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The synthesis and characterization of elements with atomic numbers greater than 103
has been an active area of study since 1964. Theories describing an "island of stability” for
elements with around 114 protons and 184 neutrons were first proposed in the 1960's. Such
proton and neutron configurations are predicted to be particularly stable due to the filling of
the proton and neutron shells in a fashion analogous to the filling of electron shells in the
noble gases [1-3]. As of yet these superheavy elements have not been synthesized, and the
island of stability has not been reached. However, the periodic table has been extended
through element 110 [1, 2].

Recently there has been much interest in the chemistry of the heaviest elements. At
very high atomic numbers, relativistic effects can influence the electronic structure of the
atoms, and can affect the energies of the valence electrons [4]. For example, element 104
may actually have a ground state of 7s2 7pj 22 rather than the ground state 6d2 7s2 expected
by extrapolating from Hf. Since the binding energies and radii of the electronic orbitals play
an important part in the chemistry of an element, it is clear that these relativistic effects will
affect the chemistry of the heavier elements [5].

There are a few obstacles that must be overcome in order for the chemistry of these
elements to be explored. Production of these elements requires both beamns of charged parti-
cles at suitable energies and, often, radioactive actinide targets [6]. Even with the optimal pa-
rameters, the production cross section is often small: on the order of 10-34 cm2 [7]. Also,
even if the target is free of impurities, the nuclear reaction does not give a single product.

For example, 249Bk + 180 — 262105 + 5n also yields Md and Fm isotopes. Often small
lead impurities exist in the target material, leading to the formation of isotopes of Bi and Po
[4, 8-14].

The most specific means of detecting and identifying an element is through the use of
the o-activities of the isotope and its daughters [13]. However, sometimes the impurities can
mask the o-activities of the isotope being explored. For example, in the search for the isotope
263105, the a-activities of polonium isotopes masked the a-activities of the 263105 isotope
[14] so that identification of the latter among the nuclear reaction products is extremely diffi-
cult.
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Fig. 1. Isotopes of transactinide clements.,
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The half-lives of the isotopes are also rather short. The longest known isotope of el-
ement 105 has a half-life of only 34 seconds [6]. To overcome the short half-lives, several
rapid assay techniques have been developed; among these are the OLGA II on-line gas
chemistry apparatus [15], the automated chromatographic chemical element separation sys-
tem (ACCESS), the automated injection system (AIS) [16], and the heavy element volatility
instrument (HEVI) [17].

Despite these obstacles, exploration of the chemistry of elements 104 and 105 has
been done. An early study of element 104 by Zvara e al. utilized frontal gas thermochro-
matography [18]. His results led him to conclude that the chemistry of 104 resembles that of
its lighter homologs. Later extraction experiments also confirm the group 4, or pseudo-group
4, behavior of element 104 [6). Recent gas phase chromatographic experiments by Turler
et al. [10] have recently found that the volatility of the bromides of 104 are higher than those
of its homologs.

Zvara also utilized frontal gas thermochromatography [7,18] to study isotope 261105.
Zvara interpreted the data to prove that 105 follows the trend for the group 5 elements and
has less volatile bromides than its homologs. Turler ez al. [10] also performed gas chro-
matography tests on the bromides of element 105. It was found that, contrary to the result
found for element 104, bromides of element 105 are less volatile than the lighter group 5 ho-
mologs. Giggeler et al. [4] calculated a sublimation enthalpy for 105Br5 of about 140
kJ/mol. In more recent years, the aqueous chemistry of element 105 has been explored
[8,9,11-13]. Comparison of the sorption ability and extraction ability of element 105 with
both its lighter homologs and the group 4 elements shows that 105 does belong to the group 5
family. Some other studies found deviations from the chemistry expected from the position
of 105 in the periodic table [8,13].
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