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XRPD patterns of the reactants 3-CD and avobenzone
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Figure SI-1. Experimental (red line) and calculated (black line) X-ray powder diffraction patterns of: (a)
hydrated B-cyclodextrin (CSD refcode: BCDEXDO04), and (b) avobenzone Form | (CSD refcode: WEBGAL).

Polycrystalline Avobenzone Form | was obtained after recrystallization in acetonitrile.
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Figure SI-2. Comparison of the XRPD patterns for the mechanochemical synthesis of (3-CD);-OCT, from the
parent materials: (a) B-CD, (b) the product obtained from grinding, and by (c) kneading with few drops of

water.
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Figure SI-3. Comparison between the experimental XRPD patterns for (B-CD),-AVO obtained by kneading
(a) and slurry (b), and for (B-CD)3-OCT, obtained by kneading (c) and slurry (d).
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Figure SI-4. Comparison between the X-ray powder diffraction patterns of (3-CD),-AVO: (a) experimental,

recorded at RT (red line), and calculated from the single crystal data as determined at 100K (black line).
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Avobenzone Form Il
The crystal structure of avobenzone was first published in 1993 by Kagawa et al,! and corresponds to the

major component of commercial avobenzone. A different form was detected upon phase purity check of

commercial avobenzone.
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Figure SI-5. (a) The peak at low angle detected upon phase purity check of a commercial sample of
avobenzone; experimental (red line) and calculated (CSD refcode: WEBGAL, black line) XRPD patterns. (b)

Experimental (red line) and calculated (black line) XRPD patterns for avobenzone Form Il.

Thermal analyses (TGA and DSC) allowed us to better understand the behaviour of the avobenzone
polymorphic system. The TGA thermogram (Figure SI-9) of commercial powders of avobenzone,
corresponding to Form |, shows a degradation process starting at ca. 150°C, while the DSC trace shows a
peak at ca 87 °C (74 J/g), ascribable to the melting of avobenzone, as previously reported. The melted
material was then cooled to RT and tapped with a needle. A crystallization process took place and a new
DSC (Figure SI-10) was recorded. A new endothermic peak at ca 76°C (36 J/g) was detected.

Variable Temperature PXRD and Hot Stage Microscopy (Figure SI-4) were successfully applied to confirm
what previously observed. Avobenzone Form | was melted at 90°C and cooled to RT to afford a high viscous
amorphous material, that after tapping crystallized as polycrystalline Form Il. This powder was used as
seeds to grow single crystals from methanol.

In conclusion, the form obtained from melt is a new, metastable polymorph. As the new Form Il is only
accessible from melt, and no endothermic transition is observed in the solid state, the two forms

constitute a monotropic system.
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Figure SI-6. (a) VT-PXRD: avobenzone Form | (black line), melted avobenzone at 90°C (orange line),
amorphous phase at RT (blue line), and avobenzone Form Il (green line). (b) The same process followed by

hot-stage microscopy.

Figure SI-7. (a) Ortep Plot (thermal ellipsoids drawn at 50% probability) showing the intramolecular

hydrogen bond [Ogn--Oco = 2.465(6) A] for avobenzone Form 11, and (b) crystal packing viewed along the a-

axis.
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Crystal data and refinement details for crystalline avobenzone Form Il and (3-CD),-AVO

Table SI-1. Crystal data and refinement details for crystalline avobenzone Form Il and (3-CD),-AVO.

Avobenzone Form Il (B-CD),-AVO
Formula C0H2203 C104H1780s1
fw 310.38 2724,49
Temperature (K) 300 100
Cryst. System Orthorhombic Monoclinic
Space group Pbca C2
i 1 0.5
Z 8 4
a(A) 7.3175(10) 18.9533(14)
b (A) 11.8808(10) 24.4863(17)
c(A) 40.778(7) 15.4504(12)
a (deg) 90 90
B (deg) 90 109.543(4)
v (deg) 90 90
Vv (A3) 3545.1(8) 6757.4(9)
Deaic (8/cm3) 1.163 1.339
M (mm?) 0.077 1.009
Measd reflns 12729 51430
Indep reflns 3124 12359
Largest diff. peak/hole (e/A3) 0.10/-0.09 0.46/-0.48
Ri[on Fg2, 1>20(1)] 0.0761 0.0650
WR,; (all data) 0.1399 0.1925
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Pawley Refinement Plots of the inclusion complexes (3-CD),-AVO and (B-CD)s- OCT,
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Figure SI-8. Pawley refinements plots with the corresponding unit cell parameters and FOMs for the

inclusion complexes (B-CD),-AVO (top) and (B-CD)s-OCT, (bottom) obtained via slurry.
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1H-NMR of the B-cyclodextrin (B-CD), avobenzone (AVO), and octinoxate (OCT)
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Figure SI-9. 'H-NMR spectra in DMSD-d6 of the starting materials: avobenzone (top), octinoxate (middle),

and B-cyclodextrin (bottom). Note: the signal assignment for the B-cyclodextrin was based on the reported

one2,
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1H-NMR of the inclusion complexes (3-CD),-AVO and (B-CD);-OCT,
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Figure SI-10. 'H-NMR spectra in DMSD-d® of the inclusion complexes (3-CD),-AVO (top) and (B-CD)s-OCT,
(bottom) obtained via slurry. These 'H-NMR analyses allowed to calculate the host/guest stoichiometric
ratio by comparing the integration of the peaks corresponding to the two components. It must be noticed
that this calculation can be done in samples containing the inclusion complex alone and the purity of these
samples was verified by PXRD analysis. It results in a stoichiometry (3-CD),-AVO for avobenzone (see Figure
SI-7 10 above, peak at 8.16 ppm corresponding to one hydrogen and integrating for 0,55 H-atoms) and (j3-
CD);- OCT, for (see Figure SI-7210 under, peak at 7.65 ppm corresponding to two hydrogens and integrating
for 1.24 H-atoms).
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TGA traces
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Figure SI-11. Top, TGA thermograms for B-CD (black line), avobenzone form | (red line), and octinoxate
(blue line). Bottom, TGA thermograms for inclusion complexes (3-CD),-AVO (red line) and (B-CD)3- OCT,

(blue line) superimposed to the one of the B-CD (black line).
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DSC traces
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Figure SI-12. DSC traces for B-CD (a), avobenzone Form | (b), avobenzone Form Il (c), and octinoxate (d).
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Figure SI-13. DSC traces for the inclusion complexes (3-CD),-AVO (top) and (B-CD);-OCT, (bottom).
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