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The development of thin layers and nano-devices inspire future technologies. In this context GISANS

(Grazing incidence small angle neutron scattering) experiments became an invaluable tool for the

investigation of ordering at an interface.

Here we present a technique to extract information on self assembly at the solid-liquid interface

from the scattering patterns via a novel data treatment approach. By calculating the penetrating flux

at each depth from a convolution of the penetration depth and the two dimensional resolution

function, it is possible to quantify the depth dependent contribution to the scattering signal. The

contribution of each angle of incidence as well as the impinging wavelength is evaluated for each

individual setting of the instrument including the beam divergence and monochromaticity regarding

the penetration depth.

For certain conditions and a sufficient number of scattering data sets it is possible to use a reverse

linear transformation to deconvolute the effect of the resolution and reconstruct the structure of the

ordering in the vicinity of the interface with depth sensitivity.

An outlook of this new technique will be discussed together with its limitations.
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Investigation of the self-healing capabilities of asphaltic materials via neutron
imaging
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Enhancing the durability of asphalt material has become a challenging research area due to its
considerable financial and environmental repercussions. One important characteristic of asphalt is its
self-healing capability and the optimization of this property could lead to a great improvement on the
long-term behavior of this material.
Asphalt material is a complex composite of bitumen, aggregates and additives and the self-healing
capability is naturally present in most bitumen types. In previous research, Atomic Force Microscopy
was utilized to observe the behavior of the different phases of bitumen and the mobility of theses
phases was measured by neutron scattering. As the mobility parameter is largely determinant
whether or not self-healing is activated, a proper understanding of this parameter combined with
numerical tools able to reproduce the observed behavior could enhance significantly the self-healing
and consequently the durability of asphalt.

 
This research project aims to enhance the long-term performance of asphalt material by optimizing its
self-healing capacity. For this, multi-scale experimental method such as neutron imaging techniques
and numerical method such as Finite Element simulations will be used to:

 Characterize the mobility parameters of bitumen from different crude sources

 Develop and calibrate a numerical model able simulate the self-healing of asphalt
depending of the mobility observations

 Optimize the self-healing capacity of bitumen towards a high performing asphalt

 This project is organized in 5 main steps:

1. Establishing a catalogue of mobility properties depending on the crude source and on the
environmental conditioning such as oxygen, moisture and UV

2. Developing a multi-scale numerical model able to simulate the self-healing of asphalt
material in function of the mobility changes observed experimentally.

3. Performing experiments at large scale research facilities to obtain data for model verification.

4. Optimizing the asphalt material to maximize its self-healing capacity in order to enhance its durability.

5. Simulating the long-term performance at the continuum scale in order to evaluate the benefit on
pavement structure under varying traffic and environmental conditions.

5. Simulating the long-term performance at the continuum scale in order to evaluate the benefit on
pavement structure under varying traffic and environmental conditions.
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Self-assembly induced 3D patterning at the water-air interface 
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Fig. 1 18-MEA 

 

Among the several compounds protecting the outermost surface of mammalian hair, the fatty acid
18 -methyl eicosanoic acid (18-MEA, Fig. 1) is the most abundant and the most intriguing as the pre-
cise function and role of positioning of its isopenultimate methyl branch is still debated. A suggested
reason for its structure is the decrease in melting temperature without the introduction of a double
bond inherently prone to oxidation. In addition, a decreased packing density compared to the
straight chain analogue has been proposed to better correspond to the limited number of binding
sites on the underlying protein matrix.

In this study, 18-MEA, 19-MEA, and their straight chain analogue eicosanoic acid (EA) have been
studied to understand their self-assembly behaviour at the water-air interface and thus give insight
to the importance of the methyl branch on chain packing. As a first approximation of the structure on
the water-air interface the Langmuir-Blodgett method was used to deposit monolayers on solid sub-
strates. Depositions at different surface pressures were characterised by atomic force microscopy
(AFM). This representation of the water surface showed domain formations for the branched mole-
cules, something not observed for pure EA monolayers. To study the system in situ at the water-air
interface, neutron reflectivity (NR) was employed at the FIGARO beamline at ILL. At high surface
pressures, the results suggest a curvature of the liquid interface driven by chain packing constraints
of the branched fatty acids. This 3D ordering of the water-air interface due to self-assembly factors
allows the possibility of using the liquid-air interface for templating purposes, as well as revealing the
biological function of the studied molecules.
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Experimental observations on the nature of the martensitic
transformation in Fe-Cr-Ni alloys by in situ Neutron and high-energy X-ray
 diffraction
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Industrial TRIP steels are increasing in popularity as they can exhibit very high-strength and uniform-
elongation (ductility). In these experiments, metastable austenitic steels (Fe-Cr-Ni alloys) that show
TRIP phenomenon are used. In TRIP steels, extensive work hardening is induced due to the
deformation-induced martensitic phase transformation. The combination of the parent austenite
and the transformed martensite phases behave as a composite material thereby enhancing the
work-hardening behaviour, which is largely governed by individual hardening characteristics of each
phase. High energy X-rays and neutron diffraction were used to investigate the kinetics of
deformation-induced martensitic transformation. These experiments show the transformation
kinetics from a single austenite grain to the average transformation nature in many thousands of
grains. Results from a single grain show stacking faults are precursors for the formation of ε and αʹ
martensite. Further, an increase in the work hardening rate as the amount of strain-induced
martensite is quantified in these experiments.
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CSPEC- the cold time of flight spectrometer for the ESS

 
 The European Spallation Source (ESS), expected to be the world’s most powerful neutron source ,

will begin operations in 2019. Among the endorsed instruments foreseen for day one instrumentation at

ESS, is the cold time-of-flight spectrometer CSPEC. CSPEC is a joint proposal from the Technische Universität

München, Germany, and the Laboratoire Léon Brillouin, Saclay, France. The high performance cold time-of-

flight-spectrometer will serve multiple disciplines to address scientific questions from hard and soft matter

research, life sciences, geosciences and magnetism. In particular CSPEC will be optimized to address time

dependent phenomena under realistic conditions. While current day spectroscopic experiments mainly

probe the static state of a sample, neutron spectroscopy experiments that probe the time dependent

behaviour, e.g. of electrolytes in an electric field, or laser excited light harvesting proteins, are still in an

exploration stage, mainly due to the lack of flux at the instruments available today. CSPEC will benefit from

the high brilliance of the ESS spallation in addition to the cumulative flux provided by repetition rate

multiplication (RRM) that results in large flux gains making it possible to probe time-dependent phenomena

with millisecond to second time resolution.

 The unique pulse structure of the ESS with its long pulse duration (2.86 ms) and a repetition rate

of 14 Hz requires new concepts for the instrumentation to make optimum use of the available source 

time frame. With an instrument length of ~160 m, moderator to sample, a wavelength range of Δ ≤ 1.8

Å can be probed within each ESS time period via RRM. The energy resolution can be tuned in the range of 

ΔE/E = 6 - 1%, and CSPEC will utilize cold neutrons in the range from  = 2 - 20 Å with the focus on the 
cold part of the spectrum. The guide is optimized to enhance signal to noise and will be able to focus on 

samples ranging from several mm
2
 to several cm

2
 in area. The large detector area, with a radius of 3.5 m, 

5 o – 140o and 3.5 m in height, will incorporate a sample chamber with cryogenic vacuum to limit the

background through sample environment scattering. In addition the sample chamber will, via the use of a

gate valve, enable experiments under real and transient conditions. CSPEC is in the preliminary

engineering phase and we will present the current design layout and the expected performance.
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SuperADAM@ILL: current status and future developments.

