Chemistry 12 Unit 3 - Solubility of lonic Substances
4 A

Chemistry 12
Tutorial 11
Predicting Precipitates and
L Maximum lon Concentration )

In Tutorid 11 you will be shown:

1. How totdl if aprecipitate will form when two solutions of known concentration are
mixed.

2. How totdl if aprecipitate will form when a given mass of asolid isadded to a
solution.

3. How to cdculate the maximum possible concentration of anion in solution, given
the concentration of another ion and the Ksp .
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Predicting Precipitates When Two Solutions Are Mixed

Y our solubility table tells you when precipitates form, right? NOT ALWAY S It tdls you which
combinations of ions have asolubility of > 0.1 mol/Litre! (See bottom of the solubility table.)

That is, if the table, for example predicts a precipitate between Ca2* ions and SO42- ions, if we
mix Ca2* ions and SO42 ionsin low enough concentrations, a precipitate might not form.

The quantity which determines the concentrations of ions dlowed before a precipitate will form
isthe good old K !

Let'slook at an example:

TheKsp for CaCO3is5.0x 109 . The expression for Ksp of CaCOgzis:
Ksp = [Ca?*] [CO3%]
Thismeans, that in asaturated solution (just on the verge of precipiteting), that
5.0 x 10-9=[Ca2+] [CO32]

The 5.0 x 109 isthe most the product of the concentrations of these two ions can be. If we put
any more Ca2* or CO32 in a this point, the solution can't hold any more, and a precipitate
will form.
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Chemistry 12 Unit 3 - Solubility of lonic Substances
In this Tutorid, we will be looking a adding the two ions, Ca2+ and COz2 from
different sources.

In other words, we will mix one solution containing Ca?* with another solution containing COs2

There's nothing that says the [Ca2*] has to equal the [COz2]!

All we know isthat if the product, [Ca2*] [CO32], becomes > 5.0 x 10-9, a precipitate will
form.

Example

We mix solutions of Ca2+ and CO3%, so that [Ca?*] = 2.3 x 104 M and the
[CO32] =8.8x 102 M. TheKsp for CaCO3is5.0x 109, Will a precipitate form?

What we calculate at thistimeiscalled a" trial ion product (TIP)" or "trial Ksp". We
substitute the values of [Ca2t] and [CO32-] into the K sp expr ession:

Ksp = [Ca?*] [CO3%]
TridKsp = [Ca2t] [CO32]
Trid Ksp = (23x 10°4) (8.8x 10-2)
Trid Ksp = 2.024 x 10-
Now we comparethe Trial Kspwith thereal valuefor Ksp:
Trid Ksp= 2.024 x 10-9
Thered Ksp =5.0x 10°9
Since 102 isgreater than 109, the Trial Ksp> Ksp

Now, the K sp (5.0 x 10-9) told us the maximum the product could be without
precipitating.

In this case the product of theion concentrations (2.024 x 10-2) would be much
greater thanthe Ksp(5.0x 10°9)

The solution can't hold this many ions, so the excess ones will precipitate.
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Chemistry 12 Unit 3 - Solubility of lonic Substances
So, to summarize:

When Trial Ksp > Ksp, a precipitate will form.

When Trial Ksp < Kgp, a precipitatewill NOT form.

Now, when two solutions are mixed together the following things happen:
1. Inthe mixture you have 4 different ions immediately after the solutions mix.
Some of theseions might form a compound with low solubility. Thet is, they
might form aprecipitate

2. Both solutions become diluted in each other. The volume of the mixture isthe
sum of the volumes of the two separate solutions.

Let's do an example to show you how dl this can be worked ouit:

50.0 mL of 0.0035 M Ca(NO3), solution is mixed with 150 mL of 2.0x 10°M NaCO3
solution. Will a precipitate form?

150 mL of
2010 ™M
50.0 mL of Nap CO5
0.0035 M
Ca(NO 3) 2
y Y The Calcium and Nitrateionsfrom
the calcium nitrate and the Sodium
Ca2+ Na and Carbonate ions from the sodium

carbonate are all present in the
mixture immediately after mixing.

