Ksp Problem Set

By S.E. Van Bramer

Widener University

One University Place

Chester, PA 19013
svanbram@science.widener.edu
April 8, 1999

1.Calculate the molar solubility and Ksp for each of the following.
a.6.11*10* g BaSO, dissolves in 250.0 mL of water at 25 °C

mass := 6.11X40 4>gm

V := 250.04mL

MWpRaso4 := (137.329 + 32.066 + 15.99944)>gmmole !

mass o
molegasog = ————— molegasog = 2.618° 10 6moI
MWBaso4
molegaso4 . -
M= M =1047" 10 °molesiter *

The molar solubility is simply the concentration of the solution at equlibrium:

M =1047° 10 °molediter
Since BaSO, --> Ba?* + SO,

2
Ksp_Baso4 =M

2

, .- 10ggnole g
Kep Basos = 10977 107 0FR20
- eliter g
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b.0.3295 g BaF, dissolves in 250.0 mL of water at 25 °C

mass := 0.3295gm

V = 250.00mL
MWpRgr2 = (137.329 + 18.9982)>gmymole 1

mass L
moleggry = ———— moleggr2 = 1.879° 10 3moI

MWpggr2

molegaF2
M=—-
\Y

M =7517° 10 °molediter *
The molar solubility is simply the concentration of the solution at equlibrium:

M = 7517" 10 Smolesiter *
Since BaF, --> Ba?* + 2 F
.3
Ksp_BaFZ =M

3

, - ole G
Kep_parz = 169" 10 <0
- eliter g
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€.4.807*10-4 g AgCl dissolves in 250.0 mL of water at 25 °C
- 4
mass := 4807410 >gm

V= 2500l
MW aqe) = (107.8682 + 35.4527)gmmole’

mass o
moleagol == ————— molepgcy = 3354 10 °mol

MWagcl

moleaqcy
M= —
V

M =1342" 10 °molediter -
The molar solubility is simply the concentration of the solution at equlibrium:

M =1342" 10 molediter

Since AgCl --> Ag+ + CI-

2
Ksp_AgC| = M
10 ggnole o
Kep Agc) =187 10 OEE0
- eliter g
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d.1.667 g CaF, dissolves in 100.0 L of water at 25 °C

mass := 1.667>gm

V= 1001
MW car2 = (40.078 + 2x48.998)>gmmole’ !
mass
molecgrp = ———— molecgr2 = 0.021 mol
MW car2
molecaF2 , .
M= 22 M =2135" 10 ‘molediter

V

The molar solubility is simply the concentration of the solution at equlibrium:

M =2135" 10 ‘molediter

Since CaF, --> Ca?* + 2 F

M 2M

2
Ksp = MX2M)

3
Ksp_CaFZ =4M

11 ggnole &

K =384 10
sp_CaF2 8 liter g
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2.Use the Kg, values calculated above to determine the mass of each that will dissolve in 2.0 L of

deionized water.
a.BasoO,

2
Ksp_Baso4 = X

X :=[Ksp_Baso4

X =1047° 10 >molediter

mole_disolved := X>2Aiter

5

mole_disolved =2.094" 10 ~mol

mass_disolved := mole_disolvedXMWpgaso4

mass_disolved = 4888° 107 Sgm

b.BaF,

ksp_a.mcd
3/25/2004

KSp BaF2 = X
Ao
{:—_
aKsp_ BaF2 0"
X:=C P =
e 4 7]

X = 7517° 10 molediter *
mole_disolved := X>2Aiter

mole_disolved = 0.015moal

mass_disolved := mole_disolved MW gz

mass_disolved = 2.636gm
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c.AgCl

2
Ksp Agcl = X

X =, , KSp_AgCI

X =1342° 10 “molediter
mole_disolved := X>2Aiter

mole_disolved = 2.683" 10 ®mol
mass_disolved := mole_disolved*MW pqc

mass_disolved = 3.846" 10 3gm

d.CaF,

X =2135° 10 *molediter

mole_disolved := X>2Aiter

mole_disolved = 427" 10 4ol

mass_disolved := mole_disolved MW ¢

mass_disolved = 0.033gm
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3.Use the K, values calculated above to determine.

a.The mass of BaSO, that will dissolve in 500 mL of 0.10 M sodium sulfate.

Sodium sulfate is a salt, it dissociates completely according to

Na2S0O4 --> 2Nal+ + SO42-
Loo-1
CNa2so4 := 0.1molexiter

Cs04 initial = CNa2so4

Next the equlibrium for the solubility of BaSO,
BaSO4 <--> Ba2+ + SO42-

Ksp Baso4 = X>(CSO4_initid + X)

If you assume that X is small this rearanges to:

Ksp_Baso4 = X>*Cs04 initial

X Ksp_Baso4
Cs04 initial

X =1007° 10 molediter

Which shows that the assumption was reasonable

From this we can calculate the mass of BaSO, that dissolves

V 1= 500mL
molegasog = VXX
Masspas04 = Molepasosa’MWRasoa

massgasos = 128" 10 7gm

ksp_a.mcd
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b.The mass of BaF, that will dissolve in 250 mL of 0.10 M potassium fluoride.

