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Retinal: vision mechanism

Born-Oppenheimer approximation
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Total Hamiltonian: H= 'H(»[(R ,7) + T\( R)




Frozen nuclei:

A

Hei(R,r) Pr(r) = Eq(R) Pr(r)

\& Burrau 1926, see J.Chem. Educat 79 (2002) 127

™ 2.79 eV (5% error)
{ Are nuclei frozen ?
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Born-Oppenheimer approximation: \[J ( R \ 7') = ¢ R (1) X ( R )

H®r(r)x(R) ~ E ®(r)x(R)

Ha®r(r)X(R) + Tnx(R)®r(r) ~ E Op(r)y(R)

Left multiply by ®r(r)* and integrate the electronic coordinates:

Eq(R)X(R/(®r(r)|®r(r))r + TnX(R)(Pr(r)|®r(r)), ~

~ FE xX(R)(Pr(r)|Pr(r)),

—— [T + Eaq(R)]x(R) =~ E x(R)

E.(R) acts as a potential energy for the nuclei dynamics
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Moleécules lineals
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Resoluci6 variacional H,*
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Resolucio variacional H,* (cont.)
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ORBITALS DE SIMETRIA
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Orbitals moleculares molécules Li,-N, (esquerra) y O,-F, (dreta)




Correlacio electronica: cas de I'H,
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Enllagos de valencia: HOs
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{1} - Translation Group (T,,,T,,1=0 — Abelian Group

Eigenfunctions of the linear momentum are basis of T, group irreps:

Tneikx - eianf)eikx - eiankeikx
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First Brillouin zone: % -~ ' k—k=K = E; eKa —q
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Solving Schrédinger equation: Von-Karman BCs

Crystals are infinite... How are we supposed to deal with that?

We use periodic boundary conditions

Group of translations:
k is a quantum number due to

T, (r)= el ka W (r) translational symmetry

Y (-al2)=e' M (a/2), @O[-mm =

Irst Brillouin zone

We solve the Schrodinger equation for each k (or (p% _—
The plot E, (k) represents an energy band
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Band folded into the first Brillouin zone (flat potential)
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Bragg difraction
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Free Electron Crystal Periodicity
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Formacié d’una banda combinant orbitals
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