
Interaction Between Photon and Electron 



Manifestations of Light-Matter 
Interactions 

•  Reflection 
•  Refraction 
•  Scatter 
•  Absorption process 
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Photochemistry consists of two parts

•  Photochemical 

•  Photophysical 



The Basic Laws of Photochemistry 

The	First	Law	of	Photochemistry:	light	
must	be	absorbed	for	photochemistry	
to	occur.		

Gro<huss-Draper	law	

Gro>hus	 Drapper	

The	Second	Law	of	Photochemistry:	
for	each	photon	of	light	absorbed	by	
a	chemical	system,	only	one	molecule	
is	acBvated	for	a	photochemical	
reacBon.		

Stark-Einstein	law	

Stark	 Einstein	



Probability of light absorption is related to the energy 
gap and wavelength of light 
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Third law of photochemistry 



Same Rules Govern Excitation and De-excitation 
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A perfectly allowed transition has f = 1

Orbital Symmetry 

Orbital Overlap 

fe

fe
Electronic

Nuclear position fvVibronic

Electron Spin fsSpin

Oscillator Strength-Absorption 
Probability of light absorption is related to the oscillator strength ‘f’ 



Absorption Spectra: Why the ε and f vary with the band? 





Jablonski Diagram 



Shapes of Absorption and Emission Spectra 



Shapes of Absorption Spectra 



Vibrational Part Limits the Electronic Transition 
Franck-Condon Principle 

Condon	

Franck	

Electron	jump	between	orbitals	generally	takes	∼ 10−15 to 10−16	s		
Nuclear	vibra:ons	take	~ 10−13 to 10−14	s		



Mirror Image Rule and Stoke’s shift 

G.G. Stokes (1819-1903) 

Owing to a decrease in bonding  of 
the molecule in its excited state 
compared to that of the ground 
state, the energy difference between 
S0 and S1 is lowered prior to 
fluorescence emission (in about 0.1 
to 100 ps). This is called Stokes’ 
shift. 



Mirror Image Rule and Stoke’s shift 

Shapes of Absorption and Emission Spectra 



Mirror Image Rule and Stoke’s shift 

Importance of 0, 0 band 



G. N. Lewis Kasha 

Porter 

Triplet State and Phosphorescence 

S. Vavilov A. Terenin  



Singlet–Triplet Crossing 

S1

T1

S0

ε ε

kisc



CHO

El-Sayed’s Rule 
Intersystem crossing is likely to be very slow unless it 
involves a change of orbital configuration. 



Field at a molecular level is generated from the orbital motion of the electron 
around the nucleus. 

€ 

ˆ H SO = ζl ⋅ s

ζ n,l ∝
Z 4

n3l(l +1/2)(l +1)

The Spin-Orbit coupling constant depends on the fourth power of the atomic 
number and its effect is very large for heavy atoms. 

Spin-Orbit Coupling and Heavy Atom Effect 
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Fluorescence and Phosphorescence 



The heavy atom effect on spin transitions 

The “heavy atom” effect is an “atomic number” effect that 
is related to the coupling of the electron spin and electron 

orbital motions (spin-orbit coupling, SOC). 

Most commonly, the HAE refers to the rate enhancement 
of a spin forbidden photophysical radiative or 

radiationless transition that is due to the presence of an 
atom of high atomic number, Z. 

The heavy atom may be either internal to a molecule 
(molecular) or external (supramolecular). 



Spin-orbit coupling energies for selected atoms 



Internal Heavy Atom Effect 

I

I

Cl



External Heavy Atom Effect 
Cl

CCl4	

Pure liquid 

C2H4Br2 

C2H5I 
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Examples of internal heavy atom effect 



Fluorescence:  

•  High radiative rate constant, 1010 to 108 s-1 

•  Precursor state (S1) has short lifetime 
•  Generally not susceptible to quenching 

Phosphorescence:  
•  Low radiative rate constant, 106 to 10 s-1 

•  Precursor state (T1) has long lifetime 
•  Very much susceptible to quenching 
•  Emission quantum yield depends on S1 to T1 crossing 





Fluorescence occurs only from S1 to S0 phosphorescence occurs only from T1 to S0  

Sn and Tn emissions are extremely rare. 

Kasha's rule 

Kasha	





Exceptions 



Exceptions 
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Excimers 

Th.	Förster		

Albert F. Weller 
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Pyrene as an exemplar of excimer formation 
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Excimer 





Bimolecular absorption and emission: Excited state complexes 



TICT Emission 



Delayed Fluorescence 
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q  Fluorescence 

q  Phosphorescence 

q  Emission from upper excited states 

q  Excimer emission 

q  Exciplex emission 

q  TICT emission 

q  Delayed fluorescence 

Types of emissions 



Points to Remember 
•  Electronic Configuration of States, nπ*; ππ* 

•  Spin Configuration of States (S and T) 

•  Singlet-Triplet Gap, ΔE (S-T) 

•  Rules of Intersystem Crossing (El-Sayed’s Rule) 

•  Heavy Atom Effect  

•  Absorption and Emission 

•  Fluorescence and Phosphorescence 

•  Radiative and Radiationless Transitions 

•  Kasha’s Rule 


