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Structure of the Aqua lons and Fluoride Complexes of Uranium(lV) and Thorium(IV) in
Aqueous Solution an EXAFS Study
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The structures of agueous*™aq) and ME*(aq), where M is uranium(1V) or thorium(IV), have been determined

by L, edge EXAFS using data from solutions of 1.5 M HGIi@ which the M(IV) concentrations ranged from

0.03 to 0.3 M. A least-squares refinement of the data for the aqua ions indicated: D058water molecules in

the first hydration sphere of both ions andH® bond distances for U(1V) and Th(IV) of 2.42 0.01 and 2.45

+ 0.01 A, respectively. By considering both previous structure information and the EXAFS data, we shllected

= 10+ 1 as the most likely coordination number of both M(IV) aqua ions. EXAFS measurements from acidic
aqueous uranium(lV) and thorium(IV) solutions containing fluoride show that large changes in the first coordination
sphere occur. The experimental data indicates an asymmetrical distribution of the distances, probably as a result
of differing M—F and M—O bond lengths. These can be described by a model that contains two different bond
distances, one MF distance at 2.10 A and one-MD distance at 2.45 A for U(IV); for Th(IV), the corresponding
distances are 2.14 and 2.48 A. The total coordination number in this model is unchanged from the aqua ions, i.e.,
10+ 1.

Introduction an average bond distance of 2,445 for thorium56 8.0 +
. . 0.5 water molecules at 2.4& were reported. Evidence that
Extended X-ray absorption fine structure (EXAFS) Spectros- e number of coordinated water for these tetravalent actinides
copy Is a standard teghnlque, providing information of.coordlna- is larger than eight is available from different sources: from
tlop numbers and Q|stgnces of a chosen atom to its nearestpo metal-water bond distances in M(IV) compared to M(IIl)
neighbors: The application of synchrotron-based X-ray absorp- ;s with the same ionic radius, vide infra p 000, and from a
tion spectroscopy (XAS) in actinide research is becoming more previous EXAFS study for Ni by Allen et al. This study
and more importart. indicates that 9 to 11 water molecules are bonded at a distance
As part of our ongoing studies of the water exchange on of 2.40 A7
actinide ions’ we determined the bond distance and number of We have observed changes in the rate of water substitution

coordinated water molecules in the first hydration sphere of atveen M*(ag) and ME*(aq) ions (M= U, Th) as studied
Th(IV) and U(IV) in acidic solutions from their . edge EXAFS by 170 NMR relaxatior® To deduce the mechanisms for these

spectra. The coordination of Th(IV) and U(IV) in aqueous reactions, in particular if they have associative or dissociative
solutions containing perchlorate, chloride, and nitrate has civation, it is necessary to have information on their coordina-
PfeV'Oui'XG been studied by large angle X-ray scattering (on numbers. To achieve this, it is important that EXAFS
(LAXS).4"® This technique, however, requires higher™  meagurements be made in the same concentration range as the
concentrations than does EXAFS investigations. The number yinetic measurements. LAXS measurements were performed at

of coordinated water molecules in the first hydration sphere of ;¢ high concentrations that both the activity and the concen-
U(IV) was determined from LAXS results to be 8:20.4, with tration of water in the test solution differed greatly from those

in more dilute systems used in the kinetic study. Therefore, the
*To whom correspondence should be addressed. E-mail: henrym@ U and Th L edge EXAFS measurements were made using

inorchem.kth.se. Fax: 46-8-212626. . . -
T The Royal Institute of Technology. approximately 0.05 M K" in 1.5 M HCIO, and F concentra-

* Forschungszentrum Karlsruhe. _ o tions ranging from 0.05 to 0.09 M.
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Interscience. New York, 1988. determine if the measured EXAFS oscillations exhibit any
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Table 1. Summary of Sample Composition, Sample Cell Path
Length, and Calculated and Measured Absorption Edge Jumps

M#+] path edge jump
sample and [F]? speciation (mm) expected measured
A U4, 0.3 82% U* 3 1.13 1.4
18% UOH*
B U+, 0.2 5 1.31 15
C U4t 0.2 3 0.79 1.0
D U4+, 0.055 13 0.97 1.0
E U*t, 0.05 13 0.85 1.0
F Th't, 0.03 100% TH" 13 0.60 0.4
G Thtt, 0.05 13 1.01 1.0
H U4, 0.055+ 88% UP* 13 0.97 1.0
F-,0.055 12% U"
I U4, 0.055+ 63% UR?" 13 0.97 1.0
F-,0.09 37% UEt
J Th, 0.05+  80% ThF*" 13 1.01 0.9
F-, 0.05 10% ThE2*+
10% TH™

aExpressed as molar concentrations; medium was 1.5 M EICIO

the changes in the first coordination sphere ofThnd U*
caused by the formation of fluoride complexes.

