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Determination of Aqueous Plutonium Oxidation States by

Spectrophotometry and Solvent Exraction
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Abstract

The oxidation states (III, IV, and VI) of aqueous plutonium ions were controlled in
nitric acid media using oxidants or reductants and determined from the measurements of
absorption spectra ranging from 400 to 1200 nm. Pu(Ill) was obtained from the

oxidation-reduction reaction of Pu(IV) stock solution and hydroxylamine in 1 M nitric



acid media. The observation of spectral changes with reaction time showed that Pu(IV)
was completely reduced to Pu(Ill) within 4 hours and the oxidation state of Pu(IIl)
remained unchanged at least for 30 days under the closed condition, and for 10 days
under the open condition. The Pu(Ill) was completely oxidized to Pu(IV) within a few
hours by an addition of NaNOz in 1 M nitric acid media, and the Pu(IV) was stable all
the way for 30 and 10 days under the closed and open conditions, respectively. Pu(IV)
was oxidized very slowly to Pu(VI) by ozone gas in 1 M nitric acid media. When the
flow rate of ozone gas was kept as low as possible in order to prevent the Pu solution
from bubbling over, it took 12 hours to oxidize Pu(IV) to Pu(VI) completely. The
resulting Pu(VI) was stable at least for 30 and 10 days under the closed and open
conditions, respectively. The addition of H»O: to the Pu(VI) in 8 M nitric acid media
caused a complete reduction to Pu(IV) within a few minutes, and successively to Pu(IIl)
in an hour. The Pu(lll) was oxidized very slowly to Pu(IV) for 2 weeks. In this case,
the heating of Pu(Ill) solution containing an excess of H»O2 at 90C for 30 minutes
leaded to a rapid oxidation of Pu(Ill) to Pu(IV). The oxidation states of **

were controlled in 0.5 M nitric acid media in essentially the same manner as before and

Pu tracer

determined by thenoyltrifluoroacetone(TTA) extraction.
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2.3.2. Pu(IV)
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Fig. 1. Absorption Spectra of Pu(lll), Pu(1V), and Pu(VI) in 1 M HNO;.
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Fig. 2. The Spectral Changes of Pu(IV) and Pu(Ill) with Reaction Time.

0.30
c ]
:‘ 0.28 Pu(lll) Stability, closed system
o -
o 0.26 1
“G 0.24
é 0.22 4
E 1 am mm [ ]
- 0.204 B ] - -
= ]
o 0.18 - .
o - [Pu], = 5.584 mM in 1.0 M HNO,
8 0167 Average = 0.20135 + 0.00401
9 0d44 Extinction Coeff. (602 nm) = 36.4 + 0.7 M cm™
I ]
< 0.12-
0.10 T T T T T T T T
-100 0 100 200 300 400 500 600 700 800

Time (h)

Fig. 3. The Changes of Absorbances for Pu(lll) with Reaction Time.
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Fig. 4. The Spectral Changes of Pu(IV, 111) and U(VI, 1V) During the Photoreduction.
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Fig. 6. The Spectral Changes for Pu(I11) -> Pu(IV) Reaction with Time.
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Table 1. Distribution coefficients and percentage of Pu extracted of Pu(lll),
Pu(IV), and Pu(V1) obtained from extraction with 0.5 M TTA/xylene at pH
0.6 and 0.5 M NaNO,.

Pu(lll) Pu(1V) Pu(\VI)
Time | Kd | %Pu | Time | Kd | %Pu | Time | Kd | %Pu
(days) extr. | (days) extr. | (days) extr.
0 319 | 97.0 1 939 | 904 | 05 | 002 | 1.9
+2.70 | £5.79 +0.30 | £2.04 +0.00 | +0.14
9 0.38 | 27.8 6 9.80 | 90.7 6 002 | 220
+0.02 | +0.78 +0.52 | £3.43 +0.00 | 40.15
15 | 030 | 233 | 17 | 119 | 923 | 14 | 003 | 318
+0.01 | +0.77 +0.55 | £3.00 +0.00 | +0.08
23 | 025 | 199 | 23 | 127 | 927 | 20 | 004 | 344
+0.01 | +0.52 +1.01 | +5.23 +0.00 | +0.07
28 | 036 | 265 | 31 | 115 | 920 | 28 | 005 | 437
+0.01 | +0.74 +0.61 | £3.47 +0.00 | +0.08
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