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INTRODUCTION 

The years 2009-2012 have finalized a very important period in the life of 
SNBL. Following the report of the SNBL Committee of the Future in 2008, 
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 required 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?  
 
Before signing the Agreement and Memorandum, discussions organised in 
both countries showed a continued and wide interest within the Swiss and 
Norwegian synchrotron communities to run the SNBL’s beyond the actual 
budget period. Moreover, the SNX-Council received a strong commitment 
from the Norwegian and Swiss administrations for their continuous 
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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Direct Observation of Catalyst Behaviour Under Real  Working Conditions With 
X-ray Diffraction: Comparing SAPO-18 and SAPO-34 Me thanol to Olefin 

Catalysts 
 

David S. Wragga,* Duncan Akporiayeb and Helmer Fjellvåga 

ainGAP Centre for Research Based Innovation, Centre for Materials Science and 

Nanotechnology and Department of Chemistry, University of Oslo, P.O. box 1033 

Blindern, N-0315 Oslo, Norway 

bSINTEF Materials and Chemistry Forskningsvn 1, N-0314 Oslo, Norway 

The methanol to olefin (MTO) conversion process is an important route from cheap 
and potentially renewable feedstocks to high value chemical building blocks. The first 
commercial plants using the process are now coming on stream in China. Olefins 
(hydrocarbons containing double carbon to carbon bonds) can be converted into all 
kinds of chemical products, especially polymers. They are currently obtained mainly 
by distillation of oil. The MTO process is particularly effective for producing propylene 
(propene), the starting point for polypropylene which can be fabricated into anything 
from high strength plastic sheets to thermal underwear. The process is catalysed by 
small pore zeolites, and the most successful catalyst is the silicon substituted 
aluminium phosphate framework SAPO-34. This catalyst has excellent selectivity for 
propylene (many of the other catalysts produce a very wide product range making 
separation a major problem) but is quickly deactivated by coke- organic material 
developed from the reaction intermediates trapped inside the framework. This is 
remedied by repeated burning of the coke to regenerate the catalyst.  SAPO-34 also 
suffers long term deactivation after many cycles of MTO and regeneration. The 
cause of this is not known [1]. It is vital to understand the catalytic process better in 
order to extend the lifetime of the catalyst. A longer lived catalyst would lead to 
significant cost reductions, for example it may allow MTO plants to move from the 
complex and costly recirculating fluidised bed reactors currently used to simple fixed 
bed systems as used in the methanol to gasoline process. 
 
The MTO process has been developed in collaboration by UOP in America and Ineos 
(formerly Norsk Hydro) in Norway. Extensive research and development work on the 
process has been carried out at the University of Oslo, NTNU and SINTEF. Catalytic 
studies have revealed much about the mechanism of the reaction taking place inside 
the zeolite catalyst, however, until recently there had been no significant research 
into the behaviour of the catalyst itself during the process. Using the MAR2300 image 
plate system on BM01A of the SNBL we began to study the behaviour of SAPO-34 
under MTO reaction conditions using the capillary flow cell developed by Norby [2]. 
The first results were published in 2009 [3, 4]. Using the the Rietveld method to 
analyse series of in situ XRD data we discovered significant changes in the crystal 
structure of SAPO-34 during the MTO process and adsorption of water and 
methanol. The main structural changes are focussed on the c-axis of the 
rhombohedral (hexagonal setting) unit cell which expands significantly during the 
MTO process. 
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SAPO-34 is not, however, the only small pore zeolite framework which is active for 
MTO conversion. Some publications have suggested that SAPO-18, a closely related 
structure, has superior properties as an MTO catalyst, especially in terms of lifetime. 
 
