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1. Chloro complex formation: [MCl6]2-

Anion-exchange chromatography: Rf Zr > Hf
EXAFS spectroscopy: [RfCl6]2-

2. TBP extraction (complex): MCl4(TBP)2
Reversed-phase chromatography: Rf < Zr Hf

3. Nitrate complex formation
Anion-exchange chromatography: Rf Zr Hf Th

4. Fluoro complex formation

5. Sulfate complex formation: in progress

Systematic investigation on aqueous chemistry of Rf
Comparative study of Rf with the homologues Zr, Hf, and Th

1. Introduction



2. Fluoro complex formation of Rf
Anion-exchange chromatography in HF and HF/HNO3
Cation-exchange chromatography in HF/HNO3
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AnionAnion--exchange procedure in HF with AIDAexchange procedure in HF with AIDA
1. Collection of 261Rf and 169Hf for 125 s
2. Dissolution with 250 L of HF solution

and feed onto the column at 740 L/min

AIX column: MCI GEL CA08Y resin (20 m)
1.6 mm i.d. 7.0 mm (1.0 mm i.d. 3.5 mm)

3. 200 L of 4.0 M HCl at 1.0 mL/min

Fraction 1 (A1) Fraction 2 (A2) -spectrometry

Adsorption probability = 100 A2 / (A1 + A2) Kd

169Hf : elution behavior and chemical yields (~ 60%)

Anion-exchange experiments with 85Zr and 169Hf
from the Ge/Gd target: Ge(18O, xn)85Zr, Gd(18O, xn)169Hf



Anion-exchange behavior of Rf in HF
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4226 cycles of anion-
exchange experiments

266 events form
261Rf and 257No, 25

time correlations

Kds linearly decrease with [HF2
-].

displacement of the metal fluoro complexes from the binding sites
of the resin by the counter anion HF2

-

Rn-MF4+n + n HF2
- n R-HF2 + MF4+n

n- (M=Rf, Zr, and Hf), R: resin



Anion-exchange behavior of Rf in HF/HNO3

Kds linearly decrease with [NO3
-].

displacement of the metal fluoro complexes from the binding sites
of the resin by the counter anion NO3

-

Rn-MF4+n + n NO3
- n R-NO3 + MF4+n

n- : n = -2 [MF6]2-
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A. Toyoshima et al., Radiochim. Acta 96, 125 (2008).

3788 cycles of anion-
exchange experiments

334 events from
261Rf and 257No, 46
correlations
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Formation of [MF6]2- : Zr Hf > Rf

A. Toyoshima et al., Radiochim. Acta 96, 125 (2008).

There is about two-orders of magnitude difference in the fluoride ion
concentration of Rf and the homologues for the formation of [MF6]2-.

Anion-exchange behavior of Rf in HF/HNO3
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The fluoro complex formation of Rf successively proceeds as those with
the homologues.
The strength of the coordination of the fluoride ions to Rf is significantly
weaker than that to Zr and Hf. consistent with the anion-exchange study

Y. Ishii et al.,
Chem. Lett. 37, 288 (2008).



Formation of anionic fluoro complexes
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A. Toyoshima et al., Radiochim. Acta 96, 125 (2008).
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The data of Zr and Hf are well reproduced by the calculations.

To reproduce the data of Rf, we carried out the same calculations by
using the consecutive formation constants as parameters: K5 and K6.

well reproduced



0

2

4

6

8

10

0 1 2 3 4 5 6 7

lo
gK

n

n

ZrHf

Th

Rf

Consecutive formation constants of Rf
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The K6 value of Rf should be at least more than one-order of
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A. Toyoshima et al., Radiochim. Acta 96, 125 (2008).



Summary of the fluoro complexSummary of the fluoro complex
formation of Rfformation of Rf

1. We clarified that Rf is present as the hexafluoro complex
in dilute HF: [RfF6]2-.

2. The sequence of the fluoride complexation strength
was clearly demonstrated: Zr Hf Rf Th.

3. A weaker fluoro complex formation of Rf as compared to
the formation of Zr and Hf would be reasonable if the size
of the Rf4+ ion is larger than those of Zr4+ and Hf4+ as
expected:
Zr4+ (72 pm) Hf4+ (71 pm) Rf4+ (78 pm) Th4+ (94 pm).

(prediction)



3. Anion3. Anion--exchange behavior of Db in HFexchange behavior of Db in HF
248Cm(19F, 5n)262Db (34 s)

= 1.3 nb
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1702 cycles of anion-exchange experiments
1st effluent of 14 M HF: 6 events
2nd effluent of 6 M HNO3/0.015 M HF: 4 events

Off-line with radiotracers
92mNb (10.15 d)
177Ta (56.6 h)
233Pa (27.0 d)

On-line
248Cm(19F, 5n)262Db
Gd(19F, xn)170Ta

Nb Ta > Db Pa in 14 M HF
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K. Tsukada et al., Radiochim. Acta 97, 83 (2009).



4. Conclusions
The formation of the hexafluoro complex of Rf
was clarified, and the formation of Rf was
significantly weaker than that of the lighter
homologues, Zr and Hf.
Adsorption of Db on the anion-exchange resin
was evidently smaller than that of the
homologues, Nb and Ta, in 14 M HF.

The fluoro complex formation of Rf and Db
is remarkably different from that of the
homologues.
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