Chemistry 12 Unit 3 - Solubility of lonic Substances
4 N

Tutorial 13
The Common |on Effect
and Altering Solubility

In Tutorid 13, you will be shown:

1. What the Common lon Effect is and how it can be used.

2. How we can increase or decrease the solubility of acompound by adding other materids.

The Common |on Effect

To understand the Common lon Effect, you must first review LeChatelier’s Principle.

Remember, it goes something like this:

Le Chatelier’sPrinciple:

When a stressis applied to a system at equilibrium, the equilibrium will
shift so asto partially counteract the imposed stress.

Let's see how this might gpply to solubility.

We can start by looking a the equilibrium equation for a compound of low solubility, eg. CaCOg(g)

CaCOgz = Ca2+(aq) + CO32'(aq)

Let's say we have a saturated solution of calcium carbonate (CaCOs3). What this meansis that we
would have some solid CaCOs sitting on the bottom of the solution and there would be some Ca2*
ions and some CO3? ions dissolved in the solution. (See the next page...)
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Chemistry 12 Unit 3 - Solubility of lonic Substances

CO32' A saturated solution of
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Since this solution is a equilibrium, the concentration of dissolved Ca2+ and CO32 ionsin solution
will stay congtant. (Even though ions are dissolving and precipitating all the time--at rates

which just balance each other.) This dtuation would remain constant through eternity unless we
do something.

Let'ssay we add asmall amount of Calcium Chloride (CaCb) to the besker. Cadcium chlorideis

congidered soluble, so we can assume that it all dissociatesinto Ca2+ and CI ions (Notice the
single arrow!)

CaCly) > Ca?*(ag) + 2Cl(ag)

So what we would be doing is adding some Ca2* ions and some C ions to the solution in the
beaker.

But remember, the solution in the besker was aready saturated with Ca2* and CO3? ions from the
CaCOg! So what in the world will happen now?

cgt CI
l
—
COz%
ca? H
M
N\ A J
CaCOg3 ()

Since there were no CI ionsin the solid or in the solution before, they will not affect anything. They
can be regarded as spectator ionsin this case.

But you can see by the diagram that we are adding Ca2*+ ions to a saturated solution of CaCOs.
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Looking a the equilibrium equation for CaCOg(g) dissolving:
CaCOg(g = Ca2+(aq) + CO32‘(aq)

What we are actualy doing is increasing the [Ca2*] in this equilibrium. This, of courseisimposing a
stress on the system at equilibrium.

By LeChatdier’s Principle, increasing the [Ca2*] can be counteracted by the equilibrium shifting to
the LEFT:

CaCOyy ~ — CaZt(ag) + cogu

What thiswill do is increase the amount of CaCOss) and decrease the concentration of CO32.

CaCOg3s) — Ca?t(ag) + co

r )

When Ca 2%is added, the
equilibrium:

CaCO3(g) = Caz‘(;q) + CO32'(aq)

is shifted to the LEFT and the
amount of solid CaCO3 is

e increased. Since thereis more
solid we can say the solubility is
decreased.

Since this results in more solid CaCOg in the beaker, we can say that:

Adding Ca2* ions to the solution decreases the solubility of CaCOs.

Now, hopefully you can see where the name “ Common lon Effect” fitsin.

Theion Ca2* that was added to the saturated CaCOsz solution is the same as (common to) one of
theionsin the origina solution.

We can now generdize alittle bit:

A compound of low solubility formstwo ionsin a saturated solution. The addition of
either of these two ions (from a compound or solution with an ion in common) will
decrease the solubility of the compound with low solubility.
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Chemistry 12 Unit 3 - Solubility of lonic Substances
Using this concept, we can see that many compounds could decrease the solubility of CaCOs.
Now, it'stime for you to make some predictions.

1. Predict which compounds would decr ease the solubility of CaCOsy) if added to a saturated
solution. For each compound that does, state why it does.

CaCOg(g) P Ca2+(aq) + CO32'(aq)

Added Effect on Solubility of
compound lons CaCOg(g) Reason for effect

Ca(NO3),

KNO3

KoCO3

CaCOs3

Check page1 of Tutorial 13 - Solutions for the answers.
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We can use LeChatdier' s Principle for increasing the solubility of a compound aswell asfor
decreasing it (as we did with the Common lon Effect).

Let'slook at this equilibrium again:
CaCOg(g) = Ca2+(aq) + C032'(aq)

If we could somehow decrease either [Ca2*] or [CO52], then this equilibrium would shift to the
right and the amount of solid would decrease. (ie. the solubility would increase.)

