1.9
Quantum Mechanics
1.9A
Erwin Schrödinger, Werner Heisenberg, and Paul Dirac (1926)
1.
Wave mechanics (Schrödinger) or quantum mechanics (Heisenberg)
1)
Wave equation ( wave function (solution of wave equation, denoted by Greek letter psi ()

2)
Each wave function corresponds to a different state for the electron.

3)
Corresponds to each state, and calculable from the wave equation for the state, is a particular energy.

4)
The value of a wave function:  phase sign
5)
Reinforce: a crest meets a crest (waves of the same phase sign meet each other) ( add together ( resulting wave is larger than either individual wave.

6)
Interfere: a crest meets a trough (waves of opposite phase sign meet each other) ( subtract each other ( resulting wave is smaller than either individual wave.

7)
Node: the value of wave function is zero ( the greater the number of nodes, the greater the energy.
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Figure 1.4
A wave moving across a lake is viewed along a slice through the lake.  For this wave the wave function, , is plus (+) in crests and minus (–) in troughs.  At the average level of the lake it is zero; these places are called nodes.
1.10
Atomic Orbitals
1.10A.
Electron Probability Density:
1.
2 for a particular location (x,y,z) expresses the probability of finding an electron at that particular location in space (Max Born).

1)
2 is large:  large electron probability density.

2)
Plots of 2 in three dimensions generate the shapes of the familiar s, p, and d atomic orbitals.
3)
An orbital is a region of space where the probability of finding an electron is large (the volumes would contain the electron 90-95% of the time).
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Figure 1.5
The shapes of some s and p orbitals.  Pure, unhybridized p orbitals are almost-touching spheres.  The p orbitals in hybridized atoms are lobe-shaped (Section 1.14).
1.10B.
Electron configuration:
1.
The aufbau principle (German for “building up”):

2.
The Pauli exclusion principle:

3.
Hund’s rule:
1)
Orbitals of equal energy are said to degenerate orbitals.
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Figure 1.6
The electron configurations of some second-row elements.
1.11
Molecular Orbitals
1.11A.
Potential energy:
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Figure 1.7
The potential energy of the hydrogen molecule as a function of internuclear distance.
1.
Region I:
the atoms are far apart ( No attraction
2.
Region II:
each nucleus increasingly attracts the other’s electron ( the attraction more than compensates for the repulsive force between the two nuclei (or the two electrons) ( the attraction lowers the energy of the total system
3.
Region III:
the two nuclei are 0.74 Å apart ( bond length ( the most stable (lowest energy) state is obtained
4.
Region IV:
the repulsion of the two nuclei predominates ( the energy of the system rises
1.11B.
Heisenberg Uncertainty Principle
1.
We can not know simultaneously the position and momentum of an electron.

2.
We describe the electron in terms of probabilities (2) of finding it at particular place.

1)
electron probability density ( atomic orbitals (AOs)
1.11C.
Molecular Orbitals
1.
AOs combine (overlap) to become molecular orbitals (MOs).
1)
The MOs that are formed encompass both nuclei, and, in them, the electrons can move about both nuclei.

2)
The MOs may contain a maximum of two spin-paired electrons.

3)
The number of MOs that result always equals the number of AOs that combine.

2.
Bonding molecular orbital (molec):
1)
AOs of the same phase sign overlap ( leads to reinforcement of the wave function ( the value of is larger between the two nuclei ( contains both electrons in the lowest energy state, ground state
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Figure 1.8
The overlapping of two hydrogen 1s atomic orbitals with the same phase sign (indicated by their identical color) to form a bonding molecular orbital.
3.
Antibonding molecular orbital (
[image: image6.wmf]*

molec

y

):
1)
AOs of opposite phase sign overlap ( leads to interference of the wave function in the region between the two nuclei ( a node is produced ( the value of is smaller between the two nuclei ( the highest energy state, excited state ( contains no electrons
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Figure 1.9
The overlapping of two hydrogen 1s atomic orbitals with opposite phase signs (indicated by their different colors) to form an antibonding molecular orbital.
4.
LCAO (linear combination of atomic orbitals):
5.
MO:
1)
Relative energy of an electron in the bonding MO of the hydrogen molecule is substantially less than its energy in a 1s AO.

2)
Relative energy of an electron in the antibonding MO of the hydrogen molecule is substantially greater than its energy in a 1s AO.
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