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Examples and application of solubility product  
  Δب΍Ϋلا΍ صلΎح ΕΎϘيΒتطϭ Δأمثل 

The type of questions about solubility-product constant (Ksp) are 

limited and all of them related to the sparingly soluble salts in saturated 

aqueous solutions that are in contact with an excess of non-dissolved salt. 

The classic problems are of three types:  

1. Calculation of Ksp value from the solubility of the salt. 

2. Calculation of the solubility of the salt from Ksp. 

3. Calculation of one ion concentration of the salt ions in saturated solution if 

the value of Ksp and the concentration of the other ions are known. 

Βρ ϥ΍يع΍ ΔلاسΌل΍ ΔلΎΨصΔ بثΎبت حΎصل ΍لا΍ΫبΔ محϭ ΓΩϭΪترتΒط بΎلاملاح ΍لشحيح΍ ΔلϭάبϥΎ في 
Όل΍ ΔلتϘليΪي΍ Δلاس ΍لϤحΎليل ΍لΎϤئي΍ ΔلϤشΒع΍ϭ Δلتي تϥϮϜ في تαΎϤ مع ΍لΰيΓΩΎ من ΍لϤلح غير ΍ل΍άئب.

:تϥϮϜ علϰ ثلاث΍ Δن΍Ϯع  

حسΏΎ ثΎبت حΎصل ΍لا΍ΫبΔ من خلاϭΫ ϝبΎني΍ ΔلϤلح. -1  

2- .Δب΍Ϋلا΍ صلΎبت حΎث Δلح من معرفϤل΍ ΔنيΎبϭΫ ΏΎحس  

3- Δب΍Ϋلا΍ صلΎبت حΎث ΔϤنت قيΎك ΍Ϋ΍ عΒشϤل΍ ϝϮحلϤل΍ لح فيϤل΍ ΕΎنϮي΍ Ϊح΍ ΰتركي ΏΎحس 
ϯلاخر΍ ΕΎنϮلاي΍ ΰكي΍ترϭ .ΔمϮمعل  

1. Calculation of Ksp value from the solubility of the salt: 

Ex. 1 If the solubility of AgBr = 2x10-5 g/100mL at 20°C, calculate Ksp 
value?   (Mwt=187.8 g/mole) 

The solubility should be calculated in unit of mole/liter so: 

weight    volume 

2x10-5       100 mL 

   ?            1000 mL    ⇒⇒⇒   ? =  2xͳͲ-ͷ X ͳͲͲͲଵ଴଴  = 2x10-4 g/L 

Concentration (mole/L) = concentration (g/L) / Mwt 

                                       = ʹxͳͲ-Ͷ ଵ଼଻.଼ 
 = 1.065x10-6 mole/L 

or 𝑀 = 𝑤𝑡ெ𝑤𝑡 𝑥 ଵ଴଴଴𝑉𝑚௅       ⇒⇒⇒   𝑀 =  ʹxͳͲ -ͷ   ଵ଼଻.଼ 𝑥 ଵ଴଴଴ଵ଴଴   = 1.065x10-6 mole/L 
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This means that 1.065x10-6 mole of AgBr is dissolved in one liter of 
solution (available as ions). Therefore, each liter of the solution contains: 
[Ag+] = 1.065x10-6 mole/L 

[Br-] = 1.065x10-6 mole/L 

Ksp calculated as follows: 

AgBr  ⇌   Ag+   +   Br-   

Ksp = [Ag+][Br-] 

    = (1.065x10-6 mole/L) x (1.065x10-6 mole/L)  [or(1.065x10-6 mole/L)2] 

       = 1.134x10-12 

 

Ex. 2  If the solubility of BaF2 at 20°C is 0.161 g/100 mL in water, 
calculate Ksp value?   (Mwt=175.36g/mole) 

The solubility should be calculated in unit of mole/liter so: 
weight    volume 

0.161       100 mL 

   ?            1000 mL    ⇒⇒⇒   ? =  Ͳ.ͳ͸ͳ X ͳͲͲͲଵ଴଴  = 1.61 g/L 

Concentration (mole/L) = concentration (g/L) / Mwt 

                                       = ͳ.͸ͳ   ଵ଻ହ.ଷ଺   = 0.00919 mole/L  
BaF2  ⇌   Ba2+   +   2F-   

[BaF2]= 0.00919 mole/L  ⇒⇒⇒ [Ba2+] = 0.00919 mole/L 

                                        ⇒⇒⇒ [F-] = 2 x 0.00919 = 0.01838 mole/L                           

Ksp = [Ba2+][F-]2 

       = (0.00919) x (0.01838)2 

       = 3.09x10-6 

 

Exercise: If the solubility of Pb3(PO4)2 at 20°C is 1.4x10-4 g/L in 
water, calculate Ksp value?   (Mwt= 811.5427 g/mole) 
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2. Calculation of the solubility of the salt from Ksp: 

Ex. 1  If Ksp value of AgI is 8.3x10-17 at 20°C, calculate the solubility 
of AgI in mole/L and in g/100mL?   (Mwt=234.8 g/mole)  

AgI (s)  ⇌   Ag+   +   I-   

   X              X         X  

(X represent molar concentration) 

As indicated from the equation: 
[AgI] = X = [Ag+] = [I-] 
Ksp = [Ag+][ I-] = X. X = X2 

8.3x10-17 = X2 

X = √8.3x10-17 = 9.11x10-9 mole/L 

Concentration (g/L) = concentration (mole/L) x Mwt  

                               = 9.11x10-9 x 234.8 

                               = 2.14x10-6 g/L 
2.ͳͶx10-6 g/L x 100ଵ଴଴଴  = 2.14x10-7 g/100mL 

 

Ex. 2  What is the solubility of Pb(OH)2 if Ksp value at 20°C is 
2.5x10-16 ? 