Anton Devishvilli1, Alexei Vorobiev2, Gunnar Palsson2, Håkan Rundlöf2, Niklas Johansson2,

Anders Olsson2, Max Wollf2, Olivier AgueEaz3, and Björgvin Hjörvarsson2

1Lund University, Department of Physical Chemistry, POBox 124, 22100, Lund, Sweden

2Uppsala University, Department of Physics and Astronomy, Box 516, 75120, Uppsala, Sweden

3InsItut Laue-Langevin, 71 avenue des Martyrs, CS 20156, 38042, Grenoble, France

The upgraded Super ADAM reflectometer is a Swedish infrastructure operated at InsRtut Laue-
Langevin, Grenoble, France. The instrument is characterised by an unrivalled flexibility in incident 
beam opRcs, sample environment and detector seXngs, enabled by its modular design and large 
floor space. While the instrument has been in a regular operaRon since 2012 the improvements and 
development has been ongoing ever since. This includes the detector systems and neutron opRcs as 
well as electronics and soZware improvements. Current state of the neutron opRcs will be briefly 
discussed with some scienRfic development spotlights. The neutron detecRon technology will be 
shortly overviewed with some of the potenRal improvements menRoned. The conRnuous 
development of the reflectometer presents new scienRfic challenges that will be outlined. 
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State-of-the-art Powder Diffraction Beamlines and Development of
Sample Environment Cells and Data Analysis/Visualisation Software

at the ISIS Neutron Facility
 

 

bThe ISIS Neutron Facility, Rutherford Appleton Laboratory, UK

 cDepartment of Chemistry, Ångström Laboratory, SE -751 21 Uppsala, Sweden
 

dDepartment of Materials and Environmental Chemistry, Stockholm University, SE -10691 Stockholm, Sweden
 

Design of new material systems with enhanced physical properties for technological applications
requires parallel advances in instrumentation (e.g. source flux, detector size and efficiency,
computing and data reduction/analysis programs), sample chamber cells and software at large scale
facilities. For this purpose we are presently involved in upgrading the neutron powder diffraction
beamlines POLARIS, HRPD and IMAT at the ISIS neutron spallation source in UK. We are now at a
stage to exploit these instruments, and to take part in an active programme to develop a suite of
sample environment cells and in upgrade of data analysis/visualisation software for neutron
diffraction and imaging data.

Access to large-scale research facilities such as ISIS provides instrumentation relevant for a diverse
range of scientific and technological areas of interest for the Swedish research community across
both academic and industrial spheres. Research topics benefitting from this program include for
example hydrogen storage materials, fuel cells and battery materials, magnetic, ferroic and
thermoelectric materials. Besides the more traditional materials research topics, areas like
archeology and cultural heritage, development of pharmaceuticals, and materials recycling are
expected to gain considerably.

By bringing together university-based researchers, sample environment developers and large-scale
facilities in an integrated project one can co-ordinate the development of advanced multi-technique
measurements to bring added value to the scientific community, and to maximise the returns to all
three groups. For example it has led to the upgrade of the POLARIS diffractometer, a world-leading
facility for structural studies of polycrystalline materials over a wide range of pressure-temperature
conditions and conditions reproducing in-situ/in-operandi the environments experienced under real
technological applications.

Our direct involvement in activities at ISIS enables us to secure and develop competence in neutron
scattering, instrument and sample environment design as well as data analysis methods. All these
activities are of great importance in their own right, but the combined synergistic effects have a
strong scientific impact within diverse areas like solid state chemistry, solid state physics, mechanical
engineering, materials recycling, and materials science in general. Besides the instrument and sample
environment cell development, upgrade work concerning data handling and analysis software is
crucial. All the issues will promote high-impact science to be performed, not the least when it comes
to finding structure property correlations and performing in-situ/in-operandi studies under
controlled and “real-world” conditions. It will also prepare for operations at ESS and MAX-4 in Lund.
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     Neutrons & Muons for

Next Generation Sustainable Energy Materials
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To accomplish a paradigm shift in the field of energy related materials and future solid state energy

devices, it is imperative to understand the fundamental dynamical processes that govern the transfer of energy on

an atomic scale. Here, new possibilities have opened up through recent developments in state-of-the-art

neutron/muon spallation-sources and forthcoming free electron lasers. While Li-ion batteries are considered the

main candidate for mobile energy storage applications, compounds based on lithium’s heavier cousin, sodium

(Na), have recently started to receive a lot of attention. One reason is that our Li-reserves are limited and we

might have to reconsider the Li-ion technology to realize future electric vehicles. Na has indeed many advantages

over Li; e.g. Na is one of the most abundant elements in nature (earth’s crust as well as in normal seawater of our

great oceans) and is ∼5 times cheaper than Li. Further, Na-ion batteries are much less toxic and easier to recycle.

In this project both neutron scattering and muon spin rotation/relaxation (µ+
SR) [1] techniques are used to study

both novel and well established Li/Na based battery materials. We have already shown that there is a strong link

between subtle structural transitions [2] (studied by neutron diffraction) and ion diffusion processes [3,4] (studied

by quasi-elastic neutron scattering [QENS] and muon spin rotation/relaxation [µ+
SR]). The continuation study is

now extending into tuning such effects/properties using both external pressure and reduced dimensionality

through nano structured materials.

 

 
 

FIG. 1: (a) Working principle for a rechargeable battery (b) Layered electrode material (c) Novel Q1D

diffusion channels in NaxCoO2 from neutron powder diffraction (d) Activation energies (Ea) for

Na-ion diffusion extracted from our μ
+
SR experiments as well as QENS (not shown).
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ULTRAFAST COOLING AND HEATING SCENARIOS FOR THE LASER-
INDUCED PHASE TRANSITION IN CUO

We report theoretical modeling of the sub-picosecond magnetic phase transition which recently has
been experimentally observed in optically pumped samples of multiferroic CuO [1]. Using atomistic spin
dynamics simulations [2] we observe that independently of the excitation mechanism, the phase
transition from collinear to spin-spiral order can proceed in exchange interaction driven dynamics on
picosecond time scales. Intriguingly, different excitation mechanisms are found to drive distinct
dynamics, in which the spin system either cools down or heats up on sub picosecond time scales. Similar
as in experiments and independently of the excitation mechanism, our multi-scale modeling [3,4] shows
that laser excitation of CuO can drive the spin system from the collinear ground state to the
incommensurate multiferroic phase on a picosecond time scale. Intriguingly, however, depending on the
excitation mechanism, the transition proceeds either by heating up the spin system or by cooling it
down, where the latter is a manifestation of an ultrafast magneto-caloric effect [4]. In analogue with the
ultrafast dynamics observed in ferrimagnetic rare-earth transition metal alloys, it is found that the time-
scale of the observed dynamics is determined mainly by the strength of the exchange interactions [5].

Fig. 1. Histogram of energies {Ei} after exciting
a system in equilibrium at T = 10 K (black
circles) with a concentration x = 0.02 of two-
magnons flips. The blue arrows indicate the
two peaks in the red curve that are
corresponding to two and four magnon
excitations, respectively. The inset shows the
temperature evolution of the spin system. Full
(dashed) lines show undamped α = 0 (damped
α = 0.01) dynamics.

[1] S. L. Johnson et al., Phys. Rev. Lett. 108, 037203 (2012).
[2] Atomistic spin-dynamics foundations and applications, O. Eriksson, A. Bergman,
L. Bergqvist, and J. Hellsvik (Oxford University Press, 2017).
[3] J. Hellsvik et al., Physical Review B 90, 014437 (2014).
[4] J. Hellsvik, J. H. Mentink, and J. Lorenzana, Physical Review B 94, 144435 (2016). [5] J. H.
Mentink, J. Hellsvik et al., Phys. Rev. Lett 108, 037203 (2012).
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Reaction of phospholipase C and D with POPC liposomes: atomic-scale re-

organization induces bulk liposome instability

M. N. Holme, M. H. Rashid, M. R. Thomas, R. K. Heenan, I. Yarovsky & M. M. Stevens
 

Liposomes are lipid-based, water-filled vesicles that have wide-ranging applications in drug delivery

and diagnostics. The phospholipases C and D (PLC and PLD) are two super families of enzymes that

hydrolyse the phosphorous - oxygen bonds in the head group of phospholipids producing

diacylglycerol (DAG) and phosphatidic acid (PA) respectively. They have been identified as important

biomarkers for a range of diseases including tuberculosis, cancers of the colon and rectum,

infectious diseases and Alzheimer’s disease. Liposomes with encapsulated payloads that can be

released in the presence of PLC and PLD have applications in drug delivery and diagnostics.

We probed the potential of liposomes as diagnostic and drug delivery vectors for PLC and PLD

upregulating diseases by investigating the morphological changes to POPC liposomes in the presence

of PLC and PLD using SANS. We observed that in the presence of PLC, POPC liposomes showed a

rapid decrease in membrane bilayer thickness that continued over a period of several hours, after

which point the liposome structure completely disintegrated and macroscopic flocculation was

observed. In presence of PLD however, membrane fluidity increased but no breakdown in vesicle

structure was observed.