Potassium fluoride is a salt, it dissociates completely according to
KF --> K1+ + F1-

CkF = 0.Lmolextiter !

Cr initia = CkF

Next the equlibrium for the solubility of BaF,
BaF2 <--> Ba2+ + 2 Fl-

2
Ksp BaF2 = X>(CF_initiaI + 2X)
If you assume that X is small this rearanges to:
_ 2
Ksp_BaF2 = X°CF jnitial

Ksp BaF2
X = —p_bare

2
CF initial
X=1699" 10 *moleriter *
Which shows that the assumption was reasonable

From this we can calculate the mass of BaF, that dissolves

V = 250mL

moleggro = VXX moleggro = 4.248°

massggr2 := moleggr2XMWpRar2

massgarp = 7.448° 10 3gm
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c¢.The mass of AgCl that will dissolve in 5.0 L of 104 M lithium chloride.

Lithium is a salt, it dissociates completely according to
LiCl --> Lil+ + CI1-

CLic =10 “moleriter 1

Ccl_initia = CLicl

Next the equlibrium for the solubility of AgCI
AgCl <--> Agl+ + CI1-

Ksp AgCl = X>(CCI_initiaI + X)
If you assume that X is small this rearanges to:
Ksp_Agcl = X*Ccl_initial

Ksp_AgCl
X = A%
Ccl_initial

X=18" 10 °molediter 1
Which shows that the assumption was reasonable
From this we can calculate the mass of BaSO, that dissolves

V=54

molep g = VXX molegcy =9° 10° Cmol

masspgc) = moleagcMWagc

massagcl = 1297 10 3gm
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d.The mass of CaF, that will dissolve in 5000.0 L of 0.10 M potassium fluoride.

Potassium fluoride is a salt, it dissociates completely according to

KF --> K1+ + F1-
Loo-1
Ck E := 0.1>molexiter

Cr initia = CkF

Next the equlibrium for the solubility of CaF,
CaF2 <--> Caz2+ + 2F1-

Ksp_caF2 = X>(CF_initiaI + 2X)2

If you assume that X is small this rearanges to:

2
Ksp_carF2 = X°CF jnitial

Ksp_car2

X = A i 5
CF initial

X =3804" 10 molediter

Which shows that the assumption was reasonable

From this we can calculate the mass of CaF, that dissolves

V := 5000,
molecgro == VXX
masscgr2 := molecagr2XMW cgr2

masscarp = 1527 10 3gm
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4.Use the Kg, values calculated in the previious problem set to determine the mass of precipitate
formed and the concentration all ions remaining in soultion when:
a.50.0 mL of 0.10 M barium acetate is mixed with 100.0 mL of 0.10 M sodium sulfate.
Sodium sulfate is a salt, it dissociates completely according to
Na,SO, --> 2Nal'* + SO,%

CNa2so4 = 0.moledtiter 1

50xmL -1
Cs04 initial = CNa2soa* —— Cs04 jnitial = 0.05molextiter
1005mL

Barium Acetate is a salt, it dissociates completely according to
Ba(CH3C00)2 --> Ba2+ + 2 CH3COO-

CBaCH3Co0 = 0.molextiter !

50mL -1
CBa initia = CBaCHSCOOm Cga initia = 0.05molextiter

Since Barium Sulfate is insoluble, it will for a precipitate. In this direction the reaction has a
large value for K, so we'll assume it goes to completion. Since the moles of barium and
sulfate are equal there is no limiting reagent.

V= 100mL
molegasos = Ca initia molegasoa =5~ 10 3ol
Massgas04 := Molepaso4™MWRaso4 massgaso4 = 1.167gm

Next the equlibrium for the solubility of BaSO,
BaSO4 <--> Ba2+ + SO42-
_ 2
Ksp_Baso4 = X
1

X = (Ksp_BaSO4) 2

X =1047" 10 °molediter *
From this we can give the concentration of all the ions in solution:
S o1
Cga =X Cga=1047" 10 ~“molliter
S o1

Csog:=X Cso4 =1.047° 10 ~molliter
50mL Lo-1

CcH3coo = CBaCH3C00* —— CcHacoo = 0.05molliter
100mL

. 50mL 1
ONa= Cazsos* (o Cna = 0.05mol liter
ksp_a.mcd 11 S.E. Van Bramer
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b.100.0 mL of 0.15 M barium chlorate is mixed with 250.0 mL of 0.10 M potassium fluoride.

potassium fluorie is a salt, it dissociates completely according to
KF --> K1+ + F1-
CkF = 0.Lmolextiter !
250»mL Lo-1
Cr initial = CKF*——— Cr _initial = 0.071molexiter
3509mL
Barium Chlorate is a salt, it dissociates completely according to

Caacioz = 0.15molesiter

100xmL L= 1
CBa initia = CBaCIO?R‘m CRa initial = 0.043molediter

Since Barium Fluoride is insoluble, it will form a precipitate. In this direction the reaction has
a large value for K, so we'll assume it goes to completion. Since the concentration of the
barium is smaller, it is the limiting reagent.

