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Preface

The Rossendorf Beamline (ROBL) - located at BM20 of the European Synchrotron
Radiation Facility (ESRF) in Grenoble, France - is in operation since 1998. This 6™ report
covers the period from January 2007 to December 2008. In these two years, 50 peer-
reviewed papers have been published based on experiments done at the beamline. The
average citation index, which increased constantly over the years, has now reached 3.5
(RCH) and 3.0 (MRH), indicating that papers are predominately published in journals with
high impact factors. Six exemplary highlight reports on the following pages should
demonstrate the scientific strength and diversity of the experiments performed on the two
end-stations of the beamline, dedicated to Radiochemistry (RCH) and Materials Research
(MRH).

Demand for beamtime remains very high as in the previous years, with an average
oversubscription rate of 1.8 for ESRF experiments. The attractiveness of our beamline is
based upon the high specialization of its two end-stations. RCH is one of only two stations
in Europe dedicated to x-ray absorption spectroscopy of actinides and other radionuclides.
The INE beamline at ANKA provides superior experimental flexibility and extends to lower
energies, including important elements like P and S. In contrast, ROBL-RCH provides a
much higher photon flux, hence lower detection limits crucial for environmental samples,
and a higher energy range extending to elements like Sb and I. Therefore, both beamlines
are highly complementary, covering different aspects of radiochemistry research. Once the
MARS beamline at SOLEIL is ready to run radionuclides (>2010), it will cover a third niche
(Materials Science of actinides, including irradiated fuel) not accessible for the two other
beamlines.

The Materials Research Hutch MRH has realized an increasing number of in-situ
investigations in the last years. On the one hand thin film systems were characterized
during magnetron sputtering. On the other hand diffraction experiments under controlled
atmosphere were performed. A high variety of experimental parameters was covered by
varying pressure, temperature and atmospheric compositions including highly reactive
gases. Furthermore structural investigations were combined with electrical conductivity
measurements. These kind of in-situ experiments are the key to monitor and understand
reaction mechanism or the influence of process parameters, which are again the basis to
tailor materials properties on demand. The core competences of MRH are these
experimental possibilities, which make it unique among other diffraction beamlines.

In fall 2007, ROBL was reviewed by an international panel on behalf of the ESRF. The
very positive panel report recommended a renewal of the contract between ESRF and
FZD for the next five years, and a major upgrade of critical optical components of the
beamline to keep ROBL competitive for the next decade. The FZD will provide 2 Mio €
from 2009 to 2011 for this upgrade, which will be performed in parallel to the major
upgrade of the ESRF to minimize the downtime. According to the current plans of the
ESRF, our users have to expect that ROBL will have only limited or no operation for
several months from August 2011 on.

Since July 2004 the beamline is a member of the pooled facilities of ACTINET —
European Network of Excellence. In the reported period, RCH has provided 27 % of its
inhouse beamtime to perform 11 ACTINET experiments. The success of ACTINET within
FP-6 has now led to a renewal of ACTINET within FP-7, running until end of 2011.

The beamline staff would like to thank all partners, research groups and organizations
who supported the beamline during the last 24 months. Special thanks to the FZD



management, the CRG office of the ESRF with Axel Kaprolat as liaison officer, and to the
ESREF safety group members, Paul Berkvens, Patrick Colomp and Yann Pira.

Furthermore, we would like to thank our external proposal review members, Prof.
Andre Maes (KU Leuven), Prof. Laurent Charlet (UJF Grenoble), and Prof. Dirk Meyer (TU
Dresden), who evaluated the inhouse proposals in a thorough and timely manner, thereby
ensuring that beamtime was distributed according to scientific merit.

Andreas Scheinost and Carsten Baehtz
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1. Scientific Highlights






Experimental insight into the radiation resistance of zirconia-
based americium ceramics

Renaud C. Belin', Philippe M. Martin', Philippe J. Valenza', Andreas C. Scheinost?

' CEA, DEN, DEC, CEN Cadarache, 13108 Saint-Paul-Lez-Durance, France
2 |nstitute of Radiochemistry, Forschungszentrum Dresden-Rossendorf, 01314 Dresden, Germany

Introduction

Ceramics intended for use as nuclear fuels, transmutation targets or actinide
immobilization matrices have to withstand severe conditions including internal radiation.
Resistance to amorphization and limited swelling are therefore key requirements. Oxygen
deficient compounds with structures related to fluorite often meet these criteria. Pyrochlore
oxides with the formula A;B,O; (A and B are metallic cations) are especially appealing
because they are able to host high amounts of actinides. The ratio of the two cation radii,
ra/rs, may vary between 1.46 and 1.78, thereby defining the stability field for pyrochlore. At
the lower limit, cation disorder increases and the tendency of pyrochlore to transform into a
defect-fluorite structure is higher [1]. Experiments have shown that this transition can be
induced by irradiating selected A,**Zr,**O; pyrochlores, the resulting phase being highly
radiation-resistant [2]. Up to now, most studies have been performed on surrogate rare-
earth compounds using ion-beam irradiation in order to simulate a self-irradiation. This
external irradiation induces only localized disturbed regions, whereas a-emitting actinides
within the structure irradiate the compound homogeneously. Due to the radiotoxicity of a-
emitting actinides and the associated handling problems, however, such studies, which
would represent realistic conditions much better, are rare [3,4,5,6].

We investigated the order-disorder phase transition of pyrochlore to defect-fluorite by
closely following structural changes of *'Am,Zr,0; under « self-irradiation. The presence
of 62 wt% of **'Am (t,,,=432 y) in the structure provided a high dose rate which enabled us
to follow within only four years an a self-irradiation-induced aging process corresponding
to much longer time periods in the case of immobilization ceramics [7]. X-ray diffraction
(XRD) and X-ray absorption spectroscopy (XAS) analyses were combined to selectively
probe the long-range and the short-range order and the local environment of both cations
[8,9].

Materials and methods

Synthesis conditions for Am,Zr,O; are described in [belin2008]. During the aging
process, the compound was stored in a hermetic container under N, atmosphere to
prevent oxidation.

XRD measurements were performed at room temperature with a Siemens D5000 X-
ray diffractometer (Cu Ka1 radiation, A=1.5406 A). Diffraction patterns were obtained by
scanning from 25° to 148° 20 using 0.02° step-intervals. XAS measurements were
performed at 15K at the Rossendorf Beamline (BM20) located at the European
Synchrotron Radiation Facility (ESRF, Grenoble, France). Americium L, (22952 eV) and
zirconium K (17998 eV) edge spectra were collected for each sample in fluorescence
mode using a 13 elements Ge detector. The ATHENA software [10] was used for
extracting EXAFS oscillations from the raw absorption spectra. Experimental EXAFS
spectra were Fourier transformed using a Hanning window over the full k space range
available for each edge: 2.1-13.3 A for americium and 2.5-10.3 A™" for zirconium. Curve
fitting was performed in k® for R-values in the range 1.3-4.1 A for both edges. Phases and
amplitudes for the interatomic scattering paths were calculated with the ab initio code
FEFF8.20 [11]. At the Zr edge, a multi-scattering path corresponding to the doubling of the



Zr-O single-scattering path (Zr-O-Zr-O) was fitted, correlating R and o to double the
values used for the Zr-O single-scattering shell.

Results and discussion

As expected from the ionic radius ratio criterion (ram/rz=1.51), the compound gradually
transformed to the defect-fluorite structure in about 370 days corresponding to 0.21
displacements per atom (dpa) (Fig. 1A). In contrast to the commonly observed increase in
volume under o self-irradiation, e.g. for *'AmO, [12], we found a decrease in the cell
parameter by 0.02 A, corresponding to a volume contraction of 0.6% (Fig. 1B). To our
knowledge, such a volume reduction has never been observed before in irradiated
pyrochlore. After the phase transition was completed, the volume remained constant.
Within the whole experimental period of 1,360 days, no amorphization was observed. The
cumulated dose during this period was 9.4x10'® a-decay events-per gram; corresponding
to 0.80 dpa. This is equivalent to the dose accumulated by multiphase ceramics with
20wt% #*°Pu during 1,000 years of storage [7]. The defect-fluorite structure is therefore
remarkably resistant to such radiation doses.

What drives the resistance to radiation and the unusual negative lattice expansion
observed in Am,Zr,0,;? We believe that the answer lies in a thorough understanding of
how lattice point defects are formed and recombined during the order-disorder transition.

Atomistic simulations based on energy minimization techniques best describe the
disorder transition by the formation of cation antisites and oxygen Frenkel pairs [13,14].
The AyZr,0; Fd-3m cubic structure is a fluorite-type superstructure with doubled cell
parameter, which can be regarded as two distinct cationic and anionic sublattices: A
occupies the 16d (1/2, 1/2, 1/2) site, Zr the 16¢ (0, 0, 0) site, and O the 8b (3/8, 3/8, 3/8)
and 48f (x, 1/8, 1/8) sites. Only the “x” value of the O(48f) is unconstrained. The O site 8a
(1/8, 1/8, 1/8) is vacant. In the defect-fluorite Fm-3m structure, both A and Zr occupy the
4a (0,0,0) site, while O is in 8c (1/4, 1/4, 1/4). In AxZr,0O; pyrochlore, a cation antisite
involves the substitution of an A cation at the 16d Zr site and of a Zr cation at the 16¢c A
site. An oxygen Frenkel consists of a 48f vacancy and the occupation of an 8a site. The
exact sequence of recombinations during the order-disorder transition is still a matter of
debate: anionic disorder followed by cationic recombination [15], cationic disorder driving
the transition [16],17] or the concomitant occurrence of both cationic and anionic defects
[18]. Although difficult to perform, studying partial disorder is therefore essential to
understand the underlying processes. To address this issue, we have characterized short-
lived intermediate states with XRD and XAS in addition to the initial and the defect-fluorite
structure states.

X-ray profiles collected from the initial to the fluorite states were refined with the
Rietveld method [19] using JANA 2000 [20]. To obtain low isotropic displacement
parameters for both Am and Zr, we had to introduce concomitant cation antisite and anion
Frenkel pair defects to account for the progressive disorder occurring in both sublattices. A
cation antisite is defined by: Aman + Zrz. & Amgz + Zram and an oxygen Frenkel by: Oousy
> Vousen + Oisa). Accordingly, the 16d site was refined with Amam and Zram type atoms, and
the 16c¢ site with Amz and Zrz type atoms. In addition, oxygen originally at 48f was
proportionally distributed to the 8a vacancy site (Ojss). The O(8b) site was kept fully
occupied (Table 1). While the initial state showed no cation exchange, the intermediate
states revealed an increasing cationic disorder. Already after 0.02 dpa, 7% of the cations
had swapped positions. This percentage increased to about 40% for 0.14 dpa and to 50%
above 0.21 dpa, where the defect-fluorite state was reached. The increasing disorder
during the transition is further revealed by the increase in the average O(48f) positional
and displacement parameters. Once the defect-fluorite state was reached, disorder
remained constant and the overall long-range order was maintained.



TABLE 1

Details of the Rietveld structure refinements including site occupation fractions (SOF) and isotropic
displacement parameters Uiso(Az). The following constraints were applied: identical SOF for Aman,
and Zr, as well as for Zram, Amz and Ojgsy and all U(O) identical. The defect-fluorite patterns were
refined in the Fm-3m space group with only two sites. Thus, Fd-3m SOF and x(Ogusp) values are
meaningless in the corresponding columns.

dpa 0 0.02 0.06 0.12 0.14 0.21 0.38 0.80
Days after synthesis 0 40 100 200 250 370 650 1360
Space Group Fd-3m Fd-3m Fd-3m Fd-3m Fd-3m Fm-3m Fm-3m Fm-3m
a(A) 10.6678(1) 10.6686(1) 10.6605(2) 10.6505(2) 10.6489(4) 5.3233(1) 5.3243(1) 5.3233(1)
R, 3.38 5.83 3.53 3.12 4.03 5.11 4.60 4.74
Rup 4.31 7.37 4.52 3.93 5.08 6.47 5.74 5.99
Reragg 3.18 2.34 242 2.22 3.27 1.94 2.05 3.24
GoF 1.28 1.1 1.30 1.17 1.12 1.17 1.38 1.08
SOF (Aman/Zrz) 0.986(1) 0.927(3) 0.804(3) 0.642(6) 0.62(1) n.a. n.a. n.a.
SOF (Zram/Amz/O;g,) 0.014(1) 0.073(3) 0.196(3) 0.357(6) 0.38(1) n.a. n.a. n.a.
SOF (Oouss) 0.9976(2) 0.9879(5) 0.9674(6) 0.941(1) 0.937(2) n.a. n.a. n.a.
X(Ooss) 0.3372(7)  0.343(1) 0.367(1) 0.373(3) 0.368(5) n.a. n.a. n.a.
Uiso(AMam/Zram) 0.0129(4)  0.016(1) 0.019(1) 0.021(1) 0.021(2) 0.026(1)  0.026(1)  0.018(2)
Uiso(Zrz/Amz,) 0.0121(6)  0.016(1) 0.021(1) 0.028(2) 0.026(3) 0.026(1)  0.026(1)  0.018(2)
Uiso(O) 0.044(2) 0.045(4) 0.057(2) 0.083(3) 0.088(5) 0.079(3) 0.074(3)  0.072(7)

Cation disordering provides an opportunity to elucidate the cause of the volume
contraction observed during the transition. We eliminated Am oxidation as a potential
cause: the Am-L; XANES (X-ray Absorption Near Edge Structure) spectrum showed no
detectable amount of Am** up to 0.80 dpa. Instead, the progressive lattice contraction may
be due to the smaller ionic radius of Am** at the sixfold coordinated Zr site, occurring via
Am-Zr antisite disorder, as compared to the larger radius in the initial eightfold
coordination. This result is in line with molecular dynamics simulations by Rushton et al.
[21] predicting negative volume changes for zirconate pyrochlores during the order-
disorder transition, if ra/rg is between 1.48 and 1.57. Therefore, the cause for the volume
contraction is most likely inherent to the ability of the structure to accommodate disorder
and to form cation antisites.

The local structure around both cations was then studied with Am L, and Zr K-edges
EXAFS (Extented X-ray Absorption Fine Structure) spectroscopy on four representative
samples: one at 0.02 dpa, i.e. still in an intermediate pyrochlore state, and three more at
0.21, 0.36 and 0.55 dpa in defect-fluorite states. Fourier transforms are shown in Fig. 1, fit
results in Table 2.

In line with the XRD results, we observe for the 0.02 dpa state identical Am-O(8b) and
shorter Am-O(48f) distances in comparison to the initial structure, confirming the
randomization of oxygen atoms through Frenkel pairs. This is further supported by the high
Debye-Waller factors (c?), which reflect only static disorder since the samples were
measured at 15 K. In contrast to americium, the local coordination around zirconium does
not show any randomization of the oxygen sublattice (6 equidistant O(48f) atoms at 2.13 A
and low ¢?). The ability of EXAFS to measure the expansion of selected bonds [22] offers
complementary information on the disordering processes: while the Am-Am distance is in
agreement with that of XRD, Am-Zr and Zr-Zr distances are shorter. However, Am-Zr (Am
Ly-edge) and Zr-Am (Zr K-edge) distances are identical, providing evidence for the cation
antisite formation in this intermediate structural state.
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Fig. 1.

Am L-edge (a) and Zr K-edge (b) Fourier transform EXAFS spectra for the 0.02, 0.21, 0.36 and
0.55 dpa states. Experimental data are displayed by symbols and fits by lines. (a) At 0.02 dpa, the
two peaks at ~1.9 A and ~2.2 A correspond to the two Am-O distances (O(8b) and O(48f)) in the
pyrochlore structure. A more intense peak at the shorter distance coupled with the fading peak at
~2.2 Ais indicative of the conversion to the fluorite structure (dpa >0.21), where Am is surrounded
only by equidistant oxygen atoms. (b) The intense peak at ~1.6 A corresponds to Zr-O distances
and remains nearly identical for all the spectra. The Zr-Am and Zr-Zr interactions give rise to the
peak at ~3.3 A, which broadens between 0.02 and 0.21 dpa because shells separate in distance.

EXAFS spectra for the 0.21, 0.36 and 0.55 dpa fluorite states are nearly identical,
demonstrating the stability of the defect-fluorite structure. Both Am and Zr cations are
surrounded by only 7 equidistant oxygen atoms, in comparison to the -eightfold
coordination of the perfect fluorite structure. Along with the larger o in comparison to the
0.02 dpa pyrochlore, this gives ample evidence for the randomization of the oxygen
sublattice and for a more disordered environment after the phase transition.

