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Meeting at a glance

1

VI EUROPEAN CONFERENCE ON NEUTRON SCATTERING
Mon, August 31st

Sun, August 30th

Tue, September 1st

Wed, September 2nd

Thu, September 3rd

Fri, September 4th

8:00

8:00
8:15
8:30

Registration

8:45
PL 3
F. Gabel

PL 5
P. Müller-Buschbaum

Chair: K. Knudsen

Chair: K. Habicht

Chair: H. Abele

Chair: A. Goukassov

PL 4
R. Caciuffo

PL 6
J. M. Tarascon

Walter Hälg Award Ceremony
H. Rauch

Levy Bertaut Award Ceremony
G. Schiro

Chair: H. M. Rønnow

Chair: J. Kulda

Chair: Ch. Alba-Simionesco

Chair: F. Mezei

Coffee and exhibition
Poster Session 1 (PS1)
from PS1-1 to PS1-120

Coffee and exhibition
Poster Session 2 (PS2)
from PS2-1 to PS2-120

Coffee and exhibition
Poster Session 3 (PS3)
from PS3-1 to PS3-120

9:00

9:30

Opening Ceremony

9:45
10:00

PL1
P. Fierlinger

10:30

Chair: B. Cywinski

10:45

Coffee and exhibition

PL 7
H. Schober

PL 8
J. M. Pérez Mato

9:00

9:45

10:30

Coffee and exhibition
NI-8
Chair: S. Holm

MSEP-8
Chair: J. Bartolomé

FM-2
Chair: F. Pforr

EA
Chair: T. Panzner

11:00
NI-1
Chair: P. Hautle

11:30

MSEP-1
Chair: Ch. Vettier

HLS-1
Chair: T. Gutberlet

GL
Chair: M. Fabian

K - E. Lelièvre-Berna

K - R. Kremer

K - A. Stradner

K - J. Dawidowski

12:00

O1 - C. Ridley

O1 - K. Lefmann

O1 - H. Frielinghaus

12:15

O2 - F. A. Adlmann

O2 - R. Toft-Petersen

12:30

O3 - M. Bartkowiak

12:45

NI-2
Chair: M. Rouijaa
K - D. S. Hussey

MSEP-2
Chair: J. Akimitsu

HLS-2
Chair: P. Schurtenbenger

CH
Chair: L. Rosta

NI-4
Chair: P. Willendrup

MSEP-4
Chair: P. Steffens

SCM-1
Chair: V. Garcia Sakai

CHM-1
Chair: F. Fdez-Alonso

NI-6
Chair: C. Durniak

MSEP-6
Chair: S. Ward

SCM-3
Chair: N. Malikova

FS
Chair: G. Eckold

K - B. Farago

K - S. Petit

K - C. Papadakis

K - G. Bruno

O1 - M. Sales

O1 - E. Canevet

O1 - B. Gold

O1 - J. Segura

11:30

O2 - E. Jericha

O2 - B. Grenier

O2 - W. Zajac

O2 - S. Harjo

11:45

K - S. Clarke

K - Z. Fisher

K - F. Grazzi

K - O. Prokhnenko

K - M. Kenzelmann

K - J. Colmenero

K - S. Parker

K - G. J. McIntyre

K - B. Fåk

K - W. Richtering

K - E. Krotscheck

O1 - J. M. Borreguero O1 - B. Betz

O1 - D. Mazzone

O1 - T. Nawroth

O1 - A. Masalles

O1 - K. Andersen

O1 - M. Enderle

O1 - A. Saini

O1 - M. Khaneft

O1 - M. Boin

O1 - V. Siruguri

O1 - A. Radulescu

O1 - E. Klinkby

O3 - D. Martin

O3 - D. Schmidger

O3 - C. Cabrillo

O3 - D. Schwahn

12:00

O2 - T. Hauß

O2 - W-C. Pilgrim

O2 - S. Kichanov

O2 - A. Holmes

O2 - M. Maccarini

O2 - M. P. Alonso

O2 - P. Courtois
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O2 - M. Obiols-Rabasa

O2 - S. Rols
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O4 - W. Chen
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12:15

O3 - A. Biffin
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O3 - L. Mangin
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O3 - M. Tanaka
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O3 - E. Fogh

O3 - A. Shvetcov

O3 - L. Mazzei

O3 - A. Markvardsen

O3 - Y. Khaydukov

O3 - H. Seto
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O5 - S. Nekuruh
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12:30

O4 - F. Groitl
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O4 - M. T. Di Bari

O4 - A. Stunault

O4 - T. Shinohara

O4 - G. S. Tucker

O4 - R. Ignazzi

O4 - C. Mondelli

O4 - C. Schanzer
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O4 - A. C. Genix

O4 - M. Plazanet

O4 - X. Xiao

O4 - P. Lázpita

O4 - F. Roosen

O4 - A. van Well

O6 - G. Kulin

O6 - N. Gauthier

O6 - M. Cabrera

O6 - R. Vasin

12:45

13:00

O5 - R. Barker

O5 - S. Raymond

O5 - B. Brocco

O5 - R. Boffy

O5 - E. Lehmann

O5 - J. Lynn

O5 - M. Martins

O5 - S. Kilcoyne

O5 - L. Crow

O5 - R. Przenioslo

O5 - J. Jestin

O5 - C. Österberg

O5 - V. Santoro

O5 - I. de Pedro

O5 - G. Fragneto

O5 - A. Frank

O7 - R. Bewley

O7 - N. Qureshi

O7 - M. Rovira-Esteve O7 - V. Em

13:00

13:15

O6 - D. Kozlenko

O6 - D. Inosov

O6 - H. Wacklin

O6 - D. Colognesi

O6 - P. Trtik

O6 - S. Hartwig

O6 - T. Nylander

O6 - K. Bajnok

O6 - J. Saroun

O6 - L. Ding

O6 - K. Mortensen

O6 - D. Djurado

O6 - J. Taylor

O6 - N. Plugaru

O6 - V. Rondelli

O6 - G. Zsigmond

O8 - T. Keller

O8 - Y. Su

O8 - T. Unruh

13:15

13:30

Closing ceremony

Lunch and exhibition

PL 2
P. Schofield

15:00

Chair: L. R. Falvello
15:45
NI-3
Chair: W. Schweika

ENSA SESSION

16:00

17:00

Peter Allenspach
Mark Jonhson
Katia Papas
Kristian Temst
Colin Carlile

17:15

Chair: Ch. Alba Simionesco

K - M. Strobl

Lunch and exhibition

Lunch and exhibition

Lunch and exhibition

Coffee and exhibition
Poster Session 1 (PS1)
from PS1-1 to PS1-120

Coffee and exhibition
Poster Session 2 (PS2)
from PS2-1 to PS2-120

Coffee and exhibition
Poster Session 3 (PS3)
from PS3-1 to PS3-120

MSEP-3
Chair: K. Rolfs
K - J. Kishine

HLS-3
Chair: A. Magerl
K - F. Spinozzi

TFI
Chair: M. Wolff
K - K. Temst

NI-5
Chair: M. Markó
K - M. Guthrie

MSEP-5
Chair: T. Fennell
K - S. Muehlbauer

SCM-2
Chair: U. Gasser
K - V. Arrighi

CHM-2
Chair: A. Albinati
K1 - J. A. Alonso

NI-7
Chair: G. Albani
K - N. Kardjilov

MSEP-7
Chair: M. Laver
K - J. Blanco

FM-1
Chair: E. Caspi
K - G. Rousse

NSF
Chair: A. Belushkin
K - D. Argyriou

16:00

O1 - X. Fabreges

O1 - Y. Kousaka

O1 - A. Stadler

O1 - I. Calvo

O1 - H. Bordallo

O1 - F. Weber

O1 - A. Arbe

O1 - E. Forcén

O1 - R. Hall-Wilton

O1 - E. Palacios

O1 - V. Pipich

O1 - U. Filges

16:30

O2 - S. Jaksch

O2 - M. Morin

O2 - Z. Ibrahim

O2 - Y. Gerelli

O2 - A. Fedrigo

O2 - R. Georgii

O2 - Y. Hertle

O2 - M. Avdeev

O2 - M. Köhli

O2 - A. Michels

O2 - S. Danilkin

O2 - V. Mityukhlyaev

16:45

O3 - N. Christensen

O3 - J. Kinder

O3 - T. Forsyth

O3 - M. Trapp

O3 - J. S. Gardner

O3 - H. Jacobsen

O3 - P. Normile

O3 - J. M. Igartua

O3 - I. Stefanescu

O3 - N. Rinaldi

O3 - M. Mülhbauer

O3 - T. Darwish

17:00

O4 - M. Christensen

O4 - M. Kugler

O4 - A. Koutsioumpas

O4 - E. Scoppola

O4 - P. Beran

O4 - J. Reim

O4 - W. G. Bouwman

O4 - W. Wallace

O4 - E. Babcock

O4 - V. Pomjakushin

O4 - G. Nenert

O4 - R. Bergmann

17:15

17:30

O5 - N. Violini

O5 - S. Grigoriev

O5 - R. Ünnep

O5 - A. Paul

O5 - G. J. Cuello

O5 - N. J. Steinke

O5 - A. Brulet

O5 - M. Frontzek

O5 - L. Gonzalez

O5 - L. Fdz-Barquín

O5 - I. Puente

O5 - K. Mukhin

17:30

17:45

O6 - M. Monkenbusch

O6 - N. Martin

O6 - J. Channell

O6 - A. Qviller

O6 - G. Chaboussant

O6 - M. Ruminy

O6 - A. Banc

O6 - J. Hernández

O6 - A. Pietropaolo

O6 - I. Golosovsky

O6 - G. Nagy

O6 - J. Beaucour

17:45

18:00

O7 - A. Ioffe

O7 - F. Qian

O7 - A. R. Rennie

O7 - W. Kreuzpaintner

O7 - M. Appel

O7 - P. Deen

O7 - F. Kaneko

O7 - G. Nowak

O7 - S. Gao

O7 - P. Henry

O7 - J. P. de Vicente

18:00

18:15

O8 - A. Jackson

O8 - J. S. White

O8 - E. Mossou

O8 - P. A. Algarabel

O8 - L. van Eijck

O8 - S. Toth

O8 - M. Gradzielski

O8 - B. Guerard

O8 - A. Furrer

O8 - M. Karlsson

O8 - C. Carlile

18:15

16:30
16:45

18:00

K2 - Ch. Masquellier

18:30

20:00

15:00

18:30

Welcome
Cocktail &
Registration
Conference Dinner
Aura Restaurant
Av. José Atares, 7
Zaragoza

Rooms

Topics

Mozart

NSF

Neutron Sources and Facilities

Luis Galve

GL

Glasses & Liquids

Mariano Gracia
Room 11

TFI

21:00

Thin Films and Interfaces

CHM

Chemistry of Materials (structure & spectroscopy)

MSEP

Magnetism, superconductivity, and other Electronic Phenomena

FM

Functional Materials

NI

Neutron Instrumentation, Optics, sample environment, detectors and Software

SCM

Soft Condensed Matter

HLS

Health and Life Sciences

EA

Engineering Applications

CH

Cultural Heritage and Archaeometry

FS

Fundamental Science

Satellite meetings
Wednesday, September 2
13:30 - 14:30, Swiss Neutron Scattering Society General Assembly, Luis Galve Room
14:30 - 15:00, Swiss Neutron Scattering Society Prize, Luis Galve Room
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O8 - O. Kirichek

13:30

Scientific Programme
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Wednesday, September 2
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Wednesday, September 2

nd

9:00

(PL5) Advanced morphology characterization based on grazing incidence small angle neutron scattering
Peter Müller‐Buschbaum, Technische Universität München, Germany
Mozart Room
Chair: Klaus Habicht
9:45 (PL6) Structure/property relationships of advanced electrode materials for rechargeable Li‐ion batteries.
J. M. Tarascon, College de France, France
Mozart Room
Chair: Jiri Kulda
10:30 Coffee and exhibition
Poster Session 2 (PS2)
from PS2‐1 to PS2‐120
Hipóstila Area
Neutron instrumentation, optics, sample environment, Magnetism, superconductivity, and other electronic
detectors and software
phenomena
Chair: Paul Steffens
Chair: Peter Willendrup
Mozart Room
Luis Galve Room
NI‐4
MSEP‐4
11:30 (K) Neutron scattering in magnetic fields up to 26 T is
(K) Switching of magnetic domains reveals evidence for
available at HZB
spatially inhomogeneous superconductivity
Oleksandr Prokhnenko, Helmholtz‐Zentrum Berlin, Germany
Michel Kenzelmann, Paul Scherrer Institut, Switzerland

12:00 (O1) Integrated design of Neutron Instruments and
Moderators at ESS
Ken Andersen, European Spallation Source, Sweden

(O1) Unusual continuous magnetic excitations evidenced
by polarized neutron scattering
Mechthild Enderle, Institut Laue Langevin, France

12:15 (O2) Neutron beam focusing with bent mosaic crystals
Pierre Courtois, Institut Laue Langevin, France

(O2) Interplay between magnetic order, anisotropy and
ferroelectricity in Mn1‐xCoxWO4 multiferroics with
intermediate doping
José Luis García‐Muñoz, Institut de Ciència de Materials de
Barcelona ‐ CSIC, Spain

12:30 (O3) Towards ideal nano‐diamond reflectors for slow
neutrons
Valery V. Nesvizhevsky, Institut Laue Langevin, France

(O3) High‐field re‐entrance of the magnetoelectric effect
in LiNiPO4 investigated in pulsed fields
Ellen Fogh, Technical University of Denmark, Denmark

12:45 (O4) Neutron optics for hot neutrons
Christian Schanzer, Swiss Neutronics AG, Switzerland

(O4) Determination of incommensurate magnetic
structures using symmetry arguments
Irene Urcelay‐Olabarria, Universidad del País Vasco‐Euskal
Herriko Unibertsitatea, Spain

(O5) Lack of 3‐fold rotation axis in α‐Fe2O3 and α‐Cr2O3
13:00 (O5) Commissioning of the Polarized Neutron
Development beamline at the High Flux Isotope Reactor crystals
at Oak Ridge National Laboratory
Radek Przenioslo, University of Warsaw, Poland
Lowell Crow, Oak Ridge National Laboratory, USA
13:15 (O6) Neutron optics concept for the materials
engineering diffractometer at the ESS
Jan Saroun, Nuclear Physics Institute, ASCR, Czech Republic

13:30 Lunch and exhibition
Hipóstila Area
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(O6) Multiferroic and magnetoelectric properties in
pyroxene (Sr,Ca)MnGe2O6
Lei Ding, Institut Néel, France

Wednesday, September 2

nd

(PL5) Advanced morphology characterization based on grazing incidence small angle neutron scattering 9:00
Peter Müller‐Buschbaum, Technische Universität München, Germany
Mozart Room
Chair: Klaus Habicht
(PL6) Structure/property relationships of advanced electrode materials for rechargeable Li‐ion batteries. 9:45
J. M. Tarascon, College de France, France
Mozart Room
Chair: Jiri Kulda
Coffee and exhibition 10:30
Poster Session 2 (PS2)
from PS2‐1 to PS2‐120
Hipóstila Area
Soft Condensed Matter
Chemistry of Materials (structure & spectroscopy)
Chair: Victoria Garcia Sakai
Mariano Gracia Room
SCM‐1
(K) From Single‐Chain Nano‐Particles to All‐Polymer
Nano‐Composites: A Combined Effort by Neutron
Scattering and MD‐Simulations
Juan Colmenero, University of the Basque Country (UPV/EHU),
Spain

Chair: Felix Fernandez‐Alonso
Room 11
CHM‐1
(K) Applications of neutron scattering to catalysts and
energy materials
Stewart Parker, ISIS Facility, UK

(O1) Assembly of magnetic nano‐particles close to a solid (O1) Proton dynamics of phosphoric acid in the catalytic
wall
layer of gas diffusion electrodes and in the membrane
Apurve Saini, Uppsala University, Sweden
electrode assembly
Marina Khaneft, Jülich Centre for Neutron Science,
Forschungszentrum Jülich GmbH, Germany

11:30

12:00

(O2) Disentangling interactions and particle size of
microgels at ultra‐high densities
Marc Obiols‐Rabasa, Division of Physical Chemistry, Lund
University, Sweden

(O2) Revealing the local environment of H on graphene
using neutron spectroscopy
Stéphane Rols, Institut Laue Langevin, France

12:15

(O3) Combined usage of all‐atom Molecular Dynamics
and Neutron scattering experiments to reveal atomic
details of large multi‐molecular complexes in solution
Alekxei Shvetcov, Petersburg Nuclear Physics Institute, Russian
Federation

(O3) Local coordination and vibrational properties of
protons in the proton conducting perovskite
BaZr0.5In0.5O3H0.5 studied by inelastic neutron scattering
Laura Mazzei, Chalmers University of Technology, Sweden

12:30

(O4) Chain Signal in Nanolatex Based Nanocomposites
Anne‐Caroline Genix, University Montpellier 2, France

(O4) Solvent contribution to the stability of a physical gel 12:45
characterised by quasi‐elastic neutron scattering
Marie Plazanet, Università degli Studi di Perugia, Italy

(O5) Nanofiller Structure, chain conformation and
reinforcement in model Silica/Rubber composites: a
quantitative correlation driven by interfacial agents
Jacques Jestin, Laboratoire Léon Brillouin CEA‐CNRS, France

(O5) Rotational motions of pyramidal SiH3 ions in ASiH3
(A = K, Rb) investigated with quasielastic neutron
scattering
Carin Österberg, Chalmers University of Technology, Sweden

13:00

(O6) Entangled Polymer Melts in Extensional flow
Rheology and small‐angle Neutron Scattering
Kell Mortensen, Niels Bohr Institute, University of Copenhagen,
Denmark

(O6) Vibrational Dynamics in Dendritic Oligoarylamines
by Raman Spectroscopy and Incohetent Inelastic
Neutron Scattering
David Djurado, CEA‐CNRS, France

13:15

Lunch and exhibition 13:30
Hipóstila Area
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Wednesday, September 2

nd

(continued)

15:00 Coffee and exhibition
Poster Session 2 (PS2)
from PS2‐1 to PS2‐120
Hipóstila Area
Neutron instrumentation, optics, sample environment,
detectors and software
Chair: Márton Markó
Mozart Room
NI‐5
16:00 (K) Neutrons, diamonds and pressure
Malcom Guthrie, European Spallation Source, Sweden

Magnetism, superconductivity, and other electronic
phenomena
Chair: Tom Fennell
Luis Galve Room
MSEP‐5
(K) Superconducting Vortex Matter and Skyrmion Matter
in Chiral Magnets Studied by Neutron Scattering
Sebastian Muehlbauer, Maier‐Leibnitz Zentrum Garching,
Germany

16:30 (O1) New scientific prospects at the European Spallation (O1) Magnetic moments induce strong phonon
renormalization in FeSi
Source provided by the Backscattering Spectrometer
Frank Weber, Karlsruhe Institute of Technolgy, Germany
MIRACLES
Heloisa Bordallo, University of Copenhagen / Nisl Bohr
Institute, Denmark
16:45 (O2) VESPA: the Vibrational Spectroscopy Instrument for
ESS
Anna Fedrigo, Niels Bohr Institute ‐ University of Copenhagen,
Denmark

(O2) Band structure of helimagnons in MnSi resolved by
inelastic neutron scattering
Robert Georgii, MLZ ‐ Technische Universität München,
Germany

17:00 (O3) SIKA: The only cold triple axis down under
Jason S Gardner, National Synchrotron Radiation Research
Center, Taiwan

(O3) Understanding the magnetic structure and
dynamics of GGG
Henrik Jacobsen, Niels Bohr Institute, Denmark

17:15 (O4) Beamline for European Materials Engineering
(O4) Long period cycloidal ordering in the layered
Research ‐ BEER
kagome antiferromagnet CaBaCo2Fe2O7
Přemysl Beran, Nuclear Physics Institute ASCR, Czech Republic Johannes Reim, Forschungszentrum Jülich GmbH, Germany

17:30 (O5) The new 7C2 neutron diffractometer for liquids and (O5) Understanding the evolution of a magnetic
disordered materials
superlattice after soliton injection in a 3d magnetic shift
Gabriel J. Cuello, Institut Laue Langevin, France
register
Nina‐Juliane Steinke, ISIS, STFC, UK
17:45 (O6) PA20 : A new SANS/GISANS instrument at LLB
Grégory Chaboussant, Laboratoire Léon Brillouin CNRS‐CEA,
France

(O6) Larmor diffraction study of the R2Ti2O7 series
(R=Dy, Ho, Tb)
Martin Ruminy, Paul Scherrer Institut, Switzerland

18:00 (O7) Ongoing extension of IN16B at ILL with the
Backscattering And Time‐of‐flight Spectrometer option
(BATS)
Markus Appel, FAU Erlangen‐Nürnberg, Germany

(O7) Hidden Order in the spin‐Liquid 3D hyperkagome
compound Gd3Ga5O12
Pascale Deen, European Spallation Source, Sweden

18:15 (O8) A new design for reactor‐based powder
(O8) Strong magnon decay in a triangular lattice
diffractometers: the case of PEARL at the TU Delft
antiferromagnet
Lambert van Eijck, Delft University of Technology, Netherlands Sandor Toth, Paul Scherrer Institut, Switzerland
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Wednesday, September 2

Soft Condensed Matter

nd

(continued)

Coffee and exhibition 15:00
Poster Session 2 (PS2)
from PS2‐1 to PS2‐120
Hipóstila Area
Chemistry of Materials (structure & spectroscopy)

Chair: Urs Gasser
Mariano Gracia Room
SCM‐2
(K) Structure and Dynamics of Polymer
Nanocomposites. Effect of Chain‐grafting
Valeria Arrighi, Heriot‐Watt University, United Kingdom

Chair: Alberto Albinati
Room 11
CHM‐2
(K1) Correlation structure‐properties in energy‐related
materials
José Antonio Alonso, Instituto de Ciencia de Materiales de
Madrid, Spain

(O1) Structure and Dynamics of Single‐Chain Nano‐
Particles in Solution
Arantxa Arbe, Centro de Fisica de Materiales CSIC‐UPV/EHU,
Spain

(O1) Proton transport via the Grotthuss mechanism
operating in molecular crystals
Elena Forcén‐Vázquez, Instituto de Ciencia de Materiales de
Aragón, Spain

16:30

(O2) Internal dynamics of micro‐ and macrogels
monitored by Neutron spin‐echo
Yvonne Hertle, Physical and Biophysical Chemistry, Bielefeld
University, Germany

(O2) Neutron scattering in structural research of
nanodiamonds
Mikhail Avdeev, Joint Institute for Nuclear Research, Russian
Federation

16:45

(O3) SANS on highly monodisperse maghemite
nanoparticle compacts: structure factor at near random‐
close packing and magnetic correlations in ideal
superspin glass
Peter Normile, Universidad de Castilla‐La Mancha, Spain

(O3) Mode‐crystallography and parametrized
refinements for a better approach to the crystal
structure and its evolution with T
Josu M. Igartua, Basque Country University, Spain

17:00

(O4) Direct measurement of mesoscopic bulk structure
of food materials by spin‐echo small‐angle neutron
scattering
Wim G. Bouwman, Delft University of Technology, Netherlands

(O4) Quantum entanglement in
Manganese(II)hexakisimidazole nitrate, electronic
structure imaging: A polarized neutron diffraction,
density functional theory study
Warren Wallace, Paul Scherrer Institut, Switzerland

17:15

(O5) Phase separation in large unilamellar hybrid
polymer/lipid vesicles: lipid‐rich or polymer‐rich
nanodiscs detected by SANS
Annie Brulet, Laboratoire de Chimie des Polymères
Organiques, University of Bordeaux, France

(O5) Structural complexity in non‐stoichiometric oxides: 17:30
from fundamental aspects to application
Matthias Frontzek, Paul Scherrer Institut, Switzerland

(O6) SANS study of a gluten protein gel: Why are SAXS
and SANS profiles different?
Amelie Banc, Laboratoire Charles Coulomb, Université de
Montpellier, France

(O6) Determination of SbVO4 Catalyst Structure from
Magnetic and Nuclear Neutron Scattering
Jorge Hernández‐Velasco, Inst. Ciencia Materiales Madrid
(CSIC), Spain

17:45

(O7) Structural Study on Syndiotactic Polystyrene
Cocrystals with a Newly Developed Simultaneous SANS /
FTIR Measuring System
Fumitoshi Kaneko, Osaka University, Japan

(K2) Operando Neutron and Synchrotron X‐Ray
diffraction during lithium battery operation
Christian Masquelier, LRCS, Université de Picardie Jules Verne,
France

18:00

(O8) Rich Structural Variety by Ionic Co‐assembly in
Chitosan/Surfactant Systems
Michael Gradzielski, Technische Universität Berlin, Germany

16:00

18:15

8

ID: PL5, 2015-09-02 09:00 - 09:45, Mozart Room
(Plenary)

Advanced morphology characterization based on grazing incidence small angle neutron
scattering
Peter Müller-Buschbaum1
1) Technische Universität München, Physik-Department, Lehrstuhl für Funktionelle Materialien,
James-Franck-Str.1, 85748 Garching, Germany
* Peter Müller-Buschbaum, muellerb@ph.tum.de
The investigation of nanostructures at surfaces, interfaces and in thin films requires dedicated
analytical techniques, which provide information from a molecular to a mesoscopic scale. [1]
Grazing incidence small angle neutron scattering (GISANS) overcomes the limitations of
conventional small-angle neutron scattering with respect to extremely small sample volumes in
the thin film geometry by the use of the reflection geometry [2-4]. GISANS involves a
combination of two techniques, GID (grazing incidence diffraction), which uses a reflection
geometry to obtain surface and near surface sensitive scattering, and SAS (small angle
scattering), which measures structures of 1 - 100 nm length in normal transmission mode. It is a
non-destructive structural probe and does not require a special sample preparation. GISANS
yields excellent sampling statistics (averages over macroscopic regions to provide information
on nanometer scale) and provides information on particle geometry, size distributions and
spatial correlations. In GISANS experiments however, the high demand on collimation requests
the use of high flux sources.
After a basic introduction to the GISANS technique, several different examples of thin
nanostructured polymer films are presented, to illustrate the possibilities and challenges of
GISANS. In addition, the challenges and potentials of time-of-flight GISANS (short TOFGISANS), which will be of high interest for the upcoming neutron sources such as ESS, are
discussed in detail. [5,6]
References
[1] A.Hexemer, P.Müller-Buschbaum: Advanced grazing incidence techniques for modern soft
matter materials analysis (feature article); IUCrJ 2, 106-125 (2015)
[2] P.Müller-Buschbaum, J.S.Gutmann, M.Stamm, R.Cubitt, S.Cunis, G.von Krosigk, R.Gehrke,
W.Petry: Dewetting of thin polymer blend films: Examined with GISAS; Physica B 283, 53
(2000)
[3] P.Müller-Buschbaum: Grazing incidence small angle neutron scattering: Challenges and
possibilities; Polymer Journal (invited review) 45, 34-42 (2013)
[4] P.Müller-Buschbaum, M.Wolkenhauer, O.Wunnicke, M.Stamm, R.Cubitt, W.Petry: Structure
formation in two-dimensionally confined diblock copolymer films; Langmuir 17, 5567 (2001)
[5]
P.Müller-Buschbaum,
E.Metwalli,
J.-F.Moulin,
V.Kudryashov,
M.Haese-Seiller,
R.Kampmann: Time-of flight grazing incidence small angle neutron scattering - a novel
scattering technique for the investigation of nanostructured polymer films; Euro. Phys. J. E ST.
167, 107-112 (2009)
[6] P.Müller-Buschbaum, G.Kaune, M.Haese-Seiler, J.-F. Moulin: Morphology determination of
defect-rich diblock copolymer films with time-of flight grazing incidence small angle neutron
scattering; J. Appl. Cryst. 47, 1228-1237 (2014)
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Structure/property relationships of advanced electrode materials for rechargeable Li-ion
batteries.
Jean Marie TARASCON1
1) Chimie du Solide-Energie, FRE 3677, Collège de France, 11 Place Marcelin Berthelot, 75231
Paris Cedex 05, France; Réseau sur le Stockage Electrochimique de l’Energie (RS2E), FR
CNRS 3459, 80039 Amiens, France ALISTORE-European Research Institute, 80039 Am
* jean-marie Tarascon, jean-marie.tarascon@college-de-france.fr
Li-ion batteries have conquered the world of portable electronics and represent the leading
technology being considered to power electric vehicles. Besides, they are regarded as serious
candidates within the field of renewable sources (wind, solar) for balancing their intermittency
with users’ demands. However, for this technology to support such large volume markets,
efforts must be focused on increasing their energy density and lowering their costs, while
considering sustainability issues. This calls, among others, for better positive electrodes, with
the present research being parted between i) designing new polyanionic compounds presenting
cost and safety advantages and ii) formulating new layered oxide materials for greater
capacities. This lecture will address both of them from structural points of view.
+3 2+
Polyanionic compounds such as LiFePO4 with a 3.45 V Fe /F redox couple are intensively
studied. Therefore in view of increasing this Fe redox couple we have explored, guided by the
inductive effect concept, the synthesis of sulfate-based polyanionic compounds and
uncovered many new phases whose rich crystal chemistry and attractive electrochemical
performance will be reported, with the last one being the 4.7V oxysulfate Li2Cu2O(SO4)2 phase.

Turning to the Li-rich layered oxides of general formula [Li0.2NixCoyMnz]O2, termed as Li-rich
NMC, they have recently generated great excitement because of their staggering capacities ~
270 mAh/g whose origin was remaining unknown. Through a totally new chemical approach and
complementary analytical techniques (XPS, EPR, Microscopy and neutrons) we demonstrated
the origin of this extra capacity to be rooted in the cumulative reversibility of both cationic and
anionic redox processes. We will show how this finding represents a transformational approach
for creating advanced energy materials not only for energy storage, but also for other energyrelated applications.
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Neutron scattering in magnetic fields up to 26 T is available at HZB

Oleksandr Prokhnenko1 , Peter Smeibidl1 , Maciej Bartkowiak1 , Wolf-Dieter Stein1 , Norbert
Stuesser1 , Hans-Juergen Bleif1 , Karel Prokes1 , Mark Bird2 , Bella Lake1
1) Helmholtz-Zentrum Berlin, Berlin, Germany 2) National High Magnetic Field Laboratory,
Tallahassee, USA
* Oleksandr Prokhnenko, prokhnenko@helmholtz-berlin.de
This year Helmholtz-Zentrum Berlin (HZB), Germany, launches a high field facility for neutron
scattering. Its main components, the High Field Magnet (HFM) and the Extreme Environment
Diffractometer (EXED), have been successfully tested and now are going into joint
commissioning. After its completion the facility will enable elastic neutron scattering experiments
in magnetic fields up to 26 T and temperatures down to 0.5 K. In addition, an inelastic mode of
operation is foreseen and being under construction.
The HFM is a horizontal-field hybrid magnet, designed and constructed in collaboration with the
National High Magnetic Field Laboratory (Tallahassee, USA). It enables not only novel
experiments but it is at the forefront of development in magnet technology itself. With a set of a
superconducting cable-in-conduit coil and resistive coils, maximum fields between 26 T - 31 T
can be reached for cooling power between 4 and 8 MW for the resistive part. The inner resistive
coil provides a conical room temperature bore at each end to allow neutron scattering up to
±15° off the beam axis. At the end of 2014, after 7.5 years of design and construction, the High
Field Magnet reached the maximum current of 20 kA and full field of 26.2 T. The magnet is
3
2
equipped with a dedicated He cryostat that enables cooling samples as large as 13x13 mm
down to 0.5 K.
The EXED instrument, where the magnet is permanently installed, is a multi-purpose time-offlight (TOF) instrument optimized for operation with angular limitations imposed by the HFM.
Due to the variable time resolution (from a few μs to the ms-range) and the width of wavelength
band (0.6-14.5 Å), the primary instrument is very flexible and adjustable to a particular problem.
TOF technique combined with 15° magnet rotation, enables gapless coverage of Q-range from
0.1 up to 12 Å-1 for diffraction experiments. The low-Q range can be extended beyond 10-2 Å-1
using a pin-hole TOF SANS mode implemented on EXED. In near future, in addition to the
elastic capabilities, the instrument will be upgraded to direct TOF spectrometer. The latter will
enable inelastic neutron scattering experiments over a limited Q-range < 1.8 Å-1 with an energy
resolution of a few percent and Ei < 25 meV.
In this contribution the present status and capabilities of the HFM-EXED user facility will be
presented together with the established procedures for planning the experiments and applying
for the beamtime.
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Integrated design of Neutron Instruments and Moderators at ESS
Ken Andersen1 , Luca Zanini1 , Mads Bertelsen2 , Daniel Lyngh1 , Phillip Bentley1
1) European Spallation Source AB 2) Copenhagen University
* Ken Andersen, ken.andersen@esss.se
The performance of neutron scattering instruments scales with the brightness of the neutron
source, which depends strongly on the geometry of the moderator-reflector assembly, while the
efficiency of the neutron transport system is strongly coupled to the source geometry. The
optimum instrument performance is thus best obtained by iteratively optimizing the source
brightness and the design of the guides and layout of the instrument suite.
Over the last two years, the ESS moderator and instrument designs have followed such an
iterative design process, resulting in performance increases on the instruments of about a factor
of 2, compared to the performance outlined in the ESS Technical Design Report. In addition to
the quantifiable instrument flux, a number of important qualitative advantages will be realized by
the new moderator configuration: All instruments will be able to choose both between cold and
thermal sources and between moderator heights of 3 cm and 6 cm, depending on their
measurement needs.
The moderator neutronics work is based on the continuing development of low-dimensional
configurations, including flattened “pancake” or “butterfly” geometries.
The instrument redesign work has been a community effort distributed among the ESS partner
countries, evaluating the full reference suite of 22+ instruments.
The result is a combination of moderator performance and beam extraction which allows to both
maximize instrument performance and provide the framework for catering for the diversity of
science on the instruments and the flexibility needed for future upgrades.
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Neutron beam focusing with bent mosaic crystals
Pierre Courtois1
1) Institut Laue Langevin – 71 Avenue des Martyrs – CS 20156 – 38042 Grenoble Cedex 9
* Pierre Courtois, courtois@ill.fr
Monochromators are commonly used to focus monochromatic neutron beams at the sample
position. Traditionnally, a focusing device consists of an assembly of rectangular crystal plates
mounted onto a mechanics allowing the orientation of each crystal to be varied [1]. A vertical
focusing monochromator can give large intensity gains compared to a flat monochromator.
Nevertheless, gain factors may be affected by optical aberrations due to both crystal size and
deviations from the exact geometry, especially when small samples in the mm3 range are
studied.
Better focusing properties should be obtained by the use of bent mosaic crystals as they can
perfectly match a given curvature. Curved mosaic crystals of Copper and Germanium were then
produced at ILL in the Service for Neutron Optics [2]. Neutron tests will be performed on several
samples with different bending radius during the next cycle at I.L.L. in April 2015. Performances
of such bent crystals will be compared to that of flat crystals. First results will be presented and
discussed.

[1]. A. Hiess et al., Physica B 385–386, 1077 (2006).
[2]. P. Courtois et al. Physica B 385-386, 1271-1273 (2006)
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(Oral)
Towards ideal nano-diamond reflectors for slow neutrons
Valery V. Nesvizhevsky1
1) Institut Max von Laue - Paul Langevin, Grenoble, France
* Valery Nesvizhevsky, nesvizhevsky@ill.eu
The principle of operation of nano-diamond reflectors for slow neutrons [1-4] is analogous to
that of standard reactor reflectors; however with atoms replaced by nanoparticles. Neutrons are
reflected from such a medium provided their losses during diffusion in the reflector are less
probable than their return to the reflector surface. The huge enhancement of the diffusion is due
to the coherent enhancement of scattering of slow neutrons on objects with sizes comparable to
the neutron wavelength.
In particular, efficient reflection of very cold neutrons (VCNs) at any incidence angle [2-3], and
quasi-specular reflection of cold neutrons (CNs) at small grazing incidence angles [4], have
been demonstrated experimentally.
Nano-diamond reflectors are useful in neutron experiments, for construction of sources of CNs,
VCNs and UCNs, as well as for efficient (in particular directional) extraction of slow neutrons [15]. The range of application depends strongly on the probability of reflection as well as on the
maximum neutron velocity of efficient reflection. Although even the very first reflectors
demonstrated record characteristics, their parameters were limited by the presence of hydrogen
in the nanoparticle shells, by the non-optimum size and shape of nanoparticles as well as by
other parameters.
In this talk, we will present recent experimental and theoretical developments ([6-7] plus
unpublished works) towards nano-diamond reflectors with advanced properties (hydrogen-free
nanoparticles, diamond nanorods etc). These developments allow us to approach, already
today, nearly "ideal" characteristics for such reflectors, thus making feasible their broader
application.

1.
2.
3.
4.
5.
6.
7.

Nesvizhevsky, V.V., Interaction of neutrons with nanoparticles, Phys. At. Nucl. 65 (2002)
297
Nesvizhevsky, V.V., Lychagin, E.V. et al, The reflection of very cold neutrons from diamond
powder of nanoparticles, Nucl. Instrum. Meth. A 595 (2008) 631
Lychagin, E.V., Muzychka, A.Yu. et al, Storage of very cold neutrons in a trap with nanostructured walls, Phys. Lett. B 679 (2009) 186
Nesvizhevsky, V.V., Cubitt, R. et al, Application of diamond nanoparticles in low-energy
neutron physics, Materials 3 (2010) 1768
Nesvizhevsky, V.V., Reflectors for VCNs and application of VCNs, Rev. Mexic. Fis. 57
(2011) 1
Krylov, A.R., Lychagin, E.V., et al, Study of bound hydrogen in powders of diamond
nanoparticles, Crystall. Rep. 56 (2011) 1186
Ignatovich, V.K., Nesvizhevsky, V.V., Reflection of slow neutrons from nanorod powder, At.
En. 116 (2014) 132
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Neutron optics for hot neutrons
Christian Schanzer1 , Michael Schneider1 , Peter Böni1
1) SwissNeutronics AG, Bruehlstrasse 28, CH-5313 Klingnau, Switzerland
* Christian Schanzer, christian.schanzer@swissneutronics.ch
State of the art supermirror technology provides reproducibly non-magnetic and polarizing
supermirror with large m-values and excellent reflectivity up to or even exceeding m = 7 and m
= 5.5, respectively. In combination with elaborated concepts for neutron optics the tailoring of
hot neutron beams becomes feasible because beams with a divergence of more than 0.7° can
be handled efficiently. Therefore, an optimized extraction of neutron beams using elliptic guides
in the focusing mode and/or compact focusing devices enable now elastic and inelastic neutron
scattering experiments on samples with a size ranging from 0.3 mm to 30 mm using even hot
neutrons. Major areas of applications are the investigation of strongly correlated electron
systems under extreme conditions as well as hydrogen containing samples. In our contribution
we show the excellent agreement of experiments using focusing guides for cold/thermal
neutrons with Monte-Carlo simulations. Based on these results we demonstrate the high
performance of focusing devices using state of the art supermirror technology with m = 7 for hot
and thermal neutrons.
Similarly, we demonstrate that polarizing supermirror exceeding m = 5.5 enable the realization
3
of devices in energy regimes and for applications typically governed by He spin filters such as
wide angle polarization analysis with thermal neutrons. Using simulations we demonstrate that
the direct implementation of polarizing supermirror into focusing devices leads to quality factors
Q = P2T close to the theoretical limit. Clearly, the combination of the large gains in intensity and
the massive reduction in background will open up new applications in inelastic neutron
scattering, namely the investigation of the dynamics in strongly correlated electron systems or in
incoherently scattering samples comprising a size of only a few mm3.
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(Oral)
Commissioning of the Polarized Neutron Development beamline at the High Flux Isotope
Reactor at Oak Ridge National Laboratory
Lowell Crow1
1) Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830 USA
* Lowell Crow, crowmljr@ornl.gov
The Polarized Neutron Development beamline, recently commissioned at the HB-2D position on
the High Flux Isotope Reactor (HFIR) at Oak Ridge National Laboratory, provides a tool for
development and testing of polarizers, polarized neutron devices, and prototyping of polarized
neutron techniques. With available monochromators including pyrolytic graphite and polarizing
enriched Fe-57 (Si), The instrument has operated at 4.25 and 2.6 A wavelengths, using crystal,
supermirror, or He-3 polarizers an analyzers in various configurations. The Neutron Optics and
Development Team has used the beamline for testing of He-3 polarizers for use at other HFIR
and Spallation Neutron Source (SNS) instruments, as well as a variety of flipper devices. The
team and collaborators also have continuing demonstration experiments of spin echo focusing
techniques, and plans to conduct polarized diffraction measurements. The beamline will be
used to support a growing use of polarization techniques at present and future instruments at
SNS and HFIR.
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(Oral)
Neutron optics concept for the materials engineering diffractometer at the ESS
Jan Saroun1 , Jochen Fenske2 , Mustapha Rouijaa2 , Premysl Beran1 , Jan Navratil3 , Petr
Lukas1 , Andreas Schreyer2 , Markus Strobl4
1) Nuclear Physics Institute, ASCR, Hlavní 130, 25068 Rez ,Czech Republic 2) HelmholtzZentrum Geesthacht, Max-Planck-Str.1, 21502 Geesthacht, Germany 3) Nuclear Physics
Institute, ASCR and Faculty of Nuclear Sciences and Physical Engineering, CTU, Břehová 7,
11519 Prague, Czech Republic 4) European Spallation Source, Tunavägen 24, 22363 Lund,
Sweden
* Jan Šaroun, saroun@ujf.cas.cz
The Beamline for European Materials Engineering Research (BEER) has been recently
proposed to be built at the European Spallation Source (ESS). It is a 156 m long time-of-flight
diffractometer offering large variability of resolution/intensity options. Special attention had to be
therefore paid to the concept of the neutron transport system, addressing the problems of bispectral beam extraction, variability of beam divergence matching the wavelength resolution,
closing of the direct line of sight and, of course, high brilliance transfer ratio over a broad
wavelength range starting at λ>0.7 Å. Details of this concept together with relevant performance
characteristics obtained by Monte Carlo simulations with the programs SIMRES and McStas will
be presented. The neutron optics system includes the monolith insert with multi-channel guide
for bi-spectral extraction and a feeder focused at the low-dimensional ESS moderator. The
insert is followed by 3.5 m long chopper cave with a narrow (2 cm) guide with gaps for a set of
choppers, a 15 m long elliptically expanding part and a 115 m long curved guide with the cross2
section 4x8 cm allowing for closing twice the direct line of sight. At the end, the beam is
focused with an elliptically tapered guide including exchangeable segments. Together with
adjustable slits, this system allows for variation of the beam divergence at the sample, both
horizontally and vertically. This beam tailoring is necessary for tuning the diffractometer
resolution and intensity. In addition, it permits application of the complementary techniques of
direct imaging and small-angle scattering without impairing the diffractometer performance.
Several variants of the neutron optics concept will be presented, showing that the system can
be adapted to various existing designs of the ESS low-dimensional source (pancake or thermaloptimized tube moderators), while employing the Laue lens effect of the bi-spectral extraction
element. In addition, significant cost optimization is possible via reduction of the main guide
cross-section and minimisation of the coating m-value along a major part of the neutron path,
which is paid for by only a minor (~ 10 %) reduction of the brilliance transfer ratio over the most
demanded wavelength range.
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(Keynote)
Switching of magnetic domains reveals evidence for spatially inhomogeneous
superconductivity
Michel Kenzelmann1
1) Paul Scherrer Institut, Switzerland
* Michel Kenzelmann, michel.kenzelmann@psi.ch
The interplay of magnetic and charge fluctuations can lead to novel quantum phases with
exceptional electronic properties. Magnetic order in such quantum phases can fundamentally
affect the underlying symmetry and generate new physical properties. Importantly, it has been
predicted that spin-density wave (SDW) order in a singlet d-wave superconductor is coupled to
triplet superconductivity. We performed neutron diffraction studies of the Q-phase SDW [1] in
CeCoIn5, and we make two important observations [2]. We observe a complete and extremely
sharp SDW domain switching that is unexplained by current microscopic theories for CeCoIn5.
Using representational theory, we interpret our experimental results as evidence for the
presence of p-wave superconductivity that coexists with d-wave superconductivity and SDW
order. The triplet component is of p-wave symmetry, similar to that found in the A-phase of
superfluid 3He, and is modulated as a Cooper pair density wave. Our findings identify the Qphase as a unique quantum phase where d-wave and modulated p-wave superconductivity are
coupled to SDW order, and which emerges in a magneto-superconducting quantum critical
point [2].
[1] M. Kenzelmann et al, Science 321, 1652 (2008).
[2] S. Gerber et al, Nature Physics 10, 126 (2014).
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Unusual continuous magnetic excitations evidenced by polarized neutron scattering
Mechthild Enderle1
1) Institut Laue-Langevin, 71, avenue des Martyrs, CS 20 156, 38042 Grenoble Cedex 9,
France.
* Mechthild Enderle, enderle@ill.fr
Magnons (or spin waves) are generally considered as the elementary excitation of Mott
insulators magnets, at least in presence of long-range magnetic order. They are characterized
by a distinct energy-momentum relation which resembles those of phonons. Even in absence of
long-range order, for many singlet quantum ground states, the elementary excitation is a triplet
with a sharp dispersion relation. A well-known exception is the one-dimensional spin 1/2
Heisenberg antiferromagnetic with singlet ground state and fractional excitations, spinons, that
occur in pairs and quartetts and therefore display a continuous excitation spectrum in spite of a
sharp elementary dispersion relation [1]. In presence of frustrated or very small interchain
interactions, spinon continua are known to survive. There is a growing number of
antiferromagnetic materials where the dynamic susceptibility appears continuous and ``spinonlike\'\', while, nevertheless, the corresponding Hamiltonian cannot be considered as a small
perturbation of the seminal Heisenberg nearest-neighbour antiferromagnetic chain. Fractional
excitations are likewise discussed in the context of spin 1/2 Kagome- and hyper-Kagome
lattices and even three-dimensionally connected spin ice. We present polarized neutron
scattering evidence for magnetic continuous scattering in two examples with reduced-moment
long-range order, which are very far from the seminal spin 1/2 Heisenberg antiferromagnetic
chain: the square-lattice spin 1/2 antiferromagnet Cu(DCOO)2.4D2O [2,3], and the triangular
spin-1 Heisenberg antiferromagnet CsNiCl3 [4]. We demonstrate that in both cases, the
polarization analysis with several cross sections is essential in order to distinguish the magnetic
excitations from phonons that easily mislead the interpretation of the data in these compounds.
We further show how polarization analysis can be applied to distinguish two-magnon scattering
from more exotic excitation continua.

