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Lecture Question: Acids and Bases

What is an acid? What is a base?

Consider a reaction
HA + B A− + HB+

An acid is a proton donor; in the above reaction this is HA

A base is a proton acceptor, B in the above reaction

When an acid donates a proton, it loses an H atom and its charge
decreases by one. In the above equation, HA→A−

When a base accepts a a proton, it gains an H atom and its charge
increases by one: B→HB+

Reaction between acid and base is also called a neutralization reaction
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Strong and Weak Acids and Bases

What is the difference between a strong and weak acid or base?

Quick answer: they have a bigger impact on pH, other things being
equal

Acids react with water to form hydronium ion:
HA + H2O A– + H3O+

Bases react to form hydroxide ion: B + H2O HB+ + OH–

Weak acids/bases do not react completely with water but are involved
in a chemical equilibrium.

HA + H2O A− + H3O+ (acid dissociation)

B + H2O HB+ + OH− (base dissociation)

Three common strong acids: HCl, H2SO4, HNO3. An important weak
acid: H2CO3

Four common strong bases: NaOH, KOH, Ca(OH)2, Mg(OH)2. An
important weak base: NH3
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Chemical Equilibrium

Explain chemical equilibrium using dissolution of calcium carbonate,
CaCO3, as an example.

Left figure is dissolution

CaCO3(s) Ca2+ + CO 2−
3

Right figure is precipitation

Ca2+ + CO 2−
3 CaCO3(s)

Together:
Ca2+ + CO 2 –

3 CaCO3
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Chemical Equilibrium

A chemical equilibrium is a dynamic equilibrium. What does that mean?

How does the equilibrium respond to a change in concentration?

Illustrate with CaCO3(s) Ca2+ + CO 2 –
3 .

Double arrows signifify that two chemical reactions are occurring:
forward (dissolution) and reverse (precipitation)

Dynamic equilibrium means both are occuring at the same rate, resulting
in steady state concentrations. Doesn’t mean nothing is happening.

A change will change one or both rates, and the reaction will shift in
response. Examples:

adding CO 2 –
3 will increase rate of precipitation and shift rxn to the left

(more will precipitate)
adding acid will react with CO 2 –

3 (a base), decreasing rate of
precipitation and shift rxn to the right (more will dissolve)

Le Chatelier’s principle can help with predictions.

Acid Pollution of Natural Waters 6 / 19 Acid-Base Chemistry



Lecture Question: The pH Scale

Explain the pH scale of acidity.
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What is the range of ‘normal’ pH values for
natural waters?

Most lakes alkaline, pH 6.5–8.5, due
to mineral bases like CaCO3

Pure rain in naturally acidic due to
atmospheric CO2, which dissolves to
form carbonic acid

CO2 + H2O H2CO3

‘Acid rain’ means more acidic than
this, pH < 5.6



Acid Deposition (Review)

Remind me: how do human activities case acid deposition?

Photochemical oxidation of SO2 and NOx emissions

SO2(g)
OH,O3

H2SO4

NH3
(NH4)2SO4(s)

NO(g)
OH

HNO3

NH3
NH4NO3(s)

Note that initial produce is a strong acid, which forms PM through an
acid-base neutralization rxn. However, PM is still acidic.
wet and dry deposition
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Acid Mine Drainage

How does mining lead to acid pollution?

Hard rock mining operations can expose minerals
and mine waste to air and water

Acid mine drainage mostly due to the
biologically-mediated oxidation of pyrite, FeS2

FeS2 + O2 + H2O Fe(OH)3 + H2SO4

(Note: chemical equation is unbalanced.)

Color is due to precipitation of oxidized iron (eg as
Fe(OH)3)
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Effects on Aquatic Ecosystems

What are the possible effects of acid pollution on aquatic ecosystems?

Acute effects: osmoregulation, toxic metal mobilization (Al, Mg, Zn)

Chronic effects: reproduction problems

lowers calcium levels in female fish, hinders ability to produce eggs
fertilized fish eggs may develop abnormally
frog and salamander eggs can be greatly affected by spring snowmelt

Ecosystem effects:

can result in decline and algal species diversity and biomass
may effect ecosystem productivity
may decrease decomposer populations, affecting nutrient cycling and increasing
DOM/POM levels
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Effects on Terrestrial Ecosystems

What are the possible effects of acid pollution on terrestrial ecosystems?

Direct Effects: damage to foliage

Effects on Soil

The nature of soil
Soil pH
Loss of nutrients and other metals
Loss of ability to retain nutrients
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Buffering of Acid Pollution

Are some areas more sensitive than others to acid pollution?

Overlay acidity of precipitation with shaded areas that are not well buffered to acid
pollution. Pollution from power plants in midwestern states acidifies lakes/rivers/soils
in northeastern states.

Similarly, emissions from Great Britain cause acid pollution in Scandinavian countries.
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Explain the carbonate chemistry of natural waters.

Page 1

Dissolution of CO2

CO2+H2O H2CO3

Dissolution of CaCO3

CaCO3 Ca2+ + CO 2 –
3

DIC is H2CO3, HCO –
3 ,

CO 2 –
3

After dissolution, carbonic acid
and carbonate react:

H2CO3 + CO 2−
3 2 HCO −

3

The result of the above is the following net rxn, which can be viewed as an
acid-base rxn between CO2 in air and CaCO3 mineral:

CO2(g) + CaCO3(s) + H2O(l) Ca2+(aq) + 2 HCO −
3 (aq)
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Ocean Acidification

What causes ocean acidification, and how much has the ocean acidified?

CO2 dissolves to form carbonic acid

CO2(g) + H2O(l) H2CO3(aq)
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Projected Acidification

How much more is the ocean expected to be acidified?

Depends on
future emissions

Optimistic pH in
2100: 8.05 (41%
increase in H+)

Pessimistic pH:
7.75 (180%
increase)
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Effects of Ocean Acidification

Why should we care about ocean acidification?

Effect of pH on CaCO3 equilibrium:
CaCO3(s) Ca2+(aq) + CO 2 –

3 (aq)
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Figure 4
Representative examples of impacts of ocean acidification on major groups of marine biota derived from
experimental manipulation studies. The response curves on the right indicate four cases: (a) linear negative,
(b) linear positive, (c) level, and (d) nonlinear parabolic responses to increasing levels of seawater pCO2 for
each of the groups. Note that in some cases strains of the same species exhibited different behavior in
different experiments (cf. Fabry et al. 2008; Guinotte & Fabry 2008).

Many other benthic calcifying taxa are also both biogeochemically and ecologically important,
including calcifying green algae and coralline red algae in particular. The contribution of calcifying
green algae in the genus Halimeda to the global net CaCO3 production may rival that of coral
reefs (Milliman & Droxler 1996, Rees et al. 2007). Coralline red algae are widespread, globally
significant, but often overlooked benthic marine calcifiers (Foster 2001). A recent study on a
common crustose coralline alga in Hawaii showed that both calcification rates and recruitment
rates decline at lower carbonate saturation state (Kuffner et al. 2008), but relatively few studies
have been conducted on either green or red algae.

Field measurements of reef calcification at the community scale (Bates 2002, Broecker &
Takahashi 1966, Gattuso et al. 1995, Kawahata et al. 1999, Kayanne et al. 2005) consistently show
that calcification rates are correlated with changes in a variety of components of the carbonate
system in seawater (alkalinity, pCO2, saturation state). A recent study suggests that inorganic
precipitation of calcium carbonate cements, an important binding component in coral reefs, is

176 Doney et al.
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