Experimental Section

Sample Preparation.The U*" and TH" perchlorate stock solutions
were prepared as described earfigrThe U™ stock solution was
prepared from acidified UECIO,), solution by electrolysis, using a

two-compartment cell with separated mercury cathode and platinum

anode, at a potential of 4 V. The solution was stored under argon.

Samples were prepared from appropriate aliquots of the stock solutions

Moll et al.

of the U Ly and the Th ly electron,Ey, was arbitrarily defined as
17 166 and 16 300 eV, respectively.

EXAFS Data Analysis. The data were treated using the WinXAS
software’® The EXAFS oscillations were isolated using standard
procedures for preedge subtraction, data normalization, and spline
removal! The spline parameters used wége= 3, points= 8, and
k-region ranging from 0.4 to 13 &. Theoretical backscattering phase
and amplitude functionsy(k) and F(k), used in data analysis were
calculated for the test compounds, THOUO,,* and UR-2.5H,0¢
using the FEFFY program. Samples with eight-coordination (b&hd
ThO;) and nine-coordination (BB(C;04)4,-8H,0) were used as
structural models when interpreting the data from the M(1V) solutions.
First-shell EXAFS data, Fourier-filtered between 1.5 and 2.5 A (not
phase-shifted), were used for fits to the EXAFS equation to determine
structure parameters. The amplitude reduction fa(ﬁ)r,was held
constant at 1.0 in all the fitAEy values were set at 4 eV for thet4
(aq) samples (AG) and at 5 eV for the M¥ solution samples (H
J).

The theoretical b-O and Th-O phase and amplitude functions
calculated with FEFF7 were tested by fitting Fourier-filtered first-shell
EXAFS results of M@ and BaU(C;04)4-8H,0. The MQ results
showed an average coordination number and bond distance &f £.9
and 2.34 A for uranium(lV) and 7.6 0.8 and 2.41 A for thorium-
(IV). These values for coordination numbers are within 13.7% and 5%
and the bond distances are within 0.03 and 0.01 A of those reported
for X-ray diffraction (XRD) results on U@and ThQ, respectively:*5
For BaU(C,0,)48H.0, we found 9.0+ 0.7 oxygen atoms at 2.38 A,
which compares well with values from XRD of a coordination number
of 9 and an average 1O bond length of 2.407 A2

Itis not possible to distinguish between O and F backscatterers using
EXAFS. If the difference between the-MD and M—F bond distance
in the MP** solution species is sufficiently large, however, they can
be differentiated indirectly. Therefore, we tested different models, one

in 1.5 M HCIQ,. Solutions containing fluoride concentrations from 0.05 2ssuming one Gaussian-MO, F) pair distribution (model A), the

to 0.09 M were made from NaF (Merck). The sample information is
summarized in Table 1. The hydrated"thnd TH™ ions are the major
species in all solutions without fluoride (samples-@&). UF* and
ThF* were the dominant species in solutions-8 whereas sample |
contained a mixture of UF" and URP". The speciation calculations
were made using known equilibrium constants and the program
SOLGASWATER? The sample cell path length of the aqua ion

solutions was varied between 3 and 13 mm (Table 1) to obtain edge

jumps of 1.3 or less, so that amplitude distortions from thickness

effectd! could be avoided. Three different solid test substances were

measured. Crystalline U(s) used was supplied by ASEA ATOM,
ThO, was prepared as described in ref 9, andUB&,04)4°8H.0 was

prepared and characterized as described in ref 12. The solid sample

were prepared by mixing approximately 25 mg of M@ 100 mg of
BaU(C;04)4°8H20 with polyethylene and were pressed as 13 mm

second taking into account the asymmetry in the-(@, F) pair
distribution that different M-O and M—F distances would induce
(model B), and the third using separate-M and M—O distances
(model C). Least-squares refinements using model C yielded coordina-
tion numbers of the MF distance of 1.6t 0.25. The coordination
numbers obtained for fluoride in samples H and J are in good agreement
with the speciation calculations shown in Table 1. The value determined
for sample | deviates much more from the theoretical value 1.63. This
is not due to deficiencies in the equilibrium model but rather reflects
the difficulty in determining precise coordination numbers from EXAFS
data. The residual value, Res, was used to compare the goodness of fit
for each of the models. However, Res is the difference between the

gheoretical EXAFS function and experiment and does not depend on

the experimental error.