Thefird thing to do here isto congder the four ions which will be in the mixture immediately
after mixing. Don't forget to look these up on the ion chart to make sure you have the
correct formulas and charges! In this case, the ions appear in the bottom beaker on the
diagram above.
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Chemistry 12 Unit 3 - Solubility of lonic Substances
Now, consider the possible new combinations of theseions:

Ca2+>( N
NO 3 co%

The new combinations could give CaCO3 or NaNOs. Looking on the Solubility Table, we find
that NaNOg issoluble, soit will not form a precipitate.

Ca2+>( Na
NO 3 co%

According to the Solubility Table, the other compound CaCO3 has Low Solubility.
This means that it might form a precipitate if the [Ca2*] and the [CO32] are high enough.
The net-ionic equetion for dissolving of CaCOg(y) is
CaCOs(g & Calt(yq) + COZ(ag)
This means that the Ksp expression for CaCO3 isthe following:
Ksp =[Ca?'] [COz?]

Look up the Ksp for CaCO; on the Ksp table. The Ksp tells us that the product of the [Ca2*]
and the [CO32] cannot be greater than 5.0 x 10°°.

If that product isgreater than 5.0 x 10-9 the moment the solutions are mixed, the Ca2* ions
and the CO3% ions will very quickly reect with each other to form the precipitate CaCOss) . In
other words, a precipitatewill form. Thiswill continue to happen until the product of [Ca2+]
and [CO32] isagain equd to 5.0 x 10°S.

If the product of [Ca2*] and [COz?] isless than 5.0 x 10-9 the moment the solutions are
mixed, they will not react with each other and a precipitate will NOT form.

The product of [Ca2*] and [CO3%] the moment the solutions are mixed, is caled the
Trial Ksp (or the Trial lon Product (TIP))
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Chemistry 12 Unit 3 - Solubility of lonic Substances
The Trid Kgp would have the same expression astherea Kgp , only we would use the [Cea*]
and the [CO3?] that were in the besker right after mixing:

Trid K= [Ca2+] [CO32]

(Right after mixing)
150 mL of
20%10™°M
50.0 mL of Nay CO3
0.0035 M
Ca(NO 3) 2
Y Y The Calcium and Nitrate ions from
the calcium nitrate and the Sodium
Ca2+ Na" and Carbonate ions from the sodium

carbonate are all present in the
mixtureimmediately after mixing.

NO3 co%

Now, if we look at the diagram again, we find that the origina [Ca2*] in the beaker on
the top left is 0.0035 M. When this solution is poured into the lower beaker it is diluted.
Remember the Dilution Formula? If you don't, hereit is!

FCx FV = IC x IV  (whereF=find, I=initid, C=concentration and VV=volume)

o FC=IC x IV
W

Since 50.0 mL of the Ca(NOs)» solution is being mixed with 150.0 mL of the other solution, the
total find volumein the lower besker will be 50.0 + 150.0 = 200.0 mL.

So to find the [Ca2*] right after mixing, we use:

FC= IC x IV
FV

FC = 00035 x 50.0 = 875 x 104 M
200.0

S0 right after mixing, the [Ca2*] = 8.75 x 104 M
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Chemistry 12 Unit 3 - Solubility of lonic Substances
Now, looking at the diagram again, you can see that the origind [COs2] in the beaker on the
top right is 2.0 X 105 M. (The [CO327] isthe same as the [Na,COg] because each NapCOs produces
one CO3%).

Theinitid volume of this solution is 150.0 mL, and when it is mixed, the totd volume (FV) is
200.0 mL. (bottom beaker)

So to find the [CO32] right after mixing, we use:

FC = IC x 1V
W

FC = 20x105M x 150.0 = 150 x 105 M
200.0

0 right after mixing, the [CO32] = 1.50 x 10> M

Now, since we have the [Ca2*] and the [CO32] right after mixing, we can caculate the
Trid Kgp! Wow! We're dmost there!