To corroborate our SANS observations on bulk changes to membrane thickness and liposome

aggregation/degradation, we performed all-atom simulations to provide insight into the origins of

the observed structural rearrangement on the atomic scale. These investigations focused on the

effects that conversion of POPC to DAG or PA have on to lipid clustering (a precursor to domain

formation), membrane thickness and curvature, and non-covalent interactions such as with sodium

ions in the surrounding bulk solution. Specifically, the neutral DAG molecules formed by reaction of

POPC with PLC were unable to coordinate sodium ions. However, hydrogen bonding between the

DAG head-group -OH moiety and backbone carbonyl oxygens of neighbouring POPC and DAG

molecules was observed. This forces the DAG molecules to burrow into the membrane bilayer,

leading to a decrease in bilayer thickness, increase in fluidity and breakdown of the membrane

bilayer. The negatively charged PA formed on reaction of POPC with PLD did not display this

burrowing behavior and membrane stability was preserved even at high rates of POPC to PA

conversion.

The combination of experimental data and simulations presented here provides insights into the

fundamental effects that atomic-scale organisation of membrane bilayers have on the stability of

bulk liposome formulations. The results from this study provide invaluable data on the effect of PLC

and PLD membrane bilayer stability of a model liposome system, answering an interesting

fundamental science question and marking a vital step towards liposome-based diagnostic and drug

delivery technologies for phospholipase C and D dysregulation-based diseases.
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Neutrons for multi-functional Hydrides - FunHy 
A new research project funded within the Nordic Neutron Science Programme 

 
Martin Sahlberg,1 Gustav Ek,1 Ulrich Häussermann,2 Maths Karlsson,3 Magnus Moe Nygård,4 

Bjørn C. Hauback,4 Magnus H. Sørby,4 Jakob Grinderslev,5 Torben R. Jensen (PI)5

 

1 Uppsala University Department of chemistry, martin.sahlberg@kemi.uu.se
2 Stockholm University, Department of Materials and Environmental Chemistry,

Ulrich.Haussermann@mmk.su.se
3 Chalmers TU,

4 Institute for Energy Technology (IFE) Physics, bjorn@ife.no, magnuss@ife.no
5 Aarhus University Department of Chemistry trj@chem.au.dk 

A clean sustainable energy system is paramount for an environmentally friendly fossil-fuel free future. The 
challenge is efficient storage and conversion of renewable energy, which is the exact focus of the present 
project, FunHy. The realization of this scenario calls for a paradigm shift in design and development of novel 
energy materials towards rational design and preparation of new functional materials. The ambition of this 
project is to conduct cutting-edge international research on the design and preparation of novel functional 
materials combined with characterization using neutron scattering methods. Hydrides form large varieties of 
different types of materials and we target: i) light element hydrides relevant for hydrogen storage and ii) 
metal hydrides which are new fast ion conductors for batteries and iii) hydrides with novel magnetic 
properties. Secondly, we aim at integrating a range of neutron scattering techniques for advanced materials 
characterisation: i) Elastic neutron scattering, including in situ powder neutron diffraction (PND) at varying 
temperature and pressures, high resolution  PND, total scattering and PDF analysis ii) inelastic neutron 
scattering (INS) and quasielastic neutron scattering (QENS) for probing dynamic properties. Neutron 
scattering combined with other techniques will provide new fundamental scientific insights into new material 
structure-property relationships. Our goal is to develop novel useful functional materials towards rational 
material design. This project is conducted within a strong Nordic and international research network and 
offers the highest level of energy materials science education for 3 PhDs directly funded, and a high number 
of Bachelor, Master and associated PhD students. An open Nordic research meeting will be organised with 
the aim to gather Nordic experts, start new collaborations and share our knowledge. This project will 
establish new broad long-lasting research networks and collaboration within ‘neutrons for materials science’. 

This will be achieved through synthesis of novel functional energy-materials with unknown compositions, 
structures and properties and characterisation tools based on neutron scattering. This will allow new levels 
of fundamental knowledge regarding materials structure and properties to be unravelled. 

FunHy started 1. jan 2017 and run for 4 years to 31. dec. 2020. Three excellently qualified PhD students are
already employed: Jakob Grinderslev (AU), Gustav Ek (Uppsala) and Magnus Moe Nygård (IFE).
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 Investigation of the Order−Disorder Rotator Phase
Transition in KSiH3 and RbSiH3

Reji Nedumkandathil, Aleksander Jaworski, Andreas Fischer, Carin Österberg, Yuan-Chih Lin, Maths

Karlsson, Jekabs Grins, Andrew J. Pell, Mattias Edén, and Ulrich Häussermann
*

 

Department of Materials and Environmental Chemistry, Stockholm University,
Svante Arrhenius väg 16C, SE- 10691 Stockholm, Sweden

 
The β−α (order−disorder) transition in the silanides ASiH3 (A = K, Rb) was investigated by multiple
techniques, including neutron powder diffraction (NPD, on the corresponding deuterides), Raman
spectroscopy, heat capacity (Cp), solid-state

2
H NMR spectroscopy, and quasi-elastic neutron

scattering (QENS). The crystal structure of α-ASiH3 corresponds to a NaCl-type arrangement of alkali

metal ions and randomly oriented, pyramidal, SiH3
− moieties. At temperatures below 200 K ASiH3

exist as hydrogen-ordered (β) forms. Upon heating the transition occurs at 279(3) and 300(3) K for
RbSiH3 and KSiH3, respectively. The transition is accompanied by a large molar volume increase of
about 14%. The Cp (T) behavior is characteristic of a rotator phase transition by increasing
anomalously above 120 K and displaying a discontinuous drop at the transition temperature.

Pronounced anharmonicity above 200 K, mirroring the breakdown of constraints on SiH3
−
 rotation, is

also seen in the evolution of atomic displacement parameters and the broadening and eventual

disappearance of libration modes in the Raman spectra. In α-ASiH3, the SiH3
−
 anions undergo

rotational diffusion with average relaxation times of 0.2− 0.3 ps between successive H jumps. The

first-order reconstructive phase transition is characterized by a large hysteresis (20−40 K).
2
H NMR

revealed that the α-form can coexist, presumably as 2−4 nm (sub-Bragg) sized domains, with the β-
phase below the phase transition temperatures established from Cp measurements. The
reorientational mobility of H atoms in undercooled α-phase is reduced, with relaxation times on the
order of picoseconds. The occurrence of rotator phases α-ASiH3 near room temperature and the

presence of dynamical disorder even in the low-temperature β-phases imply that SiH3
−
 ions are only

weakly coordinated in an environment of A
+
 cations [1]. The orientational flexibility of SiH3

−
 can be

attributed to the simultaneous presence of a lone pair and (weakly) hydridic hydrogen ligands,
 leading to an ambidentate coordination behavior toward metal cations.

     
 
Figures (a) Evolution of NPD patterns of KSiD3 with temperature; (b) Dependence of heat capacity (Cp) with
temperature for KSiD3

 
Reference: [1] W. S. Tang et al., J. Phys. Chem. C. 38 (2016) 120.
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Postdoc, Airidas Korolkovas, Uppsala University contact Max Wolff

 If possible I would like to present a poster: Dynamical structure of 
entangled polymers simulated under shear flow

 

The non-linear response of entangled polymers to shear flow is complicated. Its current
understanding foots mainly on a rheological description in terms of the complex viscosity.
However, the full picture requires an assessment of the dynamical structure of individual
polymer chains which give rise to the macroscopic observables. Here we shed new light on this 
problem, using a novel computer simulation based on a blob model, suitable to de-scribe 
polymer melts and semi-dilute solutions. We examine the stress fluctuation and dif-fusion spectra 
during a steady shear flow. The relaxation dynamics are found to speed up along the flow 
direction, but slow down along the shear gradient direction. The third axis, vorticity, shows a 
slowdown at the short scale of a tube, but reaches a net speedup at the
 large scale of the chain radius of gyration.
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On the nature of magnetic stripes in cuprate superconductors

We present high-resolution neutron scattering studies of the static and dynamic stripes in an optimally do-ped
high-temperature superconductor, La2CuO4+y. We find that the dynamic stripes do not disperse to-wards the

static stripes in the limit of vanishing energy transfer. Using a detailed Monte Carlo ray-tracing model of the
experimental setup we eliminate instrumental effects as the source of this apparent violation of Goldstone's
theorem.

