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Chemicalbonds

How can one give a rigorous mathematical meaning to
chemical concepts as

single/double/triple bonds
lone pairs

The electronic density, n (r), is not useful, and the one-

particle orbitals are ambiguous and normally not very intu-

itive.
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the ELF
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D (r;r9 is the diagonal of the two-body density matrix, and can be viewed as the

probability of nding an electron with spin  at r and another electron with the same spin

atr,
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the ELF
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D (r;r9 is the diagonal of the two-body density matrix, and can be viewed as the

probability of nding an electron with spin  at r and another electron with the same spin

atr,

is the conditional probability of nding an electron with spin  at r 9 if we know that there

is an electron with the same spin atr.
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the ELF

Coordinate Transformation %
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the ELF

Coordinate Transformation %

Angular Average
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the ELF

Coordinate Transformation %
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the ELF

C (r) is a measure of electron localization.

If C (r) i1s small the probability of nding a like-spin
electron very close to the reference electron is very
low, which implies that the reference electron must be

localized.

C (r) isalways O (because P is a probability), and
IS not bounded from above.
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the ELF

De ne the function [Becke, Edgecombe, JCP 92, 5397 (1990)]

1
elf = K

C (r)
1+ @

.
Where CU""(r) = (6 2)2=30°73(1) s the kinetic energy
density of the uniform gas. With this de nition, 0 elf 1.

high localization : C o elf 1
completely delocalized , C CY" | elf=1=2
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the ELF

When the wavefunction is a Slater determinant one obtains
In the static case
X 1[r n (r)]?
Cdet — r 1 r -2 =

=1
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the ELF

When the wavefunction is a Slater determinant one obtains
In the static case
X 1[r n (r)]?
Cdet — r 1 r -2 =

=1

In the time-dependent case
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Examples(static case)

C,H,

[ A. Savin, R. Nesper, S. Wengert, and T, F. Fassler
Angew. Chem. Int. Ed. Engl. 36, 1808 (1997) ]
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Examples(time-dependent)

(1) CoH» in a strong laser eld (2) Scattering of a high energy proton
on C2 Hy
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The tool: octopus

http://www.tddft.org/programs/octopus
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C,H» In astronglaser eld

Laser;! = 17eV. T = 8fs, | = 1:2 10 wcm 2
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C,H» In astronglaser eld
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Scattering of a proton on CoH,4

Kinetic energy: 2 keV
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