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Relativistic ab initio Study of HgAu, Homologue of the Super heavy 112Au

A. Borschevsky, V. Pershing E. EliaV}, and U. Kaldot
! Tel Aviv University, Israel* GSI, Darmstadt, Germany

Predictions of the interaction of the superhealey repeated for different values of the interatomic distance
ments with various surfaces are essential for theittide to obtain the potential curves of the systems under study.
fication and separation. Recently, we have predicted tiithe spectroscopic properties of interest were obtained
adsorption properties of the superheavy element 112 fsom the potential energy curves, using the LEVEL pro-
inert surfaces [1]. The calculations were performed usirgzam package [6].
the fully relativistic Dirac-Coulomb Hamiltonian com- To our knowledge, no experimental spectroscopic data
bined with the coupled cluster method. The accuracy ekist for the HgAu molecule. However, this system has
the results was verified by performing the same calculheen extensively studied theoretically [7-11], mostly us
tions on mercury, which is a lighter homologue of eleing relativistic DFT methods. A relativistic coupled €lu
ment 112, and for which experimental data exist. For Hegr single doubles (triples) (RCCSD(T)) investigation was
the results obtained were in excellent agreement Wwih talso performed [10]. A comparison with the other caleul
experimental values, and we expect the same accuracytions is given in Table 1. One can see very good agree-
its superheavy homologue. Similar investigations wenmaent with the 4-DFT result for HgAu [11].
performed on element 114 and Pb.

In this work we investigate the adsorption of supefraple 1. Spectroscopic properties of HgAu, HgAand

heavy element 112 and Hg on gold through the fully requgAu-: equilibrium bond lengthB, (in A), dissociation
tivistic ab initio electronic structure calculations for theenergies,De, (in eV), adiabatic ionization potentials,

dimers 112Au and HgAu. The calculations have bGQ?’ad,(in eV), and vibrational frequencies,, (in cni’)
completed for HgAu. Those for 112Au are under way.
The electronic structure calculations are performed uBroperty AuHg AuH§ AuHg Method, Ref.

ing the DIRAC package [2]. In order to take relativityint R, 2.657 2.553 2.854 DC FSCC, this
account, we employ the 4-component Dirac—Coulomb 2711 2581 2967 RCCSD(T)[10]
Hamiltonian, 2.67 - - 4-DFT [11]
De 0.478 1.712 0.520 DC FSCC, this
Hoe =D hy +> 177, 1) 0.389 1.856 0.381 RCCSD(T) [10]
i i< 0.495 - - 4-DFT [11]
where IPag 7.374 - 1.995 DC FSCC, this
e 116 156 79 DC FSCC, this
h, =ca P+’ +V, .. ) 103 139 64 RCCSD(T) [10]

Ve is the nuclear attraction operator, andndp are the Our results are expected to be more accurate than the
four-dimensional Dirac matricein order to obtain com- RCCST(T) ones due to the larger basis set employed. The
putational efficiency, the interatomic SS-integral ctmt  same degree of reliability may be expected for the heavi-
tions were modeled by classical repulsion of small conest homolog of HgAu, the 112Au molecule.
ponent atomic charges [3]. This is one of the most eco-
nomical and accurate approximation to the full Dirac- References
Coulomb Hamiltonian. Electron correlation is takeroint . .
account using the Fock space coupled cluster (FS CEJ V. Pﬁrshlnaﬁ A. Borschevsky, E. Eliav and U. Kajdor
method, which is considered to be one of the most powcTE- JD.I(F:Q A%mdf y$,[2t8’ 0547H07J (?]00?) atral (2004
ful tools in quantum chemistry. ] - written by H. J. Ja. Jen -( )

: . 3] L. Visscher, Theor. Chem. Ac86, 68 (1997)
The basis set of Sawt al [4], consisting of 28 18p, [ .
14d, and 8 orbitals, was used for the gold atom. For thé4] T. Saue, K. Faegri,T Helgaker, and O. Gropen, Mol.

mercury atom the basis set of Visscher [5] was us#h, 5 LPT/YS'Q}]’ 937 .(19,[97) icati
20s, 18, 120, and 10 orbitals. [5] L. Visscher, private communication.

HgAu is an open shell system; hence we start our cg?] LEVEL_ 8.0, written by R.J. Le Roy (2007)
culation with the closed shell reference state, HgA& (http:/. /I_e roy.uwaterloo.ca/programs/)
ter solving the Dirac-Fock equations and correlating tr{%] V. Pershina, T. Bastug, Chem. Phgtl, 139 (2005)
closed shell reference state, one electron is redpdee 1Z.J. Wu, Chgm. Phys. Led06, 24 (2005)
give the neutral system. After recorrelation, an acioi [9] A. Zaitzevskiiet al, CEJP4, 448 (2006)
electron is removed, and the positive ion HyAs [10] R. Wesendrup and P. Schwerdtfeger, Angew. Chem.

; ! ) . Int. Ed.39, 907 (2000)
reached. Thus, in a single calculation we obtain the-en . .
gies of HgAu, HgAlG and HgAL. The calculations were ﬁl] (\:/ngirslgg;zl Ieﬁgziuf?g(gggg? + B. Fricke, Sgua

146



