MOLECULAR ORBITAL APPROXIMATION

(a) Many Electron Wavefunction

For a molecule with more than one electron, an exact solution of
the Schrodinger equation cannot be obtained. A common approximation,

is to write the electronic wavefunction ¥ as a sum of products of one-

electron molecular orbitals {¥.}. Since the Pauli principle demands
that the wavefunction must change sign when the coordinates of any two
‘electrons are interchanged, ¥ can be written as a Slater determinant.
For example, with a two-electron system we have
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It can be shown that the { ¥} satisfy the Fock equationm
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where f is an effective ome-electron hamiltonian which contains the
kinetic energy operator and nuclear attraction potential energy of
one-electron, together with an average potential of interaction with

the other electrons.

(b) Linear Combination of Atomic Orbitals

A common form for the molecular orbitals is to expand them as a

Linear Combination of Atomic Orbitals (LCAO):
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The {¢j} are basis functions which are normally atomic orbitals (s, P
d etc.) centred on the atoms in the molecule.
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(¢) Secular Equations

The variationmal principle can be used to obtain the best molecular
orbital coefficients. For the operator ¥ of equation (1.2) and the
LCAO expansion for ¥ of equation (1.3), we have
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where E; is the lowest eigenvalue of F.
Minimization of € with respect to the molecular orbital

coefficients {c, )} gives the secular equations
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where i = .1,2,..,n.

In equation (1.5) we have
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The n eigenvalues are obtained by solving the secular determinant

equation
det (F 5= €855 =0, ’ (1.8)
This yields an n'th order polynomial in €. For each eigenvalue €,
the linear simultaneous eguations (I.Sj are then solved to obtain the
corresponding molecular orbital coefficients {cj}.
It is common to normalize the molecular orbitals. If the basis
functions {¢i} themselves are normalised and orthogonal such that
S..=1,1i = (1.9)
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then we have
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(d) Hickel's Approximation

If the matrix elements F and Sij can be <calculated, then the
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secular equations can be solved. Nowadays it is possible to determine
the molecular orbitals for quite large molecules using the computer,
but these ab initio techniques are outside the scope of this course.

A very simple approximation was introduced by Hiickel. He

approximated the matrix elements by

Fij = oy i = j ("Coulomb Integral™) (1.12)

= sij’ i # j ("Resonance Integral”), (1.13)

Tt is often assumed that the basis functions are orthogonal and

normalised such that (1.9) and (1.10) hold. The oy and Bi are
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parameters which can be obtained by comparing results such as

molecular orbital energies with experimental data. a_. is identified
L

with the energy in atomic orbital ¢ . while B, . is associated with the
L E

energy of interaction of the two atomic orbitals ¢, and ¢.. Normally,

a, and B, . are negative.
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(e) Example: The two-level problem

For the two basis functionms ¢1 and ¢2 we have
V= c1¢1 + c2¢2 . (1.14)

The secular equations in the Huckel approximation are then

(8 - ESIZ)CI + (a2 - 8522)62 =0, (1.15)



(i) Zero Qverlap

If overlap is neglected such that 512=O, Sll=822=1, the solutions
for the molecular orbital energies are
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If |8| is very small compared to [a, = 021/2, then the solutiomns are
close to €=a, with cl=l and c2=0, and €=a, with c1=0 and c2=1.
If a = ay = oy, we have
€ = agfB (1.17)
and, for the solution e=a+g, the secular equations become
-gc. + Be, =0
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Thus ¢y cy and, since cl + Cy 1, we have
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Similarly, for e=c- B, we get
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(ii) Non-Zero Qverlap

Here S11 and 522 =1, S12 # 0.

We have
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a + |8-aS|/(1-5)

e =a - |B-aS| /(1+S)

and the antibonding orbital is moved up higher than the bonding orbital

is moved dowm.




