1 Lowdin and Mulliken population analysis

We have |¢,) atomic (or atomic-like) orbitals, not necessarily orthonormal,
and we want to write KS orbitals for our system: |¢,), as sums over said

atomic orbitals:
[a) = -6 161).
o
The generalized orthonormality relations for KS orbitals is written as:
(YalS|tp) = dap-

where S is an operator defined in the US PP framework. The charge density
p(r) is given by

p(r) =" P (¢35¢,) (v)

where
P, =) c;(f“)cl(,a)*

define an operator P, and
(6750u) (r) = G5(X)du(r) + 3 (00l B) @ (1) (B )
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where the §’s and ¢’s are components of the US PP.

1.1 Mulliken population analysis

We write the total number of electrons NV as:
N = /p(r)dr =TrPS =S P.S) = q.
nwoov 7
where g, is the Mulliken charge associated to state p :
qp = Z Z CELQ)CI(/Q)*SV/»L

and

S = (0018164) = [ 610)6,(x)dx + 32(0,18) Qun (Bul)

with
Qun = [ Gin(x)dr.



In general, this matrix is not diagonal, even with NC PP. The coefficients

cff) are obtained by inverting the linear system:
¢V|S Wa Z c
that is R )
¢ = (57 (B0l STk
and finally

= > (¥alS16,) (S (]S a).-
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1.2 Lowdin population analysis

The total number of electrons N can be alternatively written as

N ="Tr {5’1/2]55’1/2} = Zqﬂ.
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where g, is called Lowdin charge associated to state p. Let us introduce an
auxiliary set of atomic orbitals ¢ via :

’&u) = Z(Sﬂﬂ)w’?bu% ’¢u> = 2(31/2%#‘&1%

v v

for which the generalized orthonormality relation

<¢H|S|¢u> nv

holds. The KS orbitals for our systems can be rewritten as
|¢a> = ZCEL&)|¢M> = Zéfla”&;)
p 1

where

&) = S(8Y2),,,69).
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By comparison with the above expression of ¢, we get
Z & = [l Sla)

Reference: Modern Quantum Chemistry, A. Szabo and N. Ostlund (Dover,
NY 1996), p. 153



