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I will present our recent work1−3 on the ultrafast dynamics of sub-nanometer neutral metal oxide clusters investigated
with femtosecond pump-probe spectroscopy and supported by theoretical calculations. Absorption of a UV (400 nm)
photon initiates several relaxation processes, with excited state lifetimes that are strongly dependent on the nature of
the electronic transition. The atomic precision and tunability of gas phase clusters highlights how the simple picture of
sequential oxidation of the metal atoms reveals a linear tunability to the contributions of each relaxation component to
the total transient signal. In chromium oxides, a 30 fs transient signal fraction grows linearly with oxidation, matching
the amount of O to Cr charge transfer character of the photoexcitation and highlighting a gradual transition between
semiconducting and metallic behavior at the molecular level. The lifetimes of nickel oxide clusters exhibit a unique
reliance on the nature of the atomic orbital contributions, providing new insights to the analogous band edge excitation
dynamics of strongly correlated bulk material. Short lived dynamics in stoichiometric (NiO)n clusters are attributed to
excitation between Ni-3d and Ni-4s orbitals, where their strong exchange coupling produces metallic-like electron-electron
scattering. Oxygen vacancies introduce 3d to 4p transitions, which increases the lifetimes of the sub-picosecond component
by 20-60 percent and enables the formation of long-lived (lifetimes greater than 2.5 ps) states.
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