8.1 The Nature of Acid-Base Equilibria

· Acidic solutions are sour tasting, conduct electricity, and turn blue litmus red.

· Basic solutions, like aqueous ammonia, also conduct electricity, are bitter tasting, feel slippery, and turn red litmus blue.

· Arrhenius: acids produce H+(aq) ions and bases produce OH((aq) ions.

· Brønsted-Lowry: a proton is transferred from one reactant to the other.

· Table 8.1 is a great comparison. The last 2 items are useful to remember.

The Arrhenius Theory of Acids and Bases

· An acid is a substance that dissociates in water to form H+(aq). Two examples of Arrhenius acids are HCl and H2SO4.

· A base is a substance that dissociates in water to form OH((aq). Two examples of Arrhenius bases are NaOH and KOH.

· Arrhenius Theory works well for most strong acids and bases since they often contain H+(aq) and OH((aq) ions.

E.g. 
HCl(aq) + NaOH(aq) → NaCl(aq) + H2O(l)


ΔH= –56kJ
(chemical equation)


H+(aq) + Cl–(aq) + Na+(aq) + OH–(aq) → Na+(aq) +Cl–(aq) + H2O(l)
ΔH= –56kJ
(total ionic equation)


H+(aq) + OH–(aq) → H2O(l)




ΔH= –56kJ
(net ionic equation)


All Arrhenius acids and bases should give water and give heat during neutralization.
· Flaws with Arrhenius: 

a) NH3 is a base but does not contain OH–(aq) ions.

b) H+(aq) does not exist in nature but H3O+(aq) does.

· Although flawed it is still useful and used by chemists.

Brønsted-Lowry Theory

· A Brønsted-Lowry acid is a proton donor and a Brønsted-Lowry base is a proton acceptor.

· E.g. H2O(l) + HCl(g) → H3O+(aq) + Cl((aq)  (water forms the hydronium ion)
H2O(l) is the Brønsted-Lowry base and HCl(g) Brønsted-Lowry acid.

· E.g. NH3(g) + H2O(l) → NH4+(aq) + OH((aq)  (water forms the hydroxide ion)
H2O(l) is the Brønsted-Lowry acid and NH3(g) Brønsted-Lowry base.

· Water is amphoteric (amphiprotic) which is a substance capable of acting as an acid or a base in different chemical reactions.

Conjugate Acid-Base Pairs

· In a reversible reaction there is an acid and a base in each of the 2 reactions. They are known as conjugate acid-base pairs (difference of only a single proton)




· E.g. HC2H3O2(aq) 
+ 
H2O(l) 
  ↔
C2H3O2((aq) 
+ 
H3O+(aq)




· In the reaction above the acetic acid is a weak acid and the reactants are favoured. HCl is a strong acid and products are favoured.

· The stronger the acid, the weaker its conjugate base, and conversely, the weaker an acid, the stronger its conjugate base.

Molecular Structure and the Strength of Acids and Bases

Strong Acids

· A strong acid is an acid that ionizes completely in water to form hydrogen ions.


· E.g. HCl(g)      

      H+(aq) + Cl((aq)
· Strong acids: hydrochloric, hydrobromic, sulfuric, nitric, and phosphoric.

· Monoprotic acids are acids that possess only one ionizable (acidic) proton. There are also diprotic and triprotic acids.

· Binary acids have the general formula, HX(aq) where X = Cl, Br, I but not F. These are termed hydrohalic acids.

· Oxoacids are acids where the number of oxygen atoms exceeds (by 2 or more) the number of protons that can be disassociated. (HNO3)

Strong Bases

· A strong base is an ionic substance that (according to Arrhenius) disassociates completely in water to release hydroxide ions.

· E.g. NaOH(s)      


Na+(aq) + OH((aq)
· Strong bases: group 1 and 2 hydroxides.

· All oxides and hydroxides of the alkali metals produce bases. 

· Oxides and hydroxides of alkaline earth metals below Be produce bases.

Calculations That Involve Strong Acids and Bases

· Weak acids and bases do not disassociate completely and an equilibrium is established making it difficult to know ion concentrations. Problems using weak acids and bases resemble a Le Châtelier equilibrium calculation from last chapter.

· Strong Acids and Bases disassociate completely and it is easy to calculate the ion concentrations.

E.g. 1 mole/L of HNO3 disassociates completely and you will end up with 1 mole/L of both H+(aq) and NO3((aq)
Homework

· Read 8.1

· All Practice Problems

· All Section Review Problems
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Acetic Acid is a weak acid and mostly stays in its non ionic form
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