The Am-O distance of 2.36 A is higher than that derived from the defect-fluorite XRD
structural model; however, it is in agreement with the distance observed in 30wt% Am-
doped, yttria-stabilized zirconia [23]. Since both Am and Zr cations occupy the same
crystallographic position in the fluorite structure lattice (insert Fig. 1B), we would have
expected the same oxygen distance for both the Am and Zr coordination spheres.
Surprisingly, the Zr-O distance of 2.15 A is much shorter than the Am-O distance. Li et al.
observed a similar Zr-O distance for sevenfold-coordinated polyhedra in cubic stabilized
zirconia [24]. The Zr-O distance remains always close to the distances of the initial states,
i.e. is almost unaffected by irradiation. Another evolution in the defect-fluorite structure is
the disorder observed for the cation-cation coordination shells reflected by the very high o®
values, in particular for zirconium. From the detailed analysis of distances, important
conclusions become apparent. While the Am-Am distances are in agreement with XRD,
the Am-Zr and Zr-Zr distances are shorter, implying that the Am and Zr local environments
are non-equivalent. For all irradiation levels, Am-Zr and Zr-Am distances are identical, in
line with the cation antisite formation. As proposed by earlier studies [16,25], such a
disorder in the Zr cation shell reveals a loss of second neighbour periodicity due to
rotations of the Zr polyhedra along shared edges and corners. This polyhedral flexibility
thereby contributes to accommodate the increasing disorder within the structure.



TABLE 2

Am L, and Zr K-edges EXAFS fit results for 0.02, 0.21, 0.36 and 0.55 dpa states (R=interatomic
distance in A, C.N.=coordination number, o°=Debye-Waller factor in A?). For comparison,
interatomic distances obtained from the XRD Rietveld refinement are reported at initial, 0.02 and
0.21 dpa states.

XRD EXAFS
R (A) RA) CN.  o*AY

Am-O(8b) initial 2.3097(2)
Fd-3m 0.02dpa 2.3098(2) 2.31(2) 2.8(5) 0.006(1)
Am-O(48f) initial 2.563(5)
Fd-3m 0.02dpa 2.52(1)  2.53(2) 4.8(5) 0.015(1)
Am-O(8c) 0.21dpa 2.3050(4) 2.35(2) 6.6(5) 0.009(1)
Fm-3m 0.36 dpa 2.36(1) 7.0(5) 0.011(1)
0.55 dpa 2.36(1) 7.0(5) 0.011(1)
Am-Am initial 3.7716(4)
0.02dpa 3.7719(4) 3.76(1) 6.0(5)  0.004(1)
0.21dpa 3.7641(7) 3.75(1) 5.2(5) 0.007(1)
0.36 dpa 3.75(1) 6.0(5)  0.009(1)
0.55 dpa 3.75(1) 6.0(5) 0.010(1)
Am-Zr initial 3.7716(4)

0.02dpa 3.7719(4) 3.74(1) 6.0(5) 0.008(1
0.21dpa 3.7641(7) 3.65(1) 6.3(5) 0.012(1

~— — — ~—

0.36 dpa 3.64(1) 6.0(5) 0.011(1
0.55 dpa 3.65(1) 6.0(5) 0.011(1
Am-O(48f) initial 4.318(2)

0.02dpa 4.332(4) 4.26(4) 17(2) 0.01(1)

Zr-0(48f) initial 2.103(3)
Fd-3m 0.02dpa 2.131(7)  2.13(1) 6.3(5) 0.005(1)
Zr-0(8c)  0.21dpa 2.3050(4) 2.15(1) 6.6(5) 0.008(1)
Fm-3m 0.36 dpa 2.14(1) 6.7(5)  0.008(1)
0.55 dpa 2.15(1) 7.5(5)  0.008(1)
Zr-Am initial 3.7716(4)
0.02dpa 3.7719(4) 3.75(2) 6(1)  0.004(1)
0.21dpa 3.7641(7) 3.64(2) 6(1)  0.010(1)
0.36 dpa 3.64(2) 6(1)  0.011(1)
0.55 dpa 3.64(2) 6(1)  0.010(1)
Zr-Zr initial 3.7716(4)
0.02dpa 3.7719(4) 3.752) 6(1)  0.008(1)
0.21dpa 3.7641(7) 3.51(2) 6(1)  0.017(1)
0.36 dpa 3.51(2) 6(1)  0.015(1)
0.55 dpa 3.52(2) 6(1)  0.015(1)

Conclusion

Our work provides experimental insight into the disordering processes occurring in
Am,Zr,O; when subjected to o self-irradiation. The compound is extremely radiation-
tolerant and free from swelling due to the concurrent disorder in both the anionic and
cationic networks and to the flexibility of the Zr polyhedra. There is strong interest in
nuclear materials with such properties. They are attractive candidates as durable actinide
immobilization hosts and as stable transmutation targets [26,27].
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Introduction

EXAFS spectroscopy became more and more popular in actinide solution chemistry
and environmental research because it probes exclusively the environment of the excited
atom. Data analysis of EXAFS is getting nowadays more sophisticated and the key to the
interpretation of a coordination sphere often depends only on very tiny spectral features.
Therefore it becomes important to understand competitive electronic effects superimposed
to the one-electron photoexcitation process in the EXAFS spectra.

The inner-shell photoexcitation of an electron is often accompanied by the excitation
of secondary electrons with lower binding energies. These electrons can be excited into
unoccupied states (shake-up) or ejected into the continuum (shake-off). Such processes
are revealed as satellite lines in X-ray fluorescence and photoelectron spectra. X-ray
absorption spectra yield directly the energy level of the multielectron excitations in noble
gases whose atomic absorption is modulated by discrete resonances and slope
modifications. Multielectron resonances have been observed above the K edge of Ne [1],
Xe [2], Ar [3] and Kr [4] but also above their L edges [5]. In noble gases, the absorption
signal is not affected by photoelectron backscattering effects from neighboring atoms that
cause the extended X-ray absorption fine structure (EXAFS). Although the single-electron
EXAFS oscillation is able to cover double-electron excitations, they have been also
revealed in the spectra of liquids and solids. As example, solid compounds of the 3™
period show KL multielectron transitions, e.g a-Si [6] and salts of P, S, and CI [7]. Ca*
hydrate, as example of the 4" period, shows KM; and KM, ; resonances [8]. For 5" period,
multielectron transitions has been observed at the KN,, KM, 5, and KM, ; edges of gaseous
Br, and HBr [9]. In the 6™ period, e.g. for the lanthanides, the resonances are associated
with LN, 5 edges [10,11]. Up to now it has not been investigated whether the actinides, as
members of the 7" period, show also multielectron excitations. The low vapor pressure
and radioprotection aspects prevent investigations in the gas phase. In the last decade,
several EXAFS data of actinides in aqueous solution has been published with the aim to
reveal their near-order structure. A part of these spectra has been reinvestigated with
regard to multielectron features [12,13].

Results and discussion

Double-electron excitations are usually associated with slope changes and anomalous
structures in the atomic background of the X-ray absorption cross section. Noble gases
and monoatomic metal vapor [14,15] are appropriated to investigate these effects,
whereas condensed systems suffer from the backscattering of the photoelectron wave by
the coordinated neighbor atoms. Hydrates, who are the dominating species in aqueous
solution at low pH values, are only associated with water molecules by electrostatic
interactions. The thermal movement of the associated ligands results partly in destructive
interference effects in the single-electron scattering amplitude. Such systems are well
suited for the study of multielectron resonances.

The actinide elements show numerous oxidation states in particular for the elements
Np to Pu, where they range from Ill to VII. The electronic structure involves besides 6d
states partly filled 5f shells. The 5f states are less strictly located than the 4f states of the



lanthanides, and can therefore participate in the chemical bond. This electronic
configuration affects the physical and chemical properties and posses a large variation in
the coordination geometry. U, Np, Pu and Am can occur as transdioxo cations, AnO,™ (n =
1 and 2). These transdioxo bonds are strongly covalent having the character of a triple
bond [16].

Although the species in aqueous solution are expected to be appropriate for
investigating multielectron effects, a closer inspection revealed limitations in presence of
actinyl ions. As an example, the k* weighted L; edge EXAFS spectra of Np in different
oxidation states are shown in Figure 1 together with their corresponding Fourier
transforms. The modulus of the Fourier transform represents the pseudoradial distribution
of the next neighbor atoms. The Fourier transform is not corrected for the scattering phase
shift A, so that the peaks are shifted with respect to the true distance R.

Actinide aquo ions in oxidation state IV, V, VI and VII show a wide variation in
coordination. As example EXAFS spectra of neptunium species in aqueous solution are
shown in Fig. 1.
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Fig. 1. Np Lsedge k* weighted EXAFS data (left) of Np**, Np>*, Np®, and Np’* and their
corresponding Fourier transforms (right). The FT is shown in the k range 3.3-13 Al

The Np** hydrate, present here, is coordinated by 9 water molecules with a Np-O
distance of 2.41 A [12]. Its single oxygen coordination shell is related with a sinusoidal
oscillation in y(k). The coordination polyhedron of Np>* and Np®* shows two axial arranged
trans-oxygen atoms (O.), completed by 4 and 5 equatorial oxygen atoms (Og),
respectively [17,18]. With increasing central atom charge, the bond lengths are shortened
around 0.07 A. A beat node feature occurs in the (k) due to the superposition of axial and
equatorial scattering contributions. Structural parameters of aqueous Np’* hydroxide has
been published by Bolvin et al. [19]. It has been shown that the coordination polyhedron
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comprises four covalent oxygen atoms with a Np-O distance of 1.89 A. These actinyl
oxygen atoms dominate the scattering signal. The coordination polyhedron of NpO4(OH),*
comprises two OH™ ions with a Np-O distance of 2.32 A. It is obvious that the scattering
amplitude at higher k range is much more pronounced in presence of actinyl oxygen
atoms, than in their absence. The reason is, that the EXAFS amplitude, which is related to
the next-neighbor distance with 1/R?, is stronger affected by the close located actinyl ions
than by the water molecules. In each spectrum anomalous features are observed,
indicated in the Figure 1 by an arrow and a dotted line. The most significant feature occurs
for Np**. Weak anomalous structures can be also indicated on the right side of the EXAFS
oscillation for Np®*, on the left side for Np®* and on top of the oscillation maximum for Np”*;
but there appearance is less pronounced in relation to the anomalous feature visible in the
spectrum of Np**. Similar effects were observed also for other actinyl ions. Therefore, at
least under the applied conditions, actinide species with strong covalent coordinated
oxygen atoms are less appropriated for the study of multielectron effects than species with
a one single hydrate coordination sphere.

3+

3 5 7 9 11 13 15
k (A

Fig. 2. Experimental K weighted extended X-ray absorption fine structure at the L3 edge of Th*,
U*, Np**, Pu®* and Am** hydrate. Arrows indicate the maximum of the double-electron excitation.
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In order to investigate the multielectron excitation as in the Ls;-edge k> EXAFS spectra
of different actinide hydrates in aqueous solution the actinides Th [12], Pa [13], U [12], Np
[12], Pu [12] and Am [12] have been investigated at the Rossendorf Beamline. As
example, the double electron excitation features of Th**, U*, Np**, Pu®**, and Am*" are
shown in Figure 2.

In the k range 9.8-11.2 A™" small anomalous features appear superimposed to the
main oscillations. These features are indicated individually by arrows in Figure 2. Their
position appears shifted to higher k values with increasing atomic number Z. All features
show a relative sharp maximum. Sharp, resonance-like absorption features appear only if
the core electron excitation is accompanied by a shake-up of the second electron to a
bound state.
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Fig. 3. Experimental energy Es in comparison with the theoretical Z+1 4fs5, and 4f;, energy of the
actinides with oxidation state 0. The error bars represent absolute errors, while the relative errors
are in the dimension of the data points.

In order to assign the experimental features to a specific electron excitation channel,
the difference between the energy of the anomalous maximum E; and the energy of the
absorption edge threshold, E,, was estimated. Among the different definitions of E,, the
first maximum of the derivative of the raising edge, E;s, has been used [12]. The energy
position of the anomalous maximum E; is taken directly from the raw data, without fitting
and subtracting the y(E) background signal. The energy of the shake-up transition Es, was
estimated by the difference of the maximum of the double-electron excitation Er and Ejg.
Due to the edge-like structure of the shake-up effect, Es needs a correction for the energy
difference between the white line maximum Ey, and E;4. as discussed in Ref. [12]. The
resulting E is given as function of the atomic number in Figure 3. In order to assign the
shake-up process to the experimental value Es, a comparison with the electron energies in
presence of the 2ps, core-hole is required. The relaxation of an atom due to core-hole
creation is usually described in the frame of the Z+71 approximation. Tabulated bonding
energies of shells close to the ionization limit are rather scarce for actinides. The energies
for this study were taken from Porter and Freedman [20]. Evidence was found between Eg
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and the Z+1 4f5, and 4f;,; energy level. The comparison allows us to assign the spectral
feature to an excitation of a core 2p3, electron accompanied by the autoionization of a 4f
electron. This process creates a [2p3,4fs./4f7;] double hole configuration, or, in the edge
terminology, a LsNg7 edge. The shake-up of one of the 14 4f electrons to the lowest
unoccupied MO results in a feature strong enough to be detectable.

Consequences for EXAFS data analysis

The double-excitation affects the EXAFS signal and can influence the data analysis.
An excitation of a second electron reduces the transition probability in the main scattering
path and opens a new one. This may affect especially the integral scattering amplitude for
E > E;. Therefore, the coordination numbers Nj, extracted from the amplitude function, is
expected to be influenced. In contrast, there is no correlation of the double-electron
excitation to origin of the wave vector E,-. Therefore, the influence on R, which is
extracted from the phase function, is not expected to be significant. A second effect may
occur in the data extraction process. The atomic background signal uy(E) is usually
approximated by a spline function that equilibrates the EXAFS oscillations. This estimation
might be affected either if the EXAFS oscillation is very weak in comparison to the double-
electron feature or if the multielectron resonance is in coincidence with a maximum of the
EXAFS oscillation. For example, the L; edge EXAFS spectrum of Th** hydrate represents
such a superposition of the L3;Ng; double-electron excitation with an EXAFS oscillation
maximum. It is well known, that deviations between puy(E) and the spline function lead to
artificial peaks at R < 1.2 A. There exist at least two concepts to avoid this problem. One
possibility is, to subtract the double-electron excitation as a step function. Applications are
given for the L; spectra of lanthanides [21]. A second solution suppresses the artificial
peaks at R < 1.2 A. Such a procedure is available in most of the recent EXAFS programs.

References

[1] J. M. Esteva, B. Gauthé, P. Dhez, and C. R. Karnatak, J. Phys B 16 (1983) L263.

[2] M. Deutsch and P. Kizler, Phys. Rev. A 45 (1992) 2112.

[3] R.D. Deslattes, R. E. LaVilla, P. L. Cowan, and A. Henins, Phys. Rev. A 27 (1983) 923.
[4] E. Bernieri and E. Burattini, Phys. Rev. A 35 (1987) 3322.

[5] K. Zhang, E. A. Stern, J. J. Rehr, and F. Ellis, Phys. Rev. B 44 (1991) 2030.

[6] A. Filipponi, E. Bernieri, and S. Mobilio, Phys. Rev. B 38 (1988) 3298.

[71 A. Filipponi, T. A. Tyson, K. O. Hodgson, and S. Mobilio, Phys. Rev. A 48 (1993) 1328.
[8] P.D'Angelo, P.-E. Petit, and N. V. Pavel, J. Phys. Chem. B 108 (2004) 11857.

[9]1 P. D'Angelo, A. Di Cicco, A. Filipponi, and N. V. Pavel, Phys. Rev. A 47 (1993) 2055.
[10] J. Chaboy, A. Marcelli, and T. A. Tyson, Phys. Rev. B 49 (1994) 11652.

[11] J. A. Solera, J. Garcia, and M. G. Proietti, Phys. Rev. B 51 (1995) 2678.

[12] C. Hennig, Phys. Rev. B. 75 (2007) 035120.

[13] C.Hennig, C. Le Naour, C. Den Auwer, Phys. Rev. B 77 (2008) 235102.

[14] J. Padeznik Gomilsek, A. Kodre, I. Ar¢on, and M. Hribar, Phys. Rev. A 68 (2003) 042505.
[15] A. Filipponi, L. Ottaviano, and T. A. Tyson, Phys. Rev. A 48 (1993) 2098.

[16] R. G. Denning, Structure and Bonding Springer-Verlag, Heidelberg, 1992, Vol. 79, p.217.

[17] T. Reich, G. Bernhard, G. Geipel, H. Funke, C. Hennig, A. Rossberg, W. Matz, N. Schell, and
H. Nitsche, Radiochim. Acta 88 (2000) 633.

[18] A. Ikeda-Ohno, A., Hennig, C., Rossberg, A., Funke, H., Scheinost, A.C., Bernhard, G., Yaita
T. Inorg. Chem. 47 (2008) 8294.

[19] H. Bolvin, U. Wahlgren, H. Moll, T. Reich, G. Geipel, T. Fanghanel, and |. Grenthe, J. Phys.
Chem. A 105 (2001) 11441.

13



[20] F.T. Porter, M.S. Friedman, J. Phys. Chem. Ref. Data 7 (1978) 1267.
[21] P.D'Angelo, A. Di Cicco, A. Filipponi, and N. V. Pavel, Phys. Rev. A 47 (1993) 2055.

