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Salts and salts hydrolysis          ئي للأملا ل ل  ح ل لأملا   

Salts are an ionic compound that results from the neutralization 

reaction of an acid and a base. Salts are composed of related numbers 

of cations (positively charged ions mainly from base) and anions 

(negative ions mainly from acid) so that the product is electrically neutral 

(without a net charge). These component ions can be inorganic, such as 

chloride (Cl-), or organic, such as acetate (CH3COO-); and can be 

monoatomic, such as fluoride (F-), or polyatomic, such as sulfate (SO4
2-). 

كهي  لأملا    ني م ج أي مض من ت ع بين ح ل عل  ع ت ألف. ق لأملا  ت
ن من تي ل) ل ج  ن م ل حأي ه  ل م عغ ن( ق ن) لأني  لس أي

ح ه ل ل م عل( مضحل غ ل تج  لك ن ع ل ئي   م ب ح) ك ل لي من  (. خ
ن ن للأملا لأي ن ل ي  ت أ ي للاع ي م ، ل لا ل ل  ي م ع ، أ

. ي ل ل  ل م ع  ت م ، أ ي ل ل  ل م ي  ح ن  ت  أ ي  

Types of Salts:                                                          لأملا ع  ن    
 Salts may be classified into four types according to their hydrolytic 

behavior. The solution of these salts can be acidic (e.g. CuSO4) or neutral 

(e.g. NaCl) or basic (e.g. Na2CO3).  
ل      لأملا  يف  ن ت ع  ي بع أن ح. عأ ئي ل ل ل  ح ل تج  ط  ن ليل  ع ن مح

لأ نه  (ت  أ ملا ي ح ل ي  ل ك ي )م م ل، ح ع ل) م ي م ل ي  أ  (ك
.) ي ل ن  ب ل ك ي )م ع  ق

 

1- Salts derived from strong acids and strong bases: 

عدة  ق مض قوي  قوية:الأملاح المشتقة من ح  

Strong acids such as HCl, HI, H2SO4, HNO3 and strong bases such as 

KOH and NaOH could form this type of salts.  

For example: 

ي  ل كسي  ل هي ي م لق ع  لق  HCl ،H2SO4 ،HNO3 ل ي م لق لأح   

سي ت ل كسي  ن هي ع ه ت أ ي لا: .لأملا من ل      م

NaOH + HCl      →     NaCl
 
+ H2O

 

                            Strong base   Strong acid             Salt        Water 
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NaCl dissociates in water to give the anion Cl- :  

NaCl     →     Na+ 
+ Cl- 

لب:. لس ي  ل ء ليعطي أي  ل ك في  ي ي ل ي        ك

HCl and Cl– constitute an acid-base conjugate pair: 

HCl  +  H2O     ⇌     H3O+ 
+ OH- 

مض      ق ح ن م  لب ي لس ي  ل أي  يك  ك ي ل مض  ع -ح ق  

Since HCl is a strong acid, Cl- is very weak base. Cl- is unable to accept a 

proton (H+) from an acid, particularly water. That is why Cl- does not 

hydrolyze. It cannot generate OH- ions as follows:  
Cl-  +  H2O         HCl

 
+ OH- 

يك   ك ي ل مض  مض ق ل  ح ي ح ل لبأي  . أي  لس ع ضعي ج ي ق
لب لس ي  ل  ل ح لك ف لا ي ء ل ص  ك م مض خ لح ت من  ل ب غي ق ع تق
ن  لا ي ئي  لب. م لس كسي  ي ل ي  ين  ت  

Therefore the pH of NaCl solution remains unaffected i.e. it’s neutral 
([H

+
] = [OH

-
] = 1.0x10-7 M). 

