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SPRING 2012 
HW/Learning Goals #5: Ozone “Hole” Chemistry & Fundamentals of Tropospheric Chemistry  
 
1. List the non-chemical factors that distinguish Antarctic ozone depletion chemistry from 
“normal” (i.e. mid-latitude) stratospheric ozone chemistry. Briefly explain their roles. 
 
2. List two reactions that occur on Polar Stratospheric Clouds (PSC’s) that convert fairly stable 
reservoirs into unstable reservoirs. Explain the key difference that makes these “new” reservoirs 
so “unstable” relative to their “stable” counterparts? 
 
3. As the light returns in the Antarctic spring, do all wavelengths return the same time, or is there 
a systematic trend? If the latter, describe it and briefly explain its origin. What are the 
ramifications of a UV deficiency w/ the return of first light? Why does this make the reservoir 
conversion reactions (in #5) so important?  
 
4. Explain how the “HI ClOx/LOW NOx” situation develops when the first sunlight returns to 
the south polar stratosphere. Why/how is NOx removed? What reactions occur (with “first 
light”) that liberate ClOx? What specific ClOx species predominates, and how it is formed? 
What reactions would consume it if the air was not so “NOx deficient” and/or there was enough 
deep UV to generate sufficient concentrations of O atoms? 
 
5. List the cycle of reactions that ultimately leads to the (rather sudden) formation of the O3 
“hole” (just after the air is primed for O3 depletion by the “HI ClOx/LOW NOx” situation, and 
there is enough near UV (~350 nm) to drive this process).  
 
6. The key reactions in #8 involve (exclusively) members of which catalyst “family”? Are the 
sources of this family primarily anthropogenic or natural? What are the ramifications: is human 
activity to blame? Is this a local, regional or global effect? 
 
7. Why must “deep UV” (λ < 240 nm) return to the polar stratosphere before significant amounts 
of O3 can be regenerated? 
 
 
8. List the five main (general) processes that may remove or transform any substance released in 
the troposphere.  
 
9. Natural decay of “biological materials” (i.e. dead plants & animals, etc.), which are composed 
of large carbon-based molecules, involves breaking up the chains and rings of carbon atoms into 
small molecules with a single carbon atom. i) If this happens under aerobic conditions, what is 
the main end product of this process? ii) By contrast, what substance is formed under anaerobic 
conditions? iii) Biological waste (e.g. “cow pies”) often contains high levels of nitrogen, which 
results in the release of a simple “reduced” nitrogen substance (even under aerobic conditions – 
but it is not NOx) – what is it? 
 
10. i) What is the key oxidizing species in the troposphere?  ii) Write a sequence two reactions 
that shows how this species could be produced from any O3 that diffused into the troposphere 
from above.  



 
11. NOx enhancement of O3: Write a series of three reactions that shows how NO is transformed 
to NO2, ultimately producing O3. (The first step requires HO2… and also produces OH.) 
 
  
12. Putting it all together (at least 10 & 11). The diagram below is an attempt to present a 
holistic, pictorial view of the cyclic processes addressed in #10 and #11. Write chemical 
equations for each reaction (A-G). 
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