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Supplementary Note 1 The analysis of spectra and microplastic quantity 

Using the same system setting and HQI index (Method in the main text), the spectra of separated droplets (the surface droplets were transferred to an aluminium foil to avoid spectral interference from the bulk PP sheet), plastic sheets and products were obtained and compared with standard plastic spectra. 
The full range (250-3500 cm-1, Fig. S3) HQI of separated droplets compared to the parent semicrystalline PP and standard amorphous PP wax (Goodfellow) was 0.97 and 0.98, respectively. The high HQI values confirm the a-PP nature of the separated droplets. Notably, Raman spectra in Fig. 1C clearly showed that the droplets perfectly matched that of standard amorphous PP wax, with a hit quality index (HQI) of 0.93 at low wavenumber range (800-1500 cm-1, Fig. 1C). Interestingly, there were clear differences between PP droplets and the parent PP cantilever beam at low wavenumber (800-1500 cm-1), with a substantial difference at 810 and 840 cm-1 associated with the crystallinity degree of PP. Additionally, PP droplets have no peak at 1168 cm-1 associated with the crystalline C-C backbone vibration 1,2  (Fig. 1C). Those differences gave rise to a poor match between PP droplets and the parent PP cantilever, with an HQI of only 0.75. Similar difference was observed in FTIR spectra (Fig. S4). FTIR is a complementary tool that can further confirm the amorphous nature of the droplets. Different from Raman spectroscopy, FTIR is more sensitive at the peaks of 997 and 973 cm-1, which are primarily associated with the rocking of crystalline C-C backbone and the stretching of CH3, respectively 3-5. The crystallinity degree of PP is proportional to the ratio between the peak intensity of 997 and 973 cm-1 4,5. Clearly, the intensity of 997 cm-1 is negligible, which closely matched the spectrum of standard amorphous PP.  Evidently, most of these droplets are a-PP that has been squeezed out from the bulk PP sheet. 

To quantify MP levels, four representative spots (2 spots in the middle area and 2 close to the edge of filter membrane, with total analysed area of 1.5 mm2) were analysed, as detailed in previous studies 6,7. After Raman testing, the total MP number on the filter was obtained based on the ratio between tested area and the whole area of filter membrane (227 mm2). Finally, the released MPs number from unit area of a plastic sheet or PP bottle (particles/cm2) was determined based on the total captured MPs and the area of the plastic exposed to water.
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[bookmark: _Hlk156237349]Supplementary Fig. 1. Surface stress drives amorphous polypropylene separation from semicrystalline polypropylene sheets at different temperatures and time durations. (a) AFM height image of compressive side 5 mm from the clamped end after 7 hrs of 85 °C oven heat. (b) AFM height image of compressive side 0.5 mm from the clamped end after 120 hrs of 60 °C oven heat. PP sheets in Figs. A and B were compressed using cantilever PP-1 in Table S1. (c) AFM height image of compressive side 0.1 mm from clamped end after 40 days of 35 °C oven heat, compressed using a shorten cantilever PP-2 in Table. S1. 
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Supplementary Fig. 2. Full Raman spectra of bulk PP sheet, surface droplets from bulk PP sheet and standard amorphous PP wax, respectively. During Raman detection, the bulk standard samples of PP sheet and PP wax were detected directly. To avoid interference from the parent PP sheet the sticky gel-like droplets were transferred to an aluminium foil and their Raman spectrum recorded (see Supplementary Note 2).
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Supplementary Fig. 3. FTIR spectra of bulk PP sheet, surface droplets from bulk PP sheet and standard amorphous PP wax, respectively. Similar to Raman detection, the sticky gel-like droplets were transferred to an aluminium foil to facilitate detection.
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Supplementary Fig. 4. In-situ test of the influence of ethanol exposure on droplets. (a) Droplets formed on standard PP sheet surface after 2 hrs of 95 °C oven heat in the shape of cantilever with setting 1 in Table S1. (b) The same location after 5 hrs of ethanol soaking. Slight changes were observed, which confirmed that these droplets contain very low levels of organic additives that are ethanol soluble.  
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[bookmark: _Hlk156250403][bookmark: _Hlk156248201]Supplementary Fig. 5. Arrhenius plots of Eq 2 at compressive surface stresses of -5 and -26 MPa respectively. Data extracted from 3 temperatures (78 °C, 85 °C and 95 °C) in Fig 2C. The slope of linear fitting at each stress can be used to calculate flow activation energy.
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Supplementary Fig. 6. The correlation between 1/T and Ln (Viscosity) of amorphous PP in previous publication. Data were extracted from the publication of 8. The flow activation energy (Ef) can be obtained multiply the slope by gas constant (R, 0.00831434 kJ/mol K), which is 159.0 kJ/mol.
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[bookmark: _Hlk156248581]Supplementary Fig. 7. (a) and (b), SEM images of the inner surface of bottle’s body before and after exposure to 95 °C water, respectively. The red scale bar in both figs is 5 µm.
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