Inorg. Chem.1999,38,4139-4141

Notes

4139

First Investigation on the L Edges of the?*Cf

Table 1. L Edges of the Cf Aquo lon. Best Fit Parameters

Aquo lon by X-ray Absorption Spectroscopy Gaussian
arctan R
. . edge
R. Revel,*” C. Den Auwer,’f C. I\/IadIC,§ F. David,' position absorbance width position Widgth
B. Fourest!' S. Hubert' J.-F. Le Du/'and L. R. Morss” edge (m[3]) (eV) (21 (MA4]) eVv)  (eV) (eV)
CEA Marcoule, DCC/DRRV/SEMP Laboratoire de Chimie  Lw 19901.1+ 0.5 0.00587:0.00005 0.20£ 0.02 19911 20
Ly 25095.2+ 0.4 0.005530.00003 0.3H0.02 25109 28

Theorique et Structurale, Bagnols-surZeeCedex, France,
LURE, UniversiteParis Sud, Bament 209D, BP34, 91898 L
Orsay Cedex, France, CEA/DCC/DIR, SaclaytiBent 450, aNo Gaussian curve could be incorporated in the fit, and the edge
91191 Gif sur Yvette, France, IPN Orsay, Universite position was therefore determined by first spectrum derivative to be
Paris-Sud, 91406 Orsay Cedex, France, and ChemicalZ€ro.
Technology Division, Argonne National Laboratory,
Argonne, lllinois 60439

Receied February 23, 1999

26 000.8+ 0.9 0.005 65= 0.00009 0.15+0.02 26028 54

radioactivity on the Teflon was found to be negligible in comparison
with that contained in the recovered sample.
From the 0.6 mL 61 M HCl(aq) containing 1 mg of*°Cf starting
. solution, 0.4 mL was loaded into a room-temperature spectroscopic
Introduction cell that had been adapted for radionuclide containment. Data were
In the field of nuclear fuel reprocessing and nuclear waste acquired at LURE (Laboratoire pour I'Utilisation du Rayonnement
treatment, solvent extraction is the preferred method to isolate Electromaghtque, Orsay, France) on the D44 experimental huich at
long-lived radionuclides from short-lived ones and nonhazardous ¢ DC! high-energy ring (1.8 GeVl, = 3.5 keV) with a Si 311 double

wastes. For example. solvent extraction is the basis of the crystal monochromator (instrumental bandwidths were calculated to
) pi€, be 7.9, 12.5, and 13.4 eV forl. Ly, and L Cf edges, respectively).

PUREX" process for uranium and plutonium recovery from Argon-filled ionization chambers were used for signal detection in
spent nuclear fuel. In order to develop the selective extraction yransmission mode, and in situ energy calibration was achieved by use
of minor actinides such as americium and curium from the of a third diode detector with Mo (for the,Ledge), Pd (for the |
lanthanide fission products contained in high-activity wastes, edge), and Ag (for the Ledge) reference foils, respectively equal to
meticulous characterization of the solvated adducts of trivalent 20 000, 24 350, and 25 514 éV.
4f (lanthanide) and 5f (actinide) ions must be undertaken. Of  EXAFS data analysis was performed by standard methods using the
course, as the mixture of trivalent ions is initially in aqueous set of programs “ EXAFS pour le MAC?.After removal of the
solutions, the knowledge of the coordination geometry of the background absorption using a straight Iine,_ the Cf atomic absorption
water molecules surrounding the trivalent lanthanides and Was modeled by a 6th degree polynomial and subtracted from
actinides is essential for a comparison of the aquo ior& (M experlmental spectra. EXAI_:S _oscnlatlons were obtained using the
of both series and the evaluation of their thermodynamic Helt_lerfElsenberger_normallzatlon. Fourier Transform (FT) of these
. . . oscillations was achieved between 3.15 and 12:3 ¥sing a Kaiser
propertieg The data will be particularly relevant for the

! . window with 7 = 2.5.
estimation of the covalent part of the bonds betweér &hd .
Because there are no experimental reference spectra for Cf, EXAFS
O of the water molecules.

