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Preface

Dear reader, dear colleague,

at the time DELTA went into user operation in 2004/2005, only 5 beamlines were in
operation. Since then, a dynamic development of the machine and the installed
beamlines and instruments took place. The recent restart of BL1 with a new
lithography scanner, the implemantation of a setup for micro-tomography at BL2
(see page 13) as well as the finalized ordering and purchase of a new wiggler
insertion device for the hard X-ray beamlines 8, 9 and 10 together with the recent
progresses at the short pulse facility are indicators for the ongoing improvements and
renewals of the synchrotron source. In this context, a workshop for the future
development of DELTA took place in July this year, and there was a general
agreement to continue and broaden the research activities here.

In this context, it is noteworthy to mention that the international visibility of the
research carried out at DELTA is not only documented in peer-reviewed publications
and numerous conference talks and posters, for example at the International
Conference on Surface X-ray and Neutron Scattering in Stony Brook (USA), the
European Powder Diffraction Conference in Bari (Italy) or the International Particle
Accelerator Conference IPAC 201 Busan (Korea) to highlight just a few, but also in
the increasing number of foreign scientists who conducted their experiments at
DELTA. In the past year, we have had guests from Slovenia, Croatia, Poland,
Switzerland, the UK, Japan as well as the first African user from Nigeria. Those
cooperations are also expressing the huge demand for synchrotron measurements
worldwide, and justify the investments for the operation of the machine and the
beamlines.

Thus we would like to thank for the manifold support of DELTA by the involved
universities and research institutions, the different funding agencies and also the
local government. We are looking forward to the upcoming beamtime periods, hoping
that they will be as productive and successful as during the past year!

Christian Sternemann, Ralph Wagner & Dirk Liutzenkirchen-Hecht
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Status of and future plans for DELTA and its short-pulse facility
P. Ungelenk

on behalf of the DELTA machine group:

A. Althaus, W. Brembt, B. Busing, G. Dahlmann, T. DybionaE#fpelding, J. Friedl, P. Hartmann,
B. Hippert, B. Isbarn, S. Khan, V. Kniss, P. Kortmann, S. Kétter, gKN. Lockmann, C. Mai,
A. Meyer auf der Heide, R. Niemczyk, B. Riemann, D. Rohde, H.-RL Ru Schirmer, G. Schmidt,
T. Schulte-Eickhoff, G. Shayeganrad, M. Sommer, M. Suski, andels W

Center for Synchrotron Radiation (DELTA), TU Dortmund University, ey

DELTAM is a 1.5-GeV electron storage ring operated as a synchrotron ligiue sy the TU Dortmund University.
Distributed along the 115-m circumference (Fig. 1), synchrotron radiatioprasided by bending magnets, a
superconducting asymmetric wiggler (SAW), a permanent-magnet umd(#%®&), and an electromagnetic undulator
(U250). Since 2011, a short-pulse facility for coherent sub-picodeligint pulses in the vacuum-ultraviolet (VUV) and
Terahertz (THz) regimes has been establiéfied his article reports the status of and future plans for DELTA targhbrt-
pulse facility with emphasis on new results and developments sméasttDELTA user meeting in November 2615
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Figure 1. Layout of DELTA (see text for detail Figure 2: Beam lifetime at 100 mA averaged over 20 days.
source: [5], modified). FWHM of the fluctuations is indicated in grey.

The availability of DELTA (ratio of prospective to actual time of beartishiclearance) during the first three quarters of
2016 amounts to 95.7 %, which is a significant increase compa@fi foand 2014, respectively. Since the last venting of
part of the storage ring in 2011, the beam lifetime (measure@an®) has continuously increased from below 5 hours to
an average of (16.5 = 3.0) hours in 2016 (Fig+2)ainly due to radiation-induced cleaning of the vessel surface but also
due to an improved vertical alignment of the storage ring magnets. A+{Tewiggler with 10 periods was ordered, which
will replace the aging SAW leading to increased intensities and photon enefggesrdines BL8, BL9, and BL10. The new
wiggler requires an upgrade of the storage-ring RF system, and rad9@Eocavity as well as a corresponding solid-state
amplifier was also ordered.

Following the suggestion of the Machine and Experiments Committe€MEwvorkshop on the future of DELTA was held
in Dortmund on July 15, 2016. The near future will be datdd by the wiggler and RF upgrade as well as by the
implementation of the EEHG scheme for the short-pulse facilityl{etmv). Looking further ahead (10 to 20 years), ideas
for a competitive and innovative future accelerator at the DELTA site a@lected, one of them being a linear accelerator
serving a free-electron laser (FEL). Such a facility could be built in pat@itee continued operation of DELTA and would
allow for femtosecond FEL pulses in the extreme UV ramgeddition, low-energy electron bunches could be used for
time-resolved electron diffraction and to study advanced accelerator coswelptas dielectric wakefield acceleration.

The current short-pulse facillfy’! at DELTA is based on the so-called coherent harmonic generation (CHG) §cheme
Here, 50-fs light pulses from an 800-nm short-pulse laser symtemmployed to modulate the electron energy and density
of a short central slice of the 100-ps electron bunches in a firstrs@ftthe undulator U250 (Fig. 1) leading to a series of
microbunches. These microbunches coherently emit an ultrashort liigktip the second half of the U250, which is tuned
to a harmonic of the laser wavelength. The off-energy electrons thatehe central slice when passing the magnet lattice
of the storage ring, which leads to the coherent emission of broapbkses in the THz regime a few meters downstream of
the U250.

" peter.ungelenk@tu-dortmund.de



With a routine operation of the short-pulse facility on about 50 gaysyear, DELTA currently is the only storage ring
offering ultrashort and coherent pulses in the VUV range on a regular ®eispulses at 400 nm (3 eV), 200 nm (6 eV),
and 133 nm (9 eV) are routinely generated and detected at the diagnostiiaé8d4 or VUV beamline BL5, and pulses
at a minimum wavelength of 80 nm (15 eV) were observed at Blbbseveral occasions, CHG and THz pulses were
generated during standard user operation of DELTA by injecting acdhighnt single bunch on top of the standard
multibunch fill of the storage ring (hybrid mode). Previously estsed effects of an RF phase modulation, which is
employed during user operation to damp beam instabilities and increaseathelitetime, on the CHG and THz signals
were analyzed based on the Hamiltonian theory of beam dyrd&thics

The spectra of 400-nm and 200-nm CHG pulses under variatidgheofaser and undulator parameters were studied
extensively at the in-air diagnostics beamline BL4 employing a Czermeftype monochromator followed by an
avalanche photodiode or a fast-gated intensified CCD (iCCD) cifheWslith the recent installation of an evacuated
chamber at BL4, first light at 133 nm was observed on a scintillatimgeH". A new second- and third-harmonic
generation unit suitable for vacuum has been prefi@ravhich will soon allow a more efficient conversion of the seed laser
wavelength before the laser-electron interaction, leading to increased CHG migie® and improved quality at higher
harmonics.

A first successful pump-probe experiment at BL5 was recently pextbemploying a fraction of the seed pulses to excite a
copper sample and advanced/delayed CHG pulses at 133 nm (9 eV) tahgrabmporal evolution of the induced space
charge effect on photoelectron spectros€dby

The instrumentation at the THz beamline BL5a has been extended by severedditving detectors and two Fourier
transform spectrometers, and detailed studies of the THz spectra anchplealecvolution of the THz pulses over several
revolutions of the modulated electron bunch in the storage ring eeiermped . A permanent and optimized setup for
generating narrowband coherent THz radiation pulses is currently unagrumtion following a first successful test and a
first user experimeHf*”. A fiber laser system is currently under commissioning and a comgisgpelectro-optical far-
field detection setup is under preparafidnwhich will allow to directly study the electric field of the THz pulses.

In order to reach even shorter wavelengths at the DELTA short-fadsity, an upgrade employing the so-called echo
enabled harmonic generation (EEHG) schéthis under preparati&. Using two new undulators and magnetic chicanes
in addition to the existing U250, a more complex laser-induced densduylation in the central slice of the electron bunch
(see above) will contain frequency components at much higher hiasyalowing to generate ultrashort coherent pulses at
even shorter wavelengths. In order to create a 20-m straight sectibe northern area of DELTA for these additional
components, existing 3° and 7° bending magnets will be replaced’lyeftfling magnets (Fig. 3). A new magnetic layout
and corresponding optics have been fétirid as well as a concept for the efficient use of existing vacuum ahafiikin
addition to new undulator and dipole chambers. Both new undulatorsoarasponding power supplies have arrived, and
the accuracy of the magnetic field was studied using a new test bench equipachall probE&%. Vacuum chambers for
the undulators were ordered, and a possible design for one @vthehitanes was recently worked Gt

7.56 m 6.41 m 59 m

Srct $3 OIS gy ,;‘,,;;;»

w 258 chicane chicane ch(mhun

modulator modulator radiator undulagor

Figure 3: Present (top) and future (bottom) magnetic layout of the-shisg facility in the northern area «
DELTA [21].

In summary, the beam availability and lifetime at DELTA during the pastweee more than satisfactory, and continued
studies and optimization of the laser-electron interaction, the CHG, and the [Beg pere performed at the DELTA short-

pulse facility. Preparations for a new superconducting wiggler, amad@gof the storage-ring RF system, and the
implementation of EEHG at the short-pulse facility are progressinggabd pace. With the workshop on the future of
DELTA, fruitful discussions about the mid- and long-term future Hasgun, aiming at strengthening the competitive
position of DELTA in the areas of photon science and acceleratoicptaswell as of education in both fields.
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The new Lithography Scanner of BL1 at DELTA

Jennifer Bolle", Michael Paulus, Christian Sternemant, Georg Julichet, Thorsten
Witt 1, Joachim SchulZ, Thomas Beckenbach Pascal Meyet and Metin Tolan?.
LFakultat Physik/DELTA, TU Dortmund, D-44221 Dortmund, Germany
2 microworks GmbH, Schnetzlerstr 9, 76137 Karlsruhe, Germany
3 Karlsruhe Institute of Technology, Institute of Microstructure Technology,

Hermann-von-Helmholtz-Platz 1,76344 Eggenstein-Leopoldshafen

Deep x-ray lithography is a method to produce microstructures with a lateral resolution in
the um-range. It is a part of the so called LIGA process. The LIGA (ithographie, G alvanik,

A bformung) process features three steps: lithography, electroplating and molding.

X-ray lithography uses shadow projection to transfer an absorber (mask) pattern into a thick x-
ray sensitive polymer [1]. The polymer (resist) is deposited on a substrat, e.g. silicon or graphite.
The x-ray mask consists of a gold absorber on an x-ray transparent membrane, e.g. titanium or
graphite. The exposed areas of the polymer change the molecular weight by a chemical process.
After development, the exposed area (positive resist) or the unexposed area (negative resist) is
removed. Then the metal part is created via electroplating, which then can be used in several
ways, for example for the last step of the LIGA-process, the molding [2]. This method o ers a
way to fabricate high precision micromechanical parts.

A new x-ray lithography scanner was implemented at the BL 1. The scanner (DEXO01) consists
of a control unit, the working chamber and a Iter system. A picture of the working chamber is
shown in Figure 1 (a). A vacuum pump evacuates the working chamber within ten minutes to a
pressure ofl0 2 mbar. A beryllium entrance window limits the synchrotron beam horizontally

to the size of the 4 inch wafer. The Iter system consists of ve pneumatic cylinders, which
move the respective Iters into the beam. One Iter was converted to a beamshutter, which can
be controlled via the control unit. The Iter consists of a lead strip and protects the sample
from radiation befor the exposure is started. The exposure dose is calculated with the DoseSim

Figure 1. (a) Working chamber and Iter system, (b) Mask consists of a goldabsorber and a
graphite membrane

program [4]. A motor is used to move the wafer and mask vertically into the synchrotron beam.
After the exposure the wafer is baked out with a PEB (post exposure bake) program. This



initiates the cross linking of the polymer.

In the test exposures the optimal exposure parameters were determined. We exposed testwafers
at di erent conditions (e.g use of dierent lters, di erent bottom dose and investigation of
thermal expansion by using a water cooling system). First, the di erence between the structure
guality of an exposure with a nickel Iter (10 pum), an aluminum Iter (30 um) and the optimal
bottom dose is probed. Here, a new mask with a 2(im gold absorber of a 20Qum graphite
membrane is used ( g. 1 (b)). The rst exposures with a resist named mrx-50 (a negative resist,
which is based on SU-8) on silicon wafers were performed successfully. The exposure with a
bottom dose of 80 J/cn? leads to the best results. The exposuretime depends on the used lter
and the resist thickness, but is typically near 15 minutes. The exposure with the aluminum
Iter shows after the electroplating resist residues.

The exposure with the nickel Iter results in high quality structures (g. 2). The structure
exhibits sharp edges, but the wall of the structures shows high roughness (g. 2 (a)). This is
due to the mask membrane (graphite) [3]. The investigation of the thermal expansion revealed

Figure 2: (a) SEM image of a structured area, (b) SEM image of a grid with a 7.8um period

that structure quality is not a ected. The lithography scanner at BL 1 is ready to produce high
quality microstructures with industrial standard.

We acknowledge the Delta machine group for providing synchrotron radiation and technical
support and thanks to BESSY, Berlin, for the provided Lithography Scanner.

References

[1] G Feiertag et al. Fabrication of photonic crystals by deep x-ray lithography . In: Applied
Physics Letters 71.11 (1997), S. 1441 1443.

[2] E.W. Becker et al. Fabrication of microstructures with high aspect ratios and great structu-
ral heights by synchrotron radiation lithography, galvanoforming, and plastic moulding (LIGA
process) . In: Microelectronic engineering 4.1 (1986), S. 35 56.

[3] G Aigeldinger et al. In uence of mask substrate materials on resist sidewall roughness in
deep X-ray lithography . In: Microsystem Technologies 14.2 (2008), S. 277 286.

[4] Pascal Meyer. Fast and accurate X-ray lithography simulation enabled by using Monte Car-
lo method. New version of DoseSim: a software dedicated to deep X-ray lithography (LIGA) .
In: Microsystem technologies 18.12 (2012), S. 1971 1980.



Development of a Scanning Reflection X-ray Microscope (SRXM)

A. Schimmer!, M. Gilbert*, C. Jansing*, H.-Ch. Mertins®,
R. Adam? C. M. Schneider?, L. Juschkin®, U. Berges*

! University of Applied Sciences, Minster Stegerwaldstral’e 39, 48565 Steinfurt, Germany
2 Forschungszentrum Julich, Wilhelm-Johnen-Straf3e, 52428 Julich, Germany
% Rhein Westfalische Technische Hochschule Aachen, Templergraben 55, 52062 Aachen, Germany
“DELTA / TU Dortmund Maria-Goeppert-Mayer-StraRe 2, 44227 Dortmund

Theoretical and experimental work started within a new projettacscanning reflection x-ray microscope
(SRXM) designed for beamline 12 at DELTA. The openatiefiéction mode will allow the study of surfaces
and interfaces even of thick samples. It also will enab&ging of magnetic domains in buried layers exploiting
magneto-optical reflection spectroscopy like XMLD and XM@brking at the DELTA beamline 12 in the
extreme ultraviolet (EUV) regime, EUV synchrotron radiatiorr tiea 3p absorption edges of 3d transition
metals about 50eMt 70eV, results in sufficient reflected intensities, which dvew two orders of magnitude
larger than those at the respective 2p edges due to the higbiectivity in the EUV regime [1, 2].

The setup of our projected SRXM shown in Fig 1.It
consists of a high-resolution zone plate that focuses the
beam on a small spot of 250 nm diameter on the
surface of the sample, more details about the
mechanical properties see Tab.1. A central beam stop
(CBS) is implemented in the zone plate to block zero
order radiation. In contrast to STXM the sample is
illuminated in gazing incidence (Tab. 1). This anglee
allows magneto-optical reflection spectroscopy as T-
MOKE, L-MOKE or XMLD. The contrast depends on the
orientation between the lighf linear polarization
vector and the magnetization direction. This will enable
the detection of magnetic domains of ferromagnetic
and anti-ferromagnetic materials.

Zone plate

Fig. 1 Setup of SRXM

Property | Scanning Scanning Re focusing Angle to  surface
horizontal vertical normal

Value -/+10 mm +12 mm 0-20mm 0°-45°
in 50nm Steps In 100 nm Steps | in 50 nm Steps (1°accurancy)

Tab 1t Mechanical properties of the designed SRXM

As High resolution EUV optic a zone plate with a reswiutf 250 nm will be used. A zone plate structure has
been calculated with respect to the energy range (40-70 ed)amergy resolution (400) of BL12, resulting in a
zone plate of 0.4 mm diameter with a focal length of 5 n@60eV) and an outermost zone width of 250 nm. A
shift in energy results in a shift in focal length and dhepftfocus (Tab 2).

. EVUe F [mm] DOF [um]
17(70) 5,88 147
20(60) 5 12,5
25(50) 4 10,0

Tab 2: Variation of DOF and focal length with respetti¢éowavelength( EE 400)



Two types of zone plates are considered the Structure matesigither PMMA on a 50-200nm thin/%j
window. With gold the zone structure shows low transmissiag 24 )which results in an efficiency of 10%. For
zone structures of PMMA transmission is increased (Fig @)paase shift is the dominating process (Fig 3)
which depends on structure thickness and energy. To obtgiase shift near 180° a thickness of 160nm
PMMA is chosen, resulting in efficiency values (Fig 4ehithan for gold structures. The disadvantage of
PMMA structures over gold structures is the higher ageiragess of PMMA due to absorption of radiation,
resulting in shorter lifetimes. This will be analyzed by exgpBMMA layers to the BL 12 beam.

Transmission
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Fig. 2: Transmission of different Al Fig. 3: Phase shift by PMMA ' Fig. 4: Diffraction efficiency of the 1. ord
PMMA and SN, in the range of different thicknesses Au and a PMMA grating
40.80eV

Challenges

Despite the relatively high reflectance of metallic samptethe EUV a high photon flux is needed. Therefore,
the scanning method has been selected since a smaller phatenidl required compared to the full field
imaging. High resolution zone plates with a spatial regmiutear 250 nm result in short focal length of about
4-6 mm in the EUV region. This limits the mechanical djperaange of samples and detectors. Aberrations
due to the incidence angles change the shape and the siteedbcus spot on the sample. Also the zone plate
fabrication is challenging due to the fragile samples ankihown parameters like PMMA aging.

Outlook

The next step will be the assembling of all micrggcoomponents at BL12. Within the next year the
PMMA lifetime will analyzed and different zone platested, the resolution of the microscope will
be determined and with these data new optimized zone platékbe fabricated.
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Commissioning of a high tempeature heater cell for in-situ
ReflEXAFS studies of steel surfags under variable reductive gas
atmospheres
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High temperature brazing is conducted at tempegatT > 900°C and preferably done in a
conveyor belt furnace. Here the solder onlytsmine workpiece and forms stable bonds if
there is no oxide layer on the surface. Thamefit is crucial to choose a reductive gas
atmosphere and temperature in the furnace. Umto this is usually done with a mixture of
nitrogen and 4% hydrogen as a reducing agent &1000°C. However, it is preferred to
reduce the amount of expensive reductive gaselsto reduce the teragature in order to
lower the stress in the soldered parts. Lately,ube of monosilane (Sifin the ppm range
instead of hydrogen was introduced and showedmising results [1, 2]. For this a
fundamental understanding of the surface chemistdystructure is necessary to optimize the
brazing process.

In order to allow in-situ analysis of surfackaracteristics with EXAFS in reflection and
fluorescence as well as XRD, a high temperatetewas constructed (séég. 1). It consists

of a vacuum chamber with a base pressure &10° mbar to minimize contaminations. It
contains a boron nitride/pyrolytic graphite hexatvith Nb shielding which accepts cylindric
samples of about 6 mm height and a diametarp to 20 mm. All components close to the
hot part of the system are chosen to withstandxatizing (N, 6.0) and reductive atmosphere
(N2 + SiHy) at T < 1200°C. The gas inlet on the top of thansher directs the gas flow to the
sample surface. The gas outlet on the bottonduacts the processed gas over a lambda probe
to measure the oxygen concentration. The gas catigposs regulated via mass flow
controllers from a mixture of nitr@m 6.0 and nitrogen 5.0 with 0.5% of ik¢sulting in a
SiH, concentration in the final mix of 3000 ppm. The system is controlled through a
dedicated control rack insidine experimental hutch which can be fully contrdligom
outside.

