, adsorbed in MOF, finding remarkable depe
ndence of the "C resonance line on the size of the crystallites of MOF. In a
ddition, the applicants proposed a kinetic model and performed line—shape an
alysis based on it, successfully reproducing the experimental NMR spectrum,
and thereby extracting the kinetic parameters, which cannot be obtained in a
ny other ways.
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