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XMaS@20

ESRF, The European Synchrotron

20-21 September 2017

We are delighted to welcome so many of you, our users and old
colleagues, here to Grenoble to celebrate the 20th birthday of the
XMaS beamline. Back in 1997 we hardly dared to hope that the
facility would have such a long and useful life. Now we are
looking forward to a major upgrade of the beamline so that it
can take advantage of the ESRF's upgrade of the magne�c 
la�ce, thus giving us a future where XMaS will con�nue to 
facilitate world-leading science for many years to come.

Tom Hase, Chris Lucas and Malcolm Cooper
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XMaS@20

ESRF, The European Synchrotron

20-21 September 2017

Programme

Wednesday 20th September 2017

09:00 Welcoming remarks Malcolm Cooper

University of Warwick, UK

09:10 Opening address Francesco Se�e

Director General, ESRF, France

09:20 XMaS, an EPSRC mid-range facility Simon Crook

EPSRC, UK

09:40 XMaS: the birth of a beamline Malcolm Cooper & William S�rling

University of Warwick, UK & Ins�tut 

Laue Langevin, France

10:00 XMaS: the UK na�onal facility for 
material sciences at the ESRF

Tom Hase & Chris Lucas
Universi�es of Warwick & Liverpool, UK

10:20 Coffee break & tours of the XMaS beamline

11:00 5f electrons at XMaS: successes, puzzles
and failures

Gerry Lander
ITU, Karlsruhe, Germany & Ins�tut Laue 
Langevin, France

11:20 Some unusual experiments in x-ray

diffrac�on physics

Steve Collins

Diamond Light Source, UK

11:40 Structure and collapse of polymer

brushes with tuneable thermo-

responsiveness

Wuge Briscoe

University of Bristol, UK
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12:00 Fabrica�ng and measuring perovskite 

solar cells in-situ during GI-WAXS

measurements

Mejd Alsari

University of Cambridge, UK

12:20 X-ray resonant magne�c reflec�vity for 

spin caloritronics

Timo Kuschel

Bielefeld University, Germany

12:40 Lunch at the ESRF canteen

13:40 Piezoelectric materials characterisa�on 

through in-situ x-ray diffrac�on on XMaS

Markys Cain

Electrosciences Ltd, UK

14:00 Retrospec�ve on XMaS/APS 

collabora�ons

Jonathan Lang

Argonne Na�onal Laboratory, USA

14:20 EuTiO3: the ideal experiment for XMaS Phil Ryan

Argonne Na�onal Laboratory, USA

14:40 XMaS Scien�st Experience—outreach

programme

Kayleigh Lampard

University of Warwick, UK

15:00           Coffee break & tours of the XMaS beamline

15:40 Early days on XMaS: resonant magne�c 

sca�ering; Recent work: charge density 

waves

Ted Forgan

University of Birmingham, UK

16:00 Structure-func�on rela�onships in 

cataly�c materials through XAS 

technique

Gopinathan Sankar

University College London, UK

16:20 Addi�ves to control the polysulphide 

shu�le in Li-S ba�eries 

Maria Alfredsson

University of Kent, UK

16:40 Interfaces in spintronic materials: from

the early days at XMaS

Brian Tanner

University of Durham, UK

17:00 End of the talks

19:30         Dinner at the restaurant Le Fan�n Latour, Grenoble
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XMaS@20

ESRF, The European Synchrotron

20-21 September 2017

Programme

Thursday 21st September 2017

09:20 Building experiments for XMaS—cells,

spectroscopes and so�ware

Mark Dowse�

University of Warwick, UK

09:40 Understanding Ce and Cl specia�on in 

vitreous materials designed for the

immobilisa�on of UK Pu residues

Amber Mason

University of Sheffield, UK

10:00 Energy dispersive white beam diffrac�on: 

transla�ng photon energy into the 3rd 

dimension for one-shot texture analysis

Tilman Grünewald

ESRF, France

10:20      Coffee break & Tours of the XMaS Beamline

11:00 Grazing incidence diffrac�on studies of thin 

film photovoltaics

Emyr Macdonald

University of Cardiff, UK

11:20 Strongly correlated electron systems—how

XMaS changed our understanding

Peter Ha�on

University of Durham, UK

11:40 Phase transi�ons of triblock copolymers Gemma Newby

Xenocs, France

12:00 Determina�on of the sign of the 

Dzyaloshinskii-Moriya interac�on in a series 

of weak ferromagnets by magne�c 

diffrac�on

Guillaume Beu�er

Grenoble Alps University, CNRS,

France

12:20 Synchrotron x-ray diffrac�on in air and 

vacuum: strain and structure at the nano-

scale

Gavin Bell

University of Warwick, UK
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13:40 Structural and proximity induced

magne�sm studies of ferromagne�c/non-

magne�c thin-film systems

Del Atkinson

University of Durham, UK

14:00 Grazing incidence x-ray diffrac�on of 

molecular thin films for organic

electronics

Josue Mar�nez Hardigree

University of Oxford, UK

14:20 Chemical insights from a tender XMaS:

spectroscopy in the sub 4 keV regime

Mark Newton

ETH Zurich, Switzerland

14:40 Closing of XMaS@20

15:00 End of Mee�ng

12:40 Lunch at the ESRF canteen
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XMaS: the birth of a beamline

M. Cooper¹ and W. S�rling²

¹ University of Warwick, UK

² Ins�tut Laue Langevin, France

The inspira�on for the XMaS beamline at ESRF can be traced to informal conversa�ons at a 

Daresbury SRS User mee�ng in the early 90s. 

In our talk, we will describe the development of the beamline concept, the work to secure

funding, and then to design and construct the facility. We conclude with a few words about

the opera�on of the beamline in its early years.

XMaS: the UK na�onal facility for materials science at the ESRF

T. Hase¹ and C. Lucas²

¹ University of Warwick, UK
² University of Liverpool, UK

A brief descrip�on on how XMaS has evolved since it started opera�ng, concentra�ng on the 
last 5 years where we have been a mid-range facility for the UK Materials science
community. We will look at how the user community has con�nually been refreshed and the 
new scien�fic areas that are now ac�ve on the beamline. 

