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4.4.3 Drawing titration curves and
resolving two neutralisation stages
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Objective

Draw and interpret acid—base curves, including two-stage neutralisation. Questions, mod-
els and marking guidance are original.

1 Key knowledge and worked examples

Start with reacting amounts. An equivalence point is a stoichiometric amount, not
automatically pH 7. At 298 K, strong acid—strong base equivalence is near 7; weak
acid—strong base is above 7; strong acid—weak base is below 7. The initial pH and
excess-titrant end also depend on strength. Weak acid-weak base usually gives no
sufficiently sharp vertical region for an ordinary colour indicator.

B Worked two-stage neutralisation

25.0 cm? of 0.100 mol dm~3 HyA contains 0.100 x 0.0250 = 0.00250 mol acid. With
0.100 mol dm~3 NaOH:

o First equivalence: HoA + OH™ — HA~ + Hy0 needs 0.00250 mol OH™, or 25.0
cm? titrant.

e Second equivalence: HA~ + OH~ — A2~ + H,O needs another 0.00250 mol,
making 50.0 cm?® total.

Halfway to the first stage, the HoA/HA™ buffer can give pH ~ pKa,. Halfway between
the first and second stages, the HA~/A?~ buffer can give pH ~ pKa, when the
dissociations are sufficiently distinct. Two proton equivalents do not guarantee two
sharp visible jumps; the dissociation constants and concentration determine the shape.

A base B that accepts two protons reacts in stages B — BHT — BH,2* when titrated
with strong acid. The pH curve falls, but the 1:1 and 2:1 titrant amounts follow the
same mole accounting. Do not copy the direction of an acid-plus-base curve.
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Two neutralisation stages: 25.0 cm? of 0.100 M solute + 0.100 M titrant
Illustrative separated dissociations, 298 K; dotted lines at 25 and 50 cm3

14 Diprotic acid + strong base 14 Dibasic base + strong acid
10 A 10
3 7y T 7y
4 4
0 T T | 0 T T !
0 25 50 65 0 25 50 65
NaOH added / cm? HCl added / cm?

The dotted lines mark stoichiometric stages, including a stage that need not give a
sharp enough colour endpoint. Use the actual measured curve and indicator transition
data to judge a usable endpoint. The illustrated constants are chosen models, not a
claim about every diprotic substance.

2 Practice

2.1 State whether equivalence pH at 298 K is near, above or below 7 for strong acid—strong
base, weak acid—strong base and strong acid—weak base. Explain one of the non-neutral
cases using the ion present. 4]

2.2 20.0 cm? of 0.150 mol dm~2 HsA is titrated with 0.100 mol dm—2 NaOH. Calculate
the total titrant volume at each equivalence stage. 3]
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2.3 Explain why a diprotic acid does not always show two clearly separated steep jumps.
State what additional data are needed to interpret the shape. 2]

3 Exam-style questions

3.1 Sketch four pH-volume curves for 25.0 cm?® of 0.100 mol dm~2 monoprotic acid re-
ceiving 0.100 mol dm™3 base: strong/strong, weak acid/strong base, strong acid/weak
base and weak/weak. Label the axes and 25.0 ¢cm® equivalence amount. Show rela-
tive initial/final pH and the equivalence region; exact weak-species pH values are not
required. 8]

3.2 A dibasic base B accepts two protons. 25.0 cm? of 0.100 mol dm~3 B is titrated with
0.100 mol dm~—2 HC1. Write each neutralisation step, calculate total volumes for the two
equivalence amounts and explain the direction of the curve. [5]
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3.3 A weak diprotic acid has sufficiently separated dissociations. On titration with strong
base, first and second equivalence amounts occur at 20.0 and 40.0 cm?3. Measured pH at
10.0 cm? is 3.5; at 30.0 cm? it is 8.0. Estimate pKa; and pKay and explain the ratios
used. Explain why these data do not by themselves select a colour indicator for either

endpoint. [5]
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