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 INTRODUCTION

 
The years 2005-2006 served both to conclude the important, initial ten-years in 
the operational life of SNBL, and to define the direction of its further development. 
At the end of the first decade of the SNBL operations, the question was raised 
concerning the optimal configuration of the beam lines. Should the variety of 
techniques existing at the two end-stations be reduced in order to make the beam 
lines more specialised? In other words, should SNBL follow an example of beam 
lines at large-scale facilities and become a high performance scientific tool only 
suitable for solving very specific problems? All financial and human resources, in 
the case, should be invested into a specialised “state-of-the art” beam line. The 
new SNBL management, however, has seen a different future for the beam lines. 
This view was formed after discussions with our 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 beam lines were seen as multifunctional, dedicated to complex in 
situ experiments requiring combinations of diffraction and spectroscopic 
techniques. This approach received full support from both the SNX Council and 
national science foundations. 
 
The present report highlights a few examples of work done at SNBL of the 
“second generation”. We briefly review of our solid financial and material base, 
and we summarize the content and quality of the papers published during last 
two years by research groups who have worked at SNBL. Even at a quick glance, 
the decision taken two years ago seems to be bearing fruit. The efficiency and 
productivity of the beam lines has increased – at present about 75% of projects 
finalize with publication. The quality of publications is increasing too – the 
average impact factor has steadily risen, and now approaches the level of a 
Physical Review journal. 
  
Two key factors account for the success of the facility. First of all, there is the pro-
active role of our users in forming the strategy and tactics of the SNBL 
development. We are pleased to acknowledge their intellectual and material 
contributions into our common progress. The second definitive factor is enormous 
enthusiasm of the SNBL staff in making technical improvements, analysing the 
trends in the evolution of the user community, suggesting solutions to ensure 
further progress, and, last but not least, providing a high-quality service on the 
beam lines. One can conclude that SNBL became, in some aspects, a “national 
laboratory” for many user groups. The best indication of this role is the increasing 
number of students sent to SNBL by the research laboratories, who come to 
Grenoble in order to pass a period of training or to participate in development of 
an individual experimental setup. It allows us to believe in a successful and 
prosperous future for our shared project named SNBL. 
 

V. DMITRIEV, P. PATTISON, H. EMERICH 
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SCIENTIFIC HIGHLIGHTS 
 

Tyrolite: from 1817 to 2006 
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Copper arsenates are common 
minerals in oxidation zones of sulfide 
ore deposits. There are more than 70 
different copper arsenate mineral 
species reported so far. The restricted 
stability of arsenic-bearing minerals 
such as the copper arsenates may 
play a significant role in the mobility of 
arsenic in the near-surface 
environment. Structural investigations 
of secondary As-bearing phases may 
lead to a better understanding of the 
geochemical behavior of As and 
thereby help to elucidate mechanisms 
of transportation and accumulation of 
As under natural conditions. 
Tyrolite, a complex copper arsenate 
carbonate hydrate, was first described 
by A.G. Werner in 1817 from Schwaz-
Brixlegg, Tyrol, Austria. The mineral is 
widely distributed and has been 
reported to be found at more than 128 
localities worldwide. Crystal structure 

of tyrolite was unknown, primarily due 
to the poor quality of their platy and 
flexible crystals. Recently, we have 
reported the crystal structures of two 
tyrolite polytypes, which were solved 
using the experimental advantages 
provided by modern area detector 
technologies and high-intensity 
synchrotron radiation. 
The samples of tyrolite used in this 
study originate from the tyrolite type 
locality (Brixlegg, Schwaz, Tyrol). One 
of the samples represented a dolomite 
rock covered by greenish-blue flexible 
tyrolite crystals (Fig. 1). All attempts to 
collect indexable X-ray diffraction data 
from relatively large crystals extracted 
from this sample were unsuccessful. In 
all cases, only two unit-cell parameters 
could be reliably determined, whereas 
the third could not be found. Close 
inspection of the sample revealed two 
visually different aggregates: light blue 
plates and aggregates of greenish-blue 
elongated platy crystals. One of the 
greenish-blue aggregates was split 
and several strongly birefringent plates 
were selected under a polarization 
microscope. X-ray diffraction 
experiments were performed under 
ambient conditions at the Swiss – 
Norwegian  beamline  BM01A  of  the  
  

