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Preparation of Am!Y and AmV! in bicarbonate and carbonate solutions
using xenon compounds
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Xe compounds, XeF,, NaysXeOg, and XeO;, were used to oxidize Ami!! in carbonate and
bicarbonate aqueous solutions. XeF, and XeO; may be used to obtain Am!Y in solutions,
whereas NayXeOy oxidizes Am!l into Am™V+AmY+AmV! or into AmV! if present in excess.
XeO; reacts with Am!!! to give Am!Y only under UV irradiation.
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trioxide as oxidants.

The preparation of higher valent states of transpluto-
nium elements in solutions is an important problem. It is
known that AmY and AmV! compounds are formed rather
easily; Am!Y is much more difficult to obtain, requiring
the use of strongly complex-forming media, e.g., car-
bonate solutions. However, the first attempts to oxidize
Am!! in carbonate solutions with ozone or persulfate!s2
afforded only AmY and AmVY!. Only in the beginning of
80’s the conditions for the formation of Am!Y by the
electrochemical oxidation of Am!!! in carbonate solu-
tions were found. It was shown that Am!Y is stable at pH
8.4—10.0 (see Ref. 3). Later, a chemical oxidant was
found (a AgT—S,04%2" system).# This chemical method
of the formation of Am!V in carbonate solutions, unique
up to recent times, has an evident drawback, viz., the
contamination of the solution with Ag ions. In our
previous work,5 a photochemical method for forming of
Am'V, devoid of this drawback, was proposed.

In the following investigations we tested xenon com-
pounds as oxidants. The oxidation potentials () of
some Xe compounds exceed those of the Am!V/Am!l
pair in carbonate solutions (£ = 0.99+0.81 V depending
on pH (8.9—11.2)).6 For example, in alkaline media
Etixeo,~/xe = 1.24 'V (¢f Ref. 7) and Eyxeoq3-/xe0,~
=0.9 V (¢f. Ref. 8), and the potentials increase when pH
decreases. The potential of the XeF,/Xe pair has been
estimated only in acidic media: Exef,/xe = 2.3 V (¢f.
Ref. 7). These data show that xenon compounds can
oxidize Am!!! in carbonate solutions.

The addition of XeF; to a (1—4) - 107 M solution of
Am!l'in a 1.5 M aqueous solution of KHCO; or 1.5 M
solution of (KHCO; + K,COj3) turns the colorless reac-
tion mixture yellow. In the UV absorption spectrum the
intensity of the Am!!! band at 507—508 nm is decreased
and a band with a maximum at 360—370 nm is ob-
served. The shape of the profile attests to the four-valent

state of americium, This fact is confirmed by titration
with a K4Fe(CN)¢ solution, which results in a decrease
in the intensity of the band at 370 nm and an increase
in the absorption at 507—508 nm. In a 1.5 M aqueous
solution of K,CO; without the addition of KHCO; the
oxidation of americium becomes less effective, and in-
creasing the K,CO; concentration to 3-5.9 mol L™!
stops altogether.

Sodium perxenate, Na,XeOy, also oxidizes Am!! in
aqueous KHCO; and (KHCO; + K,COj) solutions, but
the oxidation proceeds in another way. If for example
solid NayXeOg or its freshly prepared solution is added to
a {1—2)-10™* M solution of Am!"! up to 1-10~4 mol L!
concentration, the absorption in the range of A < 600 nm
with the maximum at ~360—370 nm increases after ca.
1 min. However, the comparison of intensities of the
bands at 370 nm, where Am!Y and AmY! have almost
equal extinction, and at 600 nm, where the extinction of
AmVY! exceeds that of Am!V threefold, shows that AmIY
and AmY! are accumulated in the solution. However,
their sum is less than the decrease in the amount of
Am!L and, hence, AmY, which has no characteristic
absorption bands, is also present in solution. When
the concentration of NayXeOg is increased to
3-1073 mol L1, AmI!! converts completely into AmV1.
In a 5.9 M solution of K,CO;, the perxenate anion
decomposes, but Am!!! does not undergo oxidation.

Xenon trioxide, XeO;, is practically inert with re-
spect to Am!'' in aqueous solutions of KHCO;,
(KHCO; + K,CO03), and K,CO;. UV irradiation with a
SVD-120A mercury lamp or a DKsSh-500 xenon lamp
was used for its activation. Under UV irradiation in a
1.5 M aqueous solution of (KHCO; + K,CO4) in the
presence of XeOs3 (5-1075—2-1073 mol L7!), Am is
converted into Am!V, which is confirmed by changes in
the absorption spectrum and by titration with a
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K4Fe(CN)g solution: after the titration, americium re-
turns to the initial three-valent state. The rate of oxida-
tion increases with the increase in XeO; concentration
and depends only slightly on the composition of the
solution. In 1.5—3 M solutions of K,CO; containing
XeO; the photochemical oxidation of Am!! to AmVY!
takes place.

Thus, xenon compounds are useful for oxidation of
Am! in carbonate solutions. A new reagent, XeF,,
useful for preparation of Am!Y by chemical methods in
bicarbonate—carbonate solutions has been found; the
oxidant is decomposed completely, and the small amount
of F~ that is introduced into the solution, has no
significant effect on the behavior of Am!V. The presence
of F~ ions in the solution can be avoided if XeO; is
used, but the formation of Am!V in that case proceeds
only under UV irradiation. To obtain AmY!, Na,XeOq
may be used, but a large excess of oxidant must be
taken.

The present work was supported by the Russian
Foundation for Basic Research (Project 93—03—4510).

Experimental

The quality of the reagents used, the procedures for the
preparation of purified Am samples and carbonate solutions of
americium, and the description of the spectrophotometrical

investigations have been given elsewhere.5® The procedure for
the titration of AmIY and Am"! solutions has been described
previously.3 XeF, and NayXeOg were used without additional
purification and were introduced into solutions in the crystal-
line state or in the form of a solution in ice-cold water. XeO;
was obtained by hydrolysis of NayXeOg in a 0.1 M HCIO,
solution.
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Nucleophilic substitution of bromine in vicinal bromotrifluoroalkylamines
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Secondary N-(2-bromo-3,3,3-trifluoropropyl)- N-alkylamines cyclize under the action of
bases to yield aziridines. Tertiary N-(2-bromo-3,3,3-trifluoropropyl)amines react with
S-nucleophiles to give products of bromine substitution.

Key words: N-(2-bromo-3,3,3-trifluoropropyl)- N-alkylamines, nucleophilic substitution;

2-trifluoromethylaziridines.

Compounds containing the CF; group are of signifi-
cant interest as potentially biologically active substances.

T Deceased in 1993.

However, the methods for the synthesis of these com-
pounds are rather limited, because the nucleophilic
substitution in trifluoromethylated alkyl halides is hin-
dered.}—3 The rate of nucleophilic substitution of the
halogen in a-fluorinated ethyl halides is several orders
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