[1] M. Mourigal et al., Nature Physics 9, 435 (2013).
[2] N.B. Christensen, et al., Proc. Natl. Acad. Sci. USA 104, 15264 (2007).
[3] B. Dalla Piazza et al., Nature Physics 11, 62 (2015).
[4] M. Kenzelmann et al., Phys. Rev. Lett. 87, 017201 (2001); Phys. Rev. B 66, 174412 (2002).
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Interplay between magnetic order, anisotropy and ferroelectricity in Mn1-xCoxWO4
multiferroics with intermediate doping

José Luis García-Muñoz1 , Irene Urcelay-Olabarria2 , Jessica Padilla-Pantoja1 , Bernat Bozzo1 ,
Vladimir Y. Pomjakushin3 , Eric Ressouche4 , Javier Herrero-Martín5 , Alexander A. Mukhin6 ,
Vsevolod Yu Ivanov6 , Vassil H. Skumryev7
1) Institut de Ciència de Materials de Barcelona, ICMAB-CSIC, E-08193 Bellaterra, Spain 2)
BCMaterials, Technological Park of Biscay, 48160 Derio, and Dep. de Física de la Materia
Condensada, Universidad del País Vasco, UPV-EHU, Spain 3) Paul Scherrer Institute, 5232
Villigen, Switzerland 4) SPSMS, UMR-E CEA/UJF-Grenoble 1, INAC, Grenoble, F-38054,
France. 5) ALBA Synchrotron Light Source, 08290 Cerdanyola del Vallès, Barcelona, Spain 6)
Prokhorov General Physics Institute of the Russian Academy of Science, Moscow, Russia 7)
Institut Català de Recerca i Estudis Avançats (ICREA), E-08010 Barcelona, Spain; and Dep. de
Física, Univ. Autònoma de Barcelona, E-08193 Bellaterra, Spain
* José Luis García-Muñoz, garcia.munoz@icmab.es
We have investigated a variety of coupled magnetic and ferroelectric phase transitions
in
Mn1-xCoxWO4 multiferroics by single crystal and powder neutron diffraction, symmetry
analysis and polarization measurements. The competition between the magnetic anisotropy and
the isotropic exchange interactions or the external field produces a rich variety of competing
multiferroic magnetoelectric phases, in which the anisotropy of the ferroelectriciy behaves
according to the inverse Dzyaloshinskii-Moriya model.
Spin-orbit coupling effects associated to the presence of Co+2O6 octahedra strongly modify the
magnetic anisotropy and produce changes in the magnetic structures. Up to five distinct
collinear and non-collinear spin orders (commensurate and incommensurate) compete
in Mn1-xCoxWO4 multiferroics with Co concentrations in the range x≈0.12-0.15.
Here we report the investigation of the magnetic and ferroelectric properties of these frustrated
oxides in the intermediate doping regime (0.15≤x≤0.50, above the complex x≈0.15
composition). By combining neutron diffraction data collected at PSI and ILL using powder and
single-crystal samples the evolution of the magnetic behavior has been investigated and
described up to the composition with x=0.50. The results obtained allow extending our
understanding of the magnetic and ferroelectric phase diagram in the full doping range of this
family.
We have found that the magnetic and ferroelectric properties in the intermediate doping range
can be rationalized in terms of the influence of Co atoms on the competition between
commensurate collinear (AF4) and incommensurate cycloidal (AF2) spin structures. Finally,
single-crystal and powder neutron results are faced to previous resonant magnetic x-ray
scattering studies using soft x-rays and full polarization analysis.
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High-field re-entrance of the magnetoelectric effect in LiNiPO4 investigated in pulsed
fields
Ellen Fogh1 , Rasmus Toft-Petersen2 , Hiroyuki Nojiri3 , Garrett Granroth4 , Takumi Kihara3 ,
Niels Bech Christensen1
1) Department of Physics, Technical University of Denmark, Kongens Lyngby, Denmark 2)
Helmholtz Zentrum Berlin für Materialen und Energie, Berlin-Wannsee, Germany 3) Institute for
Material Research, Tohoku University, Sendai, Japan 4) Neutron Scattering Sciences Division,
Oak Ridge National Laboratory, Oak Ridge, Tennesee
* Ellen Fogh, elfogh@fysik.dtu.dk
In this work we investigate the phase diagram of magnetoelectric LiNiPO4 using a combination
of time-of-flight neutron Laue diffraction, bulk magnetization and electric polarization
measurements. All experiments were performed in pulsed magnetic fields up to 30T applied
along the c-axis and the data were modelled using symmetry arguments.
For fields in the range 19-21T we find a phase characterized by a commensurate propagation
vector Q = (0 1 0) and re-entrant ferroelectric polarization along the a-axis. The linearly
increasing polarization in this phase is shown to result from the combined effects of exchange
and Dzyaloshinsky-Moriya interactions. Above 21T the propagation vector changes to Q = (0
2/3 0) and the electric polarization vanishes.
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Determination of incommensurate magnetic structures using symmetry arguments.
Irene Urcelay-Olabarria4 , Jose Luis García-Muñoz2 , Juan Manuel Pérez-Mato1 , Eric
Ressouche3
1) Departamento de Física de la Materia Condensada, Facultad de Ciencia y Tecnología,
Universidad del País Vasco-Euskal Herriko Unibertsitatea, 48080 Bilbao, Spain 2) Institut de
Ciència de Materials de Barcelona, Consejo Superior de Investigaciones Científicas, Campus
Universitari de Bellaterra, 08193, Bellaterra, Barcelona, Catalunya, Spain 3) SPSMS, UMR-E
CEA/UJF-Grenoble 1, INAC, Grenoble, F-38054, France 4) University of Basque Country
(UPV/EHU), Leioa 48940, ; BCMaterials, Parque Tecnológico de Bizkaia, Ed. 500, Derio 48160,
Spain
* Irene Urcelay Olabarria, irene.urcelay@ehu.eus
Determining a magnetic structure from neutron diffraction data can be a rather tough problem,
and frequently the data analysis is manually constrained in order to achieve a satisfactory
convergence. Nevertheless, in most of the cases those constraints are made using arbitrary
criteria, and this is more evidenced in the field of incommensurate magnetic structures (ICMS).
In this work we show how the use of the superspace symmetry formalism allows to rationalize
not only the data treatment, but also the physical properties induced by a magnetic ordering [1].
The ICMS in Mn1-xCoxWO4 have been studied using symmetry arguments. MnWO4 is a
multiferroic material in which the magnetic order of one of its magnetic phases induces
ferroelectricity. Like most multiferroic materials MnWO4 is extremely sensitive to small
perturbations. It turned out that doping with Co2+ is particularly interesting since it strongly
stabilizes the multiferroic phase at low temperatures, and moreover, by increasing the cobalt
amount in the crystals its properties change (electric polarization flops from the b axis to the ac
plane) [2]. This change of orientation is linked to a symmetry change. The ICMS of the x = 0 and
x = 0.10 compounds, have been studied thoroughly. We have found, not only the symmetry of
the magnetic structures and their intrinsic restrictions, but also information about the tensor
properties, such as ferroelectric and magnetostructural properties [3]: in the paramagnetic state,
there is a unique independent magnetic atom in the crystallographic unit cell in both cases, but
when the system enters into the multiferroic phase, this is no-longer true. In the multiferroic
phase of MnWO4, the two Mn atoms in the unit cell become symmetry independent, whereas in
the x = 0.10 substituted compound, they are still symmetry-related. This difference is related to
the change of the electric polarization.

[1] J. M. Perez-Mato, J. L. Ribeiro, V. Petriceko, et al., J. Phys.: Condens. Matter 24, 163201
(2012).
[2]Y.-S. Song, L. Q. Yan, B. Lee, et al., Phys.Rev. B 82, 214418 (2010).
[3]I. Urcelay-Olabarria, J. M. Perez-Mato, J. L. Ribeiro, et al., Phys. Rev. B 87, 014419 (2013).

Keywords: Superspacegroup formalism, Multiferroics, Magnetic modulations
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Lack of 3-fold rotation axis in α-Fe2O3 and α-Cr2O3 crystals
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Joey Lussier4 , Mario Bieringer4
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The crystal structure of α-Fe2O3 and α-Cr2O3 is usually described with the corundum-type
trigonal crystal structure based on the space group R-3c. There are however some observations
of the magnetic ordering of both α-Fe2O3 and α-Cr2O3 that are incompatible with the trigonal
symmetry. We show experimental evidence based on X-ray powder diffraction and supported
by TEM that the symmetry of the crystal structure of both α-Fe2O3 and α-Cr2O3 is monoclinic
and it is described with the space group C2/c (obtained from R-3c by removing the 3-fold
rotation axis). The magnetic orderings of α-Fe2O3 and α-Cr2O3 are compatible with the
magnetic
space
groups
C2/c
and
C2/c’,
respectively.
These
findings are in agreement with the idea from P. Curie (1894) that the dissymmetry of the
magnetic ordering should be associated with a dissymmetry of the crystal structure.
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Multiferroic and magnetoelectric properties in pyroxene (Sr,Ca)MnGe2O6
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In solids, the electric and magnetic ordering are often considered incompatible due to their
different origins. The strong coupling of these degrees of freedom can be observed in
magnetoelectric (ME) materials. Multiferroics of spin origin, for which magnetic long range order
and electric polarization appear simultaneously, have been attracting considerable interest both
from fundamental and technological point of view. These multiferroics usually present special
spin configurations, such as cycloidal and conical incommensurate magnetic structures, for
which space inversion and time reversal symmetries are both broken. Such magnetic order thus
leads to a strong coupling between magnetism and ferroelectricity. Neutron diffraction therefore
plays a key role for the investigation of multiferroics and magnetoelectric materials.
Compounds of the pyroxene family with chemical formulas AMGe2O6 (A =mono- or divalent
metal, M=di- or trivalent transition metal) form one of the most abundant mineral species in the
earth crust and upper mantle, and have therefore been subject to a wealth of detailed studies
investigating their structures and crystallo-chemistry. Recently, clinopyroxenes incorporating
magnetic cations have attracted revitalized interest from the viewpoint of physical properties
because some of them were found to present multiferroic properties, ME effect, ferrotoroidal
order and quasi-one-dimensional properties. These intriguing physical properties mainly ascribe
from their respective magnetic symmetry (incommensurate or commensurate) which is
determined by their unique crystal structure with zigzag arrangement of MO6 octahedra along
the c axis. In addition, the competition between inter- and intra-chain magnetic interactions may
lead to magnetic frustration and the appearance of various exotic magnetic properties such as
spin-orbit ordering, spin singlet ground state, spin-Peierls transition and Haldane chains.
We have synthesized and investigated magnetic pyroxene compounds based on divalent A and
M cations, using neutron powder diffraction (NPD) at D1B-ILL. Based on NPD data, we
determined the magnetic structure of CaMnGe2O6, the symmetry of which allows for linear ME
effect. We observed this effect experimentally by polarization measurements under magnetic
field. In agreement with our magnetization data, a small diffuse magnetic scattering signal was
observed in NPD diagrams well above the Néel temperature, which we could interpret using an
intrachain 1D spin correlations model.
Moreover, a new family of Sr-based pyroxene compounds was prepared. Among these,
SrMnGe2O6 with C2/c symmetry was synthesized, and its crystal and magnetic structures were
characterized by means of single crystal x-ray diffraction and NPD. Magnetoelectric
measurements and NPD data indicate that this compound is a multiferroic of spin origin with a
magnetic order characterized by a cycloidal spin configurations. It is striking to see that both Srand Ca-compounds display a quite different magnetoelectric behavior even though they adopt
the same symmetry and bear the same magnetic cations. This intriguing question will be
addressed in our presentation.

24

ID: SCM1-K, 2015-09-02 11:30 - 12:00, Mariano Gracia Room
Soft Condensed Matter
(Keynote)
From Single-Chain Nano-Particles to All-Polymer Nano-Composites: A Combined Effort
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Nano-particles (NP’s) in general are nowadays considered as building blocks for a variety of
nano-technological applications. This field started with inorganic and/or metallic NP’s. However,
in recent years, soft polymer nano-particles entered the game. In particular, the so-called singlechain-nano-particles (SCNP’s) – soft nano-objects obtained by intra-molecular cross-linking of
individual linear macromolecules. One of the driving forces for this interest are the envisaged
end-use applications for such SCNP’s, ranging from artificial functional soft nano-objects
(catalysis, sensing, drug delivery, etc.) to components of all-polymer nano-composites.
However, in spite of the efforts made over last years for controlling the chemical synthesis of
SCNP’s, the structure and dynamics of such objects, under different conditions, is still far from
being understood.
In recent years we have made a strong effort in this field, not only concerning chemical
synthesis guided by computer simulations, but also in the characterization of the structure and
dynamics of the obtained SCNP’s by means of neutron and X-ray scattering and molecular
dynamics (MD) simulations. The goal of this talk is to give an overview of the current status in
this field and in particular of the results recently obtained by us, corresponding to SCNP’s in
solution and in bulk conditions (nano-composites).
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Ferro-fluids are liquids with magnetic nano-particles dispersed in a solvent and show a superparamagnetic behavior. The magnetic moment makes the particles sensitive to magnetic fields.
The application of such a field can drive self-assembly and result in e.g. smectic like ordering.
We investigated the adsorption of magnetic nano-particles close to a ferrofluid-SiO2 interface as
a function of external magnetic and flow fields. The particles are stabilized by surface coatings,
which makes them extremely sensitive to the termination of a solid boundary and mono- or
multilayers can form. The surface energy and polarity of the solid boundary is tuned by selfassembled monolayers.
In situ neutron reflectometry and grazing incidence has been utilized to obtain a detailed
microscopic picture of this ordering phenomenon. Thus, the equilibrium as well as kinetics of the
self-assembly is studied systematically. Both, applied magnetic field as well as flow facilitates
pronounced layering at the interface, revealing a controlled growth of magnetically nano
structured interfaces on the time scales of hours.
References
[1] A. Vorobiev et al. Phys. Rev. Lett. 93, 267203 (2004).
[2] H. Zabel, K. Theis-Bröhl, M. Wolff, Boris P. Toperverg, IEEE Transactions on Magnetics 44,
1928 (2008).
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Disentangling interactions and particle size of microgels at ultra-high densities
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Microgels are polymeric soft particles consisting generally of a densely cross-linked core and a
fuzzy shell. These particles are stimuli-responsive systems, i.e. their solvation properties
change in response to the application of external stimuli such as temperature or pH. The
responsiveness of microgels, which results in a change of the particle size, makes them a
perfect model system to study inter- and intra-particle interactions, crystal and glass transitions
of soft systems by tuning their size (and thus volume fraction, Φeff) and particle-particle
interactions in-situ [1-6]. While the structural and dynamic properties of these systems at ultrahigh volume fractions have been extensively studied, it is not clear yet how the individual
particles respond at such ultra-dense states. There are two possible scenarios when
approaching closed packing, Φcp, and beyond: soft particles may facet and shrink to
accommodate themselves and/or they may interpenetrate. Hence the structural and viscoelastic
properties of these systems will depend to a great extend on the particle behavior at these high
volume fractions.
In the present work we report on the study of the influence of temperature and particle number
density on the individual particle properties of a microgel system, poly(N-isopropylacylamide)
(PNIPAM), at high effective volume fractions. For this purpose we have used a combination of
direct and indirect space techniques such as confocal laser scanning microscopy (CLSM),
cross-correlation light scattering, small-angle x-ray scattering (SAXS) and small-angle neutron
scattering (SANS). We used in particular SANS at so-called zero average contrast, ZAC,
conditions in order to access the particle form factor even at effective volume fractions well
above closed packing. When combined with SAXS, this allows us to unambiguously decouple
interaction effects from density-dependent variations of the particle size and shape at all
effective volume fractions. We demonstrate that microgels significantly interpenetrate and thus
change their size and shape only marginally even for Φeff >> Φcp, a finding that will require
changes in the interpretation of a number of previously published studies on the structural and
dynamic properties of dense soft particle systems.

[1] B. R. Saunders, B. Vincent, Adv. Colloid Interf. Sci., 80, 1 (1999)
[2] M. Cloitre, in “Microgel based Materials”, H.Wyss, A.Fernandez de las Nieves, J. Mattson
and D.A. Weitz Eds; Wiley-VCH (2010)
[3] R. Bonnecaze and M. Cloitre, Adv. Polym. Sci, 236, 117 (2010)
[4] P.S. Mohanty, D. Paloli, J. Crassous, and P. Schurtenberger in “Hydrogel and MicroNanoparticles” L. A. Lyon and Michael J. Serpe, Eds; Wiley VCH (2012)
[5] D. Paloli, P. S. Mohanty, J. J. Crassous, E. Zaccarelli, and P. Schurtenberger, Soft Matter
(Communication) 9, 3000 (2013)
[6] P.S. Mohanty, D. Paloli, J.J. Crassous, E. Zaccarelli, and P. Schurtenberger, J. Chem. Phys.
140, 094901 (2014)
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SANS is a common technique to study different types of biological systems in solution. However
in case of large molecular complexes using only SANS methods can only reveal the lowresolution features of such systems. Another approach to study biological systems in solution is
the use of theoretical methods such as molecular modeling and dynamics simulations. The
main problem of the theoretical approach is to verify whether or not the complex biomolecular
system really behaves as predicted by the model. Combination of these two methods allows to
create and verify all-atom models even for large and complex molecular system.
A method to calculate SANS [1] and NSE [2] curves from MD trajectories was developed and
implemented as analysis modules for molecular dynamics software package GROMACS. We
used this method on number of multicomponent biological systems such as RecA::ssDNA,
RecA::RecX::ssDNA [3] complexes, 70S ribosomal complexes, different RNP complexes from
Influenza A virus and on glycoprotein complexes such as Glucoamilase from Asp. Awamori. In
some cases using this combined approach not only yielded new realistic models of the
complexes of biomacromolecules in solution but also predict formation of the new
macromolecular assemblies
Acknowledgment: This work was funded by the Russian Foundation for Basic Research grant
14-24-01103-ofi-m
[1] A.V. Shvetsov et. al. Journal of Surface Investigation X-ray Synchrotron and Neutron
Techniques, 6 (2013)
[2] A.V. Shvetsov et. al. Computational Materials and Biological Sciences, chapter 2 (2015)
ISBN: 978-1-63482-541-2
[3] A.V. Shvetsov et. al. FEBS Letters, 588, 6 (2014)
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The mechanical properties of nanocomposite materials are controlled to a large extent by the
filler-filler interactions. Nevertheless, another important contribution - less well understood - is
due to the polymer chain-filler interactions. Experimentally, the radius of gyration (Rg) of polymer
chains in nanocomposites can be measured by SANS using the zero average contrast
conditions (mixing hydrogenated (H) and deuterated (D) chains) in order to match the filler
signal and measure the chain form factor. However, many studies display an unexplained
polluted SANS signal in the low-q range.
In this talk, we will discuss the measurement of polymer chain signal in nanocomposites
prepared from the drying of a colloidal dispersion of silica and polymer particles. In such
samples, the mixture of H and D chains results from the dissolution of H and D latex beads. This
dissolution was followed by SANS in the low q range, as function of thermal annealing (figure 1)
and filler content using an original model [1]. Experimental results demonstrate that the
dissolution dynamics of polymer chains is significantly slowed down by the presence of silica
nanoparticles [1].
Besides, the effect of the filler size on the chain signal in the nanocomposites was studied by a
combination of SAXS and SANS measurements and reveal that the filler contribute to the SANS
signal in nanocomposites filled with small silica nanoparticles (compared to the latex beads)
contrarily to nanocomposites filled with bigger silica particles. We rationalize this observation
considering an attractive interaction between polymers and silica particles leading to an
inhibited interdiffusion of latex particles in the vicinity of silica particles, and a statistical local
assymmetry due to the small number of latex beads defining the environment of small silica
particles. Finally, no evolution of the polymer Rg was found in our samples.
References
[1] Genix et al., Macromolecules (2012), 45, 1663.
[2] Banc et al., in preparation (2015).
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We report a complete analysis of model silica/Styrene-Butadiene Rubber (SBR)
nanocomposites including a direct and quantitative correlation between the filler structure, the
chain conformation and the mechanical reinforcement. Two different ways of sample processing
were analyzed: a solvent casting route with well-defined colloidal silica and the manufacturing
process of internal mixing with industrial silica powder. We associated specific chain (d)
labeling, and the so-called Zero Average Contrast (ZAC) method, with SANS, in-situ SANS
experiments to extract the polymer chain scattering signal at rest for non-cross linked and under
stretching for cross linked PNCs. The multi-scale filler dispersion was characterized with a
combination of SAXS/TEM in both reciprocal and direct space and the mechanical properties
determined with oscillatory shear measurements. We evaluated the influence of interfacial
additives on the filler dispersion and on the polymer chain conformation, a coating agent and a
coupling agent for different particle concentrations. The modeling the filler dispersion is made
using simple analytical calculation including Percus-Yevick function while chain conformation is
calculated from the Random Phase Approximation (RPA). The primary particles form fractal
primary aggregates inside the matrix as a result of a diffusion limited aggregation process
driven by the interfacial additive. The coupling agent, who can form covalent bonds with the
matrix chains, leads to smaller and denser primary aggregates while the coating one gives rise
to larger and more ramified objects [1]. When increasing the filler concentration, the spatial
correlations between the primary aggregates lead to result in more or less interpenetrated
networks in a situation of percolation (Figure a). The SANS analysis of the chain conformation
[2] reveals that whatever the filler content and the additive agent, the mean chain conformation
as well as the chain deformation is unperturbed by the presence of the filler (Figure b). This
conclusion shows that the contribution of the chain conformation/deformation on the mechanical
behavior is limited to a small fraction of chain. Then mechanical can be interpreted mainly in
terms of filler contribution: below the percolation threshold, the reinforcement is mostly driven by
the cluster compactness. Above the percolation threshold, the network modulus varies as the
power three of filler network density which is determined from geometrical assumptions (Figure
c). The filler network density, traducing the degree of interpenetration of the aggregates inside
the network, is driven both by the interfacial additive and the samples preparation: the coupling
agent as well as the internal mixing process gives rise to a denser network with a resulting
improved modulus.
[1] A. Bouty, L. Petitjean, C. Degrandcourt, J. Gummel, P. Kwasniewski, F. Meneau, F. Boué,
M. Couty, J. Jestin, Nanofiller Structure and Reinforcement in Model Silica/Rubber Composites:
A Quantitative Correlation Driven by Interfacial Agents, Macromolecules, 47 (15), 5365-5378,
2014.
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Liquid bridges occur in a variety of situations in nature - yet our understanding of the dynamics
and stability is very limited. Examples of liquid bridges are the process used by spiders to form
draglines and the process used by cats lapping milk. We have an extended program aiming to
provide generic knowledge about the process in which macromolecular fluid filaments are
extended and stretched and show how the extensional properties are related to the properties
on individual molecules. We combine structural and rheological studies of a series of model
polymers with different composition and architectures. The project entails synthesizing model
polymer systems of precisely known molecular architecture, subjecting these materials to
controlled extensional flows and to measure the molecular deformation under controlled flow
situation by SANS. Neutron contrast is obtained using specific deuterium labeled molecules.
We have targeted different systems: first a “simple” sample of homogeneous high-molar mass
polymers, where only the central part of a fraction of the polymers were D-labelled with the aim
to highlight the polymer deformation and avoid influence of fast relaxation near the polymer
ends [1]. Another example is a bimodal mixture of linear polymer chains with respectively high
and low molar mass, and we have studied samples with more complex geometry, including
POM-POM architecture. The 2D-SANS data have typically Lozenge shaped contour which is
analyzed using the Read- McLeish-model of stretched polymer network [2]. The structure and
rheology are measured both as a function of stain flow velocity, final Hencky strain ratio and
during the relaxation after cessation of extensional flow.
References
[1] Ole Hassager, Kell Mortensen, Anders Bach, Kristoffer Almdal, Henrik Koblitz Rasmussen,
Wim Pyckhout-Hintzen. Rheologica Acta 51, (2012) 385.
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The talk will emphasise the synergy between structural methods, spectroscopy and
computational studies. Neutron vibrational (INS) spectroscopy of chemical systems is usually
carried out with direct geometry spectrometers. It has become apparent that direct geometry
spectrometers offer new ways of studying catalysts and energy materials. I will illustrate this
with some recent work on the quantification of the hydrogen content in hydrocarbonaceous
overlayers on methane reforming catalysts. The relative determination of the beta-PdH content
of Pd-based selective hydrogenation catalysts will be shown. Work demonstrating how the
combination of QENS, INS and modelling has revealed unexpected aspects of the first stage in
the methanol-to-hydrocarbons process will be shown. A new area for INS spectroscopy is the
investigation of proton conducting inorganic oxides and I will show how the combination of
methods can give insight into the local structure.
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High-temperature polymer electrolyte fuel cells (HT-PEFC) are promising electrochemical
energy converters for automotive, stationary and portable equipment due to their
environmentally friendly operation.
Recent works on the development of HT- PEFC are focused mostly on the performance and
technical optimization. However, the fundamental investigation of the proton conductivity will
help to optimize performance and increase sufficiency of the fuel cells. For example, the
understanding of proton diffusion mechanism in membrane electrode assembly (MEA) plays a
key role in proton conductivity of fuel cells.
MEA is the central part of the HT-PEFC, which consists of two catalytic layers separated by a
proton exchange membrane. Water-free proton conducting membranes, typically
polybenzimidazole-type (PBI) polymer films doped with phosphoric acid (PA) [1,2] are the most
studied part of the MEA nowadays. However, careful design of the catalyst layer is one of the
key issues with respect to the improvement of the fuel cell performance. The catalyst layer is a
composite material containing nanoporous carbon, poly(tetrafluoroethylene) (PTFE) and
platinum nanoparticles. Knowledge about the structural features of the catalyst layer and
understanding the distribution of PA between structural elements of the catalyst could help to
design more efficient electrodes for fuel cells. Since the catalyst layer is in direct contact with
the PBI membrane doped with PA it also contains some amount of acid, which is needed to
provide good proton conductivity in the electrode. The contact between electrodes and the
membrane is one of the important parameters, which influence the cell performance [3].
Neutron scattering offers a unique opportunity to study static and dynamical properties of
hydrogenated materials on nanometer scale. Thus, the proton dynamics can be studied using
quasielastic neutron scattering (QENS). Using neutron backscattering spectroscopy we
investigated the dynamical behavior of PA in the catalytic layer of the electrodes as well as in
the MEA. It has shown that proton diffusion inside the pores of the catalytic layer can be
described by a continuous jump-diffusion model. It allows extracting the diffusion coefficients,
the residence time of the protons as well as their jump length. Dynamics of the PA in the
electrodes is compared with dynamics of the PA in freshly prepared MEA and the MEA having
experienced operation of the fuel cell for several hours. After hours of operation dynamics of the
PA slows down.
[1] J.S. Wainright et. al, J. Electrochem. Soc., Vol. 142. No 7 (1995)
[2] Q. Li et al., Progress in Polymer Science, 34 (2009) 449-477
[3] W. Lehnert et. al, Innovations in Fuel Cell Technologies, RSC (2010)
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The study of hydrogenated graphene, with muon spin spectroscopy (ISIS-Rutherford Appleton
Laboratory, UK) and 1H-NMR has clearly revealed the capacity of the carbon material to capture
hydrogen. Two types of H atoms attached to the carbon framework were identified, one being
static and one mobile, giving specific signatures in the NMR spectrum. The inelastic neutron
scattering investigations confirmed the presence of H atoms covalently bonded to the graphene
surface
[1,
2].
We present in this communication a precise analysis of the bending modes region of the
spectra typical of the different types of H attached in various positions on the graphene planes.
While some are located at the edge of the carbon frame, others are localized into defects « on
top » of the carbon surface. The temperature dependence of their spectral lines revealed an
activated evolution of the surface H dynamics with an energy barrier in agreement with that
derived from NMR.
This work has important consequences: not only it reveals the presence of defects at the
graphene surface but most important, it also provides an experimental solution to characterize
them qualitatively and quantitatively. This is of major importance in the graphene industry so as
to monitor the process of this material with a controlled amount of defects.
Fundamental questions also arise from this work, and in particular the mechanisms at the origin
of the H mobility at the relatively low temperatures in these systems. From a thermodynamic
point of view, this scenario has to conciliate large bonding energy with small activation barriers.
This difficult task necessitates considering the quantum nature of the H atom, the availability of
neighboring reactive sites together with large amplitude movements of the carbon framework.
[1] Tracking the Hydrogen Motion in Defective Graphene, D. Pontiroli, M. Aramini, M. Gaboardi,
M. Mazzani, S. Sanna, F. Caracciolo, P. Carretta, C. Cavallari, S. Rols, R. Tatti, L. Aversa, R.
Verucchi, M. Riccó, J. Phys. Chem. C, 2014.
[2] Hydrogen on Graphene Investigated by Inelastic Neutron Scattering, C. Cavallari, D.
Pontiroli, M. Jiménez-Ruiz, A. Ivanov, M. Mazzani, M. Gaboardi, M.Aramini, M. Brunelli, M.
Riccó and S. Rols, Journal of Physics: Conference Series, 2014.
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The hydrogen fuel cell is one of the most promising, yet challenging, clean energy technologies.
The development of fuel cells working at so-called intermediate temperatures (~200-500 °C) is
attracting considerable interest due their potential use as both stationary and mobile energy
production devices [1]. A crucial requirement for the operation of these devices is a high proton
conductivity of the electrolyte. Targeted conductivities exceed 10-2 Scm-1 and in this respect
acceptor doped perovskite type oxides, such as In doped BaZrO3, have emerged as most
promising [2]. However, the conductivity of even the best electrolytes available today remains to
be 1-2 orders of magnitude too low for operation in the intermediate temperature range [2]. The
development of new materials, with higher conductivities, is therefore critical to further
development of intermediate temperature fuel cell technology. This development depends
crucially on a better understanding of the fundamental science, such as structure and dynamics,
of the most promising materials available as well as on the exploration of brand new classes of
materials. For this reason, we have investigated here the local coordination and vibrational
properties of protons in the proton conducting perovskite BaZr0.5In0.5O3H0.5, by means of
inelastic neutron scattering (INS) together with infrared (IR) spectroscopy, with the aim to obtain
details about the vibrational spectrum and proton sites present in the material. A key result is
the observation of a range of different O-H stretch vibrations, related to symmetrical and
asymmetrical local proton environments, respectively. In particular, we observe the presence of
proton sites characterized by very strong hydrogen bonding between the proton and
neighboring oxygen. A comparison to results obtained from first-principles calculations [3]
suggests these sites to be related to “extreme” local proton configurations, such as in the
vicinity of several protons and/or oxygen vacancies. Furthermore, on the basis Q-dependence
of the INS spectrum we were able to conclusively distinguish between fundamental modes and
combinations of the O-H vibrations, which has been a matter of debate.
[1] E. Traversa, Electrochemical Society Interface, 18 (2009) 49-52.
[2] L. Malavasi et al., Chemical Society Reviews, 39 (2010) 4370-4387.
[3] M. Karlsson et al., Physical Review B, 72 (2005) 094303.
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Solvent contribution to the stability of a physical gel characterised by quasi-elastic
neutron scattering
Marie Plazanet1 , Miguel Angel Gonzalez2 , Sylvie Spagnoli3 , Isabelle Morfin3
1) Dipartimento di Fisica, Università degli Studi di Perugia, Italy 2) Institut Laue Langevin,
Grenoblem France 3) Laboratoire Interdisciplinaire de Physique, CNRS and Université
Grenoble Alpes, France
* Marie Plazanet, marie.plazanet@unipg.it
Physicals gels formed by low molecular weight organic gelators (LMMOG) are composed of a
rigid network formed by the gelators, in which is trapped a large quantity of solvent. Gathering
properties of both liquids and solids, they find applications as functionalised nanomaterials in
diverse domains, such as temperature sensors or drug delivery [1]. However, applications suffer
several limitations, due to the metastability of the gels that may collapse after some time, and to
the difficulty to predict gelation ability of new molecules [1]. The subtle interplay of the different
forces exerted between the solvent and gelators, involving hydrogen bonds, hydrophobic forces,
π- π interactions or dipolar forces, enable the gels to reversibly assemble in a restricted
temperature range in a complex structure that depends on the solvent. Because of the instrinsic
complexity, at the molecular level, of the structural organisation and the dynamics, these
materials are quantitatively studied with difficulty. In this context, we undertook the study of the
microscopic dynamics in a model physical molecular gel, with the goal of characterising the
molecular interactions and understanding the formation and stability of the gel phase.
The dynamics methyl-4,6-O-benzylidene-α-D-mannopyranoside (α-manno) [2] in water and
toluene are probed by neutron scattering [3]. The α-manno is an amphiphilic gelator that adopts
different organisation in both solvents. We were able to determine, on a timescale from a few ps
to 1 ns, the number of solvent molecules that are immobilised by the rigid network formed by
the gelators. We found that only few toluene molecules per gelator participate to the network
which is formed by hydrogen bonding between the gelators’ sugar moieties. In water, however,
the interactions leading to the gel formations are weaker, involving dipolar, hydrophobic or π −
π interactions and H-bonds are formed between the gelators and the surrounding water.
Therefore, around 10 to 14 water molecules per gelator are immobilised by the presence of the
network. This study shows that neutron scattering can give valuable information about the
behaviour of solvent confined in a molecular gel.
[1] N. Sangeetha and U. Maitra, Chem. Soc. Rev., 34 (2005), 821-836.; R.G. Weiss, Langmuir
25 (2009), 8369-8369.
[2] O. Gronwald et S. Shinkai, Chem. Eur. J 7 (2001), 4329-4334.
[3] I. Morfin, S. Spagnoli, M.A. Gonzalez, P. Carcabal and M. Plazanet, Langmuir (2015) 31,
2554−2560.

39

ID: CHM1-O5, 2015-09-02 13:00 - 13:15, Room 11
Chemistry of Materials (structure and spectroscopy)
(Oral)
Rotational motions of pyramidal SiH3 ions in ASiH3 (A = K, Rb) investigated with
quasielastic neutron scattering
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Currently, there is a large effort devoted to the development of technologies that use hydrogen
as an energy source. A specific challenge is to design a hydrogen storage material that is safe,
economic and efficient. Recently it has been shown that the alkali silanides ASiH3 (A = K and
Rb) are promising materials, which are able to store up to 4.3% of hydrogen reversibly within a
p-T window that fits perfectly for several technological applications [1]. At temperatures below
200 K ASiH3 are characterized by an ordered phase (β), whereas at higher temperatures they
are characterized by a disordered phase (α) [2]. Structure analysis of the α-phase has
established a structure with H atoms distributed on a weakly occupied (12%) Wyckoff site 96k
(space group Fm3̅m), so the distribution of the hydrogen atoms may be represented by a quasispherical environment with 24 H positions surrounding one Si atom [1], see Fig. 1(a). However,
the reported structural investigations also report a large spread of the Si-H bond length, from
1.47 to 1.52 Å. Here, the upper value, 1.52 Å corresponds more closely to the bond length for
SiH3- anions in solution ([2] and references therein), which may indicate that the SiH3- anions
show a quite more free rotational behavior, as in solution or even as in a gaseous phase [2];
hence this would suggest that the phase transition is dynamic rather than static in nature. In
order to clarify this issue, we have investigated the rotational motions of the pyramidal SiH3- ions
in the alkali silanides ASiH3 (A = K and Rb) by means of quasielastic neutron scattering over a
range of temperatures and momentum transfers. A key result is that we found a strong
quasielastic phase transition when going from 200 K and up in temperature, which would then
verify that the α-phase is indeed dynamic in nature. In addition, upon cycles of heating and
cooling we observed a large hysteresis, shifting the phase transition from 305 K to 270 K and
from 285 K to 240 K for KSiH3 and RbSiH3, respectively. We hypothesis that the difference in
phase transition temperature is due to the smaller alkali metal ion (K+), which makes the
structure more densely packed and therefore increases the phase transition temperature. In the
high-temperature, disordered phase, with the SiH3- anions distributed in various rotational
orientations in the crystal structure, a comparison between the experimental and calculated
elastic incoherent structure factor (EISF) [Fig. 1(b) KSiH3 at 310 K] suggests that the SiH3anions undergo a rotational motion, resulting in 24 H sites positioned around the Si atom with
approximately 10% of the H atoms immobile [Fig. 1(b)]. This result is in agreement with the
structure depicted in Fig. 1(a).
[1] Chotard, J. -N.; Tang, W. S.; Raybaud, P.; Janot R. Chem. Eur. J. 2011, 17, 12302-12309
[2] Kranak, V. F.; Lin, Y. -C.; Karlsson, M.; Mink, J.; Norberg, S. T.; Häussermann, U. Inorg.
Chem. 2015, 54, 2300-2309
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Vibrational Dynamics In Dendritic Oligoarylamines by Raman Spectroscopy and
Incoherent Inelastic Neutron Scattering
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Vibrational dynamics in triarylamne dendrimers was studied in a complementary way by Raman
and infrared (IR) spectroscopies and incoherent inelastic neutron scattering (IINS) [1]. Three
molecules were investigated, namely unsubstituted triarylamine dendrimer of the first generation
and two dendrimers of the 1st and 2nd generation, substituted in the crown with butyl groups. To
facilitate the assignment of the observed IR and Raman modes as well as the IINS peaks,
vibrational models based on the General Valence Force Field Method (GVFF), were calculated
for all three compounds studied. A perfect consistency between the calculated and exprimental
results was found. An important complementarity of the vibrational spectroscopies and IINS was
established for the investigated dendrimers. The IINS peaks originating mainly from the C-H
motions were not restricted by particular selection rules and only dependent on the IINS cross
sections. To the contrary Raman and IR bands were imposed by the selection rule and the local
geometry of the dendrimers, yielding mainly C-C and C-N deformations modes with those of CH nature of much lower intensity. Raman spectroscopy was also applied to the studies of the
dendrimers oxidation to their cationic forms. Strong Raman resonance effect were observed
since the spectra of the studied compounds, registered at different levels of their oxidation,
strongly depended on the position of the excitation line with respect to their electronic spectrum.
All these data will be fully discussed and more recent data obtained more recently on IN4-TOF
spectrometer at ILL will be also tentatively icluded in the discussion.

