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Acad. B.F. Myasoedov welcome the ISTR2011 delegates.
WELCOME ADDRESS

On behalf of the International Advisory Committee and the Local Organizing and Scientific
Committee, we are honored and pleased to welcome you attthénférnational Symposium on
Technetium and RheniuirScience and Utilization . The Symposium is heldttos 48 July 2011

in the principle building of the Presidium of Russian Academy of Sciences under the auspices of the
Frumkin Institute of Physical Chemistry and Electrochemistry of Russian Academy of Sciences,
Interdisciplinary Council on Radiochemistrgt RAS and State Corporation ROSATOM,
International Sciences and Technology Center, Japan Atomic Energy Agency, University of Nevada
(USA), the Mendeleev Russian Chemistry Community, the Russian Nuclear Society, the DIAMED
Itd, Purolyte Itd, Bruker Itd., A&ademinvestservice Ltd., Farmsintez Ltd. and others. Our intention is
to collect here the multidisciplinary investigator community in the field of technetium and rhenium
sciences and utilization both oriented to the development of nuclear chemistry, new
radiopharmaceuticals and noadioactive sciences and industry, ecology and metallurgy for mutual
coordination of the research efforts. The Symposium approaches the multidisciplinary issues related
to the development of staté-art and production of new tecologies in Tc and Re, throughout the
comparison of their properties, common in view of Periodic Table to validate their utilization.
Moscow is the perfect location for the Symposium. This city, being the capital of Russia, has
recently got new pulse fatevelopment. It is also the artistic and cultural capital of Russia well
known for its hospitality.Frumkin Institute of Physical Chemistry and Electrochemistry of Russian
Academy of Sciences, with its high professionalism and competence, will take theelajistics

and hospitality during the Symposium. We are happy welcoming you in Moscow!

Academician Boris F. Myasoedov
Academician Aslan Yu. Tgadze
Konstantin E. German
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A.Yu.Tsivadze, B.F. Myasoedov, A.M. Chekmarev, B. Bryskin
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TECHNETIUM: NEW TRENDS IN INVESTIGAT ION AND APPLICATION

K.E. German, F. Poineati

! Frumkin Institute of Physical Chemistry and Electrochemistry of RAS (Moscow, Russia)
2 University of Nevada LasVegas (L¥ggas, USA)

Technetium has a noble history of scientiiommunity research efforts with different
periods characterized by the principle interest sliding from broad general chemistry to nuclear
medicine, ecology, transmutation ef@-3]. Great efforts in elaboration of Tc separation
technology resulted in pdoiction of more than 1 kg of technetium in form of Kfcahd some
about 0.5 kg of technetium in metallic state [4] in IPC AN USSRIRSE RAS). This quantity
was distributed in between the institutions of MINATOM asgSRAcademy of Sciences in 1976
T 1982 providing extensive scientific researches. Many Tc applications having been considered at
that time including battery production, standard radiosurce production, ophtalmoapplicators,
defectoscopes etc. all these being based on the Tc metal foil prduu€ddg Balakhovsky (Fig.

1).

Fig. 1.0leg Balakhovsky demonstrating the effect of Tc foil radiation
onto the electroscope discharge

Finally the production of Tc was organizedUSSR and byhe 1986 year more than 100 kg
of Tc was separated frothe spent nuclear fuel reprocessing solutions. The Chernobyl accident was
the evident reason for the refoeumng of the researches from nuclear applicationstie
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environmentally facedtudies. The IPCE RAS was also engaged in these new researchtlefforts
determined the investigation subjects for the 12000 decade.

Surprisingly we could note that the last years are marked with the return to broadly
understood general chemistry. This is evidently due to the improvement of the research
investigatig methods, now making possible to readdress the questions that were waiting the answer
for many decades.

It is worth recalling the main gaps in Tc chemistry and thermodynamics having been
indicated in 1999 [1]. Joseph A. R&feig.2) and ceauthors havesummarized the most important
information needed to improve the quality of the technetium thermodynamic data base for the safety
assessment of nuclear waste disposal. These items included some questions of Tc metal state,
numerous oxides (also mixe@lent oxides), protonation constants for the formation of
undissociated pertechnetic acid, BOH)(aq) or HTcQ(aq) and its genesis in acids, numerous
inconsistence of solubility measurements (7€), TcS (s), TeS; (s), etc.) and the properties of
TcFs (9).

BRE7E | zg@g&aﬁ

- e pe———

a8

Fig. 2.Joseph Rardeft) is perfect demonstratifd]:
Tc chemistry is not just a kitchen but atdeemicalthermodynamic¢Oarai, Japain 2005)

Some of these were tried to be answered during the last decade and reviewed in this work.
Important progress was obtained in nadsperse Tc metal structure and properties and its
dependence on the carbon impurity presenB][2Better understanding of Tc sulfides and their
solubility was due to a combination of ultramicrocentrifugative speciation aRAFE&
spectroscopic structure determination5J4 Another improvement gained for Tc(VII) species
including TcO* and pertechnic acid evolution was due to both synthetic and spectrosEoepic (
NMR and EXAFS) studies [&].

Il t 6s wor t h me ngarnt af technetgum thenaistry neostiy ai rgdeopharmaceutical value
was systematically discussed at tTRERACHEM International Symposiums sefti@ving been
conducted by Prof. U. Mazzi and his colleagues (the latter hold in Bressanone in 2@)0 (Fig.
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Prof. U. Mazziwhile organizinghe tourto Dolomites for TERACHEM 2010delegates
Very indicative for metal carbidand many other substanaealyses are the implementations of
wavelet ideas for th&XAFS results treatment that are also discusse$aR2011 [8] It is also
interesting to note that even some simple binary compounds of Tc are still to be discovered:
synthesis, spectroscopic and structural characterization of several new technetium binary halides,
including TcC}, TcChk, TcBrz and TcBg and the formation mechanism of these new halides w
presented and discussed at this Symposi@d0].Application of Tc was critically reconsidered,

with huge interest to be paid to Tc transmutation into stabld®u Anyhow some other new
applications wre focused with the attempts providing direct usage of Tc radioactivity.
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RHENIUM IN NICKEL -BASE SUPERALLOYS FOR SINGLE CRYSTAL
GAS TURBINE BLADES

E.N. Kabloy N.V. Petrushin, V.V. Sidorov

All -Russian Scientific Research Institute of Aviation Materials, Moscow, admin@viam.ru

Development of high effective materials and new technologies for their manufacture
and application is the major factor of development of competitive aviation gas turbine
engines. According to CIAM data in the period from 1970 to 2000 dynamics of efficiency
increase of aviation engines of different generations was characterized by increase in the
maximal gas temperature at the input of the turbine from-1380 K (third generation) up
to 18001950 K (fifth generation). Such growth has been attained owimgeation of new
materials, basically nickddase superalloys with high operational characteristics, perfection
of cooling systems of turbine blades. In promising engines of the sixth generation the gas
temperature will increase up to 202200 K due to pplication in the turbine of single
crystal blades from the rhenium and ruthenium alloyed nic&sé superalloys.

Studies carried out have shown that rhenium is one of the most effective alloying
elements in nickebase superalloys. Rhenium alloying wasnd to increase the incipient
melting temperatures of alloys and the temperature of complete dissolution of a hardening
2-NjsAl-based phase in a nickelased o solid solution. Rh
diffusion coefficient of nickel and hinders difios processes in nickel alloys at operating
temperatures.

The rhenium concentration reachesgl 3vt.% in second generation single crystal
superalloys and-5% in third generation superalloys. The superalloys designed at the All
Russian Scientific Researchstitute of Aviation Materials (VIAM) contain-62% Re.
These higkrhenium superalloys with a singbeystal structure were designed with a
computer.

It is shown that for stabilization of phase structure and decrease in probability of
precipitation of TCPphases it is possible to alloy with ruthenium hrgkenium nickel
superalloys. Joint alloying with rhenium and ruthenium has synergetic influence on
characteristics of single crystal nickel superalloys. As a result theirt@ingperature stress
rupture ad temperature efficiency considerably increases. Application in engines of
developed rheniumand rutheniumi'bearing nickel superalloys having stress rupture of
1201 30 MPa at temperature of 1100 Uu6606o0Uul1060D
working temperature of single crystal blades made of these alloys.

The domestic sources of rhenium are examined for provision with rhenium the
production of Re bearing alloys. Scientific and industrial complex on development and
series production Re bearisgperalloys is arranged in VIAM.
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Organizing Committee at the Openning lecture
(acad. B.F. Myasoedov, acad. A.Yu. Tsyvadze, A. Belova (ROSNANO), S. Vorobiev
(ISTC), second rowworkgroupYa. Obruchnikova, N. Kravchenko and E. Nazarov)
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ISTR RETROSPECTIVES AND PROSPECTS- IN VIEW POINTS
OF NUCLEAR FUEL CYCL E

M.Ozawa.

Tokyo Institute of Technology, Research Laboratory for Nuclear Reactors,
2-12-1 N-21, Ookayama, Megurku, Tokyo, 1528550, Japan

History of Technetium Symposium

1. Tc 199371 Topical Symposium on the Behavior and Utilization of Technetium (Sendai,
Japan, March 120, 1993)

2. Tc 1996/ Russianr]Japanese Seminar on Technetium (Moscow, Russia, -5J1$996)

3. Tc 19997 2nd Japan Russian Joint Seminar on Technetium (8bka, Japan Nov.29
Dec.2 1999)

4. Tc 2002i 3rd Russian Japanese Seminar on Technetium (Dubna, Russia, Junduda
1, 2002)

5. IST 20057 International Symposium on TechnetitimScience and Utilization (Oarali,
Ibaraki, Japan, May 227, 2005) (Fig. 1).

6. IST 20087 6t h I nternational Symposium on Techr
Utilization (Port Elizabeth, South Africa, Octobed @, 2008) . The ® delegates
honored Prof.Yoshihara for his pioneering role in the Tc chem{§iy.2).

7. ISTR2011-7t h I nternational Symposium on Tech

Utilization (Moscow, RussiaJuly 48, 2011)

8. ISTR2014-8" (USA)

— . - g o - .‘\:,f
A ! WA VY e

Fig.1.J AEA Chirdrenods-ar8iavase nce C

attacked by TSUNAMI. Re-opened on 18 April, 2011
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g i
Fig.2. International Advisory Board of the ISTR2008

WAl Ic itself be a Rare Metals, or a substitute for Re ?
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* Re 1s the rarest element 1n the earth and the
universe. and will probably be deficient within
a 100 years together with Mo

* On the contrary, Tc 1s rather rich in the spent
nuclear fuel

*Natural fossil fuels (O1l, Gas) and U
are limited in 40-80 years. Rare metals
and coal are linuted to around 200
*Worldwide CO, 1ssue (waste of O1l !)
1s inevitable.

( FW | Nuclear (FBR)Renaissance
. S .
CAaw > Fukushima NPP

*In turn, PGM seems to be rather
abundant, however its resource 1s
extremely localized. Strategy of
producing countries will strongly affect
the stable supply and prices.

*Rare earth resource 1s also world-
widely localized. About 1% of national
GDP will drop if ca.20% of those
supply decreased.

<,FL Urban Mine, Nuclear Ore
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Fukushima NPP crisis

Nuclear Power Plants in Japan
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Ic released by FuRushima

Water Atmosphere
*Analysis of contaminated water
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Nuclear Fuel Cycle (Reprocessing, Vitrification)
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*PGM clements, especially RuO, particle will
mncrease viscosity of melted glass, and might
be precipitated at the bottom of melter. ) St e st
RuO; also will cause troubles by increasing
of electrical conductivity of melted glass.

*Behavior of other PGM | Zr, Mo and TcO, Coaing [achae

Ar o W)

must also investigated in this point of view. Mot gase

dc prospects , beyond the catastrophe (Conclusion

1 Separation (Nuclear Fuel Cycle)
* Environmental (land. sea) contamination and remediation, Bioaccumulation
*Reprocessing scheme, especially undissolved residue
*Vitrification behavior: prior separation of PGM, Tc, Mo?
Utilization
*Catalyst (Hydrogen production, Fuel-cell .etc)
*Material (Anti-corrosive, Heat-resistant alloy) . Re substitute
«99mTe generation (P Ufission. Mo(n.y ).(n.2n) ) for medical use
*B" source radioisotope micro battery ?, like Ni . "¥’Pm (Cornell Univ..etc)
3 Transmutation
a ... . . Tc Battery
*"Raw element” for precious metal production IPC-RAS

(]

F (electncal field)

Eminod ciecirom

"

P type P pEnction
rahoeatope device Paype IDepletion’ N-type
region  fegion repion

4 Figure 1. Betavolunc effect 2) Schematic diagram of betavoltac
Nikkei Business Publications  battery  b) Potential duagrun of a betavoltaic offect
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Fundamental Research in Physics and
Chemistry of Tc and Re

A. BELOVA (ROSNANO), S. VOROBIEV (ISTC) AND
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SPECTROSCOPIC ANDPHOTOPHYSICAL PROPERTIES OF
CHALCOGENIDE -CAPPED OCTAHEDRAL HE XARHENIUM
COMPLEXESWITH N-HETEROAROMATIC LIGAN DS

Takashi YoshimuraChiaki Suo, Shoji Ishizaka, Akitaka Ito, Eri Sakuda, Atsushi Shinohara, and
Noboru Kitamura

Department of Chemistr$zraduate School of Science, Osaka University, Toyonak#)B80, Japan,
tyoshi@chem.sci.osakaac.jp
Department of Chemical Sciences and Engineering, Graduate School of Chemical Sciences and Engineering,
Department of Chemistry, Faculty of Science, Hollkduniversity, Sapporo 060810, Japan

It is known that the 24 valencectahedralhexanuclear molybdenum, tungsten, and rhenium
complexes with an MgQg core (M = Re, Q = S, Se,Te; M = Mo, W, Q = CI, Br, I) show
photduminescence.

In this study, the new hexarhenium
complexes with Nheteroaromatic ligands
were synthesized and their photoluminesent
properties were characterized.

Photoirradiation of an C4#€N solution of
(BugN)4[ResSsClg] in the presence of 1@
equiv. of fyridine (py) gave
(BugN)3[ResSsClspy]. Emission spectroscgp
in deaeratedCH;CN at 296 K was conducted
at 355 nm excitation.

@ Rhenium
The monepy complex exhibited broad O Chalcogenide, Halide

and structureless emission with the maximum

wavelength l(er) = 754 nm, the emission O Termianl ligand
guantum yield E ¢r) = 0.040, and the emission
lifetime (tem) = 4.61s. Fig.1. Octahedral HexarheniunComplex.

The spectroscopic and photophysical data
are similar to those ofBusN)4ResSsXs] and
the previously reported py coordinate compleXBsisN)4 n[ResSsCls-n(py)n] (n = 2, 3) The
present results indicate that the emissive state is the clustesesuezed excited triplet state.

A mono-ppy (ppy = 4-phenylpyridine) complex(BusN)3[ResSsClsppy] were synthesized by
the similar method to prepare ti@ono-py complex The complex shoed emission at 739 nm
(Fem = 0.0089) in deaerate@H3;CN and at 690 nm in the crystalline phase at 296 K with an
excitation wavelength at 355 nm. The emission lifetitg) (of 0.33ns in CH3CN indicates that
the excitedstate is composed a triplet charactBne transient absorption spegin in deaerated
CH3CN showed a band at 410 nihis spectral feature is well observed in the absorption of
aromatic anion; thabsorption spectrum of the ppsgiso shows the bands in these regions. These
facts indicate that the exciteate ofmonoppy complexinvolves thep* character oppy.
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1.2.
RHENIUM OCTAHEDRAL C HALCOHYDROXO CLUSTER COMPLEXES

Y.V. Mironov, S.S. YarovoiK.A. Brylev, V.E.Fedorov

Nikolaev Institute of Inorganic Chemistry of SB RAS, Novosibirsk,
Russian Federatior;mail:yuri@niic.nsc.ru

In recent years considerable research has been put into the design of solids with
extended polymeric structures bdse rhenium cluster cyano complexes. Here we
present a new group of compounds that are also able to form polymeric compounds
anionic octahedral chalcohydroxo complei@_eGQg(OH)G]“' (Q =S or Sejand
bioctahedral thiohydroxo oriRe;,CS;7(OH)g¢] % TheRes-based complexes were
synthesized by the reaction R&;QgBr, with moltenKOH in the air, while thdre;, one
was obtained by the reactionRe&S with KCN at 750C with further interaction of the
obtained product with molten KOH.

[ResQs(OH)¢]* (Q = S, Se)anionsconsist of six rhenium
atoms forming an octahedron, eight chalcogen atoms (S or Se)
form a cube around the octahedron. OH terminal group
coordinates each Re atom.
Cluster unit [Re;,CS;A(OH)g]
consists of twoRe; octahedra
bonded by three-S bridges and
one commonm-C atom. Each
Re; cluster is caped by ™m-S
and additionally byC ligand; one might say that here
the typical octahedral cluster cofieResQg} (where Q =
S,C) is formed. Such bonding and coordination allow to
recognize in this structure the trigonag-C-centered
prisms{ResC} in which the triangle faces belong to two
adjacent Rg octahedra. Six outwardRe atoms (tree
from eachReg cluster unit) are coordinated BH ligands.

In this work we present the data preparation of Okbridged complexes based on
cluster anion§ResQs(OH)g]* (Q =S, S@ and cations of the Il main group elements.

The first example of chain structure with 3d transition metals, namely,
[Ni(en),(H,0),][{Ni(en) ,}ResSs(OH)¢] has been also obtained. Also we present the data
of study of the substitution reactions@H ligands by organic and inorganic ligands.

The authors are grateful to Russian Foundation for Basic Research (grar@G3N 11
001570and 1603-0104060) for financial support.
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1.3.

TECHNETIUM HALIDES: FROM MOLECULAR
TO EXTENDED STRUCTURES

Frederic Poinedy, Alfred P. SattelbergérBrian L. Scott, Paul Forstéey
Philippe Weck, Erik Johnstoneand Kenneth R. Czerwinski

! Department of Chemistry, University of Nevada Las Vegas, Las Vegas, NV, 89154, USA
2 Energy Sciences and Engineering Directorate, Argonne National Laboratory, Argonne, IL 60439, USA
% Materials Physics and Applications Division, Los Alamos Natidmddoratory, Los Alamos, NN87545, USA
*poineauf@unlv.nevada.edu

Binary transition metal halides exhibit a rich chemistry, and the study of their
structure, bonding and physical properties permits a better understanding of the-physico
chemical trends acss the periodic table.

Because technetium and rhenium are members of the same group in the periodic
table, the occurrence of analogous coordination compounds is expected. In the case of the
halides, thirteen binary phases have been reported for rhebutnonly three were, until
recently, known for technetium, i.e., TgHcF;, and TcCl.

The direct stoichiometric reactions between technetium metal and elemental bromine
or chlorine as well as the reaction between the quadruple bonded dis{@AT)ZCl, with
HX4 (X = Cl, Br) have, to the best of our knowledge, never been reported.

In this talk, we provide details of these reactions, which have led to the synthesis,
spectroscopic and structural characterization of several new technetium binary halides,
including TcC}, TcCk, TcBr; and TcBig.

The structures and formation mechanism of these new halides will be presented,
discussed, and compared with those of rhenium and molybdenum homologues.

Emphasis will be on Tcglwhich exhibits a new solidtate structure type with

metalmetal multiple bonds. Synthetic reaction using technetium binary halides as precursor
will also be presented.
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1.4.

SYNTHESIS OF RHENIUM ALKOXIDES VIA
ANODIC DISSOLUTION

E.N. PryamilovaO.V. Chernyshova, D.V. Drobot

Lomonosovds Moscow State Academy of Fine Chemical T
(e-mail: sanl3greal@yandex,raxcher@mail.ri

At the first time the research of the process of rhenium anodic dissolutdasatute alcohols
was carried out using the electrochemical technological conipEXCICL 0 1 206, t he me as
of potential being based on noncompensatory -fesk method. Thedevice allows both to
investigate, and to realize technological processes in optimum modes at controllable parameters.

The main application of rhenium is preparation of structural alloys with other refractory
metals. These alloys possess valuable mechlammperties and stability against evaluated
temperature and corrosive medium. Another application of rhenium is preparation ofdutiny
and selective catalysts for organic and heteganic synthesis. The using of rhenium alkoxides and
oxoalkoxidespermits to escape difficulties occurring in the traditional methods of preparation of
Rebased alloys and oxide materials.

The electrochemical synthesis of rhenium alkoxides is of heightened interest, because it is
flexible, less complicated in hardwatesign and it allows carrying out the process under maximum
control via setting definite parameters. The electrochemical synthesis of alkoxides corresponds to
the anodic dissolution of rhenium in the required -aguneous alcohol in the presence of a
backgound electrolyte. According to this method the processes of rhenium anodic dissolution in
absolute alcohols ROH (R = Me, EtPr etc) with the addition of LiCl were researched and
rhenium complexes R@4(OEt), Re;O,(OBU")sA 8 ®H, RaOs(O'Pr)io ResOs(OMe);, etc were
obtained for the first time with further investigation of their properties [1].

In order to observe the influence of electrochemical factors on the anodic dissolution the
number of processes were carried out under controlled potenteakadrtstancy of electrochemical
parameters was supported by me ain 5 0 102f0 . e | Beecstir
heteroligand complexes of common formulas&€OEt)(OPY),, ReO«(OEt),(OCH,CFs), were
prepared for the first time. The possible mecharo$mhenium anodic dissolution and its further
behavior in the solution was suggested.

The research was carryed out vOB@e28. t he supp

1. Drobot D.V., Shcheglov B. Reviews, Rhenium alkoxides // Russian Chemical Bulletin,
|l nternati onal Edition. Qt8B.ober 2005. V. 54, )
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1.5.
RHENIUM COORDINATION CHEMISTRY: OLD LIGANDS DIE HARD

Thomas Gerbér Kim Potgietet, Peter Mayer

! Chemistry Department, Nelson Mandela Metropolitan University, 6000 Port Elizabeth, South Africa
“Chemistry Department, Ludwilfaximilians University, 318377 Munich, Germany

The development of the coordination chemistry of Re and Tc has mainly focusleel vV and +I
oxidation states, since they are easily accessible from the permetallates. There is currently a general
notion amongst researchers in this field that there is very little scope in the further exploration of the
coordination chemistry of tlse oxidation states, since all routes and possibilities have been
exhausted, and the new focus has shifted to the states +II, +lII, +IV and +VI.

We have used relatively simple and common organic molecules, J#krirtbbenzenethiol, 152
diaminobenzene,-@aminophenol, imidazoles, thiazoles, and their derivatives, as possible ligands for
rhenium(l) and (V). In many instances, surprisingly unexpected complexes were found, depending
on the starting complexes used and the reaction conditions. For exampldyenstmple ligand 2
aminobenzenethiol, the unusual disulflolédged rhenium(l) complet and rhenium(VI) complex

2 have been obtained.

Many other examples of unusual complexes with simple ligands will be presented and discussed in
terms of their spectroscopic and crystallographic data.
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1.6.
REDOX BEHAVIOUR OF THE Tc(VIl) /Tc(lV) COUPLE IN DILUTED NaCl
SOLUTION IN VARIOUS REDUCING SYSTEMS

Taishi Kobayashi, Xavier Gaona, David Fellhdustarcus Altmaier

Karl sruhe Institute of Technology, Institute fg¢r Nu
Germany
L European Comnmssion, Joint Research Centre, Institute for Transuranium Elements, P. O. Box 2340, 76125 Karlsruhe,
Germany

Keywords: technetium, redox behaviour, Tg&H,O(coll,hyd), E-pH conditions, dilute NaCl

Abstract:

The redox behaviour of the Tc(VII)/Tc(IV) couple over a wide range of pH conditions in 0.1 M
NaCl/NaOH solution was investigated in various homogenousatatogenous reducing systems.
Stock solution of Tc(VII) was added to each reducing system, and after given periods, the Tc
concentration was measured and compamobdd’).t o t |
The results can be systematized adoay to E-pH conditions in solution and a general borderline

for the reduction of Tc(VIIl) to Tc(lV) independent of the reducing systems is obtained. The
experimental borderline is slightly lower than the calculated equilibrium line between @n®

TcOy(s XH2O(s). This may suggest that more soluble solid phase such as small Tc(IV)
oxyhydroxide particles are formed under the given conditions. Reaction kinetics are also discussed
and correlated to the measured redox potentials and the reduction borderline.

Introduction

The migration behaviour 6fTechnetium in geological systems relevant to nuclear waste disposal
is primarily depending on its oxidation state. In +VII oxidation state, Tc exists as the anionic TcO
ion which is highly soluble and mobile in the environment, while Tc in +IV oxidation state under
reducing condition is easily hydrolyzed to form sparingly soluble Tc(IV) oxyhydroxide solid
phases. The redox potential of the Tc(VI)/Tc(IV) couple has lmeasstigated in many studies by
measuring the electrode potential-4L Meyer et al. reduced Tc(VIl) to Tc(IV) solids
(TcOol 1 ..®) Hlectrochemically in acidic solution, and determined the standard potential of
TcOy /TcOl 1 .,@B(Hs ) couple tNO.WO4EW =acO0F aH nlg =t 0o T
TcOll 1 ..@®&H + 0.4HO [4]. A comprehensive review of the thermodynamic data has been
performed [5], and Tc predominant diagram-(E diagram) was proposed based on the selected
thermodynamic data. On the othemBain laboratory and natural systems, where many kinds of
solution species and solids containing iron ions and minerals were used as reductants, various Tc
redox behaviours have been observedl3g For the reliable quantitative prediction of Tc
migration behaviour, it is important to systematize Tc redox behaviour with gfHEdiagram

from the aspect of thermodynamic data. In the current study, the redox behaviour of Tc(VII)/Tc(IV)
couple was investigated in various kinds of homogeneous (anthraquihpdequinone, 2
hydroxy-1,4-naphthoquinone, and h&O, systems) and heterogeneous (Fe(ll)/Fe(lll), Fe powder,
Sn(ll) systems) reducing systems, and compared to the thermodynamically calculated equilibrium
line for TcQy' /TcOulxH,O(s) within theE,-pH diagram The systematization of Tc redox processes

in various reducing systems offers a straightforward approach for predicting the predominant
oxidation state of Tc under repository relevant conditions and is also important for the reliable
prediction ofTc migration behavior in geological system.
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Experimental

Aliquots of NaTcQ stock solution was added to 0.1 molfitM) NaCl/NaOH preequilibrated

with the following reducing agents (p.a. grade chemicals); 3 mM anthraquinone disulfonate
(AQDS) (ratio ¢ oxidized form (ox.) to reduced form (red.) = 1:3), 3 mM hydroquinone solutions,
Fe(l)/Fe(lll) mixed solutions and precipitates (Fe(ll):Fe(lll) = 1 mM:0.1 mM), 1 MM,
solutions, Fe powder suspensions (1 mg/15 mihydoxy1,4naphthoquinone (Lawsone)
solutions (ox.:red. = 1:3), and 1 mM Sn(ll) solutions and precipitates. The initial Tc(VII)
concentration was set to 'POM. The hydrogen ion concentration (pHc) of themple solutions
were adjusted by adding HCI (Merck) and carbotficge NaOH (Baker), using a combination glass
electrode (type ROSS, Orion) calibrated against standard buffers (pH@2Merck). The redox
potential was measured with a combined Pt andAg§@Gl reference electrode (Metrohm). The
measured redox potentials were converted to redox potenflav€Esus the standard hydrogen
electrode (S.H.E.) by the correction for the potential of the Ag/AgCI reference electrode (+208 mV
for 3 M KCl juncton ¢ ectr ol yte) . The appar e was eacaatetd r o n
fromB = 1 ( RT {;&gordihgto tlee relation: pe =16.9EV) at 25 AC.

After given periods up to several months, pHc apgdiues were measured and the supernatants of
the solutions filtrated through 10 kD {2 nm) ultrafiltration membranes (Pall Life Sciences). The
Tc concentration was determined by Liquid Scintillation Counting (TriCarb 2500 Tr/AB
instrument, CanbersBackard) with a detection limit of ~TOM. The Tc oxidition state of the
soluble species was investigated by solvent extraction technique, whefeWaextracted into
chloroform using 1 mM tetraphosphonylchloride (TPPC). All samples were prepared and stored in
an Ar glove box under inert gas atmosphere.

Result and Discussion T T T T T HEV J4F T T T T T T F
1. Redox behaviour of 12: '(';dfxl?ﬂ'egtgig) Initial Tc(VIl) concentration
Te(VID/Te(lV)  in  the 8-_\ Lbar Qo) - 0.6 A A
individual reducing [ Tem . Moa LR B
systems ab R TN (P

The Tc concentrations after e sor ]
ultrafiltration were = °[ 8. 1% 5

investigéed over a wide | . = Yo %% 402 ~ [ 3mmHo 1
pHc range as a function of | o 3days “odoa o 3332

time. In hydroguinone 8} g 5 aws ) 8@ 21days -
solutions Tc concentration [ = 49days tarng 700 . giedggf/s detection limit
was constant at the initial - L2 L DNdes S
TCO4' concentration level 0 2 4 6 8+ 10 12 14 0 2 4 6 8+ 10 12 14
from pHc 2.2 to 12.3 for up -logH] -log [H]

to 8 months (Fig. 1). The E
values are slightly higherFig. 1. B and Tc concentrations (10 kD filtration) in 3 m than

the equilibrium line hydroquinone (HQ) solutions as a function of pHc. The broker

between TcQ@ and represents the calculated equilibrium line between ,Tcénd
TcOuxH,0O(s)  calculated TcOy(s)xH,O(s)[5].

from the literature [5]. In the
oxidation state analysis for the samples at pHc 3.9, 8.5, and 12.3, more than 99% of total Tc in the
solutions was extracted tihe organic phase, indicating that dominant species i, Ta@l no
reduction of Tc(VIl) had occurred. )

In AQDS redox buffer solutions at pHc 5.0 and8.1, the initial Tc concentration (rom)
decreased rapidly to about'I0M, suggesting that Tced was rediced and sparingly soluble
TcOulxH20(s)(s) had precipitated. In contrast, at pHc 10.5, a considerably slower reduction was
observed. Under alkalineondition at pHc > 11, [Evalues are higher than the calculated FcO
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TcOulxH,0(s)(s) equilibrium line anthe Tc concentration is constant at initial Tt@oncentration
level, indicating that no reduction of Tc(VIl) occurred within the investigated time.