We propose two alternative explanations of this surprising discovery. The observed effect may qualita-tively be
explained as a subtle effect originating in the structural twinning present in this sample. Alterna-tively we
propose that the observed dynamic stripes are not the Goldstone modes of the static stripes, and that the two
signals originate from different phases in the sample.

We discuss the merits of these two hypotheses and relate them to earlier observations of unusual dispersi-ons in
underdoped La2-xSrxCuO4 (x=0.07) [1] and La2-xBaxCuO4 (x=0.095) [2]. Our findings are relevant for all

compounds exhibiting twinning and magnetic stripes, and may thus be vital in unveiling the nature of high
temperature superconductivity.

[1] H. Jacobsen et al., Phys. Rev. B 92, 174525 (2015)

[2] Z. Xu et al., Phys. Rev. Lett. 113, 177002 (2014)
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Magnetic ground state and magnon-phonon interaction in multiferroic hexagonal
YMnO3

[1] C. J. Howard et al, Acta Cryst B 69, 634 (2013).
[2] K. Singh et al, J. Phys. Cond. Matt. 25, 416002 (2013). [3] J. 
Oh et al., Nature Comm. 7, 13146 (2016).
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    Inelastic neutron scattering has been used to study the magneto-elastic excitations in the multiferroic manganite hexagonal YMnO3. An avoided crossing is found between magnon and phonon modes close to the boundary of the Brillouin zone. This is further confirmed by neutron polarization analysis. An external magnetic field along the c-axis is observed to cause a linear field-induced splitting of one of the spin wave branches. A theoretical description is performed, using a Heisenberg model of localized spins, acoustic phonon modes and a magneto-elastic coupling via the single-ion magnetostriction. The model quantitatively reproduces the dispersion and intensities of all modes in the full Brillouin zone, describes the observed magnon-phonon hybridized modes, and quantifies the magneto-elastic coupling.    The combined information, including the field-induced splitting and the two dispersions, allows us to exclude several of the earlier proposed models [1-3] and point to the correct magnetic ground state, being of the P63'c'm symmetry, and provides an effective dynamic model relevant for all multiferroic hexagonal manganites.

camda446
Textruta
1Nanoscience Center, Niels Bohr Institute, University of Copenhagen, 2100 Copenhagen O,, Denmark 2Institut für Theoretische Physik, Universität Leipzig, D-04103 Leipzig, Germany3Instituto de Catálisis y Petroleoquímica, Consejo Superior de Investigaciones Cientificas, Cantoblanco E-28049, Madrid, Spain4Department of Physics, Technical University of Denmark, 2800 Kongens Lyngby, Denmark5Clarendon Laboratory, Department of Physics, Oxford University, Parks Road, Oxford, OX1 3PU, United Kingdom 6European Spallation Source ERIC, 22363 Lund, Sweden7Canadian Neutron Beam Centre, Chalk River Laboratories, Ontario, Canada8Laboratory of Neutron Scattering, Paul Scherrer Institute, 5232 Villigen PSI, Switzerland

camda446
Textruta



 

* condmat@kth.se

POSTER PRESENTATION 
 

The Swedish QuEST for BIFROST and Novel Quantum Materials

 

 
1
Materials Physics, KTH  

2
Theoretical Physics, KTH  

3
Uppsala University  

4
ESS, Lund, Sweden 

5
DTU, Denmark  

6
LNS, PSI, Switzerland  

7
Univ. Copenhagen, Denmark  

8
Nordita, Sweden 

 
This project aims to strengthen the Swedish community within inelastic neutron scattering and particularly in

the area of quantum materials. It will ultimately allow Swedish researchers to become early expert users of the

BIFROST [1] as well as other spectrometers at ESS. We have formed a strategic alliance between KTH, Uppsala

University, Nordita, PSI, the BIFROST team (DTU/ESS), along with a series of international experts in the field.

To realize the main goal our project contains several specific points:
 

••• Sample synthesis of organo-metallic compounds will be done both virtually through a unique

database (OMDB) at Nordita [2,3] and band structure modeling, as well as in practice by setting

up a dedicated organo-metallic synthesis laboratory (OMSL) at UU.
 

••• The CAMEA spectrometer [4,5], which is now being assembled at PSI Switzerland, is based on the

same technology as BIFROST. Hence, there is a golden opportunity to use CAMEA as a “training

ground” for early expert users of BIFROST. We will partake in the CAMEA commissioning perform

initial experiments on quantum materials. Further, we will also develop necessary sample

environment/tools needed in order to maximize the early use of BIFROST. This includes sample

holders, pressure cells as well as to initiate the development of a high-field magnet.
 

••• In connection with the experiments we will also develop the data analysis/visualization and

theory/modeling tools [S(Q,E)], [6,7] which are absolutely crucial for the understanding and

publication of the experimental data. Such tools will also be used for predicting magnetic

properties in the materials design (OMDB + OMSL).
 

This is a highly ambitious yet feasible project that aims to build for the future and ESS in Sweden. It is also

important to understand that the different parts are highly interconnected in a closed iterative feedback loop

gathered around INS where e.g. the sample synthesis and theory team will participate in the actual

experiments, and vice versa (see Fig. 1).

 

 
 

Fig. 1: Schematic representation/overview of the current research project
 

REFERENCES

[1] https://europeanspallationsource.se/article/bifrost-prismatic-approach-neutron-spectroscopy

[2] www.omdb.diracmaterials.org [5] F. Groitl, et al., Rev. Sci. Instr. 87, 035109 (2016)

[3] http://dx.doi.org/10.1371/journal.pone.0171501 [6] http://www.psi.ch/spinw/

[4] Birk, Mansson, Rev. Sci. Instr. 85, 113908 (2014) [7] Eriksson, Hellsvik, Ab-initio spin-dynamics (Oxf. Un. Pr. 2017)
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The microscopic magnetic nature of NaV2O4, in which the V ions form quasi-1D (Q1D) zigzag

chains along the b-axis, was initially investigated by positive muon-spin spectroscopy (μ
+
SR) [1].

Powder samples were studied down to T = 1.8 K and a static antiferromagnetic (AF) order appears

below TN = 140 K. In order to clarify the reason for the coexistence of long-range AF order and metallic

conductivity in NaV2O4, neutron powder diffraction experiments were performed. The analysis of the

magnetic Bragg peaks below TN = 140 K demonstrated the formation of an incommensurate spin

density wave order (IC-SDW) [2] with k = (0, 0.191, 0); the ordered moment was estimated to be (0, 0,

0.77μB) at T = 20 K. Further, from synchrotron radiation x-ray diffraction, we found no indication of

structural phase transitions down to T = 100 K. Hence, the IC-SDW order is thought to be caused by an

intrinsic instability of the V2O4 zigzag chain system at low T. Recently, we found details in our μ
+
SR

data, indicating the presence of a helical magnetic order in this compound [3], which was further

supported, by NMR and bulk measurements [4]. Finally, the electronic structure of single crystal

NaV2O4 was investigated using angle-resolved photoelectron spectroscopy (ARPES). The spectra show

two dispersing bands crossing the Fermi level and a 1D Fermi surface strongly nested along the b-axis

[5]. The nesting vector is found as k = (0, 0.195, 0), perfectly matching our neutron diffraction data.

 
 

 
 

Fig. 1: Neutron powder diffraction of NaV2O4 (HRPT/DMC @ PSI) [2]
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Several compounds are known as quasi-one-dimensional (Q1D) AF Heisenberg systems with

random bond strengths. However, the title compound, BaCu2(Si0.5Ge0.5)2O7 has been celebrated as an almost

ideal realization of the random AF Heisenberg spin (S=½) chain for more than 10 years [1]. Despite several

attempts, there is up until now no direct spectroscopical evidence of the famous random–singlet state (RSS)

in this material. Earlier inelastic neutron scattering (INS) results instead reflected typical AF Heisenberg spin

chain behavior with average interactions <J> = 37 meV [2]. Recent bulk magnetization data was compared to

results of extensive Quantum Monte Carlo (QMC) simulations [3], which showed that the behavior of this

material agrees with the theoretical model for a RSS at all temperatures T ≥ 2 K. Further, QMC simulations

also offer an explanation to why the RSS was not detected by previous neutron studies. At low

temperatures, the deviation from the disorder–free Heisenberg AF chain (i.e. the linear behavior) only

occurs for low magnetic fields; below a few Tesla. Such fields should correspond to neutron energy transfers

of only fractions of a single meV. For example, at 2 K, the RSS should appear below Hc ≈ 6 T, which is

equivalent to ω ≈ 0.3 meV. Hence, the dominant part of the effective interactions binding the spins is less

than 1% of the nearest–neighbor exchange integral, an energy range ignored by previous studies [2].