 
 

Fig. 1. Crystals of tyrolite from Brixlegg-Schwaz, 
Tyrol. Scale bar is 50 µm. 
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European Synchrotron Research 
Facility (ESRF) using an imaging plate 
area detector (Mar345) with a crystal-
to- detector distance of 150 mm. Data 
were collected for the crystal with 
dimensions of 11 × 14 × 2 µm3. 
Diffraction data were measured using 
monochromatic radiation (λ = 0.80000 
Å) in an oscillation mode by rotating 
the crystal in ϕ by 2o in 2 min per 
frame; 179 frames were measured. 
The structure was solved using 
SHELXS program. The agreement 
factor for the final model is R1 = 0.089 
for 2522 unique observed reflections 
with |Fo| ≥ 4σF. 
 

Structure description 

 
Fig. 2 shows projection of the structure 
of tyrolite-1M along the b axis. It is 
based upon complex slabs consisting 
of Cu, As, and Ca coordination 
polyhedra. The slabs are about 26 Å = 
2.6 nm thick and thus can be 
considered as nanolayers. This feature 
of the structure of tyrolite is very 

 specific and has not been previously 
observed in oxysalt minerals. The 
architecture of the nanolayers can be 
understood in terms of separate 
sublayers. The core of the nanolayer is 
a copper arsenate substructure 
consisting of the A and B sublayers 
specified in Fig. 3. The B sublayer 
represents a series of chains of edge-
sharing Cu octahedra running along 
the b axis. Within the chain, three 
Cu2+ϕ6 octahedra form trimers by 
sharing the common OH group. Similar 
trimeric units constitute an important 
part of the A sublayer. However, in this 
case, the trimers do not form chains 
but share corners with AsO4 tetrahedra 
to produce a complex 2-dimensional 
topology. The copper arsenate 
substructure consists of two A 
sublayers linked by the octahedral 
chains from the B sublayer resulting in 
formation of the 18Å-thick ABA slab. 
The ABA copper arsenate slab is 
sandwiched between the sublayers of 
the Ca2+ cations and H2O molecules. 
The adjacent nanolayers are 
connected by hydrogen bonds to the 
interlayer species. 
 

. 
 

 
Fig. 2. Crystal structure of tyrolite viewed parallel to the b axis (perspective view). Cu, As, and Ca 
polyhedra are blue, brown, and light-blue, respectively; O and H2O groups are red, C atoms of the 

carbonate groups are light-green. 
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Fig. 3. Chains of trimeric units of Jahn-Teller distorted Cu octahedra (left) constituting the B 
sublayer and layer of Cu octahedral trimers interlinked through AsO4 tetrahedra (A sublayer) 

(right). 
 
 

 
The structure of tyrolite-2M is very 
similar to that of tyrolite-1M and differs 
from the latter by the stacking 
sequence of the nanolayers. In both 
structures, adjacent nanolayers are 
translationally equivalent. The adjacent 
nanolayers in tyrolite-2M are shifted by 
b/2 = 2.8 Å in comparison to the 
relative position of the nanolayers in 
tyrolite-1M. This shift is quite subtle 
compared to the thickness of the 
nanolayers (26 Å). Perhaps, this 
feature of the tyrolite polytypes 
explains the difficulties associated with 
the structural characterization of this 
mineral.  
The unique character of the structures 
of tyrolite polytypes described here 
(nanometer-sized layers linked by 
weak hydrogen bonds) makes it 
interesting from the viewpoint of 
material  science.  Recently,  much 
attention as been attracted by the 
layered materials with weak interlayer 
bonding. Using specific experimental 
procedures,  these  materials  can  be 

