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Numerous porous frameworks have been intensively in-
vestigated as promising materials for gas storage and sep-
aration, sensing, catalysis, magnetism, luminescence, drug
delivery and other applications.[1] To date, the dynamic
behavior and involved mechanisms of flexible porous
materials still mostly rationalized by the structural differ-
ences between the thermodynamically stable structures of
the initial (empty) and final (filled) states or by following
adsorption at equilibrium conditions.[2, 3] Very often fas-
cinating phenomena upon gas adsorption can be either not
well-understood (e.g. the switching of the gas selectivi-
ty),[4] or missed out without in sifu temperature/pressure
variable experiments (e.g. negative gas adsorption).[5] The
time-resolved observation of structural evolution during
guest uptake may shed light on actual mechanisms, kinetic
and thermodynamic parameters of the sorption processes.

In this work, we present the result of a kinetic experi-
ment, where the adsorption of noble gases by nanoporous
v-Mg(BH,), has been probed via sub-second powder dif-
fraction of synchrotron radiation. The combined analysis
of fluorescent background and structural information from
sequential Rietveld analysis has uncovered 3 time-depen-
dent processes related to gas uptake and provided a quanti-
tative characterization in terms of rates, kinetic models and
activation energies. Adsorption starts form the gas uptake
by initial y-Mg(BH,), host structure and then followed by
a formation of secondary phase with higher kinetic barrier.
The third process was observed at high temperatures and
long exposure time and can be tentatively associated with
radiation damage of the sample.

Our result shows the importance of diffraction methods for
the characterization of thermodynamics and kinetics of gas
adsorption by porous frameworks; the used approach can
be further developed for more complicated in situ exper-
imentation, where diffraction data would help to untangle
different processes superimposed in macroscopic probes.
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Monitoring phase transitions in-situ becomes increasingly
difficult if the transitions feature a series of similar struc-
tures, and if the occurring phases cannot be isolated from the
mixture. In these cases, complete powder X-ray diffraction
(PXRD) need to be collected in a minimal number of steps
and exhibit statistics and resolution that allow for structure
determination and refinement. While these problems are
successfully addressed at synchrotron beamlines, labora-
tory diffractometers are rarely fit for the task. One of the
challenging samples is adenine, a small and rigid molecule
that exhibits two polymorphs: one monoclinic (I) [1] and
the other orthorhombic (II) [2]. Both polymorphs feature a
layered structure, what makes their PXRD patterns similar
and difficult to resolve when in a mixture. Both phases are
bench-stable at room temperature, with polymorph Ilbeing
metastable, while at temperatures above 280 °C phase (I)
transforms into (II) [2].

In this work, adenine phase transition is monitored in-situ
using a laboratory diffractometer in the Debye-Scherrer ge-
ometry, equipped with a Mo source, a specially developed
oven and two simultaneously operating detectors. In this
way, 74° in 20 of high-resolution data could be collected
in only two shots. The resulting PXRD patterns revealed
two additional adenine phases: IITand X. The phase III was
obtained pure at temperatures higher than 350 °C. It was
characterized as a disordered layered structure using the
DISCUS program. At about 200 °C, several low-intensity
peaks indicated a new phase, (X). Although these peak po-
sitions could be indexed with a triclinic cell of a favorable
volume, the data did not allow for cell validation or refine-
ment. To complement the diffraction study, crystal structure
prediction was carried out for adenine using quasi-random
sampling in a large number of space groups. This has gener-
ated a set of structures energetically close to the two known
polymorphs. A few of these computer-generated structures
could correspond to the phase (X) observed in the PXRD
patterns. Calculations are ongoing.
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