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Alpha spectrometry (AS) with semiconductor detectors has applications in nuclear decay data measurements, environmental, geological an
nuclear wastes studies and other works requiring determination of actinide and other alpha emitter contents. In order to obtain accurate
measurements by producing good resolution alpha spectra, AS sources must be thin and uniform. AS sources produced by electrodepositio
consist of a radioactive deposit onto a metallic substrate (cathode of the electrolytic cell). Natural U sources prepared by the Hallstadius
method have co-deposited Pt, originated from the dissolution of the anode during the electrodeposition. A recent work published else-
where has reported a study on the morphology and spatial distribution of the U/Pt deposits with the related chemical speciation of U, using
scanning electron microscopy with energy dispersive X-Ray spectroscopy, X-Ray photoelectron spectroscopy and X-Ray absorption fine
structure (XAFS).

The purpose of this work is to explain the structure of the Pt/U deposits. We have obtained new spectra of the U LIl edge XAFS by total
electron yield at Stanford Synchrotron Radiation Lightsource (SSRL), BL 2-3. Grazing incidence X-Ray diffraction (GI-XRD) patterns
were obtained at SSRL, BL 11-3. GI-XRD patterns show a bimodal distribution of grain sizes of Pt, with dimenstoaad 20 nm;
schoepite diffraction signals suggest grain dimensions'®fnm, i.e. with low crystallization. XAFS spectra were fitted assuming two
different structures: uranyl hydroxide and schoepite, and results were compared. U-U path shows low intensity that also may be a result of
low crystallization.

Keywords: Uranium; gracing incidence X-Ray diffraction; X-Ray absorption fine structure; synchrotron radiation

La espectrometa alfa (EA) con detectores de semiconductor tiene aplicaciones en mediciones de datos para desintegraciones nucleares
estudios ambientales, gégicos y de residuos nuclearesj asmo en otros trabajos que requieran la determémadie contenidos de
acfinidos y otros emisores alfa. Para obtener buenas medidas, las fuentes para EA deben ser finas y de forma que permitan obtener espect
alfa con buena resolum energtica. Las fuentes para EA producidas por electrodefsimbnsisten en un dépito radiactivo sobre un

sustrato metlico (catodo de la celda electropgmica). Las fuentes de U natural preparadas poré&bno de Hallstadius contienen Pt co-
precipitado, originado por la disoludni delanodo durante la electrodeposici Un trabajo recientemente publicado presenta un estudio
sobre la morfologa y distribucon espacial de los dépitos de U/Pt en rela@n con la especiagh qumica del U, usando microsc@p
electibnica de barrido con espectroscaple rayos X dispersiva en enggespectroscdp de fotoelectrones de rayos X y de estructura fina

de la absordin de rayos X (XAFS).

El proposito del presente trabajo es explicar la estructura de lossitep de Pt/U. Se han obtenido nuevos espectros del borde de absorci

U LIl por salida total de electrones en el haz 2-3 de la Fuente de Réadi&éncrotbnica de Stanford (SSRL). Los patrones de difracci

de rayos X de incidencia rasante (GI-XRD) muestran una distdbugimodal de tanfo de grano del Pt, con dimensiones de 5 a 20 nm;

el patibn de difracadn de la schoepita sugiere dimensiones-denm, es decir, de baja cristalizéni Los espectros de XAFS se ajustaron
asumiendo dos estructuras diferentes: eltitto de uranilo y la schoepita, y los resultados se compararon. Las trayectorias fobo@testr

U-U muestran bajas intensidades, lo que t@mlguede deberse a baja cristalibaci

Descriptores: Uranio; difraccon de rayos X con incidencia rasante; estructura fina de la abeateirayos X; radiadin sincrotbnica

PACS: 61.05 cj; 61.05 cp

1. Introduction position the most common technique of source preparation

for routine measurements [8]. Alpha sources produced by
High resolution alpha spectrometry (AS) is commonly usedelectrodeposition consist of a radioactive deposit onto a
in a large number of applications such as nuclear decay dat@etallic substrate (cathode of the electrolytic cell) [9]. It
measurements [1], environmental [2], geological [3], nucleahas been demonstrated the presence of co-deposited plat-
wastes characterization [4] and health studies [5]. To producgum in the deposit when a sulphate-containing electrolyte
accurate measurements, it is generally assumed that thin apgused [10-13], originated from the dissolution of the anode
uniform sources have been prepared [6,7], being electrode-
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2. Materials and methods
2.1. Sample preparation