Reference
1- Vibrational dynamics in dendridic oligoarylamines by Raman spectroscopy and incoherent
inelastic neutron scattering, I. Kulszewicz-Bajer, G. Louarn, M. Szymanski, D. Djurado, J.Y.
Mevellec, S. Rols, A. Pron, J. Phys. Chem. B. 118 (2014) 5278-5288.
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Diamonds and pressure go hand in hand. Pressure is required to drive carbon into sp3
hybridisation and stabilise the bulk diamond phase. Meanwhile, with their unmatched hardness,
diamonds (as anvil in pressure cells) are our primary tool for generating pressure. Although
unavoidable limitations on sample size have traditionally limited the use of diamond cells in
neutron science, the advent of new, brighter neutron sources is rapidly unlocking their potential
across multiple frontiers. Crystalline diffraction has led the way, with the recent four-fold
increase in the accessible pressure range - now approaching 100 GPa. But, beyond this, more
challenging in situ measurements such as pair-distribution and even inelastic studies are
becoming increasingly feasible. Here, the state-of-the-art of this rapidly evolving field will be
reviewed with a look to the exciting possibilities of the near future.
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Nowadays the need to study systems involving longer length scales, which in turn require an
increase of the corresponding time scale, i.e. higher energy resolution, is pressing. Moreover,
the rapid rise in computer power and better simulation algorithms has led to significant
improvements in the capability of molecular dynamics simulation for aiding the understanding of
dynamic molecular order on various time scales. These factors lead to a strong scientific
demand for neutron spectrometers with not only high, but also variable energy resolution,
balanced by the availability of a broad dynamic range. Here, shorter timescales can also be
included via the variation of the incident neutron wavelength.
The time of flight backscattering instrument MIRACLES (Multiple Resolution Analyzer Crystal for
Life and Energy Science) will fulfill these needs by providing unprecedented flux, energy
resolution tunable between 2 and 32 μeV, wide Q-range, flexible energy transfer with a range of
± 0.6 meV around the elastic line and option of working in inelastic mode. These features can
be expected to bring appreciable progress in our understanding of the dynamics of complex
systems, ranging from biological organisms to energy and novel magnetic materials.
The technical origin of these striking capabilities rests with the chopper cascade architecture
used in the instrument design that is able to maximize the use of a long pulse [1,2]. This will
make MIRACLES the best in the world in its class allowing to not only do what can be done
today much faster, but more importantly, enabling experiments beyond the edge of present
feasibility.
In this talk the broadly conceived neutron backscattering spectrometer MIRACLES will be
presented, and the specific conditions related with the long-pulse time structure of the European
Spallation Source will be taken into account explicitly.
References:
[1] R.E. Lechner, Calculation of Flux, Elastic and Inelastic Energy Resolution of the
Spectrometer MIRACLES, Manuscript in preparation.
[2] N. Tsapatsaris, P.K. Willendrup, R.E. Lechner and H.N. Bordallo (2015) From BASIS to
MIRACLES: Benchmarking and perspectives for high- resolution neutron spectroscopy at the
ESS. EPJ Web of Conferences, 83, 03015 (6 pages).
NT & HNB are also affiliated to the European Spallation Source ESS AB, PO Box 176, SE22100 Lund, Sweden.
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Neutron vibrational spectroscopy (NVS) is a growing experimental technique where elementary
excitations, extending from the quasi-elastic region up to relatively high frequency, are detected
via inelastic neutron scattering. This technique attracts a high interest in a large scientific
community in the fields of physics, chemistry, materials science, and biology, since one of its
main applications exploits the large incoherent scattering cross section of the proton, with
respect to all the other elements, whose dynamics can be spectroscopically detected, even if
dissolved in very low concentration in materials composed of much heavier atoms. Thus NVS
finds its principal application in the study of catalysis-related problems, hydrogen storage
materials, hydrogen bonded systems, advanced functional materials, protein dynamics, biologic
samples, organic compounds, and so on.
We are proposing the NVS instrument VESPA (Vibrational Excitations Spectroscopy with
Pyrolytic-Graphite Analyser) for the pulsed neutron source ESS.
Different from the present operating NVS instruments, VESPA will take advantage of the ESS
long-pulse structure, and the consequent unconventional instrument length, to exploit the
peculiar features which will make this instrument unique.
Starting from the basic design parameters, namely the implementation of the ToF technique
with an inverse geometry instrument design, the requested spectral range and energy resolving
power, the time duration of the high energy proton beam and the duty cycle of the spallation
neutron source, and last, but not least, the space constraints imposed by the ESS neutron
source, we have evaluated the natural length of the instrument and its evolution when the
Frame Overlap Multiplication Technique is applied.
The resulting features, in terms of resolving power and counting rate, appear to be extremely
promising and are substantially confirmed by the results of McStas simulation.
E-mail for corresponding author: marco.zoppi@isc.cnr.it
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The Open Pool Australian Lightwater (OPAL) reactor opened more than 10 years ago and the
phase two suite of instruments has just been completed. After a brief introduction to the
neutron beam lines at the Australian Nuclear Science and Technology Organisation (ANSTO)
on the OPAL reactor, I will introduce the cold triple axis spectrometer, SIKA.
SIKA is the only independently funded spectrometer in the Bragg Institute. It was funded and
constructed by Prof. WH Li, through grants from the National Science Council of Taiwan and it
is now, operated by the National Synchrotron Radiation Research Center (NSRRC).
SIKA, a high flux cold triple axis spectrometer equipped with a double focusing pyrolytic
Graphite (PG) monochromator. The secondary spectrometer has several detector systems
associated with its 13-blade analyser, including a 41-wire multi-detector and a high efficiency
3
He tube.
SIKA accepted it first friendly user in February 2015 and entered the Bragg Institute User
program in the March 2015 call for proposals. Several commissioning experiments have been
performed and a summary of what was learnt from these experiments will be included in this
presentation.
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Engineering materials recognize a transition towards more complex, multiphase and composite
materials with designed microstructures and tailored functionalities. Successful research efforts
for development of these materials require understanding of their micro/nanostructure, phase
transformations, residual stress evolutions and other structure related properties. Furthermore
the optimization of functionalities of modern engineering materials needs an access to these
structural properties in-situ and in-operando during processing and under manufacturing
conditions. Knowledge of structural and microstructural changes and their evolution within realtime processing of modern complex materials is essential for the production of more efficient,
more environmentally friendly and more durable engineering components. To achieve such a
knowledge, the Beamline for European Materials Engineering Research (BEER) is proposed to
be built at the European Spallation Source (ESS). This diffractometer combines the high
brilliance of the long pulsed neutron source of ESS with high instrument flexibility. It employs a
novel chopper technique that extracts several short pulses out of the long pulse, leading to
substantial intensity gain of up to an order of magnitude for materials with high crystal symmetry
in comparison to the pulse shaping methods. This intensity gain is achieved without
compromising resolution. More complex crystal symmetries or multi-phase materials will be
investigated by the pulse shaping method employing chopper pairs rotating in optically blind
mode for constant / resolution. The variability of chopper set-ups together with
exchangeable focusing optics and bi-spectral beam extraction offer an extremely broad range of
intensity/resolution options, which today does not exist at any other engineering instrument.
Furthermore BEER offers a possibility of simultaneous SANS or imaging measurements without
compromising diffraction investigations. This flexibility opens up new possibilities for in-situ
experiments to study materials processing and performance under operation conditions. To fulfil
this task, advanced sample environments dedicated to thermo-mechanical processing are
®
foreseen, e.g. Gleeble or a quenching and deformation dilatometer. Due to its outstanding
performance BEER will push the frontiers of in-situ as well as ex-situ characterization of
engineering materials by neutron diffraction.
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The disordered-materials diffractometer 7C2 at the Laboratoire Léon Brillouin (LLB), Saclay,
France has been upgraded through the replacement of its detector. The old one, a banana like
BF3 detector, has been replaced by a new ensemble of 3He tubes arranged on a cylindrical
surface concentric with the sample position, covering an angular range of 132°, with an angular
step of 0.52°. At the shortest wavelength, 0.57 Å, this represents a maximum momentum
transfer of 20 Å–1. The gas pressure in the 3He tubes is 30 bars, what increases the efficiency to
80% for 0.7 Å neutrons, compared to the 17% for the previous detector. A larger solid angle of
detection and an improved efficiency have increased the total counting rate by a factor of 25,
thereby reducing random error in the diffraction measurements.
We present an overview of the 7C2 instrument as well as some preliminary results of first
experiments performed since the commissioning in February 2012.
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The new SANS instrument at LLB, PA20, has been installed and completed in 2015. It delivers
cold neutrons with 3 Å < λ < 20 Å. The overall length of the instrument is 40 m and is composed
of a 3 m long blockhouse housing a Dornier velocity selector for monochromation and a
polarizing and spin flipper device under vacuum allowing beam polarization of 98% down to 4
Å. The collimator is 16 m long under vacuum and has 6 sets of slits allowing beam shaping
from square collimation for regular SANS to thin rectangular slits designed for GISANS (Grazing
Incidence SANS). An additional set of slits is located at the blockhouse entrance to allow a
20/20m collimation/detector distance configuration in non-polarized mode. The collimator
includes 5 removable sets of guides, a guide field for polarized measurements and two
removable sets of focusing lenses placed near the exit of the collimator, close to the
3
sample. Installed in 2014, the 64 cm x 64 cm He detector with 5mm resolution can move
inside a 19m long evacuated Aluminum detector tank that allows a sample-to-detector distance
from 1 to 20 m. A second detector dedicated to larger angles is under construction and the
simultaneous use of both detectors will allow measurements of the full Q-range in one shot with
a dynamic Q-range Qmax/Qmin ≈ 25. PA20 will thus allow faster measurements, with "single-shot"
access to a wider range of scattering vectors. Faster data acquisition rates enable kinetic
measurements or systematic studies as a function of temperature near phase transitions where
better resolution are critical to differentiate between models or theories. To this end, the
potential future use of Time of Flight with the insertion of two choppers inside the blockhouse
will improve the ∆λ/λ resolution between 1 and 2% and extend the dynamic q-range by a factor
10. Also, the increased Q-range coverage allowed by the 2D front and rear detectors will permit
a more rigorous analysis of interface effects, their fractal aspects (Porod regime) compared to
volume effects (Guinier regime). PA20 makes it possible to tackle such studies and
complements the LLB SANS suite (PAXY, PACE, TPA) already available for soft matter,
material sciences and magnetic studies. Regarding in particular magnetic studies, PA20 will be
the first SANS/GISANS facility with multi-wavelength neutron polarization at LLB, fulfilling the
needs to study magnetization processes in nano-objects and thin films. The GISANS setup will
be particularly useful to study nanostructured surfaces and interfaces (deposited or embedded
nano-objects), magnetic domain formation, multilayered materials or magnetic thin films through
specular and off-specular signals. Polarized SANS will thus increase the possibilities to study
strongly correlated electrons systems, complex magnetic configurations (long-range periodicity,
frustrated), photomagnetic molecular systems, and composite magnetic materials.
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IN16B is the new neutron backscattering spectrometer commissioned in 2013 at the Institut
Laue-Langevin (ILL) in Grenoble, France [1]. Within the framework of an approved collaborative
research grant (“Verbundforschung”) by the German Federal Ministry of Education and
Research, two additional options will be installed on the instrument until 2016. One option
reported here concerns an extension of the accessible energy transfer range in a
Backscattering And Time-of-flight Spectrometer (BATS), while the other option consisting of a
prototype spectrometer envisaging significantly improved energy resolution using gallium
arsenide crystals (GaAs) is presented in another contribution to this meeting [2]. Both
extensions were already foreseen in the existing instrument design and will not interfere with the
normal backscattering configuration of the instrument, but will additionally allow for different
modes of operation.
In BATS mode, the incident neutron energy will be determined by a Time-of-Flight (ToF)
measurement [3]. While the energy resolution is relaxed with respect to normal backscattering
operation, the maximum energy transfer range is extended by one order of magnitude. This
option offers μeV-resolution at large Q in a range not accessible to direct geometry ToF
instruments. With the standard Si111 analyzer the expected energy resolution is tunable in the
range of 2 μeV to 9 μeV FWHM, the energy transfer range is ±250 μeV (movable) and the
-1
-1
Q range 0.2 Å to 1.87 Å . We present a flexible pulse chopper design consisting of two pairs
of high speed counter-rotating choppers with multiple slits that will be installed 34 m upstream of
the sample, allowing the user to select from a set of different pulse lengths to optimize intensity
vs. resolution. Additionally, a high pulse repetition rate option (236 Hz) allows for a fourfold
increase in flux, albeit at the cost of reducing the accessible energy transfer range to one third.
Due to the extremely short chopper opening time requirement of only about 9 μs in order to
achieve best resolution, the chopper slits need to be smaller than the existing large guide cross
section. We are currently exploring the possibilities of an exchangeable and/or adaptive
focusing-defocusing guide system to regain the flux compromise for BATS that comes with this
design requirement, without affecting the excellent performance of normal backscattering
operation of the IN16B spectrometer.
[1] B. Frick et al., to be published
[2] K. Kuhlmann, M. Appel, B. Frick, A. Magerl, this meeting.
[3] L. van Eijck et al., Nucl. Inst. and Methods A 672, 64-68 (2012)
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Reactor based constant-wavelength neutron powder diffractometers follow the same generic
design since the 1950’s. However, according to L. Cussen [1] different options exist that may
lead to higher performance. The diffractometer PEARL at the 2MW reactor of the TU Delft has
now been realised along these ideas. The instrument, that entered commissioning in 2015, has
a fixed monochromator take-off angle and operates with 3 wavelengths (1.3, 1.7, 2.5 Å)
covering d-spacings from 0.7 to 7Å with δd/d >= 2.0e-3 without the use of any collimators. The
neutrons are detected by a scintillator banana detector, that covers 148° with 2 mm resolution
and is based on a technology developed at ISIS. The detector combines high efficiency for
thermal neutrons with gamma discrimination sufficient for the use at a steady-state neutron
source [2]. The design of the instrument will be discussed and first experimental results will be
presented that illustrate the performance of the concept: a rather competitive instrument is now
in operation at the TU Delft despite the low power of the research reactor.
[1] L. D. Cussen, Nuclear Instruments and Methods in Physics Research A 583 (2007) 394–
406.
[2] G. J. Sykora et al., IEEE Nuclear Science Symposium and Medical Imaging Conference
Record (NSS/MIC) (2012) 1567-1571.
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Superconducting Vortex Matter and Skyrmion Matter in Chiral Magnets Studied by
Neutron Scattering
Sebastian Muehlbauer1
1) Heinz Maier-Leibnitz Zentrum (MLZ), Garching, Germany
* Sebastian Muehlbauer, sebastian.muehlbauer@frm2.tum.de
Both superconducting vortex (VL) [1,2] and skyrmion lattices (SKL) in chiral magnets [3] can be
regarded as macroscopic lattices, formed by topological entities. Analogous to condensed
matter, a large variety of phases is also observed for vortex-matter (VM) and Skyrmion matter,
resembling the particle like character and reflecting the underlying physical properties.
Moreover, both VL and SKL represent ideal model systems for questions of general importance
as topological stability and decay.
The elastic matrix of a VL describes the energy of a distorted VL. We report direct
measurements of the VL tilt modulus c44 in ultra-pure bulk Niobium using time-resolved
stroboscopic SANS [2]. By a periodic tilting of the magnetic field, we induce a relaxation process
of the VL which shows increasing stiffness with increasing magnetic field and reduced damping
with increasing temperature and agrees well with calculations performed within a diffusion
model.
Skyrmion lines can be seen as magnetic whirls – sharing strong similarities with vortices of type
II superconductors where the particle-like character of the Skyrmions is reflected in the integer
winding number of their magnetization [3]. As for superconducting VM, SKL melting transitions,
Skyrmion liquids and Skyrmion glass phases are expected to exist in the various B20 materials.
Due to their topology, SKLs provide an excellent showcase for the investigation of topological
phase conversion [4]. A further consequence of the special topological properties of Skyrmions
is called emergent electrodynamics: While moving through the SKL, conduction electrons
collect a Berry´s phase in real space which leads to a very efficient coupling of transport current
and magnetic structure. This leads to considerable spin transfer torque effects at current
6
2
densities as low as 10 A/m [5].
Similar to our study on VLs, we present time resolved SANS experiments of the elasticity of the
SKL in MnSi, exploiting the technique TISANE. Our study paves the way how to directly access
VL and SKL melting as well as their current induced motion and dynamic properties. Finally, we
preent the implementation of TISANE at the new SANS-1 instrument at MLZ, Garching.
* Work in collaboration with: J. Kindervater, T. Adams, A. Chacon, F. Jonietz, A. Bauer, A.
Neubauer, W. Wünzer, R. Georgii, M. Janoschek, S. Dunsiger, P. Böni, C. Pfleiderer, M. Garst,
K. Everschor-Sitte, C. Schütte, J. Waizner, S. Buhrandt, A. Rosch, P.Milde, L. Eng, J. Seidel, H.
Berger, E. M. Forgan, M. Laver, E. H. Brandt, U. Keiderling, A. Wiedenmann
[1] S. Mühlbauer et al., Phys. Rev. Lett 102 136408 (2009)
[2] S. Mühlbauer et al., Phys. Rev. B 83, 184502 (2011)
[3] S. Mühlbauer et al., Science 323 915 (2009)
[4] P. Milde et al., Science 340, 6136, (2013)
[5] F. Jonietz et al., Science 330, 6011, 1648 (2010)

53

ID: MSEP5-O1, 2015-09-02 16:30 - 16:45, Luis Galve Room
Magnetism, Superconductivity and other Electronic Phenomena
(Oral)
Magnetic moments induce strong phonon renormalization in FeSi
Frank Weber1 , Sven Krannich1 , Yvan Sidis2 , Daniel Lamago1 , Rolf Heid1 , Jean-Michel
Mignot2 , Hilbert von Löhneysen1 , Alexander Ivanov3 , Paul Steffens3 , Thomas Keller4 ,
Eberhardt Goering5
1) Institute for Solid State Physics, Karlsruhe Institute of Technology, 76021 Karlsruhe,
Germany 2) Laboratoire Léon Brillouin (CEA-CNRS), CEA-Saclay, F-91911 Gif-sur-Yvette,
France 3) Institut Laue-Langevin, BP 156, 38042 Grenoble Cedex 9, France 4) ZWE FRM-II,
Technical University of Munich, D-85748 Garching, Germany 5) Max Planck Institute for
Intelligent Systems, 70569 Stuttgart, Germany
* Frank Weber, frank.weber@kit.edu
The interactions of spin, lattice and electronic degrees of freedom in materials are at the origin
of complex phase diagrams resulting in new emergent phenomena and technical applications.
The coupling between lattice and electronic degrees of freedom is well understood, and the
interaction between spin and electronic excitations has been investigated intensely, e.g., in the
research on high-temperature superconductivity . However, only little is known about the
dynamic interactions between spin and lattice excitations, apart from the well-established
magneto-elastic coupling. Noncentrosymmetric FeSi is known to undergo a transition from
insulating to metallic behavior with increasing temperature, and exhibits strongly temperature
dependent phonon energies. Here we show by detailed inelastic neutron scattering
measurements that the phonon renormalization in FeSi is in fact linked to its unconventional
magnetic properties. In combination with ab-initio calculations, we demonstrate that two
different mechanisms cause the unusual behavior: Electronic states mediating conventional
electron-phonon coupling are only activated in the presence of strong magnetic
fluctuations. Secondly, phonons are damped via a dynamic coupling to the temperatureinduced magnetic moment with the highest impact on phonons having strongly varying Fe-Fe
distances. Our findings highlight FeSi as one of the rare materials with direct spin-phonon
coupling and a prime example for multiple interaction paths.
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Band structure of helimagnons in MnSi resolved by inelastic neutron scattering
Max Kugler1 , Georg Brandl1 , Robert Georgii1 , Klaus Seemann1 , Mark Janoschek2 , Josef
Waizner3 , Markus Garst3 , Achim Rosch3 , Christian Pfleiderer4 , Peter Böni4
1) Forschungsneutronenquelle Heinz-Maier Leibnitz (MLZ), Technische Universität München,
Garching, Bavaria, Germany 2) Condensed Matter and Magnet Science, Los Alamos National
Laboratory, Los Alamos, New Mexico, USA 3) Institute for Theoretical Physics, University of
Cologne, Köln, NRW, Germany 4) Physik Department E21, Technische Universität München,
Garching, Bavaria, Germany
* Robert Georgii, Robert.Georgii@frm2.tum.de
The magnetic helix realizes a one-dimensional magnetic crystal with a period given by the pitch
length λh. Its spin-wave excitations – the helimagnons – experience Bragg scattering off this
periodicity leading to gaps in the spectrum that inhibit their propagation along the pitch direction
defined by the wavevector kn. Using high-resolution inelastic neutron scattering this band
structure of helimagnons was resolved by preparing a single crystal of MnSi in a single
magnetic-helix domain. At least five helimagnon bands (see figure) could be identified that
cover the crossover from flat bands at low energies with helimagnons basically localized along
the pitch direction to dispersing bands at higher energies. In the low-energy limit, we find the
helimagnon spectrum to be determined by a universal, parameter-free theory. Taking into
account corrections to the low-energy theory, quantitative agreement is obtained in the whole
investigated energy range with the help of a single fitting parameter.
The figure shows an energy scan measured at 20 K and for a fixed momentum
transfer q perpendicular to the wavevector kn of the helix. Five bands are readily resolved and
can be parametrized using a multi-Gaussian spectrum. The elastic peak appears due
to incoherent scattering. In addition, the three dispersive branches for q strictly along kn were
measured (not shown).
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Understanding the magnetic structure and dynamics of GGG
Henrik Jacobsen1 , Pascale Deen1 , Ovidiu Florea2 , Elsa Lhotel2 , Joseph A. M. Paddison3 ,
Oleg A. Petrenko4 , Maria Teresa Fernandez-Diaz5 , Andrew L. Goodwin6
1) ESS, Tunavägen 24, 223 63 Lund, Sweden and Nanoscience Center, and Niels Bohr
Institute, University of Copenhagen, DK-2100 Copenhagen Ø, Denmark O. 2) Institut Néel,
Centre National de la Recherche Scientifique and Universit´ e Joseph Fourier, BP 166, 38042
Grenoble Cedex 9, France 3) Department of Chemistry, University of Oxford, Inorganic
Chemistry Laboratory, South Parks Road, Oxford OX1 3QR, U.K. and ISIS Facility, Rutherford
Appleton Laboratory, Chilton, Didcot, Oxfordshire OX11 0QX, U.K. 4) Department of Physics,
University of Warwick, Coventry, CV4 7AL, U.K. 5) Institut Max von Laue–Paul Langevin, F38042 Grenoble 9, France 6) ISIS Facility, Rutherford Appleton Laboratory, Chilton, Didcot,
Oxfordshire OX11 0QX, U.K.
* Henrik Jacobsen, henrik.jacobsen.fys@gmail.com
The applied magnetic field and temperature phase diagram of the archetypal frustrated magnet,
Gd3Ga5O12 (GGG), has been reinvestigated using single-crystal magnetometry and polarized
neutron diffraction [1]. The updated phase diagram is substantially more complicated than
previously reported [2] and can be understood in terms of competing interactions with loops of
spins, trimers, and decagons [3], in addition to competition and interplay between
antiferromagnetic, incommensurate, and ferromagnetic order. Several additional distinct phase
boundaries are presented. The phase diagram centers around a multiphase convergence to a
single point at 0.9 T and ∼ 0.35 K, below which, in temperature, a very narrow magnetically
disordered region exists.
Neutron diffraction on a non-isotope enriched single crystal of GGG, has been performed for the
first time, and have provided the structure factor from emergent loops of spins in the low
temperature phase (H = 0, T <= 0.25 K) [4]. Neutron backscattering have furthermore provided
an insight into their unusual low energy dynamics [5]. These data illustrate the richness and
diversity that arise from frustrated exchange on the three-dimensional hyperkagome lattice.

[1] P. P. Deen et al., PRB 91, 014419 (2015)
[2] P. Schiffer et al., PRL 73, 2500 (1994)
[3] S. Ghosh et al., PRL 101, 157205 (2008)
[4] J. Paddison et al., (under review, 2015)
[5] H. Jacobsen et al., (in preparation, 2015)
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Long period cycloidal ordering in the layered kagome antiferromagnet CaBaCo2Fe2O7
Johannes Reim1 , Martin Valldor2 , Werner Schweika3
1) JCNS-2, PGI-4, Forschungszentrum Jülich GmbH, Germany 2) Max-Planck Institut für
Chemische Physik fester Stoffe, Dresden, Germany 3) European Spallation Source, Lund,
Sweden, and JCNS-2, PGI-4, Forschungszentrum Jülich GmbH, Germany
* Johannes Reim, j.reim@fz-juelich.de
The layered kagome system in the hexagonal swedenborgite structure [1] displays similarly to
the pyrochlores a highly frustrated network of tetrahedral coordinated magnetic ions. However,
its broken inversion symmetry raises further the complexity of ordering due to non-vanishing
Dzyaloshinskii-Moriya interactions. Recently investigated compounds of this family show various
signs for unusual geometric frustration and disordered ground states despite of the typically
strong antiferromagnetic exchange [2-5].
From X-ray powder and neutron single crystal scattering measurements the nuclear structure of
the compound CaBaCo2Fe2O7 was successfully refined in P63mc symmetry (lattice parameters
a = 6.36Å and c = 10.28Å) and determined to be structural invariant under temperature within
the resolution limits [6]. In regards to the magnetic order, we have studied single crystals, by
neutron diffraction including polarization analysis, and observed an antiferromagnetic ordering
below TN ≈ 160K in a √3×√3 larger supercell, which essentially agrees with expectations from a
simple Heisenberg model with only in-plane (Jin) and out-of (kagome) plane (Jout) nearest
neighbor interactions [5].
A gradual spin reorientation with temperature is evidenced by polarization analysis. A further
particular intriguing result is the chiral interference observed as an apparent asymmetry of the
magnetic Bragg intensities, from which a cycloidal character of the antiferromagnetic order can
be concluded and related to small Dzyaloshinskii-Moriya interactions.
At low temperatures, high resolution powder and single crystal diffraction experiments reveal an
long periodic splitting of the antiferromagnetic peaks, with a propagation vector τ = 0.016Å-1
corresponding to a periodicity of about 400Å. The long periodic ordering is discussed within the
Heisenberg model for Jout/Jin < 1.5, which is the phase boundary to commensurate ordering.
[1] M. Valldor et al. Solid State Sci., 4(7):923–931, July 2002.
[2] W. Schweika et al. Phys. Rev. Lett., 98(6):067201, February 2007.
[3] J. R. Stewart et al. Phys. Rev. B, 83(2):024405, January 2011.
[4] P. Manuel et al. Phys. Rev. Lett., 103(3):037202, July 2009.
[5] D. D. Khalyavin et al. Phys. Rev. B, 82(9):094401, September 2010.
[6] J. D. Reim et al. J. Appl. Crystallogr., 47(10):2038-2047, December 2014.
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Understanding the evolution of a magnetic superlattice after soliton injection in a 3d
magnetic shift register
Nina-Juliane Steinke1 , Amalio Fernandez-Pacheco2 , Alexander Welbourne2 , Dishant
Mahendru2 , Shin Liang Chin2 , Rhodri Mansell2 , Robert Dalgliesh1 , Sean Langridge1 , Russell
Cowburn1
1) ISIS, STFC, Rutherford Appleton Laboratory 2) University of Cambridge
* Nina-Juliane Steinke, nina-juliane.steinke@stfc.ac.uk
Spintronics research has had a tremendous impact on magnetic memory design while also
offering rich physics to explore: Giant magnetoresistance and tunnel magnetoresistance effects
form the basis of state of the art hard disc read heads and novel magnetic random access
memory [1]. However, the achievable storage density in planar devices is limited and current
technology rapidly approaches the quantum limit. To fulfil the demand for future high density
memory, and indeed electronic devices, it has become clear that the third dimension needs to
be explored. Magnetic memory technology is still at the forefront of these developments, not
least because of its promise of extremely low power consumption and long term stability.
Potential architectures for a novel type of 3d magnetic memory are being developed by Parkin
[2] and Cowburn [3].
Here we explore the possibility of using localised topological magnetic solitons to encode
information. The solitons are local magnetic frustrations in anti-ferrimagnetically coupled
magnetic multilayer stacks made of CoFeB/Ru. Careful sample design allows these solitons to
be injected with reliably and stably. This approach overcomes several limitations of the domainwall based ‘racetrack’ memory. Successful soliton propagation has recently been demonstrated
by this group [4,5].
We used polarised neutron reflectometry (PNR) with polarisation analysis to investigate the
travel of the magnetic soliton through the superlattice as a function of applied magnetic field.
The results are compared with MOKE and MR measurements and macrospin model
calculations. It is shown that only the depth sensitivity of PNR can distinguish between
competing models. We find that the soliton travels through the stack but that unexpectedly
cannot be stabilised on the bottom two layers of the system.
[1] C. A. Chappert et al., Nat. Mat. 6, 813 (2007), [2] S. S. P. P. Parkin et al., Science 320, 190
(2008), [3] Cowburn patent PCT/GB2007/001650, [4] A. Fernández-Pacheco et al. Phys. Rev. B
86, 104422 (2012), [5] R. Lavrijsen et al. Nature 493, 647–650 (2013)
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Larmor diffraction study of the R2Ti2O7 series (R=Dy, Ho, Tb)
Martin Ruminy1 , Thomas Keller2 , Felix Groitl3 , Tom Fennell1
1) Laboratory for Neutron Scattering and Imaging, Paul Scherrer Insitut, 5232 Villigen,
Switzerland 2) Max-Planck-Institut für Festkörperphysik, 70569 Stuttgart, Germany 3)
Laboratory for Quantum Magnetism, École Polytechnique Fédérale de Lausanne, 1015
Lausanne, Switzerland
* Martin Ruminy, martin.ruminy@psi.ch
The series of rare earth titanate pyrochlores contains several interesting frustrated magnets with
very diverse magnetic phenonema, depending of the balance of spin-spin interactions and
crystal field anisotropy [1]. There is increasing evidence that interactions between the spin and
lattice degrees of freedom play an important role in these materials, in contrasting ways. In this
study, we are investigating magnetoelastic interactions in the spin ices Dy2Ti2O7 and Ho2Ti2O7
and the enigmatic spin liquid Tb2Ti2O7.
In the spin ices, at low temperatures, the spin configurations follow a magnetic version of the ice
rule in water ice [2], allowing a mapping to a Coulomb phase and endowing local defects in the
ice rule with the properties of emergent magnetic monopoles [3]. These deconfined
quasiparticles can be described by an effective theory of a magnetic Coulomb liquid, which
currently provides the best description of the magnetization dynamics of a spin ice [4]. In
Tb2Ti2O7, long range magnetic order and/or a structural distortion are expected, but neither
have been observed in experiments for temperatures down to 50 mK. Instead, the compound
enters a spin liquid regime at low temperatures with a wealth of magnetoelastic effects [5] and
algebraic spin ice-like power-law correlations [6].
Using neutron Larmor diffraction we have now studied a detailed temperature dependence of
the absolute lattice constants and mosaicities of all three pyrochlores with unprecedented
accuracy. I will show how these measurements not only determine the most precise value of the
charge of the magnetic monopoles, a sensitive parameter in the magnetic Coulomb liquid theory
of the low temperature state in spin ice, but also strongly highlight the spin-lattice coupling in all
three materials. In particular in Tb2Ti2O7, our measurements negate the presence of anisotropic
strain broadening and negative thermal expansion in the low temperature regime that have
been reported previously [7], and questioned subsequently [8].
[1] Gardner et al., Rev. Mod. Phys. 82, 53 (2010)
[2] Bramwell and Gingras, Science 294, 1495 (2001); Fennell et al., Science 326, 415 (2009)
[3] Castelnovo et al., Nature 451, 42 (2008)
[4] Jaubert and Holdsworth, Nat. Phys. 5, 258 (2009)
[5] Fennell et al., PRL 112, 017203 (2014); Guitteny et al., PRL 111, 087201 (2013); Nakanishi
et al., PRB 83, 184434 (2011)
[6] Fennell et al., PRL 109, 017201 (2012); Petit et al., PRB 86, 174403 (2012); Fritsch et al.,
PRB 87, 094410 (2013)
[7] Ruff et al., PRL 99, 237202 (2007)
[8] Goto et al., J. Phys. Soc. Jpn. 81, 015001 (2012); Dalmas de Reotier et al., JPCS 551,
012021 (2014)
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Hidden Order in the spin-Liquid 3D hyperkagome compound Gd3Ga5O12.
P. P. Deen1 , J. A. M. Paddison4 , H. Jacobsen2 , O. A. Petrenko5 , M. T. Fernandez-Diaz6 , A. L.
Goodwin3
1) European Spallation Source, Lund, Sweden. 2) Niels Bohr Institute, University of
Copenhagen, Denmark. 3) University of Oxford, Inorganic Chemistry Laboratory, U.K. 4) ISIS
Facility, Rutherford Appleton Laboratory, Didcot, U.K. 5) Department of Physics, University of
Warwick, U.K. 6) Institut Max von Laue–Paul Langevin, Grenoble , France The
* Pascale Deen, pascale.deen@esss.se
The search for new states of matter is a fundamental theme of condensed matter science.
Frustrated magnetic materials are promising candidates for new states because lattice
geometry suppresses conventional magnetic dipole order. Frustration thus drives novel
emergent states.
Gd3Ga5O12 is the canonical frustrated magnet as the compound that does not order via the
pervasive “order by disorder” mechanism down to the lowest temperatures probed, 25 mK [1
and ref. therein]. Short-range correlations, determined via neutron diffraction, have long been
assumed to originate from near neighbour short-range interactions. A non-dipole (“hidden”)
order has been uncovered via recent developments in Reverse Monte Carlo techniques [2] in
conjunction with optimised neutron scattering instrumentation that enabled S(Q) of non-isotope
enriched Gd3Ga5O12 to be probed. The hidden-order state of Gd3Ga5O12, the only known
example of a magnetic multipole crystal in a spin liquid, does not break the crystal symmetry
and is built from individually fluctuating groups of spins. Indeed the multipolar order creates
loops that are long-range ordered while individual spins show only short-range correlations, see
Figure 1.
[1] O. A. Petrenko, C. Ritter, M. Yethiraj, D. McK Paul, Phys. Rev. Lett. 80, 4570 (1998).
[2] J. A. M. Paddison, A. L. Goodwin, Phys. Rev. Lett. 108, 017204 (2012).
[3] J. A. M. Paddison,H. Jacobsen, O. A. Petrenko, M.T. Fernandez-Diaz, P. P. Deen, A.L.
Goodwin. Under review March 2015.
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Strong magnon decay in a triangular lattice antiferromagnet
Sandor Toth1 , Katharina Rolfs2 , Elisa Wheeler3 , Björn Fåk3 , Uwe Stuhr1 , Christian Rüegg1
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2) Paul Scherrer Institut, Laboratory for Development and Methods, Villigen PSI, CH-5232 3)
Institut Laue-Langevin, Grenoble, F-38000
* Sandor Toth, sandor.toth@psi.ch
Quasiparticles are collective excitations emerging from a strongly interacting system. Generally,
magnons are regarded as weakly interacting quasiparticles with lifetime long enough to be
detectable only by high-resolution resonant neutron spin echo technique. The first class of
system where dynamics significantly differs from conventional semi classical approximation is
the antiferromagnetic chain, where the fundamental excitations are spinons. However, recent
theoretical results revealed surprisingly strong magnon-magnon interactions in non-collinear
magnets at zero temperature that causes spontaneous decay of magnons and finite lifetime [1].
The simplest model system with non-collinear ground state is the triangular lattice
antiferromagnet where the spontaneous decay is predicted even for S=3/2 systems. Beside the
large body of experimental data on triangular lattice compounds, there is no compelling
experimental evidence for the predicted broadening. We show that LiCrO2 is an almost ideal
spin-3/2 triangular lattice antiferromagnet and present our experimental evidence of strong
magnon decay at the zone boundary.

[1] M. E. Zhitomirsky, et al., Rev. Mod. Phys. 85, 219 (2013).
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* Valeria Arrighi, v.arrighi@hw.ac.uk
Currently, there is considerable interest in polymer/inorganic hybrids, particularly those
incorporating nanosize particles. These types of composite/nanocomposite have huge potential,
promising to deliver materials with optimum combinations of physical, thermo-mechanical or
electrical properties for a wide range of industrial applications. Although the type of physical
property enhancement to be achieved is intimately related to the particle/polymer system under
study, some common features can be identified. For example, studies have shown that the
properties of polymer nanocomposites are strongly coupled to the morphology of the particle
dispersion. In some cases, uniform particle dispersion may be required whereas in other
instances a controlled filler network structure may be needed. A further contribution arises from
favourable polymer/nanofiller interactions; these are key to promote thermodynamically stable
particle dispersions and long-term property enhancement. Although particle surface treatment
has been in use for many years, more recently, chain-grafting has emerged as a superior tool to
overcome polymer/particle incompatibility. The development of controlled polymerisation
techniques has been instrumental in the synthesis of well-defined polymer-nanofiller systems.
Making use of atom transfer radical polymerisation (ATRP) we have been able to graft polymer
chains onto the surface of various silica nanoparticles; grafting improves the mechanical
stability of the polymers but the extent of reinforcement correlates with the formation of a filler
network structure.
Here we focus on polymer/inorganic nanofillers (fullerene and silica particles) and discuss their
structural and dynamic properties as determined by SANS and QENS, respectively. The
polystyrene/fullerene nanocomposites provide a model system to carry out structural studies in
solution at concentrations ranging from the dilute to the semi-dilute regime. These results are
discussed in relation to the unusual viscoelastic properties displayed by these materials, as
shown by the shear thickening behaviour in concentrated solutions. We also discuss preliminary
structural data from SANS measurements on grafted core-shell PMMA/silica and compare these
results to the grafted PS/fullerene nanocomposites and literature.
A further contribution to reinforcement is believed to arise from the interfacial layer between
polymer and nanoparticles. This is often linked to the idea of a polymer bound layer (or glassy
layer), suggesting that the dynamics of chains adjacent to the filler’s surface is greatly affected.
Using QENS, we compare the dynamics of different polymer/particle dispersions and show that,
contrary to expectations, grafting does not have a great impact on high frequency polymer
motion.
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Structure and Dynamics of Single-Chain Nano-Particles in Solution
Arantxa Arbe1 , Marina González Burgos1 , Isabel Asenjo1 , Jose A. Pomposo1 , Aurel
Radulescu2 , Oxana Ivanova2 , Juan Colmenero1
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Single-chain polymer nano-particles (SCNPs) obtained by intramolecular cross-linking of linear
macromolecules (precursors) are emerging soft nano-objects showing unique and remarkable
physicochemical, rheological, and sensing properties as a result of their locally collapsed
structure and ultrasmall size [1]. In principle, tuning the synthesis procedure, these SCNPs can
exhibit tailor-made bio-mimetic properties. For example, through one of the possible routes –
‘Michael’ addition-mediated self-assembly— SCNPs can offer a controlled delivery of
substances like vitamin B9 [2] or even a combined delivery of dermal protective and anti-cancer
bioactive cargos [3]. Recently, the topology of these nano-particles in solution (good solvent)
has been found to strongly resemble that of intrinsically disordered proteins (IDP) [4], currently
believed to be a key ingredient in biological processes. In both cases, it is clear that the
properties/functionality have to be determined not only by the structure but also by the dynamics
of these ‘nano-objects’. In this work, we have investigated the structure and dynamics of
solutions of SCNPs obtained through two different synthesis methods, namely the above
mentioned ‘Michael’ route and through Cu-complexation. As reference, the precursor (the same
for both kinds of SCNPs) in solution has also been characterized. In a first step, the form factor
has been characterized by SANS experiments, determining thereby the degree of internal
compaction achieved in each case. Then, NSE experiments have allowed us to have unique
insight into the internal modes of the SCNPs, while by means of DLS independent information
about the diffusion of their center of mass has been obtained. We compare the outcome of this
study with recently published results on the dynamics of the IDP myelin [5].
1 M. E. Mackay, T. T. Dao, A. Tuteja, D. L. Ho, B. V. Horn, H.-C. Kim, C. J. Hawker, Nat. Mater.
2, 762 (2003)
2 A. Sanchez-Sanchez, S. Akbari, A. Etxeberria, A. Arbe, U. Gasser, A. J. Moreno, J.
Colmenero, J. A. Pomposo, ACS MacroLetters 2, 491 (2013)
3 I. Pérez-Baena, F. Barroso-Bujans, U. Gasser, A. Arbe, A. J. Moreno, J. Colmenero, J. A.
Pomposo, ACS MacroLetters 2, 775 (2013)
4 J. A. Pomposo, I. Pérez-Baena, F. Lo Verso, A. J. Moreno, A. Arbe, J. Colmenero, ACS
MacroLetters 3, 767 (2014)
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Internal dynamics of micro- and macrogels monitored by Neutron spin-echo
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Polymeric hydrogels made of the thermoresponsive polymer N-isopropyl acrylamide (NIPAM)
and the crosslinker BIS are of great interest due to their unique and tuneable swelling
behaviour. If the gel has spherical dimensions in the nm range (100-1000 nm in diameter) they
are called microgels and are generally synthesised by precipitation polymerisation above the
lower critical solution temperature (LCST) of the polymer. Due to the so called “bad” solvent
conditions during the synthesis and due to the differences in reactivity between the monomers
and the crosslinker, an inhomogeneous crosslinker distribution in the network is created. In
contrast to this, gels with a macroscopic size (mm to cm dimensions) are polymerised below the
LCST (gold solvent conditions) and therefore comprise a more statistically crosslinked network.
To study the polymer network diffusion on a local length scale neutron spin-echo (NSE) is the
method of choice. As described before, micro- and macrogels have a different crosslinker
distribution and as a consequence differences in the collective diffusion of the network might be
expected.
Here, we present a comperative neutron spin-echo study on the internal network motion of
different micro- and macrogels.[1] The measured intermediate scattering functions can be
described by a single exponential decay without a q-dependent baseline. The obtained
breathing mode diffusion coefficients of the gel networks and the dynamic correlation length ξ
were compared.
[1] Y.Hertle, M. Zeiser, P. Fouquet, M. Maccarini and T. Hellweg, Z. Phys. Chem. 2014;
228(10–12): 1053–1075
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Interest in the random packing of “objects” is ubiquitous among many areas of science and
technology, and has motivated a great deal of theoretical effort [1]. Here we experimentally
investigate the packing of monodisperse spherical nanoparticles (NPs). Sample 1 is a compact
of a reasonably large quantity (~ 100 mg) of essentially bare maghemite NPs. The degree of
monodispersity is high: the NP diameter distribution width from transmission electron
microscopy is just 2 % of the mean (NP) diameter. Sample 2 is a similar quantity of NPs from
the same batch but annealed in air (prior to compaction) to boil off the small (> 3 % by mass)
residue of oleic acid surfactant. Preparation of both samples is by die compaction at a (uniaxial)
pressure of approximately 0.8 GPa. Both samples are studied by small angle neutron scattering
(SANS) at the Loq instrument (ISIS). A saturating magnetic field (H = 15 kOe) is applied to get a
handle on the magnetic contribution to the total scattering and, hence, allow the nuclear
(chemical structure) scattering to be isolated. Data fitting using a random hard solid sphere
structure factor indicates a similar particle packing fraction (p = 0.53) in both samples, near to
the random close packing value (prcp = 0.64). Notwithstanding, there are qualitative differences
between their SANS (nuclear only) patterns. For example, a correlation peak at a position near
to that expected for RCPacking of spherical particles is clearly observed in Sample 1 but is
absent in Sample 2.
A second motivation for our SANS study relates to the ideal superspin glass (SSG) behavior
found in similar maghemite NP compacts, recently reported by some of us [2]. While neutron
scattering on spin glass materials is found in the literature [3], SANS on the NP counterpart (viz.
an ideal SSG system) is lacking. Magnetometry finds Sample 1 and 2 to both be model SSGs,
exhibiting spin freezing at 165 K and 202 K, respectively. Saturating magnetic field is found to
drive the majority of magnetic correlations to length scales beyond the capability of the Loq
setup (i.e., below Qmin = 0.1 nm-1) in both samples, however, differences in the temperature and
field dependence of the magnetic scattering exist. In Sample 1, for example, depending on the
system’s magnetic history, field also induces magnetic correlations at the position of the nearRCP correlation peak.
[1] S. Torquato and F. H. Stillinger (2010), Rev. Mod. Phys. 82, 2633.
[2] De Toro et al. (2013): Appl. Phys. Lett. 102, 183104; J. Phys. Chem. C 117, 10213.
[3] G. Aeppli et al. (1983), Phys. Rev. B 28, 5160.
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When processing raw materials to final consumer food products, their structures undergo
changes at all length scales. These structures govern critical product functionalities such as
shelf life stability, water holding capacity, texture and mouth feel. To be able to rationally design
food processing routes, insights into these hierarchical structures is a prerequisite.
A relatively new technique to quantitatively measure bulk structures is spin-echo small-angle
neutron scattering (SESANS). It has three important features distinguishing it from other
techniques:
1) It accesses supramolecular length scales from 0.03 – 20 micrometre.
2) It is non-invasive (no dilution, no freezing, no drying).
3) By contrast variation, it is possible to selectively highlight parts of a structure.
We illustrate SESANS with two examples:
We measured the size distribution of casein micelles, after which we added a slowly dissolving
acid to mimic the process of yoghurt formation to quantify the process of casein network
formation [1]. The measurments are in good agreement with the simulations shown in the figure.
Colloid-polymer mixtures are a model for many food systems. We measured the colloid-colloid
interaction potential for variable electrostatic repulsion and/or polymer induced attraction.
SESANS shows how subtle changes in the repulsion affect gel formation. [2]
References
[1] L.F. van Heijkamp, I.M. de Schepper, M. Strobl, R.H. Tromp, J.R. Heringa, W.G. Bouwman,
J. Phys. Chem. A 114 2412-2426 (2010), http://dx.doi.org/10.1021/jp9067735
[2] K. van Gruijthuijsen, W.G. Bouwman, P. Schurtenberger and A. Stradner, EPL 106 28002
(2014), http://dx.doi.org/10.1209/0295-5075/106/28002
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Compared to liposomes, hybrid vesicles resulting from the combined self-assembly of
amphiphilic copolymers (P) and phospholipids (L) integrate the best from the two different
systems (bio-functionality of lipids, improved stability and various coupling chemistries of
[1],[2]
In the case of nano-vesicles, Small Angle
polymers) in a single hybrid vesicular structure.
Neutron Scattering offers the unique possibility to study nanostructural changes at the
membrane level.[3] The phase diagram is explored by playing on the composition (polymer/lipid
ratio) and polymer architecture (graft copolymer vs. diblock or triblock) to obtain either
homogeneous or nanostructured membranes. The methodology combines SANS, FRET and
cryoTEM.[4] The copolymer hydrophobic block length was varied to tune the thickness mismatch
between lipid polymer membranes and play with the conformational constraints of the polymer
chains at the L/P boundary.
At first we used a commercial grafted copolymer of flexible poly(dimethylsiloxane) backbone
and two poly(ethylene oxide) pendant moieties (PDMS-g-(PEO)2) of Mw=3000 g×mol-1 well
known to form membranes of thickness (~5-6 nm) close to that of liposomes (~3-4 nm). It was
mixed with deuterated 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (d62-DPPC) at ~80/20 (P/L)
weight ratio. D2O/H2O mixtures were used to separate the respective L/P contributions.4
For polymer matching, SANS curves do not show the usual shell form factor of pure liposomes
or polymersomes, but they were well fitted by a flat cylinder (disc-like) form factor. In lipid
matching condition, data could be fitted neither by a disc nor a shell form factor. They were
rather compared to a recently reported holey shell form factor computed numerically.[5] New
results will be presented on hybrid vesicles made from triblock PEO-b-PDMS-b-PEO of varied
PDMS mass (Mw=1.5, 3 and 5 kD) and varied composition, studied at 20°C and 46°C to change
the lipid state.

[1] M. Chemin, P-M. Brun, S. Lecommandoux, O. Sandre, J-F. Le Meins, Hybrid polymer/lipid
vesicles: fine control of the lipid and polymer distribution in the binary membrane. Soft Matter
2012, 8, 2867-2874.
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[2] J-F. Le Meins, C. Schatz, S. Lecommandoux, O. Sandre, Hybrid Polymer/Lipid Vesicles:
State of the Art and Future Perspectives, Materials Today, 2013, 16, 397-402.
[3] R. Salva, J-F. Le Meins, O. Sandre, A. Brûlet, M. Schmutz, P. Guenoun, S. Lecommandoux,
Polymersomes Shape Transformation at the Nanoscale. ACS Nano, 2013, 7, 9298-9311.
[4] T. P. Tuyen Dao, F. Fernandes, M. Er-Rafik, R. Salva, M. Schmutz, A. Brûlet, M. Prieto, O.
Sandre, J-F. Le Meins, Phase separation and nanodomain formation in hybrid polymer/lipid
vesicles, ACS Macro Letters 2015, 4, 182-186.
[5] L. M. Bergström, S. Skoglund, K. Edwards, J. Eriksson, I. Grillo, Spontaneous
Transformations between Surfactant Bilayers of Different Topologies Observed in Mixtures of
Sodium Octyl Sulfate and Hexadecyltrimethylammonium Bromide, Langmuir 2014, 30, 39283938
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Small Angle Scattering techniques are regularly used to probe the structure of proteins and
proteins assemblies in a solvent. X-rays enable fast and localized measurements thanks to the
high flux and the small beam size, but there is a risk of protein degradation that is prevented
with neutron scattering. In order to increase the contrast between proteins and the solvent,
deuterated solvents are usually used for SANS measurements. Normally, if the contrast is due
to scattering density differences between proteins and the solvent, SAXS and SANS profiles are
identical.
In this talk, we will present the study of gluten protein gels that display radically different SAXS
and SANS profiles when the solvent is deuterated. The shape of the high q signal is identical for
both measurements, whereas totally different features are measured at low q (figure). The
-2
SAXS profile can be successfully described with a model combining a Lorentzian and a q
power law [1]. This model was previously used to describe polymeric gels under good solvent
conditions and relates the random coil Gaussian chain conformation of proteins and large-scale
concentration heterogeneities. For the range of q where a q-2 power law regime is measured for
SAXS, SANS profile displays instead a scattered intensity that scales as q-4 and a shoulder at
even smaller q from which a characteristic size can be extracted.
Measurements with various levels of solvent deuteration were performed to understand these
surprising scattering profiles. Quantitative analysis of the contrast with deuteration indicates a
progressive H-D exchange of protein chains. Moreover, an increase of the low q q-4 contribution
is observed with solvent deuteration. Results were rationalized considering a heterogeneous HD exchange of protein protons that would be due to local high concentration of proteins where
hydrogen would be involved in hydrogen bonds, preventing thus H-D exchange. In particular,
the q-4 behavior would originate from the sharp interfaces between protein rich regions which
are more hydrogenated and protein diluted regions which are more deuterated. The cross-over
between the q-4 and the quasi-plateau at smaller q correspond to a distance of 60 nm, similar to
the size of the protein assemblies measured in the dilute regime, reflecting the characteristic
size over which H-D exchange can take place.
[1] M. Dahesh, A. Banc, A. Duri, M.-H. Morel and L. Ramos, “Polymeric Assembly of Gluten
Proteins in an Aqueous Ethanol Solvent”, J. Phys. Chem. B 118 (2014) 11065.
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Simultaneous SANS / FTIR Measuring System
Fumitoshi Kaneko1 , Naoki Seto1 , Shuma Sato1 , Aurel Radulescu2 , Maria Maddalena
Schiavone2 , Juergen Allgaier2 , Koichi Ute3
1) Graduate School of Science, Osaka University 2) Juelich Center for Neutron Science 3)
Department of Chemical Science and Technology, The University of Tokushima
* Fumitoshi Kaneko, toshi@chem.sci.osaka-u.ac.jp
Syndiotactic polystyrene (sPS) exhibits a variety of solid states. One of its important
characteristics is the formation of cocrystals, where organic compounds are stored as guests in
the crystalline region. It has been clarified that a wide range of compounds can be incorporated
into sPS lattice. Now sPS cocrystals are regarded as of high potential for polymer based
composite materials. Although we employed time-resolved SANS (TR-SANS) for the study on
sPS cocrystals [1,2], we recently have tried to develop a new measuring system, which combine
TR-SANS with the merit of FTIR spectroscopy, i.e., high potential of quantitative analysis of
chemical constituents and high sensitivity to chemical structure and molecular conformation, to
enrich structural information and interpret SANS data in a more reliable manner [3]. In this
contribution, we would like to introduce the simultaneous time-resolved SANS and FTIR (STRSANS/FTIR) system and its application to sPS cocrystals.
Fig.1(left) shows schematically our newly developed STR-SANS/FTIR measurement system,
composed of an FTIR spectrometer and our own designed optical system, which enables the IR
radiation and the neutron beam to impinge the sample film coaxially. The device was installed
on a small-angle neutron diffractometer KWS2 of JCNS at Heinz Maier-Leibnitz Center in
Germany, as shown in Fig. 1(middle). The structural changes in a cocrystal of deuterated sPS
(d-sPS) with triethylene glycol dimethyl ether (TEGDME) during the course of heating were
followed with this system.
Fig. 1(right) reproduces the changes in SANS 2D images and FTIR spectra measured in
parallel. As for SANS images, the two lamellar reflections gradually decreased in intensity as
the temperature increased and then increased slowly above 100 . The infrared bands due to
TEGDME significantly decreased in intensity, whereas the bands due to d-sPS remained almost
unchanged. These spectral changes indicate that only TEGDME continues to decrease in
amount during this heating process. By combining the SANS and FTIR information, the
following structural changes can be envisaged. Initially, TEGDME having a negative molecular
scattering length is included more in the crystalline region than in the amorphous region, which
results in the two intense lamellar reflections. An increase in temperature up to around 100 °C
would induce the migration of TEGDME from the crystalline region to the amorphous region and
also the evaporation of TEGDME from the film, and accordingly, a strong intensity reduction of
the lamellar reflection occurs. A further heating brings about the gradual transition to the γ
phase that cannot possess any guest molecules and has a higher density, which results in the
modest intensity resurgence of the lamellar reflections.
References [1] F.Kaneko et al., Polymer. 2013, 54, 3145. [2] F. Kaneko et al., J. Appl.
Crystallogr. 2014, 47, 6. [3] F. Kaneko et al., Chem. Lett. 2015, in press. doi:10.1246/cl.141179.
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In general, ionic co-assembly of polyelectrolytes and surfactants leads to a rich variety of
structures, that depends on the molecular architecture of the components. Parameters such as
persistence length, and type and spacing of the charges have a remarkable effect on the coassembly of polyelectrolytes and oppositely charged surfactants [1]. Accordingly, pronounced
differences are observed between the behavior of complexes with polysaccharide basis and
synthetic polymers (typically based on vinyl monomers).
Here, we present the co-assembly of the positively charged biopolymer chitosan with weakly
anionic alkyl oligoethyleneoxide carboxylic acids as a fully biocompatible alternative to
conventional synthetic polyelectrolytes [2-3]. A detailed investigation of the resulting structures
allows to correlate phase behaviour and the stuctures formed with the molecular structures of
the components, e.g., rigidity of the polymer or packing parameter of the surfactant (see Figure
1 below). Furthermore these complex mixtures are very interesting due to their high pHresponsiveness arising from both components.
The structural evolution of these complexes in aqueous solutions as a function of the mixing
ratio Z of chitosan/surfactant and pH has been determined by a detailed SANS study combined
with light scattering experiments. SANS shows that, depending on Z or pH one may end up with
a weak attachment of micelles to the chitosan network, a linear arrangement of micelles
facilitated by the rather stiff chitosan, or densely packed micelles “glued together” by the
chitosan. For bilayer forming surfactant also the formation of multilamellar vesicles can be
induced where the degree of multilamellarity is controlled by the addition of oppositely charged
chitosan.
Such systems allow for the formulation of highly responsive systems, which can be employed
for a large spectrum of applications. This was been demonstrated by a series of showcase
experiments in which chitosan/alkyl oligoethylene-oxide carboxylic acids mixtures are employed
for the selective removal or release of target molecules, sequestering multivalent cations [4]. In
summary, these are highly biocompatible systems with a large tunable structural versatility,
which can easily be employed for a multitude of interesting applications in aqueous dispersion.
References.
1.
2.
3.
4.

