Chemistry 106: Problem Set 9
Redox Chemistry in the Troposphere
1. vLD, Chapter 4, problem 6.
2. Consider the NOx and O3 cycle in the troposphere that we discussed in class.  It consists of three steps: vLD Eq. 4.5 with (radiative) rate constant j1; vLD, Eq. 4.6 with rate constant k2; and vLD Eq. 4.3 with rate constant k3.  Assume that the reverse reactions can be ignored, as can other reactions such as 4.1 leading to the formation of NO.
(a) For this three-step reaction sequence, we calculated the amount of O present by making a steady-state approximation for its concentration.  Make a similar approximation for the ozone concentration and express that concentration in terms of the concentrations of NO and NO2.
(b) By using the two equations for the conservation of nitrogen atoms:

[NO] + [NO2] = [NO]o + [NO2]o
and the stoichiometry of the ozone-NO reaction:

[O3] –[O3]o = [NO] – [NO]o
express the steady-state concentration of O3 for this reaction scheme in terms of the three initial concentrations [NO]o, [NO2]o, and [O3]o, as well as the ratio of rate constants j1/k3.

(c) Show from your answer to part (b) that if the initial concentrations of NO2 and O3 are zero, then the steady-state concentration of O3 is zero.
(d) The ratio j1/k3 has the value 10 ppb in units of the mixing ratio.  Suppose the initial concentrations of NO and O3 are zero, and the initial concentration of NO2 is 500 ppb.  Calculate the steady-state concentration of O3.

3. In class we considered the reaction pathways for formaldehyde, HCHO, and methane, CH4, in the troposphere.  By analogy, predict the likely paths for the degradation of methanol, CH3OH, in the troposphere.
