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First investigations of chemical properties of transactinide elements in the 
aqueous phase concentrated on the most basic properties. 

The principle oxidation state of rutherfordium (Rf, Z=104) was found to be 4+ by 
Silva et al [1] in elutions from cation exchange columns with a-hydroxyisobutyrate. In 
these experiments, Rf was sorbed onto a cation exchange column in dilute HCI, and was 
removed from the column as an anionic complex at higher HCI concentrations. This 
behavior is similar to that observed for Hf4

+ and Zr4+, and quite different from that for the 
3+ actinides such as Lr3+

. The formation of anionic complexes of Rf was confirmed in 
later experiments by Hulet et al. in elutions from extraction chromatography columns 
loaded with the anion exchanger trimethylammonium chloride [2]. These experiments 
demonstrated that the actinide elements, with their stable 3+ oxidation state, end at Lr 
and that the transactinide elements begin with Rf behaving as a member group 4 of the 
periodic table. 

The first aqueous-phase separations of hahnium (Ha, 2=105) were performed by 
Gregorich et al. [3] where Ha was found to sorb to glass surfaces from strong HN03 

solutions. This sorption is a chemical property characteristic of elements in the fifth 
group of the periodic table, so these experiments showed Ha to be a member of this 
periodic table group. A second set of experiments showed that Ha was not extracted 
from HNO:,/HF solutions into methyl isobutyl ketone, under conditions where Ta was 
extracted. These experiments gave the first indication that while the main chemical 
properties of the transactinide elements follow those of their respective periodic table d­
element homologs, smooth extrapolations down a given group of the periodic table can 
not reliably predict the detailed chemical properties of the transactinides. 

More recently, aqueous phase chemical properties of seaborgium (Sg, 
Z=106) were measured [4]. These challenging experiments involved elutions of neutral 
or anionic Sg complexes from cation exchange columns with HNO:,/HF solutions. The 
results of these experiments were interpreted as being due to the formation of oxo- or 
oxo-fluoride Sg complexes similar to those for W and Mo, and quite different from those 
of other ions with the 6+ principle oxidation state, such as U. 

During the last 12 years, the chemical properties of Rf and Ha have been studied 
in considerably greater detail. Direct comparisons between the chemical properties of 
Rf, Ha, and their lighter periodic table homologs have been made, showing interesting 
anomalous trends when moving down a particular group of the periodic table. Many of 
these results have been interpreted as being due to relativistic effects on the 
transactinide electronic orbitals [5]. 

78-s 261 Rf can be produced by the 248Cm(180,5n) reaction at rates sufficient for 
detection of several atoms per hour [6]. The extraction of 261Rf halides into triisooctyl 
amine (an anion extractor) [7,8] confirmed the earlier results of Silva et al. and Hulet et 
al. with better statistics. Extraction of neutral Rf-chloride complexes from HCI solutions 
into tributyl phosphate (a neutral complex extractor) [9, 1 O] were also performed. While 
the extraction behavior was generally as expected for eka-hafnium, at the highest 
chloride concentrations, the extraction yield for Rf decreased, indicating formation of 