All sources were prepared by the Hallstadius method [14]
from a sulphuric acid electrolyte at pH 2.1-2.4, withJ$&),

to prevent adsorption onto the walls of the electrodeposition
cells. Deposition was carried out onto mirror polished stain-
less steel disks (2.5 cm diameter, 2.2 cm diameter of active
area, 1 mm thickness) acting as cathode, while the anode was
a 1 mm diameter platinum wire folded in the base into spiral
shape of 15 mm diameter. Current densities of 0.52 Atm
and 7 mm distance between electrodes were used. Figure 1
shows schematic diagram of the electrolytic cell.

Two sets of sources were studied in this paper as sum-
marized in Table I, where uranium content and studies
performed over them are specified. Each set consists of
three sources obtained at electrodeposition times of 20, 40
and 60 minutes, respectively. The first set was studied in
Beesleyet al. [16] (CIEMAT-Unat in Table I). These sources
were prepared at CIEMAT from 0.6 mL of a CIEMAT nat-
ural uranium standard solution of 6.15 0.15 Bqg/g activ-
ity concentration in 1 M HN@. The other set of sources
was prepared at CIMAV (CIMAV-UAc in Table I). It was
prepared by adding 15iL of a uranyl acetate solution of
13.65+6 % Bg/mL (Polyscience Inc, containing depleted
uranium, activity ratio U-234/U-238 = 0.156 0.008 [22])
dissolved in acetic acid at pH 4 to the sulfuric electrolyte.
All electrodeposition experiments for the same set of sam-
ples were performed with the same initial amount of ura-
nium. In consequence, for CIEMAT-Unat, the electrodepo-
sition yield is about 100% for the 60 minutes electrodeposi-
tion time sources and decreases to about 77% when the time
during the electrodeposition. This is an important factdecreases. For CIMAV-UAC set, the yield varies in the range
since many of the most popular methods of electrode80-57%, being always the highest values for the 60 minutes
position [9,14,15] include sulphate ions as components of thelectrodeposition times.
aqueous electrolyte.

(cathode)

FIGURE 1. Transversal view of the electrolytic cell for deposition
of uranium.

In a recent paper by Beeslest al. [13], the mor- TABLE |. Set of prepared sources, included in the present study.

phology and composition of natural uranium sources pre- Sample Uranium Set Studies performed
pared by the Hallstadius method, with co-deposited platinum mass (1g) over samples reported
were studied by scanning electron microscopy/energy disper-
sive spectroscopy (SEM-EDX), X-ray photoelectron spec
troscopy (XPS) and X-ray absorption fine structure (XAFS).
However, no conclusive information concerning the phase AS (Manchester)
identification of uranium deposits were presented. This factor U5-40 131

is relevant not only for uranium sources, but also for sources y14-60 153

of other long half-life radionuclides which contribute with ;5,4 128

significant mass to the deposits that can in turn affect the

expected energy resolution of alpha spectra obtained from U4-30 120
U17-60 155

UAc-20 107 CIMAV-UAC XAFS (SSRL),

GI-XRD (SSRL)

in the present work
U15-20 128 CIEMAT-Unat XAFS (SSRL),

The aim of the present work is to report results about
identification of chemical species of Pt and U in the elec-
trodeposition process obtained by synchrotron radiation graz-
ing incidence X-ray diffraction (GI-XRD) and by new XAFS  UAc-40 85
data. UAc-60 116
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FIGURE 2. Experimental arrangement at the beamline 11-3, at — mggormn
SSRL: To the left, 2-D position sensitive GI-DRX detector; at cen- | o
ter !eft, sample holder with a sample on it and to center right, XR ok U17 60 min
collimator.
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2.2. Experiments _ _ ]
FIGURE 3. High resolution alpha spectra obtained from four sam-