. _ N ]
Trid Kgp = [C;;\2 ] [C232]
(Right after mixing)
Trid Kgp = (875 x 104) (1.50 x 10-5)
Trid Kgp = 1.3 x 108
Looking way back at the beginning of the problem on page 3, we see that:

Theread Kspfor CaCO3is5.0x 109

Since1.3 x 108> 50x 109

Trid K > Kgp

So Y ES a precipitate will form!

That seems like an awful lot of work just to get ayes or no answer! On atest question of this
type, you never get full marksfor just the answer (after dl you have a 50% chance just by
guessing!). You must show dl your work. Even on a multiple choice question, you will haveto
know the Trid Kgp and the yes/no answer
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Chemistry 12 Unit 3 - Solubility of lonic Substances
Now it'stimefor you to try a problem like this on your own! Do this problem and check
on Tutorial 11 -Solutions for the solution and the answer.

1. 250.0mL of 3.0x 104 M Ba(NO3), is mixed with 350.0 mL of 0.0020 M NaySO4
solution.
a) Determine which product could possibly be a precipitate.

b) Write the equilibrium dissociation equation for the possible precipitate in (a).

c) Cdculatethe[BaZ*] right after mixing

Answer
d) Caculatethe [SO42] right after mixing

Answer
e) Cdculaethetrial Ky .

Answer

d) Whichisgrester, thetrid Kgp or thered Kgp?

Answer

€) Would a precipitate form in this case? Answer

Check your answersin Tutorial 11 - Solutions
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Y ou will get more examples of thistype of question on worksheets and tests, so don’t worry,
you will have more practice!

The next type of question we will look at is predicting a precipitate when a small amount of a
solid is added to a solution:
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Chemistry 12 Unit 3 - Solubility of lonic Substances
Predicting Precipitates When a Solid is Added to a Solution

Let’sdo thiswith an example. Follow through this very carefully and make sure you understand
dl the points as you go dong.

Will aprecipitate form if 2.6 grams of K,COs3is added to 200.0 mL of a2.0 x 103 M solution
of Mg(NOs),?

SOLUTION:
Use aquick little ion box to decide what your products will be and which one (or ones) have
low solubility.
k¥ Mg
CO3 NO3

The two possible products are KNO3z and MgCO3. KNOg is soluble so that will not form a
precipitate.

The only possible precipitate is MgCOs (which has low solubility.)

So, like in the previous type of question, we would find the Trid Kgp for MgCO3 and compare
it to therea Kgp.

To do this, we must find the [Mg?*] and [CO32] immediady after mixing.

Theinitid [Mg(NO3),] is 2.0 x 103 M and the volume of the solution is 200.0 mL.

200 mL of 2.0x 10"}
Mg(NO3)

Now, here san important point! Adding a small amount of a solid to a large volume
(eg. 200 mL) of aliquid solution will not significantly affect the total volume or the
initial concentration of the solution until a reaction occurs.

2.6 grams of solid KoCOg3 is only about a spoonful and we can assume that the 200.0 mL
volume of the solution will not change enough to worry about. (See the diagram on the top of
the next page.)
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Chemistry 12 Unit 3 - Solubility of lonic Substances
We can aso assume that the [M?*] (which is equa to the [Mg(NO3),] ) does not change.

So the [Mg2+] after mixing is 2.0 x 10-3 M.

Thisisthe same asit was before mixing because there was no liquid added to the origina
solution, only asmall amount of a solid, which would not affect the volume or the origina
amount of Mg?+.

:::' < 2.6 gof K,CO;

200 mL of 2.0x 103

M

So now we know that the [Mg?*] after mixing is 2.0 x 10-3M. What we need to find now is
the [COs2] immediately after mixing. We can then put these into the K¢, expression and
cdculaethe Trid Kgp.

So far, al we know about the CO3? isthat we have added 2.6 grams of solid K,CO3 to
200.0 mL of the Mg(NOs), solution and that thislittle bit of solid does not sgnificantly affect
the volume of the solution. (Nothing like repetition to drive a point home!)

So, basicaly, we have the grams of K,CO3 and we have to find [CO32].

