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Atmospheric Chemistry (Option 1B) 

 
Introduction 

 
          Option 1B consists of the following subsections: 

1B.1 Oxygen • 

• 

• 

• 

• 

1B.2 Nitrogen 

1B.3 Carbon Dioxide 

1B.4 Atmospheric Pollution 

1B.5 The Ozone Layer 

Some chemistry of carbon and its oxides will be considered initially. The 

main emphases will be on the greenhouse effect and on the ozone layer, 

followed by a shorter treatment of atmospheric pollution.  

 
 

Carbon Dioxide 

Combustion products of carbon 
          When carbon is burned in a limited supply of oxygen, incomplete 

combustion occurs and carbon monoxide is formed: 

C(s)  +  ½ O2(g)  →  CO(g)  

Carbon monoxide is a neutral gas that is found in vehicle exhausts and in 

cigarette smoke. It is a deadly poison, which prevents the uptake of 

oxygen by the haemoglobin of the blood. It binds more readily than 

oxygen to the haemoglobin, so preventing the formation of 

oxyhaemoglobin. 

          When carbon is burned in excess oxygen, complete combustion 

occurs and carbon dioxide is formed: 

C(s)  +  O2(g)  →  CO2(g) 
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In brewing, carbon dioxide is a co-product in the production of ethanol by 

fermentation: 

C6H12O6  → 2 C2H5OH  +  2CO2 

Carbon dioxide is an acidic gas. It is used to make fizzy drinks. (This 

makes it an important co-product of the Haber ammonia synthesis by IFI 

in Cobh). In its solid form, dry ice, it is used as a refrigerant. 

 

Carbon dioxide in water 

          Carbon dioxide is fairly soluble in water: 

CO2(g)  +  excess H2O            CO2(aq)  

 A small proportion of carbon dioxide in solution reacts with the water: 

           CO2(aq)  +  H2O(l )            H2CO3(aq)              HCO3
−

(aq)  +  H+
(aq) 

                 Carbonic acid           Hydrogencarbonate ion 

A further dissociation can occur, but to a lesser extent: 

HCO3
−

(aq)               H+
(aq)  +  CO3

2−
(aq)  

   Hydrogencarbonate ion                Carbonate ion 

This is more likely to occur under alkaline conditions. 

          At the surface of the oceans, air is constantly coming into contact 

with the water. Some of the carbon dioxide that dissolves in the water is 

changed into hydrogencarbonates and carbonates, as shown above. Some 

of it is used up in photosynthesis by phytoplankton, while some is 

dispersed to deeper regions by ocean currents where the low temperatures 

ensure that it remains dissolved. These interactions of atmospheric carbon 

dioxide with the oceans are a significant factor in limiting the greenhouse 

effect. 
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The Greenhouse Effect 
 
 

T r o p o sp h e r e  

H 2 O                   C H 4                      C O 2  

In fr a -r e d  r a d ia t io n  

G re e nhou se  E f f e c t 

 
 
 
 
Greenhouse effect and global warming 
          The hotter an object, the higher the energy (and the shorter the 

wavelength) of the emitted radiation. Thus the sun emits energy mostly in 

the visible and ultraviolet regions, and to a lesser extent in the infrared. 

Some solar radiation is reflected by the earth and its atmosphere, but 

some is absorbed. This absorbed energy heats the earth, and the earth in 

turn radiates energy back into space. Because the earth is at a much lower 

temperature than the sun, it emits radiation of lower energy, i.e. in the 

infrared region. Some gases found in the atmosphere absorb radiation in 

the infrared frequency range, so preventing it from escaping into space. 