In Lawsone _redox buffer_solutions the Tc concentration decreased from the initial Tc(VII)
concentrationlevel over the entire investigated pHc range of 22. In the alkaline pH region,
extremely slow reduction was observed and not reached the equilibrium state up to 85 days.

In the systems withSn(ll), the white Sn(ll)
hydroxide precipitate was observed in the range of*[ s

5-11 before adding Tc(VIl) stock solution. At i
higher pH the precipitates disappear and anionic
Sn(ll) hydrolysis species (82H)3') conS|dered B
dominant [14]. The Tc concentration decreasgs i
rapidly over the pHc range 2 11 and stable

I I I I L

pHc

conditions are achieved within several days (Fig. 2).s
pHc > 11, the concentration of reduced Tc(IV)
species increases with increasing pHc. Tésults  °

e ® pHc =

8.5,
|

p @etectionli
]

it
M

o K
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of

the oxidation state analysis by solvent extraction
under these pH conditions indicates negligible
contribution of remaining Tc(VII), suggesting th Fig. 2. Tc concentrations (10 kD filtratior

formation of anionic_TC(IV) hydrolysis Species SUC in 1 mM Sn(ll) solutions and preuitates as

as anionic TcO(OH) as proposed in the litature 5 function of time.

[15,16].

In Na,S,0,4 solution in the pHc range 6.910.9, the Tc concentrations in the solutions decrease and
stable state conditions (10 10'® M) are achieved within a few weeks, indicating the reduction of
Tc(VIN) to a Tc(lV) solid. Similarly tathe literature where N&,04 was used to reduce Tc(VII) for

the preparation of Tc(IV) solid phase (T4&H,0) [17], a blackcolored Tc(lV) solid phase was
immediately precipitated, however, an aging time of a few weeks is needed to reach equilibrium
state At pHc > 11, the Tc concentrations after reduction increases with an increase of pHc,
suggesting the formation of anionic Tc(lV) species similar to Sn(ll) system. It should be noted that
at pH 6.9, the amount of Tc(VIl) in the solution was more than 30a8ocunder neutral pH
conditions NaS;04, which is supposed to maintain reducing conditions, is not stable over
prolonged periods of a few months.

In the system oFe(ll)/Fe(lll) mixed solutions and precipitates, at pHc = 2.1 and pe = 11.3, no
change in the Tc concentration was observed up to 49 days. On the other hand, at pHc 6.0 (pe =
1T0.2) and pHc 8.4 (pe I Pitat@s)were dbsefvad IbéfareFadding | | )
Tc(VII) stock solution and the Tc concentrations decreased to almost detection liffitM)LO

within three days after Tc(VII) was added. The reduction
of Tc(VIl) with Fe(ll)/Fe(lll) redox buffers and -
suspensions of thergripitates has been reported in . A
several studies. Cui et al. reported that the 4TcO ,
concentration at pH < 7.5 was constant at initi@ 7
concentration level over a few days in the presence gf
about 10° M aqueous Fe(ll) [8]. Ben Said et al. showed, "'[
reduction kinetics were also depending on the Fe(ll) sl o
concentration, Fe(ll)/Fe(lll) ratio, and initial Tc(VII) prc = 9. % Ple” 'O f
concentration [9]. The difference between Cui et al. [8], ! ! ! ! t
Ben Said et al. [9], anour results probably arise from the L imeday
different experimental conditions u as Fe(ll)

concentration. Unfortunately, the redox potentials

these studies were not reported. Zachara et al.
investigated the reduction of Tc(VII) in Fe(ll) systems
near neutral pH range and the redox behavior was

time (days)

I I I I H
Fe powder

o H

Fig. 3. Tc concentrations (10 kD filtration
in 1 mg / 15 ml Fe powder suspensions a
function of time.
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supported by measured redpatentials [11]. The observed rapid reduction at pH > 6.8 generally
agrees with the results in this study, although the repoitedlies were higher than those in this
study.

In the samples containing corrodift@ powder in the pHc range 6 10, the Tcconcentration
rapidly decreased to the detection limit'@L®) within three days. In contrast, no reduction was
observed in all samples at pHc > 10 as shown in Fig. 3.

2. General trends of Tc(VI/Tc(IV) redox behaviour and kinetic effects
The results discussed above are summarized in #HpHE

diagram shown in Fig. 4. Samples in which no reduction [T T T T == e H & ()
was observed are plotted as filled symbols. Samples i‘ﬁ'\ e ®  Hydroquinone
which initial Tc(VIl) was completely or partly reduced are™[™>x_ 4™ | v ehowaer . || °°
plotted as open symbols. The bold dot line and broken liné[ "% T Noredustion | 0.4
in the figure represent an experimental borderline for’[’ N “oa

Tc(VIl) reduction obtained inhis study and the calculated o él .\};doxneutraf 0.2

equilibrium line between Tc and TcQlxH,O(s) [5],

\ (pe + pH) = 13 §

respectively. The reduction of Tc(VII) to Tc(lV) occurre& “® ) o0
in both homogeneous solutions and heterogeneou4$ % .02
suspensions with redox potentials below the experimentg) Reduction %f f i

borderline. In the systems with redox potentials above thg S N 104
borderline, Tc(VIl) was not reduced. It should be noted | & Fea/rem 1bar+;(g> @ ey

. . vV Fe powder ® --0.6
that in Fe powder systems, no reduction was observed g| « Lawsone &
pHc = 10.2 and pe = T1T4.8 u|lL®>"% ), daysgdoson th
Tc(VIl) was slowly reducedt pHc = 10.5 anhd2 p e_fog [:H8+] 0412 04 i n

the AQDS / AHQDS solution. In Fe powder suspensio Fig. 4. Experimental plots on th
the deviation of measured, iralues are relatively large requction of Tc(VIl) ([Tc@ Jum = 10' °
compared to stableEvalues in the AQDS / ARRDS ). samples reduced as open symb
solution.

In the investigated systems, the reduction of Tcjvib
Tc(IV) can be described with the equilibrium constagjt @nd the equilibrium line (50 % Tc(VII),
50 % Tc(IV)) is calculated from the equation (shown as broken line in Fig. 1 and 4):

samples not reduced as filled symbols

TcOf +3€ +4H"U TcOdxHO( s ) X)H0( 21 (1)
logkU=log[TcQ'] 13 pe‘l+4 log [H (2

with logkKU = 3 7 1 =80) fidm the daita $elected by the Rard et al. [5]. For 0.1 M NaCl/NaOH
solution, theK value was corrected using the SIT method and ion interaction coefficieG$af

cly= 0. 12" andl(@io,), N&) = 0. 0'1[18k ghicimis taken as analog faf

(TcQ4', N&). Under the condition of initial Tc concentration ([fg] = 10° M, i.e., log [TcQ'] =

log ([[Tclint/ 21 ) = 15. 30, the calcul af)e dl.0bThareselts | i n e
in Fig. 4 indicates that the experimental borderline for the reduction of Tc(VII) (bold dot line) is
about 2 peunits (about 100 mV) lower than the calculated lineKbn line). This may suggests

that the reduction with slow kinetics by reducing chemicals lead to different solid phases, or at least
different particle size distribution compared to more crystalline solid phases assumed for the
thermodynamic calculatiomhe value of lokU f or t he Tc (I V) solid ph:
[5] was calculated from the standard redox poteri&lY of Eq . (1), which wa
investigation of redox potential measurement data of the' TEED,lxH,O(s) coupld1], [4]. In the

literature, the solid phases were prepared by electrochemical reduction of macroscopic amounts of
TcO4' . Under the experimental condition of lower initial Tc concentration in this study, Tc(VII)
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may be precipitated not as Tg&H,O(s) butrather small colloidal particles, Te@H,O(coll, hyd).

This explanation would be similar to the Np(V) reduction processes and the role of colloidal Np(IV)
phases described recently by Neck et al. [19]. In their study on the reduction of Np(V) to Np(lV),
the experimental borderline was also observed to be lower than the calculated equilibrium line from
the thermodynamic constant of Ng@m, hyd) and Np&jcoll, hyd) considered as small solid phase
particles was proposed. In Fig. 4, the experimental boréerlivas det er mi ned t o b
9.3, and logK for TcO,lxH,O(coll,hyd) was obtained

I I I I T T |

to be 331 atl =0.1. = O AQDS/AHQDS
The kinetics for the reduction of Tc(VII) generally= sop- oomse ]
showed a significant dependence ony, HBn E . gi(ﬂ;)wdef

homogeneous solutions systems (Fig. 5). The reductlé
rate decreased wheny, Bncreased from strongly s 5|
negative values, such as in Sn(ll) system, to near tEe
reduction borderline and in the systems such as2°- X 7
Lawsone, the rate of reduction was extremely slow. C‘fn
the other hand, a rapid decrease of the initial T% oM

concentration was obsard in suspensions where the oh Y | V¥ 9 %0 emy @
En values were lower than the borderline in Fig.4. In  ° * 2 Sp..4 ° ° 7
Fe powder suspensions at pHc < 10, the ™~
concentration decreased to detection limit level {1
M) within 3 days, although thenEralues were closec
to those in the Lawsongystem, where slow kinetic:
were observed.

u

Fig. 5. Reduction rate half life time as a
function of the difference of pe values
between the measured value in each
reducing system anckperimental
borderline in Fig. 4 (1] pe).

Conclusions.

The redox behaviour of Tc(VII)/Tc(IV) couple was investigated in various homogeneous and
heterogeneous reducing systems and systematized accordinggpcpHditions. A borderline for

the reductia of Tc(VII) independent of reducing systems was shown and Tc(VIl) was reduced
when the redox potential values were below this borderline in both homogeneous solutions and
heterogeneous suspensions. In the systems with redox potentials above the hordedine
Tc(VIl) concentration did not changed, indicating no reduction of Tc(VIl). The experimental
borderline was about 2 pe unit lower than the equilibrium line calculated from the standard potential
of TcO,' /TcOy( sxt,0(s), which waselectrochemically prepared from macroscopic amounts of
TcO4 . The difference may suggest that analog solid phases with significantly smaller particle size
control the redox processes investigated in this study. For the confirmation of the proposed
TcOulxHO(coll, hyd), further investigation including solid phase analysis is needed. The kinetics
of the Tc(VII) reduction was generally correlated to tlheH conditions, however in the systems

of Fe powder suspension and Fe(ll)/Fe(lll) precipitates more ragidction was observed. This
possibly implies the intrinsic properties of mineral surfaces and surface mediated redox processes.
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1.7.
TECHNETIUM(l) HEXACA RBONYL CATION AND ITS REACTIVITY

A.E. MiroslavoV, G.V. Sidorenk§ A.A. LumpoV}, D.N. SugloboV,
M. S. GPF ang V.V.&erzhi

! Khlopin Radium Institute, Research and Production Association, Federal State Unitary Enterprise,
2-i Murinskii pr. 28, St. Petersburg, 194021 Russia
2 Frumkin Institute of Physical Chemistry and Electrochemistry RAS, Moscow, Russia
3 St. Petersburg State University, St. Petersburg, Russia

Technetium(l) hexacarbonyl cation [Tc(GP)was prepared by autoclave carbonylation of
[Tc(CO)(H20)]" wi t h  COu ia the drédéhde of strong acids with weakly coordinating
anions (HCIQ, CRSO:H, HPR). With strongly coordinating acid anions (e.g.,')Clthe
pentacarbonyl complex with the acid anion is formed. The [Tc{C@ation, isolated in the form
of perchlorate, was characterized by single crystal Xy di ffraction EHC XR
MeCN: 2095 crit) and®™T ¢ N M{R MdO#: i 1924 ppm) spectroscopy. The crystal structure of
[Tc(CO)s]ClIO,4 consists of one crystallographically independ&otCO)" cation and disordered
ClO4 anion (Fig. 1).

O4

°* Fig. 1. [Tc(CO)]" cation (left) and disordered
perchlorate anion (right) in the structure of
[Tc(CO)]CIO..

Since [Tc(CQY)" is an analog of MIBI, it was of interest to study its cardiotropic properties. For
this purpose we examined the resistance of this complex to substitution of carbonyl groups in
solution. As an incoming | igand, nfiomthe IRsgdtag d a
[Tc(CO)]" slowly reacts with MeCN to form [Tc(C@MeCN)]". As in the case of pentacarbonyl
halides [1], the rateletermining step of decarbonylation is detachment of carbonyl group. The rate
constant of thi’s?' 30€4K) is narentharf 125.0R1&s of magn@timeer than
that of decarbonylation of the most stable complex among pentacarbonyl halides, [Ecl(CQ)7 6 |
107 st 303.1 K, in CQ [1]). Thus, the [Tc(CQJ* cation is fairly resistant to thermal
decarboglation, despite relatively large lengths of thei T® bonds. However, [Tc(Cq) is
instantaneously hydrolyzed in an aqueous solution in the presence of an alkali to form an
unidentified yellow precipitate, which is probably a mixture of different comgeuVacuum
sublimation of this product yielded H€O0) 0 and TgH3(CO),», identified by SC XRD. We suggest
that in this case decarbonylation involves nucleophilic attack df &dkbn at the carbonyl carbon
atom, followed by decarboxylation of the intermegéd and secondary transformations of the
decarboxylation product.

We also preparedy"Tc(CO)]* by autoclave carbonylation ot'Tc(CO%(H-O)s]" in aqueous
solutions of HPE or CRSOs;H with a yield of 40 and 15%, respectively. The key point of the
synthesis is complete removal of halide ions from the reaction mixtdf&c[CO)]" is stable in
acidic aqueous solutions and in the presence of histidine for a day.

1. A.E. Miroslavov, G.V. Sidorenko, A.A. Lumpov, V.A. Mikhalev, D.N. Suglobov,
Radiokhmiya51: 6i 10 (2009).
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18.
STRUCTURAL CHEMISTRY OF TECHNETIUM CARBONYL
COMPOUNDS

G.V. Sidorenkd, A.E. Miroslavov, D.N. SugloboV, M. S. ?Gnd VgvoGurrleiv

! Khlopin Radium Institute, Research and Production Association, Federal State Unitary Enterprise,
2-i Murinskii pr. 28, St. Petersburg, 194021 Russia
2 Frumkin Institute of Physical Chemistry and Electrochemistry RAS, Moscow, Russia
3 St. Petersburg State University, St. Petersburg, Russia

Keywords: technetium, carbonyls, structure, single crystab} diffraction
Abstract:

The results of structural studies of Tc carbonyl compounds are summarized. The
stoichiometry and geometry die mone and polynuclear complexes are discussed in relation to
the donoracceptor properties of the ligands, taking into accounttrdes effect. Correlations
between the structure and reactivity of the complexes are considered.

In this report we summie the results of structural studies of Tc carbonyl compounds. By
now, crystal structures have been determined for approximately 100 Tc carbonyl complexes, of
which 17 complexes have been studied by us. Most of the data refer to octahedral Tc(l) complexes
with some Tc(lll) and Tc(0) compounds also studied. Tc(lll) typically forms sewerdinate
complexes with CO ligands (see, e.g., [1]), but with sterically hindered ligandsdirdinate
complexes are formed [2]. Here and hereinafter, the denticity of
"coordinated | igands | 1i ke cycl ogleetron paidineotved! IS
in the coordination. The known Tc(0) complexes are technetium decacarbo(@O)e [3, 4]

(Fig. 1) and some of its derivatives [5].

The composition of Td( carbonyl complexes is dictated by formation of closed
18-electron valence shell around the central atom. Therefore, the known complexes have typically
octahedral structure. Representatives of practically all the theoretically possible mononuclear Tc(l)
carbonyl complexes have been prepared and structurally characterized (here and hereinafter: M,
monodentate; B, bidentate; T, tridentate ligands): [Tc§CO)[Tc(CORM], [Tc(CO)4B],
[Tc(COXT], [Tc(CO)BM], [Tc(CO)Ms], [Tc(CORMy, [Tc(COXLBMjy], [Tc(CO)LTM],
[Tc(CO)TM]. The charge of the complex species depends on whether the ligands are neutral or
charged, and in this notation the charge is omitted.

Thetrans effect makes preferential mutueik arrangement of carbonyl ligands. Thei TO
bonds intrans position weaken each other, and therefore technetium carbonyls containing more
than three carbonyl ligands, in which such bonds are inevitably present, are relatively unstable.
Nevertheless, many representatives of this group, including hexacarbonyl [6t{Eig. 2), are
sufficiently stable to be isolated and studied by single crystayXdiffraction. All the available
structural data for technetium(l) pentacarbonyls [Tc@MD)were obtained in our studiesi[9],
with both neutral (BINC, PPh) and anbnic (Cl, Br, I) ligands as M. Typical examples are shown
in Figs. 3 and 4. As for mononuclear tetracarbonyl complexes [TgBJ.Othe only available
example of structurally studied complexes is the xanthate (B = Mg&&mined in our recent
study [10](Fig. 5). The most stable (and the most numerousfegte r i car bonyl <ompl
o r -dohor ligands irtrans position to each CO group {[Tc(C&)], [Tc(COXBM], [Tc(CO)sM3]}.

Typical examples are given in [004] (Fig. 6). Thdac-tricarbonyl moiety is so stable and its steric

requirements are so strong that, even with the porphyrin ligand strongly dictating the square planar

geometry, a binuclear complex with tridentate coordination of the ligand to each Tc atom is formed

[15.0n1 y | i gands w-acceptorproperties arencapalle to foner structures [16] or

to further replace CO groups. Allthe-éind monocar bonyl compl exes
38
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acceptor ligands apart from CO (most frequently phosphines, se¢l®,.d4.3]).

Fig. 1. Molecular structurc Fig. 2. Structure of the [Tc(C@)) Fig. 3. Structure of the
of TG(CO)po [4]. cation [6]. [Tc(COX(BUNC)]" cation [9].
03

< @)
H10C HI12C

Fig. 4. Molecular structurc  Fig. 5. Molecularstructure of Fig. 6. Molecular structure of
of [TcX(CO}] (X = Cl, Br) [Tc(MeOCS)(CO),] (the OMe grour [Tc(acac)(EtNH)(CO)] [13].
[8]. is disordered over two sites) [10].

The deficiency of ligands leads to formation of binuclear complexes. Numerous otdanu
Tc carbonyl complexewith bridging coordination of ligand donor atoms are known, in particular, a
series of dimers [Tc(CGY], and [Tc(COjB].. Typical examples of the former complexes are
tetracarbonyl halide dimers [19] (Fig. 7). However, with M = H, a triangular trimfernsed, with
the Td Tc distance suggesting certain direct bonding [4, 20] (Fig. 8).

With bidentate ligands, the dimers are formed by bridging coordination of one of the donor
atoms of the ligand. In this case, the ligand arrangement can be atloertrans relative to the
bridging core. Both examples are known; in particular, a Schiff base complex forms a
centrosymmetridrans dimer [21], whereas a dithiocarbamate complex has a noncentrosymmetric
cis structure [10] (Fig. 9). Theis dimers are formed,caording to IR spectra, by tricarbory
diketonates in solution and in the gas phase [22, 23]. Tricarbonyltechnetium acetylacetonate dimer
in the crystal has a unique structur-€atoniohe di
the acetylacetate ligand and has the cage structure [13]
(Fig. 10). Along with neutral dimers, anionic dimers with triple bridges of the composition
[Tc(COX]2X3 are known (see, e.g., [24]). Binuclear complexes are also formed with some
polydentate ligands that canasptwo tricarbonyltechnetium fragments. One of examples, the
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porphyrin complex, has already been mentioned.

9
0(8) o 12 o) 03)
Fig. 7. Molecular structure of [Tcl(CQ)), [19].

Fig. 9. Molecular structure of Fig. 10. Molecular structure of
[Tc(ELNCS)(CO) 2 [10]. [Tc(acac)(CO)YEtNH)] [13].

In tricarbonyl complexes wits i n gl e mo n o dxbndgirgtisansulficiegtamattain €
coordination saturation, each monodentate ligand links three Tc atoms, and the structure as a whole
is tetrameric and cubasi&e. All the examined compounds
of this type [2528] (Fig. 11) have similar molecular
structure but are not isostructural. They crystallize in
different crystal systems and have different crystal packing.

A related complex with CkD' bridging ligands and Nan
place of one of tricarbonyltechnetium groups is also know
[29].

Many transition metal carbonyls contain brighg CO
ligands. Such coordination mode is not typical of Tc, but a
few examples are known (see, e.g., [30]). In all these cases,
CO bridging is observed in combination with direct Tc
bonding.

Fig. 11. Crystal structure of After having discussed the compositions and

[TcCI(CO)] 4 (body-centered cubic  topologies of Tc carbonyl complexes, let us discuss their
structure, only the molecule in the ce geometries and correlations with the reactivity.
center is shown) [26]. The length of TeCO bond intransp o s i t Fanth t o
“-donor ligands and inis position to other CO groups [ITc
CO] is, on the aveiC@lgoerdsitranspmsition taleach other [TE€DH are T ¢
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weakened by thérans effect and are longer by 000B. 1 | . i CO lbaend I@ngths in some
higher technetium carbonyls are compared in Table 1.

Table 1. Bond engt hs
(asterisk denotes CO groups trans to other ligands, decreases in the series M = ClI, Br, | and
dagger, CO groups trans to each other) i

(i)

In [Tc(COEM] complexes, the

i n hi g difference in the lengths of these bonds

i's practically |l evel e
acceptor ligands M (PRhBU'NC). If we

Differencg include in this series TH(COh,,

i considering the Tc(CQ) fragment as

0.099 | ligand M, it will occupy the place

0.084 b et we e n -adcepter Highnds. The

0.077 | reactivity of Tc carbonyl complexes in

0.052 | dissociative carbonylation reactions does

0.005 | not correlate wh they i [ bond length

i0.014 and decreases in the order M = CI, Br, |,

0.09 CO [31], apparently due to the

0.068 stabilization of the fivecoordinate

Complex Tci CO* | TciCcO'
[Tc(CO) " [6] i ]2.0242.037
[TcCI(CO)] [8] 1.915 | av. 2.016
[TcBr(CO)] [8] 1.937 | av.2.021
[Tcl(CO) [7] 1.938 2.015
[Tc(CO), [4] 1.946 | av. 1.998
[Tc(CO)(PPh)]" [9] 2.005 | av.2.000
[Tc(COX(BUNC)]* [9] 1.999 | av.2.014
[Tcl(CO)4, [19] av. 1.91| av. 2.00
[Tc(MeOCS)(CO)] [10]| av. 1.94¢ av. 2.008
[TcH(CO; [4] av. 1.943 av.2.002| 0.059

intermediate formed by [ elimination.

The complex [Tc(CQ]" is particularly

inert in CO substitution, despite the falbht the TECO bonds in it are even longer than thé Tc
COpyansbonds in [Tc(COM] complexes.

Table 2. Average anglei Xci cis-CO, deg

and Wi ber\W XAAMAC,

The reactivity of [Tc(COM] complexes can also

be influenced by theis interaction| d- [- ltevealed by
guantumchemical calculations, which increases in going

from[ = Clto M =1 (Table 2). Such interaction is also

X

Angle (XRD)

Angle (QCC

xW | suggested by angular distortions of the [Tc(£Q)

Cl

89.23

86.7

0.24 | octahedra [M = halogen, Tc(C&p) The equatorial CO

Br

88.27

86.5

87.8

86.5

groups lean toward ligand M to the extent increasing in

036 | going from Cl to I, despite an increase in tigand size.

Quantumchemical calculations also show this leaning,

though without pronounced trend along the halogen series, which suggests that the leaning is an
intrinsic property of a molecule rather than a result of packing effects. Leaning towasixtthe

ligand is also observed in JEO),.
Higher Tc carbonyls exhibit, along with the tendency to dissociative CO replacement, also
another kind of reactivity, manifested in reactions with strong nucleophiles. This kind of reactivity
is considerably lesstudied, no quantitative data on the reaction kinetics have been obtained, and
the reaction mechanism is insufficiently understood. However, in this case there is no anomaly in
the behavior of the hexacarbonyl cation. This cation, being very inert ire@l&@ement with weak
nucleophiles such as GEN, which probably occurs by the dissociative mechanism, appears to be
highly reactive toward stronger nucleophiles such as iOki[4]. The reaction is believed to start

with the nucleophilic attack at the banyl C atom. Theranseffect primarily reduces the meta-

| i g aabtedtron  donation. As a result, thei' GO bond length increases and the carbonyl C atom
becomes more electrophilic. [TcBr(CfPhlso reacts relatively slowly with GEBN but is very
reacive toward EtNH. At the same time, tricarbonyl complexes with donor ligands, in which there
are no weak TicCO bonds, appear to be considerably more resistant to nucleophilic agents. For
example, the [Tc(CQJH.0)3]" cation
transformations and olation, with the CO groups remaining intact [32]. These data, though scarce
yet, suggest that the correlation between th&éCtx bond length and its reactivity toward
nucleophiles does take place, in contrast to theeladion with the reactivity in dissociative
processes.
Some interesting correlations can also be found for th&i Tcd on o r bond | eng

in alkaline solutions undergoesnly protolytic
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compare pentacarbonyltechnetium halides with tricarbonyl halide complexes in which the
remaining two sites arecoc u p i e-donob lgands. For example, in [TcBr(G{P)[8] the
TciBr bond is appreciably shoséerj] [RP1BL2BRI9PH40]
result is obtained by quantuahemical calculations of [TcCI(CE) ( 2. 478 4QOxand [
(2.563 ) [ 8] . 1boodringhe taiteocomptex is acdorepanied by an appreciable
decrease in its Wiberg index (from 0.38 to 0.32). These results correlate with the physical and
chemical properties of the complexes. In particular, gEawbonyltechnetium halides behave as
hydrophobic covalent molecules showing no pronounced tendency to electrolytic dissociation [6].
At the same time, when the coordination sphere contains only three CO groups with the other sites
0 C C up i -dodior ligands 8uch as ¥ molecules, the complexation with halide ions is relatively
weak [33]. Furthermore, Tc pentacarbonyl halides are readily volatile [34], whereas the
ethylenediamine complex is much less volatile, despite practically the same molecular weight and
size [34],which may be due to stronger polarity of the molecule, in particular, to higher ionicity of
the Td Br bond.

Thus, structural studies are useful not only for identification of the newly synthesized Tc
compounds, but also for better understanding of fiteisical and chemical properties.
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1.9.
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Key words: rhenium, alkoxides, synthesis, thermal decomposition, materials.

Abstract.

The paper represents a listing of results obtained by developing the original metcodsafed
synthesis of cluster and mondi- and trimetallic oxealkoxide derivatives of rhenium and d
elements of i VIII groups. The developed techniques of the synthesis of metal alkoxides include:
1) anodic dissolution of the metals in the alcoh@dia; 2) direct reaction of the rhenium (VII)
oxide with alkoxide derivatives of the transition elements.

By such techniques were obtained tetranuclear rhenium cluster alkoxocomplex@gORe€)..,
Re,O6(O'Pr)o; individual rhenium alkoxocomplexes witkariable ratio of oxeand alkoxeligands
Re/O,(OMe)s, RaOs(OMe),, ReOg.y(OMe)24y; bimetallic rhenium, molybdenum or tungsten
alkoxocomplexes ReMofOMe), Re&xM0,Opy(OMe)i2+y, R W06y (OMe)2+y, bimetallic
rhenium, niobium or tantalum alkoxocotapes NB(OMe)l(ReQ,),, Ta(OMek(ReQy),,
NbsOx(OMe)4(ReQ),, TaOx(OMe)s(ReQ),,  NbyO(OEth4(ReQ);, TaO,(OEthi(ReQy)y;
trimetallic rhenium, niobium or tantalum alkoxocomplexes: »Nia(OMe)(ReQ),, Nba
xTa02(OMe)4(ReQy),, NbyxTaO2(OEt)4(ReQy),. All compounds mentioned above are
characterized with Xay single crystal study, IRspectroscopy, DTG.

It has been shown, that thermal decomposition of alkoxide derivatives in inert or hydrogen
atmosphere leads to formation narsize powders of indidual rhenium and its alloys at low
temperature. Thermal decomposition in air leads to formation individual metal oxides or its solid
solutions.

It has been demonstrated that the alkoxide derivatives could be promising precursors for next
generation catalts manufacturing.

This paper presents review of the results obtained at Moscow State University of the Fine Chemical
Technologies and Swedish University of Agriculture Science.

The interest in rhenium alkoxides is caused by the possibility of theircapph as precursors for

the preparation of highly reactive fine (up to to nanoscale ) powders of rhenium metal or its alloys
with refractory metals at very low temperature ( below®80p[1, 2]. The principal application of
rhenium is the production ofractural alloys with various refractory metals, in particular with W,

Mo, Nb, Ta, Ni . Recently demonstrated applications of rhenium oxides, as selective catalysts in
many oxidation reactions in organic synthesis and in complete oxidation of the casteyhses

have made the alkoxide derivatives also attractive for the synthesis of rHemsech oxide
nanocomposite [5].
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This manuscript is devoted generalization of the data on synthesis of cluster, heterometallic and
heteroligand alkoxides of rheniurdiscussion of their molecular structures and properties. Using
these compounds as precursors is the approach to obtain functional materials. Precursors design
allows realize its main advantage: obtaining compounds of a specified metals ration which is
requred for synthesis of a target product.

