Energy as a Control Knob: Steering Ultrafast Non-Adiabatic Dynamics in Manganese(III) Acetylacetonate
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The Jahn-Teller (JT) distortion in octahedral Mn(III) complexes typically manifests as an axial elongation, giving rise to pronounced uniaxial magnetic anisotropy and underpinning the central role of Mn(III) ions[1-3] in the development of single-molecule magnets (SMMs). Actively manipulating this distortion on ultrafast timescales offers a promising route toward optical control of magnetisation. Recent work[2-4] has demonstrated that femtosecond photoexcitation of Mn(acac)₃ (acacH = acetylacetone) can induce a transient switch from the axially elongated to a compressed JT geometry, occurring within a vibrational period while preserving wave-packet coherence. Here, we use ultrafast transient absorption spectroscopy to investigate how excitation energy functions as a control knob for this photoinduced JT switch in solution. By selectively accessing different excited electronic states, we reveal a pronounced excitation-energy dependence in the yield of the compressed geometry, with higher excitation energies favouring its formation. This behaviour is attributed to an increased initial velocity of the nuclear wave packet along reactive JT vibrational modes, enabling more efficient traversal of non-adiabatic pathways. Furthermore, we find that the reaction coordinate itself is strongly influenced by the initially populated electronic state, underscoring the decisive role of coherent nuclear motion in steering non-adiabatic dynamics. These results demonstrate how excitation energy can be used to direct ultrafast structural and electronic dynamics in Mn(III) complexes, providing key mechanistic insight for the rational design of optically controlled single-molecule magnets.  
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