AS on the sets of samples CIEMAT-Unat has been performeﬂ'esj of the CIEMAT Unat set. Spectra are vertically shifted for
at Manchester, using a CANBERRA Model 7401 Alpha /anity-
Spectrometer, with a 100 nfnPIPSRDetector. Counting EXAFS data were processed and analyzed using the
distance of sample-detector was 25 mm. For each expeathena 0.8.061 and Artemis 0.8.014 graphical interfaces ver-
iment a complete spectrum of 4096 channels was accumusions [19] to IFEFFIT [20]. Calibrated scans were averaged
lated. In order to obtained information regarding resolutionand background-substracted. Spline fitting was performed
of the sources, the counting time was set to 36 h. using the Autobk parameters;2=0.75, k-weight=3 and

GI-XRD patterns were obtained at SSRL, at beamlinedk=1. The atomic coordinates from the published Schoepite
11-3. The experimental facility is described else-XRD-derived crystal structure [21] and uranyl hydroxide [22]
where [16,17]. The experimental setup and calibrationwere used to generate af5radius clusters for the calcu-
conditions used in the detection were as follows: 2D-lations. Coordination numbers (N) were fixed to crystallo-
detector diameter = 345 mm; pixel size = 0.1 mm; X-graphic values; R (interatomic distance?, (Debye-Waller-
ray spot size=0.1 mm 2D position-sensitive detector calitype factor based on a Gaussian distribution of interatomic
brated with a LaB standard sample; sample detector dis-distances), and\E, (the difference between the threshold
tance=150 mm; incidence angle = (&:50.5); X-ray wave-  Fermi level of the theoretical phase shift and backscattering
length A =0.97354A; Experimental 2D patterns processed amplitude functions and the experimental data) were given
by means of software Fit-2D [18]. Figure 2 shows the experdinitial seed values and they were allowed to move during the
imental arrangement at the beamline. non-linear least squares fitting routine.

XAFS experiments at the Uledge, performed on both
sets, were carried out at the Stanford Synchrotron Radiatio8. Results and discussion

Lightsource (SSRL) beamline 2-3. The SPEAR-3 storagexs on the sets of samples CIEMAT-Unat are presented in
ring was operated at 3.0 GeV with a beam current of 100 MArig 3. The almost systematic worsening of resolution, ex-
We used a Si(220) double crystal monochromates,0. The  hressed as FWHM (full width at half maximum), with the
beam size was 1.0 mm x 10.0 mm. XAFS Y épectrawere  jncreasing of the electrodeposition time is observed by the
acquired in total electron yield mode using the collector cureyHm graphic in the insert. Also it is well perceived by
rent. Data were recorded on an energy grid of 10 eV/step ifhe J-234 doublet behavior, where the “shoulder” disappears
the pre-edge region and 0.35 eV/step in the remaining X-rayyhen electrodeposition time increases. This result suggests

Absorption Near Edge Spectra (XANES) region, with an in- 55 5 general trend the resolution worsening with electrodepo-
tegration time of 1 s/step. An energy calibration of the beamjiion time observed in Ref. 13.

was performed by collecting the transmission spectra of a

reference Y foil at the Y K edge. A total of 6 scans were3 1 x.ray scattering from grazing incidence on ura-
obtained for each source. Spectra obtained from sources of  nium sources

the same electrodeposition time were averaged together. For

calibration and alignment of XANES spectra the softwareGI-XRD on sources set CIMAV-UAc was performed with
Athena, the front-end for IFEFFIT, was employed [19]. different incidence angles, from= 0.0 to 0.8. Fig. 4 shows
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FIGURE 4. 2-D XRD patterns of sample CIMAV-UAc-60. Characteristic Debye rings from steel subsirates(well as electrodeposited Pt
and schoepite (S) are identified.

one of the measured 2-D patterns for the sample UAc-60. places on the surface of the deposit. That's why the
The 2-D patterns were integrated by azimuthal angle, and 1- broad Pt peaks in GI-XRD patterns locate from left to
D patterns were obtained. right around the Pt sharp peaks. ThessvPt tends
Working on 1-D patterns, different compounds were to grow or even may have coalescence when become
identified and some other determinations were performed. agedPt. This phenomenon has been attributed [25] to
Phase identification was carried out by means of the ICSD the isolated location of nanosized clusters on the sam-
data base [23]. Particularly, for the elucidation of the ura- ple, resulting in the dispersion of the sample-detector

nium compound, present in the analyzed sources, several op-  distance.