The development of the preparation methods for thedRéaining materials ( alloys with refractory
metals, simple and complex oxides and so on ) implies the solution of the following problems:
Search for and devegdment of methods for the synthesis of rhenium alkoxides and oxoalkoxide
derivatives, including cluster and heterometallic ones;

Study of their physicochemical properties including the structure in the solid state and the thermal
decomposition processes;

Determination of the chemical and phase compositions of the products of thermal decomposition of
rhenium alkoxides and oxoalkoxide derivatives under various conditions and the search for rational
applications of the materials produced in this way. Fidustilates main ideas of the
investigation and Fig.2 illustrates overwiew of the employed methods for theoriRaning
compounds synthesis. We patrticipated in the development of the two approaches to the preparation
of alkoxides, namely, reactionsing rhenium ( V11) oxide and the electrochemical method.

A number of stus[6,7,810]. have demostrated that the reaction of R¥ with metal alkoxides

(Mo, W, Nb, Ta) is an efficient way for the synthesis of heterometallic alkoxides. Thus, Hitneta
rheniumcontaining compounds were obtained for the first time.

Chemical design Precursors
of precursor 7 5 3.7 o2
M M ¥ M Z Ly, Ly
1. Choice of 1. Preparation of metals,
metals T alloys and ligatures (Re-
Re, Mo, W, Mo, Re-W) at record-
Nb, Ta, Ni Investigation of breaking low temperatures.
structure in solid 2. Regulation of grain size,
2. Choice of phase and in Thatkial preparation of nano-sized
ligands solution, Decomposition materials (_20-50 nm).
MeOH, EtOH, f=p stages ofthermal ——————— 3. Prepar_atlon of new
i-PrOH, BUOH decomposition, T phases in Nb(Ta)-O
P-T diagrams of atmosphere systems and complex oxide
3. Creation of Metal-Oxygen, etc. -var phases with high phase and
methods of chemical purity.
synthesis 4. Usage in catalysis with
Electrochemical obtaining of expressed
Synthesis synergetic effect.

M — metal, L - ligand

Fig.1.The procedure of preparation of Rhenim based tdispersed materials

One more approach to the synthesis of rhenium alkoxides is based on electrochemistry. This
method consisdf anodic dissolution of metals in required alcohol. The first data on the application
of this method to rhenium derivatives were published only recently Thil$. method was used to
prepare the following compounds: fRg(OMe),, ResO(OMe)s, ReOsiy(OME)124, R&1Os(OP1)10,
ReMoG,(OMe);, ReyixM0oxOsiy(OMe)24y, and Rey, Wy Oeiy(OMe)ow [6,11-14]. In the synthesis of
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rhenium alkoxides, lithium chloride is used as a cotideadditive. The process is carried out in
watercooled cell equipped with a reflux condenser at an electrolyte temperaturé GO1AC.
Crystallization from the eléwmlyte obtained by anodic dissolution of rhenium in alcohols affords
individual Re corpounds. Bimetallic dévatives were prepared by the successive anodic dissolu
tion of two metals or by dissolution of metal alkoxide.

monometallic derivatives

1 One metal / Re4Og(OMe)s2
Electrochemical ] ; ; Re,0,(0OMe)16
; dissolution (Re)
synthesis Re4Og.y(OMe) 124y
Re,04(0OEt);2

(anodic dissolution of Re4O6(OPr-i)10

metals in alcohols in the disscﬁﬁt?gg(z)?ig:/eral
presence of LiCl) metals \ bimetallic derivatives

(Mo-Re, W-Re) ReMoO,(OMe); (V),
Re4.XM0x06.y(OMe)12+y (V|),
Re4.XWXOG_y(OMe)12+y (V| |)

bimetallic derivatives
M\?\i%(%lvl\l/?e); or ——» ResxM04O¢.,(OMe)1,
22 8 Re4_XWX06_y(OMe)12
2. bimetallic derivatives
Interaction of Re,0O7 with Nb2(OR)10 or Nb>(OMe)s(ReOy)2,
metal alkoxides | Taz(OR)1o ’ Nb4O2(OR)14(ReO4)s,
Taz(OMe)g(ReO4)2,
Ta402(OR)14(ReO4)2
Nb2(OR)10 and trimetallic derivatives
Taz(OR)lo —
Nbeaz.x(OME)g(ReO4)2,
R= Me, Et or Pr Nb,TayxO2(0OR)14(ReO4),

Fig.2. Synthetic approaches to rheniaontaining alkoxide derivatives

The variation of the electrochemical parameters of the process carried out in an undivided cell also
allowed the researchers to obtain crystaith variable compositiomamely, R& andRe” derivative,
ReGsi((OMe)2+ . Theelectrolysis in a divided ce(l.e., under conditions sygessing the cathodic
reduction of rhenium derivativegave the rhenium(VI) complex Ka;(OMe)».

An important factor affecting the properties of merand heterometallic alkoxides is their
associatiorand condensation through the formation of bridging allaxgxo ligands, respectively.

The association and condensation involving rhenium(V) derivatigsults in tetranuclear species
RexOsi(OMe)io4 containing rhenium simultaneously diifferent oxidation states (+6 and +5). This
type of pr@ess ensures the formation of compounds with isomorphous replacement of atoms
having similar properties. Wherinbiclear complexes of rhenium and other metals (for example,
[MoO(OMe)],, ReMoQ(OMe);, and [WO(OMe)],) are simultaneously present in a solution
different ratios, compounds ReM0,Ogi(OMe)o,, and R WxOsiy(OMe)2+, containing both
metals ardormed. The central fragment of the complexeg; Nla,O,(OMe);4(ReQy), composed of

four niobium/tantalum atoms is formed upon condensation of the starting binuclear
niobium/tantalum derivatives due to the formation of oxo bridges.

An important aspect of practical application is that the methods developed for the synthesis of bi
and trimetallicalkoxides allow one to obtain specimens watlprespecified ratio of metals.This
opens up the way for deliberate action on the compostdrproperties of materials.
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The structure of rhenium alkoxides is shown in Fig. 3 [4].

Fig.3. Structureof rheniumalkoxides Re(OR)s (R = Pr', CH,BU) (a); R&(OMé)1, (b); ResOs(OMe)s (C);
ReMoQ(OMe); (d); ReOs(OMe);, (M = Re), Re;yM0,0s(OMe);, (M = Re M0), Rey; W Og(OME)1, (M =
Re W) (€); ReOs(OPTr)10 (f); Nb,(OMe)g(ReQ), (M = Nb), Ta;(OMe)g(ReQ), (M = Ta), Nb;
»Ta:(OMeg(ReQ), (M = Nb, Ta) (g); NbO,(OMeE)14(ReQ), (M = Nb), Ta;0,(OMe)14(ReQ), (M = Ta), Nhy
1 &0-(OMe)14(ReQ), (M = Nb, Ta) (h).
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Association or condensation of metal complexes in lower oxidation states may givenaietal
bonds. The structural criterion for the formation of these bonds is that themet#dl distance is
comparable with or shorter than thattive structure of the corresponding metals [15], or shorter
than twice the effective metallicradius, which is 2,76 for Re (Tabl.ELPI6

Table 1. Characteristics of metaletal bonds in alkoxide compounds

Compound r(MiM) , i Mi M bond order Refs.
Re&0s.y(OMe),>.y 3,45; 3,65 no bond *
2,54(2); >1, .
R&0«(OE 2 2,648(19) 2,65(2) ~1
Re,0s(OP1) 1o 2,5204(7) 2,5501(5) >1 *
ReMoG,(OMe), 2,658(2) 1 *
Re0;(OMe)g 2,559(1) 1 [16]
Re(OMe)y 2,5319(7) 2 [17]
Rey(OPY)q 2,36 2 [18]
Rey(OCH,BUYq 2,365(1)- 2,372(1) 2 [19
* Own data

The structure of ReMofOMe); [7] is composed of two distorted M@ctahedra (M = Re or Mo)

with a common face and terminal oxo ligandsd(Ml bond). The distribution of the atoms of two
metals among therystalpositions is random and partially ordered, the jatmns being 0.71(1) Re

+ 0.29(1) Mo and 0.29(1) Re + 0.73(1) Mo. _

The structure of the isopropoxide complex,B£0'Pr), (Fig.3), contains a planar rhombus of
metal atoms with all five bonds of essaiiyi the same length (2.522 . 55 | [ 20], ¢ omg
2. 532 ,4OMekp|[21R € rather short for the very low number of the electrons available for
bonding in that structure (6 electrons for 5 bonds). The structure G ¥t)y, contains also a

planar Rg-core close to a rhombus in its geometry . It belongs as well as the structure of the
oxoisopropoxide derivative to the wddhown MX16 core type structure type, originating from
hexagonal dense packing of metal and ligand atoms, one of the most typical for metal alkoxides [22,
23]. Two additional electrons available for bonding do not lead to pronounced shortening of the Re
Re distancespn contrary, the structure of the compound®€OEt), contains only two shorter
symmetrically equi vaiRe(8))] whtlois abmmparébl wih4ahe 2ngth pfa R e (
double Re=Re bond. The other two symmetrical bonds and the shorter diafjomalrhombus
have al most the same | engths and are consider
higher than even the singleiR®e bond lengthin R 3(OMe( 2, 56 | ), where th
well as in RgO4(OEt).» are connected by botixo- and alkoxobridges.

The structureof ReOg(OP1)10 [7,13] contains four Re®octahedra connected by common edges

and five R& Re bonds with a higher order. The metal atoms are located in one plane and are
connected by tw@>- and four&-oxo bridges.

The compound R&s(OP1)y is of interest as regardise metad metal bonds. In this structure, the

Red Re distances, equal to 2.52047) . 5501 ( 5) rable withithe length ofi p bocalized

Red Re bond with a higher order (see Table I). Since twates in this complex occur in +5
oxidation state and the other two atoms, in +6 oxidation state, there are six electraideafail
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their binding to each other. Clusters simi@amReOs(OP)1o with five virtually equal metd metal

distances have bedound previouslj24,25].only in a system with ten electrons (Table 2).

Table 2. MetdlMetal Bonds in clusters based on(TiMe)s core structure

Compound L. 1, L. 2, D, gﬂggf&g‘;ﬁ%ﬁ Ref.
Bay 1M0gO1s 2,616(1) 2,578(1) 2,578(1) 10 [24]
Bal,14M0gO1s 2,847(1) 2,546(1) 2,560(1) | 8,28 (average] [24]

W, (OEt)s 2,936(2) 2,646(2) 2,763(1) 8 [25]
Re04(OEt)» 2,54(2) 2,648(19) 2,65(2) 8 [
ReOs(OPFi)10 2,5501(5) 2,5399(5) 2,5204(7) 6 [

M0,Og(OPFi)4(PY)s 3,472(1) 2,600(1) 3,218(1) 4 [25]

* Own data

The structure of tetranuclear rhenium methoxgivadives RgOsiy(OMe) ., and related bimetallic
conplexes is based on planar Ré&agment. The structure oReOs,(OMe)oy [6,11] is
characterized by the Re@crahedra sharing edges and faces; the rhenium atoms occupy the
vertices of a nearly regular quadrangle and are bound alternately by oxo bridges and double alkoxy
bridges. No metdl metal bonds are present. When 0, one terminal oxo ligand per rheniurorat

is present, while foy = 4, the structure does not contain terminal oxo ligands. Foy € 4, these

occur in the statisticlisorder with alternative methoxy groups( the crystalsare built by joint

packing of molecules containing difesrtnumbers of oxo and alkoxy groups).

The structure of RgM0,Osiy(OMe)oy [6] is simiar to that of RgDgiy(OMe)oy. Some rhenium

atoms are replaced by molybdenum atoms in the isomorphous manner. The distribution of the metal
atoms of two sortamong the positions is random and partially ordered (b@B8(2) Re + 0.17(1)

Mo to 0.98(2) Re + 0.02(2) Mo for the crystal with= 0.4). The structure of the dertixge Rey
xWxOgiy(OMe)12+ is similar to that of RgxMo,Ogiy(OMe);24y.

Bi- and trimetallic derivatives of rhenium, niobiuamd tantalum exist as two structures containing
perrhenategroups. One is based on,(@Me)o, (M = Nb or Ta) and the other, on fragments
consisting of four metal atoms. the complex Ni,TaO(OMe)(ReQ),, [7-10] four niobium (or
tantalum) atoms form a fragment resembling the structure QDg3€OMe),y. Trimetallic
complexes are formed due to isomorphous replacement of niobium atoms by tantalum. The distribu
tion of the metal atoms of two sorts among the positiostaisstic, partially ordered (for the crystal

with x = 2, the populations of the position connected to the,RE@ oup are (0. 70N¢
(0.30NR0.05) Ta; for the(®theENO.p®O)i tTa)N.,, (0.29
Isomorphous replacement of atoms with simifoperties affords crystalline complexes with
variable comosition in which the ratio of the two metals can be vam\eat a broad range.

For example, the replacement of rhenium by madgrumor tungsten gives rise to rhenitmased
tetranuclear complexes RgMo0,Osi y (OMe)2+ 2 (0 <x< 2.82) and Rei \WxOgi(OME)24 (0 < X < 2)

[6,14]. Since tetranuclear structure is not encountered for individual molybdenum or tungsten
derivatives, in thisase, the isomorphous replacement of rhenium by these metals is possible only
in a limited range of compositions.
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In the case of Nfi\TaO,(OMeqs(ReQy), and Nbyi -Ta-(OMek(ReQ,),, the Nb

susceptiblefor isomorphous replacement of niobium by tantalumbasindless. The bimetallic

: Ta ratio

niobium/rhenium( = 0, = 0) and tantalum/rhenium complex¢s~ 4, = 2) as well as
trimetallic complexes with a variable compositi@n<x < 4, 0 <x' < 2)[7-9] havebeen prepared.
Studies of the thermal properties of rhenium alkoxitese shown that they decompose at relatively
low temperatures (1@ 300 AC) yielding either oxide or metal phases, depending on the process
conditions (Fig.4)[7,8,12].

Monometallic derivatives

Re406(O Pri)lo
Re;,02(OMe)ss
Re4«O6.y(OMe) 124y
Re,0s(OMe)12
Re,03(0OMe)s

Metals and alloys
powders

in hydrogen

Y

YY

atmosphere

THERMAL TREATMENT

Nanosized Rhenium

powders,

Rei Mo alloys (sigma-
phase, solid solutions
based on Re and Mo),
alloys Rei W

Individual oxides

ReO; (cub.)
ReO; (monocl.)

Oxide solid solutions
and complex oxides

Y

(Re,M0)O, (0-rh.),
(Re,M0)O;, (tetr.),
(Re,W)O3 (cub.),
Phases of systems
Rei Ta(Nb)i O based on
L-Ta,Os structure

Bi- and trimetallic (150- 900 Awu)
derivatives /
ResxM0,0¢.,(OMe) 2.y in air or inert
Re4-xWxOG-y(OMe)12+y
ReMoO,(OMe), > atmosphere
Nb,xTa,O,(OMe)14(ReO,),
Nb.,Tax(OMe)s(ReO,);
INCORPORATION
> INTO INERT
> MATRICES

>»{ Catalytic materials

Fig.4. Alkoxides as a basis for fabrication of rheniaontaining materials

Decomposition of individual rhenium alkoxides /g(OPr)10, Re0O(OMe)s, RerixOsiy(OMe)i24y,
and RgOg(OMe), in air or in an inert atmospheref@ids rhenium oxides, Rgr monoclinic
ReQ, as highlydispersed powders with an average particle size of less tld&ab®B@m.. Similar
decomposition of the bimetallic derivativessRB10xOsiy(OMe) 2.y andRey , W, Ogiy(OMe)24 yields
singlephase specimens of rhenium/molybden{(iRe,M0)Q or rhenium/tungsten (Re,W}Golid
solutions. By decomposition of -band trimetallic rhenium, niobium, and tantalum derivatives,
complex oxide phases of thed&d@a(Nb) O systems based on a block type structure derived from
L-TaOswere preparedof the first time (Table 3).

Table 3. Structure of (NRTa),0,(OMe)«(ReQ).( = = 0, 3; 0, 5; 0, 7) and t
- Source complex Product Q ¥ b, I c, V, ¥
1* | (NbgTa3)0,(OMe)4(ReQ), | (Nby - Tan3)0s]| 6,18(6) |4 0, 25 ( 6) | 3,922(2)|975,1(17
2* | (NbpsT89,5)40,(OMe)4(ReQy), [(NbysTays).0s| 6,18(6) |4 0, 31 ( 5) |3,918(18]975,9(16
3* | (Nbp3Ta9.7)40,(OMe)4(ReQy), |(NbyzTay7)-0s6,177(10]4 0, 2 9 ( 1 0] 3,909(3)] 973(3)
4rx L(9iTaOs (ICCDIJ CP DS 109222 56,198(5)]|40, 29 ( 3) | 3,888(5)| 970,9

5¥* L(o, T)iNb,Os (ICCDIi JCPDS  21313) |6,168(1)|2 9, 312 ( 1] 3,938(1)] 7120

* Experiment

** | iterature data

Phase composition of the products obtained by thermal decomposition @b,.,Ta,),0,(OMe)4(ReQ),
(r=0,3;0,5;0,7) in air

5C

er me
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Decomposition of alkoxide in a hydrogen atmosphere allows one to preparsinam@owders of
rheniummetal (from individual derivatives) or rhenium alloys (fréhe bimetallic complexes Re
xM0,Osiy(OMe)124, and Re yWxOsiy(OMe)12+).

Rhenium alkoxides proved to be promising starting materials for the developfreatakysts by
insertion into a zeolite matrix. In particular, meramd bimetallic rhenium alkoxides &(OMe)

and ReMoQ(OMeY), ( it is cluster compound have been used to prepare rgeneration catalysts

by insertion of these compounds into a NaY zeolite matrix followed by their thermal
decomposition. A substantial advantage of this approach is the possibility of preserving the high
dispersed stateia stabilization of clusters, ioluding those containing two different metals, in the
zedite cavities. Decomposition of the alkoxides inserted in the matrix affords metal or oxide
nanoclusters whose rhoility is restricted inside the pores. In the case ofdbahc systems, it is
possible to obtain, directly in the pores,
highly dispersed particles uniform not
only in their size but also in their
composition, which is prspecified by 351
the ratio of the metals in the initial 30 1
compound. A study of the catalytic
properties of the materials obtained by
this method showed a substantial
positive synergistic effect forthe = 15
product of insertion of the bimetallic °
complex corpared with the materials 101
based on individual rhenium and 5
molybdenum compoundf6] This has

been confirmed when using bimetallic
(ReW, ReTa) alkoxoderivatives as
precursors in the production of catalystdig.5. The relationship between alkaalefins fractions C5%
for the reactions of alcohol reductive C9 yield and composition of active components in cros

dehydration (Fig. 5) [27]. coupling reaction of ethanol and glycerin.

40 ~

%

25 A

20 A

nBBH

— 1l

Ta Re W Re-W Re-Ta

Conclusion.

The traditional method for alkoxide synthesis is based on ligabstitution reactions. This method
was used to prepare individual rhenium alkoxides. Alternativéhstio routes include reactions of
rhenium(VIl) oxide with alcohols and alkoxides of other metals and anodic- digEm of metals

in alcohols. These migods made it possible to synthesize both known and new monometallic
rhenium alkoxides and also to synthesize for the first time dbid trimetallic rhenium,
molybdenum, tungsten, rbaum, and tantalum complexes. The isomorphous replantof metals
in bi- and trimetallic derivatives opens thpe way to the alkoxide derivatives with variable comyposi
tion, in which the ratio of the metals can be varied over a broad range.

An important structural feature of alkoxides and oxoalkoxides is the preseiaticory and oxo
bridges, which ensure the formation of polynuclear (in particular, heterometallic) compounds.
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1.10.
STRUCTURE AND MAGNET IC PROPERTIES OF POLYNUCLEAR
COMPLEXES CONTAINING Re(1V)

Carlos Kremer R a VYl Chiozzone

Cg8tedra de Qu2mica I norgg8nica, Facultad d
Montevideo, Uruguay, (eail: ckremer@fqg.edu.uy)

One of the major goals in inorganic supramolecular chemistry today is the design of polynuclear
coordination arrays and the study of the@gnetic properties. With the generation of vasfined
architectures it is possible to understand the different factors which determine the exchange
coupling between spin carriers. Most of the results found in the literature are focused on
polynuclear complexes containing metal ions belonging to the first transition series. With this
information the study of those systems containing 4d or 5d metal ions becomes very interesting. In
this presentation we revise the structure and magnetic properties of Re¢ihdnubear and
polynuclear complexes.

Cl X C1

0
Cl i, “\\\Oﬂ-.c 40 X'rf.,l I\\\\\OHC{:CH C1 f,, 2 I\\.\\\cN
"R | "Re 2 Re
/
v |\O/C¢:o ol |\§0fc\bO ne?” |\c1
¢l X ¢l
9.
OH ¢l K/\N
B o
t = % Cly, J \\\N\\')f
Bry, RULRY Re.
g A ‘ g
Bf/ ‘ \Br

Br

Fig. 1. Some Re(IV) mononuclear complexes
used as building blocks.

Rhenium(1V), a 5dion with a“Azg electronic ground state, usually forms octahedral complexes
which are reasonably stable against redox processes and inert to ligand substitution. Complexes
containing dicarboxylic ligands, [Refox)]* and [ReX(mal)* (X = CI, Br; ox = oxalate; mal =
mdonate), Ndonor ligands, [ReG{pyz)| (fyz = pyrazine), [ReB(Hpyzc)] (Hpyzc = 2
pyrazinecarboxylic acid), and [RelCN),], are some examples of mononuclear rhenium
complexes that have been prepared and fully characterized. The presence ofwilgahdsan act
as donors toward a second metal ion (Fig. 1) is a common structural feature that has allowed the
"complex as ligand" approach for the design of higher nuclearity compounds. Their structures range
from discrete binuclear complexes (for example[ReCL(mox)Mn(dmphery], dmphen = 2,9
dimethyt1,10phenanthroline)) to extended chdike compounds (for example in [ReQh
mal)Mn(dmphen)(HO),]) are presented in this work. In addition, the magisétoctural studies of
these moneoandpolynuclear complexes are also discussed.
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1.11.
POLYFLUORINATED b-DIKETONATES OF RHENI UM

A.l. Irtegov!, M.A. Kurykin®, V.N. Khrustale9, E.E. Nikishina,
D.V. Drobot.

. o mo n o s o v 6Ssate MaademyofFine Chemical Technology, Moscow, Vernadskogo avenue 86,
2A.N.Nesmeyanov Institute of Organoelement Compounds Russian Academy of Sciences,
Moscow, Vavilov st., 28.
irteg@mail.ry mak@ineos.ac.ru

Fluorinatedb-diketonates of metals possess a number of properties useful for technology, the
most valuable properties are good solubility in organic solvents and high volatility. Therefore they
can beused for solving two important problems: preparation of catalysts and film coatings by
CVD. In recent years rhenium has become one of the med#mand metals for both these
problems.

We have prepared the earlier described complex RE€OEY)2PPh andstudied its reactions
with  b-diketones HL (CHCOCHCOCH;, CRCOCHCOCHK, GCFsCOCHCOGFs,
C3sFCOCHCOGF;, C4FCOCH,COGFy, CFOCF(CR)COCHCOCKF(CR)OCsF;). A number of
new rhenium complexes ReCl2PPh were obtained. We have studied thermal properties and
spectral characteristics of the synthesized compounds. The fluorinated rhenium complexes were
shown to have high volatilities and vaporize without decomposition, this can be used in preparation

of rherium-containing films.

The details of the synthesis and physicochemical properties of the complexes will be

considered in the presentation.

The work was financially supported by the Russian Foundation for Basic Research (Grant no.
09-03-00328)).
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1.12.
PREPARATION OF TECHN ETIUM METAL -METAL BONDED ACETATE
DIMERS VIA HYDROTHERMAL ROUTE

W.M. Kerlin!, T. Yordanova F. Poineat) P.M. Forste’.
A.P. Sattelbergér K.R. Czerwinski

'Department of Chemistry, Radiochemistry Program, University of Nevada Las Vegas,
Las Vegas, NV 89154, USA
Laboratory for Computational Mol ecul ar Desi gn, Ec
Lausanne, ¢t1015, Switzerland
3Energy Engineering and Systems Analysis Directorate, Argonne National Laboratory,
Argonne, IL 60439, USA

Recent results of hydrothermal reactions with pertechnetate, Tc(VII), have produced
various lowvalent compounds such as dication hexahalotechgdhdtand TeTc dimers.

The reaction of potassium pertechnetate in acetic acid /hydrochloric acid in an atmosphere
of hydrogen gas yields red hexagonal crystals of known tetraacetatodichloro ditechnetate(lll),
Tcy( €,CCH3)4Cl, and blue triacetatodigadichloro ditechnetate (11)(11l) hydrate.

Single crystal XRD analysis on both Tc dimers has been determined and the unit cell
parameters will be presented.

Additional characterization of th&cy(e-O,CCH;s)3Clx(H20),L bO including UV-Vis, and
FT-IR will shown. DFT calculations will be given for the {c€.,CCH;).Cls Tcy(e-
OzCCH3)3C|2(H20)2|; KD, anchz( -@2CCH3)4C|2.

Currently, work explores situ hydrogen generation via Zn or sodium borohydride, as well
as the use of alternative reducing agents, allowing for many more reactions to be carried out in
conventional autoclaves.

Results of the Zn and sodium borohydride reactions will be discussede dhesstep
reactions of reducing Tc(VIl) to low valent technetium provides high yield intermediates for
potential waste forms and use in nuclear fuel cycle separations.

Acknowledgments:SISGRFundamental Chemistry of Technetit®@ Incorporated into Meka
Oxide, Phosphate and Sulfide: Toward Stabilization of-Madent Technetium
Contract No. 47824B Basic Energy Sciences, DOE
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1.13.
PHYSICOCHEMICAL PRIN CIPLES OF THE DEVELO PMENT OF
RHENIUM -BASED AND RHENIUM -CONTAINING ALLOYS

Povarova K.B.

Baikov Institute of Metallurgy and Materials Science RA8varova@imet.ac.ru

Rhenium (Re) is a hcp transition metal belonging to Group Vihefthird long period of
the periodic table (atomic number 73he melting/boiling points (3453/6173 K), density (21.04
g/cnt), and elastic modulus (479 GPa) of Re are higher than those of the most refractory metals.
The maximum operating temperature wdticht he wei ght |l oss by evapor a
hours, reaches 2950 K.

Rhenium belongs to rare metals (its clark is ~1A0°%) and is difficult to manufacture
(because of strong strain hardening) and expensive metal.

The unique properties of Redisome its alloys, which can be used in the environments
impossible for operating of other materials, determine high interest in them. For example, in
shortterm and longerm strength at temperatures above 2400K, Re surpasses the best high
temperature cdlbrittle tungsten alloys and, unlike them, has a plasticity reserve at temperatures
down to cryogenic ones, high resistance to thermal shock and thermal cycliri2b(H), low
gas permeability, and does not form atgble interstitial phases.

The physcochemical approaches to the design of structural alloys with Re are developed.

Use of Re as an alloying element (AE) or as an alloy base is determined by two factors: the
mutual solubility of Re and AE and four "rhenium effects”, which have no anafogsgh
solubility of Re in bcc Group VI metals (W, Mo and Cr) has allowed the development of a new
class of hightemperature alloys and the alloys with special physical and chemical properties (W
Re, MoRe, and WMo-Re), in which the addition of 285 at.% Re simultaneously increases
low-temperature ductility and strengthofc@ch or t Gr oup VI-1metals (fARe e

The ability of Re to drastically increase th
effectc2 0) al l owed t he daevithéglobup tmé0nddMPa for elasticanemblers. o y

A substantial increase in letemperature ductility of W and Mo alloys at72at. % Re
(ARe -2d) ealtl owed t h e -eftaive dightempemtaré rhemiim atloyssfor
bulk products.

The ability of Re to increase the higgmperature strength and service life of modern
nickekbase superalloys i stowidely used as O0ORe eff ec
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1.14.
SYNTHESIS AND CHARACTERIZATION OF LOW -VALENT BINARY
TECHNETIUM CHLORIDES

E.V. Johnstone, F. Poined®.,F. Weck, E. Kirh P.M. Forester, B. ScéttT. Hartmann, A.P.
Sattelbergel K.R. Czerwinski

Department of Chemistry, University of Nevada Las Vegas, Las Vegas, NV 89154, USA
! Department of Physics and Astronomy, University of Nevada Las Vegas, Las \i¢g 89154, USA
2 Materials Physics and Applications Division, Los Alamos National Laboratory,
Los Alamos, NM 87545, USA
% Energy Engineering and Systems Analysis Directorate, Argonne National Laboratory,
Argonne, IL 60439, USA

Binary transition m&al halides (BTMH) are an area of fundamental chemistry that exhibits
an array of uniqgue chemical and physical properties. Of the Group V, VI, and VII elements, the
binary technetium halides for many years were considerably lacking in comparison withrealy
isolated and characterized in the solid state {TdlEFs, and TcCJ]) [1]. More recently, the
discovery of TcBf and TcBg has generated interest in pursuing Hteabent binary technetium
chlorides [2].

In this work two novel binary technetiutmalides TcGl and TcCi were synthesized in
guantifiable amounts in the solid state and analyzed using various physicochemical characterization
methods including singlerystal and powder Xay diffraction (XRD), U\AVis, X-ray absorption
fine structure (XAS), and elemental analysis, as well as density functional theory calculations
(DFT).

Technetium dichloride was synthesized from the stoichiometric reaction of technetium metal
and elemental chlorine at elevated temperatures as a novel compound witruewretype
consisting of an eclipsed conformation of T&] units containing a T-d ¢ triple bond [3].

