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The present report provides an overview of the Swiss-Norwegian Beam Lines, its 
activity during the four-year period 2009-2012 and the options for the future 
development of the project. These years have completed a very important period 
in the life of SNBL. Following the report in 2008 of the last ESRF Beamline 
Review Committee and an internal assessment by the Committee appointed by the 
SNX Council, several areas for new investment were identified. Where sufficient 
resources were available, the recommendations have been rapidly implemented 
during this period. The extensive capability for performing in-situ experiments 
now available at SNBL is a good example of this kind of investment. Where 
external support was required, the user community (in concert with the in-house 
staff) has been very successful in raising the necessary funds.  
 
Therefore, both of the beamlines have seen major upgrades over the last few 
years. These have been aimed both at bringing the beamline infrastructure and 
controls up to the latest standards, and at installing and commissioning new 
instrumentation. The largest single investment has been the Pilatus2M detector 
and associated diffractometry. The necessary additional funding (in excess of 
€1M) was provided jointly by the research councils of Switzerland and Norway. 
 
In 2012, Swiss and Norwegian administrations considered the renewal of the four-
year bi-national agreement for SNBL, and asked for a new budget to be defined 
which was commensurate with its goals. In this context, a number of questions 
were addressed. Is the technical status of the beamline and its instrumentation 
well correlated to the research interests of synchrotron users in general and, more 
especially, how does it relate to the scientific activities of the Swiss and 
Norwegian academic communities? What instrumentation is needed in order to 
keep the facility attractive and competitive, bearing in mind that many new 
beamlines are under construction both within the ESRF and elsewhere in Europe? 
 
Discussions organized in both countries showed a continued and wide interest 
within the Swiss and Norwegian synchrotron communities to operate SNBL well 
beyond the current budget period. Moreover, the SNX Council received a strong 
commitment from the Norwegian and Swiss administrations for their continuing 
support. It is therefore a pleasure to be able to report that the SNBL SNX 
Cooperation Agreement and Memorandum of Understanding for the period 2013-
2016, together with a generous funding profile from both Norway (RCN) and 
Switzerland (SERI), has been approved by both countries. Thus, we can safely 
claim today that the long-term perspectives of the Swiss-Norwegian CRG are 
secured until 2017 and look very promising beyond, and we look forward to 
maintaining and developing the service which we provide to our user community. 

 
V. DMITRIEV, P. PATTISON, H. EMERICH 
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BEAM LINES REVIEW PANEL 2008: 
Recommendations and Actions 

 
The preceding review of SNBL took place in 2008. The recommendations of the 
Review Committee and the actions taken after review were: 
 

• The beamline should continue its very successful phase of operation. 
 
The steady output of high-ranked scientific articles over the last years 
proves the ongoing productivity of SNBL. Every round we have numerous 
ESRF proposals asking specifically for SNBL and its combined approach 
to address  the characterization of dynamic systems.  

 
• Priority should be given to those areas which really benefit from the 

simultaneous combination of techniques. 
 

A significant fraction of experiments carried out at SNBL now involve 
simultaneous combination of techniques. In-situ experiments have become 
routine on both beamlines.  

 
• Improve the speed of powder and single-crystal diffraction (sub-

second) to push the frontiers of chemical crystallography by detector 
upgrades. 

 
Detector upgrades on BM01A have been completed with purchase and 
installation of Agilent Titan CCD detector and Dectris Pilatus2M pixel 
detector. Powder diffraction time resolution now reduced to about 1s per 
pattern for time resolved experiments. Complete single crystal diffraction 
measurements can be carried out on a timescale of a few minutes. 
We upgraded on BM01B our EXAFS monochromator such that we can 
now toggle between high speed mode (10-20s per spectra compared to 
many minutes before) and the old high resolution mode still needed for 
energies >30keV. The same is true for Powder Diffraction: the acquisition 
of a 2D detector has brought down measurement times for a full powder 
pattern to the second range. The recently installed focusing crystal is 
expected to reduce measurement times to the lower second or even sub-
second scale. 

 
• Preserve the capability of stand-alone powder diffraction after the 

ESRF upgrade as a strategic resource. 
 
Stand-alone powder diffraction continues to be available routinely at 
SNBL. Even with the recently added 2D CMOS detector the existing high 
resolution powder set-up has remained untouched. Furthermore, both 
systems can work in parallel allowing to perform fast measurement with 
our new 2D detector but also to follow/scan individual peaks in high 
resolution mode at the same time. Additionally a single high energy 
channel (without analysers) has been added recently to the HRPD 
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instrument. This allows to cross-check the calibration of the 2D detector 
by providing a reference HRPD pattern at any wavelength.   
 
 

• Given the outstanding performance achieved at SNBL in extracting 
maximum information from 2D reconstruction of reciprocal space 
extra effort should be put into developing software codes to model the 
non-Bragg contribution. 
 
A fruitful collaboration has begun between SNBL and ESRF staff for the 
development of software aimed at the display and analysis of non-Bragg 
contributions to the scattered intensity. A very successful joint ESRF/SNBL 
workshop on diffuse scattering has been organized. 
. 

• The ESRF and SNBL should discuss a strategic and more productive 
way to accommodate the protein crystallography interests of the 
member states of SNBL. 

 
Swiss and Norwegian protein crystallographers have been successful in 
obtaining beamtime on ESRF beamlines without the need for special 
arrangements. In the case of Switzerland, most of the PX experiments have 
in any case moved to the Swiss Light Source. 
 
  

• There is a lot of integrated systems development at the SNBL which 
could benefit the ESRF especially during its upgrade phase and vice 
versa. 
 
The possibilities for an exchange of information about developments at 
SNBL and ESRF are in place, and there have been useful collaborations in 
the field of instrument control (e.g. for in-situ experiments and for the 
control of the Pilatus detector). SNBL has been very open in sharing 
information with other ESRF beamlines. Items like our gas delivery 
system, our combined EXAFS-PD-Raman approach, cell design, our new 
2D-detectors etc. have led to many fruitful discussions and exchange of 
ideas with all concerned ESRF groups. On the other hand with the idea of 
using our new 2D detector systems for their purposes the ESRF is also 
putting efforts into software development needed for this system. 

 
• Continue and expand upon student and post-doc programs especially 

considering collaborative methods of working and joint appointments 
with ESRF and SNBL. 

 
The student and post-doc programs have been expanded at SNBL, 
principally via visits from Norwegian scientists. The Norwegian Research 
Council in now actively supporting visits to SNBL by Norwegian students 
and post-docs. 
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• During the upgrade phase, SNBL should take the opportunity of 
optimizing off-line and laboratory space. 

  
Additional storage and laboratory space in now available close to the 
beamline. 
 
 

• Continue with the very fruitful Memorandum of Understanding with 
DUBBLE and look for similar opportunities.  

 
The MoU between SNBL and DUBBLE continues to provide useful 
opportunities for the exchange of beamtime and other resources between 
the two CRGs. A similar MoU has been established between SNBL and 
MAX LAB. 
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I . INTRODUCTION 

 
 
The mission of the Swiss-Norwegian Beam Lines at ESRF (SNBL) is to 

provide scientists from both Norway and Switzerland, from both academia and 
industry, with increased access to synchrotron radiation. A user on SNBL has 
access to state-of-the-art, custom-designed instrumentation for diffraction and 
absorption experiments. Both partner countries have relatively large and 
exceptionally active scientific communities using X-ray diffraction and absorption 
as their main probes; for these groups the amount of public beamtime offered by 
ESRF was insufficient from day one, and this is the raison d’être of the Swiss-
Norwegian Beam Lines at ESRF. To circumvent this potential bottleneck, the 
Swiss and Norwegian scientists formed in 1990 a consortium and applied for 
access to a bending magnet port at ESRF.  

 
Strong, long-term financial support was pledged by the Norwegian 

Research Council and the Swiss National Science Foundation, with substantial 
contributions coming from universities concerned. On the Swiss side, the 
foundation’s support was intended to raise interest amongst the Swiss scientific 
community in the benefits of hard synchrotron radiation, with the goal to 
contribute to the creation of a SR user community and to prepare it for the use of a 
Swiss Synchrotron Light Source. The realization of this bi-national facility aimed 
as well at providing scientists from the two partner countries with instruments 
custom-built for their own specific needs. Initially, the Swiss-Norwegian facility 
was planned as a single multi-purpose line. However, in the interest of increased 
operational efficiency and to attract an even wider user community, the 
consortium soon decided to split this single line into two branch lines: one 
dedicated to single-crystal diffraction and the other to powder diffraction, EXAFS 
and topography. The split-beamline design also permitted to optimize the x-ray 
optical configuration for the two types of experiments, scattering and absorption. 

 
The facility started to operate in the fall of 1994. First on-line was the 

high-resolution powder diffractometer, and then followed: a single-crystal 
diffractometer, an image plate system, an EXAFS spectrometer, and, finally, a 
newly developed high-resolution single-crystal diffractometer, specially 
conceived to carry heavy loads. Most recently, the image plate detector has been 
replaced with one of the latest generation of pixel detectors. All of this 
instrumentation was commissioned with users.  

 
The SNBL currently has four different experimental techniques, which are 

distributed over two beamlines, and include: 
  

• High-resolution single-crystal diffractometry 
• Large-area 2D detector for x-ray diffraction and scattering 
• High-resolution powder diffractometry 
• XAFS spectrometry. 
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I I. FUNDING and ORGANISATION 
 
 
II.1 Funding and Governing Bodies 
 

The two funding organisations of the SNBL project are Swiss State 
Secretariat for Education, Research and Innovation (SERI) and Norwegian 
Research Council (NSR) who contribute equally to the operation costs. The 
Norwegian contribution consists of two equal parts providing by NSR itself and 
by Norwegian universities. Until and including the year 2007, the SNBL budget 
was considered and approved by the funding agencies on annual base. Since 2008, 
both funding agencies, SER (SERI from 2012) and NSR, opted for a 4-year 
budget, and the SNBL budget under the terms of the Swiss-Norwegian contract is 
€5’400’000 for the four-year period 2009-2012, and €6’400’000 for the current 
four-year period 2013-2016. 

 
The Cooperation Agreement and Memorandum of Understanding signed 

by Swiss and Norwegian sides, which is reconsidered and renewed every 4 years, 
is a legal basis for the existence of SNBL and its funding. The current Agreement 
is valid for the period 2013-2016. The organisation chart of the bi-national facility 
is shown in Fig.II.1. 

 
The Swiss-Norwegian Foundation for Research with X-rays (SNX) is a 

federally registered Swiss foundation established in 2004. The foundation is a 
governing body for SNBL.  It also acts as the legal body vis-à-vis the ESRF. The 
SNX affairs are handled by a seven-member council (SNX Council) consisting of 
three Swiss and three Norwegian members, with one member, the SNBL Director, 

 
 
 

 
 
 

Figure II.1. Block diagram of the organisational structure of SNBL. 
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functioning as the Executive Director of the foundation but having no voting 
right. One observer each from SERI and NSR attend the council meetings which 
take place twice a year. 

 
The Association Swiss-Norwegian Grenoble is a French association, which 

employs all Grenoble-resident staff. It is run by a three-member board, with the 
SNBL Director as its President, and SNX Chair and Vice-Chair as members. 

 
 

II.2 Beam time allocation procedure 
 
The SNX Council also acts as a Proposal Review Committee to SNBL. It 

allocates 2/3 beam time available for users at any run. Decision on a proposal is 
taken on the basis of two reports communicated by one of the SNX Council 
members, one of advisors, and a report submitted by an independent anonymous 
referee (non-Swiss, non-Norwegian), selected by the BL Director. The 1/3 of the 
beamtime that has, in accordance to the ESRF-SNX contract, to be made available 
to general ESRF users falls under the remit of the general ESRF beamtime 
allocation panels and ESRF directors.  

 
The SNX Council established three classes of proposals for SNBL in 2005: 

 
• Standard Research Proposals 
• Long Term Project Proposals 
• Urgent Research Proposals 
 

In addition to the standard proposals typical for ESRF and other CRGs, SN users 
may request a long-term commitment from the SNBL to provide beamtime during 
up to four successive scheduling periods (two years). A given user group cannot 
operate more than one Long-Term Proposal (LTP) in the same period. The 
percentage of LTPs is limited to 1/3 of beamtime available for SNBL. 
 

SN users may request as well an urgent commitment to provide beamtime 
within a maximum of three months of submitting a proposal. The special status of 
an Urgent Proposal should be clearly justified. Time requested should not exceed 
6 shifts. The percentage of Urgent Projects is limited to 5% maximum of the 
beamtime available for SNBL and is designated as Director’s discretionary 
beamtime. No fixed deadlines are made for such proposals. If approved, beamtime 
is normally allocated within 2 months of the proposal date. The UP undergoes a 
two-step appraisal procedure, the first step being performed by the SNBL 
Director, who makes a preliminary evaluation as to the urgency of the project, and 
its scientific quality, and the second step carried out by the competent SNX 
Council member.  
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III. TECHNICAL DESCRIPTION OF THE BEAM LINES 
 
I II.1 General Layout and X-ray Optics 
 
Much of the optical layout of BM01 has remained unchanged since the last review 
in 2008, particular concerning the beamline BM01A. Therefore part of the general 
description of the layout is identical to the text in our earlier report. Developments 
in the optical configuration of BM01B, as well as the many changes in the 
instrumentation in both of the experimental hutches, will be spelled out in more 
detail below. 
 
The ESRF delivers a 6mrad wide fan of synchrotron radiation to SNBL from 
bending magnet BM01. A water-cooled aperture plate at the entrance to the 
Optics Hutch (26m from the source point) divides this beam into two parts of 
width 2.5mrad and 1.0mrad, with a gap of 2.5mrad between the two beams. The 
fan of 2.5mrad width supplies the photons to BM1A, while the 1.0mrad beam 
provides the synchrotron radiation to BM1B. SNBL has been designed from the 
onset to allow both lines to operate simultaneously, and with a minimum of 
interaction between the X-ray optics, vacuum system, shielding and controls for 
each branch line. There are three leaded hutches in series. The first hutch (Optics) 
contains the majority of the optical components for both branch lines (Figs.III.1-
2). These include two mirrors and a monochromator for BM1A, two separate 
monochromators for BM1B, as well as various slits, beam position monitors, 
station shutters, valves and other vacuum components. Although the X-ray optical 
configurations of both beamlines are fairly conventional, the space restrictions 
have been a major technical challenge. The available space between the two fans 
of synchrotron beam which pass through the Optics Hutch is only about 70mm, 
yet our goal is to operate the two beamlines independently. The two Experimental 
Hutches are arranged sequentially down the beamline, with the vacuum pipework 
for BM1A passing through the BM1B Hutch (and through the data acquisition 
cabin). Two major instruments are positioned in each of the two Experimental 
Hutches. In BM1A, there is a heavy duty multi-axis single crystal diffractometer 
followed by a large-area pixel detector. BM1B is equipped with a high resolution 
powder diffractometer and an EXAFS spectrometer. A detailed description of the 
instrumentation on each beamline is given below.  
 
The optical configuration of BM1A is a conventional arrangement of vertically 
collimating mirror, followed by a double crystal Si(111) monochromator and a 
vertically focusing mirror. The beamline can be configured to operate without 
mirrors (in order to access higher X-ray photon energies, for example), although 
some manual realignment of the beamline components is necessary for the 
changeover. In normal operation, the Rh-coated mirrors provide vertical focusing 
and harmonic rejection while horizontal focusing is achieved with a sagittally bent 
second crystal. It is also possible to interchange the second crystal bending 
mechanism with a flat crystal mount, if a highly parallel beam is required. The 
first crystal of the monochromator is water-cooled, as is the first mirror. The 
mirrors both have a fixed radius of curvature, and the optimum focal spot is 
roughly circular with a FWHM of about 300 microns. The excellent mechanical 
and  thermal  stability  of  the  X-ray  optics (at least up to the present maximum  
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Figure III.1.  Schematic layout of the SNBL Optics 
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current of 200mA) has allows us to operate the beamline without a feedback 
mechanism up until the present time. However, we have now invested in a 
commercial beam position monitor and feedback system (Huber 
Diffraktionstechnik GmbH) which will give us fine control of the focused beam 
position in the experimental hutch. This device will help us to maintain beam 
stability even if the electron beam current is increased in the coming years 
(300mA has already been tested), and will improve the performance of the 
secondary focused optics which is planned for installation in 2014. 
 
