
Molecular Structure
Ch. 11 (7판 Ch. 14)

Techniques of approximation (ch. 9, pp 310-)

(7판 ch.12, pp 355-)

Born-Oppenheimer approximation

Valence-bond theory

Molecular orbital theory

Molecular orbitals for polyatomic systems





























































α: Coulomb integral
S: overlap integral
β: resonance integral

















Extended Hückel theory (ETH)

1. ETH includes σ and π orbitals: not confined to conjugated hydrocarbons
2. ETH does not ignore overlap: calculate all the overlap integrals → matrix S

Diagonal elements of the hamiltonian matrix (α terms of Hückel theory): set equal to 
the negative of the ionization energy of the atom (H: 13.60 eV)

Off-diagonal elements (β and 0 of Hückel theory): assume to be proportional to the 
overlap integral

Hij = ½KSij(Hii + Hjj)
K: constant (= 1.75)

S-1HC = CE
C-1S-1HC = E

Population analysis: where is the e- density in a molecule?
Ψ = cAΨA + cBΨB→Ψ

2 = cA
2ΨA

2 + cB
2ΨB

2 + 2cAcBΨAΨB→ 1 = cA
2 + cB

2 + 2cAcBSAB 

Atomic population: ρi = ci
2, overlap population: ρij = 2cicjSij

ETH: inability to predict correct 3-D structures



Self-consistent field calculations (SFC)

(a) Hartree-Fock equations
Many-electron wavefunction which satisfy the Pauli principle   

(b) semi-empirical and ab initio methods

The integrals estimated by experimental data
The ab initio methods: calculate all the integrals
→ complete neglect of differential overlap (CNDO)

Gaussian type orbital (GTO)



(d) Graphical output

Isodensity surface

(c) Density functional theory (DFT)

To focus the elctron density (ρ), rather than waveftn Ψ
→ energy of molecule is ftn of ρ (E(ρ)) & ρ is ftn f position (ρ(r))


