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8.2.1.2.  Fluorescence, Fluorophores 

Fluorescence is also a type of electromagnetic radiation from a certain type of substance called 
a fluorophore that is stimulated by absorption of light, mechanical friction, or a chemical reac-
tion. Among these sources of stimuli, the absorption of light will be our main interest in fluores-
cence microscopy. Typically, a laser in the ultraviolet to blue-green wavelength is used for ab-
sorption radiation. 

Origin of fluorescence, fluorescence lifetime, and the Jablonski energy diagram 

In atomic physics, it is proposed that atoms have electron shells (main energy levels), a group of 
atomic orbitals around their nuclei. Electrons of an atom occupy these electron shells according 
to a certain probabilistic distribution, and this electron configuration of electrons and structure 
of electron shells defines an atom uniquely [19]. 

Figure 8.2. Origin of fluorescence and the Jablonski Energy Diagram. See text for details. 

 

The fluorescence process is usually illustrated by a Jablonski energy diagram as the transi-
tions of an electron between the different energy levels (Fig. 8.2). According to atomic physics 
theory, each electron of an atom is characterized by a unique set of quantum numbers —
principal, angular momentum, spin, and magnetic. Any two electrons in the same orbital have 
the same principal, angular momentum, and magnetic quantum number but their spins have dif-
ferent signs (spin-paired). If all the electrons in an atom are spin-paired, the atoms are said to 
be in a singlet state, while they are referred to as residing in a triplet state if one set of elec-
tron spins is unpaired. Singlet states may have different energy levels, as do triplet states. In 
ascending order, singlet states of different energy level are termed ground state singlet level 
(S0) and excited singlet level (Si, i = 1, 2, …). Similarly, excited triplet states are named as Ti , (i
= 1, 2, …). Note that the lowest energy levels of singlet and triplet states are S1 and T1, and that 