Chiappisi, L.; Hoffmann, I.; Gradzielski, M. Soft Matter 2013, 9, 3896–3909.
Chiappisi, L.; Prévost, S.; Grillo, I.; Gradzielski, M. 2014, 30, 1778–1787.
Chiappisi, L.; Prévost, S.; Grillo, I.; Gradzielski, M. Langmuir 2014, 30, 10608–10616.
Chiappisi, L.; Simon, M.; Gradzielski,
M. ACS Appl. Mater. Interfaces, 2015. DOI:
10.1021/am508846r
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The development of energy conversion and storage devices required to deliver clean and
sustainable energy relies on the design, synthesis and characterization of novel materials with
suitable properties concerning ionic and/or electronic conductivity, ionic insertion capabilities,
redox activity, catalytic properties, etc. The structural characterization of these energy-related
materials is of paramount importance so as to understand and improve the wanted behavior in
relation to the properties of interest. In this regard, neutron diffraction constitutes a unique tool
to provide a detailed structural information concerning the features intimately related to these
properties and their evolution with external factors (temperature, atmosphere composition,
pressure etc). Well-known applications of neutron diffraction are the location of oxygen atoms
and oxygen vacancies in oxide-ion conductors, Li ions in Li electrolytes or Li-battery cathodes;
+
protons in fast H conductors etc. In this talk we will present some recent own results
concerning different types of energy-related materials, including electrodes and electrolytes in
solid-oxide fuel cells (SOFC) and Li, Na and H conductors.
Concerning SOFC cathodes, we have developed a number of derivatives of SrCoO3-d with a
high electrical conductivity and oxygen permeation flux. The wanted cubic structure has been
stabilized by suitable dopings at Sr or Co sites; the oxygen conduction paths have been
unveiled by neutron powder diffraction collected “in-situ” at the working conditions of SOFC.
Similar procedures have been followed for anode SOFC materials derived from SrMoO3
perovskite, as well as novel families of (Sr,Na)SiO3 electrolytes, where NPD helped to
determine the oxide-ion diffusion pathways. An example of proton conductors where the H
posion of hydronium H3O+ was determined from difference Fourier maps is (H3O)SbTeO6
pyrochlore, with a H+ conductivity over passing that of NafionR above 200ºC. Neutrons were
also useful to determine the Li location in La0.5Li0.5TiO3 perovskite and Li7La3Zr2O12 garnet, this
last material being technologically important for Li-air batteries. Extraordinary Na conductivity
was also reported in Na3[Ti2P2O10F], with applications in Na-ion batteries; a neutron study
helped to visualize the Na diffusion across the structure. In the field of hydrogen storage,
neutrons helped to characterize hydrogen-containing perovskites of composition NaMgH3. In
this talk a brief review of these different materials will be given, with emphasis on the specific
structural features determined by neutrons that account for their appealing properties.
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Many chemical reactions as well as biological and technological processes involve protons (i.e.
acid-base, redox, enzymatic catalysis, etc.). Protons play an important role in atmospheric
chemistry, corrosion processes, hydrogen fuel cells, or biological ATP synthesis. Transport
through membranes can take place though 1-D hydrogen bonded chains where water
molecules remain static while an excess proton is transferred from one molecule to another.
This mechanism is known as a “proton or water wire” and is observed in “protonic
semiconductors.”
We recently reported (1) the characterization of a compound with formula [Mn(H2O)6]2n{[Mn4(C6H4O7)4]m-[Mn(H2O)4][Mn(H2O)5]}n·8n(H2O) based on a manganese cubane complex,
which has no channels or pores but which undergoes partial dehydration when a crystal is
exposed to air under normal ambient conditions of temperature and humidity. This process is
reversible, and when rehydration is conducted under a D2O atmosphere, the sample undergoes
a total exchange of the water hydrogen atoms for deuterium. This reversible exchange is
observed for both coordinated and unbound molecules of water. The significant contrast in the
scattering length of hydrogen and deuterium makes neutron diffraction a conclusive tool for the
study of this isotope exchange. We identified a proton wire in the crystal based on the disorder
observed at some of the crystallographic sites occupied by the H and D atoms and
corresponding to the two canonical representations of the Grotthuss mechanism. The steps
involved in that proton wire were described with no ambiguity.
Here we explore other possible proton transport pathways that provide new insights into the
understanding of proton mobility in solids. We will discuss the relevant patterns of water
hydrogen atoms observed in other regions of the structure, where the observed disorder is not
as straightforward as in the processes described to date. A more complete description of these
regions gives a fuller picture of the processes that enable the total replacement of H by D.
(1) Angew. Chem. Int. Ed., 2013, 52, 13463
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The report summarizes the recent applications of small-angle neutron scattering (SANS) in
structural research of detonation nanodiamonds (DND), ultra-fine particles based on single
crystals (characteristic size below 10 nm) of cubic diamond synthesized by explosion of oxygencarbon imbalanced organic explosives. DND is a rather attractive material for nanotechnology
regarding the wide possibilities for different kinds of functionalization, especially for medical
purposes if one takes into account their good biocompatibility. One of the major general
directions in the research of DND is the synthesis of their stable liquid suspensions as a basis
for storage and chemical modification. The availability of such kind of systems allows the most
effective applications of SANS including the contrast variation technique based on H/D isotopic
substitution in the solvent. The main aspects of the presented investigations concern the
structure of DND particles (structural level below 10 nm) and the formation of DND clusters in
liquid carriers (structural level up to 100 nm and higher).
Thus, the theory of the scattering from polydisperse DND nanoparticles characterized by a
diffusive surface has been considered with a special accent to the case of small diffusivity
observed in the experiments. The new approach has been successfully applied for interpreting
the experimental data on the SANS contrast variation from DND suspensions based on polar
solvents. It has revealed a wide spatial transition in the DND particles from the inner diamond
states (sp3-hybridization) to the graphite-like surface states (sp2-hybridization), which can be
described well in terms of the continuous radial scattering length density profile represented by
a simple power-law type function. The full reproducibility of the cluster organization in the
concentrated DND suspensions of various producers suggests a unique mechanism of cluster
growth, which is close to the diffusion-limited aggregation (DLA) in accordance with the
observed fractal dimension of the clusters of about 2.3. It has been shown that both structural
levels in the systems under study are characterized by high (up to 50%) polydispersity, so to
explain the experimental data, the standard DLA model has been extended to the case of
polydisperse structural units. The formation of microgel-type associations in the solutions at
some concentration (around 5 wt. %) is concluded from the analysis of the structure-factor
effect for different fractions of suspensions and is shown to be a result of the overlap of
branched clusters.
[1] M.V.Avdeev, V.L.Aksenov, O.V.Tomchuk, L.A.Bulavin, V.M.Garamus, E.Ōsawa, J. Phys.
Cond. Matt. 25 (2013) 445001
[2] O.V.Tomchuk, L.A.Bulavin, V.L.Aksenov, V.M.Garamus, O.I.Ivankov, A.Ya.Vul’, A.T.Dideikin,
M.V.Avdeev, J. Appl. Cryst. 47 (2014) 642
[3] O.V.Tomchuk, D.S.Volkov, L.A.Bulavin, A.V.Rogachev, M.A.Proskurnin, M.V.Korobov,
M.V.Avdeev, J. Phys. Chem. C 119 (2015) 794
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Mode-crystallography and parametrized refinements for a better approach to the crystal
structure and its evolution with T
Josu M. Igartua1 , Brahim Orayech2 , Urko Petralanda2 , Iñigo Etxebarria1
1) Basque Country University, Science and Technology Faculty, Applied Physics II Dept. 2)
Basque Country University, Science and Technology Faculty, Condensed Matter Physics Dept.
* Josu M. Igartua, josu.igartua@ehu.es
The presence in some of the materials under study of light elements, the fact that the most
accesible structural determination technique, x-rays, is not capable to discriminate between
some elements, due to the absence of contrast for some elements, the not-so-easy-access to
best suited high-resolution techniques for the structural determination, has lead us, among
some other reasons, to think on a more efficient workflow for the refinement of the patterns of
perovskite materials, simple and double.
The existence of the Bilbao Crystallographic Server, amongst others, with AMPLIMODES, and
related Solid State Theory Applications and the Structure Utilities, has facilitated the path to
elaborate a new structural analysis workflow, less expensive, more autonomous and
independent, less time-consuming to reach the final solution and more efficient, at least when
analyzing the kind of materials we are interested in.
It is based on a special parametrization (P), in the refinements, of some degrees of freedom.
The P is done guided by the experimental results from high-resolution data on the material (or
on related materials). The P is based on mode-crystallography, the structural degrees of
freedom are not the atomic co-ordinates, but the amplitudes of symmetry-adapted-modes.
1
2
The method is based on the recent work . We have applied it to NaKNbO3 and used, in
3
La2CoMnO6 . This report summarizes some results obtained in a broad study. In our opinion,
they serve to validated the approach we are proposing.

We show that among the studied set of materials there are a few outliers. They correspond, to
the non-high-resolution data, so should be discarded. The structural solutions of the outliers
from high-resolution data should be re-visited, in our view. We show that all the accepted
solutions have a partial distortion that shares a common direction in the internal space. We
show that the direction is unique, although they show up in both senses it, corresponding to
equivalent structural descriptions, energetically equal. The outliers correspond to non-equivalent
descriptions, energetically different.
The method (workflow) gives a first approach to the final solution. It reduces considerably the
need to perform high-resolution experiments of the same kind in temperature, for instance.
Makes more usable data from newly designed (not only as characterizing) preliminary x-ray
diffraction experiments. Thus, home-made experiments have extended capabilities for research
groups with no access to big facilities, but giving them reliable tools for their own systematic
structural analysis or for suitable re-visit of cases subjected to controversy.
1) Kocsis B, Perez-Mato JM, Tasci ES, de la Flor, G & Aroyo, MI (2014) J. Appl. Cryst. 47,
1165-1179
2) B Orayech, A. Faik, GA López, O Fabelo and J. M. Igartua, (2015) J. Appl. Cryst. 48,
1165-1179
3) B Orayech, GA López, O Fabelo and J. M. Igartua, (2015) sent to Dalton Transactions
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Quantum entanglement in Manganese(II)hexakisimidazole nitrate, electronic structure
imaging: A polarized neutron diffraction, density functional theory study.

Warren Wallace1 , Garry McIntyre2 , Garry McIntyre3 , Philip Tregenna-Piggott1
1) Paul Scherrer Institut 2) Institute Laue Langevin 3) Australian Nuclear Science and
Technology Organization
* Warren Wallace, warrenwallace@gmail.com
Quantum entanglement [1] has been visualized for the first time, in view of the spin density
distribution, electronic structure for manganese in manganese(II)hexakisimidazole nitrate. Using
polarized neutron diffraction [2], density functional theory modeling, we have found for the titled
complex, which crystallizes in the R¯3 spacegroup, a = b = 12.4898(3) Å, c = 14.5526 (4) Å, a =
g = 90 0, b = 120 0, Z = 3, that spatially antisymmetric and spatially symmetric regions of
negative spin density for manganese, in the spin density map for manganese, are a result of
entanglement of the high spin d5 configuration due to dative imidazole-manganese p-donation
and s-bonding interactions respectively. We also found partial decoupling of the entangled state
for manganese observed as regions of positive spin density with spherical contribution (3.758
mB) and non-spherical contributions (1.242 mB). These results for the titled complex show a
conceptual view of imidazole-manganese dative bonding interactions within the context of two
particle state spin exchange. More importantly, these results shed light on the growing
understanding of electronic structure, magnetism, the paradoxically views of entanglement and
quantum mechanics.

[1] Jaeger, G. “Entanglement, Information, and the Interpretation of Quantum Mechanics” XIV
(2009) 307.
[2] Alperin H. A., Brown P. J., Nathans R., Pickart S. J. J. of App. Phys 34 (1963) 1182.
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Structural complexity in non-stoichiometric oxides: from fundamental aspects to
application
Matthias Frontzek1 , Jürg Schefer1 , Lukas Keller1 , Kazimierz Conder2 , Sumit Ranjan Maity3 ,
Monica Ceretti3 , Werner Paulus3
1) Laboratory for Neutron Scattering and Imaging, Paul Scherrer Institut, 5232 Villigen-PSI,
Switzerland 2) Laboratory for Development and Methods, Paul Scherrer Institut, 5232 VilligenPSI, Switzerland 3) Chimie de Cristallochimie de Matériaux (C2M), Université de Montpellier 2,
34095 Montpellier, France
* Matthias Frontzek, matthias.frontzek@gmx.de
Certain oxides with the composition R2MO4 (R = rare earth, M = transition metal) crystallizing in
the K2NiF4 structure have been found to intercalate oxygen at ambient temperatures through a
topotactic reaction. The intercalated oxygen strongly influences the oxygen mobility [1] and the
electronic properties presumably both through structural order and change of valence for the
transition metal ions. In La2CuO4+d (d = 0 … 0.07) oxygen intercalation changes the electronic
properties from an antiferromagnetic semiconductor to a high-temperature superconductor [2].
In Pr2NiO4+d (d = 0 … 0.25) small amounts of intercalated oxygen suppresses the
antiferromagnetic order of the Ni-sublattice [3,4]. Further oxygenation leads to defined, longrange ordered superstructures over the full crystal volume with unit cells up to cell volumes of
3,000,000 Å3. In Pr2NiO4+d these oxygen-rich phases can be electrochemically prepared at room
temperature leading to kinetically stabilized phases which are inaccessible through high
temperature synthesis. Moreover, the electrochemical process allows varying the oxygen
content with precision thus allowing tuning electronic state and resulting superstructure.
Therefore, Pr2NiO4+d is especially suited to study the correlation between structural, charge and
orbital order and the resulting electronic properties.
In our contribution we will present a detailed single crystal study on electrochemically prepared
Pr2NiO4+d using single crystal neutron and x-ray diffraction data. Exemplarily shown in Fig. 1
these data show the complex oxygen superstructures as a function of the oxygen content d.
With the complementary use of neutrons and x-ray we are able to distinguish charge, spin and
orbital order. Apparently the presence of intercalated oxygen implies valence order of Ni2+/Ni3+
stemming from orbital ordering.
Further, the long-range oxygen order points to the presence of an organizing interaction. Based
on neutron spectroscopic measurements we will show that in the oxygen rich phases additional
phonon modes are present. These modes are the fundamental interaction leading to the
structural order and also to the room temperature mobility of the intercalated oxygen ions. This
phonon-assisted transport would be new phenomenon of oxygen transport and its
understanding could lead to solid oxide fuel cells application at room temperature.
[1] A. Villezusanne, W. Paulus, J. Schefer et al., J Solid State Electrochem 15 (2011) 357
[2] J. D. Jorgensen et al. PRB 38 (1988) 11337
[3] D. Prabhakaran et al., J. Mater. Sci. Mater. Electron. 14 (2003) 583
[4] S. M. Aspera et al. J. Phys. Cond. Mat. 24 (2012) 405504
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Fig. 1: Reciprocal HK0 maps of Pr2NiO4+d with d = 0.25 (left) and 0.12 (right) at T = 100 K
collected at DMC@SINQ. The HK values relate to the tetragonal cell with a ~ 3.8 Å, c ~ 12.3 Å.
Additional peaks originate from the oxygen superstructure
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Determination of SbVO4 Catalyst Structure from Magnetic and Nuclear Neutron
Scattering
Jorge Hernández-Velasco1 , Paloma Vilanova-Martínez1 , Ines Puente-Orench2 , Andreas
Hoser3 , Fernando Agulló-Rueda1 , Angel Landa-Cánovas1
1) Instituto de Ciencia de Materiales de Madrid ICMM CSIC, E-28049 Madrid, Spain 2) Institut
Laue-Langevin ILL, F-38042 Grenoble, France 3) Helmholtz Zentrum Berlin HZB, Hahn Meitner
Platz 1, D-14109 Berlin, Germany
* Jorge Hernandez-Velasco, hernandez.velasco@icmm.csic.es
SbVO4 series of compounds could be a promising catalyst for the production of 20% cheaper
acrylonitrile by the ammoxidation of propane compared to current method from propylene
producing 8×106 ton/year, i.e. more than 1 Kg per human inhabitant of the planet. In the nonstoichiometric series with ratio Sb:V ~1:1 described as Sb0.9V0.9+x[] 0.2-xO4 (0≤ x≤0.2), cation
vacancies ([] ) are introduced in the basic rutile type-structure following the mechanism: 4V3+→
3V4++[] , while antimony remains as Sb5+. Composition, oxidation state and subtle structural
features influence the activity and selectivity for the highest performance catalyst.
The reduced phase richest in V3+ has been reported to be Sb0.9V1.1O4 , which shows by electron
diffraction (ED) superlattice reflections characteristic of a 2-fold rutile superstructure along caxis. However the X-ray powder diffraction pattern showed only basic rutile reflections. The
reciprocal lattice study by ED has revealed the following unit cell for the rutile superstructure: a
=Ö2ar, b = Ö2br, c = 2cr (subindex r refers to the basic rutile unit cell in P42/mnm). The
superstructure space group, I41md, was determined by means of convergent beam electron
diffraction CBED. A structural model based on alternating Sb and V cations ordering along c in
the chains of edge-sharing octahedra was proposed.
No cation vacancies have been observed for this reduced phase, while for the compounds
synthesized in oxidizing conditions the presence of vacancies has been confirmed. Magnetic
susceptibility data indicate for the first time possible magnetic ordering in reduced phases rich
on V3+ which are close to the nuclear superstructure by Sb-V ordering. For the simultaneous
crystal and magnetic structure determination we have performed a neutron diffraction study on
different samples of the series with composition ~SbVO4.
Below TN ≤ 50K, new Bragg reflections of pure magnetic nature appear due to the 3D-AF
interaction of the vanadium spins changing gradually from the paramagnetic disorder to the
magnetically ordered state as the temperature decreases. The periodicity of the magnetic
structure develops being close to doubling again the two-fold commensurate supercell of rutile
type described by the alternate ordering of Sb and V along the rutile c-axis in SbVO4, giving rise
to a final 4-fold rutile superstructure.
However, the exact periodicity of the spin arrangement is clearly not commensurate with the
nuclear cell but close to that. The refinement of the incommensurate magnetic propagation
vector to k= [0, 0, ±kz] with kz= 0.266(1) r.l.u. is close to the commensurate value ¼. It accounts
both for the magnetic satellites and it is compatible with the absence of a commensurate
nuclear 2-fold supercell but the observed modulated chemical structure with modulation vector
q = 0.532 c*.
Acknowledgments:
We thank the MEC funding through project MAT2011-27192 FLEXOCAT. Also we thank the
beamtime provided through FP7-NMI3-HZB and CRG-SpINS.
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Operando Neutron and Synchrotron X-Ray diffraction during lithium battery operation
Christian Masquelier1 , Matteo Bianchini3 , Laurence Croguennec2 , François Fath4 ,
Emmanuelle Suard3
1) LRCS, Université de Picardie Jules Verne & CNRS UMR 7314, Amiens, France 2) ICMCB,
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ILL, Institut Laue Langevin, Grenoble, France 4) ALBA Synchrotron, Barcelona, Spain
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In-situ techniques proved to be exceptionally useful tools to understand electrode materials for
Li-ion batteries (1). Despite the great interest generated by neutrons’ sensitivity to lithium, in-situ
neutron diffraction (ND) knew a slow development due to the intrinsic difficulties it held (2). We
recently designed an electrochemical cell manufactured with a completely neutron-transparent
(Ti,Zr) alloy (3). Used with deuterated electrolytes, the cell is able to combine good
electrochemical properties and the ability to collect ND patterns operando, with good statistics
and no other Bragg peaks than those of the electrode material of interest. Importantly, this
allows detailed structural determinations by Rietveld refinement during operation. The cell was
validated using well-known battery materials such as LiFePO4 and Li1.1Mn1.9O4 (3)
demonstrating real operando experiments conducted on the D20 high flux neutron powder
diffractometer at ILL Grenoble, France. The cell was then used to study new challenging
materials. We report here in particular on a series of spinel materials
Li1+xMn2-xO4 (x=0, 0.05, 0.1). The well-known difference in electrochemical performances
(capacity fading) observed in this family of materials was thoroughly investigated using
operando neutron diffraction. The study (4) showed that not only the volume change induced by
the delithiation is reduced while going from LiMn2O4 to Li1.10Mn1.90O4, but more importantly that
the mechanism by which this happens is modified. In fact, while Li1.10Mn1.90O4 reacts though a
“simple” monophasic reaction (a solid solution), Li1.05Mn1.95O4 shows the existence of a solid
solution process followed by a biphasic reaction and LiMn2O4 even shows a sequence of two
biphasic reactions. Both the above mentioned features contribute to make overlithiated
Li1.10Mn1.90O4 a much better candidate for use in Li-ion batteries than the standard
stoichiometric LiMn2O4. In more details, neutrons allow us to be sensitive to lithium’s atomic
parameters, such as atomic coordinates and even site occupancy factors (SOFs), and thus to
include them in our analysis by the Rietveld method to increase the accuracy of our timedependent structural model. In the specific case of Li1+xMn2-xO4 spinels, this meant the
possibility to correlate, for the first time, the evolution of lithium’s SOF with the electrochemical
features of the materials, which is of key importance for understanding and therefore improving
Li-ion battery materials.
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Neutron and sinchrotron studies of the structure of sinthetic opals
Sergey Agafonov1 , Victor Somenkov1 , Victor Glazkov1 , Michail Shushunov1
1) National Research Centre ”Kurchatov Institute”, Moscow, Russia
* Sergey Agafonov, agaph@mail.ru
Using the method of neutron and sinchrotron diffractometry and small-angle diffraction with high
angular resolution we investigated the structural changes of various sinthetic opals in thermal,
pressure and thermobaric impact.
By the double-cristal method of small-angle scattering on angles of a few arcseconds we
established cubic superlattice with a constant, close to the wavelenght of light waves,
depending on the size of silica spheres. According to diffraction data, these spheres are
amorphous and correspond to the most high-temperature modification of silicon dioxide - βcristobalite.
It is shown that with temperature increasing (1000 °C) sinthetic opals change the color with a
decrease in the constant of superlattice and maintaining of iridescence. Upon further increase of
temperature to 1500 °C it is formed a trasparent amorphous material with cristobalite structure
(without superlattice and iridescence).
When pressure is applied above 1.1 GPa, on the neutron-diffraction picture, in addition to the
original halo of sinthetic opals, we can see some diffraction lines, showing partial cristallization
of opal. The intensity of these peaks is increased up to a pressure of 3.5 GPa and corresponds
to the lines of α-quartz.
Under the simultaneous action of temperature up to 500 °C and pressures up to 7 GPa
according to diffraction findings, occurs complete cristallization to coesite structure, stable at
ambient conditions.
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Hydrogen in Copper by Inelastic Neutron Scattering
A.S. Ivanov1 , V.E. Antonov2 , B.M. Bulychev3 , A.I. Kolesnikov4 , V.I. Kulakov2 , M.A.
Kuzovnikov5 , M. Tkacz6
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Earlier experiments in diamond anvils demonstrated that at room temperature, fcc copper forms
a fcc hydride at a hydrogen pressure of 14.4 GPa [1] or a hexagonal hydride with an anti-CdI2
structure at 18.6 GPa [2]. Judging by the lattice expansion, both hydrides had an atomic ratio of
x = H/Cu ~ 0.5. The hydrogen positions or hydrogen vibrations in the copper lattice of these
hydrides have not been examined because the samples were too small for neutron studies.
Using Toroid-type high-pressure chambers, we synthesized two massive CuHx samples (each
weighing about 6 g) at a hydrogen pressure of 7 GPa and a temperature of 600ºC, recovered
the samples to ambient conditions and studied their vibrational spectra by INS at 6 K with the
SEQUOIA neutron spectrometer at SNS, Oak Ridge National Laboratory. The INS spectra of
these two samples with x = 0.015 and 0.004 looked similar and showed peaks characteristic of
rotational transitions in molecular hydrogen.
One could expect that the molecular hydrogen found in the samples was initially dissolved in the
bulk of the copper samples at the synthesis conditions, but its equilibrium concentration
drastically decreased in the course of the following decrease in the temperature and pressure.
Due to the low hydrogen diffusivity at ambient conditions, the hydrogen could not escape from
the samples and was accumulated as H2 gas in the pores/bubbles in the copper, similar to that
observed recently in aluminium [3,4].
To save more hydrogen in the bulk of the copper metal, we prepared a new 7.5 g sample at 5
GPa and 600ºC and quenched it under pressure down to 80 K. This sample with x = 0.025 was
measured at 15 K with the Lagrange neutron spectrometer at the Institute Laue-Langevin,
Grenoble. Along with the spectrum of molecular hydrogen, the obtained INS spectrum also
showed the intensity distribution typical of the first and second optical vibrational bands of
hydrogen in fcc and hcp hydrides of 3d- and 4d-metals with hydrogen atoms occupying
octahedral interstitial sites [5]. Most likely, the homogeneous solid solution of 2.5 at.% H in Cu
formed at T = 600°C of the sample synthesis, further decomposed to a mixture of a copper
hydride and a Co-H solution with a much smaller H concentration, which should be
thermodynamically stable below room temperature.
The first optical band of the copper hydride thus formed was composed of a strong peak at an
energy transfer of E0 = 100 meV with a broad shoulder toward higher energies. The position of
this peak agrees with the E0(R) dependence for monohydrides of 3d-metals [5], if the shortest
hydrogen-metal distance R = 1.85 Å is that of the fcc copper hydride discovered in ref. [1].
[1]

R. Burtovyy et al. Solid State Commun. 131 (2004) 169.

[2]

C. Donnerer et al. J. Chem. Phys. 138 (2013) 134507.
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[3]

L. Senadheera et al. J. Alloys Compd. 463 (2008) 1.

[4]

C.E. Buckley et al., J. Appl. Cryst. 34 (2001) 119.

[5]

V.E.Antonov et al. J. Alloys Compd. 446-447 (2007) 508.
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Structural investigations of CH3NH3PbI3
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Perovskites with ABX3 – structure show a huge possibility on element substitutions on A-,B- and
C-site which leads to a broad variety of physical properties. In recent years the interest become
focused on hybrid perovskites as a future photovoltaic material. Our field of interest lays in lead
methylammonium triodide in which A is the organic unit [CH3NH3]+ , B=Pb2+ and X=I3 -.
The different perovskite crystal structures can be classified by their octahedral coordinated Bcation. The aristotype-structure (P m-3m) is symmetry lowered due to tilting, distortion of [BX6] octahedra or displacement of B-cation from center of octahedron. These different types of
displacements are shown in the ‘Bärnighausen-Stammbaum’ [1] a tree diagram which was
extended in 2002 by Bock & Müller [2] who presented a tree diagram where all group-subgroup
relations of octahedral tilted space groups are taken into account, based on the work of
Bärnighausen and ‘Glazer’s tilt systems’ [3].
First structure analysis and Rietveld refinements confirmed the MAPbI3 - perovskite belongs to
the tetragonal space group I 4/mcm. Further investigations showed that MAPbI3 shows a highly
disordered structure with large atomic displacement factors of the anions meaning, that the
[PbI6]-octahedra show a tilting. The analyses furthermore revealed a distortion and statistical
distributed tilting of the octahedra. This in turn takes influence on the organic unit and therefore
influences photovoltaic properties.
The polycrystalline perovskite samples were synthesized from a equimolar mixture of
methylammonium iodide and PbI2, described by Im et al. [4].
For structural investigations Synchrotron and Neutron diffraction experiments were performed at
the Helmholtz-Zentrum Berlin für Materialien und Energie. The data treatment was performed by
F.O.X. (Free Objects for Xtallography) and FullProf Suite software.
The presentation will give an overview of the results of this structural study with a certain focus
on the statistic disorder of the methylammonium molecule, and anion displacement. Moreover,
structural trends will be discussed.
1. Bärnighausen, H., Group-subgroup relations between space groups: A useful tool in
crystal chemistry. MATCH Communications in Mathematical and in Computer
Chemistry 1980. 9: p. 139–175.
2. Bock, O. and U. Müller, Symmetrieverwandtschaften bei Varianten des ReO3-Typs.
Zeitschrift für anorganische und allgemeine Chemie, 2002. 628(5): p. 987-992.
3. Glazer, A.M., The classification of tilted octahedra in perovskites Acta Crystallographica
B, 1972. 28: p. 3384-3392.
4. Im, J.H., et al., 6.5% efficient perovskite quantum-dot-sensitized solar cell. Nanoscale,
2011. 3(10): p. 4088-93.
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Modeling of specular, diffuse and diffraction neutron scattering from surfaces and
interfaces using a kinematic approximation
Alexander Belushkin1 , Sergey Manoshin1 , Viktor Rikhvitsky2
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region, 141980, Russian Federation 2) Laboratory of Information Technologies, Joint Institute
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Specular, diffuse neutron scattering and diffraction from rough surfaces and interfaces was
modeled using a Parratt methods [1] and kinematic approximations.
We present simulations of reflectivity from H2O, D2O on SiO2 substrate. The limits of kinematic
approximation applicability are discussed.
Diffuse neutron scattering was simulated for D2O on SiO2 substrate. Rough surfaces with the
required parameters were generated using a random phase method algorithm. Such surfaces
could describe capillary waves on the surfaces of liquids and polymers. Calculations were
performed for a range of roughness parameters for surface and interface.
The diffraction pattern was successfully simulated in kinematic approximation for a square
lattice of Ni58 columns on Si substrate. Our results were compared with simulations by
BornAgain [2] software based on the use of the distorted-wave Born approximation (DWBA). It
is demonstrated that the agreement of the results is good. At the same time it is discussed that
the kinematic approach is much more illustrative especially for qualitative results and provides
the possibility to model very complex systems for which DWBA approach could be difficult to
implement.
References
1. L.G. Parratt, Phys. Rev. 95 359 (1954).
2. Born again project: http://www.bornagainproject.org/
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Structural investigation of Hyaluronan-surfactant complexes
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Self-assembled complexes of polyelectrolyte and oppositely charged surfactant in aqueous
solutions have been studied over decades and are used in various applications especially for
healthcare products. They are thermodynamically favoured due to their electrostatic attraction
and the release of counter ions and water. Besides all possible polyelectrolyte and surfactant
combinations, there are many parameters which are controlling the structure of these
1,2
complexes : The mixing ratio of both components, the ionic strength of the solution, the MW,
charge density and persistence length of the polymer as well as the morphology of the micelle
formed by the surfactant. However, besides a lack of knowledge of fundamental principles,
much uncertainty still exists about the relation between the mesoscopic arrangement in these
complexes and their macroscopic viscoelastic behavior. This contribution will focus on the
polysaccharide Hyaluronic acid (HA), which has a carboxylic group on each repeating unit and
an intrinsic persis-tence length of 4.0 nm in aqueous solutions.3 As oppositely charged
surfactant we use TTAB (tetradecyl-trimethylammonium bromide). Homogeneous mixtures of
these components were studied rheologically by shear flow experiments and structurally by
SANS and light scattering. Three fundamentally different cases were found: 1. Polymer rich
solutions showed a lower diffusion coefficient but no change in viscosity; 2. Mixtures near the
charge equilibrium were precipitating; and 3. Surfactant rich solutions possess a faster diffusion
but an increase in zero shear viscosity. SANS measurements showed that in this system the
viscosity increase is caused by the entanglement of the HA chains (see figure) and not by a
change in micellar structure as it is stated for similar systems. Upon shear flow an alignment of
the complexes of surfactant rich solutions could be observed in Rheo-SANS experiments
(concentrations below wormlike conditions). Thereof and from comparison to carboxymethyl
cellulose/TTAB complexes a comprehensive structural picture will be derived.
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Neutron Compton scattering (NCS) is a unique experimental technique made possible by the
development of accelerator-based neutron sources, such as the ISIS source of the Rutherford
Appleton Laboratory in the UK. The measurement of nuclear momenta by NCS relies on the
fact that the energy and momentum transferred in the scattering process are sufficiently large,
such that the so-called impulse approximation (IA) is an accurate starting point [1]. In the IA
limit, the dynamic structure factor measured in NCS for a given nucleus covers the whole
energy range of its motional modes. This includes translational and vibrational modes,
followed by internal molecular vibrations and the whole spectral range of nucleus-projected
vibrational density of states, in case of molecular systems and crystalline materials
respectively [1]. Thus, NCS is a unique technique enabling direct access to mean kinetic energy
in a mass-selective manner. Comparison of experimental results with ab initio computations
provides a test for novel first-principles approaches to describe materials properties [2].
NCS technique has been employed to study proton NMDs in quantum fluids and solids,
metal hydrides, amorphic solids and glasses [1] and, recently, gas and chargestorage media [3]. Beyond the proton, recent instrument developments other the
prospects of access to the NMDs of heavier nuclides including deuterium, lithium, and
fluorine. [4, 5, 6, 7]. NCS can also provide information on sample composition, including
hydrogen content in bulk materials [8].
The work presented here provides two specific examples of a direct and simultaneous
access
to
the
momentum
distributions
and
mean
kinetic
energies
of
lightweight and heavy nuclei in two systems: (i) an ionic compound – lithium hydride
and its deuterated counterpart, and (ii) squaric acid – an above room temperature
organic antiferroelectric. It is demonstrated that, beyond the usual case of proton, the
determination of the shapes of momentum distributions of heavier nuclei, deuterons and lithium,
is also possible.
The presented data provide stringent benchmarks for first-principles
calculations on these technologically relevant materials.
[1] Andreani C, Colognesi D, Mayers J, Reiter G and Senesi R 2005 Adv. Phys. 55 377
[2] Lin L, Morrone J A, Car R and Parrinello M 2010 Phys. Rev. Lett. 105 110602
[3] Krzystyniak M, Adams M A, Lovell A, Skipper N T, Bennington S M, Mayers J and
Fernandez-Alonso F 2011 Faraday Discussions 151 171
[4] Krzystyniak M 2010 J. Chem. Phys. 133 144505
[5] Krzystyniak M and Abdul-Redah T 2010 Phys. Rev. B 82 064301
[6] Krzystyniak M and Fernandez-Alonso F 2011 Phys. Rev. B 83 134305
[7] Krzystyniak M, Richards S, Seel A and Fernandez-Alonso F 2013
Phys. Rev. B 88 184304
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Neutron powder diffraction study of Tm2Mn2O7-pyrochlore obtained by yet another
chemical route of synthesis
Ekaterina Pomjakushina1 , Katharina Rolfs1 , Vladimir Pomjakushin2 , Janusz Karpinski1 ,
Kazimierz Conder1
1) Laboratory for Developments and Methods, PSI, 5232 Villigen, Switzerland 2) Laboratory for
Neutron Scattering and Imaging,PSI, 5232 Villigen, Switzerland
* Ekaterina Pomjakushina, ekaterina.pomjakushina@psi.ch
Properties attracted much interest with respect to pyrochlores, include metal–insulator
transitions, magnetic frustration/spin ices, magnetoresistance, superconductivity, ferroelectrics,
O/F ionic conductivity, mixed conductivity, pigments and catalysis. One of the listed areas is
geometrical magnetic frustration, which is interesting because of possible realization of novel,
exotic, magnetic ground states. The cubic pyrochlore oxides (Fd-3m) have a general formula
A2B2O7 or A2B2O6O’, where A is usually a trivalent rare earth metal and B is a tetravalent
transition metal.
The rare earth manganese (IV) pyrochlores cannot be synthesized at ambient pressure
requiring high pressures for the stabilization of the pyrochlore lattice, which is mainly due to the
small size of Mn IV compared to trivalent rare earth cations. The reported successful synthesis
of A2Mn2O7 (A= Y,Tl) by Fujinaka [1] were done in the range 1000-1100 C and pressures 36GPa, at pressures 5-8GPa and temperatures 1000-1500 C for A=Sc, Y, In, Tl, Tb-Lu [2]
and A=Y, Dy-Lu by hydrothermal method in sealed gold ampules at 0.3 GPa and 500 C [3].
Later Shimakawa et al. [4] used a hot isostatic press apparatus at 1000–1300 C and only 0.4
kbar for the series A=In, Y, and Lu. All of these materials appear to be ferromagnets and in spite
of the variety of preparative conditions, the agreement among the various groups for the
structural parameters is excellent, suggesting that sample to sample compositional variation is
small [5]. Neutron studies of some selected A2Mn2O7 (Y,Ho, Yb) were done, but still more work
is needed to understand fully their magnetic ground state.
In this work [6] we present yet another chemical way of synthesis of Tm2Mn2O7 pyrochlore and
the studies of its magnetic properties and crystal structure. Neutron powder diffraction study
performed at the high-resolution HRPT diffractometer at SINQ neutron spallation source (PSI,
Switzerland) has shown, that the resulting compound has a pure pyrochlore cubic phase
Tm2Mn2O7 (space group Fd-3m) at room temperature. On coolong below 30K there is a
transiton to a ferromagnetically ordered phase with additional antiferromagnetic
canting suggesting the lowering of crystal symmetry to tetragonal one. The magnetic transition
is accompanied by well visible magnetostrsiction effect.
[1] H. Fujinaka, N. Kinomura, M. Koizumi, Y. Miyamoto, and S.Kume, Mater. Res. Bull. 14, 1133
(1979)
[2] I.O.Troyanchuk, V.N. Derkachenko, and E.F. Shapovalova, Phys. Stat. Sol. (a) 113, K243
(1989)
[3] M.A. Subramanian, C. C. Toradi, D. C. Johnson, J. Pannetier, A. W. Sleiht. J. Solid State
Chem. 72, 24(1988)
[4] Y. Shimakawa, Y. Kubo, N. Hamada, J. D. Jorgensen, Z. Hu, S. Short, M. Nohara, and H.
Takagi, Phys. Rev. B 59, 1249 (1999).
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[5] Jason S. Gardner, Michel J. P. Gingras, John E. Greedan REVIEWS OF MODERN
PHYSICS 82, JANUARY–MARCH (2010)
[6] E.Pomjakushina, K.Rolfs, V. Pomjakushin, J.Karpinski and K.Conder, to be published
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The structural aspect of luminescent properties forming in composite phosphors
Y3Al5O12:Ce3+/Lu2O3 and Lu3Al5O12:Ce3+/Lu2O3: neutron diffraction studies
Sergey Kichanov1 , Gvidona Shevchenko2 , Evgeniy Tretyak2 , Denis Kozlenko1 , Georgiy
Malashkevich3 , Alexander Belushkin1 , Boris Savenko1
1) Joint Institute for Nuclear Research, 141980, Dubna, Russia 2) Research Institute for
Physical Chemical Problems of the BSU, 220080, Minsk, Belarus 3) B.I.Stepanov Institute of
Physics NASB, 220072 Minsk, Belarus
* Sergey Kichanov, ekich@nf.jinr.ru
The crystal phosphors based on lutetium aluminum garnets Lu3Al5O12:Ce3+ (LuAG:Ce) in the
form of single crystals as well as alternative optical transparent ceramics obtained by solutionmelt chemicals methods are at the current focus of the extensive experimental and theoretical
research. The use of colloid chemical methods in preparation of luminescent materials has
special advantages. In the present talk, we reports about studies in detail the structural and
luminescent properties of composite phosphors Lu3Al5O12:Ce3+/Lu2O3 and Y3Al5O12:Ce3+/Lu2O3
synthesized by colloid chemical approach.
The crystal structure and spectral luminescent properties have been studied by means of
neutron powder diffraction and optical spectroscopy methods. We found the formation of stable
defect structures on the phase boundary between phosphors Lu3Al5O12:Ce3+, Y3Al5O12:Ce3+and
additional oxide Lu2O3.
In the study of Y3Al5O12:Ce3+/Lu2O3 significant enhancement of integral luminescence intensity
and shift of its maximum to longer wavelength region was revealed on Lu2O3 doping. We
reports, that the modification of luminescent properties by Lu2O3 doping in
Lu3Al5O12:Ce3++Lu2O3 is drastically different is comparison with Y3Al5O12:Ce3++Lu2O3 due a
redistribution of optically active Ce3+ ions between initial Lu3Al5O12 and lutetium oxide Lu2O3
phase during the colloid chemical synthesis, resulting in suppression of luminescence intensity.
The obtained results demonstrate that oxide doping effects on structural and luminescent
properties of “garnet+oxide” system have a complex character, and one needs to take into
account several factors. They include not only diffusion processes of Ce3+ ions between system
components, but also possible formation of new structural phases and stable defect regions at
phase interface, and optically active or inactive state of activator ion in a specific structural
environment.
The work has been supported by the RFBR and the Ministry of Investment and Innovation of
Moscow region under grant № 14-42-03641_r_centr_a.
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Molecular Shape Tuning with Pressure in a System Coupled to a Continuous Phase
Transition: A Neutron Diffraction Study
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1) Department of Inorganic Chemistry and ICMA, University of Zaragoza - CSIC, Pedro
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Laboratory, Argonne, IL 60439-4814, U.S.A.; Present Address: Advanced Photon Source, Bldg.
434, Argonne National Laboratory, Argonne, IL 60439, U.S.A. 3) Intense Pulsed Neutron
Source, Argonne National Laboratory, Argonne, IL 60439-4814, U.S.A.; Present address: X-Ray
Science Division, Bldg. 401, Argonne National Laboratory, Argonne, IL 60439, U.S.A. 4)
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12, E-50009 Zaragoza, Spain
* Lawrence Rocco Falvello, falvello@unizar.es
The transition-metal complex trans-[Ni(cyan-kN)2(NH3)4] (cyan = cyanurate-N) forms molecular
crystals that undergo a continuous, or second-order, phase transition to permit continuous
variation of the molecular shape. In a first report on this system [1] the phase transformation
and accompanying molecular distortion were characterized as a function of temperature only. It
was found that from the zero point of the transformation, at just above room temperature, to the
lowest temperature studied, 13 K, the square of any of three distortion parameters varied
linearly as a function of temperature, as expected for a continuous phase transition.[2] In the
present study, pressure was added as a parameter and structure analyses were performed at T
= 223 K, p = 2 kbar and at T = 20 K, p = 2 kbar. At T = 223 K the effect of increasing the
pressure is greater than that at T = 20 K. It was further observed that the application of
pressure at T = 20 K yielded a larger distortion than that predicted for T = 0 by the temperatureonly study at ambient pressure. The implications of these results are discussed.
REFERENCES
[1] L. R. Falvello, M. A. Hitchman, F. Palacio, I. Pascual, A. J. Schultz, H. Stratemeier, M.
Tomás, E. P. Urriolabeitia, D. M. Young, J. Am. Chem. Soc. 121, 2808-2819(1999).
[2] E. K. H. Salje, Acta Crystallogr., Sect. A A47, 453-469(1991).
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Elastic constants in multiferroic Bi2Mn4O10
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Strasse /NW2, D-28359 Bremen, Germany
* Holger Gibhardt, hgibhar@gwdg.de