The effect of this is to make the earth warmer. Glass in a greenhouse traps 

radiation in much the same way, but also by preventing the dispersal of 

hot air by convection. This greenhouse effect keeps the earth at a 

comfortable temperature. If our atmosphere contained only N2 and O2, 

which hardly absorb any infrared radiation, the average temperature of 

the earth would be about -18ºC. 
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          Problems arise when growing amounts of certain gases in the 

troposphere – the bottom 15 km approximately of the atmosphere – 

increase the greenhouse effect. There is now a great deal of evidence that 

the earth is getting hotter, i.e. that global warming is taking place, and 

that emissions of greenhouse gases caused by human activities are 

responsible. (Arrhenius predicted this over 100 years ago).  

          

 Scientists are trying to predict the effects of global warming on 

climate. Among the effects predicted are: 

Warmer weather, particularly in high latitudes • 

• 

• 

• 

• 

Changes in prevailing winds 

Changes in rainfall distribution 

Rising sea levels (because of expansion of sea water), increased 

flooding and loss of land 

Reduction of polar ice fields 

 

Greenhouse gases 

          The most significant greenhouse gases are water vapour, carbon 

dioxide, methane, and chlorofluorocarbons. A comparison of these is 

shown in the table, where carbon dioxide is nominally given a 

greenhouse factor of 1.0. Abundance by volume applies to the 

troposphere. 

 

Gas Abundance by volume (%) Greenhouse factor 

H2O  1.0          0.1 

CO2  3.5x10−2           1 

CH4  1.7x10−4         30 

CFC (typical) 4.8x10−8  25,000 
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 Water vapour makes the largest contribution to the greenhouse effect 

because of its abundance. Global warming causes the amount of water 

vapour in the troposphere to increase. However scientists are unsure of 

the effects of this on climate. While increasing amounts of water vapour 

should increase the greenhouse effect, increasing amounts of cloud may 

screen the earth and reduce the amount of radiation reaching it from the 

sun. 

          The amount of carbon dioxide in the troposphere has been 

increasing for the past 150 years. The concentration of CO2 had remained 

at about 275 p.p.m. from the Ice Age until about 1850. Its present 

concentration exceeds 350 p.p.m. The increase has been most dramatic in 

recent decades. The widespread combustion of fossil fuels such as coal 

and oil is regarded as being the principal factor leading to this increase. 

The destruction of the world’s forests exacerbates the problem because it 

reduces the amount of photosynthesis taking place. As noted earlier, the 

oceans play a major part in reducing the amount of carbon dioxide in the 

troposphere. Some predictions based on present and future use of fossil 

fuels suggest that the amount of carbon dioxide in the troposphere will 

double in the second half of this century. 

          Methane is also a cause for concern. It is produced in marshes, 

compost heaps, rubbish dumps, rice paddy fields, biogas digesters, and in 

the digestive tracts of animals. Bacteria operating in anaerobic conditions 

on materials such as carbohydrates are responsible. The concentration of 

methane in the troposphere is rising. However, if the methane passes 

through the troposphere into the stratosphere, it helps to solve the 

problem of damage to the ozone layer by chlorine atoms. 

          Chlorofluorocarbons, CFCs, absorb infrared radiation at a different 

wavelength to water vapour and carbon dioxide. This means that, when 
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present, they block a window through which infrared would otherwise 

escape. The fact that they have a large greenhouse factor makes their 

release into the troposphere even less desirable. Fortunately 

concentrations are small and hopefully decreasing as a result of 

government action. Apart from their contribution to the increased 

greenhouse effect, CFCs are notorious for damaging the ozone layer.  

 

The Ozone Layer 
 

Ozone in the stratosphere 
          The stratosphere is the region of the atmosphere directly above the 

troposphere. It stretches from about 15 km to about 50 km above sea 

level. The sun produces ultraviolet radiation which causes sunburn and, in 

an increasing number of cases, skin cancer. Fortunately not all of the 

ultraviolet radiation released by the sun reaches earth. Ozone, O3, present 

in the stratosphere acts as a sunscreen. It absorbs ultraviolet radiation in a 

photo-dissociation reaction: 

O3(g)  +  uv  →  O2(g)  +  O·
(g)  

More ozone is formed to balance what is lost. Oxygen molecules combine 

with oxygen atoms to form ozone: 