Technetium trichloride was prepared from the reaction o{Gx€CH;)4Cl, with passing
HCI (g) at elevated temperatures and characterized as haoowpound isostructural to Re@Gilith
a triangular T¢" core structure containing metaletal double bonds [4]. The levalent
technetium chlorides synthesized exhibit new and interesting chemical structures and properties,
and even show potential asstaforms or use in separations for the nuclear fuel cycle.
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1.15.
RECENT RESULTS IN RHENIUM CLUSTER CHEMISTRY
V.E. Fedoroy Yu.V. Mironov, N.G. Naumov, K.A. Brylev
Nikolaev Institute of Inorganic Chemistry, Siberian Branch of Russian AcadeBwgi@rfces, Novosibirsk, Russia

(e-mail: fed@niic.nsc.ru)

Metal cluster compounds are very interesting and important representatives in rhenium
chemistry. Authors of this paper carry out the systematic investigation of rhenium cluster
complexes dung long time. The results of this study are preparation of more then two hundred of
new cluster rhenium compounds of different nuclearRe,, Re;, Re), Re,, discovery of some key
cluster complexes, among of them several compounds have original crystal structures and very
interesting physical and chemical properties.

The systematic studies of tetrahed[Rle;Q4(TeY2)sYs (Q=S, Se, Te; Y=CI, Br) and
octahedralRe;QsLs cluster compounds opened the possibility for synthesis of complexes with
diverse compositions and structures. Study of octahedral chalcocyanide compleQeédR)]*

(Q=S, Se, Te) was shown that using high temperature reactions it is passbbestitute innem-
Q ligands in cluster core with formation of mixed ligand units{®&Q &. Similar reactions give
the equilibrium between different chemical forms {8&Q QCN)s]* that is in common with
classical reactions of stepwise ligandbstiution which are typical in coordination chemistry.

Experimental conditions of reactions bringing to condensation of cluster fragments into
complexes having more high nuclearity were found: for example, octahedgSelBe]* and
bioctahedral [RsSe:Brg]® complexes were prepared from triangle compoundBRe and
twelvenuclear complexes with inserted carbon atomJReC)S;(CN)®’® were synthesized in
the process of further condensation of octahedral clusters. The latter is unique complex in
cluster chemistry of transition metals. ) )

Chalcocyanide cluster complexes JR&CN)i]*, [ResQs(CN)g]* (Q=S,Se,Te) and
[Re12.CS17(CN)g]® were studied broadly and carefully. Due to ambidentate nature of CN ligands
these complexes are very suitabielding blocks in design of coordination cyabodge polymers
of different dimensionality with structures of chdile, layered and framework types.

The methods for synthesis of hybrid tetrahedral and octahedral complexes coordinated
organic N and Rdonor ligands were developed. Some rhenium complexes possessing bright red
luminescence are synthesized; similar complexes are perspective preparation in procedure of photo
dynamic therapy. It was found that emission properties of cluster complexes megubsted by
modification of their electron structures via substitution of inner or external ligands in complexes.

Broad studies of chemistry of rhenium cluster complexes of different compositions,
nuclearity and structures have expanded essentially a memal knowledge in the field of
coordination chemistry of not only rhenium but also transition metals integrally. Obtained
regularity can be used as fundamental base in design of new cluster compounds and materials with
complex of necessary functionabperties.

Acknowledgment Authors thank Russian Foundation for Basic Research (grantsd$-09
92004HHC and 1603-0104060) for financial support.
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1.16.
HETEROLIGAND ALKOXIDES OF RHENIUM CONTAINING O  -Et
AND O-'Pr LIGANDS
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Keywords: anodic dissolution, rhenium alkoxides, heteroligand alkoxides, nanopowder, extended
Huckelcalculations

Abstract:

Currently homometallic and heterometallic rhenium alkoxides are already well known to science,
and because of close attention to them there are practically no gaps for researchers in studying of
that rhenium alkoxides. Existing warlon this subject pointed to the lack of study and novelty of
chemical synthesis of heteroligand rhenium alkoxides. But the analysis of the literature data
revealed an extraordinary closeness of the structures of rhenium isopropyl alkoxide and ethyl
alkoxide (subsequent R@s(OPr)10[1] and ReO4(OEt). [2] respectively; the metalluster frames

of them have the same structure (similar to the initial structure,(@Nie);¢)[3]), that enables the
synthesis of rhenium heteroligand complexes containiddget and -O-'Pr ligands. We report
guantumchemical analysis of the ligand nature influence on the stability of rhenium alkoxides by
the Extended Huckel Method, the electrochemical synthesis of heteroligand complexes with general
formula RO,(O-Et)(O-Pr)y (at an initial molar ratio of EtOH: ®H = 1:1; 2:1; 1:2 in the
electrolyte) and the study of physigdiemical (including thermal) properties of the heteroligand
complexes and products of their thermal decomposition byyXPhase Analysis, Element
Analysis, DTG, DSC and Hpectroscopy.

Introduction:

The substantial difference between the saturated vapor pressure above Re oxides and other
refractory metals oxides and incongruent sublimation of lower Re oxides hamper the production of
specimensvith a required set of propertieghis determines the relevance of the research aimed at
developing new methods of synthesis of rhertontaining metallic and oxide materials. One of
possible ways to monitor microstructure and composition of the nlaterig deliberate the choice

of the starting compounds precursors. Properties of a selected precursor and properly chosen
methods of processing allow one to control the composition and microstructure, opening the way to
obtain materials with requirecharacteristics. In many cases modern materials and designs require
strict control of the composition (0.1%) and the microstructure parameters (at the nanometers sizes)
[4]. An effective approach to producing functional materials based on-étentents (idividual
nanopowders of metals, alloys and ligatures, simple and complex oxides, bimetallic catalysts) with
a given set of properties and qualities is alkoxotechnology [5]. In this work we report the precursors
(heteroligand alkoxides of rhenium) obtainkey alkoxotechnology as well as the results of the
investigations of the dependence of the synthesized products composition and compositions of the
product their thermal destruction upon the ratio of the initial components.

Quantum-chemicalcalculations _

The analysis of the previous results [1,2] shows BR@Os(OPr)10 has an already regular cluster

frame Rge (metatmetal bond R&Re= 2522 . 55 | ) ,ReDEL), passesses a distorted

structure of the cluster frame evidenced by the mma&thl bond length (RRe=2.542 . 6 5 | ) . D
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to the closeness of their structures the possibility to produce heteroligand complexes based on one
or another structure with probablabstitution of a certain number of ligands clearly exists. For
preliminarily estimation of the possible existence of heteroligand rhenium alkoxides, the quantum
chemical calculations were performed using the Extended Huckel approach realized by the CACAO
program packagé.o facilitate calculations, theCHz andi CF; radicals were used insteadid@,;Hs

andi g HCF; ones (as simplified analogues). The findings can not be aseeferenced data and

were employed only for the comparative analysis.

Table 1. The common data for the Red clusters inthe ResOs(OPY) ;s and ResOufOF1) i

® -Fe
oxidation level | Charged Number of
complex symmetry | form
of Rhenium cluster cluster electrons
Re/0s(0Pr)1s | Re(V, VD) [Red]*** e=6 D2, é
ReO(QE0n | Re(V) | [Redp™ =8 c2, é

First of all, we compared the Recluster for both structures,
Re,06(OPf)10 and  RgO4(OEt), (Tab.1). Thisdata enables an

ﬂ:i:b\- / analysis of energy states for clusters J&& and [Re]*°" o

3 p— complexes R@s(OPF)10 and RgO4(OEt), correspondingly (that
“:b i comes to agreement with the number of cluster electrons in each
ﬂ f,(’,': structure). The analysis of the diagrams of maacorbitals marked
“@3" out 6 bounding molecular orbitals in each case. That is evidenced by
the analysis of the boundary surfaces of the atormicbdals of
rhenium atoms comparatively to each other. (Fig.1). These results
agree nicely with the data dedmd earlier in the literature for the
system with 8 cluster electrons (JR8"). Calculations for both G2
and D2 symmetries were performed with different number of cluster
_ electrons (6 and 8). However, only insignificant differences between
comparatively o eact the energytates of two structures were observed. Thus a cluster with
other in the [Rg™" with  the cluster frame Recan exist with slight geometry variations
the 8 cluster electrons. meaning that compounds with variable geometry and composition can
be prepared; moreover, the formation of complexes based on
isopropy alkoxide structure and on ethyl alkoxide structure is equally probable. On the next stages
of the calculations only the @&ymmetry was used since this provides the way to simplify the
process of adding the r agdl aw ! 8O kyantsowere tsed for | u s 1
construction of JOhe 2 iGrsagdO®ybtdineld for the skcord mbdel of
charged clusters (for [R®¢]*°"and [RaOs( © 34]*** respectively). The number of bonding cluster
orbitals remains the same for such structures and equals to 6. From the energy diagrams one can se
that both fragments of heteroligand complexes can be stable because of small differences between
their energystates. On the third stage we estimated the influence of terminal bonds on both charged
cluster structures [R6¢*°" and [ReOg( H3h]'°". We input 6 terminal bondsCH; to every
structure (Fig.2).

Fig.1. Diagram of the
boundary surfaces o
atomic  dorbitals  of

rhenium atoms

6C
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Afterwards we changed 4dllCH; ligands with
O -Re the 1 CR; ones. The diagrams of the energy
e .0 states for these cluster structures show that
. _CH. or -CEs the fluorinecontaining radical stabilizes the

compl ex structure only
O ¢ Fposition.
Substitutions of thé OCH; ligands by the
OCF; ligands at the termal position does
not influence apparently the order and
location of 6 dd bonding orbitals, which are
responsible for the bonding in the cluster. The HOMIMO separation responsible for the
electrostatic interaction is increased when H is replaced witrh&.fluorine contribution to the
orbitals responsible for RRe bonds is
negligible. This trend is observed for all structures of this model. Thus, the nature of the fluorine
influence is based on the electrostatic factors. The fourth stage of the tt@hseas similar to the
second one ([RO'*" and [ReOs( ]’ r especti vel y). But, sifmport
|l i gands % gnes.t Thie low@rs significantly the energy of bonding molecular orbirals
resulting in more stable structures in qmrison with initial [ReOg]*** and [ReOs( & #4]*°*. This
raises the question whether the synthesis of the suilfumt ai ni ng &8 dgamolgisi e wi
realizable.

Fig.2. Cluster structures for the third stage of
guanturchenical calculations

Experimental
Table 2. heinitial molar ratios and the conditionsfor the To obtain heteroligand rheniul
anodic dissolution of rhenium metal with mixtures of a) alkoxides the anodic dissolution

EtOH andPr'OH and b) EtOHand CFsCH,OH rhenium with alcohol mixtures we
Ne n(EtOH):n(-PrOH) in u, v I, mA t, h. applied. The condlt_lo_r}s of th
electrolyte syntheses {VI) and initial molar

I 1:1 110-160 | 260-80 17 ratios of alcohols in the electrolyte
(I-VI) are given in Tab.2. Th

I 2:1 50-100 | 160-110 26,3 products of anodic dissolutions a

very sensitive even to traces
atmospheric moisture and oxyge
"(E@H;:gfﬁfg:omi“ u v I, mA t, h. Therefore, all manipulations wel

. carried out in a dry box witl

1] 1:2 60-150 100-30 24,8

v 141 35-70 | 170130 | 317 nitogen atmoghere. A glass
v 2:1 50-70 | 195-110 32 electrochemical cell with wate
Vi 0:1 30-60 80-20 37,7 cooling and a condenser were t

facilities for every synthesis.

To prevent the decomposition of the formed compounds a tube with a drying ages)tw@s

used. The watefree EtOH, POH and CECH,OH were sed as an electrolyte, a 2 Tplatinum

plate as a cathode, and rhenium bars as an anode. Alcohols were dehydrated prior using in the

synt hesi s. Concentration of | ithium chloride
optimal conductivity ad low chlorine contamination. Before use, LiCl was annealed (1300
AC) in vacuum for an hour to dehydrate it

measuring voltage and temperature. Once the chemical reaction completed, the resulting $iquid wa
transferred into a glass flask and subjected to solvent vacuum evaporation to yield a final powder.
The rhenium content was determined gravimetrically as nitron perrhepgiesfil H R £[€],

carbon and hydrogen by organic microanalysis with CENRAPID (Heraeus GmbH, Germany).
X-ray diffraction patterns were obtained on a XDR 6000 powder diffractometer (Shimadzu, Japan)
with Cu Kgradiation; IRspectra in the range 40@@0cm® *were recorder on an EQUINOX 55
spectrometer (BRUKER, Germany), with the s#amiept between IRransparent KRS plates in
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liquefied petrolatum to prevent decomposition; Thermal analysis was performed in aifi 6G0Q
D derivatograph ( MOM, Hungary) up to 430Aug wi

Results and Discussion

Table 3.The data of eleme As one can see from the Tab.3, the results of the elemental analysis
analysis on the content of (synthesis I) on the content &e for the heteroligand product of the

for the first syntesis in reaction comes to agreement with the vkelbwn facts. As regards the
compare with the literary  |R-Spectroscopy analysis, the peaks corresponding to 9099148 cm

1 910 cnt, 913 cnt and 911 crit for the liquid products of syntheses

LI 11, 1V,V respectively are absent in the spectrum of pure EtOH and
complex R&.%) pilOH al cohol s an dOiRe [78]t Atogather, thisise 3

data.

[2] Re;O,(OEt), | 55,20

[1] Re,0s(OPP, | 52.00 | good evidence to the fact thatable 4. An appropriate

| 5524 | heteroligand complexes were obtaineflequencies for the liqu
From Tab.4 one can see all relatgfoducts of synthesedll.

frequencis for the liquid heteroligand alkoxides of syntheses. |
Consequently we can draw a conclusion that intensities and shages |@ppropriation
IR-spectra are influenced by the initial molar ratios of the individpal [frequenciescm

alcohols in the electrolytéAnd therefore, the endingroducts dependi™ |5 4f = 3340
on the initial ratio of alcohols in the electrolyighe DTA/DTG method 3 - = A5 1
also proved that the initial ratio of the alcohols influenced on fthepp & = 2935

it i $8 Re=0O =954
products of thethermal decomposition of the heteroligand alkox de.;3 Re O (bridge) = 653

because there are certain differences in the shape of the clirvgsg
presented in Fig.3, which illustrated stages of the decomposition pf |; rei O(R) = 488

complex I. Nl |p [ = 3468
At 85°C an endothermic effect is present. This peak corresponds tp te - = -1162 7
650 180T 3 Q& 29022975
DTG 3 Re=O = 1005
600} ) D 3 Rei O (bridge) = 816
2 MRC 2700 380 946
nmpeE L = 3470
450 ~ nyc  BC T 3 - = 116D 3
400 4 3 Q4 = 298 3

1050¢ 127w (170°C)
133,5 ur (120°C)
127 i (170°C)

3 Re=0O = 961-1001

3 Rel O (bridge) = 913
938

250 4 75°C 3 Rei O(R) = 477

loss of 27,8% mass for the
heteroligand complex .
(While the total decrease of
weight was determined as

0 k | . I ; | v I ' I E I . I E | : HL H
0 500 1000 1500 2000 2500 3000 3500 4000 40,06% of the initial weight
of  complex 1. For
Fig.3. Thermogram of heating for the complex | complexes Il and Il we

donot observe the same
trend. They have regular loss in mass until®@Q@otal weight loss was 24,26% and 20,30% with
respect to the initial mass of complexes Il dmdrespectively). Also, for complexes Il and Ill the
thermal effects are less sharp as in the case of I. This can be due to the different ligands ratio in the
heteroligand alkoxide structure. The thermal decompositions gD R2Et)(OPY), in oxidative
atmosphere under 2%5 is followed by the formation of rhenium oxides nanopowder. In the case
of it is presented on Fig.4. In other cases (complexes Il and Il and also 1V, V) one can see similar
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diffraction patterns. The thermal decorsfiimn of thefluorine-containing complexes in oxidative
atmosphere under 480 also results in formation of rhenium oxides. In inert atmosphere (Ar) we
have another illustration for the decomposition of heteroligand complexes (DSC, Tab.5). Therefore,
the nature of atmosphere significantly influences the decomposition ways of heteroligand alkoxides
of rhenium.

108 -

+
{®

I, %

’:(-IC‘DD—J CPDS,- No.17-0600,-ReO2 -monoclinic?
?'ICDD— JTCPDS,: Mo 0920274, Fe( rhombich
+ -PSC-TI40/115, RezOqg[2]9
Fig.4. X-ray analysis of the decomposed product of the comple:

Table 5. DSC effects for heteroligand complex | aP&0

compleX DSC effect A u| General mass los%
| endothermic 115, 412 17,45
Conclusions.

By means of experimental and theoretical methods we revealed the fact that heteroligand complexes
of rhenium with general formul&e,O,(OEt)(OPY)y, have been obtained. The complexes are
characterized by Xay phase analysis, element analysis, DTG, DSC IRrgbectroscopy. The
formation of both heteroligand alkoxides complexes based a@¢®&Pr);o structure and one
based on R©®4(OEt), is shown to be equally probable.

In the RQO4(OEt)y, complex, part of(OEt) ligands can be substituted HZH,CF;) ones. The
replacement of H atoms with F ones increases the stability of the complex only if the ligand sits in
t h epodiion.

The structure with the Relusteef 1 a me ¢ a n >-@ligands tn it ara likedy tode substituted

b y -igands, and the-Sontaining complex is expected be more stable than thentining

one.

The thermal decomposition leads feenium (IV) oxides as products in different modifications
(monoclinic and orthorhombic) and also produces the metastable ph#3g Rat evidenced by

XRD.
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1.17.
STATUS AND PROSPECTS OF STUDIES ON THE CHEMISTRY OF
COORDINATION COMPOUNDS OF RHENIUM (V)

A.A. Aminjonov

Tajik National UniversityDushanbeazimjon51@mail.ru

As a result of the made perennial purposeéslearches by us are received a series of important
results on processes of a complex formation of rhenium (V) by sulphur or nitrogen of organic
compound ligands. In particular we managed to synthesis and identify more than 2500 new
complexes of rhenium (V Reactions of their formation are offered. It is positioned that on
composition of formed complexes affect both interrelations of initial reagents, and concentration
halogen acidslt was shown that in medium HX (where -XCl, Br or F) of 6 mol/lproduce oxo
complexes compositions, [ReQIPLO)]; [ReOLX; [ReO(L-H).X]; [ReOLX]X 2 [ReOL:Xs]; [ReOLX]X 2 by

the following general reactions;

Ho[ReOXg)+L+H,0=[ReOLX3(H,0)]+2HX (1)

H,[ReOXe]+L=[ReOLXz]+2HX )
H,[ReOXe]+2L=[ReO(L-H),X)]+4HX 3)
H,[ReOXe]+2L=[ReOLoX] | 2+2HX (4)
H,[ReOXs]+2L=[ReOL,X3]+2HX (5)
H,[ReOXe]+4L=[ReOLyX] | 2+2HX (6)

In reactions (2) and (4) ligands are bidentat, as in mwadB) - bidentat deprotonated. In the

concentration range of 4 to 6 molWX, depending on the nature of the ligand formed a

monomerization  or dimerization with oxygen bridges oxo hydroxyl complexes types:

[ReO( )LX2(H0)]; [ReO( 1)L2X2]; [ReO( 1)L2X2 [R&0sloXa];  [Re20sL4]X4;

[Re:0sL2( 2f )2Xal; [Re&O([ 1)2L2X4] in accordance with the reactions;
Ho[ReOXg]+L+2H,0=[ReO([ 1)LX 2(H-0)]+3H] 7)

Ho[ReOXe]+2L+H,0=[ReO( 1)L2X5]+3HX @)
H2[R€OX5]+2L+H202[RGO£( 1)L2]X2+3HX (9)
2H,[REOXe]+2L+H,0=[Re:0sL X ] +6HX (10)
2H,[ReOXe]+4L+H,0=[Re:0sL 4] X 4+6HX (11)
2H,[ReOXe]+2L+3H,0=[R&0sL( of )2Xa] +6HX  (12)
2H2[R€‘OX5]+L+2H202[RGZOZG '[)2L2X4] +6HX (13)

In reactions (10) and (11) ligands are bidentate. In media with concentration HX below 4 mol/l
predominantly formed dimeric complexes with an oxygen bridge.

We were able to develop a universal method of synthesis of complexes of rhenium (V) in
environments with low concentrationstdK whose essence lies in the fact that in order to prevent
hydrolytic processes in aqueous solution of ligand added to theatald@mount of jjReOXs] in
6 mol/l HCI and 7 mol/l HBr.

It is established that the formation of complexes of rhenium (V) with alkyl hydroxide
derivatives of thiosemicarbazide in medium HXA1 mol /1 ) occurs only whe
At high ratiosRe:L is the hydrolytic cleavage of the alkyl hydroxide groups and formation of the
corresponding thiosemicarbazide complexes. Revealed that the reactions at the interface by mixing
a benzene solution of thiosemicarbazide with solutions alkyl hydroxielXs] in mediumsHX
environments, provides the highest yield and best purity of the complexes of rhenium (V) with this
class of ligands.
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According to Xray studies of the synthesized complexes of rhenium (V) are crystalline and
have either an orthorhombar tetragonal. Based on the data magnetic chemicals, potentiometric
and infrared spectroscopic studies confirmed the immutability of the oxidation state of rhenium in
the synthesized complexes. A study of thermal decomposition process of the ligandsplexes
showed a significant increase in thermal stability of the ligands in the coordination of triazoles. The
inverse association was found for the rhenium complexes two substituted thiosemicarbazide
rhenium (V). For complexes of rhenium (V) withnZeraptoimidazole and its derivatives were
found following the reaction with the formation of hydrate thermo gravimetric isomers.

[ReOLy( bl )Xpeids- [ReOLX]XolHo ¥4 [ReOLX] m L+Hof .

It is proved that the Slow complexes of rhenium (V) wiénze2,1,3thiadiazole in 50
60°C in an oven formed R©s. The process thermo gravimetric of monomeric hydroxo rhenium
(V) proceeds with the formation of dimeric compounds by the reactions

2[ReO( 1 LoXi] ¥ ¥A- [Re;OsLaXq +201
2[ReO( 1 [ ) &a(te) ) ¥4 [Re O [ (I u t)Xd + 2N

[Re; 0o f ¥(J+ U 1):Xd] %%~ [R&Os(mu DX A1
For thiosemicarbazide metleylesemicarbazide complexes of rhenium (V) proposed the following
reaction of thermolysis

[ReOLX]X 2 Yo Y44- [ReOL(SCN)X]+NH3z+H X+HCN.
Depending on the nature of thepordinated ligand onset temperature of decomposition of
complexes of rhenium (V) changes in the following order:

[ReO(FTSC)Br|] & [R&LO(FRBIReBISDTC)

478 4765 473
[ReO(GDTC)CI]>[ReO(Tthiol)CLH,O(OH)]> [ReO(Tthiol)BsH,O(OH)]>
463 443 43%
[ReO(Tthiol),Cla(OH)]>[ReO(Tthiol,Brz(OH)]> [Re;03(TSC),Cls]>
428 418 405
[Re;O3(TSC)YBrs]>[Re;03(TSCU]Cls > [Re:03(TSCY]Br 4>
396s 383 371s

Using a flowtype reactor, kinetics of the formation of thiocyanate complexes of rhenium
(V) with thiosemicarbazide. Held kinetic analysis showed that the range of degrees of conversion of
0,00® 0,58 studied process ki[$-(1-Djeand at dgbes valugs b e d
of Udiffusion equation Yandera. The results of kinetic analysis of the formation of thiocyanate
complex of rhenium (V) ¢ TSC are presented able .

Table I.Kinetic parameters of the process of therm@tomposition oxohalogethiosemicarbazide
complexes of rhenium (V)

- | The composition | Mechanism| IntervalU , Stand. E, )

of compounds % deviat. kJ/mole
1. | [Re;05(TSC)Cl4] [1-(1-0) %] 0, 765 12091 120,1 1, 65A
2. | [Rex03(TSC)Br] 0,565 1,01 118,8 1, 1 5%
3. | [RexO3(TSC)]Cl, 2,763 0,62 113,2 8, 15%
4. | [Re;O(TSC)Br4 3,963 0,58 99,6 7, 4 5
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Presented in Table | show that compounds with a ratio of Re: TSC = 1:1, are more stable
than the complexes of 1:2. In addition, at the same ratio of Re: TSC are more stable chloride
complexes.The data on the thermal stabilityxohalogencomplexes of rhenium (V) with
thiosemicarbazide correlate with the results of IR spectroscopic data on the magnitude of the shear

bandsn (C=Y9).

The kinetics of interaction with the complexes of {§{ReO(FTSC)X], where X- F* CI',
Br, I, CH3COO, NO" has shown that with increasing temperature generally slows down the speed
of the process and reduces the number of moles of accession ammonia. In the first stage of the
reaction is displaced by ammonia entering into the inner sphere complexes tyetine:s

[ReO(FTSC)X] +NHzY [ Re O (:NHIPS C)

Mathematical processing of experimental data using kinetic equations, based on certain physical
models, showed that the interaction of chloride, bromide and iodide complex witiigfeby the

equationk! =[-In(1- éz)]%1 and fluoride, nitrate and acetate, respectivély=[1- (1- a)]%
calculated rate constants are Table. 2.

Table 2 Rate constants of the interaction of complexes of general composition [ReOLK[I\8i@) gaseous
ammonia in the range 2983K

Composition (k, sich. 10°
complexes 293s| 303s| 113s| 3235
1 [ReO(FTSCY] 28,0 10,0 5.8 3.3
2. | [ReO(FTSC)BI] 11,0 7.7 2.4 11
3. [ReO(FTSC)CI] 4,2 27 2.0 1,2
4. | [ReO(FTSC)CH,COO] | 2,7 2.1 1,5 0,92
5. | [ReO(FTSCINO] 23 17 1,0 0,55
6 [ReO(FTSC)F] 22 18 15 1,0

From the data of Table 2 shows that k valdesrease with increasing temperature. A similar
dependence of k on temperature was observed Pavlyuchenko MM and Lazerko GA in the study of
the interaction ofNH;® with the chlorides of cobalt and zinc. The rate of interaction with the
complexes oNH3@ [ReO(FTSC)X] depends on the nature atsidoligandov lability which at 293K
changes in the following order:

I">1r>ClI'>CHCOOO0 NOAF

On the basis othermo gravimetric studies show that the decomposition temperature of the
onset of intense complexes of rhenium (V) depends on the nature of the alkyl radical, which is part
thioamino ligands. On this basis suggest appropriate ranks.

Found that the thermaflecomposition of uncoordinated sulfur compounds azole series
depends on the nature of the alkyl radical and its provisions. We propose the following series of
temperature changes in the beginning of intensive thermal decomposition of the ligands: 1,2,4
ti azol e (-in6tiy+l R 4t6aroltied8 (200 A C) <triagolid-® A2 £Q KA 1¢
<3-methyt1 ,2,4triazoltior5 ( 230 A C) . Studi es conducted on
of complexes of rhenium (V)-Bt-4-Met-l ,2,4-Thiol and 3,4-DiMet-| ,2,4-Thiol, show that the
majority of the synthesized compounds contain water of crystallization and the first stage of thermal
decomposition of these complexes is related to their thermo dehydration. For the monomeric
complexes containing weatt of crystallization, together with and coordinated water, the second
stage of thermal decomposition removes the molecules of coordinated water with subsequent
dimerization of the reaction:

2[ReO(OH)L(HO)Cl;] ¥4%- [RexOs( /77-L),Cly]+3H,0
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The third stage othermal decomposition is connected with partial decomposition of the
molecules of &Ft-4-Met-,2,4-Thiol and 3,4DiMet-l ,2,4Thiol and the formation of new
compounds containing the deprotonated molecule of thiourea.

[Re;05( /T1-1),Cls] ¥3%- [Re:03(N2SCH)2Cla]+2CHsCN+CoH,

Investigation of thermal properties of complexes of rhenium (V) with Ethio &ttelMI
showed that increasing the number of coordinated molecules EthicEf#MI leads to a slight
decrease in temperature of the beginning of the prdbessio dehydration, but does not affect the
temperature of the end of this process and the peak temperature endo effect. This increases the
temperature of the onset of decomposition of complexes. It is established that, irrespective of the
nature of halideions with the number of coordinated molecules EthiBt-2MI increases the
number of molecules of water in the complexes. It is shown that the replacement of chloride
compl exes demerization ions to br omi dileabtve 300
this temperature there is an opposite effect. This means that for the chloride and bromide complexes
of rhenium (V) depending ogam = f (T) there is a point of intersection, which varies from the
effect of halide ions on the process of thermolysis of complexes of rhenium (V). A similar point of
intersection of the curve and theregism = f (T) for twoand tetra complexes, from whichanges
the effect of the coordinated molecules Ethio a&tt2MI the process of thermolysis of complexes
of rhenium (V).

Investigated the acidic properties of some synthesized complexes and determined their
basicity. Calculated acid dissociation consdasftthe successive test compounds.

Prior to the beginning of our research processes of mutual substitution of ligands in complexes
of rhenium (V) remained virtually unstudied. We carried out studies on the substitution of
coordinated ligands in the conegles of rhenium (V) other ligands, particularly thiocyanate ligand,
molecules of ammonia, dimethylformamide, pyridine, acetonitrile, dimethyl sulfoxide, quinoline,
triphenylphosphine.

