CHEMISTRY 273
BORN-OPPENHEIMER APPROXIMATION AND SPECTROSCOPIC TRANSITIONS

For a single electron interacting with an eectromagnetic wave, we showed that the
interaction Hamiltonian was:

L H(t) =5 [A) B+ P DAY

gave, in the dipole approximation, the transition probability:
2 1L — 2 - _ -, —
2. P = éc_ﬁz‘uaﬁ‘ where g = [Wq (-er) Ygdr

For a system of charged nuclel (charges €Z|) and electrons, the Hamiltonian and transition dipole
ae
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3. H'(t) = 5me
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To evaluate these results we utilized the Born-Oppenheimer Approximation:

5. Y(r, R)=we(r; R)Xnuc(R)

Steps 6-10 derive the equation for x(R) and illustrate the Hamiltonian terms that are
neglected (approximated as zero) when (5) is utilized.

2
6. Separate # as H =Hnuc + Her Where Hyye = Z_hWD'Z
|

7. and Hey = (kinetic energy of €s) + (e—erepulsion)
+ (e—Z attraction) + (Z — Z repulsion)
8. Wer isdefined by Her Yer = E(R) ey
for thekth electronic state Hey Yk = Ex(R) Yk

DNQTIE: Hey affects x only multiplicatively O Hey X = XHer ¢ (see (7) above).
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9.

10.

HX = XHNW + WHNX + XHer Y = E WX

H_/
approximate

as0 UHNX + XE(R) W + E TUhX
Y HNX + Ex(R)X =& 1X]

where &1 = Total energy (electronic and nuclear motion)
HyX + El(R)X = & 1X determines
HnXkv + Ex(R)X = Ekv Xkv

W, R) =W v, R) = ¢ (r;R) Xkv(R)

The electronic energy of the kth state, Ex(R), provides the potential function for the motion of the
nuclei. The quantum number v refers to the nuclear states associated with the kth eectronic level.

Evaluating g in the B.O. approximation

Wa =WkiXkiv1 Pg =WPkoXk2,v2
Hap = [Wa iy + o) WgaR3r
= _[X kl,vlﬁNXkZ,de_éJ'w W iodr "‘_[X k,viX k,vzdﬁf(l’ e o0
Electronic transitions (k1 # k2)

Ilﬂ Wiodr =0

Hap = [XknaXkzwa OR - [WiaHedlkodr

W
_ electronic transition
Franc;cléctc(:)(r)ndon moment integral

Nuclear transitions (v4 # V,) in same electronic state (k1 = ko = k)

Hap :J.Xk,vlﬁN Xk.v20R * [ Xk Xiv2dR[ Wi (R R) e, (r; R) @y (r; R)dr
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T :ka,v1Xk,v2d§I§eZ|§| - Zeﬁaﬂk(r;R) Wy (R)r

-— ——

U, (R) isdipole moment of k™
electronic state asafunction of R.

lIaB = IXk,vl i (R) Xk v20R

A

T k (R) must be afunction of R or otherwise intergral is zero.