After first tests in the laboratp, the system was installedBiL10 in October 2016 to perform
commissioning under experimental conditiomsd aecord first spectra in November. The
chamber was integrated into the diffractometeadgust the height and angle of the sample
surface relative to the beam. The samplese made from 1.4301 (X5CrNil18-10) and 1.4571
(X6CrNiMoTi17-12-2) stainlessteel with surfaces polished a roughness below 50 nm and
Cr, Fe and Ni being the elements investigafesifor the soldering the chemical composition
especially of the surface is important, theasurements could not be carried out in the
conventional transmission mode but had todoae in reflection. By varying the angular
position relative to the critical angle < 1° the penetration depth of the x-rays into the
surface can be chosen from a few to some A0 By that it is possible to receive the
information provided by common XAFS ¢e. chemical composition, oxidation states)
depending on the sample depth. First Fe K-edgetrspetthe 1.4301 steel at T = 30°C and
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700°C with 40 ppm Siklin N, are shown in Fig. 2 which wermeeasured with a beam size of
3 mm x 0.15 mm horizoatly and vertically. = 0.326° with . = 0.429° for Fe at 6.9 keV
corresponds to a sampling depth of aboutn® While the spectrum at 30°C is somehow
similar to the FgO; reference, the spectrum at 700°C sh®@ome shifts towards the Fe metal
reference. However, both spectra consistnofe than one component and Fe reduction at
700°C is not yet complete. A more detailed gs@al of the measuremisnwill be done soon.
As the surface reflectivity vanishes at T780 °C measurements at higher T were not
possible. A fluorescence detector as well ah@rrtmprovements to the system will be added
for higher temperatures and future beam times.

Figure 1: Heater cell inside the diffractometerhaitapton windows and cooling hoses.
Secondary slits, an ionization chamber ariDgixel detector can be seen in the back.
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Figure 2: Normalized Fe K-edge spectra ofrtteasured 1.4301 steel sample at T = 30, 700°C in
comparison to Fe metal and,Be references.
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Installation of a micro-tomography setup at beam-
line BL 2
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Computed tomography (CT) is an imaging technique to investigate the inner structure
of material without destroying the object or sample. It creates slice images through an
object providing 3D information. For CT, usually X-radiation in the energy range of
10keV to 150keV is used to receive projections of the object from multiple angles. At
microscopic scale it is called Micro Computed Tomography{CT), which is an interesting
method e.g. for materials science, biology (e.g. research on insects) or medical science.
The uCT apparatus, that is going to be operated at beamline BL 2, was previously used
by HZG at beamline BW2 of the storage ring DORIS Ill at DESY in Hamburg. The
basic instrument was built by the TU Dortmund and transferred to DESY in 1998 [Bec98].

The source of radiation at BL 2 is a bending magnet with a critical energy of 2.2 keV.
The radiation passes through a vacuum window and a silicon absorber. So the low en-
ergy part of the spectrum is removed and x-ray radiation with su cient intensity in the
energy range of 10-35keV is provided.

As in radiography, CT uses projections through an object, but from multiple angles in an
180 angular range. Each projection represents the line integrals of the attenuation coef-
cient along the path of incident photons through the irradiated object. Since di erent
kind of matter have varying attenuation coe cients, the projections contain information
about the material they went through. The photons, that passed through the sample,
are then absorbed by an luminescent screen behind the sample, which converts the X-
rays into visible light. This visible light passes through a lens system and gets detected
by a CCD camera. From a full data set of parallel projections (180 measurement) the
information about the material in one slice can be reconstructed using mathematical
algorithms and an image of this slice can be created [Sla99]. With multiple slices a 3D-
image can be generated.

Right now the experiment is not ready for use, since the modi cation of BL 2 is still
in progress. Parts of the beamline have already been replaced to make the piping less
complicated and less prone to leakage. A new collimator has been installed to provide
a beamsize of 30 mm x 9,2mm at the sample. For further reduction of the beamsize to
the actual size of the sample a slit system is going to be installed right in front of the
CT. Furthermore, a fastshutter will be mounted to protect the sample and CCD. There
are also plans on exchanging the beryllium window with a titan or aluminium window,
to eliminate the risk of releasing poisonous beryllium dust in case of a window rupture.
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Figure 1: Microtomography apparatus inside the hutch of BL 2

The checking of theuCT apparatus, that is shown in g. [] is also going on: all motors
for moving the CT and adjusting the CCD and lens have been tested. The former CCD
camera has been replaced: The new camera is a MaxCam CM8-3E from FLI with a
Kodak, KAF-1602E, 1536 x 1024 pixel sensor. Pixel size is 9 x;im2 so the maximum
sample size will be about 15mm (or 30 mm with the 360 mode, that moves the centre
of rotation to one side of the FOV [Don06].)

The control system of the tomography apparatus has to be established and the whole
safety and interlock system has to be installed. First calibration measurements are ex-
pected to be possible in February or March 2017.

We acknowledge DELTA machine group for support and thank the HZG for providing
the CT apparatus.
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For the rst time, the ultrashort photon pulses which are praduced by the DELTA
storage ring using the coherent harmonic generation (CHG) lseme [1] were used for
time-resolved photoelectron spectroscopy experiments #te endstation of beamline 5
(BL5) [2]. Here, the storage ring contains only one single 1p8 electron bunch. More-
over, a 3eV, 50fs driving laser pulse interacts with a centralice of this bunch inside
an undulator at every  2600th revolution leading to the emission of a coherent sub-
picosecond CHG pulse at a harmonic of the driving laser.

In our experiments, we probed the surface state of Cu(111)twi9eV synchrotron
radiation. In the CHG operation mode of DELTA, we can use our day-line detector to
select either the signal created from the CHG pulses, which\eaa repetition rate of 1 kHz,
or from the remaining single-bunch signals of spontaneoumshrotron light pulses every
386 ns. Moreover, we introduced 1.5eV pump pulses, which araturally synchronized
with the CHG pulses as they are split o from the driving laser plses. Their arrival
time can be adjusted by changing their path length with resp® to the CHG pulses.
Negative delays ( t < 0) represent the situation that the CHG pulses arrive beforehe
pump pulses. The point of zero delay between both pulses wasimated based on a two-
photon absorption measurement in a SiC photodiode using tipeimp pulses and the 3 eV
driving laser pulses for the CHG radiation. The latter copropgate with the synchrotron
radiation into BL5.

0

Figure 1: Angle-resolved photoemission
— 01 spectra of the Cu(111) surface state. Left:

E Data obtained by excitation with sponta-
30'2 neous synchrotron radiation, which is not
E 0.3 in uenced by space-charge from electrons
w - created by 1.5eV pump pulses (see text).
c Right: The same measurement, but now
m 0.4 observing photoelectrons excited by the
05 CHG radiation. Here, the space-charge

from the pump-induced electrons (created
at t= 100ps) leads to a clear shift in
energy.
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It is well-known that intense 1.5eV pulses can be used to cteghotoelectrons based
on multiphoton excitation [3]. We use this fact to create an lectron cloud with the
pump pulse, which interacts with photoelectrons emitted byhe CHG light via Coulomb
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repulsion. Note that the temporal distance between the pulseof spontaneous radiation
and the pump pulse is large enough (minimum distance: 386 nst) to avoid signi cant
distortion due to the resulting space-charge from the adddnal electron cloud. The
in uence of these pump-induced space-charge e ects decays a time scale of several ns
as we will show later. Therefore, the data obtained with spéaneous radiation represent
the undisturbed situation.

The left side of Fig. 1 shows the ARPES intensity from the Cu(1)1surface state
measured with spontaneous radiation, whereas the right gdlisplays ARPES data ex-
tracted from the same measurement, but now focusing on the g@ioelectrons emitted by
the CHG radiation. During the measurements, a signi cant amant of additional elec-
trons was created by the pump pulses, delayed byt = 100 ps with respect to the CHG
pulses. The resulting space-charge causes an energy shithe photoemission spectrum
excited by the CHG pulses as indicated by the red horizontalnes. Here, the shift has a
size of 37 meV.

Furthermore, we studied the dependence of the energy shift the delay between the
CHG and the pump pulses. For this purpose, angle-resolved spra as shown in Fig. 1
are measured and integrated over all angles. Then, the engrghift is determined by
tting the angle-integrated data and extracting the peak p@ition. Figure 2 summarizes
the observed energy shifts for di erent delays. Measuremtsnwere rst performed with
increasing (black data points) and then with decreasing d®fs (red data points). Both

50
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4 backward

Figure 2: Energy shift of the
\pumped" photoemission spectra
recorded with CHG radiation rel-

ative to the \unpumped" spec-
- tra recorded with spontaneous syn-
chrotron light. The data is plotted

as a function of the delay between
pump and CHG pulses. The lines
are drawn to guide the eye.
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curves show a similar shape, but a di erent size of the e ectThe latter can be partly
attributed to a slow decay of the intensity of the 1.5eV pump plses with time during
the measurement € 5 %) and therefore a small decrease of the number of pump-iroeal
photoelectrons. In addition, the CHG pulses always containt@ackground of spontaneous
radiation, which is simultaneously emitted but has a longepulse duration (100 ps).
With increasing measurement time and thus decreasing eleatr current in the storage
ring, this background continuously changed from 16 % to 24 %rf our results. Since
the longer pulse duration of the spontaneous radiation leado a less distinct in uence of
space-charge e ects, this can result in a di erence in the &acted energy shifts. However,
the shape of the curves in general agrees with previous wo4kd] and re ects the Coulomb
interaction between the photoelectrons generated by the CHénd the pump pulses. We
explain the small deviations between our data and the pubhgd results by di erences in
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the photon energy.

In sum, our results demonstrate that both spatial (mm scalegs well as temporal ( 30 ps)
overlap between the CHG and the 1.5eV pump pulses is achievedthe experiment.

Moreover, the feasibility of pump-probe photoemission egpiments at BL5 at DELTA is
shown.
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Since the advent of graphene much interest arises in graphene analoga frahe carbon group. One
of the most famous representative is silicene. Like graphene siliceris known to crystallize in di erent
con gurations depeding on the growth conditions. For example silicenesheets grow onto an Ag (111)
substrate and silicene nanoribbons grow onto Ag (110) substrates. Whereake structure of silicene
sheets on Ag(111) substrate is already well known [1] the structure of sdene nanoribbons is still
not clear. A multiplicity of theoretical simulations [2] and scanning tunneling microscopy [3] studies
yielded several possible structure models, still, the struaire is under discussion. Since photoelec-
tron spectrocopy (XPS) and photoelectron di raction (XPD) are surface sensitive tools for structure
analysis we perform XPS and XPD measurements on silicon nanoribbons on Ag(110) kstrate to
asses the suggested structure models and present further imprements based on our measurements.
The sample is illuminated with monochromatic X-rays, provided by the U55 PGM Beamline 11 at
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Figure 1. High-resolution XPS spectra of Silicon-2p-signal (left) and measred XPD pattern of the
Silicon-2p-signal(right).

DELTA. The photoelectron spectra are recorded as a function of azimutlal and polar angle [4]. The
high-resolution XPS spectra provide information concerning the chenical bonding of silver and silicon.
The observed anisotropic modulations recorded in the XPD pattern prowde information about the

local environment of the emitting atoms.

The XPD analysis is performed by three iterating steps, rst generating a structure model, second
simulation of the XPD pattern by using the MSPHD programm and third compari son with the exper-
imental data [5]. As the degree of accordance the reliability-factor R-factor) is used, where aR-factor

of 0 means exact accordance and R-factor of 2 means exact anticorrelation. A su cient accordance

between the experimental and simulated data is reached if thdrk-factor is less than 0.1 [6].

The XPS signal of the Silicon-2p-signal, displayed in gure 1, shows thesame characteristic silicene
signature as reported by other authors. It consists of to components whit are seperated by about
0:3 eV. This is in good agreement with previous works [7]. The XPD pattern § depicted in gure 1.

21



Comparison between simulated XPD pattern of about 40 structures proposedby other authors and the
measured pattern resulted in R-factors of aboutR > 0:2. The multiplicity of the suggested structures
ranges from rectangular over pentagonal to hexagonal, armchair or zig-zag termated edges and from
planar over buckled to stacked. However we demonstrate a structur¢hat ts to the experimental

data. Starting with the hexagonal arm-chair terminated buckeld silicene structure we applied some
structural modi cations. In particular distances and bonding angles within the silicene layer, the
silicene to substrate distance as well as the orientation between # substrate and the silicene. This
yielded a R-factor of R = 0:09. The correspondig structure model is pictured in gure 2. Nevertleless

90.0°

T ) ) 1 T T )
60.0° 40.0° 20.0° 0.0° 20.0° 40.0° 60.0°

Figure 2: Simulated XPD pattern of Silicon-2p-signal (left) and the corresponding structure model
(right).

further investigations of the silver silicon interaction have to be performed in the future.
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The main issue in graphene preparation on silicon carbide (SiC) is theize of the individual
graphene akes. This grain size is a critical parameter for the developrant of electronic
devices due to frequent scattering at grain boundaries. Thus, thenitrinsic carrier mobility
decreases. Heating a SiC crystal to about 120@ in high vacuum leads to preferential silicon
sublimation and the growth of several layers graphene with lateral dimasions of about 01 um.
To achieve a higher grain size the decomposition rate of the crystal has tbe decreased. Here,
two di erent approaches of limiting the sublimation rate of the silic on atoms are performed:
the self-limiting by the silicon vapor in an enclosed volume under igh vacuum conditions or
the limitation of the decomposition rate by the vapor pressure of an additonal inert gas [1].
In gure 1 (left) an image of a sample prepared in an enclosure under high acuum
conditions obtained by photoemission electron microscopy (PEEM) in tireshold mode is
shown. A stripe structure with widths up to 0 :6 um has grown along the substrate step edges.
The apparent contrast is essentially caused by work function di ererces of the sample. This
leads to the possibility to count the relative number of layers, be&ause the work function of
the sample increases with each additional graphene layer [2]. Hence,dhdark regions in the
image correspond to a higher coverage of graphene. The absolute number ofdas cannot
be determined by this method, but as will be shown later it can be &icidated by x-ray
photoelectron spectroscopy (XPS). In gure 1 (right) a PEEM image of a sanple prepared

Figure 1: Left: PEEM image of a sample prepared in high vacuum, right: PEEMimage of a
sample prepared in Argon atmosphere.

in an Argon atmosphere is presented. A width of the graphene stripes of dm in contrast
to 0:6 um shows that the Argon method is a great advantage compared to the high vacuum
method.
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As mentioned before, the absolute number of graphene layers is not knewuntil know.
To clearify this, high resolution XPS spectra of the Cls core level wex recorded. In gure 2
(left) a spectrum of a sample prepared in a Xenon atmosphere is showrSeveral components
resulting from the di erent chemical environment of the C atoms can be distinguished [3]:
the substrate (SiC), the C atoms of the bu er layer which are bonded to the substrate (S1),
the C atoms with interlayer bonding (S2) and a oxide component (-C-O) due the the ex situ
preparation. The absence of the typical graphene component is an evideador the solely
growth of a bu er layer. The growth of additional graphene layers is inhibited due to the
higher atomic mass of Xenon which suppresses the growth rate even moreah Argon. This
bare bu er layer is of particular interest for intercalation experim ents [4, 5]. A spectrum of a
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Figure 2. Left: Cls core level spectrum of a sample prepared in Xenon atmobkpre, right:
Cl1s core level spectrum of a sample prepared in high vacuum.

sample prepared in high vacuum with the same parameters as the sample ggented in gure
1 (left) is shown in gure 2 (right). In this spectrum an additional p eak at a kinetic energy of
160 eV arises which is the genuine graphene component. From the presencof the peaks S1,
S2 and G and their relative signal strengths one concludes a mixing of aas with monolayer
graphene and bu er layer.

In this work the grain size of graphene akes was measured by means of PEEMyhere
large and homogenous graphene growth is observed depending on the prepacetiparameters.
The number of graphene layers was identi ed by high resolution XPS spetra. Further PEEM
studies will focus on the magnetic properties of intercalated graphea and XPS measurements
will yield complementary information of the intercalation process.
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The organic semiconductor naphthalocyanine is a phthalocyanine derate. These kind
of molecules are conductive molecules with delocalized-electronic structures. Extended
delocalized -electrons result in fascinating properties and make the moleculesuitable for
applications such as organic solar cells [1], organic LED's [2] and molecular sefies [3].
Furthermore, the usage of naphthalocyanines as photosensibilisator inancer treatment [4]
utilize the strong absorption properties of functional molecules in he visible spectrum. By
adding di erent substituents or metal atoms to the center of the molecule di ering chemical,
physical and electronic properties can be tuned. Because of thesenable characteristics,
functional molecules are studied intensively in recent research
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JO-H CH
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N
Jo-c o<
N
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N
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Figure 1: Structure of Copper-Naphthalocyanine (Cu-NPc). The di erent carbon bonding
states are marked with colored circles, the total number of each bondingtate is listed in the
legend on the right. The two di erent nitrogen bonding states pyrroli ¢ and aza-bridging are
named N; and N, respectively.

The question how Cu-NPc adsorbs on and interacts with inert surfacess of particular
interest. An appropriate method to study the local near order of adsorbaes and the inter-
face between adsorbate and substrate is the x-ray photoelectron diaction (XPD). Due to
the long examination times of 24 h or longer, it is necessary to investigatéhe stability of
naphthalocyanines under synchrotron radiation. In this work, synchrotron radiation based
damage of Copper-Naphthalocyanine (Cu-NPc) deposited using molecular laen epitaxy at
550 C onto an Ag(110) surface was studied using x-ray photoelectron spectrospy (XPS).
The experiments were performed at the US55 beamline 11 at DELTA. Figure 1shows the
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structure of the intact molecule, the di erent chemical bonds are marked with colored circles
and the pyrrolic and aza-bridging nitrogens are labeled with N and N, respectively.

An indicator for the radiation damage are the eight nitrogen atoms in the centerof the
molecule. Especially the pyrrolic nitrogen (N;), which are binding to the copper atom in the
center of the molecule, have been detected as major weakness in aroncatolecules [5].
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Figure 2: N 1s XPS spectra of Cu-NPc using a photon energy of h= 500 eV and a polar angel
of =0 directly after molecule deposition a) and after 17 h of irradiation with synchrotron

radiation b). The components N; at Eyj, = 97:70 eV and N, at Eyj, = 97:30 eV correspond
to the pyrrolic nitrogens bonded to the copper atom and the aza-bridging fitrogens (see gure
1), respectively. The § component atEyj, = 95:80 eV can be identi ed as satellite structure
resulting from the electron system. After 17 h synchrotron radiation a new component $
rises atEyj, =95:12 eV.

Figure 2 a) shows the high resolution XPS spectrum of N 1s of CuNPc on Ag(110) for
a polar angle of =0 directly after molecule deposition. The spectrum can be tted with
three peaks referring to the pyrrolic nitrogen (N;), the aza-bridging nitrogen (N») and a shake-
up satellite peak at lower kinetic energy resulting from -  transitions. These satellites are
typical for aromatic molecules. The distance between the aza-bridgingnd pyrrolic peaks of
about 0:4 eV as well as the peak area ratio of ®4 : 1 is in excellent agreement with literature
and theoretical values [6]. This spectrum demonstrates the non-derictive deposition of the
molecules onto the surface. Figure 2 b) shows the high resolution XPS$ectrum of N 1s of
CuNPc on Ag(110) for a polar angle of =0 after 17 h of illumination with synchrotron
light. A new peak (Sp) rises at lower kinetic Energies while the pyrrolic nitrogen (N;) loses
intensity. The aza-bridging nitrogen component (N2) remains unchanged. This spectrum
indicates the radiation induced damage of the molecules. The bonds of theitrogen atoms to
the copper atom in the center (N;) seem to be broken while the outer aza-bridging nitrogens
(N») are not a ected. The results are in perfect agreement with previousstudies [5].

A further evidence for the type of the radiation induced damage is the Cls XPS spectrum.
Figure 3 a) shows the high resolution XPS spectrum of C 1s of CuNPc on Ag(110) for agiar
angle of =0 directly after molecule deposition and gure 3 b) shows the same spéwm
after 17 h of irradiation with synchrotron light.
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Figure 3. C 1s XPS spectra of Cu-NPc using a photon energy of h= 340 eV and a polar
angel of =0 directly after molecule deposition a) and after 17 h of synchrotron radiaton
b). The four components correspond to the four di erent chemical birding states of the
carbon atoms in the molecule. The colors and labels are identical to the mé&ed circles in
gure 1.