The talk will look ahead to the exci�ng new opportuni�es the upgraded ESRF la�ce and 
source will provide and how XMaS we change to adapt. We will summarise the upgrade
plans and the new opera�onal capabili�es that will be available to users in the future. 
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5f electrons at XMaS: successes, puzzles, and failures

G. H. Lander¹

¹ Ins�tut Laue-Langevin, France

Since the planning stage of XMaS the energy range of the ac�nide M4,5 edges (from 3.5 to
5 keV) was considered of prime interest. We have used this energy range and others to ex-
ploit some of the unique features of XMaS.

Clear successes were obtained in the following
(1) Determining the magne�sa�on profile in U/Fe mul�layers by resonant reflec�vity at 

the U M4 edge [1].
(2) Characterising the change of the charge-density wave (CDW) in epitaxial thin uranium

films as a func�on of the substrate-film interac�on [2]. 

More puzzling were the high-resolu�on studies of the wave-vector in USb
(3) Shi� of wave-vector of magne�c ordering compared to underlying la�ce [3].

Unfortunately, despite heroic efforts, we failed to observe diffrac�on in
(4) Searching for the magne�c resonance in a 0.5 mg sample of 248Cm. Almost certainly

the self-induced radia�on damage of this sample destroyed the la�ce coherence; 
another challenge in ac�nide science!

Other studies concerned the magne�c structure in single crystals within the NpAs-NpSe sys-
tem [4], the first experiments measuring dissolu�on in thin films of UO2 [5], and current
efforts to understand the way hydrogen reacts at the buried interface in UO2/U-metal bi-
layers [6].

References:
[1] S. D. Brown et al., Phys. Rev. B 77, 014427 (2008)
[2] R. Springell et al., Phys. Rev. B 89, 245101 (2014)
[3] N. Bernhoe� et al., J. Phys. Cond. Ma�er 16, 3869 (2004)
[4] V. H. Rodrigues et al., J. Phys.: Cond. Ma�er 23, 026002 (2011)
[5] R. Springell et al., Faraday Discussions 180, 301 (2015)
[6] E. Darnbrough et al., in prepara�on
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Structure and collapse of polymer brushes with tuneable thermo-responsiveness

W. H. Briscoe¹

¹ University of Bristol, UK

Thermo-responsive polymers may be end anchored on surfaces to form brushes, readily and
effec�vely tailoring interfacial proper�es, such as fric�on, adhesion, adsorp�on, and we�ability. How 
the structure of such thermo-responsive polymer brushes responds to the challenge of solu�on 
condi�ons, par�cularly temperature, is rather different to that in the bulk solu�on.  

In the current work, using the atom transfer radical polymerisa�on (ATRP) method, we have 
synthesized thermo-responsive polymer brushes on silicon from two types of monomers containing
ethylene oxide (OE) oligomers of different molecular weight: diethylene glycol methyl ether 
methacrylate (MEO2MA) and oligo ethylene glycol methyl ether methacrylate (OEGMA), as well as
dual polymer brushes containing their mixtures at designated monomer molar ra�os. Their structures 
in air and water have been inves�gated using synchrotron X-ray reflec�vity (XRR) in the temperature 
range 20–70 oC using a custom-designed XRR liquid cell.

Our results show that the brush thickness ranges from 10–250 nm in air, depending on the
polymerisa�on parameters and the composi�on of the monomer mixtures. In water, the structures of 
the polymer brushes are perturbed by elevated temperatures, and when collapsed, the brushes are
best described by a bilayer model: comprising an inner dense layer proximal to the substrate, and a
more diffused outer layer. Importantly, instead of a well-defined LCST, the structural change of the 
polymer brushes with the temperature is a gradual transi�on, which also depends on the monomer 
composi�on in the brushes. 

These unprecedented synchrotron XRR results shed light on the structure of thermo-responsive
polymer brushes at the solid-water interface, and the physical mechanisms of their collapse when
challenged with temperature. Our results also point to how such thermo-responsiveness might be
tuned by tailoring the brush molecular composi�on.

Some unusual experiments in x-ray diffrac�on physics

S. P. Collins¹, D. Laundy¹, G. Beu�er², V. E. Dmitrienko³ , E. N. Ovchinikova4 , G.
Nisbet4 , M. Tolkiehn5 , L. Bouchenoire6 , S. Brown6 et al

¹ Diamond Light Source, UK
² Univ. Grenoble Alpes & CNRS, France
³ Shubnikov Ins�tute of Crystallography, Russia
4 Lomonosov Moscow State University, Russia
5 DESY, Germany
6 XMaS, France

XMaS – the UK CRG beamline at the ESRF – is not excep�onal in terms of key performance metrics 
(flux, resolu�on, polariza�on etc). Why, then, has it played such a dispropor�onately prominent role in 
developing and nurturing new techniques and novel science?

We highlight a number of our more ‘exo�c’ experiments carried out during two decades of user 

opera�on, and look forward to an equally produc�ve future.
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Fabrica�ng and measuring perovskite solar cells in-situ during GI-WAXS
measurements

M. Alsari¹, O. Bikondoa², S. Lilliu³
¹ University of Cambridge, UK
² XMaS, France
³ University of Sheffield, UK

Perovskite photovoltaics is one of the fastest growing opto-electronic technologies with
device efficiencies currently exceeding 20%.[1-5] The opportunity to deposit these abundant
materials with large area solu�on processing techniques make perovskites viable for near 
future commercializa�on.[6,7] Research has evolved from the conven�onal CH3NH3PbI3

