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Low-lying excited-states of Acetophenone Section:  Outline 
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Low-lying excited-states of Acetophenone Section 1.:  Theoretical Background 

Excited state Dynamics 
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Low-lying excited-states of Acetophenone Section 1.:  Theoretical Background 

In the simplest case one can calculate excited state energies as 

energy differences of single-reference calculations. 

 

ex.s – gr.s   

 

This generally can be done: 

 

   

   

  Possibly for states that occupy orbitals of different symmetry 
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Low-lying excited-states of Acetophenone Section 1.:  Theoretical Background 

Why do we need to use multiconfiguration reference methods?  

The problem of the electron correlation: 

Static – -range effect  

Dynamic – -range effect 

Ground state: Large Homo-Lumo 

treat with single reference method 

 

Special cases of avoided- BUT 

The dynamic correlation is also important !!! 
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Low-lying excited-states of Acetophenone Section 1.:  Theoretical Background 

Excited state configurations: 

Ground 
State

Single excited 
configuration

 

Double excited 
configuration

 

For each electron configuration corresponds a certain Slater determinant  
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Low-lying excited-states of Acetophenone Section 1.:  Theoretical Background 

Configurations can be expressed as Slater determinants in terms of molecular 

orbitals. Since in the nonrelativistic case the eigenfunctions of the Hamiltonian are 

simultaneous eigenfunctions of the spin operator it is useful to use configuration 

state functions -  – spin adapted linear combinations of Slater  

which are eigenfunctions of S2 

Singlet CSF Triplet CSF 
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Low-lying excited-states of Acetophenone Section 1.:  Theoretical Background 

Active orbital 
space where the  
real electronic  
excitation is  
considered. 

2 

2 

2 

2 
2nO 

10 active electrons  
5 occupied + 3 virtual orbitals 

Active space: (10,8) 

Choosing the active space: 



9 

Low-lying excited-states of Acetophenone Section 2.:  Methods 

Software: Molpro 2012.1 

Basis set: def2- f on heavy atoms and 2p on H atoms  

Methods: State-averaged MCSCF (for geometry, CI) 

 Multi-State CASPT2 

 MRCI with Davidson correction 

 LT-DF-LCC2 

 EOM-CCSD 
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Low-lying excited-states of Acetophenone Section 2.:  Methods 

When we are interested in the photochemistry and photophysics of molecular 

systems the Potential Energy Surface  we have to be explored not only in 

the Franck-Condon  region but also along distorted geometries.  

transition  and conical intersections need to be found  for 

excited states are . 
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Low-lying excited-states of Acetophenone Section 3.:  Vertical excitation energies 

Acetophenone 

Benzophenone 

Diphenylmethane 

Anthraquinone 
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Low-lying excited-states of Acetophenone Section 3.:  Vertical excitation energies 
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Low-lying excited-states of Acetophenone Section 3.:  Vertical excitation energies 

 
 S1 

Benzene Acetophenone Acetone 

SA-  SA-  SA-  

S2 
 
 

S1 
 
 

S2 
 

221 nm 

S3 
 

177 nm 

S2 
 
 

S1 
 

288 nm 
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Low-lying excited-states of Acetophenone Section 3.:  Vertical excitation energies 

Table 1. Vertical excitation energies  their oscillator strength in 
 for the two lowest excited states of AP 
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Low-lying excited-states of Acetophenone Section 3.:  Vertical excitation energies 

S1 
 

S1 
 

S1 
 

S2 
 

S2 
 

S2 
 

S3 
 

SA-  SA-  SA-  

0.001 

0.001 

0.000 

0.009 
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Low-lying excited-states of Acetophenone  relaxation 

S2 
 

S1 
 

S2 
 

S2 
  CI12 

S1 
 

 CI01 

S0 

S0 
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Low-lying excited-states of Acetophenone  

The vertical excitation energy levels of the Acetophenone are 
combinations of benzene and acetone vertical excitation energy levels. 

The first excited state of the Acetophenone is a dark state  we need to 
include the second excited state. 

reaching the acetone branch relaxation is more difficult. 

The excited state relaxation between S2 and S1 state is also difficult to be 
reached because of the high position of the S1S2 conical intersection point 

The singlet  triplet transition could also be a solution.  

Conclusions 