The four components in each spectrum represent the four di erent arbon bonding states
in the molecule, as shown with colored circles in gure 1. In the leged of gure 1, the
total number of each di erent carbon bond in the molecule is listed. With these numbers a
theoretical peak area ratio can be calculated as ;&0 : 0,33 : G125 : Q04. This ratio ts
to the experimental data both directly after the deposition (gure 3 a)) and after 17 h of
irradiation with synchrotron light ( gure 3 b)). It can be summarized, that no changes in
the C 1s signals are strong points for intact carbon bonds while the synclatron radiation
damages especially nitrogen bonds.

The main threshold for radiation damage is the photon ux of the beamline. A rough
assessment for the photon ux for beamline 11 at DELTA is 102 - 10'3 2RoONS yith 5 focus
size of 70 m (h) 30 m (v) [7].

Moving the experimental station out of the focus of the beamline redees the photon
ux. At the new position of about 0 :4 m behind the beamline focus, the photon density
is approximately 400 times smaller because of the increased size of theam spot without
losing intensity of the photoelectron signal. The XPS measurementsadr this system with
the position modi cations are scheduled for the upcoming beamtime. Vé're looking forward
to perform photoelectron diraction measurements of these moleculs without synchrotron
radiation damage in the future.
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The 11I-V compound semiconductor gallium arsenide is an applicable sustrate for spin-
tronic multilayer systems due to its electronical und magnetic properties [1, 2]. The structure
of GaAs(001)-(4 2) in the MgO/Fe/GaAs(001) system as already been studied in di erent
previous works [3, 4]. GaAs(001) performs di erent reconstructions sine the Ga-As ratio can
determine the possible top layer arrangement. In this work, we take he analysis of the GaAs
surface reconstructions a step further by analysing the GaAs(001)-c(82) structure where
huge uncertainties arise. Since STM scans only the top layer photoettron di raction (XPD)
provides detailed information of the surface and interface of the samg@. Thereby Ga or As
dimers 5A beneath the surface can be resolved.

In 2008 Ohtake et al. have shown 8 di erent possible structures of theGaAs-c(8 2) surface
[5]. These structures di er by the number of Ga dimers at the surface, the sub-dimers or the
arrangement of circular formed Ga-As rings. Until now no progress in the deermination has

been achieved. In this work we present a structural model that ts best to the experimental

data.

90.0° 90.0°
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Figure 1: Measured XPD pattern of Ga 3d (left) and As 3d (right) at E, = 180eV from
=22 72.

The sample is illuminated with monochromatic X-ray provided by the U55 PGM Beamline
11 at DELTA, Dortmund. XPS spectra of Ga 3d and As 3d are recorded for each polar and

azimuth angle in the hemisphere. Their anisotropic intensity moddation are shown in gure
1.
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In the next step di erent atomic clusters were build and a XPD patte rn was simulated
by the MSPHD program. This algorithm provides XPD pattern for kinetic en ergies at
Exin 200eV. Afterwards the resulting pattern is compared with the measuredpattern
and is quanti ed with the well-known R-factor (R [0, 2]). Hereby, a factor ofR  0:1
indicates a structural accordance.

The structure suggested by Kumpf et al. roughly ts the best [6]. Moreover, we could correct
the exact positioning of the subdimers. The resulting XPD pattern and the corresponding
structure are displayed in g. 2.

90.0°

150.0°

180.0°

Ga 3d R=0.88

50.0° 25.0° 0.0° 25.0° 50.0°

Figure 2: Simulated Ga 3d XPD pattern with R = 0.082 (left) and the resulti ng surface
structure (right).

Although a R-factor of Rga3q = 0:082 as been achieved the higher polar angles 62
that provide high statistic errors in the experiment need to be investigated again in order to
get and an even betterR  factor .
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X-ray diffraction from the side planes of core-shell

nanowires

Ali Al Hassan, R.B. Lewis, H. Kipers, A. Davtyan, L.Geelhaar and U. Pietsch
Paul Drude- Institute Berlin, Solid state physics, University of Siegen.

Semiconductor core-shell Nanowires are promising candidates for future optoelectronic
devices. One of these structures is a GaiGHn,As/GaAs double heterostructure grown by
MBE onto (111) silicon substrate. For optical performance one need to probe the lattice
mismatch along the normal to nanowire side planes. The XRD measurements of samples with
x=0.15 but different shell thickness have been performed on NW ensembles at beamlines BL9
at DELTA with photon energy of 13keV. Considering the hexagonal shape of the NWs, the
interfacial strain field is expected to be different along the direction normal to the {1-10} side
planes and along the [2-1-1] edges of NWs grown along the [111] direction. We recorded 2D
reciprocal space maps (RSM) in vicinity of the (111) Bragg reflection along the growth
direction and along a direction perpendicular, i.e. parallel to the scattering vector of the (2-20)
side plane, named QA RSM taken at the [1-10] Bragg reflection of one of the samples is
displayed in figure 1, plotting the intensity distribution as function of reciprocal space vectors,
Qx and Qz. For quantitative analysis, line profiles were created by projecting the intensity
distribution onto the Qz axis, and compared with other investigated samples. The peak with
the highest intensity is attributed to the GaAs core. Peak A originates from the partially
compressed (2-20) GaAs outer shell planes. Peaks C and B are associated with the relaxed
InGaAs planes along the scanned direction and the two other pairs of facet planes oriented

with G6( with respect to C, respectively.

Figure 1: 2D RSM of the [1-10] reflectiol
for 140/40/30nm GaAs/in:GayssAs/GaAs
NWs.
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Investigation of texture in Al-Cr-O-N films using synchrotron grazingincidence XRD
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Al-Cr-O-N thin films, deposited by High Power Impulse Magon Sputtering (HiPIMS) technique,
were investigated at BL 9 using mar345-detector with an enefrds keV. In total 9 samples,
synthesized in three different processes with three diffefd/Cr-ratios each were characterized
regarding their crystal structure and texture. The saghlewed no indication of oxide-phases in XRD
experiments with Bragg-Brentano geometry performed iadiyrdespite an oxygen content of up to 40
at.%. The purpose of this investigation was to identify oxide ghasé could not be identified in these
measurements due to texture effects or low diffractitenaities. However, no oxide phases were found
in the grazing incidence XRD patterns acquired at BL 9¢atithg that an oxygen content of at least 40
at.% can be solved in the fcc-Cr-N lattice either due totsutisn of N or due to interstitial

incorporation of O.

a) 200
111
b) 200

111
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Comparing the diffraction patterns of Al-rich and Cr-ridimples, the thin films exhibit significant
differences in texture (see figure 1). Cr-rich filmshagkense columnar morphology exhibit a texture in
the (200)-orientation with (111)-facets, whereas Al-rich sem@how random orientation. This
correlates perfectly with SEM cross-sectional imagesshaiv a fine grained morphology for Al-rich
samples

Another set of AlI-Cr-N thin films were synthesized using thmesdeposition parameters as for the Al-
Cr-O-N films. The samples were characterized by meai@l-®fRD at BL 9 using mar345-detector
with an energy of 20 keV in October 2016. Cr-rich sampleshéxtwmparable texture to Cr-rich Al-
Cr-O-N films with a more pronounced texture and a underdemsphology (see figure 2). Cr-rich
films show a texture in the (200)-orientation, again with t&ade the (111)-direction. The more
pronounced texture mirrors the tilting angle of the opposinga@d Al-cathodes during film growth.
The main difference in comparison of Al-Cr-O-N and AHCrcan be found on Al-rich samples. The
films exhibit a pronounced texture while Al-rich Al-Cr-O-Minfs show random crystal orientation.
However, compared with Cr-rich films, the contribution of (Xfigntation is stronger. Again
correlating the morphology by means of SEM cross-sectioradés) flms are more columnar and
exhibit an open morphology with bigger grains. The resulthede investigations clearly show, that an
oxygen content in the range of 040 at.% results in a denser and finer grained morpholody wit
random crystal orientation for Al-rich samples. The ipooation of O in Cr-rich samples results in a
prefered (111)-orientation. Both increasing Al- and O-eot# results in a finer morphology and shift
from (200)- to (111)- to random-orientation. The results of tegperiments show that GI-XRD at BL

9 provides high resolution texture information necessary for irhdemderstanding of thin film micro-

structures.

a) -

200 ia

Vil N\
111
/
b)
200_—

111

Figure 2:Diffraction patterns and SEM images of a) Al-rich AINCand b) Cr-rich Al-Cr-N films.
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High-throughput GI-XRD experiments on a CoMnGe1.xSk thin film materials library for phase
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For the combinatorial investigation of the influence ofsGbstitution on the phase transition and the
magnetic properties of the CoMnGe phase, which is known tbiekiteresting magnetocaloric properties

[1,2], a CoMnGgxSik thin film composition gradient with up to 4 at.% Si wdsposited by
magnetronsputtering on a c-plane sapphire substrate. Prelimin&yeXeriments performed in Bragg-
BrentanoJHRPHWU\ ZLWK D ;Y3HUW 3UR GLFILD® EXQIGRIQXN iNdivdtddthat\ 3$1D O
both the CoMnGe high-temperature (HT) phase and th#@8e phase are present in the thin film.

However, due to an overlap of the only identifiable diffracpeaks, the (110) peak of the CoMnGe HT

phase and the (220) peak of the)@nGe phase, the influence of an increasing Si contetih@crystal

structure could not be determined. XRD(T) measurements ifartie showed that an increase of Si content

has a significant influence on the phase transition priegest the thin film. For a thorough understanding

of the influence of added Si on these properties, gramtigeénce XRD experiments were performed at

%/ ZLWK D EHDP HQHUJ\ RI NH9 A S OIMQVCH XG/HL\W§ B PWHRJU LPDJlI

#04 (2,0 at.% Si)

1:1:1 - P63/mmc
(102)

1:1:1 - P63/mmc
(110)

Figure 1: 2D diffraction pattern of the thin film measurement regigth ~ 2at.% Si. The two most prominent
diffraction signals are correlated to the CoMnGe HT phase.

The texture of the thin film did not change significantiftman increasing Si content. Figure 1 shows the

2D diffraction pattern of the measurement region with 2 &i.%s an example. All diffraction signals show
YDULDWLRQV DORQJ 3 ZKLFK LQG/H@W k¥anhEHMaXydistGguidhédInaK R1 D C
the (102) diffraction signal of the CoMnGe HT phase shows stnatemdity variationsD O R QThis3

explains the absence of this high intensity diffraction sifmomh the Bragg-Brentano XRD experiments.

The (110) signal of CoMnGe HT phase appears to be more uniforra stiilshowing slight intensity

YD ULDW L R Bowelzet) Bréaderling occurs for the (110) signal where the interigite (102) signal
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is at a minimum. This implies that the fnGe (220) signal is strongest in this orientation. The textured
growth of these thin films and the resulting diffractiortt@as highlight the importance of GI-XRD
experiments for a thorough phase analysis.

JLIXUH VK Rnegraté&diffr@ction patterns for an increasing Steanwith the intensity plotted
RY HUCuAX ). Because of the high beam intensity as well as the use dfnage plate detector, with
which the diffraction patterns of textured materials carnbestigated, the measurements performed at
BL 9 yield significantly more information regarding the mesphases and their crystal structures than the
preliminary measurements. The diffraction patterns show thaintptre the CoMnGe HT phase and the
CoMnGe phase present, but also the CoMnGe low-temperatujepfiase and the MGe; phase. With
increasing Si content the (002) peak of thesG phase decreases in intensity and cannot be identified
anymore for contents of 1.7 at.% Si and above. The presénbis phase can also explain the irregular
intensity changes near 39° for low Si contents. Furtherrtimeentensity of the (211) peak of the CoMnGe
LT phase decreases with an increasing Si content. Thediffinaction peaks related to this phase show no
significant variations in the composition range that was in\egtij Specifically the findings related to the
HT and LT phases of CoMnGe will help to explain the influesnof increasing Si contents on the transition
properties.
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Figure 2. 3integrated diffraction patterns @ | R UK& ¥f the CoMnGg.xSk thin film composition gradient. The
diffraction peaks are indexed according to the stoichiometry aepective phases of (Co-)Mn-Ge (see legend).
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Ferromagnetic shape memory alloys based on the materials Sys{€orAl are of interest as future
materials in actuator devices. The bcc (Ni,Co)Al phase waisdf to show a martensitic transformation
around the nominal composition of ¥L0zsAl 9 from a Pm-3m (austenite) to P4/mm (martensite |
space group structure [1, 2]. Using combinatorial materialsceimethods the region of existence of the
martensitic transformation shall be understood first. eantlore, the influence of the composition on the
transformation temperature needs to be clarified.

Grazing-incidence diffractometry was performed at BL 9 oNi-#&o0-Al materials library covering a
partial ternary composition spread arounds:BlizsAl2e. 174 diffraction patterns were acquired and then
integrated into two dimensional data sets (Intensity @erCu-K) for an easier structural analysis.
Figure 1 shows the result of a phase analysis based on thistdifirdata. The fphase is verified in a
wide composition spread around the compaosition mentioned above. gifese and the GAu structure
type phase (Ni,Cajl were also found.

Figure 2 shows a two dimensional diffraction pattern of a measnt area containing the martensite

phase with a composition of NCos2Al26. The (100), (200) phase and the (110)] SKDVH ULQJV VKRZ
locally increased intensity revealing a texture for hathses. Most of the rings however are closed and

the structure is assumed to be polycrystalline. The texturamation is useful to understand if texture

affects the formation of phases or the martensitic tramsfton.
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Figure 1:Results of the phase analysis on the partialrieary Ni-Co-Al materials library. The region of existence of the
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Figure 2: Two dimensional diffraction pattern of the phase region including the martensite phase with a compitisn of
Niz2C0s2Al 26.
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High-throughput synchrotron grazing incidence XRD phasedetection in Fe-Si-Ge and pure Ge
thin films

A. Furlan

Werkstoffe der Mikrotechnik, Institut fiir Werkstoffe, Fakulkdaschinenbau

Ruhr-Universitat Bochum, D-44801 Bochum

Starting in late 2015 and extending into the second half of E@1%i-Ge thin film materials libraries
and pure Ge thin films were investigated with XRD usingiggaincidence geometry at BL9. We did
those measurements in order to obtain the essential datatbdatitucture and phase distribution of
these thin film libraries. The Bragg-Brentano geometryoaf in-house diffractometer proved
inadequate for this purpose due to the fine-grained strudtfibm®, resulting in low intensity peaks to
be lost in the noise. The measurements were performed éthra energy of 15 keV using the mar345
area detector. Fe-Si-Ge is specifically of interesttf@rmoelectric applications. For this project, a
precise information about the phase distribution was essebtigielating the film structure with the
transport properties enables the fine-tuning of the materiadpepres for specific practical
requirements.

For the phase analysis, peak indexing was first performdtieohinary regions of the Fe-Si-Ge thin
film libraries, Figure 1 The identified binary phase diffraction peaks were ttwnpared to the peaks
from diffractograms of the ternary film compositions. Irsthiay shifts of the peaks for binary phases,
due to the incorporated crystalline lattice defects, ccdnd identified. The eventual presence of the
unknown ternary Fe-Si-Ge phases was also examined.

For the film compositions containing amounts of Ge lowant&t0 at.% only binary Fe-Si phases could
be detected. For such cases, diffractograms display sjpatt@rns by means of detected peaks for wide
range of compositions. The absence of diffraction peaks focdbtaining phases can have two
explanations. One is that Ge, and the surplus of the otheléwwents, is incorporated as defects in the
crystalline lattice of Fe-Si phases. The other is thatrgb®mined in the amorphous form. The first
possibility is supported by the fact that diffraction peaktshidre observed for different film
compositions, indicating different lattice parameters fdietit compositions. On the other hand, due
to the inconclusive results from our in-house diffractometeptegence of the amorphous phase cannot
be excluded. This will be verified subsequently by TEM.
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Figure 2: Synchrotron X-ray diffractograms of Fe-Si-teidib for different,

predominantly binary Fe-Si, film compositions. Singleent contents are given in at.¢

for Si, Fe, and Ge respectively.

Particularly interesting was the detection of the low intgmeaks for ternary compaositions containing
high amounts of Ge. For such compositions, the diffractograms deosely packed peaks that were
not possible to detect by our in-house diffractometer (BraggtBno) Figure 1 Figure 3 Such peak

distribution is characteristic for FeGe,sE8e, and FeGe, phases. Synchrotron XRD mapping was

= 15.1; 34.9; 50.0
o
e
=
2
S 18.1; 31.3; 50.6
-
£
20.5; 35.5; 44.0
24.6; 38.4; 37.0

15 20 25 30 35 40 45 50 55 60 65
26 [deg]

Figure 1: Synchrotron X-ray diffractograms of Fe-Si-@eidib for different film compositions
with high contents of Ge. Multitude of peaks indespossible presence of FeGg..6e;, and
FeGe; phases. Single element contents are given in at%ifd-e, and Ge respectively.

performed for up to 91 measurement areas with film compositior different Fe-Si-Ge thin film
libraries. The diffractograms were subsequently groupedrdiog to their type, which gave the
indication of phase formation in dependence of film compositMaceover, the grazing incidence
geometry of the synchrotron diffractometer eliminated #akp characteristic for the sapphire substrate.
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The obtained results indicate that the investigated tefias/do not crystallize well. A highly textured
structure is formed only for a very narrow range of comjmrst The data obtained by the synchrotron

/s

F 4

Figure 3: 2D synchrotron GI-XRD pattern for Fe-Si+@Gary with high proportion

of Ge.

diffraction were essential for this project, since the udseoaventional XRD measurements (Bragg-
Brentano) proved to be inadequate. In Bragg-Brentano geqgroatpthe strongest diffraction peaks of
the Fe-Si phases and Ge-Si solid solutions could be identiileite no information about Fe-Ge

structures was obtained.
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Thermal induced lattice distortion of diluted magnetic ssmiconductors

H. Gohring, M. Paulus, T. Buning, C. Sternemann, S. Bieder, M. Bayer, M. Tolan
Fakultat Physik/DELTA, Technische Universitat Dortmund, 44221, Germany

Diluted magnetic semiconductors which combine the properties of semigdnds and
ferromagnets have been an important subject in materials science. Semictomslwith Curie
temperatures above room temperature could revolutionize the field of spintsohjcallowing
control of the magnetization via application of voltage as observed e.g. for the ferromagnetic
material galfenol [1]. Magnetic semiconductors, which are currently undegstigation, still
show a rather low Curie temperature making them inapplicable for teahnise. However,
GaMnAs seems to be a promising candidate for high Curie temperature mateNéhASas
typically grown epitaxially on GaAs substrates with a limited manganese caritenfew
percent, as higher Mn contents cause the formation of Mn nanocrystdls system was
studied intensively in the past years. Starting at Curie temperatufesaund 60 K, special
hybrid systems containing GaMnAs show ferromagnetic behaviour up to tempesatéi200
K [2]. A detailed knowledge about the interrelation between structysedperties and
magnetism is still not existing for these systems.

To overcome this lack of knowledge high resolution x-ray diffractiqreraxents were
performed at beamline BL9 of DELTA using a photon energy of 13 keV lamd aybstat
setup operated with liquid nitrogen. In order to minimize vibragsodue to the nitrogen
transfer tube the cryostat is connected to the diffractometer using bedirings which ensure

I[arb. u.]

10°

1946 195 19566 19.6 1966 19.7 19.76 198
8[°]

Figure 1: Left: The cryostat is mounted on a Huber Z-stage and connected féréicéodieter via ball bearings to
minimize vibrations to the system. Right: Measured (004) Bragg rod of the 12@pke s@he relative changes
between the Bragg peak position of the GaAs substrate and GaMnAs lagee investigated.

an excellent steadiness on the one hand and still allow sample mewealong the z-axis on
the other. The left side of figure 1 shows a photo taken of the experiaiestup. A PILATUS
100K detector was used for data acquisition. Two samples with Gampetratures of 60 K
and 120 K were investigated. The goal of our experiment was to detectwtalichanges due
to magnetostriction passing the Curie temperature. The small changes in the GaNtioés la
were determined by measuring both, the GaAsMn (004) and the GaAs (@i@e}iom of the
substrate which serves as an internal reference. Because of the lifragden measurements
were carried out over a limited temperature range of 80 K to 160 K not requ¢than Curie
temperature of the 60 K sample. In order to observe the phase transifitheo60 K wafer
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complementing experiments were carried out at beamline BM28 ofEB&F, utilizing liquid
helium as a cooling agent.

