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Experiment 8 Solubility of Ionic Precipitates

Table salt is an ionic crystal, in which Na* and Cl- ions arrange alternately and attract with each
other. Put a granular table salt in water. Na* and CI" ions on the crystal surface are each
surrounded and attracted by many water molecules. When the total ion-dipole (water) attractions
are stronger than the jon-ion attraction inside crystal, Na* and CI' are pulled apart and each
hydrated. The hydrated ions disperse into water. Water molecules between the two ions reduce

the ion-ion attraction. In dilute solution, the separation between two ions is far apart. In saturated-

solution, the separation is so close that the ions are capable to break away the surrounding water
molecules, combine and crystallize. The solubility of table saltis 36 g per 100 g of water at 25°C.
Heating off water from a dilute solution also shortens the sepalatlonbetween ions which fin ally
crystallize. Tonic crystals containing Na*, K*, NH,", or nitrate ions are soluble in water, in
general.

Many other ionic solids are considered insoluble; the solubility in 100 gof water is less than
1 g. Precisely speaking, they are slightly soluble. For these solids, theion-dipole attraction can
hardly overcome the ion-ion attraction inside crystal. Tonic solids containing ions with higher
charge and/or smaller size generally fall into this category. Mixing cation and anion of an
insoluble solid, even in a small quantity, will form precipitates very easily. In a saturated
solution, dissociation of a precipitate and recombination of ions are in the same rate. In this
equilibrium state, the solubility product Ksp, to which solubility is related, is constant at a given

temperature. In the presence of common ion in water, the equilibrium shiftsbackward and thus
makes the ionic solid less soluble. If anmsoluble ionic solidis a hydroxide or is formed by a
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basic anion, strong acid will neutralize the hydroxide ions or combine with the anion, thus
dissolving the solid. Some reagents can pull metal ion away from an msoluble ionic solid,
forming a soluble complex ion.

Lead chloride is a slightly soluble salt. When lead chloride dissolves in pure water or an
aqueous solution, the small quantity that dissolves completely ionizes and reaches equilibrium in
a saturated solution,

PbCly(s) —> Pb*(aq) + 2Cl(aq)

= [Pb*][CI'P €3]
Let s be the molar solubility of lead chloride. In pure water, s= [Pb**]=[Cl]/2. Ina solution
containing CI', a common jon to lead chloride, s = [Pb?*]. In a solution containing Pb** ions,
another common ion to lead chloride, s = [CI)/ 2. The solubility of lead chloride and the
common ion effect will be determined in this experiment.

Cupric hydroxide, zinc hydroxide, and magnesium hydroxide are all insoluble ionic bases.

Addition of acid to remove OH- ions causes the equilibrium to shift forward. OH™ or NH;
possessing pairs of valence electrons available can complex with metalions and hence shifts the

equilibrium forward. In this experiment, dissolving slightly soluble hydroxides with strong acid
and complexing reagents will also be tested.

Procedure

A. Solubility and Common Ion Effect

Have three dry test tubes and three medicine droppers. One dropper will be used for 0.200 M
Pb(NO,),, the other for 0.400 M HCI, and the last for deionized water. The three droppers

must be approximately matched in the drop size. Ask instructor to help you select such
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droppers. To check the drop size, count drops of water added to a 10
until reaching the scale of 3 mL or more. Then calculate the average

Add 5 drops of Pb(NO3),, 5 drops of HCI, and 5 drops of deionized water to one test tube,
PbCl, precipitates. Tap the test tube to mix well. Then add water drop by drop. Stir by
tapping the test tube at each addition, until the precipitate completely dissoly es. Pour the
solution into a dry 10-ml, graduated cylinder to determine the fina] volume v, Calculate the
equilibrium concentrations of Pb* and CI- and the molar solubility s:

[Pb*]= (5 drop) (ml /drop) (0.200 M)/ve=352. 27
[CI] =¢5 drop) (mL/drop) (0400M)/ve = 25 2 .4

[Pb**] = (10 drop) (mI./drop) (0.200 Myv: 32.%
[CI] = (5 drop) (mL/drop) (0400M) /v, = 25 3.%

Add 5 drops of Pb(NO;), and 10 drops of HCl to the third testtube. Stirby tapping. Then
add water drop by drop until all PbCl, precipitates just dissolve, Determine the final volume
of the solution. In this case,

[Pb>]= (5 drop) (mL/drop) (0.200M) /v, = s 5 |
[CI] = (10 drop) (mL/drop) 0400M)/v; g 1

Finally, calculate Ky byeq. 1.

- Dissolving Precipitates
Cupric Hydroxide

solution. What happens and what color changes each case?. Write a balanced ionic equation
for each reaction and indicate the color change if any. Write ‘NR’ for no reaction,

Zinc Hydroxide

Treat 0.100 M ZnSO, solution in the same manner as for cupric hydroxide,. Write balance d
ionic equations for dissolving Zn(OH),.

Magnesium Hydroxide

Treat0.100 M Mg(NO;),, again, as for cupric hydroxide. Write balanced ionic equation for
the reaction that Mg(OH), dissolves and NR for no reactions.

Chemicals

0.100 M solutions: Mg(NOs), (6 mL), CuS04 (6 mL), ZnSO4 (6 mL),); 0.200 M Pb(NOs): (3 mL),
0.400M HCIE mL); 6.0 M solutions: HC] (2 mL), NaOH (6 mL), NH; (2 mL).

Apparatus

Medicine droppers 3).
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Exp.8 Report Name:
Solubility of lonic Precipitates

A. Solubility. Common Ion Effect

0.2 M Pb(NOs3)2
drops

B. Dissolving Precipitates (Write ‘NR® if there is noreaction.)
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Question

1. From Part A, does solubility increase or decrease in the presence of common ions compared to
solubility in pure water? Why?
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2. Tell whatyou observe when ammoma is added drop by drop to an aqueous solution of cupric su]fate

Loh+ blue 4o davie bbu~
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