UNIT II1: SOLUBILITY EQUILIBRIUM

I. Solutions: What are They?

Solution: a homogenous I‘}‘Hﬂ[{j’ 2. of 2 or more pure substances. The pure substances can be of
any state, gas with gas, solid with solid, solid with liquid, etc.

Example: Gas with gas solution: ‘
Solid with solid solution: af 7;’7/ (illigfurg pgf HISIRes )
Solid with liquid: b dastutirn

In Chem. 12, we are most interested in solutions containing a solid (salt), mixed with a liquid (HO).

Solute: The < il that is dissolved in the liquid.
Solvent: the /,F VP // /,Q i /[ ,{ in which the solute is dissolved.

A. Types of Aqueous Solutlons.

1) Ionic Solutions: solution composed of a salt D? bk ’ {A Tf}\/ﬁ (ionizing) in water.
Example: FeCly) — Fe'' g + 3 CI g

2) Molecular Solutions: solution composed of _ZfVALE AT compounds mixing with a solvent.

Examgle: CH},CHon m CH3CHQ_OH (aqp)
Cl10O; m ClO, {aq)

B. Saturated Solutions:

Saturated Solution: where the !ZZ(Z X . amount of solute has been dissolved into the solvent. Extra
solute added will simply sink to the bottom and not dissolve.

Characteristics of a Saturated Solution: a) There exists an __{~ (LRI between the
dissolved and dxssolved solute.
b) Traces of [/} solute are present at any given
time.

Example: AgBrO:, +—* Ag’ g + BrOivg

The _/Ji%4.00C HigH  of AgBrO: is in equil™ with the [ CL 1 YA T 12 17 16 of the
Ag’ and BrO; ions back into solid AgBrO;. J 7

H. Solubility of Salts:

Solubility: the gfﬂf{fg(extem to which a solute can dissolve in a solvent ata ( j{jl‘?ﬂ ,___temperature.
This value is usually expressed in m/’/ vt 4 [ j‘v/)
Therefore, the solubility of a solute is the equil™ /&4 ,ﬁ%ﬂ? f]ﬁ?L/ of the solution.

’




Example: Solubility of AgBrO; =8.31 x 10 M - This means that a max. of 8.31 x 107
mol of AgBrO; solid can dissolve in 11 of H,O. This system then attains

‘%/f,f// i

Il. Calculating Solubility & Ion Concentrations:

Example: Tt is found that 250 mL of saturated CaCl, contains 18.6g of CaCl, at 20°C. What is the
solubility of CaCl,? 2

.......................................... ' '?Wff%fl fér%fm @ squlibnan

Example: What is the [ion] of a saturated solution of Ag,CO; with [ Jof 1.2 x 107M?

AgCOs 5 +—>  2Ag g + COs¥ gy

ZAT*M L2 <107 M

HI. Determining the Extent of Solubility:

Some salts are completely soluble in water, meaning it will ionize completely in water, while other salts,
when put into water, do not ionize as readily. These salts are said to have V{ i) sf*f’ /{ ﬁfi / / ]L/ /.

Example: NaCl  has a solubility of 2.0 x 10' M (High solubility)

Ag;CO; 5, has a solubility of 2.4 x 10* M (Low solubility)

A salt is said to have low solubility if a saturated solution has Jess than O, 1 H of solute dissoctated
per 1L of solution. (This is an arbitrary value that has been set out by chemists).




A. Predicting Solubility Qualitatively:

Some ions, when combined in solution, will undergo a reaction to form a AT TATE.

Precipitation can be predicted by looking at the “Solubility of Compounds ™ chart.
Solutions which react to form a precipitate should be written with _A/£] Tonic Equations (NIE).