A Bragg rod measuredith the 120 K sample is displayed on the right side of figure 1.
investigate the structural changes due to magnetostriction, the thermal effechenattice
has to be separated. The separation can be achieved in a first step of the ddyaisrby

§ Gu]v]vP 8Z & o 8]A Z vP « 4} SA v §Z ' < vl
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* ESRF
0.0845 0.0805 : . .
50 100 150 50 100 150
TIK] TIK]

Figure 3: The angular separatigh}between the GaAs and the GaMnAs (004) Bragg reflection. Red, green
blue points represent the experimental data taken at DELTA and ESREtivelp The black lines mark the
Curie temperatures. All data sets are normalized at 125 K.

positions. For this purpose the (004) GaAs peaks were shifted to thevedneefor every scan.
In a second step the position of the (004) GaMnAs Bragg peak was deternyirigting a

To

""Dv

Gaussian curve to the data. The results presented in figure 3 shows the averagéar angu
e % E S]}v 4}wéfeEwithza Curie temperature of 120 K and 60 K on the left on the

right, respectively. Both samples show linear behavior of the angular separation on
temperature within the accuracy of the experiment. There are no indicatidrsractural

changes exceeding the Curie temperature, which leads to the csinnldhat the GaMnAs
layer is strongly pinned to the substrate and therefore hindetir@gmagnetostriction effect

Jv §Z 0 §8] ]*3}E&]}v AJEZ]v §Z EWSEN@ vEe[ E Jousd]lv }(
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Xray diffraction analysisof MAPbBglayersgrown onto MAPbC{ substrates

NedaPourdavoud, ThomasRiedf, BehnamKhanbabaeBand Ullrich Pietscl?

®Lehrstuhlfiir ElektronischeBauelemente BergischeUniversitaetWuppertal, bFestkdrperphysikuniversité\t
Siegen.

Organometal halideperovskiteshaverevolutionizedthin film photovoltaicsasefficiencies
were skyrocketingo levels>20% With optoelectronicpropertiesalmostat par with the
most successfuinorganicsemiconductorsuchasGaAsprganometal halide perovskites
alsostate anintriguingplatform for light emitting diodes(LEDsandlasers . Strikingly single
crystalsof thesematerialscanbe grownat relativelylow temperaturesfrom a precursor
solutionwith outstandingmaterialquality. Thisseedsthe prospectto grow heterostructures
of perovskiteswith a different bandgapon top of eachother by low temperaturesolution
epitaxy,e.g.MAPbBg (K, =2.3eV)onto MAPbJ (§, = 3.1eV).Thereby devicestructuresfor
LEDsandlasershasedon thesematerialsare envisaged.

Thediffraction experimentshavebeenperformedat BL10of DELTAsingx ray of 13keVand
a Pilatusdetector. Sample$, 100and 200umthicknessof MAPbBg grownonto MAPbG
substratewere probedunderfixed angleof incidenceandthe diffraction pattern was
probedat different exit anglesof the Pilatusdetector,and subsequentl}composedo a
commondiffraction diagram.Both materialscrystallizein a cubicstructure but showa lattice
mismatchof about4 percent.lt wasfound that independentfrom the layerthicknessoth
materialsdisplaytheir own diffraction pattern, i.e. no epitaxialconditioncouldbe observed.
However possibleepitaxycloseto the layerto substrateinterfacecanbe probedby using
incidenceanglescloseto the criticalangleof total externalreflectionwhichbecome
accessiblemeasuringsamplewith layerthicknesshelowone micron.
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Gomparison of thermal induced lattice expansion of GaAs and
(In,Ga)As/ GaAs quantum dots

H. Gohring, M. Paulus, C. Sternemann, T. Bining, M. Bayer, M. Tolan
Fakultat Physik/DELTA, Technische Universitat Dortmund, 44221, Germany

Self-assembled (In,Ga)As quantum dots (QDs) are crystalline inclusions scaté of ten
nanometers that are embedded in a GaAs matrix. Like atoms, carriers residigsi have
discrete energy levels due to their three-dimensional confinement. The emteallgtical
quality of such systems has allowed studies on fundamental prablemlight-matter-
interaction and has paved also the way of QDs into applications aglgtters, ranging from
single photon sources to high-power laser diodes [1, 2].

Tiemeyer et al. investigated the lattice distortion of (In,Ga)As/GaAs quanttsrirtthuced by
polarons of excited carriers for the first time utilizing high rasoh x-ray diffraction [3]. They
found a tetragonal distortion of the GaAs crystal lattice if QDs are presenatarmioute this
anisotropic distortion to polaronic effects initiated by the optigadxcited QDs. However, the
possibility remained that the observed distortion can be assigned to a perentd effect.

To rule out the pure thermal effect as an explanation high resolution xdrtigaction
experiments were performed on two samples with a photon energy dehbat beamline BL9
at DELTA and a helium flow cryostat setup run on liquid nitrogen. The &ryess connected
to the diffractometer using ball bearings which ensure an excedisggdiness on the one hand
and still allow sample movement along the z-axis on the other. A PILATUSet@&6idrdvas
used for data acquisition. The investigated samples were the same onesnugedwork by

25 . -
GaAs 50 nm —— 004 GaAs Bragg peak
20k = corresponding fit
GaAs 30 nm
S5 15}
InAs QDs X5 g
S
= 10t
5-
GaAs substrate
38.49 39.5 39.51 39.52

2°T/°

Figure 1: Left: Sketch of the QD sample consisting of a GaAs substratea)®@m@iltilayer structure and a capping
layer [3]. Right: Measured GaAs (004) Bragg peak at a temperature of 100 K miradt@rresponding gaussian fit.

Tiemeyer et al; one GaAs wafer and an (In,Ga)As/GaAs QD multilayer structureograwn

(001) oriented 500 nm thick GaAs substrate. The multilayer counts 5 layers@&agibkting of

a 1.9 monolayer thick InAs layer capped with 30 nm of GaAs, which ibettetc the left side

of figure 1.

Iv}E €& S} S Eu]Jv SZ SZ Eu o /u% S }\}\SEDOEghedi004) o SS]
Bragg peaks of both samples was detected in a temperature range between 1001R%aKd

This range was chosen, because the samples were also investigated at 100 K under optical

49



excitation. A typical scan is depicted in figure 1 on the right sidecidmege in lattice constant
is obtained by investigating the differencea between the (002) and (004) Bragg reflections.
The measured change of th

perpendicular lattice constant 40— - %
alas normalized by the
measured 100 K lattice constant | 30r
shown in figure 2 (see also [3]). T
ensure sufficient statistics we _, 20
measured each data point foul 2
times consecutively. The linea ;w 107
regression to the data reveal: J

Figure 2: Thermal
expansion of GaAs anc
the QD sample in (001
direction. The
temperature was
varied between 100 K
and 125 K in the

Al 1v]8C }( 8z

slopes ofstix G savsi® -?5 Or temperature
and séu G savsid® -?° for investigated in [3].
the QDs and GaAs, respectivel 'O e QD

Therefore, we conclude that the " GaAs

thermal lattice expansion is hardh  2° 700 110 120

modified by the included QDs K

within the experimental resolution. The change in slope yields a datiimstant difference
between the QD and GaAs sample in the ordersof 5 r’°®for 6 L srK. The thermal
expansion of the lattice constant however, is found to be in the ordes ofts 1’ & for the
same temperature range. Comparing these findings to the elongation observed opititzal
excitation with P ( f fe 1 rasw’ Hwe estimate the laser induced lattice heating to be
about 1 K. It is therefore, highly unlikely to assign the tetragonal distortiangure thermal
effect.

The findings of this beamtime were used to clarify and support the outcomégeaieyer et
al. and resulted in a publication in Nanotechnology [3].
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Structuraland Spectroscopi@nalysisof Lanthanidedoped Nanoparticles
MahmoudAl Humad?, JulieGai®, Claudiawickleder’, Ullrich PietscH

33plidStatePhysicsUniversityof Siegen’InorganicChemistry Universityof Siegen

The inorganic chemistry group of Siegenuniversity synthesizescrystalline materials doped with
Lanthanideions as luminescentmaterial. Although one can expect that the formed crystal field
aroundthe dopantchangeghe luminescencesnergythis effect wasneverexperimentallyconfirmed.
The samplesused for this propose was S¢O; doped by (1.3.5.7.9and 15) % Eu**. The structure
investigationshave been performed by Xray powder diffraction analysisperformed at BLP10 at
DELTAynchrotronin Dortmundusingphoton energyof 12 KeVand a Pilatus2D detector. Thebeam
sizewas4.0* 0.5mm? (horizontal* vertical). Thesampleto detectordistancewas412mm.

Detailed investigation of diffraction patterns revealed retention of the S¢O; lattice but the
appearanceof new Braggpeaksshifting linear with doping concentration(Fig.1). From the same
samplesve measuredthe EG* PLenergywhere selectedtransitiondisplayeda PLshift asfunction of
dopant concentrationas well. By combiningXRDand PLdata we could associatethe measuredPL
shiftsby the localstrainfield aroundthe Lanthaniddonsfor the first time.
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Short-time nitridation of electrogled chromium coatings in Sjtdoped N-
atmosphere analysed by GIXRD

D. Wulff®, U. Hollandef, D. Liitzenkirchen-HechtA. Langoh?, K. Méhwald, H.J. Maief

a) Institut fur Werkstoffkunde, Leibniz Uraysitat Hannover, An der Universitat 2, 30823
Garbsen
b) Fakultat 4 - Physik, Bergische Unive#siWuppertal, Gaul3str. 20, 42097 Wuppertal

Introduction
Within the scope of auhded project concerning
the development a combined brazing-nitridin
process for the production wfater-cooled, bipolar
plates for PEM fuel cellsnitriding processes of = ; ks i
chromium coated metal sheets during a furna “ : _ 20 pm
brazmg process at different temperatures weg e

a) nitrided at 900 °C

to study short time nitriding of electroplatec™""""" &= . _ S
chromium coatings on copper. The samples we = = 20pm
heat treated in a conveyor belt furnace | —

900 °C, 950 °C and 1000 °C and a dwell time (e—_-—

15 min, Figure 1. For the GIXRD measurements| g, 3
PILATUS 100K was used. The measuremen 20 pm
have been performed at DELTA BL 10 [1] USin@igure 1: |_|ght microscopic images of
an energy of 10 keV and a detector threshold €bss sections from samples heat treated at
8.5keV to eliminate th contributions of different temperatures in a conveyor belt
fluorescence radiation from the samples to tHiernace using Silidoped N.

recorded diffraction patterns. The incidence angle

have been varied between 1° and 8°, while the

PILATUS detector has den fixed at diffraction

angles of 28° or 43°, respectively.

Results

In Fig. 2, GIXRD patterns of the samples collect@n incident angle = 2° are presented.
The penetration depth at trasigle is of about 700 nm. Thetfgans of the native untreated
sample only show a Cr-bcc reflexX)(at 35.1°. The peak intensity relatively small and the
full width at half-maximum is rather large. Hoermore, the intensities of the reflexes do not
increase with higher incidennhgles. Therefore it can be conded that the native chromium
layer (as electroplated) mainly consists of cryisialmetallic Cr. Every pattern of the three
heat treated samples show a peak quatté#.7° (112), 34.2° (111), 32.4° (002), 30.0°Q)11
and 23.6° (101), which can be clearly assignedrttN @ 3. In the case of the sample heat
treated at 1000°C and 950°C, the)ICr( 9 peak at 34.2° is the major reflex. At higher
incident angles, the reflex at 44.7° (112) becotheamost intensive @NX reflex. So it can be
assumed that the preferred daafographic oriaetation of CgN changes within the surface
layer of these samples. In thdtpans of the sample heat treatg®50°C, the Cr reflex is also
visible at each incident angle down to 1°. Eith@egy thin CgN layer is located on top of the
chromium, because the penetration depth at hvigeably larger than the thickness of the
Cr:N layer, or significant amounts of metallicromium are not transfared and still existing

in the top layer, sucthat a mixture of GN and Cr is present at the surface. In contrakt, al
patterns of the sample heat treated at 1000°@otichow any Cr metakflexes for incident
angles below 3.5° with an X-ray penetratidepth of about 1.3 um. Assuming that the total
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signal measured with the detector originated feodepth of three times the penetration depth,
the thickness of the formed surface layers carsbmateal to be about 3 * 1.3 um = 4 pym.
Furthermore it can be assumed 1000°C 950°C 900°C RT

that at 950 °C and temperature

above, a recrystallization of the

Cr took place. The presumptior

is supported by #h fact that the

integral intensity of the Cr reflex ’44;:
in patterns of the sample treate:

at 950°C is obviously higher

than that of the native sample
although a significant amount of

Cr;N has formed on this sample®35.1° " i e,

and the primary x-ray intensity ®34-1" o g R

was almost identical. 432.4°

On sample 1 (900 °C) no chang30.0°

in the preferred crystallographic"' 0

orientation of CMN can be %*26.9°

detected. The reflex at 44.7¢ .

(112) is still dominant at 8°. A ¢236

Cr reflex is detectable for every

incident angle and its intensity

increases with higher incident

angles. From the data it can b&igure 2: GIXRD patterns of samples heat treated at 1090 °C
concluded that 900 °C are no®50°C and 900 °C and an untreated Cr-coated refere
sufficient to prepare a densesample (RT) collected at an incident angle of 2°. The
layer of CsN on the surface. peaks have been assigned as follows: fir CN (9§ and
Three very weak peaks at 26.9°Cr0s (.)-

29.0° and 43.5° can be seen at all the pattertiseofieat treated samples especially for small
incident angles. These can be assigned 104r.), from which traces seem to be present on
or near the surface. Such a formation ofdzrhad been detected previously when heat
treating stainless steel under similar processitond [2]. It is quite unclear at what instant
of time (heating, cooling, during first contact vir upon leaving the furnace) the formation
of Cr,O3 happened. In this context it is important to engethat obviously no equiatomic
CrN had been formed within the temperature rangestigated, although this reaction
product would be thermodynamicallyeferred rather than @ [3]. Due to the short process
time, thermodynamic equilibrium conditions are plolgsnot attained, and the formation of
CrN is in addition less favored by kinetics. Withview on possible applications, this is a
promising result, since @M provides a good corrosion protection and an etecbntact to
the substrate, which are both esg#rieatures for bipolar plates.
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,QWURGXFWLRQ

7UDQVLWLRQ PHWDOY IRWOR VINUXG® Xd2kV RIGMLK HROHZK: W\SH ZLWK
UHFXUULQJ YDFDQFLHV XQGHU WKHUPD® GR®G7HREGRJPOGWLRQ RO WK
ILOPV LQ VOLGLQJ FRQWDFWV XQGHU @RBBDMWG GV WIHFRSOHRIDLWXO HS SR 8 M |
GHFUHDVHG IULFWWRIQPY RRURDWLQ WWERKQR®WRIOHY @ HPSKDVL]H WK
RI YDQDGLXP IRU BXEUGEQWYRQ@DELXP R[EBEWRYDRWKRXV WKH ORZHVV
PHOWLQJ WHPSHUDWXUH PHOWLQJ SRLQW f& > @ f& > @ R
FRQVHTXHQWO\ DFWLQERBRHL QWK \WPIWERWLG OXEULFDQW ZLWK D FHUWDLG
SURPLVLQJ FDQGLGDWH IRU IULFWLRQWMUGXFEHRAZDWKRISPFHOWLQJ Wt
GXH WR LWV ORZ GHFRKHVLRQ HQHUJLHV * > @

,Q WHUPV RI WKLQ ILOP WHFKQRORJLHV KDYH OIXPHEGRS HEHRBQ' R K @&/l
QXPHURXV DXWKRUV ZLWK UHVSHFW WR RARKQMLWD WW L BARKOHR W IDEOO R BIIKRED
UDWKHU WKH FRDWLQJ FKDUDFWHULVWGFNRPWYDQQYD KIDXYPH GRFESW CE PG ™
\HW 7KH DLP RI WKLV VWXG\ ZDV WR FKWUQ@FWBUHBERVLWRG ED QDKIL X LK
6SUD\LQJ 7:$6 SURFHVV ZLWK UHVSHFW WR WROHLW R HGE BWH IPFS G ULEEHACD
FRUUHODWH WKH IRUPDWLRQ RI RILHREWRUWKEB WQ ICHRORJILEDQ@JSHUR &K

(ISHULPHQWDO

$vV VXEVWUDWH PDWHULDO URXQG & VWRHO FPBHIFQEB8HWQKLENWKWY RUDF
ZHUH HPSOR\HG %HIRUH VSUD\LQJ WKH VXUIDFHV RI WKH VDPSOHV Z|
DIWHUZDUGY FOHDQHG LQ DQ XOWUDVRIG@HGEYDWWRKNIPOOWHU ZD @/ KW A R/ KOLQ
ZLUHV )D 'XUXP 9HUVFKOHLVVVFKXW] *HUPPQAHZHWK B GG L/IXRHH WIHQD S|
GRSHG FRUHG ZLUH S3JHIHUUFR® WR VWY RODSSURW.PIRW 9 LQ ZW &

0Q 6L $0 9 %DO )H W BTRVHFOWERWKIBHHO ZLUH C
FRUHG ZLUH LQ ZW 6L &0Q %bDO )BVMHUWHNWUHQFH UHIHUUHG WR I
,@Q RUGHU WR GHSRVLW WKH FRDWLQJV WRKNVSRIPUW D$ UFH U O L3NXBR QV DU
6ZLW]JHUODQG ZMEGWKOPMHE]HVY DOO SDUDPHWHU VHWWLQJV ZKLFK K
GHSRVLWLRQ RI ERWK IHHGVWRFN PDWBUEDDSS GXH) D MHAR \R YHUHBXRWR
VSHFLPHQ

Tab. 1: Spray parameter settings

+DQGOLQJ SDUDPHWHUV 6SUD\ SDUDPHWHUYV

6SUD\ DQJOH >f@ 9ROWDJH >9@

6SUD\ GLVWDQFH >PP@ &XUUHQW >$@

*XQ YHORFLW\ >P V@ 3ULPDU\ JDV SUHVVXUH >03D

7TUDFN SLWFK >PP@ FRPSUHVVHG DLU
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7R LQYHVWLJDWH WHKDWURER GRR JWKBIONRB®HQDWXKIHKEDOO RQ GLVN %
f& DQG IURP f& XS WR f& LQ f& VWIHBK K H?2SLH K TRHPFSHHG D7V
7JULERPHWHU  )D &60 6ZLW]HUODQG 7XDV VXUAREGHRI D@® YO®IS\OKH
DOXPLQD EDOO +9 ZLWK PP GLDPHWHWVH®@& D GREQGWHUERGDVS
GLVWDQFH RI P ZLWIORXMPS®RUHLGDQENHVYNBRWLBW  FP V DQG WKH U
WKH FLUFXODU SDWK ZDV PDLQWDLQHG FRPEYRWMLGW RMWR| WRH 7HRD\§ K
DQDO\]HG YLD [ UD\ GLIIUDFWLRQ DW RIDPOLIQW YR X BF W KH7 ¥\ TKKU R
ZHUH DQQHDOHG XP SMWRUGIMXHWENQW VH f& f& f& XWLOL]LQJ D KHDW
ZLWK JUDSKLWH GRPH )W\SH)WRQ 3DDU H SKWRWIRY HEHUJ\ ZDV VHW WF
ZDYHOHQJIWK c DQG D 0$5 LPDJKVSIGD\NRH @/HW HFNWWRHF VDR Q 7
VL]JH ZDV VHW WR  Y[[ KPPQG WKH DQJOH Rl LQFLGHQFHLRIN GHJI
SDWWHUQV ZHUH REWDLQHG IURP WKH 0$8DLFP BDHW XML QJ@N KHW HU Z B U
7KHWD VFDOH RI WHKW VGH UIQY ZWNVRFR @MBUHWHEKWR D ZD c

