
LMFIT: Symmetry Considerations

We denote the components of the elements of the dipole matrix by

µija(Q) =

〈
Φi

∣∣∣∣∣∂Ĥel

∂εa

∣∣∣∣∣Φj

〉
; a = x, y, z, (1)

where εa represents a component of the electric field vector. The parameters
entering into the LMFIT models for these surfaces are the derivatives of
these terms at the reference geometry Q0 with respect to the M nuclear
coordinates, which we write as

τ (i,j,a)n1,n2,...,nM
=

∂Nµija
∂n1Q1∂n2Q2 · · · ∂nMQM

∣∣∣∣∣
Q0

; N =
M∑
α=1

nα. (2)

By simple group theoretical arguments, a given parameter can only be non-
zero according to the following criterion:

τ (i,j,a)n1,n2,...,nM
6= 0,

{
M⊗
α=1

(Γα)nα

}
⊗ Γi ⊗ Γj ⊗ Γa 3 Γ1, (3)

where Γ1 is the totally symmetric irreducible representation of the point
group of the molecule at Q0, and Γα, Γi and Γa are, respectively, the rep-
resentations generated by the mode Qα, the state |Φi〉, and the unit vector
pointing along the a-direction.

Similarly, for a parameter

ρ(i,j,a,b)n1,n2,...,nM
=

∂Nαijab
∂n1Q1∂n2Q2 · · · ∂nMQM

∣∣∣∣∣
Q0

; N =
M∑
α=1

nα (4)

entering into the expansion of the element

αijab =

〈
Φi

∣∣∣∣∣ ∂Ĥel

∂εa∂εb

∣∣∣∣∣Φj

〉
; a, b = x, y, z (5)

of the polarisability tensor to be non-zero, the necessary, but not sufficient,
condition reads
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ρ(i,j,a,b)n1,n2,...,nM
6= 0,

{
M⊗
α=1

(Γα)nα

}
⊗ Γi ⊗ Γj ⊗ Γa ⊗ Γb 3 Γ1. (6)

For the Abelian point groups, the decomposition of the direct products{⊗M
α=1 (Γα)nα

}
⊗ Γi ⊗ Γj ⊗ Γa and

{⊗M
α=1 (Γα)nα

}
⊗ Γi ⊗ Γj ⊗ Γa ⊗ Γb

is carried out by the LMFIT program and requires only the specification by
the user of the state symmetries and the symmetries of the unit vectors point-
ing along the x−, y−, and z-directions. If the point group of the molecule is
non-Abelian, then the highest Abelian subgroup must be used.
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