On the basis of experimental studies on the mutual substitution ofisigancomplexes of
rhenium (V) madesome conclusions about the spatial arrangement of the ligands in the octahedral
plane. In particular, it was determined that the action of triphenylphosphine -in 2
merkaptobenzimidazolny complex rhenium (V) of [ReOkhBrs]H,O in the medium of acetone
formed complex of [ReOL(PR)Br3]2H,0 from the equation

[ReOL(H,0O)Br3]H,O+PPh= [ReOL(PPh)Brs]2H.0.
Even with an excess of triphenylphosphine, compounds with a large number of molecules

coordinated PPhis formed. For the original complex structure [ReOi@hBrs], there are four
possible spatial arrangement of the ligands:

®) @) @) @)
B/—H—Br L/_/.;_Br 7—/-{—Br 7—/-1—Br

Re/ Re/ Re/ Re/

H,O— 71 Br Br— 1 —Br HO—7 —Br Br—T7 " H,0
L H,O Br Br
0) D) (1) (V)

If the source of the complex [ReOL{8) B r,Q Wodld have the configuration (1) or (Ill),
after replacement of water molecules ophenylphosphine, due to the large trans influence of the
latter was replaced by bromide ion, which is in trans position to triphenylphosphine, that is, would
form a complex of tranfReOL(PPR).Br,]*. Configuration () is unlikely, because in the IR
spectrum of the original complex [ReOL{Bl)Br;]H,O maintained an intense band corresponding
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to stretching vibrations rhenium (Re = O) group. If in a trartbe position of the oxygen renilnoy
was a water molecule, the intensity of this band would hageedsed to low. Also note that the
literature no data on the complexes of rhenium (V), in which triphenylphosphine would be in trans
position relative to oxygen.

In the case of configuration (IVV) molecule of triphenylphosphine, replacing a water molecule,
stands in the trans position to the molecume&kaptobenzimidazola (L) in the equatorial plane.
The second molecule of triphenylphosphine can not supplant any moleculd®if #r bromide
ions in cisposition, due to steric reasons. According to therdture in the triphenylphosphine
complexes of rhenium (V) forms only the trans isomers. As a result of these factors, the process
stops at the formation of [ReOL(P#Brs;]2H,O. Thus, the study of the interaction of
triphenylphosphine with a complex congiiion [ReOL(HO)Br;3]H,0 yielded evidence that this
complex has a configuration of (IV).

Based on data for the study of processes of mutual substitution of ligands in complexes of
rhenium (V) was proposed following a number of mutual substitution ofghads:

L a PSANBNH>CI, Br>S>H0, where L- tioamidnoe connection and-IBMF,

DMSO, Py, Hin, CHCN.

Investigating the interaction of ammonia with the amide and complexes thioamides rhenium
(V), set up three types of reactions. The first typdudes reactions which take place only with the
displacement of halide ions from the inner sphere complexes. The second type of reactions include
dimerization reaction of monomeric complexes with the replacement of halide ligands. The third
type of readbns are reactions that result in coordinated thiocyanate ions are converted into
tioamidinovuyu group, although the molecules of ammonia thiocyanate ions from the inner sphere
complexes are not displaced.

It is established that the reaction of ammonia glexes of rhenium (V) with inorganic and
organic acids occur in different ways and depend on many factors, including the nature of the acid
and its strength.

By using the developed electrodes reversible ligand (20) based on thecsalfaining
organic conpounds and their oxidized forms, the valoéstep formation constants of complexes
of rhenium (V) in media with different concentrations of HCl and HBr in the temperature range
273338K. A method for determining the formation constants of complexgseafum (V) by the
potentiometric method in environments with low concentrations of HHal. The regularities of the
influence of the ionic environment, temperature and nature of the ligand on tioamidnogo stability of
the complexes of rhenium (V). The regitias in the change of % depending on the nature
tioamidnogo connection. We propose some general guidelines on the use of reversible redox
systems for the study of complex formation.

As a result of targeted research identified several aspects of thiegdrase of complexes of
rhenium (V) with amide and tioamidnymi ligands. In particular, we show that tioamidnye
compounds and complexes of rhenium (V) with greatly increased resistance to radiation and reduce
the electrified polymer materials. The feasiof rhenium complexes more stable effect (V). In this
case revealed an unusual stabilizing effect of the complexes in contrast to the uncoordinated
ligands. The regularities of the influence of the number of coordinated ligands and the structure of
the ommplexes on the radiation resistance of polymers. It is shown that some complexes of rhenium
(V) increases the radiation resistance of polymers, both in terms of-piioip and in photo
mechanics.

Study of the biological action of complexes of rhenium &id the ligand is shown that the
coordination of ligands to rhenium (V) leads to a significant reduction in their toxicity. The effect of
organic and inorganic ligands on the toxicity of the complexes of rhenium (V).

The valueof LDsp valuesfoundfor some of the ligands and complex compounds of rhenium
(V) are given in Table. 3. From Table. Figure 3 shows that the complex compounds of rhenium (V)
with  1-methyl2-merkaptoimidazolom, thiosemicarbazide;pHenylthiosemicarbazide and- 1
formyl-3-thiosenmicarbazide are lowwioxic compounds. It should be noted that complexes with-1,2,4
triazole and 4aminc 1 ,2,4triazole are practically netoxic compounds.
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Table 3 LDs valuesof complex compounds of rhenium (V)

Complex compounds Solubility LDso
i/ rhenium (V) in water Inside- Oral
peritoneal introduction
introduction
L-1-methyl2-merkaptoimidazol
1. [ReOL4Br]BrA 2,6 soluble 750N3¢ 900N4
2. [ReOLLCIICI,A 2,0 850N3
3. [ReOLBrs] A2 H 700
4. |[ReOlwls] A2 H 465
L - 2 merkaptoimidazol
5. [ReOL,CIICILA 2,61 105N10 550N1¢
L - thiosemicarbazide
6 [ReOLCI|CI,A }O 140N4,
7. | [ReOL:Br]Br,A 0 383 N3 §
8. [Re,OsL4]Br 4 433N51
9 [ReOLBr] insoluble
L - 4-phenyt3-thiosemicarbazide|  insoluble
10. | [ReOL:Br; ADH 320N2
11. | [ReOLCl;] ADH 290NKN2
L-1-formyl-3-thiosemicarbazide
12. | [ReOLNH;]CI 183
13. | [ReOLCl] 260N3( 650N4
L - 1,2,4triazole
14. | [ReO( 1)ICI.A O >4000
15. | [ReO([ 1)]Br2A ¥D >4500
L - 4-aminol ,2,4triazole
16. | [RexOsL,Cla(H20),] ~2000
17. | [RexOsL,Bra(H20),] ~3000

It must be emphasized the factsmnificant reduction in toxicity with thiosemicarbazide
coordination of its molecules with rhenium (V). Thus, if the TSC for free intraperitoneali€.D
equal to 14 N 2,15, i e i s a toxi gisequahfpahe nd,
LDsx433 N5 1, 3. For thi osemicarbazide compl exes ol
increasing number of coordinated organic ligand molecules, and for theethil2-
merkaptoimidazolnyh complexes observed an inverse relationship. In analyzing thet ohpa
inclusion in the composition of the complexes of halide ions established that the bromide
compounds are less toxic than similar chloride compounds. Based on these studies we can conclude
that the introduction of formyl group of the thiosemicarbadelds to a decrease in toxicity
rhenium complex of more than two times. Due to poor solubility -eérditiosemikarbazidnyh
complexes, their toxicity is investigated only by the oral route of administration. These compounds
were administered in the form &f2% waterglycerol solutions with a ratio of water: glycerol =
10:1. 1,2,4triazole and 4minc1,2,4triazole complexes when administered orally in the form of
waterglycerol solutions were practically n@oxic compounds.

Total Calc. 3 change the toki of complexes of rhenium (V) with amide ligands and
tioamidnymi can be arranged in the following order:

[ReO(OH)(TP)BE(H20) | O[ Re O( @HHP)IET P ) Cl
>[ReO(OH)(4ATF)Br(H,0)]>[ReO(OH)(4ATF)Cly(H,0)]>
>[ReO(EMet-2-M,)Br]BrA 2,6>[ReO(EMet-2-MI) 4ClICILA 2,6
> [ReO(2MI) 4,CI|CI A 2,6,
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Among the complexes synthesized by us were found compounds with rengenokontrastnymi
properties, seizure and antivitamin activity, doependent effect antiyazvennym, radioprotective
and antithyroid action, as welk the substance showing an anabolic effect.

Some complex compounds of rhenium (V) showed resistance at temperatures of curing the
matrix, giving the composite materials set the necessary properties, samozatuhaemost, heat
resistance, corrosieand high delectric properties. It was possible to show the principal possibility
to achieve a monolithic matrix, reducing the time to cure, the implementation of the stagye
curing of thermosetting binders of different chemical nature, improving the numbeopsEries
and imparting new properties of composite materials. In this case elimination makrodefektnosti
matrix is achieved by optimal amounts of the complex and the choice of the new regime (selected
according to criteria monolithic matrix) curing the quusite material using a nondestructive
method of electro control. In particular, the processes of curing of thermosetting bindeds LBS
ENFB, BFOS 0.01% modified complexes of rhenium (V) compared to the known modes of
accelerated respectively 7.9, 9.46 imes. In this modified polymers are homogeneous and have
acquired a new quality samozatuhaemost. By introducing a complex of rhenium (V) in the
epoksiuretanovogo polymer consisting of heterogeneous oligomers, obtained the matrix of new
generations cable of forming interpenetrating structures, where the defective areas of hardening
due to the formation of network polymers kation different chemical nature. In this direction,
developed the scientific foundations of technology for the processing of @olgomposite
materials with desired properties.

Interesting data on the effect of some synthesized complexes on the germination and vigor of
seeds of some crops.

Perfection has no limits and therefore chemistry of coordination compounds of rhenium (V)
should be developed and far and wide, attracting new more advanced methods of research,
equipment, and theoretical views. In our opinion, in the short term is expedient to continue studies
in the following areas of chemistry of coordination compoundsegiitim (V):

-using new classes of ligands targeted synthesis of complexes of rhenium (V);
-study of the processes of mutual substitution of ligands in complexes of rhenium (V);
-research the process of chelation of rhenium (V) in HCI solutions at conetargntration [H]
and [CI]-ion at different temperatures;
gH-determination of the processes of formation of complexes of rhenium (V) by the calorimetric
method;
-study of the processes of interaction of donor molecules as NO and CO complexes with rhenium
V)
-determination of kinetic parameters of the interaction of ammonia with complexes of rhenium (V)
depending on the nature of coordinated organic and inorganic ligands;
-investigation of the complexation of rhenium (V) using different electrical methods
-search the complexes of rhenium (V) compounds exhibit high biological activity in order to create
new and effective drugs;
-study towards obtaining new nano composites with complexes of rhenium (V) ions and other
metals;
-works on the comparison of sthtly, physicochemical and other properties of the complexes of
rhenium (V) with ions of other metals;
-developed oxidatiomeduction electrode systems based on rhenium compounds in different
oxidation;

-establishment of the laws on the influencevafious factors on the electrified and other
electrical properties, as well as on the radiation resistance of polymer and polymer composites

modified complexes of rhenium (V).
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1.P1.
EFFECT OF THE RHENIU M(V) COMPLEX OF 3,4-DIMETHYL -1,2,4

TRIAZOL -5-THIOL ON THE CELLULO SEDIACETATE LIGHT
FASTNESS

N.G. Kabirov, S.M.Safarmamadov, A.A. Amitgrov

Tajik National UniversityDushanbeazimjon51@mail.ru

The effect of variousoncentrations of 3;dimethyl1,2,4triazol5-thiol and the complex
compound [ReO¥OH)Cly] (L-3,4dimethyt1,2,4triazol5-thiol) light fastnessliacetate cellulose
(DAS) has been studieds an example, the table shows the experimental data dependihg o
tensile strength of the DAS complex concentration and time of UV irradiation.

Table 1.The dependence of the tensile strength of DAS on the concentration of complex composition
[ReOL,(OH)CL,], where L=3,4-dimethyi1,2,4triazol-5-thiol and UVirradiation (a= 254nm, | = 0,040
Kal/cnfmin)

The Exposure timeh
concentration of
additives% 0 2 5 10 15 20 25
0 10,6 7,2 6,0 4,7 3,0 2,6 1,1
0,01 10,2 9,6 10,2 9,4 8,3 8,0 7,6
0,05 9,5 9,3 9,9 10,8 10,0 9,3 7,0
1 9,8 10,1 9,8 9,2 6,0 5,2 4,0
3 10,1 9,2 8,4 6,8 51 4,6 3,0
5 10,5 9,4 8,3 5,9 4,8 4,1 2,9

The table shows that the introduction various amounts of the complex

compound

[ReOL(OH)CI;] to the DAS has little effect on its initial tensile strength. However, there is a
general tendencto the coefficient increasing of light fastness DAS at the introduction into it of
various amounts of complex composition [Re(@H)Cl;]. In addition, the curve of the tensile
trength of the UV irradiation time for the modified films at additives conceatrsiequal to 0.05%

it is the maximum. It means, the tensile strength of modified film exceeds its initial tensile strength.

Studies have shown that the coordination compounds of rhenium (V) showsligineat
stabilizingactivity against DAS compared tmeoordinated ligand.
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1.P2.

OCTAHEDRAL RHENIUM(III) CHALCOCYANOHYDROXO

CLUSTER COMPLEXES
A.V. Ermolaey A.l. Smolentsev, K.A. Brylev, V.E. Fedorov, Y.V. Mironov

Nikolaev Institute of Inorganic Chemistry, Siberian Branch of Russian Academy of Sciences, 3 Acad. Lavrentiev
Prosp., 630090 Novosibirsk, Russianail: erandrey@yandex.yu

In recent years the compounatsntaining hexarhenium cluster anions [{Ra-Q)s}L¢]™ (Q =
S, Se;L = ClI, Br, I) have been intensively investigatdde rapid development of rhenium cluster
chemistry has led to the discovery of substitution reactions of L on other ligands, inclighngo
Polymeric compound R@sBr, prepared from the reaction of Re with the appropriate stoichiometry
of Q and By at 800 & in sealed quartz ampoule. Octahedral rhenium(lll) cluster
chalcohydroxocomplexes have been prepared from the reaction of polymeric chalcobromide
Re&sQgBr, with molten KOH at 22250 ¢ in air.

In this work we present our data in the synthesis and stalicstuidy of compounds with
[ResQs(CN)(OH)s.]* (n = 2, 4)cluster anions containing two type terminal ligaid®H' and
CN'. Such clusters are interesting because -Clijands can form bridging bonds through the
nitrogen atom and OH ligands can be easily replaced by both inorganic ligands and organic
molecules and iong:or these complexes we have proposed a simple and cenvemethod based
on the interaction of Re;Qg(OH)s] 8H,O with KCN in agueous solution. It has been found that
when Q = S the cluster anion [§8CN),(OH),]* formed; however, if Q = Se the composition
[ResSey(CN)4(OH),]* was found.

The structure of [C{NH3)4]o[ResSs(CN)2(OH)J@QH,O cluster complex was determined by
singlecrystal Xray diffraction. In addition, the presence of four 'Qgtoups in the cluster anion
was confirmed by the fact that as a result of its interaction with m8|t&edimethylpyrazole the
molecular complex [R&g(CN)2(3,5Me,PzH),] L Z2DHormed.

The structure of [R&Se(CN)4(OH),]* cluster anion was confirmed by singlgystal Xray
diffraction for complex trans[Ni(NH 3)s]2[ResSe(CN)4(OH),] L #OHobtained byreaction of
Cs[ResSe(CN)4(OH),] 2H,0 with NiCLL 6,8 in an ammonia solution.

In addition, the compounds were characterized by a set of phygbiealical methods.

This research was supported by Russian Foundation for Basic Research (G&300157) a
byGC =~ 02.740.11.06282®@¥3cFFP ASSESIR 2009
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1.P3.

TECHNETIUM AND RHENIUM ORTHOPHOSPHATES WITH
KOSNARITE -TYPE STRUCTURE

M.V. Sukhanov, V.l. Pet'kov

Lobachevsky State University of Nizhni Novgorod (@agarina 23, Nizhni Novgorod, Russigederation)

Keywords: technetium (IV) anahenium (IV)orthophosphates, synthesis, crystal structure,
kosnarite

Abstract

This work represents an attempt to incorporate chemically technetium (IV) and rhenium (1V)
in the cationic crystallographjeositions of the kosnariiype structure obtaining AMPOy)3 (A =
Li, Na, K, Cs; M = Tc, Re) compounds. The phosphates were prepared by the combined method
using of solids Tc@or K,TcCls, NH;ReQ,, ACI and phosphoric acid solution. Drying mixtures and
their thermal treating in sealed glass ampoules allowed us to obtain the crystalline phosphates
ATc(POy)3, ARe(POy)s (A = Na, K) with the kosnaritéype structure determined by the Rietveld
refinement. Compounds were characterized using XRD, DS&pd#Rroscopy and microprobe
analysis.

Introduction

The major problem of inorganic technetium chemistry is its fixation from commercial nuclear
wastes in ceramic matrices and also a search of useful properties and possible areas of their

application. NZPceranics with the kosnarite mineral KAPQy)3 (sp. gr. RBc, Z = 6) structure are
well-known matrices for the toxic component immobilization of different waste forms including
highly radioactive waste and have some useful properties e.g. catalytic [1, 2d. v, our
knowledge about of rhenium phosphates are limited by several woirk$ ¢@voted rhenium
pyrophosphate ReP; and there are nliterature data about solid technetium phosphdtethe
current work we investigated the possibility of Tc(IV) a@re(lV) incorporation in the phosphates
AM,(PQy)3 (A = Li, Na, K, Cs; M = Tc, Re) with the kosnaritgpe structure. This research may
provide a more detailed understanding for inorganic chemistry of technetium and rhenium.

Experimental

Under rheniumphosphate synthesis the crystalline salts R0y, Adl and concentrated
phosphoric acid solution were used. Technetium phosphates were made 0bIT&NcCls
exposed to preliminary hydrolysis by concentrated ammonia soldkomcCls + 4NH,OH
D8 TcOA 2,0 + 2KCl + 4ANH,CI). In the last case there was fourfold KCI excess in the
dried residuum in comparison with the quantity needed for,((®); synthesis. The synthesis
scheme of AM(PQy); phosphates is shown on the figure 1.
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Powder XRD patterns were collectatl room temperature with a XR8000 type diffractometer
(Shimadzu) using CuK radiation. The structures were refined with the RIETAN software
package. The A:M:P molar ratio and homogeneity of the single phases were determined with a
Camebax microprobéR spectra were obtained by means &SMi 1201 spectrophotometer in the
frequency r an’g8ynchrdnoud diffe@ttial thermal and gravimetric analysis was
carried out on a LABSYS TGi1 DT @G/ab&gon dtnmosphenea | é
wi t hi n A2d ahdafing Gite o10A+L. mt. n

2NH,ReQ(s) + ACI(s) + 3HPQ(soln) drying & thermal treating in
2TcOx(s) + NaCl(s) + 3P0y (soln) Y hours on air anY sealed glass ampoules
_ regrinding 500848h
2TcOA 2,6)(s) + 4KCI(s) +3HzPOy(soln)
Fig. 1. Scheme of synthesis of the phosphatés¢tid, solni solution).

Results and Discussion

Phosphate synthesis results showed that reaction mixtures drying of short duration in the air at
4 0 @ gromoted initial reaction passing of salt decomposition and their interaction with phosphoric
acid, allowed us to remove volatile compoundsHHCI, NHs) and did not lead to distinct
rhenium and technetium oxidation that greatly simplified the synthEsidothermic effects on

DTA curve of reaction mixture for NaR®Oy)s synthesis refer to the evaporation of water,
hydrochloric acid, the decomposition of ammonia perrhenate and its interaction with phosphoric
acid correspondingly (Fig.a?. The mixturesd r i e d wadccordidh @cA XRD data were
amor phous. Heating in the air could nathe be u
t hermal treat ment o#redulleein RefOxformation.dond beingofitheaet 4 0
mixtures in sea® gl ass a mpaaloes sis ta dbtai®d EyBtalline products in all the
systems. NaR€POy); and KRe(PQy); samples were phageire kosnaritdype phosphates.
Crystalline TcQ using did not permit us to receive the pure phosphate JRdx)s. The saple
contained two phases: mostly kosnatitpe phase and 22 wt.% T£P,. The sample KT£POy)3
synthesized from the dry hydrolysis residuumkoeficCls was also double phase and contained

KCI. After KCI excess washing with water and the product recrystallizaticthe sealed glass
ampoul es,tha purdsT&@a@); samplewas preparedn ARe(PQy); (A = Li, Cs) systems
kosnaritetype phosphate forimg were not observed. DTA of NaRBQ,); obtained at5 0 © A

all owed us to reveal the area of 1intewandve s,
the temperature of its decomposidl) (Fg.nd).bleegi nni
dispoportion product oNaRe(POy); according to XRD were Re®; and metal Re (Fig. 3).

M Exo

002

111

Heat flow, mW

0 400 800 1200 ' ' !
oc 10 35 60
Fig. 2. DTA curves of reaction mixture 2", deg
NaRe(PO,); synthesis (a) and Fig. 3. XRDpatternof disproportion product of
NaRe(PO,); obtained at 0 @ (A). NaRe(POy)s: ReRO; (sp. gr. Pa3) and

Re (0) ¢3.p. gr. 26
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Nao.95(4)T C2.02(7J3 3.08(5)024 K
Tc

P 1.09(4 198(5)P2 92(5) 24 Nai 02(3)Re2 07(5)P2 92(5 4 Kl.07(3)Re1.94(4)P2.96(4)OZ4
0.98(5) 2.11(6) 24

Fig. 4. Microstructure and chemical compositiofithe sample phosphates.
The results of the electron microprobe analysis confirmed that the monophase phosphate samples
were crystalline (crystallite si @weesponbdl togha) |, F
theoretical one to within the inaccuracy of the method (Fig. 4).
The crystal structures of sodium and potassium contained phosphates were determined by the
Rietveld refinement (Fig. 5). Details of-pay diffraction experiment, unit cell paneters, and
structure refinement details are presented in Table. In the -dimemsional structures
[(Tc,Reh(POy)s]' units consisting of two ReP or TcOs-octahedra and three R@trahedra are
linked to form the ribbons parallel to the axis. These bbons are linked together by RO
tetrahedra. The framework cavities are populated byadd K ions. The calculated bond lengths
between the atoms are typical of rhenium and technetium compound3:1T@59(3)2 . 001 ( 5) i

R&O 2.000(7J)2 . 03 2 ( 7O 1.4(L)i1 .P6 2 ( 1 )0 2.50(1jN.a5 3 ( 110 2.63(1] K

2.73(1) . Th ey PO phasphatesrwith laogé katioWis considerably deformed
in comparison with Naontaining phosphates (Fig. 4).“Tand Ré&" ions are relatively small (0.58
and 0.63 i correspondingly) and |

10 ‘

bl u\ I \ TN IHIHIHHII\I HHIHIH\IHHIIHIIIHIIII\ ||u||||mu|n|||H|||||||||\|Hununuuumm||||\||\||||Humumuumm . =L 50 20 grad. 70 90 110
a L L L U VO ARV TR IND R L LTI L T
—1&—%«%&@«# -

[max
0.9-107

10 30 50 28 gI'ad. 70 90 110 10 30 90 110

L0 o gy e v
e S i
Fig. 4. Experimental (solid line) and calculated (asterisksya¥ diffraction pattern of the synthesized
samples: NaTg£PO,); (1b), TcBO; (1a), NaRgPO)s; (2), KTe(POy)s: (3), KTe(POy)s (4). Crystal
p Yy
structures and the positions of the reflections in the calculated XRD pattern are shown in the figures.
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Table. Details of the -Ray diffraction experiment and results of crystal structure refinemeatiohetium
and rheniuracontaining phosphates

Characteristic NaTG(POy)s TcR.O;, KTc(PQy)s | NaRe(PQy)s; | KRe(POy)s
Space group, Z R3c, 6 Pa3, 4 R3c, 6 R3c, 6 R3c, 6
a, [ 8.4091(1) | 7.8643(2)| 8.2917(2) 8.4541(1) 8.3155(2)
C, i 22.260%3) - 23.2255(5) | 22332Q3) 23.3867(5)
V, ¥ 1363.184) | 486.39(3)| 1382.87(5) | 1382.2%3) 1400.48(5)
} xrp, g/cm? 3.696(1) 3.726(1) 3.761(1) 4.904(1) 4.954(1)
2grange, deg 10.007 110.00
Number of reflection 301 197 195 199
Number_ of parameterg 55 34 36 34
refinement
Ryp, % 6.92 6.45 4.33 6.57
S 5.13 4.02 3.73 6.14

a framework containing large Cions as with T ( 0. 6 1
Also there are AL(PQy)s; (A = Li, Na, K, Rb) phosphates
having the kosnariteype structure, CsT{POy); having the
kosnaritetype structure cannot be synthesized.
The IR spectroscopic data of the synthesized phosphates a
in agreement with the -Xay diffraction data and suggest that
these compounds belong to the orthophosphate class. The
spectra of techetium and rheniurcontaining phosphates
are similar to those of double phosphate of alkali metal anc
zirconium or titanium. In the IR spectra, the adsorption bands &
observed at frequencies of 98226 cnt are assigned to the &
33 stretching vibrations of the i® bonds in the PO 3
tetrahedra, the adsorption band at a frequency of 914ixm - M g
attr i but;stetchtng vibtatioms, aad the adsorption C g
bands in the range 54659 cmi’ corr espong =—=
bending vibrations. 1300 900 500
n,cm*
Conclusions Fig. 5. IRspectra of samples:
Thus, the crystalline phosphates AIRQ:)s, AR&(PQy)s (A NaTa(POy)s (a), KTe(POL)s (b),
= Na, K) with the kosnaritéype structure were synthesizeflare(P0,); (c), KRe(POy); (d).
by the combined method. 4cand R&" were shown to enter
octahedral framework positions in the kosnatyjge structure.

Acknowledgments: The work was supported by the Russian Foundation for Basic Research, project
no. 1203-00032.
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1.PA.
DEPTH DEUTERIUM AND HYDROGEN CONCENTRATIONS IN SET OF
Re-Mo FOILS MEASURED AFTER ACTION OF PULSE HIGH
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LJoint Institute for Nuclear Research, Flerov Laboratory of Nuclear Reactions,
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depth concentration, diffian parameters, rheniumolybdenum alloy, transport of deuterium,
hydrogen

Abstract

The depth distributions of deuterium and hydrogen atom concentrations in setdlofaley foils
after action of high temperature deut-epr(RFum pl
4) were measured using elastic recoil detection methods established that the implanted
deuterium and existing hydrogen atoms are transferred to a large depths in the set of foils, much
deeper than the projected ranges of deuteri
velocities of about focm/s. The incrasing of depth hydrogen concentrations in the set dfiBe

foils was determined. The coloring of three first-lRe foil surfaces nearer to PF setup are
observed too. The obtained results can be explained by large power density of pulse deuterium
plasmaarising of shock waves and large mechanical tension which influence on the transport and
redistribution  of  deuterium ions and hydrogen atoms at large depths.

1. Introduction

In recent years, due to significant big advances in laser technology ance#tien of powerful

pulse lasers in the pigd0*?s) and femtosecond (19s), second life has received a relatively new
area of sciencethe physics of high energy density [1, 2]. This trend has evolved in the direction of
studying the action of shbpulses with condensed mattee., processes such as laser sputtering,
ablation, intermixing of impurities, the creation of new phases and influence of the of powerful
shock waves [3, 4]. In addition, it was formed another important area of reseaffbats of high

power laser pulses for developing of a lasentrolled nuclear fusion. As it is known, the
accumulation of plasma components (deuterium and trittum) and the fusion fragments of
thermonuclear reactions as of helium atoms in the first watenal at operating fusion reactor
should be. Therefore, the study of processes of accumulation and adsdgstoption processes

of light gases and especially of tritium is essential [3, 4]. An another important problem for modern
energetic complexesd engines is the storage of hydrogen in metal and alloys for accumulation of
hydrogen [57]. Besides that it is well known that rhenium ion can adsorb up to nine hydrogen ions
and create chemical composition complex ReHg?, i.e. may be such triple alkalimaenium
hydride like KReH, (or deuterideK,ReH) can be used for hydrogeleuterium storage. The use of
installations as the "Plasma Focus" for hpglwer plasma streams and study its effects on materials
is also very relevant in terms of modeling of sypchcesses. The aim of this paper is to study the
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propagation of shock waves in the metal foils on the effects caused by the processes of
redistribution and accumulation of deuterium or hydrogen atoms
under the deuterium plasma bombardment.

2. Research technique and results

The studies were performed using "Plasma Focustiz€éPF4) of Lebedev Physics Institute of

RAS [3, 4, 813]: the energy of the capacitor batteryis86 kJ, t he maxi mum cur I
plasma flow velocityupto®c m/ s, t he pl as Mam®dhe plasinapylsedyationo & :
of 50-100 ns, the energy flux density up to*100*° W/cn?, the neutron yield up to ¥teutrons

per pulse, the time between pulses of at lee&intinutes. The choice of hydrogen aseliterium
plasma was due to the possibilities of further measurements with the detection of elastically
scattered recoil (elastic recoil detectienERD-[14]) concentration profiles of hydrogen and
deuterium atoms after plasma treatment of the targetsstonsthe multilayer

metallic foils and combinations of other material, including non metallic foils3]9A scheme of

the elements of the PFsetup is presented in Fig.1.

