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Foreword

| never imagined that | would begin a foreword to an ISIS

Annual Review by quoting from Forrest Gump, but this year it
appears particularly apposite: “... life is like a box of chocolates;
you never know what you're gonna get”. In the 2018 foreword

| suggested that we might miss the variety of collaborative
fillings that we had enjoyed for several decades from the EU
chocolate box, but at least we knew that was coming. This year,
to use another popular culture analogy, we have been given a
particularly bad bag of Bertie Botts Every Flavour Beans, without
any warning.

However, although at the moment the bottom of the bag

is not yet in sight, so far for ISIS the worst has certainly
brought out the best in our staff. The business continuity
plan that we had developed several years ago for pandemic
flu was implemented. Within a very few days of the Covid-19
lockdown being announced in March we safely closed down
ISIS operations and went from 500 staff on site to about 5.

The business continuity plan that we had
developed several years ago for pandemic flu
was implemented. Within a very few days of
the Covid-19 lockdown being announced in
March we safely closed down ISIS operations
and went from 500 staff on site to about 5.

- Robert McGreevy, ISIS Director

Those who could moved rapidly
to effective home working and
frequent use of Zoom for keeping
in touch, for both work and social
purposes. Some of our technical
staff, for whom remote working
is less appropriate, were among
the earliest volunteers helping
VentilatorChallengeUK; others set
up visor production supplying local health care organisations.
But we also rapidly started the longer process of developing the
safe methods of working to allow a future return to operation.

This work paid off. The majority of ISIS staff are now on site
on a regular basis, with a mix of on-site and home working.
The first cycle under Covid-19 constraints started and has
proceeded remarkably smoothly, with accelerator records
being set on several days. The science programme is running
on most instruments at over 50% of ‘normal’ capacity and
some users have been on site to do experiments. We believe
that this mode of operation is sustainable unless prevented by
government instructions.

Hopefully by the time that the foreword for the 2021 Annual
Review is being written the beans will be finished and we will
have some new chocolates to choose from. However, one thing
is clear. The bad beans, whether pandemic or net zero-carbon
flavour, can only be avoided or mitigated through scientific
research and development. Facilities like ISIS, and researchers
like our user community, will continue to be needed.

Left: STFC’s Ventilator Challenge UK team tested and calibrated ventilators produced at Penlon’s
Abingdon facility as part of the Ventilator Challenge UK project Credit: STFC/Chris Pulker.



Overview
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Instruments Instruments

The ISIS Neutron and Muon Source is a world-
leading centre for research at the STFC Rutherford
Appleton Laboratory near Oxford. Our suite of
neutron and muon instruments gives unique insights
into the properties of materials on the atomic scale.

We are part of the global research infrastructure, providing
tools for almost 1700 scientists a year to use our suite of
34 instruments.

1620

Our science spans a wide range of disciplines, from magnetism PI'OPOS&'.S
to cultural heritage, engineering to food science, chemistry to received from
environmental science. 37 countries

We contribute to inspiring the next generation of scientists
by welcoming over 1900 school pupils, teachers and general
public to the facility as part of our public engagement
programme as well as supporting training for apprentices, year-
in-industry students, work experience students and graduates.

00

users

35%

Visitors

3361

user unique research

visits visitors | O

Represent a variety of industrial
areas, including chemicals, healthcare,
automotive, materials, aerospace,
engineering, energy and other
high-tech companies.

(413 UK, 362 Intl)
4800 days of student training
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Industrial Science

Introduction
Industrial Use of ISIS

The number of industrial companies engaging with ISIS per
year hit a new high of 108 in 2019, a record that shows that
the properties of neutrons and muons can deliver key results
and insights that translate into real economic benefit and
impact. What is perhaps most impressive is that alongside
the growth of the industrial use of ISIS we are also seeing a
marked increase in the diversity of industries that are now
using neutrons. Driven largely through partnerships with
our academic users, neutrons have expanded from solving
industrial problems in engineering, materials science and
chemistry to solving problems within the agriculture and
food sector, delivering key insights in the emerging areas of

(14

Many companies already recognise
the benefits of using neutrons, and
We are seeing new companies using
ISIS each year. - Graham Appleby

”

Companies Engaging

Some companies appear in more than one sector.

11

Biomaterials
and Medicine

3

Agriculture
and food

biomaterials and sustainable
energy technologies and helping
the electronic and avionic sectors
deal with problems of reliability.

Investment by ISIS in new

techniques and instrumentation

and its development of new

ways of accessing neutrons and

muons, such as the Industrial

Collaborative R&D scheme, are also helping to attract new
industrial researchers and communities to neutron and muon
science. The further potential of our collective community’s
expertise in the use of neutrons and muons for a whole variety
of industrial and societal problems is something that the
new ISIS Business Development Manager, Graham Appleby,
is looking forward to fostering. “With my background in both
neutron science and in industrial use of large scale photon
sources in Europe, | am really excited by the potential that
neutrons and muons have and how we can work with ISIS's
academic and commercial users, to enhance ISIS industrial
engagement across the UK and internationally.”

35

Engineering

35

Energy and
Petrochemicals




Industry Highlights

Allergan plc.

Neutrons reveal water clusters that could
explain the behaviour of amorphous
pharmaceuticals

Amorphous solid (glassy) states are ubiquitous in both nature and industrial pharmaceutical
products. For example, protein molecules are usually embedded in a freeze-dried amorphous
sugar matrix to improve stability and shelf life.

The ability of molecules to move within the structure, or and proposed that these clusters influenced both of the
‘molecular mobility’, has been traditionally thought of as properties studied.

the key property to consider when explaining the physical
and chemical stability of diverse pharmaceutical systems.
Although increased research efforts have begun to build up a
comprehensive picture of the molecular mobility landscape,
the relationship between molecular mobility and critical
properties of amorphous pharmaceuticals is

not straightforward.

They demonstrated that the inhibition of freezing can be
a direct consequence of the confinement of these water
clusters in a solidified matrix of an amorphous solute.
Considering the importance of proton transfer in many
chemical processes, they suggest that the water cluster
formation could catalyse proton transfer, promoting
chemical instability.

The properties investigated in this study were the incomplete
freezing leading to the existence of unfrozen water in aqueous
solutions at sub-zero temperatures and the role of water in the
chemical stability of amorphous pharmaceuticals. Using wide
angle neutron scattering, the researchers observed

nano-sized water clusters in aqueous pharmaceutical glasses

“Fundamental research at ISIS is essential in building
scientific basis for development of novel pharmaceutical

and biopharmaceutical products.” Dr Evgenyi Shalaev,
Executive Director, Pharmaceutical Sciences, Allergan plc.

WT1: 5-8% water WT2: 15_28% water

Instrument: Sandals

Related publication: “Freezing of Aqueous Solutions and Chemical Stability of Amorphous
Pharmaceuticals: Water Clusters Hypothesis.” J Pharm Sci., 108(1), 36-49 (2019)

DOI: 10.1016/j.xphs.2018.07.018
Funding: EPSRC, Allergen Plc

Authors: E Shalaev (Allergan plc.), A Soper (ISIS), JA Zeitler (University of Cambridge), S Ohtake (Pfizer
BioTherapeutics Pharmaceutical Sciences), CJ Roberts (University of Delaware), MJ Pikal (University
of Connecticut), K Wu (Allergan plc.), E Boldyreva (Boreskov Institute of Catalysis SB RAS)
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NVIDIA

Assessing the safety of driverless cars

using Chiplr

Driverless vehicles rely on deep neural networks (DNNs) to respond to changes in the
environment, and control the vehicle accordingly. Graphics processing units (GPUs) are used
to provide the computational performance needed for these networks to dynamically detect
and classify objects during autonomous driving operation.

The successful detection of obstacles, traffic and pedestrians
is crucial when considering the safety implications of
autonomous vehicles. It is therefore important to understand
how vulnerable these networks are to hardware faults, when
run on GPU-based platforms.

Faults can be permanent or transient, and caused by physical
defects, the local environment or cosmic radiation. Any fault
can impact the safety of the vehicle, and therefore it is crucial
to understand the resilience of the neural networks used to
these faults.

A group from NVIDIA used Chiplr at ISIS, and the Los Alamos
Neutron Science Center, to perform accelerated neutron
beam experiments to evaluate the sensitivity of such object

Instrument: Chiplr

IEEE International Test Conference (ITC)
DOI: 10.1109/ITC44170.2019.9000150

Funding: NVIDIA

detection networks to transient faults alongside investigations
into the impact of permanent faults. Between the two testing
sites, the group were able to test multiple GPU boards under
the equivalent of 2000 years of exposure to ground-level
neutron flux.

Using these results, they developed a methodology for
determining the criticality of faults on the networks, and
analysed the chip-level protection mechanisms in GPU
architectures to test how effective they are at providing
adequate coverage to faults. They found that the object
detection networks are vulnerable to random hardware faults,
but that existing chip-level protections successfully mitigate
against the damage caused by transient faults.

“Measurement of the resilience to atmospheric neutron
radiation is an important factor in meeting safety metrics
for our automotive safety products; facilities such as

ISIS help us accomplish that.” Dr Richard Bramley, GPU
Architecture Group, NVIDIA

Related publication: “Resiliency of automotive object detection networks on GPU architectures.” 2019

Authors: A Lotfi, S Hukerikar, K Balasubramanian, P Racunas, N Saxena, R Bramley, Y Huang (NVIDIA)
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AkzoNobel

Beetle scales could hold the key to
sustainable white paint

The beetles Cyphochilus and Lepidiota Stigma have scales on their wings that are
exceptionally white. They are also thin and highly reflective, properties that do not occur often
in nature. The colour is not due to pigmentation, but the complex nanostructure of the scales
on the beetles’ wings, which reflect light in a very special way. Similar effects are responsible
for the iridescent colour of some bird feathers, and give polar bear fur its white appearance.

In collaboration with the coatings company AkzoNobel, the of the amorphous network structures that give the beetle
team investigated how to replicate the optical properties wings their structural white colour.

of the beetle scale nanostructure. Currently white paint
contains nanoparticles of titanium dioxide, TiO,. The industrial
process to refine this nanomaterial has a significant carbon
footprint and therefore a huge environmental impact. TiO, is
responsible for around 75% of the embedded energy in a pot
of paint, and is the most expensive component. Replacing it

In future, the ability to replicate structural colour in a paint
using waste plastic or bio-derived materials could see titanium
dioxide be replaced for much lower energy intensive materials
and so reduce the impact and carbon footprint of all paint.

with a renewable bio-based polymer would make white paint Dr Adam Washington (ISIS Neutron and Muon Source)
much less damaging to the environment. said: “The structures we studied in these beetle scales are

only accessible through a small number of techniques.
This study used the material cellulose acetate, from wood Out of those techniques, only Larmor and the brightness
pulp, to recreate the nanostructure found in the beetle scales, of the ISIS source would let us examine hundreds of these
and the technique of spin-echo small-angle neutron scattering scales in just a few days, instead of months”.

(SESANS) on Larmor to confirm that the structure was
equivalent to that within the beetle scale. Larmor’s unique
ability to directly measure real-space correlations at large
length scales, and determine the material density of a porous
structure, made it unequalled for investigating the properties

Dr Stephanie Burg (from the University of Sheffield)
“Larmor’s unique capabilities allowed us to determine
the network properties of these incredibly fragile

structures and draw important comparisons between the
synthetic and biological specimens that would not have
been possible otherwise.”

Credit: University of Sheffield
Instrument: Larmor

Related publication: “Liquid-liquid phase separation morphologies in ultra-white beetle scales and a synthetic
equivalent”, Commun Chem 2, 100 (2019)

DOI: 10.1038/s42004-019-0202-8
Funding: Innovate UK in partnership with AkzoNobel and the University of Sheffield

Authors: SL Burg (University of Sheffield), A Washington (University of Sheffield, ISIS), DM Coles, A Bianco (University
of Sheffield), D McLoughlin (Akzo-Nobel), 00 Mykhaylyk (University of Sheffield), J Villanova (ESRF), AJC Dennison,

CJ Hill (University of Sheffield), P Vukusic (Exeter University), S Doak, SJ Martin, M Hutchings (Loughborough
University), SR Parnell (Delft University of Technology), C Vasilev, N Clarke, AJ Ryan, W Furnass, M Croucher (University
of Sheffield), RM Dalgliesh (ISIS), S Prevost (ESRF, ILL), R Dattani (ESRF), A Parker (University of Oxford), RAL Jones,
JPA Fairclough, AJ Parnell (University of Sheffield)
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Syngenta

Uncovering the effect of pesticides on the

waxy layer of plants

Surfactants decrease the surface tension of the droplets in the agri-spray, increasing the
contacting area on the spraying surface. They also absorb onto, and penetrate, the plant
surface, creating a pathway for pesticides to diffuse into the plant itself. As a large proportion
of pesticides have an extremely low water solubility, surfactants can also be used to improve
their mobility by forming micelles, which act as capsules containing the pesticide.

When sprayed, the micelles come into contact with the thin
wax layer on the outer surface of the plant. These waxes are
predominantly hydrophobic, but contain polar alcohol and
ester end groups that offer some weak hydrophilicity. Their
amphiphilic nature may explain why the micelles take up wax
molecules when they land on the plant surface. However,
there is little knowledge about the exact molecular processes

involved, and the impact on the pesticides when this happens.

Instrument: LOQ

DOI: 10.1016/j.jcis.2019.08.098

Manchester)

Combining techniques such as proton nuclear magnetic
resonance (H-NMR) and cryogenic transmission electron
microscopy (Cryo-TEM) with SANS techniques using LOQ at
ISIS, the research group examined the changes in micelles
saturated with fungicide before and after wax solubilisation.
Their study confirmed that the micelle nanostructures are
heavily influenced by wax solubilisation and pesticide release.
These initial findings have shown that agrochemical sprays
are capable of dissolving the waxy layers on leaves, which
may trigger surfactant micelles to release pesticides.

“ISIS provides users with state of the art instruments

that can provide us, as researchers, methods to probe
deeper into our pesticide delivery and uptake system”,
said Xuzhi Hu, from the University of Manchester. “Our

research is driven by both academic and industrial
relevance which is enabled by the ISIS research facility;
their incredibly helpful support staff and world leading
experts provide a service that is second to none.”

An image showing wheat waxes (green) solubilised inside a nonionic
surfactant micelle in order to allow for the release of pesticides (red),
provided by Xuzhi Hu & Jian Lu from the University of Manchester.

Related publication: “How does solubilisation of plant waxes into nonionic surfactant micelles affect
pesticide release?” J. Colloid Interface Sci., 556, 650-657 (2019)

Funding: Syngenta, University of Manchester and the Chinese Scholarship Council

Authors: X Hu, H Gong, Z Li, S Ruane, H Liu, P Hollowell, E Pambou, C Brown (University of
Manchester), S King, S Rogers, K Ma, P Li (ISIS), F Padia, G Bell (Syngenta), JR Lu (University of
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Will Jamieson
From sandwich student, to EngD, to industry

As well as technical skills, my
placement gave me valuable
experience in learning patience, and
using diplomacy to work with others.

Sandwich placement

During his Chemical Physics degree, Will Jamieson spent one
year on a placement in the Materials Characterisation Lab

at ISIS. This was the fourth year of his five-year integrated
Masters from the University of Edinburgh. “My course required
me to complete and write up a stand-alone project, which | did
by synthesising and analysing a series of potential multiferroic
materials,” he explains.

“Almost all of the investigation techniques were new to me,
which meant | learnt a lot during the placement. | also got to
meet the users who used the lab, and collaborated on some
of their projects.” Will was even able to get his first publication
based on work completed during his placement.

From the interview stage (which involved an overnight sleeper
train from Edinburgh!) the placement caught his attention. “I
find my skills are best applied when | have a lot of variety in
my work, and the placement in the ISIS lab seemed the most
interesting and varied of those | applied for. This was definitely
the case — during the year | enjoyed working on many different
user-led projects.”

EngD studies

Will especially enjoyed seeing the mix of academic and
industrial users come into the lab, and ISIS more generally.
This encouraged him to look for industrially focussed PhD
positions, and he began his EngD studies in 2014 at the
Industrial Centre for Doctoral Training (CDT) in Offshore
Renewable Energy (IDCORE), based out of Edinburgh.

The CDT saw him complete training modules for the majority
of the first year, and work with an industrial partner for the
remainder of the four years. “My project involved developing
composites for wave energy systems at Zyba Ltd.; it was
very much more like being in a company than a university. My

Industry Highlights

placement gave me a good understanding of how companies
work, and made me much better at managing my time,

which was particularly helpful in dealing with deadlines for
commercial projects.”

“I was also able to look back on the experiments I'd seen
being done at ISIS involving stress and strain measurements,
and link these to the work | was doing. This really helped

to put my work in context.” He adds, “my time at ISIS was
probably the first time I'd done any proper data analysis. |
developed this during my EngD, and it's now really useful in my
current role.”

Working in industry

Will now works for the Energy Saving Trust as an Insight
and Analytics Consultant. “l work within a team on a variety
of projects, looking at how individuals, businesses and
other organisations can reduce their emissions, maximise
their energy efficiency and ultimately help deliver a more
sustainable society. Having worked almost exclusively on
the generation side of things during my EngD, it's good to be
working on projects looking at technologies that are, or will
become, a direct part of our everyday lives.” Despite missing
the lab, Will admits that computer-based working has its
advantages during lockdown, as he can continue almost

as normal.

“As well as technical skills, my placement gave me valuable
experience in learning patience, and using diplomacy to

work with others. | was very grateful for having an excellent
manager, who | still keep in touch with.” While at RAL, Will
joined the Rec Soc Aunt Sally team, the Abingdon hockey club
and Oxford University orchestras. The placements students
got to know each other, and have met up a few times since.
“It's interesting to see where everyone has ended up - the
placements at RAL can lead you anywhere!”

15
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Impact Awards

ISIS Impact Awards 2020

The third ISIS Impact Awards for facility users were
presented in 2020, celebrating the socio-economic impact

generated by the user community.

Science

Professor Jin-Chong Tan, for his group’s work on
lattice dynamics in Metal-Organic Frameworks,
and how this affects the way they absorb and
release gases and drug molecules.

The winner of the Science Award is Professor Jin-Chong Tan
from the University of Oxford, who leads the Multifunctional
Materials & Composites Laboratory in the Department of
Engineering Science. Since 2012, Jin-Chong’s research

group has used neutron vibrational spectroscopy at ISIS to
investigate the distortions of Metal-Organic Framework (MOF)
materials that enable them to absorb and release target
molecules.

The way that a MOF framework distorts to enable the
adsorption and release of molecules is important to
understand, as controlling this could lead to a greater ability
to direct the functionality. By studying the vibrational spectra
of the MOFs using inelastic neutron scattering, and combining
this with computational studies, Jin-Chong and his research
group have been able to determine the behaviour of the MOF
structure under low-frequency terahertz (THz) vibrations.

Their work revealed that the vibrational modes in the THz
range are linked to the “gate opening” and pore “breathing”

Left: Alberto Viani, Centre of Excellence Tech, Czech Republic, and Heloisa Bordallo,

University of Copenhagen, Denmark, on the IRIS instrument.

mechanisms of the framework, paving the way to an expanding
area of research towards understanding of the role of THz
vibrations in framework materials. This understanding

has helped to identify ways the material could collapse under
mechanical stress, and to develop new materials that are

less prone to this kind of detrimental distortions. A deeper
understanding of the THz modes also reveals opportunities
for engineering new molecular sensors.

Building on this work, the group have investigated the low-
frequency lattice vibrations of MOFs that have a molecule
inside them, known as guest-encapsulated systems, including
those containing anti-cancer drugs. The work has also led

to the development of smart luminescent sensors that can
detect toxic chemical compounds non-invasively, and sense
changes in physical stimuli such as temperature and pressure.

An illustration of THz vibrations
used to unravel the detailed
behaviour of guest-host interactions
by tracking the precise changes in
its lattice dynamics.
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Society

Professor Paolo Rech, for his work developing
artificial intelligence frameworks to improve the
reliability of a driverless car’s ability not to
confuse a person with a post-box.

The winner of the Society Award is Paolo Rech, Associate
Professor at the Institute of Informatics of the Federal
University of Rio Grande do Sul, for his work investigating
the effect of neutrons on the computing behind autonomous
vehicles, and hence developing ways to improve the
computing reliability.

Atmospheric neutrons are known to generate faults in
computing devices. The detection of objects is the most
computationally demanding task for these vehicles, and is the
task where the presence of errors causes the majority

of accidents.

For a vehicle to detect objects such as pedestrians or other
cars, images need to be processed in real-time. This requires
cutting-edge hardware computing platforms that Paolo and
his research group have found, through experiments on Chiplr,
to have a failure rate of hundreds to thousands of times higher
than the limit imposed by industry dependability standards.

The traditional solutions to these errors, such as hardware
or software replication, are costly and disfavoured by the
competitive automotive market. Paolo has worked with

Electronic samples being tested in Chiplr.

advanced devices designed by NVIDIA, AMD, ARM, Intel,

and Xilinx using Chiplr to identify the errors that changed
the computing behind the vehicle behaviour: the artificial
neural networks.

By redesigning the artificial intelligence (Al) software

that is used in object detection, Paolo and his group have
managed to significantly reduce the probability of incorrect
identification and detection. Testing their Al software on
Chiplr, they found a reduction of more than 90% of errors with
an overhead lower than 20% (0.01% in the best case).

Besides the automotive industry, their work has also had an
impact on the space industry through a collaboration with
the European Space Agency and NASA's Jet Propulsion
Laboratory in the USA, using Chiplr to investigate the use of
autonomous vehicles for space exploration.
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Economic

Dr Peter Albers, for his work over the last thirty
years using neutrons alongside other methods
to investigate materials with commercial
applications, including catalysis.

The winner of the Economic Award is Peter Albers from
Evonik Operations GmbH Technology & Infrastructure. Peter’s
work combining neutron scattering, electron microscopy

and surface science (XPS, SIMS) to investigate materials of atoms, which was previously unreported. To detect hydrogen

commercial relevance spans three major areas: carbons, silica  on this site for the first time, Peter used direct geometry

and catalysts. spectrometry on MAPS and MERLIN. This work, alongside
further experiments on SANDALS, enabled Peter and his

Peter has contributed significantly to the knowledge of the research group to determine the mechanism of the hydrogen

surface behaviour of precious metal catalysts, particularly absorption by palladium. As this is the last site to be

platinum and palladium based materials. As an industrial user,  populated, it is likely they are the most reactive, and provide

his studies are carried out on commercial carbon supported easy access for reactants.

palladium and platinum catalysts and the metal blacks that

are used in industry every day, not model systems. The aim Peter's well-established work at ISIS has provided the

of his catalysis work has been to characterise the nature of scientific community with the most detailed understanding

hydrogen present on, or in, these catalysts. currently available of the surface of palladium and platinum-
based catalysts. By using ISIS, his employer Evonik gains

Palladium (Pd) is well-known for absorbing hydrogen gas to a commercial advantage by being able to show that they

form PdH, with the structure dependant on the concentration have cutting-edge technical support for their products. Their

of hydrogen in the material. Using TOSCA and IN1-Lagrange, continued use of neutron scattering for over twenty years is

confirmed by density functional theory, Peter was able to an illustration of its importance.

observe an additional subsurface site for the hydrogen

Dr Peter Albers (AQura GmbH, Germany), working in the Chemsistry Laboratory preparing hydrogen peroxide samples.
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Science Highlights - Advanced Materials

MAPS
Iron Selenide: not as unique as expected

Previously thought of as a distinctive superconductor, researchers have used ISIS and other
international facilities to show that iron selenide (FeSe) operates in the same way as other
iron-based superconductors.

In FeSe, the iron atoms form a two-dimensional sheet Using a complex process involving gluing tiny FeSe crystals
sandwiched between two sheets of selenium. In other iron- to larger crystals, the researchers were able to apply sufficient
based superconductors, these sheets are made of different pressure to detwin the samples, finding that the spin
elements. When the other elements are from Group 15 of fluctuations in FeSe are anisotropic, as in other iron-pnictide
the periodic table, the same as selenium, they are known superconductors. This is evidence that superconductivity in
as iron-pnictide superconductors. In some cases, including different families of iron-based superconductors are of the
iron selenide, they exhibit a slight structural shift below a same microscopic origin, suggesting that magnetism plays a
characteristic structural transition temperature, where the critical role in unconventional superconductivity.

iron atoms move slightly further apart. This transition is
associated with an anisotropic (directionally dependent)
behaviour of electronic and magnetic properties, such as
resistivity and spin fluctuations.

It has previously been impossible to measure the intrinsic
anisotropy of these electronic and magnetic properties
below the material’s structural transition temperature. This is
because of a property known as twinning, which occurs when
layers of randomly oriented two-dimensional crystals are
stacked and their individual differences are averaged.

Tong Chen, a Rice PhD student, “detwinned” iron selenide crystals by
gluing them atop much larger crystals of barium iron arsenide. Credit:
Jeff Fitlow/Rice University.

Related publication: “Anisotropic spin fluctuations in detwinned FeSe.” Nat. Mater. 18, 709-716 (2019)
DOI: 10.1038/s41563-019-0369-5

Funding: US Department of Energy, Robert A. Welch Foundation grant, National Natural Science
Foundation of China and the Carlsberg Foundation

Authors: T Chen (Rice University), Y Chen (John Hopkins University), A Kreisel (Universitat Leipzig),
X Lu (Beijing Normal University), A Schneidewind (Jiilich Center for Neutron Sciences at MLZ),

Y Qiu (NIST Center for Neutron Research), JT Park (Heinz Maier-Leibnitz Zentrum), TG Perring,

JR Stewart (ISIS), H Cao (Oak Ridge National Laboratory), R Zhang, Y Li (Rice University), Y Rong
(Beijing Normal University), Y Wei (Chinese Academy of Sciences), BM Andersen (University of
Copenhagen), PJ Hirschfeld (University of Florida), C Broholm (John Hopkins University, NIST Center
for Neutron Research), P Dai (Rice University, Beijing Normal University)

Left: Nico Konig, University of Oslo, Norway, preparing a sample on the SANS2d instrument.
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HiFi
Photoexcited uSR used to measure carrier
kinetics in semiconductor materials

Knowledge of the kinetics of excess charge carriers (electrons and holes) in semiconductors
is crucial when determining the performance of electronic devices such as solar cells

or computer chips. The excess carrier recombination lifetime is a key figure of merit in
photovoltaics applications that governs the efficiency of solar cells. However, traditional
lifetime spectroscopy techniques currently used for characterisation only provide a bulk
average for the material. The method described in this study, using photoexcited muon spin
spectroscopy (photo-pSR), allows the carrier lifetime to be probed at a specific position within
a wafer, giving a better picture of carrier dynamics.

