Chemical Bonding — Chapter 12

We have assumed the
Evne Born-Oppenheimer
' approximation is valid

a - fix R — solve E(R)

” R:Rl, R,,R; ... —>
m potential energy
A, curve/surface




trial function ¥ =C,1S, +C, 1S,

by symmetry ‘Ca‘ = ‘Cb‘ — C, =*C,

v, =y, =C (s, +1s,) g: + under inversion w(X,Y,2) >

u: - under inversion Ty (=X, -Y,-2)
v =y, =C (1Sa _1Sb)
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atR =2a f(lﬂ ):1_24 «__ electron density contracts compared to
i Y ’ an isolated H atom
é(y/u ) =0.90

D, exact =2.70eV from the exact value?



More complete description

v, =C (Is, +1s5)+C,(2s, +258)+c3$2 Pa—2P,;5 )+ -

polarization
polarization allows for non-spherical densities around each atom

with a large enough expansion — converge to expt. D, R,
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Similarly can combine

2s orbitals— 0,25, 0,2S

(20'9, ZJU)

2p, orbitals — o,2p,, 0©,2p,

(30'g , 30, )
2p, orbitals z,, 1z,
Ol’blta| ]ﬂ-gx ’ ]jz-gy



H,. the simplest many-electron molecule

valence-bond (VB) W= (13a15b +15b13a)(05,3 - 1505)
molecular orbital (MO) V¥ =00, (05,3 - ,305)

o,(D)o,(2)=(1s, +1s,)(1s, +1s, ) =

| (182 +1s )|+ (1s,1s, +1s,1s,)

—. | |
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MO unrealistic in its dissociation (R — o) limit

VB dissociates correctly, but does not include any ionic
character forR ~ R

e

E'e = 2E, + 21
1+S;
J =—(1s,1s, [ L + L_ 1jlsalsb
ra2 rbl r12
K=-(1s,1s, [ L + 1 1 )1sblsa
ra2 I’-bl I’-12

How to improve on the MO result

w =clo? +clo? —c (a+b) +c,(a-b)
=c,|a’+b’ +(ab+ba) |+c,|[ a® +b* —(ab+ba) ]




