


Electronic to Vibrational Energy Transfer 

Intramolecular vibrational relaxation (IVR) 
occurs within 10 to 0.1 ps  

Intermolecular vibrational energy transfer  
(VET) from the molecule to the solvent occurs in 
the time range 100 to 10 ps  
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Visualizing molecules in ground and excited states 

Molecule represented 
in one dimension

Molecule represented 
in two dimensions

S1

T1

S0

Molecule represented 
in three dimensions



Visualizing vibrating molecules  



Conversion of electronic to vibrational energy 





Radiationless Process and Surface Crossing and Matching 



f ~ exp-ΔE

kIC ~ 1013fν

kIC ~ 1013exp-αΔE

The Energy Gap Law for Internal Conversion 

ΔE i s t h e e n e r g y 
separation between the 
surfaces involved in the 
t r a n s i t i o n a t t h e 
nuclear geometry rc. 



Dependence of rate of kISC T1 to S0 on energy gap 



In aromatics because of the large S1 to S0 energy gap internal 
conversion does not compete with ISC S1 to T1 

(exception) 

For large aromatic molecules the sum of the quantum yields of 
fluorescence and ISC is one i.e., rate of internal conversion is very slow 
with respect to the other two (Ermolaev’s rule). 



Azulene Anamoly and Energy Gap Law 

Fluorescence occurs only from S1 to S0; phosphorescence occurs only 
from T1 to S0; Sn and Tn emissions are extremely rare (Kasha's rule). 





	
	
	
	
	

Bond Type Vibrational Frequency  
Type

C=C stretch 2200 cm-1 
C=O stretch 1700 cm-1 
C=C stretch 1600 cm-1 
N=N stretch 1500 cm-1 
C-H bend 1000 cm-1 
C-C stretch 1000 cm-1 
C-C bend 500 cm-1 
C-H stretch 3000 cm-1 
C-D stretch 2100 cm-1

       

Electronic to Vibrational Energy Transfer 



C-H stretch 3000 cm-1 
C-D stretch 2100 cm-1

Isotope Effect on 
Rate of T1 to S0  

T1 

S0 



Vibrational effects on singlet oxygen 
lifetime 





•  Transition state connects a single reactant to a single product and it is a      
saddle point along the reaction course. 

•   Collisions are a reservoir of continuous energy (~ 0.6 kcal/mol per impact). 
 
•   Collisions can add or remove energy from a system. 

•  Concerned with a single surface. 

Visualiza(on	of	Thermal	Reac(ons	
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Photochemical	Process-Horizontal	(Non-ver(cal)	Transi(on	

We need to deal with two surfaces. 

Adiabatic	 Diabatic	



Photoreac(ons	with	and	without	
intermediates:	Two	dimensional	

model	
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Diatomic	Molecules	and	Non-crossing	Rule	

In diatomic molecules the two surfaces (e.g., ground and excited 
states) will only cross if the two states have different spatial and/or 
spin symmetry; i.e., the two surfaces will not cross if they have the 
same symmetry.	



In polyatomic molecules the two surfaces (e.g., ground and excited 
states) may cross even if the two states have the same spatial and/
or spin symmetry. 

Polyatomic	Molecules	and	Non-crossing	rule	

Avoided	Crossing	 Allowed	Crossing	
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If the nuclei are assumed to move slowly, then the 
rate of jump is decided by Fermi Golden Rule  

 
P α e-(∆E) 

 
 
The rate of jump depends on the energy gap; smaller 
the gap faster the rate. 
 
Expected time scale would be in the range of ns.  
 
Longer time allows for equilibrium in the excited 
state.  

Allowed	Crossing	Follows	Born-Oppenheimer	Approxima(on	



Conical	Intersec(ons:	Born-Oppenheimer	
Approxima(on	Breaks	Down 

If the nuclei have sufficient velocity, the Born-
Oppenheimer approximation breaks down and the 
there is no time for electronic configuration to 
respond to nuclear position changes. 
 
The same wavefunction may be classified as an 
excited state wavefunction in the region of 
energies higher than the crossing point and a 
ground state wavefunction in the region of lower 
energies than the crossing point. 
 
The rate of crossing is not controlled by Fermi 
Golden Rule since the energy gap between upper 
and lower surface is zero.  The crossing is 
instantaneous. 



Conrototary	Cycliza(on	of	1,3-Butadiene	



Disrototary	Cycliza(on	of	1,3-Butadiene	



Conrotatory

State	Correla(on	Diagram	







Conical intersection may connect 
multiple products. 
 
Prediction becomes impossible without 
the help of computations.	



Presence of conical intersections leads to multiple 
products from a single ‘funnel’  


