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Atomic snapshots of polypropylene irradiated with the deposited dose of 0.05 eV/atom and 

0.06 eV/atom are shown in Figure S1. The atoms in this Figure are color-coded according to 

their Mulliken charge 1. It can be seen that the carbon with the broken bond acquires a local 

negative charge. In the example of 0.05 eV/atom, the carbon-carbon bond transiently breaks, 

forming a scission at the time of ~30-40 fs, which then recovers completely by the time of ~200 

fs. This can also be seen in the transient formation and disappearance of the defect electronic 

energy levels shown in Figure S2 (cf. Figure 2 in the main text with the dose 0.06 eV/atom 

where stable defect levels are formed). In contrast, at the dose of 0.06 eV/atom, hydrogen dimer 

forms, also leaving a negatively charged carbon atom behind (Figure S1b).
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Figure S1. Atomic snapshots of polypropylene irradiated with 30 eV photons, 10 fs laser pulse with 
(a) 0.05 eV/atom, and (b) 0.06 eV/atom deposited dose. The atoms are color-coded corresponding to 
their Mulliken charge. The red circles highlight (a) transient chain scission (bond breaking) and 
recovery; and (b) dehydrogenation and emission of hydrogen dimer. Large balls are carbon atoms, 
small are hydrogen.
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Figure S2. Electronic energy levels (molecular orbitals) in polypropylene irradiated with 30 eV 
photons, 10 fs FWHM FEL pulse, the absorbed dose of 0.05 eV/atom.
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