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Possible existence of several close-lying spin states for transition metal complexes is
relevant not only for their physical properties, but also for our understanding of their
chemical reactivity. However, it is very challenging to accurately predict the relative spin-
state energetics by means of quantum chemistry methods, either DFT or wave function
ones. Local coupled cluster approaches seem to be very attractive methods, considering the
possibility of application to large transition metal complexes (and even models of enzymatic
active sites), but it becomes necessary to first address the following questions: (a) What is
the intrinsic accuracy of a given method, such as CCSD(T), for transition metal spin-state
energetics? (b) Is the accuracy preserved when employing a local correlation approach?

Here, two relatively large iron complexes are put under scrutiny: Fe II(porphyrin) (with
S = 1 and S = 2 spin states) and [Fe III(acac2trien)]+ (with S = 1/2 and S = 5/2 spin states),
for which the estimates of the adiabatic electronic spin-state gaps can be inferred from the
experimental data [1, 2]. It is shown that canonical CCSD(T) calculations are capable
of reproducing these experimentally-derived estimates very well, provided that the results
are approximately corrected to the CBS limit (here, by means of the F12a approach).
Thus, although CCSD(T) is a single-reference method, it seems to describe accurately
the challenging spin-state gaps of these mononuclear transition metal complexes; and in
practice it outperforms the CASPT2 and NEVPT2 calculations (with the standard choice
of the active space) [2]. Surprisingly, however, the local approach, DLPNO-CCSD(T),
leads to unacceptably large errors in the relative spin-state gaps (a few up to almost 10
kcal/mol, even with the tightPNO thresholds) as compared with the canonical CCSD(T)
results. Similar issues were originally reported by Feldt et al. in their pioneering study
of C−H bond activation by iron-oxo complexes [3]. That work and the present results
suggest that there may be a general challenge with overstabilization of the higher-spin
states (having more unpaired electrons) for the currently available local coupled cluster
implementations. The potential users—and even more the method developers—should be
aware of this issue, to hopefully find the solution.
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