Most experiments are carried out in the spectral range from about 10 keV – 20 
keV, although higher energies can be accessed if the mirrors are removed. In line 
with the recommendations of the last beamline review, and following the requests 
of our user groups, we aim to extend the spectral range of the beamline while 
maintaining the focusing option. This goal can be achieved by reducing the 
grazing angle of incidence of the synchrotron beam onto the mirrors from the 
present value of 3mrad down to 2.5mrad or possibly lower. Although this will 
involve some loss of total flux in the focused beam (because of the reduced 
fraction of the synchrotron beam intercepted by the mirrors and the K- absorption 
edge of the reflective Rh layer at 23.2keV), these losses will be offset by the gain 
in spectral range delivered to the users. It is our goal to extend the spectrum of the 
focused beam up to at least 25 keV, and if possible to 30 keV. Recent tests have 
confirmed that 25 keV can be reached without major problems, although the flux 
still remains to be optimized in the higher energy range. 
 
 BM1B is dedicated to High Resolution Powder Diffraction (HRPD) and 
EXAFS experiments. A considerable effort has been devoted to the goal of 
combining these two techniques into quasi-simultaneous measurements. In order 
to achieve this aim, we have built and integrated two independent, water-cooled 
monochromators into the optics enclosure (Fig.III.3). This allows us to 
automatically swap between the respective monochromators and hence from 
HRPD to EXAFS (and vice versa) within a few seconds. 
 
 The first monochromator is an unfocused double-crystal monochromator 
dedicated to EXAFS measurements. It consists of two crystal pairs, a flat Si (111) 
and a cylindrically bent Si (111) orientated crystal, mounted on a slide transverse 
to the incoming beam. By means of this slide, one can quickly choose between the 
flat Si(111) and the focusing crystal pair, or alternatively select a position that lets 
the white beam pass through between the two crystals. It is in this configuration 
that the white beam can reach the following monochromator, which is a Si(111) 
channel-cut dedicated to High Resolution Powder Diffraction. This channel-cut 
crystal is again mounted on a transverse slide such that it can be easily moved out 
of the beam in case that the beam from the first monochromator for EXAFS 
experiments is required. A swap between the two monochromators can be 
performed within a few seconds only. 
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Figure III.2.  General view of the Optics Hutch 

 

   
 
 

Figure III.3  Schematic drawings of the two monochromators on the BM1B branch line 
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III.2 Beamline BM1A 
 
General introduction 
 
Due to the substantial investment in infrastructure and ancillary equipment which 
has taken place over the last few years, we are now able to guarantee our user 
community access to an optimal combination of tools needed for a modern 
synchrotron beamline. In particular, the replacement of our aging Onyx CCD 
detector with the latest generation Titan detector from Agilent Technologies in 
March 2011 represented a major effort to keep the X-ray instrumentation at SNBL 
completely up-to-date. The announcement in 2011 that funding was available for 
the upgrade of BM01A with a Pilatus2M pixel detector from Dectris Ltd 
represents the largest single grant for SNBL in recent years (in excess of €1M). 
The fact that it has been jointly funded by the Norwegian Research Council and 
the Swiss National Science Foundation confirms the common interests of both 
countries in ensuring that SNBL continues to receive generous financial support. 
The new detector was delivered in May 2012, and was operational already one 
month later.   
 
It remains our primary goal to provide our users with a versatile and flexible X-
ray platform for a wide variety of experiments. The fact that in recent years we 
have been able to maintain the high productivity of the beamline year in terms of 
publications (averaging well over 100 papers per year in refereed journals for 
SNBL, of which about 60 per year come from work carried out on BM01A) 
confirms that we have been successful in achieving this goal.  We have seen a 
marked increase both in the number and complexity of experiments carried out on 
both beamlines, with more and more frequent use of combined techniques 
(powder and single crystal diffraction, EXAFS, Raman and optical spectroscopy) 
to address modern challenges in structural chemistry and biology, as well as 
materials science and applied research in the fields of energy storage and 
catalysis. It is becoming clear that the general field of in-situ experiments has 
become a primary focus of attention at SNBL. Both beamlines have access to an 
on-line Raman spectrometer. In addition, considerable funds have been invested 
in the provision of dedicated gas supply and gas mixing systems for in-situ 
experiments (e.g. catalysis).  

 
 

Figure III.4  The new Titan CCD from Agilent Inc. 
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Despite the closure of the entire facility for several months early in 2012 (as part 
of the upgrade of the ESRF), there has been little or no impact on the output from 
the beamline in terms of publications. It was possible, however, to take advantage 
of the enforced shut-down in 2012 in order to make some major improvements to 
the equipment on the experimental station. The main efforts and resources on 
BM01A have been concerned with upgrading the X-ray area detectors used on the 
beamline, and we will describe the impact of these developments in the following 
sections in more detail. 
 
 
III.2.1  Current status and scientific developments 
 
The delivery and installation of the Titan detector from Agilent Technologies in 
March 2011 has led to an increase in both the quantity and quality of data 
delivered by the KM6 diffractometer on BM01A. The availability of excellent 
quality diffraction data has led in turn to a resurgence of interest in chemical 
crystallography, and several papers had appeared in high profile chemical journals 
such as as Angew. Chemie or JACS. An example of such work is the report by the 
group of Prof. A. Hauser in the University of Geneva on Near-Infrared to Visible 
Light Up-conversion in a Molecular Trinuclear d–f–d Complex, which was 
highlighted by the editors of Angew. Chemie as a Very Important Paper (L. 
Aboshyan-Sorgho, et al., 2011 [2011-1]).  A European patent for this process of 
up-conversion has now been filed in 2011 by the University of Geneva. This 
provides an interesting illustration of the connection which can exist between 
fundamental work in structural chemistry and the potential relevance of such work 
for industry. 
 
Another example of the impact of high quality diffraction data produced by the 
CCD detector is the work reported in Phys.Rev.Lett concerning the High-Pressure 
γ-B28 Phase of Boron (S.Mondal et al., 2011 [2011-59]). These results form part 
of collaboration between the University of Bayreuth and Linköping University, 
together with the staff of SNBL. The structure of this form of boron has been the 
subject of some dispute over recent years, but the latest data delivered by BM01A 
has now finally clarified the topology of the bonding in this polymorph. In a 
follow-up paper in Phys.Rev B (S. Mondal et al., 2013 [2013-28]), the same 
authors investigated orbital order in α-B12 and γ-B28 polymorphs of elemental 
boron using data from SNBL and Hamburg. 
 
The study of the relationship between the structure and physical properties of 
materials continues to be one of the central themes of the work at SNBL. The 
investigation of potential materials suitable for hydrogen storage has been once 
again a major activity on both beamlines of SNBL, and the results have appeared 
in many publications from BM01A in the last few years. Given the strong interest 
in both Norway and Switzerland in this subject, it will be important to ensure that 
the SNBL user community continues to have access to the necessary equipment 
and infrastructure (such as in-situ gas reactors and high pressure fittings) which 
are vital for working in this field. A program of extended visits by scientific staff 
from Norway to SNBL is planned for the coming years, and this extra effort could 
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be very fruitfully directed towards the development of this type of in-situ 
equipment. 
 
Another area of research at SNBL which has benefited from some extended visits 
of scientists (in this case two master students) from Norway has been the field of 
thin films. Although some papers had from time to time appeared already on this 
subject using data from SNBL, the use of the beamline for thin film 
measurements remained relatively unexplored on BM01A. Preliminary results 
using the new CCD detector have been most promising, and it is now clear that 
the use of the Pilatus2M pixel detector produces even better data (because of the 
low noise and zero point-spread function in pixel detectors). This is a field in 
which the combination of X-ray diffraction and diffuse scattering can provide the 
key to a successful interpretation of the structural properties of the thin films. A 
technical publication concerning the procedures for data collection and analysis of 
thin film diffraction images has appeared in J Synchrotron Radiation On the 
application of a single-crystal kappa-diffractometer and a CCD area detector for 
studies of thin films (H. H. Sønsteby, 2013 [2013-48]), and other papers are in 
preparation using recent data from the Pilatus2M set-up. 
 
 
The SNBL project has benefited from a very generous equipment gift from Prof. 
Walter Steurer, Head of the Laboratory of Crystallography of the ETH Zurich. We 
are pleased to acknowledge that Prof. Steurer has given SNBL a wide range of 
high pressure equipment, including several Diamond Anvil Cells, replacement 
diamonds and a considerable amount of ancillary equipment. The availability of 
such an excellent selection of high pressure equipment at SNBL has transformed 
both the quality and quantity of experiments which can be carried out in this 
regime of extreme conditions, and there has been a corresponding jump in the 
number of publications from SNBL in the field of high pressure research. 
 

 
 
 
The opportunities for collecting high quality diffraction data from single crystals 
in the temperature regime down to a few degrees Kelvin are very limited indeed, 



 

 11 

SNBL Review                                                                                 ESRF, 5-6 November 2013 

even at synchrotron radiation facilities. We have purchased and commissioned a 
miniature cryostat which was originally designed for low temperature optical 
microscopy. With a change of window material and minor mechanical 
modifications to the housing, we can now operate this cryostat down to a base 
temperature of 5 Kelvin either on the Pilatus2M setup or the KM6 multi-axis 
diffractometer. The first paper which appeared using this cryostat concerned the 
investigation of a new multiferroic material by a group from the Paul-Scherrer-
Institut (Spin Amplitude Modulation Driven Magnetoelectric Coupling in the New 
Multiferroic FeTe2O5Br,  Phys. Rev. Lett. 103, 147202, 2009 [2009-94]).  
 
The combination of experimental techniques for in-situ experiments continues to 
be a popular theme at SNBL. The use of a Raman spectrometer in conjunction 
with X-ray diffraction measurements has, in the meantime, become a standard 
technique on both beamlines. Recently, we developed this idea somewhat further, 
and a group from the University of Oslo (Prof. Kristoffer Andersson) managed to 
carry out both Raman and optical spectroscopy on samples at 100K, during a 
diffraction experiment. The set-up around the sample became somewhat crowded, 
but in the end we achieved a configuration which is probably unique in 
synchrotron experiments. Several publications have since appeared exploiting this 
configuration, including Tracking Flavin Conformations in Protein Crystal 
Structures with Raman Spectroscopy and QM/MM Calculations Angew. Chemie 
Int. Ed ., 49, 13, 2324,  2010 [2010-70], and How different oxidation states of 
crystalline myoglobin are influenced by X-rays, Biochimica et Biophysica Acta - 
Proteins and Proteomics, 1814,  2011, 785 [2011-33]. 
 

 
 
 
 

 

 
 

Figure III.6  Low temperature – Helium cryostat – Single crystal diffraction 
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III.2.2  Pilatus2M upgrade 
 
With the aid of generous funding from Switzerland and Norway, it was possible to 
place an order in 2011 for the latest generation of large area pixel detectors 
produced by Dectris Ltd (Baden). In addition to the Pilatus2M detector itself, the 
funds were sufficient to cover the costs of a versatile diffractometer platform and 
kappa goniometry suitable for a wide range of different experiments in diffraction 
and X-ray scattering. The complete instrumentation was delivered and installed 
during the shut-down of the ESRF in the spring of 2012. The first experiments 
with the new setup could be conducted in June 2012, and the Pilatus2M has been 
in continuous use since its installation on BM01A. A comparison of the 
performance parameters compared with the image plate detector previously in use 
on BM01A underlines the dramatic improvements which the Pilatus2M has 
brought to SNBL. Instead of about 1 minute read-out time for the image plate, the 
new detector can be read-out in 2 ms. This reduction in cycle time allows a data 
collection to be made in shutter-less mode, which in turn speeds up the entire data 
collection procedure. A typical measurement time for a good quality single crystal 
data set has been reduced from 2 – 3 hours down to about 10 minutes. This 
changes not only the quantity of measurements which can be carried out (and 
hence improves the through-put of the beamline), but changes also qualitatively 
the overall performance of the instrument. Fast experiments can mean also more 
reliable measurements, since they place less demands on the long-term stability of 
the beam itself and of the sample environment. It is also easy to repeat 
measurements in order to check the reproducibility of an experimental result. In 
addition, of course, fast experiments imply that we can more easily follow 
dynamic processes such as phase transitions, chemical reactions etc.  
 
 
 
 
 

 
 

Figure III.7  Combined XRD+Raman+UV spectroscopy set-up 
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Figure III.8  Design study for Pilatus2M setup 

 

 
 

Figure III.9  The Pilatus2M diffractometer 
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The Pilatus2M setup on BM01A has now been in operation for many months, and 
a very large number of data sets have been delivered to the users. The huge 
quantity of data which this implies brings its own challenges in terms of handling, 
processing and storing the images. Exactly this question of optimal data treatment 
and presentation is becoming more and more important, and several 
collaborations have begun with specific user groups interested in addressing this 
problem. In particular, groups from Stavanger and Trondheim wish to send 
scientists to SNBL for extended periods both to learn the how best to profit from 
the new instrumentation, and to optimize the data treatment. 

 
In addition to the data analysis, it is import to learn how best to design an optimal 
strategy for collecting the data. Fast data collection does not automatically imply 
that the data will be good, and we have established a close collaboration with 
Dectris Ltd in order to look carefully at data quality. This collaboration includes 
carrying out joint experiments at SNBL to investigate the factors which can have 
a negative impact on data quality, such as counter dead-time and saturation 
effects. The Pilatus2M detector on BM01A is probably the only instrument of this 
type already operational on a general-purpose beamline for X-ray diffraction and 
scattering experiments. This presents both challenges and opportunities both for 
our users and for the staff of SNBL. Scientists from Dectris visited BM01A in the 
spring of 2013, and collected test data in order to investigate the effects of high 
count-rates and narrow crystal rocking curves often encountered at synchrotron 
beamlines. The results of these tests have already been presented at the 
International Workshop on Radiation Imaging Detectors 2013. Following up on 
these tests, Dectris will be provided SNBL with specialist software for the 
correction of high count-rate data, taking into account both the configuration of 
the beamline and detector, and, very importantly, the fill mode of the storage ring. 

 
 

Figure III.10  Kappa attachment for Pilatus2M diffractometer 
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As an example of the advantages of the fast data collection using the Pilatus2M, a 
recent temperature-dependent study of crystal structure of CeRhGe has recently 
appeared in Solid State Sciences  Change of the cerium valence with temperature 
– Structure and chemical bonding of HT-CeRhGe (V. Svitlyk et al., 2013 [2013-
51]). Over a temperature range from 350K – 700K, the high speed data 
acquisition mode allowed about 300 individual powder patterns to be collected. 
Each pattern could be analyzed to reveal not only the variation in the cell 
dimensions as a function of temperature, but also the individual atomic positions 
and displacement parameters (see figure). 
 
 
III.2.3  KM6CCD diffractometer 
 
Using internal funding through the SNX budget, a Titan CCD could be purchased 
from Agilent and installed on the KM6 diffractometer in 2011. After a short 
commissioning period, the KM6 operated for about 12 months without problems, 
and produced a large amount of useful data during this period. Examples of the 
excellent data quality obtained from the new CCD detector can be found in the 
section on scientific highlights. In the summer of 2012, the industrial computer 
running the KM6 control software failed, and a repair of the obsolete hardware 

 
 

Figure III.11  Temperature-dependent study of the crystal structure of CeRhGe 
 

 
 

Figure III.12  KM6 diffractometer with new CCD detector 
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was no longer possible. It was therefore time to follow the earlier 
recommendations of our SNX Council to replace the motor controls, and work on 
this project is now in progress. New software has been provided by Agilent Inc to 
facilitate the interface between the crystallographic control package and the SPEC 
motor controls. The replacement of cables and other hardware connecting the 
motors to the new ICEPAP controls (provided by the ESRF) is under way. The 
new configuration should be essentially transparent to the users, since the 
crystallographic software will provide an identical user interface. It is planned that 
user experiments with the KM6 CCD to begin in the Spring of 2014. 
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                                  (a)                                                            (b) 

 
Figure III.13 (a) New station layout, with marble block, rails and alignment stages 

(b) Old layout as in 2009 
 

III.3 Beamline BM1B 
 
Improvements since last review committee meeting in 2009 
 
SNB has undergone some profound changes in the beamline layout as well as in 
the acquisition strategies over the recent years. The installation of the two 
interchangeable monochromators has proven to be extremely beneficial to the 
performance of the beamline. An estimated 70-80% of our experiments are now 
in-situ measurements exploiting the versatility of the 2-monochromator approach, 
i.e. the speed, stability and reproducibility of the calibration when moving from 
EXAFS to Powder Diffraction (PD) and back again. 
 
