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Have you wondered why glow 

sticks are glowing after you have 

bent them? Or why those plastic 

stars are still glowing at night after 

the lights have been switched off? 
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Luminescence 

 

  

 Luminescence is the phenomenon of 

release of energy by the substance in 

the form of light. 

 

  At the room temperature, most of 

the atoms or molecules are in the 

lowest energy states (E1).  

 

 When the photon of energy E= h𝜈, is 

incident on the molecules, electrons 

in them are excited to the higher 

energy states (E2) by absorbing 

energy h𝜈. 

 

 UV-radiation is used for excitation. 
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Electron decay (non-radiative decay) 

Electrons drop back to their ground state by the emission of 

energy.  

 

There  are two types of decay of electron to the lower energy 

state: 

 

 1. Non-radiative decay through  

 

 vibrational relaxation 

 quenching with surrounding molecules 

 internal conversion 
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Radiative decay 

2.  Radiative decay in the form of  

             fluorescence  

             phosphorescence  

 

The emitted light has a longer wavelength 

and a lower energy than the absorbed light 

because a part of the energy has already been 

released in a non-radiative decay process.  

 

This is the reason that an emission in the 

visible spectrum can be achieved by 

excitation with non-visible UV-radiation.  
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Singlet and triplet states 

Electrons in stable molecules always exist in 

pairs, as molecules with unpaired electrons are 

extremely reactive and unstable.  

  

If the two spins are in an antisymmetric 

configuration, the electron pair has a total spin 

of zero (S = 0)  

 

 If the two spins  are in a symmetric 

configuration then the pair has a total spin of one 

(S = 1).  

 

The S = 0 and S = 1 states are therefore called 

the singlet and triplet respectively. 

 

 

                                

 

 
 

 

 

 

 

                                             

 

 

 

 

                  

 

 

 

                     

 

 

 

 

 

 

 

                                                     

     

triplet state S=1 
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Fluorescence 

 In fluorescence, high energy  light photons 

are absorbed, making an electron in the 

molecule  to jump to an excited state.  

 Usually, the absorbed light is in the ultraviolet 

range.  

 The absorption process occurs quickly and an 

electron never changes its spin direction in 

fluorescence.  

 Fluorescence occurs so quickly that if you 

turn out the light, the material stops glowing.  

 The color or the wavelength of light emitted 

by fluorescence is independent of the incident 

light. 

A fluorescent light bulb 
is coated with a 
powder on the inside 
wall and contains a gas.  
Electricity causes the 
gas to emit ultraviolet 
radiation, which then 
stimulates the tube 
coating to emit light.  
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Jablonski diagram for fluorescence 

  

    

  

  

 The singlet spin state S0 is the ground 

state of the electrons, and S1 and S2 are 

singlet excited states. 

 

 Electrons are excited to higher excited 

states S2 by incident photon of 

wavelength 𝜆 = 
ℎ𝑐

𝐸2−𝐸1

. 

 

 The electrons take transition to S1 state 

through vibrational relaxation and 

internal conversion. 

 

 The spin of the electron remains 

unchanged. 

Excitation by photon of energy h𝜈 

Vibrational relaxation (        ) 

Internal conversion (- - -   ) 

Fluorescence at frequency 𝜈’ 

𝜈’is less than 𝜈 
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Radiative mechanism  

A radiative mechanism by which excited 

electrons may relax from the lowest 

excited state (S1) to ground state (S0) in 

a fast (10-9 to 10-6 sec) process is called 

fluorescence. 

 

Due to the electron having shed some of 

the original excitation energy by 

vibrational relaxation, the emitted 

photon will be of lower energy and thus 

of longer wavelength. 

 

All relaxation events in fluorescence are 

spin neutral and the spin orientation of 

the electron is always maintained. 
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Phosphorescence 

A phosphorescent material 

absorbs high energy light 

(usually ultraviolet), causing the 

electrons to move from ground 

state S0 into a higher energy state 

S1 or S2.  

 

The electrons take transition to 

S1 state through vibrational 

relaxation and internal 

conversion. 

 

Electrons maintain the same spin 

until the S1 state is reached. 
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Intersystem crossing  

■These electrons undergo an unusual 

intersystem crossing into an energy 

state of higher spin multiplicity, called a 

triplet state (T1).  

 

■During intersystem crossing into 

excited triplet state (T1), the spin of the 

involved electrons is flipped.  

 

■Triplet states are metastable and have a 

long lifetime.  As a result, the excited 

electrons can become trapped in the 

triplet state. 
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Spin flip 
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Delayed transitions  

■A transition between the lowest energy level of the triplet state T1 

and the S0 state is not readily possible, because that transition is 

spin-forbidden. 

■ It can happen with a small possibility according to  quantum 

mechanics. 

■  This transition to a ground energy state takes time because the 

electron spin must be reversed again, but when they occur, light is 

released. 

■Phosphorescent compounds have triplet lifetimes in the order of 

millisecond to minutes or even hours.  

■Hence  the energy release occurs slowly. material appears to glow 

for several seconds up to a couple of hours after the light has been 

turned off.  
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It was a freezing winter night & I could hardly see a thing. 

Luckily, I was wearing my Fluorescent shorts. 

THANK YOU 


