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1. X-Ray Powder Diffraction Analysis
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Figure S1. PXRD patterns of investigated materials in two 26 ranges: simulated (black), as-
synthesized (purple) and after 40-cycles hydrothermal treatment (blue). The intensity of the
first peak in the XRPD patterns of MIL-96(Al) and MIL-100(Al) is dependent on the water
content in the samples (see Figure S2).

As-synthesised samples of MIL-96(Al), MIL-100(Al) and MIL-110(Al), as well as MIL-
100(Al) after 40-cycles test, are phase pure. Quantitative XRD analysis of MIL-96(Al) after
40-cycles hydrothermal treatment by using HighScore program 4.9 (Malvern Panalytical
B.V., Almelo, The Netherlands) revealed the presence of 13 wt% of boehmite in the sam-
ple. MIL-100(Al) sample after 40-cycle treatment transforms into boehmite phase with
traces of unknown phase (peak at ~11°26).
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Figure S2. (a) Calculated powder XRD pattern of MIL-100(Al) without adsorbed water, (b) calcu-
lated powder XRD pattern of MIL-100(Al) with adsorbed water and (c) measured XRD pattern after
hydrothermal experiment. The insets show MIL-100(Al) structure scheme viewed along the five-
member ring opening with (a) empty pores and (b) with pores occupied with water molecules. Al
atoms — blue dots, C atoms — black dots, O framework atoms — red dots, O adsorbed water atoms —
purple dots.

Note that the positions of O-atoms belonging to adsorbed water in the structure
scheme of Figure S2b are not refined and they do not represent the actual structure of the
material after hydrothermal experiment as can be indicated by the comparison of the XRD
patterns of Figure S2b and S2c. O atoms have been inserted manually just to show the
impact on the diffraction peak intensities.

2. SEM Analysis
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Figure S3. SEM images of MIL-96(Al), MIL-100(Al) and MIL-110(Al) adsorbents before and after 40-
cycles hydrothermal treatment.

3. N2-physisorption
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Figure S4. N2 adsorption isotherms and pore size distribution of MIL-96(Al), MIL-100(Al) and MIL-
110(Al) materials before 40-cycles hydrothermal treatment (top) and pore size distribution (bottom).
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Figure S5. N2 adsorption isotherms of MIL-96(Al), MIL-100(Al) and MIL-110(Al) materials in the
relative pressure range below p/p°< 0.2 before and after 40-cycles hydrothermal treatment.

4. FTIR data
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Figure S6. DRIFT spectra in the 55004500 cm™ region of MIL-96(Al) heated at 200 °C (red) and
cooled at 50 °C (blue) in a stream of humid air. The spectra show (v+3)combination bands of water
(at around 5200 cm™) and hydroxyls groups (peaks at about 4600 cm™).

5. Isosteric heats of adsorption

Table S1. Isosteric heats of adsorption of MIL-96(Al), MIL-100(Al) and MIL-110(Al).

Material p/po BEo (kJ-mol-) gst (k]-mol-1)
0.1-0.2 10.8 54.2
MIL-96(Al) 0.25-0.5 7.0 50.4
0.55-0.7 6.4 49.8
0.1-0.2 8.5 51.8
MIL-100(Al) 0.3-0.4 6.2 49.6
0.5-0.7 54 48.7
0.1-0.2 9.9 53.3
MIL-110(Al) 0.3-0.4 6.4 49.7

0.5-0.7 6.7 50.0