III.3.1  New Station Layout 
 
Since the last review committee the B-station has gone through a complete 
changeover: The old experimental table at the end of the beamline hutch, as well 
as the previous mount for experimental equipment has been fully removed. 
A new experimental layout has been designed and put in place. It comprises a 
solid long polished marble block for vibrational stability mounted on a set of three 
jacks for primary alignment. The marble has been machined with attachment 
holes for the fixation of a series of optical rails (X95 profiles) to allow for a fast 
and precise mounting and alignment of all relevant beamline components, in 
particular: Ion-chambers for EXAFS measurements, the 13-element flourescence 
detector for low concentration EXAFS, mounts for the Raman heads and 
adjustable supports for our cooling  and heating units (Cryostreamer+He-flow 
cryostat, heat gun etc.), modular flight tubes to avoid air absorption, etc. 
The acquisition and mounting of a solid new X-Y-Z stage allows now a much 
faster sample orientation as before, still improving the solidity of the mount and 
the precision of the alignment. 
The overall design is such that this new experimental bench can be taken out as a 
whole (via the roof and the ESRF overhead crane) such that it can easily be 
removed from BM01B and installed elsewhere. This is particularly important in 
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(a)                                                           (b) 

 
Figure III.14 (a) Modified EXAFS mono with fast drive 
(b) Modulation EXAFS (MES) using the fast scan option 

 
 

the light of our recent efforts to move BM01B to another bending magnet port 
(see following section III.3.5 about the “Future”). 
 
The experimental table at the end of the beam line has been removed and a central 
supporting marble block was installed around the diffractometer location. 
 
However, the major bottleneck for characterizing quickly evolving systems were 
still the high acquisition times needed for a full XAFS and/or HRPD pattern  
(typically ≥ 15min for both techniques). Recent progress has removed these 
drawbacks almost entirely. 
 
III.3.2  Installation of a fast scanning option for our EXAFS monochromator 
 
One of the main advantages of the SNB monochromator is the fact that we can 
access a wide range of energies spanning from <5-80keV without any changes to 
the beamline set-up. This has paid off in the last years where we repeatedly 
performed high energy EXAFS on rare earth doped scintillator materials (K-edges 
of almost all Lanthanoids) or K-edge EXAFS measurements on important catalyst 
elements like Cerium or Rhenium.  We regularly have proposals specifically 
asking for the possibility to perform high energy EXAFS on our beamline.  
 
However, especially at low energies where large angular displacements are 
needed to perform a complete EXAFS scan, measurement times were still far too 
long for many chemical reactions. In order to remedy to this situation we have 
modified our monochromator drive system and added a second (high torque) 
stepper motor in a direct coupling to the monochromator drive spindle. 
 
To illustrate the fast scanning option of SNB EXAFS mono: A clutch (in light 
yellow) allows uncoupling the 1:100 harmonic drive gear box (gray cone with 
black stepper motor mounted on its back) from the monochromator spindle 
(brown).  
The monochromator can now be run in two modes: When uncoupled the 
monochromator spindle can be driven directly via a strong stepper motor 
(schematically shown as violet body). When the clutch and thus the reducer 
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Figure III.15 (a) Dexela CMos pixel detector, 29cm×23cm sensitive area 
(b) 2D area detector as integrated into beamline 

 
 

gearbox (+motor in black) is engaged the high torque motor gets unpowered and 
simply spins without any resistance together with the monochromator shaft. 
This rather simple change allows now for rapid, full EXAFS scans down to 10s or 
even less even at low energies close to 5keV. We use the stepper motor cards 
developed by the ESRF (ICEPAP) for this purpose since they allow us to run our 
system in a fast responding closed loop mode such that even at these speeds the 
motion is fully controlled by our high resolution angular encoder and no 
perceivable distortions in our EXAFS patterns are observed. Furthermore we have 
bought new amplifiers reducing the noise level and permitting a user friendly 
amplification gain change directly via the control software. 
 
III.3.3  Acquisition of a 2D-CMOS Area Detector  
 
With measurement times down to the second scale for the EXAFS measurements 
we were still hitting a strong time limitation for the powder diffraction 
measurements. To overcome this situation we have bought a 12 Megapixel 
medical detector in 2012 (normally used for mammography) and implemented on 
our beamline. 
 
This new detector does not only reduce the measurement times for powder 
diffraction measurements down to the second scale but the high conversion 
efficiency of the 150um thick scintillator conversion layer (CsI) at high energies 
(> 40keV) opens up the door to high energy diffraction and likely even Total 
Scattering (PDF) measurements in the future. 
 
It is noteworthy that this new system can work in parallel with the “old” powder 
diffractometer, since the conception of our new experimental bench allows 
mounting the 2D detector below the beam plane thus permitting parallel operation 
of the high speed/statistics 2D detector and the high resolution powder 
diffractometer. We expect this combination to be a very powerful set-up for high 
speed, high quality measurements, but also alleviating the problem of calibration 
of our new area detector since the high resolution diffractometer gives us the best 
reference possible showing how the intensity distribution measured by the 2D 
detector must (!) look like. 
 
The following pictures show a comparison between the “old” high resolution set-
up and the “new” area detector. 
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Figure III.16 (a) LaB6 pattern for comparison (unfocused) 
(b) ZrO+8%Sc2O3 nanopowder 

 

 
As the LaB6 pattern (see below) indicates, the resolution of the HRPD instrument 
is still 3x higher (depending on capillary size and detector distance) but the 
measurement times have come down to the second range. 
The diffraction measurements on the ZrO + 8%Sc2O3 nano-powder (right image) 
highlights that even weak features (see magnification under red circle) which are 
barely visible in the HRPD pattern come out well resolved when measured with 
the 2D detector. 
 
III.3.4  Focusing 
 
Since SNB is specialized in the analysis of industrially relevant catalysis and 
synthesis processes. It is in the nature of these systems that they often show 
poorly or nano-crystalline materials and phases. Adding Total Scattering 
techniques to our possibilities would greatly enhance our capacities in the 
characterization of these “real world samples”. 
 
Since total scattering experiments need good statistics at high Q’s it is in this 
context important to provide a high X-ray flux density at high energies. The ESRF 
being a high energy machine has the advantage of delivering still plenty of flux at 
photon energies >30keV but space constraints due to the vicinity of the two 
branches of SNBL (SNA and SNB) stymied any attempts of installing a sagitally 
focusing monochromator on the B-branch. 
We therefore opted for a “new way” of focusing, using a Si(111) wafer anodically 
bond onto a Pyrex support with a concave cylindrical depression ground into it 
prior to bonding. 
 
The dimensions of the Pyrex support are such that it fits exactly into one of the 
two slots of the crystal cage (of the secondary crystals) of our EXAFS two crystal 
monochromator. 
This can be seen on the image below. The beam gets reflected by a first flat and 
water-cooled crystal (shown in translucent green at the right bottom). The 
focusing crystal sits in the crystal cage above (again in green, focusing crystal not 
shown) from where it bounces off for a second time before it leaves the 
monochromator in the horizontal plane. 
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Figure III.17 (a) Anodically bond Si(111) wafer on concave Pyrex support 
(b) Insertion of focusing crystal in existing monochromator 

 

The radius of curvature is optimized such that we get a minimal vertical focal line 
width at the detector position at a photon energy of about 41keV. A horizontal 
slide system integrated into the crystal cage (cage in red) allows selecting either 
the flat or the focusing crystal pair for operation. 
 
The absorption edge of Cs lies close to 36 keV. Above this energy absorption of 
x-rays in the scintillator layer of the 2D detector is high. At these energies our 
bending magnet source still delivers a sizable flux. Since we would like to prepare 
for PDF measurements where high Q and thus high energies are needed, 41keV 
was chosen as a compromise to ensure high detector efficiency one hand and high 
Q on the other. 
The following picture shows the performance of this device. The flux density was 
increased more than 10 fold without any detrimental effects to the peak shape or 
peak resolution.  

 
 

Figure III.18  LaB6 powder diffraction measurement using our Dexela 2D detector, comparing 
focusing (red) and non-focusing geometry (black spectra at bottom). Measurement times are 0.5s 

@ 41keV for both (focused and unfocused) measurements 
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III.3.5  Future 
 
Future developments of BM01B are more and more hampered by the vicinity of 
the A-branch of the Swiss-Norwegian beamlines. We would like to implement 
pre-monochromator mirrors for efficient harmonic rejection and heat-load 
reduction, post-mono deviating mirrors for crossing the beams emerging from our 
two monochromators on the sample spot for truly simultaneous PD/ EXAFS 
measurements plus the possibly to install a third – high throughput – 
monochromator for PDF measurements. We have therefore handed in a bid for the 
takeover of an unused ESRF bending magnet port. The ESRF has received our 
proposal with great interest, but the final decision is still not known at this 
moment.  
Independent of the outcome of this decision we will prepare for moving to an 
independent beamline for SNB – be it sooner or later. In a first step we would 
simply move our existing equipment from BM01B to the new location before we 
can take full advantage of the new situation by adding new items to the beamline 
layout (see III.. 
 
 
III.4.  Auxiliary equipment available for both beamlines 
 

A. Cryostats 
 

 As far as possible we try to adapt our equipment to the need of combining 
different techniques. As a practical consequence we design our sample 
environment to be as open and accessible as possible. One example is our He-flow 
cryostat. By designing the cryostat around our needs, we are in a situation where 
we can apply all our techniques (Diffraction+EXAFS+Fluorescence+Raman) 
down to temperatures of 4.5K. An additional, miniature He-flow cryostat has 
recently been purchased for the KM6 diffractometer, and this cryostat is now in 
routine operation on BM01A 
 

B. Gas mixing and gas flow control 
 

 The last year we have also developed together with our user community a 
gas mixing, flow and measuring system. This system is also fully integrated in the 
beamline and can distribute gasses to both of our experimental stations. It is a 
very flexible system capable of adapting to the needs of our wide user community. 
All gas bottles are stored outside the Experimental Hutches, and a total of 6 
different gasses can be supplied via stainless steel pipework to both beamlines. 
The gas mixing and control system can be completely remote controlled 
(Figs.III.19-21). A mass spectrometer is permanently installed to characterize the 
gases released after the in-situ reaction. A variety of micro-reaction cells are 
available for gas pressures up to 100 bar. The majority of the funding for this 
equipment came from the Catalysis Initiative sponsored by the Norwegian 
Research Council. 
 
 
 

(b) 
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Figure III.19.  Gas mixing and flow control system. 
 
 
 
 
 
 

     
 
 

Figure III.20.  The array of gas bottles outside the experiment hutches 
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III.3.5  Acquisition Software 
 
 The increasing complexity of experiments and the flexibility needed to 
cater for quicker and combined experiments lead us to adopt SPEC as data 
acquisition software on BM1B in 2004. It also brought the advantage to have 
direct support from the ESRF software group in order to integrate new 
instruments and devices. This choice has turned out to be extremely fruitful be it 
in terms of recently added functionalities (speed, data logging, scanning modes) 
or in the light of speeding up and synchronizing different measurements or 
external parameters.  
 
As part of the general refurbishment of the beamline, BM1A has now also 
adopted SPEC for beamline instrument control. In addition, SPEC is the basis for 
the control of PILATUS@SNBL. However, a dedicated python-based graphical 
user interface (Pylatus) has been implemented. Control of various ancillary 
equipment can be carried out via the Pylatus GUI, which greatly increases the 
capabilities of the new setup. We have furthermore purchased a new software 
interface from Agilent Inc. for the KM6 diffractometer. This interface will in turn 
communicate with the ESRF standard ICEPAP motor controls via a SPEC 
session. In this fashion, and with a minimum of disruption to our user community, 
we will be running the entire beamline and experimental instrumentation in a 
standard ESRF configuration but with our own graphical interfaces. 
 

 

     
 
 

Figure III.21  The gas mixing system designed for high gas pressures 
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IV. SNBL OPERATION: on the beamlines and beyond 
 
 
IV.1 BL staff 
 

A beamline operation depends to a large extent on the staff – its flexibility, 
motivation, expertise and scientific interests. The following list introduces the 
SNBL team members and indicates their functions. 

 
Dr. Vladimir DMITRIEV  - Project Director - Has overall responsibility for and 
authority over SNBL’s daily operation, as executive director of the SNX 
Foundation, member of its Council and chairman of ASNG (at SNBL since 1999, 
from January 2005 as a Director). Assists users in the performance of their 
experiments. Scientific interests include experimental (x-ray diffraction and 
Raman spectroscopy) and theoretical (symmetry analysis and phenomenological 
theory) study of phase transitions in condense matter; high-pressure/high-
temperature study of metals, minerals and inorganic compounds. 
 
Dr. Philip PATTISON  - Senior Beamline Scientist (A-Station), Deputy Director 
of SNBL - Responsible for all scientific and technical aspects of the operation, 
planning, scheduling and development of beamline BM01A (1991). Assists users 
in the performance of their experiments. Scientific interests: Applications of 
synchrotron radiation to crystal chemistry and solid state physics; Design and 
development of X-ray optics for synchrotron beamlines. 
 
Dr. Dmitry CHERNYSHOV  – Beamline Scientist at BM1A - Assists users in the 
performance of their experiments, participates in the development of beamline 
BM01A  (2005). Scientific interests cover field of phase transitions in molecular 
crystals induced by temperature, pressure, light irradiation, and physics of neutron 
and synchrotron scattering on periodic structures in general. 
 
Dr. Vadim DYADKIN  – Post Doc at BM1A - Assists users in the performance of 
their experiments, participates in the development of beamline BM01A (2012). 
Scientific interests are in the field of materials for diffraction studies (powder and 
single-crystal) and of their structure and phase transitions. 
 
Mr. Herman EMERICH  - Senior Beamline Scientist (B-Station) - Responsible 
for all scientific and technical aspects of the operation, planning, scheduling and 
development of beamline BM01B (1993). Assists users in the performance of 
their experiments. He has strong interest in development and instrumentation and 
applying these advancements in collaboration with independent research groups.  
 
Dr. Wouter Van BEEK  - Beamline Scientist at BM1B - Assists users in the 
performance of their experiments, participates in the development of beamline 
BM01B (1997). Has a strong track record in instrumental developments, e.g. 
multiple technique approaches under a wide variety of external stimuli. His 
research interests are focused on the study of phase transitions, synthesis and 
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catalytic processes with the aim to use the newly created opportunities to its full 
scientific potential. 
 
Dr. Paula ABDALA  – Post Doc at BM1B - Assists users in the performance of 
their experiments, participates in the development of beamline BM01B (2011). 
Scientific interests: mechanisms of reactivity of heterogeneous catalysts and 
electro-catalysts. Studies of nanostructured materials with industrial applications 
such as solid oxide fuel cells and gas sensors using XAS, XRD, and Raman 
spectroscopy, under in situ or operand conditions. 
 
Dr. Olga BANDILET  – Computer Engineer (0.25). 
 
Mrs. Chantal HEURTEBISE  - Administrative manager - Handles general office 
work; administrates all accounting operations; secretary of the SNX Council 
(1999). 
 
Senior Technician – Geir WIKER 
 
 
Former members (2000-2012) 
 
Dr. Hans-Peter WEBER – Project Director (1990-2004) 
Dr. Jon Are BEUKES – PostDoc (2000-2004) 
Dr. Silvia CAPELLI – PostDoc (2000-2003) 
Dr. Denis TESTEMALE – PostDoc (2003-2005) 
Dr. Olga SAFONOVA – PosDoc (2006-2011) 
Dr. Yaroslav FILINCHUK – PostDoc (2006 – 2011) 
Dr. Volodimir SVITLYK – PostDoc (2011-2012) 
Mr. Olexii KUZNETSOV – PhD Student (2001-2004) 
Mr. Denis MACHON – PhD Student (2001-2004). 
Mr. Marc PISSARD – Senior Technician (2000-2008) 
 
 
 
 
IV.2 SNBL In-house research activity 
 
 Several programs in scientific research and instrumentation development 
are currently being carried out at SNBL by its staff. In the technical description of 
the beamline, some aspects of the innovative solutions in instrumentation and 
beam line design were presented. Two EU collaborative projects, with the 
participation of several groups from European universities, aim to design, 
construct and commission new high-pressure/high-temperature diamond anvil 
cells for studying the transport properties of material under extreme conditions, 
and for single-crystal X-ray diffraction at high pressure and temperature. We are 
also involved in the EU project DYNAMOL (see below) in which we can 
contribute towards the development of data collection strategies and improved 
software aimed at solving the crystal structures of complex, supra-molecular 
assemblies at atomic resolution. 
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We will collect data for change density analysis on several organic compounds, in 
collaboration with groups from the University of Aarhus and the Georg-August 
Universität Göttingen, in order to verify the performance of both our CCD and 
pixel detectors.  High quality data have already been collected on these 
compounds at Spring8 and HASYLAB, and this collaboration with experienced 
groups in the field of charge density analysis will give us a good opportunity to 
confirm the quality of our data from both detector systems. Where data of the 
highest quality and up to the highest possible scattering angle are required (e.g. 
for the investigation of anisotropic displacement parameters, or for charge density 
studies) then the KM6CCD will be the detector of choice. For most other 
experiments, we expect that the Pilatus2M will be the optimal detector. 
 