14



Selenite retention by abiotic redox processes

A.C. Scheinost’, R. Kirsch'?, D. Banerjee', H. Zaenker', L. Charlet?, R.L.d.A. Loyo®,
S.I. Nikitenko®*

! Institute of Radiochemistry, Forschungszentrum Dresden-Rossendorf, 01314 Dresden, Germany
2 LGIT, Université Joseph-Fourier, 38041 Grenoble, France

® Chimie Nucléaire Analytique et Bioenvironnementale, Université de Bordeaux I,Il, CNRS, 33175
Gradignan, France

* Laboratoire de Sonochimie, ICSM Centre de Marcoule, CEA, 30207 Bagnols sur Céze

Introduction

The radionuclide "°Se is one of the elements of concern for the safe storage of high-
level nuclear waste. First, it has a long half-life (t1,=1.1 Mio a), and second, the oxyanions
selenate (Se"'0,%) and selenite (Se'V03%) are considered as highly mobile, since they are
only weakly absorbed by clay barriers and Fe-oxide-poor geological formations at
considered disposal sites in Europe and elsewhere. In contrast to these mobile tetravalent
and hexavalent species, however, Se also occurs in oxidation states 0 and —Il, where it
forms the very insoluble solids elemental selenium (gray, red, and other allotropes) and —
in the presence of ubiquitous ferrous iron - selenides like FeSe and ferroselite (FeSe,).
Microorganisms are able to use both selenate and selenite as terminal electron acceptors
of anaerobic respiration, thereby forming Se(0) precipitates as well as a range of volatile
organoselenium compounds [1]. While these biotic processes play a substantial role in
metabolically active surface and near-surface environments [2,3], it appears questionably
that they dominate the Se cycle under the harsh near-field conditions in the deep
underground. Therefore, abiotic redox reactions may be more relevant. It has been shown
that Se" and Se" are reduced by Fe'-containing solids, including green rust [4,5],
magnetite, mackinawite and siderite [6], pyrite [7], and troilite [8], as well as by Fe° [9]. The
Fe*" hexaqua ion, which is ubiquitous in water-logged soils and aquifers, does not seem to
reduce significant amounts of selenite. When it is adsorbed by clay minerals via
complexation with surface hydroxyl groups, however, it reduces Se in a slow reaction,
which continues for several weeks [10].

In most experiments with either biotic or abiotic Se redox reactions, elemental Se was
observed, while Fe selenide phases like ferroselite, dzharkenite and Se-substituted pyrite
prevail in soils, sediments and ore deposits, pointing to their greater thermodynamic
stability [11]. The intention of our study was therefore, to elucidate this obvious
contradiction. In order to gain insight into possible controls, we investigated selenite
reduction by a variety of Fe'-bearing minerals which differ by elemental composition
including Fe" content, surface structure, solubility, surface area, point of zero charge and
other physical and chemical variables [12]. In addition, selenite reduction by
nanoparticulate zerovalent iron was investigated [9]. The redox intermediates and end
products were characterized by Se K-edge XANES and EXAFS spectroscopies,
supplemented by XPS [6,12].

Controls on selenite reduction

Table 1 shows the Se oxidation states after reaction with selected surfaces. The clay
mineral montmorillonite with structural Fe(ll) or with sorbed Fe* does not show any
selenite reduction at pH values above 7.5, where selenite does not adsorb. Only when
selenite is adsorbed by montmorillonite edge sites (pH <7), reduction takes place. Note
that the measured redox potential of about 0 V ( see Table 2) is not sufficient to reduce
selenite within 24 hours, although thermodynamics predict selenite reduction under these
conditions [12,13]. Therefore, the heterogeneous surface reaction accelerates the redox
kinetics.
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Table 1. Quantitative selenium oxidation state distribution after 1 day reaction time (or as indicated)
by lterative Transformation Factor Analysis of Se K-edge XANES spectra. References used with
fixed fractions are shown in bold letters.

No Sample Se(IV) Se(0) Se(-1T) sum Error/%
1  Montm Fe(Il)struct pH7.9 1.00 0.00 0.00 1.00 0.7
2  Montm Fe(Il)ads pH8.1 0.95 0.00 0.04 0.99 0.9
3 Montm Fe(Il)ads pH6.8 0.59 0.43 0.00 1.02 1.3
4 Sid pH8.3 0.41 0.60 0.00 1.01 1.4
5 Magn pH5.3 0.11 0.12 0.78 1.01 1.5
6 GR1d 0.09 0.19 0.72 1.00 1.7
7 GR30d 0.08 0.19 0.74 1.01 1.7
8 Mack pH9.7 0.07 0.18 0.75 1.00 1.6
9 Mack pH7.6 0.04 0.07 0.89 1.00 1.1

10 Fe(0) 0.01 0.03 0.98 1.02 1.3
sorbed SelV (1.00) (0.00) (0.00) 1.00 0.1
gray Se0 (0.00) (1.00) (0.00) 1.00 0.3
FeSe (0.00) (0.00) (1.00) 1.00 0.2

Among the Fe(ll) solid phases, the Fe(ll) carbonate siderite reduces only about 60 %
of selenite, while magnetite, green rust, and mackinawite, as well as Fe(0) cause an
almost complete reduction within 24 hours (Table 1). These differences in redox kinetics
can be explained by the stoichiometry of the reactions. Selenite reduction to Se° or Se™
requires transfer of 4 or 6 electrons, while the reactions Fe'»Fe" and S'—S° provide only
one and S"S° only two electrons. Therefore, electron transfer chains from several Fe
and/or S centers in conducting or semi-conducting solids towards the reactive surface are
more likely to provide the required electrons than a homogeneous reaction with the
unlikely coincidence of several Fe/S ions with one selenite ion.

Table 2. Selected solution chemistry data after selenite reaction.

Label Ehena  {S€}end seuptake {Fez+}ini {Fez+}end
[mV] [mM] % [mM] [mM]

Montm Fe(ll)struct 60 0996 04 <0.003 0.003

pH7.9
Montm Fe(ll)ads 40 099 10 008 0.003

pH8 1
MO””;‘H';‘?é”)adS 152 0475 50 44 25
Sid pH8.3 130 0.006 994 006 0.039
Magn pH5.3 210 <6.3E-05 1000 31 30
GR 1d 140 <6.3E-05 1000 85 77
GR 30d nd nd 1000 nd  nd
Mack pH9.7 220 <6.3E-05 1000  0.31 <0.003
Mack pH7.6 110 <6.3E-05 1000 39 2.8

The fast reactions of Fe(0), mackinawite, GR and magnetite are hence in line with the
small band gap or conduction band of these solids (about 1 eV band gap for magnetite
and pyrite), which facilitates electron transfer from the structure to the solid-water interface
[7]. The slow reduction by siderite and montmorillonite, in contrast, reflects the large band
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gap of these minerals. Similarly, the aqueous redox reaction would require the coincidence
of at least four Fe cations with one selenite anion to transfer the required electrons in one
step, a rather unlikely event.

Controls on Se° vs. FeSe, formation

The XANES analysis indicates reduction of selenite to Se(0) by montmorillonite and
siderite, and reduction to Se(-ll) by magnetite, GR, mackinawite and Fe(0) (Table 1). To
further elucidate the short-range structure of the reduced Se species, we used EXAFS
spectroscopy. While the identification of oxidized selenite (and selenate) is straight forward
based on the Se-O backscattering peak, elemental Se and ferrous selenites have a
Fourier transform peak at almost the same distance, arising from either Se-Se or Se-Fe
backscattering, respectively (Fig. 1). The proper discrimination of Fe and Se
backscattering atoms required use of the wavelet technique, which provides analysis of
the EXAFS signal both in R-space (distance information) and k-space (atomic number
information) [14,15]. The wavelet plots demonstrate the excellent discrimination of Fe and
Se backscattering paths using reference phases (Fig. 1, right, top), and show that the Se
redox phases formed in the presence of magnetite, GR and mackinawite have prevalently
Fe first neighbors, in line with ferrous selenides (Fig. 1, right, bottom).

Shell fits based on the wavelet results revealed a variety of solid Se(0) (gray and red
Se) and FeSe, phases, all with a very limited structural range typical for amorphous and
nanoparticulate phases [6,16]. Interestingly, the fast selenite reductions (complete or
almost complete within 24 h) always caused precipitation of FeSe, phases, while the slow
reductions (incomplete within 24 hours) always led to elemental Se (Table 1, Fig. 2).
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Fig. 1. Fourier transform Se K-edge EXAFS spectra (left) and corresponding wavelet transforms
(right) of selected reaction samples.
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Thermodynamic modeling was performed with the GWB package, using the most
recent reaction equations and equilibrium constants for Se [17] implemented into the
thermo V8.R6+ data base provided by Lawrence Livermore National Laboratories (LLNL).
The aqueous solutions of the mackinawite, magnetite and GR samples are almost in
equilibrium or oversaturated with respect to trigonal Se. The saturation indices for
monoclinic Se are slightly below that of trigonal Se, but remain above saturation for Mack
pH7.6 and Magn pH5.3. The solutions always remain undersaturated with respect to
ferroselite and FeSe (ferroselite in Mack pH7.6 being closest to saturation with an index of
-0.8). Therefore, elemental Se is predicted to be the most likely solid phase for these four
samples, while precipitation of Fe selenides is unlikely. For the samples, where Se
concentrations remain above the lower detection limit, however, the model predicts a high
supersaturation for ferroselite followed by the two Se allotropes, and even for FeSe. For all
samples, the model predicted that HSe  is the prevalent aqueous Se species. In
conclusion, one might expect that at the start of the experiment, ferroselite forms and then
converts into elemental Se. Therefore, the thermodynamic predictions are in evident
contrast to the XANES and EXAFS results shown above.

We believe the contradictory results may be explained by different rate limiting
reactions. In the case of the less reactive surfaces, Se reduction is slow. While total
aqueous Se concentrations as measured by ICP-MS is high, the concentration of the
reduced aqueous species predicted to be in equilibrium under the given conditions (HSe"),
has to be low. It is this low HSe™ concentration, which favors formation of elemental Se. In
contrast, the prevalence of Fe selenides in the case of highly reactive surfaces, suggests a
rapid reduction and hence an initially high concentration of reduced Se, which induces the
precipitation of Fe selenide phases. Even when the solution concentrations decrease
below the solubility of Fe selenides, most likely by formation of a smaller amount of Se, the
selenide phases remain. Even after one month, Fe selenide prevailed in the GR system,
with no detectable transformation from the phase formed within one day. The persistence
of these - now metastable — phases indicate slow kinetics of the subsequent
transformation into the more stable elemental Se phases. The transformation of Fe
selenide to elemental Se can be envisioned only as a dissolution/re-precipitation process
(as opposed to a solid state transformation), since Fe has to be removed from the
structure. Hence the transformation kinetics is limited by the low solubility of Fe selenides.

In conclusion, the locally and temporally constrained equilibrium conditions are
strongly dependent on complex interactions between (1) varying Se reduction kinetics and
hence local concentration of reduced aqueous Se species, (2) the differences in solubility
of elemental Se and Fe selenides, and (3) slow kinetics of Se phase transformations. With
such complex interactions, it is not surprising that the nature of observed reaction products
is readily changed by slight variations in experimental conditions.

Se redox couples

For the Fe(ll) clays, siderite, magnetite and green rust samples, there is no doubt that
the electrons required for selenite reduction are ultimately provided by Fe' oxidation, even
if there may be intermediate redox couples as has been observed for Fe? sorbed
montmorillonite [6,10]. For mackinawite, however, electrons may also be provided by S™
oxidation. For instance, reduction of arsenite by troilite (FeS) and pyrite (FeS,) was
accompanied by oxidation of both surface S™ and Fe'" [18]. To investigate the Fe and S
speciation of mackinawite before and after reaction with selenite, we employed cryo-XPS.

The fitted S 2p spectrum of pure mackinawite reveals three main doublets, arising
from the spin-orbit splitting of 2ps, and 2p+,, peak (separated by 1.18 eV) of three different
types of S species at the surface. The main contribution, at 162.3 + 0.1 eV is assigned to
bulk monosulfide and the minor contribution at 161.5 + 0.1 eV is surface monosulfide,
according to previous XPS studies on mackinawite and other iron sulfide minerals. The
minor contribution at higher energy, around 163.5 + 0.1 eV, is attributed to surface
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polysulfide species, which has been reported on mackinawite as well as other iron sulfide
mineral surfaces. There is a tiny contribution around 160.0 eV which is rather uncommon,
and could be attributed to monosulfides at surface defects. After reaction with Se", the S
2p spectrum appears significantly different, with a decrease of bulk S™ and an increase of
surface S™ species, suggesting an increase of surface defects. Furthermore, elemental
sulfur is evident by a peak around 164.5 eV. The low energy peak around 160.0 eV, which
was observed at the surface of pure mackinawite is absent in the reacted sample,
suggesting that the monosulfides at surface defects have been oxidized. In conclusion, the
XPS data show that both Fe and S atoms at the mackinawite-water interface have been
oxidized due to selenite reduction, leading to structural defects at the mackinawite surface.

Based on the XAS and XPS results, we can postulate an equation for the reaction of
selenite with mackinawite. Selenite was reduced to a FeSe at the surface of mackinawite.
A corresponding oxidation of both sulfide and Fe" was observed. The Fe(ll) concentration
in solution remained at about 3 mM before and after reaction with selenite, suggesting that
selenite sorption and reduction did not enhance mackinawite dissolution significantly, in
spite of the increase of surface defects. After the selenite reaction we observed a relative
increase of Fe' from 45 to 68 % of total Fe, hence an increase of 23 %. In contrast, S°
increased only from 0 to 6 %. Therefore, the ratio of S to Fe' oxidation is approximately Va.
The following equation would be consistent with the observed reaction products and
stoichiometry:

4 =Fe"+1=S" + HSeO; + Fe* + 2 H" — 4 =Fe"' + =8° + FeSe(s) + 3 OH

sormption

4%
4%
~

fes e e e i

I

Aﬁﬁ

¥

Fe3
precipitati on

Fig. 2. lllustration of the redox processes of selenite with Fe'-bearing mineral surfaces. Slow
reduction of selenite with Fe** sorbed clay and siderite (FeCOs) leads to precipitation of Se(0), and
fast reduction with magnetite (Fe;0,) and mackinawite (FeS) leads to precipitation of FeSe solids.
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where =Fe" and =S™ represent mackinawite surface atoms before the reaction, and =Fe""

and =S° represent surface atoms after the reaction. It should be noted that this equation is
based on only one XPS sample and has to be further validated.

Consequences for the safety of nuclear waste repositories

Our experiments suggest that selenite reduction should be a common process at the
surface of (corroding) steel claddings and clay liners in the near-field of nuclear waste
repositories, as well as in deep-underground rocks and sediments and aquifers, where
Fe(ll) minerals are commonly present. After complete reduction and precipitation, Se
concentrations dropped below the ICP-MS detection limit, 6.3 x 10® M, suggesting an
efficient scavenging of Se from groundwater. Even when reduction was not completed
within the relatively short time scale of our experiments, we anticipate a complete
reduction for longer time periods representative for underground migration processes
(years to millennia). Although the observed Se phases have most likely a nanoparticulate
nature, we did not observe a tendency to form potentially mobile Se colloids [12].
However, this has to be investigated in more detail. Furthermore, in some cases, where
we would have expected selenite reduction, the reduction did not happen. The reasons
seem to be only partly understood, and further investigations are needed. Finally, there is
only little work published demonstrating that not only selenite, but also selenate is reduced
by Fe(ll) systems [4].
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Introduction

Ni-Ti Shape Memory Alloys (SMA) are smart materials undergoing first order martensitic
transformations driven by temperature and/or stress. Crystallized binary Ni-Ti SMAs
transform martensitically from cubic B2 (CsCl type) austenite phase into monoclinic B19’
martensite either directly or via rhombohedral R—phase [1]. Ni-Ti SMA films have been
recognized as promising high performance materials in the field of micro-
electromechanical systems (MEMS). The capability to transmit particularly high forces
along with a large stroke makes Ni-Ti SMAs a material with the greatest specific work
output of several actuation mechanisms. However, despite several methods proposed for
resolving some of the processing difficulties, the deposition of Ni-Ti films with definite
stoichiometry and high purity remains a challenge. Moreover, important issues like the
formation of film texture and its control are still unresolved. The study of the
crystallographic texture of the Ni-Ti films assumes a major importance, since it has a
strong influence on the extent of the strain recovery.

Our group has performed studies concerning the deposition of Ni-Ti films on different
types of substrates by co-sputtering at the Rossendorf Beamline ROBL at ESREF,
Grenoble. The first experiments reported in the published literature concerning in-situ X-
ray diffraction (XRD) investigations of the microstructural development during Ni-Ti film
growth have been presented in Ref. [2]. It has been shown that an amorphous SiO, buffer
layer induces the development of the (100) orientation of the B2 phase during deposition
on heated substrates (~ 470°C) [3]. However, after ~ 70 min deposition (~ 540 nm film
thickness) a constant intensity of the B2(200) diffraction peak (Bragg-Brentano geometry)
has been observed. This gradual change of the preferential crystallographic direction
along which the columnar crystals grow, after an initial stacking of the B2 phase onto (h00)
planes, has been attributed to the combined effects of low surface mobility and shadowing.
In the present report, the effect of increasing the deposition temperature from 470°C
to 520°C is revealed again without applying substrate bias voltage V,. A TiN buffer layer
allows controlling the crystallographic orientations of Ni-Ti films and acts as an efficient
diffusion barrier avoiding silicide formation at the substrate. Ni-Ti films mainly containing
grains with (110) or (211) planes of the B2 phase parallel to the film surface could be pro-
duced using TiN buffer layers [4]. Here, the effect of a negative V, applied to the substrate
[TiN/SiO,/Si(100)] during the Ni-Ti growth on its preferred orientation is presented.

