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8.3.1Acid Deposition

Acid Deposition
Whatisacid deposition?
= Rainis naturallyacidic because of dissolved CO, whichforms carbonic acid
H,O (1) + CO, (g) = H,CO3 (aq)

= Carbonic acid is aweak acid and dissociates inthe following equilibriumreaction givingapHof
5.6

H,CO3(aq) = H* (aq) + HCO3™ (aq)

= Forthatreasonacidrainis defined asrainwithapHofbelow 5.6
= Aciddepositionincludes all processes bywhichacidic components leave the atmosphere
= This could be gases orprecipitates

= There are two types of deposition: wet acid depositionand dry acid deposition
= Wet acid depositionrefers to rain,snow, sleet, hail,fog, mistand dew
= Dryacid depositionrefers to acidic particles and gases that fall to the ground as dust and
smoke

= Acid depositionis formed whennitrogenorsulfuroxides dissolve inwaterto formHNOz, HNO,,
H,SO,4and H,SO3

Page 1 of 7
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Acid Deposition Equations

Formation of sulfur based acids

Fossilfuels are oftencontaminated with smallamounts of sulfurimpurities
Whenthese contaminated fossil fuels are combusted, the sulfurin the fuels get oxidised to
sulfur dioxide

S(s)+0,(9)—S0,(9)
Sulfurdioxide maybe furtheroxidised to sulfurtrioxide
250,(9)+0,(9)=2S803(g)

The sulfurdioxide and sulfurtrioxide thendissolve inrainwaterdroplets to form sulfurous acid
and sulfuric acid

$0O,(g) +H,0 ()—>H,S03(aq)
SO3(g9)+H;0 () >H;S0,4 (aq)

These acids are components of acid rain which has several damagingimpacts onthe
environment

Formation of acidrain by nitrogen oxides

The temperature inaninternal combustionengine canreachover2000 °C
Here, nitrogenand oxygen,which at normaltemperatures don’'treact,combine to formnitrogen
monoxide:

N2 (9)+ O, (9)=2NO (9)
Nitrogenmonoxide reacts furtherforming nitrogendioxide:
2NO (g)+ 0O, (9)=2NO, (9)

Nitrogendioxide gas reacts withrainwaterto form amixture of nitrous and nitric acids, which
contribute to acid rain:

2NO, (g) +H,0 (I) > HNO, (aq) + HNO; (aq)

Lightning strikes canalso triggerthe formation of nitrogen monoxide and nitrogen dioxides in air
Nitrogendioxide gas reacts withrainwaterand more oxygen to form nitric acid

4NO, (g)+2H,0 (1) + O, (9)—»4HNO3 (aq)

Whenthe cloudsrise,the temperature decreases,and the droplets getlarger
Whenthe droplet containing these acids are heavy enough, theywill falldown as acid rain

Page 2 of 7
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

The diagram shows the formation of acid rain by the oxidation of nitrogen dioxide
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8.3.2Effects of Acid Deposition

Effects of acid deposition

Effect on materials

= Acid depositioncanreact withmetals and rocks (such as limestone) causing buildings and
statues to getdamaged

Theimpact of acid deposition can be seen on buildings, statues and metallic structures, particularly in
polluted cities

= Limestone and marble both contain calciumcarbonate
= The calciumcarbonate reacts with sulfuric ornitric acids causing stonework to corrode and

weaken:
CaCOg3(s) +H;S0,4 (ag) —» CaSO,4 (aq) + CO,(g) + HL,O(1)
CaCOg3(s) +2HNO3 (aq) — Ca(NO3),(aq) + CO,(g) + H,O (1)

= |nadditiondrydepositionalso affectslimestone:
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CaCO3(s) +H2S04 (aq) —» CaSO4 (aq) + CO2(g) + H2O (1)

= Metallic structures,suchasironbridges, are vulnerable to corrosionbywet and drydeposition
formingthe salt of the metal:

Fe (s) + H2SO4 (aq)— FeSO4 (aq) + H2(9)
Fe(s) +SO3(g) +O2(g)— FeSO4 (s)
Effect onplants

= Apartfromacid depositiondirectlyfallingonleaves and killing plants, acid particulates canblock
stomata(plant pores) and prevent gaseous exchange

Theimpact of acid deposition on plant life

= Acidraincanfallonsoils and release important minerals such as magnesium, calciumand
potassiumwhich are leached (washed out) fromsoils and are therefore unavailable to plants
= Aluminiumions released fromrocks are toxic to many plants and damage theirroots

Effect on water
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= Whenacidrainfalls onrivers and lakes the pH canfall to levels that are unable to support life

The impact of acid deposition on waterways

= Belowabout pH 4, aluminiumions are released fromrocks whentheyare held as aluminium
hydroxide

AI(OH); (s) + 3H* (aq) = AB* (aq) +3H,0 ()

= Alumniumions are toxic to fishas theydamage the gills and prevent fish from efficientlyabsorbing
oxygen
= Nitrateions fromnitric acid inacid raincan contibute to over-fertilization of waterways and lead
to eutrophication
= Eutrophicationis excessive algal growth thatresults inoxygendepletionand stagnationof
waterways

Effect onhuman health

= Althoughacidrainis too dilute to cause anydirectimpact onthe skin,acidic particulates in the air
canincrease therisk of respiratorydiseases such as bronchitis,asthmaand emphysema

= Whenacidraincomesinto contact withmetal pipes there is anincreased risk that toxic metal
ions will be released into the watersupply such as Cu?*, Al**and Pb2*
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8.3.3 Reducing Sulfur Oxide Emissions

Re ducing Sulfur Oxide Emissions

= Theremoval of sulfurfromfossilfuels caneithertake place pre-combustionorpost-
combustion

= The oxides of sulfur,SO3 and SO3z, are both acidic and toxic gases

= Sulfurdioxide is produced naturallyduring volcanic eruptions, butlarge quantities have been and
continue to be emitted byburning coal, oiland natural gas

Pre-combustion

= Pre-combustionof sulfurtakes place forcoaland petroleum, althoughitis expensive to remove
all the sulfur,so asmall percentage oftenremains
= Forexample,the average sulfurcontent of gasoline is 347ppm (this is the same as 347 mg per
litre)

= |tis essentialtoremove mostofthe sulfurasitdamages the workings of internal combustion
engines

= The sulfurisremoved byreactingit withhydrogeninaprocess called hydrodesulfurization

= The sulfurisrecovered and used inthe manufacture of sulfuric acid

Post-combustion

= Post-combustionis carried outonincoal-fired powerstations

= Thewaste gases fromburningthe coal containsulfurdioxide

= Thewaste gases are passed throughawetslurryof calciumoxide and calcium carbonate which
react with the SO, and produce calcium sulfate

CaO (s)+S0;2(g)+ 202 (g)— CaSOy4 (s)
CaCO3(s)+S03(g)+%02(g)— CaSO4(s) +CO2(g)

= The calciumsulfateis also knownas gypsumand is used to make plasterboard and otheruseful
building materials

What does the future hold?

= Globalpolicies workingtowards combating global warming will have the additional benefitin
reducing acid deposition

= Aswe switchawayfromburningfossil fuels forenergythere will be afallin the emissionof oxides
of sulfurand nitrogen,whichcanonlybe agood thing forthe environment

= Ultimatelyreducingthe emissionof primary pollutants is achieved by greateruse of renewable
energy sources, greateruse of public transport and more efficient energy transfersystems
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