The Chemistry of Acid Rain

[image: image1.png]Figure 18.5 pH values from freshwater sites across the United States, 2001.
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Natural Rainwater

                 CO2(g) eq \o(→,←) CO2(aq)           KH  = 0.032 M/atm
PCO2 = 0.00038 atm

CO2(aq) + H2O(l) →  H2CO3(aq)
[ H2CO3] = KH PCO2  = 1.2 x10-5 M
                                  

H2CO3(aq) eq \o(→,←) HCO3-(aq) + H+(aq)      Ka = 4.3 x 10-7
 EQ \f(X2,1.2x10-5 )  = 4.3 x 10-7

X = 2.3 x 10-6 = [H+] = [HCO3-] 

CO2(g) + H2O(l) eq \o(→,←) HCO3-(aq)+ H+(aq) 
pH = 5.6
The average pH of rainfall in the Northeast is 4.3.   Atmospheric pollution must contain gases which are more acidic than carbon dioxide.  Acid rain is usually defined as rain with a pH ≤ 5.0. At pH < 4.0, all aquatic vertebrates, most invertebrates, and many microorganisms are destroyed.
Acid Rain from Pollution

SO2(g) + H2O(l)  → H2SO3(aq)  Sulfurous Acid

SO3(g) + H2O(l)  → H2SO4(aq)  Sulfuric Acid


NO2(g) + H2O(l) → HNO3(aq)   Nitric Acid

   
HCl(g) + H2O(l)  → HCl(aq)       Hydrochloric Acid

Non metal oxides are acidic Lewis acids.  Acid rain in the Northeast results from about two thirds sulfuric acid and one third to nitric acid.
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Source is the Burning of sulfur


Cu2S(s) +  O2(g)    → 2 Cu(s)  +  SO2(g)  
smelting of copper ore
2SO2(g) +  O2(g)    →SO3(g)
hot gas combustion
N2(g)  +  2 O2(g)    →  2 NO2(g)
hot gas combustion
SO2(g) + H2O2(aq) →SO4(aq)
cold oxidation in cloud droplets 
The burning of sulfur containing ores, coal, and oil results in sulfur dioxide.  Sulfur dioxide in cloud droplets is oxidized to sulfuric acid with a half life of about one day.  In one day, prevailing winds carry the acid droplets from the Midwestern states to the northeast where they fall as acid rain.

Consequences:

CaCO3(s)   + 2 H+ →Ca2+(aq) + H2O(l) + CO2(g)
Lime stone buffers acid rain by dissolving
Al(OH)3(s) + 3 H+ →Al3+  + 3 H2O(l)
Al is released from the dissolution of gibbsite

Humic acid (COO-)n + n H+ → Humic acid (COOH)n(s)
Humic acid precipitates in acidified lakes

Limestone is erroded by acid rain and aluminum is mobilized by acid rain.  High aluminum concentrations have adverse effects on some aquatic organisms.  Humic acid serves as a natural sun screen in lakes, its removal subjects organisms in the lake to dangerous levels of UV radiation.

Removing Sulfur dioxide:

Sulfuric Acid Production
2SO2(g) +  O2(g) →SO3(g)
V2O5(s) acts as a heterogenous catalyst
SO3(g) + H2O(l) → H2SO4(aq)  
Spraying water into the gas makes Sulfuric Acid

Gypsin Production
CaCO3(s) →CaO(s)  + CO2(g)
limestone is converted to quicklime by heating
CaO(s) + SO2(g) →CaSO3(s)
quicklime reacts directly with sulfur dioxide
2 CaO(s) + 2 SO2(g) + O2(g) →CaSO4(s)
or in the presence of oxygen  to make gypsin

Quickline is a basic metal oxide.  It will react directly with acids to neutralize them.