SHVXOWYV

,Q WHUPV RI GU\ VOLGLQJ H[SHULPHQWY GERI\N K H@®R® WLWLE R O/RVH P B OV E R
WKH LQYHVWLJIDWHGIHN HRSWKUMWHKOHYDGIE GHFRISHDWHWR UM KH FRHIILF
IULFWLRQ &2) RI VWQKHLYH REFRIDWHG SDEBSDWWLFZOWKH &2) GLPLQLV
VLIQLILFDQWO\ ,Q FRQWUDVW WKH &2)FRQWWKB QW )RIY ARDWHK I JZKR® B L\
UDQJH 8S WR f& WKH )H )H FRDWLQJ VKRBBG HIG O\RRZ MUK & 2))HZK HF @ DRV
IHYHUWKHOHVV WKHK)LEOWNVRDWURRWH[RQ UHGXFWLRQ RI DW f& LQ
FRDWLQJ

l_ m [Fe-Fe------ Fit Fc-FgE | A Fe-V------Fit Fe-V

0.84 1

on

0.7 1

e

(o))
P
»

Coefficient of frict
==
4= w
i 1 i L
L
oo
=
-
-

Ball-on-Disk
Tribometer

i

<
W
L1

b
b2

— 1. 1 v T 7 1 T T =
50 150 250 350 450 550 650 750
Temperature [°C]

Fig. 1: Coefficient of friction of different specimens for various temperatures taken in dry sliding experiments

JLIXUHVKRZV WKH GLIIUDFWLRQ SDWWHUQV RHWKHMHW) KV Bl FRHDWDLVDX UW B |
UDQJH RI f& XS WR f& $IWHU FR DAL DIQZSHEIRY LBHL BOIVOHFWHG  %H

f& QR VLJQLILFDQW FKDQJHV DUH REVHWWGE FGAK W.R VR B QRD G DY/L R
SKDVHV $ERYH & WKH2LPWHQNWWWRI| BHHFUHDVBZKLFK PHDQV WKDW
WKH DPRXQ¥W GHFWHHDVHV LQ WK H H FROMKIHQU KD@ GV W KHD VW URRIQWHWW L
LQWHQVLW\ RHBBWLWH FDQ EH VHHQ DERYB &RP&LGHPLQJ WKHUPRG\C
DVSHFWV WKH RFRXGXHQWR RRIHDOLQJ LV PRU® MIQG O F RRD®LH O\ )|
LV WKH WKHUPRG\QDPLFDOO\ PRUH VWDPQHHR [20® DIGQ X\PK B2 /MW S8l UD
DQG )H 9 ULFK R[O@HV )XH9 2 JH92DUH IRUPHG XQGHU WKHUPDO (
R[LGL]LQJ HQYLURQPHQW DV VHHQ DERYH WHKE V,@WUWRWXBBIVHVRQ W
LGHQWLILDEDOHD QBE WKH SRVLWLRQV D[HXG/LWHGINWRYHWKEBW%UDJJ SH
PRQRFOLQLF WHWUDJRQDO DDQUAH RAKWR B R UK@R® BPLIFW F K 2R WKH S
FRDWLQJHDWXUHYV D PHWDQ WQR ®ODW R | &WIWIRPPWRIQRB D LRQ B O/ WU X FW X |
6LQFH WKHUH LV QR GLIIHUHQFH EHWZRHQ W KD G ERWWN DXP H G &WIKDGV |
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SKDVH LV SUHVH®WDRKRKRI 9%KH FRDWLQJV RFFXUV RQO\ BPBRYEH f& D
VWDWHG WKDW WKH WHWUDJRQDO SWD VH S RURQHGE DL ICRHBGHNV W R S/HILVD |
FDQ VKLIW LI VWUHVVHYV DUH H[LVWLHMHQ®HWKH WIRHD VRIUMWIK/R & KER P EK A
XQOLNHO\ EHFDXVH WKLY SKDVH DULVHWIRQ®\UMHE RSUWW N & XBJ H¥ DQ DHMW HIUO
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Fig. 2: XRD pattern of the Fe-V coating obtained under different temperatures (25°C, 350°C, 450°C, 550°C,
650°C, and 750°C) in the 2 Theta range of a) 13.5°-38°, and b) 46°-69°. The 2 Theta axis is scaled to a photon
energy of 8 keV. Space group numbers are indicated in parenthesis

'5' DQDO\VHV VKRZ WKDW WKH )H 9 FRDWLQJ IRUPV GLIIHUHQW YDQDGL
IRUPDWLRQ RI ®2PDQGO3 OHDGV WR HEKRDF¥HRU | ULFEXHRMU F Q VU K DL\H ® R
ZKLFK R[LGHV DOORZ WKH LQFLSLHQW IULFWLRQ GURS RI WKH )H 9 |
IHYHUWKHOHVYVY WKH NQRZOHGJH JDLQHG EW W RMHU HYS\H U, IQP HRQUMWK E R P
GLITHUHQW FRQWHQW Y HRIOY D@ DGSLLI XHPU B @AW LIFHW DWOXFIKF DD FREDOW EDV
VKRXOG EH LQYHVWLJDWHG ORUHRYHU QWK PR[LEMAWL R RQ E® X DIYILRMDIC
FRPELQDWLRQ ZLWK ZHDU UHVLVWDQW &I\ K UFRDW LRUVIXW XDGVRQR F
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(VSHFLDOO\ WKH WHPSHUDWXUH LQGXFHG SKDVH WUDQVIRUPDWLRQ L
DQG FU\VWDOOLQH VWUXFWXUH DUH RI PDMRU LQWHUHVW

$FNQRZOHGJHPHQW

7KH DXWKRUV JUDWHIXOO\ DFNQRZOHGJ)H WHH PIDQ CEQFVLHDU KK 9 KK QW DRN
ZLWKLQ WKH &ROODERUDWLYH 5HVHDUFK &KBWWRQWWPAEXWYRBDYURM Hg
9HUVFKOHLVVVFKXW] *PE+ DUH JUDWHIXGOR DW NIQR SUHRY LIBE QR W KK HL
FRQWDLQLQJ IHHGVWRFN PDWHULDO 7KH DXWKRUV ZRXOG OLNH WR W}
VIQFKURWURQ UDGLDWLRQ

SHIHUHQFHYV

%RE]JLQ 1 %DJFUYRQ & 0BH3 +3306 1&DQID &U $O : 1 WKLQ ILOF
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Metal-Organic Frameworks (MOFs), a new class of porous inorganic-organic hybrids,
have been studied extensively in the past two decades due to their outstanding porosity, chemical
modularity and structural diversity. MOFs are constructed by a building-block principle and the
different components can be replaced or modified, thus allowing a high grade of tunability. This
versatility makes MOFs promising materials for various applications such as gas separation and
storage, and makes them superior over other common porous materials, such as silica or zeolites.
A fascinating subclass of MOFs are soft porous crystals, [1] which possess an inherent structural
flexibility and can undergo a single-crystal to single crystal transition when exposedteraale
stimulus, such as gas adsorption/desorption, temperature or pressure. [2] An example for an
interesting material that undergoes this transition is the pillared-layered matesidl-[M
bdck(dabco)} (M = metal ions such as Zin C*, Ni?* and Cd*; fu-bdc = 2,5-(dialkoxy)benzene-
1,4-dicarboxylate; dabco = 1,4-diazabicyclo[2.2.2.]octane). [3]

The integration of functionalized MOFs in micro systems and devices requires the
deposition of MOF thin films on substrates. These composite materials offer high potential in
assorted applications, such as chemical sensors, separation membranes and capillary columns for
gas chromatography. [4] The stepwise liquid phase epitaxy method (LPE) is one of the potential
methods to achieve MOF thin films of well-defined layer thickness or crystallite size with
controlled crystallographic orientation leading to so-called surface-mounted metal-organic
frameworks (SURMOFs). [5]

Herein, we fabricated the Cu-based pillared-layered SURMOFs(f{chdcy(dabco)},
by LPE process. The structural flexibility of the fabricated SURMOFs upon adsorption and
desorption of methanol vapor was monitored by in-situ grazing incidence x-ray diffraction
(GIXRD), collected at Beamline BLO9 at DELTA Synchrotron, Germany (X-ray erwdrify keV
or wavelength 0.828 A, refined sample-to-detector distance of 599 mm and the incidence angle of
0.6).Hhe activation of SURMOF by He purging partly changes the MOF structure from the large-
pore phase to the narrow-pore phase (approximately 50%), Figure 1 (red curves). The loading of
methanol for at least 20 % R/to the activated SURMOF is required in order to change the
structure from the narrow-pore phase back to the large-pore phase, Figure 1 (orange curves). This
structural flexibility is reversible upon adsorption and desorption of methanol vapor from the MOF
pores as schematically illustrated in Figure 2. Further investigation is required to getimsight
the structural-flexible phenomena of this MOF anchored to the substrate surface.
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Figure 1 (a) In-situ monitoring of GIXRD (Out-of-plane cuts) of the pGu-bdcy(dabco)}
SURMOF upon adsorption and desorption of methanol vapor @25
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Figure 2 Schematic illustration of structural flexibility upon adsorption and desorption of
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Hydrogen bonds are essential for the structure and dynamics of alcohols, aqueotisnsolnd

water. Monohydroxy alcohols (MAs) have been studied as a modelnsyfste hydrogen bonded

fluids in general for decades [1]. Due to the interplay of hydrogen bonding arid kiedrance, they

are supposed to form supramolecular structures such as chains and rings in the liquid Tiese.
supramolecular clusters cause an absorption band in the mHz to GHz regime, réteagdebye
process, which distinguishes MAs and water from most other liquids. 2-ettgkdnol (2E1H) has
been investigated intensively over a wide range of temperature and pressure. Espacmhlinear
temperature evolution with a change of slope at 250 K of the strength of the Debye process has been
a surprising result [2]. Moreover, an oppositional pressure dependence compared to the fiigdoui

MA 4-methyl-3-heptanol 15 - 015 o
(4M3H) has been found [3]. o4 e 014 oo
The origin  of these g zo | ) aose
phenom(_ena calls for anz_ 0.1 /\}\ Jj Y /«\ o
explanation on moleculars ;o \ T o VAW

level. X-ray diffraction (XRD g P\l/ 0.06 ﬂj' \

is a valuable tool to obtain oosf [ N
information about typical L., f g ¢ Yz
length scales in quuidér.) XR| O‘OE AMGH T=2T6 K \ 0'02 / ams T=343K ~
patterns Of 2E1H and 4M3|_ 5 10 q11'5nm'1 20 25 30 5 10 q1f5nm'1 20 25 30

were measured employing
the setup for high pressure o.15 o et 0.15 consar
small- and wide-angle x-ray oo e
scattering at BL9 [4]. The e
measurements were 3
performed at temperatures =

of 276 K, 300 K, and 343 } (o5

The pressure was increase
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some cases the KaptorFigure 1:XRD patterns of 4M3H and 2E1H at temperatures of 276 K and 343 K o
window of the sample wide range of pressure.

holder broke; those XRD patterns were not taken into account. The incident plesiergy was 24

keV, which allowed the beam penetrate through the diamond windows of the high-pe<sli
Figure 1 shows the diffraction patterns of 4M3H and 2E1H at 276 K4$h#&.3They consist of two
peaks in the medium wave vector transfe)) fange, which is typical for an alcohol [5]. The main
diffraction peak is mainly due to the carbon-carbon correlations in the liquifeatures a less
intense prepeak at smallag-values. This prepeak caused by supramolecular arrangements and its
position displays a typical distance between the oxygen skeletons of the supramaoletudters
separated by the carbon chains of the molecules [5, 6]. As depicted from figure 1, both peaks shift to
higherg-values at increasing pressure, which is due to the increased density (a detailed disctission o
the peak parameters is presented in reference [7]). The combined shift of both eakéne with

the compressibility for 2E1H [8]. Furthermore, the prepeak intensity decreases with Simgea
pressure in both alcohols at all temperatures. This might indicate a reduced nuwifber
supramolecular arrangements in the liquid [9]. Interestingly, the width of theemk «,, develops in
oppositional directions in 2E1H and 4M3H at temperatures of 276 K and, 280pKesented in figure
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2. The values} ( yp are approaching each other with increasing pressure. The prepeak wiglth
correlates with the degree of local order in the molecule distribution [10dliffers significantly at
ambient conditions and is similar at high pressures. This suggests that the supramdé&udiares

are more alike at high pressures, which is in line with dynamic measureitiattiave suggested a
disintegration of supramolecular arrangements [3]. In 2E1H a shortening of supramolebalas

and in 4M3H a transformation of ring like clusters into chainlike ringrfeays has been proposed

[3]. Such a transition is sketched in figure 2 b). It has to be mentioned that temperature hgsra ma
influence on the XRD patterns. Increasing the temperature leads to a decrease of the prepeak
intensity. Therefore, it can be concluded that increasing the temperature leads to a disintegvation
supramolecular structures and an increasing amount of monomers in the liquid. At theshig
temperature of 343 Key, differs significantly in 2E1H and 4M3H. In both liquids the prepeaks become
wider with increasing pressures, which is due to the increasing number of monomers in bath.liqui
The structures are strongly disturbed by temperature in 4M3H; probed via an increasing widéh an
decreasing intensity of the prepeak. At a temperature of 343 K the amount of supranaslecul
structure is strongly reduced and a further disturbance can be observed. The temperature
dependence is less pronounced in 2E1H; the same temperature behavior was obseREmDHirin
previous measurements.

In a nutshell, the XRD patterns support the structure model that has been proposed on the basis of
dielectric measurements. Further insights could be gained by comparing these data with results from
molecular dynamic simulations. Additionally, investigations emptpgiamond anvil cells at BL9 will
allow to access a wider range of pressure and temperature in the near future.
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Figure 2 a) +y, of 2E1H and 4M3H at temperatures of 276 K, 300 K and 343 K at |ncreasmgqsre5psn‘o 4500 bar, b)
sketch of the structural rearrangements at high pressure in 2E1H and 4M3H.
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Temperature dependent powder diffraction studies on coordination polymers with
acetylenedicarboxylate as linker
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From high-resolution synchrotron powder diffraction data recorded at BL9 we were able to
refine the crystal structures of the trivalent rare earth acetylenedicarboxylates
[RE2(ADC)3(H,0)s @ AO-with RE = Yttrium, Holmium, Erbium crystallizing in an already
known structure type [1]. As these structures crystallize in the triclinic space Br®upe
diffraction patterns show a large number of reflections, as illustrated in figure 1 for
[Y »(ADC)3(H.0)s @ AO+For theRietveldrefinement of the data, the program GSAS [2] was
used. Due to 18 crystallographically independent atoms in the unit cell, the number of refined
parameters is quite large so that soft constraints/restraints had to be used for a stable
refinement. Therefore a large number of reflections with well defined intensities are needed.
The data recorded at BL9/DELTA meet these requirements. The samples were measured in
capillaries, sealed in advance in our labs in Cologne. As expected for rare earth cations, the
volume of the three refined compounds decreases with increasing atomic numbers and fits
very well to the other unit cell volumes of the known compounds of this structure type.
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Figure 1: Rietveld plot, refined with GSAS [2] (left) and view of the crystal structure of
[Y 2(ADC)5(H,0)s @ AO-along [010] (right).

The thermal expansion of the anhydrous acetylenedicarboxylaté&DCy and Eu(ADC)

was investigated at BL9 by means of temperature-dependent powder diffraction below room
temperature. Again, these samples were sealed in capillaries in advance in our labs in
Cologne. Starting at room temperature, the samples were cooled down with a defined
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temperature program using the Cryostreamer Cryojet-700-Compact (Oxford Cryosystems)
provided by DELTA. At each defined temperature a powder pattern of the sample was
recorded. The subsequent warming up to room temperature was also controlled with the
cryostreamer.

The evaluation of the recorded data was performed with Jana2006 [3a] Luesifgil

Fits [3b]. As expected due to our former investigations(AI¥C) shows a positive thermal
expansion below room temperature (see figure 2, right). For Eu(ADC) we found a negative
thermal expansion below room temperature, comparable to that reported for Sr(ADC) [4].
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Figure 2: ExemplaryLe Bail Fit of C$(ADC), recorded at 250 K (left) and thermal expansion of
Cs(ADC) between 100 and 300 K (right).

Furthermore the thermal behavior of the anhydrous acetylenedicarboxylate Pb(ADC) was
investigated below room temperature. In line with our investigations by low temperature
differential scanning calorimetry (LT-DSC) we expected a phase transition at about 250 K.
But in the temperature-dependent powder diffraction patterns only a distinct broadening of the
reflections and simultaneous amorphization was observed. All attempts to solve the crystal
structure of this amorphous phase failed so far.

For all experiments described in the report the det&status100Kwas used.

References
[1] A. Michaelides, S. Skoulika&rys. Growth Des2005 5, 529.

[2] H. M. Rietveld,Acta Crystallogr1967 22, 151; B. H. Toby,). Appl. Crystallogr2001,
34, 210.

[3] @) V. Petricek, M. Dusek, L. Palatinug, Kristallogr. 2014 229, 345; b) A. LeBail,
Powder Diffraction2005 20, 316.

[4] F. Hohn, I. Pantenburg, U. Ruschewithem. Eur. J2002 8, 4536.

64



Direct monitoring of polymer recrystallization

L. Grodd', E. Mikayelyah U. Pietsch, F. SpieckermarfnH.
Zhand, G. Reitef, S. Grigoriar
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2 Physikalisches Institut, Albetudwigs-Universitat, Freiburg

Due to their electric properties, mechanical fldkijp and easy
solution based processibility there are various liegipons for
conjugated polymers in organic electronics. The ititgbof the
charge carriers, which is a key parameter for tegopmance of
electronic devices, is strongly influenced by theemtation of the
crystals in the typically semicrystalline polyménis.
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Figure 2: 2D diffraction patterns of iPS during tteerystallization experiment (left)
and radial line profiles (right) of the highlightedeas at initial room temperature, at
220 °C and after cooling back to room temperature.
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Therefore, gaining information about the mechaniswhsthe
growth process will be valuable in order to contitol*? Grazing
incidence X-ray diffraction experiments during tbeystal growth
provides valuable information about a timescale and aruéon of

the structural features.
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Role of alkyl chain substituent on self-assembly properties of
donor-acceptor polymers.
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In contrast to our previous studieshere the influece of geometry and substitution position of
alkyls side chains on self-assambly properities has been investigated, role of alkyl chain
substituent length on self-assambly porperities of donor-acceptor CDT-BTZ polymers has been
performed. For this purpose, two different substituents, hexadecyl (C16, P1) and eicosyl (C20,
P2) in CDT-BTZ structure (Figure 1) have been synthesized and coorelation beetwen backbone
alignment on molecular organization and its impact on charge transport characteristics in field-
effect transistors has been discused. These results have been recently published in Chemistry
of Materials?