Results and Discussion

diameter pellets. These amounts were selected to obtain an edge jump

of ~1.0 across the Th and U,Labsorption edges.
EXAFS Measurements. The EXAFS spectra were collected in

A preliminary account of this study has been presented as a
poster!8 In this communication, we have made more extensive

transmission mode at room temperature at SSRL, Stanford, andmodeling of the experimental data and their effects on theOM

HASYLAB, Hamburg. The measurements at SSRL were performed
on wiggler beamline 4-1 using a Si(220) double-crystal monochromator.
Spectra measured at HASYLAB were recorded at the beamline Al
using a Si(311) and a Si(220) double-crystal monochromator. The
incident beam flux in all cases was reduced80% of its maximum.

Three EXAFS scans were collected from each sample and then -
m(13) Ressler, TJ. Synchrotron Radiatl998 5, 118-122.

averaged. For energy calibration of the sample spectra, the spectru
from a yttrium foil was recorded simultaneously. The ionization energy

(8) Ciavatta, L.; Ferri, D.; Grenthe, I.; Salvatore,|lRorg. Chem.1981,
20, 463-467.
(9) Grenthe, I.; Lagerman, BActa Chem. Scand.991, 45, 231-238.
(10) Puigdomenech, llnput, Sed and Predom: Computer Programs
Drawing Equilibrium DiagramsTrita-OOK-3010; RIT: Stockholm,
1983.
(11) Parrett, L. G.; Hempstead, C. F.; Jossem, ERlys. Re. 1957 105
1228-1232.
(12) Spirlet, M. R.; Rebizant, J.; Kanellakopulos, B.; DornbergeAd&a
Crystallogr., Sect. (1987, 43, 19—-21.

distance, coordination number, standard deviations, and the
asymmetry of the M-O distance distribution.

The isolated EXAFS oscillations and the corresponding
Fourier transforms for samples—#G are shown in Figure 1.

(14) Hund, F.; Duerniehter, W.Z. Anorg. Allg. Chem1951, 265 67—
72.

(15) Barrett, S. A.; Jacobson, A. J.; Tofield, B. C.; Fender, B. EA¢ta
Crystallogr., Sect. BL982 38, 775-2781.

(16) Zadneprovskii, G. M.; Borisov, S. \Zh. Strukt. Khim1971 12(5),
761-769.

(17) Zabinsky, S. I.; Rehr, J. J.; Ankudinov, A.; Albers, R. C.; Eller, M. J.
Phys. Re. B 1995 52(4), 2995-3008.

(18) Moll, H.; Denecke, M. A.; Farkas, |.; Jalilehvand, F.; Santstrivl.;
Szabo Z.; Wahlgren, U.; Grenthe, IStructure of uranium(VI),
uranium(lV) and thorium(lV) species in solutiopresented at the
Actinide-XAS-98 Euroconference and NEA workshop, Grenoble,
France, October46, 1998.
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40 a Table 2. Fit Parameters to U and ThLEdge Fourier-Filtered
U * ,\ ) /\ Sample A (1.5-2.5 A, without Phase Shift) EXAFS Data for Samples A
30 A Ao and The Fourier Transforik-Ranges UsedAE, Set at 4.0 eV
— Sample B -
T 20 |t _ FT range scattering
= Samp|ec sample (AY path N 02(A») R(A) Res
<
G 10 ,\f\/\/\/“?"\-’* A 282-1266 U-O 105+£09 00084 241 9.2
*
% 0 L AL\ pSamele D B 285-1255 10.1:0.9 0.0087 2.44 11.1
=, S ‘\{ Y VW v C 2.84-12.67 11.0+1.0 0.0089 2.44 14.7
» AN A p pSampleE D 2831255 10.8:1.0 0.0089 2.42 19.2
u -10 ] ‘4-»:' V YV e E 2.86-12.47 104 1.0 0.0088 2.44 10.2
% 20 F Th F 292-11.85 Th-O 11.0+0.9 0.0067 2.43 10.2
50 ﬁ ﬁ ﬁ A ASamp F G 2.86-12.50 11.2£ 0.9 0.0071 2.44 19.8
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Figure 1. Raw U and Th Ly edgek®-weighted EXAFS data for 3 Sample C
samples A-G and corresponding Fourier transforms (transformation E
in the k-range shown in Table 2, using a Bessel window). o Sample H
g Sample |
The FTs are not corrected for the EXAFS phase shift, so peaks E
appear at shorter distancé®-{ A) than the true near-neighbor
distancesR). The FT peaks below 1.5 A (without phase shift) Sample G
are artifacts of the spline removal and are not associated with
any coordination distance. The EXAFS oscillations of all Sample J
samples are dominated by the-ND interaction in the first ’ B
hydration sphere. The EXAFS amplitudes in Figure 1 are nearly 0 1 2 3 4 5 6
the same for all the acid4J solutions and Th" samples and R+A[A]
are ir]dependent of j[he concentration, indicating a similar rigure 2. Raw U and Th I edge EXAFS data and corresponding
coordination number in all of these samples. FTs for samples HJ in comparison to the data measured for the aqua