exfoliated into nanosheets with 
subsequent fabrication of 
nanomaterials (e.g. by rolling 
nanosheets into nanotubes or by 
intercalating of organic molecules in 
between the layers and fabrication of 
organic/inorganic nanocomposites). 
Tyrolite polytypes are especially 
interesting in this regard owing to the 
magnetism of the Cu2+ cations. In 
tyrolites, 2-dimensional nanosized 
substructure of transition metal ions 
(Cu2+) is sandwiched between the 
layers of dielectric Ca2+ cations and 
H2O molecules. This peculiarity of the 
tyrolite structure makes it very 
interesting from the viewpoint of 
physical properties, which are currently 
under investigation. 
 
Publication: Krivovichev, S.V., Chernyshov, 
D.Y., Döbelin, N., Armbruster, Th., Kahlenberg, 
V., Kaindl, R., Ferraris, G., Tessadri, R., 
Kaltenhauser, G. Crystal chemistry and 
polytypism of tyrolite American Mineralogist, 91, 
1378-1384, 2006 
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Novel adsorption behavior of Carbon 
Dioxide in the isotypic nanoporous 

metal terephthalate MIL-53 
 

Philip L. Llewellyn, Sandrine Bourrelly, 
Christian Serre, Thomas Devic and 

Gérard Férey 
(Marseille and Versailles) 

 
One of the technological problems that 
face society today is the environmentally 
friendly and economically favourable 
separation and recovery of gases. 
Examples of current interest include the 
recovery of greenhouse gases (CO2, 
CH4) and the purification of hydrogen 
produced from biomass. Parts of these 
processes include an adsorption step in 
which microporous adsorbents such as 
activated carbon and zeolites are used. 
In such cases, it is the thermal 
regeneration step that is most costly in 
terms of energy. 
Recent interest has focused on “Metal 
Organic Frameworks” (MOF) which are 
formed of metallic centres linked to each 
other through organic chains. Several of 
these organic-inorganic hybrid porous 
solids have the interesting feature, during 
adsorption, of being selectively flexible 
(breathing) as a function of the nature of 
the adsorptive fluid. A consequence of 
this particular property is the possibility to 
develop novel selective separation and 
storage processes with a favourable 
energetic cost with respect to already 
existing processes. 
The structural topology of MIL-53(Cr) [1-
3] corresponds to a 44 net (Fig.1). It 
consists of tilted chains of CrIIIO4(OH)2 
octahedra sharing trans hydroxyl groups. 
These chains are linked via carboxylate 
groups of the terephthalate ions (1,4-
benzene dicarboxylate or BTC) forming a 
3-D framework. 
The resulting pore system is one-
dimensional of free diameter close to 

0.85 nm. The chemical formula of the 
metal-benzenedicarboxylate is 
Cr(OH)(O2C–C6H4–CO2). The sample 
was synthesised by the group in 
Versailles following a previously 
published protocol [3]. 
To understand the adsorption process 
we try to couple adsorption experiments 
up to 50 bars with in situ measurements 
such as calorimetry and XRD. 
The direct calorimetric measurements 
obtained during adsorption give 
information on the energetic nature of 
adsorbents which can be of importance 
to characterize solids in terms of specific 
adsorption sites and defects. Moreover, 
such information is of great interest for 
defining the adsorbent performance in 
process design. 
The isotherms (Fig. 2) show the 
adsorption of CO2 and CH4 on MIL53(Cr) 
at 303K. The upper curves show results 
on samples outgassed until free of 
residual water. It can be seen that the 
behaviour of CH4 is much like the 
adsorption on other nanoporous 
materials such as zeolites. However the 
adsorption of CO2 shows a distinct step 
[5]. The latter proceeds in two stages 
after a very fast uptake at low pressure 
(~2-3 mmol.g-1), the isotherm reaches 
first a plateau between 1 and 4 bars, 
followed by an adsorption of more than a 
double  amount  of CO2  at  higher 
 

 
 

