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Pamnoxummsa ceroans

CunTe3 ¥ MCCIIEIOBAHME CBOUCTB CBEPXTAKEIIBIX
aToMoB. PadbpUKa CBEPXTSIKEIIBIX HJIEMEHTOB

KBaHTOBO-XMMHYECKOE MOEIMPOBAHUE MPOIECCOB
SKCTPAKIMOHHOTO pa3/IeJIeHUs] MUHOPHBIX
AKTHHUIOB Y JIAHTAaHUIOB. COBPEMEHHOE COCTOSIHHE
11po0JIEMBbL

Beigeacuue MHHOPHLIX dKTHHHUIOB U3
BBICOKOAQKTHBHBIX OTXOJOB — COBPCMCHHBLIC
TEHACHIHNHA

TI/ITaHaTBI, IIHPKOHATHI, AJIIOMHUHATHI U (beppI/ITI)I KaK
MaTpullbl AJ4 I/IMMO6I/IJ1PI3aIII/II/I AKTHHHUIOB

IloBenmeHue TUIYTOHUS B OKPYXAIOIIEH cpene

PainoHyKJIM/IBI, HCITYCKAFOHTUE YACTUIBI C KOPOTKUM
IpoOeroM, u MOJTyJIbHBIE HAHOTPAHCIIOPTEPHI AT UX
JIOCTABKH B PAKOBBIC KJICTKU-MUIIECHU
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New day of radiochemistry

S.N.Kalmykov

Synthesis and study of properties of superheavy atoms. Factory of superheavy
elements

Yu.Ts.Oganessian, S.N.Dmitriev

Flerov Laboratory of Nuclear Reactions Joint Institute for Nuclear Research, Dubna, Moscow Region, Russia

The state-of-the-art of studies dealing with the synthesis and properties of new superheavy elements is
analyzed. The experiments on the chemical identification and studies of chemical reactivity of superheavy
elements and the facilities used for this purpose are described. The attention is focused on the theoretical
estimates of the relativistic effects in the properties of these elements. The prospects of these investigations
are considered in the light of the creation of the world’s first Factory of superheavy elements in Russia.
Bibliography — 48 references.

Quantum chemical modelling of extraction separation of minor actinides and
lanthanides. State of the art
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? Khlopin Radium Institute, Saint-Petersburg, Russia

“ITMO University, Saint-Petersburg, Russia

dA.N.Nesmeyanov Institute of Organoelement Compounds, Russian Academy of Sciences, Moscow, Russia

The review deals with the results of theoretical modelling of the structures and properties of actinide and
lanthanide complexes with donor organic ligands used as selective extractants for separation of these
elements in liquid high-level waste processing in the nuclear fuel cycle. The advantages and drawbacks of
various types of ligands are discussed, including dithiophosphinic acids, tri- and polydentate ligands with
O-donor centres, ligands based on N-heterocycles with softer N-donor centres and amides of N-heterocyclic
carboxylic acids, which contain donor atoms of both types. Critical analysis of the potential of modern
quantum chemistry methods for elucidation of structure —extraction behaviour relationships for various
types of ligands is presented. Bibliography — 119 references.
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Recovery of minor actinides from high-level wastes: modern trends 943

M.Yu.Alyapyshev,*? V.A.Babain,® Yu.A.Ustynyuk®

“ Khlopin Radium Institute, Saint-Petersburg, Russia
PITMO University, Saint-Petersburg, Russia
“ Department of Chemistry, Lomonosov Moscow State University, Russia