In this study we have performed an inelastic INS study of BaCu2(Si0.5Ge0.5)2O7 using the

backscattering spectrometer OSIRIS at ISIS/UK. This setup gives a 25 µeV resolution, which allowed us to

study magnetic excitations down to at least ω ≈ 0.1 meV for a temperature range T = 1.7 – 25 K. In similarity

to the previous high-energy INS investigations, also our high-resolution data clearly display vertical streaks of

scattering at the 1D AF zone centers, l = ±1, for all measured temperatures. To investigate the energy and

temperature scaling of the spin correlations, the dynamic structure factor S(q,ω) was extracted from fits to a

series of constant-energy cuts for different temperatures. The result was compared to an approximate

scaling function for a Luttinger spin liquid, showing a clear deviation for low excitation energies and elevated

temperatures, well in line with our simulations. To the best of our knowledge, this is the first clear

spectroscopic evidence of the RSS [4]. Further theoretical work is now needed to parameterize and

understand this intriguing phase.

 

FIG. 1: Crystal-structure of BaCu2(Si1-xGex)2O7 showing the 1D Cu
2+

-chains and a schematic view of an RSS.
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Quantum phase transitions have been in the centre of attention for scientists world-wide to

understand the universality of quantum critical behaviour in many-body systems. Gapped Heisenberg

spin-½ systems have the potential to exhibit quantum critical phenomena in their excitation spectra as

a function of e.g. magnetic field and pressure. In such compounds, tuning of the spin gap exercises a

control of the ground state and enables the study of novel fundamental many-body phenomena.

One example of such system is the organometallic quantum antiferromagnet [C4H12N2]Cu2Cl6

(PHCC). PHCC features Cu
2+

 spins coupled through a complex network of overlapping orbitals, forming

slightly skewed anisotropic S=½ ladders in the ac-plane with frustrated Cu–Cl–Cl–Cu super-exchange

interactions. Previous inelastic neutron scattering (INS) data show a spectral gap ∆≈1 meV and nearly

isotropic 2D dispersion in the (h,0,l) plane. In the absence of a magnetic field/pressure, only short-

range dynamic spin correlations typical of a liquid exist and the spin gap prevents any long-range

magnetic order down to T=0K. This makes PHCC an ideal compound for studying field/pressure

induced magnetic order as well as tuning of exchange interactions through random bond disorder by

chemically substituting some Cl for Br.

Our recent INS and bulk experiments [1-3] show that magnetic order is induced by a magnetic

field Hc = 7.6 T in pure PHCC at T = 50 mK. With increasing Br substitution the critical field increases as

the super-exchange bond angles i.e. AF bond strengths, are locally modified. This is also evident in the

INS data that show an increase of the spin gap for H = 0 with increasing Br substitution. A ‘cleaner’ and

more direct alternative to chemical pressure is to apply an external hydrostatic pressure. From our

muon spin rotation (µ+
SR) experiments; we find that magnetic order can be induced by rather

moderate hydrostatic pressures [4]. We find a first transition at Pc1 = 4 kbar, a quantum critical point

(QCP) separating the gapped spin liquid from an incommensurate ordered state. A second transition is

also found, at Pc2 = 14 kbar, which likely is a commensuration transition, accompanied by a Lifshitz

point (LiP) at a finite temperature.

 

 

 

 

Fig. 1: Pressure-Temperature phase-diagram of PHCC

showing the QCP as well as LiP [4].
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The prototypical quasi-one-dimensional (Q1D) compound Ca3Co2O6 belongs to the R-3c space

group and its rhombohedral structure consists of one-dimensional Co-O chains along the c-axis

separated by the Ca ions. The Q1D cobalt oxides are one of the more intriguing groups of

compounds. They display extremely complex magnetic behaviour due to the competition between

1D intrachain ferromagnetic (FM) and 2D interchain antiferromagnetic (AF) interactions. In

combination with the fact that the chains form a triangular lattice in the ab-plane, yields a very

intriguing 1D-system with geometrical frustration and strong uniaxial anisotropy. This compound

has been investigated by many different experimental techniques but there are still a large

number of unresolved issues. For instance, it is expected that a long-range (LR) 1D- FM order

should exist for T = 100-150 K. In this work we present a combination of zero-field (ZF) and high

transverse field (TF) muon spin rotation/relaxation (µ+
SR) measurements [1], together with

magnetization and an extensive neutron scattering investigation. Our µ+
SR Knight-shift

measurements clearly show an anomaly at T = 140 K that can be connected to the onset of a LR

1D-FM correlations. Further, from small-angle neutron scattering (SANS) and triple-axis neutron

diffraction we indeed reveal that a competing Q1D ferrimagnetic order co-exist within a LR AF

phase in the low-temperature regime [2].

 

 
 

References

[1] M. Mansson, et al., submitted manuscript (2017) [2] K. Prsa, et al., arXiv:1404.7398

 

Funding: This research is funded by the Swedish Research Council (VR). 

camda446
Textruta
20

camda446
Textruta

camda446
Textruta
Martin Månsson1,*, J. Sugiyama2, B. Roessli3, B. Hitti4, Y. Ikedo5, I. Zivkovic6, H. Nozaki2, M. Harada2, Y. Sassa7, D. Andreica8, T. Goko9, A. Amato9, O. Ofer4, E. J. Ansaldo4, J. H. Brewer4, K. H. Chow10, H. T. Yi11, S.-W. Cheong11, and K. Prsa12



The use of neutron and x-scattering techniques to study the non-
lamellar lipid aqueous interface and interfacial films

 
Tommy Nylander

 
Division of Physical Chemistry, Lund University, P.O. Box 124, SE-22100 Lund, Sweden.

 
Tommy.Nylander@fkem1.lu.se

 
Biological membranes do not only occur as planar bilayer structures, but bilayers have also
been shown to, depending on the lipid composition, curve into intriguing 3D structures.
Understanding the biological implication as well as the application of such interfaces, for e.g.
drug delivery and other biomedical application, requires the development of well-defined
model system. We have previously demonstrated that the formation of fluid supported
bilayers on vertical gallium phosphide nanowire (NW) forests using self-assembly from lipid
vesicular dispersions.1

Here we will discuss the formation of non-lamellar lipid liquid crystalline surface layers
prepared by spin-coating the constituting lipids followed by hydration of the lipid layer.2 We
will compare this approach by the one using adsorption of the corresponding reversed lipid
liquid crystalline nanoparticles (LCNPs) of the cubic micellar (I2) phase, which have high
potential for drug delivery.3 We will demonstrate that we can form non-lamellar liquid
crystalline surfaces of different phases on the surface. The structure of films formed were
studied both by specular and off-specular neutron reflectometry and the dynamics within the
surface layer within nanosecond time scale was studied by grazing incidence neutron spin
echo spectroscopy (GINSES).4 The implications for biomedical delivery systems will be
discussed.
 

1) Dabkowska, A.P., Niman, C.S., Piret, G., Persson, H., Wacklin, H.P., Linke, H., Prinz, C.N. &
Nylander, T. Fluid and highly curved model membranes on vertical nanowire arrays. Nano Letters, 
2014, 14, 4286-4292.

2) Wadsäter, M., Barauskas, J., Nylander, T., Tiberg, F. Nonlamellar lipid liquid crystalline model
surfaces for biofunctional studies. Soft Matter, 2013, 9, 8815– 8819.