Materials and methods

The in-situ studies of Ni-Ti film growth have been performed at the Materials Research
Hutch of the Rossendorf Beamline (ROBL-MRH), using a sputtering deposition chamber
inserted into the six-circle diffractometer. It is equipped with two-unbalanced miniature
magnetrons each positioned at a distance of 100 mm from the substrate and tilted 30°
away from the substrate normal. Ni-Ti (49 at% Ni — 51 at% Ti) and 99.99 % pure Ti disks
of 25.4 mm diameter were used as targets.

Polycrystalline films were grown onto thermally oxidized Si(100) substrates
(15 x 15 mm?, doy = 140 nm). For the deposition of the TiN films (thickness of ~ 15 nm, i.e.,
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3 min deposition time) a substrate temperature of 470°C has been selected and the
working pressure (flux ratio Ar/N, = 4/1) was set to 0.35 Pa. The topmost layer of the TiN
film does not show a dominating orientation. Primarily, <100> and <111> oriented grains of
TiN nucleate and grow (<hkl> grains are here defined as grains with a plane from the {hkl}
family parallel to the film surface). A V, of =30 V has been applied to the substrate during
the TiN film growth while the Ti target was running at a constant power of 80 W. For the
deposition of the near equiatomic Ni-Ti films, the Ni-Ti and Ti magnetrons were driven for
~120 min at a power of 40 W and 20 W, respectively (working pressure Ar set to 0.42 Pa),
resulting in final thicknesses of approximately 760 + 50 nm. Different experiments have
been performed as shown in Table 1.

Substrate bias (V) .
Substrate Buffer layer TiN Ni-Ti Deposmor(\o::e)mperature
deposition deposition
SiO,/Si(100) - - 0 470
SiO,/Si(100) - - 0 520
SiO,/Si(100) TiN (15 nm) -30 0 470
SiO,/Si(100) TiN (15 nm) -30 -45 470

Tab. 1 — Deposition parameters for the various samples investigated.

The radiation was monochromatized to A = 0.0675 nm (18.367 keV) and large angle
XRD in Bragg-Brentano geometry was employed, thus probing the diffraction vector
situated in a plane perpendicular to the plane of deposition. A sequence of scans has been
performed during Ni-Ti film processing in order to monitor the B2(110), B2(200) and
B2(211) XRD peaks; these scans are intended to reveal the type of preferential orientation
and to determine off-plane lattice parameter variations.

Results and discussion

Figure 1 shows the results obtained for the Ni-Ti films deposited directly on thermally
oxidized substrates without applying Vp. In both cases, i.e. flms grown at 470°C and
520°C, there was a preferential stacking of B2 phase on (h00) planes parallel to the
substrate surface (due to the oxide layer [3]). However, for the deposition at 470°C, after
approximately 70 min of film growth (=540 nm film thickness), a stabilization of the
intensity of the B2(200) diffraction peak was observed (Fig. 1a). This has been attributed
to a gradual tilting (relative to the substrate normal) of the growing direction of the
columnar crystals (see Fig. 1b). A dashed line was inserted indicating the thickness related
with the deposition time corresponding to the stabilization of the intensity of the B2(200)
peak [detected during the in-situ XRD studies (Figs 1a and c)]. As it can be observed, in
particular, when examining the columns indicated by the arrows, a gradual change of the
growing direction of the columnar crystals occurred. The grains near the top surface,
grown later, are tilted towards the direction of the incident flux (preferentially towards the
magnetron with the Ni-Ti target running at 40 W). This gradual change of the preferential
crystallographic direction along which the columnar crystals grow, after an initial stacking
of the B2 phase onto (h00) planes, is attributed to the combined effects of low surface
mobility and shadowing (regions with a relatively greater initial height or growth rate can
obstruct the flow of incident flux to other areas — due to tilting of the magnetrons). It is
suggested that as the film thickness increases and the grains grow, the depositing
particles cannot migrate around them thereby increasing the effect of shadowing.
Shadowing becomes more relevant as the film thickness increases. The competition
between shadowing and atomic migration is, thus, supposed to determine the
crystallographic orientation during growth when the deposition direction is inclined to the
substrate normal. An increase of the deposition temperature from 470°C to 520°C leads to
a continuous increase of the B2(200) peak intensity during deposition due to higher ad-
atom surface mobility (Fig. 1c).
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Fig. 1.

Results obtained for Ni-Ti deposition on thermally oxidized Si(100) substrates: (a) XRD data of the
growing film at 470°C; (b) bright field TEM micrograph of the film deposited at 470°C; (c) net areas
of the B2(200) peak recorded as a function of deposition time at 470°C and at 520°C.

Figure 2 shows results obtained from the in-situ XRD measurements for the Ni-Ti
depositions on top of the TiN buffer layers, without and with V,,. For the Ni-Ti film deposited
without V,, the 110 diffraction peak of the B2 phase dominated at the beginning of the
deposition, while the B2(211) diffraction peak assumed higher values at a later stage of
the deposition. It is suggested that the thin TiN buffer layer (15 nm) exhibits a rough or
granular surface with different crystal facets playing an important role on the growth
direction of the columnar crystals of Ni-Ti, together with the fact that the targets are tilted
30° away from the substrate normal. During the initial Ni-Ti deposition period, there is a
(110) stacking and a columnar growth such that <110> lies close to the substrate normal
because (110) is the more densely packed crystallographic plane for the B2 structure [5].
However, due to the surface morphology of the TiN layer and the geometrical shadowing
effects, as growth proceeds the growth direction is more influenced by the direction of
incident particles. This favoured the diffraction peak (in Bragg—Brentano geometry) of
(211) of the B2 phase. Therefore, it is suggested that this crystallographic preferential
orientation development is associated with the combined effects of low surface mobility
and shadowing as shown in the previous system above. In the case of the Ni-Ti film
deposited with V,, the <110> oriented grains dominated since the beginning (Fig. 2a). The
increase of the energy of the ions bombarding the film surface during growth results in an
enhanced mobility of the ad-atoms in the near-surface region. This leads to the same
effect as the higher substrate surface temperature.

The analysis of the variation of the lattice distance a, values for the Ni-Ti B2 phase of
the film deposited without V, shows a continuous decrease of this parameter (Fig. 2b).
This decrease suggests that the film experiences compressive stress, which significantly
relaxes with increasing film thickness. The in-situ analysis of the variation of the a, values
for the Ni-Ti B2 phase of the film deposited with a V, of —-45 V has shown a reasonable
stability along the processing steps. Furthermore, there is an overall decrease of this value
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(= 0.303 nm) compared to the deposition without V, (0.304 nm at the end of the annealing
step). This indicates that an increase of energy of the incident ions resulted in enhanced
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Fig. 2.

In-situ XRD results for Ni-Ti films deposited without and with V,, on TiN: (a) the variation of the net
areas of the B2(110) and B2(211) diffraction peaks; (b) the variation of the a, values (as calculated
from the lattice constant, d, according to the B2(110) and B2(211) peak positions), versus time.

mobility of the ad-atoms allowing them to diffuse on the substrate surface and, as a result,
the ad-atoms are no longer kinetically constrained. Most likely this contributes significantly
to the lower biaxial compressive stress state when using V, (—45 V) during the Ni-Ti
deposition on the TiN buffer layer of thickness ~15 nm. Thermodynamics drives the
system towards the minimum possible sum of surface and strain energies under the
restrictions imposed by kinetics. The increase in the energy of the ad-atoms allows them to
diffuse on the substrate surface.

Conclusions

The first experiments reported in the published literature regarding in-situ XRD
investigations of the microstructural development during Ni-Ti SMA film growth have been
performed at ROBL. Their texture evolution is affected by the substrate type and the ion
bombardment (using V,). The competition between shadowing and atomic migration
during deposition plays an important role on the crystallographic orientation of Ni-Ti films
when the depositing particles incidence is oblique to the substrate normal.
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Introduction

Transition metal (TM) doped ZnO has been extensively investigated due to its
potential application as a diluted magnetic semiconductor with Curie temperature above
room temperature (RT) and are well known in literature [1-3]. However, the magnetic
properties using the same dopant vary considerably. For example, the saturation moment
and Curie temperature for Mn-doped ZnO ranges from 0.075 pg/Mn, 400 K, to 0.17 pg/Mn,
30-45 K, respectively [3]. In contrast to these publications, other groups reported the
observation of antiferromagnetism, spin-glass behavior, and paramagnetism in TM-doped
ZnO [4]. A possible reason leading to such a controversial view on the materials is the
poor characterization [2]. Publications claiming the intrinsic ferromagnetism in TM doped
ZnO are often based solely on magnetization measurements using high sensitivity
superconducting quantum interference device magnetometry (SQUID) and structure
characterizations using laboratory-equipped x-ray diffraction. The latter has been
demonstrated to be not sensitive enough to detect nanoscale precipitates [5]. In this
highlight, we review our recent effort to clarify the origin of the ferromagnetism in TM
implanted semiconductors by a combination of structural and magnetic characterization.

Materials and methods

Commercial ZnO(0001) single crystals were implanted with transition metal ions. All
samples were investigated using XRD and superconducting quantum interference device
(SQUID) magnetometry. Synchrotron-radiation XRD (SR-XRD) was performed at the
Rossendorf Beamline (BM20) at the ESRF with an x-ray wavelength of 0.154 nm.
Laboratory-equipped XRD (Lab-XRD) was performed using a Siemens D5005 with an x-
ray wavelength of 0.154056 nm.

Results and discussion
(1) The importance of SR-XRD

In contrast to conventional XRD, the much higher x-ray intensity in SR-XRD allows
one to detect small quantities of very tiny nanoparticles. Figure 1 shows a symmetric 26/6
scan for the Fe implanted ZnO, with the implantation energy of 180 keV and the fluence of
4x10"® cm™. Sharp, high intensity peaks from bulk ZnO are visible at (0002) 26 ~ 34.4°
and (0004) 26 ~ 72.6°. At 20 ~ 44.5°, a rather broad and low intensity peak originating
from bcc-Fe(110) with a theoretical Bragg angle of 26 = 44.66° occurs. The nanoparticle
size is estimated to be around 8 nm using the Scherrer formula. Note that by Lab-XRD one
cannot observe the peak of Fe(110). Using SR-XRD we also studied the formation of
metallic Fe depending on the implantation temperature and fluence as well as post-
annealing [6, 7].

Another example is given by Mn implanted Si(001) [8] where rapid thermal annealing
(RTA) at 1073 K for 5 min in N, flow was applied. Lab-XRD reveals for the as-implanted
and RTA samples that there are no crystalline precipitates. Moreover, even at SR-XRD in
a symmetric 26/6 scan, one fails to detect any Mn-silicides (Fig. 2a). Therefore, the near-
surface sensitive grazing incidence geometry was used for this measurement, where the
incident x-ray beam is aligned at a small angle of 0.4° to the sample surface. The
diffraction peaks at around 42° and 46.3° cannot be attributed to the Si substrate, but to
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MnSi, ;. Correspondingly ferromagnetism is only observed in the sample after RTA, in
which MnSi, 7 nanoparticles present (Fig. 2b).
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Fig. 2. (a) SR-XRD patterns of Mn implanted Si. Gl: grazing incidence, and SB: symmetric 26/6
scan.(b) Magnetization of the As-implanted and RTA samples. From Ref. 8.

(2) Metallic Co nanocrystals: hcp or fcc?

Co nanocrystals were observed in Co implanted ZnO [9]. However, the Bragg angles
() for hcp-Co(0002) (6=22.38°) and fcc-Co(111) (6=22.12°) are rather close to each other.
It is difficult to distinguish orientated hcp- or fcc-Co by a simple 26/ 8 scan. The ®-scan on
one of the diffraction planes not parallel with the sample surface (i.e. tilted by an angle x
from sample surface) helps to identify hcp or fcc-Co NCs and also reveals the
crystallographical  orientation  relationship.  With  the knowledge of hcp-
Co(0001)//ZnO(0001) or fcc-Co(111)//ZnO(0001), we chose hcp-Co(1011) (6=23.78° and x
~ 61.9°) and fcc-Co(002) (6=25.76° and x ~ 54.8°) reflections. By using this approach as
shown in Fig. 3, we find only hcp-Co in the as-implanted and the annealed (923 K)
samples, while both fcc and hcp-Co are present in the 823 K annealed sample. The
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crystallographical orientation relationship between Co NCs and ZnO is hcp-
Co(0001)[1120)//ZnO(0001)[1120]//fcc-Co(111)[110]. Due to the phase transformation of
metallic Co nanocrystals upon annealing, their magnetic properties were varied
accordingly [9].

923 K, hcp-Co(1011
ann.

823 K| fcc-Co(002)
ann.

823 K, hcp-Co(1011)
ann.

Asimp, hcp-Co(1011
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Fig. 3 XRD ®-scans for hcp-Co(1011) (6=23.78°
and x~61.9°) , fcc-Co(002) (6=25.76° and
¥x~54.8°) and ZnO(1011) (6=18.13° and x~61.6°)
reveal the in-plane orient relationship for Co

Fig. 4 (a) Pole figure of ZnFe,04(311) reveals
the crystallographical orientation of ZnFe,O,
and its twin crystallites. (b) A schematics for the
crystallographical orientation of ZnFe,O, onto

NCs respect to ZnO. From Ref. 9. ZnO is also shown. From Ref. 6.

(3) Nanocrystalline spinel ZnFe,O,

Another sources of ferromagnetic signals are inverted spinels involving both Zn and O
elements. Bulk ZnFe,O, crystals are antiferromagnetic, but at nanoscale it can become
ferromagnetic. The explanation for such behavior is an additional occupation of tetrahedral
A sites by Fe and octahedral B sites by Zn. The intrasite interaction of the magnetic
moment of the cations on the B sites is much weaker than the AB inter-site one. The Fe**
ions between A and B sites couple antiferromagnetically, which leaves some net spins
from the non A-B paired Fe®" ions. The formation of nanocrystalline ZnFe,O, has been
evidenced by SR-XRD [5]. After 3.5 hours annealing at 1073 K, crystalline and oriented
ZnFe,0, particles are clearly identified by the appearance of three peaks (111), (222) and
(333). The crystallographical orientation of ZnFe,O, was revealed by the XRD pole figure.
The pole figure for ZnFe,04(311) given in Fig. 4a shows poles of ZnFe,04(311) at x ~
29.5° and 58.5°, respectively, with a sixfold symmetry. Since ZnO(1011) (26=36.25°) has a
close Bragg angle with ZnFe,04(311) (26=35.27°), the poles of ZnO(1011) also show up at
X ~ 61.6° with much more intensities. The result is consistent with the theoretical
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ZnFe;04(311) pole figure viewed along [111] with rotation twins. The in-plane orientation
relationship is ZnFe,04[110]//Zn0O[1120]. Due to the fcc structure of ZnFe,O, (a=0.844
nm), it is not difficult to understand its crystallographical orientation onto hcp-ZnO (a=0.325
nm) with twin-crystallites of ZnFe,O, of an in-plane rotation by 60° (Fig. 4b). The lattice
mismatch between ZnFe,O, and ZnO is ~6%. Additionally we show the possibility of
nanocrystalline spinel ferrites AFe,O, (A=Zn, Co, Ni) embedded inside ZnO by co-
implantation pulsing post-annealing at 800 °C [10], which opens an avenue of
magnet/semiconductor hybrids.

Conclusion

In conclusion, we have shown the formation of magnetic precipitates in transition
metal doped semiconductors, and addressed the difficulty to detect these nanocrystals.
The nanocrystals can be crystallographically oriented or randomly distributed inside the
substrate matrix. Obviously, in a 26-8 scan, the most often used method in phase
identification by XRD, crystalline precipitates are easy to be detected when orientated
since all precipitates contribute to the diffraction intensity. If randomly distributed, the
techniques presented here (e.g. grazing incidence) must be applied to identify the
precipitates since the conventional technique is not sufficiently sensitive [11, 12]. Despite
the flooding reports of transition metal doped Si, Ge and oxides matrixes, one cannot claim
an intrinsic ferromagnetism in such materials before a detailed structural characterization
was performed.
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Introduction

One of the new concepts for non volatile memory applications is based on a structural
change of a certain active material (phase change RAM or PCRAM) which is accompanied
with a dramatic change of the electrical resistivity [1, 2]. Thus, an information bit can be
stored, defining 1 as amorphous state (high resistivity) and 0 as crystalline state (low
resistivity). The change from amorphous to a crystalline state is reached by a longer pulse
of a comparatively low current. To reset the material to the amorphous state, a short pulse
of a higher current is needed, causing a partial re-melting and fast quenching of the
material. The material group of chalcogenides is among the potential candidates with the
desired structural properties and thermal behaviors. In order to integrate these materials
into a product, they must fulfill a number of criteria, such as low melting temperature (reset
current), fast crystallization speed (write speed) and a sufficiently high crystallization
temperature (retention). A promising compound is Ge,Sb,Tes (GST), which can crystallize
in cubic or hexagonal structure. Typically, additional structural dopants such as Si, O and
N can be used to tune to the material properties to the desired working point.

