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Solid-State 'O NMR Reveals Energetics of Breaking a Low-Barrier Hydrogen Bond
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Introduction

A low-barrier hydrogen bond (LBHB) refers to a HB in which the potential energy barrier for translational
proton transfer between the two heavy atoms is close to or lower than the zero-point energy [1]. In general, the
hydrogen atom in a LBHB is located near the mid-point between the two heavy atoms (e.g., O---H---O or
O---H---N). A LBHB is commonly associated with a very short HB length (roo < 2.5 and roy < 2.6 A) and thus in
the literature a LBHB automatically implies a very strong HB. Although the existence of LBHBSs in both gas and
condensed phases has been firmly established, their role in enzyme catalysis has remained a controversy in the
past 20 years [2]. The central issue is whether a LBHB is particularly strong as compared with a regular HB [3].
As direct experimental measurement of HB strength in condensed phases is rather difficult, most arguments are
based on high-level computations. In this work, we used solid-state *’O NMR to examine the hydrogen bonding
energetics in nicotinic acid (NA) crystals.
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atom is shifted considerably towards the mid- (c) Experimental and simulated *’O MAS spectra of [1,2-'"O,]NA. (d)
point of the two hea\lly atoms, indicative of a 2D EXSY spectrum of [1,2-0,]NA at 236 K.

LBHB. Both the 1D “'O VT MAS and 2D

EXSY spectra suggest that the carboxylate group of NA undergoes a rapid 180°-flip motion in the solid state,
which interchanges the chemical environment of O1 and O2. An Arrhenius analysis of the VT 'O NMR data
yielded an activation energy (E,) of 10.3 kcal mol™ for this dynamical process. Interestingly, in order for the
carboxylate group to flip, the LBHB must break. Our DFT calculations suggest that, in the absence of any HB, the
rotational barrier of the carboxylate group in NA is 3.8 kcal mol™. Therefore, breaking the LBHB in NA requires as
low as 6.5 kcal mol™. This value falls into the category of weak HBs (2-10 kcal mol™) [1].

Conclusions

We have shown that the LBHB in NA is not particularly strong. This observation provides strong experimental
evidence challenging the concept that a LBHB must be a strong HB. The solid-state *’O dynamic NMR approach
provides unique information about HB energetics that are difficult to obtain with other experimental techniques.
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