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Light-maƩer interacƟons can teach us a lot about the properƟes of materials. Probing the 
response as light is transmiƩed, reflected or scaƩered by materials as a funcƟon of the lights’ 
frequency will can give us informaƟon on chemical composiƟon, (nano)parƟcle size, bond 
strengths and much more. 
Here we will briefly go over the basics of steady-state spectroscopy, including the Lambert-
Beer-Bouguer law, selecƟons rules for (electric dipole) transiƟons and scaƩering (Raman 
processes) and important differences between transmission, reflecƟon, absorpƟon and 
exƟncƟon that oŌen lead to confusion in literature and amongst peers (not alone because of 
misused nomenclature). 
 
AŌer this, we will extend these methods to the “ultrafast” Ɵme-domain by exciƟng the system 
to be studied with a short laser pulse, the pump, aŌer which the response of the system is 
measured using a probe. Depending on the frequencies used for both the pump and the probe, 
one can study different Ɵme-dependent phenomena, such as electron relaxaƟon, 
recombinaƟon, electron transfer, electron localizaƟon and release, electron transport and 
mobility, vibraƟonal orientaƟon and transport, and many more. I will present the basics behind 
the techniques from both a theoreƟcal and pracƟcal point of view, aŌer which we will go 
through examples highlighƟng the strengths and weaknesses of each of these methods. 
 
The goal is to present a comprehensive overview of the possibiliƟes of (Ɵme-resolved) 
spectroscopy from both a theoreƟcal and pracƟcal point of a view, giving the audience a toolbox 
from which they can pick the right hammer (spectrometer) to hit their desired nail (scienƟfic 
problem) directly on the head. 