Fig. 1 : Schematic diagram of the pore system of 
MIL53. 
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Fig. 2 : CO2 and CH4 adsorption isotherms 
obtained at 303 K on the dehydrated (upper 
curves) and hydrated (lower curves) forms of 
MIL53(Cr). 
 
pressures. Interestingly, desorption 
occurs with a hysteresis loop with the 
desorption branch returning to the 
adsorption one at ca. 2 bar.  
The differential enthalpies of adsorption 
obtained with the dehydrated sample are 
shown in Figure 3. It can be seen that the 
initial adsorption occurs with an enthalpy 
of around -30 kJ mol-1. The enthalpy then 
increases sharply. The second 
adsorption step is accompanied by a 
large decrease in the enthalpies and at 
the end of this second step, the 
enthalpies increase once again. 
The differential enthalpies of adsorption 
obtained with the dehydrated sample are 
shown in Figure 3. It can be seen that the 
initial adsorption occurs with an enthalpy 
of around -30 kJ mol-1. The enthalpy then 
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Fig. 3 : Enthalpies and isotherm obtained for CO2 
adsorption at 303 K on dehydrated MIL53(Cr). 
 
increases sharply. The second 
adsorption step is accompanied by a 
large decrease in the enthalpies and at 
the end of this second step, the 
enthalpies increase once again. 
The evolution of the adsorption 
enthalpies are quite surprising. Such 
variations could be due to an initial 
adsorption on localised sites followed by 
the filling of the remaining porosity. A 
second hypothesis is that the adsorption 
phenomena are due to a change in the 
structure of the porous phase. This 
hypothesis emanates from the fact that 
this structure undergoes a contraction on 
contact with residual water vapour [6]. 
To follow the structure of the solid phase, 
experiments were carried out on an 
adsorption system adapted for in situ X-
ray diffraction experiments. The results 
obtained for the dehydrated system are 
shown in Fig. 4. The diffractograms show 
that the dehydrated sample is in the open 
form. The initial dose of carbon dioxide 
closes the structure. This closed 
structure remains to a pressure of around 
6-7 bars at which point the opening of the 
structure is observed. This corresponds 
to the second step in the isotherm. On 
desorption, the open structure is 
maintained to a pressure of around 2 
bars at which the structure closes once 
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Fig. 4. X-ray diffraction spectra obtained on adsorption and desorption of CO2 on the dehydrated MIL-53(Cr) sample. 
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Fig. 5. X-ray diffractogram obtained on adsorption of CO2 on the hydrated MIL-53 (Cr). 

 
 
again. Interestingly, the pore contraction, 
which occurs in MIL-53 upon adsorption 
of CO2 at 1 bar is slightly lower than that 
in the case of hydration: the unit cell 
shrinks to 1072 Å3 in the case of the 
closed MIL53 (Cr) structure with CO2 

compared to ~1012 Å3 for the hydrated 
structure. This would be consistent with 
the larger size of CO2 compared to H2O. 
The isotherms shown in Fig. 2 (lower 
curves) show the adsorption of CO2 and 
CH4 on MIL53(Cr) which has been left in 
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the presence of humidity [7]. It has 
previously been shown that under such 
conditions the MIL53 is in a closed form 
[6] and thus virtually no CH4 is adsorbed. 
However, there is an adsorption of CO2 
above 12 bars. The in situ X-ray 
diffraction (Figure 5) again allows an 
insight into the adsorption phenomena. 
As expected, the hydrated form of the 
MIL53(Cr) is contracted. The opening of 
the structure occurs in the region from 
7.5 to 10 bars. With decreasing 
pressures (not shown), the desorption 
branch in the isotherm corresponds to a 
contraction of the MIL53 structure. 
Interestingly, the closed structure after 
desorption has the same cell volume as 
that observed during the initial adsorption 
of CO2 on the dehydrated sample. Note 
also that the desorption branch on the 
hydrated sample does no rejoin the 
adsorprtion branch and that the final 
point corresponds to around 2 mmol g-1 
which is a similar value to that observed 
with the dehydrated sample. These facts 
point to a replacement of the water in the 
hydrated sample by carbon dioxide. 
Such results are of major significance for 
future applications in gas separation and 
storage. It can be appreciated that the 
important feature of the above results is 
that the apparent selectivity is drastically 
increased for the hydrated sample. That 
is to say that the relative amount of CO2 
adsorbed with respect to CH4 is 
increased for the hydrated material. This 
is not the case for other carbon dioxide 
adsorbents such as zeolites where often 
the water blocks specific sites. It has 
previously been shown that the present 
sample is stable to higher humidity and 
thus a process where a significant 
amount of water is present may not harm 
the adsorption of carbon dioxide. Thus 
the need for a preadsorber in a PSA type 
process would not be required thus 
leading to simpler process design. 

