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Tire wear results from the sliding contact between the rubbery tire tread 

and the asperities of the road surface. This process leads to material abrasion, 

altering tire performance and generating wear particles. While the macroscopic 

characterization of tire wear is well-documented, its microscopic understanding 

is far from complete[1]. Here, we build upon a state-of-the-art mechanochemical 

strategy[2][3] allowing for the direct and quantitative spatial mapping of chain 

damage in industrially relevant material following frictional wear. This approach 

relies on the incorporation of a mechanophore molecule as additional 

crosslinker in a filled rubber, which becomes fluorescent upon scission, acting 

as a reporter for bond breakage[4]. Our measurements reveal a complex 

scenario for the departure of material from the surface. Repeated, fatigue-like 

solicitations by the sliding contacting asperities first induce diffuse damage in 

the subsurface. Particles nucleate as rolls of micrometric size from this 

damaged subsurface, before coalescing into wear particles of several 10-100 

μm sizes. Revealing previously invisible processes, our approach provides key 

mechanistic insights into the molecular mechanisms underlying tire wear. 
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