  ) ئي ل م ح ح لاي ل ء )   ل ن  ي ت مع  ي للا ب لق ي ليس ل  ل ي  ح ك ن م أي
كسي  ي ل ن  ي لأي جين مس ي ل ن  ي كي  ي  ت ي ه يع م لح ل  ل لك ف  ل

ي  ل ي  ح ك ثتل ي =  ق غي م جي ي ل لأ  ع ) ح م ل (.7في مح   

Salts that do not hydrolyzed in water ( hydrolysis is the reaction 

between the salt ions and water ions) are called neutral salts such as NaCl, 

Ba(ClO3)2, KNO3, CaBr2, CsClO4, where the positive ions of these salts 

do not react with OH- ion and the negative ions do not react with H+ ion. 

Thus, the solution remain neutral since the dissolution involves only the 

separation of negative and positive parts of the salts. Therefore, the 

hydrolysis constant for these salts cannot be calculated.     

ي لأملا       لت لا ل ئي ح ل) م ح ئي ل ن بين علل ه ل ح أي ن ل ء أي  (ل
ل  ع ل لأملا  ع ب ن حيثت ج لأي عل لا لأملا ل ل كسي أي مع ت ي  ،ل

ن ح للس لاي عل لا ل ل  أي مع ت ع ليل م ح ل ق ه  لك ت جين. ل ي ل ل
 . ج ل ل عن  لس ت  ن ي ل  ن س ف ن لات ب ي  بت حس يمكن لذا لا ع  ث

ذا النو من التحلل الأملاح. ل  



 
 

3 

 

2- Salts derived from weak acid and strong base: 

عدة قوية:الأملاح  ق مض ضعيف  المشتقة من ح  

Sodium acetate (CH3COONa) and sodium cyanide (NaCN) are 

examples of this type of salts. 

CH3COOH + NaOH      ⇌     CH3COONa
 
+ H2O

 

                      Weak acid         Strong base                         Salt               Water 

CH3COONa dissociated completely in aqueous solution to form 

sodium ion and the anion CH3COO- (the conjugate base of a weak acid 

CH3COOH)، which is a relatively strong base. Thus, CH3COO- accepts 

H+ ion from water and undergoes hydrolysis.               

    CH3COONa + H2O   →    Na+
(aq)   +    CH3COO-

(aq)    
                                                                                 conjugate base     

CH3COO-  +  H2O   ⇌    CH3COOH   +    OH- 

The resulting solution is slightly basic due to excess OH- ions present. 

جب      ل ي  ل عطي أي  ئي ل ل ليل  ح ل ل ت في  ك ب ي ت ل  خلا 
لب )ج لس لا  عيف(هل ل يك  ل مض  ي لح ع ق لك  ق . ل ي ي نس ع ق ل يع ق

جين ) ي ل ن  ي ح مع  لا ي ل ت من تأينأي  ء(  ل ح ل ل ه ي    ئي  ل م ح ي
. ح ل ج في  ل كسي  ي ل ن  ي ي في  ي ل ي ن ع ح  ص ق ل   ل  ي 

Equilibrium constant expression (hydrolysis constant Kh) of this type 

of salts can be presented as follows: 

ي: ح( ك ي ل ل  بت تح لأملا )ث ع من  ل لأت ل  بت  ي عن ث ع ل ن   ي
: لات ي ، ع  ي ل ح خلا  ن م  ل أخ

CH3COO-  +  H2O   ⇌    CH3COOH   +    OH- 

  

 Kh =   = Kb      (Kb = base ionization constant) 

 

بت    بت ث ح.    لأت = ث ل ه  ق م ل عيف  ل مض  ح ي ل لق ع  لق بت تأين  ح = ث ل ل  تح  

Note: [H2O] is very large and is regarded as practically constant. So: 

 

Kh =  

[CH3COO-] [H2O]  

[OH-] [CH3COOH] 

[OH-] [CH3COOH] 

[CH3COO-]  
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 . ن لق خل في  لي لا ي ل بت ف ي يع مق ث لك ع ي ل ء ك ل كي  ة : ت      ملاح

[OH
-
] presents base concentration and [CH3COOH] present unhydrolyzed 

salt concentration, therefore: 

ع  لق كي  ل ت  [-OH]  ي

: ل ع ل. ب ح ل ح غي  ل كي  ل ت [CH3COOH]ي   

 

Kh =  

 

This law is general for all salts derived from week acid and strong base. 

