C12 - 3.0 - Solubility

Assume 25°C*

Solution : A homogeneous mixture of two or more substances. sglvent : Able to dissolve other substances.
(Saturated when solvent dissolved maximum solute.)  splute : Minor component in a solution.

Electrolyte - A substance which dissolves to give it an

electrically conducting solution containing ions.
+ —
HClgy = Heag) + Cliag

lonic Solution - Contains ions.

Non-Electrolyte - A substance which dissolves to
give it a non-conducting solution containing only
neutral molecules.

Braqy = BTy(aq)

lonic Compounds - Metal/Non-metal likely ionic in solution.] Molecular Solution - Contains only neutral molecules.

NaCley = Nalyq) + Clgg
A compound of polyatomic ions will be ionic in solution.
(NH4)2C1507(5) = 2NH{(gq) + C1205 40

Molecular/Covalent Compounds - Non-metals/Non-
metals, especially organic compounds, generally form

molecular solutions.
ClOZ(l) d ClOZ(aq)

Solubility - Maximum amount of substance which can dissolve in a given amount of solvent at given
temperature. (C12-The []eq) (Negligible Solubility - Dissolves an extremely small extent.)
(Low Solubility - If a saturated solution of a substance is less than 0.1M.)

Saturated - Solution has dissolved maximum amount. (C12 - Dissolved substance in Eq with some of the
undissolved substance.) (Supersaturation - Concentrated solution contains more than when saturated.)

AgBrOs(s) = Ad{aq) + BT05” (qq) Ad(aq) + BrO3" o) = AgBrOs(s)

Dissolving AgBrO35) = Ag(J’aq) + Br03‘1(aq) Recrystallization

1mol Na3zPO, ) disolved and diluted to a 1L volume.

NazPOy5) = 3Nafyqy + POSaq) [MoleRatio-1:3:1

3mol 1mol _

[Naf,p] = — = 3M [POSp] = — =M

If two ions from a compound have "low solubility," mixing of the two ions will cause a precipitate to form.

0.2M CaS & 0.2M Na,S0, solutions are mixed.

CaS - Ca*t + 5%~ Na't + 5%~ ;Soluble  See Table

Examine Cross
Combinations Ca?* + S0Z™ ; Low solubility  CaSO, precipitate will form.

Na,S0, » Na* + 505~

Qualitative Analysis - Experimental procedures to determine which elements or ions are present in a substance.

Assume aqueous solution contains either or both Ag™* or Sr2™.

Possible Reactions

cl- S0~ | S* | OH™ | PO}~ Basically start with the
ddition that ppt's by most
Ag* t t t t t a
Originals* g2+ PP PP PP PP PP originals with that doesn’t
Sr - ppt - - ppt precipitate others. Repeat.
ppt : Precipitate, ---- : No
If only SOz~ or P043_ is added its undetermined which is present.

To test for Ag™ and/or Sr2* steps :
Precipitate all Ag* with sufficient CI~,S2~ or OH™.

1) Take 1 mL solution, add a few dropsie. 1 M NaCl, Na,S or NaOH.
-If precipitate forms Ag™* is present. (If not absent). Filter off/discard any precipitate.
2) To solution in step 1, add a few dropsof 1 M Na,SO, or NazPO,.

-If precipitate forms Sr2™ is present. (If not absent)
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C12 - 3.0 - Predicting a Precipitate Solubility

Find the [M g?*] in a saturatedsolution of Mg(0OH),

Mg(OH) ) = Mgliyy + 2(0H){ag

Ksp = [Mg**1[0H™]? | Solubility Product Constant
Ksp = [A+]a[B_]b

Larger Ky, ; R -
°P ABy gy = aAlag) + bBlag)

More soluble salt.

[Mg“] =112x10"*M
Note:

Use "Solubility of Common lons in Water" Table

5.6 X 10712 = 443
1.4 X 12712 = »3

Solubility Product Expression

let x = [Mg(OH)Z]dissolved

xX=x+2x IMoIeRatiol:l:Z

Ksp = [x][2x]* See Table
Divide both sides

Cube root* Both sides
x=112x10"*

to predict whether a compound has low solubility.

Use "Solubility Product Constants at 25°C" Table (Kj,) to compare relative solublities.

Solubility - Amount of substance required to make a saturated solution g,

. . . !
Molar Solubility - Molar concentration of a saturated solution % | Solubility # Solubility Constant I

Solubility Product - K, value obtained when concentration of ions in a solution are multiplied together.

AgCliy 2 Aglagy + Cliagy  Ksp = [Ag*][CI7Y] = 1.8 x 10710

The Product of lon Concentrations: @ =which actually exist in solution ("what we have.")

lon
Q= [Ag+]start [Cl_l]start Product
(Trial)

K, = required to establish a solubilty Eq (What we need to form a saturated solution.")

Precipitate:  Q <Ksp CannotForm |[Q =

50mL6.0x 107> M Ag* 10.mL 4.2 x10"° M Cl~

5.0mL
[Ag+]diluted =6.0%x107°M x T ml

5mL+10 mL = 15 mL

10.mL
15 mL

=20%x10"°M

[Cl ) gituteqa = 4.2 X 1076 M X

=28x10"°M

Barely saturated
P solution formed

Q > Kg, Will Form

= [AgTaulCl™ ]au
= (2.0 x107°)(2.8 x 1079)
=5.6x10"11

56 x 1071 < K¢y, = 1.8 X 10710

Precipitate will not form.

25.0mL 4.5 x 1073 M Pb(NO5),

Pb(N03)2(aq) + Mg]z(aq) = PbIZ(S) + Mg(N03)2(aq)

Pbly, = Pbliy + 2I0gey  Kgp = [PB?H][I71]

_ _3 25.0mL 3
[Pb(N03)2]dil =45%x107° M x m =188x10"° M
_3 35.mL 3
[Mglolan = 28 X 107 M x == —= =163 x 107> M

Pb(NO3)5(s) = Pb{yzy + 2NO3(nq)

35.0mL 2.8 x 1073 M Mgl,

Q = [Pb**]qull 1au
— (1.88 x 1072)(3.26 x 10~3)
=200x10"8

2.00x 1078 < K¢, = 85X 107°

Precipitate will form.

Mgly(aq) = Mg(zr;rq) + Zl&q)

188x 103 1.88x1073 3.76x 1073 1.63 x 1073 1.63x107% 3.26 x 1073

12 Page 2