O2(g)  +  O·
(g)  →  O3(g) 

The ozone molecules are in an excited state when formed. They stabilize 

by losing the excess energy in random collisions with air molecules. The 

oxygen atoms can come from the photodissociation of ozone that has just 

been considered, or from the photodissociation of oxygen: 

O2(g)  +  uv  →  O·
(g)  +  O·

(g) 

A balance exists to maintain the ozone concentration. This balance is 

upset when certain substances get into the stratosphere. 
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Ozone loss 

          It has already been shown that ozone can be removed from the 

stratosphere in the screening of ultraviolet radiation. Some ozone is 

removed by reaction with atoms of oxygen: 

O3(g)  +  O·
(g)  →  2O2(g)  

         Some is removed by nitrogen monoxide: 

NO(g)  +  O3(g)  →  NO2(g)  +  O2(g) 

The NO can be regenerated by a subsequent reaction: 

NO2(g)  +  O·
(g)  →  NO(g)  +  O2(g) 

The nitrogen monoxide is formed  when dinitrogen oxide, N2O, another 

greenhouse gas, reaches the stratosphere and reacts with oxygen atoms. 

The dinitrogen oxide is released by bacteria which break down nitrogen 

compounds in the soil. 

         Crucially, ozone can be removed by reaction with atoms of chlorine, 

which are produced by chlorofluorocarbons. 

 

Chlorofluorocarbons 
          CFCs are substituted hydrocarbons such as CCl2F2 and CCl3F. 

They were developed in the 1930s as alternative refrigerants to ammonia. 

They are inert, non-flammable, non-corrosive, and of low toxicity. They 

are miscible with organic materials and insoluble in water. Their stability 

and insolubility in water means that they have long residence times in the 

troposphere, where they have a greenhouse effect.  

          CFCs are extremely useful compounds. Apart from their use as 

refrigerants, they are also useful as air-conditioning gases, as aerosol 

propellants, as fire extinguishers, and as cleansers in the electronics 

industry. They can be used in the formation of polymer foams such as 

polyurethane. 
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Problems with CFCs 

 

Io n o s p h ere 

Stra to s p h ere 

C F C                C l.              O 3               

U ltra -vio let ra d ia tio n  

CFC re leases chlor ine atom s which attack  ozone 

 
 

          As has been discussed, CFCs increase the greenhouse effect in the 

troposphere, where they are unreactive. They eventually reach the 

stratosphere where they are broken down by the sun’s ultraviolet 

radiation: 

CCl3F(g)  +uv  →  CCl2F· (g)  +  Cl·(g). 

The chlorine atoms produced remove ozone: 

Cl· (g)  +  O3(g)  →  ClO·
(g)  +  O2(g) 

Chlorine atoms are regenerated from chlorine oxide radicals:  

ClO·
(g)  +  O·

(g)  →  Cl·(g)  +  O2(g)   

The net effect is that a chain reaction occurs. Consequently, one CFC 

molecule may destroy 100,000 ozone molecules. Although ozone is lost 

by several processes, the reaction with chlorine atoms is very fast and far 

more damaging as a result. Chlorofluorocarbons are the main cause of 

damage to the ozone layer. 
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          The problem of chlorine atoms in the stratosphere is eased by the 

presence of methane molecules. These have a greenhouse effect in the 

troposphere, but when they reach the stratosphere they react with chlorine 

atoms: 

CH4(g)  +  Cl·(g)  →  CH3
·

(g)  +  HCl(g)     

The hydrogen chloride formed is a reservoir form of chlorine that is not 

destructive to ozone. However winter conditions over Antarctica cause a 

situation where reservoir forms such as HCl change into chlorine 

molecules with subsequent dramatic effects.  