 
 
Several of our user groups are very interested in probing the borderline region 
between small molecule crystallography and macromolecular structures. Groups 
are active in this field at, for example, the Laboratory of Supramolecular 
Chemistry at the EPFL (Prof Kai Severin) and the University of Oslo, Department 
of Chemistry (Prof Karl Petter Lillerud) where metal organic complexes and new 
micro-porous structures are being investigated. New tools and data collection 
strategies are needed for these applications, because the goal is to be able to 
obtain information at atomic resolution on large, complex, and often disordered 
structures. The SNBL staff are therefore collaborating on an EU academic-
industrial partnership called DYNAMOL (Dynamic Molecular Nanostructures) in 
which the EPFL and Global Phasing Ltd, Cambridge are participating. The 
samples will be provided by the group of Prof Severin, the data collection will be 
done at BM01A and the analysis carried out by Dr Holstein at Global Phasing 
Ltd. At the end of the project, the software will be installed and tested at SNBL, 
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and will be available to all user groups. As an example of structure complexity, 
we show the results of an investigation into giant manganese wheel-like structure 
recently measured and solved at BM01A. The crystals for this study were 
provided by colleagues at the University of Porto, Portugal. 
 

 
 
In addition to the sheer size of the crystal structures, complexity can also occur 
due to a myriad of possible interactions between the electrons and atoms within a 
crystal. These interactions can reveal themselves by the presence, for example, of 
satellite reflections close to the Bragg nodes in the reciprocal lattice. They can 
also generate clouds of diffuse scattering, whose shape depends on specific 
features of the Fermi surface and the Brillouin zone boundaries. Several projects 
on this theme have earlier generated a number of publications from data collected 
at SNBL using our MarResearch image plate setup. The new diffractometer 
equipped with the Pilatus2M detector is ideal for this kind of application. It is 
particularly important to be able to present the observations in three dimensions, 
allowing proper inspection of the diffuse scattering features. We are therefore 
working (in collaboration with colleagues at the ESRF and the University of 
Trondheim) on procedures to reconstruct the full 3D reciprocal space 
representation of the 2D images collected with an area detector. Several recent 
publications have already exploited the technical developments made at SNBL 
concerning reciprocal space reconstructions, and work on further improvements is 
in progress.  
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Recent publicationjs from BM01A using reciprocal space reconstruction: 
 
Tagantsev, A. K. , Vaideeswaran, K., Vakhrushev, S. B., Filimonov, A. V., 
Burkovsky, R. G., Shaganov, A. et al. The origin of antiferroelectricity in PbZrO3 
Nature Communications,  4, in press, 2013 
 
Bosak, A., Chernyshov, D., Vakhrushev, S. Glass-like structure of a lead-based 
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IV.3 SNBL Upgrade and Scientific Perspectives 
 
 
IV.3.1   Technical developments on BM01A 
 
The KM6 multi-axis diffractometer, equipped with the latest generation CCD 
detector, provides a versatile platform for a wide variety of diffraction 
experiments. Although smaller in x-ray sensitive area and slower in readout than 
the latest pixel detectors, the CCD technology (i.e. an integrating detector) is well 
suited for collecting very accurate data on a synchrotron beamline. On the other 
hand, large area 2D detectors such as the Pilatus2M can cover a vast range of 
applications in powder and single crystal diffraction, as well as diffuse scattering 
and total scattering (i.e. measurement of pair-distribution function). Therefore 
SNBL is already well-equipped for carrying out a wide variety of different x-ray 
scattering experiments. Our goal over the coming months and is to find the 
optimum combination of data collection strategies and data analysis procedures in 
order to extract the very best quality information from the available 
instrumentation. To this end, we have identified four areas in which we will be 
investing our resources. 
 
1.  Improve the overall quality of our diffraction data  
 
A bending magnet beamline at the ESRF provides a stable, reliable and highly 
intense source of x-rays. Since we have two independent detector platforms at 
BM01A, we have the ideal opportunity to compare and calibrate the performance 
of our different detectors and associated goniometry. In collaboration with Dectris 
Ltd, we will also be testing and developing hardware and software for optimized 
data collection using the Pilatus2M pixel detector. It is well-known that photon-
counting pixel detectors can suffer from a loss of counts at high count-rates. 
Without appropriate corrections, this problem can severely limit the dynamic 
range which can be covered with this type of detector. SNBL is now the test 
facility for new versions of data analysis software from Dectris Ltd, which will 
allow us to make an optimal count-rate correction for the Pilatus2M.  
 
2. Data collection strategies and instrument control  
 
For many experiments, it is essential to be able to collect diffraction data at the 
lowest possible temperatures. This may involve the onset of magnetic order, a low 
temperature phase transition, or simply the need to suppress as much as possible 
the effects of thermal motion. We have already carried out many measurements at 
helium temperatures using either our own cryostat, or else the Helijet cryo-cooler 
on loan from the ESRF Sample Environment Laboratory. The combination of 
very low temperatures provided by these devices, plus the rapid data collection 
possible with the Pilatus detector, suddenly opens up some very interesting 
opportunities for cryogenic experiments at BM01A. We will therefore, in 
collaboration with the ESRF, submit a joint proposal to invest significant 
resources in low temperature equipment optimized for our Pilatus2M setup. Our 
goal is to bring together the appropriate equipment and technical expertise at 
SNBL to allow us to perform experiments at helium temperatures in a routine and 
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reliable fashion. In particular, we have identified groups carrying out neutron 
diffraction measurements at the Paul-Scherrer-Institut, Switzerland (and 
potentially also at the Institute for Energy Technology at Kjeller, Norway) who 
would welcome the opportunity to have regular access to synchrotron 
measurements at helium temperatures. Reports concerning several experiments in 
collaboration with the PSI laboratory for Neutron Scattering can already be found 
in the publications list. 
 
The controls for the Pilatus2M detector and associated instrumentation on 
BM01A have been developed in-house by the SNBL team (particularly thanks to 
the efforts of Dr Vadim Dyadkin). The software package running 
PILATUS@SNBL not only controls the functionality of the detector itself, but is 
a versatile tool able to control a large number of different types of ancillary 
equipment such as heaters, coolers and cryostats. Positional scans can also be 
performed during the data collection, in order to investigate inhomogeneous 
samples. In addition, we have an SNBL software “tool-box” which allows us to 
pipeline the Pilatus2M images into a variety of other analysis packages such as 
CrysalisPro (Agilent) for single crystal analysis and Fit2D (ESRF) for powder 
data. Other options within the tool-box prepare the powder data for batch 
processing using the FullProf package, for example. These developments are vital 
if the user wishes to exploit fully the massive amount of data which can be 
generated by this type of pixel detector. It is not at all unusual to have 200-300 
powder patterns to analyze following a simple temperature ramp, and hence care 
must be taken to ensure that the users are able not only to collect the data, but also 
to analyze it properly.   
 

 
 

3. Secondary focusing for measurements on small crystals (<< 50 µm) 

We have already successfully demonstrated the use of a doubly-curved, graded 
multi-layer mirror from XENOXS (Grenoble) for secondary focussing. With the 
aid of this mirror, positioned close to the sample, the focal spot could be reduced 
in size from 300µm to about 30µm diameter with an increase in flux density of a 
factor of 30x. Up until now, it has been difficult to implement this device in 
practice due to space restrictions around the KM6 diffractometer, and the poor 
mechanical precision of the MarResearch Image Plate setup. We now have a very 
flexible working environment around the sample position with the Pilatus2M 
platform, and excellent mechanical precision. Therefore the time has come to 
develop a standard configuration which will allow us to install and remove the 
XENOXS mirror on a routine basis. The dramatic gain in flux density will make it 
feasible to collect good data even on weakly diffracting, small crystals. While this 
configuration will not compete with beamlines optimized for micro-focussing, it 
will extend dramatically the range of samples which can be successfully measured 
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at SNBL. In addition, it will be an ideal arrangement for studying crystals in high 
pressure diamond anvil cells, where the sample volume is necessarily very 
limited. 

 
4. Improved beam control and flux monitoring 
 
As the mechanical precision of our goniometry improves, there are consequently 
more stringent demands placed on the beam quality and stability. For this reason, 
we have invested in commercial beam position monitors and feed-back controls 
for BM01A. We have purchased from Huber Diffraktionstechnik GmbH a high 
precision beam position monitor, slit screens, filter wheel, ultra-fast shutter, beam 
stop and an in-line microscope. This equipment has been kindly provided at 
favourable terms in order to evaluate the performance of these components on a 
synchrotron beamline. Although the overall stability of the synchrotron beam on a 
bending magnet source is very good (ie until now, no feed-back system has been 
required), we now wish to work in a regime where beam position control of a few 
microns or better is necessary. We therefore welcome the opportunity to work 
together with Huber GmbH on perfecting the performance of this equipment. 
With the aid of this beam monitor and feedback control, we should also be in a 
good position to handle the increased flux associated with an eventual increase in 
the beam current in the storage ring.  
 
Summary 
 
The combination of initiatives outlined above should allow us to improve further 
the overall quality of the diffraction data collected at BM01A. We will extend the 
temperature range and reduce the sample size required for routine experiments 
performed at SNBL. Experiments on complex materials with large unit cells 
should become feasible. Strategies will be developed which will allow us to 
convert optimally the 2D data collected with an area detector into the full 3D 
reciprocal space information. These procedures will be vital if we are to be able to 
visualize the structure of the diffuse scattering and interpret its dependence on 
complex interactions between electronic and crystal structure. The performance of 
the instrumentation in the experimental station will be optimized, and the stability 
and reliability of the focused beam will be guaranteed. Finally, we will provide 
the data analysis pipelines which are essential for handling and interpreting the 
massive amounts of data generated by pixel detectors. 
 
IV.3.2   Technical developments on BM01B 
 
All the room needed to run SNB on BM01 is almost full. We are reaching the 
limits of what we can do with the available space both in the optics and the 
experimental hutch. Any further upgrade is difficult to implement, time 
consuming, unnecessary expensive compared to a similar upgrade on a standard 
beamline. Further progress is not impossible on BM1B but it will always remain 
inefficient. 
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The following in-house project aims at alleviating the well-known space 
constraints of BM1B by moving it to a different bending magnet port (BM18). 
 
The major advantages can be summarized as follows:  
A)  Improved operational efficiency of SNBL 
B)  Facilitating future developments to extend the range and variety of high 

quality techniques available to our users 
C) No additional funding resources required in the short and long termat the 

expense of only a minor loss of beamtime 
 
In its current form with two beamlines on one bending magnet port the SNBL 
management already presented a roadmap for future investments. This roadmap is 
in line with the recommendations of the SNX Committee of the Future presented 
in November 2008 and the SNX EXAFS commission presented in December 
2009. It includes major changes to the B-line optics both for EXAFS and HRPD. 
These planned developments would allow SNBL not only to increase the 
scientific capability of the beamline in the short term but also opens new 
perspectives for its development in the long term. 
 
A design study preparing this upgrade revealed however, a whole set of technical 
difficulties. The basic problem is the vicinity of the two beamlines, A and B, and 
as a direct consequence an unfavorable geometry and extremely limited room 
available for (new) B-station related optical elements and instruments be it in the 
common optics enclosure or in the experimental hutch. It became evident that 
above problems cannot be satisfactorily solved in the model of coexistence of the 
two stations at the same bending magnet port. Major progress on the B-station 
capabilities is difficult to implement, time consuming, and therefore expensive. 
 
The SNX has put out a bid on an obsolete infrastructure (BM16) in 2012. The 
SNX proposal was well received by ESRF management and council. Two parties 
were bidding at the same time on this BM16 port and it was impossible for the 
ESRF to make a decision based on scientific and technical criteria. See 
recommendation from ESRF SAC chairman: “In view of the difficulty to take a 
decision based solely on the scientific and technical merits of the two projects, 
and considering the effect of the two projects on the quantity of public beam time 
and external investment on the ESRF operations the SAC would like to make the 
recommendation for the Council that the FAME proposal should be granted the 
BM16. However, the SAC urges the ESRF management to find an alternative 
solution for the SNBL proposal in another location on the ESRF experimental 
hall.”  
 
A twofold decision was finally taken at the ESRF council meeting in June 2012: 

• The acceptance of the French proposal as a new CRG beamline to be 
constructed on the existing BM16 premises; and that 

• Management will continue technical, financial and logistical discussions 
with the representatives of the SNBL proposal, with the objective of 
finding, as soon as possible, a suitable solution for the timely assignment 
to this proposal of an available bending magnet port on the ESRF 
experimental floor. 
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The SNBL representatives were in response to the council decision contacted in 
June 2013 by the ESRF managements with an alternative solution: BM18.  
The ESRF offer can be roughly broken down in three: 

• An empty bending magnet port. 
• A complete infrastructure design suitable and ready to receive BM01B. 
• The planning and supervision of the infrastructure construction during the 

winter of 2014. 



 

35 
 

SNBL Review                                                                                 ESRF, 5-6 November 2013 

 

    
 

 
 
 

Figure IV.1  Programme booklet and Proceedings of the Workshop 

 
IV.4 SNBL Workshop:  Diffuse Scattering from Crystalline Materials 
 (June, 2009) 
 

As part of our policy of seeking ways to facilitate the exchange of 
information between the SNBL team and the synchrotron user community, the 
SNBL management has organized a series of workshops at the ESRF based on 
themes of current and future interest both to the SN community and a wider 
scientific audience. The first of these meetings on the topic of nanoscale materials 
was held in 2006, followed by a workshop on the subject of high gas pressures for 
in-situ experiments in 2007. Both of these meetings were attended by 30-40 
participants, including participants from various synchrotron beamlines as well as 
external users. The next meeting, which took place in June 2008, continued the 
theme of in-situ experiments, but specifically includes the use of our new Raman 
spectrometer in combination with x-ray absorption and diffraction measurements. 
80 participants, came from 14 countries. 

 
 The first joint SNBL-ESRF workshop took place June 25-26 2009 at the 
ESRF, Grenoble. The goal of this 2-day workshop was to bring together people 
interested in diffuse scattering, in order to share their experience in experiment 
and theory and to present and discuss new problems in physics and chemistry in 
which disorder phenomena are important.  
 
 More than fifty participants from 10 countries (France, Switzerland, 
Norway, Germany, Austria, Russia, Spain, Australia, UK, USA) created a very 
stimulating, constrictive and friendly environment for exchanging theoretical 
ideas and experimental know-how. The list of participants shows the presence of 
world-leading experts in the field of diffuse scattering such as Hans-Beat Bürgi 
(Switzerland), Richard Welberry (Australia),  Tai-Chang Chiang (USA), Reinhard 
Neder (Germany), Harold Reichert (Germany/ESRF), Sergey Vakhrushev 
(Russia),  together with young scientists and Ph.D. students. The study of 
disordered phenomena has a long tradition in Switzerland and Norway; there were 
10 Swiss and 3 Norwegian participants.  There were also visitors from ESRF and 



 

36 
 

SNBL Review                                                                                 ESRF, 5-6 November 2013 

ILL interested in diffuse scattering. 
 
 There were many interesting lectures presenting new approaches in data 
analysis, illustrating the use of combination of diffuse and inelastic scattering 
techniques, showing new challenging problems to be solved in future, and 
offering new experimental methods.  To have a record of the main results, a 
selected collection of presentation was published in a special issue of "Phase 
Transitions" international journal (PT, 2010, 83, no.2). 
 