(shortly ‘MAPI’)[8] to more complex perovskite blends to further improve the efficiency and 
stability of these solar cells.
In the standard ver�cal solar cell architecture, the Transparent Conduc�ve Oxide layer 
(TCO), the Electron and Hole Transport Layers (ETL and HTL), the ac�ve perovskite layer, and 
the top electrode are stacked ver�cally. The light conver�ng perovskite layer is therefore 
buried and not directly accessible once the device fabrica�on has been completed. During 
the fabrica�on, the ac�ve layer must be annealed to convert the as-coated perovskite
precursor material into the perovskite layer, with annealing �mes and temperatures 
depending on the specific perovskite precursor solu�on. Our former works have been 
mainly focussed on in-situ GI-WAXS studies during the annealing of the perovskite layer [9,
10]. These results have been indirectly correlated with the device performance. However, a
direct correla�on between the opto-electrical proper�es and the structural proper�es of 
these devices can only be achieved by monitoring the current-voltage characteris�cs and the 
GI-WAXS pa�erns simultaneously during the device fabrica�on.
The Interdigitated Back Contact (IBC) Perovskite Solar cell concept was introduced in early
2016 by our group at the Cavendish Laboratory [4]. This architecture significantly differs 
from the ver�cal architecture, as the ac�ve layer deposi�on represents the final step in the 
device fabrica�on and is directly accessible.
In collabora�on with the XMaS beamline, we have developed a system for fabrica�ng IBC 
perovskite solar cells in-situ with our GI-WAXS annealing chamber (Figure 1). The employed
substrates consist of two interdigitated ITO electrodes with electrodeposited PEDOT and TiO2,
which can extract holes and electrons respec�vely. The substrates are mounted on the hotplate 
at 100°C and fixed in place with two electrical connec�ons (gold coated screws). The perovskite 
material is then drop cast via a pipe�e �p and a remotely controlled syringe pump (Figure 1a).
At the same �me, GI-WAXS pa�erns are recorded (Figure 1c) every 1 min, thus allowing to
follow the perovskite precursor drying process in real �me. The two electrodes are connected 
to a Keithley mul�meter, which is used in conjunc�on with a 1 sun light source mounted on the 
ceiling of the annealing chamber to probe the current-voltage characteris�cs of the IBC solar 
cell in real �me during the anneal (Figure 1b,c).
In Figure 1b we show normalized opto-electrical figures of merit of an IBC perovskite solar 
cells drop-cast from a CH3NH3Pbl3 : PbCl2 (2.95: 1 mol) precursor solu�on along with GI-
WAXS pa�erns collected at different �mes. In this specific case, the Jsc and therefore the 



16

a b

c d

Figure 1 | Setup developed at XMaS for the fabrica�on and opto-electrical measurement of IBC solar

cells in-situ during GI-WAXS measurements. a. Drop-cas�ng the perovskite precursor solu�on. b. Opto-

electrical solar cell figures of merit measured in-situ anneal. c. Four GI-WAXS diffrac�on pa�erns 

measured during the in-situ anneal. d. Setup at XMaS showing our annealing chamber mounted on the

cryo-mount, the MAR detector and the mul�meter

PCE struggle reaching a steady state value within 1h (compared to spin coated devices,
not shown here). This is explained by the fact that a full conversion between the precursor
and the perovskite phase has not been achieved, as clear from the permanence of precur-
sor ring located at q ≈ 0.8 Å-1 a�er 3h from the ini�al material deposi�on.

In conclusion, by fabrica�ng IBC solar cells in-situ we can directly correlate the opto-
electrical proper�es with the structural proper�es of perovskite solar cells. This experi-
mental method allows to immediately explain why a specific solar cell is performing well 
or not. It also allows iden�fying the op�mum annealing �mes and temperatures.
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[7] K. Hwang et al., Advanced materials 27, 1241-1247 (2015)
[8] S. Lilliu et al., Advanced Func�onal Materials 26, 8221-8230, (2016)
[9] S. Lilliu et al., CrystEngComm 18, 5448-5455, (2016)
[10] A. T. Barrows et al., Advanced Func�onal Materials 26, 4934-4942 (2016)

X-ray resonant magne�c reflec�vity for spin caloritronics 
T. Kuschel¹

¹ Bielefeld University, Germany

Almost 10 years ago, the thermal genera�on of spin currents in magne�c material was the 
star�ng point of the rising research area ‘spin caloritronics’ [1]. The so called ‘spin Seebeck 
effect’ [2] is nowadays used by a huge number of research groups to study thermally 
generated spin currents and their spin transport proper�es [3]. In these experiments, there 
are o�en parasi�c charge transport based effects involved that hamper the unambiguous 
spin transport effects [4]. In order to disentangle the different contribu�ons, a detailed 
knowledge about the spin accumula�on and polariza�on in the magne�c material and at the 
interfaces is strongly required. Here, synchrotron based x-ray resonant magne�c reflec�vity 
(XRMR) is the key technique to use [5,6]. It provides element selec�vity and spin depth 
resolu�on, both necessary to dis�nguish the different spin and charge transport 
contribu�ons. In my talk, I will introduce the spin caloritronics research field and especially 
the spin Seebeck effect. I will further show XRMR experiments performed at the XMaS 
beamline at ESRF and how the results lead to the separa�on of spin and charge transport 
phenomena [7]. In the future, this technique will also support other spintronic research
areas such as ‘spin orbitronics’ and spin Hall physics [8].

References

[1] G. E. W. Bauer, E. Saitoh, B. J. van Wees, Nat. Mater. 11, 391 (2012)
[2] K. Uchida et al., Appl. Phys. Le�. 97, 172505 (2010)
[3] J. Shan, TK et al., Phys. Rev. B 94, 174437 (2016)
[4] D. Meier, TK et al., Nat. Commun. 6, 8211 (2015)
[5] T. Kuschel et al., Phys. Rev. Le�. 115, 097401 (2015)
[6] T. Kuschel et al., IEEE Trans. Magn. 52, 4500104 (2016)
[7] P. Bougia�o�, TK et al., arXiv:1702.05384 (2017)
[8] T. Kuschel and G. Reiss, Nat. Nanotechn. 10, 22 (2015)
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Piezoelectric materials characterisa�on through in-situ X-Ray diffrac�on on 

XMaS

M. Cain¹
¹ Electrosciences Ltd

To really understand the nature of the complex phenomena occurring in piezoelectric

materials when subjected to high fields, temperatures, stresses or under dynamic condi�ons 

requires tools that can quan�fy the materials func�onal response whilst simultaneously 

probing the materials structure, its crystallography and order/disorder at various length

scales. This goal has been achieved on XMaS as we have worked together under two

European research programmes to develop new in-situ metrologies for func�onal materials. 

In this presenta�on, I will explain the need for such in-situ in-operando measurements and

what we have developed with the XMaS team during the past 5 years or so. The

collabora�on hasn’t ended and a new European metrology project star�ng September 2017 

kicks off another tool development that will help posi�on XMaS as a leading measurement 

facility for fundamental and applied scien�fic research.

Retrospec�ve on XMaS/APS collabora�ons

J. Lang¹
¹ Argonne Na�onal Laboratory, USA

The magne�c materials group at the APS and XMaS have had a long history of collabora�ng 
on various scien�fic and technical projects. These primarily have focused on development of
novel capabili�es for x-ray sca�ering.  This talk will be a retrospec�ve describing a few of 
these projects how they have enhanced the produc�vity and impact of both facili�es.
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EuTiO3: the ideal experiment for XMaS
P. Ryan¹, J.W. Kim¹, P.J. Thompson², S. Brown², P. Normile³, J.H. Lee4, D. Schlom4, A.