We set out to study the behaviour of SAPO-18 in the MTO process and compare it to 
our earlier results on SAPO-34. The two structures are closely related. Both are built 
up from double six ring units (D6Rs), i.e. two connected rings of six tetrahedral 
Si/Al/P atoms linked by oxygen; which are arranged in identical layers. An A-A-A 
stacking of the layers gives SAPO-34 (International Zeolite Association framework 
type CHA) while and A-B-A sequence (with the B layer simply the A-type layer 
rotated by 180°) gives SAPO-18 (International Zeolite Association framework type 
AEI). The layers form structures with 8-ring windows (rings of 8 tetrahedral atoms 
linked by oxygen) and large internal cages. The ordering of the D6Rs is, however, 
slightly different [10]. This leads to two structures with the same framework density 
(number of tetrahedral atoms per 1000 Å3; 15.1 for both structures) but significantly 
different cage shapes (figure 1). 
Data were collected on SAPO-18 (containing 8 % silicon) under MTO conditions on 
BM01A. The reaction was run for 3 hours at 450 °C and powder patterns were 
collected with a time resolution of 107 seconds. Mass spectrometry data were 
collected during the experiment. The PXRD data were refined using the Rietveld 
method with GSAS and TOPAS academic with both batch and parametric methods. 
 
The unit cell of SAPO-18 is expands during the MTO process but to a smaller degree 
than SAPO-34 with the same silicon content. In contrast to SAPO-34 variations of 
similar magnitude are observed in all unit cell directions, leading to a 0.9 % volume 
 

  

  
 

Figure 1. The structures of SAPO-34 (left) and SAPO-18 (right) showing the stacking schemes and 
resulting cages. 
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Figure 2. Unit cell expansion and mass spec data for SAPO-18 (left) and SAPO-34 (right). 

 
expansion compared to 3 % for SAPO-34. There is no clear endpoint for the 
expansion of SAPO-18 which may reflect the longer active lifetime of this catalyst 
(figure 2). 
 
Expansion in SAPO-34 during the MTO process is strongly correlated to the build-up 
of reaction intermediates inside the cages. Marcus et al compared the coke in SAPO-
18 and SAPO-34 after the MTO process and showed that SAPO-18 tends to form 
larger polyaromatic species than SAPO-34 (pyrenes rather than phenanthrenes), this 
is explained by the shape of the cages in SAPO-18 allowing easier formation of the 
larger aromatics [5]. Even with pyrene trapped inside there is space in the SAPO-18 
cage. This observation helps to rationalise both the smaller expansion observed by in 
situ X-ray diffraction and the extended activity: SAPO-34 fills with coke, expands, 
becomes blocked and deactivates. Due to its cage shape SAPO-18 does not fill, 
despite the larger coke molecules, and therefore need not expand. 
 

  
 

Figure 3. Comparison of the structures of SAPO-34 (left) and SAPO-18 (right) showing the 
arrangements of double six ring units (green). 
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We furthermore suggest that the structure of SAPO-18 may be more rigid than that of 
SAPO-34. In the latter the D6R units are all aligned in the same direction and the 
flexible four ring links allow the whole structure to expand easily in the c-direction. In 
SAPO-18 alternate cages are rotated by approximately 90° with respect to one 
another (figure 3); this means that changes to the size of the cages are restricted by 
the necessity of deforming the more rigid D6R units. 
 
Plotting the change electron density in the cages per formula unit against reaction 
time shows a trend which matches the shape of the unit cell volume expansion curve 
(figure 4) as previously observed for SAPO-34. The level of electron density per 
formula unit in SAPO-18 is higher than that found for SAPO-34 supporting the theory 
that larger intermediates are present in SAPO-18. 
 

 
Figure 4. Volume expansion and cage electron counts for SAPO-34 and SAPO-18 

 
This work has revealed that it is likely that the longer active lifetime of SAPO-18 
compared to SAPO-34 is related to the differences in structural behaviour, with the 
cage shape and rigid framework delaying pore blocking. 
 
References 
 
[1] P. Barger, Methanol to Olefins (MTO) and Beyond, in: M. Guisnet, J.-P. Gilson (Eds.) 
Zeolite for Cleaner Technologies, Imperial College Press, London, 2002, pp. 239-260. 
[2] P. Norby, J. Am. Chem. Soc., 119 (1997) 5215-5221. 
[3] D.S. Wragg, R.E. Johnsen, M. Balasundaram, P. Norby, H. Fjellvåg, A. Grønvold, T. 
Fuglerud, J. Hafizovic, Ø.B. Vistad, D. Akporiaye, J. Catal., 268 (2009) 290-296. 
[4] D.S. Wragg, R.E. Johnsen, P. Norby, H. Fjellvåg, Microporous Mesoporous Mater., 134 
(2010) 210-215. 
[5] D.M. Marcus, W. Song, L.L. Ng, J.F. Haw, Langmuir, 18 (2002) 8386-8391. 
 
