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CHEMICAL BONDING

1. Hydrogen molecule

b;
N.A. h:arch, L1 Linear combination of atomic orbitals (LCAO) molecular orbital
T vty of oty ment method
53321-1:1 l:)aikl‘snlfg?' 1.2 Heitler-London approximation
Englaad. 1.3 Coulson-Fischer wave function
14  Electron density in ground—state.
- The object bere § sﬂ}t'in introduction :" iw : clements of the 2. Rayleigh-Rits form of vasiation principle : ground and excited states,
quantum—chemical treatment of bonding, . ) '
SR oo Tu s natural them to stast with the simplest molecule Hy, 3 Hybridizagion

' 3.1  Effect of d orbitals
The so—called ‘molecular orbital’ method assigns each electron in the ground state

to the same orbital belonging to the molecule as a whole. This picture is fairly
4. Resonance and ring currents : mainly benzene.
satisfactory at the equilibrium bond length of By but begins to fail as the protons
are puiled sufficiently far apart. The reason for this is ‘electron correlation’, which
5. Electron density theory, chemical poteatial and electronegativity.
eventually ‘drives electrons back onto their own atoms’. Then one recovers the
Heitlez—London or valence-bond method. The breakdown of the molecular orbital
method will be illustrated by means of the Coulson-Fischer (1949) variational

method,

8. Born—Oppenheimer approximation.

7. Some miscellaneous results on bonding and charge transfer in ceramic oxides.
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Molecular—orbital versug valence-bond theory of Hy; molecule

The ground-state wave function of the H; molecule has the singlet form
¥ = Ylei )| o(AC2) - (2IA1)] ()
with a and f denoting the usual spin wave functions. From the antisymmetry of
the total wave function ¥ it follows that the spatial part of Wn1.) = ¥(1,2) must
be symmetric and it is customary to wrile this in molecular orbital theory as the
product
W12} = da(1}4u(2) (1.2)
with both electrons, since they have opposed spins according to ( .1), placed in the
same molecular orbital ¢a, which embraces both nuclei a and b and can therefore be
said 1o belong to the melecule as a whole. Evidently, one could invoke the variation
principle
e = [WLYEULAdn [ W2in0E, (1)
with H the total Hamiltonian and E, the ground-state energy, to determine the
‘best’ molecular orbital ¢u. Generally, however, ¢n it approximated in quantum
chemical calculations by a linear combination of atomic orbitals (LCAOQ)
approximation. The simplest limit of this procedure is to write
$n=1¢a+ ('l,é)
where ¢, and ¢y denote hydrogen 1s wave functions centred on nuclei a and b
respectively. Using this in the trial form ( .2) and calculating £(R) with R the
internuclear separation gives a fair account of the equilibrium properties of the
molecule.
Range of validity of molecylar orbital description
Coulson and Fischer (1949) now considered the range of validity of the
molecular orbital method by proceeding as follows. They formed ‘asymmetric’
orbitals ¢s + A¢w, AR} < I centred on proton a and ¢, + A{R)¢, centred on

nucleus b. Their apatial trial function y was then taken as

W1,2) = [#a(1) + Adu(1)}[90(2) + Ada(2)] “1.5)
and again the variational principle was employed t0 calculate this time MR).
Denoting the equilibrium bond length by R, their remarkable finding was that,
over the range 0 < R < 1.6R,, A(R) was identically equal to unity, but that for
larger R, A decreased rapidly to zero with increasing R. Roughly speaking, one ia
seeing here, when the nuclei are separated by more than 1.6Re, interelecironic
repulsion driving the electrons back onto their own atoms.

It is necessary to add here, however, that eqn ( -5} is not symmetric with
respect to the interchange of electrons 1 and 2, as can be seen from the fact that ag
A = 0, ¥12) = ¢1)g( } which is only one compoment of the correct
Heilter-London function @a(1)¢u(2) + ¢u{1)¢a(2) in the large R limit.
Nevertheless, the Coulson-Fischer calculation is surely giving an important criterion

displaying the range of validity of molecular orbital theory.