 

Relation between Kh, Kw and Ka: 

صل  لح بت  ح، ث ئي ل ل ل  ح ل بت  عيف.لعلاق بين ث ل مض  لح بت تأين  ث ء  ني ل لأي  

Ionic product of water, Kw, is expressed as       :ء ني ل لأي صل  لح بت      ث
Kw = [H

+
] [OH-] 

Dissociation of acetic acid is                                        يك ل مض  ك ح :ت  

CH3COOH    ⇌    CH3COO-   +   H+ 

The acid dissociation constant, Ka, is expressed as      :مض لح ك  بت ت   ث
 

 

Ka = 

 

From previous relation             : بق من علاق س    

 

Kh =   Dividing Kw by Ka 

 

 

= Kh       ⇒⇒⇒   Kw / Ka = Kh Kw / Ka = 

 

By taking the logarithm of this equation and reversing the sign 

throughout: 

[unhydrolyzed salt]  

[acid] [base]  

[CH3COOH] 

[CH3COO-][H+] 

[CH3COO-]  

 [CH3COOH][OH-] 

 [CH3COOH] [OH-] 

 [CH3COO-] 
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-log Kw - (-log Ka) = -log Kh 

By the definition of p-function (pX= -log [X]): 

       pKw - pKa = pKh                           

It is clear that (Kh) of the salt varies inversely as the dissociation 

constant Ka of the weak acid. Therefore, weaker the acid greater is the 

hydrolysis constant of the salt. 

ضح من بت أ ل ل ث ح ئي ل غي حل ل سي ي بتمع  ع عيف. ث ل مض  ح ك ل  ل
ل لك  ي  لأضعف مضحل بتيع ل ث ئي تح ح م . ل أك   

(Note:     Since   Kh = Kb     ⇒⇒⇒   pKw - pKa = pKb)   

 

Relation between Kh and degree of hydrolysis: 

ح. ئي ل ل ل  ح ل ج  ئي  ل ل  ح ل بت  لعلاق بين ث  
The degree of hydrolysis is the fraction of the total salt that has undergone 

hydrolysis when equilibrium is established. It is generally represented by (α). 

ل ج ح ئي ل ء  هي ل حنس  ج لل ل ئي ح م ل ل تحقق ع م ي  

لاتهي مق م أ  ، ل  مي( ع ح ي غ ي ح ) ج ل ح من  ل من م  ح .ي (α) م  ل ب   
Suppose we start with one mole of the salt dissolved in V liter of 

solution. Then the equilibrium concentrations are: 

أ أن ل ح من ح ب ن ح ل في ل ل ل ء( من  ل كي ، ل سي)  ت
: ل ن ه ل  

        CH3COO
-
 +   H2O    ⇌   CH3COOH  +   OH

-
      

At equilibrium:      (1- α) / V                              α / V            α / V  

 

Kh =   =  =  

 

                       ∴    Kh = α2 / (1- α) V 

Degree of hydrolysis is increasing with the increase in dilution. 

. ح ل يف  ي ت ح ت ب ئي ل ل ل  ح ل ج   

[CH3COO-]  

[CH3COOH][OH-] 

 (1- α) / V  

 (α /V ) (α /V )  (α  / V )2 

 (1- α ) / V  
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Derivation of pH of salts derived from weak acid and strong base: 

: ي ع ق ق مض ضعيف  ق من ح ل ي للأملا  جي ي ل لا  ق  ش  

 

Kw / Ka = Kh = 

 

[CH3COOH] = [OH-] 

[CH3COO-] = Cs = the initial (original) concentration of the salt. 

