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Ligand and Cluster-size Effects in Metal-mediated
Activation of Methane: A Cold Approach to a Hot Problem

State-of-the-art gas-phase experiments — complemented by DFT and electronic structure calculations
— of mass-selected, electronic ground-state transition-metal complexes provide insight into
fundamental aspects of elementary steps involved in the activation and functionalization of methane
at ambient temperature. Systems and challenging problems, that will be discussed in detail, include:

0] The role of relativistic effects in the reactions of 5d elements.

(i) The Shilov system: Do the oxidation state of platinum and the nature of the ligands X matter
in the reactions of PtX,," (n =0 — 3; X = H, Cl, Br) with CH,?

(iii) "The Same and Not the Same", or on mechanistic variants and single versus two-state
reactivity scenarios in thermal ligand exchange processes, e.g.

MH" + CH, > M(CHs)" + H,
M = Fe, Co, Ni, Pd, Pt

(iv) The extraordinary, entirely atypical chemistry of naked Ni(H)(OH)* with CH, and O,, with
more surprises and question marks rather than providing consoling confirmation according
to established textbook knowledge.

(v)  On the metal-mediated coupling of CH; and NH; to HCN ("DEGUSSA process"): How
cooperative effects can be tuned and exploited by a proper choice of the metals in small
heteronuclear clusters ("Each atom counts!").
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