Materials and methods

In the experiment we studied a series of SiO, - doped GST films by means of high
temperature X-ray diffraction (XRD) at 12 keV with simultaneous measurement of the
electrical resistance. The films were deposited by a sputtering process on Si substrate
covered by a 100 nm SiO, layer. Finally the GST film was capped in situ with a 10 nm SiO,
layer in order to avoid the oxidation of the chalcogenide. The dopant concentration was
varied by tuning the RF sputtering power on the SiO, target between 0 — 350 W. The
thickness of the doped GST films was about 100 nm. The measurements were carried out
in a high temperature chamber with a Beryllium dome, having a feedthrough for four
electrical contacts. The vacuum within the temperature chamber was better than 5x10°
mbar. The temperature was ramped from room temperature up to 450°C with a heating
rate of 4.3 K/min. During the heating, continuously 2:1 symmetric scans in the 20 range
between 16° — 20.5° were taken, with scan duration of about 1.5 min. A scintillation
counter as detector was used. For the electrical 4-point measurements a constant current
was applied via two contacts and the resulting voltage was taken every second. After 10
measurements, which were averaged for resistance calculation, the polarity of the current
was changed to compensate the thermoelectric voltage. The electrical measurements
were started a couple of minutes ahead of the XRD scans. This time was taken by
stopwatch for the synchronization of the structural and electrical measurements.
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Results and discussion

All GST films of the SiO, series were amorphous after deposition. Measurements with
Rutherford Backscattering Spectrometry and Time of Flight Secondary Mass lon Mass
Spectrometry revealed that the silicon content in the sample increases with about 1 at% Si
per 100 W RF sputtering power.
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Fig. 1 a-h:
Color-coded maps of temperature dependent XRD measurements of Si doped GST layers with varying SiO,
concentration (RF sputtering power 0 W — 350 W).
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As shown in Fig. 1 a-h the first phase change from amorphous to crystalline cubic
phase is observed in the temperature range between 160°C and 200°C, depending on the
Si concentration. A second phase transition from cubic to hexagonal phase was obtained
in the range between 300°C and 390°C, but only for samples with low Si concentration (up
to 100 W RF power; see Fig. 1 a-c).

The simultaneous electrical measurements showed a significant decline about two
orders of magnitude in resistance correlating with the first phase transition. A smaller
decline in resistance was observed during the transition cubic to hexagonal (see Fig. 2).
On subsequent cooling afterwards, the resistance remains in the same order of
magnitude.
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Fig. 2:

Simultaneous measurement of structural and electrical properties; resistance drops significantly
upon phase change, here shown for sample with 0 W SiO, sputtering power. Blue dots in R vs. T
curve indicate cooling phase. For this sample a metallic behaviour is observed (R decreases with
decreasing temperature).

|
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The samples, which underwent a phase transition to the hexagonal phase, showed
metallic conduction behavior during cooling down, whereas the samples that remained in
the cubic phase, showed semiconducting conduction behavior (Fig. 3).
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Fig. 3:
Comparison of resistance measurements for all samples: semiconducting conduction behavior after
second phase transformation, metallic behavior after first phase transformation.

Conclusion

This study demonstrates that the Si content influences the phase transformation
temperature in doped GST materials, especially for the change from cubic to hexagonal
phase. Both crystalline phases have different conduction properties. Si doping allows
tailoring the characteristics of the GST film over a wide range.
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2.1. Technical status and developments

Overview and optica

| characteristics

ROBL at BM20

Optics Hutch

Radiochemistry
Hutch (RCH)

Materials Research
Hutch (MRH)

The optics with two mirrors and a double-crystal monochromator in fixed-exit mode
provide both a high flux at high angular resolution (for diffraction) and a high flux over a
wide energy range with high energy resolution (for EXAFS spectroscopy).
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Technical characteristics of the Radiochemistry station

The Radiochemistry experimental

station

is a highly specialized unique

radiochemical laboratory designed for radioecological research using x-ray absorption
spectroscopy (XAS) in transmission and fluorescence mode. Solid and liquid samples with
a total activity of 185 MBq (5 mCi) and a surface dose rate of 15 uSv/h can be
investigated. A multi-barrier safety concept with separate ventilation, constant radiation
monitoring and redundancy of all essential components was developed to satisfy legal
requirements.

Tc-99 Po-208 Po-209 Ra-226 Th-nat Pa-231 : .
List of permitted
30,000 0.008 0.3 5 10° 106 radionuclides and their
U-nat Np-237 Pu-238 Pu-239 Pu-240 Pu-241 maximum amount in mg
. (shown in blue).
10 7000 0.3 80 22 0.049 Additional radionuclides
Pu-242 Am-241 Am-243 Cm-244 Cm-246 Cm-248 | may be used if
accepted by the ESRF

124 1.4 25 0.062 17 1,156 safety group.

During the measurement, the spectroscopic
glove box envelops the samples, which are
mounted either on a remote-control 8-fold
multistage holder or in a cryostat. The
fluorescence and transmission detectors remain
outside of the glove box.

1"
=Y

A

1
CANBERRA_
1

--------

13 element LEGe detector with
a high-rate digital multi-channel
analysis spectrometer (XIA) and
dedicated analysis program
integrated into the XAS data
collection software XATROS.

controllers.
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3-kV ionization chambers with
remote-controlled gas mass-flow

Sample holders fulfilling the necessary safety
requirements exist in a wide variety to match
different sample. Technical drawings and detailed
information on filling procedures may be
downloaded from our home page.

Closed-cycle He cryostat
with large fluorescence
window adapted to the 13-
element detector and very
low vibration levels cools
samples down to 15 K.



Technical characteristics of the Materials Research station

The materials research hutch MRH with a the high load six-circle diffractometer is
designed for the various scattering and diffraction experiments for identification and
precise determination of crystal structures, stress and strain analysis, crystal size and
orientation evaluation, as well as thin film characterization by thickness, roughness and
periodicity. The core competence of MRH are in the field of in-situ investigations, where
the system under investigation is characterized during synthesis or processing while also
physical properties like electrical conductivity can be measured. For this purposed MRH is
equipped with different sample environments and detector system, which can also be
completed by the use of the ESRF-detector pool.

Detectors

e Scintillation detectors (BEDE EDRa) with motorized slits, analyzing crystal or Soller
collimator are available.

e energy-dispersive PIN-Diode (AmpTec, energy resolution 200 eV, area 7 mm?)
e one-dimensional linear position sensitive detector (PSD-50m-ASA, M. Braun)
e CCD detector (axs-SMART) pixel size 150 ym

Sample environment
e High temperature chamber of Buhler design up to 2.000 °C

¢ In-house developed heating chamber with a semispherical Be-dome for different
diffraction geometry up to 1200°C and under controlled atmospheres up to 10 mbar,
optional in-situ conductivity measurement by 4 point probe setup

e in-situ magnetron sputter deposition chamber with two magnetrons and an ion gun
port allows temperature up to 700°C. The arrangement of the Be-windows allows in-
plane and out-off-plane diffraction experiments as well as GISAXS

Sputter deposition chamber Be-dome furnace
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Technical developments at ROBL
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Introduction

This report summarizes the most important technical developments realized in 2007
and 2008 in the field of experiment automation at ROBL. This work was performed by
members of the technical infrastructure of the FZD in cooperation with the scientists
working at the beamline in Grenoble and with the BLISS group of the ESRF. The work
comprises special tasks in the fields of mechanical construction, electronic instrumentation
and engineering, as well as software development.

Beamline upgrade

For 2012, a substantial upgrade of the optical components of the beamline is planned.
Therefore calculations have been carried out to analyze the existing system and prove the
feasibility of different possible future beamline setups.

Raytracing of the current system and of several new variants were simulated with
SHADOW [1]. The new design should use new optical devices to make use of the
technological progress in the last decade, achieving a higher photon flux, a wider energy
range, and a microfocused spot at a new endstation designed for combined spectroscopy
and scattering experiments. Results are compiled in the Upgrade Design Report.

Materials research station

New gas line system

For the extension of the research field in the Materials Research Hutch the gas-line
system has been renewed. Now there is the possibility for more in—situ research with
different gas environments, useable with different chambers.

The old gas-line has been built only for the in-situ sputtering experiments. Therefore
the main used gas was argon sometimes nitrogen, depending on the studied systems. To
overcome limitations in the variety of gases the new gas line has been adapted on the new
upcoming needs in research. In order to study in-situ growth out of gases (e.g. carbon
nanotubes), nanoparticles behavior under different gas atmospheres and catalyst
formation out of nano-particles under different defined atmospheres, we can now offer the
possibility to use four different gases at the same experimental setup.

The gases argon, nitrogen and oxygen are installed permanently in the hutch, but they
can be replaced by other gases (e.g. H,), if necessary. These lines are equipped with
mass flow controllers working in the range of 1-30sccm, 1-10sccm and 1-10sccm,
respectively. A fourth line is always free for the users needs for a special gas. It is
equipped with a N, or Ar mass flow controller, which can be replaced by a mass flow
dedicated to the used gas. The new setup can be connected to the in-situ magnetron-
sputter chamber, the standard Be-dome oven and to the oven for conductivity
measurements.
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New gas flow control system in MRH New detector optics system in MRH.
1) horizontal and 2) vertical soller slit, 3) Ge
channel cut crystal, 4) motorized slit system,
5) scintillation counter and 6) evacuated flight
tube.

The magnetron sputter chamber can now also be used without being mounted on the
diffractometer for ex-situ sample synthesis or process parameter calibration by the use of
a second gas line. Between the goniometer and the ex-situ gas lines can be chosen by a 3
way ball valve, installed directly after the mass flows.

Additionally is the new gas line also integrated in the interlock system, which
supervises all safety relevant process parameters. In the case of emergency, the line will
be closed automatically. This of course, enhances safety for experimenters and
equipment.

New detector bench and improvements of the detector optics

The variety of the different experiments performed at MRH accounts for the big variety
of detectors, e.g. PSD, scintillators, Bruker CCD, Photonics camera, MAR CCD or image
plate etc. Therefore the station was extended by a new optical bench [2] which consists of
a XZ-table driven by two 5-phases stepper motors from Oriental [3]. This table was
constructed to move loads of up to 50 kg and is located around 1.20 m behind the
goniometer, but can be moved further downstream upon demand. This way, heavy
detectors as mentioned above, can be easily adjusted and simultaneously used with the
detector system mounted on the instrument.

The old setup of detector optic used to have fixed slits. For this reason every change
of the slit-size or detector optics like Soller slit or analyzing crystal has to be done
manually. The new setup consist of two motorized JJ-XRAY slits systems [4] which is also
equipped with stepper motors from Oriental. This slit is controlled by a unit developed at
the FZD [5]. Additionally a linear stage LS-110 from micos [6] moves Soller slits (vertical
and horizontal) or a Ge-analyzer crystal into the beam path on purpose. This stage is
controlled by a new stepper motor driver “icePap” developed by the ESRF. This will be the
favorite controller for further extensions and is therefore been tested at ROBL-MRH. The
advantages of this new detector system are clear; it is fully motorized, so within an
experiment, the detector optics can be changed without interruption of the experiment. It
ranges from high instrumental resolution by a Ge-channel cut crystal over medium
resolution (slit system for XRR and normal diffraction) to the low resolution but high flux
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setup (Soller slit to identify nano-crystalline materials). This change can also be controlled
by a macro describing the planed measurements.

This is a great step in automation of the measurements, because now the
experimentalists have the opportunity to run sophisticated long macros for capacious
measurements without being present all the time.

Automatic filter control depending on the incoming count rate

The automatic filter control was improved by a new algorithm. This way the detector is
better protected from high counting rates, and we save measurement time.

New detector bench in MRH Axes Driver JJ-XRAY (front and rear side)

Bruker-CCD

The Smart-Detector by Bruker is now integrated into the standard measurement
equipment (spec [7]) by using a software solution of the ESRF. This detector is now
mounted on the new detector bench mentioned above.

A new software psdViewJ

We ported and improved the software psdView from C++ to a Java version which can
run on most computer platforms. The new version takes now into account filter factors and
is able to transform the measured data into the Q-space. This software makes it easier to
analyze the large amount of data measured by applying the position sensitive detector
(PSD).
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Radiochemistry station

Electrochemical cell

A new electrochemical cell was constructed [8], which can be used to measure in-situ
reactions of actinides by X-ray absorption spectroscopy. There is also a remote-control
available (electric, electronics, and software). The equipment is completed by a slit-system
(JJ-XRAY, 2 phases stepper motors connected to a Pegasus controller from MICOS [6]) to
adjust the beam to the X-ray window of the cell.

Automated temperature scans with the cryostat

We are using a cryostat from CryoVac [9] mainly because cryogenic temperatures
often improve the EXAFS signal and prevent photon-induced redox effects. Now, a new
feature has been implemented to perform temperature scans at different pre-selected
temperatures automatically. This way, the temperature dependence of the Debye-Waller
factor and phase transitions can be studied more easily. To get stable temperatures at the
chosen set-point we have to adjust some parameters of the device TIC304-MA which
controls the cryostat depending on the temperature set-point. This dependency is
implemented inside the device server software [10] and the set-point can be chosen as
one of our objects handled automatically before an EXAFS run takes place.

Solution input
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New amplifiers for the ionization chambers

The OXFORD ionization chambers are now equipped with new low noise current
amplifiers DLPCA-200 [11]. There was an inverter/buffer-amplifier device added [12] which
makes it easier to adjust the amplifiers to the other electronic equipment. We also
implemented a remote gain control with an automatic gain setting.

PGPLOT Window 1

..hme/ERRRCH/20—01—654/ech17F_RT_U02.02
T T T

— £0=T]

RN TR
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5 10

K[&™'] (Transmission)

Inverter/buffer unit (front and rear side) EXFAS-signal (online presentation)

Improvements of the spectroscopy software “XATROS”

Several improvements were integrated in our measurement program
“XATROS” [13].

the new amplifiers DLPCA-200 were integrated
automatic support of “temperature scans” with the cryostat

the XRF spectra collected by the Ge-13-element detector can now be
calibrated within XATROS

There is a new mode which allows an automatic beam optimization (piezo-
driven pitch rocking curve of 2" DCM crystal) at the start of each XAFS energy
scan by employing the D-Mostab device [14]. This is especially important in
case of orbit instabilities during an injection cycle or after beam re-injections.

The transmission and fluorescence EXAFS-signals are now converted in real
time into k®-weighted x(k) spectra. Parts of the software package “IFEFFIT”
developed at the University of Chicago [15] were integrated into XATROS for
this purpose. This allows an immediate visual evaluation of the signal-to-noise
ratios and other quality criteria, which are crucial for determining the useful k-
range and the required number of scans. This helps to save always scarce
measurement time.

The slit-system used for the electrochemical cell has been integrated.

Porting specific software to Linux/Redhat

Since the ESRF discontinues the support of Sun computers running the SOLARIS
operating system, we started to port our software from SOLARIS to LINUX computers
compatible to ESRF beamlines.
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2.2. Beamline personnel

Head of the beamline / responsible for RCH:
Responsible for MRH:

Andreas Scheinost
Carsten Bahtz

(-2462)
(-2367)

Name (phone)

Position/Education/Research Interests

Marion Glickert
(-1967)

Marco Hesse
(-2372)

Office administration

Beamline Technician

Radiochemistry

Dipanjan Banerjee
(-2463)

Harald Funke
(-2339)

Christoph Hennig
(-2005)

Regina Kirsch
(-2849)

Andre Rossberg
(-2847)

Andreas Scheinost
(-2462)

Postdoc since 11/2007

Ph.D. in Geology (1999), Univ. of Western Ontario, Canada
ACTINET, Sorption and redox processes at solid-solution
interface, focusing on transition metal sulfides and oxides

Beamline Scientist
Ph.D. in Physics (1974), University of Moscow (Russia)
development of wavelet analysis for EXAFS

Beamline Scientist
Ph.D. in Crystallography (1995), Universitat Leipzig
aqueous chemistry and electrochemistry of actinides

Ph.D. student

diploma in Chemistry (2007), Universitat Leipzig

redox reactions under anoxic conditions and EXAFS of surface
complexes of Sb and Pu on iron minerals

Beamline Scientist

Ph.D. in Chemistry (2002), TU Dresden
new methods for EXAFS analysis
sorption chemistry of actinides

Head of Beamline

Ph.D. in Agricultural Engineering (1994), TU Miinchen
radionuclide speciation in soils, sediments and aquifers,
interfacial redox processes

Materials Research

Carsten Baehtz
(-2367)

Nicole Jeutter
(-2872)

Beamline Scientist, responsible for MRH
Ph.D. in Chemistry (2000), TU Darmstadt
in-situ XRD techniques, carbon nanotube growth mechanisms

Postdoc
Ph.D. in surface crystallography (2006), LMU Miinchen
X-ray diffraction and small-angle scattering of semiconductors

Postal address

Rossendorf Beamline

(ROBL-CRG, BM20)

ESRF / sector 21

BP 220

F-38043 Grenoble cedex France

Phone: +33 (476) 88 xxxx
Fax: +33 (476) 88 2505
E-mail: surname@esrf.fr
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FZD personnel involved in the scientific and technical programme

Department of Research Technology

Frank Herbrand
Siegfried Dienel

Winfried Oehme
Dieter Proehl

Institute of lon Beam Physics and Materials Research

Johannes von Borany

Sybille Kirch

Institute of Radiochemistry

Gerd Bernhard
Stephan Weiss
Cordula Nebelung

9 - O Tech
8 - ORCH
7 m MRH

Joerg Grenzer
Andrea Scholz

Satoru Tsushima
Alix Guenther
Anette Rumpel

Beamline Staff

12(]1.2

Jurgen Claussner

Natalia Shevchenko
Rene Weidauer

Christian Lucks
Heidemarie Heim
Astrid Barkleit

1.2

1.2

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Fig. 2.2.1.