Remembering some Chemistry 11, we can use the following flow chart:

x 1 mole M= moIS
MM gr: __ MM grams

Concentration

Remember the fun you used to have finding Molar Mass (MM) while socidizing with the rest of
the Chemigtry 11 class. This should bring back some memories. Y ou need your Periodic Table
with atomic masses. (Unless, of course you have memorized them dl sincelast year!)
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Chemistry 12 Unit 3 - Solubility of lonic Substances
Ko CO3

A X

MM =2(39.1) + 12.0 + 3(16.0)=138.2
We can now do thefirst step of the process and change from grams to moles:

26grams x 1mo = 0.0188 moles
138.2¢g

The next step will beto usethe equation : M =moal/L to find the Molar Concentration of
K>COg3,

Remember, the volume of the solution we are putting the little bit of solid into is

200.0 mL and we can assume the volume does not change when the solid is added:
—O

Y 2690fK,CO; | =(0.0188 moles

200 mL of 2.0 x 10°M
Mg(NO3) 5

Again, with our solid basisin Chemistry 11, we remember that 200.0 mL = 0.2000 L

(NOTE: We don’t worry that the liquid is a solution of Mg(NOs)» instead of pure water.
This doesn’'t matter until the reaction actually occurs (if it does).)

So we can now caculate the [KoCO4]

M =mol =0.0188mol = 0.0940 M
L 02000L

Now, because each mole of K,CO3 gives 1 mole of COz2
(K2COs9) > 2K*(ag) + CO3%(ag))

we know that
[CO32-] =[K2CO3] = 0.0940 M

We can now plug the [Mg?*] and the [CO3%] &fter mixing into the K s, expression and obtain
the Trid Kgp. (Remember on the top of page 9, we found that the [Mg?*] was 2.0 x 103M.)
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Chemistry 12 Unit 3 - Solubility of lonic Substances
Trid Kgp = [Mg2*] [CO32]

(2.0x 10-3) ( 0.0940)

Trid Kgp = 1.9x 104
Now, we compare the Trial Kgp (1.9 x 104 with the redl K, (6.8 x 10°6):
(The K, for MgCO3 is 6.8 x 10°8. This was on the Ksp Table!)
Trial Kgp> Kgp , thereforea precipitate DOES form!
Now, let’stry one of these on your own!

2. Will aprecipitate form if 3.8 grams of Ca(NOz3); is added to 250.0 mL of
0.0050 M N&SO4 solution? Caculatethe Trid Kgp first.
(It would be good at this point to use the last example (starting on page 7) asaguidein doing
this question.)

Trid Kgp =

Isthere a precipitate?

Check your answersin Tutorial 11 Solutions.
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Chemistry 12 Unit 3 - Solubility of lonic Substances
Calculating the Maximum Possible Concentration of an

lon in Solution

This section of thistutorid dedls with finding out how much of one ion can be present in solution
if thereisa certain amount of another one.

This probably doesn’t make too much sense until we look at an example:

Imagine a saturated solution of AgCl.

$9+ cl”

S Ad
.
L Cl
N J

A Saturated Solution of AgCl

Y ou can see by the diagram that in a saturated solution, for every Agt or Cl- which leavesthe
solid, another one goes back to the solid.

The equation which represents this equilibrium is:
AgCI(S) = Ag+(aq) + C|'(aq)

Once the solution is saturated (at equilibrium), thereisalimited number of Ag™ and CI- ions
which can exig dissolved in the solution.

What do you think tdls usthislimit?

You may have guessed it; the Ksp !
TheKgp for AgCl is 1.8 x 1010,
TheKgp expressioniis:

Ksp=[Ag*] [CI]
What thistdls usisthat:

The maximum product of the concentrations : [Ag*] x [Cl-] cannot
exceed 1.8 x 10-10,
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Chemistry 12 Unit 3 - Solubility of lonic Substances
So what do you think might happen if wetried to test this“rule’ by adding more Ag* or CI- ions
to the solution?

Would it blow up and kill usdl (that would teach us alesson!) or what?

