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Wednesday, June 23, 2021
Chapter 16: Solubility equilibria
* Solubility equilibria
* Practice with solubility equilibria
Begin chapter 15: Acid-base equilibria
¢ The pH of water
Next lecture: Complete ch15; Begin ch17: Electrochemistry.
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Solubility equilibria

M?*(uaq)

MX,(s) =

Five kinds of problems
1. From K, — get solubility

2. From solubility — get K,
3. Solubility in presence of common ion
4. Will precipitation occur? //

5. What remains after precipitation?

[TF] The expression for the equilibrium constant for the solubility equilibrium
M,X(s) = 2 M*(aq) + X?>~(aq) is ...
—— —
0% 1. Ksp=[2M*][X*7]/[MX]
0% 2. Kgp=[2M*2[X*7]/[M,X]
0% 3. Kg=[2M*2[X2]
75% 4. Kegp=[M*]? [x2—]>
25% 5. Notsure
1325 lo
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Solubility equilibria Soliil, produck:
; — 2
MX,(s) = M**(aq) + 2X~(aq), K =Ksp = [ Mz 1 CX’I
What is Ks,?
9
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1. From K, — get solubility :;;g:? Solctrm 1. From K, — get solubility
What is the molar solubility of CaF,? Ky, = 3.9 X 10-11 What is the molar solubility of CaF,? K, /M® = 3.9 x 10-11
CaF,(s) = Ca’*(aq) + 2 F~(aq) ‘ = Ca’*(aq) + 2 F(aq)
Initial excess/ 0 0
Change ~)( +% +2¥X
Equilibrium Lludh )( 2X
z z 3
K = [caICe ] = (1) (%) = <X
Ky Z
e j \f _ pmolon. olubliy .
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1. From K, — get solubility 1. From K, — get solubility
What is the molar solubility of CaF,? K, = 3.9 x 10-11 What is the molar solubility of CaF,? K, = 3.9 x 10-11
CaF,(s) = Ca?*(aq) + 2 F~(aq) CaF,(s) = Ca?*(aq) + 2 F~(aq)
Initial excess 0 0 Initial excess 0 0
Change —x +x +2x Change —x +x +2x
Equilibrium excess x 2x Equilibrium excess x 2x
Ksp = [A*][XT]? = () (2x)* =4 x3
13 14
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1. From K, — get solubility
What is the molar solubility of CaF,? K, = 3.9 x 10-11

@: Ca**(aq) + 2 F~(aq)

Initial excess 0 0
Change =X +x +2x
Equilibrium excess @

Answer: 0.00021 mol/L = %=

Check: 0.00021 X (2 x 0.00021)2=3.9 x 107!
—_— T ——

= + =12 = = /—/_—’
Ksp = [A2][X]2 = (x)(2%)? = 4 x3 ij XTI
= Kqp
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2. From solubility — get K,

The solubility of magnesium phosphate is
Calculate its K, at this temperature.

2l /B 100> |

) 100 g of water at 20 °C.

M%Qgi)i(s) = 3 Mg?*(aq) + 2 P03~ (aq)
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2. From solubility —» g

The solubility of magnesium phosphate j
Calculate its Ky, at this erature.

Mg;(PO,), (s)

ater at 20 °C.

g**(aq) +QP0,(aq)

Initial excess 0 0
Change - )( 13X
Equilibrium  guapid GO
| wl =a m&&

- 0.0007590 %
r= 3 o), /0.0, ©

Kf[mg*f[mf}']z = (z%) (@ ‘L_9§7‘5

17
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2. From solubility — get K,
The solubility of magnesium phosphate is 0.000259 g/100 g of water at 20 °C.
Calculate its K, at this temperature.
Mg (P0O,), (s) = 3 Mg**(aq) + 2 PO,* (aq)
Initial excess 0 0
Change =52 +3x +2x
Equilibrium excess 3x 2x
0.000259 g/100 g - mol/L = x
18
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2. From solubility — get K,

The solubility of magnesium phosphate is 0.000259 g/100 g of water at 20 °C.
Calculate its K, at this temperature.