When a positively charged anti-muon is implanted into a
semiconducting material and localised in its crystalline
lattice, it captures an electron to form muonium, a hydrogen-
like species that can undergo spin and carrier exchange
interactions with free electrons and holes. If there are more
charge carriers present, then more of this exchange can
occur, and the faster the measured muon spin relaxation. By
combining this muon spin spectroscopy with optical carrier
injection, the dynamics of the charge carriers can

be investigated.

In this study, the researchers used the photo-uSR pump-probe
technique on HiFi to measure the temperature dependence
of the lifetime and mobility of the charge carriers inside
germanium. Their results are in agreement with those using
other methods, proving that photo-uSR can successfully

be used to measure these kinetics. Based on the fact that
muonium is a common state of implanted muons in a

wide range of semiconductor materials, the method could
contribute to the characterization of emerging functional
materials, such as perovskite-structured compounds and

wide-bandgap semiconductors. Top: Schematic diagram of the experimental geometry. Bottom: Muon
distribution (blue solid line) and photon flux (red broken line) as a
function of depth measured from the surface on which muons are
incident. The muon distribution has been calculated using a Monte
Carlo simulation package based on GEANT4. Credit: K Yokoyama.

Related publication: “Muon probes of temperature-dependent charge carrier kinetics in
semiconductors” Appl. Phys. Lett. 115,112101 (2019)

DOI: 10.1063/1.5115596
Funding: STFC, Texas Research Incentive Program and the NMU Freshman Fellows Program

Authors: K Yokoyama, JS Lord (ISIS), PW Mengyan (Northern Michigan University, Texas Tech
University), MR Goeks (Northern Michigan University), RL Lichti (Texas Tech University)




Science Highlights - Advanced Materials

MuSR, EMU

Muons show weak magnetism in a high
capacitance, low loss dielectric material

For real world application in technological devices, materials are needed that show the
novel dielectric behaviour of both high permittivity and low loss. This becomes even more
interesting when they also exhibit magnetism. This coupling of electrical and magnetic
properties is part of the recipe for multiferroics, which have great potential for use in future
data storage devices.

Indium (In) and niobium (Nb) co-doped rutile (TiO,) is one
such compound that shows high permittivity and low loss that
would make it ideal for capacitive devices. The inclusion of
both In®and Nb%* ions into the structure creates Ti®** defects,
each with a single electron localised within it. Although the
dielectric properties of this material have been investigated,
the magnetic behaviour has previously been overlooked.

This work used muon spin relaxation (USR), which is an

ideal probe of weak magnetism, on both the MuSR and EMU
instruments to study the magnetic properties of the material
for the first time. The researchers found that magnetic ordering,
associated with spin freezing, occurred at room temperature
and below, with the precise temperature dependence being
related to the level of doping. From the pSR measurements,
evidence was found for the doping and associated spin
freezing being confined to the grain boundaries, the place

at which the defects preferentially occur.

This location of ordering suggests that the formation of

the magnetically ordered state could be prompted to occur

at a higher temperature by introducing more boundaries

into the material in the form of nanoparticles or thin films.
Therefore, doped nanoparticles could be the next step
towards the formation of materials that could offer even more
technological impact.

Artists impression of an induced defect in In(lll), Nb(V) co-doped rutile.

Related publication: “Understanding the role of electrons in the magnetism of a colossal permittivity
dielectric material” Mater. Horiz., 7, 188-192 (2020)

DOI: 10.1039/C9MH00983C
Funding: STFC

Authors: A Berlie (ISIS), | Terry (Durham University), SP Cottrell (ISIS), W Hu, Y Liu (Australian
National University)
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SXD

Nano-particles’ influence - how shape
memory alloys behave under stress

A shape memory alloy (SMA) is one that can be shaped when cold, but then returns to its
previous, “remembered”, shape when heated. For the cobalt-nickel-gallium (Co-Ni-Ga) alloys,
this transition is between an austenite structure and a tetragonal martensite structure. During
the transformation, the austenite crystal lattice undergoes shearing in a particular direction.
The ‘martensite variants’ are the different potential orientations of the shearing.

Co-Ni-Ga alloys have potential for higher-temperature As well as studying a solution heat treated crystal, they
applications due to their promising functional properties at studied an aged equivalent containing nano-sized particles,
elevated temperatures and good formability. To understand and discovered a big difference in the phase transition

the morphology of martensite variants as they form, and behaviour. In the solution heat treated crystal, the transition
their influence on the functional properties, this study used occurred via a single set of stress-induced martensite

in situ optical microscopy and neutron diffraction on SXD variants, whereas the presence of nano-particles caused

to study the stress-induced martensitic transformation of the formation of two types of internally twinned variants. On
Co,,Ni,,Ga,, single crystals whilst they were undergoing applying further strain, they found that one was forming at the
compression cycles. expense of the other, a process known as detwinning.

(a) Stress-strain curves of

a (00T)-oriented Co-Ni-

Ga crystal, solution heat
treated (lower hysteresis)
and subsequently aged
(upper hysteresis), under
compressive load at 100

°C. Spheroidal nanometric
particles formed after aging
are shown by the HRTEM
image in the inset. (b,c)

In situ neutron diffraction
analysis of the solution heat
treated (b) and aged (c)
material at -3% compressive
strain during the loading
path as marked by the red
points in (a).

Related publication: “Effect of nanometric y'-particles on the stress-induced martensitic
transformation in <001>-oriented Co,,Ni,,Ga,, shape memory alloy single crystals” Scripta Materialia,
168, 42-46 (2019)

DOI: 10.1016/j.scriptamat.2019.04.003

Funding: Deutsche Forschungsgemeinschaft and the Ministry of Science and Education of Russian
Federation.

Authors: C Lauhoff (Universitat Kassel), A Reul (Ludwig-Maximilians-Universitéat), D Langenkamper
(Ruhr-Universitat Bochum), P Krool3 (Universitat Kassel), C Somsen (Ruhr-Universitdt Bochum),

M Gutmann (ISIS), | Kireeva, Y Chumlyakov (Tomsk State University), W Schmahl (Ludwig-Maximilians-
Universitat), T Niendorf (Universitdt Kassel)
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Tosca

Discovery of “killer” phonon mode informs
the search for new organic semiconductors

The electronic properties and the environmental and operational stability of organic
semiconductors (OSCs) have improved considerably over the last ten years. The goal remains
to find new materials that have higher carrier mobilities as this will enable faster operation
and lower power consumption for use in advanced liquid crystal and organic light-emitting

diode displays.

For high carrier mobility, the thermal molecular disorder
needs to be minimised, as should the sensitivity of the carrier
motion to this disorder. The sensitivity can be tuned through
engineering of the molecular packing, but little is known about
whether it is possible to influence the thermal disorder by
molecular design. This results from the complexity of the unit
cell of molecular crystals, typically containing on the order of
1000 atoms.

The vibration of these crystals can align in many different
ways to produce hundreds of possible phonon modes, which
can couple to the charge motion and contribute to thermal
disorder. This study used terahertz time-domain spectroscopy
and inelastic neutron scattering on TOSCA, coupled with

computational modelling, to assess the contributions that
individual modes make to the total thermal disorder in the
0SCs pentacene, rubrene and a group of thienoacenes.

The researchers wanted to discover whether all the modes
make important contributions to the disorder, or if there were
specific “killer” modes that are responsible for the majority.
Their results revealed that this was the case: a single sliding
mode appears to be a “killer” mode: responsible for a large
fraction of the total coupling. By considering the structural
properties of the molecule that influences this sliding

mode, the group’s work will inform the quest for higher
mobility semiconductors.

Relative displacements of neighbouring molecules associated with specific modes that contribute strongly to the energetic disorder.

DOI: 10.1002/adma.201902407

Related publication: “Chasing the “Killer” Phonon Mode for the Rational Design of Low-Disorder, High-Mobility Molecular
Semiconductors” Advanced Materials, 31, 43, 1902407, 2019

Funding: EPSRC, Royal Society, German Research Foundation, European Research Council, ARCHER UK National
Supercomputing Service, Belgian National Fund for Scientific Research

Authors: G Schweicher (University of Cambridge), G D’Avino (Institut Néel-CNRS and Université Grenoble Alpes),

MT Ruggiero, DJ Harkin, K Broch, D Venkateshvaran, G Liu (University of Cambridge), A Richard, C Ruzié (Université Libre

de Bruxelles), J Armstrong (ISIS), AR Kennedy (University of Strathclyde), K Shankland (University of Reading), K Takimiya
(RIKEN Center for Emergent Matter Science), YH Geerts (Université Libre de Bruxelles), JA Zeitler (University of Cambridge),
S Fratini (Institut Néel-CNRS and Université Grenoble Alpes), H Sirringhaus (University of Cambridge)
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Surf

The effect of the headgroup and chain structure
on surfactant behaviour at the surface

Anionic surfactants are the major surface active ingredient in most home and personal care
products. The ester sulfonate surfactants are a class of anionic surfactants that exhibit
increased tolerance to hard water, with a reduced tendency to precipitation in the presence
of multivalent counterions. However, the addition of multivalent counterions results in

the formation of multilayer structures at the air-solution interface, and is accompanied by
advantageous wetting properties.

Changing the surfactant geometry, by altering the headgroup counterions are more strongly bound, and are therefore less
or the structure of the alkyl chain, can have a significant readily displaced by the Al** ions.

impact upon the nature of the surface adsorption induced by
multivalent counterions. This study further investigated the
impact of the changes in geometry by comparing surfactants
with a branched isostearic alkyl chain to a linear saturated
alkyl chain, and by modifying the headgroup from methyl- to
ethyl-ester, in the MES (methyl ester sulfonate)

surfactant.

Their results provide a crucial insight into how these subtle
changes in surfactant geometry and structure can be used to
manipulate their interaction with cations, and their associated
surface properties.

Using neutron reflectivity on the SURF
reflectometer the researchers found that, for
the surfactants studied, in contrast to MES,
more limited surface multilayer formation is
observed with the addition of AlI** counterions.
This implies that the original Na* surfactant

Structure of the anionic ester sulfonate
surfactants and its adsorption surface structures
at the air water interface.

Related publication: “Impact of molecular structure, headgroup and alkyl chain geometry, on the
adsorption of the anionic ester sulfonate surfactants at the air-solution interface, in the presence and
absence of electrolyte” JJournal of Colloid and Interface Science 544, 293-302 (2019)

DOI: 10.1016/j.jcis.2019.03.011
Funding: China Scholarship Council. Samples were prepared at the ISIS deuteration facility

Authors: Z Wang (China University of Petroleum, ISIS), P Li, K Ma, Y Chen, M Campana (ISIS),
J Penfold (ISIS, University of Oxford), RK Thomas (University of Oxford), DW Roberts (Liverpool John
Moores University), H Xu (KLK, OLEO), JT Petkov (Lonza UK), Z Yan (China University of Petroleum)
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LoQ

Cryo-SANS used for characterizing micellar
structures at sub-zero temperatures

Some surfactants with specific architecture can self-assemble into wormlike micelles (WLMs)
that show viscoelastic response macroscopically due to the entanglement of the WLMs.
These surfactants are also called viscoelastic surfactants (VES) and they have been used in
applications from oil production and drag reduction to personal care. Most of the documented
results on VES are obtained at room temperature or high temperature.

However, few studies have been reported on the WLMs
formed under sub-zero temperatures, cryo-VES fluids, mainly
due to the limitation of the instruments available for use in
freezing environment. In this study, the researchers made

a series of cryo-VES fluids and found from rheological
testing that they showed viscoelastic behaviours sub-zero
temperatures, and increased viscosity upon decreasing

the temperature.

To gain insight into the microstructures of these cryo-VES,
with the aim of explaining these macroscopic responses,
deuterated versions of these fluids were characterised by the
ISIS deuteration facility, and small angle neutron scattering
(SANS) experiments were designed and performed on Loq
between 20 and -20 °C. The cryo-SANS results revealed that
WLMs could still be formed at extremely low temperature,
and the viscosity change is due to the transformation from
spherical to worm-like micelles that occurs when decreasing
the temperature.

This study is the first to describe cryo-WLMs, and the first

to characterise micellar microstructures using cryo-SANS.
These cryo-VES fluids may find potential use in hydro-fracking
operations in arctic areas and aircraft de-icing fluids, replacing
traditional polymer-based counterparts.

Dr Hongyao Yin, Sichuan University, working on the cryo-SANS
cells of LoQ instrument.

Related publications: “Cryogenic viscoelastic surfactant fluids: Fabrication and application in a
subzero environment.” J Colloid Interface Sci., 551, 89-100 (2019), “Cryogenic wormlike micelles.” Soft
Matter, 15, 2511-2516 (2019)

DOI: 10.1016/j.jcis.2019.05.011, 10.1039/c9sm00068b

Funding: National Natural Science Foundation of China, Sichuan University Postdoctoral Sustentation
Fund. Samples were prepared at the ISIS deuteration facility

Authors: H Yin, Y Feng (Sichuan University), P Li, J Doutch (ISIS), Y Han, Y Mei (The Second Research
Institute of Civil Aviation Administration of China (CAAC))
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Nimrod

Verifying the molecular dynamics
calculations of asphaltene aggregates

Asphaltenes are the most complex fraction of crude oil, accounting for a number of
undesirable properties such as high viscosity, wettability alteration, and precipitation from the
oil leading to fouling of equipment and blockage of pipelines. Computational modelling of a
crude oil holds the promise of being able to predict if an oil is likely to precipitate, or perform
a wide scan of potential chemical inhibitors, using only a small amount of experimental data.
Correctly modelling the structure and behaviour of asphaltenes at the molecular level is
therefore key for ensuring the validity of these computational studies. Neutron total scattering
data can be directly calculated from the structures observed in molecular simulation, and
provides a vital experimental yardstick of these computational methods and models.

This study looked at asphaltene solutions
and solids using small-angle and wide-
angle scattering on Nimrod and was, for the
first time, compared directly to the results
of widely used molecular dynamics models.
The simulation correctly predicted the form
of the scattering curves, however the study
highlighted areas where the modelling
could be improved.

In particular, the researchers found that
the size of the system a simulated needs
to be increased to accurately compare

the simulation outputs. Analysis of the
wide-angle regime highlights the need to
refine the molecular structural models

of asphaltenes or modify the simulation
approaches as the predicted intermolecular
structure deviated significantly from
experimental observations. The team are
now actively pursuing methods to increase
the simulation size, within computational
constraints, which will allow for a much
more detailed and valuable comparison

to experiment.

A snapshot from a molecular dynamics simulation of asphaltenes in 1-methylnaphthalene
(solvent not shown for clarity). Credit: Tom Headen.

Related publication: “Predicting Asphaltene Aggregate Structure from Molecular Dynamics
Simulation: Comparison to Neutron Total Scattering Data.” Energy Fuels, 33, 5, 3787-3795 (2019)

DOI: 10.1016/j.ces.2019.07.023

Funding: EPSRC, US National Science Foundation

Authors: TF Headen (ISIS), MP Hoepfner (The University of Utah)
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EMU

Insight into the impact of iodide ion
movement in solar cells

Muon experiments have helped researchers study the movement of iodide ions within a new
family of solar cell materials; reducing this movement could improve the efficiency of the
devices. Halide perovskites are a series of materials that are used to make solar cells, and
have developed rapidly over the last ten years to have high power conversion efficiency. The
cells have the potential be made more cheaply than other competing technologies, but suffer
from time dependent changes in the standard ‘current-voltage’ curves which are used to
characterise cell efficiency, a process known as hysteresis.

The study investigated lead (Pb) iodide perovskites with The results from all three techniques showed strong

the formula MAPbI,, where ‘MA" is methyl ammonium. They agreement: swapping just 5% of the MA for the larger GA
focussed on the iodide ion transport inside the material by ion increased the activation energy for iodide ion transport
partially substituting the MA with other cations, ranging in size  relative to pure MAPbI, as, when a bigger cation is present
from small rubidium to large guanidinium. They also studied and distorts the structure, the iodide has to follow a more

how well solar cells of these substituted materials performed.  difficult curved path. This combined study has enhanced the
fundamental understanding of mixed-cation perovskites,
and provides a design strategy for reducing iodide ion
transport that has important implications for improving solar
cell performance.

Computer modelling was used to study the paths that iodide
ions would need to take through the material. Muon Spin
Relaxation on EMU was used to detect ions moving inside the
material, and Impedance Spectroscopy showed how

well ions could (or couldn’t) move within the material at
different temperatures.

lodide ion transport paths and energetics. Ab initio simulations of the ion transport paths (using 18 intermediate images), the activation
energies and the lattice ion displacements in (a) MAPbI, (b) MA ,.Cs,,.Pbl. and (c) MA GA, ,.Pbl. (Key: Pb, green; |, purple.) Local lattice
relaxations near the diffusion path are highlighted by green circles, showing greater structural distortion in the GA-substituted material.
Displacement values of the adjacent Pb ion in MAPbI, MA, .Cs,,.Pbl, and MA, ,.GA ,.Pbl, are 0.2, 0.2 and 0.6 A respectively. CC BY 4.0.

Related publication: “Partial cation substitution reduces iodide ion transport in lead iodide perovskite
solar cells.” Energy Environ. Sci., 2019, 12, 2264-2272

DOI: 10.1039/C9EE00476A
Funding: EPSRC, University of Bath, EU Horizon 2020

Authors: DW Ferdani, SR Pering, D Ghosh, P Kubiak, AB Walker, SE Lewis, AL Johnson (University
of Bath), PJ Baker (ISIS), MS Islam, PJ Cameron (University of Bath)
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HiFi

Corannulene shows promise as a

hydrogen store

Carbon nanostructures such as fullerene buckyballs have shown potential for use as
hydrogen storage systems. The presence of a curved structure enables the reversible
formation of covalent bonds with atomic hydrogen as well as coordination with molecular
hydrogen, H,. Corannulene (C, H, ) has a cup-like shape, and so could show the same

possible storage potential.

This study used muon-spin spectroscopy on HiFi in
combination with physisorption analysis to investigate

the possible interactions between corannulene with both
molecular and atomic hydrogen. The use of muonium as
proxy for atomic hydrogen enables the collection of valuable
information about the behaviour of atomic hydrogen, while
the gas-physisorption analysis was able to measure the
hydrogen diffusion through the crystal.

The results indicate that hydrogen molecules are able to
diffuse through the bulk of the open crystal structure of
corannulene and that there is a high affinity for the hydrogen
atoms to form covalent bonds, illustrated by the formation
of stable muonium adducts at all possible active sites of the
corannulene molecule.

Muon resonance (ULCR) signal at 40 and and 410 K for the outer
hydrogen-like adduct radical in Corannulene. Solid and dashed
lines represent respectively the DF T-modelled polarization and
fitting to Gaussian (40 K) or Lorenzian (410 K) lineshapes. Peak
narrowing at 410 K suggests an activated dynamics in the high
temperature phase.

energy storage.” Carbon, 155, 432-437 (2019)
DOI: 10.1016/j.carbon.2019.08.087

Funding: EPSRC

Their results suggest that corannulene could be exploited

as a novel platform for hydrogen capture and storage, when
combined with a suitable catalyst to promote H, dissociation,
and that doping with alkali ions could bring this storage into a
practical temperature range.

Related publication: “The interaction of hydrogen with corannulene, a promising new platform for

Authors: M Gaboardi (Elettra, ISIS), F Pratt (ISIS), C Milanese (Universita Degli Studi di Pavia), J Taylor
(1S1S), J Siegel (Tianjin University), F Fernandez-Alonso (ISIS, University College London)
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Iris
Manipulating MOFs to improve
proton conduction

Proton exchange membrane fuel cells have the potential for widespread use in a hydrogen-
based economy. Crucial to their design is the presence of a material to act as the membrane
that efficiently transfers protons from one side of the cell to the other. The polymer Nafion is
currently the most widespread membrane material but, in recent years, hybrid metal organic
framework (MOF) materials have been made that show efficient proton transfer.

In this study, the group of
researchers designed and
synthesised three organic linkers,
which they used to build three new
MOFs. By measuring their proton
conductivity, and comparing it to
the structure, they were able to
show that, by incorporating free
and accessible carboxylic acid
groups into the MOFs, proton
conductivity can be increased.

Looking to further analyse their
findings, and to understand the
mechanism behind this increase

in conduction, they measured

one of their new MOFs, MFM-

512, on Iris using quasi-elastic
neutron scattering. Using neutrons,
they were able to study the
movement of the hydrogen atoms,
and determine that the proton
conduction is mediated by the
model of “free diffusion inside a
sphere” rather than “jump diffusion
between sites”. The structure of MFM-512, Credit: Sihai Yang.

Related publication: “Modulating proton diffusion and conductivity in metal—-organic frameworks by
incorporation of accessible free carboxylic acid groups” Chem. Sci., 10, 1492-1499 (2019)

DOI: 10.1039/C8SC03022G
Funding: EPSRC, ERC, Royal Society and University of Manchester

Authors: P Rought, C Marsh, S Pili (University of Manchester), IP Silverwood, V Garcia Sakai (ISIS),
M Li (University of Nottingham), MS Brown (University of Manchester), SP Argent (University of
Warwick), | Vitorica-Yrezabal, G Whitehead (University of Manchester), MR Warren (Diamond Light
Source), S Yang, M Schroder (University of Manchester)
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Tosca

Sulfur Dioxide: from toxic gas to
industrial ingredient

An international team, led by scientists from the University of Manchester, have developed
a new material that can reversibly adsorb sulfur dioxide from waste gas streams. The
group developed a metal-organic framework (MOF), MFM-170, that can selectively take

in toxic sulfur dioxide (SO,) gas at record concentrations and preserve it for use in
chemical production.

Using inelastic neutron scattering on Tosca, infrared and The publication also describes the scale-up of MFM-170 and
X-ray diffraction experiments at Diamond Light Source, and its successful implementation for dynamic separation of SO,
other facilities in the USA, the research group was able from gas mixtures that replicate those found in industry.

to do comprehensive studies in operando.
This enabled them to observe the
adsorption of SO, in real time, and
determine the precise host-guest binding
of the sulfur dioxide within MFM-170 at a
molecular level.

The group found that MFM-170 showed

a higher adsorption of SO, than any other
porous material known to date. This is
unprecedented as, unlike many other
metal-organic frameworks, MFM-170 is
remarkably stable to SO, exposure, even in
the presence of water. The adsorption is
also fully reversible at room temperature.

Illustration of sulfur dioxide captured within the
material, MFM-170.

Related publication: “Reversible coordinative binding and separation of sulfur dioxide in a robust
metal-organic framework with open copper sites.” Nat. Mater. 18, 1358-1365 (2019)

DOI: 10.1038/s41563-019-0495-0
Funding: EPSRC (EP/1011870), ERC (AdG 742041), the Royal Society and University of Manchester

Authors: GL Smith, JE Eyley, X Han, X Zhang, J Li, NM Jacques, HGW Godfrey (University of
Manchester), SP Argent (University of Nottingham), LJ McCormick McPherson, SJ Teat (Advanced
Light Source), Y Cheng (Oak Ridge National Laboratory), MD Frogley, G Cinque, SJ Day, CC Tang
(Diamond Light Source), TL Easun (Cardiff University), S Rudi¢ (ISIS), AJ Ramirez-Cuesta (Oak Ridge
National Laboratory), S Yang, M Schroder (University of Manchester)
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Nimrod
New lanthanide liquids for greener materials

Deep eutectic solvents (DES) are mixtures of molecular and ionic compounds that melt at a
temperature lower than their constituent parts, forming a partially ionic liquid phase. They
are often based around choline chloride or urea, and are potentially a more environmentally
friendly replacement for traditional organic solvents.

The inclusion of lanthanide ions has the potential to The researchers found that in their cerium (Ce) based DES,
produce a DES that is task specific, and that could be used the nanostructure is dominated by Ce-O interactions, forming
as a precursor to lanthanide-containing materials such as a variety of [-Ce-NO,-] networks. The formation of this ionic
magnets, lasers and superconductors. This study describes pseudophase causes the co-creation of a molecular rich

the synthesis of the first lanthanide DES based on a mixture pseudophase alongside it. This insight into the structure

of urea and lanthanide nitrate hydrates, and its structural of these liquids helps to explain some of their unusual
resolution using X-ray diffraction and neutron scattering. properties, and challenges the definition of what makes a DES.

Photographs of the lanthanide DES have colours dependent on the cation: (a) clear: 3.5 Urea : 1 Ce(NO,),.6H,0, (b) green: 3.5
Urea : 1 Pr(NO,), H,0, and (c) purple: 3.5 Urea : 1 Nd(NO,), ,H,0 LnDES, taken under Hg-vapor fluorescent strip lighting.

Related publication: “Structure and Properties of “Type IV” Lanthanide Nitrate Hydrate: Urea Deep
Eutectic Solvents” ACS Sustainable Chem. Eng., 7, 5, 4932-4940 (2019)

DOI: 10.1021/acssuschemeng.8b05548

Funding: STFC, EPSRC

Authors: 0S Hammond (University of Bath), DT Bowron (ISIS), KJ Edler (University of Bath)
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Imat

Getting to the root of it using X-rays
and neutrons

The root system is key to plant functions such as water and nutrient uptake, anchorage

and symbiotic interactions, with processes occurring at the root-soil interface strongly
controlling plant performance. Improved traits below the ground could lead to enhanced plant
performance and an increase in crop yield, helping to address global food security challenges
and meet the demands of a growing population.

Tomographic imaging is ideal for plant root studies since it is attached to a sample as a point of reference. This study used
non-invasive and allows for in vivo investigations. However,no  cadmium fiducial markers in plant samples on IMAT and the

single imaging technique is well suited to capture the whole X-ray imaging facility at the University of Southampton, and
system, with X-ray imaging giving insight into soil composition =~ demonstrated that more information can be collected by
and structure, and neutrons offering a complementary view combining imaging techniques than using either in isolation.
where water and biological matter are clearly distinguished, Although cadmium’s high attenuation introduced artefacts
allowing water dynamics around the roots to be investigated. in the images that were shown to have a negative impact on

data alignment, this work clearly demonstrates the value of
combining neutron and X-ray tomography for studying plant
root systems.

