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2. Historical review of calculations on E112 compounds.
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Synthesis of E112

1996, GSI (Darmstadt) [Hofmann:96]: 
cold fusion 70Zn + 208Pb → 278E112*→ 277E112 + 1n

277E112(α,0.7ms) → 273E110(α,0.2ms)

JINR (Dubna) [Oganessian:99, Oganessian:04]: 
hot fusion 48Ca + 238U → 286E112*→ 283E112 + 3n 

283E112(α,4s) → 279E110(SF,0.2s)

JINR result was not confirmed at LBNL (Berkeley) 
[Loveland:02,Gregorich:05].

Chemical identification is required [Yakushev:03,Soverna:05].



Semiempirical estimations for properties of E112

E112 has the closed shell 6d107s2 configuration in the ground 
state.

In [Pitzer:75], volatility and inertness of E112 was suggested.

His prediction: E112 will behave like Rn rather than Hg.

Energy(HFD)TransitionAtom

9.2 eV6s26p6 → 6s26p57s1Rn
8.6 eV6d107s2 → 6d107s17p1E112
5.2 eV5d106s2 → 5d106s16p1Hg



First ab initio calculations

In [Eliav:95], relativistic correlation (DCB/RCCSD) calculations 
on Hg and E112 atoms were carried out.

The ground state of E112+ ion will be 6d3/2
46d5/2

57s1/2
2 unlike Hg+

5d3/2
45d5/2

66s1/2
1.

In [Seth:97], correlation (CCSD(T), MRCI) calculations on the 
E112H+, E112F2 and E112F4 molecules were carried out with 
the help of the pseudopotential (adjusted in the LS-coupling 
scheme) method.

However, the XeF2, XeF4 and XeF6 molecules also exist.



Table 1. Transition Energies (TE) for E112 (in cm-1).
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Calculations of other groups

In [Nakajima:00], scalar-relativistic correlation (DK3/CCSD(T)) 
calculations on E112H, E112H+ and E112H- were carried out.

However, they neglect the large spin-orbit interactions.

In [Nash:05], correlation (RCCSD(T)) calculations on E112H+

and E1122 with the help of the RECP method were carried out.
However, Hg2, E1122 and Xe2 are Van der Waals systems with a 

small dissociation energy.

Semiempirical (RDFT) calculations on E112Pd, E112Cu, 
E112Ag, E112Au [Pershina:02] and E1122 [Anton:04] were 
carried out.



Our calculations

Our correlation (RCCSD+HOCA) calculations on E112H and 
E112H+ with the help of the GRECP method.

The ground state RnH and XeH molecules are not observed in the 
gas phase, whereas HgH can be obtained by radiofrequency 
discharge in hydrogen and metal vapor (see, e.g., Ref. 
[Dufayard:88]).

Our correlation (CCSD(T)) calculations on E1122 and 
semiempirical (SODFT) calculations on E112H, E112Au with 
the help of the GRECP method.



0.6217661.651VGRECP/21e-SODFT

0.4513531.742VGRECP/21e-SODFT

-0.0314021.746GRECP/13e-CCSD-1

we(cm-1) De(eV)Re(Å)Method
The HgH molecule

0.0610071.829DK3/19e-CCSD(T) [Nakajima:00]

0.4218001.662GRECP/13e-RCCSD-1 + HOCA
0.3618591.638GRECP/13e-RCCSD-1

The E112H molecule

0.461403±181.738±0.003Experiment
0.4113951.738GRECP/13e-RCCSD(T)-1
0.3515751.709GRECP/13e-RCCSD-1

Table 2. Spectroscopic constants for E112H and HgH.



Edisp = 0.36 eV

Edisp = 0.27 eV
Edisp = 0.20 eV

For XH and
RAB = rA + rB

I = 0.500 a.u.α = 4.5 a.u.<r>1s = 1.50 a.u.H

Experiment. for H, Hg 
and Xe,  [Seth:97] and 
[Eliav:95] for E112

HFDBX

I = 0.446 a.u. α = 27. a.u. <r>5p = 2.35 a.u. Xe

I = 0.440 a.u. α = 26. a.u. <r>7s = 2.50 a.u. E112
I = 0.384 a.u. α = 34. a.u. <r>6s = 2.85 a.u. Hg

Dispersion interactions between atoms

Edisp = -1.5 αA αB IA IB / (IA + IB) RAB
6 for RAB » rA + rB



0.04318.53.74GRECP/36e-CCSD(T)+SO

0.039253.45RDFT [Anton:05] (A)

0.1873.07RECP/RCCSD(T) [Nash:05] 

0.0723.60RECP/RCCSD(T) [Nash:05]
0.048243.55RDFT [Anton:05] (B)

0.009143.63RDFT [Anton:05] (A)

0.080303.39RDFT [Anton:05] (B)

The E1122 molecule

The Hg2 molecule
we(cm-1) De(eV)Re(Å)Method

0.05323.53.65GRECP/36e-CCSD(T)+SO

0.045±0.00219.65±0.053.66±0.03Experiment

Table 3. Spectroscopic constants for Hg2 and E1122.