 The workshop also gave an opportunity for our users to see what can 
already be done at ESRF and SNBL today and, with their help, what might be 
possible in the future. For a synchrotron facility offering beamtime for user 
community, such as SNBL or ESRF beamlines, the workshop helped to define the 
direction in which we have to develop in order to fulfil the requirements of our 
user community. In particular, it becomes clear that the best data quality of diffuse 
scattering experiments can be achieved with a PILATUS detector; and a 
corresponding proposal for detector and goniostat has been therefore submitted at 
that time. We are offering now 3D inspection of reciprocal space that can be done 
shortly after data collections with help of software developed together with 
colleagues from ID28 ESRF beam line. Fast and reliable measurements of diffuse 
scattering data assume that there will be a large amount of information to be 
analysed and require fast computers operating with large amounts of graphical 
information. Analytical tools facilitating data analysis have been in particular 
developed at ETHZ and tested with data collected at SNBL.  
 
 The workshop also gave an example of constructive collaboration between 
SNBL and ESRF in terms of organization and finance issues. Scientific 
collaboration with ID28 has been successfully continued and we have 16 common 
publications in 2009-2013. This fruitful combination of mapping of diffuse 
scattering with inelastic scattering could be further explored by Swiss and 
Norwegian users as well as our know-how and experimental protocols on data 
collection and analysis.  
 
 
IV.5 SNBL Collaborations 
 
 Active cooperation of efforts, in different fields, with user’s institutes and 
similar facilities is an important aspect of the SNBL management policy. The 
collaborations had a significant impact affecting the beam line configuration, 
priorities in its technical development and financial issues. It helps us in ensuring 
the SNBL’s current solid equipment and financial base, and gives confidence in 
its successful future. 
 
 Cooperation with Swiss and Norwegian institutes has the highest priority 
in the “external” affairs of SNBL. An active role of the SNBL in seeking and 
establishing close relations with bi-national research groups, institutes and centres 
is a key part of the strategy of the management team. 
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A.  Interaction with national institutions 
 
 An example of such interaction is the involvement of SNBL in the long-
term Norwegian Natural Gas Processes and Products program (inGAP). Partners 
in the project are both academic, such as the University of Oslo, NTNU 
Trondheim, SINTEF, as well as industrial: Statoil ASA, Hydro Polymers AS, 
Norsk ASA, and Borealis. The Research Council of Norway launched, on March 
2007, the inGAP center. The aim of the project “In-situ@SNBL” was to build up 
a state-of-the-art facility for synchrotron X-ray based in-situ studies of catalysts. 
As in situ studies will play a key role in many of the projects in inGAP, the 
construction of this facility was prioritised in the early stages of the inGAP 
collaboration. The construction of the facility at SNBL is now completed and 
operational. It ensures a long-term perspective for the SNBL operation in the field 
of catalysis. 
 

Another initiative, coordinated by the SNX Council representatives, was 
the purchasing and installation on the beam line of a new diffractometer equipped 
with Pilatus2M pixel detector. A joint request submitted by the group of Swiss 
and Norwegian universities and technological institutes received full support from 
the Swiss National Science Foundation and the Research Council of Norway with 
funding in excess of €1M. The research councils of the two countries contributed, 
in equal parts, to the Raman project at SNBL with a total sum of €960’000. 

 
SNBL admits on the short-, middle- or long-term basis (from few weeks to 

one year) PhD students, PostDocs, and researchers granted by the Research 
Council of Norway. Visiting scientists from University of Oslo, Technical 
University of Trondheim and Institute of Energy Technology (IFE, Kjeller) 
already worked at SNBL. We expect new collaborators and trainees from UiO, 
IFE, and NTNU in 2014. 
 
B.  Links to SLS/PSI 
 
 Collaboration with Swiss Light Source (SLS/PSI) is developing in a very 
constructive and stable manner. The SNBL staff members share their expertise in 
X-ray optics and combined measurement techniques (Raman+XRD+EXAFS) 
with colleagues from SLS. SNBL director, Dr. V.Dmitriev, is a member of the 
Proposal Review Committee at SLS for several years.  
 

It is well recognised by the Swiss users community that SNBL is 
complimentary to SLS facility since it can cover the hard X-ray range of the 
synchrotron spectrum. In order to give a full picture of accessible facilities to our 
users, SNBL regularly presents reports on its status at SLS User Meetings in 
Villigen – a practice requested by the SLS management since 2005.   

 
 
C.  SNBL and MAXLAB 
 
 Until recently, there were no direct links between these two facilities 
which are oriented in part towards the Norwegian synchrotron community. The 
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reason lies mainly in the significantly different energy ranges in which SNBL and 
MAXLAB operate. While the former uses a bending magnet source of the ESRF 
optimised for hard X-rays, the latter is an excellent facility for studies with low 
energy synchrotron radiation. The corresponding user groups usually belong to 
different research fields, and their interests rarely overlap. The new MAX-IV 
project envisages the extension of the energy range available to the MAXLAB 
users towards higher energies. Therefore a Memorandum of Understanding has 
been established between MAXLAB and SNBL. The contacts with MAXLAB 
have already been useful in terms of comparing the performance of 
instrumentation at the two sites, and have included visits by beamline staff to 
SNBL and MAXLAB. We have also been able to provide some input for the 
design studies related to the planned beamlines for MAX-IV, and we have 
participated in the scientific and technical evaluation of these projects as members 
of the MAX-IV beamline review panels.  
  
D.  On-site collaborations 

 
SNBL has a privilege being installed at the ESRF, in an exceptional 

environment of modern synchrotron beam lines operated by experienced 
instrument scientists. Regular contacts with ESRF and other CRGs staff members 
are realised in several forms. 

 
SNBL has a well-established collaboration with the Dutch-Belgium CRG 

(DUBBLE). This collaboration has been formalized since November 2005 with a 
Memorandum of Understanding (MoU) which regulates the cooperation between 
the two facilities. The agreement provides beamtime access to both facilities for 
user groups from Norway, Switzerland, Belgium and the Netherlands. In addition, 
the MoU foresees the exchange of equipment and personnel between the two 
CRGs, and provides access to in-house research time on both beamlines. In 
practice, it means an enlargement of the instrumentation toolbox for the Swiss and 
Norwegian synchrotron user communities. The agreement provides a route for 
access to the SAXS technique as well as an XAFS set-up which is optimised in a 
different energy range than at SNBL. This agreement allows SNBL to economise 
resources and concentrate these resources more effectively on a limited number of 
topics. 

 
Numerous other collaborations exist, such as a very fruitful scientific 

collaboration with a ESRF beam line ID-28 (BL responsible Dr. M.Krisch, BL 
scientist Dr. A.Bosak) specialised in inelastic X-ray scattering. The combination 
of X-ray diffraction under extreme conditions, or diffuse scattering method 
presented at SNBL, with the state-of-the-art inelastic scattering technique 
developed at ID-28, proved to be very efficient and informative.  
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V. SCIENTIFIC HIGHLIGHTS 
 
V.1 Users contributions 
 
V.1.1 User contributions highlighted by the ESRF 
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V.1.2 Recent User contributions 
 

Ionothermal Synthesis and Structure Analysis of an Open-Framework Zirconium 
Phosphate with a High CO2/CH4 Adsorption Ratio 

 
Lei Liu(a), Jiangfeng Yang(a), Jinping Li(a), Jinxiang Dong(a), Dubravka Sisak(b), Marisa 

Luzzatto(b), and Lynne McCusker(b) 
 

(a) Research Institute of Special Chemicals, Taiyuan University of Technology, Taiyuan, Shanxi (P.R. 
China) 

(b) Laboratorium für Kristallographie, ETH Zürich, Zürich (Switzerland) 
 
Zirconium phosphate materials have been investigated extensively because of their 
potential for application in the fields of ion-exchange, catalysis, photochemistry, and 
biotechnology. Most studies of these materials have focused on the two layer compounds 
α-Zr(HPO4)2·H2O and γ-ZrPO4-(H2PO4)·2H2O and their derivatives, which are obtained 
by post-synthesis processing techniques (for example ionexchange, intercalation, or 
grafting). The main reason most other zirconium phosphate materials have been neglected 
can probably be attributed to their poor thermostability.They have generally been 
synthesized using organic amines as structure-directing agents in a hydro-/solvothermal 
procedure. Of these templated zirconium phosphate materials, those with framework 
(rather than layer) structures tend to have a higher thermostability, but they are difficult to 
synthesize using this conventional synthetic approach. In fact, only two open-framework 
structures have resulted from these efforts. Unfortunately, neither is stable to the removal 
of the occluded organic species by calcination, so they cannot be used as microporous 
materials for gas adsorption or separation, or for shape-selective catalysis. 
 
Recently, our group reported the ionothermal synthesis of a zirconium phosphate using a 
deep-eutectic solvent (DES), which consisted of carboxylic acid and quaternary 
ammonium salts. The resulting framework structure was found to depend on the structure 
and steric effect of the quaternary ammonium cation. Herein, we combined 
ethylammonium chloride and oxalic acid to form a DES with a melting point below 
100ºC, and then used it to synthesize a novel open-framework zirconium phosphate, 
C2H7NH)8(H2O)8][Zr32P48O176F8(OH)16] (denoted hereafter as ZrPOF-EA). The crystal 
structure of ZrPOF-EA (Fig.1) was solved from high resolution powder diffraction data 
collected on the Swiss–Norwegian Beamline, BM01B, in the orthorhombic system 
(a=6.165Å, b=19.955Å, c=37.062Å) and reflection intensities were extracted assuming 
the space group Pmc21. These data were used as input to the powder charge-flipping 
(pCF) algorithm in the program Superflip for structure solution. The best electron density 
map from the first pCF run was used as a seed to generate the starting phase sets for the 
second run, and the best of the resulting maps was interpreted to yield the positions of all 
16 zirconium, 23 of the 24 phosphorus, and 55 of the 77 oxygen atoms. A series of 
difference electron density maps led to the location of the missing phosphorus atom, the 
terminal oxygen atoms, and the non-framework species. Atoms bridging between two 
zirconium atoms were assigned as fluorine. During the course of the refinement, it became 
apparent that most of the framework atoms followed the symmetry of the higher space 
group Pbam, so refinement was completed in that space group even though it meant that 
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the terminal P-OH groups and the organic cations were disordered. This refinement, with 
8 zirconium, 12 phosphorus, 40 oxygen, 2 fluorine, 2 water, and 3 ethyl ammonium ions 
in the asymmetric unit, converged with the R values RF=0.038, and Rwp=0.170 
(Rexp=0.171). 
 

 
 
 
Figure 1. ZrPOF-EA framework structure showing a) the characteristic [41482] unit, b) the projection along 
the c axis with the [41482] units highlighted, and c) the projection along the a axis. Bridging O atoms have 
been omitted for clarity. Terminal O atoms and bridging F atoms are shown as balls, Zr gray, and P black. 

 
 

 
 
Figure 2.  Adsorption isotherms of CO2, N2, and CH4 for ZrPOF-EA at 25ºC,  in the low-pressure range (0–

1 bar). 
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In ZrPOF-EA, the oval 7- and 8-ring windows have dimensions of about 4.0 x 3.0 Å and 
3.9 x 3.2 Å, respectively. To establish its adsorption properties, CO2, N2, and CH4 
adsorption experiments were carried out on an intelligent gravimetric analyzer (IGA-001, 
Hiden Isochema) at 25ºC. Before each adsorption experiment, the activated ZrPOF-EA 
was outgassed at 300ºC under vacuum for 10 h. From the adsorption isotherms shown in 
Fig.2, it is evident that the adsorption capacity for CO2 is markedly higher than that for 
CH4, with a CO2/CH4 adsorption ratio ranging from 67.2 at 0.2 bar to 17.3 at 1 bar. The 
selective adsorption of CO2 may be a result of the complicated pore structure and the 
polar hydroxy groups directed into the pore channels. The small 7- and 8-ring pore 
openings allow CO2 molecules (3.3 Å kinetic diameter) to enter the channels, but block 
the larger CH4 molecules (3.8 Å kinetic diameter). Furthermore, the low N2 adsorption 
capacity indicates that even the intermediate-sized N2 (3.6 Å kinetic diameter) has 
difficulty in entering the pores, leading to a CO2/N2 adsorption ratio ranging from 12.2 at 
0.2 bar to 4.9 at 1 bar. 
 
One of the applications of CO2 separation technologies is in the upgrade of biogas to pure 
or more concentrated methane. Biogas, which is essentially a mixture of CO2 (ca. 25–
45%) and CH4, is a very important source of renewable methane produced by the 
anaerobic digestion of waste materials. Although ZrPOF-EA has a relatively low 
adsorption capacity, its high CO2/CH4 adsorption ratio may find industrial application in 
membrane separation technology for upgrading such natural gas. 
 
 
Principal publication 
 
Lei Liu, Jiangfeng Yang, Jinping Li, Jinxiang Dong, Dubravka Sisak, Marisa Luzzatto, 
and LynneB. McCusker, Angew. Chem. Int. Ed. 2011, 50, 8139 –8142. 
 
 

The influence of X-rays on different redox states of crystalline myoglobin. 

Hans-Petter Hersleth and K. Kristoffer Andersson 
Dept.of Biosciences, University of Oslo, PO Box 1066 Blindern, 0316 Oslo, Norway 

 
X-ray induced radiation damage of protein crystals is well known to occur even at 
cryogenic temperatures, and redox active sites like metal and radical sites seem especially 
vulnerable for these radiation-induced reductions. It is essential to know correctly the 
oxidation state of metal-ion sites in protein crystal structures to be able to interpret the 
structure-function relation. To better understand how metalloproteins are influenced by X-
rays during crystallographic data collection we have chosen to study different redox states 
generated in the reaction between myoglobin (Mb) and peroxides (coloured red in Fig. 1). 
These different states have characteristic light absorption spectra in the 450-700 nm, and 
can therefore be monitored by single-crystal online microspectrophotometry (Fig. 1). The 
radiation-influenced structures of these states have previously been determined at SNBL 
and ESRF (Fig. 2).  
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Figure 1: Reaction scheme showing the different Mb redox states with corresponding single-
crystal light absorption spectra. 

 
 

 
Figure 2: Structures of radiation-influenced states of Mb (PDB codes: 2V1I, 2V1E, 2VLX) 

 
In this study, we have in detail investigated the impact that X-rays have on these different 
oxidation states of Mb, to understand how fast these states are influenced, and to 
determine how much X-rays you can use before the different states are too heavily 
influenced/reduced by X-rays. In order to investigate how the lifedoses vary among 
different oxidation states of metalloproteins we have systematically analysed the effect X-
rays have on the ferric FeIII  metMb, compound II FeIV=O ferrylMb and Mb compound III 
FeIII-O2

-  states with single-crystal spectroscopy. 

Fast X-ray influence of the ferric metMb – determination of lifedose 

The metMb state have characteristic light absorption peaks at 500, 540, 581 and 635 nm, 
while the radiation-reduced state have the most dominant peaks at 529 and 568 nm. Fig 3 
shows that the influence/reduction begins immediately; from the first X-ray photon that 
hits the crystal. The appearance of the 568 nm peak is clearly seen after an absorbed dose 
of only 0.0053 MGy (Fig. 3; middle).  



 

 58 

SNBL Review                                                                               ESRF, 5-6 November 2013 

 
Figure 3: Single-crystal light absorption spectra of a ferric FeIII  metMb: (left) overlay of spectra at 
selected time/dose points, (middle) selected spectra at increasing time/dose points; (right) 
propagation of the different peaks of metMb and the radiation-induced state relative to the isosbestic 
point at 575 nm.   

 

To determine a suitable lifedose, which can be used for composite data collection 
strategies, is not trivial. Remaining of ~90% of the initial state might be a suitable limit. 
However, the background is considerably increased by the solvated electrons during the 
first seconds of irradiation. This elevation reaches a maximum and then decays slowly. To 
remove the background effect, the absorbance of the different peaks have in Fig. 3 (right) 
been retracted the absorbance of the isosbestic point at 575 nm. This result in a figure 
showing the increase and decrease of the different peaks with respect to X-ray 
exposure/absorbed X-ray dose (Fig. 3; right). The 568 and 529 nm peaks of the radiation-
induced state increase, especially 568 nm, while the 500, 540, 581 and 635 of metMb 
decrease slowly. The lifedose has been taken to be the dose it takes for the original state to 
decay to 90%. To be able to calculate this value, we have taken the absorbance at 581 nm 
and retracted the absorbance at the closest isosbestic point at 575 nm to correct for the 
background. The decrease of this peak to 90% has been determined to be ~0.01 MGy 
(equals ~12 seconds of exposure at ID14-2 with 37.7% transmission).  