Further work on the adsorption of carbon 
dioxide in the presence of increasing 
partial pressures of water is planned. 
This work highlights the difference in 
adsorption behaviour between a polar 
and non-polar probe. To make a 
generalisation, it will be of importance to 
follow other molecules of varying polarity. 
Nevertheless, the above results are 
particularly interesting when one 
considers the recovery of carbon dioxide 
in mixed gas streams or the use of such 
materials in sensor type applications. As 
it would initially seem that the structural 
flexibility of these materials is related to 
the polar nature of the probe gas 
molecule, such results could pave the 
way for the use highly flexible MOFs for 
the separation of other mixtures of polar 
and non-polar gases. Initially, it will be of 
interest to study the feasibility to recover 
CO2 in natural gas feeds in which the 
water content is significant. 
 
This work was supported by EU funding 
via FP6-Specific Targeted Research 
Project “DeSANNS” (SES6-020133).  
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Interplay of spin conversion and 
structural phase transformations. 

 
Karl W. Törnroos,[a]

 Marc Hostettler,[b] 
Dmitry Chernyshov,[c] Brita Vangdal,[a] 
and Hans-Beat Bürgi[b]

 
[a] Department of Chemistry, University of 

Bergen, (Norway) 
[b] Laboratorium für Kristallographie, 

Universität Bern (Switzerland) 
[c] SNBL at the ESRF, (France) 

 
Much of the continuing activity in spin 
crossover research on octahedral 
complexes with 3d metals is motivated by 
potential applications for display, memory 
and switching devices.[1,2,3] In the solid 
state, molecular bi-stability is only one 
factor governing the changes of physical 
properties, another being the interactions 
between the ions and molecules in a 
crystal. The complex interplay between 
molecular and crystal properties 
produces solid-state phenomena 
including not only bi-stability, but also 
multi-stability as well as complete 
suppression of changes in physical 
properties.  
We have recently reported on magnetic 
and calorimetric measurements as well 
as on a multi-temperature single-crystal 
diffraction study of the [FeII(2-pic)3]Cl2·2-
propanol solvate (1).[4] The crystal 
structure has been measured at 21 
temperatures, 14 of them covering a 
cooling cycle from 293 to 15 K, and 7 a 
heating cycle between 149 and 206 K. 
The transition curve based on magnetic 
data is thus endorsed by a microscopic 
characterization of the thermal evolution 
of the crystal structure. 
The 2-propanol solvate, 1, and the 
ethanol analogue [5] are chemically and 
structurally very similar and they both 
show two consecutive, re-entrant 
structural phase transitions and solvent 
ordering on cooling. There are important 
qualitative and quantitative differences, 
however. In the ethanol solvate, ordering 