Weidekaffe5

¹ Argonne Na�onal Laboratory, USA
² XMaS, France
³ Universidad de Cas�lla—La Mancha, Spain
4 Cornell University, USA
5 University of Stu�gart, Germany

EuTiO3 (ETO) is an an�ferromagne�c magneto-dielectric simple ABO3 cubic perovskite. It was
theorized that it had poten�ally strong coupling between its electric and magne�c order 
parameters. This talk briefly reviews how we sought to uncover and control this intricate 
rela�onship taking full advantage of the capabili�es of XMaS beamline.

The experiment needed X-ray magne�c sca�ering for Eu spin structure studies, Ti 
spectroscopic informa�on, higher energy x-rays for structural measurements, low
temperature (<2K) with high voltages on the sample (at least 2kV), and magne�c fields (at 
least 1T). While we were developing all this capability at sector 6-ID,B at the APS, it turns
out, XMaS had it all. Employing both epitaxial strain to tetragonally distort the system,
playing with the compe�ng phonon modes related to transverse Ti related mo�on and the 
rota�onal oxygen mo�on we altered the magne�c landscape whereby coexis�ng FM driven 
double exchange and the AFM superexchange interac�ons compete for spin order 
dominance. In addi�on, we grew extreme high quality single crystals to complement our 
fundamental understanding employing the purest form of the material itself before strain
contaminates the simplicity of the material.

XMaS Scien�st Experience – outreach programme
K. Lampard¹

¹ University of Warwick, UK

The XMaS Scien�st Experience was conceived as an impact project aimed at promo�ng 
career aspira�ons for 17-18 year old female school students, to address the gender
imbalance in STEM. It has currently welcomed 3 groups of UK students and 1 group of
Swedish students. The compe��on asks entrants to research a famous female role model 
and describe her impact to science and 14-16 successful winners are then taken to visit the
XMaS facility, take part in Synchrotron@schools and meet the scien�sts at ESRF. It is 
currently in its third year and the programme has since been broadened to include
complementary events including the XMaS Science Gala, XMaS student showcase and other
events to broaden its impact to others. We reflect on the successes so far and discuss the 
future for the project.
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Early days on XMaS: resonant magne�c sca�ering; Recent work: charge density 

waves

E.M. (Ted) Forgan¹

¹ University of Birmingham, UK

Structure-func�on rela�onships in cataly�c materials through XAS technique

G. Sankar¹ (University College London)

¹ University College London, UK

The field of chemistry, physics and associated material science and engineering evolved due to the 
ability to produce a range of novel materials with combina�on of, in par�cular chemical, physical 
proper�es, has changed the modern society. For example, a range of func�onal materials have been 
developed with the aim to improve, electric, magne�c, op�cal, cataly�c proper�es to name a few.  
Catalysis is one of the most important areas of chemical sciences.
Several cataly�c materials have been developed over the last century for a range of chemical reac�ons 
encompassing areas that are related to Energy, Environment, fine-chemical and petro-chemical
produc�on.  
Determining the structure of the catalyst and ac�ve sites, in par�cular, has led to the development of 
more efficient systems.  In many cases the ac�ve site is present in very small amounts in a large matrix.  
Understanding the structure of the ac�ve site through conven�onal techniques have not been possible 
due to small concentra�ons.  Therefore, X-ray absorp�on spectroscopy (XAS), an element specific 
technique, has been widely used to determine the electronic and geometric structure of the ac�ve 
sites using both ex-situ and in-situ (under opera�ng condi�ons).  
Here, we will show how structure of ac�ve sites evaluated through XAS studies have enabled the 
determina�on of structure-func�on rela�onships.  

The name of this beamline and its design indicated a desire to use the enhancement of magne�c 
sca�ering at X-ray absorp�on edges to inves�gate magne�sm in a non-neutron way. We concentrated
on rare earth elements: principally neodymium (which contains an amazing zoo of mul�ple-q incom-
mensurate an�ferromagne�c structures) but also looked at samarium and gadolinium. These experi-
ments were before the wonderful remote adjustments of cryostat posi�on and ingoing and outgoing 
“nose-slits” were designed and constructed. Every �me you wished to adjust them, you had to switch 
off the beam, go into the area, move something manually, re-interlock the area and then see what the
effect was. This was also the period when a corner of the diffractometer interfered with the z-mo�on 
of the closed-cycle cryocooler.
Jump forward to recent years, and the many technical improvements pioneered on this beamline have
been licensed, and copied elsewhere, and the very flexible design and geometry of the diffractometer, 
plus all the addi�onal sample environment have allowed experiments on a huge range of systems. We 
have used XMaS to make the first observa�ons of the actual atomic displacements in an underdoped 
High-Tc superconductor, when superconduc�vity is suppressed by a charge density wave. It remains a 
moot point whether we can easily remove these CDWs and enhance superconduc�vity, and also 
whether these effects are fundamental to our understanding of High-Tc materials, or yet another joke
played on us by Nature.
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Addi�ves to control the polysulphide shu�le in Li-S ba�eries
M. Alfredsson¹ and N. Yokota¹

¹ University of Kent, UK

Lithium Sulphur (Li-S) ba�eries are considered as one of the most promising candidate to replace 
current Lithium ion ba�ery materials due to its high theore�cal energy density at much lower cost.[1] 
However, the commercial applica�on of Li-S ba�eries are s�ll not capable due to many problema�c 
issues including poor cyclability and rapid capacity decay caused by polysulphide shu�le reac�on.[2]

In this project we are using X-ray absorp�on spectroscopy XAS to understand the effect of addi�ves to 
the sulphur cathode in Li-S ba�eries. The addi�ves include both conduc�ng polymers as well as 
transi�on metal compounds. The purposes of the addi�ves are to reduce the long-chain polysulphide
forma�on, or to ensure that the charged long-chained polysulphides are retained at the cathode side
of the ba�ery to reduce the polysulphide shu�le reac�on.

