2015

JjS



Solubility Equilibria and the Solubility Products

)soluble(
)slightly soluble(

))Solubility product constant (Ksp

AB(§ -»AB(ag( — A+ag) + B ) (

JAB@)] = [AHag[ = ") = solubility ) (

JK$(
K =< solubility T

Example:
( AgClI(s( Ag, « + Cl «
K$@=[Ag+] [CH
Ca(OH)Z2s  )2( ) + POH"(@
Kp=[Ca ] [OH-[2



‘Example
Calculate the solubility of Agl MK$ = 1.5x10~16"?

:Solution

Agl(s(  AgHaof +1) (

Ksp=[AgH ] [

=<]JAg#=[I']=X

KsP=(X) (X>=(

1.5x10'l6 = X2 \ \

- X =VI5x 10~ =x101.228
X =[AgH =1 [=]AgDIg] = sClub I ty

‘Example
Copper (1) bromide has a measured solubility of 2.0 x10%
mol/L at 25°c. Calculate its K$ value.

)2.0x104 mol/L(

KD c°25
:Solution
CuBr ' (+ Briyg
)X) (x(
X) = 2x10) = Insolubility = [CuBr(ag)] = [Cu+]] = ‘4

=< K$= (2x104) (2x1 04) = 4x10-

‘Example
Calculate the Kp value for bismuth sulfide (Bi2S3), which
has a solubility of 1.0xI0~ mol/L at 25°c.



Solution:

B 2S3(s)~2Bi")+3SA

Solubility = [Bi2S3a)] = x=Ixio 5
=> K% = [Bi+3]2 [S-2]3

k[p= [2(1x 10'5)]2 [3(1x 10"15]3= 1.08 X 10"53

Example:
The K$ value for copper (I1) iodate, Cu(103)2, is 1.4x10'7 at
25°c. Calculate its solubility at 25°c.

Solution:
Cu (10320 ( +210)

= ]
14XICT7= (x) (2x)2
1.4x10 =4x

mol/L



‘Example

How many grams of Ba(103)2 (487 g/mol) can be dissolved

in 500 mL of water at 25°c?
)Mw=487 g/mol) Ba(103(2
)Ksp=1.57 x 10 ( ¢°25

Solution

Ba(l0 ) 4-210

Kgp= [BazH[I0 3
1.57x 10"9=4X3

=> Solubility =X =

M=~ n =MxV

v =500 ml=0.5L
=>n=7.32X10'4X0.5 = 3.66X10*4 mol
Ara =nxMw

=3.66x10'4x487 =0.178 ¢

)ml 500(



Common lon Effect

AB(( 5A ;09 + Bw

A

common ion =< solubility

‘Example

Calculate the solubility of solid CaF* (Ksp = 4.0x10 (ina
M NaF solution 0.025

Solution:

CaF2(s)* C a ")+ 2FM

M 0.025 )M) (0.025 M 0.025(



= K®=[Ca+] [Ff
4x10°"=(x) (0.025)
=>Xx=6.4x10 M

JAH[B-]>K
.)precipitate( ) 1B 1< Kjp( )2

‘Example

A solution is prepared by adding 750.0 ml of 4.00x10 M
Ce(NO.,)s to 300.0 of 2.00X10'2 M KIOj. Will Ce(1033
)JK p= 1.9x10" ) precipitate from ~is solution?

Ce(NO32 )4x10 ml 750
Cc(10 ( K10, 2x10 ml 300
= 1.9x10m%(



Solution:

Ce(N033-> Ce + 3NO03
4x10 M 4x10 M

KI10Oj K+ +10 3

2x10 M 2x1)

Ce + 3103 5Ce(1033¥

103 (
)ml1 1050 = 300 + 750(

)4x103 x(750) = (M2) x ) 1050(
M2=2.86x10 M

2x10'2)x()300( = )~1 *
M2=5.71xI0'3M

ICe[]1 ' =1]2.86x10'3] [5.7x10'3]3=5.29x10*°
5.29x10" > K$(1.9x10"°(
=< Ce (1033 will precipitate ) (
:Example

A solution is prepared by mixing 150.0 ml of 1.OOxI0"2 M
Mg(N032and 250.0 ml of 1.00x10" M NaF. Calculate the
concentrations of Mg+ and F at equilibrium with solid
MgF2 (K p=6.4x10 (.



Mg(N032 )1x102 ml 150
M g**( NaF  )1x10" M( ml 250
K$—6.4x10 ) MgFa(»

Solution:

NFE ( IMg+ ((
*)excess( )limiting reactant(

(nMNj, =M xV = (Ix102)(0.15) = 1.5x10*3 mol

n Mg(N0.)2 = n Mg = 5 x10 mOI

2)nNF=MxV = (Ix10_")(0.25) = 2.5x10_2mol
=> nNF=np_ = 2.5x10~2mol
Mg~+2FUQ*M gF2
n= 1.5x103mol n=2.5x102mol

1.5x10 - 2.5x10
i -1.5x10 -1.25x10"

2



PREESS total( Reactant with Mg+2 j

Mg+2
= <> ' -)23l50 -
=2.2x10‘2mol
5.5x10~2M
Ved (0.15 +0.25)
=>['m] =55 x102M
IMgFX Mg+

MgF2s) 4—3 + 2F"

(x) (2x + 55x1 O
K$=[Mg+] [F
6.4x 10°9= (x) (5.5x 10

Xx =—2.1x10 M
=> [Mg+7] = 2.1X10" M

‘Example
Calculate the molar solubility of Ba(103)2in a solution that
is 0.0200 Min Ba(N032

)Ksp=1.57 X -+ Ba(l032
Ba(N032 > (0.0200 M(



Solution:

2+

Ba(ISI10,)2 *
0.02 M 0.02 M 2 x 0.02=0.04 M
X 2X
) +

Ksp=[Ba+Z] [I03-]12
157 x 10 =(0.02 + X)(2X):

0.02—
Ksp

57x10'9= (0.02)
57 %10 = (0.02)
57x10 = 0.0°X



‘Example
Calculate the solubility of Ba(103)2 in a solution prepared by
mixing 200 mL of 0.0100 M Ba(N032 with 100 mL of
M Nal030.100
)Ksp==1.57 X 10 ( Ba(l03?2
yml 100( ) . M ( Ba(N032 )ml 200(
)M 0.100( Nal03

Solution:
JNal0o3+ Ba(NO03(2(

Jexcess( Ba(l032
4" 2 Naio,, r~z==n 2 ) ( NaNCX_-
v =200ml v=100 ml
M=0.01M M=0.1M
n=MxV n=MxV
=2x 10‘3mol =01x01
=1x10 2mol

L.R



)excess( INal0o3(

Ba(NO03? Nal03
ImolBa(N03(2 —— mol Nal032
2x10'3molBa(NOJ, ——>Xmol Nal03
H\BIG3 - nNall3  “ 1B

=( X102 - (4 X109 =6x 10'3mol

A“rNal0,1=-n- = 6x1° =0.02M
0.2+0.1

Nalo3— Na~ + 10
0.02M  0.02M

Ba(io,)f ' o 210

X 2X



(strong acids)

"complete dissociation”

HAMH + +A~

HBr, HC104, , <

(acjds)

(weak acids)
"partial dissociation”

HAMNH+ + A~

CH.CO.H,HF, HCN,
..... HCIO