Well, if we added some Ag* or ClI- ions, the product [Agt] x [CF] would be higher than 1.8 x
1010 for avery short time. (At this point it would not be at equilibrium any more!)

But what would happen then is the excess Ag* or CI- ions in solution would precipitate onto the
crysta (solid), until the product [Ag*] x [CH] in the solution was again equal to 1.8 x 1010, and
equilibrium was again established.

Now, here’ s something to ponder:

Y ou know that if you just put some solid AgCl in water a 25 °C, that some of it will dissociate
until the product [Ag*] x [CH] is equal to Kgp (1.8 x 10-10),

AgCI(S) = Ag"(aq) + C|'(aq)
From the equation above, you can see that for every Ag* ion, you get one CI- ion.
Sointhisparticular case, [Agt] = [CH]

But, let’s say that to some water at 25 °C, we add some Ag* ions and some Ct ionsfrom
different sources!

Let's say, for example that we add some AgNO3 . Thisissoluble, soit forms Agt and NO3

ions. Now let’'s say, we add some NaCl. Thisisalso soluble, so it forms Nat and Cl-ions. In
this case the Na+ and the NO3™ ions are spectators, so we' |l forget about them and concentrate

on the others Ag* and CI- .
+
Ag Na
NO3 cl
 J Y
i NOTE: The N& andthe
(@ NOé ions have brackets
(NOg ) becalise they are spectators.
+
Ag (N& )
o J

Now, here' s an extremely important point:
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Chemistry 12 Unit 3 - Solubility of lonic Substances

When they are coming from different sources, there’ s nothing that says that the
[Agt] and the [CI-] have to be equal.

For example, you might have alittle bit of AgNOs solution and alot of the NaCl solution or vise
versa.

What does matter is

Oncethe product of the concentrations[Ag*] x [CI] exceedsthe K¢, (1.8 x 1010), a
predipitate of AgCl(s) will form until the product isagain equal to 1.8 x 10-10.
(Thisisequilibrium.)

o, hopefully you can seethat it isthe PRODUCT of their concentrations that matters. If [Agt]
isrelatively high, then [CH] would have to be low enough so that their product did not exceed
Kgp. If you tried to put any morein, it would just precipitate and form more solid AgCl.

So in thisway, the maximum possible concentration of oneion (eg. Cl) depends on the
concentration of the other ion (eg. Ag').

There are severd types of problems which can be solved with an understanding of the concepts
that you just read about. Let’s do some examples:

Example
Calculate the maximum possible [I-] in asolution in which [Ag*] is 1.0 x 105 M.

Solution:

The solution to this problem isincredibly easy! Firdt, write the equilibrium equation and the Kgp
expression:

Agl(s = Ad'(ag) *+ I(ag)
Ksp = [Ag] [I7]

Next, redize that when [17] isat it’'s maximum, you will be & eguilibrium. So the product
[Ag*] x [I7] will just be equa to the Kgp.

You know what Kgp isand you know what [Ag*] is, so just subgtitute these in to the Kgp
expresson and solve for [17].

Look up the Ksp for Agl onthe Ksp table. Itis8.5x 10"
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Chemistry 12 Unit 3 - Solubility of lonic Substances
Ksp = [Ag'] [I7]

85x 1017 = (1L.0x109) x [I]

So: [I] = 85x1017
1.0x 102

[I]] = 85x1012Mm
Now, looking at the results of this problem, you know that:

- if [I] inthis solution isless than 8.5 x 10-12 M, the solution will be
unsaturated.

- ifthe[l] isjust equal to 8.5 x 10-12 M, the solution will be saturated.

- if morel- isadded, if will react with some Ag* and some Agl () precipitate
will form.

Notice, that in thiscase[Ag*] is1.0x 10°M and [I7] is8.5x 10 12M. They are NOT equal.
That is because they came from different sources. They didn't just come from solid Agl
dissolving.