The EXAFS oscillations of samples F and G containing*Th  ions (samples C and G).
at 0.03 and 0.05 M, respectively, have a slightly shorter period
length than that for samples—#E. This is a result of a longer  would differ from that between their ionic radii. The EXAFS
Th—O bond distance. The bond lengths and coordination analysis gave a slightly shorter+® bond distance, 2.42 A,
numbers obtained from fits to Fourier-filtered first-shell data and a larger coordination number, 10488 0.5, than LAXS
are summarized in Table 2. Fits to the raw data of all samples results*® The EXAFS measurements indicated a-Th distance
(not shown) vyielded similar bond length and coordination of 2.45 A and a coordination number of 16480.5, which is
numbers. The coordination numbers obtained were similar for larger than that estimated by Johansson é&€al.
all M*+ aqua samples, 108 0.5. The bond length difference Additional information on the coordination number of the
between U-O (R=2.42+ 0.01 A) and TR-O (R= 2.45+ M(IV) aqua ions may be obtained by comparing structure data
0.01 A) in the aqua ion is about 0.03 A, close to the difference from ER* with that from U*. These cations have nearly the
of the effective ionic radii of 8" and TH+, 0.04 A2° This also same ionic radii; the difference is less than 0.02°AThe
suggests that the coordination number is the same in bothcoordination number of trivalent lanthanides has been discussed
systems (see Table 2). If the number of coordinating water for nearly fifty years, but both kinetic eviderf@and diffraction
molecules was different, the change in their-& bond distance

(20) Cossy, C.; Helm, L.; Merbach, A. Ehorg. Chem.1988 27, 1973~
(19) Shannon, R. DActa Crystallogr., Sect. A976 32, 751-767. 1979.
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Table 3. Fit Parameters to U and ThyLEdge Fourier-Filtered (1:52.5 A, without Phase Shift) EXAFS Dat&E, Set at 5.0 e¥

sample fit model FT range (&) scattering path N 02 (A2 o (A3 R(A) Res
H A Uu-0 7.2+ 0.6 0.0067 2.45 28.0
B 2.85-12.73 6.9 0.5 0.0054 0.000 87 2.49 11.1
C U-F 0.9+ 0.2 0.0034 2.09 10.3
Uu-0 8.7+ 0.6 0.0089 2.45
| A Uu-0 5.6+ 0.5 0.0055 2.49 30.8
B 2.85-12.56 5.4+ 0.5 0.0041 0.000 88 2.51 16.0
C U-F 1.1+ 0.2 0.0023 211 11.0
u-0 8.2+ 0.6 0.0091 2.46
J A Th-0 8.0+ 0.9 0.0076 2.49 22.2
B 2.86-12.40 7.6£0.8 0.0065 0.000 57 2.52 17.6
C Th—F 1.0+ 0.3 0.0043 2.14 11.8
Th—-O 10.0+ 0.9 0.0097 2.48

aFor samples HJ, different fitting methods were tested: A, fit to the EXAFS equation assuming a symmetrical (Gaussian) pair distribution; B,
fit results taking the asymmetry of the pair distribution into account; and C, fit results using two different distances;-B(@)Mnd a M-O.