To align the datasets from the two different modes of
imaging, an object, known as a fiducial marker, can be

A slice from a plant root sample with X-ray data on the left and in red in the middle image, and neutron data on the right and in green in the middle
image. This slice shows the match of a fiducial marker and the complementarity of the different modes of imaging. Credit: Thomas Clark.

Related publication: “Correlative X-ray and neutron tomography of root systems using cadmium
fiducial markers.” Journal of Microscopy, 277,170-178 (2019)

DOI: 10.1111/jmi. 12831
Funding: ISIS, University of Southampton, Diamond Light Source

Authors: T Clark (University of Southampton), G Burca (ISIS), R Boardman,
T Blumensath (University of Southampton)
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Iris
Fibre formation in meat analogues measured
using neutron spectroscopy

Calcium caseinate (a micellar dairy protein) forms fibrous structures, that are a promising
material for next-generation meat analogues. Better insights into the formation of these
fibrous structures provides valuable insight for developing these, and plant-based, meat
analogues. Fibre formation has been shown to be strongly influenced by whether the
solvent is hydrogen or deuterium based water, suggesting the protein-water interactions
are dominated by a subtle solvent effect. The structure of the fibrous materials also
depends on the powderisation method, with spray drying and roller drying producing
different fibre structures.

This investigation used quasi-elastic neutron scattering on fibres formed intact and homogenous gels, the use of D,0
IRIS to reveal the structuring potential of spray dried and roller resulted in a paste with an inconsistent texture. The neutron
dried food powders both when dry, and when solvated with studies support these observations by revealing a clear

H,0 and D,0. The researchers found that the drying method did  difference in dynamics. The difference is not limited to the
influence the protein dynamics. As roller drying involves more external hydrophilic protein groups of the protein, but also
intense heating of the calcium caseinate, it allows the proteins extends to the internal hydrophobic groups. Consequently,
to arrange into a more thermodynamically stable formation, this work establishes a clear correlation between the
making the material less susceptible for fibre formation. microscopic protein dynamics and the bulk fibre structure

formation, providing insight into the formulation of new meat

The deuteration experiments disclosed the large impact replacement processing methods.

caused by changing the solvent. Whereas the H,0 solvated

Example of a plant based meat replacement. Credit: Niko Koffeman

Related publication: “Fibre formation in calcium caseinate influenced by solvent isotope effect and
drying method - A neutron spectroscopy study.” Chemical Engineering Science 207, 1270-1277 (2019)

DOI: 10.1016/j.ces.2019.07.023
Funding: SSCANFoods and the Netherlands Organisation for Scientific Research

Authors: B Tian (Delft University of Technology), V Garcia Sakai (ISIS), C Pappas (Delft University of
Technology), AJ van der Goot (Wageningen University), WG Bouwman (Delft University of Technology)
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RIKEN-RAL Port 4

Muons probe beneath the surface without
leaving a scratch

Understanding the quality of ancient Roman silver coins can provide an indication of the
financial condition of the state that issued them. Any surface analysis of the silver-copper
alloy will be influenced by the surface-enrichment used to give the coins an appearance
of being made of more valuable solid silver, but it is often difficult to gain permission from
museums to take physical samples from within the bulk of such coins. This study used
negative muons on the RIKEN-RAL muon facility to study a denarius of Julia Domna from
211-217 CE, shown below, completely non-destructively.

When a negative muon is captured by an atom (creating a

muonic atom), it cascades down to the lowest energy state

and causes the atom to emit energy in the form of X-rays (and

maybe y-rays), unique to the atom that emitted them. This

makes it possible to identify the elements inside the sample.

Elemental analysis using negative muons can therefore

enable a full non-destructive analysis to take place. The

composition of the inside of the coin studied was 51 + 1.8%

copper and 49 * 1.9% silver, which is compatible with results

from similar coins derived from destructive analyses. Surface

measurements were also taken that confirmed surface

enrichment with silver.
(a) Obverse of the Julia Domna coin analysed: IVLIA PIA FELIX
AVG, draped bust right; (b) Reverse of the same coin: VESTA,

Vesta seated left. RIC IV.1 391, BMCRE V 31. Reproduced from
Heritage 2019, 2(1), 400-407.

Related publication: “Using Negative Muons as a Probe for Depth Profiling Silver Roman Coinage.”
Heritage, 2(1), 400-407 (2019)

DOI: 10.3390/heritage2010028
Funding: STFC, University of Warwick and RIKEN

Authors: BV Hampshire (University of Warwick, ISIS), K Butcher (University of Warwick), K Ishida
(RIKEN), G Green (University of Warwick, Ashmolean Museum), D McK.Paul (University of Warwick),
AD Hillier (ISIS)




Science Highlights - Life Sciences

Iris

Understanding the dynamics of intracellular
water in bacteria under high pressures

Understanding the biochemical reactions and transport processes within cells, which are
determined by the intracellular water pressure, could lead to a better understanding of how
bacteria behave under different conditions. This study investigated how water management
occurs inside organisms without a nucleus (prokaryotes), and how dissolved ions, metabolites
and macromolecular species would affect the mobility and transport properties of water in a
macromolecular environment containing these molecules.

The research collaboration studied the diffusion and rotational
relaxation of water in live Shewanella oneidensis bacteria

at pressures up to 500 MPa using quasi-elastic neutron
scattering (QENS). They found that the intracellular water
dynamics exhibit significantly greater slowdown compared
with bulk water and aqueous electrolyte solutions of
compositions comparable to cytoplasm.

Classic interpretations of prokaryotes present the intracellular
cytoplasm as a gel-like medium containing dissolved ions and
macromolecules such as lipids and proteins. However, the
findings suggest a more structured internal environment, with
cooperatively organised “superclustered” arrangements of
proteins and macromolecular complexes, separated by channels
enabling transport of the water-based electrolyte solution.

A) Schematic drawing showing a prokaryotic cell;

the cytoplasm is represented according to the model
presented by Spitzer & Poolman [FEBS Lett. 587 (2013)
2094]. B) Schematic drawing showing: IM, OM and
periplasmic space for G- bacteria. Credit: F Foglia.

SciRep 9, 8716 (2019)

DOI: 10.1038/s41598-019-44704-3

International programme PACS

The pressure-induced viscosity increase and slowdown in
ionic/macromolecular transport properties within the cells
affect the rates of metabolic and other biological processes.
The findings of this investigation lend further support to
emerging models for intracellular organisation that could lead
to new insights into biological functioning of organisms under
ambient and high pressure conditions.

Related publication: “In Vivo Water Dynamics in Shewanella oneidensis Bacteria at High Pressure.”

Funding: Leverhulme Trust, Deep Carbon Observatory (Sloan Foundation), EPSRC, European Union's
Seventh Framework Programme, Swiss National Science Foundation, French ANR within the Blanc

Authors: F Foglia (UCL), R Hazael (Cranfield University), F Meersman (UCL, University of Antwerp),
MC Wilding (Sheffield Hallam University), V Garcia Sakai, S Rogers (ISIS), LE Bove (Universita di
Roma), MM Koza, M Moulin, M Haertlein (ILL), VT Forsyth (ILL, Keele University), PF McMillan (UCL)




Science Highlights - Life Sciences

Surf, Inter

Reflectivity studies the interactions between

nanogels and skin models

Delivering drugs by applying the active ingredient to the skin offers many potential benefits
in pharmaceutical, dermatological, and cosmetic applications, and yet the interactions and
transport mechanisms across the skin barrier are not yet thoroughly understood at the
molecular level. Nanogels have attracted particular interest as possible carriers, because of
their high surface-to-volume ratio, ability to form stable colloidal systems and the fact that
their chemical structure can be tailored to achieve particular physiochemical properties, and

to respond to stimuli.

In this study, a team of researchers used neutron reflectivity
to study the interactions between thermo-responsive
N-isopropylacrylamide (NPAM) based nanogels, cross-linked
with 10%, 20% and 30% N,N’- methylenebisacrylamide (MBA),
and skin lipid multi-bilayer models. They also investigated
the effect of the penetration enhancer benzyl alcohol on
these interactions.

The results show the importance of membrane free acids,
enhancing the ability of nanogels to associate with skin
lipids to form water-dispersible complexes. This association
increased with the percentage of the MBA cross-linker

and temperature. The researchers concluded that the
nanogels mainly associate with skin lipid molecules through
hydrophobic interactions.

The observed enhancement effect could be a result

of weakened neighbouring molecule interactions and

the changes in the conformation of lipid bilayers. This

work provides important advances in understanding the
mechanism by which NIPAM-based nanogels are able to
interact with multi-bilayers, which can ultimately contribute to
the development of novel nanoparticles able to interact and
penetrate biological barriers.

Figure showing the structure of the skin, and the lipid multi-bilayer model.

DOI: 10.1016/j.jcis.2018.10.086

Related publication: “Interactions of NIPAM nanogels with model lipid multi-bilayers: A neutron reflectivity
study.” Journal of Colloid and Interface Science 536, 598-608 (2019)

Funding: European Commission, the Chinese Scholarship Council and Queen Mary, University of London.

Authors: H Sun, K Zielinska, M Resmini, A Zarbakhsh (Queen Mary, University of London)
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First analysis of ancient burned human
skeletal remains probed by neutron and
optical vibrational spectroscopy

As a result of fire, or funerary practices, archaeological and paleontological sites often
contain burned skeletal remains. Studying bones in this state can be challenging due to the
changes in the atomic structure of the bone caused by burning. This study uses, for the first
time, an integrated approach, combining complementary vibrational spectroscopic techniques
including inelastic neutron scattering, to study ancient burned bones.

By comparing their analysis to modern human bones that They were able to gain information about the difference

had been subjected to controlled burning, the researchers in cremation practices in the Copper Age, which occurred
were able to identify the conditions that the ancient bones mainly in home fires, and in the Roman age, where the bodies
had been subject to. The group studied human and animal were cremated inside their graves, unwrapped, in direct
bones from different Italian archaeological sites from distinct contact with the soil. Their work provides archaeologists
historical periods: Neolithic, Copper Age, Roman, and the and anthropologists with new insights into past civilizations,
Middle Ages. including their burial, and cooking practices.

Giulia Festa and Luis Batista de
Carvalho in ISIS target station 1.

Related publication: “First analysis of ancient burned human skeletal remains probed by neutron and
optical vibrational spectroscopy.” Sci Advances, 5, 6, (2019)

DOI: 10.1126/sciadv.aaw1292

Funding: The Portuguese Foundation for Science and Technology and the CNR (ltaly) within the
CNR-STFC Agreement

Authors: G Festa (CENTRO FERMI), C Andreani (CENTRO FERMI, Universita degli Studi di Roma),

M Baldoni (Universita degli Studi di Roma), V Cipollari (Soprintendenza Archeologica), C Martinez-
Labarga (Universita degli Studi di Roma), F Martini (Universita degli Studi di Firenze), O Rickards,
MF Rolfo (Universita degli Studi di Roma), L Sarti, N Volante (Universita di Siena), R Senesi (CENTRO
FERMI, Universita degli Studi di Roma), FR Stasolla (Sapienza Universita di Roma), SF Parker (ISIS),
AR Vassalo, AP Mamede, LAE Batista de Carvalho, MPM Marques (University of Coimbra)
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Studying the clinical markers for
blocked arteries

The disease atherosclerosis is the leading cause of death in the western world. It occurs

when plaques accumulate in blood vessels, which can lead to the hardening of arteries and
eventually heart disease and stroke. There are several lipoproteins present that transport
cholesterol through the blood plasma. Amongst these, high-density lipoprotein (HDL) and low-
density lipoprotein (LDL) are used as biomarkers, and understanding their mechanism is likely
to inform the understanding and treatment of the disease.

The accuracy of using the total amount of HDL and
LDL in the blood as a predictor of atherosclerosis
is low. Therefore, to understand the role that HDL
and LDL play in the build-up of arterial plaques, their
lipid exchange with the cellular membranes lining
the artery wall needs to be carefully studied. This
study uses selective deuteration, in combination
with time-resolved small angle neutron scattering
(TR-SANS), to investigate the molecular lipid
exchange between human lipoprotein particles
and model cell membranes.

The TR-SANS experiments suggest a multi-action

mechanism for lipid exchange that includes

diffusion, collision and tethering, leading to novel

insights into the roles of different molecules

present in the lipoprotein particle. The development

of this method provides the research community

with a way to begin to understand the molecular Illustration of the multi-action mechanism for lipid exchange.

mechanisms underlying plaque build-up and
therefore the onset of atherosclerosis. With

developments in deuteration science, it could also
lead to the systematic study of other complex
biological protein-lipid systems.

Related publication: “Time-resolved small-angle neutron scattering as a probe for the dynamics of lipid
exchange between human lipoproteins and naturally derived membranes.” Scientific Reports, 9, 7591 (2019)

DOI: 10.1038/s41598-019-43713-6

Funding: Swedish Research Council, ESS & MAX IV: Cross Border Science and Society and the UNIK
research initiative of the Danish Ministry of Science, Technology and Innovation

Authors: S Maric, TK Lind (Malmé University), MR Raida (National University of Singapore),

E Bengtsson, GN Fredrikson (Lund University), S Rogers (ISIS), M Moulin, M Haertlein (ILL), VT Forsyth

(ILL, Keele University), MR Wenk (National University of Singapore), TG Pomorski (University of Copenhagen,
Ruhr University Bochum), T Arnebrant (Malmé University), R Lund (University of Oslo),

M Cérdenas (Malmé University)
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Neutrons investigate novel nanoparticle used
in cell therapy imaging

Ultrasound is a powerful technique for medical imaging. However, the short lifetime and large
size of the gas-filled microbubbles used as clinical contrast agents limits its use for long-
term applications and, in particular, for tracking of cellular therapies. Recently, 19F MRI, has
become an established technique for cell imaging. It provides direct quantification of cell
numbers by imaging the 19F nuclei inside the contrast agent. Using the same contrast agent
for both techniques could streamline the imaging process and enable fast screening with
ultrasound along with quantification by '°F MRI.

This study revealed that nanoparticles consisting of a liquid These nanoparticles provide exciting prospects for long-term
perfluorocarbon and biodegradable polymer are suitable for imaging with ultrasound and "°F MRI. They can be further
imaging with both °F MRI and ultrasound techniques. They tailored to other imaging or therapeutic applications, and
remain stable for more than 48 hours during repeat ultrasound  could aid the movement towards personalised medication and
imaging sessions and, unlike microbubble-based contrast the desired flexibility in clinical imaging. These nanoparticles
agents, they can enter the therapeutic immune cells without are translatable to humans and have been approved for a pilot
damaging them. clinical trial. The research has also led to the foundation of a

spin-out company, Cenya Imaging B.V.
Due to the small size and high stability of the nanoparticles,

the mechanism behind their visibility using ultrasound was
not clear. Small angle neutron scattering measurements
provided the researchers with an important insight. They
found that the nanoparticles had an internal structure
atypical for perfluorocarbon-loaded nanoparticles that could
potentially explain the unusual imaging characteristics. The
nanoparticles contain 12 nm core-shell building blocks, inside
which highly hydrophobic perfluorocarbon was hydrated.

The figure shows the schematic of the internal structure of
nanoparticles on the upper panel, and dendritic cells labelled by
the nanoparticles that migrated to a draining lymph node in a
mouse using both ultrasound and "°F MRI ("°F signal in false colour,
superimposed over anatomic 'H scan in grayscale).

Related publication: “Multicore Liquid Perfluorocarbon-Loaded Multimodal Nanoparticles for Stable Ultrasound and "°F MRI
Applied to In Vivo Cell Tracking” Advanced Functional Materials, 29, 19 (2019)

DOI: 10.1002/adfm.201806485

Funding: Netherlands Organization for Scientific Research, European Research Council, Netherlands Institute of Regenerative
Medicine, EU FP7 program ENCITE and NanoNextNL

Authors: 0 Koshkina (Radboud Institute for Molecular Life Sciences, Max Planck Institute for Polymer Research), G Lajoinie
(University of Twente), F Baldelli Bombelli (Politecnico di Milano), E Swider (Radboud Institute for Molecular Life Sciences),
LJ Cruz (Leiden University Medical Centre), PB White (Radboud University), R Schweins (ILL), Y Dolen, EAW van Dinther,

NK van Riessen (Radboud Institute for Molecular Life Sciences), SE Rogers (ISIS), R Fokkink (Wageningen University),

IK Voets (Eindhoven University of Technology), ERH van Eck (Radboud University), A Heerschap (Radboudumc), M Versluis
(University of Twente), CL de Korte (University of Twente, Radboudumc), CG Figdor, IUM de Vries, M Srinivas (Radboud
Institute for Molecular Life Sciences)




Science Highlights - Physics

Wish

Ambidextrous magneto-electric textures:

the future of data storage?

Combining the stability, dynamics and scalability properties of skyrmions, and the low
susceptibility to interference with an external magnetic field of antiferromagnetic materials to
create an antiferromagnetic skyrmion is very appealing for possible applications in quantum
computing. In a skyrmion, the orientation of spins rotates progressively from the up direction
at the edge of the circular texture, to the down direction at the centre, and the direction of the
rotation determines whether the skyrmion is left- or right-handed.

Multiferroics, such as BiFeO,, display magnetic order such as
antiferromagnetism, as well as ferroelectricity; they have a
spontaneous electric polarization that can be reversed by the
application of an external electric field. BiFeO, is one of very
few materials that exhibit both spin and dipole ordered phases
above room temperature.

The boundaries between the regions in the material that have
different spin and electric orientations, the domain walls, are
of particular interest. A group of researchers from France
studied BiFeO, on WISH to determine the magnetic structure
for each ferroelectric variant throughout the whole sample.

The high resolution and high flux of the diffractometer were
essential to detect subtle splitting and be able to measure
such thin samples.

Combining this technique with resonant X-ray scattering, they
observed, for the first time, both antiferromagnetic and electric
chiral textures at domain walls in BiFeO, at room temperature.
The appearance of both magnetic and electric chirality

opens a new avenue for the creation and control of skyrmion
systems. Future research on the interplay of these unusual
spin textures with spin currents and light will enable further
development of these materials for spintronic applications.

Non-collinear magnetic structure in ferroelectric domains by neutron and resonant X-ray scattering. (A) Neutron scattering measurements (2D and
integrated intensity) showing the splitting of the Bragg peaks confirming the cycloidal arrangements. Open circles are experimental data and solid
lines are fits assuming a bulk-like spin cycloid with a k vector giving a wavelength of 80 nm. (B) X-ray diffraction at the Fe L edge (709 eV) for the
71° periodic ferroelectric patterns. The four spots (marked with arrows) particularly visible in (B) stem from the two families of cycloids sketched
in (C) (one in each polarization domain) and correspond to a cycloidal period of about 80 nm. The spots on the horizontal line (in B) indicate the

chiral windings at domain walls.

DOI: 10.1038/s41563-019-0516-z

Related publication: “Electric and antiferromagnetic chiral textures at multiferroic domain walls.” Nat. Mater., 19, 386—-390 (2020)

Funding: European Research Council, EU Quantum Flagship project, French Agence Nationale de la Recherche (ANR), PIAF
and SANTA well as the ‘Programme Transversal CEA ACOSPIN and ELSA'.

Authors: J Chauleau (Université Paris-Saclay, Synchrotron SOLEIL), T Chirac, S Fusil, V Garcia (Université Paris-Saclay),

W Akhtar (Université de Montpellier and CNRS), J Tranchida, P Thibaudeau (CEA — DAM le Ripault), | Gross, C Blouzon (Université
Paris-Saclay), A Finco (Université de Montpellier and CNRS), M Bibes, B Dkhil (Université Paris-Saclay), DD Khalyavin, P Manuel
(1SIS), V Jacques (Université de Montpellier and CNRS), N Jaouen (Synchrotron SOLEIL), M Viret (Université Paris-Saclay)
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Stoichiometry changes influence

magnetic behaviour

Mixed-valent compounds of iron and other transition metals show a wide range of physical
and chemical properties. Understanding the complexities of their structures and magnetism
provides insights that can be used to design materials with specific desirable properties.

CaFe305 is a mixed-valent compound that exhibits charge
ordering with the formation of ferromagnetic trimers of the
form Fe3+-Fe2+—-Fe3+. These dictate the low temperature
magnetic structure, as shown below in the figure. This
investigation used neutron powder diffraction on WISH,
Monte Carlo simulation and symmetry analysis to probe

the magnetic ordering in perfectly stoichiometric CaFe305,
including the observation of an incommensurate magnetic
phase forming at the onset of long range magnetic ordering.

Previous work on a sample that was slightly off-stoichiometric
[Nat. Commun. 9, 2975 (2018)] had shown phase separation
on cooling into a charge-averaged phase with a different
magnetic structure, and the charge-ordered phase. This

new study shows that the phase separation is not found in
stoichiometric CaFe,O, and, together, the works emphasise
the subtleties of these mixed-valent phases, and indicate that
changing the material’s exact composition and microstructure
could lead to subtle control of its physical properties.

Left, structure of CaFe,0,, highlighting the ferromagnetic trimers. Right, neutron powder diffraction pattern of the sample.

DOI: 10.1038/s41467-019-13450-5

Funding: EPSRC

Related publication: “Single phase charge ordered stoichiometric CaFe,0, with commensurate and
incommensurate trimeron ordering.” Nat Commun 10, 5475 (2019)

Authors: SJ Cassidy (University of Oxford), F Orlandi, P Manuel (ISIS), SJ Clarke (University of Oxford)
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Thinking outside the triangle: quantum spin
liquid formed in an unexpected way

In a quantum spin liquid, the magnetic moments of a material act like a liquid and remain
disordered even at absolute zero. Materials that can form a quantum spin liquid have
the potential for applications in quantum computing, data storage and high temperature

superconductivity.

Many quantum spin liquids are based on magnetic atoms from the sample, indicating the absence of long-range
arranged in triangular planes, with magnetic interactions that magnetic order in the material. This demonstrates that TbinO,
are frustrated by this arrangement. Even at temperatures forms a much more exotic structure where the magnetic
approaching absolute zero, the magnetic frustration and atoms sit on two interpenetrating sites that ultimately form
quantum fluctuations of the atomic magnetic moments a honeycomb lattice, rather than a simple triangular one.

cannot arrange themselves into a magnetically ordered state. Their experiments on MuSR and EMU enabled them to show
that this lack of long-range magnetic order, and therefore the

This study focussed on ThInO,, and used HRPD to measure exotic structure, was present down to 0.1 K.

the neutron diffraction from the sample at temperatures down
to 0.46K. The group saw a lack of magnetic Bragg scattering

The triangular to honeycomb transition within the two-dimensional layers of the quantum spin liquid candidate, TbinO,, upon cooling. Artwork
Credit: E. H. Driscoll, University of Birmingham (@EHDriscoll).

Related publication: “Two-dimensional spin liquid behaviour in the triangular-honeycomb
antiferromagnet TbinO, ” Nat. Phys. 15, 262-268 (2019)

DOI: 10.1038/s41567-018-0407-2
Funding: NSERC of Canada, US Department of Energy, STFC

Authors: L Clark (University of Liverpool, McMaster University), G Sala (McMaster University, Oak
Ridge National Laboratory), DD Maharaj (McMaster University), MB Stone (Oak Ridge National
Laboratory), KS Knight (UCL, Natural History Museum, ISIS), MTF Telling (ISIS), X Wang, X Xu, J Kim
(Rutgers University), Y Li (Rutgers University, Shandong University), S Cheong (Rutgers University),
BD Gaulin (McMaster University, Brockhouse Institute for Materials Research, Canadian Institute for
Materials Research)
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Understanding hidden magnetic phases

Some magnetic materials show hidden order phases, where the order parameters are not
observed using conventional magnetic measurements. The hidden order phase transition
is usually accompanied by changes in the bulk properties such as heat capacity, but
identification and understanding of the phases is very difficult when they cannot be

observed microscopically.

This study focusses on the recently discovered rare-earth
triangular-lattice magnet TmMgGaO,. Bulk measurements
show that a phase transition occurs at low temperature,

but this is the first study to look at the microscopic
measurements. The researchers used neutron scattering and
thermodynamic measurements to study the phase transitions
and spin correlations of single crystals of TmMgGaO,.

TmMgGaO,.” Nat Commun 10, 4530 (2019)

DOI: 10.1038/s41467-019-12410-3

Research Grants Council

University), J Zhao (Fudan University, Nanjing University)

They observed clearly in the elastic neutron diffraction
patterns that the longitudinal component of the effective
spins is dipolar. However, they also observed spin excitations
that were not present in the elastic diffraction patterns,
corresponding to the transverse components. Their
calculations demonstrate that this behaviour can be described
by a transverse field Ising model on the triangular lattice, with
an intertwined dipolar and ferro-multipolar order.

Measured and calculated momentum
dependence of the spin excitations
in TnMgGaO0, at the indicated
energies and T = 0.05K. a-f Raw
contour plots of the constant energy
images at T = 0.05 K. The signals
near Q = (0, 0, 0) in a are due to

the elastic contamination from the
sample environment close to the
direct beam. g—I Calculated spin
excitations using the model
specified in the text. The dashed
lines indicate the zone boundaries.
The measurements were performed
on LET spectrometer with

Ei =4.8 meV. The color bars indicate
scattering intensity in arbitrary

unit in linear scale.

Reproduced from
DOI: 70.71038/s41467-019-12410-3.

Related publication: “Intertwined dipolar and multipolar order in the triangular-lattice magnet

Funding: Innovation Program of Shanghai Municipal Education Commission, the Ministry of Science
and Technology of China, the National Key R&D Program of the MOST of China and Hong Kong’s

Authors: Y Shen, C Liu, Y Qin, S Shen (Fudan University), Y Li (Fudan University, University of California
Santa Barbara), R Bewley (ISIS), A Schneidewind (Jiilich Centre for Neutron Science (JCNS) at Heinz
Maier-Leibnitz Zentrum (MLZ)), G Chen (The University of Hong Kong, Fudan University, Nanjing
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One material: two ground states?