Mullite-type Bi2Mn4O10 [1] is an example for a multiferroic compound with a Néel temperature of
39 K, although its crystal structure [2] is not typical for allowing ferroelectricity. The dipoles of
the constituent Mn4+O6 (along c-axis, bond valence sum BVS = 3.90(2) v.u.) and Mn3+O5 (along
b-axis, BVS = 3.04(2) v.u.) polyhedra are oriented in different directions [3]. Both its nuclear and
magnetic structural features differ from those of other rare-earth members of the R2Mn4O10
family. For instance, all of the coordination polyhedral (Mn4+O6, Mn3+O5 and Bi3+O8 (BVS =
3.18(2) v.u.) show distinctive distortions due to slight but significant lone electron pair activity of
the Bi3+ cation [4]. While each member of R2Mn4O10 family possesses incommensurate
magnetic character [5], Bi2Mn4O10 exhibits a commensurate [6] magnetic structure.
In order to characterize its lattice dynamical properties we have studied the acoustic phonon
branches of a single crystal of Bi2Mn4O10 at room temperature using inelastic neutron scattering
(INS). INS is a well-established method for the determination of the elastic cij. Experiments have
been performed at the three-axes spectrometer PUMA@FRM II. The dispersion curves of the
acoustic phonon branches in the Brillouin zone have been measured for different propagation
directions close to the zone center (Γ-point) and for different polarization vectors. The linear
slopes of the dispersion curves are connected with a specific combination of the cij depending
on the propagation directions and the polarization vectors of the modes. We were able to
determine as much as nine elastic constants cij provided by the orthorhombic crystal (Pbam).
References
[1] H. Schneider, R. X. Fischer, Th. M. Gesing, J. Schreuer, M. Mühlberg, Int. J. Mat. Res. 103
(2012) 422 - 429.
[2] M. Burianek, Th. F. Krenzel, M. Schmittner, J. Schreuer, R. X. Fischer, M. Mühlberg, G.
Nénert, H. Schneider, Th. M. Gesing, Int. J. Mat. Res. 103 (2012) 449 - 455.
[3] L. M. Volkova, D.V. Marinin, J. Phys.: Condens. Matter 21 (2009) 015903.
[4] M. Curti, Th. M. Gesing, M. Mangir Murshed, Thomas Bredow, Cecilia B. Mendive, Z.
Kristallogr. 228 (2013) 629-634.
[5] S. Petit, V. Balédent, C. Doubrovsky, M.B. Lepetit, M. Greenblatt, B. Wanklyn, P. FouryLeylekian, Phys. Rev. B 87 (2013) 140301.
[6] C. Vecchini, L.C. Chapon, P.J. Brown, T. Chatterji, S. Park, S-W. Cheong, P.G. Radaelli,
Phys. Rev. B 77 (2008) 134434.
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Zeolites are microporous ordered materials with interesting adsorption and catalytic properties
that make them suitable for many applications. In spite of the intensive study of these materials,
the adsorption of simple gases in pure silica zeolites, such as ZSM-5 and ZSM-11, is still not
well understood. Both of these zeolites are crystalline materials characterized by the presence
of interconnected channels with an internal diameter of about 5.4 Å. About 30 years ago,
volumetric and calorimetric experiments of the adsorption of Ar, Kr, and CH4 in ZSM-5 at 77K
revealed that, whereas Ar and Kr exhibited a pronounced step in the adsorption isotherm at half
load, the adsorption of CH4 occurred through a type I smooth isotherm [1]. Aided by neutron
diffraction experiments, Llewellyn et al. concluded that this step was connected to a disorderorder transition, which occurred both for Ar and Kr, but not for CH4. An alternative explanation is
that upon increasing the load there is a structural change in the zeolite that leads to a higher
porous volume [2]. Recent volumetric measurements of the adsorption of Ar and CH4 in ZSM-11
showed the same behaviour. Again, Ar adsorption exhibited a step at half load, but CH4 did not.
With the aim of finding a microscopic explanation for adsorption behaviour of Ar and CH4 in
ZSM-11, we performed high resolution neutron scattering experiments at GEM instrument (ISIS
Neutron Facility, UK). For 40Ar, the measurements were performed at two loads: before the step
(half load) and after the step (full load), whereas for CH4 only full load was considered. In order
to increase the signal of the adsorbed fluid, measurements were also performed for isotopes
36
Ar and CD4 at 77K. For 40Ar the diffraction pattern at half load was almost indistinguishable
from the empty ZSM-11 and, at full load, only subtle changes were observed for a few peaks at
Q ~ 1.8 Å-1, strongly suggesting that the adsorbent does not undergo significant structural
changes. As expected, more pronounced changes are observed when ZSM-11 is loaded with
36
Ar (see Fig. 1). Besides the well-known destructive interference that leads to a dramatic
decrease or even to the disappearance of the low Q-peaks of the empty zeolite, new peaks
appear at Q’s higher than 1.8 Å-1. These peaks show considerably more structure for full load
than for half load, which might be evidencing the hypothesized adsorbate disorder-order
transition. On the other hand, the diffraction pattern of ZSM-11 loaded with CD4 points to an
ordering of the adsorbate similar to that of Ar at half load. Analysis of these data using Rietveld
refinement and a bespoke Reverse Monte Carlo code [3] has helped us to understand the
microscopic mechanisms that lead to different adsorption behaviour of Ar and CH4 in ZSM-11.
[1] Llewellyn et al. Langmuir 9, 1846 (1993)
[2] Calero et al. J. Phys. Chem. B 112, 9976 (2008)
[3] Sánchez-Gil et al., J.Chem.Phys. 140, 024504(2014).
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Cobalt-based perovskites are attracting the interest as strongly correlated electron systems due
to the relevance of the cobalt spin state for their functional properties. The spin state of trivalent
cobalt is a key feature in half-doped Pr0.50A0.50CoO3 (A: Ca or Sr) perovskites, in which the spinlattice coupling gives rise to non-conventional magnetic and electronic transitions whose
interpretation has been controversial.
The properties of Pr0.50Sr0.50CoO3 (PSCO) differ from those in Pr0.50Ca0.50CoO3 (PCCO), where
a spin-state change has been proved to induce a partial Pr3+ to Pr4+ valence shift and a exotic
metal-insulator transition around 80 K. Recent works have confirmed the importance of the spinlattice coupling in PSCO (always metallic and ferromagnetic below TC ~ 230 K) reporting
magnetostructural changes at 120K. They vanish by substituting Pr with other lanthanides.
By means of neutron diffraction we have first determined and described its structural evolution,
which follows the Pm-3m→R-3c→Imma→I4/mcm sequence of transformations. We have shown
that the last transition is responsible for the unexpected magnetostructural anomalies at TS
~120 K. X-ray absorption experiments (XAS) at the Pr M4,5 and L3 edges rule out any trace of
Pr4+ below TS, and a large density of empty Co t2g states precludes the presence of pure
nonmagnetic Co3+ ions at low temperature unlike the PCCO compound.
The sudden changes in the magnetization reported previously at TS have been investigated
combining neutron diffraction and x-ray circular dichroism (XMCD) at Co L edges, revealing that
they are driven by the Imma→I4/mcm symmetry change and a spin reorientation of Co
moments (1.7 μB/Co at 2 K). The ratio mL/mS displays an anomalous evolution on heating
coinciding with the stretching of the CoO6 octahedra at TS. Sudden spin state changes are
discarded in this system.
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Neutrons and Raman scattering, infrared absorption and electron paramagnetic
resonance studies of vibration and reorientation dynamics, structural changes and its
interrelation with the phase transition in polycrystalline [Cr(urea)6](BF4)3
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Hexakis(urea-O)chromium(III) tetrafluoroborate, with formula [Cr(OC(NH2)2)6](BF4)3, crystallises
in the trigonal crystal system (R-3c space group, No 167), with 6 molecules in the unit cell [1].
Both the BF4- anions and CO(NH2)2 (urea) ligands are in the high temperature phase
dynamically disordered. The compound undergoes in the temperature range of 130-320 K one
solid-solid phase transition at Tc ≈255 K [1].
The incoherent inelastic and quasielastic neutron scattering (IINS, QENS) spectra, as well as
neutron powder diffraction (NPD) patterns, were simultaneously registered with the aid of NERA
inverted geometry time of flight spectrometer, installed at IBR-2 pulsed reactor in Dubna
(Russia) [2], at two different temperatures (293 and 5 K) The QENS scattering spectra
registered in 5 and 293 K does not show any broadening what implies that reorientational
correlation time tR of the molecular groups containing protons in the measured sample is
beyond of the time scale accessible to the NERA spectrometer. The IINS spectrum at 293 K is
very diffused, however, at 5 K some sharp and separated peaks, what is characteristic for the
ordered phase, are observed. The (NPD) patterns measured in these two temperatures do not
show any distinct differences, what means that at least from the point of view of the protons
positions the crystal structure does not change much in the wide temperature range. Only
shifting of Bragg reflexes towards lower dhkl is observed in the pattern at 5 K, with respect to
those at 293 K.
Analyse of Fourier transform infrared absorption (FT-IR) spectra, registered in the range of
temperature: 10-300 K, indicated in whole range of measurements existence of very fast (tR ≈
10-14-10-12 s) reorientational motions of the protons from NH2 groups belonging to CO(NH2)2
ligands. These motions are nearly not perturbed by the phase transition. Splitting of several
infrared bands, which was observed below phase transition temperature Tc, suggests that the
phase transition is associated with a change of the crystal structure. Analyse of Raman
scattering (RS) spectra, registered in the function of temperature, indicated that fast
reorientational motion of BF4- anions which exists above Tc is suddenly slowing down below this
temperature.
These all results were fully confirmed by the snap narrowing of the EPR line observed in the
vicinity of the phase transition temperature Tc.
Literature:
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N. Górska, E. Mikuli, L. Kótai; Spectroscopic, structural and thermal characterization of
crystalline [Cr(OC(NH2)2)6]X3, where X = ClO4-, BF4- and Cl-, Eur. Chem. Bull. 2014, 3,
474-481.

[2]

I. Natkaniec, D. Chudoba, Ł. Hetmańczyk, V.Yu Kazimirov, J. Krawczyk, I.L. Sashin, S.
Zalewski; Parameters of the NERA spectrometer for cold and thermal moderators of the
IBR-2 pulsed reactor Journal of Physics: Conference Series, 2014, 554, 012002.
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At room temperature [Cd(NH3)4](ReO4)2 crystallizes in cubic crystal system, space group F-43m
(No. 216) with lattice parameter a = 10.67 Å and four molecules per unit cell [1]. The high
symmetry of the crystal lattice is possible because the NH3 groups, surrounding the central
metal ion perform fast reorientational motions (measurable in picoseconds) around their
threefold axis. Thus this crystal belongs to the so-called dynamically, orientationally disordered
crystals (ODIC). Phase polymorphism of the mentioned above compound was investigated by
means of differential scanning calorimetry (DSC). The measurements were performed in the
temperature range of 420-100 K on cooling and heating of the sample at different rates. One
reversible phase transitions of the investigated compounds have been found at 368.8 K. This
compound is stable up to 460 K. Above 460 K the two stage deamination process takes place
and the formed Cd(ReO4)2 is stable up to 750 K. Above this temperature Re2O7 is released.
In the middle infrared spectra (registered in the 300 – 9 K range on cooling and heating) the
narrowing of the bands connected with NH3 vibrations is observed during the cooling. In the low
temperatures splitting of these bands is visible as well. Appearing of a new bands during cooling
in the region 3190 – 3235 cm-1 may be connected with slowing down of the NH3 reorientational
motion and with the formation of a hydrogen bond in the low temperatures.
The incoherent inelastic and quasielastic neutron scattering (IINS, QENS) as well as neutron
powder diffraction data were measured in three temperatures (293 K, 150 K and 50 K) with the
aid of NERA inverted geometry time of flight spectrometer installed at IBR-2 pulsed reactor in
Dubna, Russia [2]. The quasielastic neutron scattering spectrum registered in 293 K and 150 K
shows broadening what implies that protons in the sample under investigation perform fast
stochastic motions (correlation time τ ~ 10-13-10-12 s). Most probably these are reorientations
(jumps) of NH3 molecules around 3-fold symmetry axis.
The IINS spectra obtained at 293 and 150 K are diffused because of a large dynamical disorder
connected with the fast molecular reorientations, especially of NH3 molecules. The IINS
spectrum obtained for the lowest temperature phase at 50 K shows some sharp and separate
peaks characteristic for an ordered phase.
The neutron diffraction (ND) patterns measured in three temperatures do not show any distinct
differences what imply that at least from point of view of neutrons the crystal structure does not
change in the wide temperature range. Thermal expansion is observed by increasing lattice
distances.
References
[1] A. Müller, I. Bösehen, E. J. Baran und P. J Aymonino, Monatshefte fur Chemie 1973, 104,
836-847.
[2] I. Natkaniec, D. Chudoba, Ł. Hetmańczyk, V.Yu. Kazimirov, J. Krawczyk, I.L. Sashin, S.
Zalewski; Journal of Physics: Conference Series, 2014, 554, 012002.
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Grenoble, France 3) Institut für Festkörperphysik, TU Darmstadt, Germany 4) Fachbereich
Chemie, TU Darmstadt, Germany
* Markus Appel, markus.appel@fau.de
Ferrocene is an organometallic compound consisting of two cyclopentadienyl rings with a
reversibly oxidizable iron atom sandwiched in between (see left picture). Bulk ferrocene crystals
show a structural phase transition at 164 K. As an important aspect of the characterization of
ferrocene-containing polymers we study the cyclopentadienyl ring rotation dynamics using
quasi-elastic neutron scattering (QENS).
In bulk ferrocene, past neutron scattering studies of the ring rotation dynamics mainly focussed
on the high temperature phase [1]. We refine and extend the results to the low temperature
phase using TOF and backscattering experiments including the new possibility of inelastic fixed
window scans (IFWS) [2] on IN16B at the ILL as well as careful multiple scattering corrections.
In contrast to earlier findings, our result supports a model of two crystallographically different
sites having different activation energies for the jump diffusion process in the low temperature
phase. The dynamics in the high temperature phase can be understood in terms of two distinct
molecular configurations undergoing internal 5-fold jumps overlaid with a fast transition process
between them.
In the compound ferrocenium triiodide (FcI3), the ferrocene molecule is oxidized which
dramatically influences the intramolecular barrier to rotation of the rings. Consequently, a solidsolid phase transition is found at 85 K (instead of 164 K for bulk ferrocene), and the ring motion
at room temperature resembles that of a free rotor. The results of our QENS experiments agree
with complementary DFT calculations of the molecular electronic structure, confirming a
significantly lower internal barrier to ring rotation.
In poly(vinylferrocene), the ferrocene complex is laterally attached to a polymer chain (see right
picture). The resulting elastic incoherent structure factor (EISF) extracted from combined
backscattering and TOF spectroscopy as well as polarized diffraction supports the assumption
that only one ring of the ferrocene sandwich complex is rotating. Nevertheless, the glassy
polymer structure leads to a significant broadening of the rotational barrier distribution. A
combined analysis of many data sets provides sufficient dynamic range to describe the ring
motion from 80 K to 350 K using a rotation rate distribution model.
[1] Gardner et al., Chem. Phys. 57, 453 (1981)
[2] Frick et al., Nucl. Inst. and Methods A 669, 7-13 (2012)
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Single Crystal Neutron Diffraction Studies of Complex Hydrogen Bonds in Silicates and
Phosphates with HEIDI
Martin Meven1 , G. Diego Gatta2
1) RWTH Aachen Institut für Kristallographie and Forschungszentrum Jülich GmbH, JCNS at
MLZ, Garching, Germany 2) Università degli Studi di Milano, Dipartimento di Scienze Della
Terra, Milano, Italy
* Martin Meven, martin.meven@frm2.tum.de
Minerals of both the silicate and phosphate families are subject of numerous studies because
they are needed for many industrial processes. In addition, silicates provide about 90% of the
earth\'s crust. Due to their complex framework structures many of these compounds were
extensively studied wit X-ray diffraction. But for those members containing hydrogen the
important role of hydrogen bonds on their structures could not always resolved clearly with this
method. Recently various silicates and phosphates of this groups with very different
crystallographic space groups were studied on the hot neutron single crystal diffractometer
HEIDI at the Heinz Maier-Leibnitz Zentrum in Garching (MLZ) . The combination of neutron and
X-ray diffraction together with other methods reveal for all studied minerals, e.g. epidote, zoisite,
elbaite, brazillianite and paravauxite - valuable information about their structural details, not only
the different roles of hydrogen bonds but also occupational and site disorder.
[1] F. Cámara, G.D. Gatta, M. Meven and D. Pasqual; Thermal expansion and high temperature
structure evolution of zoisite by single-crystal X-ray and neutron diffraction; Physics and
Chemistry of Minerals, 39(1):27-45 (2011).
[2] G.D. Gatta, R.M. Danisi, I. Adamo, M. Meven and V. Diella; A single-crystal neutron and Xray diffraction study of elbaite; Physics and Chemistry of Minerals, 39(7):577-588 (2012).
[3] G.D. Gatta, I. Adamo, M. Meven and E. Lambruschi; A single-crystal neutron and X-ray
diffraction study of pezzottaite, Cs(Be2Li)Al2Si6O18; Physics and Chemistry of Minerals,
(39):829-840 (2012).
[4] G.D. Gatta,P. Vignola,M. Meven and R. Rinaldi; Neutron diffraction in gemology: Singlecrystal diffraction study of brazilianite, NaAl3(PO4)2(OH)4;American Mineralogist,98(89):1624-1630 (2013).
[5] G.D. Gatta, P. Vignola and M. Meven; On the complex H-bonding network in paravauxite,
Fe2+Al2(PO4)2(OH)2·8H2O: A single-crystal neutron diffraction study; Mineralogical
Magazine, Vol 78(4): 841-850 (2014).
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NEUTRON DIFFRACTION STUDY OF δ-ALLOY Pu242–Ga AGING
Viktor Somenkov1 , Mihail Blanter2 , Viktor Glazkov1 , Andrey Laushkin3 , Vladimir Orlov3
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University of Instrumental Engineering and Information Science, Moscow, Russia
* Mihail Blanter, mike.blanter@gmail.com
Self-irradiation of Pu-Ga alloy was studied by neutron diffraction, which provided information
about the crystalline structure and yilded mean-square atom displacements <u2> from the
Debye-Waller factor. The measurements were performed at room temperature using the sample
based on the isotope Pu242 with low neutron absorption cross section to which the short-living
isotope Pu238 (1.4%) was added to accelerate self-irradiation. This composition of the sample
sped up the aging processes by the factor of four and allowed us to obtain the maximum
equivalent time of ~40 years (10 calendar years). The tests were performed on the neutron
multidetector (224 He3 counters) diffractometer DISC with the reactor capacity of 4-5.5 MW
and the length of heat neutron waves of 1.664 A.
Fcc structure remains the same throughout this interval. An analysis of the small-angle neutron
scattering has demonstrated that the sample also contained precipitates with a size of a few
hundreds of microns, which did not change during the aging. The changes in < u2> due to
static displacements occur in two stages, viz. a relatively rapid growth (roughly by 50%) over the
first 5-6 equivalent years and slow decline during 6-23 equivalent years making a close
approach to the initial values. The latter stage has not been described in the literature. After the
two stages of change in the mean-square displacements comes a stage of stabilization (after
~25 years) and appears further an allusion to a new rise < u2>, i.e. a new stage of damage
accumulation. Non-monotonic variation of the amount of distortions may be due to competition
between two processes, the accumulation of radiation defects and their absorption by helium
bubbles and dislocation loops which accumulated over time.
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Lattice dynamics of the Li4C60 superionic conductor.
Rols Stéphane1 , Pontiroli Daniele2 , Cavallari Chiara1 , Aramini Matteo2 , Gaboardi Mattia2 ,
Riccò Mauro2 , Suard Emmanuelle1 , Johnson Mark1
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The polymeric phase Li4C60 fulleride obtained from doping C60 powders with lithium alkali ions,
present a unique two-dimensional structure with a mixture of simple covalent bonds between
adjacent C60 units running perpendicular to [2+2] bridges [1]. Alkali ions diffuse into the
structure, resulting in a large ionic conductivity of 10-2 S / cm at room temperature [1]. In this
communication, we present a study of the lattice dynamics of this system, using inelastic
neutron scattering and DFT calculation using the PALD method [2]. We identify the specific
spectral signatures of the Li sublattices and the local modes of the polymer. We show that the
latter appear in the same energy range, resulting in some coupling between the large amplitude
fulerene deformation and rotation with the Li translation. We discuss these peculiaritites in the
perspective of the ionic diffusion of the system [3].
[1] M. Ricco et al., Phys. Rev. Lett., 102 (2009) 145901.
[2] M.M. Koza et al. Phys. Rev. B, 84 (2011) 014306
[3] S. Rols et al. submitted to Phys. Rev. B (2015)

111

ID: PS-2 - 19, 2015-09-02, Hipostila Area
Chemistry of Materials (structure and spectroscopy)
(Poster)
Structural characterisation of hydrogen storage materials by powder neutron diffraction
Stefano Deledda1 , Christoph Frommen1 , Magnus H. Sørby1 , Bjørn C. Hauback1
1) Physics Department, Institute for Energy Technology, Kjeller, Norway
* Stefano Deledda, stefano.deledda@ife.no
One of the greatest barriers for the widespread introduction of hydrogen in global energy
systems is an efficient and safe storage method. The reversible absorption of hydrogen by
several alloys and compounds allows solid-state storage, which is considered the ideal
alternative for both mobile and stationary applications. Within this framework, complex hydrides
based on the aluminium, boron, magnesium and nitrogen have recently been extensively
studied.
In order to understand the properties and optimize new compounds, a detailed knowledge about
the position of the atoms in the crystal is of major importance. In this respect, neutron diffraction
is a unique tool for studies of hydrogen in hydrogen storage materials.
In this work, we present structural studies based on Powder Neutron Diffraction (PND)
measurements performed with the PUS diffractometer at the JEEP II reactor at IFE, Norway.
The results focus on Mg-based transition-metal complex hydrides and on novel transition metal
and mixed borohydrides produced by ball milling techniques. PND was combined with other
techniques, such as powder X-Ray diffraction, synchrotron radiation powder X-ray diffraction
(performed at the Swiss-Norwegian Beam Line at the ESRF) IR and Raman for a thorough
understanding of structural features.
Financial support from Research Council of Norway and European Commission FP7 projects
are acknowledged.
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Neutron powder diffraction investigations of (M2-xFex)SnO4 (M = Mn, Zn) transition metaltin-oxygen spinel systems
Cory Leung1 , Morgan Allison2 , Chris Ling2 , Glen Stewart3 , Tilo Söhnel1
1) School of Chemical Sciences, University of Auckland, Auckland, New Zealand 2) 2 School of
Chemistry, The University of Sydney, Sydney, Australia 3) School of PEMS, University of New
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* Tilo Soehnel, t.soehnel@auckland.ac.nz
Mixed transition-metal oxide (MTMO) spinels including Mn and Zn-metal containing stannate
phases have promising material properties and are known for the ability to tailor particular
features for different uses. They are currently being explored as possible alternative substrates
in many emerging high-tech applications such as electrode materials in lithium-ion batteries [1]
and as conducting oxides in gas detector sensors [2]. The project aims to study the crystal and
magnetic structures of iron and tin containing quaternary stannate to produce the novel spinel
structures (M2-xFex)SnO4 (M = Mn, Zn and 0 ≤ x ≤ 2). Neutron and synchrotron X-ray powder
diffraction in combination with spectroscopic investigations (Mössbauer, IR and UV-Vis),
magnetic measurements and SEM/EDX have been performed on the (M2-xFex)SnO4 systems to
find out the exact mechanism of Fe substitution, how much Fe and in what oxidation state is
substituted and the effects upon the crystal and magnetic structure. For the range of (Zn2xFex)SnO4 spinels, initial results support the hypothesis that there is more than one doping
mechanism, which is dependent upon the amount of Fe that is doped. The combination of
neutron powder diffraction results and Mössbauer data indicate that an enrichment of Fe
relative to Sn is evident in the Fe-rich structures, which might be due to Fe replacing Zn
followed by Sn as more Fe becomes present in the system. Low temperature neutron diffraction
data were used to refine the different magnetic structures within the (Zn2-xFex)SnO4 and (Mn2xFex)SnO4 systems.
[1]

Y. Xie, X.W. Lou, C. Yuan, H.B. Wu, Angew. Chem. Int. Ed. 53, 1488 (2014).

[2]

H.J. Kim, J.H. Lee, Sensors and Actuators B. 192, 607 (2014).
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Precise determination of microstructural characteristics from reverse time-of-flight
neutron diffraction data
Anatoly Balagurov1 , Ivan Bobrikov1 , Matteo Leoni2 , Sergey Sumnikov3 , Roman Vasin1
1) Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, Dubna, Russia 2)
DICAM, University of Trento, Trento, Italy 3) Faculty of Physics, Moscow State University,
Moscow, Russia
* Roman Vasin, vasin@nf.jinr.ru
Different microstructural peculiarities of materials – small crystallite size, dislocations, stacking
faults, etc. – are reflected in the shapes of diffraction peaks and could be studied with peak
profile analysis methods. During time, X-ray and synchrotron diffraction have posed themselves
as very good methods for the microstructure analysis due to their high resolution. Highresolution neutron diffraction at both continuous (with monochromatic beam) and pulsed (with
TOF technique) sources also can be used for peak profile analysis. Our experience shows that
new developments in the correlation Fourier method (RTOF – reverse time of flight with fast
Fourier chopper [1]) made possible doing a precise profile analysis of diffraction peaks. Among
positive features of this technique are absence of long ‘tails’ of diffraction lines and practically
constant ∆d/d resolution in wide d-spacing range.
In this contribution, we demonstrate the application of WPPM method [2] realized in the PM2K
software [3] to the analysis of HRFD (High-Resolution Fourier Diffractometer [1]) data of several
powder samples. Main challenges in the adaptation of the method and software to this analysis
were proper account for the HRFD resolution function [4] and non-Poisson statistics. Neutron
diffraction experiments and data processing in FLNP JINR within the framework of this research
are supported by RFBF project 14-29-04091.
[1] Balagurov A. M. High-resolution Fourier diffraction at the IBR-2 reactor. Neutron News.
(2005) 16, 8-12.
[2] Scardi P., Leoni M. Whole powder pattern modelling. Acta Cryst. (2002). A58, 190-200.
[3] Leoni M., Confente T., Scardi P. PM2K: a flexible program implementing Whole Powder
Pattern Modelling. Zeitschrift Für Krist. Suppl. (2006). 23, 249-254.
[4] Balagurov A.M., Kudryashev V.A. Correlation Fourier diffractometry for long-pulse neutron
sources: a new concept. ICANS-XIX conference, Grindelwald, Switzerland (2010).
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Investigation of Lipidic Mixtures Phase Transition
Alexey Vlasov1 , Soloviov Dmitriy2 , Ivankov Oleksandr2 , Rogachev Andrei2 , Ryzhykau Yury1 ,
Zinovev Egor1 , Borshchevskiy Valentin1 , Gordeliy Valentin3 , Kuklin Alexander2
1) Laboratory for advanced studies of membrane proteins, Moscow Institute of Physics and
Technology, Dolgoprudny, Russia. 2) Laboratory for advanced studies of membrane proteins,
Moscow Institute of Physics and Technology, Dolgoprudny, Russia; Frank Laboratory of
Neutron Physics, Joint Institute for Nuclear Research, Dubna, Russia. 3) Laboratory for
advanced studies of membrane proteins, Moscow Institute of Physics and Technology,
Dolgoprudny, Russia; Frank Laboratory of Neutron Physics, Joint Institute for Nuclear
Research, Dubna, Russia; Institute of Complex Systems (ICS-6), Juelich,
* Alexey Vlasov, vavplanet@mail.ru

Lipidic phase transition investigation is interested as for the fundamental science as for
application in structural biology, in particularly, it helps to get the insight of how the membrane
protein crystallization processes work.
Here, we did small angle scattering measurements (neutron and X-Ray, SANS and SAXS
respectively) of the different lipidic mixtures and provided a comparison analysis of the both
methods. SAXS measurements were done on the installation Rigaku (Source MicroMax007HF), Moscow Institute of Physics and Technology, Dolgoprudny, Russia. SANS
measurements were done on the spectrometer YuMO, IBR-2, Joint Institute for Nuclear
Research, Dubna, Russia[1].
Multilayer membranes of DPPC (1,2–dipalmitoyl–sn–glycero–3–phosphatidylcholine) and
mixture DPPC/DMPC (1,2–dipalmitoyl–sn–glycero–3–phosphocholine) in excess of heavy water
were investigated near the phase transition temperature. Sample preparation was made using
the special technique when the addition of the mixture components was successive with the
passing through the phase transition.We calculated and compared the temperature of the phase
transitions for DMPC and DPPC in mixture and separately.
It was shown that the successive addition of the DMPC and DPPC to the DPPC/DMPC/D2O
mixture does not change the temperature of the DPPC and DMPC main phase transitions. The
observed MLV/ULV separation occurs for the DPPC after the transition temperature 41C. The
share of DPPC ULVs is extremely low. The same behavior was found for DPPC/POPC/H2O
mixtures in the work [2]. The obtained results are being discussed.
We greatly acknowledge the «5Top100» program for supporting our work.
[1]. Kuklin, A. I., A. Kh Islamov, and V. I. Gordeliy. "Scientific Reviews: Two-Detector System for
Small-Angle Neutron Scattering Instrument." Neutron News16.3 (2005): 16-18.
[2]. Soloviov, D. V., et al. "Ripple Phase Behavior in Mixtures of DPPC/POPC lipids: SAXS and
SANS Studies." Journal of Physics: Conference Series. Vol. 351. No. 1. IOP Publishing,
2012.
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Magnetic clusters in the verge of long-range ferromagnetism in Lu(Fe1-xAlx)2 alloys
Cristina Piquer1 , Luis Fernández Barquín2 , Diego Alba Venero2 , Roberto Boada3 , María
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Santander, Spain 3) CSIC - Un. Zaragoza, 50009 Zaragoza, Spain Departamento de Física de
la Materia Condensada, Un. Zaragoza, 50009 Zaragoza, Spain 4) Institute Laue-Langevin, BP
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New and more precise classifications for disordered bulk metals are required, where the
archetypical definitions associated with canonical (SG) or reentrant (RSG) spin glasses are not
rich enough to describe the different behaviours observed in those disordered magnetic alloys
[1]. To this end, the field is drinking from behaviours evidenced in ensembles of magnetic
nanoparticles, globally known as supermagnetism [2]. Characteristic transitions such as
freezing or blocking are important parameters to define the magnetic arrangements. In some
cases, by selecting appropriate bulk alloys one can study those transitions. In particular, the use
of pseudobinary Rare earth Laves phases allow us to tune the transition by diluting the alloy
with non-magnetic metals. A very intriguing situation is generated when the dilution is large and
the magnetism is reduced to the presence of scattered magnetic clusters within the alloy. This is
the case in two Lu(Fe1-xAlx)2 (x=0.25,0.50) alloys which have been prepared by arc melting,
showing a cubic C15 with a = 7.219 Ǻ and an hexagonal C14 with a=5.289 Ǻ and c= 8.616 Ǻ
lattices respectively [3]. The zero-field-cooled low-field (H <10 Oe) thermal variation of DCmagnetization and of AC-susceptibility (h = 4 Oe) evidence two peaks and magnetic
irreversibility. For Lu(Fe0.75Al0.25)2 these peaks appear at TSRO ~ 290 K and Tf ~ 40 K, and for
Lu(Fe0.5Al0.5)2, at TSRO ~ 75 K and Tf ~ 10 K. In order to clarify the ground magnetic state of
these compounds is then important to observe the possible existence of a long-range magnetic
contribution. For this we have performed Neutron diffraction (ND) experiments in both systems
from room temperature down to 5 K. This enables a precise definition of the structural state of
the alloy, the eventual changes in this structure giving rise to anomalous thermal expansion of
the lattice and to evaluate the magnetic contribution to the intensity. It is very clear that the
magnetic intensity is barely observable and hence there is not a definite long-range order but
some weak coupling among the magnetic clusters.
[1] K. Binder and R. Young, Rev. Mod. Phys. 58, 801 (1986)
[2] J. L. Dormann, L. Bessais and D. Fiorani, J. Phys. C: Solid State Phys. 21, 2015 (1988)
[3] C. Piquer, M. A. Laguna-Marco, R. Boada, F. Plazaola and J. Chaboy, IEEE Trans. Magn.
44, 4206 (2008).
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We present model calculations, based on the continuum theory of micromagnetics, for the
correlation function of the spin-misalignment SANS cross section of bulk ferromagnets (e.g.
elemental polycrystalline ferromagnets, soft and hard magnetic nanocomposites, nanoporous
ferromagnets, or magnetic steels). For such materials, the spin disorder which is related to
spatial variations in the saturation magnetization and magnetic anisotropy field results in strong
spin-misalignment scattering dΣM/dΩ along the forward direction [1]. When the applied magnetic
field is perpendicular to the incoming neutron beam, the characteristics of dΣM/dΩ (e.g. the
angular anisotropy on a two-dimensional detector or the asymptotic power-law exponent) are
determined by the ratio of magnetic anisotropy-field strength Hp to the jump ∆M in the saturation
magnetization at internal interfaces. Here, we analyze the corresponding one and twodimensional real-space correlations as a function of applied magnetic field, ratio Hp/∆M, singleparticle form factor, and particle volume fraction. Finally, we compare the theoretical results for
the correlation function to experimental data on a Nd-Fe-B-based nanocomposite.
[1] A. Michels, Journal of Physics: Condensed Matter 26, 383201 (2014).
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Enhanced magnetic interactions in a lanthanide molecular cluster
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Tatiana Guidi4 , Oliver Waldmann1
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Technological applications of molecular magnets critically depend on the enhancement of their
blocking temperatures. Molecules containing rare-earth ions are promising candidates because
of strong anisotropy and large individual magnetic moments. However, the first polynuclear
lanthanide clusters suffered from a low interaction strength between the magnetic moments. An
N23− radical–bridged dinuclear lanthanide molecular complex, Ln2N23−, was recently synthesized
to overcome this problem [1], the ternium compound being a single-molecule magnet with a
world-record blocking temperature of 14 K [2]. Inelastic neutron scattering data on this
molecule, its parent compound Tb2N22− as well as the non-magnetic analogue Y2N23−, were
recorded at the LET instrument at the ISIS neutron source. In the parent compound we observe
ligand field levels at 0.7 meV and 5 meV. In addition to the rich vibration spectrum also seen in
the yttrium compound, we observe an excitation at 9 meV in the SMM compound due to
exchange coupling between the lanthanide magnetic moments. This presents the first direct
evidence of enhancement of interactions in this system. For the simulation of the data we are
developing a novel approach which takes into account structural aspects to handle the many
lygand field parameters.

[1] J.D. Rinehart et. al., Nat. Chem. 3, 538-542, 2011.
[2] J.D. Rinehart et. al., JACS 133, 14236-14239, 2011.

118

ID: PS-2 - 26, 2015-09-02, Hipostila Area
Magnetism, Superconductivity and other Electronic Phenomena
(Poster)
Novel incommensurate peaks in high temperature superconductor
La2-xSrxCuO4
Monica-Elisabeta Lacatusu1 , Kim Lefmann1 , Henrik Jacobsen1 , Maria Retuerto1 , Linda
Udby1 , Sonja Lindahl Holm1 , Anne Bartholdy1 , Kira Gatke Eliasen1 , Henriette Wase1 , JeanClaude Grivel2
1) Niels Bohr Institute, Copenhagen, Denmark 2) Technical University of Denmark, Risø,
Denmark
* Monica-Elisabeta Lacatusu, fgq853@ku.dk
The interplay between magnetism and high temperature superconductivity has been a subject
of fundamental interest since the rise of this new state of matter in these materials is still not
understood. The understanding can help direct the way to improvements in todays
superconducting materials, and furthermore to numerous technical developments. We have
investigated the under-doped La2-xSrxCuO4.
Under-doped La2-xSrxCuO4 allows the study of magnetic order in the superconductor, in which
incommensurate (IC) antiferromagnetic stripe order has been observed[1], with the
incommensurability (δ) close to the doping (x), for 0.06<x<0.12. The magnetic diffraction
intensity from the IC magnetic signal is found [2] to increase upon application of a magnetic field
along the c-direction.
We aimed at investigating the field dependence of the IC magnetic peaks at (1±δ ±δ 0) and (±δ
1±δ 0) by means of neutron diffraction on single crystal. We will here present data from
measurements on La2-xSrxCuO4 with two different doping, x=0.06 and x=0.07, which revealed a
forbidden central peak (1 0 0) or (0 1 0) in the orthorhombic space group (Bmab) and peaks on
the diagonals at (1±δ,±δ,0) or (±δ,1±δ,0), where δ = x/2. The intensity of these peaks was ten
times stronger than what we were expecting. From Yamada et al. [1] we expected to see the
peaks in a different position peak at δ = x. We measured the signal at different temperatures
and observed that the shape and position of the peaks were changing. The dependency is
shown in figure 1.
In this presentation we will introduce the latest findings in this vastly studied compound.
[1] K. Yamada et al, PRB 57, 6165 (1998) [2] M. Matsuda et al, PRB 84, 104524 (2011)
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We present experimental, numerical, and theoretical evidence for a new mode of
antiferromagnetic dynamics in nanoparticles [1]. Elastic neutron scattering experiments on 8 nm
particles of hematite display a loss of diffraction intensity with temperature, the intensity
vanishing around 150 K. However, the signal from inelastic neutron scattering [2,3] remains
above that temperature, indicating a magnetic system in constant motion. In addition, the
precession frequency of the inelastic magnetic signal shows an increase above 100 K [1,3].
Numerical Langevin simulations of spin dynamics reproduce all measured neutron data and
reveal that thermally activated spin canting gives rise to a new type of coherent magnetic
precession mode. This ”rotor“ mode can be seen as a high-temperature version
of superparamagnetism and is driven by exchange interactions between the two magnetic
sublattices. The frequency of the rotor mode behaves in fair agreement with a simple analytical
model, based on a high temperature approximation of the generally accepted Hamiltonian of the
system. The extracted model parameters, as the magnetic interaction and the axial anisotropy,
are
in
excellent agreement
with
results
from
Mössbauer
spectroscopy.
In addition to these results, we present recent neutron scattering results on 15 nm hematite
nanoparticles [4]

[1] K. Lefmann et al., PRB 2015 (accepted)
[2] M. Hansen et al., PRL 79, 4910 (1997)
[3] L. Theil Kuhn et al., PRB 74, 184406 (2006)
[4] A. Hill et al., J. Chem. Phys 140, 044709 (2014)

120

ID: PS-2 - 28, 2015-09-02, Hipostila Area
Magnetism, Superconductivity and other Electronic Phenomena
(Poster)
Magnetic frustration, short-range correlations and the role of the paramagnetic Fermi
surface of PdCrO2
Jonathan Taylor1 , David Billington3 , David Ernsting3 , Stephen Dugdale3 , Jonathan Duffy2 ,
David Kersh2 , Sean Giblin4 , Pascal Manuel5 , Dimitri Khalyavin5 , H Takatsu6 , T Millichamp3
1) DMSC - European Spallation Source, Universitetsparken 1, Copenhagen 2100, Denmark 2)
Department of Physics, University of Warwick, Coventry, CV4 7AL, United Kingdom 3) H.H.
Wills Physics Laboratory, University of Bristol, Tyndall Avenue, Bristol, BS8 1TL, United
Kingdom 4) School of Physics and Astronomy, Cardiff University, Queen’s Building, The
Parade, Cardiff, CF24 3AA, United Kingdom 5) ISIS Facility, Rutherford Appleton Laboratory,
Chilton, Didcot, OX11 0QX, United Kingdom 6) Department of Physics, Tokyo Metropolitan
University, Tokyo 192-0397, Japan
* Jonathan Taylor, Jonathan.Taylor@esss.se
Frustrated interactions exist throughout nature, with examples ranging from protein folding
through to frustrated magnetic interactions. Whilst magnetic frustration is observed in numerous electrically insulating systems, in metals it is a rare phenomenon. The interplay of itinerant
conduction electrons mediating interactions between localised magnetic moments with strong
spin- orbit coupling is likely fundamental to these systems. Therefore, knowledge of the precise
shape and topology of the Fermi surface is important in any explanation of the magnetic
behaviour. PdCrO2, a frustrated metallic magnet, offers the opportunity to examine the
relationship between magnetic frustration, short-range magnetic order and Fermi surface
topology.

By mapping the short-range order in reciprocal space and experimentally determining the
electronic structure, we have identified the dual role played by the Cr electrons in which the
itinerant ones on the nested paramagnetic Fermi surface mediate the frustrated magnetic
interactions between local moments.
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Study of the cryptoferromagnetic phase in Gd/Nb systems using waveguide-enhanced
GISANS
Yu. N. Khaydukov1 , E. Kravtsov2 , V. Proglyado2 , Yu. Nikitenko3 , V. Aksenov4
1) Max-Planck Institute for Solid State Research, 70569, Stuttgart, Germany 2) Institute of Metal
Physics, Ekaterinburg, Russia 3) Joint Instutute for Nuclear Research, Dubna, Russia 4)
Petersburg Nuclear Physics Institute, Russia
* Yury Khaydukov, y.khaydukov@fkf.mpg.de
Thin enough layer of a weak ferromagnet (F) being in contact with superconductor (S) is
predicted to go to a domain state below superconducting transition temperature TC [1-3]. This
phenomenon is called cryptoferromagnetism (CFM). Domain size in CFM phase is comparable
to superconducting correlation length ξS, so that the effective exchange field of the ferromagnet
on the size of the Cooper pair is close to zero, thereby providing coexistence of
superconducting and ferromagnetic order. Phase transition in CFM phase is possible in
ferromagnets with a Curie temperature Tm not much exceeding the superconducting transition
temperature TC. In Ref [3] it is shown that one of candidate for observation of CFM phase is
Gd/Nb system. Cure temperature of bulk Gd is Tm = 280K. However in thin films it can be
suppressed down to 20-40K which is comparable with TC ~ 10K of Nb layer. Another distinctive
feature of the Gd/Nb systems prepared by magnetron sputtering is a high transparency of S/F
interface for Cooper pairs [4].
The most direct method for detecting CFM phase transition is Grazing Incidence Small Angle
Neutron Scattering (GISANS). However, taking into account small thickness of an F layer, small
size of domains (ξS~ 10-100nm) we estimate intensity of GISANS as IGISANS ~ 10-6 I0, which
is below the background limit. In order to enhance weak intensity of GISANS scattering from
thin F layers we propose to use waveguide enhancement of neutron intensity [5].
In this work PNR and GISANS results measured at reflectometer NREX (FRM II, Munich) on the
S/F
bilayers
Ta(3nm)/Cu(17nm)/Gd(dF)/Nb(50nm)/Al2O3
and
S/F/S
trilayers
Ta(3nm)/Cu(4nm)/Nb(25nm)/Gd(dF)/Nb(25nm)Al2O3 are presented. Samples were grown by
magnetron sputtering in the Institute of Metal Physics, Ekaterinburg, Russia. The thicknesses of
the F layer dF = 1.3nm, 2nm, 3nm were chosen to be small enough to guarantee the
penetration of the Cooper pairs in the whole F layer and on the other hand to suppress the
Curie temperature[4]. Thickness of Ta/Cu bilayer on top were optimized to enhance intensity of
GISANS in the waveguide mode [5].
References
1. P.W. Anderson and H. Suhl, Phys. Rev. 116, 898 (1959)
2. L.N. Bulaevskii, A. I. Buzdin, Zh. Eksp. Teor Fiz 94, 256 (1988)
3. F.S. Bergeret, K.B. Efetov, A. I. Larkin, Phys. Rev. B 62, 11872 (2000)
4. J.S. Jiang et al PRL 74, 314 (1995), Phys. Rev. B 54, 6120 (1996)
5. Yu.N. Khaydukov, Yu.V. Nikitenko, L. Bottyan et al, Cryst. Rep. 55(7),1235, 2010
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Under-compensation effect in the Kondo insulator (Yb,Tm)B12
Kirill Nemkovski1 , Pavel Alekseev2 , Jean-Michel Mignot3 , Alexandre Ivanov4 , Stephane
Rols4 , Volodymyr Filipov5 , Natalya Shitsevalova5
1) Jülich Centre for Neutron Science JCNS, Forschungszentrum Jülich GmbH, Outstation at
MLZ, Lichtenbergstraße 1, 85747 Garching, Germany 2) National Research Centre “Kurchatov
Institute”, 123182 Moscow, Russia; National Research Nuclear University “MEPhI”, 115409,
Moscow, Russia 3) Laboratoire Léon Brillouin, CEA-CNRS, CEA/Saclay, 91191 Gif sur Yvette,
France 4) Institut Laue-Langevin, BP 156, 38042 Grenoble Cedex 9, France 5) I. N. Frantsevich
Institute for Problems of Materials Science, 03142 Kiev, Ukraine
* Kirill Nemkovskiy, k.nemkovskiy@fz-juelich.de
We present an inelastic neutron scattering study of the influence of isoelectronic Tm substitution
on the low-energy structure and temperature dependence of the dynamical magnetic response
in Yb1−xTmxB12 (x = 0, 0.08, 0.15, and 0.75) and Lu0.92Tm0.08B12 solid solutions [1].
Substantial changes have been observed in the spectral structure and temperature evolution of
the Yb contribution to the inelastic response for a rather low content of magnetic Tm ions. The
spin-exciton-like resonance mode near 15 meV is steeply suppressed at the lowest measured
Tm concentration (x = 0.08). The spin gap is replaced by a pseudogap at concentrations lower
than 0.15. These results point to a specific effect of impurities carrying a magnetic moment (Tm,
as compared to Lu or Zr) in a Kondo insulator, which is thought to reflect the “undercompensation” of Yb magnetic moments, originally screened in pure YbB12.
A parallel is made with the strong effect of Tm substitution on the temperature dependence of
the Seebeck coefficient in Yb1−xTmxB12, which was reported previously [2].
This work was partly supported by the RFBR grant 14-22-01002.
[1] P.A. Alekssev et al., Phys. Rev. B 89 (2014) 115121.
[2] N. E. Sluchanko et al., JETP Lett. 89 (2009) 256.
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Influence of doping the honeycomb system Na2IrO3
Katharina Rolfs1 , Sandor Toth2 , Ekaterina Pomjakushina1 , Kazimierz Conder1
1) Paul Scherrer Institut, Laboratory for Development and Methods, Villigen PSI, CH-5232 2)
Paul Scherrer Institut, Laboratory for Neutron Scattering and Imaging, Villigen PSI, CH-5232
* Katharina Rolfs, katharina.rolfs@psi.ch
Several iridates, like Na2IrO3, have been discovered to be quantum frustrated Mott insulators. In
these compounds, a strong spin-orbit coupling is the compelling property, which stabilizes the
insulating state even though the onsite Coulomb interactions are relatively weak. Another
interesting attribute of Na2IrO3, as well as of Li2IrO3, is their honeycomb structure [1,2], enabling
the realization of the exactly solvable spin model with spin liquid ground state proposed by
Kitaev [3]. It was suggested; that these materials contain the necessary anisotropic exchange
interactions and that the spin liquid ground state resists the small but always present isotropic
exchange [4]. However Na2IrO3 and Li2IrO3 order magnetically at 15 K, even though this
transition temperature is low compared to the characteristic exchange energy [5]. The relatively
low ordering temperature compared to the Curie-Weiss temperature TCW gives a large f = 8
frustration ratio, which cannot be explained within the J - JK model. In order to increase the
frustration within the model one has to assume further neighbor Heisenberg interactions [6]. To
access the spin liquid phase, the reduction of these Heisenberg terms or the increase of the
anisotropic interactions is necessary. Reuther et al. [7] suggested that the reduction of the
chemical pressure along the c-axis could increase JK and therefore induce spin glass behavior.
This can be achieved by substituting Na with smaller Li ions. Another possible chemical
modification of Na2IrO3 is hole doping, which is predicted to lead to topological
superconductivity and Fermi liquid behavior in the vicinity of the Kitaev spin liquid phase [2].
Inelastic neutron measurements revealed a profound picture of the magnetic interactions
present in the Li doped system, showing a different magnetic phase. The hole doped system
shows a transition from the Mott insulating phase to a metallic phase. The magnetic ordering
present in the parent compound vanishes. Both systems will be discussed here in detail.

