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Chapter 7   

Acids, bases and ions in aqueous solution

Water

Molarity, molality

Brønsted acids and bases

Formation of coordination complexes

Part of the structure of ordinary ice; it 
consists of a 3-dimensional network of 
hydrogen-bonded H2O molecules.

Density of H2O(l) vs H2O(s)
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Equilibrium constant review:  Ka, Kb, and Kw.

Ka is the acid dissociation constant

•Kb is the base dissociation constant

•Kw is the self-ionization constant of water

2H2O(l) ⇌ [H3O]+(aq)  + [OH]-(aq)

HA(aq)   + H2O(l) ⇌ [H3O]+ + A-(aq)

•pKa = -logKa pKb = -logKb

• Ka = 10-pKa Kb = 10-pKb

•Kw = [H3O+][OH-] pKw = -logKw = 14.00

•Kw= Ka×Kb

•pH = -log[H3O+]
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A Brønsted acid can act as a proton donor.

A Brønsted base can function as a proton acceptor.

HA(aq)  + H2O(l) ⇌ A-(aq)  + [H3O]+ (aq)

acid 1 base 2 conjugate 
base 1

conjugate 
acid 2

conjugate   acid-base pair

conjugate acid-base pair

Molarity - 1 M or 1 mol dm-3 contains 1 mol of solute dissolved in sufficient volume of 
water to give 1 L (1 dm3) of solution. 

Molality - 1 mol of solute dissolved in 1 kg of water it is one molal (1 mol kg-1).

Standard State T = 298 K, 1 bar pressure (1 bar = 1.00 x105Pa)

Activity  When concentration greater than 0.1 M, interactions between solute are 
significant.
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Each dissociation step has an associated equilibrium constant

Organic Acids

Inorganic Acids

HCl, HBr, HI  have negative pKa, whereas HF is a weak acid (pKa = 3.45)

•Example of oxoacids include HOCl, HClO4, HNO3, H2SO4, H3PO4.

Inorganic Bases

NaOH, KOH, RbOH, CsOH are strong bases (LiOH is a weaker base)

nitrogen bases: ammonia (weak base) and organic amines RNH2.
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The energetics of the dissociation of 
a hydrogen halide, HX (X F, Cl, Br 
or I), in aqueous solution can be 
considered in terms of a cycle of 
steps. 

Energetics of acid dissociation 
in aqueous solution
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Trends within a series of oxoacids EOn(OH)m

pKa ≈ 8-5n where n is the number of hydrogen free O

A Lewis acid is an electron acceptor, a Lewis base is an electron donor.

first hydration shell 

If the metal–oxygen bond possesses significant covalent character, the first hydration 
shell can be reasonably represented showing oxygen-to-metal ion coordinate bonds; 
however, there is also an ionic contribution to the bonding interaction.

angle of 50, metal–oxygen interaction 
involves the use of an oxygen lone pair, 
thus not just an ionic interaction.
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[Cr2(-OH)2(OH2)8]
4

[Cr2(-OH)2(OH2)8][2,4,6-Me3C6H2SO3]4 •4H2O

‘diagonal line’ divides metals from non-metals

Amphoteric - if an oxide is able to act as either an acid or a base, it is said to be amphoteric.

-Al2O3(s) + 3H2O (l) + 6 [H3O]+ (aq) → 2[Al(OH2)6]3+(aq)

-Al2O3(s) + 3H2O (l) + 2 [OH]- (aq) → 2[Al(OH)4]-(aq)

change from basic to acidic, from metallic to nonmetallic
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Solubility

Solubility – amount of solute that dissolves in a specified amount of solvent 
when equilibrium is reached in the presence of excess solid. 

Sparingly soluble salts 

CaF2(s)  ⇌ Ca2+(aq) + 2 F-(aq)

Ksp = [Ca2+][F-]2
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Energetics of the dissolution of an ionic salt: DsolGo

-ΔlatticeGo

MX(s)    M+(g) + X-(g)

M+(aq) + X-(aq)
ΔsolGo ΔhydGo
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L = Avogadro’s number, 6.0221023 mol -1

z = charge on ion (integer)
e = charge on an electron, 1.60210-19 C
ε0 = permittivity of vacuum, 8.85410-12 F m-1

εr = relative permittivity of water, 78.7
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Common ion effect – If a salt MX is added to an aqueous 
solution containing the solute MY (the ion Mn+ is common to 
both salts), the presence of the dissolved Mn+ ions 
suppresses the dissolution of MX compared with that in pure 
water.

Coordination complex – a central metal atom or ion is 
coordinated by one or more molecules or ions (ligands) 
which act as Lewis bases, forming coordinate bonds with the 
central atom or ion; the latter acts as a Lewis acid. Atoms in 
the ligands that are directly bonded to the central atom or 
ion are donor atoms.

•When a Lewis base donates a pair of electrons to a Lewis 
acid, a coordinate bond is formed and the resulting species 
is an adduct.

pentane-2,4-dione (acetylacetone), Hacac

[Fe(acac)3]

Fe3+(aq)  + 3[acac]-(aq)  ⇌ [Fe(acac)3](aq) K = 1x1026
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Stability constants of coordination complexes
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[M(OH2)6]z+(aq) + L(aq) ⇌ [M(OH2)5L]z+(aq) + H2O(l)
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[M(OH2)6]z+(aq) + 6L(aq) ⇌ [ML6]z+(aq) + 6H2O(l)

DS0(298 K) = +117 J K-1 mol-1

DG0(298 K) = -60.5 kJ mol-1

chelate effect and entropy

Polydentate ligands form more stable 
complexes than monodentate ones.

Chelate effect: For a given metal ion, 
the thermodynamic stability of a 
chelated complex involving bidentate
or polydentate ligands is greater than 
that of a complex containing a 
corresponding number of 
comparable monodentate ligands
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[M(en)3]
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Stabilities of complexes of non d-block metal ions of a given charge 
normally decrease with increasing cation size:  Ca2+ > Sr2+ > Ba2+

For ions of a similar size, the stability of a complex with a specific ligand 
increases substantially as the ionic charge increases:  Li+ < Mg2+ < Al3+

Stability constants for the formation of Fe(III) and 
Hg(II) halides, forming [FeX]2(aq) and [HgX] (aq)

Hg2+(aq) + X-(aq) ⇌ [HgX]+ (aq)
Fe3+(aq) + X-(aq) ⇌ [FeX]2+ (aq)

Principle of hard and soft acids and bases

AHBS + ASBH → AHBH + ASBS 