data from solutioft indicate that E¥*(aq) is eight-coordinated,  Fourier-filtered data and the calculated EXAFS was observed.
with an average bond distance of 238 If U4*(aq) also is This can result from an asymmetrical distribution of the
eight-coordinate, one would expect a similar or slightly shorter M—(O,F) distances in the first coordination shell. There is also
bond distance for these electrostatically dominated metal evidence for an asymmetric MO distance distribution (Figure
oxygen interactions. The experimentally determinéd-tvater S2) in the M (aq) samples. However, the apparent mean/
distance, 2.42 A, is significantly longer, which can only be distance increases only by 0:60.02 A, which is close to the
explained by a coordination number larger than eight. For experimental error. Therefore, the results presented for trie M
comparison, the average Br,0 bond distance in the solid- (ag) species are based on the fits using a Gaussian pair
state structure of [Er(bD)o](C2H5SOy)3, in which erbium is distribution.
nine-coordinated, is 2.42 & The EXAFS DebyeWaller factor,o?, takes the fluctuation
The amplitude of the EXAFS oscillations of a coordination in interatomic distances between the absorbing and backscat-
shell in general increases with increasing number of equidistanttering atoms into consideration. It includes a dynamic term due
near-neighbor atoms, vide infra p 000, around the absorbingto the thermal motion of the atoms and a static term due to

atom. Fourier-filtered first-shell EXAFS oscillations foftin structural disorder, which is essentially temperature independent.
sample A, UQ, and BaU(C,04)4-8H,0 are compared in Figure It does not account for large local disorder (> 0.01 A2),

S1 in the Supporting Information. Both YOwhere U(1V) is however. Therefore, we included the next higher moment of
eight-coordinate, and B&(C,04)4-8H,0, where U(IV) is nine- the absorberbackscatter distribution in the analysis to account

coordinate, exhibit amplitudes smaller than tHe dqua species.  for pair distribution asymmetry. This was done using the method

The larger amplitude indicates a coordination number which is of cumulant expansiof?, including the third cumulant ar’, in

higher than eight or nine int¥(aq). Furthermore, an average the XAS formula in the WinXAS prograr®

bond distance of 2.38 A in the first coordination sphere of the

nine-coordinated U(IV) in B&J(C;04)4:8H,O was measured, Nj'%(k)'Fj(k)
kR

which supports a coordination of 10 irft{aq). By considering (k) = z
both the available structure information and the EXAFS results,

exp(- Zﬁof)'exp(_jRj)-

we selectedN = 10+ 1 as the most likely coordination number . 4

of both M(IV) aqua ions. Sln[ZkR +0;(k) — éaj'ks
Figure 2 compares isolated EXAFS oscillations and the

corresponding Fourier transforms frontUand TH™ in acidic ) is the mean free path of the photoelectrdd, is the

solution (samples C and G) Wit_h those of the fluoride-containing ., qrdination number, ang is the bond distance for atoms in
samples (samples+HJ). The difference between the two sets qqdination shel.
of spectra is pronqunc_:ed; both a shortenlng of the perloq Iength The quality of the fits includings’ improved significantly
of the EXAFS oscnlat!ons and a decre'as.e in their gmplltyde IS (40-80% decrease in Res). Figure 3 depicts the experimental
observed in the fluoride samples. This is also evident in the o ier-filtered EXAFS function for sample H and the best
FTs, where the peak maxima of samples Hare shifted 10 peoretical fit obtained with and without (models A and B).
longer bond distances and the area under these peaks hagpg highk phase shift between the experimental and theoretical
decreased. Fits to the Fourier-filtered data (model A, Table 3) ExaAFS for the fits assuming a symmetrical distribution
yielded longer bond distances in the first coordination sphere gisappears when an asymmetrical distribution is accounted for.
and a lower coordination number in the fluoride-containing The coordination number obtained from these fits, however,
samples compared to ﬂle aqua ions. However, the goodness Ofgmained less than that found for the corresponding aqua ions.
the fit results for the M samples, as judged by the relatively T js hecause the third cumulant only affects the phase of the
large Res value+s (Table 3), was clearly less satisfactory thangx ars oscillations. The next higher or fourth cumulant affects
the fits to the M (aq) spectra. The largest difference between he oscillation amplitude and, hence, the coordination number.
experimental and theoretical EXAFS oscillations was detected | stead of including this fourth cumulant into the data
at higherk-values, where a phase shift between the measuredgng\ysis, we chose to analyze the data with a structural model
- using different M-F and M—0 distances, model C. Differences
(21) Johansson, G.; Wakita, tthorg. Chem.1985 24, 3047-3052. . "~ -
(22) Elding, I. Structural Aspects of Some Nine-Coordinate Lanthanoid in M—F and M-O bond distances can produce the unsym-

Complexes in the Solid State. Ph.D. Thesis, University of Lund, Lund,
Sweden, 1977. (23) Bunker, G.Nucl. Instrum. Method4983 207, 437—444.
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It is also unlikely that a lower coordination number would
correspond to an increase in the mean(®, F) distance. By
combining EXAFS data with other structure information, it is
in this case possible to select a proper model, which is not
possible by using EXAFS data alone.