But, how do we decrease the concentration of anion? We can't just reach in and pull ions out of a
solution! But, thereISaway.
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The carbonate (CO3?) ion happens to be easy to decrease. All we haveto do is add
some acid to the container. The following sequence of reactions will (hopefully) help
you understand how thisworks. Just remember, what we are trying to do is decrease
the [CO3?2] in this equilibrium:

CaCOg3(s) r— CaZt(zg) + COsuy

Now, focus your attention just on the carbonate:
CO3* (an)

Asyou might know, when you put an acid into water, hydrogen ions (H') are formed.
(eg. HClg) 2 H+(aq) + Claq)

Wi, when these hydrogen ions collide with carbonate, they temporarily form a compound called
carbonic acid. Let's see:

2H*(ag) + CO3%(ag) > H2CO3(ag)

+ -—
T %e r e
@ ——> -~ ®
2H" + cog ~———= H,CO3
hydrogen ions carbonateion carbonic acid
(fromacid)

Now, it so happensthat carbonic acid (HoCO3) isunstable in water solution. Carbonic acid is
actualy whet is present in carbonated beverages (like pop).

In water solution, carbonic acid (H,CO3) deCOmpOSES to form carbon dioxide gas (COz(g)) and
liquid weter :

H2CO3(aq) 2 H2O () + CO2(g)

See the diagram on the next page...........
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ThisH
o
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weakens and

breaks

decomposes
H2CO3(ag) HOn * COxg

What happens now is the carbon dioxide gas escapes (in the form of bubbles) from the solution.
Because the CO», escapes, this reaction keeps proceeding to the right.

In other words, as soon as some carbonic acid (HoCO3) isformed, it decomposesinto
COy(g) and water, and then the CO(g) escapesinto the air. Because the CO, escapes,
the reverse reaction does not have a chance to take place.

Now, recall the equilibrium on the top of page 5:
CaCOg(g = Ca2+(aq) + COSZ'(aq)

Aswas said there, something that would decr ease the [COs2] would shift this
equilibrium to the right and dissolve more solid CaCOs (increase it's solubility).

Then we learned that by adding an acid (contributing H* ions), that the CO3? is used
up to make carbonic acid (H2CO3(ag)) which then decomposes to H,O and COx(g),
which escagpesinto the air.

This can dl be summarized by the following:

CaCOg(g) = Ca2+(aq) + CO3%(a)
H™* (fromacid)

H2C03(aq)
deco SES
? H20() + CO2(g)

So we have represented three reactions here. The ones going down the right side result in a
decrease in [CO3?] in the first equilibrium (which isthe one to redly focus on here)
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Since the [CO3?] is decreased, the eqilibrium will shift to the right, increasing the solubility of
CaCOg(y).

CaCO3ziy) ~ == Calfay + coy

As aresult, more CaCOss) dissolves and the [Ca?*] and [CO3?] goes up (to compensate for the
decrease in [CO42 caused by adding the acid.)

CaCOg(g) =z Ca2+(aq) + C032'(aq)

Aslong asmore acid is added, this process will continue until al the solid CaCO3 has
been dissolved.

It isimportant to realize here that this reaction is specific to compounds with the
carbonateion. Adding an acid may work with afew other ions like sulphite (SO5%),
but not dl of them ! In Chem. 12, it isimportant to remember that:

Adding an acid to a low solubility compound with carbonate, will
decrease the [CO32] and increase the solubility of the compound.

Now, here’'s a question:

2. Some buildings and statues are made of marble, which is mainly calcium carbonate (CaCOs).
Using the conceptsin thistutorid, explain how acid rain can damage these structures.

Check page?2 of Tutorial 13 - Solutions for the answers.
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I ncreasing Solubility by Forming Another Precipitate

Remember, if we decrease the concentration of anion in a solubility equilibrium, the equilibrium will
shift right and increase the solubility of the solid:

For example, if in the following equilibrium, [Ag*] is decreased, the equilibrium will
shift right and some of the solid AgCl will dissolve:

AgClsy = == Ag'ag + Cl(ag)

Wedl, now we will show you another way to decrease the concentration of a specific
ion (like Ag").

What you can do is add something that will form a precipitate with Ag*. Thiswill
decrease the [Ag*] in the solution.

So what you are redlly doing isforming one precipitate to dissolve another one.

Firgly, it would be a mistake to add chloride ions (CF), asthiswould just make this equilibrium shift
left and decrease the solubility of AgCl. We aretrying to do the
opposite!

