Solubility

Our start in adventures in
Aqueous Equilibria




Sea Shells are essentially
Calcium Carbonate crystals held together by proteins

Given this information what do you think
equilibrium constant will be for this reaction?

CaCOs3 (s) «— Ca?*(aq) + COs3%*(aq)
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A. a number much much less than | (9 \/0 ('5 E i\

B. a number approximately equal to |

C. a number much much larger than | ‘Fa\[ 0 S ?
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We will be mostly dividing substances up

Strong Electrolyte
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Rock Demo




Rock Demo

[Ca?'] = O [Ca?*] = \/G.""] Smeu
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How much of the rock dissolved? MOIJE




How much is very small?
Solubility Equilibria

CaCOs3 (s) «—Ca?*(aq) + COs*(aq)




Solubility is given in practical units

Molar Solubility

Moles of solute that will dissolve in | L of sovlent (water)




Solubility is given in practical units

Molar Solubility

Moles of solute that will dissolve in | L of sovlent (water)




What is the solubility of AgClI?
AgCl(s)<— Ag'(aq) + Cl(aq)
Ksp = [Ag*][CI]= 1.8 x 10-10

Reaction AgCl (s) €—> Ag*(aq) + Cl(aq)
.. 6O O
Initial
}
Change + A X

Equilibrium




What is the solubility of AgCI?

-]Q
Keo = [Ag'IICH = 62107 |. B A JD

Reaction AgCl (s) <> Ag'(aq) + Cl(aq)
Initial 0 0
Change X X

Equilibrium +Xx +x

Ksp = [Ag][CI] = (XYQ - XL
X

= \\ Ks(, = IS XID-'j




What is the solubility of AgClI?
Ksp = [Ag*][CI]= 1.8x 10-1°

| AgCI (s) «—>| Ag'aq) +Craq)
[Ag*]= 1.3 x 10~ M
M.W. of AgCl is 143.3 g mol-!
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Which of the following compounds has the
lowest molar solubility?

N\ '(:EFN\ L angs

A AgCl K= 18x 1010 N\O\"r SO\J‘:;lil‘]

B. FeS Kp=8x10" " X l K
E. E K= ]8x 107 Sr
B ZnSe Ko =2x 102
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Which of the following compounds has the
lowest molar solubility?

Ll
.
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AgC| Ksp =|.8x |0'|0 “vz E ;

Cd3(PO4)2 Ksp= 2.5x 1030 T -
AN g

Zn(OH), Ky =3x 1077

nSe Kep =2 x 102
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What is the concentration of Sr2*
in a saturated solution of SrF;?

Kep = [S][F] = 4.3 x 107
Reaction SrFy (s) <> Sr**(aq) +@'(aq)
Initial O O
Change * X + L

Equilibrium X ’l'Z'A




Decent estimate of the molar solubility
count the ions
take that “root” of the Ksp

- 10 hy SR
A AgC ip—:f‘:(slo X~ ’\I l<s ~ IO

B.  Cdi(POs)2 Kep= 25x 10 ’

O jdns X'\' \<5' |0-
—~

C. Zn(OH), Keu=3x10"7 s
S s X \’q&\ \

D. ZnSe Kp =2 x 105
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Given that Ky, for AgCl is 1.8 x 10-1°,
and the NaCl is strong electrolyte

What do you predict for solubility of AgCl in a(l M NaCl s§lution?

o [ |1 e
A more soluble thaninpure water DAY Traduc s

B. same solubility as pure water ( C’ l->
duibt o R
Cl(s)

lower solubility than pure wate




Given that K, for AgCl is 1.8 x 1010,
and the NaCl is strong electrolyte

What is the concentration of Ag* in a | M NaCl solution
that contains solid AgCI?

= [fz‘ff cir| (K] s /[u ]

A. I8x|0'°M
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Reaction
Initial
Change

Equilibrium

X<

—nEteed Ll

o=trenicn= (s)() +A

What is the solubility ongE;;

\ -10
Ko = [Ag'I[CH = 6407 10" JO)

AgCl (s) <> Ag'(aq) + Cl(aq)
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Silver Nitrate (AgNO3) and Sodium Chloride
(NaCl) are both soluble salts.