The pyrochlore system Yb,Ti,0, has attracted both experimental and theoretical interest as a
model geometrically frustrated magnet with large quantum fluctuations. These studies have
identified two possible ground states for the material, where the state formed is dependent on
the individual sample, and its pressure. This suggests that low-level structural disorder could
be causing the change in ground state preference.

By using neutron scattering on SXD, which is very sensitive

to the vacancies and displacements of oxygen ions, the
researchers were able to determine the structure of the
defects in single crystals of Yb,Ti,O.. They found that isolated
oxygen vacancies on the 0(2) site stabilise the formation

of the spin liquid ground state, whereas ideal defect-free
samples exhibit long-range order, with a ferromagnetic
ground state.

Understanding the impact of these defects on the
functionality of the pyrochlore system, and the competition
between classically ordered systems and quantum states,
could enable the development of novel quantum spin
liquid phases.

The structure of defects in Yb,Ti,0.. a For oxygen-depleted Yb,Ti,0,
the oxygen vacancies (gold) are located on the 0(2) sites (blue), and
neighbouring Ti** (green) are replaced by charge compensating Ti**
(purple) ions that are slightly displaced away from the vacancy. b For
stuffed Yb,(Ti,_ Yb )O,_ , neighbouring Ti* ions are replaced by Yb**
(red) ions that are displaced towards the 0(2) vacancy. The diffuse
neutron scattering measured at T ~ 30 K in the (hk7) plane in ¢ for
oxygen depleted and d for stuffed samples is compared with the
simulated scattering in e and f, calculated using the models shown in
a and b, respectively. The contour diagrams are on a hot scale with an
arbitrary maximum.

Related publication: “Role of defects in determining the magnetic ground state of ytterbium titanate.”
Nat Commun 10, 637 (2019)

DOI: 10.1038/s41467-019-08598-z
Funding: EPSRC

Authors: DF Bowman (Royal Holloway, University of London), E Cemal (Royal Holloway, University

of London, ILL), T Lehner (Royal Holloway, University of London), AR Wildes, L Mangin-Thro (ILL),

GJ Nilsen (ILL, ISIS), MJ Gutmann, DJ Voneshen (ISIS), D Prabhakaran, AT Boothroyd (University of
Oxford), DG Porter (Diamond Light Source), C Castelnovo (University of Cambridge), K Refson, JP Goff
(Royal Holloway, University of London)
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New double perovskite shows novel colossal
magnetoresistance

Ordered double perovskites have the chemical formula A .BB’O,, where A is a rare earth or
alkaline, and B and B’ are transition metals or, in some cases, post-transition and non-metals.
Within the structure, the B and B' cations generally form either a rock-salt or layered type
superstructure. Some double perovskites show colossal magnetoresistance (CMR), which
enables them to dramatically change their electrical resistance in the presence of a magnetic
field, due to the half-metallic nature of their electronic structures.

This study introduces the double perovskite TI,NiMnO,.

As the B (Ni**) and B’ (Mn*) cations have similar radii, they
can partially occupy the sites of the other, depending on

the temperature and pressure used during synthesis. This
work is dedicated to investigating the crystal, magnetic and
electronic structures by a combination of neutron diffraction
experiments on WISH, magnetic, heat capacity and
magneto-transport measurements, and density functional
theory calculations.

The group discovered that the extent of cation ordering has

a large impact on the magnetic properties of the material.

By reducing the degree of ordering of the cations from 70%

to 31%, the long range ferromagnetic order is suppressed,

resulting in short range spin correlations and glass-like

behaviour. The ordered sample exhibits a low-field CMR:

the first example of a ferromagnetic insulating double

perovskite showing CMR. These results open new avenues The magnetic and transport properties of the ordered and disordered

for material design for functional magnets in the family of TI,NiMnO, samples with the ordered one showing colossal
. magnetoreSIStance near the Curie temperature.
double perovskites.

Related publication: “Colossal magnetoresistance in the insulating ferromagnetic double perovskites
TI,NiMnO,: A neutron diffraction study.” Acta Materialia 173, 20-26 (2019)

DOI: 10.1016/j.actamat.2019.04.044
Funding: EU Horizon2020, Rutherford International Fellowship Programme, ISIS co-funded studentship

Authors: L Ding, D D Khalyavin, P Manuel (ISIS), J Blake (Royal Holloway, University of London and
ISIS), F Orlandi (ISIS), W Yi, A A Belik (National Institute for Materials Science, Japan)
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Anna Herlihy

From Diamond Sandwich student to ISIS Facility
Development Student

Since my placement year, my dream job
has been to be an instrument scientist,
and I've not been put off yet!

Sandwich placement at Diamond Light Source

Anna studied Materials Chemistry at the University of

St Andrews and wanted to use her year in industry to do
research, to find out more about what it's like to be a full-time
researcher. She applied to the year-in-industry placement
scheme at Diamond Light Source, despite not being that sure
what the placement would involve. “It was a lot better than
anything | expected”, she explains. “Everything involved in the
placement was new to me, but it felt really good to be working
on a project that was completely mine.”

Her placement year at Diamond was spent on the 111
beamline, working on a sol-gel synthesis for silica
frameworks, and comparing these to their equivalents that
would be formed in space. “I spent a lot of time in the lab,
and was able to run my samples on I11 if there was available
beamtime. The team also had beamtime allocated on

122 during my placement, and | was able to join them and
measure my samples.” Anna also had the opportunity to
present at the British Crystallography Association conference
on her work, and to be part of the outreach activity “Project
M”, run by one of her Diamond supervisors.

The placement prepared Anna well for her final year at
university, and convinced her that she would like to continue
in research. “I had a better understanding of how research
happens, and how it can be slower than you might expect!”
Seeing all the visiting scientists come in and use the facility
made her keen to do a PhD that involved both a university and
a central facility.

Facility Development Studentship

It was one of these users, Dr Mark Senn from the University
of Warwick, who Anna contacted towards the end of her final

48

year, asking if he had any PhD positions available. He did —
including one working with ISIS, which she started in October
2018. Working on the PEARL beamline, with Nick Funnell,
Anna is now in her second year of the project, studying
pressure-induced functional properties of materials.

Her PhD sees her mainly based at the University of Warwick,
with travel down to ISIS for beamtime allocations, or meetings
with her supervisor. These trips to ISIS provide Anna with the
majority of her data, “then | go back up to Warwick to do all
the analysis.”

Every ISIS-funded PhD studentship has an element of

facility development: Anna’s is developing a method for

local structure determination in crystalline materials. This
can already be done on PEARL for glasses, and Anna is
investigating the best way to subtract the additional peaks in
the pair distribution function to enable the same experiments
to be carried out on crystalline materials.

Student meetings, and the future

During her placement year, Anna found it easy to settle in

at RAL, thanks to a large cohort of summer and sandwich
students. “When the summer students left, | found myself
becoming part of the group on I11, as well as staying in touch
with the other placement students,” she says; “During my
PhD, | have met other students at the ISIS student meetings,
and through a Crystallography Student Day held jointly with
Diamond.”

As for the future, Anna explains; “Since my placement year, my
dream job has been to be an instrument scientist, and I've not
been put off yet!”

Right: Giuseppe Paterns, Italian Institute of Technology, preparing
a sample for an experiment on the IRIS instrument.
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ISIS during lockdown

From instrument support to
supporting frontline workers

The Instrument Support team adapted during the pandemic to move
from upgrading beamlines and detector systems to producing visors
for local NHS services, pharmacies and care workers.

After an appeal from a local GP who was finding it difficult to source
visors, the ISIS support team decided to use their expertise to help.
Within four days, an open source “badger shield” was designed by
technician Josef Lewis. A short training video showed the team how
to assemble the visors at home, and how to keep assembly areas
clean. The technicians were also given guidance on wearing masks
and gloves, and immediately sealing visors into zip lock bags for
collection.

Over 2000 visors had been distributed by the small, 15-strong team,
with fantastic feedback from clinicians and healthcare workers.
While the visors are not medical grade, they provide an extra layer of
protection that frontline workers find very valuable.

Josef Lewis, from
the ISIS Instrument

As Josef said, “Our ability to react in the moment, and deliver an end Support team, and
product, is something we need to do regularly in our roles, and that the bundles for
has really helped. It means a great deal to me to be able to support distribution.

our country in this way and it makes me very proud.”

Visits go online

ISIS has an extensive visits programme, with over 4000 ‘ ‘

visitors every year. As we went into lockdown and visits and
tours to the facility were cancelled, ISIS quickly transitioned
to virtual events, where school and university students, and
members of the public could tour the facility remotely. Our
engagement activities usually centre on tours of the facility
and hands-on activities, so adapting to online activities was
a huge challenge.

Nonetheless, the ISIS Impact Team rose to the challenge to
find new and exciting ways to engage with audiences during
a time of social distancing and home learning. A 360 degree
tour of the facility and new hands-on “science at home” and
“kitchen science” activities were developed, allowing ISIS to
continue their public engagement and student programmes,
reaching over 400 students, teachers and members of the
public across the UK in the first few months of the lockdown.

| liked having multiple speakers;
that was really nice to see diversity
of staff delivering the tour.

ISIS Exploring Engineering virtual
event attendee

”

Quote from a parent about the ISIS Exploring Engineering
virtual event, “It is a great way of showing students what

is happening in the world around them and that exciting
projects are taking place so close by. It makes students
excited about being involved in contributing to a better world
using scientific research.”

Left: Avinash Mahajan, Indian Institute of Technology, Bombay, on the MuSR instrument.
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Ventilators

STFC staff were part of a national collaboration producing
ventilators for the NHS, developing and delivering the training
needed for others (including more STFC members) to carry
out the necessary testing and calibration.

One of the major challenges for the UK when facing the
Covid-19 pandemic was the production of ventilators, to
keep patients with respiratory difficulties out of intensive
care. The medical equipment manufacturer Penlon, based in
Abingdon, already supplied the NHS with machines used by
anaesthetists in operating theatres. After it was clear that the
demand for ventilators was going to increase dramatically,
the company developed a simpler device that can be mass-
produced and used on a ward as a ventilator, breathing for a
patient when they are unable to do it themselves.

Penlon was part

of the consortium,
VentilatorChallengeUK,
of over 20 companies
including Airbus,

Ford and McLaren,
who produced the
ventilators on a large

scale. Before the tens of thousands of ventilators could be
used by the NHS, they needed to be tested and calibrated,
to ensure they could be delivered under the company’s
medical licence.

With their high level of technical skill, STFC staff delivered
training in how to test the ventilators to some 300 staff from
the other companies in the collaboration, who then carried
out the testing at Penlon’s facility, and others nearby.

ISIS ‘super trainer’, John Crawford explains, “Our part in this
huge project was to facilitate the testing and commissioning.
It was daunting and initially overwhelming, like climbing a
mountain, but it's a great thing to be involved with, and very
satisfying to get to the top.”

ISIS 5K Lockdown Challenge
raises £830 for local charity

ISIS staff and their families recently took part in a virtual 5K challenge
to raise funds for SOFEA, a charity based in Didcot who are supplying
free food packages to the vulnerable and low income families

across Oxfordshire.

Lots of staff and their families took part in the challenge, spread over

nine days in May, sticking to social distancing and daily exercise rules.
Challenges included leisurely countryside walks, first-time 5 km runs, 5 km
PBs, and even a mega 50 km static cycle. We exceeded our £600 target,
raising a grand total of £830 by the last day of the challenge; that's 276
free food packages for families who really need it at this challenging time.



Support labs - hand sanitiser

During the early stages of the COVID-19 pandemic within the
UK, procuring hand sanitising solution was very difficult. With
dwindling supplies on supermarket shelves and limited supplies
through other commercial routes, the Support Labs Group
decided to produce their own hand sanitiser for the use across
RAL. Following a World Health Organisation based formulation,
containing only 4 ingredients and a minimum of 70% alcohol,

A year around ISIS

the team have been producing batches of 100L, whilst working
under socially distanced conditions. Dispensing bottles and
automatic dispensing units have appeared at the entrances to
ISIS buildings as well as other buildings across the RAL site.
The task of producing the sanitiser also served as a pilot task
for working within our prep labs, and informed the group how
best to set up the labs for use for the ISIS user programme.
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Support laboratory milestones

This year, the ISIS deuteration facility celebrated the A recent type of request has been for deuterated ligands
measurement on WISH of a sample made using the 500th to make Molecular Organic Frameworks (MOFs): porous
compound synthesised in the lab. structures than can be used for gas storage, catalysis but

also exhibit unconventional physical phenomena such as
superconductivity. The 500th compound was an example of
one of these materials; 1,2-bis(4pyridyl)ethane and 1,2-bis(4-
pyridyl)ethylene ligands (below) were sent to the University
of Liverpool where PhD student Kate Tustain used it to make
the MOF material for her magnetic investigations on WISH.

In 2013, the decision was made to move the lab, originally
based at the University of Oxford, ‘in house’ to ISIS.

The original primary demand was from the Small Angle
Scattering and Reflectometry beamlines, but there have
been increasing numbers of requests for organic synthesis
and ionic liquids. Some compounds are very routine and
take a few hours to make, whereas others can take months,
or even years.

The group has grown from the two
post-doctoral researchers who
moved from Oxford to four full
time members of staff, a graduate
and a sandwich student, as well as
taking on summer students for 6-8
week-long placements every year.
In addition to the complex requests
for compounds such as ionic
liquids, and electrolytes for battery
materials, the team is also looking
at different synthesis routes they
could use to make the ‘day to day’
deuterated compounds.

D-lab staff.



A year around ISIS

Ten years after its development, the Experimental
Risk Assessment (ERA) process at ISIS has reached
the milestone of giving out the 10,000th ERA.

A collaboration between the ISIS Support Labs Group techniques. This leads to more complexity in the sample
and the ISIS Computing division began developing the environment - gas flow and pressure changes for example -
ERA system back in 2009. The previous ‘sample risk and therefore more consideration required during the
assessment sheet’ completion was manual and time ERA process.

consuming, and relied on one person carrying out a risk
assessment for each experiment based on the proposal
submitted. With the number of proposals continuing

to increase, the group saw the opportunity to develop
something new that would make a real change.

The recipients of the milestone 10,000th ERA were Wasiu
Abdullahi and Professor Peter Griffiths from Greenwich
University. They were studying the nanoscale structures
that are present in air-in-water foams using ISIS’ newest
beamline, ZOOM.

Led by Marek Jura and Hannah Griffin, the group developed

a system to make the process more efficient and ‘ ‘
streamlined. After carrying out a trial, and using feedback ) ) )
forms and workshops to develop the user interface, they ReaChlng the 10,000th ERAis a blg
were able to develop a system that worked for everyone. milestone; it was hard to get the
process of the ground, but it has been
The type of experiments taking place at ISIS has increased very successful, and I am proud of
in complexity since 2009: from measuring powder/ what we have done. - Marek Jura, ISIS
crystalline samples in a simple experimental process to ’ ’

those that involve in situ experiments and/or multiple

Wasiu Abdullahi and Professor Peter Griffiths from Greenwich University, ZOOM users, with the 10,000th ERA.
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ISIS has significant, long-standing agreements with several countries which provide support
for ISIS instruments for all users whilst allowing particular access for researchers from the
partner countries.

ISIS has had a partnership with ISIS has a very successful ongoing
RIKEN in Japan for the operation D partnership with the Indian Nanomission
of the RIKEN-RAL Muon Facility for = which, together with Newton
several decades. The first formal Programme funding, has seen a
agreement was signed in 1990 — so 2020 marks 30 years significant increase in proposals from India to use ISIS
of continuous collaboration. The current agreement runs instruments. An extension of the current agreement is in
until 2023 and will see the refurbishment of the facility to place whilst a further agreement is considered.
ensure its ongoing use for many years to come.

ISIS has an ongoing agreement with
the Italian CNR which has involved
development of several instruments
across ISIS and includes operation
of the INES instrument focused on cultural heritage
studies. ISIS has also been working in partnership with
Italian colleagues on development of an instrument
for the European Spallation Source. A new agreement
to continue the ISIS-Italy partnership is currently under

discussion. Amitava Bhattachayya from Vivekaranda University, India,
loading a sample on the MuSR instrument.

ISIS has ongoing Newton funding to
support researchers from Malaysia,
Indonesia and Thailand to use the
facility. A successful call for proposals
for ISIS time by the Malaysian Ministry of Education in
2019 has led to a variety of experiments due to be run
this year. Battery and catalysis research is the focus of
Indonesian experiments, whilst Thai experiments are
focused on polymer studies.

Italian users Giulia Marcucci (below), University of Milano-Bicocca,

Italy, with sample on the INES instrument and Piernicola Oliva ISIS is a founding member of LENS,

(above), University of Sassari, Italy, setting up historical artefact, the League of Advanced European

a Nuragic Bronze Age Votive boat from the Tomba delle Tre Neutron Sources. LENS supports the

Navicelle, Vetulonia, Tuscan, on Port 4, RIKEN-RAL. . PP
collaboration between neutron facilities

on matters of policy and funding, as well as technical work
such as polarisation, detectors and software.

Left: Dr Philip King (ISIS) with Dr Toshiyasu Ichioka Director, RIKEN Europe Office in TS2.
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Ranggi Ramadhan

From ISIS Facility Development Student to post-doctoral

researcher at ILL

| am very grateful for the chance to
have the experience of both university,

and time at a large-scale internationally
renowned research facility.

“Not expecting to use neutrons!”

Ranggi did his undergraduate degree in Mechanical
Engineering at the University of Indonesia. His five-year
course included a master’s project that involved him using
neutron radiography at the research reactor in Indonesia.

“l just used it as a tool: | was not expecting to use neutrons
again!”, he explains.

His interest in aerospace led him to do a one-year
master’s project at Sheffield and, while in the UK, he saw
an advertisement for a PhD project based at Coventry
University and ISIS, working on IMAT testing materials for
aerospace applications.

ISIS Facility Development Studentship

During his studentship, Ranggi spent most of his time at
Coventry, but with about one week every month down at ISIS.
“This worked well,"” he says, “as | was doing an engineering
PhD, all of my colleagues at Coventry were engineers, and my
time at ISIS gave me the opportunity to learn more about the
science.” Ranggi found this a good way to break up the routine
of PhD life in Coventry: “It made sure | never got bored!”

While at ISIS, Ranggi stayed at Ridgeway House, finding that

a fellow Sheffield alumnus was also doing an ISIS studentship,
and joining them to take part in the occasional match for

the Harwell Campus football league. “I enjoyed my time at
ISIS; | had a good relationship with my supervisor, and using
other instruments meant that | got to know some of the other
instrument scientists, and users from a wide range

of backgrounds.”

His project on IMAT was to develop the technique of strain
imaging using neutron transmission. “The technique was not

well established when | started but, by the end of my project,
| was able to help users to answer their research questions.
In particular, | spoke at a conference in Singapore and

one of the attendees was very interested in the technique.
We worked together to write a proposal, and then did the
measurement together. It was really good to see that the
technique could be so useful for them.”

Networking and international travel

This conference was one of many Ranggi attended during his
PhD, the studentship giving him many opportunities to travel,
including some beamtime in Japan that was very useful. As
well as international conferences, Ranggi attended the ISIS
student meetings, engineering group user meetings and
NMSUM. He found that this networking really added value to
the studentship. Whilst writing up his PhD, he saw a post-
doctoral position available at ILL and, having met the group
at NMSUM, and being familiar with the techniques needed,
decided to apply.

He got the position and is now working at ILL as part of

a European project standardising strain scanners across
different neutron facilities. This has involved taking
measurements at Engin-X, as well as at the ILL and in Munich.
“Luckily I managed to get a lot of these measurements in
before lockdown, and so | have plenty of analysis to keep me
busy. Although likely travel restrictions mean that it’s likely

| will be sending samples to South Africa rather than going
there myself.”

On the Facility Development Studentship scheme, Ranggi
says, “It was really enjoyable, and the people were great
and supportive. | am very grateful for the chance to have
the experience of both university, and time at a large-scale
internationally renowned research facility.”

58 Right: Saidah Sakinah Mohd Tajudin, University Sains, Malaysia & RIKEN and Oana
Ciubotariu, Babes-Bolyai University, Romania, working on the EMU instrument.
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Cutting edge science at ISIS must be underpinned by cutting edge technology. ISIS has an ongoing
programme of developments on its accelerator complex and instruments, extending capabilities and
improving performance.
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*Taking into account instrument down-time, plus calibration and commissioning time.

Table 1.1: Performance in 2019 Cycle by Cycle

Cycle 2019-1 2019-2 2019-3 2019-4
Beam on time (h) 931.5 830.4 792.5 776.9
Availability (%) 89.5 89.8 91.2 94.9
Total Beam (mAh) 2143 166.6 173.9 187.0
Mean current when beam on

Synchrotron (uA) 232 203 221 241
TS1 (UuA) 191 164 181 200
TS2 (uA) 41 40 40 40
Highest daily beam total (mAh) 5.64 5.15 5.48 5.84

Left: Galen Amar inspecting the conical drift tubes within the new Linac tank 4.
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Major Projects

Linac Tank 4

Linac tank 4 is nearing readiness

for full power testing ahead of
planned installation on ISIS during
the forthcoming long shutdown. Now
populated with drift tubes and having
received its external water cooling
pipework, tuning adjustments can

be made and remaining electrical
connections attached prior to end
plates and hatches finally enclosing
the cavity and permitting it to be
brought under vacuum. A High-power
amplifier has been commissioned
ready to deliver up to 2 MW pulses
for conditioning. Plans and trials with
a full size mock-up have also been
carried out to develop and refine the
method for physical removal and
disposal of the old tank.

TS1 Project

The ISIS first target station (TS1) has been in operation for 36
years without any major refurbishment. In order to keep the
facility operating for many more years to come, the target and
moderator assembly, together with all the plant and operating
systems behind the target station, will be replaced during the
ISIS long shutdown in 2021. This is a large project that has
been many years in the planning, but which will see TS1 able
to operate more efficiently and for longer.

Reflectors

A major milestone for the TS1 project was the safe delivery
of the new reflector assembly, which took place in December
2019. This valuable, accurately machined and delicate critical
component was transported from the supplier in Spain in
four custom-made reinforced boxes. The design of the new
reflector is similar to that used in Target Station 2: a modular
solid beryllium block design with external cooling that makes
it easier for moderator changes, future development and end
of life disposal. Replacing the moderators, which used to take
about a week, should take less than a weekend to complete.

Having been in manufacture for approximately 18 months, it
was a relief to finally get it on site to allow the next stages of
testing, alignment and preparation.

Pipework

Work on the services trolley that sits behind the TRaM
providing fluids and controls to keep it operating safely,

and performing optimally, is one of the largest parts of the
project. Since the summer of 2019, an external supplier has
been working on site to weld up and fit the many metres of
pipework that go into creating all the water and gas circuits.
Completion was only a few weeks away when the COVID-19
lockdown was enforced but, through careful planning and a lot
of hard work, the work has restarted, although at a

slower pace.

The water systems are being built in a modular fashion

so future changes can be made more easily and quickly.
This also enables testing of a lot of the equipment off-line,
minimising impact on shutdown timescales.
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Flasks

During the long shutdown the TS1 project will be removing
the majority of items that are based, and operate, in the void
vessel. To safely contain, transport and store these items on-
site requires a selection of radiologically shielded flasks. Four
of these flasks have been specifically designed in-house for
the TS1 project: the Reflector Flask, Cantilever Frame Flask,
Hardened Rail Flask, and a Moderator Flask. These items are
physically large and very heavy (>10T), even if some of the
items going in them are much smaller and lighter.

Manufacture of these flasks had started when the coronavirus
pandemic hit, and virtual factory acceptance testing

enabled the team to continue despite being unable to visit

the manufacturers. The approved flasks were then able to
continue their manufacturing journey, with the first arriving on
site at the beginning of June 2020.

Gary Hatliff, left, and Phillip Lester installing a non-return valve
on the ISIS TS1 project services trolley in building R106.

Phillip Lester about to perform a TIG weld on pipework.

Dan Blanco Lopez working on the pre-moderators on
the ISIS TST TRaM mock up.
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ISIS 1l

ISIS-Il is the proposal for a next-generation neutron source as the successor for ISIS. Although
ISIS will continue to operate for many years to come, plans for a new facility will be developed
over the next decade in order to be ready for construction sometime after 2030. This will
maintain and enhance the UK's neutron provision, in a way complementary to the ESS, in order to
continue to support the UK research community.

A project has been established to consider the requirements
for an ISIS-replacement facility, and to explore the

technologies that might underpin this. This work includes

considering the science drivers for neutrons and muons over
coming decades and how these will influence the design

of new neutron and muon instrumentation. In turn, these
considerations affect the nature of the source and hence the
accelerator characteristics. Feasibility work on accelerator

possibilities is ongoing, with the aim of ramping this up

over coming years. Alongside this, we will be developing the
science case in consultation with the ISIS user community.

The UK research community is at the forefront of neutron
scattering through having ISIS as a national source in addition
to access to the ILL and the ESS in the future. ISIS-II will
maintain the UK’s position and provide many more years of
pure and applied studies using neutrons and muons.
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-4 0 4 ISIS-II RCS Proposed Layout: A plan view of a proposed Rapid
Cycling Synchrotron (RCS) design for ISIS-II showing the main
[ m ] dipole magnets in red and focusing quadrupoles and accelerating

cavities in green and blue.

ISIS-1I FFA Prototype Propose layout: A plan view of a
proposed Fixed-Field Alternating-Gradient Accelerator (FFA)
design for a small-scale prototype to prove the technology
for a later potential full-scale ISIS-II design. Main bending
magnets are shown in blue and red.

Accelerating Cavity Prototype: A 3D render of

an accelerator cavity design to be used on the
proposed FFA prototype. A rectangular beam pipe
is visible in the centre and is surrounded by ferrite
material cores (in grey) tuned for the appropriate
frequency performance. Cooling and structural
components are shown in orange and yellow.
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European Spallation
Source (ESS)

ISIS staff continue to be involved with the UK’s contribution
to the ESS in Lund, Sweden. The ESS has moved further
into its installation and commissioning phase alongside
ongoing construction and deliveries. ISIS staff are engaged
in delivering two instruments: LoKI and FREIA, as well as
expertise for laboratory design and installation, and data
reduction/streaming software development. Staff are

also supporting colleagues in Italy (CNR) to deliver the
VESPA spectrometer.