Publication 
 
D. S. Wragg, D. Akporiaye and H. Fjellvåg, Journal of Catalysis, (2011), 279, 397-
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Ionothermal Synthesis and Structure Analysis of an Open-Framework 
Zirconium Phosphate with a High CO 2/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 
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 
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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. 
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The influence of X-rays on different redox states o f 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).  

 
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 
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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 – determin ation 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).  

 
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 ν4 
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  – de termination 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 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 
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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. 
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The luminescence of Na xEu3+
(2-x)/3MoO4 scheelites depends on the number of 

Eu-clusters occurring in their incommensurately mod ulated structure. 
 

A.Arakcheeva(a), D.Logvinovich(a,b), G.Chapuis(a), V.Morozov(c), S.Eliseeva(c), 
J.-C.Bünzli(d,e), P.Pattison(a,f) 

 
(a) Laboratoire de cristallographie, Ecole Polytechnique Federale de Lausanne, 1015 

Lausanne, Switzerland. 
(b) ETH Honggerberg, Laboratorium fur Kristallographie, 8093 Zurich, Switzerland 
(c) Department of Chemistry, Moscow State University, 119991 Moscow, Russia 

(d) Institute of Chemical Sciences and Engineering, Ecole Polytechnique Federale de 
Lausanne, 1015 Lausanne, Switzerland 

(e) WCU Center for Next Generation Photovoltaic Devices, Korea University, Jochiwon, 
Republic of Korea 

(f) Swiss-Norwegian Beam Lines at ESRF Grenoble BP-220, 38043, France 
 
Scheelite related compounds (SRCs) with general formula Mn(XO4)m = Mn/m(XO4) 
cover a broad spectrum of compositions, with M being either a single element or a 
combination of up to three cations, which can be alkaline elements, Ca, Sr, Pb, Ba, 
Zn, Cd, In, Ga, Tl, Ln, Y and Bi, while X is Mo, W, Nb, V, Ta or, possibly, a 
combination thereof. They are highly stable and their preparation by solid-state 
reaction is easy so that scheelites are found in many industrial applications, including 
solid oxide fuel cells and photocatalysts. The chemical composition and size of the 
particles are important factors affecting the luminescence of SRC phosphors. 
Influence of the crystal structure on the luminescence properties has been discussed 
for some SRCs. However, this aspect is usually ignored because only statistical 
distributions can be derived for different M-cations by conventional crystallographic 
methods. On the other hand, application of the (3 + 1)-dimensional symmetry 
concept shows that the entire family of compositionally different SRCs can be 
described from a unique model of modulated structures, which is characterized by a 
fully ordered distribution of different cations in the M subset. 
 
The vast majority of the published SRCs exhibit the stoichiometry M : XO4 = m/n = 1, 
leaving no possibilities for vacancies in the M subset. Only charge neutrality limits the 
m/n ratio in the modulated structure model. Hence, this model allows one to predict 
SRCs with completely ordered structures within a wide and continuous range of 
compositions. The modulated structures can be identified by the presence of 
additional satellite reflections in the lower angle part of XRD patterns. These weak 
reflections are usually ignored. However, they provide an invaluable source of 
information on the atomic ordering which can be extracted by application of the 
(3+1)-dimension symmetry model. As a consequence, correlation between crystal 
structure and luminescence parameters can be much more precisely deciphered 
than in previous work. In this paper, we exemplify the potential of this concept with 
the   
NaxEu3+(2-x)/3MoO4 (0 ≤ x ≤ 0.5) series by solving the structure of six samples of 
different composition and relating their photo-physical parameters to the nature and 
amount of Eu aggregates present in the scheelites. 
 