=‘I

The Discharge Chamber
HTSC sample

P The layer of vacuum
Mo foil epoxy resin

W insert __| Current- plasma

sheath
7
Cu anode ; Cumulative jet
Z
z
z
%
Cathode — Insulator

Ir -

5 i

Capacitor bank

Fig.1. The scheme of the elements of thd [ for irradiation of samples using the example of second
generation high temperature superconductor (HTSC) sample (the exarhple)[8

|t is seen from Fig. 1, near the target-BB set
cumulative jet streaman be focused to a relatively small surface. The density of a pulsed plasma
power on the target can be varied by changing of the distance between tungsten insert and target
(Fig.1 and Fig.2). In our experiments that distance was 35 mm.
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Fig.2. The scheme of PFpulse high temperature plasma action on the set of foils. Henelder for the
set of foils, 2 front aperture diaphragm with round hole (10 mm or 15 mm in diameter),; 8amping
plate, and from 8 to 56 a set of six foils

Deuterium plasma was used at our experiments to study of shock wave action on chosen materials
of foils [9-13]. Set of foils consisted on six tightly pressedNRe foils with chemical composition

50 at.% of Re and 50 at.% of Mo metals. Thickness of eachfo was 50 & m, i . e. v
foil set was 300 em. The number of p4cma¥mnea pul
was 2 Torr. The measurements of the neutron yield from fusi@nrBactions were carried out

using activating neutron det®rs (see, as example [14]) during bombardment by deuterium pulse
plasma. The yield of neutron was measured and measured level was a little higher than background,
ie. the yield of neutrons from -D reaction took place.

Let us denote the appropriate s&foils, as'Re-Mo-1% 'Re-Mo-2?, 'ReMo-3%¢ 'Re-Mo-6 (see [9

- 13]). Here top indexes correspond to nearer and futher surfaces of foils-40 Pie
measurements of depth concentrations of introduced deuterium ions from plasma and initial
hydrogen atomm which usually present in metals and alloys were carried out using elastic recoil
detection method (ERD) [15].

—iviyy [nvv)
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) L L L L L L I L L L L N
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Re50-Mo50 -15 PF-4 pulses
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2| S C14<0.164x1021 Him?
20 4 |
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Fig.3. Spectrum of elastic recoils detection of Fig.4. Depth distribution of hydrogen and
hydrogen and deuterium from the balk deuterium atoms from the bulk near
near the surface ofReMo-1 foil. near the surface'®@&Mo-1 foil.
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The ERD spectra for first three Réo-foils together with the depth distributions of deuterium and
hydrogen by pairs are presented in Figd;3igs.5 6 and Figs.78, respectively. The ERD spectra
were obtained using the analyzing beam of helium ions with energy 2.3 MeV at grazingfangle
incidence on the sample of %%ith an electrostatic generator E8Gin the SINP of MSU.
Processing of spectra was carried out using a standard simulation pmoeeasing SIMNRA
6.05. Note that the projected range of helium iops=sR 0. 9 0 Nwhére tBeScalaulation is
made using the program TRIRDO7.
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Fig.5. Spectrum of elastic recoils detection of
hydrogen and deuterium from the balk
near the surface otReMo-2 foil.

Fig.6. Depth distribution of hydrogen and
deuterium atoms from the bulk near
near the surface&eMo-2 foil.
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All three of the ERD experimental spectra are represented for more visual representation of the
observed effect deep penetration of deuterium in the set ofNRefoils and also the deep changes
of hydrogen concentrations too. The integral concentrations of deutandrydrogen in bulk Re
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Mo alloy near the nearest surface to-#Bkre presented in Figs. 4, 6 and 8. It is necessary to note
that maximum depths of recoils which can be studied by ERD analysis are less,thah Re m.
Summary of these values are, as waksented in Table 1.

Table 1. Integral concentrations in each foils of deuterium atoms, introduced into foils from deuterium
plasma of PF4, and concentrations of hydrogen atom spreading measured by ERD analysis.

First foil in set, | Second foil in set]  Third foil in set,
'ReMo-1 'ReMo-2 'ReMo-3

Maximum concentration 4% 7% 12%
of hydrogen near surfac
of foils
Integral concentrationof <0 . 0 D/l <00 1 21V | >0.02 1 I'DEf
deuteriumgp
Integral concentrationo{ 0 . 1 6°4H/df ¢ > 1. 3°2HIE § > 3. 7°1H{df O
hydrogeng,

As can be seen in all the foils deuterium atoms are present (see also ERD-9figstra, 5 and 7).

More interesting fact is the presence of hydrogen with increasing of maximum concentrations and
integral concentrations in the each following foil in .set

It should be noted that the direct impact of deuterium plasma due to contact with the samples from
the lateral surfaces of the foil set was completely excluded by the fact that all thide fRés
(position 51, 52 and 53 in Fig. 2) was heldightly to one another between the fraperture
diaphragm 2 and clamping plate 4 (see Fig. B).addition, at high concentration of deuterium and
hydrogen atoms on the surface of the all three foils was observed a characteristic colored spot with
a diameter of 10 mm, which corresponds exactly to the diameter of the entrance

aperture (see also f9.3] and [16]).

3. Conclusion

The ERD studiesof sixR&lo f oi |l set (with thickness of weac
pulse hightemperature deatium plasma using installation FRwvere carried out. It is established

that there were transport of introduced into set of foils deuterium ions from deuterium plasma and
presented in initial foils hydrogen atoms to large depths into all three measiged fo

Addition concentrations of deuterium and hydrogen atoms in volumes near the surfaces of each
three foils changed the metallic color of initial foil surfaces nearer 4 ®Fblue color after action

of deuterium plasma (see also {93] and [16]). hese three spots on three first foils have a
diameter exactly equal to diameter of front aperture diaphragm (see Fig. 2,pasidén 2).

Surface and integral concentrations of hydrogen are increased from foil to foil very significantly
(see Table 1).

The effect of ultradeep penetration of hydrogen and deuterium can be explained by the influence of
powerful shock waves [t 4, 8 - 13]. This explanation is confirmed by possible accelerated
diffusion of impurities in the presence of external driving ésri€ (see [17, 18]). In this case the
diffusion laws ought to be presented in the form (see [17], page 11), where for {lienensional

case the operatd = M

J=-DBC+a\V)_, (1)

‘:ft: =p[DBC)]- a V), , 2)
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where the external driving foréeimparts to each atom the average additional velqkﬁi;¥ andU

is the proportionality factor. The average velocity of each a{lsb;sp can be compared to the speed

of propagation of the shock wave exceeding by several times the speed of propagation of the sound
in a material [1- 4]. As is known, under intense pulse action an elastic wave begins to propagate in
the material and transfosnat a certain depthn, depending on the material and pulse power
density on the surface, into a shock wave with an abrupt franitompressioxtensionwave

behind the shock wave front. One can also make the following estimates. The velocity ofnsound i
met als exceén/ss,V p0 ax.maAlpoul se duration is of
consequently, the maximal depth of transfer of light impurities of hydrogen and deutegiima(x

exceed thevaluex=" VAt > 1The &trated valud the hydrogen penetration depth is

in the ordesof-magnitude agreement with the experimental values in this paper andiB][9
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1.P5.
COORDINATION COMPOUNDS OF BIOLOGICALLY ACTIVE

N-CONTAINING HETEROCYCLIC LIGANDS

Z.Ch.Kadirova, Kh.T. Sharipov, Sh. Juraey N.A. Parpie?

Tashkent Chemicalechnological Institute, Navoi St. 32, Tashkent, Uzbekistan
National University of Uzbekistanamed by Mirzo Ulugbek, Vuzgorodok, Chemical Faculty, Tashkent,
Uzbekistarguhra_kadirova@yahoo.com

The synthesis of rhenium coordination compounds strongly depends on reaction conditions,
metal precursor and ligand natur€he rhenium compounds with some biologically active
heterocyclic ligandsvere prepared and characterized by spectral methods anthtlanalysisThe
2-amino1-methyt1H-benzimidazole (LY), 3 (benzimidazok2-yl) - propanoil (L?), N-hydroxy
3-pyridinecarboxamide(L®), 7-methoxyl-methyt 4,9-dihydro-3H 1pyrido [3,4b] indole (%
ligands contained the-and 6membered heterocyclese existed in stable protonated forms in acid
solution.

I
N N _ C—NHOH
T (oo
N NH SN
CHs , ;
Lt L H H L
N
HsCO O \
NH
g CHs

The reaction of hexachloridorhenate (V) witf-IL* yields to formation hexachlororhenates
(IV) consisted from the complex metaloanions and the protonated molecules of organic ligands as
cations.

These salts have poor solubility in water and can exist in the concentrated acid solution that
can have application in extraction of rhenium by precipitation.

The synthesized compounds showed the sgulase dehydrogalogenation and the
temperatures of thmal effects depended on structure of organic cations.

The Re(V) precursor ReO{PPh), is reduced by PRtin the presence of'l giving good
yields of rhenium(lll) complexesGood solubility of complexes in organic solvents is used for
rhenium extractio.

The composition and structure of complexes were established on the base of elemental and
thermal analysis, IR, NMRlata.
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1.F6.
CHELATION OF RHENIUM (V) WITH 3 -ETHYL -4-METHYL -1,2,4
TRIAZOL -5-THIOL IN 3 MOL/L HCL MEDIUM

N.G. Kabirov,S.M. Safarmamadov, A.A. Amianpov

Tajik National UniversityDushanbeazimjon51@mail.ru

Keywords:. rhenium(V) 3-ethyl4-methyt1,2,4triazoltiole-5-thiol

Abstract

The process of chelation of rhenium (V) wittethyl4-methyt1,2,4triazoltiole-5-thiol in 3 M HCI
medium in the range 27338K. The valuesof stepwise formation constants of all forms of
complexes formed in systemp[[ReOCI5]- 3-ethyl4-methyt1,2,4triazoltiol - 3 M HCI. The values
of the thermodynamic functions of complexation procesgestimateed

Introduction

Conducton researchs in solutions canto a certain extenshed light on the mechanisms of
formation of complex compounds. To perform these studese of the available methsds
potentiometric titration with ligand redox electrodes based on scifioraining compounds and
their oxidized forms. Ligand environment designed electrode sygpagsa specibrole in the
formationof sulfur-containing compounds of azoles and their oxidized forms. Représgerahthis
class of compounds afie2,4triazoltiol and its derivatives, whidmave been used as a substrate for
a redox ligand electrodeim the middleof the eighties. By potentiometric titration processes
complexation of rhenium (Vjvith 1,2,4triazoltiole and some ofts alkylderivateswere studied
The authors of [1] developed a reversible ligand electrode based-etmyl3l-methytl,2,4
triazoltiolt-5-thiol and its oxidized form. The purpose of this paper is to study the process of
chelation of rhenium (Vvith 3-ethyl4-methyt1,2,4triazoltiole-5-thiol in 3 M HCI mediumin the
273-338Ktemperature range.

Experimental

To determine the stepwise foation constants of complexes of rhenium (V) witatByl-4-methyt
1,2,4triazoltiolom5-thiol in 3 M HCI medium in the temperature range -388K using
potentiometric method, which is described in [1] in def@ile equilibrium concentrations of 3
ethyl4-methyt1,2,4triazole5-thiol was calculated using the formula:

Ig[L]= _lanz Ui WL _[4‘ —+lgC, "% 1 g Vi
1983Q0° 2 Vg,
whereE;s, - the equilibrium potential of the source system in the absence of rhenium; (V); E
is the equilibrium potential of the system at a given point of titrati@n- initial analytical
concentration of ligand; M/Vopscir ratio of the original volume of the total, and The temperature
of the experiment. Bjerrum formation function was determined by the formula:

ﬁ =HL - [I—]
Crew)
where @ - the concentration of-8thyl4-methyt1,2 4triazoltiole at each point of the titration; [L]
- equilibrium concentration of -8thyl4-methyt1,2,4triazoltiole at each point of the titration;

HRre) - the concentration of rhenium (V) at each point o titration. All calculations were
performed u$sVMbBgcoRmpoteum

Results and discussion
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Studies have shown that during the addition @fREOCE] to 3-ethyl4-methytl,2,4
triazole5-thiol in 3 M HCI medium is a sequential change in color of $bkition from red to
purple, then to the blue and green. Adding to the green solutiomthiyB4-methyt1,2,4triazole
5-thiol leads to the opposite change in color of the solution. This fact confirms the aliasing of
complex rhenium (V) &thyl4-methyt1,2,4triazole5-thiol, and indicates the reversibility of this
process. In the titration system consisting -@tByl4-methyl1,2,4triazole-5-thiol and its oxidized
form solution H[ReOCE] observed increase in the magnitude of the equilibrium potemtrath
indicates that participation in complexation with rhenium (V@tByl4-methyl1,2 4triazole5-
thiol, but not its oxidized form. At each point of the titration, equilibrium is established withih 5
minutes.As an example, Table 1 shows the expental results to determine the function of
education 3thyt4-methyl1,2,4triazole5-thiol complexes of oxorhenium (V) chloride in medium
3 mole/l HCI at 273K.

Table 1 Determining thdormationfunction of 3ethyt4-methyi1,2,4triazole-5-thiol complexes of
oxorhenium (V) chloride in B1 HCI mediumat 273K

HRrev) QOA bl|_d.02 _

- DE, o3 [L] L*10 n
mol/l

1 2 3 4 5 6
1. 14,1 1,321 19,55 58,67 5,22
2. 16,8 1,311 22,80 50,91 4,79
3. 19,4 1,301 24,90 46,39 4,32
4. 22,0 1,292 28,35 39,92 4,05
5. 24,6 1,282 34,00 31,28 3,94
6. 27,1 1,273 39,10 25,10 3,77
7. 29,6 1,264 40,40 23,66 3,47
8. 32,1 1,254 48,00 17,07 3,38
9. 34,5 1,246 49,35 16,06 3,15
10. 36,9 1,297 53,00 13,71 2,98
11. 39,2 1,228 60,30 10,01 2,87
12. 41,6 1,220 61,55 9,46 2,71
13. 43,8 1,211 64,30 8,39 2,57
14, 46,1 1,203 67,00 7,46 2,45
15. 50,5 1,186 73,55 5,58 2,30
16. 55,9 1,167 84,00 3,67 2,02
17. 61,1 1,148 89,70 2,78 1,83
18. 66,1 1,129 94,36 2,26 1,67
19. 71,0 1,111 103,00 1,55 1,54
20. 75,7 1,094 108,80 1,20 1,43
21. 88,03 1,077 110,75 1,10 1,33
22. 84,7 1,061 112,60 1,01 1,24
23. 97,2 1,014 119,30 0,74 1,04
1 2 3 4 5 6
24, 105,0 9,86 120,80 0,69 0,93
25. 119,3 9,33 122,15 0,63 0,78
26. 132,1 8,86 114,40 0,85 0,66
27. 149,1 8,24 104,50 1,25 0,54
28. 168,3 7,53 64,40 6,59 0,41

Potentiometric titration curves oB-ethyl4-methytl,2,4triazole5-thiol complexes of
rhenium (V)formationat different temperatures are shown in Figurdé iis seen that the curves of
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3-ethyl4-methyt1,2,4triazole5-thiol rhenium(V) complexesformation without changing its
shape with increasing temperature, shifting toward lower vadfiefy[L], which indicates that
identity of the process of complexation in the range-233K. Established that during the
interaction of rhenium (V)3-ethyt4-methyt1,2,4triazole5-thiol in 3 M HCI mediumin the
temperature range 27388K in series fornfive complete form

n

5.0

4.0 1

3.0 4

2.0

1.0

i P Lt ks A P

| I— — -
2.0 3.0 40 _1g[L]
Figure 1. Curves educatiditethyt4-methytl,2,4triazole-5-thiol complexes of rhenium (V) in
medium 3 mole/l HCI at temperatures2¥3; 2288, 3298, 4308; 5318, 6328, #338K.

Determined by the method of Bjerrum formaticurve, the values of pB-ethyl4-methyt
1,2,4triazole5-thiol complexes of rhenium (V) in B HCI mediumare presented in Table 2.

Table 2 PK; values3-ethyt4-methyt1,2,4triazole-5-thiol complexes of rhenium (V) in medium 3
mole/l HCI at 273338K

U, s tc g ] o g c g tc§
273 3,61 3,82 3,12 2,69 3,00
288 3,59 3,70 2,99 2,54 2,25
298 3,01 3,63 2,89 2,41 2,16
308 2,83 3,60 2,84 2,36 2,13
318 2,80 3,40 2,75 2,18 2,10
328 2,66 3,25 2,67 2,26 2,06
338 2,50 3,10 2,58 2,21 2,03

The data presented in Table 2 show the closeness of the numerical values of the constants of
step formations. All stepwise stability constants decrease with increasing temperature, indicating
that the exothermicity of the complexation process. Reducingytiaatities of step formation
constants &thyt4-methytl,2 4triazole5-thiol complexes in the M HCI medium with an
increase in temperature can be explained by the fact that thdthise of temperature the
competition between chloride ions angtByl4-methytl,2,4triazole5-thiol molecules increases
on the one hand, and the othlee competitiorbetween water molecules and these organic ligand
for a place in the coordination sphenereases alsoRegardless of the chloride ions with water
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molecules or competition takes place with increasing temperature, the occurrence of the molecules
of 3-ethyl4-methyl1,2, 4triazole5-thiol the internal sphere of the complex is difficult.

With the useof certain quantities of pkentities curves at different temperatures using the
temperature coefficient were calculated thermodynamic functions of complexation process rhenium
(V) 3-ethyt4-methyt1,2,4triazole5-thiol in medium 3 mole/l HCI, which aregsented in Table 3.

Table 3 Thermodynamic functions of the educational procesghgt4-methyil,2,4triazole-5-thiol
complexes of rhenium (V) inN8 HCI medium.

The composition of Q1 G, PSS
compounds CJmole ¢Jmole Jmole: s

1 [ReOLCl] -21,27 -20,71 -1,88

2 [ReOL,Cly] -14,18 -16,49 9,26

3 [ReOLsCl,]" -11,49 -13,75 7,58

4 [ReOL,CI]* -8,51 -12,32 12,8

5 [ReOLs)*" -21,99 -13,38 -28,9

The data in Table 3 show that the first phase of complex valg& o negativeandthe
seconds positive. The value ofgG with the increasef the number of coordinated molecules3ef
ethyl4-methyt1,2,4triazole5-thiol, becomes less negative, which is associated with increased
steric hindrance at thiellowing occurrence of the molecules ofedyl-4-methyt1,2,4triazole5-
thiol in the inner spheref complexes.

The values of stability constantsere used to calculate the distribution curves of all
complex forms, resulting in the rhenium (V3-ethyt4-methyt1,2,4triazole5-thiol - 3 M HCI in
the temperature range 27338K, which allowed to define the field dominance of a complex shape.
As an example, Figure 2 shows the distribution curves of-#tbyd-4-methyl1,2,4triazole5-thiol
complexes of rhenium (V) in B HCI mediumat a temperate of 273K.

od |

0,8 -
0.6 -
0.4

0.2 A

0 T
0 1 2 3 4 5 6

AglL]
Fig.2. Distribution curves of-8thyt4-methyil,2 4triazole-5-thiol complexes of rhenium (V) in\3
HCI mediumat 273K.

Analysis of the distribution curves shewhat with the increasg of number of coordinated
molecules of the organic ligandquilibrium value of the maximum yield of complex forms for the
3-ethyl4-methyt1,2,4triazole5-thiol complexes of rhenium (V) in 8 HCI medium changes
monotone.
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1.P7

COMPLEXATI ON I N THE SWETHYM-2-Re ( V)

MERKAPTOI MI DAZOL 6 8 M HCL

K.S. Mabatkadamova, N.®&abirov, S.M. Safarmamadov, A.Aminjonov
Tajik National University(Rudaki Avenuel7., Dushanbe, Republic Tajikistan)

Overview:

The proces®f chelationof rhenium(V) with 1-methyt2merkaptoimidazolonm 8 mol/l HCI
medium was studied by potentiometrititration method Stepwise formation constantsof
oxochloro-1-methyt2-merkaptoimidaz@ complexeswith rhenium (V) and the magnitude dhe
thermodynamic functions @omplexation processere determined
Keywords: stability constantrenium (V), complexation, potentiomettitration, thermodynamic

functions

In [1,2] the optimalconditions for the synthesef complexef rhenium(V) with 1-methyt
2-mercaptoimidazole irthe medium of 6 M HCI were determinedlt is shown thatin this
environment,depending on the ratiof initial reagents rhenium(V) forms complexeswith 1-
methyl2-mercaptoimidazoleof compositions[ReOLCl3]®1,0 and [ReOLCI|CI.@H,O. The
composition and structuref the synthesized complexestablishedby elementalanalysis, IR
spectroscopy andonducometric methods.The study ofiR spectraof complexesbtainedshowed
that themoleculeof 1-methyl2-merkaptoimidazolén forming complexesbehave asnonodentate
ligand coordinatedto rhenium (V) through thedonor atomof sulfur. In  [3] Kukushkin et al
published datan the synthesis dfvo- andtetracomplexesof oxo rhenium(V) bromide with 1-
methyt2-mercaptoimidazolen the6 M HBr medium In [1] the study othe oxidation ofl-methy}
2-mercaptoimidazol@and creation omthe basis ofts redoxelectrodeis also reportedJsing of the
systemstudiedin the processf rhenium(V) chelationwith 1-methyt2-mercaptoimidazolén the 6
M HCI medium The author[4] studied thecomplexation ofrhenium (V) with 1-methyl2-
mercaptoimidazolén 7.4 M HCI mediumin the temperature range 273-338K. It was foundthat
the increamg of HCI concentratiorfrom 6 to 7M leadsto an increase ithe stability constants of
monosubstitutedcomplex of rhenium(V). However, for otheiforms of complexwith increasing
concentrations oHCI, a decreasgaluesof their formation constants. In this regarfdy a more
detailedsettinginfluence of the concentrationf HCI in the processof chelationof rhenum (V)
with 1-methyl2-mercaptoimidazolewe carried outhe researctof rhenium (V)complexwith the
organic ligandn the 8M HCI medium

Experimental part

In the potentiometricmethod of determininghe formation constantis HCI solution witha
concentratior8 M, containinga redoxelectrodeon the basis of-methyl2-mercaptoimidazoland
its oxidized form platinum electrodewas immersedAs a reference electrodsilver chloride
electrodewas used After reachinga constant value obuilding the systemwas titratedwith
[ReOCE] solution 2 to 8 M HCI. In the titration of RSSR / RS,where RS- 1-methy}2-
mercaptoimidazolehydrochloric acid solutiofReOCk] the potential ofthe systemwas sets
constant durin®-10 minutes.

Equilibrium concentration of 1-methyl2-mercaptoimidaza was calculated according to
potentiometric titratiorusing the equation:

L) =—t82 5 jgcing i Ving
19837000 *T 2°V,

where Eqig - the original equilibrium potential systemin the absencef rhenium (V); E -
equilibrium potentiabf the systenat a given poinof titration; C-initial analyticalconcentration of

91

~

o



& 7" International Symposium on Technetium and Rhena@tience and UtilizationMoscow, 2011

ligand; Vorig / Vior - the ratio ofthe initial volumeto the totalvolume T - the temperaturef the
experiment in K. Having determined theequilibrium concentration of 1-methyt2-
mercaptoimidazoleat each point othe titration,the formation functionwas calculatedoy the
equation:
n= CL - [I—] ,
CI d
It should be notedhat all the calculationso determine thesquilibrium concentration ofhe
ligand, the function of education and thermodynamic function®f the mole fractionswas
performedon a specially designecbomputemprogramgor Pentium4.
Results anddiscussion
As an examplen table 1shows the experimental détadetermine théunction ofeducationl-
methyl2-mercapteimidazole complexesof oxo rhenium(V) chloride in the 8M HCI mediumat
273K.
The value of the constafdrmation of complexeswith half-integer valuesof the complexation
function was estimatedylbuildingn = f (-Ig [L]) deendencéor each specifitemperatureon the
basis ofthe data in tablé.
Figure 1shows theformation curvesof oxochloro-1-methyt2-merkaptoimidaza complexes
with rhenium(V) in the 8M HCI mediumat different temperatures.
n
5 7 54

w
-

L]

Fig. 1. Curvesformation tmethyt2-mercapteimidazolecomplexe®f oxo rheniun{V) chloridein the 8M
HCIl mediumat 273 (1), 288(2), 298(3), 308(4), 318 (5) 328(6) and 338K (7)

As seenfrom fig. 1, the curvesof formation almost without changingits shapeas the
temperature risesnly shiftedtowards highevaluesof the equilibrium concentratioof 1-methyl2-
mercaptoimidazole which indicates thdentity of the processof complex formationin the
temperature rang&73-338K.

In the range273-338K for the systenH,[ReOCk] - 1-methyl2-mercaptoimidazolen 8 M HCI, the
maximumis setequal to4.7, which indicates the formationf five complexforms inthis system.
Comparison of thdormation curve of 1-methyl2-mercaptoimidazoleomplexesof rhenium (V)
from the 8 M HCI mediumwith the data obtainethy the author J], in 7 M HCI shows that
increasingconcentrations aofiCl to 1 M leads to a shiftormation curveowards lower valuesf the
equilibrium concentratioof the ligand although theshape®f the educatiordiffer little from each
other
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Table 1. Determining the function of educatioaméthyi2-
mercaptoimidazole complexes of oxo rhenium (V) chloride in the 8 M
HCI medium at 273 K

qE, d3l C,, mol /1l | Cg;, mol/l [L], mol /| n
1 2 3 4 5

50.51 0.0241 0.00446 0.00281838 | 4.59
58.34 0.0238 0.00491 0.00199526 | 4.18
73.86 0.0236 0.00530 0.00102329 | 3.87
74.20 0.0234 0.00579 0.00100000 | 3.80
82.12 0.0232 0.00622 0.00070795 | 3.70
84.63 0.0230 0.00664 0.00063096 | 3.60
87.13 0.0228 0.00746 0.00056234 | 3.50
93.76 0.0224 0.00826 0.00041687 | 3.40
99.41 0.0221 0.00902 0.00032359 | 3.20
102.23 0.0217 0.01040 0.00028184 | 3.10
105.25 0.0210 0.01251 0.00023988 | 3.00
108.44 0.0200 0.01376 0.00019953 | 2.95
107.30 0,0195 0.01551 0.00020417 | 2.80
109.34 0.0186 0.01659 0.00015849 | 2.55
116.92 0.0181 0.01811 0.00012589 | 2.50
121.42 0.0174 0.01951 0.00010000 | 2.43
125.91 0.1680 0.02030 0.00007079 | 2.25
133.43 0.0163 0.02240 0.00005623 | 2.15
137.51 0.0154 0.02420 0.00004467 | 2.10
138.80 0.0145 0.02580 0.00003981 | 2.00
143.06 0.0138 0.02725 0.00003162 | 1.90
147.25 0.0131 0.02856 0.00002512 | 1.80
151.56 0.0125 0.02975 0.00001995 | 1.60
156.79 0.0124 0.03080 0.00001585 | 1.50
164.54 0.0122 0.03180 0.00001122 | 1.40
169.57 0.0120 0.03204 0.00000891 | 1.30
170.87 0.0113 0.03254 0.00000794 | 1.25
176.08 0.0112 0.03301 0.00000631 | 1.10
179.21 0.0101 0.03362 0.00000501 | 1.05
184.61 0.0101 0.03340 0.00000398 | 0.95
205.48 0.0195 0.03741 0.00000316 | 0.82
210.22 0.0190 0.03860 0.00000251 | 0.65
211.36 0.0184 0.03979 0.00000158 | 0.60
214.27 0.0160 0.03380 0.00000178 | 0.50
222.25 0.0159 0.03390 0,00000126 | 0.42
218.03 0.0158 0.03400 0.00000110 | 0.24
218.01 0.0156 0.03410 0.00000071 | 0.18

Formation arvesof stepstability constant®xochloro-1-methyl2-mercapteimidazole complexes
of rhenium(V) in the 8M HCI| medium determined by the methaaf Bjerrum, are presenteth

table 2. Decrease in the value$ the formation constantsith increasing temperatu(@able 2

indicates the exothermicitgf the complexation processiowever, thetemperature factoaffects
their values differentlySincethe value oK1, with increasing temperatufeom 273 t0338K, was
33 folddecreasedand the quantities2 and K3was, respectivelyl0.7and 10.%old decreased
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Table 2.Formation constantxochloro-1-methyt2-mercaptoimidazoleomplexe®f rhenium(V) in the 8M
HCI mediumat 273-338K.