) . o Jon Elmer presenting his poster at the UK-ESS Day held at
LoKl is a versatile small angle neutron scattering instrument Rutherford Appleton Laboratory in December 2079.

and will be one of the first instruments operational at ESS
(alongside DREAM and ODIN from other ESS partners). Freia
is a liquid reflectometer and is planned to be operational as
part of the second tranche of instruments. Many areas of
the detailed designs are complete and the projects are in the
procurement phases. Sections of LoKI are being pre-built at
ISIS to test some of the operational procedures and ensure
that the instrument can be efficiently constructed once it
arrives in Lund.

The UK-ESS Programme Office (PO) is also part of ISIS

and is responsible for managing and overseeing the whole

£165m UK construction contribution to ESS. This includes

the above projects that fall within ISIS; projects in other STFC

departments (Technology, AsTEC); and projects in other

organisations (University of Huddersfield and UKAEA). The

UK-ESS PO also forms a valuable bridge between the project

delivery and the UK-ESS governance Board. All of the UK-ESS Developers and Instrument Scientists from ESS and partners (including
work was recently show-cased at the Daresbury Laboratory STFC), conducting testing at the ESS test facility in Berlin.
and Rutherford Appleton Laboratory with the project teams

giving presentations and holding poster sessions.

Participants of the handover
ceremony form the layout of
the instrument suite inside
the Long Instrument Hall.
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Endeavour: next generation instruments for ISIS

ISIS seeks to continually update and develop its suite of neutron and muon instruments, in
order to respond to current research needs and to ensure it remains a world-leading neutron
and muon source.

Over recent years the first and second phases of instruments
on the Second Target Station have been completed, with

the latest, Zoom, coming into the user programme over the
past year.

Super-MuSR

Enhanced time resolution and flux for

next-generation muon studies.

ISIS is now seeking its next phase of new instruments and
significant instrument developments: a portfolio of projects
that has been called the Endeavour programme. Endeavour
will see the ISIS instrument suite developed to meet current
and future challenges in areas such as Materials for the
Future; Smart, Flexible and Clean Energy Technologies;
Advanced Manufacturing; and Biosciences and Healthcare.

A proposal for Endeavour has just been submitted to

the UKRI Infrastructure programme. A variety of large
instrument projects is included within the Endeavour suite —
examples include:

HRPD-X

A next-generation high-
resolution powder
diffractometer enabling
enhanced studies of
MOFs and Zeolites

amongst other materials.

LMX

A new large

molecule diffractometer

for single crystal studies Tosca+

in areas such as functional An order of magniture more flux through
materials, energy materials development of the Tosca secondary

and biomolecular science. spectrometer for vibrational spectroscopy

studies in catalysis and energy materials.
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e-map and Engin-x

Advanced engineering capability through Sandals—"
upgrading the existing Engin-x and A diffractometer for
construction of e-map, a new instrument to chemical engineering

enhance studies of real-world in amorphous and
industrial components. liquid samples
providing information

on multi-component
samples used in
catalysis, drug release,
hydrogen storage, oil
industry systems and
polymers.

Osiris+

A high-resolution
spectrometer and
diffractometer for
studies of atomic and
molecular-level motions.
This upgrade will enable
studies in catalysis

and energy materials,
enhancing exiting
industrial work.

M us h room Mushroom: manufactured test vessel. It's
. a vacuum vessel used to investigate the

An entirely novel concept relative position of crystal analyser and

that will be transformative position sensitive detector of the

for inelastic neutron Mushroom beamline.

scattering. Mushroom
will enable use of much
smaller samples, more
detailed parametric
studies, and new types
of sample environment
and in-situ equipment,
in areas such as thin
magnetic films, thermo-
electrics, magneto-
resistive materials, ionic
conductors and battery
materials.

Mushroom - 3D drawing
of the test vessel.
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Instrument Updates

RIKEN-RAL muon beamline
refurbishment

The RIKEN-RAL muon beamlines were constructed by the
Japanese RIKEN institute, but ownership and operation have
now passed to ISIS under a new five-year agreement signed
with RIKEN in 2018. As part of this agreement, the beamlines
are being refurbished to enable them to continue to operate
for many years to come. This year has seen detailed planning
work for cabling and water-circuit replacement, together with
placement of an order for new power supplies for all beamline
magnets. The refurbishment work will take place during the
long shutdown.

ALFRed - ALF Redesigned

Preparations are accelerating all around ISIS for work that
will take place in the long shutdown. For the Excitations
group the most significant project is called “ALFRed". It is
the completion of a steady programme of improvements to
our alignment diffractometer ALF. This final step, which will
be done in parallel with a major upgrade to the next-door
beamline SANDALS, will be to remove all of the remaining
components from the old PRISMA beamline (long since
decommissioned) from upstream of ALF and install better
shielding and evacuated collimation tubes. The collimation
to be used is actually being recycled from old parts of MAPS
that we removed for its guide upgrade project a couple of
years ago. By removing about 4 metres of air from the ALF
flight line we expect to increase the flux by about 50%, and
the extra shielding should improve the background both on
ALF and on neighbouring beamlines SANDALS and SURF.

Cross-section through the ALFRed beamline (beam goes left to
right) from choppers to entry into the blockhouse. The green area
is currently a large void.

Polaris induction furnace

A new induction furnace has being developed on Polaris as

the result of a collaboration between Aarhus University, ISIS
Crystallography Group, the ESS and Chalmers University of
Technology. A water-cooled copper coil generates an oscillating
magnetic field and this couples with electrons in the sample
tube for quick and efficient heat transfer. Unlike other ISIS
standard furnaces, which require their own ultra-high vacuum
vessel, the induction furnace can sit directly in the vacuum of
the detector tank, reducing background scattering from the
sample environment.

Many different sample geometries are possible using this
furnace, as the coils can be made in different shapes and sizes.
A long-term objective is adding uniaxial compression, to take
measurements during compaction of powders to form dense
pellets. This would be the first induction press compatible with
neutron scattering experiments.

The group has also been in discussions with other ISIS
instrument teams (PEARL and Engin-x) regarding potential
applications. The electronics from the Polaris set-up will apply
to a range of coil designs that could be used in different neutron
experiments, or even in synchrotron environments.

Neutron and Muon Instrumentation
Development Group

The aim of the new

Neutron and Muon

Instrumentation

Development Group

(NMIDG) isto actas a

support for scientists

and technology

groups in the

development of new,

state of the art instrumentation at ISIS. The group will advise,
give training and help scientists with instrument simulations
and design as well as conducting technical reviews of new
instrumentation prior to approval for construction.

The group will act as a link to advanced instrumentation teams
at other facilities and software providers in order to continually
enhance ISIS's capabilities in relevant areas. To improve
people’s instrumentation knowledge and capabilities, NMIDG
will organise internal and external meetings and workshops. In
addition, the group will work to develop new instrumentation
concepts and ideas through internal and external collaborations.



Polref

A new Ferromagnetic Resonance (FMR) setup in the ISIS
Materials Characterisation Lab has been put together

to develop in-situ FMR for the polarised reflectometer
program, allowing for additional characterisation while the
neutron reflectivity is being taken on the sample.

This is useful for samples where there is a specific area
of phase space - i.e. temperature and field — where
something interesting could be going on. For example,
if a user sees an interesting effect in their FMR from
the MCL, and wants to know the magnetic depth profile
of the sample, we can use the on-beamline FMR setup
to replicate their lab conditions before measuring with
neutron reflectivity. This will enable more targeted
studies, where we can reliably measure at the correct
point in a phase space, rather than having to map around
the temperature and field values observed in the user’s
home laboratory.

Technology

There is a broad range of science in the magnetism
community where this will be useful; specifically in the
spintronics community. For example, skyrmions only exist
in certain materials at very specific field and temperature
values. FMR could allow us to confirm the sample is in
the correct state when measuring. It could also be used
for investigating other spintronic technologies such as
the spin Seebeck effect; a potential new way of energy
harvesting from waste heat.

The first publication resulting from measurements used
this setup to investigate the spin Seebeck effect in Yttrium
iron garnet. In addition to the FMR, SQUID measurements
were used to extract the magnetic properties as well as

to extract the spin wave damping parameter. G Venkat

et al. Spin Seebeck effect in polycrystalline yttrium

iron garnet pellets prepared by the solid-state method.
Europhys Lett 126, no. 3 (2019): 37001. doi:10.1209/0295-
5075/126/37001.

High-throughput Transmission Measurements

on VESUVIO

Recent upgrades on VESUVIO make it a world-leading
instrument to perform neutron transmission experiments
and obtain accurate thermal neutron cross-sections.
Commissioning of a new neutron-Gas-Electron-Multiplier
(nGEM) 2D detector is underway in collaboration with
colleagues from Univ. Milano Bicocca (ltaly) and Nuclear
Instruments s.r.l. It has a ca. 100-fold efficiency gain
with respect to the traditional beam monitor, thus
allowing faster measurements and high-throughput
parametric investigations. The new detector will allow
measurements with a 2D spatial resolution of ~3mm
over the entire VESUVIO beam size (ca. 4.5cm diameter).
This new addition, together with the installation of a
lower-background beam pipe in the blockhouse, and a
new incident foil changer for optimal calibration and
background subtraction, which took place over the last
two years, will boost the scientific programme around
the measurement of neutron total cross sections. For
further information, the instrument capabilities for
neutron transmission experiments have been recently
summarised by Robledo et al. (Nucl. Inst. Meth. A, 971,
164096, 2020).

Professor Bharat Bhuva, Vanderbilt University, USA, on the
VESUVIO instrument.
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In-situ calorimetry with quasi-elastic neutron
scattering on IRIS for liquids

Differential Scanning Calorimetry (DSC) is an analytical
technique commonly used to probe phase transitions
and quantify enthalpy changes that occur in materials.
These changes are typically associated with structural
rearrangements and/or dynamics at the molecular level.
Quasi Elastic Neutron Spectroscopy (QENS) allows for an
insight into the molecular dynamics (MD) and stochastic
motions occurring in materials, thereby providing
complementary information to that obtained using DSC.
Performing the two measurements simultaneously can
therefore be a powerful tool, allowing for a more complete
understanding of a material’s characteristics with

good accuracy.

The first ever working prototype has been realised on the
IRIS spectrometer to measure thermodynamic changes

in parallel with QENS neutron data (and diffraction data
using the auxiliary bank). Initial proof-of-concept has been
carried out with specially designed aluminium cells that
can accommodate liquids, with measurements currently
limited to room temperature and below using a standard
closed-cycle refrigerator (CCR). The next step includes
cells for powders and higher temperature measurements.

In-situ calorimetry + QENS cell set-up on IRIS. Left figure shows combined measurement of thermal transitions and
elastic fixed window scan for toluene. Right figure shows combined measurement of thermal transitions with diffraction

patterns for a DMSO/water mixture.
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Harry Nolan

From work experience student to apprentice, and
now undergraduate.

My original attraction to ISIS was
the fascinating work that happens
here, and the large scale of the
engineering.

Work experience at ISIS

Harry began his apprenticeship at ISIS in 2014. During the
application process, he also applied for a work experience
placement, and spent a week with the electrical design team.
“My original attraction to ISIS was the fascinating work that
happens here, and the large scale of the engineering”, explains
Harry. “The work experience placement gave me a chance

to look around a bit more, and meet the staff. Seeing how

the engineering can be used to support the amazing science
projects made me sure about taking up the apprenticeship.”

During his apprenticeship, Harry had placements at Diamond
Light Source, the Central Laser Facility, RAL Space and even
ILL and CERN. During his penultimate placement, he spent
time in the electrical design team at ISIS. “| was back in the
same desk that I'd been sat at during my work experience!”
Harry remembers, “I enjoyed being part of that team, and
especially like the design aspect of the work.”

Finishing an apprenticeship, and
starting a degree

When given a number of offers for work after his
apprenticeship had finished, Harry chose to join ISIS as an
Electrical Design and Projects Engineer. Not content with
full-time employment, he wanted the opportunity to keep
expanding his knowledge and started a part-time BEng in
Electrical Engineering sponsored by STFC, based out of
London South Bank University.

“It's intense, but | wanted to push myself”, he says. “I spend
one day a week in London, with sessions running 9am-9pm,
and then also have university work to do in my evenings and
weekends. I've also enjoyed meeting the other students, who
are from companies including TFL and UK AEA.”

Technology

Studying under lockdown

Now two years into his four-year degree, Harry has the
Covid-19 lockdown to contend with. “I'm trying to keep my
normal routine, doing university work on a Tuesday. As most
of my design work is on the computer, I'm not struggling too
much with not being able to go onto site. Although it's not as
easy to talk to people over Zoom as it is in the office, and |
miss that!”

He also has exams to sit this summer. “The University has
made all the exams open book. They will release the exam
questions in the morning and expect the hand-written answers
scanned in and submitted by the evening. It's a very different
way of doing it, but I'm looking forward to exams being over
so | can get my evenings and weekend back.”

Not all apprentices go on to complete part-time degrees, but
Harry knew it was for him. “| knew | wanted the qualification,
so I'd rather do it straight away than have a gap between
studies. My ISIS supervisor has been very supportive and, in
my fourth year, | will be able to use my work at ISIS as part of
my Final year Project.”

As for the next step, Harry hasn't written off further study, but
thinks, “it would be nice to have fewer pressures, and just have
a normal job!”
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Technology

Accelerator and Electrical Systems

Modernising the lon Source

The particle beam in the ISIS accelerator starts at the
H~ion source. The existing ion source has served ISIS

well for nearly 40 years, but requires replacement and
maintenance every two weeks. A project is underway to
develop a new type of ion source using modern technology
which should last months or years rather than weeks.

One of the key components of the new ion source is a
radio-frequency (RF) amplifier that delivers power into

a plasma, from which the particle beam emerges. The
amplifier is highly powerful, yet rugged enough for long-
term maintenance-free operation on the accelerator. The
team looks forward to the installation and commissioning

of the system by the end of 2020.
Members of the Low Energy Beams Group with the new ion source RF
amplifier: Tim Stanley, Tiago Sarmento, Scott Lawrie, Rob Abel, Dan

Upgrading the SynCh rotron Faircloth and Olli Tarvainen (left to right).
RF High Power Drives
New Injector Phase

The fundamental frequency high power RF systems in the

ISIS synchrotron have been accelerating protons largely Monitoring System

unchanged for over thirty years. Due to end of life and

obsolescence issues with much of the equipment, major Synchronisation of the ISIS linac’s accelerating RF fields with

upgrades are now necessary to ensure continued operation. particle arrival times is key to ensuring efficient acceleration
through the linac and synchrotron. This synchronisation of phase

A new RF drive system has been installed in superperiod has traditionally been carried out empirically, consuming valuable

seven of the synchrotron, proving technology for a full set-up time during the machine physics and run-up periods.

upgrade of the system. The installation has performed

flawlessly, operating without fault throughout cycle The Diagnostics Section have developed a new phase monitoring

2019/4. The remaining fundamental RF drives are system, by connecting newly developed signal processing

currently scheduled to be upgraded in the ISIS long electronics to existing linac hardware. The new system will

shutdown, promising a modern system that is more provide a direct measurement of the relative phase changes,

reliable, sustainable and efficient. reducing set-up time and providing a reference for future

optimisation. Consequently, beam output can be improved whilst
reducing activation of components, making the facility safer and
easier to maintain. Following the success of the initial prototype,
the first operational devices are now being produced.

Retired member of the RF Group, Derek Bailey, inspects the
new high power drive and driver during testing.

Left: Asim Yaqoob, Performance Improvement Engineer working on a synchrotron dipole magnet.
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Upgrading the Injection Dipole Magnet Power Supply

The injection dipole magnet steers the H-— beam through
the stripping foil at the end of injection. The resulting protons
fill the synchrotron over ~140 turns, after which the magnet
is switched off and the beam is allowed to pass by on a
normal orbit. The magnet is driven by a power supply, which
can switch from delivering 15 kA to fully off in just 100 ps.

Prior to decommissioning, the power supply had been
operational for over 30 years, making it the oldest magnet
power supply in ISIS. It was also the cause of around three
days of beam downtime per year. A three-year project

was thus commenced to replace it, which was completed
in January 2020. The new power supply is of a modular
construction, has better diagnostics and spare parts are
readily available. These key benefits should help to improve
the availability of ISIS.

Jonny Ranner of the Magnet Power Supplies Group configuring the
new injection dipole magnet power supply.

Enhancements to Digital Low Power RF

The PXI-based digital low power RF system has been used for
several years to provide the frequency sweep that drives each
of the ten RF cavities. This year, the digital system has been
upgraded to include a feedback mechanism around each cavity,
enabling greater control of the voltage that accelerates the
synchrotron beam. Feedforward beam compensation has also
been implemented to reduce the adverse effect of the beam on
each cavity during acceleration.

The new low power RF
software control panel,
which plays a key role in the
improved performance.

These improvements, coupled with the introduction of the
UPS-driven filament power supplies have led to much greater
stability, particularly during the crucial stage of beam injection
into the synchrotron. This has played a key role in enabling ISIS
to produce the record beam currents seen in Cycle 2019/4.
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Enabling Access to Data and Trends

The accelerator control system monitors and controls over
30,000 settings across the injector, synchrotron and related
systems. However, all of this data has never been logged

in a centralised data repository, making it difficult to draw
meaningful trends and insights.

Ivan Finch and Gareth Howells of the Controls Group have
installed a new messaging system and InfluxDB time-series

database, which combined provide a permanent record of
large volumes of machine data. This facilitates fault finding in
the event of machine downtime, and enables trend analysis
to improve reliability. This new focus on data is also driving
developments in machine learning to predict component
lifetimes better, providing ISIS with predictive maintenance
capability for the future.

The new InfluxDB time-series
database, which enables access
to data and trends that were
previously unavailable.

Maximum Beam Current Achieved

Physicists in the Synchrotron Group continually optimise
over 10,000 machine parameters to maximise the beam
current provided to users. Over 35 years of operation the
beam current has been limited by the number of particles
lost as they are accelerated. Beam

loss cannot be avoided completely

due to engineering limitations and

physical phenomena but it must be

carefully controlled to prevent damage

to equipment and high radiation levels

such that components cannot be

repaired safely.

In 2020, new beam loss diagnostics
and improvements to magnet power
supplies and RF system stability has
enabled the physics team to achieve

Members of the Synchrotron Group
optimising the beam in the ISIS Main Control
Room: Hayley Cavanagh, Bryan Jones and
Peter Hicks (left to right).

245 pA, the maximum beam current the targets can take
(205 pA to TS-1 and 40 pA to TS-2). The team will work
to retain this level to enable users to complete more
experiments more quickly.
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Placements and visits

Developing the skills of our staff and wider scientific community is vital to maintaining our status as a world-
leading research facility. We also have a key role to play in inspiring the scientists and engineers of the future.
We offer a wide range of hands-on training, offer around 150 placement opportunities and have an active public
engagement programme.
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Left: Students from Willink school during a visit to ISIS.



Developing the student community

The student community continues to lie at the heart of ISIS Neutron and Muon Source. More than
50 vacation and sandwich students worked at the facility in 2019/20, and another 11 students
began co-sponsored PhD studentships. In addition, there were visits from 775 PhD students to ISIS
for experiments. The facility seeks to encourage and grow the student community through training
courses, direct supervision and on the job training.

PhD student training and events

The ISIS Neutron Practical Training Course ran from Each year ISIS organises two student-specific meetings:
18-27 June for around 35 students, giving them first-hand the ISIS Student Meeting held in October and a satellite
experience of using ISIS neutron instruments. The Oxford student day at the UK Neutron & Muon Science and User
School of Neutron scattering ran from 2-13 September Meeting (NMSUM). These provide opportunities for students
2019 for around 60 attendees, and ISIS ran an Advanced to present their research to their peers, chair the meeting
School in Muon Spectroscopy (jointly with PSI and the sessions and challenge them to ask questions of each
universities of Oxford and Durham) from 15-22 August other, as well as network with other students who also

2019 for 45 attendees. spend significant time at large scale facilities. 2019/20 saw

increased attendance at the October event, and excellent
presentations showcasing the diverse research with the ISIS
student community. Due to the cancellation of NMSUM, there
was no student conference in the spring.

These courses are always extremely popular and enable
students to get a hands-on experience of work at the facility,
gaining skills to help them when they come back as users
and when they take the data back to their institution.

Facility Development Studentships

ISIS has an annual call for Facility Development and processes. Studentships have an ISIS supervisor and a
Utilisation Studentships. These are co-funded studentships, university supervisor who work in partnership throughout the
normally 50% funded by ISIS and 50% by a university, which student’s project. Over recent years, ISIS has funded around
contain an element of facility development - for example 60 of these studentships across a wide range of topics and
development of equipment, software or experimental university partners.

James Annis, University of Warwick, taking part in the ISIS Neutron training course on the GEM instrument.




Visits to ISIS

In addition to beamtime allocation, many groups of students facility, with over 800 attendees able to view the facility for
at both undergraduate and postgraduate level visit ISIS themselves. After the facility was no longer able to host
through the year. This year saw 30 academic visits to the visitors in person, these events were hosted online.

ISIS Student Meeting held at Milton House on 28 October 2079.

Sandwich student scheme

In 2019/20, ISIS hosted 30 undergraduate students for twelve-
month placements as part of their degree. The students

are a crucial resource to the facility, offering new ideas and
perspectives. It also gives them an introduction to work
outside of academia and to the range of careers available at
ISIS and STFC more widely.

ISIS Sandwich students took part in the new FameRAL
science communication challenge, where they were tasked
to explain their placement work to a general audience in
only three minutes. Isobel Adamyk was awarded Highly
Commended as the highest scoring ISIS student.

(14

| am doing a PhD next academic year in
Atmospheric Chemistry at the University
of York. | am very grateful for this
placement opportunity as | feel it has
really helped me decide what to do in the Sandwich student Loren Temple presenting at the ISIS Student Meeting.
future and has enabled me to achieve
it so thank you!” - Loren, 2019/20
Sandwich student

”




Inspiring the next generation

This has been another great year for public
engagement at ISIS, with the facility welcoming
over 2500 school students, teachers and
members of the public for talks, workshops and
tours of the experimental halls.

Our events span a wide range of activities and themes,

to reach and captivate new audiences. 2019 saw the 50"
anniversary of the Apollo moon landings, with over 400
school students and members of the public visiting ISIS as
part of the RAL Apollo@50 events, discovering the research
in space science that ISIS contributes to. These and other
public and education access days are extremely popular, and
feedback consistently show that tours of ISIS are a highlight
at these events. At school events such as Chemistry@Work,
Particle Physics Masterclass, Schools Accelerator Day,
Exploring Engineering Days, Atomic Afternoons and Space
Explorer days, we demonstrate the vast range of science

and engineering that goes on at ISIS and the interdisciplinary
nature of our work, allowing students to explore STEM and
STEM careers beyond the classroom.

As well as school events, ISIS opens its doors to the general
public several times a year for events such as Stargazing at
RAL, where hundreds of visitors come to explore our cutting-
edge science and engineering, meet our staff, hear our
stories, and discover the world-leading research that goes on,
from superconductors and soaps to Martian meteorites and
fossilised skulls.

In addition to
visits from school
students, teachers
and members of
the public, ISIS
also hosted 42
work experience
students for 1-2
weeks over the
summer in 2019,
offering unique
insights into

the facility and
opportunities to work alongside ISIS staff in our experimental
halls, workshops, labs and design offices. ISIS continues to
play a leading role in the Engineering Development Trust’s
Engineering Education Scheme, during which ISIS staff mentor
a group of local school students for 6 months on a real
engineering challenge. This year, A-level students from Willink
School in Reading were tasked with designing a device to lift
radioactive waste baskets from a highly radioactive area.

Visitor to ISIS as part of RAL Stargazing event.

A further 4000 members of the public have engaged with

ISIS science and engineering at off-site events, with ISIS staff
venturing out to local schools, community centres, festivals
and fairs, reaching new and diverse audiences and inspiring
the next generation of scientists and engineers. At events
such as the Oxford Science and Ideas Festival, Family Science
Day at Cornerstone Didcot, Cowley Road Carnival, Harwell
STEAM festival, Wantage Museum STEM Day and Space
Day@The Hive, we reach new and diverse audiences.

March 2020 saw the start of the lockdown and a very rapid
transition to virtual school and public events. See P51 “ISIS
during the lockdown” for more information on how ISIS
adapted during the crisis, developing new and exciting ways to
engage with school students, teachers and the general public
during a time of social distancing and home learning.

School students visit ISIS as part of the Apollo 50, Chemistry
@ Work, and RAL Stargazing events.



Chloe Johnson

From ISIS Sandwich Student to Research fellow, and future user?

The skills | developed during the year
were just as important as the ones |
would have gained from a lab-based
placement.

Science communication placement

Chloe studied biomedical sciences at the University of Kent
and, during her second year, was persuaded by a careers talk
into taking time out of her studies to do a year in industry.

She applied for some lab-based placements and, because of
an opportunity in sixth form to go in to a primary school and
speak to the children about science, she was also encouraged
to apply for a science communication placement here at ISIS.

For a year, beginning in September 2014, Chloe worked as
part of the Impact Team at ISIS, writing industry case studies,
helping with the site Open Week and editing the website
pages. “I loved being a placement student,” she explains;

“it was very different to university studies — and very
interesting being exposed to real scientists doing science!
We built a community between the sandwich students, which
was nice.” She says, “The skills | developed during the year
were just as important as the ones | would have gained from
a lab-based placement.”

From placement to PhD

During her second year, Chloe discovered a love of research,
and decided during her placement that she wanted to include
science communication as much as she could. In her final
year project, she worked with a group looking at myosin, a
muscle protein. She enjoyed this and continued in the group
as a PhD student, investigating myosin in the heart, and its
effects on inherited heart disease. “But even after a PhD-worth
of research, we still don’t know the answers!”

During her PhD, Chloe kept up her science communication by
teaching undergraduates and developing a demonstration to
out to a local school. “The presentation skills | gained during
my placement were not just valuable for outreach activities,
but also for presenting my work to the department and at

international conferences.” Chloe explains; “there are lots

of times you need to be able to explain your work to non-
scientists, or write for a general audience. My placement gave
me a chance to develop these skills.”

Chloe really noticed a difference in herself when coming
back to university after her year at ISIS. “I had definitely got
much better at time management! | worked my final year
at university as if it was a job, which made me much more
efficient. | even used the same skills when writing my PhD
thesis up in 2019.”