Kw / Ka = [OH-]2 / Cs  ⇒⇒⇒   (Kw / Ka). Cs = [OH-]2 

Since [OH-] = Kw / [H+] 

(Kw / Ka). Cs = (Kw / [H+])2 

(1 / Ka). Cs = Kw / [H+]2 

[H+]2 = (Kw . Ka) /Cs  

[H+] = √(Kw . Ka) /Cs 

Taking logarithms and reversing the sign throughout:  

-log [H+] = -log {(Kw . Ka) /Cs}1/2  

-log [H+] = - ½ log Kw + (- ½ log Ka) – (- ½ log Cs) 

-log [H+] = - ½ log Kw - ½ log Ka + ½ log Cs 

pH = ½ pKw + ½ pKa + ½ log Cs   ⇒⇒⇒   pH = ½ (pKw + pKa + log Cs)  

or   pH = 7 + ½ pKa + ½ log Cs 

It is evident that pH of the solution will always be greater than 7. Thus aqueous 

solution of salt of weak acid and strong base will be always alkaline. 

قم أ ضحل من     ي ل جي ي ف حل ل  سي ه. 7 من أك ئ   ي س
ق من  حل ئيل حل يضعيف  مضحل ع ق .ئ   سي ق ق  

 

 

 

 

 

 

 [CH3COO-] 

 [CH3COOH] [OH-] 
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Ex.  Calculate  the  pH  and  Kh  of  0.01M  KCN  solution,  if  Ka  for 

hydrocyanic acid (HCN) at room temperature is 6.2x10-10. 

KCN is derived from weak acid (HCN) and strong base (KOH). So: 

pH = ½ pKw + ½ pKa + ½ log Cs 

= (½ x14) + ½ (-log 6.2x10-10) + ½ (log 0.01) 

= 7 + 4.604 – 1 = 10.604 

Kh = Kw / Ka   

     = (1.0x10-14) / (6.2x10-10) = 1.612x10-5 

 

Exercise. Calculate pH value of 0.02M of C6H5COONa solution if pKa 

of benzoic acid = 4.202. 

كسي  هي مض ضعيف(  يك )ح ل مض  ق من ح ي م ل ة: ب  ملاح
.) ي ع ق ي )ق ل  

 

 

3- Salts derived from strong acid and weak base: 

مض عدة قوي الأملاح المشتقة من ح ة ق :ضعي  

Salts such as Pb(NO3)2, MgBr2, FeCl3, CuSO4, FeSO4, NH4Cl are 

examples of this type of salts. 

HCl   +  NH4OH     ⇌    NH4Cl
   

+    H2O
 

                     Strong acid      Weak base                    Salt                Water 

NH4Cl ionizes completely in aqueous solution to form the cation 

NH4
+, the conjugate acid of a weak base (NH4OH)، which is a relatively 

strong acid. Thus, NH4
+ reacts with OH- ion from water and undergoes 

hydrolysis (i.e. [H+] > [OH-]).               

NH4Cl + H2O   →    NH4
+

(aq)   +    Cl-
(aq)    

                                                         conjugate acid                       

NH4
+

 +  H2O   ⇌    NH4OH   +    H+ 

The resulting solution is slightly acidic due to excess H+ ions present. 
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ن  لأم ي  ب ك ء يع  ل أين( كي في  ل ت )ي لب عطي لي ب لس ي  ل ني  أي
ني ه لأم جب ) ني ل لأم كسي  ع هي ين لق مض ق عيح ل يع ل مض (  ح

لك أي  ق . ل ي نينس ي لأم ل ن  ي ح مع  ئي  كسيي ل م ح ء(  ي ل ت من تأين  ل (
ح ل ل  ي  تج  ه ي  ي ص  ل م ي ح جينن ي ل ن  ي ي في    ل

ج ف . ل ح ل ي   

Equilibrium constant expression (hydrolysis constant Kh) of this type 

of salts can be presented as follows: 

Applying the law of mass action to the above hydrolysis reaction, the 

hydrolysis constant, Kh, is given by 

ئي     ل ل  ح ل بت  ، ث ني لأم ي  ح ك ئي ل ل ل  ح ل عل  ل ع ت ن فعل  يق ق ط ب
ح  : ل لآتي لعلاق  ه  ت  

  

 Kh =   Note: [H2O] is constant so it negligible. 

 

 

Kh =  

 

[NH4OH] presents base concentration, [H+] present acid concentration and 

[NH4
+] present unhydrolyzed salt concentration, therefore: 

 

Kh =  

 

This law is general for all salts derived from strong acid and week base. 