Mg;(PO,), (s) = 3 Mg**(aq) + 2 PO,*~(aq)

Initial excess 0 0
Change —x +3x +2x
Equilibrium excess 3x 2x

Kp = [AZP[X37]2 = (3 x)*(2x)? =108 x°

Answer: 1.00 x 1023 23
[03]-2.00%10 it
=

19

3. Solubility in presence 6f common ion

The molar solubility of CaF,, Ks, =3.9 x 10~

Calculwlu-- in a solution of

it e
Yigw ~ 2Leend O | 0018
Change -X +Xr 12X
Equilibrium — gueuf X D.o\5+zX
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3. Solubility in presence of common ion

The molar solubility of CaF,, Kg, = 3.9 x 10-'%,is 0.00021 mol /L.
Calculate the molar solubility in a solution of F.
CaF,(s) = Ca**(aq) + 2 ¥ (aq)

NaF(sd> — Ha' (g + F e

0.015 0.015
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\) Initial excess 0

Change -£ +x
Equilibrium 248
-\ o z
K =39w0 = (% le‘I
= (Y oois+2c) = %(0.05)
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Calculate the molar solubility in aselu
CaF.(s) = Ca?*(aq) + 2 F~(aq)

" <
Initial excess 0 0.015 J’ \J
Change = +x +2x
Equilibrium excess x 0.015 + 2 x@0.0lS
(wmon. WU Kep = [A2*][X ]2 = (x)(0.015)% = x (0.015)?
W Presence of common ion makes x smaller

Answer: 1.7 X 1077, 0.08 % of the valuc in purc wat ]

e '-500000614 o/
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4. Will precipitation occur?

0.20 mmol of NaF and 10.0 mmol of Ca(NO;), are combined in a total volume of
1.00 L of water. Will a precipitate form? Kg, = 3.9 X 10-%,

CaFy(s) = Ca**(aq) + 2 F~(aq) //

Initial 0. 0\00 -
p ooz Wmég o ﬁz%m:o ooczo ey
o o\DO/WJ@ />Z zt
- Zso ) loom““'c““ /
(ca 7 00100 0-0l00ME [

—_—
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4. Will precipitation occur?

0.20 mmol of NaF and 10.0 mmol of Ca(NO;), are combined in a total volume of
1.00 L of water. Will a precipitate form? Kg, = 3.9 X 10‘11//

CaF,(s) = Ca?*(aq) + 2 F~(aq)

If no, then no precipitation/
If yes, then a precipitate will form.

Answer: Qg, =4 X 107> K, so CaF,(s) will precipitate//
—_——

0.00020

Initial 0

25
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5. What remains after precipitation
When 0.20 mmol of NaF and 10.0 mmol of Ca(NO;), are combined in 1.00 L of
water, CaF,(s) precipitates. How much Ca?*and F~ remain in solution?
Ksp=3.9 X 1011
26
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5. What remains after precipitation
of NaF and 10.0 mmol of Ca(NO;), are combined in 1.00 L of

S >
Ksp R 4 Cﬁgf CO. -
( Initjal mol O O,Q_/\‘OO 0. O_Q—gZO \
0.000DML 0.0 ol
Change = ‘“i/ TZ%/
Equilibrium [ 0.00% +16¢“e).ooﬂ 2% V4

0 2 F > @EL)
T pow oML, ) 10075 F{S{"L

C —D.o00| —0.0020 +0.00010

e ox ©O 0.00010
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5. What remains after precipitation

When 0.2 mmol of NaF and 10.0 mmol of Ca(NO;), are combined in 1 L of water,
CaF,(s) precipitates. How much Ca?*and F~ remain in solution?

Kp=3.9 x 10711,

0.00020 mol //

Initial mol 0 0.0100 mol

Revised [...]
Change
Equilibrium

BOSTON
UNIVERSITY
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5. What remains after precipitation
When 0.20 mmol of NaF and 10.0 mmol of Ca(NO;), are combined in 1.00 L of
water, CaF,(s) precipitates. How much Ca?*and F~ remain in solution?
Ksp =3.9 x 10711,
Initial mol 0 0.0100 mol 0.00020 mol
Revised [...] 0.0001 mol 0.0099 mol/V
Change
Equilibrium
29
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5. What remains after precipitation

When 0.20 mmol of NaF and 10.0 mmol of Ca(NO;), are combined in 1.00 L of

water, CaF,(s) precipitates. How much Ca?*and F~ remain in solution?

Ksp =3.9 X 10711
Initial mol 0 0.0100 mol 0.00020 mol
Revised [...] 0.0001 mol 0.0099 mol/V o/v

Change -y +y +2y
Equilibrium
30
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5. What remains after precipitation

water, CaF,(s) precipitates. How much Ca?*and F~ remain in solution?
Kgp=3.9 x 10711,

Copyright © 2021 Dan Dill dan@bu.edu

When 0.20 mmol of NaF and 10.0 mmol of Ca(NO;), are combined in 1.00 L of
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5. What remains after precipitation

When 0.20 mmol of NaF and 10.0 mmol of Ca(NO5), are combined in 1.00 L of
water, CaF,(s) precipitates. How much Ca?*and F~ remain in solution?