Example: 3 Ca(NO3)2 ag) T 2 Na.PO, (ag CaiPO4 ) + 6 NaNO; (aq) (Formula Equation)

3 C33+(aq) + 6NO3 g + 6 Na'yq + 2 P043—(aq) — CaPOy4y + 6 Na' gy + 6 NO3 (5q
(Complete Ionic Eq")

Spectator Ions: those ions that did not change in ‘;f[? 1"2"; or /)/ﬁ/f 4¢ . from reactant
i -l

to product.
Reacting lIons: those ions that changed in state and underwent a chemical reaction from reactant

to product. Only these ions are involved in the Net Ionic Equation (NIE).

(NIE) 3 CHZ+ (aq) + 2 PO43. (ag) Ca3(PO4)2 ()

Example AgNOs oq) + NasPOsg — A0+ B NaNQ.
A 4( I - A4 [%)
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Q] Qualitative Analysis : using experimental procedures to determine which ion(s}
are present in a solution.

Slig)

Example: A solution Z contains one or more of Ag’, Ba’", and Ni*". What ions could be added,
and in what order, to determine which of these cations are present?

Guidelines: 1) Set up a table of solubilities. Refer to Solubilities Chart.
2) Remember that you must only precipitate out one ion at a time.
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Example: A solution contains Sr”™*, Ca’’, and Ag”. What compounds could be added, and in what order,
to separate these ions?
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B. Quantitative Analysis of Solubilitv: K.

The dissociation of a solid salt in water always takes the following form:

2 -
BaF, <+—» Ba'ug + 2F wg

Keg = [Ba"] [F} 7]

K.p is simply a K, value, but for [ /C salt solutions.
1
K ,,: Solubility Product Constant — shows quantitatively the
K, = [Ba™] [FJ? Zyis {/f— _ to which a saturated salt sol” dissociates.
NOTE o
The dissociation of inscluble salts are always (fflg/f f’ff 24 } }//(” ..
o Salts with limited solubility atfain equil™ due to competing 7 and

< UHINL AL factors. (

e Therefore, on‘}ﬂinsoluble salts can have a K value.

Example: AgCl, +Energy +—> Ag’ oy + Cl g

AS: favours products ] Therefore, equil™ at saturation point.
AH: favours reactants

a) HighK,: favours products — High solubility — Salt dissociates readily into ions
b) Low K;,: favours reactants — Low solubility — Salt does not dissociate readily.

Example: AgCl: Ko, =1.8x 10" AgCl is more soluble than Agl.
Agl: K, =8.5x 107" j




e Solving K,; Problems:

1. Concentration given, find K, value

Example: A sol” of BaF;dn equll"' contains 4.59 x 10°M Ba®" and 2.00 x 10’ "M F. What is the
Kgp for BaF,?
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gz Example: A(satu.rated sol (}f BaF, contains 3.58 x 10~ mol of BaF; in a 3.00L sol™. What is the K, for
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2. K, value given, find [ions]

Example: What is the [Mg® ] in ‘a saturateci sol” of Mg(OH),?

« Leek in B Beeklet fr Ko aj Hg('mx‘)/g; 5.6x1077




Example: What mass of Pb* is presentin 5.0 L odf’ saturated Pb(IO3)g" Ko =3.7x 10 i
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3. Predicting whether a Precipitate will Form: Trial Ion Product (TIP)

a) TIP> K,y = appt. form.
b) TIP< K, = appt. ;{ [}nf form
¢c) TIP= K, = a_ (f saturated sol" is formed

Example: Will a ppt. form when 5.0mL of 6.0 x 10° M Ag” mixes with 10.0mL of 4.2 x 10°M CI?

AgCly +— A e + (g, Ko = 1.8x1077

L4 T = 00x107 000501y - Hloosry o

M- 21074 TP (200 2.800)
¢ - 6(5 MQP“
LCe] (4,.2510°¢ | |
HO(GOCL) = M . |
fnag ° )(6.00L) - g(cr LT K b
Mo 28010y
Example: If 25.0mL of 4.50 x 107°M Pb(NO:); is mixed with 35.0mL of 2.80 x 10° M Mgl,, will a ppt.

form?

