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In this paper a simple phenomenological description of the effects of coherent quantum and incoherent mutual
exchange of two deuteron nuclei in solid state transition metal complexes odHHEMR spectra is given.

This description is based on the quantum-mechanical density matrix formalism developed by Alexander and
Binsch. Only the nuclear spin system is treated quantum mechanically. The quantum exchange interaction
in NMR is included in the nuclear spin Hamiltonian, and the interaction with the surrounding bath and
incoherent exchange processes are treated as phenomenological rate processes described by rate constants.
The incoherent exchange corresponds formally td® 8@ations or jumps of the BD vector around an axis
perpendicular to this vector and averages the different quadrupole splitting of the two deuterons. In principle
the dideuteron pair will exist in several rovibrational states. However, if the interconversion among these
states is fast, the dideuteron exchange can be described by an average exchange coupling or tunnel frequency
X1z and a single average rate constapof the incoherent exchange. It is shown that the incoherent exchange
gives rise to a relaxation of rate2k;, between coherences created between states of different symmetry.
The?H NMR line shape of a dideuteron pair in the solid state as a function of tunnel and incoherent exchange
rate is studied numerically. For single crystals, the effects of coherent and incoherent exchange are strongly
different, in particular if the rate constants are on the order of the quadrupole splitting. The spectra of
nonoriented powder samples are more similar to each other. Nevertheless, our calculations show that there
are still pronounced differences, which should allow the distinction between coherent and incoherent exchange
even in nonoriented samples.

Introduction coupling, as was recognized by Zilm et°atd and Weitekamp

The structure and dynamics of hydrogen in transition metal €t @l Jexch represents an average over a large number of
polyhydrides is a matter of current experimental and theoretical fovibrational states as it increases strongly with increasing
interest. Kubas et &l2 found dihydrogen unitg-bound to the ~ temperature. On the other hand, superimposed on the coherent
transition metal. Today, a whole series of transition metal exchange are incoherent exchange processes, which also have
polyhydrides with hydrogen distances varying between 0.8 and been observed in the NMR spectra of these hydfiéiés In
1.7 A'is availablé. In these compounds the hydrogen atoms  the case of a HD pair, these incoherent processes correspond
are mobile; in particular, they are subject to a mutual exchange, 1o H/D scrambling between the two different molecular sites in
formally corresponding to 180otations involving a barrier with \yhich the pair is located. In contrast to the quantum exchange,
a he_|gh_t depending on the .Chem'cal structure. If the rotat|o_na| the incoherent exchange leads to a magnetic equivalence of the
barrier is zero, corresponding to free dihydrogen, the rotation o . .

coupled hydrogen nuclei, i.e., to line broadening and coales-

is a coherent quantum process leading to even rotational states Thi o leads to ch teristic i h
(p-H2) with antiparallel nuclear spins and to odd rotational states ¢€M¢€- !NIS Process aiso 1eads 1o characteristic liné shape
(0-Hz) with parallel spins. When a rotational barrier is Cchangesin INS specftand affects the results pfH; induced

introduced by dihydrogen binding to a metal center, the energy Nuclear spin polarization experimerits.These line shape
splitting between the lowegtH, ando-H states corresponds ~ changes can be described quantitatively in terms of the quantum-
to a coherent rotational tunnel splitting of frequengy This mechanical density matrix formalism developed by Alexahder
splitting can be observed by inelastic neutron scattériings) and BinscH? where only the nuclear spin degrees of freedom
when the barrier is small and the splittings are on the order of are treated quantummechanically and the spatial degrees of
terahertz. In the other extreme, when the barrier is large andfreedom (bath coordinates) are treated via phenomenological
tr;?ﬂ“éﬂf?el splitting belfomes gltrl]”ne orderr] of typ|&|ﬁllcr|1_e_m|ca_l rate constants. The advantage of this formalism is that it is
shiit diterences (., hertz to kilo er_tz)t e tunnel splitting gives directly comparable to the NMR experiment, because NMR
rise to a quantum exchange coupligp = Jexch in the NMR N
s A > ) . always measures the projection of the molecular system onto
spectra® of the hydride pairs, which can be observed if each h ) ‘ Therefore it ible t act th |
hydride exhibits a different chemical shiftlexch adds up with € Spin system. Thereiore itis possible to project the compiex
the usual scalar magnetic couplifgag to an effectiveJ spatial dynamics of the problem c_mto these phenomenologlcal
rate constants that are measured in the NMR experiment. Thus
’T‘Cor_requrlding authlpr- a more detailed theory in the future only needs to reproduce
Freie UniversitaBerlin. these rate constants but not the NMR spectra from which these
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S1089-5639(97)00103-5 CCC: $14.00 © 1997 American Chemical Society




