Titration Curves

A titration curve is a plot of pH versus the amount (usually volume) of acid or base added. It displays graphically the change in pH as acid or base is added to a solution and shows how pH changes near the equivalence point. 

The point at which the color of an indicator changes in a titration is known as the end point. It is determined by the Ka value for the indicator (Section 19-4). Table 19-4 shows a few acid–base indicators and the pH ranges over which their colors change. Typically, color changes occur over a range of 1.5 to 2.0 pH units.

The equivalence point is the point at which chemically equivalent amounts of acid and base have reacted.
Ideally, the end point and the equivalence point in a titration should coincide.
Titration of a strong acid with a strong base
Eg. NaOH (aq) + HCl (aq)  → NaCl (aq) + H2O (l) 
At the equivalency point, the moles of H+ (aq) are equal to the moles of OH_ (aq) leaving only Na+ (aq) and Cl- (aq) in solution. 
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Na+ (aq) is the cation of a strong base and does not cause a hydrolysis reaction 
Cl- (aq) is the anion of a strong acid and does not cause a hydrolysis reaction
Therefore, the pH of the solution at the equivalency point is neutral as neither ion cause the production of either OH- (aq) or H+ (aq).

If a base is added to a strong acid, the pH will start out low rise to the equivalency point at a pH of 7 and then continue to rise to a high pH (similar to but lower than the pH of the base).
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If an acid is added to a strong base, the pH will start out high and lower to the equivalency point at a pH of 7 and continue to fall to a low pH (similar to but not as low as the strong acid).














Strong base with a weak acid

e.g. HC2H3O2 (aq) + NaOH (aq)  NaC2H3O2 (aq) + H2O (l)

At the equivalency point, the moles of H+ (aq) are equal to the moles of OH_ (aq) leaving only Na+ (aq) and C2H3O2- (aq) in solution. 
Na+ (aq) is the cation of a strong base and does not cause a hydrolysis reaction 
C2H3O2- (aq) is the anion of a weak acid and will cause a hydrolysis reaction to produce OH- (aq)
C2H3O2- (aq) + H2O (l)  H C2H3O2  (aq)  + OH- (aq) 
Therefore, the pH of the solution at the equivalency point is basic due to the production of OH- (aq).
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So, we can separate the calculations on this kind of titration into four distinct types, which correspond to four regions of the titration curves.
	Before any base is added, the pH depends on the weak acid alone.

After some base has been added, but before the equivalence point, a series of weak acid/salt buffer solutions determines the pH.
At the equivalence point, hydrolysis of the anion of the weak acid determines the pH.
	Beyond the equivalence point, excess strong base determines the pH.







Strong acid with a weak base

			e.g. NH3 (aq) + HCl (aq) NH4+ (aq) + Cl- (aq)

At the equivalency point, the moles of H+ (aq) are equal to the moles of NH3 (aq) leaving NH4+ (aq) and Cl- (aq) in solution. 
Cl- (aq) is the anion of a strong acid and does not cause a hydrolysis reaction 
NH4+ (aq) is the conjugate acid of a weak base and will cause a hydrolysis reaction to produce H3O+ (aq)
NH4+ (aq) + H2O (l)  NH3  (aq)  + H3O+ (aq) 
Therefore, the pH of the solution at the equivalency point is acidic due to the production of either H3O+ (aq).

So, we can separate the calculations on this kind of titration into four distinct types, which correspond to four regions of the titration curves.
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	Before any base is added, the pH depends on the weak acid alone.

After some base has been added, but before the equivalence point, a series of weak acid/salt buffer solutions determines the pH.
At the equivalence point, hydrolysis of the anion of the weak acid determines the pH.
	Beyond the equivalence point, excess strong base determines the pH.





Polyprotic Acid Titrations

The pH curve for the titration of hydrochloric acid with sodium hydroxide has only one observable endpoint, but the pH curve for the addition of HCl (aq) (titrant) to Na2CO3 (aq) displays two equivalence points—two rapid changes in  pH. 

pH curves such as this are typical of the titration of polyprotic acids or bases.
Here, for example, two successive reactions occur. The two endpoints can be explained by two different proton transfer equations.
Remember that sodium carbonate is a strong electrolyte and so fully dissociates into Na+ (aq) and CO32- (aq) ions.
Na2CO3 (aq) → 2 Na+ (aq) + CO32- (aq)
Therefore, the major entities in the receiving flask are Na+ (aq), CO32- (aq), and H2O (l).
At the beginning of the titration, H+ (aq) ions from HCl (aq) react with CO32- (aq) ions, since carbonate ions are the strongest base present in the initial mixture.
H+ (aq) + CO32- (aq) → HCO3- (aq)

Then, in a second reaction, protons from HCl(aq) react with the hydrogen carbonate ions formed in the first reaction.
H+ (aq) + HCO3- (aq) → H2CO3 (aq)
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