Yes, I've STILL got more to say about this problem!
Notice, thiswas NOT a problem where you hed to use s’ and find the solubility like you did in

aprevious type of problem. Some students get these two types of problems confused. Don't
youl
EAR R R R b b b b R b b b b b R R R b R b R R b b R R R R b R R b b b b b R b R R b b b R R b b R b b R b b R b b b b b b b b b b b b b b

Here' s one for you to try. (Be careful with the Ksp expression and the dgebral)

3. Cdculae the maximum possible [CH in asolution in which [P2*] is 1.0 x 103 M.

Answer

Check your answer in Tutorial 11 Solutions.
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Chemistry 12 Unit 3 - Solubility of lonic Substances
The same type of problem can be worded in different ways. Here's another example for you to try:

4. Cdculate the [Pb2*] necessary to just start the precipitation of PoBr, from a
solution inwhich the [Br] is 0.0030 M.
(If you are adding Pb2* ionsto a solution containing Br ~ ions, precipitation will
start immediately after the Kg, has been reached. So just calculate the [Pb2+]

necessary to form a saturated solution. A drop more will result in a precipitate
starting. (Don’t worry about the drop.))

Answer

Check your answer in Tutorial 11 Solutions.

khkhhkhkkhkhhkhhhkhhhhhhhhhdhhhhhhhhhdhdhhhhhhhhhddhhhhhrhhdhdddhhhrrdxddxdx*k

Sometimes precipitation reactions are used to remove certain ions from solutions. Thismay be
done as aform of pollution control. We can use Kgp to find out how much of acertainion

might till beleft in solution. Read through the next example:
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Chemistry 12 Unit 3 - Solubility of lonic Substances
Example:

A waste solution from a certain industria process contains 0.050 M Cu2* ions. In order to
collect the CL2* from the solution for recycling, some OH- ions are added to produce a
precipitate of Cu(OH),. OH- ions are added until the excess[OH] is2.0x 103 M. Caculate
the [CLZ*] remaining in the solution. The Ksp for Cu(OH), is 1.6 x 10™.

Solution:

Don't be concerned about the word “excess’. It just means that the [OH] at the end of the
procedure was 2.0 x 103 M.

Y ou might think that ALL the Cu*ions will be used up if an excess of OH" is added to
precipitate them. But remember that ANY precipitate has some solubility, even if it isvery low.

The firg thing we do is write the equilibrium equation for the dissolving of Cu(OH)». This seems
strange as the Cu(OH); is actualy being formed rather then dissolved. But the Kgp is dways
based on the equation written as dissolving (ie. the ions are on the right sSide of the equation!)

Cu(OH)2 (s) = Cu2+(aq) + 20H(ag)

Next, we write out the Kgp expression. (Of course, being careful to make the coefficient * 2", an
exponent!)

Ksp = [Cu?*] [OH2

The origina concentration of the CL?* (which is0.050 M ) isinteresting but it is not redlly
needed to answer this problem.

You have the [OHT] at the end and you have the Kgp. That'sdl you need to cdculate the
[CU?] at the end. Just substitute the [OH] and the Ksp into the Kgp expression and solve for
the [CuP'] :

Ksp = [Cu?'] [OH]?
1.6x 1019 = [cu?*] x (20x 103)2
Solving for [CU2H]:

[Cu?t] = 16x1019
(2.0x 10°3)2
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1.6 x 1019
40x 10

[Cu2t]

[Cu?t] = 4.0x 1014 M
This shows that the amount of Cu?* ions left in the solution after this procedureis indeed very

small. Thiswould be alot less harmful to the environment than the original [CL?*] which was
0.050 M. The precipitate of Cu(OH)2 which was formed in this process would undergo some

process to recover the copper.

kkhkhkkkhhkkkhhhkkhhhkkhhhkhhhhhhkhhhkhdhhkhkhhkhkhhkhhhkhkhhkhkhhhkhhhkhhhkhhhkhdhhkhdhhkhdhhkhkhhkhkhhkhkkkkkx%

Sometimes problems are given which require a couple more steps. Here' s an example:

Example:

5.0 Litres of tap water has a[Ca2*] of 0.0060 M. Calculate the maximum mass of sodium
carbonate (NaCO3) which can be added without forming a precipitate of CaCOs.
Solution:

The Ca2* ions are going to precipitate with the COs2" ions in the sodium carbonate which is
added. The Na' ions are spectators.

