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X-ray phase analysis of 5%Rh@MIL-53(Al)MW-before-reduction and 5%Rh@MIL-53(Al)MW-reduced nanohybrids
Powder 5%Rh@MIL-53(Al)MW-before-reduction and 5%Rh@MIL-53(Al)MW-reduced samples were studied with an EMPYREAN diffractometer in the 5-40o 2 range. The comparison of their powder diffraction patterns (Figs. S1 and S2) shows significant differences. In the phase analysis of each pattern, three crystal structures of MIL-53(Al) [1] deposited in the Cambridge Structural Database [2] with refcodes SABWAU (monoclinic, sp. gr. Cc), SABVUN (orthorhombic, sp. gr. Imma), and SABVOH (orthorhombic, sp. gr. Pnma) were tested for possible presence in the samples. 
For the 5%Rh@MIL-53(Al)MW-before-reduction sample, the one-phase Rietveld refinement with the program MRIA [3] for the SABWAU structure (the atomic coordinates were fixed, while the unit cell dimensions, peak shape and background parameters were varied) led to 2 = 43 (Fig. S1, top). The positions of main peaks on the difference curve correspond to the SABVOH structural motif. Therefore, the orthorhombic unit cell dimensions along with the peak intensities (Pawley fitting [4]) for the second phase were refined in the two-phase refinement, which led to 2 = 8.6 (Fig. S1, bottom). The obtained unit cell dimensions a, b, c were 17.063(14), 6.606(9), and 12.213(11) Å, respectively. The ratio of SABWAU and SABVOH phases in the 5%Rh@MIL-53(Al)MW-before-reduction sample was estimated as 3:1. Two weak peaks with d-spacings 8.073 and 5.304 Å observed on the difference curve after two-phase refinement (Fig. 1, bottom) indicate the presence of an unknown impurity, the amount of which does not exceed 3%.
In the 5%Rh@MIL-53(Al)MW-reduced sample, the narrow diffraction peaks observed in the powder diffraction pattern are caused by the presence of the SABWAU phase. The one-phase Rietveld refinement for the SABWAU structure led to high values 2 = 220 (Fig. S2, top), allowing us to estimate its content in the 5%Rh@MIL-53(Al)MW-reduced nanohybrid as no more than 20%. The positions of main peaks on the difference curve cannot be attributed to any of known MIL-53(Al) crystal structures. Therefore, one can assume that the 5%Rh@MIL-53(Al)MW-reduced sample contains at least one new crystalline phase. Attempts to index all difference peaks in relatively small unit cell produced several possible solutions, and the smallest unit cell volume (450 Å) was obtained for the triclinic cell. These triclinic parameters with the peak intensities were refined in the two-phase refinement, which led to 2 = 6.7 (Fig. S2, bottom). The obtained unit cell parameters are - a, b, c = 7.25(1), 10.06(1), 6.18(1) Å, and angles , ,  = 92.59(7), 92.87(8), 90.49(7)o. However, in spite of relatively good quality of two-phase fitting (Fig. S2, bottom), we are not sure in the correctness of this indexing. Certainly, additional high-resolution diffraction measurements are required to accurately establish the phase content of the 5%Rh@MIL-53(Al)MW-reduced material.
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Figure S1. Rietveld plots for the 5%Rh@MIL-53(Al)MW-before-reduction sample in the cases of one-phase (top) and two-phase (bottom) refinements. In the one-phase refinement (top), the use of the monoclinic crystal structure SABWAU led to 2 = 43. In the two-phase refinement (bottom), which led to 2 = 8.6, the orthorhombic SABVOH crystal structure (sp. gr. Pnma) was added as a second phase, which was refined with the Pawley fitting [4], i.e. with varied unit cell dimensions and peak intensities. The experimental, calculated and difference patterns are shown as black dots, blue and red curves, respectively. The green vertical bars denote the calculated peak positions for each phase.
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Figure 2. Rietveld plots for the 5%Rh@MIL-53(Al)MW-reduced sample in the cases of one-phase (top) and two-phase (bottom) refinements. In the one-phase refinement (top), the use of  the monoclinic crystal structure SABWAU led to 2 = 220. In the two-phase refinement (bottom), which led to 2 = 6.7, the triclinic unit cell dimensions along with the peak intensities were varied in the Pawley fitting [4] as a second phase. The experimental, calculated and difference patterns are shown as black dots, blue and red curves, respectively. The green vertical bars denote the calculated peak positions for each phase.