Powder diffraction data were collected on the Swiss-Norwegian Beam Line BM01A at 
the ESRF, Grenoble. Na0.5Eu0.5MoO4 and Na0.286Eu0.571MoO4 have been refined in 
the conventional I21/a space group with statistically distributed cations Na and Eu. 
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According to the scheme proposed for SRC, the I2/b(αβ0)00 (3 + 1)D superspace 
group has been applied here for all other incommensurately modulated structures 
and earlier for Eu3+

2/3MoO4. The magnified lower angle parts of powder diffraction 
patterns of the NaxEu3+

(2-x)MoO4 compounds are shown in Fig.1. The luminescence 
properties of scheelite related compounds are essentially affected by the presence of 
Eu3+ aggregates, as shown from eight samples of the NaxEu3+

(2-x)/3MoO4 series. 
Different amounts of Eu3+-dimers have been detected in six modulated and ordered 
crystal structures, characterized by the weak satellite reflections appearing in the 
lower angle part of their XRD pattern. Two types of Eu-aggregates can be 
distinguished in the ordered structures: first, the Eu3+-dimers or diatomic clusters 
(Fig.2) similar to those evidenced recently in silicate AV-24, and secondly, complex 
layers which are parallel to the c axis and normal to the modulation vector q. The 
shortest Eu–Eu distance is equal to about 3.95 Å in both types of Eu-aggregates, 
whereas the shortest Eu–Eu distance between aggregates is longer than 5.1Å. In the 
ab projection of a portion of cationic subsets (Fig.2), the Eu3+-dimers can be 
recognized as Eu-pairs isolated from all other Eu-atoms by Na+ cations and 
vacancies. 
 

 

Figure 1. Magnified lower angle parts of the experimental XRD patterns of NaxEu3+(2-x)/3MoO4 
compounds with different compositions defined by x. Colored stars (corresponding to the nine different 

hklm indexes) and green strips indicate the satellite reflections. 
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This study points to the importance of considering the superspace formalism without 
which no direct correlation could be found between composition and luminescent 
properties of the material. Once the superspace model is established, it is 
straightforward to explore all the configuration modes and deduce the structures with 
the largest number of Eu3+ dimers in order to maximize luminescence. With this in 
mind, we can claim that the superspace concept represents a predictive tool for the 
discovery of new physical properties in material sciences. 

 

Figure 2. Portions of the ab projection of the cation subset in NaxEu3+
(2-x)/3MoO4 compounds. Dark and 

light blue colors correspond to Eu and Na atoms, respectively, in the aperiodically ordered structures; 
grey indicates a mixture (Eu, Na) position in the disordered structure. Vacancies appear as large white 
stars. Eu dimers are surrounded by yellow contours. In the aperiodically ordered structures, the cation 
distribution differs in each adjacent unit cell (examples are indicated by red squares), whereas they are 

identical in the disordered one. 

Principal publication: 

Arakcheeva, A., Logvinovich, D., Chapuis, G., Morozov, V., Eliseeva, S., Bünzli, J.-
C., Pattison, P. Chem. Sci.,3, 384-390, 2012  
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Fischer–Tropsch synthesis: An XAS/XRPD combined in situ study from 
catalyst activation to deactivation 
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Øyvind Borgc, Erling Ryttera,c, Anders Holmena,* 
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A Re promoted Co/γ-Al2O3 and an un-promoted Co/γ-Al2O3 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. 

 
Quantitative results obtained by linear combination analysis of reference materials 
(cobalt oxides and foils) allowed evaluation of the reduction rates of Rhenium (Re) 
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promoted Co-Re/γ-Al2O3 and un-promoted Co/γ-Al2O3 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. 
 

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).  
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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-Al2O3 catalyst 
together with model experiments on reduced catalyst under diluted O2 stream. 

 
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 
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excluded. On the other hand the Co/γ-Al2O3 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). 