Even though there is a precipitation here, we write the equilibrium equation for the dissolving of
CaCOg3 (Remember the K g, refers to the dissolving equilibrium.)

CaCOgs) &= Ca?*yy) + COz%(x)
Then, as you might guess, we write out the Ksp, expression:
Ksp= [Ca?*] [CO3?]
We look up and substitute in the Ksp, and the [Ca?*]:
5.0x 10°9= (0.0060) [CO3?]
Then we solve for [CO3?] :

[CO32] = 5.0x10°
(0.0060)

[CO32] = 833 x 107 M
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Chemistry 12 Unit 3 - Solubility of lonic Substances
We now have the Molar Concentration of CO32" ions and we need to find the mass of
NaCO3. Remember the valume of the sampleis5.0 Litres.

First, we convert Molar Concentration (M) of CO3? into moles, using the equation:

moles = M x Litres

moles 8.33 x 107 moles’L x 5.0L

moles = 4.167 x 10 moles of CO3%

Since one NayCO3 forms one CO3?, the moles of NayCO3 will be the same as the moles of
CO3?% ions.
moles of NayCO3 = 4.167 x 10°® moles

In order to convert molesto grams (mass), we must first caculate the Molar Mass of NapCOs3:
bt X
Molar Mass= 2(23.0) + 12.0 + 3(16.0) =_106.0 g/mol

Now, we can caculate the grams (mass) of NaCOsg :

Mass= 4.167 x 10 moles x 106.0 grams
1 mole

Mass = 4.417 x 104 grams

So the maximum mass of NaoCO3 which can be added without causing a precipitate
would be 4.4 x 104 grams. (Rounded to 2 SD’s)

Timefor you to try onelike this

5. Cdculate the mass of Nal which must be added to 500.0 mL of a2.0 x 104 M
solution of Pb(NOg3)» in order to form a saturated solution of Phbl, .

Check your inTutorial 11 Solutions.
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Chemistry 12 Unit 3 - Solubility of lonic Substances
Finding Which Precipitate Will Form First

Sometimes a solution is added to another solution with amixture of ions. 'Y ou may be asked to
determine which precipitate will form firg.

Again, that extremely useful Kgp will help you with this.
Let'slook at an examplefird:

0.010 M Nal is added dropwise to a solution containing 1.0 M Ag* and 1.0 M Cu*.
Which precipitate will form firgt?
Solution:

First recognize that the Na' ionsin the Nal does not form any precipitates (it is soluble in
evarything.) and it is a spectator ion. The |- ion forms a precipitate with Ag* and with Cu*.
Look up the Ksp'sof Agl and Cul.

Short-Cut Method for Multiple Choice Only!

Although we don’t encourage short-cuts, oneis possible here if you understand K¢p and whet it
means.

Thismethod only worksif both ionsin the dissociation equation have the same
coefficient. (ie. They are both the same type of compound (Both “AB” or both “ AB,")

e Adl(sT= Ag"(aq) + I'(ag) (BothAg* and I haveacoefficient of “1")

Cul(sy¥= Cuf(aq) + I'(ag) (BothCu™ and I haveacoefficient of “1")

We look up the Kgp's on the Ksp table:

These are both
“AB” compounds

Adl  Kgp= 85x10°Y

Cu  Kg =13x10712

Since the Agl has alower K gp, you can reason that it must dso have alower solublity.

So this means that if you add |~ ions to a solution containing both Ag* and Cu* ions, the one
with LOWER solubility will precipitate first.

Thisis becauseit's Kgp will be reached first because it is lower.

So the precipitate Agl will be formed first.
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Chemistry 12 Unit 3 - Solubility of lonic Substances
A Better Method!

This method is better because it is easier to understand and it can be used for any two
precipitates, whatever the coefficientsin their dissociation equations are! Thiswould be the only
method if one precipitateisan “AB” compound and the other isan “ AB,” compound. Itisadso
the required method for written response type questions or problems.

