5.7.1 The atmosphere

Content

_ The composition of the atmosphere; the carbon cycle.

_ Some chemical reactions in the atmosphere.

_ The origin, importance and vulnerability of the ozone layer.

_ The residence time of oxides of carbon and oxides of nitrogen.

_ Pollution in the troposphere.

_ The ‘Greenhouse Effect’.

Assessment Outcomes
(a) understand the terms troposphere and stratosphere.
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The troposphere is where all weather takes place; it is the region of rising and falling packets of air. The air pressure at the top of the troposphere is only 10% of that at sea level (0.1 atmospheres).
Above the troposphere is the stratosphere, where air flow is mostly horizontal.
(b) use the carbon cycle to describe and explain how the concentration of carbon dioxide in the troposphere depends on:

(i) photosynthesis;

(ii) plant and animal respiration;

(iii) equilibrium with carbon dioxide dissolved in surface waters.

Aquatic plants extract carbon dioxide dissolved in the water to use in their photosynthesis process. Aquatic animals use the carbon dioxide and calcium in the water to make shells of calcium carbonate (CaCO3). When the animals die, their shells settle to the ocean floor where, after years of compacting and cementing, they form limestone, locking up the carbon dioxide. Some of the carbon dioxide is released into the atmosphere via geologic heating processes such as volcanism.
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(c) use ideas of chemical equilibria (see also 5.3.3) to describe and explain how the stratospheric concentration of ozone is maintained in terms of photochemical reactions involving the ‘oxygen only’ model.
(d) outline the role of ozone in the absorption of ultraviolet radiation.

At any given time, ozone molecules are constantly formed and destroyed in the stratosphere. The total amount remains relatively stable.

When an oxygen molecule receive a photon, it dissociates into monoatomic (reactive) atoms. These atoms attack an oxygen molecule to form ozone, O3. 

O2 + uv            O + O
O2 + O           O3
The over all reaction between oxygen and ozone formation is: 

3 O2      2 O3
The absorption of UV B and C leads to the destruction of ozone 
O3 + uv          O + O2
O3 + O           2 O2
A dynamic equilibrium is established in these reactions. The ozone concentration varies due to the amount of radiation received from the sun.
UV is divided into three regions: 

UV A, wavelength = 400 - 320 nm
UV B, wavelength = 320 - 280 nm
UV C, wavelength = < 280 nm

Obviously, photons of UV C are the most energetic. 

UV-A radiation is needed by humans for the synthesis of vitamin-D; however, too much UV-A causes photoaging (toughening of the skin), suppression of the immune system and, to a lesser degree, reddening of the skin, and cataract formation. 
Ozone strongly absorbs UV B and C, but the absorption decreases as the wavelength increases to 320 nm. Very little UV C reaches the Earth surface due to ozone absorption. 

(e) explain how the release in the stratosphere of chlorine free-radicals from CFCs affects the balance of the ozone and oxygen 
(f) describe, in terms of their relevant physical and chemical properties, the selection of possible alternatives to the use of CFCs.
(g) outline:

(i) the sources of nitrogen oxides in the atmosphere;
(ii) the effect of nitrogen monoxide on the balance of stratospheric ozone and oxygen;

(iii) the role of free radicals in the formation of complex pollutants, typified by photochemical smog
(iv) the effects of photochemical smog on humans, animals and plants and polymers.

_ A recall of the equations will not be tested.

(h) describe how catalytic converters in car exhaust systems are effective in decreasing toxic emissions from internal combustion engines.

(i) understand the term residence time as the average time that a species exists in the atmosphere.
(j) explain that the ‘Greenhouse Effect’ of a given gas is dependent both on its atmospheric concentration and its ability to absorb infra-red radiation, typified by CO2, CH4 and CFCs.

The greenhouse effect is often largely associated with carbon dioxide although many other gases are able to make a more substantial contribution. The compound CCl2F2, known as CFC-12 has a relative greenhouse effect 25000 times greater than that of carbon dioxide. CFC-12 can also be involved in processes that damage the ozone layer.

(a) Explain the greenhouse effect. 
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(b) (i) Why is carbon dioxide considered to make a significant contribution to the greenhouse

effect?

(ii) Approximately 79% of the atmosphere consist of nitrogen. Explain why this does not

contribute to the greenhouse effect.

(iii) Suggest why CFC-12 has a large relative greenhouse effect.


[5]
2. Oxides of nitrogen and unburned hydrocarbons can be involved in a series of reactions that

produce toxic chemicals in the troposphere. Some of these reactions are listed below.

NO2(g) NO(g) + O*(g) (1)

O*(g) + H2O(g) 2HO(g) (2)

CH4(g) + HOH2O(g) + CH3(g) (3)

CH3(g) + O2(g) CH3OO(g) (4)

CH3OO(g) + NO(g) CH3O(g) + NO2(g) (5)

CH3O(g) + O2 (g) HCHO(g) + HO2(g) (6)

(a) (i) Apart from the reaction in equation (5), give a reaction in the troposphere that produces nitrogen dioxide.

(ii) Explain what is indicated by the ‘*’ in the formula O*.

(iii) Give the formula of any aldehyde(s) in the above sequence of reactions.

(iv) Draw a ‘dot-and-cross’ diagram of HOand explain why it is a free radical.

explanation ...............................................................................................................

(v) Explain, using the above sequence of reactions, why NO2 can be considered a catalyst

in the formation of HCHO.
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(b) Many of the pollutants in the troposphere are products of the burning of fuels in vehicles. A catalytic converter can limit this pollution.

(i) Describe the structure of a catalytic converter.

(ii) Explain how the design of a catalytic converter allows both carbon monoxide and

nitrogen monoxide to be removed.
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