Chemistry 342






         March 2, 2005
                                                        The Chemical Bond.

I. Lecture Topics.

Types of chemical bonds.
The molecular Schrödinger equation.  B/O approximation.

H2+.  The covalent bond.  Variation principle.

H2.  Valence bond and molecular orbital methods.

Virial theorem.

Homonuclear diatomic molecules.
Heteronuclear diatomic molecules.

II. Reading assignment.

ADP, Chap. 14, pp. 410-432; See also books on reserve, especially Atkins (Quanta and MQM), Karplus and Porter, and Pauling (The Nature of Chemical Bond).
III. Problem Set #4, due 3/12 (Hand in Problems #4, 7, and 9).  
           1.  ADP, Prob. 14.1.

                 2.  ADP, Prob. 14.2.

     3. ADP, Prob. 14.4

     4. ADP, Prob. 14.5.  Comment on the result.

           5. ADP, Prob. 14.8.

           6. ADP, Prob. 14.9.

     7. A bonding and an antibonding diatomic molecular orbital are to be constructed from the atomic orbital фA and фB using the linear combination wavefunction
Ψ = cA фA + cB фB
            If overlap is neglected, show that the MO energies εb and εa for the bonding and    antibonding combinations are given by solutions of the secular equation:
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            Show that εb = α + β for the case αA = αB = α, and that
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            How would this result be modified if αA > αB?

8. Predict, on the basis of the diagrams in Figs. 14.28 and 14.30, the relative stabilities and bond properties of the symmetrical diatomic molecules Li2, Be2, B2, C2, O2, F2, Ne2, and Ne2+.  Give the term symbol for the C2 molecule in its ground state, assuming its electronic configuration is…(2pπ)2; i.e., that there is an electron in each of the degenerate orbitals 2pπx and 2pπy.

9. Sketch the MO energy diagrams of CO, NO, and CN¯.  Compare your results to those for the isoelectronic homonuclear diatomic molecules and/or ions, and explain the origins of the differences (cf. Prob. 7).

10. The potential energy function governing the formation of an ionic bond is given approximately by
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where Q1 and Q2 are the ionic charges, r is their separation, and a and b are empirical constants.  To a good approximation, a is the same for all molecules and is given by a = 0.30 × 10-8 cm.  Assuming this function is satisfactory for KCl,

a. evaluate the constant b for KCl so that the minimum in the potential energy curve occurs at the observed equilibrium internuclear distance 2.8 Å, and 

                  b.   prepare plots of the attractive and repulsive terms, and the total potential energy, as a function of internuclear separation.

      c. What energy does this potential function predict for the separation of KCl from its equilibrium internuclear distance into the ions K+ and Cl¯?  Is this greater or less than the energy required for separation into K and Cl atoms?  Comment.

_1126438574.unknown

_1126438927.unknown

_1126439488.unknown

_1126438335.unknown