 

Relation between Kh, Kw and Kb: 

Ionic product of water, Kw, is expressed as 

Kw = [H
+

] [OH-] 

Dissociation of weak base is;    

NH4OH    ⇌    NH4
+  +  OH- 

The base dissociation constant, Kb, is expressed as 

[NH4
+] [H2O]  

[NH4OH] [H+]  

[NH4OH] [H+]  

[NH4
+] 

[unhydrolyzed salt]  

[base] [acid]  
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Kb =     

 

 

Kh =  

 Dividing Kw by Kb 

 

Kw / Kb =  = Kh  =  Ka  for the acid NH4
+ 

 

or    Kw / Kb= Kh 

Thus, Kh varies inversely as the dissociation constant, Kb of the base. 

Therefore weaker the base greater will be the hydrolysis constant of the salt. 

بت ه      ل ف ث ح ئي ل سي ل ع غيي بت سي ع  مع ث لق لك  . ل عي ل ع  ق ك ل ل
 . لأك ئي  ل م بت تح ي ث لاضعف تع  

 

Relation between Kh and degree of hydrolysis: 

 .) لاملا )الأشتق مطلو بق من  لس ع  ل ك في  ل يق  لط س  ئي ب ل ل  ح ل ج   تحسب 
                   Kh = α2 / (1- α )V 

 

Derivation of pH of salts derived from strong acid and weak base: 

مض  ق من ح ل ي للأملا  جي ي ل لا  ق  ع ضعيش ق :ق   

pH value can be calculated for the acid NH4
+ as follows: 

 Kh = Ka (Ka values obtained from tables) and using the following relations: 

بت  ح = ث ئي ل ل ل  ح ل بت  ع قي ث ليل ب ح ل ي ل  م لح ل  ل ن حس  ي
لا أي  ين )ه م لق مض  لح ك  ي من ت لح ع ن  ي ي ل جب(  ل ني  لام

: لآتي لعلاق  نين  لق ن ب ع لاس ب ل   
 

Ka =     

 

[NH4OH] 

[NH4
+  ] [OH-] 

[NH4
+] 

 [NH4OH] [H+] 

 [NH4
+] 

[NH4OH] [H+]  

 [NH3] [H+] 

[NH4
+] 
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[NH3] = [H+]    and    [NH4
+] = Cs  

 

Ka =     

 

[H+]2 = Ka . [NH4
+] = Ka . Cs 

Cs is ammonium ion concentration, which present the unhydrolyzed salt 

concentration (approximately equal to the original salt concentration). 

ي. لأص ح  ل كي  ي يس ت تق ل  ح ل ح غي  ل كي  ل ت ني ي لأم ي  كي   ت
[H+]2 = (Ka . Cs) 1/2 

  

Since     Kw = Ka Kb         or    Ka = Kw /Kb     

[H+] = {(Kw /Kb) . Cs}1/2 
  ∴ [H+] = √(Kw . Cs) / Kb 

Taking logarithms and reversing the sign throughout:  

-log [H+] = -log {(Kw . Cs) / Kb}1/2  

-log [H+] = - ½ log Kw + ½ log Kb - ½ log Cs 

pH = ½ pKw - ½ pKb - ½ log Cs   ⇒⇒⇒   pH = ½ (pKw – pKb - log Cs)  

or   pH = 7 - ½ pKb - ½ log Cs 

In this case it is evident that pH will always be less than 7. Thus, the 

solution of a salt of weak base and strong acid will always be acidic. 

ل  لح ضح منفي ه  قم أ ل ي ل جي ي ح ل ف ل  ه. 7 من صغأ ئ   ي س
ح ف ئي ل ح ل مض  ل ق من ح ع  ق ل مسي  ضعيق ئ . يح  

 

Ex.1  Calculate  the  pH  and  Kh  of  0.1N  NH4Cl  solution,  if  Kb for 

NH4OH at 25°C is 1.8x10-5. 