Conclusion

The results presented in this paper suggest that the number
of bonded water molecules in the first hydration sphere df Th
and U*" is larger than eight, in contrast to previous repérs.
The EXAFS results are compatible with coordination numbers
in the range 9-11 because of the uncertainty in t%value.
Comparisons of bond distances and coordination numbers
between B and EF*, which have the same ionic radii, indicate
6 2 4 6 8 10 12 14 that nine- or ten-coordination is most likely for the*\aq)

K [A"] ions_. Cor_nparison of EXAFS amp_litude_s for U(IV) compounds
having eight- and nine-coordination with that of thé"laqua
species and available structure information indicate that 10 water
molecules are bonded to“t and TH". The M—O bond
distances for 4" and TH" are 2.424+ 0.01 and 2.45k 0.01
A, respectively. Our experimental results are consistent with
'sngructural parameters for Kpag) ofN = 9—11 andR = 2.40

7

A significant change in the coordination sphere is observed
when the complexes M (aqg) and presumably MF(aq) are
formed. With one model, the coordination number decreases
to 7 + 1 and the mean M(O, F) distance increases to 2.46
and 2.49 A for uranium(lV) and thorium(IV), respectively.
Better agreement between theoretical and experimental data,
however, was obtained using a model having two different bond

e distances in the coordination sphere, one Mdistance at 2.10
0o 1 2 3 4 5 6 A and one M-0O distance at 2.45 A for U(1V); for Th(IV), the
R+AA corresponding distances are 2.14 and 2.48 A. In this case, the
Figure 3. Experimental EXAFS oscillations for sample H (continuous ~Same coordination numbers as were obtained for the M(IV) aqua
line) and the best theoretical fits (squared): A, fit to the EXAFS species, 911, were obtained. As indicated above, we prefer
equation assuming a symmetrical (Gaussian) pair distribution; B, fit the latter model. To support this result, we have started quantum
results taking the asymmetry of the pair distribution into account; and chemical calculations to obtain optimized geometries and
C, fit results using two different distances, one-W(O) and a M-O, energies of different structure models, which then may sub-
including curve-fit deconvolution ik-space and-space. stantiate the interpretation of the EXAFS experimental findings.

the data using this model yielded average-(@, F) coordina-  pean Commission within the Training and Mobility of Re-
tion numbers similar to those obtained in thé'Naqua species.  searcher (TMR) Program under contract ERBFMBICT972296.
For uranium(1V), one fluoride at 2.10 A and 84 0.6 water A part of the measurements were done at SSRL, which is
molecules at 2.46 A were observed, and for thorium(IV), one gperated by the U.S. Department of Energy. The help of Ingmar
fluoride at 2.14 A and 10.& 0.9 water molecules at 2.48 A, persson at the SSRL is gratefully acknowledged. The other
The relative magnitude and position of the fluoride and experiments were performed at HASYLAB. The authors are
oxygen contributions to the fit of the spectrum of sample H are grateful to Ildiko Farkas for providing us with the*t stock

compared in Figure 3. The smaller EXAFS amplitude measured sp|ution and to the Swedish Nuclear Fuel and Waste Manage-
is eXplained Using model C by an interference of the EXAFS ment Co. (SKB) for financial assistance.

oscillation of a backscatterer with a short distance with the/
g‘tir?a;o': :t afomr:aWh?t Ilt)(rjlgerl‘ dIStair:,lce’ afdisnh(?[\iN?] IQ Er;%urrefiltered first-shell EXAFS data for & (sample A), UQ, and
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Supporting Information Available: Comparison of the Fourier-

several U(IV) solid-state structures, e.g., TE¥For Rb,UFs.2° pair distribution, andB), fit results taking the asymmetry of the pair
distribution into account (S2). This material is available free of charge
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