 

 
 

Figure 8. Degree of reduction as a function of catalyst bed position before and after FTS. 
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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-Al2O3 and a Co/γ-
Al2O3. 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-Al2O3 catalyst. The phase appears to be similar to a 
surface CoAl2O4-like compound. On contrary the Co/γ-Al2O3 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 
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H. Hagemann(d) 
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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, including hydrogen, nitrogen and even small organic molecules. It holds 
these gases at higher temperatures than most other porous solids. The nature of 
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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). 
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Crystal structure determination of the first borohy drides borate, Ca 3(BH4)3(BO3) 
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Effective storage of hydrogen is a major bottleneck for implementation of a hydrogen-
based energy economy. Metal hydrides offer a safe and very compact way to store 
hydrogen, however the weight of metal hydrides based on transition metals is 
impractically high for vehicular applications. After the discovery of reversible 
hydrogen desorption from Ti-catalyzed NaAlH4 [1], a lot of attention has been 
devoted to complex hydrides based on aluminum and boron. Many borohydrides 
have superb hydrogen capacities, e.g. 18.5 wt%H in LiBH4, 14.9 wt%H in Mg(BH4)2 
and 11.6 wt%H in Ca(BH4)2. These are hampered by high desorption temperatures of 
hydrogen. However, theoretical calculations conclude that Mg(BH4)2 and Ca(BH4)2 
should desorb hydrogen around 100 oC [2, 3] which is ideal for coupling with PEM 
fuel cells. This indicates that the high decomposition temperatures that are observed 
experimentally could be due to kinetic rather than thermodynamic limitations. 
Moreover, Ca(BH4)2 has shown some promise regarding reversibility at feasible 
conditions [4, 5]. 
 
Experimental studies of Ca(BH4)2 has revealed an unusually complicated crystal 
chemistry. Four polymorphs, α-,α’-, β- and γ-Ca(BH4)2 has been identified and 
structurally characterized. A previous in-situ powder diffraction investigation at SNBL 
reported that γ-Ca(BH4)2 rapidly transformed into a new phase around 300oC without 
significant gas release [6]. It was therefore assumed that the new phase was a fifth 
modification of Ca(BH4)2, denoted “δ-Ca(BH4)2”. Due to the small amount of this “δ”-
phase in the sample and the limit resolution of the in-situ data, the structure of the 
new phase was not solved. 
 
From the observations that the “δ”-phase is formed less readily from the high-
temperature β-modifications than α- and γ-Ca(BH4)2 [6, 7], synthesis of a purer “δ”-
phase sample was attempted by a cyclic approach. A sample consisting of mostly α- 
and γ-Ca(11BD4)2 was heated to 340 oC which is above the previously observed 
temperature of formation for the “δ”-phase but below the decomposition 
temperature1. The sample was then annealed at 165 oC for 96 hours to revert some 
of the β-Ca(BH4)2 which is formed above ~ 180oC, back to the low-temperature 
modifications α- Ca(BH4)2 before heating again to 340oC. After three such cycles, the 
sample contained the “δ”-phase as the only crystalline constituent, as shown in the 
high-resolution SR powder diffraction data (BM01B) in Figure 1. The three-times-
cycled sample was also measured at with the MAR345 image plate at BM01A. 
 
The high-resolution data were used for indexing (a = 8.995 Å, b = 8.052 Å c = 11.767 
Å) while structure solution was carried out with the FOX software [8] using the image 
plate data due to the superior counting statistics and simpler profile shapes. No 
structure solution could be found under the assumption that the phase was a calcium 

                                                 
1
 The isotopes 11B and D (2H) where used rather than natural boron and hydrogen to facilitate neutron 

diffraction experiments. However, the amount of synthesized materials was too small to neutron 
diffraction. The isotopic notation is omitted in the rest of the text for simplicity. 
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borohydrides. When variable occupancy was allowed for the lighter atoms, some 
refined to values higher than 1 thus indicating the presence of stronger scatterers. 
These were identified as oxygen atoms and the structure could be solved with a 
mixture of tetrahedral borohydrides (BH4

-) and triangular borate (BO3
3-) anions giving 

the composition was Ca3(BH4)3(BO3) [9]. A search in ICSD revealed no compounds 
with both B-H and B-O bonds, thus showing that this is an entirely new class of 
compound. The structure was refined with the Rietveld method using the high-
resolution- and image plate data simultaneously. The obtained fits are shown in 
Figure 2 and the refined structure model is shown in Figure 3. 
 
