CHEM-5151 / ATOC-5151 Atmospheric Chemistry – Spring 2005

Homework Assignment #4: Assigned 8-Mar-2005 / Due 31-Mar-2005

· Please make an effort to produce a clean solution. Use a big “font” and plenty of space for your diagrams and arguments. 
· Please briefly explain your answers, and solution procedures. We try to grade as much on the thinking process as on the final result.
· Problem 4.1 (7 pts): Problem 1 on p. 247 of Finlayson-Pitts & Pitts
· Problem 4.2 (7 pts): Problem 9 on p. 248 of F-P & P
· Problem 4.3 (20 pts): Problem 14 on p. 248 of F-P & P
· Problem 4.4 (5 pts): Problem 1 on p. 287 of F-P & P
· Problem 4.5 (7 pts): Problem 2 on p. 287 of F-P & P
· Problem 4.6 (6 pts): Problem 6 on p. 287 of F-P & P
· Problem 4.7 (6 pts): What Criegee intermediates and ketones can be produced in reaction of O3 with CH3-CH=CH-CH2-CH=CH2? Write down all possible combinations.
· Problem 4.8 (18 pts): Ozone titration in a fresh plume
 

We generally think of NOx as a source of ozone in urban air. However, ozone can be titrated in a fresh NOx plume, causing some difficulty in interpreting urban ozone data. Consider a point source at the surface releasing NO continuously at a rate Q (moles s-1 ). The pollution plume is transported by the mean wind with a constant wind speed U (m s-1 ). As the plume dilutes it entrains background air containing negligible NOx and an ozone concentration [O3]b. We assume that the crosswind extent of the plume at a distance x (m) downwind of the source is a half-disk with radius R = ax, where a is a fixed coefficient. We further assume that the plume is well-mixed across its cross-sectional area, and that the only reactions taking place in the plume are

[image: image1.png]WO + Oy — N3+ Oy




[image: image2.png]o
MO,k 210040,




 These two reactions are sufficiently fast that they can be assumed at equilibrium:
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1. Show that the NOx concentration in the plume at a distance x downwind from the source is given by:
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where [NOx](x) is in units of ppbv, and b = 40x10-9 is a conversion factor from moles m-3 to ppbv; we will use 1 ppbv = 40x10-9 moles m-3 in what follows . 

 

2. Show that:

[O3 ](x) = [O3 ] b - [NO2 ](x)

 

3. You now have three equations relating [NO](x), [NO2](x), and [O3](x). Solve for [O3](x). Plot [O3](x) for the following typical values: Q = 5 moles s-1 , U = 5 m s-1 , K = 10 ppbv, a = 0.05, and [O3]b = 50 ppbv. How far downwind of the source will the ozone concentration have recovered to 90% of its background value? 

 

[Epilogue: once ozone in the plume has recovered to background levels, further O3 production takes place in the plume by peroxy+NO reactions followed by reaction (2). Thus the emission of NOx represents a sink for ozone near the point of emission and a source further downwind.]

· Problem 4.9 (24 pts): Numerical solution of the coupled NO/NO2/O3/RO2 system. Assume you are running an experiment in a “smog chamber”, which is basically a big bag where nothing comes in or out, and in which you can maintain constant temperature, pressure, and light conditions. Assume that you have calculated JNO2 = 0.5 min-1 and JO3->O(1D) = 10-4 s-1 by measuring the light intensity vs. wavelength and applying the procedures of Chapters 3-4 with the known cross sections and quantum yields. Assume that initially you have NOx = 100 ppb, O3 = 0 ppb, and RO2 = 0 ppb, N2 = 78%, O2 = 21%, Ar = 1%, and that there is no water or any other trace species in the chamber.
(a) Calculate numerically the evolution of the concentrations of NO, NO2, O3, and “odd-oxygen” ([O3]+ [NO2]) for the first hour (shorter if further changes are very small) if all of the NOx is in the form of NO at t=0.
(b) Same as (a) but if the NOx is 90% as NO and 10% as NO2 at t=0 (typical of diesel exhaust).
(c) Same as (a) but if you add 25 ppm of CH4 and a carefully-controlled source of OH. (e.g. H2O2 photolysis with a controlled feed of H2O2) that results in a constant OH. concentration of 108 molec cm-3. Assume that the only fate of the CH3OO. radical is reaction with NO, and neglect photolysis of formaldehyde. In this case also calculate the evolution in time of the concentrations of CH4 and CH3OO.
(d) Briefly summarize the behavior of each system with respect to ozone formation or destruction.

Notes on the numerical solution procedure, in case you have not done this before. You can “discretize” the differential equations by breaking them up into small, rather than differential steps. For example after you write the mass balance for NO2 you will have an equation like:

d[NO2]/dt = various terms that depend on [NO] t, [NO2] t, and [O3]t

(a)
You can discretize this equation by the “forward method” by writing:
d[NO2]/dt ~ ([NO2]t+1 – [NO2]t) / Dt





(b)
where Dt is an appropriately small time step. From equations (a) and (b) you can obtain an algebraic equation to calculate [NO2]t+1 from the concentrations of all species at time step t and the known reaction and photolysis rates. You can do the same for all other species and keep calculating forward in time from t = 0. You can do this in your favorite program, e.g. Excel, Matlab, Igor, etc.
Note that if your time step is too large, the solution is too coarse and may even be oscillatory, and is not a good approximation to the real solution. To choose a time step, estimate the lifetimes of all species for your initial condition. Then choose a time step of 1/20th of the shortest lifetime to solve all equations. Finally, double-check that the solution does not depend on the time step by making the time step ½ of the previous one. If the solution at t = 1 hr changes more than 1%, shorten the time step, and then repeat the test.
Please don’t turn in any long tables for the solution. Turn in only the pages in which you pose the problem, and then the graphs. All the graphs for (a), (b), and (c) should be on one page each. Make sure you label all of your axes properly, that you use different lines and provide legends for your data series, and that you give all the units needed.
