
Unit 3, Homework No. 2: Electronic Structure
1. If a hexatriene molecule absorbs light of 2500 Å to change a ( electron from n = 1 to n = 2, what is the length of the molecule? Draw the energy level diagram to help you answer the question.

2. In class we discussed the energy levels of a particle constrained to move on a 1-D line of length a. This model (the free electron model) can be extended to describe the energy levels of an electron in a (3-D) box of lengths a, b, and c. The energy levels are given by the following equation.
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 and if the box is cube of length a = b = c, then we can simply to: 
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, where the n quantum numbers independently assume values of n = 1,2,3.. When sodium dissolves in liquid ammonia, some dissociation occurs.
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The solvated electron can be treated as a particle in a three dimensional box. Assume that the box is cubic with an edge length of 1.55 × 10-7 cm and suppose that excitation occurs in all directions simultaneously from the lowest state (nx =1, ny = 1, nz = 1) to the excited state (nx =2, ny = 2, nz = 2). What wavelength, in nm, of radiation would the electron absorb? Would you expect the solution to be colored?

3. Draw a molecular orbital energy-level diagram and determine the bond order for each of the following species: (a) Li2, (b) Li2+, and (c) Li2-. State whether each molecule or ion will be paramagnetic or diamagnetic. If it is paramagnetic, give the number of unpaired electrons.

4. Using Lewis structures and the VSEPR theory, predict the shape of each of the following species: (a) sulfur tetrachloride; (b) iodine trichloride; (c) IF4-.

5. Suggest a structure in terms of hybrid orbitals for BF3 and CO2. Identify the hybrid orbitals used by the atoms in boldface in the following molecules and ions: (a) N2H4; (b) SF4; (c) IF4+; (d) CH3OH.

6. (a) On the basis of the configuration for the neutral molecule O2, write the molecular orbital configuration of the valence molecular orbitals for (i) O2-, (ii) O2+, and (iii) O22-. (b) For each species, give the expected bond order. (c) Which of these are paramagnetic? (d) Is the highest energy orbital that contains an electron ( or ( in character?

7. Draw the MO diagram for HCl and HF. In each case write down the MO electronic configuration and the bond order.

8. The diagram shows the potential energy curves of the ground state (1(g+) and two of the excited states (3(g+ and 1(u+) of H2.

(a) What is the electron configuration of the first excited state (i.e. the triplet state, 3(u+)? Why is this state often referred to as being repulsive? What is the bond order of this excited state?

(b) What is the electron configuration of the second excited state (i.e. the triplet state, 3(g+)? Why is this state attractive? What is the bond order of this excited state?

(c) Account for the differences in the dissociation products of the 1(g+, 3(u+ (which are H1s + H1s) and the 3(g+ state (which is H1s + H2s). 
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