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STAGE 2 CHEMISTRY

Elemental and Environmental Chemistry
Unit 8

Photochemical Smog:   



describe how photochemical smog occurs, 


state the sources of the primary pollutants, 


describe the role of nitric oxide in the formation of secondary pollutants,


describe the harmful effects of secondary pollutants in the troposphere,


describe possible solutions to photochemical smog.

[image: image2.png]



[image: image3.png]FIGURE 47
Figh concentrtions of
ozone normaly occur on
summer afternoons





[image: image4.png]FIGURE 48
Veriation in politant
concentratons during
awindless, sumy day

Concentration (ppm)

5 & 1o noon2 4 &

Time of day




The Syllabus statement says:

	Key Ideas
	Intended Student Learning

	Nitrogen oxides are formed in high-temperature engines and furnaces.
	Write equations for the formation of nitrogen oxides NO and NO2. 



	Nitrogen oxides lead to the formation of ozone in 
the troposphere.
	Describe and write equations showing the role of nitrogen oxides in the formation of ozone in the troposphere.



	Nitrogen oxides and ozone in the troposphere are pollutants.
	Explain the terms ‘primary pollutants’ and ‘secondary pollutants’ with reference to the harmful effects of nitrogen oxides and ozone in the troposphere.



	It is possible to reduce the quantities of nitrogen oxides generated by cars.
	Describe the effect of catalytic converters in reducing the quantities of nitrogen oxides generated by cars.


The KEY IDEAS summarized here are:

· High temperature engines and furnaces break the triple bonds of nitrogen (N2), by supplying large amounts of energy. This results in the formation of NO by reaction with oxygen. The NO further reacts with oxygen to produce NO2.  [Make sure you can write the two equations.]

· Nitrogen dioxide in the troposphere is very reactive. By absorbing solar radiation, It undergoes photochemical dissociation into NO and atomic oxygen, O. The atomic oxygen can then react with molecular oxygen O2, in the presence of a stabilising molecule like nitrogen, to produce another secondary pollutant called ozone.  [Make sure you can write the two equations.]

· Primary pollutants are substances released directly into the atmosphere due to human activity. Common sources of these pollutants are combustion engines and furnaces. 

Examples of primary pollutants are CO, CO2, NO and unburnt hydrocarbons UHC.

Secondary pollutants are formed by reactions of primary pollutants with air, water or sunlight.

Examples of secondary pollutants are O3 (ozone), NO2, HNO3 , H2SO4 .

· Ozone attacks rubber, causes coughing, wheezing and irritation of the respiratory system in humans and reduces the rate of photosynthesis and causes leaves in plants to yellow.

Oxides of nitrogen can lead to the formation of acid rain, and also cause coughing, wheezing and irritation of the respiratory system in humans and reduce the rate of photosynthesis and cause leaves to yellow in plants.

· Catalytic converters are fitted to the exhaust systems of cars to reduce the emissions of nitrogen oxides and carbon monoxide. NO is converted to N2 and CO to CO2.

SOME NOTES ON PHOTOCHEMICAL SMOG 

Formation of Oxides of Nitrogen

High temperature engines and furnaces break the triple bonds of nitrogen (N2), by supplying large amounts of energy. This enables it to react with oxygen to form NO and NO2.



N2(g) + O2(g) → 2NO(g)



2NO(g) + O2(g) → 2NO2(g)
Formation of Photochemical Smog

The term photochemical smog is given to a special kind of smog caused by the emission of primary pollutants like the oxides of nitrogen and hydrocarbons (mainly from car engines) and the action of sunlight on these gases producing secondary pollutants which are harmful to animal life.

Primary pollutants are substances that are released directly into the atmosphere from human activity. They commonly come from sources such as combustion engines and furnaces and include NO, CO, CO2 and unburnt hydrocarbons.

Secondary pollutants are substances formed by reactions of the primary pollutants with air, water or sunlight. They include ozone O3, NO2, and a group of substances called PAN’s.

The formation of photochemical smog tends to be favoured by particular weather conditions, especially windless, sunny days, and when temperature inversions occur. Normally, warm air near the Earth’s surface will rise and carry any smog with it, dispersing it into the atmosphere.

