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Abstract:

Metal-organic frameworks (MOFs) are highly porous materials formed via the self-
assembly of organic bridging ligands to metallic nodes. MOFs have many potential
applications in areas such as separation’? and catalysis,>* and yet very little is
understood about their self-assembly. Time-resolved in-situ '"H-NMR would be the ideal
methodology for following MOF synthesis, but the deuterated form of the prototypical
solvent for MOF formation (N, N-dimethylformamide; DMF)® is costly in its deuterated form
(DMF-d7). To prepare and perform 10 '"H-NMR experiments under reasonable analytical
precision, the price of DMF-d7 alone would exceed $4000. As such, this analytical method
has been underutilized.

Time resolved solution-phase deuterium NMR (?H-NMR) would alleviate these challenges
by allowing the use of regular protonated solvents, and only requiring small amounts of
deuterated analyte(s). Approximately 800 MOFs use 1,4-benzenedicarboxylate (BDC?)
as their organic linker,® making BDC-containing MOFs ideal candidates for time-resolved
NMR analysis. The cost of using H2BDC-d4 for 2H-NMR is orders of magnitude lower than
that of DMF-d7 for equivalent "H-NMR experiments.

In this work, solution-phase ?H-NMR was utilized to follow the self-assembly of UiO-66 (a
zirconium and BDC-based MOF). The synthesis of UiO-66 can be influenced by the use
of non-bridging carboxylic acids (coordinating modulators) or other strong acids (non-
coordinating modulators);” this work looks at acetic acid, hydrochloric acid, and benzoic



acid. By utilizing and following either H2BDC-ds4, for information regarding linker
consumption, or D20, for information regarding acidity and chemical exchange, defining
features of the synthesis were observed. Between different rate constants, induction
periods, changes in acidity (or lack thereof), and non-NMR experiments such as
porosimetry and time resolved solid formation, a broader picture of the mechanism of self-
assembly of UiO-66 was elucidated.
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