NH4Cl is derived from weak base (NH4OH) and strong acid (HCl).  

pH = ½ pKw - ½ pKb - ½ log Cs  

      = (½ x14) - ½ (-log Kb) - ½ (log 0.1) 

= 7 – 2.373 + 0.5  = 5.127 

Kh = Kw / Kb   

     = (1.0x10-14) / (1.8x10-5)  = 5.556x10-10 

[NH4
+] 

  [H+]2 
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Ex.2 Calculate the pH of 0.1M AgNO3 solution in water, if pKb for 

AgOH is 3.96 

AgNO3 is derived from weak base (AgOH) and strong acid (HNO3).  

AgOH   +  HNO3     ⇌    AgNO3
  

+   H2O
 

pH = ½ (pKw – pKb - log Cs)        

     = ½ (14 – 3.96 - log 0.1) 

= ½ (14 – 3.96 + 1)  = 5.52 

In other method: 

[H+] = √(Kw . Cs) / Kb 

        =√(1.0x10-14 x 0.1) / 10-3.96 

        = √10-11.04  = 10-5.52 ∴    pH = 5.52 

 

4- Salts derived from weak acid and weak base: 

ة: عدة ضعي ق مض ضعيف   الأملاح المشتقة من ح
A- If the dissociation or ionization constants of the weak acid and weak 

base forming the salt are different then the stronger one will characterize 

the solution. 

نت  بتقي  ك ك ث أ أ ل عل عيفل مضحل ينل ن ل عيل ق ل ف  م ،ح،
: . م ه ف بأق ح سي ل  

NH4OH   +   H2CO3     ⇌    (NH4)2CO3
 
+  H2O

 

                      Weak base        Weak acid                     Salt                   Water 

Since NH4OH (Kb =1.8x10-5) is stronger than H2CO3 (Ka1 =4.45x10-7, 

Ka2 =4.69x10-11), then the solution is alkaline. 

ني أق من حمض لأم كسي  . ب  هي ع ح ق ل لك ف نيك ل ب ل  

Pb(OH)2   +   CH3COOH    ⇌   (CH3COO)2Pb
 
+  H2O

 

                      Weak base        Weak acid                            Salt                    Water 

Since CH3COOH (Ka =1.75x10-5) is stronger than Pb(OH)2 (Kb =1.7x10-7), 

then the solution is acidic. 

يك ب   ل مض  ص أق من ح ل كسي  ح هي ل لك ف مل ي.ح  
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B- If the dissociation or ionization constants of the weak acid and weak 

base forming the salt are the same, then the situation depend on which 

ion will be in more H+ or OH-. 

نت  بتقي  ك ك ث أ أ ل عل عيفل مضحل ينل قف سيع  عيل ق ل ي ف  س م
كي لأع ت كسي سي  ي ل جين أ  ي ل ني    .ع  أ من أي

           
If   Ka > Kb then the solution is acidic (pH will be less than 7). 

If   Ka < Kb then the solution is alkaline (pH is more than 7). 

If   Ka = Kb then the solution is neutral (pH is 7). 

(Verse versa by using pKa and pKb     )pKa  pKb  س س ع  لع س ب لع (  
 

Equilibrium constant expression (hydrolysis constant Kh) of this 

type of salts can be presented as follows: 

In this type of salt, both the anion of weak acid and the cation of weak 

base undergo hydrolysis simultaneously. 

ع  لق جب )من  ل لاي  عيف(  ل مض  لح لب )من  لس لاي  لأملا ف  ع من  ل في ه 
    . ح ئي في آ  ل م ف يح ل تح ( س عي ل  

Applying the law of mass action to the following hydrolysis reaction: 

CH3COO-
  +  NH4

+  +  H2O   ⇌   CH3COOH + NH4OH  
 

The hydrolysis constant, Kh, is given by 

  

 Kh =   ([H2O] is negligible)  

 

Relation between Kh, Kw and Kb: 

CH3COOH    ⇌   CH3COO-   +  H+ 

 

Ka = 

 

NH4OH    ⇌   NH4
+   +  OH- 

 