. data were refined using theoretical phases and amplitudes calculated
To rea(?h these goals, and fo'r both structural apd electronic using the FeFF7.02 codeOur approach consisted of (i) simulating
characterization, X-ray absorption spectroscopy is one of the the UG, structure from crystallographic détay FeFF (ii) fitting the
most suitable spectroscopic probes. Within the context of this first shell of the UQ,, experimental spectrum to obtain the reduction
research effort, we report here the first experimental data of factor §? for CfO,, assuming tha&?(CfO,) ~ S¥UO.), and (iii)
which we are aware onyl, Ly, and L, edges and EXAFS data  extracting CfQ phase, amplitude, and mean free patk) from FeFF
of the trivalent?4°Cf aquo ion. using the same set of parameters as for,UThis calculation was
carried out as follows: the FeFF7 code does not allow any calculation
with an atomic numbeiZ greater than 97 (Bk). Thus, from the
crystallographic parameters of CfOthe Cf atomic potential was
replaced by those of all the elements between U and Bk. Then, linear
extrapolation up to Cf allowed us to approximate Cf electronic
parameters (phases, amplitudes, electron mean free path, and inelastic
losses).

Experimental Section

One milligram of?*Cf in solution belonging to the team at Orsay
University?* was evaporated to dryness on a Teflon surface.z1%a#
recovery was achieved by redissolution with HCI. Remairfiigf y

* E-mail: renaud.revel@ifp.fr. Fax: 33 1 47 52 60 55.
T DCC/DRRV/SEMP Laboratoire de Chimie Towque et Structurale
and LURE, UniversiteParis Sud.
*Present address: IFP, 1-4 Avenue de BoisaBre92852 Rueil-
Malmaison Cedex, France.
§ CEA/DCC/DIR.
"IPN Orsay, UniversitéParis-Sud.
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Figure 1. L, Ly, and Ly edges of C¥ aquo ion h 1 M HCI aqueous
solution at room temperature.

Results and Discussion

According to the dipolar approximation of the X-ray absorp-
tion process, the L edges of the Cf atom correspond to the
following electronic transitions: 2p — 6ds/, for the Ly, edge,
2p12 — 6dy, for the Ly edge, and 2% — 7py2 for the Ly edge.
The L, Ly, and L, edge experimental spectra and fits are shown
in Figure 1. Edge positions reported in Table 1 have been
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Figure 2. Cf L, edgeki-weighted EXAFS data (a) and corresponding
Fourier transform (b) (experimental data and theoretical fit).

plus a Gaussian functid§.The white line width is also given

as twice the energy difference between the edge inflection point
and the white line maximum. Interestingly, the edge positions
differ significantly from the theoretical edge positidéhen CF,

and these discrepancies (between 10 and 20 eV) are too large
to be explained by the formal change of oxidation states (from
Il to 0). Such data are thus of primary importance as reference
data for calculations on heavy actinide atoms and for future
comparison with further actinide(lll) coordination complexes,
as already shown on other actinidés!®

Figure 2 shows thekd-weighted EXAFS data and the
corresponding FT spectrum. The FT spectrum shows a single
peak that was fit by a single shell of 8.5 oxygen at&irat
2.42 A, as summarized in Table 2. This result shows that no
formation of an inner-sphere chloro complex occurs for this
CI~ concentration (1 M). This is consistent with previous data
obtained at the same Ctoncentration for the Pt aquo iont’
Furthermore, the GfO distance of 2.42 A compares well with
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Table 2. EXAFS Structural Parameters for the3CfAquo lon in EXAFS measurements on the actinide(lll) serie$t(UNp3*,

IM HCl at Room Temperature PWt, Am3t, and Cnit) of aquo ions are presently being
Rei-o (A)2 N o2 AEo(eVR S 1 undertaken. In a future paper, results on this series of ions will

Cf*in 2.42+0.02 85+15 0.095+£0.01 14+1 0.924 04 be compared with data related to the trivalent lanthanide(lll)

IMHCI aquo ions.
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