P2

Figure 1. Chemical structure of CDT-BTZ polymers P1 and P2

To investigate the impact of the alkyl chain length on the molecular packing structure of CDT-
BTZ thin films, GIWAXS measurements was performed. The improvement of ordering in thin
films was confirmed by the increase in interlayer coherence length represented by the
corresponding full width at halfmaximum (FWHM) parameters. To understand better the
relation between alkyl substituents and supramolecular organization, two types of samples were
prepared based on drop-casting and compression. First, the influence of the alkyl chains length
(C16 or C20) in drop-cast films was investigated. GIWAXS patterns in Figure 2 a,b for drop-
cast films indicate little difference in ordering between P1 and P2. Both polymerkedeana
edge-on and face-on mixture in the surface arrangement. In the casesfPl, LQWH-UOD\HU |
stacking reflections were detected on the out-of-plane pattern and correspond to d-spacings of
2.82 and 0.35 nm. The same organization was found for P1 with intelay@stadking
spacings of 2.52 and 0.35 nm. The minor variation in the interlayer distance between P1 and P2
was related to the different side chain length. Therefore, it could be assumed that the alkane
interdigitation is basically identical for both polyme@R W D I | H F$tacking. Mbkeblved:

the out-of-plane interlayer coherence length remained unchanged for both polymers. Coherence
lengths of 13.6 nm for P1 and 17.0 nm for P2 were determined corresponding in each case to
six layers. The same interlayer coherence length corresponding to 6 layers was fabed for
films obtained by compressing (Figure 2 c,d). On the basis of the described results, it could be
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concluded thatwW KH L Q W H ktstadhking distBn@eS add8 coherence lengths for both CDT-
BTZ polymer derivatives were not dependent on the film deposition method.
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Figure 2. Grazing incidence wide-angle X-ray scattering (GIWAXS) patterns of (a) P1 and (b)
P2 drop-cast films. GIWAXS patterns of (c) P1 and (d) P2 compressed films.
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“Polymer films morphology on the different flexible
substrates”
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One of the important research directions in Organic Electronics, called Stretchable/Flexible
Electronics, has attracted a lot of attention: possibility to create cheaper, lighter, more
mechanically stable, fully organic, chemically/ biologically compatible electronics shows
huge potential along with numerous practical applications in different fields and daily life. As
an active layer one can use various combinations of polymer compounds and one of such
special class of solution-processible regioregular polythiophenes- P3HT provide nice film
formed structure with self-organised microcrystalline domains, created by interchain stacking
of 2D sheet-like lamella, formed by assembly of polymer backbones and thiophene rings and
particularly interesting for us , due to its semiconducting properties.[1] [2] [3] Another usage
of chemical organic compounds can be found in solar cell technology: one of the example of
polymer:fullurene solar cells- poly[4,8-bis[(2-ethylhexyl)oxy]benzo[ 1,2-:4,5-b']-dithiophene-
2,6-diyl][3-fluoro-2-[(2-ethylhexyl)carbonyl]-thieno[ 3,4-b]-thiophenediyl] (PTB7). This
active novel donor material consists of bulk heterojunction films, created by conjugated
polymers and fullerene derivatives and provide low bandgap light absorption, high power
conversion efficiency (PCE), appropriate energy level positions and quite high carrier
mobilities. [4] [5] [6] It was shown, that different types of material can be used as candidates
for flexible substrates, such as: kapton, polyethylene, paper, polyimide, textiles, fibers,
PDMS, Si-elastomers, etc. We have chosen in our research for flexible substrates textiles,
PDMS and Si-elastomers, as for the conjugated polymers, we have used 2 main materials,
used in Organic Electronics- P3HT (regioregular poly(3-hexylthiophen)) and PTB7.
Naturally, in such comparably new field, there are a lot of unsolved problems and open
questions, so in our discovery, we have decided to focus on behaviour of polymer film on top
of the flexible substrate and mechanical stability of such objects, via applying external force.
To provide stretching movement, we have created at the University of Siegen special
motorized stage. Structural investigations we have conducted at BL9, DELTA, using the
grazing incidence X-ray diffraction method (GIXD) for in-situ X-ray structural investigations
of different stretchable substrates coated with polymer films. On the picture below we can see
comparison of polymer P3HT peaks coated on several substrates:

P3HT on different substrates. Out of plane

——Elastomer | ™ Drop-casting method:
—=sg . i 1 Polymer Solution
519 y 5 droplets
—522 -
— 37 e anliSe
\ Peaks from the metalic _
\ textile parts{contacts)

Polymer peak from P3HT Peaks from the textile

Polymer peak
from coated textie 519

¥
/\ Etastomer peak

Intensity [a.u]

Fig.1. Out of plane profile for P3HT without alongation for 2 substrate materials: textiles with different waving
structure and Elastomer. On the picture also presented picture of clean substares, schematic description of in-situ
measurements during stretsching and coating method we used.
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After several experimental trials with different substrates haxe stopped on PDMS with
thickness 0.7-0.8mm. We present comparison of internal microcrystallineustrun our
polymer film, formed by 2 main polymers on top of the same substia¢e @n the picture
below, one can see a notice in peaks shape for P3HT and PTB7 respelpehgding on
elongation level:

PTB7 and P3HT on PDMS, stretching from 0-40%:0Out of plane
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Fig.2. P3HT and PTB7 polymer films under external fapplied: out of plane profiles during stretching,
elongation in % from initial sample length.

The interplanar distances during a stretching process for both polypesrshow distinctive
modification in initial arrangement of microcrystalline domains. Bubstrate movement
imply a strong effect on lamellar film structure followed bg @dditional surface effects and
creating cracks for the higher strains.

The authors acknowledge the support of the DAAD through the PROCOPEmrymect
No 57211900) for the financial support.

References:

[1] H. Sirringhauset al, €Twodimensional charge transport in self-organized, high-mghibnjugated
polymers,, Nature vol. 401, no. 6754, pp. 68688, Oct. 1999.

[2] I. McCulloch et al, €Liquid-crystalline semiconducting polymers with high chacgerer mobility,,
Nat. Mater, vol. 5, no. 4, pp. 32833, Apr. 2006.

[3] B. S. Ong, Y. Wu, P. Liu, and S. Gardner, €HRgrformance Semiconducting Polythiophenes for
Organic ThinFilm Transistors,,J. Am. Chem. Sqool. 126, no. 11, pp. 3378379, Mar. 2004.

[4] S. Namet al, €All-Polymer Solar Cells with Bulk Heterojunction Films Contagnitectron-
Accepting Triple Bond-Conjugated Perylene Diimide PolymACS Sustain. Chem. Engol. 4, no. 3, pp.
767f774, Mar. 2016.

[5] Y. Liu et al, €Aggregation and morphology control enables mialtiases of higlefficiency polymer
solar cells,,Nat. Commun.vol. 5, p. 5293, Nov. 2014.

[6] |. Etxebarria, A. Guerrero, J. Albero, G. Gar8iahmonte, E. Palomares, and R. Pacios, €Inverted vs
standard PTB7:PC70BM organic photovoltaic devices. Theflierf highly selective and extracting contacts in
device performanceQrg. Electron, vol. 15, no. 11, pp. 2752762, Nov. 2014.

70
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containing cholesterol at high hydrostatic pressure
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A lipid bilayer is the basic component of cell membranes, which separate the intracellular and
extracellular region and regulates the mass transfer between both regions in all living
organisms. We use solid-supported DMPC (1,2-dimyristsoydtycero-3-phosphocholine) bi-

and multilayers with different concentrations of cholesterol as model membranes to examine
the pressure-dependent behavior of those structures by x-ray reflectivity measurements.

In a former experiment we investigated the phase behavior of solid-supported multilayers of
pure DMPC at high hydrostatic pressure using the same methods. We were able to determine
phase boundaries between the liquid phase und different gel phases and, moreover, observed
specific effects like a pressure-induced multilayer formation and a pressure-dependent filling
of the water layers between the separate lipid bilayers in a multilayer system [1]. By adding
cholesterol to the investigated lipid layers, we went one step forward to a more biologically
relevant structure, as in nature, membranes are highly complex systems that are interstratified
by cholesterol and proteins.

In order to obtain information about the vertical arrangement of solid-supported DMPC
membranes with cholesterol, we conducted high energy x-ray reflectivity measurements at the
solid-liquid interface between silicon and an aqueous buffer solution at beamline BL9 at
DELTA. These measurements were performed in a custom-made high hydrostatic pressure cell
[2] and at a photon energy of B&V. The beam size was Orin (vertical) H 1mm
(horizontal). Pressures up t&idar and a temperature of 2D were applied. Our samples were
prepared on silicon wafers by a spin coating process. For this purpogse DRIPC and
different amounts of cholesterol up tori81% were dissolved inrl 2-propanol.

The measurements that were taken at DELTA are a completion of a data set that were obtained
at ID31 at the ESRF (European Synchrotron Radiation Facility). On the basis of this data set,
we observed that at 2Q, the lipid layers are in a gel phase and show an approximately linear
change of their thickness with increasing pressure, so that it is possible to describe their
behavior by a linear compressibility. Moreover, we found a fundamental difference between
the compressibilities of bi- and multilayers. The compressibility monotonically decreased with
increasing amount of cholesterol undergoing a change of sign at aboot%25n the bilayer

case, while it was non-monotonic and permanently negative in the multilayer case. At DELTA
we successfully reproduced the corresponding measurements and were able to confirm the
results, as is shown in figure 2.

Figure 1 shows some of the reflectivity curves. The data of a pure DMPC bilayer and a
multilayer containing a high amount of cholesterol, each at 50 andb&008re depicted. As

one can see, the oscillation period of the bilayer reflectivity increases with increasing pressure,
meaning that the bilayer thickness decreases and the corresponding compressibility is positive.
However, the position of the multilayer Bragg peaks shifts to smaller values as the pressure
increases, meaning that the layer thickness increases and the compressibility is negative.
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During our beamtime at the beamline 9 of the DELTA electron storage ring in Dortmund in
December 2015 we continued our studies on the effect of structural modifications on the self-
assembly of oligoprolines conjugated with sterically demanding chromophores (alkynylated
perylene monoimides - PMI) (Figure 1). Our results demonstrated that the conjugates beetwen
building blocks that do not tendency to self-assemble by their own but govern the spatial
orientation betweend@ystems allows for direct control self-assembly properiteis. However
small changes in the length of the peptide backbone have strong influence on the
supramolecular assembly of oligoproline-PMI conjugates, forming self-assemblies from worm-
like threads via fibrils to nanosheets structures. These results have been recently published in
Angew Chem Int Edit and Chemistry - A European Journal

0 1Ran=1
1Rbn=2
@ 1Rcn=3

1Rdn=4
O.O 1Re: 5

ey

Figure 1. General structure of ollgoprollne-PMI conjugates.

To understand the relation between the oligoproline length and the supramolecular order
grazing incidence wide-angle X-ray scattering (GIWAXS) was used forflfRa deposited

from mixtures of THF and ¥D (30:70) on Si/Si@substrates. The GIWAXS patterns (Figure

2) indicate an similar supramolecular organization for the whole series, but significant
differences in long-range ordering. As previously repottétl,K-stacking distance between
intercalated PMI units is determined from wide-angle reflections, mostly located on equatorial
SODQH RI WKH SDWWHUQ DQG VOLJKWO\ YDULHV EHWZHHQ
1Raand1Rd, whereby the corresponding scattering peak is sharper, but rather isotropic for the

first oligoproline (Figure 2). This is characteristic for a higher crystallinity between PMI units,

but lack of orientational order of the crystallites towards the surface as in the case of 1Rd.
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Interestingly, 1Rb and 1Rc ré¢¥DO D WLJKWHU SDFNLQJ ZLWK YDOXHYV
respectively (Figure 2a-b). An additional equatorial wide-angle reflection for both derivatives
suggest a tilting or shifting of the PMI units towards each other which is missing for 1Ra and
IRA.NcRQWUDVW WKH ORQJHVW RtadkihRdelid digdh@idordeHn th& RZV Q
PMI packing. On the meridional plane of the GIWAXS pattern for all oligoprolinesHIRs

one or more higher order reflections appear which are related to the intercalated double layer
(Figure 2b). This assembly is based on a hydrophobic inner part consisting of the intercalated
PMI units and outer hydrophilic oligoprolines. The d-spacing of the double layer is determined

from the ' order reflection and slightly changes between the differently long oligoprolines
ZLWK c IRU 5D DQG 5H c IRU 5F DQG .Mde DV ZHC
importantly, the number of higher reflections strongly differs between the compounds implying
variations in long-range order of the assemblies. While the patterns display only the first order
peak for 1Ra, 1Rb and 1Re, oligoprolines 1Rc and 1Rd give rise to reflections‘uprtied

From these results, it can be concluded that the oligoproline length of 1Rc and 1Rd seem to
possess an optimum persistence length to yield higher order than in the case of 1Ra, 1Rb and
1Re. In the case of the longest oligoproline 1Re the oligoproline backbone is probably too
flexible to allow even a packing of the PMI units within the double layer.

Double layer Intralayer packing

a) R

1Re

q,, /A’

Intensity / a.u.

b)

1Rd E

I1Re
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Figure 2. GIWAXS pattern of 1Rb a) and 1Rc b) after deposition from a solution in 36IF:H
(30:70); c) 1D GIWAXS profiles of 1IRARe as a function of scattering vector g. The
reflections for the double layer structure and the intralayer packing of the PMI units are
indicated in the integrations.
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Inside cells, proteins are surrounded by different macromolecules, including proteins
themselves, which cover approximately 30% of the available volume. It has been shown that
the reduction of free space and the accompanied change of osmotic pressure has a significant
impact on the conformational stability, dynamics and hence reactivity of proteins, which
changes also their resistance to temperature or pressure-induced denaturation [1]. The aim of
the experiment was the investigation of the impact of crowder molecules of various sizes and
chemical properties on protein-protein interactions in highly concentrated aqueous lysozyme
solutions, and how these interactions are modulated by changes in water structural properties,
by osmotic pressure, and by the macro-/nanoconfinement theses crowders impose. As model
crowding agents the inert, polar and hydrophilic polysaccharide Ficoll PM 70 and its subunit
sucrose are chosen.

SAXS measurements were performed at DELTA, Dortmund, bl9 with a custom build high
pressure cell [2] with removed diamond windows at ambient pressure at a sample temperature
of 25 °C. An incident energy of 10 keV and a sample-to-detector distance of 1,1 useglas

To obtain the intermolecular interaction potential as a function of crowder concentration and
crowder identitySAXS curves of 15-20 (w/v) % aqueous lysozyme solutions in 25 mM BisTris
buffer at pH 7 were recorded for Ficoll PM 70 and sucrose concentrations rangingtbr@%s 5
(Wiv)%.

Due to the marked increase of background scattering in case of the macromolecular crowding
agent Ficoll, the correlation peak containing information on the intermolecular interaction
between the protein molecules cannot be analyzed with sufficient accuracy beyond crowder
concentrations of 10 wt.-% at lysozyme concentrations of 20 wt-% (FIG. 2.). Up to that crowder
concentration, a marked shift of the correlation peak relative to the scenario in pure buffer
solution is not observed, which can be explained by the strong repulsive protein-protein
interactions of the highly positive charged lysozyme molecwe8 &t pH 7) in this protein
solution, which can still be described by a relative open network structure at this
macromolecular crowder concentratioin sucrose solutions, the background remains
essentially flat in the-range of interest. For the nanomolecular crowder sucrose, the second
virial coefficient and the strength of the attractive part,? ;of the intermolecular protein-
protein interaction potentiaB : N have been derived for dense lysozyme solutions from SAXS
data as a function of crowder concentration, applying a liquid-state theoretical approach. We
observe a linear decrease of attractivity of the interaction potential with increasing sucrose
concentration at ambient pressure. Different from the scenario observed for the macromolecular
crowder, this indicates that marked changes of osmotic pressure induced by the nanocrowder
sucrose at high concentrations in concert with the reduction of space owing to the excluded
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volume effect, affect the intermolecular forces significantly (FIG 1. a-c). The effect otbserve
may be explained -at least in part- by the repulsive excluded volume effect induced by the
presence of the strongly hydrophilic sucrose [3].
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FIG. 1 (a) Experimental SAXS intensities of a 15 (w/v)% lysozyme solati@d °C, ambient pressure and pH 7 1
sucrose concentrations of 0 to 25 (w/v)% and the refinemeheafata. (b) The experimentally determined streng
, . ?,,0of the attractive part of the interaction potential for sucroseentrations up to 25 (w/v)%. (c) Total protei
protein interaction potential : N(solid line), derived of the sum of a repulsive screened Coulatanial (dotted
line),a hard sphere potential (black solid line) and an attractive Yiakatype part (dashed line) as a function
crowder concentration.

o 0 (wi)% F FIG. 2 (a) Experimental SAXS
fé‘?"f;’/fz:/uFF intensities of a 20 (W/v)% lysozyme
V4 15 (wi)% F solution and pure 5-20 (w/v)% Ficoll
i 20 (wiv)% F PM 70 solutions at 25 °C, ambient

pressure and pH 7. (b) Data for the
corresponding protein-crowder
mixtures for 20 (w/v)% lysozyme
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Hard X-ray spectroscopy
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Biotransformationevidenceof coppernanoparticles
iIn cowpea(Vignaunguiculata)oy XANES

C.0.0gunkunlé®, B.Bornmanrf, R.Wagnef, P.O.Fatobd,
R.Frahn?, D. LutzenkirchenHech?

®EnvironmentaBiologyUnit, Departmentof PlantBiology,Universityof llorin, llorin, Nigeria
® Fakultat4 PhysikBergischdJniversitatWuppertal, Gautstr. 20,42097Wuppertal, Germany

The rapid advancementof nanotechnologyhas resulted in increasedproduction and use of commercially
engineerednanoparticles(NPs).Dueto their smallsizeof typically lessthan 100 nm, those NP materialsare

thought to have antimicrobial properties and a potential risk of a phyto toxicity. Due the numeroususesof

nanosizedCuand its oxidesespeciallyin the agriculturalsector[1], there is high potential to gainthe CuNPs
into the food chain, for example through contamination of food crops [2, 3]. Up to now it is not well

understoodif the toxicity potential of CuNPsnd its oxidesis asa result of chemicalspeciation/transformation
in the plantsor not, asonly few studieshave been carried out on the biotransformationand speciationof

metal nanoparticlesin plants, and there is a huge lack of information especiallyfor CuNPs(e.g. [4 6]).

Therefore this studyaimsto investigatethe uptakeandtranslocationof CuNPsandthe effectson somemicror
nutrients in cowpea, and its transformation/speciationusing the synchrotron Xray absorption nearedge
spectroscopyXANES}-orthis purpose,test soil (pH=6.0)collectedfrom the Botanicalgardenof the University
of llorin, Nigeria,wasair dried and sieved(<2 mm). 2.5 kg of potted soil were loadedwith an amount of 1000
mg of spherical CuNPs(lonic Liquids GmbH, Germany)with an average particle size of 25 nm. This
concentrationappearsto be a reasonablevaluein comparisonto the maximumconcentrationof 1000 mg/kg

asrecommendedor ecotoxicologicatestsof chemicalsubstancesiccordingo the 1ISOguideline112692 [7].

Seedsof cowpea(Vignaunguiculatg of accessiomo A1 8462 were collectedfrom the InternationalInstitute
for Tropical Agriculture (IITA,Nigeria). The seedswere treated in 10% sodium hypochlorite solution for 10
minutesto ensuresurfacesterility [8], followed by two consecutiverinsingwith deionizedwater (DW). Five
seedswere plantedin a pot and left to germinate.Irrigation was carried out every day with 100450 ml DW
throughout the period of the experiment,and the seedswere allowedto grow for the exposureperiod of 21
days.Subsequentlythe plantswere harvested washedwith DWto removeadheringsoil materialand freezer
dried for the synchrotronmeasurementsait DELTAeamlinel0. Cuspeciationwasdonein the root, stemand
leafsof the plants.

In Fig. 1, Xray fluorescencespectraof different samplesexcitedwith a beamof 9100 eV photon energyare
compared.Ascanbe seen,the Cucontributionsincreasefrom the control sample(roots of plantsgrownin a
soil with a Culevel <1mg/kg)with a value of about 6.7 mg/kg dried weight, to the leavesand the stem with
about 25 mg/kg. ThehighestCucontentwasmeasuredfor the roots with a concentrationof about 164 mg/kg.
Variousother cationssuchasK, Ca,Ti, Mn and Feare detectableat different levels.Changesn thesemay as
well be attributed to the growth in the CuNRoadedsoilandwill be subjectof a forthcomingpublication[9].

Fig. 1. Xray fluorescence spectra of

different parts of cowpeaplantsgrownin

soil loadedwith CuUNPK1000mg per 2.5
kg soil) excited with 9100 eV photons.
Cucontributions increase from the

control roots (no extra CuNPsadded,Cu
level below 1 mg/kg), to the leaves,the

stem and the roots of the investigated
cowpeaplants. Variousother cations(K,
Ca,Ti,Mn, Fe)are alsodetectable.
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CuK edgeXANES$ata of the roots were measuredn the fluorescencamode usingan energydispersivesilicon
drift diode (SDD)with a multichannelanalyzerfAmptekXR100SDD)and a largearea PIPSdiode, respectively.
Severalscansfrom 8920 eV to 9130 eV photon energy with typically 250 data points each with 1042 s

integration time per data point were collectedand averaged.Spectrarelated to samplesfrom the roots, the

stemandthe leavesaswell asseveralreferencesampleqCumetal foil, CUNPsCyO, CuO,and Cuhistidine[9],

Cunicotianamine[9], Cuglutathione[9]) were measuredand analyzed.In Fig.2, XANESpectraat the CuKr
edgeobtainedfrom the roots are comparedto those of selectedCureferencematerialsand the CuNPsFrom
the edgeposition,a Curalencecloseto +2in the cowpeaplant material can clearlybe derived. Furthermore,
the shapeof the spectrumis very similarto that of the CU* referencematerials, especiallyto CuOand Cur
nicotianamine,suggestingthat a copper uptake and biotransformation of the CuNPshas occurred. A more

detailedevaluationand publicationof the datais currentlyunderway[10].