The favourite part of Chloe’s placement came towards the
end, when she went the RADECS conference in Moscow.
“Having been part of the conference build up, it was great
to see my work go full circle. To be trusted to represent the
organisation made me realise how much I'd grown into the
role during the year.”

Research fellowship

After finishing her PhD, Chloe has been successful in applying
for a research fellowship at the University of Cambridge to
study non-muscle myosin. She has gone into the fellowship
knowing the value of using neutrons at ISIS in her work, and
aiming to share her knowledge of ISIS with her new colleagues.

Chloe has advice for those considering a placement: “Do it! A
year feels like a long time, but it's worth it. Being at ISIS, | got
to experience large-scale science at a really early stage in my
career. If you come into the placement with a goal of what you
want to get out of it, that really helps focus your mind and your
motivation while you're there.”
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UK Neutron & Muon Science and User Meeting

The UK Neutron & Muon Science and User Meeting (NMSUM),
a joint meeting held by ISIS and the Institut Laue Langevin (ILL),
has been postponed to April 2021. However, as an alternative
during lockdown, we held a series of online discussions on the
science applications of neutrons and muons, with members of
the community presenting their work. The first of these online
meetings took place on place on Tuesday 9 June 2020 and was
based around the Functional Materials session that would have
taken place at NMSUM, with the second on 20 July focussing
on Soft Matter and Biomaterials.

‘ ‘ I would not have attended the ‘physical’

meeting as it's not in my specific research

interests but | learned new things and got new
ideas for proposals after ISIS reopens.

”

The format of such short online meetings

is perfect. |, being located in New Zealand,
had no chance to join in person, but the online
format makes this all possible.

b

The 2019 meeting attracted over 300 attendees in Warwick,
who then split into groups for the parallel sessions. In 2020,
over 150 participants were present in each of the online
meetings, treble the number of people who would have

been able to attend one of the parallel sessions during the
conference in its usual set up. Attendees joined in from across
the UK and Europe, and as far away as Australia.

TwinCAT for Motion Control Development Workshop

A new workshop took place on 1-4 April 2019 aimed at
developing innovative software for motion control. It brought
together engineers from ISIS, the European Spallation Source
(ESS) in Sweden and the Jiilich Centre for Research with
Neutrons (JCNS) in Germany. While general motion control
workshops already exist, participants

saw a need for a workshop specific

to software.

Motion control is the automated
movement of objects, most commonly
used in applications for remote
controlled cars and industrial robots.
Motion control systems are capable

of extremely precise speed and
positioning. The team’s development
of this next generation of software will
move ISIS towards more advanced
motion applications that will speed up
the process of aligning instruments and
improve the science capability of some
of ISIS’ instruments.

The collaboration hopes to develop best practice principles
that all three facilities can use in terms of software and
project management. For all the facilities represented at the
workshop, this should improve the quality of user experiments
and provide technical expertise to solve common problems.



High-Pressure Neutron Diffraction: Current and

Future Prospects

On the 13-14 May 2019, a meeting organised by

ISIS brought together a group of UK, European and US
researchers with a joint interest in performing neutron
scattering experiments at extreme pressure and
temperature conditions.

The application of pressure can have a dramatic effect
on the physical state of a material and its physical
properties (for example, by compressing liquid water
to a pressure ~22000 times that experienced on the
surface of Earth, it will have a melting point of around
100°C). Therefore, studying the behaviour of materials
at the extremes of pressure and temperature is of
interest to both academic and industrial communities.

Neutron scattering under these conditions is
particularly challenging as there is an inherent need
for large sample volumes, which brings difficulties in
reaching the temperatures and pressures, required by
the user community.

The aim of the meeting was to hear about the current
status of the high-pressure user programme at ISIS,
and at other international neutron facilities, and the
science performed within them. It is expected that
the meeting will open up new and exciting areas of
research at high pressure using neutron scattering
techniques and develop further international
collaborations within the user community.

ISIS-Diamond Crystallography Student Day

The Crystallography Groups at Diamond and ISIS held
a student meeting to give their early career stage
researchers a chance to present their work. The day,
held at Diamond, saw presentations from students
on their work in research areas including toxic gas
storage, pharmaceuticals, minerals and experiments
under high pressures. The students ranged from
undergraduates on their placement year to PhD
students in their final year of study, and many

in between.

As well as those presenting, there were other student
and instrument scientists from both ISIS and Diamond
attending, who asked useful questions after the talks,
and contributed to the lively coffee and lunch breaks.

As ISIS-funded PhD studentships include an element
of facility development, it was especially interesting
to see the technologies developed that they would be
leaving behind to the ISIS user community, including
sample set-ups on both Polaris and PEARL.

Anna Herlihy presenting at the I1SIS-Diamond crystallography student day.




Workshop on Neutron and X-Ray Imaging
Applications in Life Sciences and Biology

On 18 and 19 February 2020, ISIS and Diamond Light
Source collaborated to hold, the first, international

workshop focussing on the use of neutron and X-ray
imaging to provide a new approach for research into
life sciences, palaeontology, geoscience and biology.

By showcasing the large variety of research that

uses the IMAT instrument at ISIS, Diamond imaging
beamlines 112 and 113, and CLF laser-driven
accelerators for neutron and X-ray imaging, instrument
scientists were able to promote the benefits of using
these imaging techniques to users.

Electrochemistry workshop

Diamond Light Source and ISIS
jointly organised a two day
workshop on electrochemistry on
4-5 November 2019. The workshop
covered a wide range of subjects
within electrochemistry including
energy production and storage,
corrosion, electrolyte interfaces as
well as characterisation methods
and instrumentation.

The novelty of the research and the wealth of results
already acquired showed the potential of interdisciplinary
research projects which brought together scientists
from different fields. The necessity of developing

new imaging techniques was another important topic
addressed during the workshop. All participants

agreed that the potential of neutron and X-ray imaging
applications in life sciences is huge, opening the way
for a new and exciting cutting-edge research.
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SINO-UK Workshop on Science and Cultural Heritage

The SINO-UK workshop in January 2019 brought together

British and Chinese researchers focussing on interdisciplinary

and multi-disciplinary research using cutting edge
technologies for the protection,
restoration, preservation of cultural
heritage artefacts.

The scientific study of cultural
heritage artefacts is particularly
challenging, as breaking them apart
to see inside simply isn’t an option.
However, over the past decade
there has been significant interest
in what non-destructive techniques,
such as neutron scattering or muon

spectroscopy, can add to our existing knowledge. These
techniques allow researchers to see what is happening
beneath the surface without damaging the artefact.

The SINO-UK workshop covered examples of successful
research carried out at the ISIS neutron and muon source,
including a neutron study of Oxford’s famous Sheldonian
Heads, and a muon spectroscopy study on Roman coins.
Researchers from China spoke about some of the challenges
faced in conserving cultural heritage sites, for example
Dunhuang’s famous Magao Grottoes. It is hoped the meeting
will strengthen existing collaborations between Chinese

and UK researchers and opening up novel and exciting
opportunities in understanding our cultural heritage.

ISIS Deuteration for Neutron Science Meeting — Milton Hill House on 16th-17th May 2019




The attendees of NMSUM 2019. We’re looking forward



to seeing you all in person again soon!
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Z Li, A Liu, K Long, T Lord, C Macwaters, D Maletic,
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A Moss, A Muir, | Mullacrane, JJ Nebrensky, D Neuffer,
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P Owens, V Palladino, M Palmer, J Pasternak, V Pec,

C Pidcott, M Popovic, R Preece, S Prestemon, D Rajaram,

S Ricciardi, M Robinson, C Rogers, K Ronald, P Rubinoy,

H Sakamoto, DA Sanders, A Sato, M Savic, P Snopok,

PJ Smith, FJP Soler, Y Song, T Stanley, G Stokes, V Suezaki,
DJ Summers, CK Sung, J Tang, J Tarrant, | Taylor, L Tortora,
Y Torun, R Tsenov, M Tucker, MA Uchida, S Virostek,

G Vankova-Kirilova, P Warburton, S Wilbur, A Wilson, H Witte,
C White, CG Whyte, X Yang, AR Young, M Zisman. First
particle-by-particle measurement of emittance in the Muon
lonization Cooling Experiment. European Physical Journal
C: Particles and Fields, no. 79 (2019): 257. doi:10.1140/
epjc/s10052-019-6674-y. Instrument: Accelerator.

IB Adilina, N Rinaldi, SP Simanungkalit, F Aulia,

F Oemry, GBG Stenning, IP Silverwood, SF Parker.
Hydrodeoxygenation of Guaiacol as a Bio-Oil Model
Compound over Pillared Clay-Supported Nickel-
Molybdenum Catalysts. Journal of Physical Chemistry
C, no. 123 (2019): 21429-21439. doi:10.1021/acs.
jpcc.9b01890. Instrument: IRIS, TOSCA and Materials
Characterisation Lab.

S Afroze, N Torino, PF Henry, M Sumon Reza, Q Cheok,

AK Azad. Insight of Novel Layered Perovskite PrSrMn,0, .
A Neutron Powder Diffraction Study. Materials Letters, no.
261 (2019): 127126. doi:10.1016/j.matlet.2019.127126.

Instrument: POLARIS.

M Agote-Aran, AB Kroner, HU Islam, WA Slawinski,

DS Wragg, | Lezcano-Gonzalez, AM Beale. Determination
of Molybdenum Species Evolution during Non-Oxidative
Dehydroaromatization of Methane and its Implications for
Catalytic Performance. ChemCatChem, no. 11 (2019):
473-480. doi:10.1002/cctc.201801299. Instrument:

ISIS Science.

SNA Ahmad, S Sulaiman, LS Ang, | Watanabe. Effects
of Polarization Function on the Spin Contamination and
Distribution in B"- Me,P[Pd(dmit),],. Materials Science
Forum, no. 966 (2019): 494-500. doi:10.4028/www.
scientific.net/msf.966.494. Instrument: RIKEN and
Muon Group.

B Aktekin, M Valvo, Rl Smith, MH Segrby, F Lodi Marzano,

W Zipprich, D Brandell, K Edstréom, WR Brant. Cation
Ordering and Oxygen Release in LiNij, Mn, . 0, (LNMO):
In Situ Neutron Diffraction and Performance in Li lon Full
Cells. ACS Applied Energy Materials, no. 2 (2019): 3323-
3335. doi:10.1021/acsaem.8b02217. Instrument: POLARIS.

ZS Al-Ahmady, R Donno, A Gennari, E Prestat, R Marotta,

A Mironov, L Newman, MJ Lawrence, N Tirelli, M Ashford,
K Kostarelos. Enhanced Intraliposomal Metallic
Nanoparticle Payload Capacity Using Microfluidic-Assisted
Self-Assembly. Langmuir, no. 35 (2019):
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Instrument: SANS2D.

P Alexeev, O Leupold, | Sergueev, M Herlitschke,
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Nuclear resonant scattering from '*Ir as a probe of the
electronic and magnetic properties of iridates. Scientific
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41130-3. Instrument: Materials Characterisation Lab.



Publications

S Aliasghari, P Skeldon, X Zhou, G Stenning, R Valizadeh,

T Junginger, G Burt. Incorporation of superconducting
MgB, into plasma electrolytic oxidation coatings on
aluminium. Surface and Coatings Technology, no. 380
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Instrument: ASTeC-AP and Materials Characterisation Lab.
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Superconducting MgB2-Containing Coating on Niobium
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Instrument: RIKEN and Muon Group.
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GBG Stenning, G Burt. Superconducting properties of
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Instrument: OFFSPEC.
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Instrument: LOQ.
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Instrument: POLARIS.

S Asano, KM Suzuki, K Kudo, | Watanabe, A Koda, R
Kadono, T Noji, Y Koike, T Taniguchi, S Kitagawa, K Ishida,
M Fuijita. Oxidation Annealing Effects on the Spin-Glass-
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Instrument: OFFSPEC.
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Instrument: RIKEN and Muon Group.
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Si interaction in Cp(IPr)Ru(H)(2)SiH(Ph)CI. Inorganica
Chimica Acta, no. 488 (2019): 292-298. doi:10.1016/j.
ica.2019.01.034. Instrument: ISIS Science.
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TF Headen, CA Howard. The liquid structure of the solvents
dimethylformamide (DMF) and dimethylacetamide (DMA).
Molecular Physics, no. 117 (2019): 3353-3363. doi:10.1080
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EXAFS. Physical Chemistry Chemical Physics, no. 21
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and Muon Group.
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ISIS Science.
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spectrometer. Europhysics Letters, no. 127 (2019): 12002.
doi:10.1209/0295-5075/127/12002. Instrument: INES.

AA Belik, L Zhang, R Liu, DD Khalyavin, Y Katsuya,

M Tanaka, K Yamaura. Valence Variations by B-Site
Doping in A-Site Columnar-Ordered Quadruple Perovskites
Sm,MnMn(Mn,_ Ti )O,, with 1 < x < 3. Inorganic
Chemistry, no. 58 (2019): 3492-3501. doi:10.1021/acs.
inorgchem.9b00049. Instrument: WISH.

P Bender, D Zakutng, S Disch, L Marcano, D Alba Venero,
D Honecker. Using the singular value decomposition

to extract 2D correlation functions from scattering
patterns. Acta Crystallographica Section A Foundations
and Advances, no. 75 (2019): 766-771. doi:10.1107/
S205327331900891X. Instrument: ISIS Science.

F Bastianini, GE Pérez, AR Hobson, SE Rogers, AJ Parnell,
M Grell, AF Gutiérrez, AD Dunbar. In - situ monitoring
Poly(3-hexylthiophene) nanowire formation and shape
evolution in solution via small angle neutron scattering.
Solar Energy Materials and Solar Cells, no. 202 (2019):
110128. doi:10.1016/j.s0olmat.2019.110128.

Instrument: SANS2D.

R Benocci, R Bertoni, M Bonesini, T Cervi, M Clemenza,

A De Bari, C De Vecchi, A Menegolli, E Mocchiutti, M
Rossella. Performance of X-rays crystal detectors with
SiPM array readout exposed to the RIKEN-RAL low energy
muon beam. Nuclear Instruments and Methods in Physics
Research Section A Accelerators Spectrometers Detectors
and Associated Equipment, no. 936 (2019): 570-571.
doi:10.1016/j.nima.2018.10.030. Instrument: RIKEN and
Muon Group.



Publications

D Beqiri, V Cascos, J Roberts-Watts, ER Clark, E Bousquet,
NC Bristowe, EE McCabe. Tuning octahedral tilts and the
polar nature of A-site deficient perovskites. Chemical
Communications, no. 55 (2019): 2609-2612. doi:10.1039/
C8CC10126D. Instrument: HRPD.

R Bewley. FARO: A new type of neutron spectrometer
with flux and resolution optimized. Review of
Scientific Instruments, no. 90 (2019): 075106.
doi:10.1063/1.5089642. Instrument: ISIS Science.

J Bhatt Mitra, VK Sharma, A Mukherjee, V Garcia Sakai,

A Dash, M Kumar. Ubiquicidin Derived Peptides Selectively
Interact with the Anionic Phospholipid Membrane.
Langmuir, no. 36 (2019): 397-408. doi:10.1021/acs.
langmuir.9b03243. Instrument: IRIS.

A Bhattacharyya, D Adroja, K Panda, S Saha, T Das,

A Machado, O Cigarroa, T Grant, Z Fisk, A Hillier, P
Manfrinetti. Evidence of a nodal line in the
superconducting gap symmetry of noncentrosymmetric
ThCoC,. Physical Review Letters, no. 122 (2019): 147001.
doi:10.1103/PhysRevLett.122.147001. Instrument:
Materials Characterisation Lab.

A Bieniek, M Wisniewski, K Roszek, P Bolibok, AP Terzyk,
P Ferrer, | da Silva. New strategy of controlled, stepwise
release from novel MBioF and its potential application for

drug delivery systems. Adsorption, no. 25 (2019): 383-391.

Is in proceedings of: 10th International Symposium on
Effects of Surface Heterogeneity in Adsorption, Catalysis
and Related Phenomena. doi:10.1007/s10450-018-00002-
4. Instrument: ISIS Science.

M Bieringer, JR Stewart, AP Grosvenor, M Dragomir, JE
Greedan. Quenching of Long Range Order and the Mn%*
Ordered Moment in the Layered Antiferromagnet, Ba Sr,
LaMnO,. A Polarized Neutron Scattering Study. Inorganic
Chemistry, no. 58 (2019): 4300-4309. doi:10.1021/acs.
inorgchem.8b03419. Instrument: ISIS Science.

WJA Blackmore, J Brambleby, T Lancaster, SJ Clark, RD
Johnson, J Singleton, A Ozarowski, JA Schlueter, Y Chen,
AM Arif, S Lapidus, F Xiao, RC Williams, SJ Blundell,

MJ Pearce, MR Lees, P Manuel, DY Villa, JA Villa, JL
Manson, PA Goddard. Determining the anisotropy

and exchange parameters of polycrystalline spin-1
magnets. New Journal of Physics, no. 21 (2019): 093025.
doi:10.1088/1367-2630/ab3dba. Instrument: WISH.

JN Blandy, DR Parker, SJ Cassidy, DN Woodruff, X Xu,

SJ Clarke. Synthesis, Structure, and Compositional Tuning
of the Layered Oxide Tellurides Sr,MnO,Cu,_ Te, and
Sr,Co0,Cu,Te,. Inorganic Chemistry, no. 58 (2019):
8140-8150. doi:10.1021/acs.inorgchem.9b00919.
Instrument: WISH.

D Blosser, M Horvati¢, R Bewley, S Gvasaliya, A Zheludev.
Dynamics and field-induced order in the layered

spin S=1/2 dimer system (C,H,N,F),CuCl,. Physical
Review Materials, no. 3 (2019): 074410. doi:10.1103/
PhysRevMaterials.3.074410. Instrument: LET.

D Blosser, VK Bhartiya, DJ Voneshen, A Zheludev. Origin

of magnetic anisotropy in the spin ladder compound
(C,H,,N),CuBr,. Physical Review B, no. 100 (2019): 144406.
doi:10.1103/PhysRevB.100.144406. Instrument: LET.

R Boada, S Diaz-Moreno, SE Norman, DT Bowron. Oxygen
condensation in ZIF-8 upon ‘gate opening’ structural
transition. Molecular Physics, no. 117 (2019): 3456-
3463. doi:10.1080/00268976.2019.1651415. Instrument:
NIMROD and Deuteration Facility.

L Boge, KL Browning, R Nordstrom, M Campana,

LSE Damgaard, J Seth Caous, M Hellsing, L Ringstad,

M Andersson. Peptide-Loaded Cubosomes Functioning as
an Antimicrobial Unit against Escherichia coil. ACS Applied
Materials & Interfaces, no. 11 (2019): 21314-21322.
doi:10.1021/acsami.9b01826. Instrument: CRISP.

M Bokova, A Paraskiva, M Kassem, | Alekseev, E Bychkov.
TI,S-GeS-GeS, system: Glass formation, macroscopic
properties, and charge transport. Journal of Alloys and
Compounds, no. 777 (2019): 902-914. doi:10.1016/j.
jallcom.2018.10.375. Instrument: GEM.

D Boldrin, F Johnson, R Thompson, AP Mihai, B Zou,

J Zemen, J Griffiths, P Gubeljak, KL Ormandy, P Manuel,
DD Khalyavin, B Ouladdiaf, N Qureshi, P Petrov, W Branford,
LF Cohen. The Biaxial Strain Dependence of Magnetic
Order in Spin Frustrated Mn_NiN Thin Films. Advanced
Functional Materials, no. 29 (2019): 1902502. doi:10.1002/
adfm.201902502. Instrument: WISH.

TV Bondarenko, SY llynski, SA Polikhov, GB Sharkov. Power
combining scheme of solid-state RF amplifier. Journal of
Physics: Conference Series, no. 1238 (2019):

012075. Is in proceedings of: IV International Conference
Laser and plasma research and technologies. doi:10.1088/
1742-6596/1238/1/012075. Instrument: Accelerator.



Publications

A Borowska-Centkowska, X Liu, M Krynski, M Leszczynska,
W Wrobel, M Malys, S Hull, ST Norberg, F Krok, | Abrahams.
Defect structure in 8-Bi_PbY,0,, .. RSC Advances, no. 9
(2019): 9640-9653. doi:10.1039/C9RA01233H.

Instrument: POLARIS.

CL Bull, SA Barnett, DR Allan, WG Marshall. Hydrogen
bonding in ethanol — a high pressure neutron diffraction
study. International Journal of High Pressure Research, no.
39 (2019): 179-184. doi:10.1080/08957959.2019.1578962
. Instrument: PEARL.

D Boruah, B Ahmad, TL Leg, S Kabra, AK Syed, P McNutt,

M Doré, X Zhang. Evaluation of residual stresses induced
by cold spraying of Ti-6Al-4V on Ti-6Al-4V substrates.
Surface and Coatings Technology, no. 374 (2019): 591-602.
doi:10.1016/j.surfcoat.2019.06.028. Instrument: ENGIN-X.

CL Bull, NP Funnell, CJ Ridley, CR Pulham, P Coster,

JP Tellam, WG Marshall. Pressure-Induced Isosymmetric
Phase Transition in Biurea. CrystEngComm, no. 21 (2019):
5872-5881. doi:10.1039/C9CE01028A. Instrument: PEARL,
TOSCA and Deuteration Facility.

HLB Bostrom, Rl Smith. Structure and thermal expansion
of the distorted Prussian blue analogue RoCuCo(CN),.
Chemical Communications, no. 55 (2019): 10230-10233.
doi:10.1039/c9cc054364g. Instrument: POLARIS.

DF Bowman, E Cemal, T Lehner, AR Wildes, L Mangin-Thro,
GJ Nilsen, MJ Gutmann, DJ Voneshen, D Prabhakaran,

AT Boothroyd, DG Porter, C Castelnovo, K Refson, JP Goff.
Role of defects in determining the magnetic ground state
of ytterbium titanate. Nature Communications, no. 10
(2019): 637. doi:10.1038/s41467-019-08598-z. Instrument:
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pyrochlores. Physical Review B, no. 99 (2019): 134415.
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iophene):Poly(styrenesulfonate): A Neutron Reflectivity
Study. ACS Applied Materials & Interfaces, no. 11 (2019):
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scientific.net/msf.966.257. Instrument: RIKEN and

Muon Group.

B Rasche, M Yang, L Nikonow, JFK Cooper, CA Murray,

SJ Day, K Kleiner, SJ Clarke, RG Compton. In-situ
Electrochemical X-ray Diffraction: A Rigorous Method to
Navigate within Phase Diagrams Reveals beta-Fe,, Se as
Superconductor for All x. Angewandte Chemie International
Edition, no. 58 (2019): 15401-15406. doi:10.1002/
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acs.macromol.9b00133. Instrument: SANS2D.

MW Skoda. Recent developments in the application of
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5034. doi:10.1021/acs.chemmater.9b00552. Instrument:
POLARIS.
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in the noncentrosymmetric superconductor BeAu.
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doi:10.1039/c8sm01425f. Instrument: OFFSPEC.

AK Soper. Is water one liquid or two?. The Journal
of Chemical Physics, no. 150 (2019): 234503.
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| Stefanescu, M Christensen, R Hall-Wilton, S Holm-Dahlin,
K Iversen, M Klein, D Mannix, J Schefer, C Schmidt,

W Schweika, U Stuhr. Performance study of the Jalousie
detector baseline design for the ESS thermal powder
diffractometer HEIMDAL through GEANT4 simulations.
Journal of Instrumentation, no. 14 (2019): P10020.
doi:10.1088/1748-0221/14/10/P10020. Instrument:

ISIS Science.

E Stefanutti, LE Bove, G Lelong, MA Ricci, AK Soper, F Bruni.
Ice crystallization observed in highly supercooled confined
water. Physical Chemistry Chemical Physics, no. 21

(2019): 4931-4938. doi:10.1039/c8cp07585a. Instrument:
NIMROD.

119




Publications

JR Stewart, SR Giblin, D Honecker, P Fouquet,

D Prabhakaran, JW Taylor. Transverse and longitudinal
spin-fluctuations in INVAR Fe, Ni ... Journal of

Physics: Condensed Matter, no. 31 (2019): 025802.
doi:10.1088/1361-648X/aaeeaf. Instrument: ISIS Science.

R Stewart, MG Flokstra, M Rogers, N Satchell, G Burnell,
D Miller, H Luetkens, T Prokscha, A Suter, E Morenzoni,
SL Lee. Controlling the electromagnetic proximity effect
by tuning the mixing between superconducting and
ferromagnetic order. Physical Review B, no. 100 (2019):
020505. doi:10.1103/PhysRevB.100.020505. Instrument:
ISIS Science.

S Sturniolo, L Liborio, S Jackson. Comparison between
density functional theory and density functional tight
binding approaches for finding the muon stopping site

in organic molecular crystals. The Journal of Chemical
Physics, no. 150 (2019): 154301. doi:10.1063/1.5085197.
Instrument: Muon Group and Scientific Computing.

J Sugiyama. Spin polarized beam for battery materials
research: uxSR and R-NMR. Hyperfine Interactions, no. 240
(2019): 17. d0i:10.1007/s10751-019-1560-4. Instrument:
RIKEN and Muon Group.

J Sugiyama, | Umegaki, M Matsumoto, K Miwa, H Nozaki,
Y Higuchi, T Noritake, OK Forslund, M Mansson, SP Cottrell,
A Koda, EJ Ansaldo, JH Brewer. Desorption reaction in
MgH, studied with in situ muSR. Sustainable Energy &
Fuels, no. 3 (2019): 956-964. doi:10.1039/c8se00568k.
Instrument: MuSR and Muon Group.

AS Sukhanov, MS Pavlovskii, P Bourges, HC Walker,

K Manna, C Felser, DS Inosov. Magnon-polaron
excitations in the noncollinear antiferromagnet Mn.Ge.
Physical Review B, no. 99 (2019): 214445. doi:10.1103/
PhysRevB.99.214445. Instrument: MERLIN.

D Sun, DA Sokolov, JM Bartlett, J Sannigrahi, S Khim,

P Kushwaha, DD Khalyavin, P Manuel, AS Gibbs, H Takagi,
AP Mackenzie, CW Hicks. Magnetic frustration and
spontaneous rotational symmetry breaking in PdCrO2.
Physical Review B, no. 100 (2019): 094414. doi:10.1103/
PhysRevB.100.094414. Instrument: WISH.

