1.12B.
The Structure of Ethane
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Figure 1.17
The hypothetical formation of the bonding molecular orbitals of ethane from two sp3-hybridized carbon atoms and six hydrogen atoms.  All of the bonds are sigma bonds.  (Antibonding sigma molecular orbitals –– are called * orbitals –– are formed in each instance as well, but for simplicity these are not shown.)

1.
Free rotation about C–C:
1)
A sigma bond has cylindrical symmetry along the bond axis ( rotation of groups joined by a single bond does not usually require a large amount of energy ( free rotation.
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Figure 1.18
(a) In this structure of ethane, based on quantum mechanical calculations, the inner solid surface represents a region of high electron density.  High electron density is found in each bonding region.  The outer mesh surface represents approximately the furthest extent of overall electron density for the molecule.  (b) A ball-and-stick model of ethane, like the kind you might build with a molecular model kit.  (c) A structural formula for ethane as you would draw it using lines, wedges, and dashed wedges to show in three dimensions its tetrahedral geometry at each carbon.
2.
Electron density surface:
1)
An electron density surface shows points in space that happen to have the same electron density.

2)
A “high” electron density surface (also called a “bond” electron density surface) shows the core of electron density around each atomic nucleus and regions where neighboring atoms share electrons (covalent bonding regions).

3)
A “low” electron density surface roughly shows the outline of a molecule’s electron cloud.  This surface gives information about molecular shape and volume, and usually looks the same as a van der Waals or space-filling model of the molecule.
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Dimethyl ether

1.13
The Structure of Ethene (Ethylene):


sp2 Hybridzation
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Figure 1.19
The structure and bond angles of ethene.  The plane of the atoms is perpendicular to the paper.  The dashed edge bonds project behind the plane of the paper, and the solid wedge bonds project in front of the paper.
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Figure 1.20
A process for obtaining sp2-hybridized carbon atoms.

1.
One 2p orbital is left unhybridized.

2.
The three sp2 orbitals that result from hybridization are directed toward the corners of a regular triangle.
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Figure 1.21
An sp2-hybridized carbon atom.
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Figure 1.22
A model for the bonding molecular orbitals of ethane formed from two sp2-hybridized carbon atoms and four hydrogen atoms.

3.
The -bond framework:
4.
Pi () bond:
1)
The parallel p orbitals overlap above and below the plane of the  framework.

2)
The sideway overlap of p orbitals results in the formation of a  bond.

3)
A  bond has a nodal plane passing through the two bonded nuclei and between the  molecular orbital lobes.
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Figure 1.23
(a) A wedge-dashed wedge formula for the sigma bonds in ethane and a schematic depiction of the overlapping of adjacent p orbitals that form the  bond.  (b) A calculated structure for enthene.  The blue and red colors indicate opposite phase signs in each lobe of the  molecular orbital.  A ball-and-stick model for the  bonds in ethane can be seen through the mesh that indicates the  bond.

4.
Bonding and antibonding  molecular orbitals:
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Figure 1.24
How two isolated carbon p orbitals combine to form two  (pi) molecular orbitals.  The bonding MO is of lower energy.  The higher energy antibonding MO contains an additional node.  (Both orbitals have a node in the plane containing the C and H atoms.)

1)
The bonding  orbital is the lower energy orbital and contains both  electrons (with opposite spins) in the ground state of the molecule.

2)
The antibonding  orbital is of higher energy, and it is not occupied by electrons when the molecule is in the ground state.
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