Ksp = 3.9 x 10°11, 0.00%4—5- X 0.a57%

( Initial mol /,',-\ 0.0100 mol 0.0002 mol
Revised [...] ‘.0001 mol ) 0.0099 mol/V

Change /
Equilibrium ~ 0.0001 mol ~ 0. 0099 n*ol/V ( )
Ksp = [A%*][X"]? = (0.0099) (2y)?

Answer: [Ca2+] = 0.0099 M, [F~] = 2y = 0.000063 M
Check: @, = (0.0099)(0.000063)? = 3.9 X 1011 =

Initial mol 0 0.0100 mol 0.0002 mol
Revised [...] 0.0001 mol 0.0099 mol/V o/v
Change -y —t—z +2y
Equilibrium ~ 0.0001 mol ~ 0.0099 mol/V 2y
31
Lecture 15 CH131 Summer 1 2021 Copyright © 2021 Dan Dill dan@bu.edu
Practice with solubility equilibria
33
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[ P eq ulllbmum%antfor_the solublllty equlllbrlum
,X(s) =2 M*(aq) + X2 (aq) is .
0% 1. Kgp=[2M][X]/[MX]
0% 2. Kgp=[2M*]?[X?7]/[MX]
0% 3. =[2 M*]?2[X?*7]
100% 4. Kgp=[MT2[X*7]
0% 5. Notsure
13zs10
e 12 of 15 0
38
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of y? z‘
0% 1. Kyp=Q@2y) ) - M#Vii LMO
100% 2. Ko =(2y)2() Z

0% 3. Kp=0) ) =2 %/
0% 4. None of the above

0% 5. Notsure

Ko el T —C%) Y-

12 of 15

[ ] Ksp for M,X(s) ;@/‘*(aq) @ (aq)m Assume a

maximum of y moles of M,X(s) can dissolve in one liter. What is true in terms
—_—
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@//Z" ssume a maximum
dissolve in one liter: WhatTs true in terms of y if
pat is, M* is a common ion)? _

ey 2mt o
T e 010 O
C o N
5 C sl 042 Lo
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0% 1 Kegy@x01M)()
K ><01M)2(y)

0% 4. Kgf
0% 5. None of the above 0.\ ' 5
0% 6. Notsure [ 4
Kﬁ\& m*l D@ [
B3z51O

DY

12 of 15 E
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Chapter 15: Acid-base equilibria in aqueous solutions

41
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The pH of water
pH is defined as —/log([H3O+]).
The chemical equilibrium that accounts for the presence of H;0* in water is

H,0(1) + H,0(1) = H;0*(aq) + OH~(aq) ks miszadtisu %m

—_— — —— = /
K<L\
Ol =0T <&\ 7
42
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The pH of water “ - (L\{g;l\ 7 The pH of water \DH =- CC\%&@)
¥ =
Pure wate easured to haV H'BO 1 O Pure water/at 25°C is apl l = 0 ?
This means that the value of the reactionque ] tlle water autoionization This means W?ngf t}:ﬂsﬁeactlon qunnent of the wate_r onization
at equilibrium at 50°C is at equlllbrn‘g%&"s@ u 0«3 = \_)50 (a%S + O ALK
Q.= | = (o )z Q.= K, =1 Al s
K 60 ! «4001 ~7.00 ~!
S T
_.6 63 100 = RTA(, 7K
@ — Eﬂ'ao‘r}@#- O] C%OJ‘]’ 10 N o 1.vo Aﬂlz AH.-TLS
e Hioéo3+“7/0(d\ ks o> +OH "G\ L0 S @ Cow1=L o] = - ETal )
® o« P‘)‘ Foo= At 25°C | = TEEREE AG _ oK),
® K=Kk D*ao*lCOH :( s A8 o =6.43.- Mcsod &)/54@*0 = \M\'LT%,S
= ® Ko~ w0 e Ky--BLs 2
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[TF] The pH of pure water is different at different thpu dtul es. This means
that as temperature changes ... M oz

A s %a—é &3
1. the relative amounts of H;0% (aq) and OH™ (aq) in pure water
change

0% 2. the acidity of pure water changes
100% 3. the value of the equilibrium constant changes '

0% 4. All the above + =
06+ ool = 10 G + ¢

0%

0% 5. None of the above
0% 6. Notsure

1325(0

[BosTon 12 of 15 0
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