tions were considered. Some evidence of broad peaks in the

low 20 zone at many patterns may be attributed to uranium 2) Deposited uranium forms poorly crystallized layers
compounds of large reticular parameters. The best candidate ~ probably of schoepite, with crystal size of approxi-
for the uranium phase was uranium oxyhydroxide known as ~ mately 5 nm and layer thickness of 50 nm on average
schoepite. Figure 5 shows the computer-modeled diagram  (this figure is given by the amount of electrodeposited
obtained for this purpose, performed on a 1-D pattern of the ~ uranium and the deposit area).

source UAc-60. Analyzing the profile of (broad) peaks in the

case of the Pt and schoepite phases and applying the Schgr2. XANES study of oxidation state of samples

rer equation [24], crystallite dimensions of these phases were

estimated. Pt peaks lead to crystallite sizes ~ 20 nm  Figure 6 shows the comparison of the XANES spectra from
and~ 5 nm. Schoepite diffraction signals indicate poorly CIMAV-UAc sources with uraninite-U@ (with U**) and
crystallized grainst( < 5 nm). The broad Pt peaks are lo- becquerelite (uranyl mineral witht¥) spectra, measured in
cated either on the left, below or on the right of the sharp Pt
peaks, depending on the location of the nanocrystals on thewr———+———
deposited source. The peaks, attributed to schoepite in the, . i
60 min 1-D pattern, may have different locations in the other
patterns. This way, the schoepite identification is not univo- ™
cal by GI-XRD results. o

(0] ()
Split-broadened peaks in Fig. 5 are produced by bi-modal . §. ‘é’. T
size distribution of Pt grains. Dispersion in the location of the [\ o o Bt I
broadened Pt peaks is produced by heterogeneity in the distri- - \ ® ® “Net it
bution of Pt nano particles on the source surface. This feature J S A A j
was observed and confirmed in all the three to six GI-XRD — i

0

patterns recorded of each CIMAV Ac sources. o 10 60 - o %o o
Grazing incidence X-ray scattering results suggest that:

. . o . FIGURE 5. 1-D diffraction pattern obtained by azimuthal integra-

1) Bi-modal presence of Pt in deposits is explained asjon of 4 representative 2-D pattern from the source UAc-60. For
follows. There is a well crystallized Pt layer, conse- this sample, patterns collected with different incidence angles were
quence of someld Pt deposit and registered in Gl- practically coincident. Peaks produced by characteristic phases
XRD patterns as sharp peaks. Also, there isesv  are identified. The weak pattern in the lower part is a computer-
nanocrystalized Pt that appears on apparently isolatethodeled diagram corresponding to nanocrystalline schoepite.
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TaBLE Il. EXAFS fitting results and schoepite XRD derived interatomic distances for the CIEMAT Unat sources.

