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Detection of Very Small 17O Hyperfine Coupling Constants by MQMAS NMR
Hung, I.; Gan, Z. (NHMFL); Kong, X. and Wu, G. (Queen’s U., Chemistry)
Introduction

We have recently shown that high-quality solid-state 17O NMR can be obtained for paramagnetic coordination compounds even when the oxygen atoms in question are directly bonded to the paramagnetic metal centers [1]. The paramagnetic shift of the observed 17O NMR signal is a direct measure of the hyperfine interaction between electron and nuclear spins, which is traditionally probed by electron nuclear double resonance (ENDOR) and electron spin echo envelop modulation (ESEEM) techniques [2]. However, it is usually difficult to measure very small hyperfine coupling constant (HFCCs) even with the state-of-the-art EPR methods such as EDNMR [3]. In this work, we explore the use of 17O MQMAS for direct measurement of very small HFCCs for oxygen atoms that are “remote” from the paramagnetic metal center.
Experimental


All 17O MQMAS spectra were recorded at 21.1 T (NHMFL) with a Bruker Avance console and a 3.2 mm home-built MAS 1H-X transmission line probe. MQMAS spectra were processed with a Q-shear transformation [4].
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Results and Discussion


Fig. 1 shows a series of 2D 17O MQMAS spectra of K3VIII([17O4]oxalate)3·3H2O (S=1) obtained at different temperatures. Note that only the 17O NMR signals from non-directly bonded oxygen atoms are shown. At 173 K, a total of 6 resolved signals are observed, corresponding to the crystallographically distinct oxygen atoms in the compound. Interestingly, the 6 signals display different temperature dependences. In particular, the O1, O2, O3 and O4 signals are shifted toward the high-frequency end while those of O5 and O6 show an opposite trend. A careful analysis of the VT 17O MQMAS data suggests that all the experimental 17O paramagnetic shifts change linearly with 1/T, as expected from the Curie Law. For K3VIII([17O4]oxalate)3·3H2O, the following 17O HFCCs are obtained from the VT data: O1, 0.10; O2, 0.08; O3, 0.02; O4, 0.01; O5, –0.05; and O6, –0.14 MHz. These very small HFCC values can be compared with those observed for the oxygen atoms directly bonded to the V(III) center, ca. 3 MHz. In principle, these 17O HFCCs are exquisitely sensitive to the chemical bonding and molecular structure of the complex. However, the accuracy of current quantum chemical computations of HFCCs does not allow a reliable assignment of the observed signals.
Conclusions

We have demonstrated the utility of 17O MQMAS in detecting very small HFCCs (< 0.2 MHz) for oxygen atoms that are several bonds from the paramagnetic metal center. This is the first time that 17O MQMAS was applied to paramagnetic coordination compounds. 
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Fig.1 Variable-temperature 17O MQMAS spectra of K3V([17O4]oxalate)3·3H2O obtained at 21.1 T. The red lines mark the sample spinning frequency, 18 kHz. The isotropic peaks are linked by solid lines.