3) Chang, D. P., Dabkowska, A. P., Campbell, R. A., Wadsäter, M., Barauskas, J.,
Tiberg, F., Nylander, T. Phys. Interfacial properties of POPC/GDO liquid crystalline nanoparticles 
deposited on anionic and cationic silica surfaces. Chem. Chem. Phys., 2016,18, 26630-26642. DOI: 
10.1039/c6cp04506e

4) Nylander, T., Soltwedel, O., Ganeva, M., Hirst, C., Holdaway, J. Yanez Arteta, M.,
Wadsäter, M., Barauskas, J., Frielinghaus, H., Holderer, O. Relationship between structure
and fluctuations of lipid non-lamellar phases deposited at the
solid/liquid interface. J. Phys. Chem. B 2017, In press. DOI:
 10.1021/acs.jpcb.6b11038
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Optimised sample environments can greatly improve data measured in scattering experiments as
well as allowing studies under a range of previously unexplored conditions. For example, provision
for effective, correctly placed shielding could reduce the background in some neutron reflection
experiments by a factor of five thus providing a similar factor increase in the ratio of signal to
background [1]. In preparing new apparatus, it has been helpful to have clear specifications of
operating conditions and to plan for an increase in the range of applications by use of modularity
to give easy routes to upgrades. Specific examples include the cell illustrated in Figure 1 (a) that
was designed initially for reflection studies of solid/liquid interfaces but is easily adapted to
include options for stirring, study of two different surfaces in contact with the same fluid and
studies of grazing incidence scattering. The second example in Figure 1(b) shows a simple rotating
mount to avoid problems of sedimentation of large particles in small-angle scattering and ultra
small-angle scattering experiments. 

The modularity in the design of both these units is exemplified in the reflection cell by the ease of
mounting of crystals with different thickness, preparing mounts for use of the cell with the
reflecting surface in either the horizontal or vertical plane, provision of a standard 4-wire
connector a platinum sensor so that facility provided temperature controllers work directly with
the sample temperature and adapting the mounts to take optical kinematic mounts. The rotating
mounts use the same motor and the same driver circuit as the stirrer on the kinematic mounts.
The mounts can be inverted to provide a different height above the mounting table to allow easy
adjustment for a range of different instruments. Both designs exploit modern manufacturing
methods; 3-d printing allows fabrication of holders for a wide range of different SANS sample
cells, even with different thickness and different apertures that may be used at various facilities.
 

References
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3D printing opens the possibility to create new designs for scientific equipment that can be
manufactured rapidly and economically. Fused filament fabrication of polymers and polymer
composites has been used to make sample holders, neutron shielding, apertures and other items.
Some examples are shown in Figure 1 below. Apertures for small-angle scattering can be made
that give low background by using absorber (

10
B4C) that contrast matches the plastic matrix [1].

Apart from benefits in ease of fabrication, this development avoids the use of the environmental
hazard and toxic element, cadmium, in many applications.

 
This work has involved the development of printer parts to cope with fillers that are hard and
abrasive: the new nozzles with ruby inserts designed for such materials are durable and can be
used to print boron carbide composites [2] as well as proving beneficial in other applications.
These are now available commercially.
 

 References
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Fig. 1. Examples of components made by fused filament fabrication

camda446
Textruta
23



Electro-responsiveness of interfacial layers of ionic liquids and their solutions
 

Georgia A. Pilkington*a, Kathryn L. Harrisb, Erik Bergendala, Gunnar K. Pálssonc,
Alexei Vorobievc, Sergei B. Glavatskihb and Mark W. Rutlanda,,d

 

aSurface and Corrosion Science, Department of Chemistry, KTH Royal Institute of Technology, Stockholm,
Sweden; bSystem and Component Design, Department of Machine Design, KTH Royal Institute of

Technology, SE-100 44 Stockholm, Sweden; cDepartment of Physics and Astronomy, Materials Physics,
Uppsala University, 751 20 Uppsala, Sweden; dChemistry, Materials and Surfaces, SP Technical Research

Institute of Sweden, SE-11428 Stockholm, Sweden

 
References

1. H. Li, R. J. Wood, M. W. Rutland and R. Atkin, Chemical Communications, 2014, 50, 4368-4370.
2. P. Cooper, H. Li, M. W. Rutland, G. Webber and R. Atkin, Physical Chemistry Chemical Physics, 

2016, 18, 23657-23662.
3. H. Li, A. E. Somers, P. C. Howlett, M. W. Rutland, M. Forsyth and R. Atkin, Physical

Chemistry Chemical Physics, 2016, 18, 6541-6547.
4. F. U. Shah, S. Glavatskih, D. R. MacFarlane, A. Somers, M. Forsyth and O. N. Antzutkin, Physical 

Chemistry Chemical Physics, 2011, 13, 12865-12873.
5. O. N. Antzutkin, F. U. Shah and S. Glavatskikh, US Patent, 2016.

 

camda446
Textruta
24

camda446
Textruta
Ionic liquids (ILs) have been identified as promising replacements for conventional lubricants due to their high chemical and thermal stability, low melting points and negligible volatility. Furthermore, their excellent conductivity and wide electrochemical windows present a new horizon for tribotronic lubrication solutions, whereby the friction coefficient is controllable though use of an electric field.1-3 However, high production costs and environmental concerns regarding fluorinated ions have largely limited commercialisation of IL lubricants.To address these issues, a number of novel, non-halogen containing ILs have been developed4, 5 which have been shown to exhibit excellent tribotronic lubrication properties, both as neat lubricants and as lubricant additives.2, 3 Yet, how the interfacial structuring of ILs in response to an electrical potential is influenced by a surrounding base fluid and it’s properties, or the concentration of the IL, is still not fully understood.To this end, we have studied the neutron reflectivity (NR) measurements on solutions of a non-fluorinated ionic liquid trihexyltetradecyl-phosphonium-bis(mandelato)borate [P6,6,6,14][BMB] mixed with a polar solvent at an electrified interfaces as a function applied potential and IL concentration. Due to the large difference in the scattering lengths densities of the IL ions, as well as the ability to contrast match the bulk solution with that of the electrode surface, our results demonstrate NR to be a powerful structural probe of IL interfacial layers and reveal clear changes in the interfacial region with applied potential. Such results aim to help shed light on a number fundamental questions regarding the structuring of ILs at electrified interfaces, as well as guide their application as electro-responsive additives in future tribotronic systems.



Solid-State Neutron Detector - A new Neutron Detector for High-Flux Applications

Emil Rofors, PhD student, Division of Nuclear Physics, Lund University

 

Neutrons of all energies are important probes of matter and neutron scattering is a particu-larly 
useful investigative technique. Precisely detecting the scattered neutrons is crucial to the quality 
of the resulting data. As the "He-3 crisis" reaches epic proportions, a race is on to develop 
replacement neutron-detector technologies for neutron scattering (and many other disciplines). The 
detector packages in the European Spallation Source (ESS) instruments will be overwhelmingly 
dependent upon these new develpments as no suitable replacement ex-ists "off the shelf", suitable 
for the high neutron flux at ESS. Candidates for new detector technologies exist, but only few of 
these have been properly characterized, and some are still in their developmental infancies.

The Solid-State Neutron Detector – SoNDe – project aims to develop a high-resolution neu-tron 
detector technique that will enable the construction of position-sensitive neutron de-tectors for 
high-flux sources, such as the upcoming ESS.

With the existing Source-Testing Facility [STF] at the Division of Nuclear Physics at Lund University we 
already have a laboratory for neutron irradiations that we plan to employ for calibrations, detection-
efficiency tests, and background rejection tests for the SoNDe detec-tor demonstrator currently 
under development at the Jülich Research Center.

 

 Figure: A 2⨯2 demonstrator module of the SoNDe detector.

