Regensburg 2022 — KFM

Monday

KFM 3: Microscopy and Tomography with X-ray, Photons, Electrons, lons and Positrons

Time: Monday 9:30-10:50

KFM 3.1 Mon 9:30 H7
Small-Angle X-ray Scattering: Characterization of arbitrari-
ly shaped nanoparticles using the Debye equation — eJEROME
DeuMER!, BRIAN RicHARD Pauw?, Syvie MARGUET®, DIETER
SKROBLIN', OLIVIER TacHE3, MicHAEL KRUMREY! und CHRISTIAN
GoLuwiTzeER! — !Physikalisch-Technische Bundesanstalt, Abbestr. 2-
12, 10587 Berlin — 2Federal Institute for Materials Research and Tes-
ting (BAM), Unter den Eichen 87, 12205 Berlin — 3Université Paris-
Saclay, CEA, CNRS, NIMBE, 91191 Gif-sur-Yvette, France

We propose a versatile software package in the form of a Python ex-
tension, named CDEF (Computing Debye’s scattering formula for Ex-
traordinary Formfactors), to approximately calculate scattering profi-
les of arbitrarily shaped nanoparticles for small-angle X-ray scattering
(SAXS). CDEF generates a quasi-randomly distributed point cloud in
the desired particle shape and then applies the open source software
DEBYER for efficient evaluation of Debye’s scattering formula to cal-
culate the SAXS pattern. The usage of the software is demonstrated
for the evaluation of scattering data of Au nanocubes with rounded ed-
ges, which were measured at the four-crystal monochromator beamline
of PTB at the synchrotron radiation facility BESSY II in Berlin. Our
implementation is fast enough to run on a single desktop computer
and perform model fits within minutes. The accuracy of the method
was analyzed by comparison with analytically known form factors.

KFM 3.2 Mon 9:50 H7
Flat-field correction of highly-dynamic processes — oTHEA
ENGLER!, JonaNNES HAGEMANN!, CHRISTIAN SCHROER!, and MATH-
1as TraBs? — 1Deutsches Elektronen-Synchrotron DESY, Hamburg,
Germany — 2Karlsruhe Institue of Technology KIT, Germany

Using hard coherent x-rays, as produced in PETRA III at DESY and
in the European XFEL, objects with a size of um to nm can be im-
aged with full-field phase-contrast imaging. With single-pulse imag-
ing, specifically dynamic processes on the nanosecond-timescales can
be investigated. A recorded single-pulse hologram of the object under
investigation in a lens-less imaging setup is disturbed by illumination
artifacts. The origin of these artifacts are aberrations in the optics,
such as figure errors and surface roughness. For further analysis, the
illumination artifacts have to be removed, which is achieved by a flat-
field correction. Therefore, the x-ray image of the object of interest
is divided by an empty-beam image. This approach assumes tempo-
ral stability of both illumination and object. In the case of XFEL
experiments, the pulse-to-pulse fluctuations stemming from the SASE
process violate this assumption. For the imaging conducted at PETRA
III, in addition to vibrations in the beamline’s optical components, the
object itself incorporates dynamic movements. The common case of
the flat-field correction can be improved by recording an empty-beam
image-series. With principal component analysis (PCA) of the image
series and a careful selection of the principal components, a synthetic
flat-field can be reconstructed for each object-image.

KFM 3.3 Mon 10:10 HT7

Location: H7

Formation and time dynamics of hydrogen-induced vacan-
cies in nickel — eMaik BurTerLING!, Luca CHIARIZ, MASANORI
Fusinami?, Macies Oskar Liepke!, Eric HirscHMANN!, AHMED
GAMAL ATTALLAH!, and ANDREAS WaGNER! — lInstitute for Radia-
tion Physics, Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Ger-
many — 2Department of Applied Chemistry and Biotechnology, Chiba
University, 1-33 Yayoi, Inage, Chiba 263-8522, Japan

The formation of hydrogen-induced defects in nickel was investigated
by positron annihilation lifetime spectroscopy and the time dynam-
ics of those defects during room temperature aging was tracked with
an unprecedented time resolution of the order of minutes using an
ultrahigh-flux slow positron beam. Those measurements showed the
formation of a large number of atomic vacancies simply by hydrogen
addition at room temperature. It could be proved that they were
monovacancy-level defects and that hydrogen was trapped and bound
to those vacancies during the hydrogen charge. Room temperature ag-
ing, i.e. below the stage III temperature in Ni, and the concomitant hy-
drogen desorption induced the agglomeration of those monovacancies
into large vacancy clusters which remained even after all the hydrogen
had desorbed and hydrides had disappeared. These results constitute
the first empirical evidence that vacancy-hydrogen complexes are in-
duced in Ni only by hydrogen charging and demonstrate that hydrogen
has a primary role in the formation and stabilization of vacancies even
at room temperature.

KFM 3.4 Mon 10:30 H7
Stereo X-Ray Microscopy: Seeing the nanocosm in 3D
— oSina RopPErRD2, KarRoLINA STacHNIK?, Lukas GROTEZ, MAT-
Tias AsTrRAND3, HANNA OHLIN®, MARTIN SEYRICH!, SARAH-
ALEXANDRA Hussak?, THoMmAs FRisk®, ANDREAS ScHRopPl, UL-
ricH VoaT?, Dorora Kozies?, and CHRISTIAN SCHROER!?Z —
IDeutsches Elektronen-Synchrotron DESY, Hamburg, Germany —
2University of Hamburg, Hamburg, Germany — 3KTH Royal Insti-

tute of Technology, Stockholm, Sweden

Understanding the nucleation and growth mechanisms involved in the
synthesis of nanomaterials is a key factor in determining their perfor-
mance and functionality. In many cases, these processes are still not
well understood in particular, due to the difficulty of observing them in
situ or operando. Scanning hard X-ray microscopy offers the potential
for in situ nanoimaging of complex chemical systems under relevant
environmental conditions. However, standard X-ray tomography relies
on the rotation of the sample with respect to the X-ray beam. This
is typically not possible for the synthesis of nanoparticles in solution,
which requires an extended reaction cell.

‘We have developed a new stereoscopic X-ray imaging technique with
improved depth resolution to overcome these challenges. By simultane-
ously illuminating the sample with two nanofocused X-rays at different
angles, we increased the effective numerical aperture and improved the
spatial resolution along the X-ray beam path. This provides a signif-
icant gain in depth-sensitivity in ptychography with multi-slicing and
allows us to obtain 3D structural information from 2D scans.



