
TDDFT calculations of formaldehyde  
(CH2O)

TDDFT/CIS ansatz:  Ψex=Σia Cia Φia

Φ0 Φia

+/-

Reference: 
Kohn-Sham or 
Hartree-Fock

Excited states

Symmetry of the state: Irrep(Φ0)xIrrep(i)xIrrep(a)
Multiplicity of the state: <S2> value   
Character of the state: orbitals i,a for the leading  amplitude  Cia

TDDFT method:   
Available in RPA and TDA implementations; analytic gradients and frequencies are available.

Strengths:  Inexpensive and often accurate.

Weaknesses:  Cannot describe doubly-excited states (but SF variant can);

                       Problems with Rydberg/charge-transfer states (but LRC functionals help).

 



Part 1: Excited states of CH2O
• Import geometry 
• Select TD-TDFT
• Specify Functional and basis (wB97-X/6-31+G*)
• Request 4 singlets and  4 triplets
• Analyze excited states and their properties
Part 2: Transient absorption 
• Compute 5 lowest triplet states 
• Compute absorption spectrum (T0->Tx) (STS_MOM 

= TRUE)
• Compute excited state dipoles (CIS_MOM=TRUE)

TDDFT calculation  
of formaldehyde  (CH2O) 

TD-DFT Setup

Excited States Display

Part 3: Optimize geometry of pi-pi* triplet state
• Compute 5 lowest triplet states 
• Use JOBTYPE = OPT to optimize geometry
• CIS_STATE_DERIV=2 to tell which state to 

optimize)
• Compute adiabatic excitation energy (as 

difference of S0 and T2 total energies at two 
geometries)

• Compare vertical and adiabatic energies 



TD-DFT calculation 
of formaldehyde: Part I

State Eex (eV)/fl Mult Transition Character

1 3.46/0.0 triplet D8->V1 3A2; n-pi*

2 4.07/0.0 singlet D8->V1 1A2; n-pi*

3 6.03/0.0 triplet D7->V1 3A1; pi-pi*

4 6.60/0.0 triplet D8->V2 3B1; n-pi*

5 7.69/0.02 singlet D8->V2 1B1; n-Ry(s)

6 8.18/0.0 tripet D8->V3 3B1; n-Ry(p)

7 8.37/0.06 singlet D8->V3 1B1; n-Ry(p)

8 8.72/0.07 singlet D8->V4 1A1; n-Ry(p)

D: doubly 
occupied

V: virtual

To plot orbitals, go to ‘Surfaces/Canonical orbitals’

D7: HOMO-1 (1b2) D8: HOMO (2b1) V1: LUMO (2b2)


V2: LUMO+1 (6a1)


V3: LUMO+2 (7a1)

V3: LUMO+2 (3b1)



TD-DFT calculation 
of formaldehyde: Part II

State Eex, 
eV

mu, 
Debye

E(Tx)-E(T0), 
eV

|mutr(Tx-T0)|, 
au fl (Tx-T0)

T0 3.46 0.627 0.0

T1 6.03 0.512 2.57 0.0 0.0

T3 7.60 1.01 4.41 0.534 0.029

T4 8.18 1.32 4.72 0.02 4E-07

T5 8.56 1.31 5.10 0.0 0.0

Ground-state dipole moment:  2.60 Debye



TD-DFT calculation 
of formaldehyde: Part III

Egs E(T2)-vert Eex(T2) - vert (eV) E(T2)-relaxed Eex(T2)-ad (eV)

-114.471800 -114.250401 6.02 -114.309328 4.42

rCO(S0)=1.203 A

rCO(T2)=1.444 A


Total energies are taken from the output at the initial geometry and at the  
end of optimization (relaxed geometry)