occurs at a ~50% high spin (HS) 
concentration, whereas for 1 it 
happens near ~95%. In the former, 
the high spin (HS) and low spin (LS) 
species within a hydrogen-bonded 
layer order – nearly completely - in a 
chessboard-like pattern, whereas in 
1 they form an arrangement of 
alternating zigzag chains; the 
complexes in one chain are nearly 
all HS and those in the other present 
a disordered mixture of HS and LS 
states (Figure 1). The two 
compounds also differ in the 
temperature evolution of the solvent 
disorder. All these differences are 
achieved by simply changing an 
ethyl group for a 2-propyl group in 
an otherwise unchanged crystal 
architecture. There must thus be 
factors influencing the transition 
scenario other than the ligand field; 
vibrational contributions and different 
degrees of disorder of the solvent 
molecules are but two of them. 
Hysteresis behaviour marks another 
difference between the two solvates: 
no hysteresis has been found for the 
ethanol derivative, while a distinct 
triangular hysteresis loop is 
observed for 1 at the low-
temperature side of the HS 
intermediate phase (IP) (Figure 2). 
Within this loop macroscopic 
domains of the HS IP and of the 
disordered LS/HS zone of the low-
temperature phase coexist, a 
conclusion that follows from the 
simultaneous appearance of Bragg 
reflections from both phases at ~153 
K. 
For both the ethanol and 2-propanol 
solvates, the ordering processes of 
the solvate molecules and its 
coupling to spin conversion have 
been expressed with a Landau 
expansion amended with an Ising-
like free energy for the genuine spin 
conversion process [4]. The resulting 
model is capable of mapping a 
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plateau in the transition curve centered at 
any critical HS concentration. By virtue of 
the coupling terms, it also accounts for 
the different spin crossover behavior of 
the two different sites in the HS IP of 1. 
The rather drastic changes of the size 
and the shape of the unit cell with 
temperature (Figure 3) may be taken into 
account by bringing in a coupling 
between lattice strains and order 
parameters. Thus a simple 
phenomenological approach uncovers 
the generic nature of multi-stability in spin 
crossover solids, namely coupling 
between single-site spin crossover and 
collective degrees of freedom accounting 
for structural ordering. 
Changes in solvent disorder not only 
contribute to changes in entropy during 
the spin crossover process, but may also 
trigger the transition. The diffraction study 
of 1 shows that the OH…Cl and the 
NH…Cl hydrogen bonds may change by 
as much as 0.1 Å across the phase 
transitions. Similarly the orientation of the 
pyridine rings relative to the a,b-plane 
may change by up to 6 deg; assuming a 
radius of ~6 Å for the complex cation, 

such reorientations correspond to 
displacements of the peripheral 
hydrogen atoms again amounting to 
~0.1 Å. These perturbations at or in 
the immediate environment of the 
[FeII(2-pic)3] units are related to the 
cooperativity of spin crossover in a 
complicated way that does not seem 
to follow simple rules. The problem is 
best illustrated by reiterating the fact 
that in the isostructural series of 
[FeII(2-pic)3]Cl2 solvates we have 
observed not only bi-stability, tri-
stability and a range of transition 
temperatures, but also cases of 
complete suppression of spin 
conversion [6]. These results and 
especially the detailed findings 
described for the 2-propanol and 
ethanol solvates illustrate that 
cooperative transitions between two 
states in crystals built from bi-stable 
constituents are but the simplest 
among a multitude of possible 
scenarios, only some of which have 
been observed experimentally or 
predicted theoretically so far. 
 

 

Fig. 1. Packing diagrams of [Fe(2-pic)3]Cl2·2-propanol (1, left) and of the corresponding ethanol solvate (right) in their 
intermediate phases. Note the different ordering patterns indicated by red (LS) and yellow iron atoms (HS). Chlorine 
atoms are shown as small green balls; dotted black lines indicate hydrogen bonding. 
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Fig. 2. Macroscopic properties of [FeII(2-pic)3]Cl2·2-propanol (1) as a function of temperature. The numbered grey zones 
indicate the following macroscopic regimes (see text):   High-temperature phase, purely HS  Intermediate HS phase 
(HS IP)   Hysteresis zone   Low-temperature phase, HS/LS zone   Low-temperature phase, purely LS   
(Top left): χT from SQUID measurements, the insert shows inner hysteresis loops. - (Bottom left): heat flow as recorded 
by DSC for a heating and a cooling cycle. - (Top right): HS fraction from a phenomenological model (see Ref. 4). The 
temperature dependence of the average HS fraction is shown as a bold solid line, the HS fractions of the two different iron 
sites within zone  as thin dashed lines. - (Bottom right): specific heat from the model. 
 