It is found that if you add sulphide (%) ionsto this solution, that the S* will form a precipitate with
the silver (Ag*) ions. This process can be represented by the following:

AgClis = == Ag*ag + Cl(ag)
+
S%  (s% isadded)

t

Ag2S(s)

So basically, the Ag* ions are being “pulled” from the AgCl equilibrium to form the precipitate

Of course, you can't just add sulphide (S%) ions by themsdlves. 'Y ou would have to add a solution
containing a soluble compound of sulphide. A soluble compound of sulphide is sodium sulphide

(N&pS(aq))-

Y ou could consult your “ Solubility Table” to find anion (other than Ag*) that would form
aprecipitate with Cf. Our table says that Pb2* ions precipitate Ct ions.
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So you could add a solution of a compound containing Pb?* (eg. PB(NOg3)2(ag)) to the container
with the AgCl.

AgCly — == Ad%ag) * Cla
+
Pb2* (Pb2* isadded)

t

PbCly(s)

Now the Pb?* ions react with the CI ions from the AgCl equilibrium, forming a new precipitate
(PbCly(s)) and decreasing the [CI] in the solution. Doing this causes the
AgCl equilibrium to shift to the right, thus dissolving the AgCl).

Y ou can aways use your solubility table to find a compound that will precipitate a
certain ion from solution. Remember, the table gives you just ions.

For any positive ion that is needed, putting the negativeion nitrate (NO3’) with it is
aways a safe bet as NO3™ will not form any unwanted precipitates and compound
with NOg™ are dl soluble, so they will be readily bresk up to supply the ions you want.

For any negative ion that you need, it is safe to use the sodium (Na') or potassium (K*)
sdt of theion, since these would adways be soluble and Na' or K™* will not form any unwanted
precipitates.

Okay, get out your solubility table and try the following question:

3. Suggest two different compounds which could be added to a saturated solution of
cacium hydroxide (Ca(OH)y(g)) in order to increase it's solubility. Show with — equilibrium
equations how each one works.

(Thereismore roomon the next page........... )
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Check page 3 of Tutorial 13 - Solutions for the answers,
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To quickly summarize what we have shown on Tutorid 13:

1.  Thesolubility of acompound is decr eased when an ion which is the same as one of the
ionsin the compound (common ion) is present or added.

2. The solubility of compounds containing the car bonate (CO32) ion can beincr eased by adding an
acid. The H* ions from the acid react with the carbonate (COs2) forming carbonic acid
(H2CO3(ag)) Which decomposes into water and COy(g). In thisway the
[CO2?] is decreasad in the solubility equilibrium for the origina compound, the
equilibrium shifts toward the sde with the ions, and the solid dissolves more.

3. Thesolubility of acompound can be incr eased by adding a solution that will form a precipitate with
one of theionsin the compound. Thiswill decrease the concentration
of that ion, causing the equilibrium to shift to the ion side and dissolve the solid.

Read through this tutoria again, and you should be ready for the Sdf-Test. Make sure
you have your periodic table and solubility table with you!
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Saf-Test on Tutoria 13

1.  Thefollowing table shows some compounds with low solubility in the left column. In column 2, a
solution (reagent) isadded. In column 3, indicate whether the solubility of the compound on the left
will be increased, decreased or not affected. In column 4 give a brief explanation for your answer.
Y ou don't need to include equilibrium equations in your explanations in this case.

Low Effect on Solubility of
Solubility ~ Added Reagent Compound in
Compound Column 1 Explanation for Effect
SrSO4 Ba(NO3)2(ag)
AgpS AGNO3(ag)
SrCO3 HNO3(aq)
(nitric acid)
AgBr Pb(NO3)2(aq)
PbCl> KCl(ag)
Be(OH)» NaCl(ag)
PbCO3 HCl(ag)
Cul Calo(ag)
AgCO3 NapS(aq)
Cag(POy)2 K2S04(aq)
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2. Giventha naturd ranwater is dightly acidic, explan why rain will dowly dissolve limestone
(CaCOg(g)) over aperiod of time. Give afull explanation including relevant equilibrium equations

3.  Siver sulphate is awhite precipitate with low solubility. When a solution of ammonium sulphide
((NH4)2S(aq)) is added, the white precipitate dowly dissolves and ablack precipitate forms on the
bottom. Using equilibrium equations and clear explanations, indicate what happened here.

4. Nametwo compounds (not just ions) that can decrease the solubility of BaSO4s) and explain why
each one of them works

5. Nameasubstance (not just an ion) which could increase the solubility of BeCOgy).
Explain why this substance works.

6. Briefly explanwhat is meant by the common ion effect.

Check the answersto the Self-Test starting on page 5 of Tutorial 13 - Solutions
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