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Chemistry 12
Tutorial 8
Solubility and Solubility Equilibrium
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In Tutorid 8 you will be shown:

1. What ismeant by the term "solubility".

2. What conditions are necessary to form a saturated solution.

3. Wha is hgppening at equilibrium in a saturated agueous solution.

4. How to write the net ionic equation which represents a saturated solution.
Have anicetime!
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Try to imagine what happens to theions of an soluble solid ionic substance as soon asyou put it in

water.

Thefallowing diagram might help you:
@@@@@ _ > O /V\AVQZ ttr;]eesolidisfi'rst pu.tint.otr.le A

, the rate of dissolving is high. :

©®@®@® Thereislots of roomin the solution
888888 \_forions. Y,
glejciejole i
@ @ ©® @ @ onto the crystal.. Thus the rate of
@@@@ @@ precipitation is zero to begin with.. Y,

NOTE: The water
mol ecul es have been
left out for simplicity.

At firg, only the forward reaction istaking place:

I Onl C &l I d 9 Aqueous Solution

Asyou may imagine, however, this Stuation does not continue very long. As dissolving continues,
more and more free ions are found in solution. The chances that afree ion will collide with the
crysta and stick onto it (precipitation or crystalization) get greeter and grester.
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What happens now is that the reverse reaction rate (which was initiadly zero), gradually incresses.

®®®©® - @ Now there are more free
OOOOOG 5 o

clelele e
@@@@@ for awnhile.
©000 ©

OOOOO —— ©® ©)

@ <[ Some of thesefreeions
(eg. thisone) will
wander closeto the
crystal and stick onto
it.. Thisprocessis

called  precipitation

Asyou have probably guessed by now, as more free ions are found in the solution, the rate of
precipitation will continue to increase.

Also, because the solution is getting "full” of ions (saturated with them), the rate of dissolving will
decrease.

Sooner or later, the rate of the precipitation become equa to the rate of dissolving.

Thisisthestuaionwecdl Solubility Equilibrium

Solubility Equilibrium exists when

Therate of dissolving = Therate of precipitation

The solution that forms when some solid is still present and solubility equilibrium exigsis
caled asaturated solution:

A saturated solution isa solution in which there exists a dissolved substancein
equilibrium with the undissolved substance.

The equilibrium could be described by an equation with a double arrow:

lonic Solid =< Aqueous Solution
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A red example might be:

CaCO3(S) = Ca2+(aq) + C032'(aq)

Now, there's aterm which describes how much of the solid dissolves a a given temperature.
Seeif you can guess the term before you read the next line!

Wi, the term that describes how much solid dissolves at a certain temperature is cdled the
Solubility. (like the "ability" to dissolve)

Another way of saying thisis thet the solubility is the amount that has dissolved & agiven
temperature.

Remember that once equilibriumis established, dissolving will continue, but so will
precipitation (at the samerate). So the concentration of the solution will stay constant as
long as equilibrium is maintained. This concentration is caled the equilibrium concentration.

A definition of solubility is

Solubility isthe equilibrium concentration of asubstance in asolution a a given
temperature.

Net lonic Equationsfor Solubility Equilibrium

Aswas mentioned earlier, when adissolving substanceis at equilibrium:
Therate of dissolving = Therate of precipitation

We show thisis at equilibrium by writing a double arrow. Chemists have chosen to show the solid
on the left and the dissolved ions on theright. (Even though we know both the forward and
reverse reaction are happening.)

The Net-lonic Equation which represents the equilibrium reached when MgSOy(g) is dissolving is
asfollows
MgSOxy = MG (ag) + SO#(ag)

Thisf course means that the MgSOy(g) is dissolving and the Mg?*(og) and  SO4% (ag)
are precipitating to form MgSOy &t the same rate.

Since a saturated solution exists at equilibrium, this can aso be referred to as the equation which
represents what is going on in asaturated solution of MgSO,4 or an equation describing the
eguilibrium present in saturated MgSO,.

Notice that the "4" subscript in the 8042'(aq) ion does NOT change. You cannot change the
subscriptsin a polyatomic ion!
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Here's another example: Write the Net-1onic Equation for a saturated solution of AlCk.

Answer:  AlCg = A|3+(aq) +  3Cl(ag)

Notice that the"3" subscript after the"Cl" in AlCl; comes up in front of the CF ioninthe
products. Thisis because thereisno such ion as Cls. Check the ion sheet for this. Thereisonly
Cl.

lonsin your Net-lonic Equation must have the same formulas and charges as the ones
shown on the Table of Common | ons!

Self-Test on Tutorial 8

Check answerson page 1 of Tutorial 8 - Solutions

1. Definethe solubility of a substance (use the word equilibrium in your definition.)

2. What two conditions are necessary to have a saturated solution of a substance?

1.

2.

3. When asubgtance isfirst mixed with weter, therate of dissolving is (fast/siow)

and therate of precipitation (or crysdlizetion) is (fast/slow/zero)

Astime goes on, the rate of precipitation gets and the rate of dissolving

gets . When therate of dissolving = the rate of precipitation,

has been reached.

4.  Givethe Net-1onic Equation which represents a saturated solution of each of the following
ionic substances in water:(Hint: These arejust like dissociation equations but they have a double arrow, indicating
equilibrium.)

a) AgSOys)

b) FeS)
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©) Mg(OH)yy

d) Cag(POs)z(s)

e) BaSO3(g)

f) (N H4)2CfO4(S)

9 Fe(OH)3)

h) AIZ(SO4)3(S)

The End of Tutorial 8
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