 

 

 

 

[STF] https://ess-ics.atlassian.net/wiki/display/DG/The+Source+Facility+at+LU

http://portal.research.lu.se/portal/en/projects/solidstate-neutron-detector--a-new-neutron-detector-for-highflux-applications(974b836c-4ad3-498e-afbc-4a617f13828c).html
http://portal.research.lu.se/portal/en/projects/solidstate-neutron-detector--a-new-neutron-detector-for-highflux-applications(974b836c-4ad3-498e-afbc-4a617f13828c).html
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Colloidal self-assembly of magnetic nanoparticle coated with F127
at Si

A. Saini, M. Wolff

Division for Material Science, Department for Physics and Anstronomy, Uppsala Univeristy,
Uppsala, Sweden

Pluronics offer a model system for the study of gelation, percolation, crystallization, or the glass transi-
tion, because the interactions between the polymer micelles are tuneable. We study the spontaneous
formation of nanostructured materials by colloidal self-assembly of F127 encapsulated magnetic
nanoparticles. Neutron reflectivity is used as a tool to probe the effect of magnetic nanoparticles on the
crystallization behavior of Pluronic F127. The near surface structure of block copolymer micelles close to
silicon substrates with distinct surface energies are resolved. It is observed that the very near-surface
structure strongly depends on the surface coating whereas further away from the surface bulk like or-
dering is found. Also, smectic like ordering correlating the magnetic assembly characteristics with the
crystallization behavior of the pluronic micelles is observed.

camda446
Textruta
26



Manipulating the chiral nematic liquid crystalline order of cellulose
nanocrystals through embedded paramagnetic nanoparticles

	
Valentina Guccini1,2, Christina Schütz3, Gergely Nagy4, German Salazar-Alvarez1,2

	

1 Department of Materials and Environmental Chemistry, Stockholm University, Sweden
2Wallenberg Wood Science Centre, Stockholm, Sweden

3Physics & Materials Science Research Unit, University of Luxembourg, Luxembourg
4 Laboratory for Neutron Scattering, Paul Scherrer Institut, Switzerland	

	
Nanocellulose has attracted a significant research interest over the last 10 years as a novel and
renewable bionanomaterial suitable for structural and functional applications.1–3 The intriguing
ability of (diamagnetic) cellulose nanocrystals (CNCs) suspended in water to self-assemble and form a
stable chiral nematic liquid crystalline phase with long-range orientational order and a helical
superstructure was the focus of a recent review.4 Lepidocrocite (g-FeOOH) on the other hand is a
paramagnetic mineral which can be synthesized exhibiting a rod shape (LN, ≈20´250 nm2) with similar
size ranges as CNCs (≈5´200 nm2).5 We have recently published6 a systematic study about the
dependency of the chiral nematic liquid crystalline phase of CNC as a function of concentration using
a combination of small angle x-ray scattering, polarized light microscopy as well as laser diffraction.

In this presentation, we show that adding LN to the chiral nematic phase of CNC allows to control it
using moderate magnetic fields. Applying magnetic fields ≤ 1 T orient the

LN, which in turn orients the CNCs. Whereas applying fields > 1 T shows that there is a competition
between a parallel alignment of the LNs and the perpendicular alignment of the CNCs. Using contrast
matching we can follow the orientation of the individual components. Controlling the direction of the
anisotropic phase can result in well-ordered arrays with interesting functional properties.

	
	

1.	 Olsson,	R.	T.;	Azizi	Samir,	M.	A.	S.;	Salazar-Alvarez,	G.;	Belova,	L.;	Ström,	V.;	Berglund,	L.	a;	Ikkala,	O.;
Nogués,	J.;	Gedde,	U.	W.	Making	Flexible	Magnetic	Aerogels	and	Stiff	Magnetic	Nanopaper	Using
Cellulose	Nanofibrils	as	Templates.	Nat.	Nanotechnol.	2010,	5,	584–8.

2.	 Wicklein,	B.;	Salazar-Alvarez,	G.	Functional	Hybrids	Based	on	Biogenic	Nanofibrils	and	Inorganic
Nanomaterials.	J.	Mater.	Chem.	A	2013,	1,	5469.

3.	 Wicklein,	B.;	Kocjan,	A.;	Salazar-Alvarez,	G.;	Carosio,	F.;	Camino,	G.;	Antonietti,	M.;	Bergström,	L.
Thermally	Insulating	and	Fire-Retardant	Lightweight	Anisotropic	Foams	Based	on	Nanocellulose	and
Graphene	Oxide.	Nat.	Nanotechnol.	2014,	10,	277–283.

4.	 Lagerwall,	J.	P.	F.;	Schütz,	C.;	Salajkova,	M.;	Noh,	J.;	Hyun	Park,	J.;	Scalia,	G.;	Bergström,	L.	Cellulose
Nanocrystal-Based	Materials:	From	Liquid	Crystal	Self-Assembly	and	Glass	Formation	to	
Multifunctional Thin	Films.	NPG	Asia	Mater.	2014,	6,	e80.

5.	 Kozin,	P.	A.;	Salazar-Alvarez,	G.;	Boily,	J.-F.	Oriented	Aggregation	of	Lepidocrocite	and	Impact	on
Surface	Charge	Development.	Langmuir	2014,	30,	9017–9021.

6.	 Schütz,	C.;	Agthe,	M.;	Fall,	A.	B.;	Gordeyeva,	K.;	Guccini,	V.;	Salajková,	M.;	Plivelic,	T.	S.;	Lagerwall,	J.	P.
F.;	Salazar-Alvarez,	G.;	Bergström,	L.	Rod	Packing	in	Chiral	Nematic	Cellulose	Nanocrystal	Dispersions
Studied	by	Small-Angle	X-Ray	Scattering	and	Laser	Diffraction.	Langmuir	2015,	31,	6507–6513.
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Rubisco neutron crystallography

Marvin Seibert, Dirk Hasse, Inger Andersson
Department of Cell and Molecular Biology

Uppsala University

Rubisco (full name: ribulose-1,5-bisphosphate carboxylase/oxygenase) is the enzyme responsible for
photosynthetic CO2 fixation and is the most abundant enzymes on earth (Ellis 1979). The carbon
atoms in every organism in the entire biosphere have passed through the reaction cycle at the active
site of a Rubisco enzyme at some point in time. In the photosynthetic CO2 reduction reaction
catalysed by Rubisco, atmospheric CO2 is fixed to a sugar phosphate (ribulose-1,5-bisphosphate,
RuBP) and the product, 3-phosphoglycerate, is used to build the organic molecules of life. Rubisco is
present in most autotrophic organisms including plants, algae, photosynthetic bacteria and
cyanobacteria. Both land-based and marine photosynthesis are important - oceanic phytoplankton
are estimated to provide more than 45% of the global net primary production (Field et al. 1998).

Crystals of Rubisco from spinach can grow to a size of 1-1.2 mm and have diffracted X-rays to
around 1.5 Å. Rubisco crystals from the green algae Chlamydomonas reinhardtii have allowed an X-
ray structure to be solved to 1.4 Å resolution (PDB id 1GK8). In addition, we have recently
succeeded in growing very large crystals of Rubisco from Microcystis aeruginosa (PCC 7806). These
crystal growth conditions have not been optimized yet, but the initial c. 1mm long crystal diffracted
X-rays to c. 2.5Å.

We recently received beam time on the IMAGINE neutron scattering instrument at Oak Ridge
National Laboratory and plan to assess the neutron diffraction limit of these crystals.

Based on the high resolution structure of a complex of Rubisco with a transition-state analogue
(Andersson 1996) combined with a series of structures with substrate, product and inhibitors (Taylor
& Andersson 1996; 1997a; 1997b; Taylor et al. 1996) detailed mechanisms have been proposed for
how the Rubisco-catalysed reactions may proceed (Taylor & Andersson, 1997a; Cleland et al. 1998),
some of which now have become text-book material (Nelson et al. Macmillan 2008). While these
studies agree on "the big picture", they differ significantly in details such as the movement of
electrons and protons. These are not observed by X-ray crystallography to these resolutions, and
neutron scattering experiments may add crucial information.
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 Crystals of spinach Rubisco
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Phonon Contributions to High-Temperature Superconductivity

April 13, 2017

The compound La2−x Srx CuO4 (LSCO) is superconducting for 0.05 < x < 0.3 and serves as an
interesting model-system due to its relatively simple crystalline structure with only one Cu-O
layer per unit cell, which is believed to contain the fundamental aspects of
superconductivity. Furthermore, LSCO can be doped with interstitial oxygen to form La2−x
Srx CuO4+y (LSCO+O). The extra oxygen serves to stabilize the superconducting phase at Tc ≈
40K, as well as a stripe-like antiferromagnetic phase with coinciding TN = 40K, regardless of
strontium content.1,2