 

Ozone depletion over the Antarctic  
         Research carried out in the early 1980s resulted in the alarming 

discovery of serious depletion of the ozone layer over the Antarctic. This 

was particularly noticeable in the Antarctic spring i.e. September and 

October. During the Antarctic winter, local climatic conditions cause 

temperatures of about -90°C to occur in the stratosphere. Consequent ice 

crystals in polar stratospheric clouds enable HCl to change into Cl2. The 

HCl reacts with ClONO2, which is also present as a result of human 

activities: 

HCl(g)  +  ClONO2(g)  →  Cl2(g)  +  HNO3(g)  

 The chlorine molecules remain in the stratosphere until returning 

sunlight provides the ultra violet radiation to split the molecules into 

chlorine atoms. The high concentration of chlorine atoms causes the 

ozone hole. As the temperature rises the chlorine atoms are again 

converted to reservoir forms and the ozone levels rise. 

 

Replacements for CFCs 

         Since the late seventies, there have been increasing restrictions – 

both national and international – placed on the use of CFCs. 
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Replacements include hydrochlorofluorocarbons, (HCFCs), e.g. 

C2H3Cl2F and hydrofluorocarbons, (HFCs), e.g. C2H2F4 . The argument 

in their favour is that C – H bonds are broken down in the troposphere, so 

the compounds would have decomposed before they could reach the 

stratosphere. However HCFCs which manage to reach the stratosphere 

release chlorine atoms more quickly than CFCs. Both CFCs and their 

replacements are greenhouse gases. Work is continuing to find substitute 

compounds and to develop technology aimed at the recovery and 

recycling of CFCs. 

 

 

Atmospheric Pollution 
 

Acid rain 

          Unpolluted rainwater is slightly acidic. It has a pH of 

approximately 5.5 due to carbon dioxide in the atmosphere. Emissions of 

acidic gases lead to a lowering of pH, with the formation of acid rain. 

This acid rain damages soil (e.g. it becomes less suitable for growing 

crops, and yields are reduced), causes the poisoning of fish (aluminium is 

released from insoluble compounds in the soil and gill function is 

damaged), attacks trees (e.g. nutrients are washed from the soil, 

aluminium is released and taken up by roots) and erodes buildings. 

          The main causes of acid rain are: oxides of nitrogen (NOx) and 

oxides of sulfur (SOx). 

 

Oxides of nitrogen 

          Oxides of nitrogen are released from car exhausts and power plants 

where the high temperatures bring about the oxidation of atmospheric 
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nitrogen. They are also formed in some biological processes and by 

lightning discharges.  

          Nitrogen monoxide, NO, is quickly oxidised in air to nitrogen 

dioxide, NO2. Nitrogen dioxide dissolves in water and reacts to form a 

mixture of HNO2 and HNO3. When this occurs in the atmosphere the 

result is acid rain. 

 

Oxides of sulfur 

          Oxides of sulfur are mainly formed by the combustion of fossil 

fuels, particularly coal. They can also be released by volcanoes and by the 

decay of organic matter.  

          Sulfur in fossil fuels forms sulfur dioxide, SO2, which is a 

dangerous pollutant. Sulfur dioxide dissolves in water to form sulfurous 

acid, H2SO3. In the atmosphere, sulfur dioxide is oxidised to sulfur 

trioxide, SO3. Sulfur trioxide dissolves in rainwater to form sulfuric acid, 

H2SO4.  Thus the release of SO2 into the atmosphere is likely to result in 

rain containing H2SO3 and H2SO4. 

 

 

Scrubbing waste gases 

          Limestone is used to reduce sulfur dioxide emissions from coal-

fired power stations. Coal is mixed with finely ground limestone. The 

high temperatures in the furnace cause the limestone to decompose: 

CaCO3  →  CaO  +  CO2  

The calcium oxide reacts with much of the sulfur dioxide, preventing its 

release: 

CaO  +  SO2  →  CaSO3  
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After combustion, the flue gases can be scrubbed e.g. by spraying with a 

slurry of lime. This process is designed to remove the remaining sulfur 

dioxide. The calcium sulfite is later removed as a slurry. 
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