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Abstract:  The  first  two,  low­lying  electronic  excited  states  and  the  their 
relaxation  pathways  for  the  phenothiazine  has  been  investigated  using  multi­
configuration  self­consistent  field,  equation­of­motion  coupled  cluster  and 
density  functional  theory  (DFT)  methods  considering  the  def2­TZVP  triple­ξ 
quality basis set as well as the MN12­SX exchange correlation functional in the 
case  of  DFT.  The  electronic  configurations  of  the  first  three  vertical  excited 
states  as  well  as  the  geometries  of  conical  intersections  between  different 
excited states were discussed in details. Different relaxation pathways over the 
potential energy surfaces are identified and discussed.

Conclusions

• The best estimation of the vertical excitation energy is given by the MN12‐SX and DF‐LT‐LCC2 methods (S2(exp) = 312.6 nm) [1].

• The relaxation pathway of the S2 vertical state does not include any equilibrium geometry, it directly crosses the S1xS2 conical 

intersection point and reaches the S1 equilibrium geometry.

• The radiationless decay through the S0xS1 conical intersection point is energetically unfeasible. 

• The MN12‐SX exchange‐correlation DFT functional works well close to the electronically degenerated potential energy sufraces 

(conical intersection points), the overlap with the MCSCF geometries is almost perfect.

• There is a major difference between the energy values obtained with MN12‐SX exchange‐correlation functional and the MCSCF 

multiconfigurational Hartree‐Fock method. 

• This difference is given by the presence of electron correlation effects included in the MN12‐SX functional.  
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Method: 
• The equilibrium geometries of the first excited (S1) and ground states (S0) as well as 
the conical intersection (CI) points between S0×S1 and S1×S2 potential energy surfaces 
have been obtained using the multireference self­consistent field (MCSCF) and DFT 
(MN12­SX [2,3] exchange­correlation functional) methods. 
• The MCSCF [4] active space includes 16 electrons and 12 active orbitals (16,12).
• The control methods  for vertical  excitation energies are: EOM­CCSD and LT­DF­
LCC2 [4] methods.
• The CI points were localized with the "Penalty Function" Algorithm [5].

Table 1. Vertical excitation energies (and their oscillator strength in parenthesis) for the first three 
lowest excited states of phenothiazine obtained at different levels of theories.

S1

S2

S2

S1

5.52 eV

4.19 eV

3.80 eV

5.39 eV

CI(S1×S2) 4.80 eV

Req(S1) 3.54 eV

CI(S0×S1) 5.69 eV

CI(S1×S2) 3.92 eV

Req(S1) 3.18 eV

CI(S0×S1) 6.73 eV

Figure 1. The ground state (S0) equilibrium 
geometry obtained with MCSCF (stick) and 
MN12‐SX (transparent ball&stick) methods.

Figure 2. The first excited state (S1) equilibrium geometry obtained with MCSCF (stick) and MN12‐
SX (transparent ball&stick) methods.

Figure 3. The S0xS1 conical intersection point geometry obtained with MCSCF (stick) and MN12‐SX 
(transparent ball&stick) methods.

Figure 4. The S1xS2 conical intersection point geometry obtained with MCSCF (stick) and MN12‐
SX (transparent ball&stick) methods.




