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Structural analysis of cross-linking structures in rubbers by zero-field
solid-state 33S NMR
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Since the discovery of vulcanized rubber in the 1830s, the range of rubber
applications has expanded dramatically, including automotive tires. However, the cross-linking
structure of rubber by sulfur atoms, which determines the macro physical properties of rubber, has
not yet been clarified. The reason for this is that there has been no suitable analysis method to
observe and analyze sulfur atoms in amorphous samples. In this study, we have developed a new
methodology based on zero-magnetic field sulfur-33 nuclear magnetic resonance that enables local
structure analysis of sulfur atoms even in amorphous samples including vulcanized rubber.
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