Temperature inversions begin on calm, clear nights when the Earth’s surface cools rapidly as heat radiates away from it. The air near the ground becomes colder than the air higher up and this denser, colder layer becomes trapped by the warmer air above it. 
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Arrows show air flow in normal conditions on the left and during temperature inversion on the right. In
normal conditions, warm air rises and normal convective patterns persist. During temperature inversion,
the warm air acts as a cap, effectively shutting down convection and trapping smog over the city.




Any smog formed during the day in this bottom layer is also trapped and this gives more time for the reactions between the sunlight and the gases which produce smog to increase the concentrations of pollutants. These conditions can last for several days until the smog is dispersed by winds.

The nitrogen oxides (NOx) and the unburnt hydrocarbons emitted into the atmosphere, mainly from car exhausts and industry, are called primary pollutants. These then take part in a complex, and not fully understood, series of reactions together with oxygen, and in the presence of sunlight, to form a mixture of secondary pollutants, which have no direct emission sources. They include ozone (O3) (which is the most common), aldehydes, peroxyacetyl nitrate (PAN) and other organic compounds.


Ozone is considered a pollutant in these circumstances because it is produced in the troposphere. 

Ozone forms when intense sunlight and high concentrations of nitrogen dioxide (NO2) are present (see Fig. 4.7). The sunlight splits an oxygen atom from the NO2 molecule and this combines with an oxygen molecule to produce ozone.

NO2     



NO + O


O    +    O2


O3
The production of the NO and VOCs occurs in the morning peak traffic and produce the photochemical smog. These compounds gradually react over the morning to produce NO2, which reacts with sunlight in the heat of the day to produce ozone. This means the highest concentrations of ozone normally occur

on summer afternoons (see Fig. 4.8).


Harmful Effects of Ozone in the Troposphere 

Ozone has severe effects on plant and animal health. It causes a reduction in the rate of photosynthesis and the yellowing of leaves in plants. It attacks rubber seals causing the rubber to harden and crack. In humans, ozone is a respiratory irritant causing wheezing, coughing and constriction of airways.

Harmful Effects of Oxides of Nitrogen in the Troposphere 

The oxides of nitrogen have similar effects on plants and animals as ozone.

Oxides of nitrogen are also a major contributor to the formation of acid rain in the troposphere.


Catalytic Converters

Catalytic converters were developed to reduce the amount of pollutants coming from the exhausts of cars and trucks. 

These pollutants include nitrogen oxides (NO and NO2), unburnt hydrocarbons and carbon monoxide.

Catalytic converters have a relatively simple design. They are,

however, expensive because of the catalyst material, which is usually an alloy of platinum and rhodium, both expensive metals.
The platinum in the catalytic converter speeds up reactions with oxygen.

Carbon monoxide is turned into carbon dioxide:

2CO(g)    +    O2(g)                        
and hydrocarbons are turned into carbon dioxide and water:

C5H12(g)    +    8O2(g)                 
The rhodium metal in the catalyst helps convert nitrogen oxides into nitrogen and carbon dioxide:

2CO(g)    +    2NO(g)                    

SUPPORTING QUESTIONS 1
1

Write equations for the formation of nitrogen oxides NO and NO2 in the troposphere.

2
Describe and write equations showing the role of nitrogen oxides in the formation of ozone in the 


troposphere.



__________________________________________________________________________________________



__________________________________________________________________________________________



__________________________________________________________________________________________



__________________________________________________________________________________________



__________________________________________________________________________________________



__________________________________________________________________________________________

3
Explain the terms ‘primary pollutants’ and ‘secondary pollutants’ with reference to the harmful effects of 


nitrogen oxides and ozone in the troposphere.



__________________________________________________________________________________________



__________________________________________________________________________________________



__________________________________________________________________________________________



__________________________________________________________________________________________



__________________________________________________________________________________________



__________________________________________________________________________________________

4
Describe the effect of catalytic converters in reducing the quantities of nitrogen oxides generated by cars.



__________________________________________________________________________________________



__________________________________________________________________________________________



__________________________________________________________________________________________



__________________________________________________________________________________________



__________________________________________________________________________________________


__________________________________________________________________________________________

READING








The Essentials book pg 59 - 61
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