EXAFS XRD
sample Shell N RA) O” o2(R?) O AE, R % RA)
20 minutes Q 2 15.7(1.3) 3.9
(o} 1 1.800(7) 0.0032(5) 1.74(2)
0, 1 1.855(7) 0.0032(5) 1.79(2)
Oeq
O1r 1 2.29(1) 0.0043(26) 2.29(2)
OH, 1 2.40(1) 0.0043(26) 2.40(2)
OH 1 2.42(1) 0.0043(26) 2.42(2)
OHs 1 2.53(1) 0.0043(26) 2.53(2)
OH, 1 2.63(1) 0.0043(26) 2.63(2)
U
Us_1 1 3.81(4) 0.012(6) 3.83(2)
Uz 1 3.85(4) 0.012(6) 3.87(2)
Us 1 4.04(4) 0.012(6) 3.99(2)
Us_ o 1 4.04(4) 0.012(6) 4.09(2)
U, 1 4.30(12) 0.012(6) 4.45(2)
EXAFS XRD
sample Shell N R(A) OY 02(A?) O AE, R % RA)
40 minutes Q 2 15.6(1.3) 5.3
(o} 1 1.799(7) 0.0035(5) 1.74(2)
0, 1 1.853(7) 0.0035(5) 1.79(2)
Oeq
O17 1 2.29(2) 0.005(3) 2.29(2)
OH, 1 2.40(2) 0.005(3) 2.40(2)
OH 1 2.42(2) 0.005(3) 2.42(2)
OHj 1 2.53(2) 0.005(3) 2.53(2)
OH, 1 2.63(2) 0.005(3) 2.63(2)
U
Us_1 1 3.74(2) 0.006(2) 3.83(2)
Ur 1 3.77(2) 0.006(2) 3.87(2)
Us 1 3.92(3) 0.006(2) 3.99(2)
Us_ o 1 4.02(3) 0.006(2) 4.09(2)
Us 1 4.21(4) 0.006(2) 4.45(2)
EXAFS XRD
sample Shell N RA) O” o2(R?) 0 AE, R% RA)
60 minutes & 2 14.6(2.2) 6.5
(o} 1 1.79(1) 0.0035(6) 1.74(2)
0, 1 1.85(1) 0.0035(6) 1.79(2)
Ocq
017 1 2.41(17) 0.015(6) 2.29(2)
OH, 1 2.33(17) 0.015(6) 2.40(2)
OH 1 2.35(17) 0.015(6) 2.42(2)
OHj 1 2.46(17) 0.015(6) 2.53(2)
OH, 1 2.51(17) 0.015(6) 2.63(2)
U
Us_1 1 3.96(3) 0.007(2) 3.83(2)
Ur 1 3.99(3) 0.007(2) 3.87(2)
Us 1 3.73(4) 0.007(2) 3.99(2)
Us_ o 1 3.83(4) 0.007(2) 4.09(2)
U, 1 4.19(4) 0.007(2) 4.45(2)

()Estimated standard deviations;
+ Fixed to crystallographic values during fitting
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similar conditions as reference compounds at SSRL. Fea-
ture A is the maximum at resonance (“white line”), which o .'
is broader in uranyl compounds; feature B is characteristic of ".
uranyl species and feature C accounts for the backscatterin(g o
of the photoelectron by the second sphere neighbors [26]. e/
We may observe that all CIMAV-UAc sources show the
white line broad peak characteristic of the uranyl ion struc-
ture. Nevertheless, its energy and feature B are enhanced il~.
the source prepared during 20 minutes. As it was discussec @
in Ref. 13, concerning the uranium oxidation states, based
on the literature [27-31], different uranium oxidation states

a)

b)

produce Ul; edge shifts towards higher energies in the or-FIGURE 7. a) Unit cell of schoepite, showing uranium atoms in
der UQ,, U305, UO; due to reduced shielding of the core blue and oxygen in red. Two layers formed by pentagonal bipyra-
electrons associated with the increase in mean valence staféids more or less parallel to b-c planes are presented. b) Details of
across the oxidation series. Figure 6 shows the position of th&'¢ uranyl Q.. and Q distances for the considered representative

absorption edge in the XANES spectra. The insert indicate&'Pyramid:
the relative position of the white line of uranium species in
the sources in relation to the extreme oxidation states +4 anc<

[RIAY

+6. Based on reported values cited above and on the mea *
sured reference compounds, UAc-60 corresponds to a mix- ‘
ture of U(IV) and U(V), while UAc-20 and UAc-40 corre- | |
spond to a mixture of U(V) and U(VI), with UAc-20 closer | '\ fo
to U(VI). All these features are in agreement with the results

[

6.
— fit

— exp

o b
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3.3. EXAFS modeling
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FIGURE 8. Spectra of CIEMAT Unat sources: EXAFS function fit-
i AL . ting in x (left) and fitting in R (right). There are shown the spectra
corresponding to a) 20 minutes, b) 40 minutes and c¢) 60 minutes.

After subtraction of background for obtaining EXAFS func-

tion, EXAFS spectra are similar to that of oxyhydroxides
FIGURE 6. XANES spectra of the Uk-edge of CIMAV-UAC reported by Catalano and Brown [32]. Taking into account
sources and reference compounds:.U@raninite) and becquere- the results of the preceding section, as well as the Hansen
lite synthetic mineral. The insert shows the energy positions oftheory for electrodeposition of actinides and other com-
white lines for CIMAV-UAc sources, given by the electrodeposi- pounds [33], schoepite oxyhydroxide and uranyl hydroxide
tion time in minutes, relative to U(IV) white line position (dashed structures were modeled. In the paper of Beesteyl. [13],

at bottom) and to U(VI) position (top dots).
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MS path was included in the fit for both uranium species.
The R factor value was used to evaluate the quality of the fits.
Table Il presents the results for the three different electrode-
position times. Figure 8 shows the corresponding graphics
for EXAFS functions and Fourier Transforms (FT).

