Chemical investigation of element 114:
indication for a massive relativistic effect in chemistry
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The systematic order of the periodic table places e ement 114 into group 14 together with carbon, silicon,
germanium, tin, and lead. The enhancing metallic character with increasing atomic number Z is atypical
trend observed along the main groups 13-17 of the periodic table [1]. However, relativistic calculations
of the electronic structure of super heavy elements suggest an increased chemical stability of the ele-
mental atomic state for element 114, having an electronic ground state configuration of Rn: 5f 14 6d%° 7s?
7pv2? [2-7]. Therefore, a high volatility and a rather chemical inertness were postulated as a result of the
contraction of the outermost s- and p-electron orbital. Modern relativistic calculation models predict
atomic properties for element 114, representing a higher chemica inertness but still similarity to the
lighter group 14 metal lead [8-10]. Recently, element 112 adsorption on gold was investigated using
thermochromatography [11,12]. During these experimentsin the irradiation of 2*2Pu with “6Ca (details see
[12]) a decay chain was observed, which is unambiguously attributed to the primary product of the
nuclear reaction — the isotope 27114 (T1,=0.5 s). Even more exciting was the observation of this decay
chain on detector 19 held at a temperature of -88°C. The lighter group 14 homologues C, Si, Ge, Sn, and
Pb are not at all transported at these experimental conditions in their elemental state to the detector. This
spectacular first chemical observation of element 114 was confirmed switching to the projectile target
combination “Ca and 2#Pu. The production of 28114 (T,=0.8 s) and 2¢°114 (T,=2.4 s) are reported in
the nuclear reactions 24Pu(*Ca, 4n) and 2#Pu(*¢Ca, 3n), respectively [13]. Indeed, two more decay chains
unambiguously attributed to the isotope 28114 were observed, fully confirming the first observation. A
kinetic Monte-Carlo based model of gas adsorption chromatography [14] assesses the adsorption
enthalpy (-AH«Y) from the observed deposition pattern of element 114 on the gold surface in the Cryo
On-Line Detector. This approach reveals an adsorption enthalpy as -AHax*“(E114)=3593 k¥ mol
(68% c.i.). Recent relativistic density functional calculations predict a higher reactivity for element 114
compared to element 112 and the formation of a metallic bond between element 114 and gold [10]. A
rather rough estimation yields an interval for -AHa*“(E114) between 100-150 kJmol corresponding to a
deposition temperature of element 114 on gold of about 150-300°C at the current experimental condi-
tions. A semi-empirical macroscopic metal-metal adsorption model [15,16] predicts an even higher ad-
sorption enthalpy of a meta-like element 114 on gold of -AHu*(E114)=183 kJ/mol. The adsorption
enthalpy of anoble-gas like element 114 on gold surfaces was estimated to -AHx*Y(E112)=42+5 kJ/mol
[17]. The comparison between these theoretical values and our experimental result concludes the forma-
tion of a noble-gas like weak physisorption bond between atomic 114 and a gold surface in contrast to
the expectations from the relativistic models and from empirical predictions. Element 114 reveals a
substantially increased stability of the elemental state compared to its homologues in group 14, which
might be explained only with a closed shell electronic structure, as predicted in [2-7] revealing for the
first time indication for massive relativistic effects acting on the outermost s- and p-electrons.
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