[CH3COO-] [NH4
+]  

[CH3COOH] [NH4OH]  

[CH3COO-][H+] 

[CH3COOH] 
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Kb =  

 

H2O    ⇌   H+   +  OH-              Kw = [H+] [OH-]         

 

Dividing Kw by (Ka . Kb) 

 

Kw /(Ka .Kb) = = Kh 

 ∴   Kh = Kw / (Ka . Kb) 

 

Relation between Kh and degree of hydrolysis: 

Suppose we start with one mole of the salt dissolved in V liter of 

solution. Then the equilibrium concentrations are: 

أ أن ل ح من ح ب ن ، ل سي ل في ل ل ح ل كي من   ل ت
: ن ه  ل

           CH3COO-
    +    NH4

+   +  H2O   ⇌   CH3COOH + (NH4)OH 

                 (1- α)/V          (1- α)/V                            α/V              α/V  

α/V   presents acid concentration and also base concentration. 

(1- α)/V present unhydrolyzed salt concentration. 

 

Kh =   

 

 

    = 

 

Kh = {α / (1- α )}2   ⇒⇒⇒    √Kh = α / (1- α ) 
 

 

 

[NH4
+][OH-] 

[NH4OH] 

[CH3COOH] [NH4OH]  

[CH3COO-] [NH4
+]  

 [CH3COOH] [NH4OH]  
 

[CH3COO-] [NH4
+]  

 (α /V ) 2 

 {(1- α)/V}2 
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Derivation of pH of salts derived from weak acid and weak base: 

مض  ق من ح ل ي للأملا  جي ي ل لا  ق  : ضعيفش ع ضعي ق  

pH  value  here  do  not  depend  on  the  concentration  of  salt. Hydrogen 

ion concentration of the solution of a salt of weak acid and weak base can 

be derived from the dissociation equilibrium of the weak acid. 

ليل لا   ح ل ي ل  م لح ل  ل حقي  ل كي جين أي كي. تتع ع ت ي ل  ل
ليل ح ن ل ق أ ي ك ت من ي . عيفل مضحل ت  

CH3COOH    ⇌   CH3COO-   +  H+ 

 

Ka = 

 

 

[H+] = Ka 

 

[H+] = Ka 

 

[H+] = Ka {α / (1- α)}   

Since     √Kh = α / (1- α)         ⇒⇒⇒   [H+] = Ka .√Kh 

Since     Kh = Kw /Ka. Kb          ⇒⇒⇒   [H+] = Ka .√(Kw /Ka. Kb) 

Taking logarithms and reversing the sign throughout:  

-log [H+] = -log Ka -log (Kw /Ka. Kb)1/2  

-log [H+] = - log Ka - ½ log Kw + ½ log Ka + ½ log Kb 

-log [H+] = - ½ log Ka - ½ log Kw + ½ log Kb 

pH = ½ pKw + ½ pKa  - ½ pKb ⇒⇒⇒   pH = ½ (pKw + pKa - pKb)  

or   pH = 7 + ½ pKb  - ½ pKb 
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Ex.1 Calculate pH and Kw of 0.05N solution of ammonium format at 25°C, if 

Ka of formic acid is 1.8x10-4 and Kb of ammonium hydroxide is 1.8x10-5?  

  HCOONH4 is derived from weak acid and weak base.  

pH = ½ (pKw + pKa - pKb) 

      = ½ (14 + 3.745 – 4.745) = 6.5 

Kh = Kw /(Ka.Kb) 

     = (1.0x10-14) /{(1.8x10-4) ( 1.8x10-5)} = 3.086x10-6 

 

Ex.2 Calculate pH and Kh values for 0.1M ammonium acetate solution, 

if Ka =1.8x10-5 and Kb = 1.8x10-5? 

Since the salt is derived from weak acid (acetic acid) and weak base 

(ammonium hydroxide) and Ka = Kb then the solution is neutral. 

pH = ½ (pKw + pKa – pKb)        

     = ½ (14 + 4.745 - 4.745) = 7 

 

 

 

 

 

 

 


