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Abstract A cation exchange procedure was developed for separating Nb from Ta Pa from Ta and Nb
Pa and Ta from Zr Hf and lanthanides in dilute HCI/HF solutions The stability of the fluoride complexes
of Group IV and V elements decreases in the following order: Nb ~ Pa > Zr > Hf > Ta This procedure can
be used in experiments on synthesis of superheavy nuclei for isolation of Db from the reaction products and

for its chemical identification

PACS numbers: 82 30 Hk
DOI: 10 1134/S1066362208030132

Chemical identification and study of chemical
properties of transactinide elements (TAEs) received
recently a special attention Relatively long life of
the new radionuclides produced by reactions with
48Ca and of their decay products open the possibili
ties for not only on line (directly in heavy ion beams
during continuous isolation of the reaction products)
but also off line (relatively prolonged irradiation of
targets with subsequent isolation of the radionu
clides) experiments The first such experiment on
chemical identification of Db the final decay prod
uct of element 115 was performed in 2004 in FLNR
[1 2]

The isotope of element 115 with an atomic weight
of 288 was synthesized for the first time by the nu
clear reaction ¥Ca + Z¥Am — 288115 + 3n using a
gas filled separator of the reaction products [3] The
nuclide underwent five successive a decays to form
268Db which decayed by spontancous fission:
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The total time of 5 a decays is approximately
20 s The half life of 2°®Db estimated from the three
observed events [3] is 16+619 h

Fifteen events of spontancous fission of 268D
were detected in the course of the chemical experi
ment The 2°8Db half life (T, = 29 h) was refined
and the energy of the fission products and the num
ber of neutrons emitted during fission were deter
mined from the time distribution of the events [4]
The results of the “chemical” experiment proved in
dependently formation of elements 115 and 113 by
the reaction ¥Ca + ®Am

The off line experiment is of interest not only for
chemical identification but also for study of chemical
properties of Db For this purpose it is appropriate

to use for producing the long lived isotope 268Db the
procedure similar to that in [I] More selective proce
dures that would allow not only isolation of Group V
clements but also their separation (a more complex
problem) should be used in the next steps The aim
of this study was to develop a cation exchange proce
dure for isolating and separating Group V eclements

This procedure was developed taking into account
the results of the on line experiments on the study of
chemical properties of dubnium

Extraction of Nb Ta Pa and Db from HF HCI
and HBr solutions with aliphatic amines was studied
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in [5 9] The stability of Group V metal halide com
plexes was shown to decrease in the following order:
F > Cl > Br However the results of these stud
ies do not provide sufficient information to compare
unambiguously the stability of halide complexes of
Db with that of the complexes of its homologs Nb
and Ta and pseudohomolog Pa

Pershina [10 11] studied the hydrolysis and com
plexation of Group V elements (Nb Ta and Pa) in
hydrogen halide solutions Based on the results of
quantum chemical calculations she suggested that
hydrolysis decreased in the order Ta>Db>Nb>Pa
and the competing complexation with halide anions
decreased in the reverse order: Pa >> Nb > Db > Ta

Sorption of Group IV and V eclements on an
anion exchanger from fluoride solutions was studied
previously [12 13] Caletka and Krivan [12] showed
that in a wide range of HF concentrations the sorp
tion of these elements decreased in the order Ta >
Hf ~ Zr > Pa At the HF concentration lower than
03 M the sorption decreased in the order Ta >
Hf ~ Zr > Pa > Nb [13]

Previously we studied complexation of Group IV
and V elements in aqueous solutions with different
HF concentrations Zr complexes formed in dilute
HF solutions are sorbed on the cation exchange
resin and the negatively charged Nb complexes
remain in the solution We showed that anionic Nb
fluoride complexes were formed in 0 1 M HCI solu
tlons containing 103 10°> M HF At [HF] < 5x
10 * M neutral and cationic Nb species appear

Thus the strongest difference in the behavior of
Group V and IV clements should be observed in
dilute HCI/HF solutions

EXPERIMENTAL

Carrier free tracers were produced by (o xn) and
(n vy) reactions and by the fission reaction (p, xn yp
/) on the U 200 cyclotron MT 25 microtron (FLNR
JINR) and F synchrocyclotron (Laboratory of Nu
clear Problems JINR) respectively The half lives
and production reactions of the isotopes used in this
study are given below

Isotope Production reaction Half life
233pa 23Th(n y)233Th — 233pa 27 0 days
2MNb MY (o xn)’?”"Nb 10 15 days

77Ta M y(q xn)177ra 56 6 h
87r  magr(o xm)¥¥7Zr 83 4 days
SHE  matyp(o xn)! PHE 70 days
8Tmgr  matRp(a xn)¥’Y - 87er 281h
Ly " Ta(p; xn yp 1)°Lu 1 37 years
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Chemical isolation of Pa Nb and Ta was per
formed as follows

233pga production A set of thorium foils of differ
ent thicknesses and total weight of 09 g was placed
in a cylindrical plastic container and was irradiated
with thermal neutrons using a U Be converter of the
MT 25 microtron [neutron flux 108 nem %s ] for
10 h After irradiation completion the foils were al
lowed to stand for 3 days and were then dissolved in
11 3 M HCI (10 ml) containing 2 M HF (1 2 drops)
to facilitate the dissolution The resulting solution
was passed through an 8x40 mm anion exchange
column packed with AG 1 x8 resin (10 200 mesh)
Then the column was washed with 8 M HCI (9 ml)
Pa was eluted with 2 M HCI (6 ml) Approximately
95% of Pa was isolated

