Chem 104A, UC, Berkeley

Molecular Orbital Theory

Reading: DeKock and Gray, Chap 4 (but not 4-8)
Chap 5 (through 5-8)

Miessler and Tarr, Chap 5

An Anarogy Waves reinforce

between ~ + s i |/

'I\i\;g\rr‘(tas 0 .\N:J::I\ei/. Distance

and 3

Atomic A AmMplitua es of wave functions addec |
IIv:\{_lar“’ Cetl ons Waves cancel

3 . Distance

....‘.....'-r-;an",'[: inctions subtract .
T 11U A




Chem 104A, UC, Berkeley

Linear Combination of Atomic
Orbitals (LCAO)

v, =Cp +Cp, +...+C 0,

1. natomic orbitals = n molecular orbitals.
2. Like atomic orbitals, MOs are ortho-normal
Jrwidv=1..(i=])

Iwiwjdvzo...(i £ )

inc. All nghts roserved.

Contours and Energies of the
Bonding and Antibonding
Molecular Orbitals (MOs) in H,
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Gerade and Ungerade MO symmetry

1s, +1s, 1s, +1s,

1/2(1+ S.)  J20+S.)

a, b, exchange position, MO does not change, inversion
Even parity, Gerade: German word for “even”.

+

—1s, 1sb —-1s, —y
\/ 2(1 Sab \/ 21— Sab)

a, b, exchange position, MO does change, no inversion
odd parity, ungerade: German word for “odd”.
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The energy of these two orbitals
are obtained by
applying Schrodinger Equation

Orbital Interaction Diagram
1. Always draw axis

2. Fill in electron using Aufbau principle
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MO Diagrams
of He,'
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Photoelectron Spectroscopy

M+hy >M"+e

Photoelectric effect (Einstein)

electron

hv =IE,, +%mV§
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analyzer for the photoelectrons, and an electron detector.
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Koopman’s Theorem
IE (n) =-Ex

The ionization energy of electron n is equal to the negative of its
Orbital energy.

:> We can obtain orbital energies via PES!




B -13.6 eV 1\ 7 T
o 1s A\ // 1s
B .7 NP=0.53
\ i -
™N
ot oe @@
AO MO AO
of H of H, of H

H, bond order =} (2-0) = 1

Chem 104A, UC, Berkeley | ®®@®

o000

o000
Potential energy : : M
of form Energy -

1 2
7 Kx ? Transition
\ : energy /
n=4 T <
\ ' tru{
n=3 ]

E,=(n+<)ho
i 7" ¢

n=2\
n=1 :
n=0 " Eo= %ﬁm
X

Internuclear separation

g 1 |k

o* =0\ a

o 27\ U
x=0 represents the equilibrium

separation between the nuclei.

Quantum Harmonic Oscillator




Probability disfribution

Of the vibratignal wave \
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Ground gtate molecule is typically in its lowest vibrational state.
Upon ionization, H,* could be in a vibrational excited state.
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Energy Vibrational Probability Distribution:

For n=0: largest at equil. Distance

\ /\/ For-higher levels:
H2 /

Largest at the extreme of compression
& expansion (KE=0)

N

Internuclear Distance




Chem 104A, UC, Berkeley | ®®®

0000
o000
oo
=1p2
v 2Jax
2 =il
(lr; = === E —it’w
‘-!’22 * E =§5hv
l."% == = B =—§t’w
Yoo m e =t ——— wms F Z—%Iw i.l’é = g B ZEIf!V
%
x=0 x=0
(a) (b)

© 2007 Thomson Higher Education

Wave functions, allowed energies, and

corresponding probability densities for the harmonic oscillator
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Overlap integral

From different atoms in a molecule.

Functions of distance, symmetry.

Degree of spatial overlap between any two AOs
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Degree of AO interaction is closely related to their overlap
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Sas >0, bonding interaction, E stabilized

O
T C22 O sigma( o) bond maximum overlay
o D@ sigmal o) bond medium overlap

sigma( o) bond small overlap

g_g pi{ ) bond small overlap

delta( ) bond very small overlap
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Sas <0, antibonding interaction, E destabilized

Sas =0, nonbonding, no orbital interaction.
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MO Theory: Bonding Types

AO's Combinations Symmetry Label
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MO Theory: Bonding Types (continued)

AO's Combinations Symmetry Label
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