 

 
Figure 1. High-resolution SR powder diffraction data (BM01B) for a) as-syntesized Ca(BH4)2, b) sample 

after one heating cycle and c) sample after 3 heating cycles. + indicate Bragg peaks from 
Ca3(BH4)3(BO3), formally known as “δ”-phase. Greek letters indicate different modifications of Ca(BH4)2 

 
 

    
  

Figure 2. Rietveld fit to high-resolution (BM01B, left) and image plate (BM01A, right) SR powder 
diffraction data for Ca3(BH4)3(BO3). The top row of tick marks indicate the Bragg peak position for the 

borohydrides borate. The lower tick marks indicate peaks from a minor amount of β-Ca(BH4)2. 
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Figure 3 Refined structure model of Ca3(BH4)(BO3) 

 
Ca3(BH4)3(BO3) have two crystallographically different Ca2+ cations which are both 
coordinated by four BH4

- and two BO3
3- anions in a strongly distorted octahedral 

coordination. It is interesting to note that all known polymorphs of Ca(BH4)2 also have 
distorted octahedral coordinations of anions around the cation, although the degrees 
of distortion are less than in Ca3(BH4)3(BO3). 
The source of the oxygen needed to form the borohydride borate is not known. 
However, it seems implausible that enough oxygen could leak from the atmosphere 
to the sample during the cycling. Thus, it is likely that the oxygen was present in the 
starting material in an X-ray amorphous state, possibly as boric acid (H3BO3). The 
report of formation of this novel boride-containing phase from seemingly pure 
Ca(BH4)2 has increased the awareness in the hydrogen storage community of the 
importance of thorough quality check of starting materials, also with non-diffraction 
techniques to reveal amorphous impurities. Moreover, it may shed new light on the 
mechanisms for oxidation of borohydrides. 
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STATUS OF FACILITY 

 
 
BM01A 
 
We have been able to maintain the high productivity of the beamline during the years 
2011-2012, with about 60 publications per annum coming from data collected at BM01A. 
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. It was possible, however, to take advantage of the enforced shut-down 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. 
The range of activities on BM01A has continued to be very wide, including both powder 
and single crystal experiments and cover scientific topics from chemical crystallography 
to the physical sciences. The main theme has continued to be the investigation of 
structure-property relationships. Particularly challenging is the borderline region between 
ordered and disordered structures, where both Bragg and diffuse scattering may play a 
role. Our new detectors have opened up many interesting possibilities in this domain, 
and it is likely to become more and more important in the coming years. The excellent 
detector performance has also allowed the time resolution of the diffraction experiments 
to be shortened dramatically. These improvements, together with the better data quality 
delivered by our detectors, have encouraged our user community to explore new 
possibilities for in-situ experiments. Although powder diffraction is the main technique for 
following chemical reactions, the speed of data collection is now so rapid that even 
single crystals can be investigated on the time-scale of a few minutes per data set. The 
intensity available even on a bending magnet is more than sufficient to allow high quality 
data to be collected in a remarkably short time for most samples. Until recently, time 
constraints meant that only a few single crystal data sets were collected per project. 
Now it is perfectly possible to collect hundreds of data sets per day. This, in turn, allows 
detailed systematic studies of the response of crystals to changes in, for example, 
temperature, pressure or chemical environment to be carried out within a reasonable 
timescale.  
The collaborations between the beamline staff and various other groups and facilities 
continue to be very fruitful. The experiments carried out jointly by members of the PSI 
Laboratory of Neutron Scattering and SNBL have led to several publications over the 
past two years, principally in the fields of new superconductors and relaxor 
ferroelectrics. The work on interpreting diffuse X-ray scattering together with the inelastic 
scattering group of the ESRF has also led to some excellent papers. On a more formal 
level, we continue our exchange of beamtime and resources with the Dutch-Belgian 
beamline, to the mutual benefit of both groups. In addition, the collaboration agreement 
with Maxlab begins to bear fruit, and the upgrade of the controls of our KM6 
diffractometer will be done together with the controls group of Maxlab (who operate a 
similar instrument equipped with an identical CCD detector). More details of these 
developments will be given below. 
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KM6CCD diffractometer 
The Committee of the Future of SNBL concluded in 2008 that the most important 
developments foreseen for BM01A concerned the replacement of the aging detectors. In 
the case of the KUMA diffractometer, the Onyx CCD from Oxford Diffraction Ltd has 
been in continuous and successful operation for almost a decade, and has produced 
many thousands of data sets and a large number of publications. However, the 
Committee highlighted the need to replace the CCD detector with one of the latest 
generation, with improvements in dynamic range and faster read-out time. Using internal 
funding through the SNX budget, a Titan CCD could be purchased from Agilent and 
installed on the KM6 diffractometer in 2011. 
 

