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Reactions of Plutonium with Acetohydroxamic Acid in Aqueous Solution: First Results
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ABSTRACT.
Optical spectroscopy has been used to follow the complexation reactions of Pu(IV) and Pu(VI) with
the acetohydroxamate (AHA") ligand. Significant reduction of Pu(IV) to Pu(III) occurs in the course
of the experiment, although the experimental procedure has now been modified to suppress this and
will allow Pu(IV)-AHA stability constants to be calculated. In the case of the Pu(VI)-AHA
reaction, significant reduction occurs immediately, forming successively Pu(V), Pu(IV) and
eventually Pu(III). This reaction was followed for 6 days, by which time Pu(VI) was quantitatively
reduced to Pu(III).

INTRODUCTION.
Hydroxamic acids (RCO-NH(OH)) are effective and potentially selective complexants for
lanthanide and actinide cations (1,2). In this study, two simple monohydroxamate ligands (aceto-
and benzohydroxamate), a synthetic dihydroxamate (glutarodihydroxamate) and a microbially
produced polyhydroxamate (rhodotorulate) have been studied. The data presented here focus on the
reactions of plutonium with the simple monohydroxamate ligand acetohydroxamate (AHA", R = -
CH3).

MATERIALS AND METHODS.
Safety- Plutonium is radioactive and should only be handled by appropriately experienced
personnel in specialised radiochemical laboratories. The possession and use of radioactive
materials is subject to statutory controls.

242Pu(IV) was prepared by adding solid NaNO2 (1 mg ml"1) to a stock solution of Pu in 0.1 M
HNO3. The purity of the starting solution was checked by UV-visible-near IR spectroscopy.

242Pu(VI) was prepared by adding cone. HCIO4 (1 ml) to the nitric acid stock solution (1 ml) and
heating until fumes of HCIO4 were evolved. The volume was reduced until a moist solid formed,
then the HCIO4 treatment was repeated twice more. The purity of the solution was checked by UV-
visible-near IR spectroscopy.

In the case of Pu(IV), optical absorption spectra were recorded: in 0.1 M HNO3 (1 ml) as a
benchmark; after 6 x 20 ul additions of 5 M HAHA solution; after addition of 4.9, 20.2 and 22.9 mg
solid HAHA; and after addition of 5 portions of concentrated NaOH (15, 10, 10, 5 and 10 ul
respectively). This procedure was adopted in order to suppress hydrolysis of Pu(IV) in the presence
of substoichiometric quantities of ligand. The spectra are illustrated in Figures 1 and 2.

The Pu(VI) experiment was carried out at a starting acidity of 0.5 M in HCIO4 solution. A portion
of solid HAHA (19.8 mg) was added and spectra recorded every 15 minutes for 3 hours. After this
time, a n additional portion of solid HAHA (20.4 mg) was added and spectra were recorded every
15 minutes for a further hour (Figure 3). Changes in the spectrum were monitored for a further 10
hours at 2.5 hour intervals (Figure 4) and then less frequently until a total time of 6 days had
elapsed.
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Figure 1: Pu(IV)-AHA reaction. The pH value remained approximately constant between 0.40 and
0.43 during the addition of HAHA solution or solid (Spectra 2-10), then increased successively to
0.75, 1.25, 5.16, 8.21 and finally 9.11 on addition of the five portions of NaOH solution (Spectra
11-15). The absorptions at 560 and 600 nm are assigned to Pu(III). Note that these diminish
substantially when the pH is raised.
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Figure 2: Pu(IV)-AHA reaction (expanded spectra). Note the steady increase in the band at 675 nm
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Figure 3: Pu(VI) reduction by AHA". Spectra recorded at 15 minute intervals. Spectra 2-12 recorded
after first addition of solid HAHA, 13-17 after second addition of solid HAH A.
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Figure 4: Pu(VI) reduction by AHA". Spectra recorded at 2.5 hour intervals between t = 4 hrs and
14hrs.

RESULTS AND DISCUSSION.
Reactions with Pu(IV). The intensity of the absorption at approximately 675 nm increases steadily
with [AHA"], indicating significant complex formation, even at these low pH values (around 0.4).
On raising the pH, the baseline decreases, but the intensity of this band is unchanged. Features at
560 and 600 nm appear at low pH in the presence of AHA, indicating partial reduction to Pu(III)
but these disappear as the pH is increased. Preliminary analysis suggested that the best fit to the
spectral data was obtained with 6 species, which were assigned to: uncomplexed Pu(IV), 1:1, 1:2,
1:3 and 1:4 Pu(IV):AHA complexes and uncomplexed Pu(III). Modifications to the experimental
procedure are in progress to limit reduction of Pu(IV) and permit accurate determination of stability
constants.
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Reactions with Pu(VI). Significant reduction of Pu(VI) occured immediately, forming Pu(V) and
the reaction then continued, forming successively Pu(IV) and Pu(III). After six days, Pu(III) was
formed quantitatively (data not shown). This behaviour is consistent with the thermodynamics of
the system since, as noted above and elsewhere (1), HAHA is capable of reducing tetravalent
actinides to oxidation state III, although the reaction kinetics are slow. The Pu(VI) experiment is
further complicated by the slow hydrolysis of HAHA to form NH2OH, which is also a kinetically
slow reductant for other actinide species (3). Because of these side reactions, it is not possible to
analyse the data from the Pu(VI) experiment quantitatively.

CONCLUSIONS.
First results indicate that acetohydroxamate (AHA) functions as both a complexant and a reductant
for Pu(IV) and Pu(VI). Further work is in progress to limit reduction of Pu(IV) and permit reliable
determination of stability constants in the Pu(IV)-AHA system.
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