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Photophysics of Iron Complexes. A Challenge to Theory

Transition metal complexes are widely used as catalysts, photosensitizers and dyes. In particular, the six-coordinated ruthenium(ll) and
iridium(lll) polypyridine complexes have found numerous applications in photocatalysis, light-harvesting technologies including dye-
sensitized solar cells. However, due to the costs of rare metals, it is desirable to switch to the more abundant and economically feasible
complexes of copper or iron. The application of such complexes is rather limited due to fast deactivation of metal-to-ligand charge-transfer
(MLCT) states via metal-centered (MC) ones to the ground state. This relaxation limits the initial charge separation in MLCT states
desirable for further redox reactions. Thus, the search for novel complexes with long-lived MLCT states and strategies concerning their
rational design are highly warrant.

Density Functional Theory appears attractive for the characterization of the photophysical properties of transition metal complexes. In
particular the use of nonempirical optimal tuning of long-range corrected functionals seems to be ideally suited for a reliable description of
MLCT states. The tuning guarantees that, for a given system, the optimized functional fulfills certain properties of the otherwise unknown
exact functional. In this contribution optimal tuning of functionals will be discussed for the case of iron complexes. Strong mixing between
states of different character as well as the overall high density of states make these systems a particularly challenging case. While some
properties as the optical spectrum often are well reproduced, the underlying potential energy surfaces, and thus the dynamics after
photoexcitation, might be rather sensitive to the tuning parameters. Comparison with experimental data or with multireference CASPT2
calculations can be incorporated into the tuning strategy as an additional empirical handle. Overall, however, it must be stated that we are
far away from having a black box method for the theoretical design of iron complexes.
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