[1] Y. Singh, and P. Gegenwart, Phys. Rev. B 82, 064412 (2010).
[2] J.-W. Mei, Phys. Rev. Lett. 108, 227207 (2012).
[3] A. Kitaev, Ann. Phys. 321, 2-111 (2006).
[4] J. Chaloupka, et al., Phys. Rev. Lett. 105, 027204 (2010).
[5] Y. Singh, et al., Phys. Rev. Lett. 108, 127203 (2012).
[6] I. Kimchi, and Y.-Z. You, Phys. Rev. B 84, 180407 (2011).
[7] J. Reuther, et al., Phys. Rev. B 84, 100406 (2011).
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Time dependent magnetic transition in the near Ising chain CoCl2·2D2O
Ursula Bengaard Hansen1 , Ida Viola Andersen1 , Christopher Røhl Andersen1 , Niels Bech
Christensen2 , Lise Hofmann1 , Sonja Lindahl Holm1 , Christof Niedermayer3 , Maria Retuerto1 ,
Kim Lefmann1
1) Niels Bohr Institute, University of Copenhagen, Universitetsparken 5, Denmark 2)
Department of Physics, Technical University of Denmark, Lyngby, Denmark 3) Paul Scherrer
Institute, Villigen, Switzerland
* Ursula Bengaard Hansen, uhansen@fys.ku.dk
Low dimensional magnetism has been a subject of fundamental interest since these materials
provide a unique possibility to study the ground and excited states of quantum models, possible
new phases of matter and the interplay of quantum fluctuations and thermal
fluctuations. CoCl2·2D2O can be considered as a one dimensional Ising system where the
dominant magnetic interactions are ferromagnetic and couple nearest neighbor spins lying on
chains oriented along the crystallographic c-axis. Weaker inter-chain interactions gives rise to
an antiferromagnetic ordering below TN=17.2 K [1].
When a magnetic field is applied along the easy axis, CoCl2·2D2O has two metamagnetic
transitions at Hc1=3.1 T and at Hc2=4.5 T. The transition at Hc1 is from the antiferromagnetic
state (AF) to a ferrimagnetic state (FI) and the transition at Hc2 is to a ferromagnetic state (FE)
[2]. The first order transition between the two states are characterized by a large hysteresis. We
have here studied the time dependent magnetic transition from one long-range magnetically
ordered state to another. The change in intensity of the AF-peak (1 0 1) and the FI-peak (2/3 0
1) were measured as a function of time at different fields close to the boundary between the FIphase and AF-phase. Depending on the combination of field and temperature we measure
characteristic relaxation times in the range of seconds to hours. Furthermore it is clear that we
have two fundamentally different relaxation processes in the system. In the figure an example is
shown for T=4.5 K. At 3.1 T, close to Hc1, the amplitude of the AF-magnetic Bragg peak
increases but when the field is decreased to 2.5 T, further down in the AF-magnetic phase the
amplitude decreases with time. In addition we observe a reduction in peak width, corresponding
to the magnetic domaines getting larger. At the conference we will present the results of a more
detailed study of the time dependent phase transition, including a search for possible quantum
relaxation at dilution temperatures.
[1] J. Kjems et al, PRB 12, 5190 (1975).
[2] W. Montfrooij et al, PRB 64, 134426 (2001).
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Polarized neutron powder diffraction studies of antiferromagnetic order
in bulk and nanoparticle NiO
Erik Brok1 , Kim Lefmann2 , Pascale P Deen3 , Bente Lebech1 , Henrik Jacobsen2 , Gøran J
Nielsen4 , Lukas Keller5 , Cathrine Frandsen1
1) Institute of Physics, Technical University of Denmark, Lyngby, Denmark 2) Niels Bohr
Institute, University of Copenhagen, Denmark 3) European Spallation Source, Lund, Sweden 4)
Institut Laue-Langevin, Grenoble, France 5) Laboratory for Neutron Scattering, Paul Scherrer
Institut, Villigen, Switzerland
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In many materials it remains a challenge to reveal the nature of magnetic correlations, including
antiferromagnetism and spin disorder. Revealing the spin structure in magnetic nanoparticles is
further complicated by the large incoherent neutron scattering cross section from water
adsorbed at the particle surfaces and by the broadening of diffraction peaks due to the finite
crystallite size. Moreover, the spin structure in magnetic nanoparticles may deviate significantly
from that of the corresponding bulk material because of the low-symmetry surroundings of
surface atoms and the large relative surface contribution to the magnetic anisotropy [1,2].
Here we utilize polarized neutron diffraction to reveal the magnetic structure in NiO bulk and
nanoparticle powders by applying the XYZ-polarization analysis method. Our investigations
address in particular the spin orientation in bulk NiO and platelet-shaped NiO nanoparticles with
thickness from greater than 200 nm down to 2.0 nm [3]. A typical polarized diffraction data set is
shown in the figure below.
For platelet-shaped particles with thickness from greater than 200 nm down to 2.2 nm we find
o
that the spin orientation deviates about 16 from the primary (111) plane of the platelet-shaped
particles. In the smallest particles (2.0 nm thick) we find the spins are oriented with a 30o
average angle to the primary (111) plane of the particles [3]. This is in contrast to the results
from studies of single crystal NiO, where the spin direction was found by polarized neutron
diffraction to be within 1o of the (111) plane [4]. In addition, the results show that polarized
neutron powder diffraction is a viable method to investigate magnetic order in powders of
antiferromagnetic nanoparticles.
[1] L. Berger et al, Phys. Rev. B 77, 104431 (2008)
[2] R.H. Kodama, J. Magn. Magn. Mater. 200, 359 (1999)
[3] E. Brok et al, Phys. Rev. B 91, 014431 (2015)
[4] E. Ressouche et al, Physica B 385-386, 394 (2006)
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Magnetic order and trigonal crystal field effects in Sr3NiIrO6
Emilie Lefrançois1 , Laurent Chapon1 , Virginie Simonet2 , Pascal Lejay2 , Rafik Ballou2 , Dmitry
Khalyavin3 , Sudhindra Rayaprol4 , E.V. Sampathkumaran5 , Devashibhai Adroja3 , Abdul-Muizz
Pradipto6 , Silvia Picozzi6 , Marco Moretti Sala7
1) Institut Laue-Langevin, Grenoble, France 2) Institut Néel, CNRS, Grenoble, France 3) ISIS,
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India 6) CNR-SPIN, L'Aquila, Italy 7) ESRF, Grenoble, France
* Emilie Lefrançois, lefrancois@ill.fr
Oxides of the family A3MM’O6 (A = alkaline-earth metal, M, M’ = transition metal) attracted a lot
of attention because of their unconventional magnetic properties linked to the coexistence of
low dimensionality, magnetic frustration and magnetocrystalline anisotropy. In these
compounds, the M and M’ ions form chains which are distributed on a triangular lattice. In
consequence, the magnetism of the compounds with an easy-axis of anisotropy, which confines
the magnetic moments along the chains direction, should be strongly frustrated.
We studied the 5d-based compound Sr3NiIrO6, where the strong spin-orbit coupling on the Ir4+
ions might induce unexpected behaviors through spin-orbit entanglements. Single crystal
magnetization, powder neutron diffraction and single crystal resonant inelastic scattering (RIXS)
measurements were performed. The magnetization measurement revealed the existence of a
large easy-axis anisotropy confining the Ni2+ and Ir4+ magnetic moments along the chains.
Besides the zero-field cooled and field-cooled measurements show that there are two
characteristic temperatures: T1 = 70 K and T2 = 17 K. The first temperature is associated with a
deviation from a Curie-Weiss behavior and the appearance of magnetic order with propagation
vector k=(0,0,1). At T2, the susceptibility reaches a maximum followed by a sudden drop. The
magnetic structure can be determined from powder neutron diffraction only up to a global
phase. However, symmetry arguments allowed determining the exact nature of the magnetic
ground state below T2, thus clarifying the universal magnetic properties of this family of
compounds [PRB 90 (014408) 2014].
RIXS measurements allowed probing the electronic and magnetic excitations inside the t2g
triplet thus estimating the strength of the spin-orbit coupling as well as the amplitude of the
trigonal distortion of the IrO6 octahedra. Besides the low-temperature measurements also show
the emergence of a non-dispersive magnon around 90 meV.
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Bi-magnetic core-shell nanoparticles: a polarised SANS study
Mark Laver1 , Marta Estrader2 , Alberto López-Ortega2 , Josep Nogués3
1) University of Birmingham, Edgbaston, Birmingham, United Kingdom 2) ICN2 - Institut Catala
de Nanociencia i Nanotecnologia, Barcelona, Spain 3) ICREA and ICN2 - Institut Catala de
Nanociencia i Nanotecnologia, Barcelona, Spain
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Bi-magnetic core-shell nanoparticles can exhibit valuable effects for applications, including
tuneable blocking temperature and large exchange bias. To date, however, there are few
probes able to image the magnetic structure within such nanoparticles. Accordingly it is difficult
to experimentally establish the possible effects of finite particle sizes, surface anisotropies and
interfacial coupling.
Here we present results of an in-depth polarised SANS study of manganese oxide-iron oxide
nanoparticles possessing a magnetically hard core (Mn3O4 Tc = 40 K) and a soft shell [1]. We
outline a method that is sensitive to subtle differences between the nuclear and magnetic radial
profiles of the core-shell nanoparticles. We compare our differential SANS data to the results of
Monte Carlo simulations and to magnetometry measurements showing exchange bias. The
outlook for future measurements using this technique is discussed.
[1] M. Estrader et al., Robust antiferromagnetic coupling in hard-soft bi-magnetic core/shell
nanoparticles, Nature Comms. 4, 2960 (2013).
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Magnetic structure and electronic properties study on CeCuAl3 single crystal
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Martyrs - CS 20156, 38042 Grenoble Cedex 9, France.
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Cerium intermetallic compounds crystallizing in tetragonal BaNiSn3-type structure reveal such
interesting properties as heavy-fermion behavior, unconventional and pressure induced
superconductivity, valence fluctuations or/and complex magnetic order at low temperatures. The
competition between RKKY and Kondo interaction as well as the crystal electric field influencing
only one electron in 4f-shell has a great impact on electronic properties of these materials.
The CeCuAl3 compound is of a particular interest as it was recently found to be one of a few
compounds in which the strong magneto-elastic coupling is present resulting in the formation of
so called vibron quasi-bound state [1]. Vibron states were observed as an additional peak in
energy spectra of only a few Ce-based materials, e.g. CeAl2 [2], CePd2Al2 [3] or recently
CeCuAl3 [1]. Thalmeier-Fulde theory on crystal field excitons-phonons interaction [4] describes
satisfactory the presence of additional peak in energy spectra of above listed compounds.
The presented study is focused on CeCuAl3, where the propagation vector as well as magnetic
structure was not known. Moreover, the structure type, in which this compound crystallizes, was
not determined unambiguously. Our recent investigation of this compound led to several clear
conclusions. The tetragonal BaNiSn3-type crystal structure was determined as the structure of
CeCuAl3. Moreover, we found a structural phase transition around 300°C which changes the
structure parameters only, the crystal structure is preserved [5]. The investigation of the
electronic properties reveals antiferromagnetic order below 2.6 K with easy-plane anisotropy.
Relatively strong ferromagnetic correlations are present in this compound as well as anisotropic
Kondo interaction. Our recent neutron scattering studies allowed us to determine the
incommensurate in-plane propagation vector as well as the amplitude modulated magnetic
structure of CeCuAl3, where magnetic moments lie along the [110] crystallographic direction.
[1] D. T. Adroja, A. del Moral et al., Phys. Rev. Lett., 108, 216402 (2012).
[2] M. Loewenhaupt and U. Witte, J. Phys.: Cond. Matt., 15, S519 (2003).
[3] L. C. Chapon, E. A. Goremychkin et al., Physica (Amsterdam), 378–380B, 819 (2006).
[4] P. Thalmeier and P. Fulde, Phys. Rev. Lett., 49, 1588 (1982).
[5] M. Klicpera, P. Javorský et al., Intermetallics 46 126-130 (2014).
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We have used inelastic neutron scattering techniques to study the field-induced multiferroic
transition and the temperature dependence of magnetic excitations in TbMnO3. The significant
changes in the spin-wave spectra across the field-induced transition perfectly agree with a
rotation of the cycloidal spiral plane and with efficient pinning in the commensurate high-field
phase. The detailed analysis of the Q dependence allows the identification of an electromagnon
in the multiferroic high-field phase whose energy and polarization matches previous infrared
data. From this and from the zero-field temperature dependence of a zone-center magnon,
which exactly agrees with that of an optically detected excitation, we conclude that the inverse
Dzyaloshinskii-Moriya interaction induces an electromagnon hybrid excitation in TbMnO3. For a
part of these studies we have used the new ThALES spectrometer at the ILL, from which we
present the first data even taken.
see also Physical Review B 91, 014432 (2015)
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Spin glass state influence on the transport phenomena in La0.5Pr0.2Pb0.3-xSrxMnO3±δ
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Dubna, 6 Joliot-Curie Street, Russia; Horia Hulubei National Institute for R&D in Physics and
Nuclear Engineering, 30 Reactorului Street, P.O.BOX MG-6, Bucharest - Magurele, 4) Frank
Laboratory of Neutron Physics, Joint Institute for Nuclear Research, 141980, Dubna, 6 JoliotCurie Street, Russia
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The substitution of La ions by rare-earth ions or by cationic vacancies [1] may lead to changes
of crystal structure as well as to significant changes of phase transition temperatures (metalsemiconductor, ferro-paramagnetic), appearance of spin glass state at low temperatures and
influences the transport phenomena [2,3]. Moreover, magnetic structure of manganites,
specially the origin of magnetic frustration is probably connected with the incoherent
displacement of oxygen anions, due to the different radii of A cations in ABO3 manganites (A=
rare earth/alkaline earth cations; B=Mn or other transition cations).
The main aim of this work is to determine the influence of Pb substitution with Sr on crystalline /
magnetic structures and transport properties of La0.5Pr0.2Pb0.3-xSrxMnO3 manganites. The
samples with nominal composition La0.5Pr0.2Pb0.3-xSrxMnO3 were prepared by solid state
reaction method: synthesized at 9000C (3h) and annealed at 12000C (8h) in air. The phase
composition, lattice constants and atomic positions in crystal lattice, tolerance factor, chemical
disorder degree, average length of coherent blocks and micro-strains were determined by XRD
and ND (time-of-flight) methods. The variation of the magnetization with temperature and
intensities of applied magnetic field put in evidence the transition from the spin glass to
ferromagnetic state. The variation of resistance with the temperature, intensity of applied
magnetic field and Pb concentration was determinate. It is influenced by the thermal treatment
of the samples. The substitution of Pb with Sr leads to structural changes from cubic to
rhombohedral structure that occur at x>0.05. The high resolution neutron data showed the
presence of both rhombohedric and orthorhombic perovskites structures. At room temperature
large values of the magnetoresistance were observed for samples corresponding to x = 0.0 up
to 0.15. Around room temperature, the investigated manganites represent a mixture between a
magnetic metallic phase, until metal-insulator transition temperature, and a small amount of non
magnetic insulator phase (probably as clusters). SANS measurements indicated the presence
of magnetic domains at temperature larger as Curie temperatures. At low temperatures the
transition from ferromagnetic to spin glass state induced a strong dependence of resistance on
the history of the thermal treatment.
[1] Magnetic behavior of solid solutions REMe0.50Mn0.50O3 (RE = Y, La, Pr, Nd, Eu, Gd, Er ; Me =
Ni,Co), O. Peña, P. Barahona, V. Gil, J. Tartaj,C. Moure, Bol. Soc. Esp. Ceram. V., 47, 138142 (2008)
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[2] Insulator-metal transition and giant magnetoresistance in La1-xSrxMnO3, A. Urushibara, Y.
Moritomo, T. Arima [et al.], Phys. Rev. В, 51, 14103 – 14109 (1995)
[3] Magnetotransport properties of La0.6Pb0.4MnO3-δ and Nd0.6(Sr0.7Pb0.3)0.4MnO3-δ single crystals
/ Y. X. Jia, Li Lu, K. Khazeni [et al.] , Phys. Rev. В, 52, 9147 – 9150 (1995)
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Dоnetsk Institute of Physics and Technology named after O. O. Galkin of the NASU, 83114
Donetsk, 72 R. Luxemburg Street, Ukraine 4) Frank Laboratory of Neutron Physics, Joint
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The La1-xSrxMnO3 manganites exhibit a strong interplay between the charge, lattice and spin
degrees of freedom, being characterized by a transition from paramagnetic insulating (PI) to
ferromagnetic metallic (FM) for xÎ (0.2 ÷ 0.5) [1, 2]. The substitution of Mn cations by other
transition cations lead to changes of crystal/magnetic structure, including appearance of spin
glass state at low temperatures and influences the transport phenomena. The changes of the
magnetic structure are correlated with the Mn3+/Mn4+ ratio of concentrations, implicitly with
the oxygen concentration and the changes of the crystallographic environment of Mn cations.
The main aim of this work is to determine the influence of Mn substitution with Cr on crystalline /
magnetic structures and transport properties of La0.54Ho0.11Sr0.35Mn1-xCrxO3 manganites. The
samples with nominal composition La0.54Ho0.11Sr0.35Mn1-xCrxO3 were prepared by sol-gel and
treated finally in air at 1200°C. The phase composition, structural and micro-structural
parameters were determined by XRD and ND methods. The magnetic measurements
performed by means of VSM Foner type magnetometer allowed us to put in evidence the
transition from the spin glass to ferromagnetic state. The variation of resistance with the
temperature, intensity of applied magnetic field, the thermal treatment of the samples and Cr
concentration was determinate. Comparing the X-ray and neutron diffraction data we concluded
that there can be a difference between the phase composition of the surface layer and the inner
volume of the samples. Taking account on neutron diffraction data (ND), the substitution of Mn
with Cr leads to a quasi-monotonous decrease of the unite cell (SG R-3c) volume. The thermal
treatment of the samples determines the concentration of the ferromagnetic metallic state in the
samples. At room temperature large values of the magnetoresistance were observed for
samples corresponding to x = 0.0 up to 0.15. From the data concerning the transition from spin
glass state to ferromagnetic state up to 200 K the samples can be considered as a mixture
between spin glass and ferromagnetic states. At low temperatures the transition from
ferromagnetic to spin glass state induced a strong dependence of resistance on the history of
the thermal treatment. SANS measurements indicated the presence of magnetic domains at
temperature larger as Curie temperatures. With the variation of Cr concentration a change from
a 1D rod-like shape to a 2D disk-like shape takes place.
[1] T. Chatterji, D. Andeica, R. Suryanarayanan, A. Revcolevschi, μSR studies of the electrondoped Ca1-xSmxMnO3, Physica B 374–375, 59–62 (2006);
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[2] S. Bhattacharya, S. Pal, R.K. Mukherjee, B.K. Chaudhuri, S. Neeleshwar, Y.Y. Chen, S.
Mollah, H.D. Yang, Development of pulsed magnetic field and study of magnetotransport
properties of K-doped La1–xCax–yKyMnO3 CMR materials, J.M.M.M, 269, 359–371 (2004).
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Neutron Studies of Spin Ordering in Sized Controlled SrFe12O19 Nanoplatelets
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The development of a sustainable future is highly dependent on high performance hard
magnetic materials, due to their ability to interconvert between electric and kinetic energy.
Currently, the best performing hard magnets are rare-earth based. However, geopolitical
circumstances have led to the need for new rare-earth free magnetic materials. One of the most
widely used rare-earth free magnetic compounds is the strontium hexaferrite, SrFe12O19. It has
a preferred axis of magnetization along the crystallographic c-axis, resulting in a high anisotropy
constant. The uniaxial character provides a large theoretical maximum coercivity, making the
compound a good candidate for hard magnet applications. However, full understanding of its
magnetic structure as function of crystallite size has yet to be achieved.
One way of improving the magnetic performance is by matching the particle size of the
compound to that of the magnetic domain structure. By doing so, it is possible to reduce the
energy lost in domain formation and thereby maximize the energy product. This size matching
has successfully been achieved by jet milling for Nd2Fe14B3. However, attempts to reduce the
crystallite size to that of the magnetic domain size through ball milling have been unsuccessful
for the hexaferrites, as it gives rise to phase transformation into SrO and Fe2O3.[1]
We have developed a bottom-up method based on hydrothermal synthesis that enables
formation of highly crystalline, tailor-made SrFe12O19 nanoparticles. Furthermore, it allows
preparation of relatively large quantities (∼ 0.5 g/day), suitable for neutron investigations. Initial
characterization of the samples by Rietveld refinement of powder X-ray diffraction data,
Transmission Electron Microscopy and Atomic Force Microscopy confirmed the formation of
differently sized SrFe12O19 hexagonal nanoplatelets. The crystallite sizes of the different
nanoplatelets range from ∽30 nm diameter and ∽3 nm thickness, to ∽80 nm diameter and ∽30
nm thickness. Magnetic measurements of the samples performed on a Vibrating Sample
Magnetometer proved the influence of particle size and morphology (diameter/thickness ratio)
on the magnetic properties.
In order to provide detailed insight into the magnetic moment ordering dependence on particle
size and shape with varying temperature, powder neutron diffraction patterns were collected on
the differently sized SrFe12O19 samples at 3 K and 300 K using Echidna at ANSTO.[2] Combined
neutron and X-ray Rietveld refinements were then carried out on all samples. The results
obtained from the combined refinements confirm variation of the atomic magnetic moments with
decreasing crystallite size, which is more pronounced for certain crystallographic sites.
[1] S. V. Ketov, Y. D. Yagodkin, A. L. Lebed, Y. V. Chernopyatova and K. Khlopkov, J Magn
Magn Mater, 2006, 300, E479-E481.
[2] K.-D. Liss, B. A. Hunter, M. E. Hagen, T. J. Noakes and S. J. Kennedy, Physica B, 2006,
385-386, 1010-1012.
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Field-induced interplanar magnetic correlations in the high-temperature superconductor
La2-xSrxCuO4 (x=0.12)
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It has been known for a decade that the application of a magnetic field along the
crystallographic c-axis enhances the intensity of incommensurate magnetic Bragg peaks in La2xSrxCuO4 [1,2]. Due to the weakness of the quasi two-dimensional magnetic signal and the
restricted momentum space coverage allowed by horizontal field magnets, it has, however, not
yet been possible to obtain a fully satisfactory understanding of the effect of the magnetic field
on interplanar magnetic correlations.
Here, we present a neutron diffraction study of charge-stripe ordered La2-xSrxCuO4 (x=0.12,
Tc=27K) that allows us to conclude that an overall increase of the ordered magnetic moment is
accompanied by the development of short-range interplanar correlations [3]. A noteworthy
aspect of our data, requiring the high momentum resolution of cold neutron triple axis
spectrometers, is a small but clear variation of the position of the incommensurate magnetic
Bragg peaks depending on the component of the momentum transfer along the interplanar
direction. We show how this effect can be understood to result from the presence of structural
twin domains with distinct scattering patterns [4] in our slightly orthorhombic crystal, and discuss
the implications of our results for interpreting prior work on magnetic field effects in La2xSrxCuO4.
[1] B. Lake et al, Nature 415, 299 (2002).
[2] B. Lake et al, Nature Materials 4, 658 (2005).
[3] A. T. Rømer et al, Submitted to Physical Review B.
[4] Y. S. Lee et al, Physical Review B 60, 3643 (1999).
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In this work we consider the performance of a new type of small-angle neutron scattering setup
based upon the SESANS-like spin-echo technique, which employs the time-gradient (saw-like)
magnetic fields (TGF) [1].
Virtual SESANS experiments were carried out using VITESS simulation package [2] for different
sizes of s spherical particles. These experiments allow us to optimize parameters of the
instrument planed for at the pulsed neutron beam of the IBR-2 reactor at JINR (Dubna) and
estimate the achievable Q-resolution.
These results can be used for design of SESANS-like options for future instruments at long
pulsed spallation neutron sources.
[1] A. Ioffe, Spin-echo technique with time-gradient magnetic fields for small-angle neutron
scattering and reflectometry, Nuclear Instruments and Methods in Physics A, Volume 634,
Issue 1, Supplement, 1 April 2011, Pages S55–S58
[2] http://www.helmholtz-berlin.de/forschung/grossgeraete/neutronenstreuung/projekte/vitess/
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The design of a new state-of-the-art instrument to support the area of neutron imaging research
(neutron radiography/tomography) Instrument, for use in Australian Nuclear Science and
Technology Organization (ANSTO) will be discussed. It provides university, government and
industry-based users of the new ANSTO research reactor OPAL a new world-class powerful
tool for nondestructive real space testing and evaluation, with properties complementary to xrays and synchrotron methods. The instrument covers a large area of scientific research from
medical applications, biology and environmental science, geology and engineering science as
well industrial application, which are key areas for future technology and industrial
developments in Australia. The selector wheel shutter unit combines two different functions in
one item. The first function is to work as an instrument shutter and the second one is to work as
a selector wheel. The selector wheel assembly component, as suggested in its name, provides
selective aperture options for high resolution or phase contrast imaging and separates the two
beams coming from the in-pile collimator. One beam is blocked and the other passes the
selector wheel insert and is used for an imaging experiment. A positioning accuracy of 0.01°
step width is achieved. The selector wheel was designed with a stepped housing to mate with
the inserts and prevent direct shine from the beam.
References
[1] THE INTERACTION BETWEEN SAFETY INTERLOCK AND MOTION CONTROL
SYSTEMS ON THE DINGO RADIOGRAPHY INSTRUMENT AT THE OPAL RESEARCH
REACTOR; Proceedings of ICALEPCS2013, San Francisco, CA, USA
[2] The Neutron Beam Expansion Program at the Bragg Institute; International Workshop on
Neutron Optics and Detectors (NOP&D 2013) Journal of Physics: Conference Series 528
(2014) 012026

.
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Modeling of specular, diffuse and diffraction neutron scattering from surfaces and
interfaces using a kinematic approximation
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Specular, diffuse neutron scattering and diffraction from rough surfaces and interfaces was
modeled using a Parratt methods [1] and kinematic approximations.
We present simulations of reflectivity from H2O, D2O on SiO2 substrate. The limits of kinematic
approximation applicability are discussed.
Diffuse neutron scattering was simulated for D2O on SiO2 substrate. Rough surfaces with the
required parameters were generated using a random phase method algorithm. Such surfaces
could describe capillary waves on the surfaces of liquids and polymers. Calculations were
performed for a range of roughness parameters for surface and interface.
The diffraction pattern was successfully simulated in kinematic approximation for a square
lattice of Ni58 columns on Si substrate. Our results were compared with simulations by
BornAgain [2] software based on the use of the distorted-wave Born approximation (DWBA). It
is demonstrated that the agreement of the results is good. At the same time it is discussed that
the kinematic approach is much more illustrative especially for qualitative results and provides
the possibility to model very complex systems for which DWBA approach could be difficult to
implement.
References
1. L.G. Parratt, Phys. Rev. 95 359 (1954).
2. Born again project: http://www.bornagainproject.org/
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Software package Sonix+ / 1 / has been designed more than 10 years ago, initially to control
neutron instruments of the IBR-2 reactor at the FLNP JINR. It is currently successfully used at
18 spectrometers at the FLNP JINR and several other Russian centers. The presentation is
devoted to analyzes of the principal decisions taken as a basis, as well as the operating
experience of the complex and its future prospects.

[1] http://sonix.jinr.ru/wiki/doku.php?id=en:index
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Grazing incidence small angle scattering (GISAS) is a surface sensitive, non destructive
technique, that is often used to characterise deposited or embedded nanoparticles as well as
multi-layered thin films [1]. The complexity of the sample\'s architecture and the wealth of
physical effects occurring during a GISAS experiment (multiple reflections of the incident beam,
polydispersity of the particles) require numerical simulations in order to quantitatively interpret
the experimental data.
Here we present BornAgain, a multi-platform, open-source project [2]. This software uses
Distorted Wave Born Approximation to analyze and fit small angle scattering images for X-ray or
neutron scattering at grazing incidence (GISAXS, GISANS). BornAgain provides a generic
framework for modelling samples composed of arbitrarily complex multilayers with smooth or
rough interfaces, with various shapes and distributions of embedded or deposited nanoparticles.
It also offers the option of using polarized neutron or magnetic scattering. Simulations and fits
can be controlled through Python scripts. And, in addition, a growing part of the functionality is
also available through a Graphical User Interface.
Diverse examples of GISAXS and GISANS (see fig.1) illustrating the broad range of features
covered by BornAgain will be presented and discussed.
References:
[1] G. Renaud, R. Lazzari, F. Leroy, Probing surface and interface morphology with Grazing
Incidence Small Angle X-Ray Scattering, Surface Science Reports 64, 255 (2009).
[2] http://www.bornagainproject.org

Figure 1: GISAS experimental layout. The detector image was generated with BornAgain using
a sample made of half-spherical nanoparticles (with a radius and height of 15 nm) deposited on
a substrate along a hexagonal array with a lattice length of 100 nm.
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The European Spallation Source (ESS) is a long pulse spallation neutron source that is
currently being built in Lund, Sweden. A considerable fraction of the 22 planned instruments
extend as far as 75m - 150m from the source. In such long beamlines, misalignment between
neutron guide segments can decrease the neutron transmission significantly. In addition to a
random misalignment from installation inaccuracies, the ground on which the ESS is built is
expected to sink with time and thus induce a systematic shift of the neutron guide segments. In
this study, the effect of both random and systematic misalignment on short and long ESS
beamlines is analyzed, and a possible mitigation by overillumination of subsequent guide
sections investigated.
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Many neutron scattering data acquisition systems in use today rely on custom protocols to
process neutron event data. Advancements in commercial high speed networks and timing
protocols has made it possible to use standard TCP/IP network communications to stream high
count rate data in neutron scattering applications. This presentation will highlight the improved
timing accuracy achievable with the Precision Timing Protocol (PTP), the advantages of using
Power Over Ethernet (POE), and the benefits of implementing this architecture in a neutron
scattering instruments. An added benefit is that the central processor in this system can be
used with multiple detector technologies and can be formatted to interface with the Accelerating
Data Acquisition, Reduction, and Analysis (ADARA) data streaming format developed at the
Spallation Neutron Source (SNS) in Oak Ridge, Tennessee. The ADARA data streaming
format enables users to utilize the Mantid data visualization software as well as other open
source software being made available for neutron scattering facilities. In addition to the general
benefits of these standards actual performance data and design strategies will be presented for
3
3
multiple detector types including He PSD’s, non-PSD He detector arrays, Anger camera and
neutron scintillators.
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Sample environment classically provides the parameter space for the sample under
investigation during a neutron scattering experiment. Parameters as temperature, magnetic and
electric fields, pressure or humidity are routinely available. However, in some cases additional
information concerning the sample properties during the neutron scattering experiment is
needed. In order to collect this information in-situ measurements have to be integrated in the
experiment and in the data collection process. The complexity of these in-situ options range
from quite easy as for resistivity measurements to very demanding as for in-situ pyrocurrent
measurements.
In other cases the sample itself has to be prepared by an in-situ process, for example for gas
adsorption experiments or for the in-situ investigation of chemical reactions. Here we enter the
area of in-operando measurements, where a device (for example a setup for a chemical
reaction) is investigated by neutron scattering during more or less normal operation.
In this presentation we will give an overview over the devices for in-situ and in-operando
measurements available at the Helmholtz-Zentrum Berlin in combination with examples for
measurements performed with the aforementioned devices.
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There are a number of new objects, such as molecular magnets, new superconductors, spin
electronic devices and magnetic nanostructures (e.g. nanoparticles and ferrofluids), which are
of great importance because of their exciting possible industrial applications. Detailed
understanding of their physical properties, mechanisms involved in their formation (e.g. the selforganization of magnetic nanostructures) and their operation requires the full information about
their magnetic properties. For instance, the structural information about magnetic nanoparticles
can be obtained by means of SANS. Being joined with 3-D polarization analysis it provides
exceptional possibilities for determination of the magnitude and the spatial direction of the
magnetization vector inside a magnetic structure.
For this purpose we designed a new polarimeter using mu-metal shielding for the screening of
the sample area from external magnetic fields. It is based upon the polarimeter labeled LAP-ND
3
[A. Ioffe et.al., Physica B, 350 (2004) 815], however has the larger size (600×400×400 mm ) of
the zero-field sample chamber. The size of the shielding allows us to host compact magnetic
sample environment when avoiding the magnetization of mu-metal thus keeping it able to serve
as magnetic shielding from external magnetic fields.
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The National High Magnetic Field Lab (NHMFL) has developed and delivered a 26 T resistivesuperconducting hybrid magnet with a conical bore suitable for neutron scattering to the
Helmholtz Zentrum Berlin (HZB). The magnet is now operational and is serving users. This
system consists of a superconducting “outsert” magnet and a resistive insert magnet. The
outsert provides 13 T and is based on Nb3Sn Cable-In-Conduit Conductor with a room
temperature bore of 50 cm. The insert uses Florida-Bitter magnet technology and provides 13 T
in a 5 cm central bore with +/- 15 degree conical divergence.
The HZB hybrid magnet project started in 2007. At that time, high-temperature superconductors
(HTS) existed but there was not a viable magnet technology based on them. Since then, the
NHMFL has developed magnet technology based on the HTS materials and recently tested a
set of superconducting coils with a 32-mm cold-bore that reached 27 T. The magnet was
intentionally quenched numerous times without degradation. We intend to have a 32 T magnet
operational for users at the NHMF in 2016. We believe that this technology (based on insulated
YBCO tape) can be used to build conical scattering magnets at 30 T or more. Such magnets
would be much more compact and cost much less than the hybrid we have now commissioned
at HZB.
Finally, development of a third magnet technology has started. This one again uses YBCO tape,
but without electrical insulation. This approach has been used to build a test coil that reached
26 T recently. By leaving out the insulation, less copper is need for protection and the average
current density in the coil increases. This results in more compact magnets. Hence, the noinsulation concept should provide magnets still more compact and less expensive than those
produced by insulated YBCO. However, due to the lack of electrical insulation, these magnets
are not well suited to fast charging and it is not practical to provide precise control of the
magnetic field.
Status of develop of these technologies is presented along with conceptual designs of neutronscattering magnets using each approach.
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Several imaging instruments are currently being constructed at neutron sources around the
world, including IMAT (Imaging and Materials Science & Engineering, Kockelmann et al. 2013)
at the ISIS facility, VENUS at the SNS and ODIN at the ESS. IMAT is expected to begin its
scientific commissioning phase in September 2015, and has several unique software
requirements to control the data reduction and analysis of its imaging data. The Mantid
software project (http://mantidproject.org) provides a framework that supports high-performance
computing and visualisation of scientific data (Arnold et al. 2014), and we have extended the
framework to provide support for these imaging requirements. Being part of the Mantid
framework, the software introduced here effectively integrates with a vast array of capabilities
and methods readily available in Mantid. Mantid is open source, supported on multiple platforms
(Windows, Linux, Mac), and packages are available for easy deployment.
Here we introduce the imaging functionality that has been integrated in Mantid. A new custom
graphical user interface integrates reconstruction and visualisation capabilities for neutron
imaging. This interface supports third party software such as packages for tomography
reconstruction, including Tomopy, Astra Toolbox, other proprietary software, and in the future
in-house reconstruction pipeline software being developed by the Diamond light source.
Different reconstruction approaches are thus supported, namely filtered back projection and
iterative methods such as simultaneous iterative reconstruction technique. Mantid has the
capability to run image reconstruction jobs either locally or in compute clusters and
supercomputing facilities thereby enabling quick evaluation and refinement of the reconstruction
pipeline. Within ISIS the SCARF and Emerald clusters, administered by the Scientific
Computing Department at STFC, will allow rapid refinements during the imaging experiments.
Different facilities frequently choose different job scheduling tools and hardware for their
computing facilities, for example SCARF at ISIS uses Platform LSF, while the clusters at the
SNS use MOAB. The Mantid framework provides the middleware required to control jobs in
different computing facilities handling the different job schedulers and/or web service interfaces.
This addresses challenges that arise at different facilities, such as different authentication
methods, job schedulers, and location of compute resources. Together with reconstruction
functionality, Mantid also integrates multidimensional visualisation tools that leverage on the VSI
(Vates simple interface) and ParaView, providing powerful tools to visualise the 4 dimensional
data that can result from imaging at a time of flight spallation source.
O. Arnold, et al., Mantid-Data analysis and visualization package for neutron scattering and μSR
experiments, Nuclear Instruments and Methods in Physics Research Section A, 764(11), 156166 (2014),
W. Kockelmann, S.Y. Zhang, J.F. Kelleher, J. B. Nightingale, G. Burca,, J.A. James, IMAT - A
New Imaging and Diffraction Instrument at ISIS, Physics Procedia, 43, 100-110 (2013).
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* Felix Groitl, felix.groitl@psi.ch
The multiplexing neutron spectrometer concept CAMEA (Continuous Angle Multiple Energy
Analyzer) is currently designed for implementation at the Paul Scherrer Insitut (PSI),
Switzerland, and the European Spallation Source (ESS) [1]. The concept is optimized for
restrictive sample environment, e.g. magnets and pressure cells, which is an additional source
of background. At the same time the instrument covers a large angle in the horizontal scattering
plane with large opening angle of the vertically scattering analyzers. Therefore, CAMEA
requires a radial collimator to limit background arising from sample environment.
Simultaneously, a beryllium filter cooled to liquid nitrogen (LN) temperature is needed in order to
avoid a contamination by second-order wavelengths of the analyzed final energies. In existing
spectrometers such devises have always been operated separately. Exceptions are very rough
radial collimation within a Be filter, where thick collimator lamellas are of the dimensions of the
filter itself. However, the spatial restrictions of the PSI-CAMEA require the combination of a
cooled Be filter and a radial collimator, which thin lamellas exceeds the dimensions of the Be
Filter.
In order to evaluate the technical capabilities and the performance of such a combined setup, a
flexible prototype was designed and manufactured at the PSI. Here, the Be is integrated in the
radial collimator by placing thin Be slices (length 80 or 120mm) between thin (300µm) Gd
coated lamellas (length 280mm). The filter/collimator is mounted within a vacuum vessel and
dry cooled using a Sterling cooling head. The flexible design of the prototype allows for different
collimations and for different Be lengths.
We present results of measurements carried out at the BOA beamline at PSI. These
experiments include rocking scans determining the focal FWHM, transmission measurements,
test of different collimator lamellas (glass and Si) and performance tests of the cooling of the
filter. It could be shown, that the filter can be easily cooled to LN temperature.
[1] P.G. Freeman, J.O. Birk, M. Marko, M. Bertelsen, J. Larsen, N.B. Christensen, K. Lefmann,
J. Jacobsen, Ch. Niedermayer, F. Juranyi and H.M. Ronnow, EPJ Web of Conferences 83,
03005 (2015)
E-mail for corresponding author: felix.groitl@psi.ch
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Development and characterization of new shielding materials for the ESS beamlines: B4C
ceramics
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This work regards a feasibility study for the research and development of new functionalized
materials to be used as a shielding device in the beamline construction of ESS. The present
study follows and integrates a previous experience acquired in developing ceramic neutron
absorption materials [1,2] that were tested and used in building of the Italian Neutron
Experimental Station, INES [3], presently operating at ISIS.
The European Spallation Source, ESS, will be based on the exploitation of a neutron long pulse,
time-width dt = 2.86 ms, with a period T = 71.429 ms, produced through the collision of high
energy protons over a target composed by heavy nuclei (spallation process). In order to
achieve, at the same time, a good level of brightness as well as good time/energy resolution,
the instrument beam lines are expected to be very long with expected high costs for shielding.
The main purpose of the present work is to develop the highest possible shielding efficiency
using relatively low cost materials: namely a sintered ceramic enriched in B4C.
The goal of this task is to determine the properties of ceramic-based tiles containing high
amount of B4C powder, with the aim of optimizing the production process. A preliminary
optimization and characterization work on B4C-based ceramics was already performed. The
mesh of the B4C powder, the shape of the printing blocks, the pressure for shaping the tiles and
the firing temperature were already experimentally determined. The basic neutron interaction
properties as transmission with respect to normal orientation and the low angle diffraction were
already determined in comparison with other B4C enriched materials [1, 2]. In this project, we
plan to extend these preliminary studies building different tiles, using different B4C relative
concentrations, in order to optimise the shaping process and firing temperatures and to obtain
the highest B4C possible concentration compatible with good mechanical properties of the
material.
[1] M. Celli et al., Nuclear Instruments and Methods in Physics Research A 565 (2006) 861–863
[2] L. Bartoli et al., Nuclear Instruments and Methods in Physics Research A 608 (2009) 360362
[3] F. Grazzi et al., Nuovo Cimento C Geophysics Space Physics C 30 (2007) 59-65

151

ID: PS-2 - 56, 2015-09-02, Hipostila Area
Neutron Instrumentation, Optics, Sample Environment, Detectors and Software
(Poster)
A proposed experiment for the observation of interaction of UCN with matter moving with
giant acceleration
Alexander Frank1 , Dmitry Kustov1 , German Kulin1 , Semen Goryunov1 , Dmitry Roshchupkin2 ,
Dmitry Irzhak2
1) Joint Institute for Nuclear Research, Dubna 2) Institute of Microelectronics, Technology, and
High Purity Materials, Ras
* Alexander Frank, frank@nf.jinr.ru
The concept of the effective potential is a key factor in describing the interaction of longwavelength neutrons with matter. A wide range of problems in neutron optics is well described
by a theory based on its application. However, the applicability of the effective potential model
appears to be limited to certain conditions. The report focuses on the proposal of an experiment
to test the validity of the concept of the effective potential for the case of the interaction of
waves with matter moving with very high acceleration.
In recent years a number of experiments have been carried out to study the interaction of
ultracold neutrons with accelerating matter. The observed effect of changing neutron energy
(Accelerating Matter Effect) agreed well with the calculations based on the model of the
effective potential [1]. The acceleration of matter in the experiments was about 10 g.
However, arguments have recently been put forward in support of the fact that at very high
accelerations of matter the model of the effective potential ceases to be correct [2]. The value
that limits the range of applicability of this model is proportional to the energy of neutrons and
4
for ultracold neutrons is about 5×10 g. This acceleration is attainable under experimental
conditions.
The idea of the proposed experiment is based on the use of a quartz resonator in which
oscillations are excited with a frequency of several megahertz. The acceleration of its surface
and a thin film coating of substance may vary within wide limits and amount to 105g. At
moderate accelerations UCN spectra resulting from the passage of such a system can be
calculated. Both the proposed scheme of the experiment and the results of quantum
calculations carried out under the assumption that the model of the effective potential is valid,
are presented.
[1] A.I. Frank, P. Geltenbort, M. Jentschel, G.V. Kulin, D.V. Kustov, A.N. Strepetov. Journal of
Physics: Conference Series 340 (2012) 012042.
[2] A.I. Frank. JETP Letters, 100, (2014) 613.
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Focusing module for inelastic neutron scattering from tiny samples
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C. Pfleiderer2 , P. Böni2
1) Jülich Center for Neutron Science, Forschungszentrum Jülich, Garching, Germany and
Physik-Department E21, Technische Universität München, Garching, Germany 2) PhysikDepartment E21, Technische Universität München, Garching, Germany 3) Heinz Maier-Leibnitz
Zentrum, FRM II, Technische Universität München, Garching, Germany and Physik-Department
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* Georg Brandl, g.brandl@fz-juelich.de

An elegant technical solution for measuring neutron scattering from tiny samples are elliptically
or parabolically tapered neutron guides focusing the neutron beam on a small spot [1,2,3]. We
report the ongoing development of an existing compact neutron guide module [4] that can boost
the intensity in cold neutron scattering experiments with small samples by more than an order of
magnitude. The module is particularly designed for applications with small samples and
complex sample environments such as pressure cells, where it is vital that as little as possible of
the sample environment is illuminated. The module consists of two housings containing elliptical
focusing guide elements, positioned before and after the sample that can be mounted on
demand. To assess the performance of the focusing module we present Monte Carlo
simulations of the properties of the focal spot together with experimental data (see figure). We
also discuss the application of the guide system for inelastic neutron scattering, where the small
sample size is usually a limiting factor. We show that gain factors of approximately 40 can be
realized when measuring phonons in a tiny lead single crystal.
[1] T. Hils, P. Böni, and J. Stahn, “Focusing parabolic guide for very small samples,” Physica B
350, 166 (2004).
[2] N. Kardjilov, P. Böni, A. Hilger, M. Strobl, and W. Treimer, “Characterization of a focusing
parabolic guide using neutron radiography method,” Nucl. Instrum. Methods A 542, 248
(2005).
[3] P. Böni, “High intensity neutron beams for small samples,” J. Phys. Conf. Ser. 502, 012047
(2014).
[4] T. Adams, G. Brandl, A. Chacon, J. N. Wagner, M. Rahn, S. Mühlbauer, R. Georgii, C.
Pfleiderer and P. Böni, “Versatile module for experiments with focussing neutron guides,”
Appl. Phys. Lett. 105, 123505 (2014).
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The neutron time-of-flight spectrometer NEAT at BER II is currently undergoing a major upgrade
where emphasis is placed on the prevention of parasitic scattering to enhance the signal-tonoise ratio. For this purpose, we discuss the impact of shielding to suppress parasitic scattering
from two identified sources of noise: the sample environment and detector cross-talk. By means
of Monte Carlo simulations and a modification of the analytical model of Copley et al. [1], the
visibility functions of instrument parts are computed for different shielding configurations.
According to three selection criteria, namely suppression of noise, transmission and detection
limit, the parameters of an oscillating radial collimator could be optimized for NEAT’s default
setup. Moreover, different configurations of detector shielding are discussed to prevent crosstalk within the radial detector system.

