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Transuranium elements, especially plutonium, play a special role in advanced technological societies, being
responsible for both significant electrical energy production and nuclear weapon arsenals. However, owing to
their radioactivity and toxicity, the related research is severely restricted. One of the outcomes of this is the
use of less toxic and less or non-radioactive surrogates for transuranium elements. These include early
transition metals, especially Zr4+, lanthanides (e.g. Ce4+ and Eu3+), and the early actinides, thorium and
uranium. The most central question is: do these surrogates actually mimic the chemistry of transuranics? In
this work, we focused on the actinide diphosphonate system, for their importance in nuclear remediation and
actinide separation processes, to answer the aforementioned question.

Recently, we have successfully crystallized trivalent, tetravalent and hexavalent transuranic diphosphonate
compounds as well as their surrogates. In the trivalent series, plutonium and americium compounds were
synthesized. Most of the lanthanide compounds were also crystallized for the purpose of comparison. In the
tetravalent series, Ce4+ and Pu4+ were mainly explored, along with Th4+, U4+ and Np4+. The structural
types vary from zero-dimensional clusters, one-demensional chains, to three-dimensional frameworks.
PuO22+ phenylenediphosphonate is the only transuranic hexavalent compound that we were able to
synthesize. There are a number of uranyl phases that can be compared to. Additionally, in order to study the
interaction between different elements, experiments of mixing Np4+ and Pu4+ with both each other and with
Ce4+ or UO22+ were conducted, which yielded both ordered and disordered heterobimetallic 4f/5f and 5f/5f
phosphonates. In most of the series, significant differences are found between transuranium elements and
their surrogates. There are examples where isostructural series exist, but transuranium elements still have
their unique properties, which are not mimicked by the surrogates.
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Pu(lV) cluster Pu(IV) chain Pu(IV] framework
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