While conventional superconductivity is mediated by phonons, it is generally not believed to
be the case for high temperature superconductors (HTSC) such as LSCO. However, studies
have shown evidence of strong electron-phonon coupling in superconducting cuprates3 and
in light of these findings, we are currently investigating the phonon contributions to HTSC in
LSCO+O with inelastic neutron scattering as the primary experimental probe.
Recently, an anomaly (softening) in the longitudinal Cu-O bond-stretching phonon halfway to
the zone boundary was found in optimally doped (x = 0.15) LSCO. The anomaly disappears
for underdoped and overdoped LSCO, suggesting a connection to HTSC.4 We repeated the
experi-ment for superconducting, but underdoped in terms of strontium, LSCO+O and found
evidence for the same anomaly. These findings strengthen the hypothesis for a phonon
contribution to HTSC and thus warrants further investigation.
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Figure 1. Timepix3 detector with B4C coating.
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Investigation of Gd and B4C neutron converters on Timepix3 detectorDavid Krapohla, Christer Fröjdha and Göran Thungströmaa Mid Sweden University, SE 851 70, Sundsvall, SwedenE-mail: david.krapohl@miun.seThe shortage of 3He gas for thermal neutron detection and construction of brighter neutron sources like the European spallation source has increased the demand for alternative detectors. Semiconductor neutron pixel detectors are gaining interest in particular for their high special resolution. Neutron detection with silicon detectors require thin converter layers or 3d-structures filled with a converter with a high capture cross section such as 6Li, 10B or 155Gd and 157Gd [1].We have investigated the use of gadolinium foil and B4C coatings on a Timepix3 detector [2]. The Timepix3 ASIC is developed by the Medipix collaboration at CERN and offers 55um pixel pitch as well as simultaneous time-over-threshold (ToT) and time-of-arrival (ToA) information.Both detectors have a 300um silicon sensor one of which covered with a gadolinium foil. The second detector is covered with a directly deposited, 5um thick enriched boron carbide layer. standard laboratory neutron source is used for initial testing.In this paper we present measurement results from these two devices with respect to imaging, resolution and gamma suppression.
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TOPOLOGICAL INTERACTIONS IN POLYMERS UNDER SHEAR
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aUppsala University, Department for Physics and Astronomy, Sweden Berlin
bInstitut Laue-Langevin, Grenoble, France

 cOak Ridge National Laboratory, Oak Ridge, TN, USA

One of the most successful concepts in polymer physics is the reptation theory of DeGennes, Doi, and
Edwards. The resulting structural and mechanical properties of entangled polymers close to equilibrium
agree well with experiments and simulations. However, currently no such generalized theory is
available for larger deformations, which are accompanied by various non-linear effects such as shear
thinning. Even more, until now, no experimental approach allowed to test possible extensions of the
reptation theory, such as convective constraint release, which would have the potential to theoretically
describe the shear thinning transition. We present a neutron spin echo measurement of nanoscale
dynamics in flowing liquids and we extract the dynamical structure of a polymer melt beyond its shear
thinning transition. We find an additional slow relaxation process, contributing to shear thinning and
being in line with the theory of convective constraint release.
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Using wave field enhancement to enable inelastic scattering studies of
hydrogen diffusion in thin films

 

Surface sensitive neutron scattering techniques are often limited by the relatively low brilliance of
neutron sources. This makes gracing incidence neutron scattering studies challenging and is even more
limiting for if one is interested in diffusion processes and quasielastic scattering. One way to overcome
this challenge is to use wave field enhancement in a potential well. One specific example for the study
of diffusion in thin films is vanadium layers which have a small scattering cross section and can take up
hydrogen in large quantities. Moreover, thin layers of vanadium show profound finite size, proximity
and confinement effects. Considering this these sample systems offer an ideal test case to push the
current limits regarding inelastic neutron scattering experiments from thin films.
In this presentation the recent results from a 100 nm V resonator layer will be presented. We show that
the incoherent scattering from the hydrogen is detectable but only slightly above the background level.
Opportunities and challenges of the method regarding optimized samples as well as instrument setups
will be discussed.
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Effect of cooling rate after solution treatment on phase separation in

Fe-Cr alloys.

Fe-Cr based alloys, known as stainless steels, are widely used structural materials because of their
good corrosion resistance and mechanical properties. However, phase separation will occur in Fe-Cr
alloys, which containing BCC and BCT phases, when they are heat treated within the miscibility gap.
The alloys will be decomposed into Fe-rich regions (α) and Cr-rich regions (α'). This phenomenon

leads to the so-called “475oC embrittlement”, which
increases the hardness of the alloys but decreases the impact toughness. As a consequence, the
service temperature of these alloys is limited and e.g. duplex stainless steels are not
used above about 280oC. Hence, phase separation in Fe-Cr alloys has been, and still is, attracting a
large interest from the scientific community. In many reports the initial structure of ferrite after
solution treatment is assumed homogeneous. However, some researchers have reported that
composition fluctuations and clustering of Cr could happen during the solution treatment, including
the cooling processes. This, in turn, can influence phase separation during subsequent thermal
treatments. However, the knowledge of the effect of cooling rates on the evolution of phase
separation during aging is inferior. Therefore, in this work, the effect of cooling rate after solution
treatment on the initial structure of concentrated binary Fe-Cr alloys and the effect of the initial
structure on phase separation during subsequent aging has been investigated using small-angle
neutron scattering (SANS) and the results are compared with simulations using the Cahn-Hilliard-
Cook (CHC) model.
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HALLMARKS OF SCATTERING FROM ONE-PATCH ATTRACTIVE PROTEINS &
CONSEQUENCES IN SOLUTION STRUCTURES

Malin Zackrisson Oskolkova
 Department of Physical Chemistry, Lund University, PO Box 124, 221 00 Lund, SWEDEN

In this work we show how static structure factors, obtained from small-angle X-ray scattering, SAXS, and
static light scattering, SLS, shed light as to how patchy, attractive interactions between globular
proteins are manifested experimentally and can be distinguished from isotropic attractions.
Furthermore, the data are well described by an integral equation theory due to Wertheim for
associating liquids, which shows how the patch-patch attraction gives rise to a concentration-driven
association into dimers, which to our knowledge has not been shown previously for a biologically
relevant system. This fundamental study shows how proteins interactions under the right set of
conditions become highly anisotropic and patchy and how this leads to a concentration-induced

 dimerization, which at yet higher concentrations lead to stripes being formed
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A neutron scattering and diffraction study of the hydrogen containing ReO3
showing a hydrogen dependent negative thermal expansion

ReO3 belongs to the rare family of ABO3 type perovskites with an empty A site, and exhibits the even
more rare phenomenon of negative thermal expansion (NTE) across an extended temperature range
[1]. Previously, it has been shown that the NTE depends on the synthesizing method [2]. We
hypothesize, however, that it may rather be an effect of intercalated hydrogen in the structure,
because similar to proton conducting perovskites, the hydrogen atoms in ReO3 can be covalently
bonded to the oxygen atoms, forming hydroxyl groups, [3] but there is also the possibility to
accommodate water molecules in the cages present in the structure. In fact, our initial investigation
of ReO3 shows a two-step hydrogen release in vacuum upon increasing temperature, at ca. 100 ◦C
and 300 ◦C, indicating the presence of (at least) two different kinds of hydrogen species in the
material. With this background, we have investigated the nature of both (hydrogen) dynamics and
structure in ReO3, through a combined quasielastic neutron scattering (QENS) study at the High Flux
Backscattering Spectrometer at NCNR and a neutron diffraction study on the D20 instrument at ILL,
with the aim to determine the presence and dynamical behaviour of hydrogen species in ReO3 and
how it correlates with the observed NTE. The QENS spectra show the presence of a small broadening
of the elastic peak, thus revealing hydrogen diffusion in the sample [Figure 1(a)]. The presence of
hydrogen is also seen from a large background in the neutron diffraction data and we find that the
thermal expansion minimum moves to lower temperatures with an increased hydrogen content,
which also decreases the total NTE [Figure 1(b)]. Hence there is a significant amount of hydrogen
atoms in the structure, affecting the lattice significantly and contributing to hydrogen diffusional
behaviour.
 

 

Figure 1: (a) QENS spectrum at 250 K and Q = 1.2 Å-1. (b) Lattice parameter for ReO3 with a significant
amount of hydrogen content (ReO3 a) and a dry sample (ReO3 c).
 

[1] T. Chatterji et al., Physical Review B - Condensed Matter and Materials Physics 78 (2008) 134105-1.
[2] E. Rodriguez et al., Journal of Applied Physics 150 (2009)
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