120

H Sun, K Zielinska, M Resmini, A Zarbakhsh. Interactions of
NIPAM nanogels with model lipid multi-bilayers: A neutron
reflectivity study. Journal of Colloid and Interface Science,
no. 536 (2019): 598-608. doi:10.1016/j.jcis.2018.10.086.
Instrument: SURF and INTER.

T Sun, M Roy, D Strong, C Simpson, P Withers, P Prangnell.
Weld zone and residual stress development in AA7050
stationary shoulder friction stir Tjoint weld. Journal of
Materials Processing Technology, no. 263 (2019):
256-265. doi:10.1016/j.jmatprotec.2018.08.022.
Instrument: ENGIN-X.

AK Syed, B Ahmad, H Guo, T Machry, D Eatock, J Meyer,
ME Fitzpatrick, X Zhang. An experimental study of residual
stress and direction-dependence of fatigue crack growth
behaviour in as-built and stress-relieved selective-laser-
melted Ti6Al4V. Materials Science and Engineering A, no.
755 (2019): 246-257. doi:10.1016/j.msea.2019.04.023.
Instrument: ENGIN-X.

M Sztylko, M Malinska, V Petricek, MJ Gutmann, AA Hoser.
How Accurate Do X-ray Data Need To Be To Obtain a
Reliable Order of Stability for Polymorphs? The Case Study
of p-Hydroxyacetophenone Polymorphs. Crystal Growth

& Design, no. 19 (2019): 5132-5141. doi:10.1021/acs.
¢gd.9b00518. Instrument: SXD.

T Takabatake, Y Muro, J Kawabata, K Hayashi, T Takeuchi,
K Umeo, T Ekino, DT Adroja. Interplay between hybridisation
gaps and unusual magnetic orders in Kondo semiconductors
CeT,Al,; (T = Ru and Os). Philosophical Magazine, no. 99
(2019): 2984-2999. doi:10.1080/14786435.2019.1646438.
Instrument: WISH.

T Takayama, A Krajewska, AS Gibbs, AN Yaresko, H Ishii,
H Yamaoka, K Ishii, N Hiraoka, NP Funnell, CL Bull,

H Takagi. Pressure-induced collapse of the spin-orbital
Mott state in the hyperhoneycomb iridate B-Li,IrO,.
Physical Review B, no. 99 (2019): 125127. doi:10.1103/
PhysRevB.99.125127. Instrument: PEARL.

DW Tam, H Lai, J Hu, X Lu, HC Walker, DL Abernathy, J

L Niedziela, T Weber, M Enderle, Y Su, ZQ Mao, Q Si, P Dai.
Plaquette instability competing with bicollinear ground
state in detwinned FeTe. Physical Review B, no. 100 (2019):
054405. doi:10.1103/PhysRevB.100.054405.

Instrument: MERLIN.

DW Tam, W Wang, L Zhang, Y Song, R Zhang, SV Carr,
HC Walker, TG Perring, DT Adroja, P Dai. Weaker nematic
phase connected to the first order antiferromagnetic
phase transition in SrFe,As, compared to BaFe,As,.
Physical Review B, no. 99 (2019): 134519. doi:10.1103/
PhysRevB.99.134519. Instrument: MERLIN.



Publications

L Tan, K Refson, MT Dove. Structural phase transitions

in malononitrile, CH,(CN),: crystal structure of the delta
phase by neutron powder diffraction, and ab initio
calculations of the structures and phonons of the alpha
and delta phases. Journal of Physics: Condensed Matter,
no. 31 (2019): 255401. doi:10.1088/1361-648X/ab11a1.
Instrument: ISIS Science and Institut Laue—Langevin.

P Tan, J Li, L Hong. Statistical properties for diffusive
motion of hydration water on protein surface. Physica
B: Condensed Matter, no. 562 (2019): 1-5. doi:10.1016/j.
physb.2019.01.004. Instrument: IRIS.

O Tarvainen, R Kronholm, T Kalvas, H Koivisto, | [zotov,
V Skalyga, V Toivanen, L Maunoury. The biased disc

of an electron cyclotron resonance ion source as a
probe of instability-induced electron and ion losses.
Review of Scientific Instruments, no. 90 (2019): 123303.
doi:10.1063/1.5126935.

O Tarvainen, T Kalvas, H Koivisto, R Kronholm, M Marttinen,
M Sakildien, V Toivanen, | Izotov, V Skalyga, J Angot.
Plasma diagnostic tools for ECR ion sources—What can
we learn from these experiments for the next generation
sources. Review of Scientific Instruments, no. 90 (2019):
113321. doi:10.1063/1.5127050.

O Tarvainen, R Abel, S Lawrie, D Faircloth, T Sarmento,
J Macgregor, C Cahill, M Whitehead, T Wood, N Savard.
Extending the pulse length of the ISIS H- Penning ion
source. Review of Scientific Instruments, no. 90 (2019):
103311. Is in proceedings of: 8th International
Conference on lon Sources,. doi:10.1063/1.5126729.
Instrument: Accelerator.

O Tarvainen, R Abel, S Lawrie, D Faircloth, J Macgregor,
T Sarmento, T Wood. Breakdown Oscillations of the
ISIS H Penning lon-Source Hydrogen-Cesium
Discharge. IEEE Transactions on Plasma Science, no.
47 (2019): 4971-4983. doi:10.1109/TPS.2019.2940830.
Instrument: Accelerator.

ZN Taylor, AJ Perez, JA Coca-Clemente, F Braga,

NE Drewett, MJ Pitcher, WJ Thomas, MS Dyer, C Collins,

M Zanella, T Johnson, S Day, C Tang, VR Dhanak, JB
Claridge, LJ Hardwick, MJ Rosseinsky. Stabilization of 0-0
Bonds by d° Cations in Li,, Ni,_ WO, (0 = x < 0.25) Rock Salt
Oxides as the Origin of Large Voltage Hysteresis. Journal
of the American Chemical Society, no. 141 (2019): 7333-
7346. doi:10.1021/jacs.8b13633. Instrument: HRPD.

N Terada, Y lkedo, H Sato, DD Khalyavin, P Manuel,

F Orlandi, Y Tsujimoto, Y Matsushita, A Miyake, A
Matsuo, M Tokunaga, K Kindo. Difference in magnetic
and ferroelectric properties between rhombohedral and
hexagonal polytypes of AgFeO,: A single-crystal study.
Physical Review B, no. 99 (2019): 064402. doi:10.1103/
PhysRevB.99.064402. Instrument: WISH.

N Terada. Development of Hybrid-Anvil-Cell for Polarized
and Unpolarized Neutron Diffraction Study. Transactions
of the Materials Research Society of Japan, no. 44 (2019):
1-5. doi:10.14723/tmrsj.44.1. Instrument: WISH.

J Thomason. The ISIS Spallation Neutron and Muon
Source-The first thirty-three years. Nuclear Instruments
and Methods in Physics Research Section A Accelerators
Spectrometers Detectors and Associated Equipment,

no. 917 (2019): 61-67. doi:10.1016/j.nima.2018.11.129.
Instrument: Accelerator.

B Tian, V Garcia Sakai, C Pappas, AJ van der Goot,

WG Bouwman. Fibre formation in calcium caseinate
influenced by solvent isotope effect and drying method
- A neutron spectroscopy study. Chemical Engineering
Science, no. 207 (2019): 1270-1277. doi:10.1016/j.
ces.2019.07.023. Instrument: IRIS.

KV Tian, F Passaretti, A Nespoli, E Placidi, R Condo,

C Andreani, S Licoccia, GA Chass, R Senesi, P Cozza.
Composition—Nanostructure Steered Performance
Predictions in Steel Wires. Nanomaterials, no. 9 (2019):
1119. doi:10.3390/nan09081119. Instrument: INES.

O Tarvainen, S Lawrie, D Faircloth, R Abel, TM Sarmento, J
Macgregor, M Whitehead, T Wood, J Lettry, D Noll,

J Lallement, J Angot, P Sole, T Thuillier. The RF H- lon
Source Project at RAL. AIP Conference Proceedings,

no. 2052 (2019): 050005. Is in proceedings of: 6th
International Symposium on Negative lons, Beams and
Sources. doi:10.1063/1_5083759. Instrument: Accelerator.

L Tian, P Liu, Z Xu, Y Li, Z Lu, HC Walker, U Stuhr, G Tan,

X Lu, P Dai. Spin fluctuation anisotropy as a probe of
orbital-selective hole-electron quasiparticle excitations in
detwinned Ba(Fe, Co ),As,. Physical Review B, no. 100
(2019): 134509. doi:10.1103/PhysRevB.100.134509.
Instrument: MERLIN.

121




Publications

K Titov, DB Eremin, AS Kashin, R Boada Romero,

B Souza, CS Kelley, MD Frogley, G Cinque, D Gianolio,

G Cibin, S Rudic, VP Ananikov, J Tan. OX-1 metal-organic
framework nanosheets as robust hosts for highly active
catalytic palladium species. ACS Sustainable Chemistry
& Engineering, no. 7 (2019): 5875-5885. doi:10.1021/
acssuschemeng.8b05843. Instrument: TOSCA and
Materials Characterisation Lab.

P Tolédano, DD Khalyavin. Symmetry-determined
antiferroelectricity in PbZrO,, NaNbO,, and PbHfO,.
Physical Review B, no. 99 (2019): 024105. doi:10.1103/
PhysRevB.99.024105. Instrument: ISIS Science.

B Tomasello, C Castelnovo, R Moessner, J Quintanilla.
Correlated Quantum Tunneling of Monopoles in Spin
Ice. Physical Review Letters, no. 123 (2019): 067204.
doi:10.1103/PhysRevLett.123.067204. Instrument:
ISIS Science.

N Tsoupas, JS Berg, S Brooks, F Méot, V Ptitsyn,

D Trbojevic, S Machida. Computation of magnetic
fields from field components on a plane grid. Journal
of Computational Physics, no. 396 (2019): 653-668.
doi:10.1016/j.jcp.2019.07.007. Instrument: Accelerator.

AH Turner, JD Holbrey. Investigation of glycerol hydrogen-
bonding networks in choline chloride/glycerol eutectic-
forming liquids using neutron diffraction. Physical
Chemistry Chemical Physics, no. 21 (2019): 21782-21789.
doi:10.1039/C9CP04343H. Instrument: SANDALS.

K Tustain, L Farrar, W Yao, P Lightfoot, | da Silva,

MTF Telling, L Clark. Materialization of a Geometrically
Frustrated Magnet in a Hybrid Coordination Framework:
A Study of the Iron(ll) Oxalate Fluoride Framework,
KFe(C,0,)F. Inorganic Chemistry, no. 58 (2019): 11971-
11977. doi:10.1021/acs.inorgchem.9b00571. Instrument:
GEM, MuSR and Muon Group.

J Tornos, F Gallego, S Valencia, Y Liu, V Rouco, V Lauter,

R Abrudan, C Luo, H Ryll, Q Wang, D Hernandez-Martin,

G Orfila, M Cabero, F Cuellar, D Arias, F Mompean,

M Garcia-Hernandez, F Radu, T Charlton, A Rivera-Calzada,
Z Sefrioui, S te Velthuis, C Leon, J Santamaria. Ferroelectric
Control of Interface Spin Filtering in Multiferroic Tunnel
Junctions. Physical Review Letters, no. 122 (2019):

037601. doi:10.1103/PhysRevLett.122.037601. Instrument:

ISIS Science.

R Tripathi, D Das, PK Biswas, DT Adroja, AD Hillier,

Z Hossain. Quantum Griffiths phase near an
antiferromagnetic quantum critical point: Muon spin
relaxation study of Ce(Cu, Co ),Ge,. Physical Review B,
no. 99 (2019): 224424. doi:10.1103/PhysRevB.99.224424.
Instrument: MuSR and Muon Group.

E Truzzi, F Meneghetti, M Mori, L Costantino, V lannuccelli,
E Maretti, F Domenici, C Castellano, S Rogers,

A Capocefalo, E Leo. Drugs/lamellae interface influences
the inner structure of double-loaded liposomes for inhaled
anti-TB therapy: An in-depth small-angle neutron scattering
investigation. Journal of Colloid and Interface Science,

no. 541 (2019): 399-406. doi:10.1016/j.jcis.2019.01.094.
Instrument: SANS2D.

P Ulpiani, G Romanelli, D Onorati, A Parmentier, G Festa,

E Schooneveld, C Cazzaniga, L Arcidiacono, C Andreani,

R Senesi. Optimization of detection strategies for
epithermal neutron spectroscopy using photon-sensitive
detectors. Review of Scientific Instruments, no. 90 (2019):
073901. doi:10.1063/1.5091084. Instrument: VESUVIO.

MD Umar, | Watanabe. An Approach to the Intermediate
State of the Distributed Internal Fields on Muon Site.
Materials Science Forum, no. 966 (2019): 476-482.
doi:10.4028/www.scientific.net/msf.966.476. Instrument:
RIKEN and Muon Group.

MD Uryszek, E Christou, A Jaefari, F Kriiger, B Uchoa.
Quantum criticality of semi-Dirac fermions in 2+1
dimensions. Physical Review B, no. 100 (2019): 155101.
doi:10.1103/PhysRevB.100.155101. Instrument:

ISIS Science.

T Usuki, M Bokova, M Kassem, K Ohara, AC Hannon,

E Bychkov. Dimeric Molecular Structure of Molten Gallium
Trichloride and a Hidden Evolution toward a Possible
Liquid-Liquid Transition. Journal of Physical Chemistry

B, no. 123 (2019): 10260-10266. doi:10.1021/acs.
jpcb.9b08307. Instrument: GEM.

G Tsagkaropoulou, FJ Allen, SM Clarke, PJ Camp. Self-
assembly and adsorption of cetyltrimethylammonium
bromide and didodecyldimethylammonium bromide
surfactants at the mica—water interface. Soft Matter,
no. 15 (2019): 8402-8411. doi:10.1039/C9SM01464K.
Instrument: SURF.

122

JG Vale, S Boseggia, HC Walker, RS Springell, EC Hunter,
RS Perry, SP Collins, DF McMorrow. Critical fluctuations
in the spin-orbit Mott insulator Sr,Ir,0.. Journal of
Physics: Condensed Matter, no. 31 (2019): 185803.
doi:10.1088/1361-648X/ab0471. Instrument: Materials
Characterisation Lab.



Publications

M Valldeperas, AP Dabkowska, GK Palsson, S Rogers,

N Mahmoudi, A Carnerup, J Barauskas, T Nylander.
Interfacial properties of lipid sponge-like nanoparticles
and the role of stabilizer on particle structure and surface
interactions. Soft Matter, no. 15 (2019): 2178-2189.
doi:10.1039/c8sm02634c. Instrument: SANS2D.

M Valldeperas, N Mahmoudi, SC Teixeira, M Talaikis,

| Matulaitiene, G Niaura, J Barauskas, T Nylander. Lipid
Sponge-Phase Nanoparticles as Enzyme Carriers -
Structure and Intermolecular Interaction Controlling the
Enzyme Inclusion. Biophysical Journal, no. 116 (2019):
181a. Is in proceedings of: 63rd Annual Meeting of the
Biophysical-Society. doi:10.1016/j.bpj.2018.11.1004.
Instrument: SANS2D.

E Velichko, B Tian, T Nikolaeva, J Koning, J van Duynhoven,
WG Bouwman. A versatile shear cell for investigation

of structure of food materials under shear. Colloids and
Surfaces A: Physicochemical and Engineering Aspects,

no. 566 (2019): 21-28. doi:10.1016/j.colsurfa.2018.12.046.
Instrument: LARMOR.

CJ Venegas, FA Gutierrez, M Eguilaz, JF Marco, N Reeves-
McLaren, GA Rivas, D Ruiz-Ledn, S Bollo. Co2TiO4/
Reduced Graphene Oxide Nanohybrids for Electrochemical
Sensing Applications. Nanomaterials, no. 9 (2019): 1611.
doi:10.3390/nan09111611. Instrument: GEM.

G Venkat, TA Rose, CDW Cox, GBG Stenning, AJ Caruana,
K Morrison. Spin Seebeck effect in polycrystalline

yttrium iron garnet pellets prepared by the solid-state
method. Europhysics Letters, no. 126 (2019): 37001.
doi:10.1209/0295-5075/126/37001. Instrument: Materials
Characterisation Lab.

AM Vibhakar, DD Khalyavin, P Manuel, L Zhang, K Yamaura,
PG Radaelli, AA Belik, RD Johnson. Magnetic structure

and spin-flop transition in the A-site columnar-ordered
quadruple perovskite TmMn_O,. Physical Review B,

no. 99 (2019): 104424. doi:10.1103/PhysRevB.99.104424.
Instrument: WISH.

RC Vildo, MA Curado, HV Alberto, JM Gil, JA Paixao,

JS Lord, A Weidinger. Paramagnetic rare-earth oxide
Nd,0, investigated by muon spin spectroscopy. Physical
Review B, no. 100 (2019): 205203. doi:10.1103/
PhysRevB.100.205203. Instrument: EMU and

Muon Group.

M Viswanathan. Structural Tunability Controlled by Uniaxial
Strength in a Hybrid Perovskite. Journal of Physical
Chemistry C, no. 123 (2019): 6711-6716. doi:10.1021/acs.
jpcc.8b11194. Instrument: PEARL.

M Viswanathan, SG Bhat, AK Bera, J Rodriguez-Carvajal.
Neutron Diffraction Study on the Magnetic Structure of
the Promised Multiferroic Hybrid Perovskite [C(ND,).]
Cu(DCOO), and Its Centrosymmetric Analogues. Journal
of Physical Chemistry C, no. 123 (2019): 18551-185509.
doi:10.1021/acs.jpcc.9b04368. Instrument: WISH.

M Viswanathan. Stability of Hydrogen Bonds in the Metal

Guanidinium Formate Hybrid Perovskites: A Single-Crystal
Neutron Diffraction Study. Crystal Growth & Design,

no. 19 (2019): 4287-4292. doi:10.1021/acs.cgd.8b01809.
Instrument: SXD.

M Viswanathan. Insights on the Jahn—Teller distortion,
hydrogen bonding and local-environment correlations
in a promised multiferroic hybrid perovskite. Journal
of Physics: Condensed Matter, no. 31 (2019): 45LT01.
doi:10.1088/1361-648X/ab36e2. Instrument: SXD.

G Vitucci, T Minniti, G Angella, G Croci, A Muraro,

C Hoglund, CC Lai, E Perelli Cippo, G Albani, R Hall-Wilton,

L Robinson, G Grosso, M Tardocchi, G Gorini. Measurement
of the thickness of B4C layers deposited over metallic grids
via multi-angle neutron radiography. Measurement Science
and Technology, no. 30 (2019): 015402. doi:10.1088/1361-
6501/aaf409. Instrument: IMAT.

Al Waidha, H Zhang, M Lepple, S Dasgupta, L Alff,

P Slater, AD Fortes, O Clemens. BaCo0?6: a new highly
oxygen deficient perovskite-related phase with unusual Co
coordination obtained by high temperature reaction with
short reaction times. Chemical Communications, no. 55
(2019): 2920-2923. doi:10.1039/C8CC09532A.
Instrument: HRPD.

S Waldie, M Moulin, L Porcar, H Pichler, GA Strohmeier,
M Skoda, VT Forsyth, M Haertlein, S Maric, M Cardenas.
The Production of Matchout-Deuterated Cholesterol and
the Study of Bilayer-Cholesterol Interactions. Scientific
Reports, no. 9 (2019): 5118. doi:10.1038/s41598-019-
41439-z. Instrument: INTER.

123




Publications

T Walker, C Bennett, T Lee, A Clare. A validated analytical-
numerical modelling strategy to predict residual stresses
in single-track laser deposited IN718. International
Journal of Mechanical Sciences, no. 151 (2019): 609-621.
doi:10.1016/j.jmecsci.2018.12.004. Instrument: ENGIN-X.

SK Wallace, KT Butler, Y Hinuma, A Walsh. Finding a
junction partner for candidate solar cell absorbers enargite
and bournonite from electronic band and lattice matching.
Journal of Applied Physics, no. 125 (2019): 055703.
doi:10.1063/1.5079485. Instrument: ISIS Science.

H Wang, SY Lee, E Huang, J Jain, D Li, Y Peng, H Choi,

P Wu. Crystal Plasticity Modeling and Neutron Diffraction
Measurements of a Magnesium AZ31B Plate: Effects of
Plastic Anisotropy and Surrounding Grains. Journal of the
Mechanics and Physics of Solids, no. 135 (2019): 103795.
doi:10.1016/j.jmps.2019.103795. Instrument: ENGIN-X.

Z Wang, P Li, K Ma, Y Chen, M Campana, J Penfold,

RK Thomas, DW Roberts, H Xu, JT Petkov, Z Yan. Impact of
molecular structure, headgroup and alkyl chain geometry,
on the adsorption of the anionic ester sulfonate surfactants
at the air-solution interface, in the presence and absence
of electrolyte. Journal of Colloid and Interface Science,

no. 544 (2019): 293-302. doi:10.1016/j.jcis.2019.03.011.
Instrument: SURF and Deuteration Facility.

MR Ward, S Younis, AJ Cruz-Cabeza, CL Bull,

NP Funnell, IDH Oswald. Discovery and recovery of delta
p-aminobenzoic acid. CrystEngComm, no. 21 (2019): 2058-
2066. doi:10.1039/C8CE01882K. Instrument: PEARL.

PR Warren, JFM Hardigree, AE Lauritzen, J Nelson,

M Riede. Tuning the ambipolar behaviour of organic field
effect transistors via band engineering. AIP Advances, no.
9 (2019): 035202. doi:10.1063/1.5080505.

S Wang, J Kang, Z Guo, T Lee, X Zhang, Q Wang, C Deng,

J Mi. In situ high speed imaging study and modelling

of the fatigue fragmentation of dendritic structures in
ultrasonic fields. Acta Materialia, no. 165 (2019): 388-397.
doi:10.1016/j.actamat.2018.11.053. Instrument:

ISIS Science.

R Warringham, AL Davidson, PB Webb, RP Tooze,

RA Ewings, SF Parker, D Lennon. Examining the temporal
behavior of the hydrocarbonaceous overlayer on an iron
based Fischer—Tropsch catalyst. RSC Advances, no. 9
(2019): 2608-2617. doi:10.1039/C8RA09731C.
Instrument: MAPS.

Y Wang, X Dong, X Tang, H Zheng, K Li, X Lin, L Fang,

G Sun, X Chen, L Xie, CL Bull, NP Funnell, T Hattori, A Sano-
Furukawa, J Chen, DK Hensley, GD Cody, Y Ren, HH Lee,

H Mao. Pressure-induced Diels-Alder reactions in C.H,-
C,F, cocrystal towards graphane structure. Angewandte
Chemie International Edition, no. 58 (2019): 1468-1473.
doi:10.1002/anie.201813120. Instrument: PEARL.

Y Wang, M Gorley, S Kabra, E Surrey. Influence of a1.5T
magnetic field on the tensile properties of Eurofer-97 steel.
Fusion Engineering and Design, no. 141 (2019): 68-72.
doi:10.1016/j.fusengdes.2019.02.081. Instrument:

ISIS Science.

Z Wang, P Li, K Ma, Y Chen, J Penfold, RK Thomas,

DW Roberts, H Xu, JT Petkov, Z Yan, DA Venero. The
structure of alkyl ester sulfonate surfactant micelles: The
impact of different valence electrolytes and surfactant
structure on micelle growth. Journal of Colloid and
Interface Science, no. 557 (2019): 124-134. doi:10.1016/j.
jcis.2019.09.016. Instrument: Deuteration Facility.

124

K Watanabe, T Minniti, H Sato, AS Tremsin, W Kockelmann,
R Dalgliesh, Y Kiyanagi. Cross-sectional imaging of
quenched region in a steel rod using energy-resolved
neutron tomography. Nuclear Instruments and Methods in
Physics Research Section A Accelerators Spectrometers
Detectors and Associated Equipment, no. 944 (2019):
162532. doi:10.1016/j.nima.2019.162532. Instrument:
IMAT and LARMOR.

N Waterfield Price, A Vibhakar, R Johnson, J Schad,

W Saenrang, A Bombardi, F Chmiel, C Eom, P Radaelli.
Strain Engineering a Multiferroic Monodomain in Thin-Film
BiFeO,. Physical Review Applied, no. 11 (2019): 024035.
doi:10.1103/PhysRevApplied.11.024035. Instrument:
WISH.

R Wawrzynczak, B Tomasello, P Manuel, D Khalyavin,

MD Le, T Guidi, A Cervellino, T Ziman, M Boehm, GJ Nilsen,
T Fennell. Magnetic order and single-ion anisotropy in
Tb,Ga,0,,. Physical Review B, no. 100 (2019): 094442.
doi:10.1103/PhysRevB.100.094442. Instrument: IRIS, MARI
and WISH.



Publications

MP Weir, DTW Toolan, RC Kilbride, NJW Penfold,

AL Washington, SM King, J Xiao, Z Zhang, V Gray,

S Dowland, J Winkel, NC Greenham, RH Friend, A Rao,
AJ Ryan, RAL Jones. Ligand Shell Structure in Lead
Sulfide-Oleic Acid Colloidal Quantum Dots Revealed by
Small-Angle Scattering. Journal of Physical Chemistry
Letters, no. 10 (2019): 4713-4719. doi:10.1021/acs.
jpclett.9b01008. Instrument: LOQ.

R Welbourn, S Clarke. New insights into the solid-liquid
interface exploiting neutron reflectivity. Current Opinion

in Colloid & Interface Science, no. 42 (2019): 87-98.
doi:10.1016/j.cocis.2019.03.007. Instrument: SURF, INTER
and OFFSPEC.

F Xie, Z Xu, A Jensen, F Ding, H Au, J Feng, H Luo,

M Qiao, Z Guo, Y Lu, A Drew, Y Hu, M Titirici. Unveiling the
role of hydrothermal carbon dots as anodes in sodium-

ion batteries with ultrahigh initial Coulombic efficiency.
Journal of Materials Chemistry A: Materials for energy and
sustainability, no. 7 (2019): 27567-27575. doi:10.1039/
C9TA11369J. Instrument: Materials Characterisation Lab.