2mNp  (1777T3) production Yttrium (lutetium)
nitrate applied to an aluminum support was calcined
The resulting rare earth oxide Y,O5 (Lu,0O3) (100
130 mg/10 cm) was irradiated on the U 200 ac
celerator with a particles (32 33 MeV) for 10 h (6 h)
at an average current of 10 pA (7 pA) After irradia
tion completion the sample was allowed to stand for
100 h Then the oxide layer was dissolved in concen
trated HNOj5 (10 ml) The solution was evaporated
to dryness and the dry residue was dissolved in
HNO; YF; (LuF;) was precipitated by the addition
of HF to the composition of 05 M HNO; + 1
15 M HF Then the mixture was centrifuged for
5 min (4000 rpm) and the solution was decanted
and evaporated to dryness The dry residue was dis
solved in 3 M HF (100 pl) The resulting solution
was passed through an anion exchange column
(2x50 mm) packed with Dowex 1x8 resin (200
400 mesh) Nb (Ta) was eluted with 0 5 M HNO; +

Isolation of Lu Zr Hf and Sr was described in
detail in our previous papers [2 16 17]

The solutions of the examined radioisotopes were
mixed and the carrier of the corresponding isotope
(I pug) and La (1 mg) in the form of La(NO;); were
added The lanthanum amount was determined by
the procedure for separating reaction products from
the target material described in [1] The solution
was evaporated with a few drops of aqua regia and
then was evaporated to dryness

The dry residue was dissolved in 02 M HCI
(05 ml) The resulting solution was applied to a
6 x 30 mm column containing Dowex 50 x 8 resin
(100 200 mesh) The clements were separated by
washing of the column with mineral acid solutions of
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Fig 1 Cation exchange separation of Nb Zr Hf Ta and
Lu (Dowex 50 x8 100 200 mesh 6 x30 mm) Eluent
95} 02MHC1 +5%x10 * M HF (IH) 02 M HCI + 2%
10 > M HF and (II 6 M HCI
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Fig 2 Cation exchange separation of Pa Zr Hf Sr and
Lu (Dowex 50x8 100 20 mesh 6x30 mm) Eluent M
(I)OZMHC1+5><10 M HF (11)02MHCI+75><
10 * M HF (]1])02MHC1+ 1x10 3> M HF Nno2M
HCI + 5x10 > M HF (V)1 M HF (V1) 2 M HNO3 and
(Vi) 6 M HCI

different concentrations The element fractions were
analyzed on a vy ray spectrometer with a Ge detector
(ORTEC) by the standard procedure

The conditions of sorption of the examined ecle
ments on the cation exchange resin (02 M HCI)
were estimated using the Speciation software
(IUPAC SC Database/Academic Software) [18]

RESULTS AND DISCUSSION

First we studied cation exchange separation of
Nb Zr Hf and Lu on Dowex 50x8 resin (Fig 1)
Niobium was eluted first with 02 M HCI + 5 x
10 4 M HF; then Group 1V elements (Zr and HI)
were eluted with 2 M HCI + 2x10 > M HF; and
finally Lu was eluted with 6 M HCI It should be
noted that separation of Nb from Zr and Hf con
firms the correct choice of the initial separation con
ditions The behavior of the elements being sepa
rated supports the results of the on line separation
of Nb and Zr on a SISAK unit [14] It should be
noted that since the Zr/Hf separation factor oy ¢

TERESHATOV et al

is about 1 1 separation of these elements under simi
lar conditions is possible Group IV and V clements
were also separated from actinides simulated by Lu

The aim of next step was to study the behavior of
Pa (Db pseudohomolog) and Ta under these condi
tions In these experiments 87mSr a chemical analog
of No was introduced into the mixture to be sepa
rated No can be formed by the following reaction:

EC
Db — Rf

04

— No

The separation results are shown in Flg 2 Pa
was eluted with 02 M HCl + 75x 10 * M HF
Then Group IV elements (Zr Hf) were cluted with
02 M HCI + 5x 10 > M HF; Ta Sr and Lu were
eluted with 1 M HF 2 M HNO3 and 6 H HCl
respectively

Since Ta is cluted after Group IV clements the
location of the Ta band on the chromatogram is of
interest Presumably the stability constant of the Ta
fluoride complex is significantly lower than that of
the related complexes of the other examined ecle
ments Our first experimental results showed that
the clution peaks of Pa and Nb are close

In addition as seen from the chromatogram in
the case of No formation by the above scheme this
procedure allows complete separation of Group IV
and V elements from Sr (No analog) and Lu (an
analog of trivalent actinides) Thus the decontami
nation factor of the examined elements from acti
nides is as high as ~10*

Thus a cation exchange procedure was developed
for the separation of Nb from Ta Pa from Ta and
also of Nb Ta and Pa from Zr Hf and lanthanides
in dilute HCI/HF solutions The behavior of the
Pa + Nb system under these conditions requires
additional study

Our results show that the stability of the fluoride
complexes of Group IV and V clements decreases in
the following order: Nb = Pa > Zr > Hf > Ta The
behavior of these elements in the examined solutions
is consistent with results of the previous studies and
theoretical calculations

Thus the developed procedure allows selective
separation of Group V elements from their analogs
Rf (Zr Hf) and from heavy actinides (Cm Cf) and
nuclear physical analysis of several fractions ob
tained in the course of the study of chemical proper
ties of Db and its identification
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