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Multi-scale, high resolution operando analysis of material destruction processes
using mechano-chemical interactive measurements
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Purpose of the study was development of new tools with capability to analyze
mechanical deformation and fracture of materials with mechanical properties and molecular

structure. Developed tool was composed of multi beam SERS (Surface-Enhanced Raman Scattering)
spectrometer with plasmonic sensor and tension tester. Operando measurement in tensile test was
carried out, i.e. kinetic changes of molecular structure mapping in plain, fracture propagation, and
so on. Multi-scale from nanometer range to millimeter scale was analyzed in materials. Rubber
material was examined for tensile test. The following results were gained. Although surface layer
revealed plastic deformation, deep component showed elastic deformation. Operando observation in

crack propagation showed that double bond in rubber molecules was decomposed at around fracture
position.
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