[1] J. R. D. Copley and J. C. Cook. An analysis of the effectiveness of oscillating radial
collimators in neutron scattering applications. Nucl. Instr. Methods Phys. Res. A, 345:313–
323, 1994.
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BAND-GEM detectors for SANS measurements at the European Spallation Source
Giorgia Albani1 , John Birch2 , Xiao Xiao Cai5 , Carlo Cazzaniga1 , Gerardo Claps6 , Gabriele
Croci1 , Giuseppe Gorini1 , Giovanni Grosso7 , Richard Hall-Wilton4 , Carina Höglund2 , Lars
Hultman2 , Kalliopi Kanaki3 , Isabel Llamas Jansa5 , Andrea Muraro7 , Fabrizio Murtas6 , Enrico
Perelli Cippo7 , Marica Rebai1 , Marco Tardocchi7
1) Dipartimento di Fisica, Università degli Studi di Milano-Bicocca – Piazza della Scienza 3,
20126 Milano, Italy 2) Department of Physics, Chemistry and Biology (IFM), Thin Film Physics
Division, Linköping University, SE-581 83 Linköping, Sweden 3) European Spallation Source
ESS AB, P.O. Box 176, SE-221 00 Lund, Sweden 4) Mid-Sweden University, SE-851 70
Sundsvall, Sweden 5) IFE: Institute for Energy Technology, Box 40, 2027 Kjeller, Norway 6)
INFN – Laboratori Nazionali di Frascati –Via Fermi 40, 0044 Frascati, Italy 7) Istituto di Fisica
del Plasma (IFP-CNR) – Via Cozzi 53, 20125 Milano, Italy
* Giorgia Albani, giorgia.albani@unimib.it

Small Angle Neutron Scattering (SANS) will be among the first measurements to be performed
at the European Spallation Source.
The expected high neutron fluxes, with associated high count rate requirements on the
detectors, have been the main driver for developing a new type of neutron detector based on
the Gas Electron Multiplier (GEM) technique. The GEM technique is well established for
charged particle measurements in high energy physics applications at CERN and elsewhere.
The new development concerns the neutron conversion to charged particles. It is well known
10
that a single layer of B can provide an efficiency that is <5% for thermal neutrons. In the
BAND-GEM approach a 3D geometry for the neutron converter was developed that is expected
to provide an average efficiency >50% in the wavelength of interest for SANS measurements,
while meeting the spatial resolution requirements for SANS.
In the presentation the spatial resolution requirements for SANS will be reviewed and the
BAND-GEM detection method will be described. First results based on counting rate tests with a
BAND-GEM prototype and the comparison with 3He will be reported and approaches for
optimizing the detector performance will be discussed.
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Rasmus Laurberg Hansen1 , Jacob Larsen2 , Jonas O. Birk3 , Niels B. Christensen2 , Christof
Niedermayer3 , Henrik M. Rønnow4 , Felix Groitl3 , Márton Markó6 , Paul G. Freeman5 , Kim
Lefmann1
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for Quantum Magnetism, EPFL, 1015 Lausanne, Switzerland 5) Jeremiah Horrocks Institute,
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New instruments under development for inelastic neutron scattering makes use of arrays of Pyrolytic Graphite (PG) analyzers as well as the prismatic analyzer concept[1] to simultaneously
measure multiple scattering angles and energies, driving the need to understand and model
spurious scattering from PG.
Measurements have been performed at the cold neutron powder diffractometer DMC at PSI of
PG crystals at different temperatures to understand the phonon interactions in the crystals. With
this data as basis a detailed model describing the effects measured have been developed using
McStas. These effects include powder like behavior, total reflection, phonon contamination and
Bragg peak widening of both Gauss and Lorentz shape due to mosaicity and uncertainty in the
lattice parameters.
With this model, simulations of an upgrade of the back-end of the RITA-II triple-axisspectrometer at PSI have been performed. This upgrade called PSI-CAMEA contains arrays of
high mosaicity analyzing PG crystals to measure outgoing energies in the 2.0 meV to 5.0 meV
range. The simulation helps determine the need for collimation and shielding as well as
determining the need for cooling the analyzers to avoid phonon contamination.
[1] Jonas O. Birk, et. al, .Rev. Sci. Instrum. 85, 113908 (2014).
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Jörg Voigt1 , Werner Schweika1 , Nicolo Violini1 , Thomas Brückel1
1) Jülich Centre for Neutron Science JCNS and Peter Grünberg Institut PGI, JARA-FIT,
Forschungszentrum Jülich GmbH, 52425 Jülich, Germany
* Jörg Voigt, j.voigt@fz-juelich.de
In recent years chopper spectrometers have been used more and more to study coherent
excitations thanks to the development of large detectors with good position resolution.
This trend has been enforced by the new spectrometers based at Megawatt spallation sources
and the development of operation modes, where not a single initial energy (monochromatic
neutron pulses) but multiple energies (polychromatic pulses) are used to probe different
dynamic ranges in one experiment.
The long pulse spallation source opens new opportunities here, as the long pulse length allows
to increase the length of the instrument, which results in a narrow energy spacing between the
different pulses in the polychromatic beam.
Traditionally chopper spectrometers are optimized to provide a good resolution over the entire
range of energy transfers, often with emphasis on the elastic energy resolution.
With the variable initial energy, novel instruments can be build, which optimize individual pulses
for distinct regions of the energy transfer and cover a large dynamic range by stacking of the
different regions of interest.
We discuss the new potential that can be offered by the proposed instruments for the ESS and
furthermore, different conceptual optimizations for specific requests from magnetic excitations
and vibrational spectroscopy.
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Recording several energies from one analyzer with a prismatic analyzer setup
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Prismatic analyzers are a new analyzer-detector concept for neutron spectroscopy that enables
simultaneous recording of several energies from a single flat analyzer crystal, thereby improving
both energy resolution and the total recorded flux.
If distance collimation is used instead of mosaicity to provide energy resolution it is possible to
get a finer energy resolution by use of narrow detection channels (PSD, several tubes,..). The
remaining neutrons reflected by the analyzer can be recorded in other detector channels to
ensure that the total recorded flux stays unchanged while the energy resolution becomes finer.
By relaxing the mosaicity it is even possible to record more neutrons with cheaper analyzers
while keeping the fine energy resolution. The concept can be combined with focusing analyzers
for an even higher performance. [1]
The prismatic analyzer concept has been thoroughly simulated in McStas and has been
experimentally verified on both TASP, a traditional triple axis spectrometer at PSI, and a
prototype of CAMEA [2], an Inverse time of flight Spectrometer to be constructed at ESS.
[1] Jonas O. Birk, et. al, .Rev. Sci. Instrum. 85, 113908 (2014)
[2] P.G. Freeman, et. al., EPJ Web of Conferences 83, 03005 (2015)
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Neutron guide shielding for CAMEA spectrometer at ESS.
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Neutron scattering is a fascinating field of science that allows researchers to probe materials at
the nanoscale. Besides the actual neutron scattering experiments, a lot of attention should be
paid to the development of the neutron scattering instrumentation. In recent years a great deal
of effort has been put into designing more efficient guides to transport as many neutrons to the
sample position as possible. Nonetheless, there are problems that have been given less
attention.
Firstly, thermal and cold neutrons that get absorbed by the shielding trigger nuclear reactions
and thus secondary radiation is emitted. Secondly, fast neutrons pose a significant challenge.
Since, as mentioned above, a lot of attention is paid to cold and thermal neutron transport the
fast ones are nearly forgotten. Yet, these neutrons can seriously disrupt the experiments by
interfering with detectors. Without carefully designing the facility, the fast neutron problem
becomes even worse if the neutron source is a spallation source like, for example, at ESS. Not
to mention the fact that the whole background coming from the neutron guide could matter for
other instruments in its vicinity. Even though this is quite a serious matter, there are very few
calculations on the amount of shielding needed, which is far from perfect.
In this project we study the effect of background radiation induced by the interaction of
cold/thermal neutrons from the source with the material of CAMEA spectrometer neutron
guide[1, 2] as well as try to create a reasonable fast neutron shielding for the current guide
geometry using McStas and MCNPX. The essence of the project is a rather “new” approach to
the guide model when the guide, shielding and the backgrounds are thought as a whole, rather
than being designed or cared about in separate stages. We hope that this approach can make a
significant contribution to the design of the CAMEA spectrometer at ESS as well as other
instruments that are planned in the facility.
To conclude, as a result of the “whole model” approach, we show that the fast neutrons are a
considerable threat to neutron scattering experiments if left unattended. A model of shielding
against the fast and slow neutrons has been proposed as well as the background coming from
the slow neutrons has been evaluated.
References:
1. P. G. Freeman, J. O. Birk, M. Marko, M. Bertelsen, J. Larsen, N. B. Christensen, K.
Lefmann, J. Jacobsen, Ch. Niedermayer, F. Juranyi, and H. M. Rønnow, CAMEA ESS The Continuous Angle Multi-Energy Analysis Indirect Geometry Spectrometer for the
European Spallation Source, J. Phys. Web of Conf. 83, 03005 (2015)
2. J.O. Birk, M. Marko, P.G. Freeman, J. Jacobsen, R.L. Hansen, N.B. Christensen, C.
Niedermayer, M. Månsson, H.M. Rønnow, K. Lefmann, Prismatic Analyzer Concept for
Neutron Spectrometers, Rev. Sci. Instr. 85, 113908 (2014)
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Sample environment plays a crucial role for the success of almost every scattering experiment.
Controlling various physical parameters at the sample position, performing experiments at
extreme conditions or adding complementary in-situ measurements - in many cases the role of
sample environment today shifted from a purely technical infrastructure to a key component,
crucial for the scientific success of the experiment and the efficient use of precious beam-time
at large scale facilities.
During the 8th International Workshop on Sample Environment, held in October 2014 at
Eynsham Hall in the UK, representatives of 10 major facilities around the world agreed on the
foundation of the International Society for Sample Environment, with the aim to intensify the
collaboration around all themes related to sample environment. The major goal of the society,
besides giving a stable home to the series of sample environment workshops and technical
schools, is to provide a unique information exchange platform for the benefit of the international
scientific community. The society is open to everybody interested in sample environment and all
institutions are invited to contribute to the society governing body. In this presentation the newly
formed society goals, statutes and participation criteria will be illustrated.
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The methods for complex radiation diagnostics, using various types of penetrating radiation
(neutrons and synchrotron radiation), various types of contrast (absorption, diffraction, phase,
small angle) and various energy of radiation, have been developed.
The information about devices, developed for imaging in beams of “white”, monochromatic and
filtered radiation is presented.
The results of experiments, conducted with samples of different sizes, for different branches of
knowledge, using radiography and tomography, are reported. In particular, the following results
are presented:
Materials science – study of fuel assemblies, fuels, micro-fuels, monocrystalline and
polycrystalline turbine blades, welding joints, superconducting targets.
Paleontology – nondestructive study of internal structure of invertebrates and vertebrates of
different periods.
Archeology – data on composition, structure and properties of non-ferrous and ferrous slugs,
pigments, ceramics, weapons and other artifacts.
It is shown the complex approach provides more reliable and diverse information compare to
employment of one method.
This work was performed using the equipment of Unique Scientific Facility "Research reactor
IR-8" and "Kurchatov Synchrotron Radiation Source" supported by the Russian Ministry of
Science and Education (project code RFMEFI61914X0002).
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Several neutron optical devices have been developed at HZB, mainly solid state elements
where the neutrons are transported in thin silicon wafers with coated walls.
We show results of solid state polarizing benders, solid state collimators and a solid state radial
bender for the polarization analysis of neutrons over an angular range of 3.8 degrees.
Another device consists of a solid state polarizing bender without absorbing layers used
together with a collimator, which allows polarizing or analyzing neutrons without deflecting them
from their original direction.
Two-dimensional polarization analysers for an angular range of 5 degrees in both directions are
presented.
A polarizing cavity in a guide of 9 m length with a cross section of 60 mm x 100 mm was built
which polarizes neutrons with wavelengths above 0.25 nm.
In all these polarizing devices polarisations of 95% were realised.
Recently a polarizing S-bender with a cross section of 30 mm x 100 mm was tested at a
wavelength of 4.4 Å, showing a polarization above 98% and a transmission above 65% [1].
A focusing solid state lens was made from Si wafers coated with m=2 Ni-Ti supermirrors which
can transport the full divergence of a neutron guide with the same coating. Here a focus with a
FWHM of 2.4 mm was reached and an intensity increase of 5.6 compared to the intensity there
without the lens.
Refractive focusing of neutrons can be realized by prisms. We used Si prism systems to
analyse the energy of a collimated white neutron beam [2], [3] and to refocus a slit onto a
detector.
[1] Th. Krist, F. Rucker, G. Brandl, R. Georgii: High performance, large cross section S-bender
for neutron polarization, Nuclear Inst. and Methods in Physics Research, A 698 (2013) 9497
[2] J. Schulz, F. Ott, Ch. Hülsen, Th. Krist: Neutron energy analysis by silicon prisms, Nuclear
Inst. and Methods in Physics Research, A729 (2013) 334
[3] J. Schulz, F. Ott, Th. Krist: An improved prism energy analyzer for neutrons, Nuclear Inst.
and Methods in Physics Research, A744 (2014) 69-72
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Carbon Fibre in Neutron Scattering: IN16B backscattering analyzers’ structures, from
concept to commissioning
Lander Gonzalez Larrea1 , Alvaro Pipo Benito1 , Iñigo Dominguez Fraile1
1) Scientifica International, S.L.U.
* Lander Gonzalez Larrea, lglarrea@scientifica.es

Carbon Fibre epoxy composites have always raised concerns regarding their use in neutron
scattering applications due to the content of Hydrogen in its composition which can become a
source of additional scattering and therefore, reduce the signal quality of instruments. However,
for specific applications where high mechanical stiffness and lightweight are necessary, CF is
very useful and can provide unique capabilities. This was the case for the IN16B instrument
which was the upgrade of the existing IN16 at the ILL neutron reactor.
The requirement of a greater solid angle for the backscattering analyzers meant a big increase
in weight for the old aluminium structures, and this would put stress on the design of the
positioning tables underneath, the design of the vacuum tank and, of course, the overall cost of
the instrument. These reasons lead the instrument development team at the ILL to inquire the
possibilities of Carbon Fibre based analyser supports.
A novel solution for these structures was proposed by Scientifica to the ILL team, comprising a
carbon fibre structure, calculated to meet the stringent geometrical tolerances under mechanical
efforts and thermal variations and, of course, able to generate low enough scattering to keep
the neutrons signal\'s quality.
This paper presents the process of the development of such solution, from the concept to the
commissioning, in close collaboration among the instrument development team and a private
company, and the final results obtained.
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Optimization of the focusing neutron guide for the high resolution backscattering
spectrometer SPHERES
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Garching, Germany
* Marina khaneft, m.khaneft@fz-juelich.de
The SPectrometer for High Energy RESolution (SPHERES) is a third generation neutron
backscattering spectrometer with focusing optics and a phase space transform (PST) chopper.
It provides high-energy resolution (~0.65μeV) with a very good signal-to-noise ratio. By filling
the instrument housing with argon in order to avoid air scattering in the secondary spectrometer
the signal-to-noise ratio has been increased by about 40% [1]. The resolution of the small angle
detectors have been improved by reducing the azimuth angle range of the analyzers [2].
The recent instrument development was focused on the planned upgrade of the PST chopper
which will provide a further gain in flux. The new designed chopper will be more efficient due to
optimized rotation speed and higher reflectivity and mosaicity of the graphite crystals. The new
crystals can reflect a more divergent beam. In order to further increase efficiency of the
instrument the focusing neutron guide should be optimized.
SPHERES is located at the end position of neutron guide NL-6. The total distance between the
upstream instrument DNS and PST chopper is 16.8 m. The first 9.6 m of the guide up to the
selector position is a straight guide and the last 7.2 m is a linear converging guide (top figure).
We consider two possible options for the upgrade of the neutron guide. The first option is to
redesign the converging part of the guide only starting after the selector (middle figure). The
second possibility is to change the complete guide starting from the upstream instrument – DNS
(bottom figure). Monte Carlo simulations of the instrument show the advantage of an elliptic
focusing neutron guide in all considered cases. The elliptic focusing leads to a gain of intensity
at the guide end as well as at the sample position. Parameters of the new guide such as cross
section, length and mirror coating are varied and compared in order to find an optimum shape of
the guide. In order to deliver a maximum flux to the sample position the neutron guide is
simulated together with the PST chopper. The performance of the PST is analyzed in terms of
incoming divergence of the beam.
[1] J. Wuttke et al., Rev. Sci. Instrum. 83, 075109 (2012).
[2] J. Wuttke, M. Zamponi, Rev. Sci. Instrum. 84, 115108 (2013).
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Inelastic neutron scattering in fields above 25 Tesla: an upgrade of the Extreme
Environment Diffractometer.
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The Extreme Environment Diffractometer at Helmholtz-Zentrum Berlin is a neutron time-of-flight
instrument which has been, from the very beginning, designed to work with the new High-Field
Magnet capable of applying more than 25 T constant magnetic field to the sample. The
instrument equipped with the magnet is now entering operation and will be used for diffraction
and small-angle neutron scattering experiments. However, given the unique capabilities of the
sample environment and the flexibility of the instrument, it is both desirable and possible to
extend the functionality further, in order to maximise the scope of measurements that will benefit
from the constant magnetic fields unprecedented in neutron science. In this contribution we
present the design of the inelastic-neutron-scattering mode; the new components of the
instrument described here are currently under construction. We discuss the procedure
employed to optimise the shape of the focussing neutron guide; we present the parameters of
the new monochromatising choppers, and demonstrate the results of Monte Carlo ray-tracing
simulations predicting the performance of the instrument after the upgrade. The calculated
properties include the flux, spatial distribution and divergence distribution of the neutron beam
at the sample, as well as the energy resolution of the instrument. Despite the additional
constraints imposed on the instrument layout by the geometry of the High-Field Magnet, the
expected performance of the instrument is comparable with this of existing time-of-flight neutron
spectrometers at other continuous neutron sources.
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Neutron guide design has in the past been dominated by geometries where the performance
could be described analytically and thus limited to simple geometries. However with the
computing power available today, it has become normal to use numerical optimization of Monte
Carlo ray-tracing simulations to design advanced ballistic neutron guide geometries [1-3]. The
increased complexity of modern guides means that there are many different alternatives to be
investigated before selecting an appropriate guide geometry for a specific instrument. Every
alternative needs to have a full ray-tracing simulation written and optimized in order to evaluate
the performance, which for an experienced guide designer would take at least one day of work
per alternative.
Here we present the program guide_bot, that will allow a guide designer to quickly investigate
and compare a large number of different guide geometries, all optimized for a specific
instrument. The user inputs the figure of merit describing the beam to be delivered by the guide,
and the facility constraints. Each guide geometry to be optimized can then be described by a
single line of code that combines common geometries as parts of the final guide. These parts
can have options that could, for example, constrain the optimizer or influence how line of sight is
broken.
The output of guide_bot is a McStas [4] simulation and associated iFit [5] optimization script for
each guide geometry, along with scripts for running all these on a cluster. The results are
described through a single overall summary, and individual plots for each guide. This makes a
comparison of the different guide possibilities effortless while allowing the user to access the full
details for specific solutions.
The guide_bot program can be used without previous experience with underlying programs,
meaning the optimization of complicated guide geometries to specific instruments requirements
is now both fast and easy.
Recently the European Spallation Source has used guide_bot for evaluating optical
performance for large sets of proposed instruments, in order to select the best possible
moderator for the overall instrument suite [6].
[1] M. Bertelsen, H. Jacobsen, U. B. Hansen, H. H. Carlsen, K. Lefmann, Nuclear Instruments
and Methods A, Volume 729, p. 387-398 (2013)
[2] K.H. Klenø, K. Lieutenant, K.H. Andersen, K. Lefmann, Nuclear Instruments and Methods A,
696 p. 75, (2012)
[3] C. Zendler, D. Nekrassov, K. Lieutenant, Nuclear Instruments and Methods A, Volume 746,
p 39-46, (2014)
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[4] P. Willendrup, E. Farhi, K. Lefmann, Physica B, Vol. 350, Suppl. 1, p. e735-e737 (2004)
[5] E. Farhi, Y. Debab, P. Willendrup, J. Neut. Res., Vol. 17, No 1, p. 5-18 (2014)
[6] K.H. Andersen et al, unpublished (2015)
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Backscattering spectrometers offers high energy resolution due to the almost perfect
backscattering of the neutrons by the analysers. To avoid the neutrons to go through the
sample twice time-of-flight backscattering spectrometers use slightly off-backscattering.
However the resolution of the back end gets worse and highly affected by the sample height.
Here I propose a “deformed sphere geometry” for the analyser, which together with position
sensitive detectors, results in a kind of time-focusing of the neutrons having the energy close to
the nominal analysed energy. This time-focusing condition improves the energy resolution of the
back-end in the quasi-elastic regime, and makes the energy resolution independent on the
sample height.
Thus with this new geometry the resolution of the TOF backscattering instruments can be as
good as the reactor based backscattering instruments, or alternatively the scattering angle of
the analysers can be further decreased to get much larger vertical angular coverage of the
analysers. The latter allows for much higher detected intensity while the reasonable resolution is
kept.
I will also discuss on the basics of the time focusing conditions, the results of ray-tracing
simulations as well on the advantages and risks of the new geometry.

168

ID: PS-2 - 72, 2015-09-02, Hipostila Area
Neutron Instrumentation, Optics, Sample Environment, Detectors and Software
(Poster)
Status of Neutron Imaging Activities at ESS
Markus Strobl1
1) European Spallation Source ESS AB
* Markus Strobl, markus.strobl@esss.se
While neutron imaging has proven its vast potential for scientific and industrial applications at
continuous sources, neutron imaging taking advantage of a pulsed source and hence time-offlight methods is a new field unlocking yet unexplored methods and fields of applications. Within
the last decade various novel imaging modalities have been developed taking advantage of
wavelength resolution and in particular of scattering information amenable in addition to
conventional real space image resolution (Fig. 1). Hence, neutron imaging is not only revealing
macroscopic inner structures of different material compositions or densities anymore, but also
inhomogeneities of crystalline structure and phase, corresponding structural transitions as well
as microscopic structural behavior in space and time and magnetic phenomena. An optimized
imaging instrument at the ESS long pulse source will have the unique potential to cover all
these areas with highest efficiency and performance by taking advantage not only of the high
time averaged flux but also the flexibility provided by the source time structure for a versatile
instrument. However, taking advantage of such potential does not only require such instrument,
as approved for construction and known as ODIN, but the corresponding development of
methodical approaches and scientific cases to take best advantage of such investment.
Accordingly a broad development program has been established with a number of experienced
partners advancing methods such as Bragg edge and 3D diffraction imaging, polarized time-offlight imaging and quantitative dark-field SANS imaging. The state-of-the-art in these seminal
developments and their promises for future imaging at ESS and ODIN will be introduced.

Figure 1: Imaging in relation to scattering; below the scale: conventional imaging, above: novel
methodical approaches with respect to their reciprocal space resolution (examples from HZB,
ISIS, TUM, PSI, TUD)
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The BerILL humidity chamber, the next generation of humidity control
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The complex ordering of biological samples can be probed and better understood through the
use of neutron scattering. Taking advantage of the low absorption of neutron in different
materials and the option for selective labelling of samples through deuteration allows for unique
measurements which are not possible with other techniques such as X-ray scattering or
magnetic resonance. The characteristics of biological samples are strongly coupled to both the
temperature and relative humidity of the sample’s surroundings. With this in mind, it is
necessary not only to accurately observe the hydration and temperature of a biological sample,
but also to have precise control over these parameters. Until now, the precise control of sample
environment humidity has been difficult for relative humidity over 95%, due to various factors
such as the unreliability of sensors at high humidity values and the presence of thermal
gradients in the sample environment which lead to condensation.
The BerILL humidity chamber allows for precise and easy to use humidity and temperature
control, faster Fourier phasing through the swelling method and the ability to reach humidity
environments extremely close to saturation over a wide temperature range.
In the framework of the NMI3 Soft Matter JRA-Work Package 20, the cooperation partners from
HZB and ILL have designed and produced the first prototype of the new humidity chamber.
Commissioning has been carried out at the diffractometers D16 (ILL) and V1 (HZB). We present
the results of COMSOL finite element simulations leading to the design choices we have used,
the results of the in-beam commissioning and discuss the advantages of the BerILL humidity
chamber over previous humidity chamber designs.
Figure 1. CAD of the BerILL humidity chamber. Sample wafer on goniometer can be seen in the
center, inside of an evacuated double walled aluminum chamber. Temperature of the inner cell
is regulated by external water chillers, and separated from lower water reservoir by insulating
plastic. Humidity is induced by a temperature difference between sample and water reservoir
below.
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Slits and macroscopic objects such as edges give rise to interference effects when a coherent
neutron (or X-ray) beam propagates through an investigated sample. These phenomena are
effectively used in the so called phase-contrast imaging. In addition to the absorption contrast in
the conventional radiography it exploits also these contributions from the induced phase shifts.
However, the used radiation has to possess a sufficiently high spatial coherence. In this
contribution we present a special neutron diffractometer performances based either on multiple
reflections realized in a bent perfect crystal or dispersive double bent crystal settings which both
provide a high spatial coherence beam of sufficient intensity and cross-section of several
square centimeters. In these cases the high spatial coherence is realized only in the horizontal
scattering plane. Though, it could be potentially used in some phase contrast radiography
experiments.
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In our contribution neutron diffraction properties of the dispersive double crystal (+n,-m) and
(+n,+m) settings containing the bent perfect crystal Si(220) in symmetric diffraction geometry
and the bent perfect crystal Si(311) in the FAD geometry with the output beam expansion are
compared. It has been found that the properties, namely the width of the output double
diffracted beam, of both settings strongly depends on the relative combination of curvatures of
Si(311) crystal slab with respect to the curvature of the Si(220) one. Moreover, after the beam
expansion, the FAD geometry provides in both cases a highly collimated and
highly monochromatic beam of a rather large cross-section of several square centimetres.
Application possibilities of such a beam, namely for phase contrast radiography, will be
discussed.
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Fundamental objectives of materials science are the development of new materials, their
characterization and studies of the microstructure–properties relationship. One of the most used
tools to achieve these goals is the neutron time-of-flight diffraction in combination with in situ
experiments. However, the modern materials are often complex and require novel techniques
allowing investigations under real working conditions and on realistic time scales. Thus, high
time and spatial resolution together with high q-resolution are the most important requirements.
These are the key design goals of the Beamline for European Engineering Materials Research
(BEER) proposed by HZG and NPI/Řež for ESS. The beamline is distinguished by a novel
pulse multiplexing technique based on extracting several short pulses out of the long ESS-pulse
(s. Figure 1). The number of the short pulses can be controlled by the rotation frequency of the
Modulation Chopper. Multiple short pulses enable diffraction with high resolution and high
intensity at the sample position. BEER will, therefore, outperform the existing diffractometers for
the case of high resolution diffractometry for strain analysis of highly symmetric materials. The
design of choppers and neutron optics at BEER allows further SANS and imaging investigations
of high performance without compromising diffraction. This contribution is mainly focused on
McStas simulations of high resolution diffraction using the multiplexing technique. They illustrate
that resolution and measuring times expected for BEER are compared with the performance of
worldwide leading instruments such as ENGIN-X (ISIS), STRESS-SPEC (FRM II), VULCAN
(SNS) and TAKUMI (JCNS). Furthermore, the performance of BEER for SANS measurement in
parallel with high resolution diffraction is outlined.
Figure 1: Profile of the ESS source pulse as observed with a ToF- monitor after the Modulation
Chopper (MC) operating at f=70 Hz (left) and f=280 Hz (right). The width of the single pulses
defines the time resolution at the sample.
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Large neutron scattering datasets are commonly collected at TOF sources, particularly for
single crystal diffraction experiments. A full understanding of the materials of interest often
requires the complete mapping of data in an n-dimensional manifold. Increasingly, and
particularly in single crystal diffraction, the correct treatment of data as part of data reduction
and analysis, for a range of techniques, involves the efficient and flexible processing of large ndimensional datasets.
The Mantid1,2 framework, our extensible framework for neutron and muon data reduction and
analysis, has been successfully deployed for use on a large range of instruments. An on-going
area of development within that framework has been the development of tools to analyse and
visualise n-dimensional data. This work has involved collaboration between ISIS at RAL, SNS at
Oakridge and the ESS in Lund.
Additional complexities introduced in single crystal diffraction techniques are to accurately find,
index, and integrate peaks with minimal user-intervention. The integration alone presents a
major challenge, and this has been an area of focus for us recently. Our initial offering was
based on a spherical integration approach, with in momentum-transfer space, we found this
worked well in some, but not all cases. We have since developed new algorithms based on a
peak-by-peak principle component analysis for which the integrated region falls into an ellipsoid.
For weak and diffuse peaks, we have developed a solution using connected component
analysis to identify and integrate arbitrary peak shapes over the background.
Visualisation has become a fundamental part of the data-treatment in single crystal diffraction,
not just an end output. Users need to retain the ability to step-in to the processing, for example
by editing and separating of peaks lists and verifying complex 3D integration regions against the
recorded data via visual inspection, and printable reports for archiving and later reference.
We have developed tools for showing, sorting and simultaneously editing several peaks lists
overlaid on n-dimensional datasets. This allows the separation of nuclear from magnetic peaks,
or the accurate modelling of multiple samples, or grains of the same sample. We have a
number of harmonised tools to allow different perspectives on the same data, for example in
three-dimensions of reciprocal space, via two-dimensional projections, and in detector space.
Using a flexible format allowing algorithms to write out details of how each peak has been
integrated and we can therefore provide an exact visual representation of how the integration
has been performed.
References
[1] www.mantidroject.org
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764, 11 November 2014, Pages 156-166, http://dx.doi.org/10.1016/j.nima.2014.07.029
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The evolution of light sensors enjoyed unprecedented growth in the last 20 years. This evolution
is such that the camera of a smartphone can be used for Raman spectroscopy [1]. We will
illustrate how these recent advances in light sensors revolutionize the observation in physics.
Today the technology is sufficiently powerful to be exploited quantitatively in neutron
spectrometry for the study of both elastic or inelastic scattering (time of flight). The twodimensional high resolution neutron detector, called Barotron [2] (from the name of the inventor)
is derived from this technology.
With a basis of 250 000 pixels, a resolution of 16 bits for each pixel, a very low detection limit
2
2
(<< 1 / cm / s), a high dynamic (16 bit) and an excellent spatial resolution (0.5 * 0.5mm ), the
Barotron performances compete the best current two-dimensional gas detectors. This new
technology presents the huge advantage of being constantly upgraded by replacing the sensor.
This development opens a new generation of high-performance neutron detectors, versatile and
adapted to new spallation sources for an ever more precise characterization of the properties of
the samples.
We will give some examples of exploitation of the high resolution detector including imaging,
diffraction
or
SANS.

1. A. Sences et al, ACS Photonics, 2014, 1, 17-26; D. Gallegos et al, Lab chip, 2013,
13,2124-2132, D. Pile Nature Photonis, 8 (2014) 168.
2. , P. Baroni, L. Noirez; Am. J. of Appl. Phys. 2014; Brevet n° 0502379, 24/03/2005
PCTE.
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Hydrogen is a pervasive and unique element in materials science, chemistry and biological
systems, due to its structure and property directing roles and understanding its behaviour –
location and local motion – is key. Neutron scattering provides a unique tool for studying
hydrogen through the techniques of diffraction, to determine its location and provide information
on local displacements, and inelastic scattering, for investigating motion. This is essential to
underpin the next generation of energy materials and catalysts, the development of active
organic compounds for the pharmaceutical, biochemical and agrochemical industries, produce
detailed models for Earth and planetary sciences, and for the design and assembly of new
porous, supramolecular and meta-materials. Furthermore, experimentalists increasingly need
information simultaneously on both the position and motion of hydrogen - thereby providing the
complete description of the system.
High quality powder diffraction data can provide insights into hydrogen atom motion (through,
for example, accurately determined anisotropic atomic displacement parameters and site
distributions as a function of temperature) but a neutron scattering instrument that offers the
potential to extract both high quality structural and local motional information on this key atom
type would be revolutionary. Recent advances in high neutron flux instrumentation coupled with
their initial exploitation have demonstrated the likely impact of such work and highlighted the
enormous future potential of the methodology.
HOD is a next generation, optimised instrument that will deliver the full potential of neutron
scattering in studying hydrogen-containing materials, including addressing the issues caused by
incoherent scattering. HOD will:





measure detailed structural and local motional information on hydrogen routinely from a
wide range of functional advanced materials and systems – moderate- to highcomplexity structural problems in inorganic, organic and hybrid systems.
tackle and provide solutions to the key scientific problems of contemporary and
developing areas of science - including energy materials, environmental science and life
sciences.
provide specialised, dedicated sample environment and additional experimental probes
tailored for studying hydrogen in situ, and real-time providing hitherto unparalleled
levels of information on the behaviour of this vital element.
expand the neutron user community through providing (i) key structural information
from material and functional compounds not hitherto accessible with neutrons and (ii)
yielding information unavailable through any other technique.
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At ISIS spallation neutron source, TOSCA spectrometer is operational. This instrument is a
broadband, indirect-geometry inelastic neutron spectrometer optimised for high-resolution
spectroscopy up to energy transfers of ca. 500 meV in neutron-energy loss. Its sample position
sits at 17 m from a room-temperature water moderator. When TOSCA was constructed, neutron
guides were ineffective for the relatively hot neutrons required. Nevertheless, neutron guide
technology has greatly improved and TOSCA current need is for greater sensitivity via provision
of a guide in the primary spectrometer, thus a validated Monte Carlo model is crucial to probe
this upgrade.
The starting point was our past realization of a computational description of the TOSCA
spectrometer using Monte-Carlo simulations, followed by a benchmarking of its performance.
Extensive calculations were performed using the current instrument geometry and compared
with experimental data. The agreement between expected and measured performance has
been satisfactory in terms of the incident flux spectrum, associated time structure, and
spectroscopic resolution. We proceeded in simulating the upgrade of the primary spectrometer
with a tapered high-m guide. This development offers the exciting prospects of providing orderof-magnitude gains in detected neutron flux over the energy-transfer range of the instrument
whilst preserving its spectroscopic capabilities. Accordingly, the continuation of this project
consists in pursuing the full optimization of the neutron guide and to explore in-depth features of
the spectrometer by use of Monte Carlo calculations. To achieve this goals, a deep refinement
of the current model will be required as well as a new modelling of the full spectroscopic
capabilities of TOSCA. Furthermore, in situ experiments are being performed for a deeper
benchmarking of the calculations in order to confirm the full validity of the model.
According to the calculations [1] the upgrade of the TOSCA beamline provides a neutron flux
gains for the optimal configuration of 52 and 3 for the highest and lowest incident wavelengths
available on the instrument, respectively. Use of a high-m guide (m>4) close to the source
ensures reasonable gain factors above 20 meV. The spectral resolution of the instrument
around the elastic line appears largely insensitive to a rather substantial increase in the mnumber of the guide. These results are to be taken as a worst-case scenario, given the linear
dependence of beam divergence on both incident wavelength and m-number. Hence, it appears
that the predicted gains provided by the guide are not accompanied by a concomitant
degradation of the spectroscopic capabilities presently afforded by TOSCA.
[1] Pinna R. S., Rudić S., Parker S. F., Gorini G., and Fernandez-Alonso F. (2015). Monte Carlo
simulations of the TOSCA neutron spectrometer: Assessment of current performance and future
upgrades. In EPJ Web of Conferences (Vol. 83, p. 03013)
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* Peter Willendrup, pkwi@fysik.dtu.dk
The McStas neutron ray-tracing simulation package is a versatile tool for producing accurate
simulations of neutron scattering instruments at reactors, short- and long-pulsed spallation
sources such as the European Spallation Source. McStas is extensively used for design and
optimization of instruments, virtual experiments, data analysis and user training. McStas was
founded as an scientific, open-source collaborative code in 1997.
This contribution presents the project at its current state and gives an overview in areas of
design process, development strategies, user contributions, quality assurance, documentation,
interoperability and synergies with the McXtrace project.
Further, main new developments in McStas 2.1 (June 2014) and McStas 2.2 (expected spring
2015) are discussed, including many new components, updated source brilliance descriptions,
developments toward new tools and user interfaces, interactivity with Mantid and methods for
estimating beam losses and background from neutron optics.
The picture below shows simulated data from ARCS at SNS (courtesy Garrett Granroth), ready
for treatment in Mantid.

179

ID: PS-2 - 84, 2015-09-02, Hipostila Area
Neutron Instrumentation, Optics, Sample Environment, Detectors and Software
(Poster)
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Small-angle neutron scattering instrument is in operation at Czech 10 MW research reactor
LVR-15 since year 1983 [1]. This diffractometer MAUD (formely DN-2) is based on two perfect
silicon crystals with reflecting planes (111) (see Fig. 1). Special mechanism enabling elastic
bending of the monochromator and analyzer perfect and due to this horizontal Qx resolution can
be set in range of 10-4÷10-3 Å-1. Thus, SANS data can be measured in 2-3 steps covering total
Q-range from about 2·10-4 to 2·10-2 Å-1. Monochromatic neutron beam of 2.09 Å wavelength has
flux at sample position from 5·103 n·s-1·cm-2 at high resolution up to 4·104 n·s-1·cm-2 at low
resolution. Sample size is limitted by analyzer crystal cross-section to maximum 4x25mm2.
Samples can be mounted in sample changer for 9 samples with step of 12 mm which
correspond to standard quartz cells. There are several devices for special sample environments
compatible with MAUD facility – high temperature vacuum furnace (T: 4000 C-14000 C), sample
holder with temperature control from 200 C up to 2000 C, deformation rig with maximum loading
up to 20 kN and electrical magnet up to 2 T [2].
Recently MAUD has been upgraded with new He3 position sensitive detector (PSD) [3] with
several times higher signal-to-signal ratio. It enables SANS measurements of samples with
lower scattering cross section. SANS experiments at MAUD are controlled by software
Remesys, which allows programing of very flexible scripts for user. The special software library
was developed for effective connection of experiment control software with software at detector
called Delidaq [3].
The MAUD instrument takes place in user program of Neutron Physics Laboratory providing
more then 50% of beam time for external experimentalists [4].
References
[1] P. Lukáš, P. Mikula, J. Šaroun, P. Strunz, Nuclear Instruments and Methods in Physics
Research 338 I (1994) 111–115.
[2] http://neutron.ujf.cas.cz/en/instruments/lvr15/5-hk8a
[3] F.V. Levchanovskya, et al, Nuclear Instruments and Methods in Physics Research, 569 III
(2006) 900-904.
[4] http://canam.ujf.cas.cz/
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Solid-State Neutron Detector - A new Neutron Detector for High-Flux Applications
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The Solid-State Neutron Detector – SoNDe – project aims to develop a high-resolution neutron
detector technique that will enable the construction of position-sensitive neutron detectors for
high- flux sources, such as the upcoming European Spallation Source (ESS). This includes also
the construction of a full-scale prototype as a research and innovation action. Moreover, by
avoiding the use of 3He in this detector the 3He-shortage, which might otherwise impede the
construction of such large-scale facilities, can be alleviated. The main features of the envisioned
detector technique are:









high-flux capability, capable of handling the peak-flux of up-to-date spallation sources
(gain factor of 20 over current detectors)
high-resolution of 3 mm by single-pixel technique, below by interpolation
high detection efficiency of 80 % or more
no beam stop necessary, thus enabling investigations with direct beam intensity
strategic independence of 3He
time-of-flight (TOF) capability, necessary to exploit maximum flux, with a time resolution
in the μs regime
modularity, improving maintenance characteristics of today’s neutron detectors

Compared to nowadays detector techniques a gain factor in counting rate of 20 (for 3He
detectors) is possible. Such gain factors will be needed to make the best possible use of
sources such as the European Spallation Source (Sweden), the Institut Laue-Langevin (France)
and the Maier-Leibnitz Zentrum (Germany). Benefiting instruments at such a facility, among
others, would be Small-Angle Neutron Scattering (SANS) instruments such as SKADI [1], which
was recently approved by the scientific advisory committee, neutron reflectometers and any
instrument needing to detect neutrons with a millimetre accuracy on a large detector area.
At large-scale neutron scattering facilities neutrons are used as a probe in a wide array of fields,
ranging from material science to develop new and smart materials, chemical and biological
science to develop new drugs for improved treatment of a wide range of medical conditions,
magnetic studies for the development of future information storage technology to archaeology,
probing historical artefacts on a molecular level without physically destroying them. All these
fields nowadays rely heavily on neutrons scattering facilities in their research and thus are in
need of a reliable, high-quality neutron detection technique, which will be able to perform well at
the new high-flux facilities such as ESS and simultaneously avoid the problem of 3He shortage.
Also application outside of neutron scattering, such as positron emission tomography, are
conceivable.
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1. Frielinghaus H, Jaksch S, Jestin J, Bouwman WG (2014) ESS Instrument Construction
Proposal
SKADI.
Journal
http://europeanspallationsource.se/sites/default/files/skadiproposal.pdf
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With the construction of the European Spallation Source (ESS [1]), the field of neutron
scattering is on the verge of entering a new era. As the world’s first long-pulsed source, ESS
offers a great number of new possibilities. However the long pulse also requires long
instruments for many of the instrument concepts. Therefore new neutron guide design ideas are
necessary.
Since the first straight guides of the sixties [2] the design of guides has gone through many
transformations. The realization that a removal of the sample from the line of sight leads to a
significant reduction of the background noise from fast neutrons and gamma radiation, made a
slightly curved version of the straight guide the standard of contemporary guide design [4]. With
the addition of the super mirror coating in the seventies [3, 5], another vital step in the
improvement of neutron guides was taken. In the recent years ballistic guides with straight
tapering [6, 7], parabolic tapering [8] and full elliptical [9, 10] geometries have all been
investigated with the aim of reducing transport losses in guide systems.
We present a new guide system concept with which it is possible to increase the instrument
capacity of a neutron source [12]. The basic design of our guide system is to have two elliptical
guides in series, where the second guide is slightly rotated around a point near to their closely
spaced focal points. In turn, this rotation enables the possibility of placing several secondary
guides. Simulations of a two-, four-, and eight-split option were performed using the Monte
Carlo ray-tracing package McStas [11]. We have showed that the sibling instruments on the
secondary guides all have high brilliance transfer (∼ 90%) for neutrons with wavelengths above
2.5 Å. This is possible due to the fact that the sibling instruments exploit different parts of the
phase space transported by the primary guide.
[1] http://ess-scandinavia.eu
[2] H. Maier-Leibnitz, T. Springer, J. Nucl. Energy 17 (1963), 217
[3] F. Mezei, Comm. Phys. 1 (1976), 81
[4] D. F. R. Mildner and B. Hammouda, J. Appl. Cryst. 25 (1992), 39-45
[5] F. Mezei, P.A. Dagleish, Comm. Phys. 2 (1977), 41
[6] H. Abele, et al., Nucl. Instr. Meth. A 562 (2006), 407
[7] F. Mezei, J. Neutr.Res. 6 (1997), 3
[8] C. Schanzer, et al., Nucl. Instr. Meth. A 529 (2004), 63
[9] D.M. Rodriguez, S.J. Kennedy, P.M. Bentley, J. Appl. Cryst. 44 (2011), 727
[10] P. Boeni, Nucl. Instr. Meth. A 586 (2008), p 1-8.
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[11] K. Lefmann and K. Nielsen, Neutron News 10/3 (1999) 20; http://www.mcstas.org in all
guides
[12] S. L. Holm, Nucl. Instr. Meth. A 782 (2015), p 1-8.
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Russia 3) Joint Institute for Nuclear Research, Dubna, Russia; Moscow Institute of Physics and
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* Alexander Schmidt, al.wanderer@gmail.com
Glucoamylase (α-1,4-glucane-glucohydrolase, GA), a glycoprotein of the GH15 glycoside
hydrolase family, catalyses hydrolysis of α-1,4- and α-1,6-glycoside bonds in starch, glycogen
and other oligosaccarides. GA from Rhizopus oryzae, Hypocrea jecorina and Aspergillus
species are known to consist of the catalitic and starch-binding domains connected by
glycosylated peptide chain. The structure of the catalytic domain of GA from Asp. awamori has
been obtained by X-ray crystallography [1]. The structure of the starch-binding domain of GA
from Asp. niger has been determined by NMR [2]. The full structure of the enzyme has not been
resolved, but a low-resolution structure of the entire GA1 from Asp. niger has been
reconstructed from SAXS [3].
We used homologous modeling and molecular dynamics techniques to build the model of the
GA from Asp. awamori. For further investigation of the enzyme, an expression system in Pichia
pastoris has been developed, yielding an enzyme with more uniform glycosylation as compared
to the native species. The expressed protein has an enzymatic activity very similar to the
natively glycosylated GA. This recombinant GA was studied by SAXS and SANS.
Comparison of SANS data obtained for H2O and D2O solvents show that the shape of the
scattering spectra strongly depend on contrast. Both spectra linearized in Guinier plot of the
region of q < 0.045 Å-1. The gyration radii were ca. 31±1 Å for D2O sample and 37±2 Å for H2O.
The intensities to zero angle were determined for 4 contrast points and could be approximated
by a second-degree polynomial function with a minimum at ca. 48 wt% D2O buffer.
The results obtained are a strong indication that we observe a multi-component system, with
components of different scattering densities present in the enzyme.
The Rg obtained in D2O is close to that expected for a monomeric form of unglycosilated
enzyme. SAXS experiments have yielded an intermediate value of Rg~ 33 Å, likely due to a
different contrast conditions of X-ray scattering. The gyration radius of GA dynamic model was
33.4 ± 0.6 Å, which correlates with the experimental data.
1. Aleshin A.E. et al. J. Biol. Chem. 1994. 269. P.15631
2. Sorimachi K. et al. J. Mol. Biol. 1996. 259. P. 970
3. Jørgensen A.D. et al. J. Biol. Chem. 2008. 283. P. 14772