From the measurements on polyaniline (PANI) and poly(3,4-ethylenedioxythiophene) polystyrene
sulfonate (PEDOT:PSS) we have been able to establish that PANI reduce the forma�on of long-chain
polysulphides, whereas PEDOT:PSS increase the energy density while s�ll improving the energy 
capacity, sugges�ng that the charged polymer units in PEDOT:PSS might act as traps for the 
polysulphides. The schema�c mechanisms using PANI and PEDOT:PSS as binders in the Li-S ba�ery are 
shown in (Figure 1). We propose that the PANI form small pockets that diminish the polysulphide long-
chain polysulphide forma�on owing to the small size of these voids.

Figure 1 Schema�c pictures of the le�) short-chain polysulphide forma�on in PANI and right) long-chain
polysulphide forma�on in PEDOT:PSS.

References
[1] S.S. Zhang, J.Power.Sour 231, 153 (2013)
[2] L. Nazar, J.Mater.Chem., 20, 9821, (2010)
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Interfaces in spintronic materials: from the early days at XMaS

B. K. Tanner¹
¹ Durham University, UK

In close collabora�on with Bryan Hickey’s group at Leeds, the Durham group ran its first 
experiment on XMaS on the 25th April 1998, very soon a�er it became a user facility. Prior 
to that, the group had made extensive use of the powder diffrac�on beamline 16.3 at the 
Darebury SRS to measure the specular and diffuse X-ray sca�er at grazing angle to study the 
role of interfaces on the magnetotransport proper�es of thin film spintronic materials, 
especially the Co/Cu system.

These first XMaS experiments, which were par�ally successful, were aimed at measuring the 
topological roughness and interdiffusion in epitaxial cube-oriented Au/Fe mul�layers, 
chosen because they were strong candidates for the observa�on of electron channelling. 
This channelling was indeed observed subsequently [1], but measurement of the satura�on 
conduc�vity showed that the number of specular reflec�ons occurring during electron 
channelling remained unchanged even though the interfacial roughness was changed by a
factor of six, discoun�ng the role of diffuse sca�ering at the interfaces [2]. Further 
experiments at XMaS enabled us to resolve a long standing dispute concerning the structural
phase transi�on in Fe layers grown on (111) Au [3].

I will describe these and subsequent successful experiments, principally using grazing
incidence sca�ering and in-plane diffrac�on, on a number of thin film spintronic systems. 
These include spu�ered Co/Pd, CoFeB/MgO, Cu/NiFe and epitaxial Ni/Cu mul�layers and 
thin films. Also men�oned will be unsuccessful experiments, especially those aimed at 
studying magne�c sca�ering, where parasi�c sigma-sigma sca�ering from an analyser not 
exactly set for 90 degree sca�er swamped the signal. The lessons learnt from these failures 
were nevertheless valuable.

My experiments at XMaS con�nued un�l 2011 by which �me I had deserted BM28 for the 
delights of the new Diamond Light Source in leafy Oxfordshire, where I con�nue to research.
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Building experiments for XMaS - cells, spectroscopes and so�ware

M. Dowse�¹,² and A. Adriaens²

¹ University of Warwick, UK

² Ghent University, Belgium

Mo�vated ini�ally by a need to inves�gate corrosion and conserva�on techniques for 
heritage metals we started working on XMaS in 2006 having then recently developed a cell
for spectroelectrochemistry – the electrochemical / environmental cell or eCell. The eCell is
a PCTFE Bragg cell with a tympanic window made from Kapton® (for XRD and XAS) or
Ultralene® (for XEOL-XAS) with the sample mounted on a piston. When the sample is placed
at around 100 microns from the window, it maintains contact with electrolyte whilst a
pa�ern is recorded using a Mar or Pilatus camera. The sample can then be more fully 
immersed between pa�ern acquisi�ons.  Due to the flexibility of XMaS eCell was able to 
evolve rapidly to provide a pla�orm for simultaneous XRD combined with: electrochemistry, 
exposure to reagent films, reac�ons in controlled atmospheres, and other experiments.  
Variants of the eCell have been used to study copper and lead corrosion, electrochemical
conserva�on methods, the coa�ng of lead with long chain carboxylates and the chemistry of 
copper intrauterine devices.  In parallel, in our esaProject so�ware, computa�onal methods 
have been developed for processing large numbers of 2D XRD pa�erns, extrac�ng 1D 
pa�erns from them, and then mining trends in either, and also s�tching together pa�erns 
from a flat camera face moved in 2-theta into a single pa�ern to cover a large angular range 
at high resolu�on. Similar processing is also available for XEOL-XAS image stacks and XAS
spectra.
Metal corrosion is generally non-uniform. It is also valuable to study its early stages when it
may be too thin to detect using conven�onal XRD or XAS.  XEOL-XAS with a surface
specificity in the 100s nm range offers a poten�al method for such studies and, since the 
informa�on is carried by light, also offers the possibility of full field microscopy using 
conven�onal op�cs. We first developed a single channel XEOL-XAS spectroscope, ODXAS 1
and encouraged by the results from this went on to build a full-field CCD-based microscope,
XEOM 1.  One significant result from this work has been a demonstra�on that microfocus x-
ray beams used for imaging cause significant surface modifica�on compared to a full-field 
approach where the input power density is much lower.
Total electron yield x-ray absorp�on spectroscopy (TEYXAS) is the most surface specific XAS 
method because the escape depth of the Auger and other electrons it detects is in the single
nm range.  It therefore has poten�al for studies of catalysis and similar phenomena.  
Working with Paul Thompson we are developing a TEYXAS capability for XMAS intended to
work in controlled atmospheres from low vacuum to around 1 bar. Uniquely, the detector
will preserve spa�al informa�on with a lateral resolu�on of 100 microns or so, even at high 
gas pressures, by immersing the sample and the detector in a magne�c field produced by a 
thin solenoid.  Electrons produced in the ionisa�on bubble due to the stopping of an Auger 
electron a micron or so above the sample will be subject to gas cooling by the ambient and
will follow the lines of magne�c flux from the solenoid whilst dri�ing in a weak electric field.  
Expansion of the flux gives magnifica�on according to the rela�ve distances of the sample 
and the detector from the plane of the solenoid.
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We propose to use a gas electron mul�plier (kindly donated by the Detector Group at CERN) 
as the detector.  When this is matched with a resis�ve anode encoder or a similar device, 
some lateral resolu�on will be possible although ini�al tests of the system will be carried out 
using a plain anode.