The radiation-reduced ferric metMb state is believed to be an aquo or hydroxy ferrous 
state. An interesting observation is that an annealing of this state, seems to regenerate the 
original metMb state as observed with both light absorption and Raman spectroscopy. The 
single-crystal off-resonant Raman spectrum of ferric metMb is shown in Fig. 4, exhibiting 
the characteristic ferric haem modes (e.g. the �4 oxidation state marker at 1371 cm-1). 
After X-ray irradiation corresponding to a dose of 1.4 MGy, the Raman signal is much 
weaker than for the resting state (Fig. 4). For this radiation-induced ferric metMb state 
most of the haem modes have diminished, moved and/or become more undefined. After a 
short annealing, several of the haem modes of the ferric metMb state reappear.  
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Figure 4: Single-crystal off-resonant Raman spectra of a ferric FeIII  metMb crystal: (dark red) before 
irradiation with X-rays, (orange) after irradiating with X-rays corresponding to an absorbed dose of 
~1.4 MGy, and (grey) after annealing. 

 

Influence on the different redox states of Mb  – determination of lifedoses 

The fast influence/reduction observed for metMb is also observed for the compound II 
FeIV=O ferrylMb and Mb compound III FeIII-O2

- (Fig. 5). 
 

 
Figure 5: Selected single-crystal light absorption spectra of different redox states of Mb with 
increasing time/dose points: (left) ferric FeIII  metMb; (middle) compound II FeIV=O ferrylMb; (right) 
Mb compound III FeIII -O2

-.   

The characteristic ferrylMb peaks at 542, 581 and 595 are slowly decreasing, while the 
peaks for the radiation-reduced state gradually appears at 529 and 568 nm with well 
defined isosbestic points at 528, 556 and 572 (Fig. 5; middle). A calculation of the 
lifedose in a similar way as for metMb gives doses of ~0.02-0.03 MGy (90% of 581 nm). 
The lifedose estimations therefore indicate the striking fact that the Compound II ferrylMb 
is not as easily reduced as the lower oxidation state of ferric metMb. A time/dose 
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monitoring with light absorption is therefore needed for each individual oxidation state. 
The fact that it is the same peaks that appears for both ferricMb and ferrylMb raise the 
question if it is a real and similar reduction to aquo ferrous of both states, or if it is some 
part of the haem moiety that is reduced similarly in the two states. However, the increase 
of the 568 nm differs between the ferric and ferryl states. The crystal structures of the 
radiation-reduced states of metMb and ferrylMb show also a different Fe-O distance, 2.05 
and 1.84 Å, respectively, demonstrating that these radiation-induced states cannot be 
identical with respect to the iron (Fig. 2). 

For Mb compound III FeIII-O2
- the characteristic compound III peaks at 540 and 580 nm 

decrease with increasing dose (Fig. 5; right). The 568 nm peak increase very slowly for 
this state, compared to the ferric and ferryl states. The estimation of the lifedose for this 
state results in quite similar values: ~0.02 MGy (90% of 580 nm) Table1, 

 

Table 1 

Redox state Lifedose* 

Ferric FeIII  metMb ~ 0.01 MGy 

Compound II FeIVO ferrylMb ~ 0.02 MGy 

Compound III FeIII -O2
- peroxoMb ~ 0.02 MGy 

* When 90% of the original state remains: Dose at which the 581 nm peak has 
fallen to 90% of the initial absorbance relative to the isosbestic point  

Summary 

All the three Mb states (ferric FeIII  metMb, compound II FeIV=O ferrylMb and Mb 
compound III FeIII-O2

-) are influenced / reduced by the X-rays used for structure 
determination. How fast these changes occur vary slightly between the different 
crystalline states. However, all these lifedoses are on a much shorter timescale than the 
lifedoses used for protein crystals in general. The lifedose / Hendersson limit for a 
“normal” protein crystal (without a redox site) is ~20 MGy. The lifedoses we have 
estimated here for obtaining the structure of unreduced Mb redox states are therefore 
about 1000 times less than the general Hendersson limit. In general, we would argue that 
monitoring of a spectroscopic property as a function of time / dose should always 
accompany the structure determination of a metalloprotein to confirm its correct oxidation 
state. 

Publication: 

Hersleth, H.-P. & Andersson, K.K. (2011) How different oxidation states of crystalline 
myoglobin are influenced by X-rays. Bichim. Biophys. Acta, Proteins Proteomics. 1814, 
785-796. 
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Fischer–Tropsch synthesis: An XAS/XRPD combined in situ study from catalyst 

activation to deactivation 
Nikolaos E. Tsakoumisa, Alexey Voronova, Magnus Rønninga, Wouter van Beekb,  

Øyvind Borgc, Erling Ryttera,c, Anders Holmena,* 
 

aDepartment of Chemical Engineering, Norwegian University of Science and Technology (NTNU), 
Trondheim, Norway. 

bThe Swiss-Norwegian Beam Lines (SNBL) at ESRF, BP 220, F-38043 Grenoble, France. 
cStatoil R&D, Research Centre, Postuttak, NO-7005 Trondheim, Norway. 

 
A Re promoted Co/γ-Al 2O3 and an un-promoted Co/γ-Al 2O3 Fischer–Tropsch catalysts were studied in situ 
throughout the common steps of laboratory catalyst testing i.e. reduction, pressurization, the initial period 
before reaching pseudo-steady state, deactivation and post mortem analysis. High-resolution X-ray powder 
diffraction (HR-XRPD) was combined with X-ray absorption spectroscopy (XAS) in order to reveal 
changes occurring during the experimental procedure. A mass spectrometer (MS) connected to the reactor 
outlet allow monitoring of the gas phase and accordingly the catalyst performance with respect to activity. 
Fischer–Tropsch synthesis was performed at industrially relevant conditions (493 K, 18 bar, H2/CO=2.1 and 
>50% CO conversion).  
 

 
 
Motivation 
Co-based catalysts appear more attractive for the conversion of natural gas derived 
synthesis gas to hydrocarbons, due to their high activity per pass, high selectivity to linear 
paraffin’s, and low water–gas shift activity. However, because of the high price of the Co 
metal, catalyst stability has become a major issue to be addressed and a lot of effort has 
been devoted to deactivation studies from both industry and academia [1]. Ultimately, all 
supported FTS cobalt catalysts lose activity with time on stream. The main causes of 
catalyst deactivation as they are documented in the literature are poisoning, formation of 
inactive cobalt phases (re-oxidation, carbidization, and metal-support mixed compound 
formation), sintering, carbon formation, surface reconstruction, and attrition.  

The investigation of the origin of catalyst deactivation in all catalytic applications is 
primarily a characterization-oriented subject, and commonly, the employed analytical 
procedures are applied ex situ on spent catalysts, in situ at moderate conditions or under 
vacuum on model systems [1–3]. Ex situ characterization of FTS cobalt catalysts requires a 
demanding sample handling since the results can be significantly affected by the 
pyrophoric nature of metallic Co existing in the spent catalyst. Furthermore, the procedure 
is hampered by catalyst encapsulation by long-chain hydrocarbons (FTS waxes). In 
addition, at reaction conditions the partial  
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Figure 1. Sketch of the experimental setup and a 3D drawing of the in situ cell.  
 

pressures of reactants and products dramatically affect catalyst behaviour. The impact of 
the gaseous FTS environment toward potential re-oxidation (high partial pressures of 
steam) or reconstruction during reaction makes the use of realistic FTS conditions vital. In 
situ and preferably operando studies of well-defined catalytic systems at realistic 
conditions have been employed by combining various complementary techniques in order 
to increase our understanding in the complicated Fischer–Tropsch synthesis reaction 
[1,2,4,5]. 

Catalyst activation 
 
Data deriving from in situ XANES on the Co k edge (7709 eV) suggests that the reduction 
of calcined catalyst passes through a two-step procedure as previously reported[2]. The 
transition from Co3O4 via a CoO intermediate to metallic cobalt and a fraction of 
unreduced Co is illustrated by XANES (Fig. 2). A mixture of face centred cubic (fcc) Co 
and hexagonal close packed (hcp) Co on the reduced catalysts could be identified by 
XRPD. Full pattern decomposition by models of pure Co-fcc and Co-hcp crystallites was 
not viable indicating the intergrowth of the two phases and possible existence of staking 
faults or other grain boundaries[4]. 
 

 
 

Figure 2. 3D representation of the species detected by Co-XANES during catalyst reduction at a ramp rate 
of 3oC/min to 400oC and dwell for 4 hours. 
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Quantitative results obtained by linear combination analysis of reference materials (cobalt 
oxides and foils) allowed evaluation of the reduction rates of Rhenium (Re) promoted Co-
Re/γ-Al 2O3 and un-promoted Co/γ-Al 2O3 catalysts. It appears that Re addition accelerated 
only the second reduction step from CoO to metallic cobalt.  
 

 
Figure 3. The formation of water as monitored by mass spectrometry together with the concentration of Co 

species during reduction. 
 
Hydrocarbon synthesis 
The reduced catalyst was subjected at realistic Fischer-Tropsch synthesis (FTS) 
environment for 40 hours. A quartz capillary reactor was used. Activity and deactivation 
behaviour shows good agreement with results obtained from a laboratory fixed-bed 
reactor (Fig. 4). Throughout the experiment a large number of X-ray scans were recorded 
showing very good repeatability and allowing detection of minor changes. Pressurization, 
induction period and steady-state/deactivation period were studied. Different observations 
in each of them are briefly discussed.  
Already at the pressurization under synthesis gas environment it is expected that the 
cobalt surface reconstructs due to the invasive nature of CO. However, no change in the 
EXAFS signal was detected during that period. Here it should be mentioned that the 
surface to volume ratio of cobalt particles in the present study (0.085) may be insufficient 
for such information to be extracted. 
 

 
 

Figure 4. FTS activity profile from FBR and the in situ cell. 
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During the induction period XANES data suggest re-oxidation of the Re-promoted 
catalyst into a divalent cobalt (Co+2) in the expense of metallic Co. Apparently a reduction 
in the feature related to metallic cobalt at edge energy is more observable than the 
formation of the divalent cobalt phase (Fig. 5).  
 

 
 
Figure 5. Evolution of features existing in the first derivative of XANES spectra and related to metallic and 

Co+2 phases (upper) MS signal of the methane formation (lower). 
 
Simulation by linearly combined XANES spectra of the clearly demonstrated  that the 
formed species are closer to the tetrahedral configuration found in the surface CoAl2O4–
like compound or wurtzite-type CoO than the octahedrally coordinated CoO. Water may 
play a key role in this transformation since it is been produced throughout the induction 
period and is known to interact with the alumina surface by a hydrating mechanism and 
Co. 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 6. Simulation of the formation of CoAl2O4, CoO on reduced catalyst Co-Re/γ-Al 2O3 catalyst 
together with model experiments on reduced catalyst under diluted O2 stream. 
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This result implies that a mechanism of aluminate formation passes directly from the 
metallic cobalt to the Co-aluminate compound, without the CoO intermediate. However, 
the resolution of the technique in addition to the broad size distribution of the high surface 
area catalyst may be insufficient to detect such an intermediate. Alternatively, the 
formation of a wurtzite-type CoO at FTS conditions should not be excluded. On the other 
hand the Co/γ-Al 2O3 catalyst exhibits further reduction during the evolution of reaction as 
was previously shown [2].  
 From the correlation of the MS signal and the XANES spectra it is evident that the 
formation of divalent cobalt is taking place during the induction period and not in the 
steady-state Fischer-Tropsch synthesis. In addition, it is encountered only in the promoted 
catalyst. Similar results have been obtained by temperature programmed and gravimetric 
techniques or ex situ XANES on spent catalysts by other researchers. Though, the 
interpretation was different since the ex situ studies lack a clear overview of the reaction 
evolution with time. Work from our group [6] on the effect of water in similar catalysts is 
suggesting a rapid irreversible deactivation of the small Co particles when high partial 
pressures of steam are introduced. 
 

 

 
Figure 7. XRPD patterns of the catalyst after reduction and after 40h of FTS (upper). The different parts of 

the catalytic bed were probed (lower). 
 
 Monitoring of the catalyst during the Fischer – Tropsch synthesis at industrially 
relevant conditions by using a combination of X-ray characterization techniques with 
simultaneous activity measurements, suggests that the bulk of the cobalt remains 
unaffected during the run. That implies absence of bulk transformations that previously 
have been proposed to be reasons for the initial deactivation in FTS (i.e. re-oxidation and 
carbide formation). No indication of crystallite growth due to sintering was detected 
during the run (Fig. 7). In addition no significant gradients in the concentration of cobalt 
species or the size of the crystallites has been found as a function of the length of the 
catalytic bed (Fig. 7 and 8). 
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Figure 8. Degree of reduction as a function of catalyst bed position before and after FTS. 
 
Summary 
 
Common laboratory FTS activity test has been performed into a micro-system using a 
quartz capillary as reactor. Two catalysts were tested: Co-Re/γ-Al 2O3 and a Co/γ-Al 2O3. 
The setup has been optimized for performing FTS for more than a day at industrially 
relevant conditions (18 bar, 493 K, and CO conversion >50%). XAS and HR-XRPD were 
combined in order to reveal information on the catalyst phases during all the stages of the 
experimental procedure. The induction period appears to be of particular interest since the 
formation of tetrahedrally coordinated divalent cobalt is detected in the Co-Re/γ-Al 2O3 
catalyst. The phase appears to be similar to a surface CoAl2O4-like compound. On 
contrary the Co/γ-Al 2O3 catalyst is subjected to further reduction during the induction and 
reaction periods. This further reduction is mainly taking place at the outlet of the reactor. 
Initial deactivation was detected by the MS but no apparent change in the X-ray signal 
could be observed. Results suggest that catalyst deactivation observed in the inisiat stages 
of FTS is surface-related phenomenon. 
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Porous and Dense Magnesium Borohydride Frameworks: Synthesis, Stability, and 
Reversible Absorption of Guest Species 

Y. Filinchuk(a,b,c), B. Richter(b), T.R. Jensen(b), V. Dmitriev(c), D. Chernyshov(c), 
H. Hagemann(d) 

(a) Université Catholique de Louvain (Belgium); (b) Aarhus University (Denmark) 
(c) SNBL at ESRF (France); (d) University of Geneva (Switzerland) 

 

Crystalline hydrides, made of hydrogen and light elements such as boron, contain huge 
quantities of hydrogen but do not release it easily, due to their strong chemical bonds. 
Scientists have now, for the first time, succeeded in crystallising a highly porous hydride 
that can take up even more gas and release this additional amount when needed, like a 
reservoir or a gas bottle. The results are published in Angewandte Chemie, and 
highlighted by an inside cover page in the November 2011 issue. 

The international team included researchers from the universities of Louvain-la-Neuve 
(Belgium), Aarhus (Denmark) and Geneva (Switzerland), along with the European 
Synchrotron Radiation Facility. The main author is Yaroslav Filinchuk from the 
Université Catholique de Louvain, University of Aarhus and ESRF. 

Hydrogen is the most promising candidate fuel for future clean cars and trucks. The main 
reason it is not widely used today is the lack of affordable and safe mobile storage 
systems. Research into storage systems is focusing on two classes of materials: complex 
hydrides containing light elements such as boron, nitrogen or aluminium (borohydrides, 
amides, alanates); and porous materials, so-called metal-organic frameworks (MOFs). 
Unfortunately, whilst hydrides store large amounts of hydrogen, they release it only at 
relatively high temperatures. On the other hand, MOFs store and release molecular 
hydrogen easily, but only at cryogenic temperatures. The two groups of materials are 
made of completely different building blocks, representing two diverse fields of 
chemistry. 

The new substance, obtained by Bo Richter from the University of Aarhus, combines the 
properties of both: it is highly porous like a MOF but entirely made of a hydride. This new 
form of magnesium borohydride (γ-Mg(BH4)2) stores 15 weight percent of hydrogen in 
the bulk material, representing an energy density equivalent to 50% of that of diesel fuel. 
In the pores, the material has the capability to store another 3 weight percents of H2, at 
low temperatures, which alone represent 5 times the energy density of a modern lithium-
ion battery. 

As the material is crystalline, the researchers could study its gas uptake and release as well 
as its pressure- and temperature-induced transformations by X-ray diffraction. Most of 
these experiments were carried out at BM01A. The scientists discovered that about one 
third of the new material is empty and this space can store various guest molecules, 
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including hydrogen, nitrogen and even small organic molecules. It holds these gases at 
higher temperatures than most other porous solids. The nature of interaction between the 
"guest" gas molecules and the "host" nanoporous framework was also revealed by X-ray 
diffraction. 