U S K1 Kz Kz Ky S5

273s| 1. 1°A1 7. 4A71 9. 3FA] 1. 9A] 3. 1°A]
288s| 5.6°A1 4. 4A1 6. 4A1 1. 3FA] 2. 6°A]
298s| 3.5A] 3.6'A] 4.6A] 1. 0A] 1. 6A]
308s| 2. 1°A1 2.5A71 3.2°A] 7.5A1 1. 4°A]
318s| 1. 1°A] 1. 4'A] 2. 3A] 3.5A] 9A10
328s| 9. 1°A1] 9. 3FA] 1. 9A] 1. 1°A] 6A10
338s| 3.3A] 6. 9A] 8. 5A] 8A10 3A10

This experimental findingcan beexplained by the facthat the formation ofmono substituted
complex proceeds witha large release dfieat than théwo- and tri-substitutedcomplexes,as
evidenced by theeaction ofgH these complexes arealculatedby us using the temperature
coefficient Comparison of thé’K; for 1-methyl2-mercaptoimidazoleomplexesof oxo rhenium
(V) chloridein the 8 M HCI mediumwith similar valuesobtainedin the 7M HCI| medium[2]
shows thathangingthe acid concentratiom 1 M of leads tothe decrease irthe value of althe
stability constant®f step.The authorof [2], studying thecomplexation ofrhenium (V)with 1-
methyl2-merkaptoimidaza notes that thehange in concentration &fCl from 6 to 7M leads
only to an increase ithe stability constant ahonosubstitutedomplex, andhe other constantse
reducedThe decreasef the stability constantwith increasingHCl concentratiorcan be explained
by an increase icompetitionfor the coordination sitebetweenchlorideions and moleculesf 1-
methyl2-mercaptoimidazole Formation constantd-methyl2-mercaptoimidazolecomplexesof
oxo rhenium(V) chloridecurvesdefinedby educationwve were used to estimatke thermodynamic
chaacteristics otomplexation procedsy the temperature coefficie(fig. 2).

pKi

6 PK,

ﬂ 1 1 I 1 |
29 31 33 3.5 37 17-10°

Fig. 2. The dependence of tRKl = &/ T) for 1-methyl2-mercaptoimidazoleomplexe®f oxo rhenium
(V) chloridein the 8M HCI medium
Dependingcurceson thePKI 1/T in the temperature ran@¥3338K, for all complexformsare
linear. The table 3shows the valuesf the thermodynamic functions tfie formation processl-
methyt2-mercaptoimidazoleomplexesof oxorhenium(V) chloridein the 8M HCI medium The
value ofg$ and gH on the allstagesof complex formations negative.Maximum heat release
systemis observedduringthe formation oimono andtetrasubstituedhenium(V) complexesThe
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value of g with increasing number afoordinatingmoleculesof 1-methyl2-mercaptoimidazole

becomedess negativedue to thespace obstructioof the occurrence okubsequenmolecules

organicligandin the inner complesphere

Table 3. The valuesf thermodynamic functions thfe educational procesxochloro-1-methyi2-
mercaptoimidazoleomplexe®f rhenium(V) in the 8M HCI medium

The o1, kJ/ mol oG, kJ/ mol oS, kJ/ mol ™A
composition of

compounds

[ReOLCL] -39.37 -31.36 -26.89
[ReOL,Cl3] -28.79 -25.55 -10.84
[ReOLsCl,]" -26.82 -20.74 -20.41
[ReOL,CI]*" -36.48 -16.45 -67.20

[ReOLg)*" -26.39 -12.53 -46.55

The valuesof formation constantsvere used to calculatthe distribution curvesf all
complexforms, resultingin a systenfReOC}] - 1-methyt2-mercaptoimidazolén 8 M HCI. As an
example,figure 2 shows the curves dhe distribution of allforms of complexesformedin this
systemat a temperature @73K.

U.11 _
0,8 1
0,6

0,4

0,2 1

2 3 4 5

6

-
08
06
- 0.4

\\ T 0.2

-lg[L]

Fig. 2. The distribution curve$-methyt2-mercaptoimidazoleomplexe®f oxo rheniun{V) chloridein the
8 M HCI mediumat 273 K,whereU-[ReOCl]*, Ul-[ReOLC}] KL [ReOLCly], U - [ReOLCl;] ", U-

[ReOLCI]* U-[ReOLg]*".

The analysis of thedistribution function of the temperatureshowed thatwith increasing
temperaturethe output of allforms of complexdecreasesThese experimental dateere used to
develop methods of synthesis of complex compounds of rhenium(V) with 1-methy}2-
mercaptoimidazole

1. K.V. Kotegov, A.A. Aminjanov, Yu.N., Kukushkin, T.V. Zegzhda / INChMoscow

1,-p.115117.(1975

2. A.A. Aminjanov, Complex compounds ahenium(V) c sulfur compoundsizoleseries Ph.D.
in Chemistry / AA Aminjanov .- Leningrad 1975.-20 Sec.

Reference

V.

20,

3. K.V. Kotegov, T.V. Zegzhda A.A. Aminjanov, Yu.N. Kukushkin, The studyof complexation

of rheniumV oxobromice with

S.27422743(1977)/

4. A.A. Aminjanov, Complex compounds ofhenium (V) with amide and tioamid ligands.
Dissertatiorof doctor of chemicaécienceslvanovo(1992) 42p.

1-methyt2-merkaptoimidaza / / / INCh. T.22

10. -
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SPECIATION OF TECHNE TIUM IN SULFURIC MED IA.
EFFECT OF a-RADIATION FROM THE ARRONAX CYCLOTRON.

F. Poinealj I. Dendeh, R. Essehfi K. German, K. Czerwinskt and M. Fattali

1- Department of Chemistry, University of Nevada Las Vegas, Las Vegas, USA
2 - Laboratory Subatech, School of Mines of Nanks 4 rue Alfred KastlerNantes, Frange
(e-mail: massoud.fattahranani@subatech.in2p3)fr
3 - IPCE Russian Academy of Science, MoscBwssia

The speciation of technetium in the sulfuric media has been performed under reducing
conditions and the effect of-radiation from the Arronax Cyclotron has been studied.
Characterization of the species has been performedby spectroscopic teciBAES, UV-

Visible). It was demonstrated thaggtavalent technetium is very sensitive to reduction in sulfuric
media between 12 M to 18 M }B0O,] and could be reduced to Tc(V) by MeOH. Reduction of
TcOs(H,0),0OH (Tc: 10 mmol, 15 M B8Q;) by Me O b fagt ltife fofratjon of a green
solution was egbrseeernvoe ds.p eNe v shi-Weepearossopyharts a£390 by |
nm and 715 nm) and XANBSXAFS. Similar spectra obtained between 12 M and 18 NB[BI]. No

reaction was observed below 12 M,§O].

-14 A) [TeCl ,(PMe2Ph) ], 05
Ae B) (n-Bu ,N),[Te,Clg)
) TeCl & Te(V

D) (n-Bu \N)[TcOCl ] 0.4 4 (\ )
E) Te-green

oD 1 B) t=18 min
E) Te(VIT)

0.1 4

AE (eV)vs NH |TeO 4]

A) t=0

300 400 500 600 700 300

Te Oxidation state ‘Wavelengih (nm)

Fig.1. XANES data for known Tc compounds and n Fig.2. UV-visible spectra of Tc@OH)(H,0),

green Tc specie as a function of Tc oxidation sta IN 18 M [H,SQ] before (A) and after 1
min of a-irradiation (B)

The EXAFS spectroscopy data confirm the existence of monomeric octahedral complex
(with one O atom at 1.60(2) j: Tc=0 ch®Tcacter
OH, TcHO, TcO( S) ; and two S atoms at 3 .ndrddeBtate
bisulfate anions) being consistent with "OfHSQy),(H-0)(OH). It was also shown that
heptavalent technetium is unstable underadiation in 18 M HSQ, being reduced to
Tc/O(HSQy)2(H20):(0OH) by [H:SQ4] radiolysis products.

Funding for thisresearch was provided by a SISGR Grant from the U.S. Department of
Energy under Contract No. 47824B. Use of the Advanced Photon Source was supported by the U.
S. Department of Energy, Office of Science, Office of Basic Energy Sciences, under Contract No.
DE-AC02-06CH11357.
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1.P8.

SYNTHESIS, CRYSTAL STRUCTURE AND PROPERTIES OF
TRIPHENYLGUANIDINIUM TETRAOXIDORHENATE HE MIHYDRATE

A.Ya.Maruk , M. S. K &GrGergnanr 6 e v,

Frumkin Institute of Physical Chemistry and Electrochemistry, Russian Acade®ujenices
Leninskii pr. 31, Moscow, 117071 Russia
*E-mail: amaruk@list.ru

Triphenylguanidinium tetraoxidorhenate hemihydrate was synthesized
([(CeHsNH)sC]Re(Q, L0.5H,0) and studied with ay diffraction. Also a number of physical
properties were studied. Compound under study crystallizes in the triclinic system (space froup P
Z = 4, at 293 K: a = 9.871&f995329)pb10£8R21OK2=093( 2
95.361(10) deg). The compound has no isostructural analogues. In all structures containing
triphenylguanidinium cation, found in the Cambridge Structural Database (CSD version 5.31,
August 2010), the position of the phenyl rings correspondstodhformation that differ from that
observed in th&known compoung (p.e. [1,2]). In the ([(GHsNH)3C]ReQ, 1.0.5H,0) structure
phenyl rings in triphenylguanidinium cations occupy the position correspotaimgh-symmetry
(#3n) conformationthat has beenever before observed, and this conformatiobeisigrealized in
both crystallographically independent cations.

Q @ @ Fig. Cation conformations
i known from literature (A)
H/\/\ H/N\/N
N\H “’ @ and found in this study (B
@ A ©/ -
B
Perrhenate anions aretime form of weakly distorted tetrahedra and do not differ from those

anions described in the literature. The system of hydrogen bonds is presented by infinite branched
chains in the [110] direction, combining the two independent formula units.

The compounsl under study is promising for conversion into a metal rhenium. In this
connection thermal studies were carried out. The following physical properties were identified: the
upper limit of thermal stability of triphenylguanidinium tetraoxidorhenate hemitg/@8®3 K) and
its enthalopy Q,eg.dr393dK)e:hJ;D@(8) akd/mob), nthe (meltiig point of anhydrous
triphenylguanidinium tetraoxi dor hegf#df=81,00148 K
kJ/mol).

If the thermolysis is conducted in ammmsphere of inert gas (argon) and the sample is
subjected to recrystallization annealing at a temperature above 1250 K, the solid product is
nanodmentional metarhenium dispersed in a matrix of amorphous carbon. Chemical analysis
showed the dependence of the ratio of rhenium to carbon in the solid phase of process macrokinetic
options (the rate of temperature increase, the rate of inert gas flusiaiteg,content in theystem
and in the gas phase). If the thermal decomposition is carried out in an atmosphere of a reducing gas
(eg. hydrogen), the solid product is almost pure metallic rhenium.

The work wasupportedoy RFBR gran09-03-0001 #a.

1. Silva, P.S.P., Domingos,FS, Silva, M.R.et al.// Acta Crystallogr. E.V. 64. P.01082 (2008).

2. Polyanskaya, T.M., 1106inchik, E.A., Wob49%No\3,pp.V. V. et
494503, 2008
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1.P9.
SYNTHESIS AND CRYSTAL STRUCTURE OF [AnO ;(HMPA) 4(MO 4),
(An = U, Pu; M =Cl, Tc, Re)

A.M. Fedosseewl.S. Grigoriev

Institution of Russian Academy of Scienees.N. Frumkin Institute of Physical Chemistry and Electrochemistry of
RAS (Moscow, Russia)

Synthesis was performed by using o PuQL kD as starting material, which was
dissolved in stoichiometric amount of aqueous solution of corresponding acid, RN
concentration less than OML Obtained solutions were dried at heating up to temperature less than
10°C and solid residue was dissetl in excess of hexamethylphosphortriamide
(tris(dimethylamino) phosphine oxide, HMPA). Large elongated crystals were obtained during slow
evaporation of reaction mixture in a flow of air.

All the compounds crystallize in an orthorhombic space gfogaand are isostructural
with earlier studied uranyl HMPA complexes with periodate [1], perbromate [1] and perclhorate [2]
anions. Full structural data were available only[&@,(HMPA)4](CIO,),.

Crystal data for [PugHMPA),](ClO,). (Bruker KAPPA APEX Il autodiffractometer,
MoKy radiation):a=13.9939(4)p = 15.09704)c= 45. 7102 ( 13298 RL=@04631 00 K

Molecular structure of [PUSTHMPA)4](ClO,)-
Interatomic distances in a series of isostructural compounds vdlsbessed.
References

1. Gusev Yu. K., Lychev A.A., Mashirov L.G., Suglobov D.N. Radiokhimiya (1285%12.
2. Nassimbeni L.R., Rodgers A.L. Cryst. Struct. Commun. (1978D1.
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11 10.
TRANSFORMATION OF wfifVIl) IN ACIDS : TcO3(OH)(H,0), and
TcO4(H,0)5" in HCIO ; AND POLYMERIC Tc¢(VIl) SPECIES IN SOLIDS AND
ACETONITRYLE SOLUTIO NS

K.E. German, A.Ya. Maruk®, F. Poinead, Ph.Weck,
G.A. Kirakosyan, V.P. TarasoV, K. Czerwinskf, A. Sattelbergér

! Frumkin Institute of Physical Chemistry aBtectrochemistry of RAS (Moscow, Russia)
2 University ofNevadalLas/egas (LasVegas, USA
% Energy Sciences and Engineering Directorate, Argonne National Laboratory, Argonne, IL 60439, USA

In course of our pertechnic acid investigation the common Tc({Vipertechnetate ionic
form - was recently shown to decompose #18M concentrated sulfuric acid solutions producing
the octahedral Tcg{OH)(H.O), species [1]. It was worth studying if othacids could make any
similar effect. Perchloric acid and nitric acid were chosen for this study.

The results differed considerably: in perchnloric acid (Fig.1) the transformation of Tc(VII)
was similar to the observed in sulfuric acid [1], while no bletahanges in UV and NMR spectra
were seen for Tc(VII) in nitric acid.

Some similarity of Tc(VII) speciation in sulfuric and perchloric acids was sg&XBFS,
although the Tc(VII) solutions in HCIQwere na that resistant to synchrotron radiation.
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Fig. 1. NMRTc shift (a, ppm), and UWis spectra evolution
(D at 350 nm) for Tc(VIl) in-LAM HCIO,

The solid HTcQ and its solutions in CKCN were analyzetly **Tc and*H NMR in a field
of 7.04 T. HTcQ and its deuterated analog DTg®ere prepared by oxidizing Tc metal i &
500°C, dissolving TeO; in H,O or D;O, the solution brought to dryness with Mg(G)9 The
samples were dark rgublycrystallineblocks Elemental analysis gave the ratio HPTt.

The ™M NMR spectrum of dresh HTcQ powder at 259 K showed two splitted signals: a
strong signal at 5.6 ppm with the width at haléximum of 400 Hz and a weak signak&t ppm
(relative to the external 4@ reference). Decreasing temperature to 120 K resulted in the broadening
of the spectrum to 4 kHz; however, the expected fine structure of the spectrum (as the Pake doublet)
was not observed. This permits a tentative conclusion that the compound under study is not a crystal
hydrate and the lattice hydrogen is highly mobile. Tkzeenely informative is thé%s fiNMR
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spectrum of red pertechnetic acid powder (Fig.2) The spectral pattern and resonance parameters
indicate that technetium has two states in the stryctharee of them corresponding to the T,cO
ion.

| . | . | L
1000 ) -1000 ppm

Fig.2. Solid state 789 NMR spectrum of pure red HT£Qq)

The spectrum of a fine powder of red pertechnetic acid (figure) showed two sigdals at
+213(5) andd, = - 147(5) ppm (referenced to the external standard, a 0.1 M K¥oltion;
reported in part in [2]; the integrated intensity ratio waslph = 2 : 3. Each of the signals had a
multiplet structure due to firgirder quadrupole interactions: the quadrupole coupling constants
were Gy(1) = ~ 0.25(1) and &2) = 0.43(1) MHz and the asymmetry parameter of thec EFG
tensor was = 0 in both cases.

1. F.Poineau, P. Weck, K. Germara#it Dalton Trans, 2010,39 (37), pp. 8616.
2. G.Kirakosyan, K.German, V.Tarasov, M. Grigori&+d RussianJapanese Seminar on TechnetilBopk of
Synopseg2002 pp.49-51.
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1.P1.
NEW COMPOUNDS BASED ON THE CLUSTER ANION S[Re;Q4(CN).,]*

(Q=S, Se, TeAND CATIONS (1,10-phenH)*, Nd*", Er®*

[.M. Gayfulin, Yu.V. Mironoy, A.l. Smolentsev

NikolaevInstitute of Inorganic Chemistry SB RAS, Novosibirsk

yuri@niic.nsc.ru

Coordination polymers of rhenium tetrahedral cluster cyanides where Q is either sulphur,
selenium or tellurium, have been intensively investigated in the past decade. The strong covalent
Re& C I NM interactions have allowed numerous polymeric coordination compounds to be obtained
with transition, postransition metals and lanthanides.

High coordination numbers inherent to the lanthanide(lll) ions lead to many structural
variations in resting compounds. The type of structure depends mainly on the number of cyano
groups of the cluster anion involved in interaction with lanthanide cations.

In this work we present five new compounds based on the aniog®,R&l)1]* (Q=S, Se,
Te). Three of them adopt ionic structrure, while two others are polymeric. Slow evaporation of
acidic water solutions of KResQ4(CN)io] (Q=S, Se, Te) and tefold excess of 1,10
phenanthroline results in ionic compounds of composition {fphEAH),[ResQ4(CN)1 L #OH
(Q=S, Se, n=6; Q=Te, n=8). In case these solutions were mixed with (mEINd, Er) without
acid, amorphous brown precipitate has dropped. Polymeric compounds
[Ln(OH)(phen)(HO).][Ln(OH)(phen)(HO);][ResQ4(CN)1;] (Q=Se, Te) were cstallized by
heating of this precipitates in a sealed glass ampoules in a mother solution.

In the structures of ionic compounds the iph@nanthroline cations, phehHare packed in
an infinite stakes. Shortest distances between aromatic ringsare agb®ut3 , t hat i s a
for ‘stacking interacti on sationsA[REQ.(CH)]f antonsuand | u
crystallization water molecules, are involved in the system of hydrogen bonds.

Structures of polymeric compounds consist of ersd@sains, in which every cluster anion
[ResQ4(CN).o]* gives three cyano groups for bonding interactions Veitithanide atoms. The full
coordination environment ofanthanide atoms alsincludes phenanthroline molecule, water
molecules and two OHjroups.These OHgroups bridge twéanthanide atoms into dimers with the
di stance among Ln atoms of about 3.7 . The
bonds between coordinated water moleculescgado groups.

All compounds have bearharacterized by different physiohemical methods.
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1.P12.
MUTUAL SUBSTITUTION OF LIGANDS
IN COMPLEX COMPOUNDS OF RHENIUM (V)

A.A. Aminjonov

Tajik National UniversityDushanbeazimjon51@mail.ru

Since the discovery of a prominent Swiss scientist Alfred Werner coordination theory has
passed 118 years. During this period, scientists synthesized a huge number of complex compounds
and the mechanism of their formation. Proved the prevalence of comptature and identified
areas for their practical use. It is difficult to call the field of industry, medicine, catalysis, which are
not used to coordination compounds. However, the problem of mutual substitution of coordinated
ligands in the inner sphe¥ complex compounds remains one of the most important problems of
modern coordination chemistry. It is worth recalling that in 1961, AM Butlerov was proposed the
problem of mutual influence of atoms in a molecule, which was developed prominent Russian
sdentist VV Markovnikov. In the works Chugaeva LA and Kiltynovich SS were marked by the
influence of innessphere ligand facts. Research conducted by other scientists showed that the Trans
pattern can be extended to the chemistry of complex compoundglg),RTo (IlI), Rh (lll) and Ir
(1. Tsisinfluance of ammonia molecule on the rate of substitution of the adjacent ligands have
been firmly established in 1957, Greenberg A. Kukushkin and Yu. N. They showed that the rate of
substitution of chloride ion to ammonia in tetrachloroplatinate (I1) Potassium is smaller than in the
salt Cossa.

Now for some metals in particular the valence state of trance set sandstsisinfluance
ligands. However, the chemistry of rhenium, which is characteristic for the valence stateSare 9:

1 to 7 focused studies of the processes of mutual sulistitofticoordinated ligands was conducted.
In this research we have established several types of chemical reactions in accordance with which
there are processes of mutual substitution of ligands in complexes of rhenium (V).

The first types of reactions areactions that occur on heating the complexes in the absence
of solvent. It is shown that when heated owginere complexes of general composition
(AmH),[ReOCE], where Am- ammonia, quinoline, methylquinoline, dimetilhinolin, is replacing
innerouterligands. In reactions of this type of proton transfer occurs on thesphere chloride
ligand. Another type of soliphase transformations of complexes of rhenium (V) is that the oxygen
ligand complex as a result of the dimerization takes the place thfeaiiggand.

2[ReO (DMSO)J r3]@H,[  t [ReO3(DMSO) | ry]+ 2DMSO + 3H[ +2, Ir.

The process of thermal decomposition of complexes of general composition [ReO (OH)
(TP) (S), T2], where T is Cl, Br,-BMF, DMSO, SN3SN, Hin, Py describt#®e general reaction

[ReO(OH)(TP)(S)2] —+—  [REDs(/m-U P2l 4] + 2S5+ HO

The second types of reactions are reactions that occur in the solution of the following general
scheme:

O O
cl cl L HO cl L
| LRell | i E
cl
cl cl
g © L
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Under this scheme, we have synthesized a large number of complexes of rhenium (V) with sulfur
containing ligands azole series.

The third types established by our reactions are those reactions that are influenced by environment
and rhenium (V) in the iniél complex of H ReOC} under the influence of ligands is oxidized to
rhenium (VII) to form ion Re@t. For example:

Hz[ ReOCk ] + DMSO + 2HO = HReQ + DMSO + 5 HCI
The reaction of HBr in the medium flows through the circuit
H, ReOBg +2 DMSO + 2HO = [ReO (DMSO)Br3]2H,0 +2 HBr

The fourth type of reaction are those reactions in which one replaces the other atsidoligand
atsidoliganda and labiliziruet atsidoligand being in trantiee situation to him, then the organic
ligand interacts with the coplex formed.

By the fifth type of reaction include the reaction of solvatokomplexaesexample:

[ReOL:Gs] + S = [ReOLG;S] F; [ReOL (H;0)] G + S = [ReOLS] GsH-O.

By the sixth type of reaction are reactions occurring in the interaction of ammonia with solid
complexes of rhenium (V) that is at the interface:
a) Reactions which take place only with the displacement of halide ions from the inner sphere
complexes;
b) The dimerization reaction of monomeric complexes with the replacement of halide ligands;
a) Reaction, which resulted in the coordinated thiocyanate ions are converted into tioamidinov
group.
By the seventh type reactions are reactions in the environofemicetone resulting in the
coordinated thiocyanate ions are converted in
By the eighth type of reaction are the processes of interaction with the acids of rhenium complexes
amminocontain (V).
By the ninth type of reaction includge reaction of the starting compounds such gReé0G]
with two displays (double displays) complexes of rhenium (V) resulting in the formation
monosubstituted complexes.
Thus, through focused research on the process of mutual substitution of ligandspiex
compounds of rhenium (V) we propose the following series of mutual substitution legandov: LP
(Ph) 3> SCN> CI-, Br-> S> HO, where L tioamidnoeeonnection, &MF, DMSO, Py, Xin,
CH3CN.
Definition of standard redox potentials of 1;2i@zoltiolaand some of its alkyl derivatives allowed
to determine the next number in the changing vatiegal potentials, depending on the position
and number of radicals in the molecule 1 2tdazoltiol - 5 at 298K: 3CHs-1 ,2,4tthiol (209 mV)
<3-Et (211.5mV) <3-Et-4-Met (261 mV) <1,2,4thiol (266 mV) < 3,4 Dimet (276,9 mV) <4Met
(320,5 mV) <3E#4Ph (323,4 mV).

Donor properties, if reducing properties triazoltiols in this series increases. This confirms the
increase in Transactivity of thesecompounds with a decrease in EO.
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1.P13.

RHENIUM AND ITS POSITION IN THE PERIODIC TABLE

Fathi Habashi

Department of Mining, Metallurgical, and Materials Engineering
Laval University, Quebec City, Canada G1V 0A6

The discovery of rhenium by Ida Noddaek al. in 1925 was a result of an intensive
study of the Periodic Table.

The search for the missing elements which were predicted by Dimitri Mendeleev
between 1869 and 1891 was intensive especially when the pradtetme true after the
discovery of gallium, scandium, and germanium between 1875 and 1886.

Ida Noddack's scientific career centered around her intensive study of the Periodic
Table. This resulted in two major discoveries.

The first was based on hegalization that the missing element -tvanganese should
have properties similar to its neighbours in the horizontal period of the Periodic Table and
not to members of the vertical group of which manganese was the only member known. In
this way she washde to look for and discover the metal rhenium.

Thus Noddack introduced the concept of a horizontal similarity for the elements titanium
to manganese while the vertical similarities still existed but only forif, Nb1 Ta, and
Mo i W below this hoizontal group.

The second discovery was a daring hypothesis that toallsal element 93, a trans
uranium element that was supposedly formed by bombarding uranium (element 92) by
neutrons, and was put under rhenium in the manganese group (in theiotticPEable)
was not correct. Instead, she suggested that the uranium atom might have split into two
fragments a phenomenon that later became known as fission.
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1.PXA.

MACROCYCLIC RECEPTOR S FOR PERTECHNETATE AND
PERRHENATE ANIONS

G.V. Kolesniko?, V.N. Khrustale¥, K.E. Germah I.G. Tananael G.A. Kirakosyarf and
E.A. Katayev

#Nesmeyanov Institute of Organoelement Compounds, Russian Anademy of Sciences Vavilov st., 28, Moscow,
119071 Russian Federation
® Frumkin Institute of Physical Chemistry and Electrochemistry Russian Academy of Sciences, Leninskiy pr. 31,
119071 Moscow, Russian Federation
‘I'nstitut f¢gr Organische Chemie, Universit?2t Re
email:evgeny.katayev@chemie.unile

The design and synthesis of receptors capable of selective recognifié® Hf(M = Re,
%Tc) are of great interest because they can greatly benefit the developmentiertegfitractants,
sensors and materials for these anions as well as new approaches for labeling of organic compounds
without any reduction step &e(VII) andTc(VIl). Neutral receptors are known to be promising in
the sense of high binding selectivity target anions.

The neutral macrocyclic dipyrromethane based hosts capabiOaf (M = Re, *Tc)
recognition were synthesized. When in protonated
form, 1 binds perrhenate with strong-bonds from
pyrrole and imineNH's, weaki from amideNH's and
benzeneCH's, according to the -Xay analysis. Thél-
bond network of is similar to that of {H,]**, and the P*
coordination mode of with ReO;' was found to be
equal, according to the DFT studies. The \
nonprotonated form of binds toReQ,' using only
pyrrole NH's, amide NH's and benzeneCH's,

according to the DFT studies.

Affinities of the receptors towards botO 4 | S | s
(M = Re, %°Tc) were acquiredby direct U\vis > >
titrations and toward2*TcO, specifically by reverse . 2

%Tc NMR titration. Binding constants were found to
be one of the largest known to datey@s & °t10° M™). Receptors possess selectivity towards
target anions.

We gratefully acknowe dge Russi an Academy of Sciences
Chemistry of Supramolecul ar Systems and At omi
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Tc in the Nuclear Fuel Cycle and in the Environment.

Analytical Chemistry of Tc and Re

The chairmen of the Second section of ISTR2011 in view of the
Presidium of Russian Academy of Sciences
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2.1.
HOW TO MANAGE TECHNETIUM (NUCLEAR RARE METAL) AND
ACTINIDES, TOWARD FUTURE REPROCESSING SYSTEM PROVIDED
BY PROLIFERATION RESISTANCE

M.Ozawa,T.Suzuki, S.Koyama, H.Sagara and M.Saito

Tokyo Institute of Technology, Research Laboratory for Nuclear React@&s1N-21, Ookayama, Megurku, Tokyo,
152-8550, Japan

Keywords: Nuclear rare metals, Cycle strategy, Separation, Transmugatdidtilization
(S&,T,U), Proliferation resistance

Abstract:

Aiming at utilization of elements / nuclides in spent fuek.(nuclear rare metals (NRM) including

Tc ) andminimization oflong-termrisks of radioactive wastes as wellnaw fuel cycleconept has

been progressed during the phageriod (FY20052010). The strategy is based o @nitarian
research as such separation, transmutation and utilizaiton (S&T,U), especially relied upon advanced
radiochemical separation technologiés.catalytic éectrolytic extraction (CEE), utilizing under
potential deposition (UPD) by Bdon{Rhuatom IS advantageous for separation and utilization
(and/or stockpile) of light platinum group met#PGM), Tc and Re Their cadepositshave been
showed highly catalytic ability for electrolytic production of hydrog@&ertiary pyridine resin

(TPR) will not only strongly adsorBGM, Tc and Rebut alsoperfectively separate spent fuel into

the groupsof U/Pu/Np, Am Cm andlanthanidesl(n), etc.Owing toMA (**Np, ***Am) recycling

into nuclear fuel,proliferation resistance of Pu would bstrengthenby ther neutron capture
reactions t6>%Pu and*Pu

The new fuel cycle strategy will conclude, some fission products like Tc, Mo, PGM, Lns and Tc
must be separated and utilized as resources or alternatives. On the other hand, MA and even long
lived radioactive Lns such as Sm, Eu, etc, should be recycled and dopted to enhance proliferation
resistance of Pu. Nuclear fission reaction must be utilizdddimectionally.

