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Matrix transpose

Square matrix A
Transpose of A→ AT

ij = Aji

Example transpose.f90
Transpose conjugated of a matrix: example tconjug.f90
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Matrix diagonalization

Square matrix A (NxN)

Matrix diagonalization: A = U D U−1

D =diag[a1, a2...aN], ai eigenvalues of A
U: composed of eigenvectors of A
Link to math libraries mkl (only ifort!) for compilation
Example diag.f90
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Franck-Condon factors

Born-Oppenheimer approximation

Ψeν(qe,qN) = ψe(qe; qN)χe
ν (qN)

µe,ν;e′,ν′ =

∫
dqNχ

e,∗
ν (qN)Mee′χe′

ν′ (qN)

Mee′ =

∫
dqeψ

∗
e(qe; qN)µ̂ψe′(qe; qN)

Electronic contribution to transition dipole moment not varying
with qN

µe,ν;e′,ν′ = Mee′(q̄N)

∫
dqNχ

e,∗
ν (qN)χe′

ν′ (qN)

Se,e′

ν,ν′ =

∫
dqNχ

e,∗
ν (qN)χe′

ν′ (qN)

FCe,e′

ν,ν′ = |Se,e′

ν,ν′ |2
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Franck-Condon factors

Harmonic oscillator

Harmonic eigenfunctions

χe
0 (qN) =

(meωe

π

)1/4
exp[−(meωe)q2

N/2]

χe
1 (qN) =

√
2
(meωe

π

)1/4 (√
meωeqN

)
exp[−(meωe)q2

N/2]

χe
2 (qN) =

1√
2

(meωe

π

)1/4 [
2meωeq2

N − 1
]

exp[−(meωe)q2
N/2]

Example fc.f90
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Franck-Condon factors

Given the same frequencies, displacement, reduced
masses, how the FC factor changes with the vibrational
quantum number ν (0, 1 or 2) of the electronic excited
state?

Given the same frequencies and reduced masses, how the
FC factor changes with the displacement ∆q (for a chosen
ν )?
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