ATMOSPHERIC CHEMISTRY

AOSC/CHEM 637

Homework #3

Due March 15, 2011
 

1. (4) Hydroxyl radicals can be produced photochemically in the troposphere by the following reaction sequence.

O3 + h →O2 (1g)+ O(1D)
(1)

O(1D) + H2O  → 
(2)

Calculate the rate coefficient for Reaction 1, i.e., j(O3 → 1D) or j1, using the actinic flux, quantum yield and cross section information provided in Pitts & Pitts Tables 3.7 & 4.3 and Figure 4.9.  Assume that the quantum yield is zero at wavelengths longer than 325 nm.  Report what you assumed for altitude, surface albedo, and zenith angle. Sketch the action spectrum (I** nm-1 as a function of wavelength).

2. (2) For the peak in the ozone photolysis action spectrum calculate above, determine the net increase in radiation for a 5% decrease in column ozone content.  You will need to assume a starting column content and a zenith angle.  How does your answer compare to that shown on Table 3.12 in Finlayson-Pitts?
3. (1) How does the action spectrum for ozone photolysis compare to the action spectrum for mutations in human skin?  See for example http://www.pnas.org/content/104/48/19051.full
Solve 4 or 5

4. (3) Electronically excited O atoms are produced slowly and quenched or destroyed quickly.  Express the steady state concentration of O(1D) as an algebraic expression assuming the following reactions control the chemistry.  Estimate the atomic number density (cm-3) of O(1D) for the conditions of Problem #1 and using the rate given constants or those of the latest JPL report.  Assume 50 ppb ozone and 1% water vapor. 

O3 + h →O2 + O(1D)
(1)
O(1D) + H2O →2OH

(2)
O(1D) + N2 →
O(3P) + N2
(3)
O(1D)  + O2 →O(3P) O2 
(4)
k2 = 2.0x10-10 cm3 s-1
k3 = 3.1x10-11 cm3 s-1
k4 = 3.95x10-11 cm3 s-1
5. (3) Use the data from the EPA Annual Emissions Trends site make convincing graphics to show what the major sources of CO, NOx, are and SO2 are and how those emissions have changed over the past few decades.  The EPA uses American tons (2000 lb) of CO, SO2 and NOx (assuming a molecular weight of NO2) so be sure to convert to metric units, i.e. Tg CO, Tg(N), and Tg(S).  (http://www.epa.gov/ttnchie1/trends/) 
