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1. Introduction
Adsorption of aromatic hydrocarbons in MFI zeolites has been intensively studied
due to the importance of ZSM-5 and the aluminium-deficient analogue, Silicalite-1, in
catalysis and separation. Applying different macroscopic techniques, e.g. gravimetric
sorption isotherms, X-ray diffraction or solid-state NMR, several groups reported not
only a phase transition of sorbate molecules under confinement of the zeolite lattice, but
also minor changes of the framework structure itself depending on temperature and
loading.
Microscopic studies of individual crystals by means of interference microscopy (IFM)
and IR microscopy (IRM) now reveal deeper insights into the sorption behaviour and
phase changes of the aromatic-MFI system.
2. Materials and Methods
The present work is mainly based on the
recently established interference microscopy as a
powerful tool to monitor time-dependent
intracrystalline concentration profiles with a twodimensional special resolution of 0.45 µm [1, 2].
IFM basically detects the change of the refractive
index of a large individual crystal, being directly
correlated to the intracrystalline concentration of
sorbate molecules.
The sample consists of large, coffin-shaped
Silicalite-1 crystals with a size of 200 × 25 × 25
µm³ [3]. Individual crystals are known to be
generally built up from six building blocks with a Fig. 1: Silicalite-1 crystal,
top: building scheme with 90° rotated
90° rotated intergrowth structure (fig. 1) [4]. The
subunits,
zigzag and straight channels are running in a- and bottom: picture of the x-z-plane in
b-direction, respectively, and the diffusion of normal optical mode (transmission).
sorbate molecules in c-direction is strongly
hindered due to the lack of a connection in this last case.
3. Experimental Results
IFM and IRM experiments were carried out in the range from 0.1 to 100 mbar
pressure of benzene. The region of interest with the clearly visible phase transition could
be found between 5 and 15 mbar depending on very small changes in the surrounding
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During the first minutes a common
Fig. 2: IRM and IFM isotherm data
adsorption process can be identified
compared with literature values.
with the diffusion front moving along
the a and b directions from the long crystal faces towards the center (fig. 3 top). Without
further changes to the pressure a second step can be observed during the next two to three
hours, clearly indicating a phase transition. The front of this process moves from the short
crystal faces along the c-direction to the center and occurs only in the pyramidal
segments first (fig. 3 bottom).
Further investigations have shown a
strong dependence on the applied
pressure step and revealed several
metastable states, in which the
Fig. 3: Scheme of diffusion front (top) and phase
second step, i.e., the phase transition,
transition front (bottom) after a pressure step from 5
occurs only in parts of the crystal.

to 10 mbar benzene.

4. Conclusion and Outlook
Interference microscopy has shown to yield deep insights into the phase transition
behaviour of Silicalite-1 crystals upon benzene adsorption. The present study indicates a
two-step process of adsorption/diffusion and phase transition with the option to follow
both the kinetics and the position dependence within an individual crystal.
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