Find the NIE for rxn. between the two solutions: Pb]_ 2y TEF Pbazr%) + 02,[&3 %)
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[Hﬁ (2801070 0.0350L) - Jaooa»m
M= 0.00063H « 2= 000227

K= (000195 (0.00527 1) = 2 alD




i _egna 1) aﬁtt p sahunhon f’f .

Example: What [C1] is required to just start pption of AgCl from a 3.6 x 10~M solution of Ag"?

AgCly, <+ Ag+ g T Cl ag)
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IV, Altering the Solubility of a Salt:

A. Changing the Temperature:

. Insolublg salts dissociate endothermically. Therefore, to increase solubility, we should
J/fj radt the of the solution.

Example: Fe(OH), s, + Energy « _p  F&' iq + 2 OH g

Increase Temp.: Fe(OH; ) ———> Fe’t aq T 2 OH @)

B. The Common Ion Effect:

Common Ion Effect: / /?{?(777{] /y]}/ﬁ/ the solubility of a salt by adding a second salt which has
one ion IN COMNON with the first salt.

Example: AgCley o, Ag o + Clgg

Decrease Solubility by:  a) Adding Aa D
b) Adding _ A7/

AgCly +— Ag'gg + Clg
C. Increasing the Solubility by Precipitation:
Ifwecan 77/ ['?? L)ﬁ{f out one of the {f'g"f;}i in a dissociation equation, Le Chatelier’s

Principle would force the equil™ towards the [f,;rﬁf/ Lk side, thus  / /17152204077 solubility.

1,

Example: AgCly, «— Ag @y + Clg

Increase Solubility by: a) Adding 7. )

b) Adding Pb[ll\!{’} 3}2 frl{}

AgCly ———> Agieg + Clag
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V. Applications of Solubility Principles:

hloride Titrations:

Titration: alab f‘f{ ﬁ[j‘cg § e performed to determine the unknown L 1 ofasolution.
A standard solution, whose [ ] is known, is reacted with the unknown until equivalence point

is reached.

Equivalence Point: the point in the titration wht.rf: the mﬁzg’ . _ratio in the reacting vessel
exactly match the ratio in the f A % J equation.

An indicator is used to VIS “f! ” cue the end point of the titration.
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Example: In order to find [CI]masea water sample, a 25.0mL sample was titrated with 0.500M

AgNO; solution. At the equiv. point, 26.8mL of Ag NO; has been added. What 1s the [CI'}?
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S a;‘l_i :;amgle: A 5.29g of impure Na(Cl was dissolved and diluted to a total volume of 250.0mL. If25.0 mL
F of the sodium chloride solution required 28.5mL of 0.300M AgNO; solution to reach equiv.
b point., using chromate as indicator, what was the % purity of the original NaCl?
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B. Removing Pollntion & Hardness from H.Q

/ [ A
. “Hardness” in water results from presence of &)_ At and M(} .

. Ca*" results from the acid induced dissociation of naturally occf{rring limestone (CaCOj).
* Mg?* result from the acid induced dissociation of MgCO; found in all rocks.
CaCOss5) + 2H gy Ca™ .y + COz¢y + HO gy + heat

CaCO; 3 CO, w T HQO“) < > Ca®* agy + 2 HCO3-(aq) + heat

How to Remove Water Hardness:

Problem Solution

1) Hard water tastes bitter due to dissolved If the hard water contains HCOy, then 5&‘& Zz the
Mg®" and Ca®” water. Then remove the solid CaCO; by
‘f{”‘zf Lyl (Temporary Hard Water)

~.

2) Soaps do not work effectively — The active | Carry out a pption rxn. to remove the Ca* or Mg2+
ion in soap is stearate (C;H;sCOQ"). This from the water.
ion ppts with Ca®* and Mg®". If water does not have HCO;' ion — This 1s considered

P‘if WAATHE  hard water.
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