V := 3500mL
molegar2 = CRa jnitial moleggF2 = 0.015mol
massg g ;= moleg XMW massggrp = 2.63gm

Next the equlibrium for the solubility of BaF,

BaF, <--> Ba?* + 2 F!
Cr = Cr jnitia - CBa initia
Ksp_BaF2 = X{Cr + 2><><)2
Assuming X is small, this simplifies to:
Ksp_BaF2 = X>(CF)2
._ Ksp_Bar2

X:

X =2082° 10 molediter *
From this we can give the concentration of all the ions in solution:
.. 3 o1
Cga =X Cga=2082" 10 "molliter

Cr = 0029mol liter

100mL o
Ccl03 = 2CBacioz* ——— Cclos = 0.086 moal liter
350mL
2500mL
K = P L Ci = 0071molliter
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¢.75.0 mL of 0.015 M silver nitrate is mixed with 1.0 L of 104 M lithium chloride.

Lithium Chloride is a salt, it dissociates completely according to
LiCl --> Lil* + CIt-

CLic =10 “moleriter 1

10005mL B -5 -1
Cal_initia = CLiclm Ccl_initia = 9302° 10 ~molediter

Silver Nitrate is a salt, it dissociates completely according to
AgNO3 --> Ag+ + NO31-

CagNO3 = 0015 molediter *

754l
1075xmL

, - 3 L= 1
Cag_initia = CAgNO3 Cag_initid =1.047" 10 ~“moletiter

Since silver chloride is insoluble, it will form a precipitate. In this direction the reaction has a

large value for K, so we'll assume it goes to completion. However, the concentrations are
pretty small here. We better check Q to see if a precipitate will form:

Q:= Cag_initiad*Ccl_initial
2
Q=973 10 8EMe0

e liter g

2

, .- 10ggnole g
Ksp_Agcl =18° 10 10(.—9
- eliter g

Since Q is greater than K, a precipitate will form and chloride will be the limiting reagent.

V = 10754mL

. 4
moleagcl = Ccl_initia moleage) =17 100 “mol
masspgc) = moleagcMWagc massagcy = 0.014gm

Next the equlibrium for the solubility of AgCI
AgCl <--> Agl+ + CI1-

Cal = Ccl_initid - CAg_initia

KSp_AgCI = X>(CC| + X)
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Assuming X is small this simplifies to:

Ksp_Agcl = XXCg

Ksp_AgCl
x::( Sp_ gC)
Cal
coa 7 L1 Lo 4 L1
X =-1888" 10 molediter Ccl =-9535" 10 "molliter

So the assumption was fine and now we can go on.

From this we can give the concentration of all the ions in solution:

Cag:= X Cag=-188" 10 " molliter

Co =-9535" 10 “molliter

75mL .- -
CNO3 = CAgNogm CNno3 =1047" 10 3moII|ter !

10004mL
Q= CL'CP(1075>1TL CLj=9302° 10 5mo||iter_ !

d.100 L of 0.50 M calcium chloride is mixed with 5000.0 L of 0.10 M potassium fluoride.

Potassium Fluoride is a salt, it dissociates completely according to
KF --> K1+ + F1-

CkF = 0.bmolextiter !

50004iter
D —

Lo-1
initig = 0.098 molexiter
100 iter Cr initial

Cr initia = CkF

Calcium Chloride is a salt, it dissociates completely according to
CaCl2 --> Ca2+ + 2ClI1-

Ccacl2 = 0.015moledtiter !

1004iter ) o1
Cca initid = CcaCl2 ————— Cca initia =2941" 10 molexiter
51004iter

ksp_a.mcd 14 S.E. Van Bramer
3/25/2004 svanbram@science.widener.edu



Since Calcium Fluoride is insoluble, it will form a precipitate. In this direction the reaction
has a large value for K, so we'll assume it goes to completion. However, the concentrations
are pretty small here. We better check Q to see if a precipitate will form:

Q= CCa_initiaP(CF_initial)z

3
Q=287 10 0FMe0

r

e liter g

3
R ole G
Kep_carz = 389" 10 M1EC0

- eliter g

Since Q is greater than K, a precipitate will form and calcium will be the limiting reagent.

V = 5100iter

molecar2 = Cca initia molecar2 =

masscarp := molecar2M W car2 masscar2 =

Next the equlibrium for the solubility of CaF2
CaF2 <--> Caz2+ + 2Fl1-

Cr = Cr jnitia - Cca initia

2
Ksp_caF2 = X>(C|: + 2><X)
Assuming X is small this simplifies to:
_ 2
Ksp_car2 = X>Cr

(Ksp_car2)

C;:2

1.5mol

117.111gm

X =4075" 10 molediter * Cr = 0.098mol liter

So the assumption was fine and now we can go on.

From this we can give the concentration of all the ions in solution:

Cca:=X
100titer
a1~ ez g iter
5000iter
=Ckpe———
& = KP G opiter
ksp_a.mcd 15
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Cea=4075" 10 “molliter *
Cr = 0.098mol liter

Co=2941" 10 “molliter

Ci = 0098molliter
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