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Development of efficient and accurate electronic structure theory and its
application to enzymatic reactions mediated by metalloprotein
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Towards performing a highly-accurate wave function computations on large,
real-life systems involving the strong-electron correlation such as the model compounds of [NiFe]
hydrogenase, we have obtained the following results: (1) M&#246;ssbauer spectroscopy gives a
chemical insight on the environment surrounding transition metals such as 57Fe and has been
extensively used in the bio-inorganic chemistry. To accurately compute the M&#246;ssbauer
parameters, we have developed a new computational scheme on the basis of the DLPNO-CCSD linear
response approach. (2) For accurately compute the electronic wave function of the solute surrounded
by the solvents or the protein environment, we developed a new electronic structure theory called
PCM-DMRG-CASPT2. (3) To accurately model the electronic structure of large, multireference systems,
we developed a new reduced-scaling multireference perturbation theory (LVMO-PNO-CASPT2).
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Method

Calculated” Q

(*Fe) (inbarn) (R?)"

DLPNO-CCSD
NR¢, analytic density
TightPNO, fc*

NormalPNO, fc*
DKH2, analytic density ~ TightPNO, all e~
NormalPNO, all e~ *

RI-MP2'

TightPNO, all e~

0.153
0.152
0.151
0.150
0.148
0.144

0.986
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0.987
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0.974
0.977
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RPBE
TPSS
B3LYP
B2PLYP
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0.972
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