Year

Evolution of beamline personnel since 1998.
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2.3. Beamtime allocation and user groups

In the past two years, 212 experiments have been performed involving 231 users
traveling to the ESRF (Table 2.3.1). A total of 1298 shifts have been delivered for
experiments, i.e. 98 % of the available beam, and only 2 % for commissioning and other
technical shifts. Distribution of time between RCH and MRH was 52/48, while RCH
performs almost twice as many experiments. ESRF experiments were using 28 % of the
total shifts. 27 % of the inhouse shifts of RCH have been provided for Radiochemistry
experiments in the framework of ACTINET - EU Network of Excellence (see below).

Table 2.3.1. Use of beamtime at the Rossendorf Beamline.

Year FZD ESRF Actinet Technical Experiments Users
shifts shifts  shifts shifts  FzD/ESRF / Actinet FZD / ESRF / Act
RCH 2007 183 100 45 21 24/117/5=40 15/39/10 =64
RCH 2008 178 84 86 0 21/ 8/ 9=38 28/21/26=75
MRH 2007 231 92 - 0 16/ 7/ - =23 25/20/ - =45
MRH 2008 203 87 - 21 15/ 5/ - =20 32/15/ - =47
sum 795 363 131 42 76/31/14 =121 100/95/36 = 231

Figure 2.3.1 shows the beamline overbooking by giving the ratio between
requested and allocated beamtime of ESRF experiments. In the last two years, the
overbooking factor was always close to 1.8, which is the long term average. This high
overbooking factor demonstrates the continuous attractiveness of ROBL for outside users.

Requested / allocated shifts

3.0

2.5

2.0 1
_____ o B

ROBL Averag

154 m o

O R R

0.5

00 I I I I I I I I I I I I
5 I F O 5 O 3 KT 2 3
S 8353 8ss8¢s 38 s8 s §
N & § &« § &« § & § & 8§

Fig. 2.3.1.
Beamtime request for ESRF experiments.
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User Groups

Figure 2.3.2 shows the origin of user groups, excluding all FZD groups. The heaviest
demand for beamtime in MRH is from Germany, and for RCH from France. Nevertheless,
users from ten other European countries have performed experiments at ROBL. For the
first time, users were coming from overseas, the USA and Japan. The University of Tokyo
and the Japan Atomic Energy Agency (JAEA) have established a collaborative agreement
with the FZD, to ease the access of Japanese scientists to the radiochemical facilities at
FZD and ROBL.

Fig. 2.3.2.
Inhouse and ESRF experiments per country. RCH experiments are shown in red, MRH experiments
in yellow. German experiments excluding inhouse.

Germany — Advanced Micro Devices (AMD) Saxony, Dresden
— Center for Advanced European Studies and Research, Bonn
— Institut fir Kernchemie, Universitat Mainz
— Department of Geology, TU Freiberg
— Institut fir Optik und Quantenelektronik, Friedrich-Schiller-Universitat Jena
— Institute of Inorganic Chemistry, Univ. Leipzig
— Department of Physics, Univ. Siegen
— Fachgruppe Festkdrperanalytik, Martin-Luther-Universitat Halle-Wittenberg
— Institute for Bio-and Nanosystems, Forschungszentrum Julich
— Institut fir Rontgenphysik, Universitat Gottingen
— Max-Planck Institut fir Eisenforschung GmbH (MPIE), Disseldorf
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Austria

Belgium

Czech
Republic

France

Great Britain

Hungary

Netherlands
Poland
Japan
Portugal

Sweden

Switzerland

USA

Qimonda, Dresden
Institute of Semiconductor Physics, J. Kepler University, Linz

Departement Chemie, Katholieke Universiteit Leuven
Studiecentrum voor Kernenergie (SCK), Mol

Department of Condensed Matter Physics, Masaryk University, Brno

CEA at Marcoule and Cadarache

Centre National de la Recherche Scientifique (CNRS) at Grenoble, Dijon
and Gradignan

Institut de Physique Nucléaire, Université Paris Xl, Orsay

Institut Laue-Langevin, Grenoble

Institut de Recherches Subatomiques (IRES), CNRS-IN2P3, Strasbourg
LGIT, Université Joseph Fourier (UJF), Grenoble

Centre for Advanced Photonics & Electronics, University of Cambridge

MFA-KFKI, Research Institute for Technical Physics and Materials Science,
Hungarian Academy of Sciences, Budapest

Department of Earth Sciences, Utrecht University

Institute of Electronic Materials Technology (ITME), Warsaw

Department of Nuclear Engineering & Management, The University of Tokyo
CENIMAT F.C.T./Universidade Nova de Lisboa, Monte da Caparica

Royal Institute of Technology , KTH Stockholm

Thin Film Physics Division, Department of Physics, Chemistry and Biology,
Linkdping University, Linkdping

Department of Environmental Sciences, ETH Zurich
Laboratory for Waste Management, Paul-Scherrer-Institut, Villigen

Department of Plant, Soil and Entomological Sciences, University of Idaho,
Moscow, Idaho
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ACTI NET European Network for Actinide S B

Integrating the European Actinide Scleﬁc&.‘:i'nimunitv

ACTINET European Network for Actinide Sciences

Since March 2004 the beamline is a member of ACTINET — European Network for
Actinide Science, one of the Networks of Excellence within the 6" Framework Programme
for Research and Technological Development. ACTINET gathers more than twenty-five
European research institutions into a consortium dedicated to actinide sciences. The
objective of ACTINET is to take steps in order to bring both research infrastructures and
human expertise in Europe to an adequate performance level, thereby contributing to the
development of the European Research Area in the fields of physics and chemistry of
actinides. The three lines of action are:

¢ Stimulating the emergence of a European infrastructure policy by pooling
the major actinide laboratory facilities

e Promoting excellence by supporting ambitious shared research
programmes, taking advantage of the pooled facilities

e Increasing the attractiveness of actinide sciences among European
students and young researchers, and allowing the next generation of
actinide scientists and engineers to gain hands-on experience as part of
their training.

The Rossendorf beamline contributes its radiochemistry end station to the
ACTINET Pooled Facilities, providing beamtime for Joint Research Projects granted by
ACTINET. In return, ROBL receives annual funds for user support. In 2007/2008, 11
experiments have been performed for ACTINET (see list of experiments 2.5.1.). ROBL has
thus provided 27 % of its available inhouse beamtime in agreement with ACTINET. With
this, RCH belongs to one of the most heavily used facilities of ACTINET, providing a
fundamental contribution to actinide research. The success of ACTINET within FP-6 has
now led to a renewal of ACTINET within FP-7, running until end of 2011.
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2.4. Publications

This section lists all publications which are based on experiments at the
Rossendorf Beamline, whether they have been performed using in-house or ESRF
allocated shifts. In contrast to previous Biannual Reports, only peer-reviewed journal
articles are listed. As a further selection criterion, only journals listed in the Journal Citation
Report (ISI Web of Knowledge) were accepted.

Figure 2.4.1 gives an overview on the publication activities since the commissioning
of the beamline. After a continuous increase from 1999 to 2002, publication activity
decreased in 2003 and 2004, followed by a sharp rise in 2005. Since then, the total
number varies between 25 and 38 publications per year. As shown in Fig. 2.4.2, both
endstations produce a slowly increasing number of publications in journals with the highest
citation indices in their respective scientific fields (Inorganic Chemistry, Environmental
Science & Technology, Geochimica et Cosmochimica Acta for RCH, Applied Physics
Letters for MRH). In 2008, two papers in Analytical Chemistry and Physical Review Letters
raised the bar even further. In conclusion, the number of publications as well as their
quality has achieved a very high level, and the task for the years to come will be to
maintain this level.

40 - Number of rank-A publications
35 -
ORCH

30 - BMRH

25 - 23 21
o
e}
E
=
Z

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Year

Fig. 2.4.1.

Number of publications per year, based on data collected in RCH and MRH by internal and
external user groups. Note that only peer-reviewed articles in citation-indexed journals are listed.
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Fig. 2.4.2.
Citation indices of the articles listed in Fig. 2.4.1 and section 2.4.1. Top: RCH, bottom: MRH.

52



2.4.1. Publications in Radiochemistry

2007

Billard, 1., Gaillard, C., and Hennig, C.

Dissolution of UO,, UO; and of some lanthanide oxides in Bumim Tf,N: effect of acid and
water and formation of UO,(NO3);

Dalton Transactions (2007) 4214-4221

Charlet, L., Scheinost, A.C., Tournassat, C., Greneche, J.M., Géhin, A., Ferndndez-Martinez, A.,
Coudert, S., Tisserand, D., and Brendle, J.

Electron transfer at the mineral/water interface: Selenium reduction by ferrous iron sorbed
on clay

Geochim. Cosmochim. Ac. 71 (2007) 5731-5749

Creamer, N.J., Mikheenko, I.P., Yong, P., Deplanche, K., Sanyahumbi, D., Wood, J., Pollman, K.,
Merroun, M.L., Selenska-Pobell, S., and Macaskie, L.E.

Novel supported Pd hydrogenation bionanocatalyst for hybrid homogeneous/heterogeneous
catalysis

Catalysis Today 128 (2007) 80-87

El Aamrani, S., Gimenez, J., Rovira, M., Seco, F., Grive, M., Bruno, J., Duro, L., and de Pabilo, J.
A spectroscopic study of uranium(VI) interaction with magnetite
Applied Surface Science 253 (2007) 8794-8797

Fillaux, C., Berthet, J.C., Conradson, S.D., Guilbaud, P., Guillaumont, D., Hennig, C., Moisy, P.,
Roques, J., Simoni, E., Shuh, D.K., Tyliszczak, T., Castro-Rodriguez, I., and Den Auwer, C.
Combining theoretical chemistry and XANES multi-edge experiments to probe actinide
valence states

Comptes Rendus Chimie 10 (2007) 859-871

Funke, H., Chukalina, M., and Scheinost, A.C.
A new FEFF-based wavelet for EXAFS data analysis
J. Synchrotron. Radiat. 14 (2007) 426-432

Gaillard, C., Chaumont, A., Billard, I., Hennig, C., Ouadi, A., and Wipff, G.

Uranyl coordination in ionic liquids: The competition between ionic liquid anions, uranyl
counterions and CI anions investigated by EXAFS, UV-vis spectroscopies and molcular
dynamics simulations

Inorg. Chem. 46 (2007) 4815

Ghabbour, E.A., Scheinost, A.C., and Davies, G.

XAFS studies of cobalt(ll) binding by solid peat and soil-derived humic acids and plant-
derived humic acid-like substances

Chemosphere 67 (2007) 285-291

Hennig, C.
Evidence for double-electron excitations in the L;-edge x-ray absorption spectra of actinides
Physical Review B 75 (2007) 035120-1 - 035120-7

Hennig, C., Schmeide, K., Brendler, V., Moll, H., Tsushima, S., and Scheinost, A.C.
EXAFS investigation of U(VI), U(IV), and Th(IV) sulfato complexes in aqueous solution
Inorg. Chem. 46 (2007) 5882 - 5892

Ikeda, A., Hennig, C., Tsushima, S., Takao, K., Ikeda, Y., Scheinost, A.C., and Bernhard, G.

Comparative study of uranyl(VI) and -(V) carbonato complexes in an aqueous solution
Inorg. Chem. 46 (2007) 4212-4219
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Jroundi, F., Merroun, M.L., Arias, J.M., Rossberg, A., Selenska-Pobell, S., and Gonzalez-Muioz,
M.T.

Spectroscopic and microscopic characterization of uranium biomineralization in
Myxococcus xanthus

Geomicrobiology Journal 24 (2007) 441-449

Martin, P., Grandjean, S., Valot, C., Carlot, G., Ripert, M., Blanc, P., and Hennig, C.
XAS study of (Us,Pu,)0? solid solutions
J. Alloy. Compd. 444 (2007) 410-414

Merroun, M., Rossberg, A., Hennig, C., Scheinost, A.C., and Selenska-Pobell, S.

Spectroscopic characterization of gold nanoparticles formed by cells and S-layer protein of
Bacillus sphaericus JG-A12

Materials Science & Engineering C-Biomimetic and Supramolecular Systems 27 (2007) 188-192

Nedelkova, M., Merroun, M.L., Rossberg, A., Hennig, C., and Selenska-Pobell, S.
Microbacterium isolates from the vicinity of a radioactive waste depository and their
interactions with uranium

Fems Microbiology Ecology 59 (2007) 694-705

Nikitenko, S.I., Hennig, C., Grigoriev, M.S., Le Naour, C., Cannes, C., Trubert, D., Bossé, E.,
Berthon, C., and Moisy, P.

Structural and spectroscopic studies of the complex [BuMelm],[UCIg] in the solid state and
in hydrophobic room temperature ionic liquid [BuMelm][Tf,N]

Polyhedron 26 (2007) 3136-3142

Opel, K., Weiss, S., Hubener, S., Zanker, H., and Bernhard, G.
Study of the solubility of amorphous and crystalline uranium dioxide by combined

spectroscopic methods
Radiochim. Acta 95 (2007) 143-149

Servaes, K., Hennig, C., Billard, I., Gaillard, C., Binnemans, K., Gérler-Walrand, C., and Van Deun,
R.

Speciation of uranyl complexes in acetonitrile and in the ionic liquid 1-butyl-3-
methylimidazolium bis(trifluoromethylsulfonyl)imide

European Journal of Inorganic Chemistry (2007) 5120-5126

Soldatov, A.V., Lamoen, D., Konstantinovic, M.J., Berghe, S.V.d., Scheinost, A.C., and Verwerft, M.
Local structure and oxidation state of uranium in some ternary oxides: X-ray absorption
analysis

J. Solid State Chem. 180 (2007) 54-61

Tsushima, S.

Hydration and water-exchange mechanism of the UO,* ion revisited: The validity of the “n +
1” model

J. Phys. Chem. A 111 (2007) 3613-3617

Tsushima, S., Rossberg, A., lkeda, A., Miiller, K., and Scheinost, A.C.

Stoichiometry and structure of uranyl (VI) hydroxo dimer and trimer complexes in aqueous
solution

Inorg. Chem. 46, (2007) 10819-10826

2008

Abrasonis, G., Scheinost, A.C., Zhou, S., Torres, R., Gago, R., Jimenez, |., Kuepper, K., Potzger,
K., Krause, M., Kolitsch, A., Moller, W., Bartkowski, S., Neumann, M., and Gareev, R.R.

X-ray spectroscopic and magnetic investigation of C : Ni nanocomposite films grown by ion
beam cosputtering

Journal of Physical Chemistry C 112 (2008) 12628-12637
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Bosse, E., Den Auwer, C., Berthon, C., Guilbaud, P., Grigoriev, M.S., Nikitenko, S., Le Naour, C.,
Cannes, C., and Moisy, P.

Solvation of UCIs> anionic complex by MeBu3N+, BuMe2IM+, and BuMelm(+) cations
Inorg. Chem. 47 (2008) 5746-5755

Hennig, C., lkeda, A., Schmeide, K., Brendler, V., Moll, H., Tsushima, S., Scheinost, A.C.,
Skanthakumar, S., Wilson, R., Soderholm, L., Servaes, K., Gorrler-Walrand, C., and Van Deun, R.
The relationship of monodentate and bidentate coordinated uranium(Vl) sulfate in aqueous
solution

Radiochim. Acta 96 (2008) 607-611

Hennig, C., Kraus, W., Emmerling, F., Ikeda, A., and Scheinost, A.C.
Coordination of a uranium(lV) sulfate monomer in an aqueous solution and in the solid state
Inorg. Chem. 47 (2008) 1634-1638

Hennig, C., Le Naour, C., and Den Auwer, C.

Double photoexcitation involving 2p and 4f electrons in L3-edge x-ray absorption spectra of
protactinium

Physical Review B 77 (2008) 235102 1-6

Hennig, C., Servaes, K., Nockemann, P., Van Hecke, K., Van Meervelt, L., Wouters, J., Fluyt, L.,
Gorller-Walrand, C., and Van Deun, R.