A key problem of nuclear power engineering is a large amount of radioactive wastes. Modern methods for
spent nuclear fuel reprocessing produce large amounts of liquid high-level waste containing large amounts
of various nuclides. Fractionation is now believed to be the most promising and environmentally safe
management strategy for this waste; however, this brings about the problem of recovery of minor actinides
and lanthanides. Counter-current extraction in an aqueous solution—organic liquid two-phase system is
considered to be most efficient for addressing this problem. The available extraction systems are analyzed,
including systems with non-selective extractants (phosphine oxides, phosphoric acids, dicarboxylic acid
diamides, etc.) for co-extraction of lanthanides and actinides and selective extractants (sulfur compounds,
N-heterocyclic compounds, N-heterocyclic carboxylic acid diamides, ezc.) for separation of actinides and
lanthanides. Modification methods for known extraction systems are considered, in particular, the role of
diluents. The use of water-soluble chelating agents selective to actinides is discussed, inciuding the
possibility of combining extractants and chelating agents with differently directed affinity.

Bibliography — 232 references.

Titanates, zirconates, aluminates and ferrites as waste forms for actinide 962
immobilization

S.V.Stefanovsky,* S.V.Yudintsev "

“ A.N.Frumkin Institute of Physical Chemistry and Electrochemistry, Russian Academy of Sciences, Moscow,
Russia

P Institute of Geology of Ore Deposits, Petrography, Mineralogy and Geochemistry, Russian Academy of
Sciences, Moscow, Russia

Titanate, zirconate, mixed titanate- zirconate phases with fluorite and fluorite-derived structures, and
aluminate and ferrite phases with perovskite and garnet structures are surveyed. These phases are promising
hosts for immobilization of actinides and their lanthanide analogues present in nuclear wastes. The data on
chemical durability and radiation resistance of the ceramics based on the above-mentioned phases
demonstrating reliability of long-term storage of ceramized actinide wastes are presented. Methods of
synthesis of ceramics using sintcring and melting stages are considered. The cold crucible inductive melting
is shown to be one of the most promising technologies. Bibliography — 423 references.

Behavior of plutonium in the environment 995

A.Yu.Romanchuk,* S.N.Kalmykov,* b.c A.B.Kersting,dI M.Zavarin ¢

“ Department of Chemistry, M. V.Lomonosov Moscow State University, Russia

* National Research Centre « Kurchatov Institute», Moscow, Russia

“Vernadsky Institute of Geochemistry and Analytical Chemistry of Russian Academy of Sciences, Moscow,
Russia

¢ Lawrence Livermore National Laboratory, Livermore, CA, USA

Plutonium is a component of spent nuclear fuel and radioactive wastes, highly toxic for living organisms,
which is characterized by very complex chemical behaviour in technological processes and in the
environment. The speciation of plutonium largely depends on the source and on the geochemical conditions
of the environment. The most recent data about various sources, speciation and migration of plutonium in
the environment are reviewed. The recent trends in the description of one of the most important processes in
plutonium migration, i.e., its sorption on the components of soils, rocks, colloid particles of various origin,
natural organic matter, efc., are discussed. Bibliography — 98 references.



Radionuclides emitting short-range particles and modular nanotransporters for
their delivery to target cancer cells

A.S.Sobolev,™” R.A.Aliev,*“ S.N.Kalmykov 9

“Institute of Gene Biology of Russian Academy of Sciences, Moscow, Russia
b Department of Biology, Lomonosov Moscow State University, Russia

¢ National Research Cenire «Kurchatov Institute», Moscow, Russia
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Radionuclides that emit short-range particles are considered. The methods of production of the most
promising a- and Auger emitters and their application in nuclear medicine are discussed. Most of Auger
emitters can be obtained using conventional cyclotrons that accelerate protons to energies of 15 or 30 MeV.
The production of a-emitters is still associated with serious difficulties, which hamper their introduction
into clinical practice. The key types of vehicles for radionuclide delivery to tumour cells are considered.
Particular attention is paid to modular nanotransporters, as the highest cytotoxic effect of ionizing
radiation is achieved when radionuclides are complexed with these vehicles. The use of modular
nanotransporters would help to unlock the potential of many radionuclides that have not so far been
considered as therapeutic agents, in particular, “’Ga, '"'In and so on. Bibliography — 197 references.
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