 
 

 

 
 
 
 
 
 
Fig. 3. Structural properties of [Fe(2-pic)3]Cl2 ·2-
propanol, 1, as a function of temperature. - (Top): 
average iron-nitrogen bond lengths; the insert shows the 
overall average bond lengths and the separate 
averages for the two crystallographically non-equivalent 
iron complexes in the HS IP region . - (Middle): unit 
cell volume. - (Bottom): the monoclinic angle undergoes 
two jumps at the first order transformations. - Dark-grey 
balls represent measurements from a cooling cycle, 
light-grey balls from a heating cycle. Solid lines are 
guides for the eye. The numbered grey zones have the 
same meaning as in Figure 2. 
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Fig. 2 Crystal structure of Ni2(dhtp)(H2O)2·8H2O in the 
hydrated (a) and dehydrated form (b). The vertices of 
the metal coordination octahedral, which point 
towards the cavities in (a) represent the metal 
coordinating water molecule. Notice their absence in 
(b). 

 

helical chains of cis-edge connected 
nickel  oxygen  octahedra.  One  of  the 
coordinating oxygen atoms of these 
octahedra belongs to a solvent water 
molecule which points towards the 
cavity. Consequently, it was decisive to 
establish the effect the removal of this 
water molecule has on the compounds 
stability and properties.   

On heating, the solvent water is 
removed from the structure, and we 
have shown from thermodiffraction data 

that the framework remains stable in an 
inert atmosphere of nitrogen, while the 
crystalline phase disappears soon after 
we expect the final water to have been 
removed from the structure when the 
experiment is conducted in air. 
Dehydration and rehydration 
experiments in the TG confirmed that the 
ability of the substance to take up the 
identical amount of water that was 
removed on heating is correlated to the 
crystallinity of the substance.  

The stability of the dehydrated 
compound in inert atmosphere opened 
up the possibility of determination of its 
structure. For this, a sample was 
desolvated ex-situ by filling it in a 
capillary and heating it in a dynamic 
vacuum under the inert conditions of a 
vacuum line. The capillary was flame-
sealed and transported to the beamline 
in Grenoble, where high-resolution 
powder data were collected. Structure 
refinement (figure 1b) confirmed the 
absence of the water molecules in the 
channel and on the metal (Figure 2b), 
and allowed for a detailed comparison 
between the hydrated and dehydrated 
structure. 

The permanent porosity of this 
compound is also demonstrated by the 
reversible uptake of nitrogen at 77 K. 
The nitrogen adsorption isotherm yields 
a Langmuir surface area, of 1083 m2 g-1 
and a pore volume of 0.41 cm3 g-1. Apart 
from the high specific surface area an 
important factor for hydrogen adsorption 
in metal-organic frameworks is the 
presence of strong adsorption sites such 
as the open metal sites in the 
dehydrated nickel compound. The 
hydrogen adsorption isotherms, 
measured in collaboration with Barbara 
Panella and Michael Hirscher at the 
Max-Planck-Institute for Metals 
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Research in Germany, has a type I 
profile at 77 K, as expected for a 
microporous material, and it is 
independent of the number of adsorption 
cycles. This indicates that the hydrogen 
uptake is completely reversible, as 
expected for physisorption. The fit with a 
Langmuir equation yields a saturation 
value of 1.8 wt%. At room temperature 
and approximately 65 bar, the storage 
capacity is less than 0.3 wt% as is usual 
for physical adsorption at ambient 
conditions.  

The absolute hydrogen storage capacity 
of this material is, unfortunately, not high 
enough for application in a commercial 

storage system. However, it is an ideal 
model system to study the interaction of 
hydrogen (and other adsorbents) with a 
porous material containing accessible 
metal sites. 
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