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Localized vs. delocalized ground and excited states of square pyramidal
Co-salen complexes: theoretical study of crystalline and solvation effects
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! Fukui Institute for Fundamental Chemistry, Kyoto University, Japan

[Abstract] One-electron oxidized Co(ll)-salen complex has been widely utilized as a
catalyst, which has a five coordinated square pyramidal structure. Interestingly, the recent
experiments of NMR and absorption spectrum indicated that the one-electron oxidized Co(ll)
complex with symmetrical salen ligand has triplet ground state exhibiting both of Co'"'-salen
and Co'-(salen-*) characters. The coexistence of two different radical characters (weight of
Co(l11)-salen is 60 % and that of Co'-(salen-*) is 40 % in crystal) suggests two possibilities;
one is the statistical equilibrium mixture of two stable species. The other is the resonance of
Co'"'-salen and Co"-(salen- ) states. It is still an open question which explanation is correct.
Our general multi-configuration reference quasi-degenerate perturbation theory (GMC-
QDPT) combined with either periodic QM/MM method or 3-dimensional reference
interaction site model (3D-RISM) clearly shows that one-elctron oxidized Co(ll)-salen has
resonance electronic structure consisting of Co'"'-salen and Co"-(salen- ).
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Fig. 2 : Important triplet configurations in resonance.
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Table 1: Excitation energy AE, oscillator strength f, and weight of Co'"/Co"' character in CH,Cl,.

L la-L 1b-L
State 0 | State1 | State?2 | State3 | StateO | State 1 | State 2 | State 3
OH, AE [eV - 0.723 1.663 2.057 - 0.936 1.540 2.076
f [au] - 0.390 0.046 0.014 — 0.349 0.075 0.020
/11 [%] 9/69 —/78 81/- 70/11 22/60 14/67 77— 51/30
OTf | AE[eV - 1.027 1.668 2.198 — 1.046 1.531 2.179

f [au] 0.423 0.107 0.015 0.243 0.188 0.038

/11 [%] 33/47 11/68 69/13 31/51 37/42 32/47 | 59/24 33/47

OTs | 4E [eV 1.105 1.825 2414 0.889 1.210 1.638

f [au] 0.481 0.080 0.023 0.209 | 0.178 0.011

/11 [%] 46/36 7172 75/9 37/44 8/73 31/51 | 56/25 74/10

[2%3CHR]
[1] T. Kurahashi and H. Fujii, J. Am. Chem. Soc. 133, 8307 (2011).
[2] S. Aono et al., J. Chem. Theory Comput. 10, 1062 (2014); Phys. Chem. Chem. Phys. 19, 16831 (2017).
[3] T. Kurahashi and H. Fujii Inorg. Chem. 52, 3908 (2013).
[4] S. Aono and S. Sakaki, J. Phys. Chem. B 116, 13045 (2012).