Uranyl axial bond distances agree with the XRD-derived
reference within the uncertainties in all averaged by elec-
trodeposition time fitting of spectra. That is not the general
case for the other distances. The relatively high values of
AEj may be considered as not so large, if taking into account
that the U LIl absorption edge is located at 17172.25 eV. Re-
ferring to discussion in the paper of Catalano and Brown [32],
schoepite distinct shells with differences in interatomic dis-
tances close to the intrinsic distance resolutidR of EX-
AFS spectroscopyAR=r/(2Ak A—1)=x/(7 A-1)=0.22A,
whereAk is the k-range of data being fitted) were not accu-
rately fit, causing significant errors in interatomic distances
and Debye-Waller factors (see Table Il). However the accu-
racy of the fits for short times, assessed by t3evalue, is
good, as it can also be seen graphically in Fig. 8.

Figure 9 presents the unit cell of the uranyl hydroxide.
e - ~ / Results for uranyl hydroxide ab initio fitting of the 3 different

: ® EXAFS spectra are shown in Table Ill. The hydroxide struc-

FIGURE 9. Unit cell of uranyl hydroxide, showing uranium atoms tursl IS Ver_y regular (seehlnterﬁtoml_c distances frorgl XRD in
in blue and oxygen in red. Two unit cells are shown, in order to Table 1), in contrast to the schoepite structure (Table Il). To

present the almost regular hexagonal based bipyramid, formed i$hOW one hexagonal bipyramid in uranyl hydroxide, two con-
the b-c face. tiguous unit cells are shown. Nevertheless, the quality of the
fitting is worse, if taking into account the accuracy of param-
‘eters for the equatorial oxygen and uranium shells.

As a result of comparing Table Il and Ill, several conclu-
sions may be given: 1) the uranyl axial oxygens are probably
f position closer to the one of uranyl hydroxide, because the
fitting of schoepite producesg)-O, . distances greater than
Nhose from XRD. 2) Equatorial oxygens probably have co-

ordination number equal to 5, because the schoepite fitting
shows results with better accuracy than those from the uranyl

hoenite (structural data obtained f 21N | licat ydroxide fitting. Moreover, the results of Table Ill show in-
schoepite (structural data obtained from [21]) is complicate eratomic distances much lower than those from XRD. Prob-

by the range of first- and second-shell ||jteratom|c d'Stanqu&iny the bipyramids are irregular. 3) Inter-uranium distances
Figure 7 shows the structure of the unit cell, together W|thU bo-U are lower than those from XRD in both fittings
abs™Yscat .

the “star” formed by uranium atom with the oxygens form- It could be a result of lack of information ix(k), or a result

ing the pentagonal bipyramids. There are many equivalenéf low crystalinity of uranyl compounds. 4) There is a gen-
position of uranium in bipyramids inside the unit cell, and the

. . L eral trend in the two tables showing a worsening of fittings
distinct s.caFtenng paths are too numerous tc_) be fit IndeperV\/hen increasing electrodeposition time. This phenomenon
dently. Similar paths_have to be grpuped or, instead, assu oes along with the changes observed in XANES spectra
that one set of path is reprgsen.tatwe of the others. The la hich for longer times have shown a shift of the absorption
one was th_e way selecte_d in this work. I_:urther_more, th_er dge position (or the white line’s) to those proper of uranium
is one site in the equatorial plane of the bipyramid occupie

by an G~ anion, while there are four sites corresponding to educed species.
hydroxyls, with different distances. For fitting, the presence
of no hydrogen was considered antl the so-called Debye- 4. Conclusions

Waller factors, were considered the same for each close inter-
atomic distance: Lhs- Ouz, Uaps- Ocq and five Uyps-Ugear;  SyNchrotron radiation studies on electrodeposited uranium

atoms inside the cluster of radius R=45Moreover, AE, sources have provided valuable information about the Pt and
value was fitted at the beginning of the procedure, then wa¥ compounds produced by the Hallstadius method of elec-
considered the same for all shells and fixed. Only the firstrodeposition.