When collec�ng XEOL-XAS image stacks it is usually impossible to predict in advance which
op�cal bands will yield sta�s�cally useful images.  Collec�ng an image stack through an 
op�cal filter takes several hours so the number of filter/sample combina�ons per beam-�me 
alloca�on is severely limited.  Furthermore, the dynamic range of light sensi�ve pixellated 
devices such as CCDs is not par�cularly good, being limited to 3 or 4 orders of magnitude by 
thermal noise and satura�on.  So although our original inten�on was to build a spectroscope 
incorpora�ng a CCD into XEOM 1, both as a tool in its own right and to allow the op�cal 
band to be surveyed in XEOL-XAS in parallel prior to imaging, it is clear that be�er sensi�vity 
(single photon coun�ng) and dynamic range (5 or 6 orders of magnitude) can be achieved 
using photomul�plier tubes.  We are therefore designing and building a spectroscope with 
10 or 12 channels for parallel sampling of the op�cal band in 70 nm segments. Each channel
comprises an objec�ve lens, a narrow band filter and a photomul�plier tube, all collec�ng 
light from the same x-ray illuminated area. When completed, the device will make much
more efficient use of beam �me for the collec�on of XEOL-XAS than we can at present.

Understanding Ce and Cl specia�on in vitreous materials designed for the 
immobilisa�on of UK Pu residues

A.R. Mason¹, N. C. Hya�¹, M. C. Stenne�¹
¹ University of Sheffield, UK

UK stocks of separated civil plutonium are projected to exceed 140 tons at the end of
reprocessing.  This material may require immobilisa�on in a prolifera�on resistant 
wasteform, should it prove uneconomic to recycle in MOX fuel.

As part of this project, several wasteforms have been inves�gated for their poten�al to 
immobilise such wastes, one of which being alkali �n silicate glass. When using CeO2 as a
PuO2 surrogate, a two-fold increase in Ce solubility was achieved by in-situ reduc�on of 
CeO2 to Ce2O3, as demonstrated by Ce L3 XANES, through addi�on of zero valent iron. This 
mechanism also assisted in reducing the processing temperature.

Glass ceramic materials are also a feasible poten�al for the immobilisa�on of these wastes, 
par�cularly those contaminated with Cl during interim storage in PVC. In this scenario, Cl K 
edge spectroscopy was used to understand how Cl solubility in the glass ceramic is
controlled by specia�on and local environment. This will eventually enable a maximum Cl 
limit to be obtained for safe disposal of this waste stream.
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Energy dispersive white beam diffrac�on: transla�ng photon energy into the 3rd 
dimension for one-shot texture analysis

T. A. Grünewald¹, H. Rennhofer², Pieter Tack³, D. Wermeille 4, M. Al-Jawad5, S. E.
Wolf6, L. Vincze³, H. C. Lichtenegger²

¹ ESRF, France
² University of Natural Resources and Life Sciences (BOKU), Austria
³ Ghent University, Belgium
4 XMaS, France
5 Queen Mary University London, UK
6 University of Erlangen, Germany

Biomineralized �ssues and poly-crystalline bio-inspired materials o�en exhibit complex 
architectures involving sub-structures with preferred crystallite orienta�on 
(crystallographic  texture). The crystallographic texture is in�mately linked with crystal 
growth and therefore teaches us important lessons about biomineraliza�on and is o�en 
also associated with material func�onality. Examples are bone, teeth, sea shells, 
crustacean cu�cle, etc. Unfortunately 3D informa�on about crystallite orienta�on is 
par�cularly difficult to obtain in such complex materials, since diffrac�on pa�erns 
recorded with state-of-the-art area detectors are inherently 2-dimensional. 3D
informa�on requires rota�on of the sample that which leads to different volume elements 
being irradiated at every angle and therefore obscuring of the signal.

This obstacle can be overcome in an elegant way by a novel approach using mul�ple 
wavelengths (white beam) to collect informa�on on differently oriented crystallites. The 
approach is similar to tradi�onal Laue diffrac�on, but with the important difference of 
using an energy dispersive area detector for recording the sca�ering pa�erns (energy 
dispersive Laue diffrac�on, EDLD). In this way, the x-ray energy becomes the missing 3rd

dimension in space.

We have, for the very first �me, demonstrated the feasibility of such an approach for 3D 
texture measurements in general and analysis of complex materials in par�cular. For this 
purpose we employed EDLD on carbon fiber samples containing different fiber 
orienta�ons and showed that the new method allows direct 3D reconstruc�on of 
crystallite texture and the acquisi�on of “one-shot” pole figures without sample rota�on. 
Proof of principle was also obtained for biomineralized �ssue. The major poten�al of this 
method lies in the direct 3D informa�on that could allow texture scanning of larger 
sample with complex sub-structures or following texture changes in-situ during
mineraliza�on processes due to its inherent “one-shot” nature.
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Grazing incidence diffrac�on studies of thin film photovoltaics

J. E. Macdonald¹ and S. Lilliu²
¹ Cardiff University, UK

² University of Sheffield, UK

Grazing incidence x-ray diffrac�on is a prime tool to characterise the structure and molecular 
ordering in thin films. In-situ thermal processing of the archetypal organic photovoltaic
P3HT/PCBM blend was inves�gated in real �me, giving the temporal varia�on of 
crystalliza�on, disorder, and orienta�onal spread [1].

We also report on a dynamic study of grain rota�on during in-situ annealing of CH3NH3PbI3

perovskite films for ~12% efficient planar solar cells and present a new method for 
inves�ga�ng their texture evolu�on during thermal annealing.  This approach to tracking a 
sta�s�cally relevant number of spots diffrac�ng from single grains in a grazing incidence 
geometry has poten�al for a broader range of applica�ons to understand the processing 
dynamics of a range of materials [2].  We also relate this approach briefly to a recent new 
approach to grain sampling using nanofocus beams [3].
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Strongly correlated electron systems - how XMaS changed our
understanding

P. D. Ha�on¹
¹ Durham University

Strongly Correlated Materials, or Quantum Materials, are a wide class of compounds whose
behaviour cannot be understood on the basis of non-interac�ng electrons. This group of 
materials contains heavy fermions, as well as transi�on metal oxides and include high 
temperature superconductors, spintronic materials, Mo� insulators, spin Peierls and quasi-
low-dimensional systems. Typically, strongly correlated materials have incomplete d- or f-
electron shells with narrow energy bands. The term strong correla�on refers to the 
behaviour of the electrons which cannot be described by mean field theories, local-density
approxima�on, density func�onal theory or Hartree-Fock theories. Thus, these materials sit
between simple free electron metals or completely ionic insulators. As a result, this group of
materials o�en display technologically useful electronic and magne�c proper�es such as 
metal-insulator transi�ons, magne�c and orbital ordering, half-metallicity, spin-charge
separa�on or even quantum spin liquids.

