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Bitumen is a chemically complex and heterogeneous material whose composition, 

microstructure, and rheological properties determine asphalt-pavement performance. Its 

properties depend on crude-oil origin and refining conditions and evolve under environmental 

and mechanical stresses. Aging through oxidation, volatilization, and molecular reorganization 

increases binder stiffness and brittleness [1]. Rejuvenation and reclaimed-asphalt recycling can 

reduce virgin-material consumption but require understanding the interactions between aged 

binders and rejuvenators [2]. Optical methods provide information beyond that available from 

bulk rheological measurements. Fourier-transform infrared spectroscopy (FTIR) monitors 

oxidation-related functional groups, UV–Vis spectroscopy reveals changes in chromophoric 

structures, spectroscopic ellipsometry characterizes thin surface layers [3], and fluorescence 

microscopy visualizes distinct phases and additives. The ultrafast excited-state dynamics of 

bituminous materials nevertheless remain largely unexplored. Transient absorption 

spectroscopy (TAS) measures pump-induced changes in absorbance, ΔA(λ,t), using an 

ultrashort pump pulse and a delayed broadband probe. It can reveal excited-state relaxation, 

energy and charge transfer, trapping, recombination, photochemical transformations, and 

thermal effects [4]. Applied to bitumen, TAS could determine how aging, aggregation, 

temperature, modifiers, and rejuvenators affect aromatic chromophores and asphaltene 

nanoaggregates. Combined with steady-state spectroscopy, microscopy, and rheology, it could 

link molecular dynamics with aging, microstructure, and engineering performance. 
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