 
 

Fig 1. The new Titan CCD installed on the KM6 diffractometer 
 
The installation was made on 24 March, and the first users could profit from access to 
the new detector already on 6 April 2011. In addition to the recommendation to replace 
the CCD, the Committee also strongly encouraged the SNBL team to change the 
diffractometer software controls to the ESRF standard (called SPEC). In the summer of 
2012, the industrial computer running the KM6 control software failed, and a repair of the 
obsolete hardware was no longer possible. It was therefore time to follow the 
recommendations of the Committee, and work on this controls project is now in 
progress. Since a beamline at Maxlab operates an identical detector on a diffractometer 
constructed by Newport Ltd, was have agreed to collaborate  with Maxlab on the 
development and commissioning of a common software platform for diffractometer 
controls. 
 
Pilatus2M upgrade 
 
With the aid of generous funding from Switzerland and Norway, it was possible to place 
an order in 2011for 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 new and versatile 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, 
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 

SNBL 11-12 35



 STATUS

has brought to SNBL. Instead of about 1 minute read-out time for the image plate, the 
new detector can be read-out in 2ms. 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 less than 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 fast processes such as phase transitions, chemical reactions etc.  
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.  
 
 

 
 

Fig. 2.  The new general-purpose platform for X-ray diffraction and scattering on BM01A 
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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 in the coming 
months.  
 
 
BM01B 
 
 
SNBL is now looking back on almost 20 years of successful operation, and both stations 
(SNA as well as SNB) have undergone radical changes and improvements over the last 
years. 
In the case of SNB the initial set-up of a basic Powder Diffraction (PD) and EXAFS 
station has long been surpassed with the specialization of the beamline towards the in-
situ characterization of dynamically evolving systems, namely: catalysis, diffusion and 
intercalation processes, in-situ synthesis, phase transitions and many others. In the last 
report we have shown that SNB is now equipped with two sequential monochromators 
which can be interchanged within seconds. This allows for an almost instant swap 
between PD and EXAFS and thus the possibility to follow complex “real world” systems 
in-operando using both techniques. We are now in a situation where we can look at local 
ordering at a scale of typically ≈ 1nm using EXAFS together with PD covering the 
structural investigations of systems ≥ 100nm and – as described in previous reports – 
we do have the possibility of parallel use of Raman techniques covering (at least partly) 
the range between the two extremes. This set-up has been highly appreciated not only 
by our Swiss-Norwegian groups, but also by ESRF users where we regularly face a 
more than 10-fold oversubscription in terms of beam time requests on SNB. The high 
scientific output (seeSec. ) can be used as a measure for the success of the station. 
Despite the constant progress made over the last decade we think that we recently 
made another major leap forward. The progress made is essentially about the speed at 
which we can perform these combined measurements and will be outlined over the next 
pages. 
 
 
Improvements on the EXAFS scheme 
 
Since we have put our two crystal monochromator in operation in 2005, the data quality 
has improved considerably since. We have now added a fast scanning feature to this 
monochromator which brings the measurement time from typically 20-30 mins down to 
timescales below 20 or even 10 seconds, especially at energies ≤10keV where big 
angular changes slowed down the measurement speed in the past.    
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Figure 1.   Left: XAFS monochromator with new fast scanning motor (violet), an electric clutch (yellow) and 
the old motor/gearbox system (black/gray), Right: typical carpet-like sequential measurements performed 

with the new fast scanning option 
 
 

This feature has become particularly popular amongst the groups using modulation 
techniques (as presented in the last report) where sometimes hundreds of scans are 
performed on samples exposed to periodically changing outer stimuli, like variations in 
pressure, temperature or gas composition.  
The improvements on the EXAFS side have however lead to a complete mismatch of 
the timescales needed for EXAFS and PD scans respectively. 
 
