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    Figure 8.3. Absorption, emission spectra, and Stokes shift. See text for details. 

When a fluorophore is excited by photons within its absorption spectrum, not all the pho-
tons are used to excite the electrons in the fluorophores. Some of them participate in non-
radiative pathways such as heat or photochemical reactions. The ratio of the number of photons 
that follow a radiative pathway to the number of photons that entered the atomic system is dif-
ferent from one fluorophore to another, and this ratio is defined as the quantum yield of the 
fluorophore. Quantum yield typically ranges between 0.1 and 0.9. 

8.2.1.3. Photobleaching (Fading) 

Photobleaching is a phenomenon in which a fluorophore permanently loses its ability to un-
dergo fluorescence emission due to photochemical destruction and covalent modification, usu-
ally when fluorophores interact with molecular oxygen before emission. Although the underly-
ing mechanism of photobleaching is not yet fully understood, it is believed to occur when the 
excited singlet state of a fluorophore is transited to the excited triplet state that is relatively long 
lived and is chemically more reactive. 

The ability of a fluorophore to undergo light absorption and fluorescence emission is not in-
finite. The characteristic number of excitation and emission cycles a fluorophore can undergo is 
fluorophore-specific and determines how long it can fluoresce under a given intensity of excita-
tion light. Individual fluorophores undergo an abrupt transition from fluorescent to photo-
bleached. However, prolonged illumination of a population of fluorophore molecules leads to 
progressive fading of the fluorescence intensity as a function of time. In general, the higher the 
excitation light intensity, the shorter time a given fluorophore emits before photobleaching. As a 
result, above a certain level of excitation laser intensity fluorophores are photobleached almost 
immediately, which is a major tool for fluorescence recovery after photobleaching (FRAP). 