Introduction (Nuclear Rare Metals,i Koper ni kani 9che Wendungih

Fission reaction of*U will generate more than 40 elements and 400 nuclides in the spent fuel.
Among them,31 elements are categorized as rare
metals (NRM ; Nuclear Rare &tal), and somare  10e+05
highly erriched in the spentfuel. Typical yieldsfor | Lo 1106
such noticeable NRM aBd, Ru, Rh(light PGMV) , T N MossS) Moo7(s) |
andTc, La, Nd (light Ln)will reach tomore than Mo-96(S)

3kg to ca.10kg per metric ton of the referenéBR

spent fuel(150GWd/t, cooled %ears) By a close
investigation, individual exit strategy can be
individually proposed toward their utirization
recycling[1]. Namely,

)
=
o
m
+
o
w

~

1.0E+01 ¢

Weight (g/tHM

1.0E-01

1.0E-03 : : : :
i) Use as elementd:ow radiotoxicity °°Tc (e.g., 10E+00 10E+01 1.0E+02 10E+03 10E+04 1.0E+05

exemption Levél 10°Bg/g) shuold be used as (cooled's years) Time after separation (ye

catalyst as the same as Re, or irs alternative material. Fig.1 Isotopic abundance of FP Mo
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1.0E+05

Hydrogen overpotential df of metals are @) Te
periodically chaged as thed-electron orbital ' [
characteristics. Althougjdata on Tc is very LOE403 |-
limited,drc in the acidic solution seem to bee
following[2];

Pt @0 mV)L Ru, Rh, Pd <ReTc <N 2 10E+00 |-
(ca300 mV) <Ti

"N Tc-98(R)

Tc-99(R) /

10E+02

10EH01

Weight (g’ll M)

Ni electrode is currently available fo oo
commercial hydrogen production in alka e : : \ \
Solutlonq_l_c IS |0W€f thadj\h by %1oomv 1.OE+00 1.0E+01 _1 OE+H02 _l 0E+03 LOE+04 1.0E+05

Time after separation (year)

Ru and Rh can be used after the stockpile Fig.2 Isotopic abundance of FPTc

least 40 years and 80 years, respectively, to

lower than their exemption;e., BSS level of

1%Ru and NRPB level of 'Rh. Pd is approximately the same radiotoxicity as Tc
(*°Pd:16Bg/g(NRPB)). Notably, naturalisotopic abundance dflo(%) are ““Mo:14.8,%M0:9.25,
%Mo0:15.9, *M0:16.6,%"M0:9.5, *®M024.1 and *®M0:9.63 Thus, ligher order isotopic abundance
of FBR Mo, as shown in Fig.1will be beneficial for production ofMo. Very low radioactiveDy,
Laand Nd seem to be highly strategic &mtomamportant resource in the forefront industries.

i) Use as nuclear fuel; Doping 8f'Np, **Am and Cm to enhance proliferation resistance of Pu as
discussed in section 3. Doping radioactive Lns like Pm, Sm, Eu, etc may also conribute to increase
ploliferation resistances of Pu.

i) Use as radiochemicals®'Cs as radiation source ofalterndiing to ®°Co), and %°Sr, #%u,
2IAm and®***?*Cm as heat sources.

iv) Use as commerce of high expence sta... I; Duringerg stockpile of*Tc, decay product
%Ru (stable)will gradually increased as she*» in Fig.2. Whitable'®Ru canalsobe obtained by
transmutation of°Tc, pure®®Ru isotope(very expensive 39,0409/gvould be obtained without of
any transmutatioprocessing.

Fuel cycle strategy and hydrometallurgical chemistry toward utilization

Toward S| mu Itan eous re al | Z atl on Advanced Optimization by Recycling Instructive Elements Cycle

—

RES
of utilization of elements / [ spenttuel ] g§8
nuclides and ultimate o Ree
minimization of the ecological / CLFP Removal Reuse of Filter , ) sl |
N A Cs.Se.Sn by Inorganic ) T ‘4’3?.
risks, a new fuel cycle paradigis ey Eltknlo\ngxchaige/ e s i 58
. sotope eparatlo ; R
necessary to be built. Hence ... — e Sl @FPRW&W JRURth‘c,ew‘ . Jra @
Adv.-ORIENT (Advanced =/ ot Y . = i
. . . . 135Cs s oy \ 83 o=
Optimization by Recycling  ensmuain) \ pE e J Paig®; e
Instructive  Elements)  Cycle e ) Aa' procesiy To .ok L iy
. . 137Cs-Zeolite yansm\j ation
strategyis set ur_1der the f(_)llowmg - ,S;upjffggggn weute_ ! dgreris
tactics[3]. 1/ Higher purity on &ie%.. | Process |
NRM for utilization, allowing ‘ \Ixy ‘;ATM‘;T
lower DF on actinides just for ., - C"‘ II
burring in FBR 2/ To reduce the s« Ln cm .
secondary rad. wasteagopt soft I =3 oo o
. : (Shallow Repository) i Application for Heat (Sr battery (_ Materials | SuzukiOzawa
hydrometallurgical but nonSX 1.{Shelow RePosIoD) } andlor Radiation Source PN SO
separation processyith salt-free _
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actinides into 34 groups,U, Pu/UNp, Am and Cmdirectly from the spent fuel by IX@nethod
Eventually, pure Lns can be recoverdd.To sharpen theseparaility, hydrochloric acid(HCI)
mediais allowed in combination with nitric acid (HNDmedia. As shown the concept in Fig.3, the
most significant policy change is that NRM shall be no longer wastes but main product along with
actinides in the fuel cycle. In the point of bamkd chemistry, igcedent separation of some of
NRM is preferable because some will disturb decontamination of actinides in the reprocessing and
the vitrification of HLLW as well. A period to reduce the ratixicity below the level equivalent

to 60 ton of natural uraniuns one of the indexes on environmental impact of reposited 1 ton of
HLLW. In adv-ORIENT Cycle, by putting the separation factors of 99.9% for all An, 99% for
137Cs, ®°sr and the other NRM, and 90% for RE, such a period can be dramatically reduced to
aron d Fyeard

Catalytic electrolytic extraction (CEE), utilizingnder potential deposition (UP®)ith forming of
undissolvable metal solid solution in acidic media, can effectively separate RandTRe (Tc
simulator) from either HN@or HCI solution.Pd and Rh themselves were easy to be deposited. In
dilute HCI mediasuch CEEoccurred more distinctively than in dilute HY@edia. For instance,

in the four NRM metal ions mixture solution (corresponded to FBR spent fuel composition),
observed depositioyields were typically in the following order; Pd, Rh (>99%) > Re (91%)) > Ru
(85%) > Tc (69%). During the CEE, Pd or Right act apromoterat the surface of electrodiee(,
Pdagatom Rhagatom) @andmediatorin the bulk solutioni(e., redox ion pair).

Tertiary pyridine resin (TPR), composing a nitrogen atom imssmbered ring, is characterized to
simultaneously have two functions as weakly basic aaimhanger and soft donor ligand. It will
show high thermochemical and radiochemgtabilities especially in HCl media. An original idea

of combinatory use of conc.HCI and conc.HN®edia was based on such facts tieabgnition of
softer ions like Ami" and Cni" (5-f elements) was clearer than’Cii4-f elementsin HCl media,

and inHNO3; media the distribution depended just on the difference of ionic radius independently
either 4f or 5f elements. Extractabilities of both Afand Cni" improved by enhancing
complexation of protonated pyridine with anions due to the dehydration hroygbo-existing
methanol, and thereby increasingagz/cma-

The CEE method is advantageous because NRM would be recovered in solid state at the electrode
surface as metal (Ru, Rh, Pd, (Tc)) and/or oxide (Tc, Re¢owered NRMwas sphere micro
depositsfoamed by coagulating with nano particles in the case &f isolved CEE. Those
deposits were dense, and mechanically stable, with showing electrochemically high catalytic
reactivity on electrolytic hydrogen productioRu has beerconfirmed as alominant element for
the reactivity, while Pd played as just astarter nucleus and a binder among the involved
elementsduring the depositianHigher reactivity of Tc than Re will suggest exploring new
application fields of it. Further, a new evaluation Wwasated to evaluate the producibility on more
valuable PGM ¢.g.,Rh) by reirradiation of FP Ru, ant’™Tc by FP Mo, both separated from the
spent fuel. For this purpose, parametric studies are necessary to optimize, fuel and reactor types,
fabricationand irradiation conditions, etc.

Enhancement of proliferation resistance of Pu by MA and Ln recycling

Proliferation resistance of Pu will be enhanced by increasing of even mass number of actinides of
23%py, 22py and®*Cm, etc.?**Pu and?*Pu, charactézed specifically by high decay heat to
fabricate weapon difficult, are high spontaneous fission neutron source to deteriorate the quality of

t he Pu towar d nucl ear expl osi on [ 4] . Ther e’
proliferation. Suct*®Puwill be generated in the reactors by the following neutron capture reactions

of MA,

2Amn)** A mYp( 1 8 R*CWY 16 2 .°%8rPd,) Y
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ZNp(np)* N p B( 2 . FEPL.Y

Sagara, et al reported the irradiation results of pthem oxide sample in the experimentakt
reactor AJoyood. Under t h&n/omdlike coeen8. 15, Axred2.48e c o
and Rd-ref: 4.18, neutron capture ratio was 65% (for generating Pu and Cm) and fission ratio was
28% at the center of core with harder neutron specf&). However, at the reflector region neutron
capture reaction increased to be more than 80% with decreasing fission reaction, conversely.
Relative isotopic abundance 8fPu plus®*?Pu was more than 98% in the both case, and that of
242Cm was more than 97%, where the transmutation ratio of Pu/Am was less than 7% and 2% for
Cm/Am. Evidently, transmutation 6f’Am was successfully achieved, and the isotopic ratios of
23¥py and®*Pu were increased. When MA doping is 2% against DU, the 0&%%u plus®*?Pu

will be more than 10%, and that will satisfy both criteria BfPu contente,g., 9% [6] and
attractiveness factor calculated as 6% [4].

Separation of pure MA and PGM from the spent fuel was successfully demonstrated [7utilizin
previously described IXC separation scheme [8]. Irradiated MOX fuel (143.8GWd/t) at the fast
experiment al reactor AJoyoo was dedicated foc
recovery ratio of*’Am was more than 95 % whole through the procesaed the impurities of

241Am product against Ln't'Ce+>*Eu) ,?**Cm a n d'*RufPsb+*'Cs) were very low, less

than 0.3ppm, 1 ppm and 1.8ppm, respectively. The separation dedfé€rarfrom?*'Am product

was more than 2.2x$0Possibly, TPR chraatography method will meet well with the MAYAm)
recycling in the points of increasing proliferation resistance as well as decreasing environmental
burden. Further study will focus on clarifying Np behavior, preferably controlling its behavior
togetherwith Pu. Intragroup separation of Ln and PGM (including Tc), and engineering feasibility
and simplification in HCI / HN@hybrid media is issue in the phase Il

Conclusion

Aiming at utilization of elements / nuclides of rad.wastesneav fuel cycleconcept has been
progressed. The strategy is based diriaitarian researchas such separation, transmutation and
utilizaiton, especially relied upon advanced radiochemical separation technologies like ion
exchange and electrochemistry by a conbinataniahnner.A catalytic electrolytic extraction
method, utilizing under potential depositiby Pd gator{ Rhagatom iS advantageous for separation and
utilization (or stockpile) of light platinum group metsnd Tc.Tertiary pyridine resin will not only
strangly adsorbTc and Rebut also generate garoducts of U/Pu/Np, AmCm and Ln, thereby
sufficiently strengthen the proliferatioresistantcharactefincreasé>®Pu contentpf recycledPu is
achieved The separation senario of all of actinides and fission products in the spent fuel should be
strategicallyre-developed to satisfy the various requirements.

Condolence:During preparing this manuscript, the most powenfuhgnitude 9.Garthquakeand
tsunami attacked TohoKganto pacific region on Friday March 11, 2011.eShcauseda great
disaster orFukushima NPPs artie situation isot settleddown yet. With the deepest sympathy
with regret, and sincere gratitude for helps by foreign countries.
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2.2.
COMBINED SEPARATION OF Pd AND Tc FROM THE RAFFINATES OF

THE SPENT NUCLEAR FUEL REPROCESSING

u. Boytsova*,V. Korolev*, Y. Pokhitonov*, V.Babain*,{ . Ozawa**,. Suzuki**

*RPA ¢V. G. Khl opi n RPetérsburgy Russias 28'F Mutinsky ave., 1$4821. Htail:
radium@atom.nw.ru
** Tokyo Institute of Technology, Tokyo, Japan12-1 O-okayama,
Meguroku, 1528550. Email; tasuzuki@nr.titech.ac.jp

A smal l amount of Areactoro Pd, Ru, Rh a
possibility of production and use of electrodes in hydrogen energetics covered by a comadsite
of these fAreactoro metal s. One of the sources

cycle of the spent nuclear fuel (SNF) reprocessing.

The purpose of this study was to investigate the Tc and Pd sorption behaviors, to search the
agents for their desorption, to test the determined conditions of the metals separation with use of
real SNF reprocessing solutions.

The examples of individual Pd and Tc sorption by anion exchange resin from nitric acid
solutions are welknown. However,ther combi ned separation wasnot

In this study the strongly basic anionikel-1¢ }, which had been previously applied to
separate a fAreactoro Pd, was used as a sorben

Tc and Pd sorption under static and dynamic conditions were studiedshbown that the
combined sorption should be carried out at a Hil@hcentration not more than 2 Mhenpassing
throughthe sorbenat least50 columnvolumes(c.v.) of the modelsolution (Cynos = 2 M; Cpg =
100 mg /; Gy =100mg/ I) almost100% of Pdand30% of Tcweresorbed orthe resin.

The conditions for 100% Pd and Tc separation from the feed solution were found.

The desorption with DTPA solution in the wide range of acidity allows to achieve both
combined 100% vyeild of Pd and Tc in 15.cand individual desorption of these metals (Pd in 8
c.v.,, Tcin15c.v.).

An example of the combined separation of Pd and Tc from the SNF was given in the study.
Distribution of Pd and Tc by fractions of experiment solutions, factors of purificdtitwese
metals from gamma impurities and obtained dynamic exchange capacities are shown.
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2.4.
THE ELABORATION OF TECHNOLOGY BASES FOR THE ARTIFICI AL
STABLE RUTHENIUM PREPARATION FROM TECHNETIUM -99
TRANSMUTATION PRODUCTS

$0.0. K &&.Péremkhin', K.V. Rotmano¥, V.A. Taraso?

! Frumkin Institute of Physical Chemistry and Electrochemistry of RAS, 31/4, Leninsky prosp., Ma4€8v1
Russia, kozar@ipc.rssi.ru

2 ederal State Unitary Enterprise State Scientific CénResearch Institute of AtomiReactors, Dimitrovgrad 10,
433510 Russiarip@niiar.ru

The bases of technology have been elaborated for the artificial stable ruthenium preparation
from the °°Tc transmutation products. The process includes the following steps: the isolation
technetium from spent fuel with additional purification of Tc from actinides, the manufacture of
technetium targets, their irradiation with high flux of thermal and epithleneutrons, the exposure
of irradiated targets for the shéited radionuclides decay, chemical separation of ruthenium from
technetium and the exposure of prepared ruthenium up to the fission pfGauatecay.

The metallic targets have been prepdfredom t echnet i um Wyaadtiide c on't
impurity per gram Tc. The irradiation of the targets has been carried out with thermal neutron flux
6. 8'tina 1 X mpi’d'sS (epithermal neutrons part is 0.08.1) during 73 425 eff. days and
bum up has been achieved 190% (for 3 different groups of Tc targets).

The dissolution of irradiated targets has been carried out in KOH solution in presence of
excess of KlIQat 701 8 0 AC. Vol at i4fronz KTcQ, eotutioro dnd dgher@hemical
methods have been applied for the isolation of ruthenium.

Total Ru separation factor has been achievetf. Ithe exposure of prepared artificial
ruthenium during 10 years needed for the diminution of #Ru, 1°Rh radioactivity of the metal
up to thelevel required for its any application.

About 5 grams of stable ruthenium have been prepared in this work from 10 g of the
technetium. This artificial ruthenium was nearly monoisotopic and contained ¥R % '*Ru
depending o®Tc burnup. The achieved®Tc transmutation rate and targets bumvalue are
records for today and may be increased by the rise of the epithermal component in the neutron flux.
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2.5.
TECHNETIUM CATALYTIC EFFECT AND SPECIATIO N IN NITRIC
ACID SOLUTIONS | N PRESENCE OFNp(V), Th(IV) and Zr(IV ) AND
REDUCING NITROGEN DE RIVATIVES

K.E. GermanYa.A. ObruchnikovaD.N. Tumanova, V.F. Peretrukhin, Ph. Moisy*.

IPCE RAS, Moscow, Leninskii pr.3%, 119071Russia
* - CEAT Marcoule, DEN DRCP, BP1717130207,Bagnols sur Ceze, France

The technetium species develop the catalytic effect being of high importance for the
reprocessing of the spent nuclear fuel [1]. One would just mark that thestaigereprocessing in
the UK was delayed by 5 years in the stadtgge due to the harmful -&éfect [2]. An important
item of Tc separation from the reprocessing solutions is the mutual effect of a number of redox
stable (Zr) and redox sensitive elements (especially Tc, see gbg.af8l Np) present in these
wastes. Wo technetium valence states (VII and IV) are considered to be rather stable under the
conditions of spent nuclear fuel reprocessing.

In the previous report we have demonstrated the catalytic effect of Tc(VIl and V) on the
reduction of Np(V) to Np(IV) withhydrazine in nitric acid resulted in Np(V) disappearance and in
the accumulation of Np(1V) different species, so that the free ionic form of Np(IV) accumulated in
lower concentration, compared to decrease in Np(V) concentration. This fact indicateddibéepo
Np(IV) complex formation with some of the reaction produeB]7The Tc(VIIl) participation in
this reduction process was anticipated taking into account the common catalytic properties of
technetium, while the interaction of An(IV) with Tc reducgaecies was difficult to predict and
needed some additional experimental study that was demonstrated0hW&th simulated waste
solutions with Th(IV) taken for typical example of An(lV). The existence of such species was
difficult to predict based oglon the accepted thermodynamic data [3], although the possibility of
deep Tc reduction even to Tc(ll) species in nitric acid was already demonstrated in [12], and the
importance of hydrolyses and polymerization in aqueous solutions of different acidshoene in
[8-11]. Anyhow such questions as the influence of the Tc valence state in the catalytic action on Np
behavior remained unclear as only Tc(V) and Tc(VIl) species were tested1id] [@nd the
corresponding study of the Tc(IV) species is being ttadlen in this report. Because of the
possible interference of the Tc(V and IV) and Np(V,IV) optical spectra, the procedure of spectra
analyses elaborated in the previous report was used for the optical separation of individual Tc and
Np species before ¢hkinetic treatment of the experimental data aiming the determination of the
reaction orders in Np(V), Tc(IV), Mis*, H'.

The experimental procedures was based on the conventional spectrophotometric methods for
the kinetic measurements of Np(V) and Tc(I¥pr the determination of Np(V) concentrations the
NIR absorption peak at 980 nm was used. The constant initial concentrations of Np(V) and
N,HsNO; were used in all the experiments, whilgTz(IV)) varied as (0.24 1.2)*10° mol/l. The
temperature inteal from 25 to 58C was seup in different sets. Tc(lV) concentrations were
measured at the 400 nm (after the Np(IV) spectra contribution corrections), while Tc(V) was
determined according to the development of the shoulder &@¥@m with similar corretions for
Np and Tc(IV).

In the present work the Tc was initially reduced to Tc(IV) previous to addition to the test
solutions. In such a case no induction period was needed for the Np(V) reduction reaction similar to
the Tc(V) effect, studied before [8]Similar to the previous report, the deconvolution analysis of
the spectra was critical for the understanding of the chemical reactions in the system under
consideration. While the Tc(VIl) spectrum is well known and completely characterized, some
misundestanding exists for Tc(IV), Tc(lll) and Tc(V) in acidic solutions. We consider the most
reliable for spectroscopic standard purpose to use Tc(lV) spectrum registered after dissolution of
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TcO, *nH0 in sulfuric acid under argon atmosphere. Utilization of these spectra as a standard was
fruitful in the previous work for the T¢ Np spectra deconvolution. It is important and possible
because the spectroscopic parameters have been determined ire deparat

Anyhow the Tc(IV) stock solution for the kinetic tests was each time freshly prepared by
reduction of 1 M Tc in 1.5M nitric acid with excess of hydrazine nitrate. The following dilution
of the aliquots in test solution influenced only the doaentration.

0,4: (1,02*10_5)MTC-N|3(V)- » \ / Te(V) + Te(IV) + Np
N,H;NO5-1.6HNO3 | ‘

Te(IV) standard

0,324

Te(V) + TeX + Np(IV)

0,24

Te[ViI)

0,161

0,08 4

0,00

400 500 600
330 530 730 930 1130 wavelength,nm
Wavelength, nm
Fig.1. Typical view of Np(V) reduction with Fig.2. Deconvolution of typical mixed spectrum of Tc{IV
hydrazine catalyzed with Tc(IV) Tc(V)>Np(IV) solution
([Tc(IV)]=1.02*10"°M, [HNO4]=1,6 M).

The mixed Tc(IV)i Tc(V)-Np spectra could be subtracted one from another as shown at the
Fig. 63, where the presence of at least three different Tc species can be seen from the
deconvolution analyses.

At least one of the intermediate Tc species has unknown molar extinction coefficient
therefore the quantification of the Tc valences was impossible in this solution system by optical
spectra measurements. Anyhow we can estimate from the subtracted teedtra initial Tc(1V)
is partially oxidized in course of the catalytic process and the total reduction of Np(V) to Np(IV) is
run with a mixture of Tc (IV) and Tc(V) species stabilized in the nitric acid solution in presence of
hydrazine.

D 035 J [NpV),
03 A M,10° 12"
0,25 A 0] st
0,2 Al 1,95
015 —— A 2,52
0,6 ,
0,1 P ///\\\ 3,01
0,05 “li -~ St Mﬁ 0,3 -=3,51
0 - | noTc
950 975 1000 0 - ' = '~ o
ime,
Wavelength, nm 0 5 10 15 20  min

Fig. 3. The typical evolution of the Np(V) spectru Fig. 4. Np(V) reduction with 0.052 M,NsNO;
in AMgi ono (980 nm) catalyzed by Tc(IV) (0.98*10M) in 1.51, 1.95,
reduction with hydrazinium, catalized by Tc(IV) 2.52, 3.01 and 3,51 Mitric acid.

The registration of -tédgi csmpect?® @0 envm) ugawova
change in the absorption at 980 nm is completely due to Np(V) reduction to Np(IV) (Fig. 3). In the
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tests with the previously prepared Tc(IV) being adtedhe solution as a catalyst for Np(V) to
Np(IV) reduction with NHs" in 1.5 M HNGQ, the Tc spectrum underwent just very small
transformations while the peak Np(V) (Fig.3) decreased with time. When this previously
synthesized Tc(IV) compound dropp&tto the Np(Vihydrazinium x*HNOj; solutions with
different aciditiesno induction period was observed at 36 (Fig. 4) as well as at other
temperatures up to 56.

The Np(V) to Np(IV) halfreduction time for this reaction increased from 5 to 25 nilew
the acidity of the solutions was decreasing from 3.51 to 1,52 M41N@ kinetics was practically
linear within the 0.8 conversion factor thus indicating the zero order in [Np] for this reaction in this
acidity region (1.53.5 M).

The reaction rateonstants are tabulated in the Tab.1.

Table 1.K, for Np(V) reduction with hydrazin Table 2. The temperature dependence of the rea

catalyzed by Tc(IV) at different C(HNO rate constan, for Np(V) reduction catalized wit|
Te(lV).
[HNO3], [ Ko, *10° | Ig[HNOg) | Ig Ko T, | UT, [Ko,*10 Ig Ko'
M mol/I*min °C 1/K | mol/*min
1,51 0,29 0,17 053 20 [ 0,00341] 0,4 -0,3%8
1,95 0,49
0,290 -0,310 25 |0,003%| 0,6 -0,222
o2 o 0401 0,00 30 | 0,00330 0,8 0,0969
3,01 1,19 0.47 0.075 ; : ,
3,51 1,61 0,545 0,206 35 | 0,0035 1,3 0,114
40 | 0,0020 1,9 0,2M
45 | 0,00314 3,1 0,491
50 | 0,00310 4.4 0,643
LgKol 0,2 2 LgK,

/ 02 |
0 |
0
0,2
5 -
-0’4 L / )
0,4

0,6 +— :

L8(CHNO3) .y

011 012 013 0,4 0,5 0,6 ’ T T

0,102 03 04 05

Fig. 5. Reaction order determination from  Fig. 6. Reaction rate constakt' as a function of
LgKo=f(L9(Crinod) Bunos

L8l HNO3)

The Np(V) reduction reaction order was determined from Ig K f(Lg(Cunog)), the
dependence corresponds to sieeondorder of the reaction kinetics (Fig. 5.) . The correction of the
data for the activity of Hin nitric acid gave similar dependence for the (Kig. 6).

The temperature dependence of the reaction rate constant was determined at the
temperatures of 2050°C (Tab.2, Fig.7).

The resulting activation energy was estimated as 41,9 (3) J/M.

11€



& 7" International Symposium on Technetium and Rhena@tience and UtilizationMoscow, 2011

lgK,
5 %

N
\\

_0,5 T T I I/T,

0,00305 0,00325 0,00345 VK
Fig. 7. Reaction rate constant, Kas a function of inversemperature (for 20 50°C temperature
interval).
The effect of technetium(lV) ions concentration on the catalytic Np(V) reduction with hydrazine
was tested in the set of solutions prepared based on 2.84 M.HK@® acidity wasused as it is
well known [4] that the fraction of the hydrolyzed form of Tc(IV) could be important in the
solutions with smaller acidity thus leading to its smaller catalytic activity.

Ko'3,5
D 124 ) M/L*min
- 0.8 3 I
T e _— — — /
— - 1.0 25

08—y 125 2 /
06 S e 15 15 //
A i —175 1

0,4 1 t
03 1 ~2.0 05
~ T 0 0 T T T
0+ ' ' — | 05 1 15 2 2,5
0 2 4 6 8 [Tc(v)], M*10*
time, min
Fig. 8.  Np(V) reduction with 0.052 M,NsNO; Fig.9. Effective reaction constant'or Np(V)

catalyzed by Tc(IV) added at different reduction with 0.052 M BNsNO; catalyzed by Tc(lV)
concentration: (0.8, 1.0, 1.25, 1.5, 1.75, 2.0*1C as a function of different Tc coentration (0.8, 1.0,

M) in 2.84 M nitric acid. 1.25, 1.5, 1.75, 2.0 *1HM) in 2.84 M nitric acid.
ek, %° A C(N,HNO,) 0.3 M
0.45 - . 0,075-/\‘/ C(HNO,) 1.7 M
0.4 - _
0,35 - e
03 e o W—O’/MV
— 00507 o . NN
0,25 ¥ g g Ys—sr” S \
0,2 - / 3
015- 3
G 0,025 C(Tc) 1,2 mM
0.4 —e—C(Tc) 0,9 mM
~"0,05 —x—C(Tc) 0,6 mM
= 0 . ‘ |
-0,1 0 0,1 0,2 0,3 0,000 ‘ ‘ ‘ ‘
20 30 40 50 60
LG[Tc] . .
time, min

Fig. 10. Lg K' as a function of different Lg([Tc]) Fig.11. The evolution in the speciatical density
(for [Tc™,i]= 0.8, 1.0, 1.25, 1.5, 1.75, 2.0 *T0 (L. =480 nm) in the region of Te(IV+V) species at
M) in 2.84 M nitric acid. 50°C for different total Tc concentrations.

As follows from Fig 10, the reaction order fbip(V) reduction with HNsNO3; catalyzed by
Tc(IV) over [Tc] is equal to 1. After the reduction op(V) to Np(IV) is complete the evolution in
the spectra optical density at [1=480 nm has indicated very small changes in Tc(IV) to Te(V)
species concentration ratio during the first hour of storage evefiG(Bi@. 11).
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So, the kinetics equations fdretNp(V) reduction with HNsNO; catalyzed by Tc(1V) could be
drawn as:

- (dINp(V))/ dt = K[Tc(IV)][HNO 5

where Ko = K'/ ([Tc]*[HNO 3]% = 14.8 (2)-10% M™*min™

It is important to note that in this report the effect of nitric acid on tHéNI(V)) was not
devided foe the separate effects of[land [NQ] although we may predict from the known
chemical properties of Np(V) that the latter dependence should be of higher importance. This study
was not the special task of this report but iurgler way and will be completed in the nearest
future.

An important item of the Np(V) catalytic reduction driven with Tc(IV) is the hydrazine
concentration. The reduction of Tc(V) to Tc(IV) in high excess of hydrazine is a comparatively fast
reaction.

When the reduction of Np(V) is complete, the latter is stable felBFours depending on
the temperature of the solution. The further reduction of Tc (probably to Tc(lll) causes the
hydrazine catalytic decomposition and tfigpartial back oxidation of p(IV). For longer terms the
considerable fraction of Tc is oxidized back to Tc(VII) that was confirmed by liguiduid
extraction tests and the EXAFS spectra registered on the aged solutions.

When Tc(VII) is added to the Np(V) solution containing hydrazthe induction period is
needed for the startup of Np(V) catalytic reduction. In case when Tc(V) was added no induction
stage is observed. The previously prepared Tc(lV) being added to Np(V)- B18L.M nitric acidi
hydrazine nitrate solutions) uses the Np(V) catalytic reduction with hydrazinium to Np(IV)
without anyinduction period. The Np(V) reduction with,Hs" is catalyzed by Tc(IV) ions and
follows the kinetics being zero order in [Np(V)}storder in [Tc(IV)], 2nd order in [HNQ], with
OEactiv= 41.9(3) J/M.

When the reduction of Np(V) is complete, the latter is stable fol &%0urs depending on
the temperature of the solution. The further reduction of Tc (probably to Tc(lll) causes the
hydrazine catalytic decomposition and tligmartial back oxidation aflp(IV).

The technetium reduction by hydrazine nitrate and hydroxylamine chloride in the presence
of Th(IV) and Zr(IV) was investigated. The experimental procedures of this work involved
conventional spectrophotometric methods for the kinetiesasurements of Tc. The initial
concentration of Tc was varied as 0,4,52 mmol/l, C(Th) = 0" 6,32 mmol/l, C(NHsNOs) =
0,255 M. The temperature was abouf@G5The reactions were carried out in thermostatic quartz
cells. A typical sequence of spectianges in one experiment is given at Fig. 12. To get the
equilibrium state more than 2 hours were needed. As can be seen the reaction consists of 3 stages.
On addition of hydrazine to ¥€h solution in nitric acid the reaction first proceeds as a Tc(VII)
reduction to Tc(lV) thus developing the shoulder at 400 nm and following the zero order kinetics,
initiating the hydrazine decomposition with gas evolution, then decomposition of Tc(IV) takes
place in similar zero order kinetics with formation of unidesdif Tc(X) species, then finally
forming pink or brown (depending on Tc concentration) TE[H}IV) complex characterized with
a peak at 47375 nm in first order kinetics. The later is supposed to b®)Fch(IV) complex
which is stable for several days=fC.

Fig. 12. Reduction of Tc with hydrazine in presence of Th
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