 
Improvements on the Powder Diffractions scheme 
 
A classical High Resolution Powder Diffraction measurement (HRPD) using our 
diffractometer can be performed on a time scale of typically ≥ 30min,  thus far slower 
than the 20secs now needed for a full EXAFS scan. To overcome this mismatch we 
have recently acquired a 12 Megapixel, 2D medical detector (Dexela/Perking Elmer 
systems) which we commissioned for powder diffraction over the last weeks. This new 
system allows for stroboscopic measurements on the sub-second scale (possible read-
out speed of ≈ 30 frames/sec) re-balancing the time needed for EXAFS and PD 
measurements.  
 
Although the resolution of this system is lower than the HRPD option most industrially 
relevant systems do not need this very high resolution.  Furthermore, looking at the new 
beam line scheme as shown below one realizes that the new 2D detector has been 
mounted below the plane defined by the X-ray beam. 
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Outlook:  
 
Total Scattering 
 
The acquisition of the 2D detector has improved the performance of the beamline with 
respect to fast PD measurements enormously. There is however an additional side to it: 
In the introduction we defined the scales covered by EXAFS and PD (1nm vs. 100nm). 
Despite the Raman, the range in-between is still badly covered and we are now 
concentrating our efforts in adapting this new detector to Total Scattering or Pair 
Distribution Function (PDF) techniques, which could potentially close this gap. PDF 
requires a highly stable and reproducible detection scheme. Guided by a whole series of 
ideas we have, we are now in close contact with the producing company (Dexela) the 
software group t in order to reach this goal. 
 
Moving SNB to a new Beamline Port 
 
The pace at which progress has been made over the last couple of years becomes 
increasingly difficult to maintain due to the fact that the vicinity of the A-line crossing the 
Optics enclosure as well as in the B-station itself stymies our efforts to put additional 
(optical) components in. The improvements we aim at are namely the installation of a 
pre-mono collimating mirror system in order to gather more flux without degrading the 
resolution and to reduce the heat load/radiation damage on the downstream 
components. Secondly the implementation of a post-mono deviating (and possibly 
focussing) mirrors system which would allow to cross the x-ray beam used for PD on the 
same sample spot as the one used for EXAFS. This would allow to perform truly 
simultaneous PD/ EXAFS measurements as compared to the quasi-
simultaneous/sequential measurements which we perform at present. Last not least: 
moving SNB to another beamline would allow us to install a third monochromator for 
high throughput as needed for PDF measurements. 
To achieve these goals we handed in a proposal to the ESRF with the backing of the 
SNX  last year. The ESRF has signalled that they are positive about our request and we 
hope that this move can be achieved in a foreseeable future 
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SNBL - FACTS AND FIGURES  
 

 
        BUDGET (in kCHF) 
 
 
 

 

 

 
 
 
 
 
BUDGET in kCHF 2009 2010 2011 

Personnel 1,174 1,200 1,230 

Maintenance and 
Running Costs 280 290 300 

Energy and 
Consumables 52 53 55 

Infrastructure 
Expenses 244 247 250 

TOTAL 1,750 1,790 1,835 
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INCOME (in kCHF)  

Income Outside Contract 

Income According to Contract 

 
INCOME in kCHF 2009 2010 2011 2012 
Income According 

to Contract 1,650 1,700 1,750 1,794 

Income Outside 
Contract 166 90 760 796 

TOTAL 1,816 1,790 2,510 2,590 

 
 

EXPENDITURE (in kCHF) 
 

Infrastructure Expenses 

Energy and Consumables 

Maintenance & Running Costs 

Personnel 

 
EXPENDITURE in kCHF 2009 2010 2011 2012 

Personnel 1,238 1,240 1,082 1,213 

Maintenance and 
Running Costs 263 233 208 276 

Energy and 
Consumables 65 42 41 34 

Infrastructure Expenses 220 200 155 169 

TOTAL 1,786 1,715 1,486 1,692 
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