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‘ Chap 2. Transitions in Molecular Systems I

Molecular degrees of freedom : Nuclei {R;}, electrons {r;}, spins {o;}

[Molecular wavefunction] ~ x(R)p(r; R)©(0)
quantum numbers = (Nuclei, electrons, spins)

e Molecular transitions

o ¥ — ¥ : vib. rot. spectra, relaxation

e Yo — X' : electronic (vibronic) spectra, internal conversion

e YO — X p'©" : intersystem crossing ( Sy, — T, )

e Interactions inducing molecular transitions

e photon (light-matter interaction)
e external fields (external degrees of freedom, heat baths)
e nonadiabatic coupling

e spin-orbit interaction (& other higher-order interactions)
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e Summary

d(r,R) =3 xn(R)pn(r; R)
H® =FEo

= [TN + Ex(R) + Lk (R)]xx (R)

+ ) [Win(R) + Lin(R)xn(R) = Exx(R)
n#k

Coupled differential equations for xn, (R)

Lin = {@r|Tnlen) = > (W /M1)(orlVilen) - Vi
1

Note: For real ¢n, , {on|Vr|en) =0, thus Lyn = (on|TN|en)
Proof : Take V of (¢n|en) =1

= (Vivn|en) + (on|Vien) = 2Re{pn|V|pn) =0
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e Three approximations

1. Born-Huang approx. (= Adiabatic approx.)

e {pn} ... adiabatic electronic, ie, Wy, (R) = 0xn En(R)
e Neglect off-diagonals
e Retain the diagonals Ly (R)

2. Born-Oppenheimer approx.
e Born-Huang AND neglect diagonal Lyx(R)

3. Crude-adiabatic approx.

e electronic basis ¢ at particular nuclear geometry R

(usually equilibrium in ground state)
(r,R) ~ Y xn(R)¢n(r; Ro)
n

e Neglect off-diagonals
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e Crude Adiabatic Approx. ®(r, R) ~ an(R)gon (r; Ro)

n

Electronic basis ¢ obtained at a particular nuclear geometry Rg :
He(r; Ro)e(r; Ro) = E(Ro)e(r; Ro)
Nuclear coordinate dependence is represented by AU :
He(r; R) = He(r; Ro) + AU(r, R)

Here, Lj,, = 0 (because Rg is constant)

= [T + By(Ro) + AUk (R)xk(R) + ) AUsn(R)xn(R) = Exy(R)
n#k

where AUy, (R) = f droy (r; Ro)AU(r, R)ey, (r; Ro)

In Crude-Adiab approx. off-diagonals are further neglected

TN + Ex(Ro) + AUk (R)]xx(R) = Exx(R)