Experimentally, op�cal spectroscopy, high-energy electron spectroscopies, resonant
photoemission and, more recently, resonant inelas�c and elas�c (both hard and so�) X-ray
sca�ering and neutron spectroscopy have been used to study the electronic and magne�c 
structures of strongly correlated materials. In this talk I will highlight some of the structural
and magne�c studies using XMaS that have been used to understand strongly correlated 
electron systems. Such studies require synchrotron radia�on as well as a mul�circle 
diffractometer with variable temperature and magne�c field sample environments as well 
as analysers selected for different x-ray energies. Vital to such studies are the ability to tune
the energy of the x-ray beam to elemental absorp�on edges, as well as the need for 
polarisa�on control of both the incoming x-ray beam and the outgoing sca�ered beam. 
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Phase transi�ons of triblock copolymers

G. Newby¹
¹ Xenocs, France

Pluronics are highly desirable nonionic amphiphilic triblock copolymers with block structure
ABA. They have been extensively studied in the bulk [1] and few studies at the surface [2].
The applica�ons of Pluronics range from drug delivery [3] to personal care products [4] and 
hence have an extremely rich phase behaviour.
Here, GISAXS has been used to determine the structural proper�es of these aqueous 
systems at various concentra�ons.  A variety of structures result from correlated micelles to 
mesoporous arrays, confirming the rich phase behaviour and therefore high tunability of 
Pluronics.

Figure 1: Le� – Bulk phase diagram from SAXS, Right – Surface phase diagram from GISANS (5 – 30 wt%) and

GISAXS (35 – 50 wt%, not shown since at 35wt% and above there is mainly the HCP phase (up to 25 °C) and Lamellar

phase exis�ng at the surface).

The surface morphology of selected concentra�ons of Pluronic P85 has been achieved, 
which is unlike the bulk behaviour as seen in figure 1.  The order that these systems produce 
could be extremely technologically important especially if the order is over a large area since
this large domain size is desirable for many applica�ons.
The research started at XMaS, ESRF which then involved knowledge transfer to I07,
Diamond.  GISANS was also undertaken on FIGARO at the ILL.  The research then led to �me 
resolved studies as a postdoc on ID09, ESRF.  Now my place is at Xenocs as an Applica�on 
Scien�st and the skills and knowledge gained at XMaS s�ll assist me in all aspects of my 
work!
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Determina�on of the sign of the Dzyaloshinskii-Moriya interac�on in a series of weak 
ferromagnets by magne�c diffrac�on

G. Beu�er 1, S. P. Collins 2, O. V. Dimitrova 3, V. E.Dmitrienko 4, M.I. Katsnelson 5,6, Y.O. Kvashnin 7, A.I.
Lichtenstein 6,8, V. V. Mazurenko 6, G. Nisbet 3, E. N. Ovchinnikova 3, D. Pincini 2,9

1 Univ. Grenoble Alpes & CNRS, France
2 Diamond Light Source, United Kingdom
3 Lomonosov Moscow State University, Russia
4 Shubnikov Ins�tute of Crystallography, Russia
5 Radboud University Nijmegen, The Netherlands
6 Ural Federal University, Russia
7 Uppsala University, Sweden
8 Universität Hamburg, Germany
9 University College London, United Kingdom

The an�symmetric exchange interac�on, a.k.a. the Dzyaloshinskii-Moriya interac�on (DMI), promotes 
non-collinear ordering of the spins. It is a key ingredient in exo�c magne�c structures such as 
skyrmions, spiral orders in mul�ferroics, etc. In weak ferromagnets, it is responsible for a small can�ng 
of the spins in an otherwise collinear an�ferromagne�c order, resul�ng in a small net magne�c 
moment. The can�ng angle provides a direct evalua�on of the magnitude of the DMI, but the 
determina�on of its sign is not as straigh�orward. 
We have developed an experimental method, based on an interference between a magne�c structure 
amplitude and a charge structure amplitude, to obtain the sign of the an�ferromagne�c structure 
factor while forcing the direc�on of the net ferromagne�c moment. The sign of DMI is retrieved from 
this measurement [1].
We inves�gated 4 isostructural weak ferromagnets and observed a reversal of the sign of the DMI with 
the filling of the 3d band. The signs and magnitudes are confirmed by first-principle calcula�ons. This 
study validates a toy-model providing a simple microscopic understanding to a complex interac�on [2]. 
The method was developed first at XMaS, where we measured three of the four materials.

Figure 1: Atomic and magne�c structures of FeBO3 and MCO3 (M=Mn,Co,Ni) weak ferromagnets (the boron and

carbon atoms have been omi�ed for clarity). Two magne�c structures (le� and right pictures) are possible, 

depending on the sign of the DMI, for the same direc�on of the ferromagne�c moment aligned by an external 

magne�c field.
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Synchrotron x-ray diffrac�on in air and vacuum: 
strain and structure at the nano-scale

G.R. Bell¹, C.W. Burrows¹, T.P.A. Hase¹, J.D. Aldous¹, S.A. Ha�ield¹, M.J. 
Ashwin¹

¹ University of Warwick, UK

Pnic�de materials (those containing group V elements) demonstrate a remarkably di-
verse range of proper�es including semiconduc�ng behaviour, topologically protected sur-
face states or unique magne�c configura�ons [1,2]. These compound pnic�des are o�en 
epitaxially compa�ble with one another and, consequently, can be combined to produce 
device structures with novel func�onality. X-ray diffrac�on (XRD) is a powerful tool for the 
study of these structures and an approach combining symmetric (sca�ering vector perpen-
dicular to the sample surface) and grazing incidence (sca�ering vector parallel to the sur-
face) geometries is beneficial in understanding these structures completely. In this work, we 
demonstrate this combined approach using epi-layers of MnSb grown on compound semi-
conductor substrates in the thickness range 1 - 300 nm. In the bulk, MnSb is a weakly metal-
lic hexagonal (n-MnSb) ferromagnet which exhibits several advantageous proper�es. It is 
epitaxially compa�ble with GaAs and InGaAs substrates [3,4] and also exhibits a cubic poly-
morph that is a predicted half-metal (100% spin polariza�on at the Fermi level) [5]. This 
gives strong poten�al for use as a spin injec�on/detec�on layer in spintronic applica�ons 
based on high mobility semiconductor structures.