Fig. 2: Normalized Cu Kedge XANES
spectraof the cowpearoot samplein
comparisonto several Cu reference
materialsCumetal, CUNPsCyO, CuO,
Cunicotianamine[9], Cuhistidine [9]
and Cuglutathione[9].
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7KH ORFDO VWUXFWXUH RI FRQFHQWUDWHG \WWUL

XQGHU KLJK K\GURVWDWLF SUHVVXUH
OLUNR (ORHKWY.VWLDQ 6WHE® B A D@PXODQ/ - XOLUPRY . |QLJ
*|lUDQ 6XUPHRHUQ (WRKOJHU *|K-HIQIIL I HU PPRG® H D DAHU
OHWLQ 7RODQ

JDNXOWIW 3K\VLN "(/78 78 'RUWPXQG "RUWPXQG *HUPD(
%HUJLVFKH 8QLYHUVLWIW :XSSHUWDO :XSSHUWDO *H!

7KH LQWHUDFWLRQ EHWZHHQ SURWHLQV VWURQJO\ GHSHQGV R
ORGLILFDWLRQV LQ WKH VXUURXQGLQJ ZD WIHURWDW URUF WXUHHDIE SO |
RI SUHVVXUH KDYH D GLUHFW LPSDFW RQ WRH BQRWB Q6 HS UFRUMNI
GHSHQGHQW VPDOO DQJOH [ UD\ VFDWWHULQJ H[SHUKB B BWINRKD
VWUHQJWK DW DSSUR[LPDWHO\ NEDU > @ 7KLV RWQHL RXFRQS D
K\GUDWLRQ VKHOO RI ZDWHU > @ %\ DG G LITQXH RRWY PRRDOXRALRQ V [
PLQLPXP VKLIWV WR KLJKHU SUHVVXUHV GXH WWXWKH>V@ DEKB L
LQIOXHQFH RI WKH VDOW LRQV RQ WKH OR BDI® Z DUWKHHUX\DVE Bl X FAWDL
RI WKH SURWHLQ SURWHLQ LQWHUDFWLRQWSBRNHYVYWRK&VIIHU
FRQFHQWUDWLRQV XQGHU K\GURVWDWLF SUHWDXD BVAUBSWILRQHN.
VWUXFWXUH (:$)6 PHDVXUHPHQWYV ZKLFK SURYLGR ®HQ@N RJ KW
\WWULXP LRQV

‘H SHUIRUPHG WKH (;$)6 H[SHULPHQWYV DW EGQGDPIOM\AHR @ /JHRWHWI/C
DQG ZLWK D KLJK SUHVVXUH FHOO GHYHORSHG EQRHQWWDW LR @
GHSHQGHQFH RI WKH VWUXFWXUDO FKDQJHV LQ WHKH GRFIHW HQW
<&FRQFHQWUDWLRQV 0 0 0 0 0 ZHUH XVH@G$)PRU HDFK
VSHFWUD ZHUH UHFRUGHG DV D IXQFWLRQ RIRSUHVEXW Z ULWYKWX H
VWHS VL]H RI EDU

$ UDZ VSHFWUXP IRU WKH
FRQFHQWUDWLRQ DW E
VKRZQ LQ ILJXUH 6WDQ
SURFHGXUHV ZHUH XVHG IR
EDFNJURXQG UHPRYDO WR HJ
UHOHYDQW (;$)6 RVFLOODW
IXUWKHU DQDO\VLV > @ 7KH
VSHFWUD DV H[DPSOH IRU V
VROXWLRQ DUH VKRZQ LQ W
JUDSK LQ ILJXUH D DW G
SUHVVXUH VWHSV EHWZHHQ
DQG EDU 7KH VSHFWUD
SORWWHG LQ WKH PRPHQWX

&IPUE (W y &" +% SEuu GEDFEUSDY B JAN GELEP: F'y;,  ZKHUHV

WKH LQIOHFWLRQ HQHUJ\ 7R HPSKDVL]HGWRK RV FW& B DWSLHFQV U Q
ZHLJKWHG ZLWIG D, QDWWIR WRZHU JUDSK DOO FRQFHQWUDWLRQV |
EHWWHU FRPSDULVRQ 7KH TXDOLWDWLYH DQDOWAWXBH \RKH V
FRQFHQWUDWLRQ GHSHQGHQW FKDQJH LQ WKH DWRPR K GLR/AD Q F
RU ORRDHDLOXHV UHVSHFWLYHO\ 7KH )RXULHU WE\WQXPRULPY HV WRK |
SVHXGR UDGLDO GLVWULEXWLRQ IXQFWLRQ G'W RR QIRIZOHUXW W U L X |
GXH WR WKH LQIOXHQFH Rl WKH ®MVRRLE 8§ R WHKQMWGEDWWD @RAHHVR
7KH )7 RI WKH VSHFWUD DUH SORWWHG LQ LQJYAKHH D\E R PLLRF FGEWIW
DV D IXQFWLRQ RI SUHVVXUH RU FRQFHQWUDW LcR PRUHHY SRRGE
WR WKH GLVWDQFH RI WKH ILUVW FRRUGLQDWLR@ VKHOO DW DS
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&IPUE TW ~ ¢« dKWW y &" % SEMU }( SZ TD%WPOXUEDV %L JH(E}E ES %ol =<BIE S

}lho o SE}v A ]S S]}v KAddKDW ¢% SEpuU }( SE]}VI{(X &€ «v&dl } | BE *%v STIBEE vV (]PpC
JRU D TXDQWLWDWLYH DQG DGYDQFHG DQDO\VLV RI WKH H[SH
VLPXODWLRQV IRU WKH GLIITHUHQW FRQFHOQWUDWLRQYKBW DPI
WKHRUHWLFDO (;$)6 VSHFWUD RI WKH REW D L )G DM U DL RWWWKHUGH WV E
WKH UHFRUGHG VSHFWUD %\ XVLQJ WKH GLWWBQEUVEBHWRRUQLW
VKHOO DV D ILW SDUDPHWHU VPDOO UDGLDOORKDGQHHNVRRR/XDIGU
QHIJOHFWHG GXH WR WKHLU ORZ FRQWULEXWLRH WRI WKIKOAWW® H R
RI WKH ILUVW FRRUGLQDWLRQ VKHOO DWIGIXIHHUH @V BVY DWQVHKDH §
IRU WKH 0 VROXWLRQ 7KH DEVROXWH HUURU LQ WWH GBWHUPI
JXUWKHUPRUH WR TXDQWLI\ WKH FRPSWHRUNHQAWR FF DQFEH YR UHRWR ISP Q
UHJUHVVLRQV RI WKH REWDLQHG GDWD ZHUH SHUIRUPHGC RRU H
VKRZV D FRQFHQWUDWLRQ GHSHQGHG EHKDYLRU DV ZLWKHLQFUH
VORSH ULVHV +RZHYHU WKH RFFXUULQJ HIITHFW LWFRQ@QWWDU\
VROXWLRQV VLQFH LW LV NQRZQ WKDW D KLJKHU FRQFRIQWUDW
IXUWKHU H[SODQDWLRQ RI WKH UHVXOWYV DGGLWLR® PRWPHDYV X
FRQFHQWUDWLRQV DUH QHFHVVDU\ )XUWKHUPRWH \DWBWWVWQE
ZRXOG UHGXFH WKH ODUJH DEVROXWH HUURU LQ WKH GHWHUPLC

&PUE W ~ W dZ & *pod]vP & ]] }( $Z (1-A)|ZC & $Pv EZ} G (} &) EZEIE P S ]}
clous EE}E Jv §Z § Eulv $]}v ]* *Z}Av wWBZ20) e tuk( $Zi JEH Ev&E INoISE 3]}ve
}$]v (E}luo]v E E PE <]}V

‘H DFNQRZOHGJH 7 ,ULIXQH DQG WKHUMIRILQG Y66 DJW WHKWHTBEF K KLPGIWBHOLYHUVLW\ -DSDQ
QDQR SRO\FU\WWDOOLQH GLDPRQG GLVFV ‘GLTSW RRIQS WRKH. GIOXN WIHUF KRU R [F BIRQ@ WQFH 5(62/
WKH ')* )25 DQG ')* WKURXJK 755 IRU ILQDQFLDO VXSSRUW

5HIHUHQFHV > @ 0$ 6FKURHU HW D@ > @ $ 0|6RSWUHRWDID > @ @ OU\ZND HW
1HZYLOOH HW DO >@ 6 'tD] ORUHQR HW DO
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Cobaltbased coatings have potential applicationse.g. in energy storage systems[1] and solar energy
conversion2]. Theyare usedin electrochromid3] and magnetoresistivaleviceg4], and maypossessatalytic
activity [5]. In general, electrodepositionis a versatile technique for the preparation of metal and oxide
coatings,and the facile variation of the depositionconditionssuchasthe pH, temperature,the concentration
of anions,cationsand additivesin the electrodepositionsolution as well asthe deposition potential may be

usedto preparefilms with tailored properties.In additionto previousex situ experimentsusinga combination
of electrochemistry EXAF&nd scanningelectron microscopyto study the resultingfilm structure, thickness
and morphology [6], we will consider the first insitu EXAFSexperiments performed during the

electrodepostionof Cofrom 0.02M CoC] solutionsin the presentcontribution.

All the EXAF@®xperimentshave been performed at DELTAeamline 10 in the transmissionmode using a
channelcutSi(111)monochromatorand gasfilled ionization chambersas detectors. Cobaltelectrodeposition
took placeat room temperaturein a customizedthree electrodecell (seeFig.1) with a PTFEbody containing
ca.20 cm’ of electrolyte and Kaptonwindowsfor the Xray beam.A gold coatedKaptonfoil servedasworking
electrode, a platinum wire as counter electrode, and an Ag/AgClreference electrode (E, = 0.210 V) was
employed,againstwhich all potentialsare reported. EachEXAFScanfrom 7705to 7775eV (150 data points
with 0.31seach)took 60 sincludingbackscanandin total a depositiontime of one hour wasmeasuredn situ.

Fig.1: (left) Schematiaepresentationof the experimentalsetup at BL10.Theintensity of the Xraysfrom the

Si(111)monochromatorwas measuredusingan ionization chamberin front of the electrochemicakell with

about 20 ml of electrolyte. Theworking electrodeis a 120 Bn Kaptonfoil coatedwith a sputter depositedAur
layer of ca.200 nm thickness Kaptonentranceand exit windows of the electrochemicakell provide a liquid

layerof variablethicknesssothat the contributionsof the electrolyteto the measuredEXAFSignalare not too

large. The cell is equippedwith an Ag/AgClreferenceelectrode and a Ptwire as counter electrode. (right)

Photoof the setup.

The courseof the Codepositionreaction can be followed in the XANESpectrashownin Fig.2(a). For short

depositiontimes, the spectraare governedby the 0.02M Co({ electrolyte solution, while with increasingime,

the Codepositscontribute more and more to the measuredspectra.Fromour previousexperimentswe could

conclude that Cometal deposition occurs for the chosen electrochemicalconditions [6]. Thus, we have
modeledthe measureddata by a linear combinationfits of the CoCJ solutionand Cometal referencespectra,
and somerepresentativeresultsare presentedin Fig.2(b). The excellentagreementbetweenthe measured
data and the fits with extremely smallfit residualsis obvious,allowingto excludeany intermediate species
besidesthe Cd* in the solutionandthe Cometal deposits.
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Fig.2: (a) time resolvedin situ XANE$neasurementguring the electrodepositionof Coin 0.02M Co(] for a
potential of ¥.11Vvs.Ag/AgCht the CoK edge.(b) Linearcombinationfits of someselectedspectrausingCor
metal andliquid CoC asreferencesTheincreaseof the metal contributionswith time is obvious.

In Fig. 3, the time evolution of the concentrationof Cometal and CoC] accordingto the LCfit analysisare

depicted.Ascanbe seen,there is arapid increaseof the metal after about 6 minutesof polarization,however
the growth slowsdown after ca.20 minutes, with a slower growth rate thereafter. Thiscanbe explainedby a

fast consumptionof the Cd* closeto the working electrodefor shorter depositiontimes and an accordingly
fast growth. If the solution is depleted from Cd”, the diffusive motion to the working electrode is slower,

resultingin adecreasediepositionrate of the Cometal.

Future in situ studiesare plannedto addressthe effect of the electrolyte on the details of the Codeposit
growth and morphologiesandthe kineticsof the growth.

Fig. 3: Compilation of the LCfit results obtained from the

analysisof the time resolved in situ XANESmeasurements
during the electrodeposition of Co in 0.02M CoC] for a

potential of 111V vs.Ag/AgClat the CoKedge.Thegrowth

slowsdown for largerdepositiontimes potentially due to the

diffusivetransportof Cd™ to the workingelectrode.
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Introduction

For many technical applications the optimization of surfaces, e.g. of tools, is fundamentally [1].
Increasing demands, for example in dry machining, lead to increased friction forces and high
temperatures [2], whereby a shortened life time occurs [3]. Accordingly, the focus is on coatings which
adaptively form thin oxide reaction films at elevated temperatures [3]. For this purpose, particularly
oxides of transition metals (Mo, Ti, V and W) are attractive because they form oxides of the Me,Ozy.1,
Me,O,y1 or Me,Os,» type (Magnéli-phases) with a plurality of sliding planes to minimize friction
forces [4]. In terms of coating technologies, Bobzin et al. [4] emphasize the relevance of vanadium for
lubrication. According to this study, the formation of specific vanadium oxides under thermal load such
as vanadium pentoxide (V,Os) possess an enhanced friction behavior due to its low decohesion
energies G and consequently act as solid lubricant above the melting point of 678°C [5] respectively
670°C [6]. In terms of vanadium oxides, its oxidational state along the temperature range (between
room temperature and 750°C) as well as the oxidizing environment play a significant role.

In the case of thin film technologies, vanadium-doped PVD coatings have already been studied by a
number of authors with respect to their tribological behavior. Nevertheless, the triblogical behavior and
the oxidation of vanadium-doped arc sprayed coatings have not been investigated yet. Therefore, iron-
vanadium coatings have been deposited by the Twin Wire Arc Spraying (TWAS) process with regard
to their oxidation behavior at elevated temperatures. The aim of this study was the identification of
vanadium oxides and the correlation of the influence on the tribological properties observed in dry
sliding experiments.

Experimental

As substrate material round C45 steel specimens with a diameter of 40 mm and thickness of 6 mm
were used. Before spraying, the surfaces of the samples were sand blasted with corundum and
afterwards cleaned in an ultrasonic bath filled with ethanol. As feedstock material two different cored
wires (Fa. Durum Verschleissschutz, Germany) with a diameter of 1.6 mm were used. The vanadium
doped cored wire (referred to as “Fe-V") consists of approximately 29.9 wt.% of V (in wt.%: 0.07 C,
0.25 Mn, 0.33 Si, 0.38 Al, 29.91 V, Bal. Fe). As opposed to that, a low carbon steel wire delivered as
cored wire (in wt.%: 0.07 C, 0.11 Si, 0.25 Mn, Bal. Fe) serves as a reference (referred to as “Fe-Fe”).
In order to deposit the coatings, the Smart Arc 350 PPG spraying system (Fa. Oerlikon Metco,
Switzerland) was utilized. Table 1 summarizes all parameter settings which have been employed for
deposition of both feedstock materials. The layers were produced by applying two overruns for each
specimen.

Tab. 1: Spray parameter settings

Handling parameters Spray parameters

Spray angle [°] 90 Voltage [V] 28
Spray distance [mm] 95 Current [A] 180
Gun velocity [m/s] 200 Primary gas pressure [MPa] 0.6
Track pitch [mm] 5 (compressed air)

To investigate the tribological behavior of the coatings, high temperature ball-on-disk (BOD) tests at
25°C and from 350°C up to 750°C in 100°C steps were performed with the “HighTemperature
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Tribometer” (Fa. CSM, Switzerland). Before the BOD tests the surface of all samples was machined
and polished. An alumina ball (2300 HV) with 6 mm diameter and a load of 5 N was used as counter
body. A sliding distance of 200 m without lubricant was employed. The velocity was kept at 40 cm/s
and the radius of the circular path was maintained constant at 10 mm.

The oxidation state of the Fe-V coating was analyzed via X-ray absorption near-edge structure
spectroscopy (XANES) at beamline BL10 of the synchrotron light source DELTA. The samples were
annealed up to different temperatures (350°C, 450°C, 550°C, 650°C, 750°C) utilizing a heat plate with
graphite dome, type DHS 1100 (Fa. Anton Paar, Austria) and investigated in-situ. As well, the samples
of the BOD tests have been characterized by ex-situ XANES. The measuring range was set to 60 eV
before the vanadium K edge (5465 eV) up to to 100 eV after the edge. Before the edge the measuring
was performed with 2 eV steps, in the region of the edge with 0.5 eV steps and after the edge with 1
eV steps and a time of 5 s per step. As monochromator, a silicon (111) crystal was used. The beam
was set to a dimension of 1 mm height and 4 mm width. The detection of the absorption has been
carried out by fluorescence.

Results

Within elevated temperature a decrease of the coefficient of friction (COF) of the Fe-V-coating can be
observed (Fig. 1). In particular, above 550°C the COF drops significantly. Opposed to that, the COF of
the Fe-Fe-coating remains constant over the whole temperature range. Up to 450°C the Fe-Fe coating
shows a lower COF when compared to the Fe-V coating. Nevertheless, the Fe-V coating features a
friction reduction of 42% at 750°C compared to the Fe-Fe-coating.

Setup:
Ball-on-Disk
Tribometer

Fig. 1: COF of different specimens for various temperatures taken in dry sliding experiments

XRD-analyses in a previous study show that the Fe-V-coating forms low amounts of different
vanadium oxides above 550°C. However, it has not clarified exactly which oxides allow the incipient
friction drop of the Fe-V-coating at temperatures above 450°C. It has been shown that the formation of
the vanadium oxides especially occurs in a thin oxide layer on the surface. The aim of XANES is to
determine only the surface near oxides of the coatings.

The energy of the threshold is defined as the first peak in the derived absorption curve and describes
the impermissible 1s A3d transition [8]. The second peak in the derived absorption curve describes the
main edge [8]. In general, the intensity of the pre-edge can be used for analysis of symmetry
properties [9]. In Contrast to e.g. chromium the intensity of the pre-edge peak of vanadium can rarely
give alone accurate information about the state of oxidation, since vanadium shows for the same
oxidation state different symmetries [9]. The absorption edge of the 1s /Ap transition can be even
more used to determine the oxidation state [9].
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First of all, some vanadium reference oxides have been measured. The normalized results of the
oxides (VO, V,0s3, V5,04, V2,05, V60313) and the vanadium foil are stacked plotted in Fig. 2a. It can be
seen that the oxides show a striking pre-edge peak at 5.5 eV after the energy E, of the vanadium K-
edge (5465 eV), the intensity increases with the oxidation number (Tab. 2). After the pre-edge peak for
all measured references the absorption rises up to the point of the absorption edge and then
oscillates. The examined references show a displacement of the transition from 19.5 eV for vanadium
to 29.5 eV for V,0s. The energies of the main edges tend also to rise with the oxidation state from 8.8
eVitol4.4eV.

Fig.
2: Ex-situ XANES at the V K-edge of the a) reference V-oxides and b) Fe-V coating obtained after different
temperature treatments (25°C, 350°C, 450°C, 550°C, 650°C, and 750°C)

Figure 2b shows normalized and stacked XANES diagrams of ex-situ measured Fe-V coatings
depending on the temperature and also represents the appropriate linear combinations of the
reference oxides. The Absorption at 25°C, 350°C and 450°C runs a similar course and shows no
pronounced pre-edge peak (marked with * in Tab. 2). Starting from 550°C a pre-edge peak is formed
which is more intense at 650°C and 750°C. All the fitted curves are consistent with the location of their
pre-edge peaks and the 1s Ap transition of the measured coatings. Only the intensities the pre-edge
peaks of the fitted curves up to 450°C are somewhat higher than in the measured curves. The higher
intensities of pre-edge peaks from 550°C can be concluded that the coatings show a higher oxidation
state than in the initial state. Table 2 shows associated characteristic peak energies and intensities of
the measured coatings.

