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Recent years have seen remarkable progress in synthesizing new, "superheavy"
elements (SHE). Researchers at Dubna reached the slopes of the expected "island of
stability" (around Z = 114 and N = 184) in a "sea" of nuclides with very short partial half-
lives against spontaneous fission and/or alpha decay. In long bombardments (weeks to
months) of isotopes of U, Pu and Cm by very intense (3⋅1012 s-1) beams of 48Ca
projectiles, they have discovered mostly alpha active isotopes of previously unknown
elements 116 and 114, as well as of element 112, all with unusually long half-lives - up
to minutes [1]. Only physical methods have been used for isolation and identification of
the produced new nuclei.

These findings give an impetus to chemical studies. Feasibility of experiments
critically depends on half-lives and production cross section. Lifetimes of the order of a
second or more are necessary for some gas phase chemistry studies, but at least some
10 seconds for solution chemistry. The production rates of observable atoms might be
higher in chemical studies, because chemists can make use of thicker targets, and
achieve higher (chemical) yield and detection efficiency than in physical experiments.

Work on chemical identification of the 3-min 283112 is in progress at Dubna [2] and
planned in other laboratories. Being a homologue of Hg, element 112 must be even
more volatile metal. Thanks to this, hopefully, its single atoms, will be easily separated
from interfering activities simultaneously produced in the bombardment.

Quantum (theoretical) chemistry studies aim at solving the problem of "relativistic
effects" in chemical properties of SHE; such effects increase with higher Z's. As the
available calculational resources fast and steadily grow (unlike the beam time available
at accelerators) one can hope that quantum chemists will once be able to advise the
experimenters which kind of studies to do to obtain most important and interesting
results. This is not yet possible: only electronic structure and energy diagrams of SHE
atoms and molecules with low number of the lightest ligands (H, F) can be calculated to
an accuracy of ± 0.1 eV or so (the calculated values for the closest homologues of SHE
reproduce the experimental data that correctly) [3]. Such a calculation takes dozens of
CPU hours at a supercomputer. Experimenters have to do with more complex
molecules or ions in solutions and heavier ligands (Cl, Br) which cannot be predicted so
trustworthy right today. Moreover, the theory is not yet able to quantitatively link the
atomic / molecular parameters to bulk properties of the compounds — these are of
major interest.

An analysis of the present situation in physics and chemistry of SHE and the
prospects for the coming years lead to a moderate optimism.
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