Species distribution and coordination of uranyl chloro complexes in acetonitrile

Inorg Chem 47 (2008) 2987-2993

Ikeda, A., Hennig, C., Rossberg, A., Tsushima, S., Scheinost, A.C., and Bernhard, G.
Structural determination of individual chemical species in a mixed system by iterative
transformation factor analysis-based x-ray absorption spectroscopy combined with UV-
visible absorption and quantum chemical calculation

Analytical Chemistry 80 (2008) 1102-1110

Ikeda-Ohno, A., Hennig, C., Rossberg, A., Funke, H., Scheinost, A.C., Bernhard, G., and Yaita, T.
Electrochemical and complexation behavior of neptunium in aqueous perchlorate and nitrate
solutions

Inorg. Chem. 47 (2008) 8294-8305

Kirsch, R., Scheinost, A.C., Rossberg, A., Banerjee, D., and Charlet, L.
Reduction of antimony by nano-particulate magnetite and mackinawite
Mineralogical Magazine 72 (2008) 185-189

Krepelova, A., Reich, T., Sachs, S., Drebert, J., and Bernhard, G.

Structural characterization of U(VI) surface complexes on kaolinite in the presence of humic
acid using EXAFS spectroscopy

J Colloid Interf Sci 319 (2008) 40-47

Loyo, R.L.d.A., Nikitenko, S.I., Scheinost, A.C., and Simonoff, M.
Immobilization of selenite on Fe;04 and Fe/FeC; ultrasmall particles
Environ. Sci. Technol. 42 (2008) 2451-2456

Montes-Hernandez, G., Fernandez-Martinez, A., Charlet, L., Renard, F., Scheinost, A.C., and
Bueno, M.

Synthesis of a Se’/calcite composite using hydrothermal carbonation of Ca(OH), coupled to
a complex selenocystine fragmentation

Crystal Growth & Design 8 (2008) 2497-2504

Scheinost, A.C. and Charlet, L.

Selenite reduction by mackinawite, magnetite and siderite: XAS characterization of
nanosized redox products

Environ. Sci. Technol. 42 (2008) 1984—1989
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Scheinost, A.C., Kirsch, R., Banerjee, D., Fernandez-Martinez, A., Zaenker, H., Funke, H., and
Charlet, L.

X-ray absorption and photoelectron spectroscopy investigation of selenite reduction by Fell-
bearing minerals

Journal of Contaminant Hydrology 102 (2008) 228-245

Tsushima, S.
Hydrolysis and dimerization of Th* ion
Journal of Physical Chemistry B 112 (2008) 7080-7085

Vigier, N., Den Auwer, C., Fillaux, C., Maslennikov, A., Noel, H., Roques, J., Shuh, D.K., Simoni, E.,
Tyliszczak, T., and Moisy, P.

New data on the structure of uranium monocarbide

Chemistry of Materials 20 (2008) 3199-3204

2009

Livi, K.J.T., Senesi, G., Scheinost, A.C., and Sparks, D.L.

A microscopic examination of nanosized mixed Ni-Al hydroxide surface precipitates on
pyrophyllite

Environ. Sci. Technol. 43 (2009) 1299-1304

Martin, P.M., Belin, R.C., Valenza, P.J., and Scheinost, A.C.
EXAFS study of the structural phase transition in the americium zirconate pyrochlore
J. Nucl. Mater. 385 (2009) 126—130

Rossberg, A., Ulrich, K.-U., Weiss, S., Tsushima, S., Hiemstra, T., and Scheinost, A.C.
Identification of uranyl surface complexes on ferrihydrite: Advanced EXAFS data analysis
and CD-MUSIC modeling

Environ. Sci. Technol. 43 (2009) 1400-1406

Seco, F., Hennig, C., Pablo, J.d., Rovira, M., Rojo, |., Mart, V., Gimnez, J., Duro, L., Griv, M., and
Bruno, J.

Sorption of Th(IV) onto iron corrosion products: EXAFS study

Environ. Sci. Technol. 43 (2009) 2825-2830

2.4.2. Publications in Materials Research

2007

Almtoft, K.P., Ejsing, A.M., Bgttiger, J. Chevallier, J., Schell, N., and Martins, R.M.S.

The dependence of the nanostructure of magnetron sputtered Cu-Ag alloy films on
composition and temperature

Journal of Materials Research 22 (2007) 1018

Beckers, M., Schell, N., Martins, R.M.S., Mucklich, A., Méller, W., and Hultman, L.

Nucleation and growth of Ti,AIN thin films deposited by reactive magnetron sputtering onto
MgO (111)

Journal of Applied Physics 102 (2007) 074916

Cantelli, V., Borany, J. von, Mlcklich, A., and Grenzer, J.

Influence of energetic ions and neutral atoms on the L1, ordering of FePt films
Nuclear Instruments and Methods in Physics Research B 257 (2007) 406
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J. Cieslak, S.M. Dubiela, F. Eichhorn, M. Menzel and H. Reuther
Investigation of single-crystals of chromium implanted with ''°Sn-ions of various energies
Journal of Alloys and Compounds 442 (2007) 235

J. Cieslak, Th. Hahn, H. Metzner, J. Eberhardt, W. Witthuhn, J. KrauRlich, and F. Wunderlich
Epitaxial Culn,-,Ga,S, on Si(111) (0 < x < 1): Lattice match and metastability
Physical Review B 75 (2007) 245306.

Hoglund, C., Beckers, M., Schell, N., Borany, J. von, Birch, J., and Hultman, L.
Topotaxial growth of Ti,AIN by solid state reaction in AIN / Ti(0001)multilayer thin films
Applied Physics Letters 90 (2007) 174106.

Kdégler, R., Micklich, A., Eichhorn, F., Schell, N., and Skorupa, W.
Praseodymium compound formation in silicon by ion beam synthesis
Vacuum 81 (2007) 1318

Kraullich, J., Dubs, C., Lorenz, A., and Tinnemann, A.

In-plane lattice parameter determination of Zn:LiNbO; thin films epitaxially grown on x-cut
LiNbO; substrates using x-ray diffraction methods

Physica status solidi A 204 (2007) 2585

Martins, R.M.S. , Schell, N., Silva, R.J.C. , Pereira, L., Mahesh, K.K. and Braz Fernandes, F.M.
In-situ study of Ni-Ti thin film growth on a TiN intermediate layer by x-ray diffraction
Sensors and Actuators B 126 (2007) 332 - 337

Meduna, M., Novak, J., Bauer, G., Holy, V., Falub, C.V., Tsujino, S., and Grutzmacher, D.

In situ investigations of Si and Ge interdiffusion in Ge-rich Si/SiGe multilayers using x-ray
scattering

Semiconductor Science and Technology 22 (2007) 4467

Talut, G., Reuther, H., Zhou, S., Potzger, K., Eichhorn, F., and Stromberg, F.
Ferromagnetism in GaN induced by Fe ion implantation
Journal of Applied Physics 102 (2007) 083909.

Zhou, S., Potzger, K., Reuther, H., Kuepper, K., Skorupa, W., Helm, M., and Fassbender, J.
Absence of ferromagnetism in V-implanted ZnO single crystals
Journal of Applied Physics 101 (2007) 09H109

Zhou, S., Potzger, K., Reuther, H., Talut, G., Eichhorn, F., von Borany, J., Skorupa, W., Helm, M.,
and Fassbender, J.

Crystallographically oriented magnetic ZnFe,04 nanoparticles synthesized by Fe
implantation into ZnO

Journal of Physics D: Applied Physics 40 (2007) 964

Zhou, S., Potzger, K., Micklich, A., Eichhorn, F., Schell, N., Grétzschel, R., Schmidt, B., Skorupa,
W., Helm, M., Fassbender, J., and Geiger, D.

Structural and magnetic properties of Mn-implanted Si

Physical Review B 75 (2007) 085203

2008

Martins, R.M.S., Schell, N., Miicklich, A., Reuther, H., Beckers, M., Silva, R.J.C., Pereira, L., and
Braz Fernandes, F.M.

Study of graded Ni-Ti shape memory alloy film growth on Si(100) substrate

Applied Physics A 91 (2008) 291 - 299

Martins, R.M.S., Schell, N., Beckers, M., Silva, R.J.C., Mahesh, K.K., and Braz Fernandes, F.M.
Role of the substrate on the growth of Ni-Ti sputtered thin films
Materials Science and Engineering A 481-482 (2008) 626-629
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Salditt, T., Kriiger, S.P., Fuhse, C., and Bahtz, C.
High-transmission planar X-ray waveguides
Physical Review Letters 100 (2008) 184801

Zhou, S. Potzger, K., von Borany, J., Grétzschel, R., Skorupa, W., Helm, M., and Fassbender, J.
Crystallographically oriented Co and Ni nanocrystals inside ZnO formed by ion implantation
and postannealing

Physical Review B 77 (2008) 035209

Zhou, S., Potzger, K., Talut, G., Reuther, H., von Borany, J., Grotzschel, R., Skorupa, W., Helm, M.,
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2.5. Experiments

The following tables list all experiments which have been performed at the
beamline, separated by end-station (RCH, MRH) and by type of experiment (in-house,
ESREF, Actinet). Experiments with more than 18 shifts indicate that these experiments have
been performed during several experimental runs and are part of long-term research

programs.

2.5.1. List of RCH Experiments

RCH in-house experiments 2007

| Number |[Title | Proposer Institution | Experimenter Shifts
20-01-618 | Spectroelectrochemical cell for in-| Ch. Hennig, FZD Ch. Hennig, 17
situ XAS measurements of J. Tutschku, A. Rossberg
uranium solution species G. Geipel, A. Scheinost,
A. Rossberg, H. Funke,
G. Bernhard A. lkeda,
M. Hesse
20-01-622 | Chemical speciation of metals in |A. Scheinost, |FZD, A.Rossberg, 3
shooting-range soils Ch. Hennig, ETHZ Ch. Hennig,
D. Vantelon, H. Funke
l. Xifra
20-01-624 | Speciation of Zn in rhizosphere A. Scheinost, |FZD, A. Scheinost, 11
soil Ch. Hennig, ETHZ H. Funke,
A. Rossberg, C. Hennig,
H. Funke, A. Rossberg
A. Voegelin,
S, Pfister
20-01-625 |Interaction between M. Merroun, FzD M. Merroun, 3
microorganisms and metals using | S. Selenska- Ch. Hennig,
EXAFS Pobell, A. Rossberg,
J. Raff, A. Scheinost
Ch. Hennig
20-01-638 | X-ray absorption spectroscopy on | M. Merroun, FZD A. Rossberg, 9
gold nanoparticles formed by S. Selenska- U. Jankowski,
bacteria and their surface layer Pobell, M. Merroun,
proteins A. Scheinost, A. Scheinost,
Ch. Hennig Ch. Hennig,
H. Funke ,
K. Deplanche
20-01-639 |Investigation of U(V I)//U(V) Ch. Hennig, FzD, CH. Hennig, 12
carbonato complexes in aqueous |l. Grenthe, KTH A.. lkeda,
solution by spectro- G. Palladino H. Funke,
electrochemistry A. Rossberg,
A. Scheinost
20-01-652 | Reduction of Eu and Se by Fe(ll) |A. Scheinost, |FZD A. Scheinost, 12
at the clay edge surface L. Charlet, LGIT C. Hennig,
A. Gehin, Grenoble [L. Charlet,
C. Hennig A. Rossberg,
R. Kirsch,
H. Funke
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RCH in-house experiments 2007 [cont.]

| Number |[Title | Proposer Institution | Experimenter Shifts
20-01-653 | Uranyl sorption to clay minerals |A. Scheinost, |FZD A. Scheinost, 9
and analogues Ch. Hennig, Ch. Hennig,
A. Rossberg, H. Funke,
N. Baumann, A. Rossberg
Th. Arnold,
V. Brendler
20-01-656 | EXAFS investigations of uranium |A. Guenther, |FZD A. Rossberg, 9
species formed by monocellular  |A. Rossberg, H. Funke,
and polycellular algae A. Scheinost A. Guenther
20-01-657 | EXAFS-investigations on U(IV) S. Weiss FZD C. Hennig, 7
pseudocolloids H. Funke,
A. Scheinost,
A. Rossberg
20-01-661 | Interaction of uranium with H. Moll, FZD A. Rossberg, 12
bioligands produced by soil A. Rossberg A. Scheinost,
bacteria and with related model H. Funke,
compounds using X-ray C. Hennig,
absorption spectroscopy M. Glorius
20-01-662 | Investigation of chemical bonding | G. Abrasonis |FZD G. Abrasonis, 6
structure and coordination of A. Scheinost,
fullerene-like carbon-metal A. Rossberg
nanocomposite
thin films by means of XANES
and EXAFS
20-01-663 | Coprecipitation of actinides with | M. Merroun FZD M. Merroun, 21
biogenic minerals: X-ray A. Scheinost,
absorption spectroscopy H. Funke,
characterization C. Hennig,
A. Rossberg,
U. Jankowski
20-01-664 | Structure of neptunium species in | C. Hennig, FZD A. Ikeda, 19
solution A. lkeda C. Hennig,
A. Scheinost,
H. Funke,
A. Rossberg
20-01-665 | Speciation of aqueous uranyl(VI) |S. Tsushima, |[FZD S. Tsushima, 3
polymeric species using EXAFS | A. Rossberg, A. Rossberg,
spectroscopy A. Scheinost A. Scheinost,
C. Hennig,
H. Funke
20-01-666 | Speciation of 4-fold uranyl(VI) S. Tsushima, |FZD S. Tsushima, 3
hydrate by EXAFS spectroscopy |A. Rossberg, A. Rossberg,
C. Hennig, A. Scheinost,
A. Scheinost C. Hennig,
H. Funke
20-01-668 | Abiotic antimony reduction by A. Scheinost, |FZD, A. Scheinost, 18
Fe(ll) systems R. Kirsch, LGIT L. Charlet,
L. Charlet Grenoble |R. Kirsch,
H. Funke,
A. Rossberg,
C. Hennig,
M. Hesse
20-01-670 | Characterization of Mn speciation |D. Strawn FZD, D. Strawn, 9
on clay minerals Univ. A. Scheinost
Idaho
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RCH ESRF experiments 2007

| Number |Title | Proposer | Institution | Experimenter |  Shifts|
CH-2297 |EXAFS spectro-electrochemical |C. Cannes, IPN C. Le Naour, 9
study of U(lll), U(IV), U(V) and C. Le Naour, |Orsay M. Sornein,
U(VI) chloro complexes in ionic | C. Hennig, V. Di
liquids P. Moisy Giandomenic
CH-2300 |Se(IV)/ Fe(ll) on imogolites: A. Fernandez-|ILL A. Fernandez- 11
sorption and redox processes Martinez, Martinez,
G. Cuello, F. Bardelli,
G. Roman- L. Charlet,
Ross, G. Cuello,
L. Charlet, G. Roman-
F. Bardelli Ross,
D. Tisserand,
CH-2303 |Tc(lV) eigencolloid formation and |A. Maes, KU A. Maes, 12
characterization E. Breynaert, |Leuven |E. Breynaert
C. Brugeman
CH-2421 |Neptunium and plutonium C. Den Auwer, |CEA C. Den Auwer, 15
complexation by pentapeptide A. Jeanson, Marcoule |A. Jeanson,
S. Coantic, V. Di
C. Vidaud, Giandomenico
P. Solari S. Dahou,
C. Le Naour,
P. Solari,
D. Guillaneux,
C. Duffieux,
C. Hubert
CH-2423 |Free and silica-gel-bound M. Meyer, CNRS A. Scheinost, 14
tetraazamacrocycles as A. Scheinost | Dijon S. Faure,
complexing agents of actinide M. Meyer,
cations: investigation of the solid- H. Funke,
state coordination scheme C. Hennig,
A.Rossberg
CH-2424 |EXAFS study of the uranyl R. Van Deun, |Uni R. van Deun, 9
speciation in a new task specific |P. Nockemann |Leuven |D. Huys,
ionic liquid P. Nockemann
EC-144 |EXAFS study of neptunium(V) T. Reich, Uni T. Reich, 9
uptake by kaolinite S. Amayri Mainz S. Amayri,
J. Drebert,
M. Breckheim.
HS-3178 |EXAFS/XANES investigation of |R. Belin, CEA R .Belin, 9
plutonium and americium J. Cambedou, |Cadar. P. Valenza,
pyrochlores considered as targets | P. Martin, A. Pieragnoli,
for transmutation P. Valenza, P. Martin
H. Palancher
MA-233 | XAS study of uranium and P.Martin, CEA P. Martin, 12
plutonium local environment in H. Palancher, |Cadar. C. Robisson-
(U,Pu)O2 solid solution: influence | C. Robisson- Thomas,
of the Pu/(U+Pu) ratio and of the |Thomas, N. Vigier,
synthesis method B. Arab- G. Leturcq,
Chapelet, S. Costenoble,
S. Grandjean, H. Mokhtari
C. Valot

