Candidates should be able to:

(a)
explain that infrared radiation is absorbed by C=O, O–H and C–H bonds in H2O, CO2 and CH4, and that these absorptions contribute to global warming;

(b)
explain that the ‘Greenhouse Effect’ of a given gas is dependent both on its atmospheric concentration and its ability to absorb infrared radiation;

(c)
outline the importance of controlling global warming resulting from atmospheric increases in greenhouse gases;

(d)
outline the role of chemists in minimising climate change resulting from global warming by:

(i)
providing scientific evidence to governments to verify that global warming is taking place,

(ii)
investigating solutions to environmental problems, such as carbon capture and storage, CCS, i.e. the removal of waste carbon dioxide as a liquid injected deep in the oceans, storage in deep geological formations, by reaction with metal oxides to form stable carbonate minerals,

(iii) 
monitoring progress against initiatives such as the Kyoto protocol;
(e) 
explain that ozone is continuously being formed and broken down in the stratosphere by the action of ultraviolet radiation;

(f) 
using the chemical equilibrium, below: O2 + O ( O3

(i) 
describe and explain how the concentration of ozone is maintained in the ozone layer, including the role of ultraviolet radiation,

(ii)
 outline the role of ozone in the absorption of harmful ultraviolet radiation and the essential benefit of this process for life on Earth;

(g) 
understand that radicals, e.g. from CFCs, and NOx from thunderstorms or aircraft, may catalyse the breakdown of ozone by the following simple representation:  R + O3 ( RO + O2
    RO + O ( R + O2
where R represents Cl• from a CFC or NO from nitrogen oxides;

(h) 
for carbon monoxide, oxides of nitrogen and unburnt hydrocarbons:

(i)
explain their formation from the internal combustion engine,

(ii) 
state environmental concerns from their toxicity and contribution to low-level ozone and photochemical smog;

(i) 
outline how a catalytic converter decreases carbon monoxide and nitrogen monoxide emissions from internal combustion engines by:

(i) 
adsorption of CO and NO to the catalyst surface,

(ii) 
chemical reaction,

(iii) 
desorption of CO2 and N2 from the catalyst surface;

(j) 
outline the use of infrared spectroscopy in monitoring air pollution.