186

ID: PS-2 - 88, 2015-09-02, Hipostila Area
Soft Condensed Matter
(Poster)
SANS investigation of CoFe2O4/lauric acid/DDC-Na/H2O ferrofluid. Concentration effects.
Maria Balasoiu1 , Dmitri Soloviov2 , Alexander Ivankov2 , Alexandra-Maria Balasoiu-Gaina3 ,
Sergey Lysenko4
1) Joint Institute for Nuclear Research, Dubna, Russian Federation/Horia Hulubei National
Institute for Physics and Nuclear Engineering, Bucharest, Romania 2) Joint Institute for Nuclear
Research, Dubna, Russian Federation/Taras Shevchenko University, Kiev, Ukraine 3) Joint
Institute for Nuclear Research, Dubna, Russian Federation/CMCF, Moscow State University,
Moscow, Russian Federation 4) Institute of Technical Chemistry Ural Branch of RAS, Perm,
Russian Federation
* Alexandra-Maria Balasoiu-Gaina, alexandra@balasoiu.com

Ferrofluids, ultrastable dispersions of magnetic nanoparticles in liquids, find a wide range of
applications in many technical and industrial fields, as well as in medicine and biotechnology.
Cobalt ferrite nanoparticles (CoFe2O4) have received increasing attention for the combination of
their bulk magnetic properties (high coercivity at room temperature, moderate saturation
magnetization) with the magnetic properties typical of nanoparticles (superparamagnetism) that
make them ideal materials for technological and medical applications.
In the paper results on concentration effects in a new non-ionic CoFe2O4/lauric acid/DDCNa/H2O ferrofluid investigated by means of small angle neutron scattering (SANS) are
presented.
The ferrofluid was prepared by coprecipitation of Fe(OH)3 and Co(OH)2, ferritisation of
hydroxide mixture in 1M alkali aqueous solution, adsorption of lauric acide on ferrite particles
and peptisation of hydrophobic precipitate in aqueous solution with sodium n-dodecyl sulphate.
Small angle neutron scattering (SANS) experiments were performed at the time-of-flight YuMO
spectrometer in function at the high flux pulse IBR-2 reactor, JINR Dubna.
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Establishing how and where Sample Environment fitted into soft matter and bio materials
experiments was harder than first thought due to the diverse range of experiments that has
rapidly grown over recent years. The complexity and variety of samples used in soft matter
research demand special requirements on the design and operation of the Sample Environment
Equipment.
ISIS now has a Soft Matter section established within the Sample Environment Group structure,
alongside Cryogenics and the Pressure and Furnace sections, where we are able to support
user experiments with our existing, modified and newly purchased equipment. The addition of a
new lab in Target Station 2 last year now compliments the recently refurbished lab in Target
Station 1.
We are still learning and understanding the large diversity that is needed within this area;
temperature, humidity, pressure, sample changers, sheer, troughs, solid/ liquid cells, water
baths are some of the main challenges faced here to provide stability, reliability, accuracy,
control and flexibility in the majority of soft matter experiments.
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Neutron spin-echo (NSE) spectroscopy is well known as the only neutron scattering technique
that achieves energy resolution of several neV. By using the spin precession of polarized
neutrons in magnetic field one can measure tiny velocity changes of the individual neutron
during the scattering process. Contrary to other inelastic neutron scattering techniques, NSE
measures the intermediate scattering function S(Q,t) in reciprocal space and time directly.
The Neutron Spin-Echo spectrometer operated by Jülich Centre of Neutron Science (J-NSE) at
Heinz Maier-Leibnitz Zentrum (MLZ) in Garching covers a time range (2ps to 200ns) on length
scales accessible by small angle scattering technique. Along with conventional NSE
spectroscopy that allows bulk measurements in transmission mode, J-NSE provides a new
possibility - gracing incidence spin echo spectroscopy (GINSES). GINSENS developed to be
used as “push-button” option in order to resolve the depth dependent near surface dynamics.
Scientific applications of J-NSE instrument include dynamics of soft matter systems (polymers in
melt and solution, polymers under confinement, proteins in solutions, classical and critical
microemulsions, nano-composite materials, membranes, microgels) or paramagnetic properties
of e.g., spin glasses. Recent instrumental developments and some examples from the field of
soft matter physics will be presented.
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New high-resolution spectrometers in combination with recent progress in data analysis allow
for an unprecedented access to the hierarchical dynamics of proteins in aqueous solution [1-3].
The new tools can for instance be used to explore the biologically very important impact of
macromolecular crowding on both the global and internal dynamics of proteins in an aqueous
environment. Moreover, the significant effect of charges induced by dissolved salt ions on the
protein diffusion and dynamics becomes systematically accessible. Incoherent scattering
thereby permits to unambiguously measure the molecular self-dynamics of the proteins. It has
been established that the global translational center-of-mass motion on the nanosecond time
scale and its dependence on the protein volume fraction φ can be quantitatively understood in
terms of the short-time diffusion Dt of colloidal hard spheres [1,4]. Recent experiments
additionally indicate a qualitative agreement of the internal protein motions with expectations
from modeling and simulations [1], opening up perspectives for further studies. In addition, the
different contributions of the protein side chains and backbone, respectively, can be
quantitatively modeled as a function of temperature from the native to the denatured state [3,5].
Concerning the investigation of charge tuning, the most recent systematic measurements of the
global self-diffusion suggest a universal scaling behavior of the protein diffusion depending on
the salt concentration and crowding, resembling to a similar universality found for collective
diffusion in a more dilute regime [6].
We will present the very recent studies with an emphasis on both the capabilities of new
spectrometers such as IN16B and the associated data analysis frameworks as well as with view
at the biophysical impact of the new results. We will also point out future perspectives with
further neutron optical advances and progress in modeling and theory. The perspectives include
the dynamics aspects of the complex solution phase diagrams of proteins depending on the
protein and salt concentration [7,8] and involving phenomena such as re-entrant dissolution and
liquid-liquid phase separation as well as possible pathways to understanding dynamic precursor
processes of protein crystallization. The figure from Ref.[1] depicts the apparent diffusion
coefficients D of gamma-globulin proteins (upper panel) and the resulting Dt normalized by the
dilute limit diffusion D0=D0(T) (symbols, lower panel) agreeing with the theoretical prediction for
hard spheres (solid line).
[1] M.Grimaldo et al., J.Phys.Chem.B 118, 7203 (2014)
[2] M.Grimaldo et al., PCCP 17, 4645 (2015)
[3] M.Grimaldo et al., EPJ Web of Conferences 83, 02005 (2015)
[4] F.Roosen-Runge et al., PNAS 118, 011815 (2011)
[5] M.Hennig et. al., Soft Matter 8, 1404 (2012)
[6] D.Soraruf et al., Soft Matter 10, 894 (2014)
[7] F.Zhang et al., PRL 101, 148101 (2008)
[8] F.Zhang et al., Pure Appl.Chem. 86, 191 (2014)
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Understanding the forces acting on macromolecular structures at surfaces is vital to a number
of different branches of science and engineering, ranging from bio-fouling to surface lubrication.
A variety of experimental techniques have been developed to study these forces directly,
including a lot of pioneering work using surface force apparatus (1) and AFM (2), as well as
more recently innovations have been made in the field of direct surface confinement (3). Here
we discuss some recently published (4) data which demonstrates a potential next step for the
analysis of surface forces and their structural implications, using the semi-permeable nature of
charged lipid membranes to directly compress surface bound polymer layers as a function of
the applied electrical potential.
Bi-functionalized PEG molecules (n=114) with thiol and 1,2-distearoyl-sn-glycero-3phosphoethanolamine (DSPE) terminal ends were self-assembled on to gold surfaces with
permalloy magnetic binding layer underneath. Lipids bilayers containing 100% DSPC or doped
with charged 20% DSPG were deposited on to the tethered PEG layer using the LangmuirBlodgett/Schaeffer approach in order to ensure a high coverage bilayer. The sample was sealed
in to a custom-made electrochemistry cell available at the ILL and structural changes in the
deposited layers were measured as a function of electric potential.
For membranes composed only of DSPC, a zwitterionic lipid, a tethered membrane
conformation with a highly hydrated space between the Au support and the bilayer was
observed, but no structural changes were detected as a function of electric potential. However,
in the 8:2 DSPC:DSPG case our results clearly demonstrated that the spacing between the
tethered bilayer and the support decreased with the application of a positive electric potential.
Further, for intermediate measurements at 0.0V the bilayer returned to its original position
demonstrating that the reversibility of the tether compression (See Figure below). Interestingly,
the application of negative electric potentials did not increase the separation between the
negatively charged bilayer and support.
Here, we will discuss the biophysical meaning of these results and outline how this technique
could be explored further to study macromolecular structures under confinement on surfaces.
(1) J. N. Israelachvili, Intermolecular and surface forces: revised third edition. (Academic press,
2011).
(2) J. F. Joanny, Interface Science 11 (2), 157-158 (2003).
(3) S.B. Abbott, W.M. de Vos, L.L.E. Mears, R. Barker, R.M. Richardson, S.W. Prescott,
Macromolecules, 47(10), 3263–3273 (2014).
(4) A. Junghans, E.B. Watkins, R.D. Barker, S. Singh, M.J. Waltman, H.L. Smith, L. Pocivavsek,
J. Majewski, Biointerphases (2015 - Just accepted).
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The prevailing view of membrane protection by sugars describes a close interaction between
disaccharide and the lipid headgroups of bilayer membranes. This theory proposes the
cryoprotective mechanism is based on sugars replacing water in the volume surrounding the
lipid headgroups, thereby preventing a reduction in the area per lipid due to the strong
compressive force that acts on the membranes during dehydration. This hypothesis is
supported by indirect experimental methods as well as molecular dynamics simulations which
point to accumulations of disaccharides, particularly trehalose, at the surface of lipid bilayers as
evidence for this mechanism.
We present results from neutron membrane diffraction of partially hydrated
dioleoylphosphatidylcholine bilayers stacks with dissolved sugar that show the sugar
distributions within the bilayer system are inconsistent with the above view. Trehalose and
sucrose distributions, reconstructed using Fourier synthesis, show that the sugars locate in the
centre of the water layer with no evidence of enhanced accumulation in the lipid headgroup
region. Furthermore, variation in the position of the lipid headgroup relative to the centre of the
water layer, varied by changing the environmental humidity of the system, has little effect on the
sugar distributions.
We show an absence of correlation between the headgroup position and the sugar distribution
supports the hydration forces explanation of membrane protection. This theory proposes
osmotic and volumetric effects, combined with vitrification at high concentrations, maintain
membrane separation and delay or avoid the onset of hydration forces known to alter lipid
membrane phase behaviour. In contrast to commonly cited mechanisms of cryoprotection, there
is no requirement for close interaction between sugars and lipid headgroups for membrane
protection to occur. The implications of these results for our understanding of natural
anhydrobiosis and cryoprotection will be discussed.
1. Crowe, J.H., L.M. Crowe, J.F. Carpenter, and C.A. Wistrom, Biochem. J., 1987.
242(1): p. 1-10.
2. Crowe, L.M., Comparative Biochemistry and Physiology - Part A: Molecular &
Integrative Physiology, 2002. 131(3): p. 505-513.
3. A. K. Sum, R. Faller and J. J. d. Pablo, Biophys. J., 2003, 85, 2830-2844.
4. Bryant, G. and K.L. Koster, Colloids Surf., 2004. 35: p. 73-79.
5. Wolfe, J. and G. Bryant, Cryobiology, 1999. 39: p. 103-129.
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Point defects in crystalline materials disturb the crystal structure and often prevent
crystallization. In particular, this is the case for too big particles that are put into a crystal. In
metal melts, a size mismatch of 15% of the atoms in the melt suppresses crystallization.
Furthermore, hard spheres with a polydispersity greater than 12% do not form crystals, and the
polydispersity in the crystal state does not exceed 5.7%, as local segregation occurs. These
restrictions do not necessarily apply for soft microgels. Lyon et al. (A. St. J. Iyer and L. A. Lyon,
Angew. Chem. Int. Ed., 48, 2009) find bigger microgels to shrink and fit into the lattice formed
by smaller ones. We find that charged groups in the microgel and their counter-ions are the key
to explain this remarkable spontaneous deswelling of microgels. Using small-angle neutron and
X-ray scattering, we directly observe the deswelling of bigger particles with increasing volume
fraction and the effect of the bigger particles on the phase behavior of the suspension.
Furthermore, we determine the osmotic pressure using osmometry and present a model for the
selective deswelling of the big particles.
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Studies on hybrid silica gels obtained by sol-gel method using Small Angle Neutron
Scattering and physicochemical characterization methods
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The design and application of hybrid organic-inorganic materials with ordered or disordered
nanostructured pore systems is a major topic of current materials science. The sol-gel technique
offers the most proper synthesis conditions to obtain hybrid materials. The present work
proposes a comparative study of the textural and morphological properties of different methyl
and vinyl substituted silica gels made by sol-gel process. As precursors the following alkoxides
were chosen: tetraethoxysilane (TEOS), methyltriethoxysilane (MTES) and vinyltriacetoxysilane
(VTAS). The structure formation in the materials was investigated by SANS, SAXS and XRD.
The scattering curve of the pure TEOS prepared gels shows the presence of the so called
primary particles, which grow up to 3-5 nm characteristic size. With the increasing of the
substituted precursor (MTES or VTAS) content, the scattering intensity strongly decreases in
the 0.01-0.2 1/Å range, and becomes almost flat at 30-40% of the substituted precursor
concentration. This shows that the primary particles become smaller at increasing methyl or
vinyl content. Analysis the scattering curves by two-level structure models support this
conclusion.

To obtain more information about the structure nitrogen adsorption, electron microscopy (TEM
and SEM) and thermal analysis were used. The hybrid network formation inside silica xerogels
29
was investigated through Si MAS NMR, and FTIR spectroscopy.
Nitrogen adsorption showed that all the samples presented amorphous structure with ink bottle
or slit shape type porosity, the specific surface areas were between 3 and 1115 m2/g. The
condensation level of the silica network and the hydrophobicity are increasing with the
substituted precursor concentration, the highest value was obtained for 80% MTES.
These characteristics can make the hybrid samples suitable for further use as carriers for
enzyme or porphyrin molecules or targeted drug delivery.
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QENS study of crystalline 2,3-dimethylbutan-2-ol (23DM2B) and glassforming 3,3dimethylbutan-2-ol (33DM2B)
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Michaela Zamponi2
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Stochastic molecular dynamics of two alcohols with globular shape of molecules, 2,3dimethylbutan-2-ol and 3,3-dimethylbutan-2-ol was studied by Quasielastic Neutron Scattering.
These are interesting representatives of a class of soft matter functional materials: being
isomeric varieties, they share the same chemical formula C6H13OH, yet differ in physical
properties, e.g. 33DM2B easily undergoes vitrification, while 23DM2B never becomes glassy.
The overriding goal here is to understand better the processes that allow the formation of glassy
state in these alcohols or lack thereof (apart from a more-or-less globular molecular shape). The
experiment was performed on the SPHERES backscattering instrument over 4 K < T < 300 K
and within 0.2 Å−1< Q < 1.8 Å−1, with the temperature varying in both directions. Neutron
scattering proved the only experimental technique capable of detecting the softening of the
33DM2B glass-of-rotational state. The top row of the figure attached brings sample QENS
spectra of both compounds. Note the non-vanishing CH3 reorientation even at 60K. The
activation energy for this motion was estimated to be 9 kJmol−1. The plastic crystal phase has
properties of both the solid phase – translational order of molecules – and the liquid phase –
orientational disorder of molecules and the high-valued amplitude of atomic vibrations and
stochastic dynamics, that can be easily detected by spectroscopic measurements (IR or neutron
scattering). As one can easily see in the bottom row of the figure, the mean square
displacement of the hydrogen nuclei from the equilibrium positions for (highly) ordered crystal
phase (the right figure) is about 0.2 Å2 (even very close to the crystal melting point). This can be
compared with the corresponding mean-square displacement in plastic crystal phases (the left
figure), amounting to a slightly less than 1 Å2 (for temperatures close to plastic crystal solid-solid
phase transitions and to the melting point of plastic crystal). The “elastic window scan”
measurements allow us to determine the temperature of vitrification of plastic crystal phase at
about 200 K and the temperature of freezing of the rotational degrees of freedom at about 120
K.
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Fig. QENS spectra for Q = 1.2746 Å−1 during cooling (top row) and elastic window
scans (bottom row) for 33DM2B and 23DM2B, obtained during temperature changes at all
experimental Q. Arrows point at supercooled phases.
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Understanding dynamics-efficiency relation in P3HT/PCBM solar cells
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State-of-the-art organic photovoltaic devices (OPV) are based on the bulk heterojunction
concept (BHJ), in which the interpenetrated network between electron-donor and electronacceptor materials provides the large interface area necessary for exciton splitting and charge
1
generation . The current paradigm for BHJ OPVs is represented by blends of poly (3hexylthiophene) [P3HT] as electron donor and phenyl-C61-butyric acid methyl ester (PCBM) as
electron acceptor. As the morphology of the active layer is highly sensitive to processing
parameters, many efforts have been made to gain an insight on the relationship between the
structure of such a complex system and the performance of devices. However, relatively little
effort has been devoted to the investigation of the dynamics inside the blend, with only two
papers published on dynamics of the pure polymer2, 3, to the best of our knowledge.
We report a detailed dynamical study of pure P3HT and in blend with PCBM using three
neutron spectrometers with different energy resolutions and capabilities. Quasi-elastic neutron
scattering investigations (QENS), carried out using the backscattering spectrometer IRIS
(FWHM = 17.5 µeV) at ISIS (Rutherford Appleton Laboratory, U.K.), suggest that blending likely
frustrates the polymer dynamics. We believe that such change in dynamics might be related
mainly to the polymer confinement within PCBM domains.4 To probe slower polymer motions
relating to the segmental modes of the chain, we made use of the IN16B spectrometer at the
Institut Laue-Langevin (France) with a FWHM of 0.85 µeV. In particular, we tested for the first
time the feasibility of the Inelastic Fixed Window Scans (IFWS)5, 6 configuration on polymer:
fullerene systems, which allowed us to obtain a detailed map of the polymer motions in the
nanosecond timescale. Finally, by exploiting the newest capabilities of the D7 instrument at the
ILL we also proved that polarisation analysis for neutron spectroscopy can give unique insights
into neutron scattering signals from quasi-elastic experiments on complex samples.
1. Halls, J. J. M.; Walsh, C. A.; Greenham, N. C.; Marseglia, E. A.; Friend, R. H.;
Moratti, S. C.; Holmes, A. B. Nature 1995, 376, (6540), 498-500.
2. Pankaj, S.; Hempel, E.; Beiner, M. Macromolecules 2009, 42, (3), 716-724.
3. Obrzut, J.; Page, K. A. Phys Rev B 2009, 80, (19).
4. Paternó, G.; Cacialli, F.; García-Sakai, V. Chemical Physics 2013, 427, (0), 142-146.
5. Frick, B.; Combet, J.; van Eijck, L. Nucl Instrum Meth A 2012, 669, 7-13.
6. Roosen-Runge, F.; Seydel, T. EPJ Web of Conferences 2015.
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Temperature-induced properties of a P(CL-co-LA)-b-PEG-b-P(CL-co-LA) copolymer
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We work on developing a drug carrier system for hydrophilic and hydrophobic drugs. One of our
drug model substances is Naltrexone, used in the treatment of opiate addiction. The goal is to
establish a depot effect by using a polymer system that is in the liquid phase at room
temperature, in order to be injected subcutaneously. At physiological temperature, the solution
should form a gel that works as a matrix where one can encase nano- or microparticles loaded
with the drug. The micro- or nanoparticles secure the depot effect and reduces the burst effect
of the drug[1].
We employ small angle neutron scattering (SANS) to characterize the gel networks to be used
for these drug delivery systems. We here present the results for a triblock copolymer P(CL-coLA)-b-PEG-b-P(CL-co-LA) with hydrophobic blocks at the ends and a hydrophilic part
(poly(ethylene glycol)) in the middle. This is a thermo-responsive polymer that undergoes a solgel-sol transition with increasing temperature.
Two analogs have been employed, where the length of the PEG-block is different. It will be
shown that the change of the length of the PEG-block will significantly affect features such as
the gel point, viscoelasticity, and structure of the network. Both SANS and the rheological
studies reveal interesting changes of the properties in connection with the sol-gel-sol transitions.
As an example, in the attached figure one can observe that the impact of temperature on the
scattering behavior is very pronounced. We will discuss in detail the structural implications of a
series of SANS and rheology data on this system.
References:
1. Calejo, M.T., et al., Microparticles based on hydrophobically modified chitosan as drug
carriers. Journal of Applied Polymer Science, 2014. 131(7).
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Structure and Dynamics of Chain-Grafted Polystyrene-Fullerene Star Systems
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The performance of entangled polymers is extremely important both for understanding their
fundamental behaviour and for industrial applications, as it provides insight into mechanical
properties as well as processing of polymers. The behaviour of linear chains is well understood,
however the behaviour of branched polymers is hindered by the difficulty in defining branched
polymers precisely. The synthesis of star polymers provides more control over the number and
molecular weight of the arms. Therefore, these structures can be viewed as model systems to
carry out dynamic and structural neutron scattering studies.
There is particular interest in star polymers containing a fullerene core, as grafting polymer
chains to the surface of the fullerene overcomes their incompatibility [1]. The development of
controlled polymerisation grafting techniques have allowed for the synthesis of well-defined
polymer-filler star systems which are ideal for analysis.
Using living anionic polymerisation, 6 polystyrene (PS) chains of molecular weights both above
and below the entanglement molecular weight of PS have been attached to fullerene cores.
These structures have shown unusual viscoelastic properties in solution: there is shear
thickening behaviour in concentrated solutions contrary to results for polymer brushes grafted
onto nanoparticle cores in the literature [2]. A full structural and dynamics study of these stars in
solution at a range of concentrations provides some insight into their physical behaviour.
We present quasi-elastic neutron scattering (QENS) and rheological data of PS-fullerene stars
to show the microscopic and macroscopic dynamics of these nanocomposites. We also present
the results from dynamic light scattering (DLS) and small-angle neutron scattering (SANS)
experiments on grafted PS/fullerene nanocomposites in solution at concentrations ranging from
the dilute to the semi-dilute region. The stars were studied in both good and θ solvent conditions
at a range of temperatures. The well-defined structure allows for use of a core-star model in
dilute conditions to describe the size and the shape of the nanocomposites. At higher
concentrations, an adjusted model is used that takes into account the formation of clusters and
change in the dimensions of the stars at different concentrations.
References:
[1] Schmaltz, B.; Mathis, C.; Brinkmann, M., Polymer, 50, (2009), 966
[2] Wagner, N. J. & Brady, J. F., Physics Today, 62, (2009), 27
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Characterisation of hierarchically-structured cellulose hydrogels by small angle neutron
scattering
Marta Martinez-Sanz1 , Patricia Lopez-Sanchez2 , Deirdre Mikkelsen2 , Bernadine Flanagan2 ,
Michael J Gidley2 , Elliot P Gilbert1
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Plant cell walls (PCWs) are extremely complex structures in which cellulose microfibrils are
hierarchically assembled and embedded in a multi-component matrix. While the cellulose
microfibrils represent the basic building unit providing mechanical strength1, the matrix
components are able to tune the properties of each specific tissue2-3, increasing the flexibility or
limiting the transport of moisture, for instance.
The synthesis of cellulose hydrogels by means of bacterial fermentation is an efficient strategy
to mimic the cell wall biosynthesis process and investigate the interactions established between
cellulose and matrix polysaccharides by incorporating these latter components into the culture
medium. This work reports on the characterisation of pure cellulose hydrogels and its
composites incorporating PCW polysaccharides by means of small angle neutron scattering
(SANS), combined with complementary techniques such as small angle X-ray scattering, X-ray
diffraction, NMR spectroscopy and electron microscopy.
The application of a multi-technique characterisation approach enabled elucidation of the
complex hierarchical architecture of cellulose hydrogels4-5. Cellulose ribbons, typically modelled
as solid one-phase structures, were proven to consist of a sub-structure of cellulose microfibrils
interacting with each other and with solvent by means of a dense hydrogen bonding network.
The existence of such sub-structure led to the creation of regions with different solvent
accessibility within the ribbons, as indicated by the SANS data of pure and composite cellulose
hydrogels. Based on this, a core-shell cylinder model combined with an interfacial scattering
term was applied to fit the SANS contrast variation data. The fitting results suggested a different
effect on the ribbons’ solvent exchange for the diverse composite hydrogels and, supported by
additional characterisation, highlighted the distinct interaction mechanisms between cellulose
and PCW polysaccharides.
Furthermore, the production of partially deuterated cellulose hydrogels by using a deuterated
glucose-based feedstock was seen to effectively enhance the neutron scattering length density
contrast, opening new possibilities to selectively match the different components in composite
hydrogels. The structure of the deuterated cellulose was compared with the native protiated
cellulose and SANS contrast variation experiments confirmed the presence of solvent trapped
within the cellulose ribbons, behaving differently to the bulk solvent surrounding them.
These results evidence the ability of SANS, combined with additional techniques, to provide
valuable insights on cellulose biosynthesis and interactions with PCW polysaccharides.
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Insoluble charged amphiphilic block copolymers adsorbed at the air-water-interface are widely
considered as a model system for tethered and homogeneously dispersed chains, or
polyelectrolyte brushes. We present an in-situ structural study of the surface behaviour of PS-bPAA monolayers at the air/water interface using DMF as spreading solvent. PS-b-PAA consists
of a neutral hydrophobic block (PS) and a charged hydrophilic block (PAA). This last block is a
weak polyelectrolyte containing a carboxylic group which’s pKa = 4, 7. At pH 2, the PAA blocks
are neutral, the surface pressure versus molecular area isotherm evidences a pseudo-plateau
perfectly reversible over compression/decompression cycles. This plateau was previously
1
interpreted as a mushrooms-brushes transition of the PAA block. We used Specular Neutron
Reflectivity (SNR) experiments with contrast variation (adjusted by the subphase) to solve the
profile of each block perpendicular to the surface. The results showed that both PS and PAA
blocks remains adsorbed at the surface for all surface pressure excluding the brushes
configuration. We probed the in-plane structure by GISAXS on liquid surface and observed at
low surface pressure before the plateau a fixed correlation peak at Qxy* = 0.021Å-1 which
intensity increases upon compression and is maximal at the onset of the plateau. When
compressing further, its intensity decays while Qxy* is unexpectedly shifted towards low Q. The
peak fully disappears at the end of the plateau. All these results are interpreted by the presence
of surface aggregates induced by the solvent. Some DMF molecules remain within the PS core
of the aggregates as they are progressively expelled from the monolayer upon compression.
This gives rise to the pseudoplateau on the isotherm.2 At pH=9, SNR shows that the charged
PAA block are in this case always merged in the water subphase and that some PS block
merge at high surface pressure. The in-plane correlation peak rises at 3 mN/m and disappears
at 8 mN/m. This indicates a similar phase transition, although no plateau is observed on the
isotherms at such pH. Similar GISAXS results obtained at pH=11 were explained by surface
micelles formation.3 Our results show that the transition is likely linked to the dissolution or
swelling of the chains, emphasizing the advantage of coupling neutron and x-rays surface
scattering.
References
[1] 1 E. P. K. Currie, A. B. Sieval, G. J. Fleer, M. A. Cohen Stuart, Langmuir, 2000, 16, 8324
[2] Z. Guennouni, F. Cousin, M.C. Fauré, P. Perrin, D. Limagne, O. Konovalov and M.
Goldmann, submitted to Soft Matter
[3] O. Theodoly A. Checco and P. Muller; EPL, 90 28004 (2010)
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Recent advances have extended the already rich field of polyelectrolyte applications to the very
edge of our current technology: polyelectrolytes as part of stimuli-responsive hydrogels within
artificial biological tissues or conjugated polyelectrolytes as biosensors. From a more
fundamental point of view however the current theoretical framework, based on the scaling
approach, cannot encompass all the existing phenomena even for simple polyelectrolyte (PE)
solutions. We demonstrate this on aqueous solutions of ionene polyelectrolytes, ideal systems
due to their well-defined and tuneable structural properties. We consider ionenes with varying
chain charge density as well as different counter ions and present here data from neutron
scattering, NMR spectroscopy and thermodynamic measurements. The small angle neutron
scattering data of ionene solutions feature a number aspects and trends that clearly deviate
from the predictions of the existing theory [1,2]. Firstly, ionenes challenge the current
hydrophilic-hydrophobic classification of water-soluble polyelectrolytes. The hydrophobic
character of their hydrocarbon backbone emerges only for very low chain charge densities (at
15% of charged monomers), which is significantly lower than for other polyelectrolytes with a
more complex structure. This belated emergence of hydrophobicity is consistent with enthalpies
of dilution on ionene solutions [3]. Secondly, we report upon a striking counter ion specific effect
seen in ionene solutions with Br- or F- counterions, which is established as universal across all
ionene charge densities studied. Tracing the position of the polyelectrolyte peak as a function of
charge, as opposed to monomer concentration, a Master curve emerges. We identify a specific
charge concentration (0.05 M), as the onset of the unusual disappearance of the PE peak in the
case of Br-ionenes. In addition, scattering spectra for Br-ionenes and F-ionenes feature
contrasting temperature trends, which are accentuated with decreasing chain charge density
and cannot be accounted for on the basis of scaling predictions. Our interpretation of the F-Br
effect is based on the different hydration properties of the ions and suggests a closer approach
of the Br ion to the ionene backbone, in line with its weaker hydration. This is further supported
by additional NMR measurements on ionenes with mixed Br-F counter ion clouds [1] and
enthalpies of dilution and mixing [4,5].
[1] N. Malikova, A.-L. Rollet, S. Cebasek, M. Tomsic and V. Vlachy, Phys. Chem. Chem. Phys.
17, pp. 5650-5658, 2015.
[2] N. Malikova, S. Cebasek, V. Glenisson, D. Bhowmik, G. Carrot and V. Vlachy, Phys. Chem.
Chem. Phys. 14, pp. 12898-12904, 2012.
[3] S. Cebasek, M. Serucnik and V. Vlachy, J. Phys. Chem. B 117, 3682-3688, 2013.
[4] S. Cebasek, M. Luksic, C. Pohar and V. Vlachy, J. Chem. Eng. Data 56, 1282–1292, 2011.
[5] M. Serucnik, M. Boncina, M. Luksic and V. Vlachy, Phys. Chem. Chem. Phys. 14, 6805–
6811, 2012.
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It is well known that lipid bilayers are the structural bases of biomembranes, on which functional
parts such as membrane proteins float. The structural formation mechanism of lipid bilayers is
an attractive topic of biophysics because lipid bilayers are typical soft condensed matter that
self-assemble and the mechanism can be discussed in terms of physics. Hence, aqueous
solutions of synthesized phospholipids have been well investigated as model biomembranes.
Those described to date usually self-assemble into regular stacks of bilayers with a
characteristic repeat distance on the order of nm, and form multilamellar vesicles (MLVs) with
the diameter of microns in the case of neutral phospholipid bilayers. It has been an important
task to understand the origin of the regular stacking of bilayers in the biophysical viewpoint.
Numerous experimental and theoretical studies have established that the balance of four
interactions, van der Waals interaction, repulsion due to hydration layers, electrostatic
interaction, and steric interaction due to membrane undulation, determines the characteristic
repeat distance of bilayers. It is important to solve the problem of the big difference between the
MLV structure of synthesized phospholipids and that of real biomembranes, because most
biological systems such as cells exist as unilamellar vesicles (ULVs). The key phenomenon in
understanding the formation of ULVs with synthesized phospholipids is that of an “unbinding
transition”, in which the inter-bilayer distance of lipid bilayers diverges. Some theoretical and
experimental studies have shown that the unbinding transition is induced by the steric
interaction due to the membrane undulation. However, unbinding of phospholipid multilayers on
a substrate where the undulation motion is strongly suppressed is less studied.
In this study, we investigated kinetics of unbinding of phospholipid multilayers on a substrate
using neutron reflectometry (NR) and quartz crystal microbalance (QCM). The multilayer of
dioleoylphosphatidylcholine (DOPC) on a silicon substrate was hydrated with heavy water
solutions of CaCl2. The attached figure shows the time sequence of NR profiles of the DOPC
multilayer after injection of a CaCl2 solution of 10 mM. Initially, a multilayer of phospholipid
bilayers with a short repeat distance could be observed around q=1 nm-1. This peak quickly
disappeared within a few minutes, and a new peak appeared at a lower-q position; that is, an
ordered lamellae with a long repeat distance was formed instead of the short one, although the
Bragg peak of the DOPC lamellae normally appears around q=1 nm-1. Subsequently, the peak
position of the new peak gradually shifted to lower-q with time.
On the presentation, we will show systematic results with respect to the salt concentration, and
discuss the mechanism of the unbinding transition with the fitting results and free energy
calculation based on DLVO theory.
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Cell adhesion plays an essential role for all animals and plants and it is a huge challenge in
many medical applications including implants and electrodes. When cells attach to a substrate,
an ultrathin layer of the order of a few 10 nm between the plasma membrane of the cell and the
substrate is formed. This extracellular matrix (ECM) layer is modulated by the cell by adhesion
molecules and other interactions. The huge experimental challenge is how to characterize this
buried layer. For example, one would like to understand to which extend water and ions in this
interface layer exchange with the growth media.
Here, we focus on the structural properties of this submicron cleft between the cells and the
substrate. For this purpose, we have developed a sample chamber which allows to study
confluent layers of epithelial cells on SiO2 by scattering techniques. Using this setup, we
determine the thickness and the scattering length density across the cleft with neutron
reflectometry. We also plan to investigate the fluid exchange in the cleft by contrast variation by
H2O/D2O buffer exchange.
Based on these results, we plan to study also functionalized substrates. PEGylation of a surface
creates a highly hydrated environment and can be tuned to interact differently with adhesion
proteins from cells. A previous study did show the correlation of the adsorbance of fibronection,
an adhesive protein of the ECM that mediates cell attachment, onto PEG and the attachment of
cells on PEG-coated surfaces. We now want to use neutron reflectivity to directly observe the
changes of the structure of the PEG layer induced by the cells attaching to it.
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La0.7Sr0.3Mn3+0.85Sb5+0.15O3 and La0.7Sr0.3Mn3+0.8Sb5+0.1Ge4+0.1O3 compounds with dominantly
isovalent Mn3+ ions were studied by neutron powder diffraction and magnetization
measurements. The compounds are basically ferromagnetic, with magnetic moments slightly
above of 3 μB/Mn. Upon temperature decrease, the compounds exhibit structural transition from
a rhombohedral phase to orbitally disordered orthorhombic one. The structural transitions occur
well above the temperature of magnetic ordering (Tc ≈ 130 K). It is suggested that the
ferromagnetic state is governed by the positive part of superexchange interactions Mn3+‒O‒
Mn3+, which is enhanced by Mn(eg)‒O(2p) hybridization.

212

ID: PS-2 - 109, 2015-09-02, Hipostila Area
Magnetism, Superconductivity and other Electronic Phenomena
(Poster)
SANS investigation of thermal ageing effects on FeCr alloys
Yannis Katsandreadakis1 , Konstantina Mergia1 , Uwe Keiderling2 , Spyros Messoloras1
1) National Centre for Scientific Research Demokritos, Greece 2) Helmholtz-Zentrum Berlin für
Materialien und Energie, Germany
* Konstantina Mergia, dinamergia@gmail.com
For Fusion energy applications FeCr based steels are candidate structural materials due to their
radiation resistance and good mechanical properties [1]. The candidate alloys contain around
9wt% Cr which is the solubility limit of Cr in Fe at room temperature. However, no satisfactory
physical explanation for the minimum embrittlement for this concentration has been provided.
Futher, the role of magnetisation in the mechanical properties of the alloy is yet uncertain
notwithstanding that experimentally their correlation has been established. Nanometre-sized Crrich precipitates has long been known to be the cause of the hardening and embrittlement
observed in Ferritic Martensitic (FM) steels after thermal ageing, (the so-called “475 °C
embrittlement”) and at 250 °C under irradiation [2]. Precipitation hardening is therefore a
problem that affects FM steels over a wide range of Cr concentrations and temperatures of
practical interest for technological applications.
The current work aims at the understanding of the structure of Fe1-xCrx alloys from the state in
which only short range order exists up to formation of precipitates. To this end Small Angle
Neutron Scattering Experiments are employed in order to study these phenomena in FeCr
alloys after isochronal ageing at various temperatures with Cr concentration of 5, 10 and 14
wt%.
[1] E. A. Little, D. A. Stow. J. Nucl. Mater. 87 (1979) 25
[2] Y. de Carlan, A. Alamo, M.H. Mathon, G. Geoffroy, A. Castaing. J. Nucl. Mater. 672 (2000)
283
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SMALL-ANGLE SCATTERING TECHNIQUES APPLIED FOR ME'S AND MRE’S
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Magnetic and magnetorheological elastomers (ME\'s and MRE\'s) make specific classes of
smart substances responding in a complicated way to the changes of external conditions.
These composites are soft elastomer matrices filled with nano- (ME\'s) or microparticles
(MRE\'s) of ferromagnets, respectively. Both types of the materials are quite new, and the work
on understanding their properties in dependence on the synthesis processes, composition,
mechanical and magnetic fields, etc. is nowadays extensively progressing with regard to their
nano- or microtechnology prospects.
In the literature one can find quite a big number of papers of the reinforcing effect of magnetic
fillers, where the problem is approached from the magneto-mechanical side. With the data like
that, the conclusions on the microscopic properties are deduced form investigations of the
magneto-elastic response of the composites under some conditions. The treatment like that
does not help, however, to understand the effects of the interactions between the filler particles
and the polymer molecules surrounding them on the submicroscopic, and thus fundamental,
length scales. Meanwhile, small angle scattering investigations are perfectly suited for that.
In the present paper we review our results on the microstructure properties of 2 types of
elastomeric matrix filled with: (i) a ferrofluid; (ii) iron microparticles and nanoparticles otained by
means of small-angle neutron and X-ray scattering (SANS and SAXS and USAXS).
Keywords: magnetic elastomers, magnetoreologic elastomers, SANS, SAXS
References:
[1] M.Balasoiu, V.T.Lebedev, D.N.Orlova, I.Bica, Crystallography Reports 56(7), 93-96 (2011).
[2] M. Balasoiu, I. Bica, Yu.L. Raikher, E.B. Dokukin, L. Almasy, B. Vatzulik, A.I. Kuklin,
Optoelectronics and Advanced Materials – Rapid Communications, 5(5), 523-526 (2011).
[3] M. Balasoiu, V.T. Lebedev, D.N. Orlova, I. Bica and Yu.L.Raikher J. Phys.: Conference
Series 351(1), 012014(9) (2012).

214

ID: PS-2 - 111, 2015-09-02, Hipostila Area
Soft Condensed Matter
(Poster)
TEM and SANS Investigations of CoFe2O4/2DBS/H2O Ferrofluid using multifractal
analysis
Cristina Stan1 , Maria Balasoiu2 , Constantin Cristescu1 , Alexander Ivankov2
1) Department of Physics, Faculty of Applied Sciences, Politehnica University of Bucharest,
Romania 2) Joint Institute for Nuclear Research, 141980, Dubna, Russian Federation/Horia
Hulubei National Institute of Physics and Engineering, P.O. Box.MG-6, Bucharest, Romania
* Maria Balasoiu, balas@nf.jinr.ru
Natural objects do not have precise fractal dimensions as mathematically generated fractals but
have a structure characterized by a fractal dimension which usually slightly varies with the
observed scale. The irregularities described by the multifractal measures contain information
about the process evolved in the generation process or about the local interactions that lead to
spatial arrangement or aggregates formation. Multifractality has been reported in many
systems, from biology to technology and from medicine to economy [1-4] including also
magnetic fluids [5-9].
Transmission electron microscopy (TEM) and small-angle neutron scattering (SANS) are among
the most useful technical approaches for extracting numerical data on ferrofluid complex
structure. The main characteristics of this type of colloidal suspension are to be polydispersive,
containing different aggregates and micelles ([10-12]).
Investigations on the morphological properties and the multifractal characteristics of CoFe2O4
nanoparticles coated with a double layer of dodecylbenzenesulphonic acid and dispersed in
double distillated water are presented. TEM images are analyzed and the computed multifractal
spectrum reveals the property of universal multifractality. A comparison with fractal approach
applied to SANS data is presented, and consistency of results is demonstrated.
1. O. Pont, A. Turiel, C. J. Pérez-Vicente, Phys. A: Stat. Mech. Appl. 388, 2025-2035
(2009).
2. S. Lovejoy, W. J. S. Curri, Y. Tessier, M. R. Claereboudt, E. Bourget, J. C. Roff, E.
Schertzer, J. Plankt. Res. 23, 117–141 (2001).
3. E.I. Scarlat, C. Stan, C. P. Cristescu, Physica A: Stat. Mech. Appl. 379, 188-198 (2007)
4. C. Stan, C.P. Cristescu, D.G. Dimitriu, Rom. J. Phys. 56, 79-82 (2011).
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The phosphate is a natural resource of great importance in Morocco. In order to exploit this
wealth, synthesis and studies of new a material based phosphate, were carried out.
The apatite structure present o lot of characteristics, One of the main characteristics is to allow
large and various substitutions forbothcations and anions. Beside their biological importance in
hard tissue (bone and teeth), apatites have been extensively studied for their potential use as
fluorescent lamp phosphors or laser host materials.The apatite have interesting possible
application fields such as in medicine as materials of bone filling, coating of dental implants,
agrochemicals as artificial fertilizers.
The LiPb2CaCd(PO4)3 was synthesized by the solid-state method, its crystal structure was
investigated by Rietveld analysis using XRPD data. This material crystallizes with a structure of
lacunar apatite anion deficit. The LiPb2CaCd(PO4)3 is hexagonal apatite at room temperature,
adopting the space group P63/m (ITA No. 176), Rietveld refinements showed that the site 4f is
shared by fourcations Cd, Ca, Pb and Li. While the 6h is occupied by the Pb and Li cations. The
structure can be described as built up from the PO4 tetrahedra and the sixfold coordination
cavities, which delimit hexagonal tunnels along the c-axis direction. These tunnels are linked by
the cations occupying the 4f sites. Infrared spectroscopy analyses were carried out. The
observed frequencies were assigned and discussed on the basis of unit-cell group analysis and
by comparison to other apatite-type materials.
Keywords—apatite; Lacunar; crystal structure; Rietveldmethod; LiPb2CaCd(PO4)3,Phase
transition.
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When a polarised neutron beam traverses a ferromagnetic material, the orientation and strength
of the polarisation changes sensitively as a function of the ferromagnetic moment and the size
of the ferromagnetic domains. We have developed an experimental set up that allows to
perform neutron depolarisation imaging as a function of magnetic field. In a study of the
ferromagnetic quantum phase transition in the weak itinerant ferromagnet ZrZn2 under pressure
we find, that a peculiar field dependence of the neutron depolarisation survives on the
paramagnetic side of the temperature versus pressure phase diagram. This provides putative
evidence for the emergence of complex magnetic textures.
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The structural effects of partial replacement of diamagnetic Bi3+ for potential charge ordering
and magnetic ordering phenomena in Bi0.25Nd0.25Sr0.5MnO3 have been studied and compared
with previous evidence on Bi0.25Nd0.25Ca0.5MnO3 [1]. The analysis of the neutron and
magnetization data suggests that in bismuth-based calcium perovskites the lone pair character
of 6s2 Bi3+ orbitals is constrained rather than dominant.
[1] K.A. Krezhov, D. Kovacheva, E. Svab and F. Bourée. J. Phys: Condens. Matter, 17 (2005)
S3139-S3147.
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Strong magnetic spin fluctuations are present in many unconventional superconductors.
Although the two mechanisms are often of competing nature, it is believed that spin fluctuations
are necessary for the formation of Cooper pairs in some unconventional superconductors [1, 2].
In order to disentangle the fundamental properties of magnetically mediated superconductivity it
is important to improve the understanding how magnetism and superconductivity interact.
For this reason Pr2Pt3Ge5 has recently gained interest in the research community. It displays a
relatively high superconducting transition temperature Tc = 7.8 K and two antiferromagnetic (AF)
transitions at TN1 = 3.4 and TN2 = 4.1 K. It was suggested that Pr2Pt3Ge5 is a multiple gap
superconductor with possibly a substantial amount of anisotropy in the superconducting
properties [3].
We have studied the two AF phases of this compound by means of neutron scattering and
found some very unexpected results. We will present here the type of orders, the identified
ordering vectors and the refined magnetic structures of the two AF phases. The HT-phase
diagram clarifies the question of a possible coupling of superconductivity and magnetism in
Pr2Pt3Ge5.
[1] J. Flouquet et. al., Nature., 7, 22 (2006).
[2] P. Monthoux et. al., Nature., 450, 1177 (2007).
[3] N. H. Sung et. al., Phys. Rev. B., 86, 224507 (2012).
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