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Metal clusters have unigque properties which can be developed inlo special
davices and also into catalysts. In particularly, iron clusters are of interest both
theoretically and experimentally owing to their exoctic nature such as an incomplete d
occupations. It was suggested that the electronic structure for individual iron in the
cluster is 3d 45 where the iron-iron bond can be described by the overlap of two singly
occupied 4s orbitals. This conclusion is in agreement with results from theoretical
calculations where the ?ﬂu state was suggested as the ground state for Fe;. However,
all previous theoretical calculations were performed using a single-determinant meathod,
which are not accurate enough for treating the system with such an exotic valence as
Fe, to provide orbitals for further multi-determinant calculations. Thus, multi-detarminant
methods such as Complete Active Space Self-Consistent Field (CASSCF), and
Restricted Active Space SCF (RASSCF) following by Muli-reference Configuration
Interaction (MRCI) were carred out using Hay-Wadt effective core potential with n=10
for basis to identify the electronic and molecular structures of ' A, state of Fe,.

Our calculations obtalned the equilbrium bond distance of 4.056 Bohr,
comparad 1o the experimantal value of 3.82 Bohr. In contrast to all previous works, the
characteristic of the bond between iron in the dimer is described by both 3d and 4s
orbitals ingtead of only 4s orbitals, Our result implies the important of the Inclusion of
the near-degeneracy comelation, The Multi Configuration SCF (MCSCF) and MRCI
methods gave the different minimum on the potential energy. Therefore, the inclusion of
the dynamic correlation configuration is equally important to the near-degeneracy one
for determining the electronic and molecular structures systems with exolic valance

such as Fes.
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Executive Summary

rwiTeimmatnmndlasefamed@nasouss:luianavaaminndmand
wwnidnfun Fe, Tauld58A%) near-degeneracy correlation A fluanndmius=uy
voalavenmukiuAfBEnaseuuigliiy d saflvia uas dynamic correlation fils i
afinumInIznedesddiinatay 55AFen1E19% cassCF uaz RASSCF dwiuai i
ﬂnﬁiﬁaL"ﬁﬂumqﬂﬁi:ﬁwﬂiﬂa'hﬂun’ﬁﬂ’lmmﬁ": 655 MRC! wimasfidenlfilluy |
Smynuuy ECP ¥84 Hey-Wadt SalwuSmasmnadn esnnlumsdmondomes 1|0
active space #1M7U CAS/RASSCF uas MRCI WU WL TIUN reference space i b
mnssntafanudmermnainion Wenmuiifmnsmuuditasfnmlaolfivds i
LR uwIR iU Atomic Natural Orbital (ANG) sl it

JINMSANEIWT active space AiLMAN=FUWLT active space TLWUN=FUATT |
vznaudpeafivafiinen 3d ua: 4s veandnmus sofiva do, WRE d4sa, B199EAT
Tlamwnzinadananiimiasrnlaomsdiug mﬂlﬁmwm*:ﬁm:ﬁﬂqn 4.056
Bohr fia RAS2/CIZ+Q Wwymefnuraviuesf ldnnmasesfie 3.82 Bohr e
Widafidvnalngiunafiide:lnda BIRLNTINARBRNATH TINMTRITIN
occupation WAE bond order wuiusE i awiniidneensunmuIsnig 3d uss
4s ppfiviafaunndemnuamsAnE IR KT AWl dwiussuy o
I 45 ATIUULA nenafim i Ensanmfdilais near-degeneracy correlation YilW L
MTBTNIWRIERLY dn uRsuLY d6 #w s lafimussoewiheiussR ldanms s
funiiT MCSCF waz MRC! uansnafmunndaiaflsrmuuansaivusandsemdndd 1|
uansnarulanius Tnofilafuntuiigndgruamdsrmdndfléonitiomesiuly
ilouiuiay dnbufloanns near-degeneracy correlation luiflnawafiusyhunnlase '
afumefidnaseuuaslrsaaamaluianavas Fe, 190ndias dynamic correlation fifl r
ATUEATILTY ; ‘f

Tumsfinendelssifion active space Was reference space UL RAS2/CI2 Y ,‘:
MIfIMEETT RASSCF uas MRCI Uniudmaauuy ANO (aluiurafildenms R
il et Wdnmruudeewsainimaaiiae t @