Pb(OH)2   ⇌   Pb2+   +   2OH-   

                X          2X 

Ksp = [Pb2+][OH-]2 

2.5x10-16 = X. (2X)2 = 4X3 

X3 = 
 ʹ.ͷxͳͲ -ͳ͸   ସ  = 0.625x10-16 

X = ∛0.625x10-16 = 3.969x10-5 mole/L 

 

Exercise: What is the solubility of Pb(IO3)2 if Ksp value at 20°C is 
2.5x10–13? 
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3. Calculation of one ion concentration of the salt ions in saturated 

solution on the bases of the concentration of the other ion: 

Ex. 1 Calculate the concentration of Ag+ ion in saturated solution of 

Ag2CrO4 (Ksp = 3.4x10-12) if you know that the concentration 
of CrO42- ion is 2x10-2 mole/L?    

Ag2CrO4  ⇌   2Ag+   +   CrO42-   

Ksp = [Ag+]2 [CrO42- ]  
3.4x10-12 = [Ag+]2 x 2x10-2  

[Ag+]2 =  ͵.Ͷx10-ͳʹ ʹx10-ʹ  = 1.7x10-10 

[Ag+]  = √1.7x10-10 = 1.194x10-5 mole/L 

 

 

Common ion effect      شتركϤال ϥتأثير الأيو 
The solubility of an ionic precipitate (an insoluble salt) decreases when 

a soluble compound containing one of the ions of the precipitate is added 

to the solution. This behavior is called the common-ion effect. The 

common-ion effect is a mass-action effect predicted from Le Châtelier’s 
principle. This effect leads to decreasing the concentration of the other ion 

at equilibrium only if the temperature and pressure are constant. 

Precipitates are more soluble in water than in solutions containing one of 

the ions of the precipitates. 

΍ ϥΎبϭΫ ΔبليΎق ϥ΍ )ϥΎبϭάبل للΎني )ملح غير قϮلأي΍ سب΍للرϘبل  تΎمركب ق ΔفΎض· Ϊلعن ϥΎبϭάل
( ϰعل ϱϮأيحت ΕΎنϮأي Ϊح )سب΍لر΍للϤحلϝϮ ϙϮلسل΍ ΍άه ϰϤلأتأثير ب. يس΍ ϥϮلي΍ .ϙشترϤ تأثير

نϘصϥΎ يϱΩΆ ·لϰ هϮ تأثير فعل ΍لϜتل΍ ΔلϤتϮقع من مΪΒأ لي شΎتليه. ه΍ ΍άلتأثير  Ϥشتر΍ϙلي΍ ϥϮلأ
تركي΍ ΰلاي΍ ϥϮلاخر بشرρ ثέΩ ΕϮΒج΍ Δلحر΍ϭ Γέ΍لπغط. ΍لر΍ϭسب ت΍ ϥϮϜكثر ϭΫبΎنيΔ في ΍لΎϤء 

 .ϙشترϤل΍ ϥϮلاي΍ ϰعل ϱϮلتي تحت΍ ليلΎحϤلΎب ΔنέΎϘم 

ahmed
Highlight
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For example: 

NH4OH  ⇌                             + OH- [adding NH4Cl will shift the equilibrium to the left]

NH4Cl    →                        + Cl-

     common-ion 

Also:

AgI  ⇌ + I- [adding AgNO3 will shift the equilibrium to the left]

AgNO3     → + NO3-

   common-ion 

Ex: Calculate the solubility of CaF2 (Ksp = 4.0x10-11) in: 

1. Distilled water.

2. Solution of 0.01 M CaCl2.

3. Solution of 0.01 M NaF.

1. Distilled water:

CaF2  ⇌   Ca2+   +   2F-   

                                                          X           2X 

Ksp = [Ca2+] [F-]2 
4.0x10-11 = X. (2X)2 = 4X3

X3 = 
 Ͷ.ͲxͳͲ -ͳͳ  ସ  = 1.0x10-11

X = ∛1.0x10-11 = 2.154x10-4 mole/L

2. Solution of 0.01 M CaCl2:

CaF2     ⇌                             + 2F-

CaCl2    →                           + 2Cl-    (CaCl2 is completely ionized)
    common-ion 

NH4
+ 

NH4
+

Ca2+

Ca2+

Ag+ 

Ag+
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  [Ca2+] = X + 0.01
   [F-] = 2X
Ksp = [Ca2+] [F-]2 = (X + 0.01) (2X) 2          X ≪ 0.01 ⇒⇒⇒  لϤϬت
4.0x10-11 = (0.01) (4X2) = 0.04 X2

X2 = 0.1x10-10

X = 3.16x10-5 mole/L

3. Solution of 0.01 M NaF:

CaF2     ⇌    Ca2+   +

NaF      →     Na+   +                       (NaF is completely ionized)
 common-ion         

  [Ca2+] = X 
  [F-]  = 2X+ 0.01
Ksp = [Ca2+] [F-]2 = (X) (2X + 0.01) 2          2X ≪ 0.01 ⇒⇒⇒  لϤϬت
4.0x10-11 = (X) (0.01) 2 = 1.0x10-4 X
X = 4.0x10-7 mole/L

2F- 

F- 