0.511042.71VGRECP/21e-SODFT

0.501002.67RDFT [Pershina:02]

The HgAu molecule

0.27742.73RDFT [Pershina:02]
0.36832.77VGRECP/21e-SODFT

we(cm-1) De(eV)Re(Å)Method

The E112Au molecule

Table 4. Spectroscopic constants for HgAu and E112Au.



Conclusions:

1. Accounting for both scalar-relativistic and spin-orbit effects 
is important in calculations of superheavy element 
compounds.

2. Our ab initio precise calculations on E112H and E112H+ can 
be used to calibrate other semiempirical (DFT) methods.



The end.



Spin-orbit interaction curves
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Seth’s PPf

(LS-coupling)
Nash’s 
RECPe

Ionic 
RECPd

GRECPcHFDa

(Point)
HFD+Bb

(Fermi)
HFDBa
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Transition Energies (TE) between states averaged over the relativistic configurations of E112 derived from all-electron HFDB 
calculations with Fermi nuclear model and the absolute errors of their reproducing in different all-electron and 20-electron 

RECP calculations (in cm-1).



3.501.583RECP/RCCSD(T) [5] b
524.0926731.517PP/CCSD(T)+SO [3]b

3.8626201.503PP/MRCI+SO [3]b

515.1526401.515PP/CCSD(T) [3]b

7.1525951.532DK3/18e-CCSD(T) [4]

7.1826211.528DK3/18e-CCSD [4]

220195457.084.3525471.540GRECP/12e-RCCSD-1 + HOCA

204187457.283.8027521.519GRECP/12e-RCCSD-2

218201477.113.9625691.537GRECP/12e-RCCSD-1

208175377.194.7526791.527GRECP/12e-CCSD-2

216200477.124.9625901.535GRECP/12e-CCSD-1

205169357.164.4626801.531GRECP/18e-CCSD-2

215198477.104.6125881.537GRECP/18e-CCSD-1

205168357.154.4626811.531GRECP/20e-CCSD-2

215198467.104.6025871.537GRECP/20e-CCSD-1

The E112H+ ion

285206416.61(3.11)a20281.594Experiment (Ref. 9)

285206466.61(2.4)a20341.594Experiment (Ref. 8)

282208416.582.6820131.599GRECP/12e-RCCSD(T)-1

279200396.602.6720371.596GRECP/12e-RCCSD-1

The HgH+ ion

-Y02(10-6cm-1)αe(10-3cm-1)wexe(cm-1)Be(cm-1)De(eV)we(cm-1)Re(Å)Method

Spectroscopic constants of the ground states of the E112H+ and HgH+ ions.



0.6217661.651VGRECP/21e-SODFT(B98)

we(cm-1)

Spectroscopic constants of the ground states of the E112H and HgH molecules.

αe(10-3cm-1)wexe(cm-1) -Y02(10-6cm-1)De(eV)Re(Å) Be(cm-1)Method

The HgH molecule

5.020.0610071.829DK3/19e-CCSD(T) [4]

5.050.049911.823DK3/19e-CCSD [4]

2873851526.070.4218001.662GRECP/13e-RCCSD-1 + HOCA

3404251236.060.3216491.663GRECP/13e-RCCSD-2

288338956.250.3618591.638GRECP/13e-RCCSD-1

5.10-0.0510381.808GRECP/13e-CCSD-2

3544291195.50-0.0314021.746GRECP/13e-CCSD-1

5.15-0.0211021.801GRECP/19e-CCSD-2

3404091135.53-0.0314391.741GRECP/19e-CCSD-1

5.15-0.0211041.801GRECP/21e-CCSD-2

3404091135.53-0.0314381.742GRECP/21e-CCSD-1

The E112H molecule

3464041215.590.4614211.735Experiment (Ref. 10)

344312835.550.4613871.740Experiment (Ref. 8)

271755.550.4613851.741Experiment (Ref. 11)

[395]c[5.39]c0.46[1203]c[1.766]cExperiment (Ref. 9)

363348835.560.4113951.738GRECP/13e-RCCSD(T)-1

312262565.760.3515751.709GRECP/13e-RCCSD-1



0.2390.04318.53.74GRECP/36e-CCSD(T)+SO

0.039253.45RDFT(B88/P86) [7]

0.1873.07RECP/RCCSD(T) [5] 

0.0723.60RECP/RCCSD(T) [5]

0.048243.55RDFT(PW91) [7]

0.511042.71VGRECP/21e-SODFT(B98)

0.501002.67RDFT(VWN,B88/P86) [6]

The HgAu molecule

0.250.04719.63.69Experiment 

0.009143.63RDFT(B88/P86) [7]

0.080303.39RDFT(PW91) [7]

The E1122 molecule

The Hg2 molecule

0.27742.73RDFT(VWN,B88/P86) [6]

0.36832.77VGRECP/21e-SODFT(B98)

we(cm-1)

Spectroscopic constants of the ground states of the Hg2, E1122, HgAu and E112Au 
molecules.

wexe(cm-1)De(eV)Re(Å)Method

The E112Au molecule

0.3430.05323.53.65GRECP/36e-CCSD(T)+SO 
(preliminary)

0.04319.73.63Experiment