61



RCH Actinet experiments 2007

| Number |Title | Proposer | Institution | Experimenter Shifts |
20-01-639 | Investigation of U(VI)/U(V) C. Hennig, ROBL, C. Hennig, 12
carbonato complexes in aqueous |l. Grenthe, KTH A. Rossberg,
solution by spectro- G. Palladino, H. Funke,
electrochemistry A. Scheinost A. Scheinost,
A. Ikeda
20-01-654 | Solvation and complexation of C. Gaillard, IRES A. Ouadi, 9
uranium(VI) in room temperature |I. Billard C. Gaillard
ionic liquids (RTILs): Influence of
the dissolved salt and of the RTIL
composition
20-01-658 | Studies of the Chemical Forms of |S. Nikitenko, |CNRS S. Nikitenko 6
Actinides and Fission Products A. Scheinost | Gradign.
Adsorbed on Nanocrystalline
Magnetite
20-01-667 | EXAFS study of Np(V) sorption T. Reich, Uni B. Baeyens, 12
onto montmorillonite S. Dierking, Mainz R. Daehn,
B. Baeyens, S. Dierking,
R. Daehn, A. Scheinost,
A. Scheinost S. Amayri,
J. Drebert,
M. Myers
RCH in-house experiments 2008
[Number [Title | Proposer Institution | Experimenter Shifts
20-01-639 | Investigation of U(V II)//U(V) Ch. Hennig, FZD, C. Hennig, 9
carbonato complexes in aqueous |l. Grenthe, KTH K. Takao
solution by spectro- G. Palladino
electrochemistry
20-01-652 |Reduction of Eu and Se by Fe(ll) |A. Scheinost, |FZD, A. Scheinost, 6
at the clay edge surface L. Charlet, LGIT C. Hennig,
A. Gehin, Grenoble |A. Rossberg,
C. Hennig R. Kirsch,
H. Funke
20-01-653 | Uranyl sorption to clay minerals | A. Scheinost, |FZD A. Scheinost, 3
and analogues Ch. Hennig, A. Rossberg
A. Rossberg,
N. Baumann,
Th. Arnold,
V. Brendler
20-01-656 | EXAFS investigations of uranium |A. Guenther, |FZD A. Rossberg, 6
species formed by monocellular |A. Rossberg, M. Vogel
and polycellular algae A. Scheinost
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RCH in-house experiments 2008 [cont.]

|Number  |Title | Proposer | Institution | Experimenter |  Shifts|
20-01-661 | Interaction of uranium with H. Moll, FzZD H. Moll, 8
bioligands produced by soil A. Rossberg A. Rossberg,
bacteria and with related model C. Hennig,
compounds using X-ray A. Scheinost,
absorption spectroscopy H. Funke,
D. Banerjee
20-01-663 | Coprecipitation of actinides with | M. Merroun FzZD K. Deplanche, 14
biogenic minerals: X-ray M. Merroun,
absorption spectroscopy H. Funke,
characterization A. Rossberg,
C. Hennig,
A. Scheinost,
J.J. Ojeda
20-01-664 | Structure of neptunium species in |C. Hennig, ROBL, C. Hennig, 24
solution A. lkeda FZD A. Scheinost,
H. Funke,
A. Rossberg,
A. Ikeda,
K. Takao,
S. Takao,
D. Banerjee
20-01-668 | Abiotic antimony reduction by A. Scheinost, |FZD, A. Scheinost, 12
Fe(ll) systems R. Kirsch, LGIT R. Kirsch,
L. Charlet Grenoble |L. Charlet,
H. Funke,
A. Rossberg,
C. Hennig
20-01-671 | Studies on the coordination T- Saito Univ. of |S. Takumi, 12
environments of UO,*" on gibbsite Tokyo S. Nagasaki,
surface in the presence of natural T. Hattori,
ligands K. Ishida
20-01-672 | Comparative investigation of the |J.Raff, FzZD A. Rossberg, 21
uranium complexation by proteins | B. Li, A. Scheinost,
by means of FT-IR and EXAFS H. Foerstend., J. Raff,
spectroscopy C. Hennig, B. Li,
A. Rossberg, H. Foerstend.
A. Scheinost
20-01-675 | Investigation of the aqueous A. Rossberg, |ROBL A. Rossberg, 30
phase in the ternary sorption A. Scheinost A. Scheinost,
system uranium(VI), goethite, A. lkeda,
organic model compounds C. Hennig,
H. Funke, D.
Banerjee,
C. Lucks
20-01-677 | Selenium solid phase speciation |A. Maes KU A. Maes, 12
in Boom Clay conditions Leuven |S. Hertsens.
A. Scheinost,
E. Breynaert
20-01-678 | EXAFS/XANES investigation of | P. Martin, CEA R. Belin, 9
plutonium and americium R. Belin, Cadar., P.Martin,
pyrochlores considered as targets | A. Scheinost, |ROBL E. Gavilan
for transmutation P. Valenza,
H. Palancher
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RCH in-house experiments 2008 [cont.]

[Number  |Title | Proposer | Institution | Experimenter |  Shifts|
20-01-680 | Identification of thioarsenate XAS |E. Suess, TU B. Planer- 9
spectra in liquid and solid G. Bernhard, |Freiberg |Friedrich.
samples B. Merkel, E. Suess,
B. Planer- A. Scheinost,
Friedrich, W.
W. Gezahegne
Gezahegne
20-01-681 | Development of a 2™ generation |C. Hennig, ROBL, C. Hennig, 3
spectro-electochemical cell for in | K. Takao, FzZD A. Scheinost
situ electrolysis A. Scheinost
RCH ESRF experiments 2008
| Number |Title Proposer Institution | Experimenter Shifts
CH-2539 |Uptake of neptunium and C. Den Auwer, |CEA C. Den Auwer, 15
plutonium by topologically A. Jeanson, Marcoule |S. Dahou,
constraint peptides S. Coantic, C. Le Naouir,
P. Moisy A. Jeanson,
M. Mendes,
S. Petit
CH-2544 |Hydration, hydrolysis and sorption | O. Sobolev, LGIT, O. Sobolev 9
of Sm® and Eu®* in the interlayer |L. Charlet, ILL,
space of the clay mineral G. Cuello, ROBL
A. Scheinost
CH-2540 |Reduction of uranium(VI) by S. Chakrabor., |LGIT, S. Chakrabor., 9
adsorbed Fe(ll) on clays and by |F. Favre ROBL D. Banerjee,
structural Fe(ll) in O,, CO, free Boivin, A. Scheinost
atmosphere L. Charlet,
A. Scheinost
EC-205 |Uranium solid-phase speciation in | C. Bruggeman | SCK- C. Bruggeman 12
presence of pyrite (FeS,) at N. Maes CEN S. Qerts,
slightly alkaline conditions F. Raeymake.
EC-279 |Adsorption of U(VI) onto FeS and | T. Behrends |Uni T. Behrends, 15
its subsequent reduction Utrecht |V. Alexandrat.,
A. Scheinost,
C. Hennig,
D. Banerjee,
P. Kleingeld
EC-363 |EXAFS study of neptunium(V) T. Reich, Uni T. Reich, 9
sorption onto gibbsite S. Amayri, Mainz S. Amayri,
T. Wu T. Wu,
J. Drebert,
D. Froehlich
CH-2739 |Structure of uranyl-arsenate E. Suess TU W. Gezaheg., 6
complexes sorbed on bentonite Freiberg |A. Scheinost,
H. Funke
CH-2649 |Investigation of the uranyl R.Van Deun |KU R. Van Deun, 9
coordination chemistry in novel Leuven |C. Hennig,
thiocyanate ionic liquid mixtures D. Banerjee,
by U L, EXAFS spectroscopy A. Rossberg
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RCH Actinet experiments 2008

Number |Title Proposer Institution | Experimenter Shifts
20-01-644 |Interaction of actinide cations with | C. Den Auwer, | CEA C. Filaux, 3
metalloproteins P. Moisy, Marcoule |A. Jeanson,

C. Vidaud C. Den Auwer,
E. Galbis
Fuster
20-01-658 |Studies of the chemical forms of |S. Nikitenko, |CNRS, T. Chave, 9
actinides and fission products A. Scheinost |ROBL A. Scheinost,
adsorbed on nanocrystalline S. Nikitenko
magnetite
20-01-659 |Actinide selective recognition by |C. Den Auwer, | CEA T. Dumas, 12
bio mimetic molecules A. Jeanson, Marcoule |G. Dupouy,
S. Coantic, X. Crozes
V. di V. di
Giandomenico Giandomenico
20-01-667 |EXAFS study of Np(V) sorption T. Reich, Uni T. Reich, 15
onto montmorillonite S. Dierking, Mainz, S. Amayri,
B. Baeyens, PSI, J. Drebert,
R. Daehn, ROBL B. Baeyens,
A. Scheinost R. Daehn
20-01-673 |Investigations of Am(lll) and U(VI) | M. Marques PSI B. Baeyens, 18
sorption on clay minerals in Fernandes, M. Marques
presence of carbonate B. Baeyens, Fernandes,
R. Daehn R. Daehn.
N. Mace,
A. Kitamura
20-01-674 |EXAFS investigations of U(VI) N. Mace, PSI N. Mace, 18
uptake by cementitious materials |R. Daehn, R. Daehn,
E. Wieland, J. Tits,
J. Tits, D. Kunz
D. Kunz
20-01-676 |Reduction of uranium(VI) by S. Chakrabor., |LGIT S. Chakrabor. 11
adsorbed Fe(ll) on clays and by  |A. Scheinost |Grenoble |D. Banerjee,
structural Fe(ll) in smectites in O, ROBL A. Scheinost

and CO, free atmosphere
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2.5.2. List of MRH Experiments

MRH in-house experiments 2007

|Number [Title | Proposer Institution | Experimenter Shifts
20-02-645 | XRD and GISAXS investigations |J. Grenzer FZD J. Grenzer 21
on ion beam induced Si surface A. Keller
ripples C. Baehtz
20-02-642 | Thermal expansion coefficient of |U. Pietsch, Uni S. Grigorian, 15
lateral nanostructures in B. Bruser, Leipzig, |B. Briser,
semiconductor multilayers V. Gottschalch |Uni J. Grenzer
Siegen
20-02-643 | Materials Characterization for J. von Borany, |FZD, S. Teichert, 15
DRAM-Trench-Technology S. Teichert, Qimonda |L. Wilde,
F. Eichhorn J. von Borany,
J. Krueger
20-02-647 | Wafer-bonded x-ray waveguides |T. Salditt Uni T. Salditt, 18
Gottingen | S. Krueger
20-02-648 | SR-u-XRD stress measurements |J. Rinderkn., |AMD H. Prinz, 36
of ultra low-k dual damascene H. Prinz J. Rinderkn.,
inlaid copper interconnect I. Zienert
structures at temperatures
between RT and 500°C
20-02-649 | In-situ x-ray diffraction during M. Beckers Uni M. Beckers 15
sputter deposition of V-AI-N MAX- Link6ping
phase thin films
20-02-650 | Single phase formation of TM S. Zhou FzZD S. Zhou, 6
implanted reduced ZnO J. Grenzer
20-02-651 | Real-time evolution of ZnO:Al thin |N. Shevchen., |FZD N. Shevchen., 18
film structure and electrical A. Rogozin, A. Rogozin
properties during annealing M. Vinnichen.
20-02-652 | Investigation of the amorphisation |J. Grenzer, FzD J. Grenzer, 30
and recrystallisation of sputter A. Keller, A. Keller,
induced nanoscale surface S. Facsko A. Hanisch,
ripples on Si(100) by surface C. Baehtz,
sensitive X-ray scattering A. Biermanns
20-02-653 | Micro focusing with capillary C. Baehtz ROBL C. Baehtz, 21
optics and/or KB Mirror systems A. Scheinost
at ROBL
20-02-654 | Single phase formation of TM S. Zhou FzD S. Zhou, 15
implanted reduced ZnO and A. Shalimov
structural investigation of Fe
implanted MgO and YSZ crystals
20-02-657 | Thermal behaviour of Fe and Ni | C. Baehtz, ROBL, C. Baehtz, 6
thin film onto Si G. Abrasonis |FZD N. Jeutter
20-01-669 | EXAFS and XANES J. Grenzer, FzD J. Grenzer, 15
investigations on transition metal |K. Potzger, G. Talut,
G

implanted wide band gap

materials

. Brauer

R. Grynszpan
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MRH ESRF experiments 2007

|Number |Title Proposer Institution |Experimenter | Shifts|
HS-3291 | Structure stability of short-period |J. Gaca, ITME J. Gaca, 9
GaAs/AlGaAs and AllnAs/InGaAs |K. Mazur, Poland K. Mazur,
superlattices M. Wojcik M. Wojcik
HS-3443 |In-situ x-ray scattering during M. Beckers IFM- M. Beckers, 18
formation of MAX phase Linképing |J. Lauridsen,
(V,Cr),AIN thin films by reactive F. Eriksson
co-sputtering and solid-state
reaction
MA-232 |lon irradiation of Ni-Ti thin films F.M. Braz CENIMAT, |C. Baehtz, 18
Fernandes, Campus |T. Slobodskyy,
N. Schell, FCT/UNL, |J. von Borany,
R. Martins, Monte da |F. Braz
K. Mahesh Caparica, |Fernandes,
GKSS R. Cordeiro
Silva,
N. Schell,
R. Martins
SI-1518 |Lattice parameter determination |J. Kraeusslich, |Uni Jena |J. Kraeusslich, 18
of structured Zn:LiNbOj thin films |O. Wehrhan, I. Uschmann,
C. Dubs, U. Zastrau,
K. Goetz
SI-1616 | In-situ high-temperature N. Zotov CAESAR |N. Zotov, 11
reflectivity study of Fe/Pt J. von Borany,
multilayers J. Feydt
SI-1617 |Interdiffusion studies in SiyxGex |M. Meduna, Uni- O. Caha, 18
alloys with high Ge content by x- |P. Mikulik, Masaryk, |M. Meduna,
ray diffraction G. Bauer, Uni-Linz, |M. Keplinger
E. Wintersb. FZ-Jilich
D. Gruetzm.
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MRH in-house experiments 2008

|Number  |Title | Proposer Institution |Experimenter | Shifts|
20-02-656 | Investigation of carbon G. Abrasonis, |FZD, MFA |G. Kovacs, 9
encapsulated transition metal G. Kovacs KFKI M. Berndt,
nanoparticles by the means of Hungary |A. Martinavic.,
GISAXS G. Abrasonis
20-02-658 | In-situ growth of Si NC’s out of a |N. Jeutter, ROBL J. von Borany, 36
SiO,/SiO, multilayer structure C. Baehtz M. Zschintz.
20-02-660 | SR-u-XRD stress measurements |J. Rinderkn., |AMD J. Rinderkn. 18
of ultra low-k vs. low-k dual H. Prinz, H. Prinz,
damascene inlaid copper I. Zienert |. Zienert
interconnect structures with
different line widths at
temperatures between RT and
500°C
20-02-661 | In-situ study of oscillations during | M. Beckers, Linképing |F. Eriksson, 18
epitaxial and non-epitaxial thin C. Baehtz Univ, M. Beckers
film growth studied by specular ROBL
and diffuse x-ray scattering
20-02-662 | Investigation of Fe and Pt A. Shalimov  |FZD A. Shalimov, 9
implanted MgO and YSZ crystals G. Talut
20-02-663 | Spinodal decomposition and J. Grenzer FZD J. Grenzer, 8
formation and structural D. Buerger,
properties of transition metal G. Talut
clusters
20-02-664 | Characterization of x-ray T. Salditt Uni H. Neubauer, 9
waveguides optimized for high Géttingen | T. Salditt,
transmission M. Tolkiehn,
S. Krueger
20-02-665 | In-situ structural investigations of |V. Cantelli FZD J. von Borany, 9
the L10 ordering in FePt layers V. Cantelli
during magnetron sputtering
20-02-666 | In-situ XRD/XRR of thin film C.T. Wirth, Univ. C.T. Wirth, 9
catalysts during carbon nanotube |C. Bahtz Cambrid., |C. Bahtz
growth FZD
20-02-670 | Optical properties of planar and | T. Salditt Uni T. Salditt, 12
lithographic x--ray waveguides Goéttingen | S. Krueger,
H. Neubauer
20-02-669 | In situ studies of recrystallization |N. Shevchen. |FZD N.Shevchen., 12
and phase transformation in A. Rogozin
ZnO:Al thin films during annealing
20-02-671 | In-situ XRD/XRR of thin film C. Baehtz, ROBL, C. Baehtz, 21
catalysts during carbon nanotube |S. Hofmann Uni T. Wirth,
growth Cambrid. |C.Esconjaur.
20-02-672 | Structural analysis of Mn S. Zhou FzZD S. Zhou, 12
implanted Ge by X-ray diffraction A. Shalimoyv,
A. Kanijilal,
20-02-674 | GeO,-SiO, superlattice structures |N. Jeutter, ROBL N. Jeutter, 15
on oxide Surfaces M. Zschintz. FZD J. von Borany,
M. Zschintz.
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MRH ESRF experiments 2008

|Number  |Title | Proposer |Institution |Experimenter | Shifts|
MA-419 |In situ study of nanostructured F. Braz- Cenimat |R. Martins, 15
NiTi shape memory alloys during |Fernandes, J. von Borany,
annealing after severe plastic K. Mahesh K. Mahesh,
deformation R. Silva
Cordeiro,
F. Braz
Fernandes
SI-1711 |In-situ evolution of phase H. Pinto, MPI P. Paiva Brito, 21
composition and internal growth | A. Pyzalla, Dusseldorf | H. Pinto,
stresses in nanostructured oxide |P. Paiva Brito D. Cardinali,
layers grown on iron aluminides C. Barbatti
MA-644 | XRD study of nano glass-- C. Eisenschm. [Uni Halle |M. Hanke, 12
ceramic powders C.Eisenschm.
B. Henke
HS-3586 |Structural investigation of metallic | D. Novikov, Hasylab D. Novikov, 18
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