What will happen if | mix 200 mL of | M AgNO3
solution with 100 ml of | M NaCl solution given
that K, for AgCl is 1.8 x 10-'°

A. I'll have a solution with Ag*, Cl, Na*, and NOj3" ions

B. some solid AgCl will form




A few useful definitions and ideas

Precipitation
Insoluble solid that forms and drops out of solution

Spectator lons

lons that don’t participate in the chemistry

What is soluble?




lonic Equations \{

SYQU \D{\S

NaCl(ag) + AgNOs3 (aq)

\r
Na (élPM.l (Aé)*'/b (ez/) rl()_g 1-103 ‘l
Aot (5 N

Net ionic equation
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Precipitation Calculations

First take the reaction to completion
then calculate back to the equilibrium

Ksp is generally small.
First assume as much solid as possible forms
Then look at what "re-dissolves"” into solution




If | mix a 100 mL of | M NaCl solution
with a2 200 mL of | M AgNO3 solution
how much solid AgClI will form (K= 1.8 x 10-'9)?

NaCl(aq) + AgNOs3 (aq) <> AgCl(s) + NaNO3 (aq)

Ag'(aq) + Cl(aq) <> AgCl(s)

Assume all the maximum amount of AgCl forms

3 ' r L i" SRR o
fi eed to cony mf”“ rom concentration to moles!
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We assumed as much solid as possible formed i/”
How much “redissolves” to get to equilibrium!? —S '

» = [Ag*][CI] = 1.8 x 10-1°

Reaction AgCl (s) € (= Cl-(aq)
Initial é 3; TD'( J\'L/

Change +X \J’ O\‘ Jd

Equilibrium 333+x  +x

Kip = [Ag'][CH] = (.353+;<Xx3 =|.0 x/0
/\3,3}r\ X s ey Snr\él,l B33+ X2

233 <= T 0" xX=5B4 15"
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Selective precipitation

| have a solution which contains
0.1 MAgNO3 and 0.1 M PbNO:.
How can | get out the silver and leave the lead behind?




Selective precipitation

| have a solution which contains
0.1 MAgNO3 and 0.1 M PbNO:.
How can | get out the silver and leave the lead behind?

Add an amon for an msoluble salt for sulver such as CI
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Selective precipitation

| have a solution which contains
0.1 MAgNO3 and 0. M PbNO:.
How can | get out the silver and leave the lead behind?

Add an anion for an insoluble salt for silver such as CI-
Ksp is 1.6 x 10-10 for AgCl

Cb is also insoluble so it will precipitate out as wel
- 1w 18 s e e o ) . | F N B B 1 A N v !



Selective precipitation

| have a solution which contains
0.1 MAgNOs and 0.1 M PbNO:.
How can | get out the silver and leave the lead behind?

Add an anion for an insoluble salt for silver such as CI-
Ksp is 1.6 x 10°'° for AgCl

But PbCl, is also insoluble so it will precipitate out as well
Ksp is 2.4 x 104 for PbCl,

The Ky, for AgCl is much smaller so we can selectively
precipitate the AgCl
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| have a solution

0.1 MAgNO3 anc
How can | get out the silver

A ontains
INO:;s.
mdlsave the lead behind?

what is the maximum concdntration of CI-
we can have and still have the PbCl; di§solved Ky, =2.4 x 10

A. 49x 102%M

KST ; [Ful[q -T_
s 12x104M K ) [q 1

C. 24x 104 M

D. 24x103M [C,\ Eﬁ» Ltq

Vi)
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| have a solution which contains

0. MAgNO3 and 0.1 M PbNO:.
How can | get out the silver and leave the lead behind?

If the ClI- concentratior(is 4.9 x 102 M,
Ksp for AgCl

e Ag* concentration?

e
B. 32x10°M lta ’ [A. El’cl }-‘l

G. 1.6 x 10-'°M

D. 24x10°M [_Aﬁ+ - 37-"' /0




| have all of these ions in solution, This is just equilibrium,
do | get a precipitate? compare Q to K

Ksp= 1.7 x 10~ for PbCl,
| have a solution in which [Pb?*] = 102 M and [CI'] = 102 M

A. some PbCl; will precipitate




