8.4 Strong and weak acids and bases（P360-363）
Understandings: 
· Strong and weak acids and bases differ in the extent of ionization. Guidance The terms ionization and dissociation can be used interchangeably.
· Definition
· Strong: completely dissociated into ions
· Concentrated: a high number of moles of solute per litre of solution
· Weak: slightly dissociated
· Diluted: a low number of moles of solute per litre of solution

· Strong acids and bases of equal concentrations have higher conductivities than weak acids and bases. 
· Strong acid is an effective proton donor that is assumed to completely dissociate in water.
· If this acid dissociates fully, it will exist entirely as ions in solution and it is said to be a strong acid
· Examples: HCl, H2SO4 and HNO3
· HCl(aq) + H2O(l) → H3O+(aq) + Cl-(aq)
· Conjugate base of strong acid is weak

· Strong base completely dissociates in water
· Examples: KOH, NaOH (Any group 1 metal hydroxides)
· Note: Metal hydroxides don’t act as Bronsted-Lowry bases, however in solution the hydroxide ion OH– acts as a base
· Bases can also be described as strong or weak depending on their ionisation
· A strong base ionises fully
· Strong bases are good proton acceptors and react to form conjugates that do not show acidic properties
· Example:
· NaOH(aq) → Na+(aq) + OH-(aq)

· Weak acid only partially dissociates in water; it is a poor proton donor.
· The acid dissociates only partially, it produces an equilibrium mixture in which the undissociated form dominates. It is said to be a weak acid.
· As their dissociation reactions are equilibria which life to the left, in favour of
· reactants, their conjugate bases are readily able to accept a proton
· Examples: CH3COOH and H2CO3
· CH3COOH(aq) + H2O(l) ⇌ H3O-(aq) + CH3COO-(aq)
· The dissociation of a weak acid is a reversible reaction that reaches equilibrium
· Only small portion of acid molecules have dissociated at equilibrium
· Conjugate base of weak acid is strong base
· Weak base partially dissociates in water
· Example: NH3 
· A weak base on the other hand ionises only partially
· Its equilibrium lies to the left and the concentration of ions is low
· Weak bases are poor proton acceptors, they react to form conjugates with stronger acidic properties than the conjugates of strong bases
· Example:
· NH3(aq) + H2O(l) ⇌ NH4+ + OH-(aq)


· Guidance：
· See section 21 in the data booklet for a list of weak acids and bases. 
· A strong acid is a good proton donor and has a weak conjugate base. 
· As their dissociation reactions go to completion, their conjugate bases are
· not readily able to accept a proton
· For example, HCl reacts to form the conjugate base Cl- which shows virtually no basic properties
· [image: ]
· A strong base is a good proton acceptor and has a weak conjugate acid. 
· Strong bases are good proton acceptors and react to form conjugates that do not show acidic properties
· 
[image: ]
· Applications and skills: 
·  Distinction between strong and weak acids and bases in terms of the rates of their reactions with metals, metal oxides, metal hydroxides, metal hydrogen carbonates, and metal carbonates and their electrical conductivities for solutions of equal concentrations.
· The strength of an acid or base is therefore a measure of how readily it dissociates in aqueous solution.
· This is an inherent property of a particular acid or base, dependent on its bonding.
· Electrical conductivity
· depends on the concentration of mobile ions.
· Strong acids and strong bases will show higher conductivity than weak acids and bases 
· This can be measured using a conductivity meter or probe, or by using the conductivity setting on a pH meter.
· Rate of reaction
· The reactions of acids depend on the concentration of H+ ions.
· Reactions will therefore happen at a greater rate with stronger acids.
· These different rates of reactions may be an important consideration, for example, regarding safety in the laboratory, but they usually do not provide an easy means of quantifying data to distinguish between weak and strong acids.
· pH
· Since pH is a measure of the H+ concentration, the pH scale can be used directly to compare the strengths of acids (providing they are of equal molar concentration).
· Remember the higher the H+ concentration, the lower the pH value.
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Acid deposition 
· pH<5.6 is acid rain  
· CO2 dissolves in water naturally - as carbonic acid - pH = 5.65 
· Cause: NOx and SOx 
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· Equations of the formation of HNO2, HNO3, H2SO4, H2SO3 
· Sources of oxides of sulfer and nitrogen 
· Effects of acid deposition 
-Increased acidity in the soil leaches the important nutrient, e.g. Ca2+, Mg2+, K+ 
-Al3+ leached from rocks into soil, damaging the roots 
-Increased acidity in water can kill aquatic life 
-Acid dissolved in water can irritate human mucous membranes and increases risk of respiratory illness 
-Erodes marble building 
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OXIDES OF SULFUR SO,

Sulfur dioxide occurs naturally
from volcanoes. It is produced
industrially from the combustion of
sulfur-containing fossil fuels and the
smelting of sulfide ores.

S(s) + O,(g) — SO,(g)
In the presence of sunlight sulfur
dioxide is oxidized to sulfur trioxide.
50,(g) +30,(g) — SO,(g)
The oxides can react with water in
the air to form sulfurous acid and
sulfuric acid:
SO,(g) + H,0(1) — H,S0,(aq)
and
SO,(g) + H,0(1) — H,SO,(aq)
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OXIDES OF NITROGEN NO,
Nitrogen oxides occur naturally from
electrical storms and bacterial action. Nitrogen
monoxide is produced in the internal
combustion engine and in jet engines.

N,(g) + 0,(g) — 2NO(g)
Oxidation to nitrogen dioxide occurs in the
air.

2NO(g) + 0O,(g) — 2NO,(g)
The nitrogen dioxide then reacts with water
to form nitric acid and nitrous acid:

2NO,(g) + H,0(l) — HNO,(aq) +

HNO,(aq)

or is oxidized directly to nitric acid by
oxygen in the presence of water:

4NO,(g) + O,(g) + 2H,0(l) — 4HNO,(aq)