EXAFS experiment was used for determining the coordina
tion number of equatorial oxygens Qocated in the bipyra-
mids formed together with the uranyl axial oxygeng,OIn
the present representation, the structure of uranyl hydroxid
has five Q,, while schoepite has six ones. In addition, now
is presented an attempt of fitting the uranium coordinatio
sphere inside the cluster of radius R=4A5The results of
both fittings will be compared for giving conclusions.
EXAFS interpretation by fitting of ab initio functions of
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TaBLE Ill. EXAFS fitting results and uranyl hydroxide XRD derived interatomic distances for the CIEMAT Unat sources.

EXAFS XRD
sample Shell N RA) o2(A?) AE, R% RA)
merge 20 & 2 21
o} 2 1.801(5) 0.004(8) 7.89(1.5) 1.79(2)
Oeq 6
0y 1 4 2.387(8) 0.019(1) 11.664(32) 2.49(2)
029 2 2.393(8) 0.019(1) 11.664(32) 2.50(2)
U 1
1 3.598(4) 0.003 14.418 4.03(2)
EXAFS XRD
sample Shell N RA) a2(A?) AE, R% RA)
merge 40 & 2 2
(o} 2 1.812(5) 0.0040(7) 10.198(1.5) 1.79(2)
Ocq 6
0y 1 4 2.339(8) 0.018(1) 9.111(32) 2.49(2)
Oy o 2 2.345(8) 0.018(1) 9.111(32) 2.50(2)
U 1
1 3.62(4) 0.003 7.217 4.03(2)
EXAFS XRD
sample Shell N R(A) o2(A?) AE, R% RA)
merge 60 & 2 2.6
(o} 2 1.814(11) 0.0047(9) 10.15(1.81) 1.79(2)
Oeq 6
Oy 1 4 2.308(11) 0.019(2) 7.67(1.33) 2.49(2)
022 2 2.314(11) 0.019(2) 7.67(1.33) 2.50(2)
U 1
1 3.628(109) 0.01 7.903 4.03(2)

() Estimeted standard deviations.
+ Fixed to crystallographics values during fitting.
*Parameter fixed during fitting after a previous aproximation.

The GI-XRD results inform that metallic platinum is de- obic environment at all times. Surprisingly, reduced species
tected simultaneously well and poorly crystallized. The lo-of uranium present in UAc-60 were not oxidized in air. All
cation of the broad peaks associated to the nanommsic  these features are in agreement with the results presented in
platinum appears in several patterns at different sides of thRef. 13.
sharp Pt peaks (fromld well crystallized Pt). Deposited ura- EXAFS results provide a confirmation of the oxyhydrox-
nium forms poorly crystallized layers probably of schoepite,ide character of the uranium species on the sources. Proba-
with crystal size of approximately 5 nm. bly it is a mixture of schoepite, uranyl hydroxide and urani-

XANES shifts of the white lines energy suggest that thenite (a very regular structure of U@ which represents the
electrodeposition carried out for short periods (20 minutesiJ(IV) form of uranium compounds. The mixture composi-
produce more oxidized precipitates than those undertaken fdion would develop as electrodeposition progresses. The ob-
longer times. This result is coincident with that obtained inserved trend of worsening the fitting quality when electrode-
Ref. 13, and it is not trivial, since one of the differences be-position time increases is congruent with the XANES result
tween the XAFS experiment discussed in Ref. 13 and th@bout the presence of more reduced species of uranium at the
one presented here is that in the later, the sources were preeurce surface.
pared very shortly before the XANES study. Another pointof  Detection of uranyl oxyhydroxides is consistent with the
interest is that in both cases the sources were kept in an ad#ansen theory and confirms the conclusion given in Ref. 13
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about predominance of uranyl-type structures with pentago€ONACYT Project 26040. Portions of this research were
nal bipyramids. carried out at the Stanford Synchrotron Radiation Light-
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