Tab. 2: Characteristic XANES values of the reference V-oxides and the Fe-V coating obtained after
different temperature treatments (25°C, 350°C, 450°C, 550°C, 650°C, and 750°C)

S . 1s AE4p
Phase Oxidation-state Threshold Pre-Edge Main-Edge transition
Position [eV] Normalized intensity  Position [eV] Position [eV] Position [eV]
\Y 0 0 0,29 1 9,5 195
VO 2 3.9 0,62 5,5 8,7 215
V5,05 3 4 0,44 5,5 10,8 23
V50,4 4 3.9 0,67 55 13,2 26
V6013 4,3 4,2 0,75 5,5 14,4 28,5
V505 5 4,2 0,85 5,5 13,8 29,5
o Threshold Pre-Edge Main-Edge 1s AE4p transition
coating
T[°C] Position [eV] Normalized intensity Position [eV] Position [eV] Position [eV]
25 0,9 0,39* 5* 9,5 21
350 0,9 0,39* 5* 9,5 21
450 0,9 0,43* 5* 9,5 21
550 0,9 0,47 5 9,8 21
650 34 0,57 5 11,6 21
750 3,3 0,74 5 125 21

89



The following section is about the oxide composition of the measured coating surfaces. First, it is
noted that the fitted compositions are not unique. There are also other compositions based on the
available reference oxides possible, which also reflect the measurement curves well. Furthermore, it
can be assumed that there are also other oxides than the investigated reference oxides on the
surface. Moreover, it is noted that the selected oxides probably occur not only pure, but also in
combination with iron. Up to 450°C the surface of the coating consists of about 41% V, 22% VO and
36% V,0;. At 550°C the initial formation of V,Os with 0.3% part can be observed. At 650°C the content
of V,05 is already at 15%, while the proportion of vanadium goes back to 5% and the proportion of VO
increases to 58%. Only at 750°C all selected reference oxides occur on the surface, however, pure
vanadium is no longer available. The lowest part with 10% is shown by V,03, while the proportion of
VO is 13%, of V,0s5 23%, of V,04 24% and of VO3 28%.

Summarizing, at low temperatures V, VO and V,0; is shown on the surface and at elevated
temperatures, a cover layer is formed, which consist additional of V,0,, V,0s and VsO,3. Concluding,
this observed top layer is responsible for the friction decrease of the Fe-V-coating above 450°C.
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Alkalineearth aluminatessuch as BaA}O, are known as very suitable starting compoundsfor the

preparation of fluorescentand phosphorescentdoped materials. In particular, europium doped
bariumaluminateis a luminescentmaterialwith emissionin the red spectralrangewhen dopedwith

trivalent EU** ions, while dopedwith divalentEuf* ionsit displaysa broad blue greenemissionband
[1]. Despitethe actualuse of dopedbariumaluminatein optoelectronicdevices however,structural
investigations remained rare up to now. Therefore we have conducted Xray absorption
measurementdor Eudoped BaA}O, at the Ls absorptionedgeof the Eudopant, aswell asat the Lg

absorptionedgeof Bafor both pure and EudopedBaA}Q,, in order to determinethe valencestates
of Euand Bain thesecasesandto elucidatethe structure of Eudoped BaA}O, in additionto Xray
diffraction studies. It is expectedthat obtained results will help to understandthe photolumir
nescencepropertiesof Eudopedbariumaluminate.

Powdersamplesof pure BaAjO, and one dopedwith 4.9 at.%Euin relationto bariumwere prepared
by a hydrothermalmethod and subsequentannealingat 1100°Cfor 4h [2]. ThepreparedEudoped
sampleexhibitedred photoluminescenceinderexcitationwith laserlight of 308 nm wavelength.The
transmissionmode Euand Ba L; edge Xray absorptionexperimentsof the preparedsampleswere
performed at DELTAbeamline 10 [3], using ionization chambersfor measuringthe incident and
transmittedintensities,andemployingthe Si(111)xhannelcut monochromator.

Fig. 1. (a) Comparisonof the XANESpectraat the Eu L; edge of Eudoped BaA}JO, and the Eureference
compoundsEwOs, AIEUQ and an EL/Eu** containingglasssample.(b) Comparisorof the XANES$pectraat
the Bals edgeof pure BaA}O,, EudopedBaA}O, and BaO.
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In Fig. 1(a), the normalized Eu L; edge XANESspectrum of BaA}O, doped with 4.9 at.% Eu is
comparedto the spectraof EbO; and AIEuQ, usedasreferencesfor EU", andto the oneof a glass
samplecontainingboth ELf* and EG** in approximatelyequalamounts[4]. Ascanbe seen,Eff* leads
to a strong white line feature at about 6975 eV, while EU** revealsa white line at a substantially
higher photon energy of 6983 eV [4], so that a discrimination of Eif* and EZ** appearsto be
straightforward.Accordinglythe EuO; and AIEuQ referencesshowa strongabsorptionmaximumat
about 6983.5eV. Thewhite line feature of the Eudoped BaA}O, sampleat 6983.4eV thus clearly
revealsthe presenceof trivalent europiumin the dopedsample,in contrastto the observationswith
strongindicationsfor ELf*[1]. It is alsonoteworthy that the XANES$eaturesof EwOs, AIEUQ and of
Eudoped BaA}O, are substantiallydifferent in terms of their postedgefeatures.In particular, the
XANESpectrum of EypO; has a pronouncedpostiedge peak at 7020 eV. This peak is shifted to
significantly smaller energiesfor Eudoped BaA}O, (7016 eV) and AIEuQ (7012 eV). EbO; and
AIEuUQ reveal the secondabsorptionmaximumin the high energytail of the white line at about
69956998 eV, which howeveris absentin Eudoped BaA}O,. Finally,the white line intensity of Eur
dopedBaA}O, is substantiallylargerthan for the two referencesamplesjndicatingdifferent atomic
environmentsaround europium for the three consideredsamples.Thisis of a specialinterest,
becausethe presenceof AIEuQ cannot completely be excludedon the basisof Xray diffraction
measurementgnot shownhere).

The Ba Ls edge measurements(Fig. 1(b)) also reveal that the host material remainsin its original
B&" state; the white line position and intensity is very similarto that of divalentB&* in BaO.These
data alsoprove that the structure of the host lattice is not substantiallyaffected by the Eudoping.
Furthermore,the absorptionspectrumof BaOrevealsdifferent absorptionfeatures,so that BaA}O,

transformationto BaOaccompaniedy formation of ALO; canbe excludedhere.

In conclusion, the presented XANESspectra at the Eu Lsedge clearly show that the
photoluminescencef Eudoped BaA}O, in the red spectralrangeis causedby the presenceof EG*
ionsin the host lattice, the retained structure of which is confirmed by Ba L; edge measurements.
Furthermore,the presenceof impurity phasesn our EudopedsamplesuchasEw0;, AIEUQ and BaO
canbe excluded.In order to elucidatethe structure and the environmentof the EG** dopantin more
detail, the resultsof additional EXAF8xperimentswill be presentedin a separatecontribution.
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Accordingto XANESxperimentsat the Eu Ls edge, Eudoping of barium aluminate BaA}O, resulted in the
presenceof EU* ionsin the host host lattice [1], givingrise to photoluminescencen the red spectralrange[2]
in contrastto the blue greenemissioncharacteristicfor ELf* ions [2]. The XANE®xperimentsalso indicated
that the coordination of Euin the Eudoped BaA} Q is different from that in the Eucontaining reference
compoundssuchas Eyp0O; and AIEuQ, which suggestedhat the detailed structure needsto be investigated.
Thereforewe undertook EXAF$vestigationsin order to study the local environmentof the EU* dopant in
detail. For this purpose, EXAFSxperimentsat the Ba (5247 eV) and Eu (6977 eV) Ls edgeshave been
performed at DELTAbeamline 10, making use of the Si(111)channelcut monochromator and ionization
chambersasdetectorsfor the incidentand transmitted X rays[3]. Theextractionof the EXAFS$ine structure,
k), was done after intensity calibrationand backgroundsubtraction,and the k? ror k* weighted EXAF$ata
were fitted with suited model structuresusingphasesand amplitudefunctionsgeneratedby FEFF4] usingthe
Athena/Artemissoftwarepackaggb].

Fig.1. Fitting result for EXAF8ata at the Bals edgeof (a) pure BaA}O, and (b) BaAJO, dopedwith 4.9%Eu.
Thek rangefor the Fouriertransform and the fit were 1.28 A* < k < 8.78 A" and a radial distance1.58 A —
3.22Awasused. Twooxygenandtwo aluminiumshellswere usedto modelthe data.

In the fitting procedureof EXAF$8ata at the Bals edge,fits comprisingtwo oxygennearestneighbourshells
with 6 oxygenatomsat about 2.7 A and 3 oxygenatomsat about 2.95A, and 3 aluminiumatomsat 3.4 A and
3.5 Afit the experimentaldatawell for both the pure BaAJO, and BaAJO, dopedwith 4.9%Eu,ascanbe seen
in Fig.1. Theseresultsconfirm that the local structure of the pristine BaA}O, with 9 oxygenatomsin the first

coordinationsphereis retained during Eudoping. Furthermore,slightlyincreasedbond lengthsfor the doped
material agree qualitatively within the fit uncertaintieswith results of Xray diffraction study for those two

samples.

While the EXAF3neasurementsare relatively straightforward at the Ba Ls edge of the host material, the
investigationsat the L; edgeof the Eudopant are challengingoecauseof the low Euconcentration. Therefore,
severalscansvere measuredand averagedn order to obtain a data quality that is sufficientfor a quantitative
dataanalysisand EXAF8tting. In Fig.2, the magnitudeof the Fouriertransformof the K weightedEXAF8ne
structure, |[FT ( Rk)*k%)|, measuredat the EuLs edgeis comparedto the fitted EXAF8ata of EbO; and AIEUQ
references.
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Fig.2. (a) Magnitudeof the Fouriertransformof the k*r
weighted EXAFSine structure |FT(R’k)*k3)| for Eur
doped BaAJO, at the Eu Lz edge. (b) Experimental
[FT( Ii’k)*k3)| (¥ andfit (— for EwGs. (¢) Experimental
|FT (Rk)*k3)| (% andfit (—) for AIEuQ. Theinsetsin (b)
and (c) depictthe filtered and backtransformeddata, as
well the respective fits. The k range for the Fourier
transformis 1.7 A" <k < 11.8 A%, and the Rrange for
the backtransform into k spaceand fitting is 1.25A
<R<2.56A for EO; and1.3A<R<4.8Afor AIEUQ.

It is obviousthat the radial distribution functions of Eudoped BaA}O, in Fig. 2(a) and those of EubO; and
AlEuQ differ substantially Thisagreeswith the conclusiongrom the XANE$lata, that no substantialamounts
of Eb0O; and AIEuQ are presentin the doped samplesFurthermore,comparingFig.2(a)and Fig.1, the shape
of the radialdistribution functionsfor the Eudopedsampleobtainedat the Bals randthe Euls edgeare quite
similar,which suggestgshat the short rangeorder structure around Baand Euare very similar. Thusit is likely
to assumethat Euis substitutedfor Bain the BaA}O, host lattice. A quantitative fitting of the data usingthe
structure of BaA}O, is currentlyunderway,andresultswill be publishedsoon.
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Scientificmotivation

The UKholdsa stockpileof more 120tons of separatedcivil plutonium, which will increaseto over
140tons at the end of nuclearfuel reprocessingn 2020. Up to 10%o0f this stockpileis likely to be
declaredaswaste sinceit is unsuitablefor fabricationas mixed (U,Pu)Q@ fuel for usein light water
reactors (due to contamination by Fe, Cr, Am, Cl). We are currently developing glassceramic
materialsfor immobilisationof this wasteplutonium. Inthesematerials,a crystallineceramicphase,
CaZrTio; — zirconolite,incorporatesPu in solid solution by crystallisationfrom an aluminasilicate
glassphasewhich incorporatesthe associatedcontaminants. UsingCeQ asa PuQ surrogate,we
haveinvestigatedthe partitioning of Cebetween glassand ceramicphase(s)present. The phases
present depend both on the glassformulation and which crystallographicsite in the zirconolite
structureis targetedasthe hostfor the Ce. Cels Xray AbsorptionSpectroscopyXASwasusedto
understandthe effect of Ce speciationand local co ordination environmenton partitioning of Ce

within theseglassceramicsystems.

Experimental

All sampleswere batchedwith the same starting formulation, comprising30 wt% glassof target
compositionNaALSEO6 With 70 wt% ceramicforming oxides. Thesamplematrix investigatedthe
succes®f Ceincorporationon the Caand/ or Zr sites. The stoichiometryof the ceramicphasefor
eachsampletargeted either Cé" substitutionon the C&* site (sampleA), C€* on the C&" and Z**
sites (sampleB), or C€" substitution on the Zi** site (sampleC). The formulation of sample A,
required AP* substitution on the Ti** sitesfor chargecompensationfor which additional ALO; was
added.Theformulation of sampleB did not necessitatedchargecompensation. In the formulation
of sampleC,chargecompensatiorwasdesignedto be achievedby equimolarsubstitutionof C&* /

Ce*andzr**/ Cé". Tablel liststhe formulationsfor eachsample.
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Tablel: Allsamplesconsistof 30 wt% glassNaALSEO; 6. Targetzirconolitestoichiometries Ceoxidationstates

andrelevantwt %of eachoxidearegiven.

. Weight percentof Oxides(wt%) TargetCe
Targetceramic
Sample » oxidation
composition
SiQ | NaO | ALO; | CaO | ZrG TG, | CeQ state

A Ca CeqZrTi Ab 4O, 20.62 | 3.55 9.90 8.95 | 24.60| 25,51 | 6.87 4+

B CaCe.1ZhLa ThO; | 20.62 | 3.55 5.83 9.98 | 21.93| 3159 | 6.81 3+

C CazZsCeq 2Th0O; 20.62 | 3.55 583 | 11.25| 19.78 | 32.06 | 6.91 4+

Powdersampleswere preparedby milling the starting precursorswhich were then calcinedat 600
°Cbefore beingpackedinto stainlesssteelcansand hot isostaticallypressedHIPed).Representative
material was recoveredfrom the HIPcans,powdered,and preparedinto transmissionsamplesfor
measurementat the Ce Ly absorption edge. The powdered material was dispersedinto a
polyethylene glycol matrix and cold uniaxially pressedto yield thin but strong pellets; the exact
quantity of specimenpowderto achieveone absorptionlengthwasused.Datawasalsoacquiredon
a rangeof standardmaterialsto assistin finger printing of the Ceoxidation state and coordination
environment. Analysiswas performed usingthe Athenaand Artemis suite of programs.The Xray
absorption near edge structure (XANES)wvas analysedto qualitatively identify and compare

characteristideaturesto infer the averageCeoxidationstatesand co ordinationenvironment.

Results

Theglassceramicstoichiometriestargeted Ceincorporationon either the C&” site as Cé”*, the Z**
site as Cé", or both the C&" and Z** sitesas C€* (samplesA, B and C, respectively). Cel,, edge
XANESpectraof C€* (e.g. CePQ with the monazite structure) and C&"* (e.g. CeQ) speciesare
characterisedby a white line comprisingone and two intense features, respectively. The Ce L
XANES®ata comparedwith the standards(figure 1) showsclearcontributionsin the white line from
both C€* and Cé" in all samples. The glassceramic stoichiometries chosen targeted Ce
incorporationon either the C&" site as Cé", the Zr** site as C€", or both the C&* and Zf** sitesas
C€" (samplesA, Band C,respectively). SampleA showeda predominanceof C€", whilst samplesB
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and C showed a predominanceof C€*. Observationfrom Xray diffraction (XRD)and scanning
electron microscopy(SEM)showedthat the stronger Cé"* signalin samplesB and C correlatedwith
the formation of a Cebearingperovskitephasein the samples(Ca,Ce)Ti C€* hasa similarionic
radiusto C&* and thus canresidein the 12 fold coordinatedA site in the perovskitestructure. The
formation of perovskiteis favourable over CE€" substitution into the Zr site in the zirconolite
structure (CaZrg0;) which hasan ionic radii mismatchof ca. 37%. The predominanceof C€* and
lack of perovskiteformation in sampleA confirmedretention of C€" in the sampleand successful

incorporationof Ceinto zirconolite.

Figurel: Cel; edgespectrafrom glassceramicsamplesgivenin Tablel andreferencestandards.

Scientificoutput

We expect that the experiment will produce at least one full good quality journal paper (e.g.
submitted to J. Nucl. Mater. or Int. J. Appl. GlassSci.).Thisexperimentwill contribute data to the
PhDthesisof co experimenterMs. StephanieThornber,who has fabricatedand characterisedthe
samplesto be studied. Shewaspresentat the experimentto learn practicaldata acquisitionskills;
this hasallowedher to applythe theoreticalunderstandingdevelopedthrough taught coursesat the

Universityof Sheffield.
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Many treatments of metals and alloys are conducted at high temperatures, employing various gases in
order to obtain tailored properties of the materials. In particular, niobium metal may be exposed to N,
for T > 800°C leading to NbN surfaces layers depending on the temperature [1]. Such an approach
has been successfully used for high-temperature nitriding of superconducting Nb-cavities used in
accelerator structures, leading to substantially improved RF-superconductivity in mid acceleration
fields recently [2]. While electrical and especially superconducting properties have intensively been
investigated in the past (see, e.g. [1, 2]), structural studies are rare up to now, and no in-situ
experiments have been conducted so far. We have therefore realized a dedicated processing chamber
for this BMBF-funded research project (see Fig. 1). The chamber is equipped with a turbomolecular
pump and a ceramic heater with several heat shields to enable temperatures of up to 1200 °C under a
base vacuum pressure of 10° mbar. Large Kapton windows cooled with compressed air are used as
X-ray windows for the incident, transmitted and scattered radiation and X-ray fluorescence
measurements, and process gas (usually high-purity N,) is introduced via a fine leak valve. The upper
part of the chamber is water-cooled to withstand high temperatures and nitrogen-containing gas
atmospheres. Promising results have already been obtained during the first experiments with
synchrotron radiation.

Fig. 1. Photo of the processing
chamber mounted on top of the
positioning stages on the
diffractometer at DELTA BLS.
The chamber features a ceramic
heater with heat shields to
provide temperatures of up to
1200 °C. The upper, water-
cooled part of the chamber is
equipped with two large-area
Kapton windows for incident and
scattered X-rays. Compressed air
is used to cool the windows. The
inset of the figure shows the
heater with temperature sensor,
heat shielding and a polished Nb
sample ready for processing.
Vacuum is generated by a turbo
molecular pump and the Nitrogen
gas quantity is controlled by fine
leak valves.

The first experiments were performed with niobium foils which were heated up to 900 °C under
vacuum conditions for about an hour until pressure levels in the chamber have recovered, followed by
N, gas exposure for different periods of time. The samples were investigated with transmission mode
EXAFS at the Nb K-edge (18986 eV) making use of the Si(311)-monochromator at BL8. The Nb-
samples were measured in-situ at high temperatures as well as after subsequent cooling to liquid
nitrogen temperature. Fig. 2 displays the influence of different processing times on the absorption fine
structure of Nb foils measured in transmission geometry after processing at 900 °C in an N,
atmosphere of 5x10° mbar, and cooling to liquid nitrogen temperature (77 K) for the EXAFS
measurements. An irreversible decrease in amplitude with time is obvious for all coordination shells,
as well as a slight shift of the peaks to higher radial distances can be observed. The latter effect
seems to be strongest for the third shell peak at about 3.6 A radial distance. Taking into account the
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bcc crystal structure of Niobium, one may expect interstitial nitrogen atoms occupying vacancies in the
scattering path of the third shell. This may give reason for the third shell to be most sensitive.

Fig. 2: Magnitude of the Fourier-transform of the k3-weighted EXAFS fine structure oscillations
|FT( Rk)*k®)| for Nb-metal foils of 25 Rn thickness heat-treated in N,-gas atmospheres (5x10° mbar) at
900 °C for various times as indicated. K-range for the Fourier-transform 1.8 A™ < k < 15 A™.

Fitting of the data was performed using metallic Nb structure parameters for the first 5 shells
in a cluster containing about 58 atoms, with free running fit parameters for path length and
disorder parameters. Good agreement between the experimental data and the fit can be
achieved up to a radial distance of about 6 A for all N,-treatments, however, the third peak at
about 3.7 A is in general hard to model quantitatively by the fits, especially after prolonged
heating for 2 hours and more. To be able to analyse the shift and the reduction of the third
shell more precisely, appropriate structure models including nitrogen on different positions in
the Nb lattice for fitting the data will be tested in the future.
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