1.11D.
Energy Diagram for the Hydrogen Molecule
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Figure 1.10
Energy diagram for the hydrogen molecule.  Combination of two atomic orbitals, 1s, gives two molecular orbitals, molec and *molec.  The energy of molec is lower than that of the separate atomic orbitals, and in the lowest electronic state of molecular hydrogen it contains both electrons.

1.12
The Structure of Methane and Ethane:


sp3 Hybridzation
1.
Orbital hybridization:  A mathematical approach that involves the combining of individual wave functions for s and p orbitals to obtain wave functions for new orbitals ( hybrid atomic orbitals
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1.12A.
The Structure of Methane
1.
Hybridization of AOs of a carbon atom:
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Figure 1.11
Hybridization of pure atomic orbitals of a carbon atom to produce sp3 hybrid orbitals.

2.
The four sp3 orbitals should be oriented at angles of 109.5° with respect to each other ( an sp3-hybridized carbon gives a tetrahedral structure for methane.
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Figure 1.12
The hypothetical formation of methane from an sp3-hybridized carbon atom.  In orbital hybridization we combine orbitals, not electrons.  The electrons can then be placed in the hybrid orbitals as necessary for bond formation, but always in accordance with the Pauli principle of no more than two electrons (with opposite spin) in each orbital.  In this illustration we have placed one electron in each of the hybrid carbon orbitals.  In addition, we have shown only the bonding molecular orbital of each C–H bond because these are the orbitals that contain the electrons in the lowest energy state of the molecule.

3.
Overlap of hybridized orbitals:
1)
The positive lobe of the sp3 orbital is large and is extended quite far into space.
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Figure 1.13
The shape of an sp3 orbital.
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Figure 1.14
Formation of a C–H bond.
2)
Overlap integral: a measure of the extent of overlap of orbitals on neighboring atoms.

3)
The greater the overlap achieved (the larger integral), the stronger the bond formed.

4)
The relative overlapping powers of atomic orbitals have been calculated as follows:

s: 1.00;
p: 1.72;
sp: 1.93;
sp2: 1.99;
sp3: 2.00

4.
Sigma () bond:
1)
A bond that is circularly symmetrical in cross section when viewed along the bond axis.

2)
All purely single bonds are sigma bonds.
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Figure 1.15
A  (sigma) bond.
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Figure 1.16
(a) In this structure of methane, 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) This ball-and-stick model of methane is like the kind you might build with a molecular model kit.  (c) This structure is how you would draw methane.  Ordinary lines are used to show the two bonds that are in the plane of the paper, a solid wedge is used to show the bond that is in front of the paper, and a dashed wedge is used to show the bond that is behind the plane of the paper.
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