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Electronic structure simulation towards magnetic property predictions for
metalloenzymic and catalytic molecules
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Electron Paramagnetic Resonance method is an experimental approach to
characterize chemical phenomena involving radicals or electronic spins. We have developed an
efficient theoretical and computational approach for interpretation of EPR spectrum. It is based on

quantum chemistry wave function theory with density matrix renormalization group (DMRG), which is
suited for reliably describe open-shell molecular systems where strong electron correlation plays a
major role in forming their electronic states. We showed that our DMRG based approach is highly
efficient for evaluating magnetic properties, such as hyperfine fine constants, and g-tensors, etc,
for the radical or open-shell molecular systems. The relativistic extension to handle heavy element
systems and quasi-degenerate perturbation theory to account for weak correlation and/or spin-orbit
coupling have been developed and assessed for illustrative molecular systems.
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TABLE II. Isotropic transition-metal HFCCs for *[V(H,0)]**,
#(Cr(Hy0)]™, and “[Mn(H; 0)** in MHz

Method AVH 00 *[Cr(H:0)6]™* *[Mn(H20)6]*
UB3LYP* =162 32
UBP* -166 33
ROHF 0.0 0.0
CASSCF (100) -0.6 -23.1
CASSCF (140)  —126.1 42
CASSCF (190)  -1205 4.1
CASSCF (230)*  -1327 89
CASPT2 (ROHF)  -268.9 56.8
CASPT2 (100) -232.0 453
ASO* -10 3
Exp.! -247 55

* Data excluding spin-orbit contributions, taken from Ref. 18

" Calculated using the DMRG-CASSCF algorithm.

¢ Spin-orbit contributions calculated in Ref. 18 using UB3LYP:
9 See main text for the references.

Multi-state extension of DMRG-CASPT2 theory

= DMRG-based CASPT2 theary for excited state calculations
with “muilti-state (MS) treatment”
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® State-specific (S5) CASPT2 is known to be inadequate in near degenerate situations.
e.g. avoided crossing (covalent-ionic state inversion of LiF)

» XMS-CASPT2 = Extended Multi-State Complete-Active-Space Second-
order Perturbation Theory (Shiozaki 2011; Finley 1998; Granovsky 2011)
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