Firg, have alook at this diagram to help you understand what' s going on. Only theions
involved in forming precipitates are shown. The spectators are left out to make it smpler.:

O Dropper with I”
solution
-

O 0O O =/

The[l"] in the beaker starts out as“0” and
gradually increases as the solution is added
<T—| dropwise.

Ad— When the[l” ] becomes high enough so that
the product [Ag'][I" ] is greater than the Ksp
for Agl, that precipitate will start to form.

When the[l” ] becomes high enough so that
the product [Cu*][I" ] is greater than the Ksp
for Cul, that precipitate will start to form.

Here is the question again:

0.010 M Nal is added dropwise to a solution containing 1.0 M Ag* and 1.0 M Cu*.
Which precipitate will form firs?

Look Up KSp's: (Agl > Ksp = 85x1017 Cul > Kgp =13x10712)
Knowing the Kgp's we can calculate the [I7] needed to just start the formation of the precipitate
Agl. Wedo it like the following:
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Chemistry 12 Unit 3 - Solubility of lonic Substances
Adl9 = AT * e
Ksp= [Ag™] [I']
8.5x 1017 = (1.0) x [I7] ([Ag"] wasgiven in the problem)

[I7 = 85x1017 =85x1017 M
1.0

So the [I] needed to just Start precipitation with Ag' is 8.5 x 1017 M.
Inasmilar way, we can caculate the [17] needed to start precipitation of Cul:
Cul(9 == Cu'ar) + I"(a)
Ksp= [Cu™] [I7]
1.3x 1012 = (1.0) x [I7] ((cu*] wasgiven in the problem.)
1.3x 1012 = (1.0) x [I7]

[I7 = 1.3x1012= 13x1012 ™m
1.0

So the [I7] needed to just start precipitation with Cu* is 1.3 x 1012 M.

Asthel” ions are dowly added dropwise, their concentration in the besker sarts out as“0” and
gradudly increases.

The vaue 85 x 10°17 needed for formation of Agl is lessthan 1.3 x 1012 which is needed for
the formation of Cul.

The smdler value, 8.5 x 1017, will be reached first, (asit startsout as* 0" and gradually
increases.) Therefore:

The precipitate Agl will form firdt:

A @) + 17> Adl

(aq
When the Ag* isdl used up by the |, the[I"] can gart building up again.

Once the [I] reaches the higher value of 1.3 x 1012, the precipitate Cul will start forming:
CU* @y + I"(ag) = Cul(g)
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Chemistry 12 Unit 3 - Solubility of lonic Substances
Here' saquestion for you to try. This one cannot be done with the short-cut method.

6. 1f 0.1 M KCl isadded dropwise to a beaker containing 0.10 M Ag* and 0.10 M Pb2*,
which precipitate would form firs? Show dl equations and caculations.

Check your answer in Tutorial 11 Solutions

kkhkhkkkhkhkkkhhhkkhhhkhhhkhkhhkhkhhkhkhhkhkhhkhkhhhkhhhkhhhkhhhkhkhhkhkhhkhkhhkhkhhkhkhhhkhhhkhdhhkhdhhkhdhkk,d,kxkxk,%x*%x

Salf-Test on Tutorial 11

1. 500.0mL of 2.0x 104 M Pb(NOs), solution is mixed with 800.0 mL of
3.0x 103 M Nal solution. Do the necessary calculations to see if a precipitate will form or not.

Check your in Tutorial 11 Solutions
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Chemistry 12 Unit 3 - Solubility of lonic Substances

2. If 55 grams of AgNOs solid is added to 50.0 mL of 2.0 x 103 M K103 solution, will a
precipitate of AglO3 form?

Check your answer in Tutorial 11 Solutions

3. Find the maximum possible [IOg7] in asolution in which [Pb?*] = 3.0 x 104 M.

Check your answer in Tutorial 11 Solutions

4. 1f 0.20 M NagCO3 solution is added dowly to a mixture of 0.010 M Ba(NOg)» and
0.010 M AgNOg, which precipitate would form first. show al calculationsin alogica way .

Check your answer in Tutorial 11 Solutions
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