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Behaviour of the variscite-1O polytype of AlPO4∙2H2O under non-ambient conditions
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Aluminum phosphate hydrates (AlPO4∙xH2O) are known to exhibit a rich variety of individual phases. Stability and formation are significantly influenced by factors such as water content, environmental pH, temperature, and pressure conditions. This group of materials has gained considerable interests as functional materials, such as phase change materials (PCM), ceramic coatings, and corrosion-resistant materials. A comprehensive understanding of their crystal structure response to pressure and temperature is crucial with respect to the relevance of technical application.
Variscite-1O (AlPO4∙2H2O, Pbca, Z = 8), a member of the MTO4∙2H2O variscite group compounds (M3+ = Al, Fe, Sc, Ga, In; T5+ = P, As) [1], is composed of vertex-sharing [AlO4(H2O)2] octahedra and [PO4] tetrahedra [2]. The two structural water molecules give rise to four distinct hydroxyl groups (OW1-H11, OW1-H12, OW2-H21, and OW2-H22), three of which form hydrogen bonds with adjacent oxygen atoms (OW1-H12⋯O1, OW2-H21⋯O2, and OW2-H22⋯O4), thus building up a hydrogen bond network in the voids between the polyhedra [2].
In this work, we investigated the equation of state, crystal structure, and vibrational properties of the variscite-1O polytype under high pressure conditions up to ~20 GPa and temperature variations from 100 to 500 K, using powder X-ray diffraction (PXRD), single-crystal X-ray diffraction (SCXRD), first-principles calculations, and Raman spectroscopy.
PXRD data showed that the variscite-1O structure remains stable up to the highest investigated pressure of 15.6 GPa. Under ambient conditions, OW1-H12 is the only non-hydrogen-bonding hydroxyl group, with a relatively large donor-acceptor distance of d(OW1⋯O3) = 3.47988(6) Å. SCXRD data collected up to 6.6 GPa revealed a linear decrease in d(OW1⋯O3), indicating pressure-induced OW1-H12⋯O3 hydrogen bond strengthening. First-principles calculations were performed in a wider pressure scale up to ~20 GPa. The results demonstrated nonlinear correlations and predicted the formation of the OW1-H12⋯O3 hydrogen bond at pressures between 13 and 21 GPa, corresponding to d(OW1⋯O3) approaching ~2.7 Å. Raman spectra collected up to 21.3 GPa exhibited a continuous redshift of the OW1-H12 hydroxyl stretching mode, further confirming the pressure-induced hydrogen bond strengthening and formation.
SCXRD experiments under temperature variations revealed thermal dehydration of variscite-1O starting at 450 K and found completed at 500 K. The removal of the two water molecules led to a transformation of the [AlO4(H2O)2] octahedron into an [AlO4] tetrahedron, resulting in a phase transition from variscite-1O to a berlinite-type AlPO4 phase. This dehydration process was also tracked by temperature-varying Raman spectroscopy, which indicated completion at 503 K.
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