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Photoactive materials are pivotal in a range of applications, from photovoltaics to photocatalysis, due 
to their ability to harness light energy and drive electronic and chemical transformations. 
Understanding the transient phenomena underlying their functionality is crucial for optimizing their 
performance. High-resolution and time-resolved photoemission spectroscopy (HRPES and TRPES) 
offers a powerful platform for probing these ultrafast processes, providing nanometric scale insights 
into electronic structure dynamics. This study presents an in-depth investigation of transient 
electronic states and charge carrier dynamics in a selection of photoactive materials, from bulk 
semiconductors (silicon1, ZnO2) to 4th generation colloidal quantum dots3. By employing HRPES and 
TRPES, we resolve picosecond-to-microsecond electronic relaxation processes, revealing critical 
pathways for energy transfer, and recombination. The high spectral resolution further allows us to 
correlate these transient phenomena with surface chemistry, and defect states. 
Through various examples measured at the TEMPO beamline in third generation synchrotron SOLEIL, 
we will demonstrate the potential of high-resolution and time-resolved techniques to unlock the 
transient behaviors that dictate the performance of next-generation photoactive materials. 
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