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ABSTRACT
Hydrothermal zeolite crystallization and especially the assembly of heteroatom‑containing stannosilicates remain poorly understood at the atomic scale, despite their central role in designing Lewis‑acid catalysts for biomass‑derived transformations. In this work, we have designed a custom in situ cell that allows XAS measurements during Electro‑Assisted Synthesis (EAS) of stannosilicates at elevated pressures and temperatures. In a series of examples, the cell was used to follow the crystallization of MFI-type materials with controlled potentials applied to Sn electrodes while measuring XAS with time and spatial resolution.
The cell was tested during two beamtimes at the SAMBA beamline of Soleil. With an internal diameter of 30 mm, it provides a sufficient X‑ray path length for Sn K‑edge XAS measurements in transmission. In a typical synthesis, the gel containing the silica source was loaded inside the cell, while two tin electrodes submerged in the gel were used as the Sn source. The applied potential followed either a square or sinusoidal shape with an amplitude of 2 or 4 V. XAS data collection started simultaneously with the synthesis, although a detectable edge jump was only obtained after Sn was released from the electrode into the gel. The cell was equipped with two 4‑mm windows, allowing us to follow differences in Sn species along the horizontal and vertical directions.
Using PCA and MCR‑ALS approaches, we show that at least two types of Sn species were formed during the EAS procedure. Both species correspond to Sn(II) with the same symmetry and a similar local environment. However, the second species possesses a second shell in FT-EXAFS attributed to a Sn-O-Si contribution that is absent in the first one. The absolute concentration of each species shows a clear correlation with the applied potential and the distance from the electrodes. Notably, the synthesis without a silica source showed only one type of Sn species, without the second‑shell contribution. In contrast, standard batch crystallization without EAS results in Sn(IV) species and overall lower concentrations of Sn incorporated into the crystals. The in situ XAS results were also complemented by a wide range of other laboratory measurements and synchrotron SAXS data.
In summary, we have developed a custom in situ cell that was successfully used to follow Sn speciation during EAS crystallization of MFI‑type stannosilicates. This provides an illustrative example of how complex the systems studied by XAS can be: mixtures of gas, liquid, and solid phases; crystallization under high pressures and temperatures; with the possibility to apply an external electric potential.