Information on the structure and properties of the new material allowed the researchers to 
infer the nature of the chemical bonds and building principles in metal borohydrides. This 
research opens a door, via combining the BH4 anions with more complex ligands, to novel 
hybrid materials which could be highly selective gas storage and/or separation systems. 

 
 

Hydrogen gas molecules (red spheres) stored within the crystalline magnesium borohydride structure (Mg 
green, BH4 blue). 

 

Publication 

Y. Filinchuk, B. Richter, T.R. Jensen, V. Dmitriev, D. Chernyshov, H. Hagemann, Porous 
and Dense Magnesium Borohydride Frameworks: Synthesis, Stability, and Reversible 
Absorption of Guest Species, Angew. Chem. Int. Ed. 50, 47, 11162–11166, 2011 
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V.2 In-house research 
 
V.2.1 SNBL staff contributions highlighted by the ESRF 
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V.2.2 Recent SNBL staff contributions 
 
 

Development and implementation of modulation enhanced techniques 
 

Wouter van Beek 
SNBL at ESRF (France) 

 
Chemical and physical processes of both technological and fundamental importance are 
often very complex. Better understanding of these processes, necessary for their 
optimization, often come through the use of in situ experimental techniques. These 
processes intrinsically take place at the atomic level and proceed extremely fast (from 
pico- to nanosecond scale). On the other hand kinetic effects, fundamental for lifecycle 
considerations, are much slower (from millisecond, minutes, to hours). In general, in situ 
techniques now routinely probe minutes to hours time scales, while the investigation of 
millisecond to second time scale is on its way to becoming routine. When in situ 
techniques are applied to, for instance catalysts, an additional difficulty arises due to the 
dilution of the active catalytic centres that are often supported or embedded on/in an inert 
matrix. As a consequence, the actual active constituent only represents a minute fraction 
of the overall catalytic body. It is a big challenge to develop techniques that are capable of 
addressing both the fundamental and practical aspects of catalyst design. These techniques 
need to span over many orders of time and length scales with sufficient sensitivity in order 
to spot the active centres and reveal how these are influenced or not by the surrounding 
structure. There is a clear tendency towards combining several analytical tools in a 
complementary fashion [1]. The most prominent advantage of such multi-technique 
approaches lies in the enhanced, correlated information of dynamic chemical and physical 
processes when (quasi-) simultaneous, synchronized data acquisition is ensured. As a 
result one obtains information about the material structure that goes beyond the sum 
obtained by individual experimental methods. SNBL has been playing a leading role in 
combining diffraction with vibrational spectrocopies in the past. The palette of users has 
hence broadened and spectroscopy specialists started to appear on the beamline during the 
last 4 years. This has led to the introduction of the concept of modulation on the beamline 
[2, 3]. In brief when a system is perturbed by a periodic external stimulation, e.g. 
concentration, pH, light flux, pressure and temperature, for many materials the structural 
response is also periodic. Periodic perturbations are used frequently in spectroscopic 
investigations because they enhanced Sensitivity or Signal to Noise and introduce 
selectivity into experiments. This technique has been called Modulation Excitation 
Spectroscopy (MES). This had made the diffraction oriented beamline scientists think 
about the implications of modulation to diffraction. We have subsequently adapted this 
methodology for diffraction and named it Modulation-Enhanced Diffraction (MED). First 
we developed the theory to explain the kinematic diffraction response of a crystal when it 
is subjected to a periodically varying external perturbation [4]. We show that if a part the 
local electron density varies linearly with an external stimulus, the diffracted signal is not 
only a function of the stimulation frequency Ω, but also of its double 2Ω. These frequency 
components can provide selective access to partial diffraction contributions that are 
normally summed up in the interference pattern. 
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Figure 1 Simulation of of a MED experiment where Li is going in and out periodically from LiCoO2. 

Adapted from [4]. 
 
As an illustration, we have carried out a simulation of a MED experiment with a 
sinusoidal modulation of Li occupancy, assuming linear response and zero time delay. A 
total of 60 powder patterns of LixCoO2, with x = 0.3–0.5, have been calculated with the 
help of the TOPAS software and Fig. 1(a) illustrates the time evolution of the diffraction 
pattern. For the sake of simplicity we have neglected the variation of the unit-cell 
dimensions and oxygen displacement, since they are expected to be small in this region. 
The comparison of the Li contribution with the total intensity from LixCoO2 is illustrated 
in Fig. 1(b). The extraction of the demodulated diffraction intensities at twice the 
stimulation frequency have been carried out with a locally developed script. The 
comparison of the demodulated pattern with the diffraction pattern of the Li sub-lattice 
alone is shown in Fig. 1(c); the patterns are the same as expected. Experiments were done 
where a phasing process applied to partial diffraction terms allow to recover only the 
substructure actively responding to the stimulus [5, 6] confirming the theoretical work. 
The proposed technique is targeted towards making efficient use of modern detectors now 
available at SNBL and alleviating the data analysis bottleneck by only extracting the 
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changing part from the data. Hundreds or even thousands of diffraction images can be 
collected in matter of minutes. MED proposes a new way of performing experiments and 
automated means of extracting information from these large quantities of data. 
Developments are still ongoing also in the field of EXAFS.  
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Diffuse Scattering and Disorder in Perovskite Ferroelectrics 
 

D. Chernyshov 
Swiss-Norwegian Beam Lines at ESRF, Grenoble, France 

 
 
Perovskite structure is one of the simplest among the double oxides; following the 
paradigm "structure defines property" one would not expect perovskite family to be a 
Pandora’s Box for so many fascinating physical phenomena. The perovskites and 
structurally similar compounds show a spectacular variety of physical properties, and 
many of them are of great technological value. Structural disorder is one of important 
contributors to such diversity. Dynamic disorder associated with phonons often manifests 
itself in the ferroelectrics experiencing phase transformations [1], chemical disorder 
strongly influences magnetic ordering in perovskites with giant magneto-resistance [2], 
short-range correlated polar displacements is apparently the kernel of the relaxor 
behaviour [3] – to mention only a few key directions. Mixing different ions at the same 
position in the structure allows to tune physical properties and control conducting, 
magnetic and polar response.  Such a mixing also implies a compositional or chemical 
disorder that makes real perovskite structure extremely complex. 
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The disorder in a structure rarely means a chaos but rather represents certain temporal and 
spatial correlations between different sites. While sharp Bragg reflections correspond to 
the average structure, broad diffuse scattering carries information of the correlation 
characteristics of a disorder. At variance with the average structural descriptors like space 
group and unit cell dimensions, real disordered structure is characterized by correlation 
and probabilistic properties.  
 
Here we shortly review a set of publications based on SNBL BM01A data where our 
experiments helps to uncover disordered structure of BaMg1/3Ta2/3O3 [4],  Huang 
scattering in PbZr1-xTixO3[5], thermal diffuse scattering in lead zirconate[6] and, as a most 
complex case, polar glass-like structure of relaxor ferroelectric PbMg1/3Nb2/3O3 [7,8]. We 
also present a variety of tools and methods applied for the data analysis and presentation. 
At variance with Bragg scattering, there is no unique protocol for analysis of diffuse 
scattering data. Our examples serve as an illustration on how difficult such unification 
could be even for structurally similar perovskites.  
 
According to the theory of scattering on disordered materials [9], we approximate the 
diffuse intensity in terms of Fourier components of concentration fluctuations, cq: 

( ) | | ( )( ) TDS+qAfq∆fcN=qI
2

q
2
qdiff −  

here N plays role of a scale factor, ( )q∆f is a difference form factor for an atom and its 
substitutuent. The second term in square brackets accounts for the displacive component, 
the latter appears due to the structural deformation near a defect and is proportional to the 
atomic displacements induced by a defect and can be calculated from elastic moduli. The 
last term stays for thermal diffuse scattering [10] and can be calculated for a given lattice 
dynamics model [11]. 
If contributions from static displacements and TDS could be neglected, the corresponding 

diffuse scattering ( ) | | ( )( )22
qdiff q∆fcN=qI carries information on correlation coefficients 

| |2
qc or conditional probabilities directly linked to these coefficients [12]. This situation is 

realized in BaMg1/3Ta2/3O3, where the diffuse scattering has dominating contribution from 
the Mg1/3Ta2/3 disorder (Fig. 1). Modeling of such a disorder can be done with Monte-
Carlo method and recovered disordered structure is a subject of correlation analysis. This 
analysis shows that the electrostatic energy and the entropy points to this disordered phase 
of BMT as a metastable state, kinetically locked, which could be the equilibrium state just 
below the melting point [4]. 
 
When the disordered state is formed by non-interacting defects of low concentration, than 
the correlation between defects can be ignored and diffuse scattering has dominating 
contribution from elastic deformation induced by a defect, this is the case of Huang 
scattering:  
 

( ) ( )2

qqdiff AfqI ∝ .     (1) 
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Figure 1 The diffuse scattering observed for sections (100)-(010) section through (0, 0, ½) node for BMT. 
The square diffuse feature, which turn out to be cubes of diffuse scattering, has the intensity largely 
concentrated in the range from (h + 1/3,k + 1/3,l + 1/3) to (h + 2/3,k + 2/3,l + 2/3). 
 

 
Huang scattering is expected in the mixed perovskites for compositions close to the 
morphotropic boundary, in this case few phases of different symmetry may coexist in 
form of minor inclusions eforming the major phase.  For the lead titanate-zirconate we 
have observed such a highly anisotropic scattering in the temperature range 293 K < T < 
400 K. This scattering component disappears above 400 K at variance with otherwise very 
similar TDS (Fig. 2). Its main features can be reproduced by the model of inhomogeneous 
lattice deformations caused by inclusions of a tetragonal phase into a rhombohedral or 
monoclinic phase. This observation supports the idea that PZT at its morphotropic phase 
boundary is essentially structurally inhomogeneous. 
 
 
 
 
 
 
 
 
Figure 2 Model calculation of Huang scattering 
maps for (0 0 4) and (-3 0 1) Bragg nodes (top). 
Experimental and calculated 3D diffuse clouds for 
(0 0 4) (bottom)  
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Figure 3 Experimental and calculated diffuse scattering maps for PbZrO3, the calculation accounts for 
flexoelectric coupling. 

 
For many displasive phase transitions a phonon softening has been observed. Any soft 
mode would contribute strongly in the thermal diffuse scattering since the scattered 
intensity is inversely proportional to the square of the phonon frequency. Therefore TDS 
may carry very important information on the behavior of the phonon system close to 
phase transition. We have examined lattice dynamics of the antiferroelectric lead zirconate 
using inelastic and diffuse X-ray scattering techniques and the Brillouin light scattering. 
The analysis of the results reveals that the antiferroelectric state is a ‘missed’ 
incommensurate phase, and that the paraelectric to antiferroelectric phase transition is 
driven by the softening of a single lattice mode via flexoelectric coupling [6], the diffuse 
data supporting this conclusion are shown at Fig. 3. These findings resolve the mystery of 
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the origin of antiferroelectricity in lead zirconate and suggest an approach to the treatment 
of complex phase transitions in ferroics. 
 
The parameterization of diffuse scattering given by eq. (1) seems to cover effectively a 
broad range of disordered phenomena in perovskites such as short-range chemical order, 
nano-regions of inclusions or phonons. There are however examples of very slow 
hindered dynamical systems where a direct application of the eq. (1) fails. Diffusion, ionic 
conductivity, glass-like behaviour may serve as examples.  This is also the case for so-
called relaxor ferroelectrics. Relaxor ferroelectrics have been known for more than 50 
years and have been arousing significant interest because of their numerous unusual 
properties, such as the appearance of a broad peak in the real part of the dielectric 
susceptibility as a function of temperature. No structural change has been found to 
accompany this peak and this unusual polar response in the cubic perovskite has been 
linked with formation of polar nano-regions or nano-domains. Diffuse scattering data 
were actively used to support this idea.  
 
We have undertaken a synchrotron x-ray diffuse scattering study of lead magnesium 
niobate-titanate PbMg1/3Mb2/3O3-PbTiO3 (PMN-PT) [7]. We have shown that the widely 
 

 
 

Figure 4 Diffuse scattering near different Bragg reflections in PMN-PT. Column (a) represents the 
experimental observations, columns (b), (c), (d)  show what is expected for different models of polar nano-
regions, column (e) stays for the parametrization proposed. 
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used concept of polar nanoregions as individual static entities is incompatible with the 
experimental diffuse scattering results. Based on the synchrotron diffuse scattering 3D 
dataset taken for the prototypical ferroelectric relaxor lead magnesium niobate-titanate 
(PMN-PT), we present a new parameterization of diffuse scattering in relaxors and 
propose a simple phenomenological picture to explain the unusual properties of the 
relaxor behavior (Fig. 4). Our model assumes a specific slowly changing displacement 
pattern, which is indirectly controlled by the low-energy acoustic phonons of the system. 
We have applied the parameterization to generate the disordered atomic configurations 
[8]. The analysis of the resulting displacement patterns retrieved for lead ions shows that a 
static snapshot of the relaxor structure corresponds to the specific dipole glassy state that 
is characterized by local polarization and its projection onto the selected direction. The 
recovered structural model agrees with the observed behavior of dielectric susceptibility 
as well as the existence of a wide-range hierarchy in the relaxation times in these 
materials. 
 
Taken together, experiments on diffuse scattering from ferroelectric perovskites have 
uncovered a rich variety of disordering phenomena. Each individual case needs a special 
modeling that should not only satisfy local chemistry but also correspond to the physical 
properties. Thus various versions of Monte-Carlo and reverse Monte-Carlo approach work 
well for static compositional disorder but could give a meaningless result being applied 
for thermal diffuse scattering. A complimentary experiment on inelastic scattering helps to 
uncover static or dynamic nature of observed diffuse scattering, on the other hand diffuse 
scattering maps serve as a road map for time inelastic scattering; the other important 
option is temperature of pressure evolution of diffuse signal.  Thanks to fast low-noise 
PILATUS detectors diffuse scattering measurements become routine, and, together with 
colleagues from ID28, we are working of the tools to manipulate, represent and analyze 
diffuse scattering.   
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Polyhedral CeO2 nanoparticles: Correlation between geometrical and electronic 
structure 

 
C. Paun, O.V. Safonova, J. Szlachetko, P.M. Abdala*, M. Nachtegaal, J. Sa, E. 

Kleymenov, A. Cervellino, Frank Krumeich, J.A. van Bokhoven 
  

*SNBL at ESRF, 38043 Grenoble, France 
 
Ceria, (CeO2) is a well-known functional compound from the rare earth family. 

Ceria-based materials are technologically relevant materials with applications in a wide 
range of fields such as catalysis, solide oxide fuel cells, optics, gas sensors, and biology1. 
The reactivity of ceria is related to the low redox potential of the Ce3+/Ce4+ pair and to the 
high oxygen storage capacity (OSC) that allow to store oxygen under oxidizing conditions 
(Ce4+) and to release it under reducing ones. Recently, many researches have been focused 
on the understanding of the correlations between the morphology of CeO2 nanoparticles 
(NPs) and their surface chemistry. The ultimate goal is the development of advanced 
materials having high OSC, improved catalytic activity, selectivity and stability. One of 
the main questions that still remain unanswered is how the concentration of defects in 
CeO2 structure changes as a function of particle size and morphology and how this affects 
the OSC. The aim of this work is to determine systematically how the size of well-defined 
polyhedral ceria NPs prepared by a number of wet-chemical methods affects their 
electronic properties and the unit cell parameter under ambient conditions. 

Well-crystallized ceria NPs of different size (2-10 nm), having polyhedral shapes 
and narrow size distribution were prepared by slightly modified microemulsion (M), 
precipitation (P) , solvothermal (S), and hydrothermal (H) methods (Table 1). HRTEM, 
XRD and EXAFS were used to characterize the morphology and the crystallographic 
structure of the NPs, while XANES at the Ce K- and L3-edges was applied to probe the 
electronic properties, in particular, the concentration of Ce3+. CeO2 NIST was measured as 
reference. 
Table 1. Samples used in the study: preparation methods, annealing conditions, particle 
size (d), unit cell parameter (a) and concentration of Ce3+. 

