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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 + H,0 — A~ + H,07
o Bases react to form hydroxide ion: B + H,0 — HB" + OH~

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

HA + H,0 == A~ + H,0" (acid dissociation)
B+ H,0 == HB" + OH™ (base dissociation)
@ Three common strong acids: HCI, H,SO,, HNO;. An important weak
acid: H,CO,
e Four common strong bases: NaOH, KOH, Ca(OH),, Mg(OH),. An
important weak base: NH,
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Chemical Equilibrium

Explain chemical equilibrium using dissolution of calcium carbonate,
CaCO4, as an example.

o Water @

molecules
b &

@.

@ Left figure is dissolution
CaCO4(s) — Ca*™ +C0O,%
@ Right figure is precipitation

Ca*™ + €0, —— CaCO,(s)

@ Together:
Ca’t +C0;%” = CaCo,
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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?

o lllustrate with CaCO5(s) == Ca®" + CO;>".

@ 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:

e adding CO32_ will increase rate of precipitation and shift rxn to the fleft
(more will precipitate)

o adding acid will react with CO;*>~ (a base), decreasing rate of
precipitation and shift rxn to the right (more will dissolve)

@ Le Chatelier's principle can help with predictions.
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Lecture Question: The pH Scale

Explain the pH scale of acidity.

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

[H'] 107" 107 1077 107" 1077 10° 1077 107* 107?107 107" 107?107 107"
pH
Acidic Basic
Neutral
Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
Lemon Coca- Tomato Pure Sea-  Milk of Household

juice Cola® juice Milk water Blood water magnesia ammonia Lye

ANY

s TR
1 1 i 1

—

Acid rain Normal
and fog rain

pH

Acid Pollution of Natural Waters / Acid-Base Chemistry



Increasing alkalinity —,.

«— Increasing acidity

pH value

r— | STRONG ALKALI

- caustic soda

- household ammonia
— milk of magnesia
—~ soap solution

— wine and beer

~ orange juice
- vinegar
- lemon juice

—  colas; soft drinks
— stomach fluid

— battery acid

— | STRONG ACID

What is the range of ‘normal’ pH values for
natural waters?

Naturalty
alkaline
lakes

Most
lakes

Naturally
acid
lakes

* Sea Water

----e-Distilled Water ---

Pure Rain

Acid Rain

Most lakes alkaline, pH 6.5-8.5, due
to mineral bases like CaCO,

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

C02 + HQO —_— 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 SO, and NOx emissions
OH,0,
o SO,(g )4’ H S04 (NH4)2SO4(5)
e NO(g) o, HNO, —» NH,NO;(s)
o Note that initial produce is a strong acid, which forms PM through an
acid-base neutralization rxn. However, PM is still acidic.
e 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, FeS,

F652 + 02 + H20 — Fe(OH)3 + H2504

(Note: chemical equation is unbalanced.)

@ Color is due to precipitation of oxidized iron (eg as

Fe(OH);)
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Effects on Aquatic Ecosystems

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

Most aquatic life disappears

Lakes Many fish Normal
are dead disappear aquatic life
Tim I | I T I | T | T T T
pH . SIS 5 6 7 8 9 10 11 12 SEiCE
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Acidity increases as pH decreases
Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
@ Acute effects: osmoregulation, toxic metal mobilization (Al, Mg, Zn)
@ Chronic effects: reproduction problems
o lowers calcium levels in female fish, hinders ability to produce eggs
o fertilized fish eggs may develop abnormally
o frog and salamander eggs can be greatly affected by spring snowmelt
@ Ecosystem effects:

@ can result in decline and algal species diversity and biomass
e 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
e 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.
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Dissolution of CO,
CO,+H,0 == H,CO,

DIC is H,CO,, HCO,™,
Cos%"

Dissolution of CaCOj,

caco, Ca?t 4+ CO32’ After dissolution, carbonic acid

and carbonate react:
Cal03s)  H,CO,+CO2" — 2HCO,"

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

CO,(g) + CaCO;(s) + H,0(l) == Ca®"(aq) + 2HCO; (aq)
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Ocean Acidification
What causes ocean acidification, and how much has the ocean acidified?

CO, dissolves to form carbonic acid

CO,(g) + H,O(l) == H,CO3(aq)

1960 1970 1980 1990 2000 2010
Year
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Projected Acidification
How much more is the ocean expected to be acidified?

@ Depends on
HISTOR)CAp CHANGE future emissions
@ Optimistic pH in
e, 2100: 8.05 (41%
%)
YLow co, emissIONS increase in HT)
@ Pessimistic pH:
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Effects of Ocean Acidification
Why should we care about ocean acidification?

Saturation underssturation

Shell

Effect of pH on CaCO; equilibrium:
CaCO,4(s) == Ca®"(aq) + CO4>" (aq)
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9
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Response to increasing CO,

Physiological Species

a b C d
response Major group studied |\| ‘ /| b—| ; ;

Calcification

n Coccolithophores'

4 2 1 1 1

y Planktonic Foraminifera 2 2 - - _

e Molluscs 4 4 - _ _

Echinoderms’ 3 2 1 - -

Tropical corals 11 1 - - =

. T Coralline red algae 1 1 - = -
Photosynthesis?

' Coccolithophores® 2 - 2 2 -
. Prokaryotes 2 - - 1 -

Seagrasses 5 = = = =
Nitrogen Fixation
Cyanobacteria 1 - 1 - -
Reproduction
Molluscs 4 4 = = =
Echinoderms 1 1 - - -

1) Increased calcification had substantial physiological cost; 2) Strong interactive effects with nutrient and trace metal availability, light, and
temperature; 3) Under nutrient replete conditions.
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