F Xie, Z Xu, ACS Jensen, H Au, Y Lu, V Araullo-Peters,
AJ Drew, Y Hu, M Titirici. Hard—Soft Carbon Composite
Anodes with Synergistic Sodium Storage Performance.
Advanced Functional Materials, no. 29 (2019): 1901072.
doi:10.1002/adfm.201901072. Instrument: Materials
Characterisation Lab.

S Wenner, CD Marioara, K Nishimura, K Matsuda, S Lee,

T Namiki, | Watanabe, T Matsuzaki, R Holmestad. Muon
Spin Relaxation Study of Solute—Vacancy Interactions
During Natural Aging of Al-Mg-Si-Cu Alloys. Metallurgical
and Materials Transactions A, no. 50 (2019): 3446-3451.
doi:10.1007/s11661-019-05285-y. Instrument: RIKEN and
Muon Group.

S Winarsih, F Budiman, H Tanaka, T Adachi, T Goto,

B Soegijono, B Kurniawan, | Watanabe. Growth of Free-
Standing La, Sr CuO, Nanoparticles. Materials Science
Forum, no. 966 (2019): 357-362. doi:10.4028/www.
scientific.net/msf.966.357. Instrument: RIKEN and
Muon Group.

CQ Xu, B Li, JJ Feng, WH Jiao, YK Li, SW Liu, YX Zhou,

R Sankar, ND Zhigadlo, HB Wang, ZD Han, B Qian, W Ye,

W Zhou, T Shiroka, PK Biswas, X Xu, ZX Shi. Two-gap
superconductivity and topological surface states in TaOsSi.
Physical Review B, no. 100 (2019): 134503. doi:10.1103/
PhysRevB.100.134503. Instrument: Muon Group.

H Xu, P Li, K Ma, RJ Welbourn, J Penfold, RK Thomas,

DW Roberts, JT Petkov. The role of competitive counterion
adsorption on the electrolyte induced surface ordering

in methyl ester sulfonate surfactants at the air-water
interface. Journal of Colloid and Interface Science,

no. 533 (2019): 154-160. doi:10.1016/j.jcis.2018.08.061.
Instrument: INTER and Deuteration Facility.

MH Wood, EK Humphreys, RJL Welbourn. Structural
Changes in Adsorbed Cytochrome c upon Applied Potential
Characterized by Neutron Reflectometry. Langmuir, no. 35
(2019): 6055-6063. doi:10.1021/acs.langmuir.9b00691.
Instrument: CRISP and Materials Characterisation Lab.

DW Wright, EL Elliston, GK Hui, SJ Perkins. Atomistic
Modeling of Scattering Curves for Human IgG1/4 Reveals
New Structure-Function Insights. Biophysical Journal, no.
117 (2019): 2101-2119. doi:10.1016/j.bpj.2019.10.024.
Instrument: SANS2D.

S Wu, JYin, T Smart, A Acharya, CL Bull, NP Funnell,

TR Forrest, G Simutis, R Khasanov, SK Lewin, M Wang,
BA Frandsen, R Jeanloz, RJ Birgeneau. Robust block
magnetism in the spin ladder compound BaFe,Se, under
hydrostatic pressure. Physical Review B, no. 100 (2019):
214511. doi:10.1103/PhysRevB.100.214511.
Instrument: PEARL.

J Xu, O Benton, VK Anand, ATMN Islam, T Guidi, G Ehlers,
E Feng, Y Su, A Sakai, P Gegenwart, B Lake. Anisotropic
exchange Hamiltonian, magnetic phase diagram, and
domain inversion of Nd2Zr207. Physical Review B,

no. 99 (2019): 144420. doi:10.1103/PhysRevB.99.144420.
Instrument: OSIRIS.

X Xu, S Wessman, J Odqvist, SM King, P Hedstrom.
Nanostructure, microstructure and mechanical properties
of duplex stainless steels 25Cr-7Ni and 22Cr-5Ni (wt.%)
aged at 325 °C. Materials Science and Engineering A,

no. 754 (2019): 512-520. doi:10.1016/j.msea.2019.03.046.
Instrument: LOQ.

P Yadav, S Sharma, PJ Baker, PK Biswas, | da Silva, R
Raghunathan, U Deshpande, RJ Choudhary, NP Lalla, A
Banerjee. mu SR and neutron diffraction studies on the
tuning of spin-glass phases in the partially ordered double
perovskites SrMn, W O.. Physical Review B, no. 99 (2019):
214421. doi:10.1103/PhysRevB.99.214421. Instrument:
GEM, MuSR and Muon Group.
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Publications

T Yang, P Jiang, F Jiang, M Yue, J Ju, C Xu, R Cong.
Ca,PbGa,0,: Rational Design, Synthesis, and Structure
Determination of a Purely Tetrahedra-based Intergrowth
Oxide. Angewandte Chemie International Edition, no.

58 (2019): 5978-5982. doi:10.1002/anie.201901373.

Instrument: HRPD.

Z Yang, G Cai, CL Bull, MG Tucker, MT Dove, A Friedrich,
AE Phillips. Hydrogen-bond-mediated structural variation
of metal guanidinium formate hybrid perovskites under
pressure. Philosophical Transactions of the Royal Society
A: Mathematical Physical and Engineering Sciences,

no. 377 (2019): 20180227. doi:10.1098/rsta.2018.0227.
Instrument: PEARL.

B Yesiltas, M Torkkeli, L Almasy, Z Dudas, AF Wacha,

R Dalgliesh, PJ Garcia-Moreno, AM Sgrensen, C Jacobsen,
M Knaapila. Interfacial structure of 70% fish oil-in-water
emulsions stabilized with combinations of sodium
caseinate and phosphatidylcholine. Journal of Colloid and
Interface Science, no. 554 (2019): 183-190. doi:10.1016/j.
jcis.2019.06.103. Instrument: LARMOR.

C Yin, E Solana-Madruga, H Chen, JP Attfield. Cation-
ordered Pb, Bi MnO, solid solutions with magnetic
frustration. Journal of Solid State Chemistry, no. 269
(2019): 336-340. doi:10.1016/j.jssc.2018.09.047.
Instrument: WISH.

H Yin, Y Feng, P Li, J Doutch, Y Han, Y Mei. Cryogenic
viscoelastic surfactant fluids: Fabrication and application
in a subzero environment. Journal of Colloid and
Interface Science, no. 551 (2019): 89-100. doi:10.1016/j.

jcis.2019.05.011. Instrument: LOQ and Deuteration Facility.

T Youngs. Dissolve: next generation software for the
interrogation of total scattering data by empirical potential
generation. Molecular Physics, no. 117 (2019): 3464-
3477. doi:10.1080/00268976.2019.1651918. Instrument:
SANDALS and NIMROD.

F Yuen, M Watson, R Barker, | Grillo, R Heenan,

A Tunnacliffe, A Routh. Preferential adsorption to air-water
interfaces: a novel cryoprotective mechanism for LEA
proteins. Biochemical Journal, no. 476 (2019): 1121-1135.
doi:10.1042/BCJ20180901. Instrument: SANS2D.

A Zachariou, A Hawkins, D Lennon, S Parker, S Matam,
R Catlow, P Collier, A Hameed, J McGregor, R Howe.
Investigation of ZSM-5 catalysts for dimethylether
conversion using inelastic neutron scattering. Applied
Catalysis A General, no. 569 (2019): 1-7. https://doi.
org/10.1016/j.apcata.2018.10.010. Instrument: TOSCA
and MERLIN.

WN Zaharim, S Sulaiman, SN Abu Bakar, NE Ismail,

H Rozak, | Watanabe. The Effects of Split Valence Basis
Sets on Muon Hyperfine Interaction in Guanine Nucleobase
and Nucleotide Structures. Materials Science Forum,

no. 966 (2019): 222-228. doi:10.4028/www.scientific.net/
msf.966.222. Instrument: RIKEN and Muon Group.

M Zanetti, S Bellissima, L del Rosso, F Masi, M Chowdhury,
A De Bonis, L Di Fresco, C Scatigno, J Armstrong, S Rudi¢,
S Parker, M Hartl, D Colognesi, R Senesi, C Andreani,

G Gorini, F Fernandez-Alonso. Neutronic developments

on TOSCA and VESPA: Progress to date. Physica B:
Condensed Matter, no. 562 (2019): 107-111. doi:10.1016/j.
physb.2018.12.034. Instrument: TOSCA.

H Yin, Y Feng, P Li, J Doutch, Y Han, Y Mei. Cryogenic
wormlike micelles. Soft Matter, no. 15 (2019): 2511-
2516. doi:10.1039/c9sm00068b. Instrument: LOQ and
Deuteration Facility.

K Yokoyama, JS Lord, PW Mengyan, MR Goeks, RL Lichti.
Muon probes of temperature-dependent charge carrier
kinetics in semiconductors. Applied Physics Letters, no.
115(2019): 112101. doi:10.1063/1.5115596. Instrument:
Muon Group and HIFI.

0 Young, G Balakrishnan, P Manuel, D Khalyavin, A Wildes,
O Petrenko. Field-Induced Transitions in Highly Frustrated
SrHo,0,. Crystals, no. 9 (2019): 488. doi:10.3390/
cryst9100488. Instrument: WISH.
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J Zang, J Zhang, Z Zhu, Z Ding, K Huang, X Peng, AD Hillier,

L Shu. Broken Time-Reversal Symmetry in Superconducting
Partially Filled Skutterudite Pr, , _Pt,Ge,,. Chinese

Physics Letters, no. 36 (2019): 107402. doi:10.1088/0256-

307X/36/10/107402. Instrument: Muon Group.

XZ Zhan, G Li, JW Cai, T Zhu, JFK Cooper, CJ Kinane,

S Langridge. Probing the Transfer of the Exchange Bias
Effect by Polarized Neutron Reflectometry. Scientific
Reports, no. 9 (2019): 6708. doi:10.1038/s41598-
019-43251-1. Instrument: OFFSPEC and Materials
Characterisation Lab.



J Zhang, ZF Ding, K Huang, C Tan, AD Hillier, PK Biswas,
DE MacLaughlin, L Shu. Broken time-reversal symmetry
in superconducting Pr,_La Pt,Ge,,. Physical Review B, no.
100 (2019): 024508. doi:10.1103/PhysRevB.100.024508.
Instrument: MuSR and Muon Group.

J Zhang, L Longley, H Liu, CW Ashling, PA Chater,

KA Beyer, KW Chapman, H Tao, DA Keen, TD Bennett,
Y Yue. Structural evolution in a melt-quenched zeolitic
imidazolate framework glass during heat-treatment.
Chemical Communications, no. 55 (2019): 2521-2524.
doi:10.1039/c8cc09574d. Instrument: ISIS Science.

RY Zhang, HL Qin, ZN Bi, J Li, S Paul, TL Lee, SY Zhang,

J Zhang, HB Dong. Evolution of Lattice Spacing of Gamma
Double Prime Precipitates During Aging of Polycrystalline
Ni-Base Superalloys: An In Situ Investigation. Metallurgical
and Materials Transactions A, no. 51 (2019): 574-585.
doi:10.1007/s11661-019-05536-y. Instrument: ENGIN-X.

RY Zhang, HL Qin, ZN Bi, J Li, S Paul, TL Lee, B Nenchey,
J Zhang, S Kabra, JF Kelleher, HB Dong. Using Variant
Selection to Facilitate Accurate Fitting of y" Peaks

in Neutron Diffraction. Metallurgical and Materials
Transactions A, no. 50 (2019): 5421-5432. doi:10.1007/
$11661-019-05393-9. Instrument: ENGIN-X.

X Zhang, | da Silva, R Fazzi, AM Sheveleva, X Han,

BF Spencer, SA Sapchenko, F Tuna, EJL Mclnnes,

M Li, S Yang, M Schroder. lodine Adsorption in a Redox-
Active Metal-Organic Framework: Electrical Conductivity
Induced by Host-Guest Charge-Transfer. Inorganic
Chemistry, no. 58 (2019): 14145-14150. doi:10.1021/acs.
inorgchem.9b02176. Instrument: ISIS Science.

P Zhao, H Fang, S Mukhopadhyay, A Li, S Rudi¢,

IJ McPherson, CC Tang, D Fairen-Jimenez, SCE Tsang,
SAT Redfern. Structural dynamics of a metal-organic
framework induced by CO, migration in its non-uniform
porous structure. Nature Communications, no. 10 (2019):
999. doi:10.1038/s41467-019-08939-y. Instrument: IRIS
and TOSCA.

P Zhao, B Chen, J Kelleher, G Yuan, B Guan, X Zhang,

S Tu. High-cycle-fatigue induced continuous grain growth
in ultrafine-grained titanium. Acta Materialia, no. 174
(2019): 29-42. doi:10.1016/j.actamat.2019.05.038.
Instrument: ENGIN-X.

A Zorko, M Pregelj, M Klanjsek, M Gomilsek, Z Jaglicic,

J Lord, J Verezhak, T Shang, W Sun, J Mi. Coexistence

of magnetic order and persistent spin dynamics in a
guantum kagome antiferromagnet with no intersite mixing.
Physical Review B, no. 99 (2019): 214441. doi:10.1103/
PhysRevB.99.214441. Instrument: MuSR and Muon Group.

T Zuo, C Ma, G Jiao, Z Han, S Xiao, H Liang, L Hong,

D Bowron, A Soper, CC Han, H Cheng. Water/Cosolvent
Attraction Induced Phase Separation: A Molecular Picture
of Cononsolvency. Macromolecules, no. 52 (2019):
457-464. doi:10.1021/acs.macromo1.8b02196.
Instrument: NIMROD.

S d’Ambrumenil, M Zbiri, AM Chippindale, SJ Hibble,

E Marelli, AC Hannon. Lattice dynamics and negative
thermal expansion in the framework compound ZnNi(CN),
with two-dimensional and three-dimensional local
environments. Physical Review B, no. 99 (2019): 0243009.
doi:10.1103/PhysRevB.99.024309. Instrument: GEM.

Publications
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M Agote-Aran. Identification of Structure-activity
Relationships in Molybdenum and Iron containing
Zeolites used in Methane Dehydroaromatisation and NO_
Reduction. PhD, UCL Chemistry & Research Complex at
Harwell, 2019.

128

JV Ahlburg. Realising sample environments for x-ray and
neutron powder diffraction -Demonstrated trough in situ

studies of magnetic ferrites. PhD, Aarhus University, 2019.

SD Athanasopoulos. Multiscale granular mechanics: A
neutron diffraction based experimental approach. PhD,
Lund University, 2019.

N Basma. Structure and Ordering in Solvents and
Solutions of Carbon Nanotubes. PhD, University College
London, 2019.

C Blayo. Structure-Self-Assembly-Function Relationships
of Azobenzene Photosurfactants. PhD, Trinity College
Dublin, 2019.

J Cao. SE Response of Guard-Gate FF in 16-nm and
7-nm Bulk FinFET Technologies. Vanderbilt University,
USA, 2019.

M Cataldo. Non-invasive characterization of nuragic
bronzes through neutron diffraction. Masters, Universiti
di Firenze, 2019.

MS Chambers. Oxide lon Conductors for Energy
Applications: Structure and Properties. PhD, Durham
University and Diamond Light Source, 2019.

S Chapman. A spectroscopic investigation of the
structure and interactions of hierarchical zeotype
catalysts for the Beckmann Rearrangement. PhD,
University of Southampton, 2019.

S Chapman. A spectroscopic investigation of the
structure and interactions of hierarchical zeotype
catalysts for the Beckmann rearrangement. PhD,
University of Southampton, 2019.

C Blayo. Structure-self-assembly-function relationships of
azobenzene photosurfactants. PhD, Trinity College
Dublin, 2019.

D Blosser. Spin Dynamics near Quantum Phase
Transitions in Low-Dimensional Magnets. PhD, ETH
Zurich, 2019.

S Chicco. The magnetic structure of Ni,,Mn_In . Sn,
Heusler compounds probed by neutron diffraction and
magnetometry. Master Degree in Physics, University of
Parma, 2019.

C-M Chin. An Investigation of Relaxor Ferromagnets. D.
Phil Thesis, University of Oxford, 2019.

M Buscemi. Investigation of boro-germanate and
germanium disulfide glasses: relation between structure
and properties. PhD, University of Bath, 2019.

R Clulow. Synthesis, Structure and Properties of
Carboxylate Coordination Polymers. PhD, University of St
Andrews, 2019.

V Calabrese. Nanocellulose Assembly In Aqueous Media:
towards hybrid functional materials. PhD, University of
Bath, 2020.

G Cobourne. The Atomistic Structure of Amorphous
Carbonate, Phosphate and Sulfate Biominerals. PhD,
University of Kent, 2019.

HJ Campbell. Novel nitrides and chalcogenides with
the potential for superconductivity. PhD, University of
Glasgow, 2019.

EJ Cornel. Kinetics, Structure and Dynamics of Block
Copolymer Nanoparticles Prepared via RAFT Dispersion
Polymerization. PhD, University of Sheffield, 2019.



AL Davidson. The application of inelastic neutron
scattering in the investigation of iron-based Fischer-
Tropsch catalysts. PhD, University of Glasgow, 2019.

MA Hay. A Study of the Magnetic Anisotropy in a Family
of 3d Trigonal Bipyramidal Complexes. PhD, University of
Glasgow, 2019.

C de Leeuwe. Studies of a fixed bed chemical looping
reactor for H production by in-situ and operando x-ray and
neutron diffraction. PhD, Newcastle University, 2019.

A Di. Tailoring Porous Templated Inorganic Oxide Films.
PhD, University of Bath, 2020.

A Di Giulio. Simulation of the VESUVIO eV neutron
spectrometer using Monte Carlo transport codes. Msci,
Universiti degli Studi di Roma Tor Vergata, 2019.

H Doan. Synthesis, characterisation and applications of
novel hierarchical porous materials. PhD, University of
Bristol, 2019.

L Facheris. Quantum critical dynamics in the presence of
disorder. Masters, ETH Zurich, 2019.

Y Feng. The study of newly found Cr based
superconductors and heavily electron doped iron-based
superconductors. PhD, Fudan University, 2019.

D Ferdani. Investigations of lon Migration in Organo-lead
Halide Perovskites. PhD, University of Bath, 2019.

DA Ferluccio. Improving Thermoelectric Properties
of half-Heuslers through Vacancy and Interstitial
Engineering. PhD, Heriot-Watt University, 2019.

@S Fjellvag. Oxyhydrides - Synthesis, Crystal Structure
and Properties. PhD, University of Oslo, 2019.

N Giordano. The Behaviour of Intermolecular Interactions
at Extreme Pressures. PhD, University of Edinburgh, 2019.

R Gupta. Physical Properties of Charge Density Wave
Superconductor LaPt,Si,. PhD, Indian Institute of
Technology, 2019.

0 Hammond. Deep Eutectic Solvents: structure, solvation,
and synthesis. PhD, University of Bath, 2019.

N Hasanli. The Chemistry and Magnetism of Some
Rhenium and Rhodium Perovskite Oxides. DPhil Thesis,
University of Oxford, 2019.

K Hong. Synthesis and Properties of CaFe,O, and Related
Materials. PhD, University of Edinburgh, 2019.

CM Howard. The ammonia, carbon dioxide and water
ternary system. PhD, University College London, 2019.

B Huddart. Muon stopping sites in magnetic
systems from density functional theory. PhD, Durham
University, 2019.

S Injac. Structural and Magnetic Characterisation of
4d and 5d Mixed Metal Oxides. PhD, The University of
Sydney, 2019.

N Iskounen. Influence of temperature coupling and
mechanical loading on the allotropic transformation of
polycrystalline cobalt. PhD, GeM - Research Institute of
Civil and Mechanical Engineering, 2019.

N Jaladurgam. Heterogeneous deformation of multi-
phase engineering materials - an in-situ neutron
diffraction study. Licenciate of Engineering, Chalmers
University of Technology, 2019.

L Jin. Topochemical Reactions of Ruthenium and
Rhodium Containing Oxide Phases. DPhil Thesis,
University of Oxford, 2019.

K Kawabata. Study of reduction effects and
electronic states in T'-type high-temperature cuprate
superconductors. Masters, Sophia University,
Japan, 2019.

S Kiani. Novel surfactants and nanoparticles as emerging
platforms for fluid flow transport. PhD, Swansea
University, 2020.

J Langlands. Measuring and Modelling the Magnetic Field
of the MICE Spectrometer Solenoids. PhD, University of
Sheffield, 2019.

C-H Lee. Magnetic properties of the rhombohedral
pyrochlore Re,Sb,Mn,0,, (Re=La, Lu, and Y). Chung-Ang
University, 2019.
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A Liptak. Developments towards Bragg edge imaging
on the IMAT beamline at the ISIS pulsed neutron and
muon source: BEAn software. Masters, Royal Holloway
University of London, 2019.

D Macdougal. Neutron scattering studies of low-
dimensional quantum magnets. DPhil Thesis, University
of Oxford, 2019.

GS Moody. Structure and properties of materials under
extreme conditions. PhD, University of Bath, 2019.

H Naseri. Modelling of nozzle cavitation in newtonian and
viscoelastic fluids. PhD, City University, London, 2019.

MT Nayak. Structural Studies of Iron Containing Alkali
Silicate Glasses. PhD, Goa University - India, 2019.

| Manasi. Structural Basis for the Rheology of Molten
Chocolate A Multi-Technique Approach Institution.
University of Edinburgh, 2019.

G Marcucci. Implementation of non-destructive
techniques for in-depth study of archaeological samples.
Masters, University of Milano-Bicocca, 2019.

DA Mayoh. Experimental Studies of Noncentrosymmetric
Superconductors. PhD Thesis, University of Warwick, 2019.

L Mazzei. Local Structure and Dynamics of Proton and
Hydride-lon Conducting Perovskite Type Oxides. PhD,
Chalmers Tekniska Hogskola, 2019.

L Mazzei. Local structure and dynamics of proton and
hydride-ion conducting perovskite type oxides. PhD,
Chalmers University of Technology, 2019.

A McClusky. Coarse-grained modelling for soft matter
scattering. PhD, University of Bath, 2019.

A Nearchou. Zeolites fit for a crown. PhD, University of
Bath, 2019.

V Nele. Engineering responsive liposome systems
for biomedical applications. PhD, Imperial College
London, 2019.

S Nuzzo. Uranium Thiocyanate Compounds in Multiple
Oxidation States. PhD, Trinity College Dublin, 2019.

S Onishi. Impurity-substitution effects on ferromagnetic
fluctuations in heavily overdoped Bi-2201 cuprates.
Masters, Sophia University, Japan, 2019.

0 Pabois. Understanding the interfacial behaviour of bile
salts, a key to their roles during fat digestion. PhD, King?s
College London and ILL, 2020.

Z-W Pan. Design and Construction of a uSR spectrometer
prototype. University of Science and Technology of
China, 2019.

K McCombie. Structure-Property Relationships in Oxide
lon Conducting Hexagonal Perovskites. PhD, University of
Aberdeen, 2019.

LK McLeod. New Conductive Support Materials for
Fuel Cell Catalyst Layers. PhD Thesis, University of
Warwick, 2019.

AAL Michalchuk. Mechanochemical processes in
energetic materials: a computational and experimental
investigation. PhD, University of Edinburgh, 2019.

T Mohayai. A Novel Non-Parametric Density Estimation
Approach to Measuring Muon lonization Cooling and
Reverse Emittance Exchange in the MICE Experiment.
PhD, IIT, Chicago, 2019.

AL Paterson. Experimental and Theoretical Investigation
of Glass Ceramics: The Transparent Ferroelectric
Nanocomposite LaBGeO,. PhD, Dalhousie University,
Halifax, Nova Scotia, Canada, 2019.

GE Perez. Characterisation and Optimisation of the Hole
Transport Interface in Organic Solar Cells for Improved
Performance and Stability of the Devices. PhD thesis,
University of Sheffield, 2019.

I Ramli. The muon-spin resonance (USR) and density
functional theory (DFT) study of YBa2Cu306. PhD,
Hokkaido University, 2019.

A Reid. Strobo-strain: Stroboscopic neutron and X-ray
strain measurements in dynamically loaded engineering
components. PhD, University of Sheffield, 2019.



S Riberolles. Neutron scattering studies of the Q Wang. Neutron Scattering Study of FeSe-Based
geometrically frustrated SrLn,O, materials. PhD, High Temperature Superconductors. PhD, Fudan
University of Warwick, 2019. University, 2018.

Y Shao. Interaction of steroidal molecules with C12- S Yoshida. Structure-Property Correlations in Complex
chain surfactant monolayers and . PhD, King's College Oxides with Broken Inversion Symmetry. PhD, Kyoto
London, 2019. University of Japan, 2020.

Y Shen. Neutron Scattering Studies of Several Strongly D Zeller. Investigations of new methods for studying
Correlated Systems. PhD, Fudan University, 2019. molecular dynamics with elastic neutron scattering.

Université Grenoble Alpes, France, 2019.
J-R Soh. PhD, University of Oxford, 2019.

J Starkie. Wax Anti-Settling Additives. PhD, University of
Cambridge, 2019.

B Tian. Structure and dynamics of fibrous calcium
caseinate gels studied by neutron scattering. PhD, Delft
University of Technology, 2019.

K Titov. Towards practical metal-organic framework
materials: Operando and in situ studies by leveraging
synchrotron and neutron sources. DPhil Thesis, University
of Oxford, 2019.

N Torino. Beyond average crystal structures:
understanding extended and local environments in
proton-conducting Sc-substituted BaTiO3 perovskites .
PhD, Chalmers University of Technology in Gothenburg,
Sweden, 2019.

H Trang Vu. Dynamic reactivity of biomolecules; a
synergy between theory and experiment. PhD, Nanyang
Technological University Singapore, 2019.

| Trussov. Investigation of structure and properties of Li/
Na ion conducting electrolytes and electrode materials.
PhD, University of Birmingham, 2019.

E Velichko. Small-Angle Scattering by Cellulose:
Structural changes in cellulosic materials under chemical
and mechanical treatments. PhD, Delft University of
Technology, 2019.

RMA Vilarinho da Silva. From Structural Distortions
to Physical Properties in Orthorhombic Rare-Earth
Perovskites. PhD, University of Porto, 2019.
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