Samples Preparation 
method 

Precursor Annealing 
conditions 

M_110  
 

Microemulsion 

 
 

Ce(NO3)3•6H2O 

110oC, 24h 
M_200 200 oC, 6h 
M_300 300 oC, 6h 
M_400 400 oC, 6h 
M_500 500 oC, 6h 
P1_60 Precipitation_1 Ce(NO3)3•6H2O 60 oC, 24h 
P2_50 Precipitation_2 (NH4)2Ce(NO3)6 50 oC, 24h 
P2_400 400 oC, 6h 
H_60 Hydrothermal Ce(NO3)3•6H2O 60 oC, 24h 
S_500 Solvothermal Ce(NO3)3•6H2O 500 oC, 6h 
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The HRTEM (Figure 1) images reveal that the NPs are well-crystallized and have 
polyhedral shapes regardless of the preparation method. Figure 2 shows that the cell 
parameters of CeO2 increased as the NPs size decreased independently on the preparation 
method, while the cell parameter shows significant discrepancy with the synthesis 
method. These results showed good agreement with the theoretical curve (dash line) 
proposed by Perebeinos et al.2 who explained the lattice expansion in ceria by effective 
negative Madelung pressure taking place in ionic crystals.  

 
 

 
 

Figure 1. HRTEM images of polyhedron NPs with synthesized by different procedures: a) M_110; b) 
P2_50; c) M_200; d)  M_300; e) M_500; f) P2_400; g) H1_60; h) S_500. 

 
 

 
 
Figure 2. Estimated CeO2 unit cell parameters as a function of particles diameters synthesized by different 

methods: ● microemulsion; □ precipitation; ○; ◊ hydrothermal; ∆ Solvothermal. 
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Figure 3. The coordination numbers (N, in black) and the Debye-Waller factors (DW, in red) of oxygen in 
the first coordination shell (a) and cerium in the second coordination shell (b) estimated from EXAFS for 

ceria NPs as a function of the particle size. 
 
Figure 3 shows the EXAFS results (Ce K-edge) of all samples. The coordination number 
of cerium-oxygen in all the samples was close to the value of 8 while the corresponding 
values of Debye-Waller factors (DW) decreased when the NPs size increased. In the 
second coordination sphere, the DWCe decreases as the size of the NPs grows. The Debye-
Waller factors typically increase for small crystallites due to the increased structural 
disorder on the NPs surface. The correlation between the Debye-Waller factors and the 
sizes of CeO2 NPs shows that the structural disorder increases as the size of the NPs 
decreases. 
 

From linear combination analysis on Ce K-edge XANES data, all samples show a 
concentration of Ce3+ smaller than 5%. No correlation was observed between the Ce3+ 
concentration and NPs size. However, the concentration of Ce3+ was related to the 
preparation method. Samples that were prepared using a Ce3+ precursor showed traces of 
Ce3+ in the NPs. The NPs prepared using a Ce4+ precursor showed no Ce3+.  

 
Figure 5 compares the Ce L3-edge HERFD XANES for the ceria NPs of different 

size to the spectrum of CeO2 NIST and Ce2(CO3)3•xH2O. The spectra of the nanoceria 
had similar shape as that of CeO2 NIST and also is in agreement with Kvashnina et al.3. 
The intensity and position of the two doublet features above the edge jump at 5730−5735 
(B and C) and 5740−5745 eV (A1 and A2), are size-dependent. These features are broader 
and showed systematic energy shifts for small NPs. However, no significant edge shift, 
characteristic of Ce3+, was observed in any of the spectra.  

 
 



 

 83 

SNBL Review                                                                               ESRF, 5-6 November 2013 

 
 

Figure 4. (a) Ce K-edge XANES spectra of CeO2 NIST (red curve), Ce2(CO3)3•xH2O (blue curve) and 
M_300 sample (black dash curve); (b) Variation of the Ce3+ concentration estimated from XANES Ce K 

edge spectra as a function of particle size: ● – M_110, 200, 300, 400 and 500 (2, 3.2, 4.2, 5 and 7.2 nm); □ 
– P1_60 (5.1 nm); ○ – P2_50, 400 (2.1 and 8.6 nm); ∆ – S_500 (10.3 nm). 

 
 
 

 
 

Figure 5. The normalized Ce L3 HERFD XANES spectra of CeO2 with different particles sizes: 2 nm 
(M_110), 2.1 nm (P2_50), 5.1 nm (P1_60) , 7.2 nm (M_500), 10.3 nm (S_500), 380 nm (CeO2 NIST) and 

Ce2(CO3)3•xH2O standard. 
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The results of the theoretical simulations of HERFD Ce L3 XANES of octahedral 
ceria NPs qualitatively reproduced the size-dependent changes in the first doublet feature 
as the NP size decreased. The changes in the shape of features B and C toward smaller 
size can be explained by an enhanced contribution of cerium atoms situated on the NP 
surface and having a different local environment compared to the bulk atoms. The 
observed size-dependent changes in the geometric and the electronic structure of CeO2 
can explain the enhanced oxygen mobility, reducibility, and OSC of nanoceria reported in 
the literature. During longer exposure of nanoceria to the X-ray beam, the L3-edge 
position was progressively and significantly shifting toward lower energy, indicating the 
photoreduction of Ce4+ into Ce3+. For smaller NPs, the shift was more pronounced, while 
for bulk ceria it was not observed. Thus, the reduction likely occurred on the NP surface 
and shows a dependence on particle size. 

Using a combination of structure-sensitive techniques applied under identical 
experimental conditions we established that a correlation between the NPs size, the cell 
parameter, and the structural disorder exist. The unit cell parameter increases when the 
NPs size decrease (up to 0.2% for 2 nm NPs). Also, the smaller the particles are, the larger 
the structural disorder. The Ce3+ concentration was in all samples below 5% and showed 
no correlation with the size and it depend on the preparation method. The amount of Ce3+, 
which formed because of the damage by irradiation with X-rays, scales with surface area, 
thus producing significantly higher fractions of Ce3+ in smaller particles. 
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Absolute structure and properties of inorganic helimagnets 
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 Chirality is an enigmatic characteristic of biological materials where the sense of 
chirality (handedness) may change a property drastically. At variance, for inorganic 
materials both structural forms of opposite chirality have the same physical properties and 
are equally probable. However, as it follows from general symmetric arguments, the 
structural chirality may still make an effect on, at least, some physical properties that are 
also of chiral symmetry. 
 
 We have shown that for the case of cubic helimagnets (MnSi, MnFeSi, FeCoSi, 
MnGe, FeGe, MnFeGe, FeCoGe, Cu2OSeO3) with P213 symmetry the chiral crystal 
structure governs the chirality of the magnetic structure [1-4]. A lack of inversion 
symmetry in the above listed magnetic materials makes possible antisymmetric 
Dzyaloshinsky-Moriya interaction and results in a variety of magnetic phenomena. Chiral 
helicoidal order [5-6], skyrmion lattices [7-8], a quantum blue fog [9], soliton lattices 
[10], topological Hall effect [11], peculiar phase transitions [12] exemplify some of the 
topics attracting attention of wide range of physicists. 
 Here we review a series of recent papers where the data from SNBL were used to 
identify structural chirality while magnetic chirality was probed with help of the small 
angle diffraction of polarized neutrons. The structural chirality is set by an absolute crystal 
structure refined with via refining so-called Flack parameters [13-14]. The analysis is 
based on the difference between Friedel mates (I(h k l) – I(h k l)) due to resonant 
contribution in the x-ray scattering amplitudes. The difference caries information on the 
ratio between two opposite handed structural domains. The Flack parameter equals to zero 
corresponds to a single domain of the chiral structure (enantiopure) and atomic 
coordinates calculated during such a refinement give an absolute (i.e. with the fixed 
handedness) structural configuration. The measurement of the magnetic chirality is based 
on the difference between two small angle diffraction intensities collected at the same 
point of q-space for two opposite polarizations of the incident neutron beam [15]. Due to 
the large helical period (50 – 2000 Å) the first diffraction peak is expected at the q-range 
that is easily accessible with the small angle neutron scattering machine. 
 In spite of simplicity of the crystal structure the refinement of the Flack parameters 
for all mentioned above compounds was quite recently done by us for the first time. 
Almost all the tested crystals are enantiopure and they present a single structural domain 
of a fixed chirality, defined left or right according to a spiral Si atoms propagating along 
<111> axis, Fig. 1. 
 
 Having characterized the chirality of first available crystals, we have studied how 
the chirality of a seed affects the chirality of crystals grown by the Czochralski technique 
[3]. We have shown that the structural chirality can be control during the growth by the 
proper choice of the seed. In total, more than 50 crystals have been tested. We have to 
note that till now all the data suitable for the Flack refinement have been collected at 
SNBL BM01A diffractometers (Fig. 2). 
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Figure 1. View of a B20 cubic crystal (space group P213) along the <001> (a), (b) and <111> (c), (d) axes 

for two chiral configurations: (a), (c) right-handed with uSi= 0.164 and uMe = 0.862 and (b), (d) left-

handed with uSi = 0.846 and uMe = 0.138. The black spirals help to identify the sense of the skewing. 

 
 

 
 
 
 

Figure 2. Fe1−xCoxSi samples (left) grown from the right-handed (P) seed (series a), from the left-handed 
(P) seed (series b), and from another right-handed (P) seed (series c). The structural handedness 

determined in the experiment is denoted as (SR) for right-handed crystals and as (SL) for left handed 
crystals. Series of the MnSi samples (right) grown from the left-handed (P) seed (series a) and from the 

right-handed (P) seed(series b). 
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 The magnetic chirality uncovered with polarized neutrons is found to be correlated 
with the structural one. With no exceptions enantiopure in the magnetic sense single 
crystals were enantiopure also structurally. The helicoidal magnetic structure is stabilized 
by the Dzyaloshinski-Moriya interaction. The coupling between structural and magnetic 
chiralities can be rationalized within phenomenological Landau theory as bi-linear; it 
implies that one cannot change, say, structural chirality without changing its magnetic 
counterpart [16]. However, the microscopic mechanism of this coupling and 
phenomenological DMI is still unknown. Recently, we have shown that the sign of the 
Dzyaloshinski constant D can be set by the proper choice of a 3d metal in silicides and 
germanides [4]. Together with the growth control of structural chirality this observation 
allows to control the magnetic chirality in these materials. Such a control becomes 
especially interesting for an exotic magnetic structure like skyrmions whose chirality 
obeys the same rules the chirality of the ground state helicoids [17]. 
 

 
Figure 3. The temperature dependence of the lattice constant of FeGe. Tc is the Curie temperature, T100 is 

the temperature of the phase transition from <111> to <100>. 
 
 Recently, characterizing new FeGe crystal as a function of temperature with the 
novel Pilatus2M detector, we have observed another coupling between crystal structure 
and magnetism manifested in the thermal expansion (Fig. 3). The unit cell volume of 
FeGe seems to be sensitive to the formation of the helicoidal structure with <111> 
propagation vector at Tc = 280 K and a switch to the new propagation vector <100> at 
T100 = 175 K. Although the changes are small they are detectable with the equipment 
available at SNBL. 
 In collaboration with colleagues at EPFL and PNPI we now apply the same 
experimental approach to the new compounds that show similar chiral magnetic 
properties. As an example crystal structure of chiral helimagnet Cu2OSeO3 refined from 
SNBL data (R1 = 0.03, Rw = 0.0685) is shown in Fig 4. 
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Figure 4. The refined structure of the chiral helicoidal magnet Cu2OSeO3 with the P213 space group. 
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VI. SNBL – FACTS and FIGURES 
 
VI.1 Beam time allocation and user groups 
 

The two Swiss-Norwegian Beam Lines, BM1A and BM1B, provide 
around 800 shifts per annum to its users. This allows the user groups to carry out 
on average about 80 projects every year. The Agreement between ESRF and SNX 
attributes 1/3 of this time to the international use, while 2/3 of the beam time 
should be allocated to Swiss and Norwegian users. It is worth noting that both 
collaborating countries are contributing members of ESRF, and researchers from 
Switzerland and Norway have a legal right to submit their proposals to ESRF, 
requesting nevertheless beam time at BM1A and BM1B lines. 
 Although the demand for beam time on the SNBL fluctuates from year to 
year, the beam lines remain very attractive for users. Figures VI.1 and VI.2 show 
the statistics for requested and allocated shifts over 2009-2013 years. In 
international part the mean overbooking ratio for these years reach 3.3. It drops 
down to 2.2 for Swiss and Norwegian users indicating a bit easier their access to 
the facility. 
 

 
 

Fig. VI.1  Requested and allocated at SNBL beam time for ESRF users 
 

 

 
 

Fig. VI.2  Requested and allocated at SNBL beam time for Swiss and Norwegian users 
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The distribution of the allocated shifts by countries (Fig. VI.3) 
demonstrates the fact that research groups from three countries (Italy, France, and 
Germany) constitute an important part of international users at SNBL. Swiss and 
Norwegian users are well presented in this part. In the bi-national statistics (Fig. 
VI.4), Norwegian users are more active in using SN-attributed beam time.  
 
 

 
 
 

Fig. VI.3  Distribution of the ESRF attributed beam time at SNBL by countries 
 

     
 

Fig. VI.4  The use of SN beam time by Swiss and Norwegian groups 
 
 The research groups from the two  partner countries, belong to leading 
Swiss and Norwegian universities and research institutes. They both  
show considerable interest and a serious contribution to the SNBL activity. 
Figures VI.5 and VI.6 list Swiss and Norwegian institutes present at SNBL and 
show their  respective use of beam time. 
 
 
 

 
 

Fig. VI.5  Distribution of the beam time by Swiss institutes in 2009-2013 (abbr. see in 
Appendix C) 
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Fig. VI.6  Distribution of the beam time by Norwegian institutes in 2009-2013 (abbr. see 

in Appendix C) 
 
 The variety of Review Committees selecting projects for SNBL (Figs. 
VI.7) reflects the concept formed after discussions by the beamline management 
with the SN user community; it had strong links to their research strategy, and 
aimed to providing the most appropriate assistance to their projects, both those 
already running and others still in planning. The SN beam lines are seen as 
multifunctional, dedicated to complex in situ experiments requiring combinations 
of diffraction and spectroscopic techniques. The approach seems to be well 
received also beyond the SN users community. 
 
 

 
 
 
Fig. VI.7  Distribution of beam time allocated to international users at SNBL by Review 

Committees in 2009-2013 years 
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VI.2 Publication Output 
 
 The SNBL users exploited the high efficiency of the beamlines with an 
increase in the publication rate. So far more than 1100 papers from SNBL were 
published in peer-reviewed journals. The number of papers which appeared in the 
period 2009-2012 using data collected on SNBL reached an unprecedented level 
of 131 in publications 2009, and it shows a stable trend to keep the high level in 
2010-13 (see Appendix A). Taking into account the typical number ~80 of 
projects carried out at the beamlines one finds the efficiency of the SNBL users in 
using beam time quite impressive. Figure VI.9 compares the number of papers 
published by the users, both international and SN, to the precise numbers of 
projects for years 2009-2012. 
 
 

 
 

Fig. VI.9  Publication rate of SNBL compared to the number of projects carried out 
every year 

 
It is worth noting steady increasing of the quality of SNBL users’ 

publications. Figure VI.10 shows evolution of the average Impact Factor of 
journals where the corresponding papers appeared. 
 

 
  

Fig. VI.10  Average Impact Factor of SNBL publications 
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Last but not least, SNBL serves as an important facility for PhD students 
from Swiss and Norwegian universities. In 2009-2012 thirteen theses were carried 
out and defended using data obtained at SNBL (see the list in Appendix B). 
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VII. CONCLUSIONS 
 
 
 
 

• We have just concluded a major detector refurbishment of SNBL. This 
represents a substantial investment in the project by our funding 
agencies, and puts us in an excellent position to exploit the facility for 
many years to come.  

 
 

• An active and efficient user community has been formed around 
SNBL. It has strong research programs in several fields, including 
energy storage materials, the chemistry of catalysis and the 
characterization of new materials using a combination of in-situ 
techniques.  
 
 

• The presence of several groups of researchers from various institutes in 
Switzerland and Norway carrying out long-term programs at SNBL 
ensures that our facility will continue to benefit from the input from 
our user community and that the beamtime will be in high demand. 
 
 

• The solid financial basis ensured by the national governmental 
agencies, as well as the important additional contributions made by the 
user’s institutes, allow SNBL not only to maintain the existing level of 
the activity on the beam lines but also continue to upgrade and develop 
our instrumentation. 

 
 

• The staff of SNBL show their motivation, expertise, and efficiency 
both in providing a high-level service to users, and in developing their 
own research and instrumentation programs. 
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