We report on the systema�c study of MnSb epi-layers using high resolu�on X-ray diffrac-
�on performed at synchrotron radia�on sources [4,6]. An approach combining both sym-
metric and grazing incidence sca�ering geometries provides insight into the evolu�on of the 
film structure with thickness. These techniques are quite general and are readily applicable 
to a broad range of compound materials. Key results will be shown and discussed in rela�on 
to the complementary nature of the various sca�ering geometries. Firstly, at the ultra-thin
limit (<5 nm) MnSb layers are found to consist of islands in mixed strained states with the
measured cri�cal thickness differing significantly from the expected value. The relaxa�on of 
these films with thickness is explored using a mixture of symmetric and grazing incidence 
sca�ering, examples of these sca�ering data are shown in (Figure 1). With increasing film 
thickness, we observe the forma�on of c-MnSb and addi�onal informa�on has been ob-
tained using asymmetric reciprocal space maps (RSMs). From these maps, the rela�ve cubic 
to hexagonal polymorph ra�o has been inves�gated as func�on of several film proper�es. 
An example of a typical asymmetric RSM is given in (Figure 2), highligh�ng the presence of 
the MnSb polymorphs.

By systema�cally varying the incident X-ray grazing angle, depth-resolved in-plane la�ce 
parameters can be obtained. Group V-capped samples can be studied in ambient air by this
method. Compara�ve UHV and ambient grazing incidence diffrac�on for Sb-capped MnSb
will be discussed, along with informa�on obtainable from crystal trunca�on rods measured 
in ambient air by surface X-ray diffrac�on.



31

Figure 1. Symmetric, on axis, diffrac�on scans along the n-MnSb [000L] direc�on highligh�ng the n-MnSb(0002) and
(0004) regions. A shi� in the (0002) peak posi�on to lower Q indicates an increase in the out of plane (c) la�ce 
parameter. Correspondingly, a decrease in the in-plane a la�ce parameter would be expected. The ver�cal dashed 
line indicates the expected posi�on of the n-MnSb(0002) reflec�on for a coherently strained layer and coincides with 
the shi�ed (0002) peak, this change in in-plane parameter was further corroborated by grazing incidence diffrac�on.

Figure 2. Reciprocal space map in asymmetric geometry around the GaAs(422) reflec�on from a MnSb(0001)/ 
InGaAs(111)/GaAs(111) heterostructure substrate with diffrac�on features labelled. The presence of both the n-
MnSb and c-MnSb polymorphs can be observed, and their rela�ve ra�o determined through intensity integra�on.
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Structural and proximity induced magne�sm studies of ferromagne�c/non-magne�c 

thin-film systems
D. Atkinson¹, A.T. Hindmarch¹ and B.K. Tanner¹

¹ Durham University

This talk outlines some of the studies undertaken by the research group at Durham
inves�ga�ng a range of structural and magne�c phenomena in thin-film magne�c systems 
which have involve XMaS beam �me over the past decade or so.
Earlier research includes structural studies of two-dimensional arrays of nanoscale magne�c 
structures and detailed structural analysis of interfacial preoxida�on in Co/MgO and Co/Al2O3 
systems, that made a significant contribu�on to explaining the observed func�onal 
performance of magne�c tunnel junc�ons.
Most recently, the focus has moved to inves�ga�on of both interfacial structure and, using 
resonant magne�c sca�ering, proximity induced magne�sm (PIM) of 5d non-magne�c (NM) 
metals layers interfaced to 3d ferromagne�c (FM) metallic thin-films. These most recent studies 
have involved inves�ga�ng the rela�onship between the anisotropy in the ferromagne�c 
magne�c and the magne�sa�on behaviour in the non-magne�c layer, the search for any 
physical linkage between PIM and interfacial Dzyaloshinkii-Moriya interac�on (iDMI) in FM/NM 
systems and the role of PIM in the magnetoresistance behaviour of FM/NM bilayers.

Grazing incidence x-ray diffrac�on of molecular thin films for organic electronics
J. F. M. Hardigree¹, G. Mazzo�a¹, I.R. Ramirez¹, J. Naylor², C. Nicklin³, M. Riede¹

¹ University of Oxford
² Kurt J. Lesker Company, UK
³ Diamond Light Source

Small-molecule organic photovoltaics (OPVs) fabricated using thermal vapor deposi�on 
under vacuum have recently surpassed the 10% photo-conversion efficiency (PCE) barrier. 
Increasing the PCE and long-term stability of OPVs will require be�er understanding of 
how thin film morphology for various electrode interface and ac�ve layers can be op�-
mised within the parameter space (e.g. temperature, pressure, deposi�on rate) available 
using vacuum deposi�on. We present results using grazing-incidence x-ray diffrac�on 
(GIXD) acquired at ESRF's XMaS beamline on the morphology of organic planar hetero-
junc�ons grown on vapor-deposited and solu�on-processed interface layers, and relate
their morphology to OPV device performance. We compare these ex-situ measurements
to a series of similar films characterised using MINERVA, a recently commissioned vacuum 
thermal deposi�on chamber at Diamond Light Source beamline I07 that enables in-situ
observa�on of organic thin film growth using GIXD. We demonstrate the system's capabil-
i�es by monitoring the nuclea�on and growth of several ubiquitous OPV materials, and 
evaluate how some molecular thin films evolve under vacuum and when exposed to at-
mosphere.
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Chemical insights from a tender XMaS: spectroscopy in the sub 4 keV
regime

M. Newton¹
¹ ETH Zurich

Recently XMas has extended its working range into the sub 4 keV regime. As a
result, and to add to the tradi�onal  por�olio of X-ray sca�ering that XMaS has long 
provided, the possibility of providing a high flux source for X-ray spectroscopy in
this regime has arisen. This presenta�on will give recent examples of how this new 
capacity has been tested and developed for chemical and cataly�c inves�ga�ons, 
and assess what future possibili�es there may be for XMaS to further develop in 
this area in light of the forthcoming ESRF upgrade.
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