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Bronsted-Lowry Theory : Acids are proton donors and bases are proton acceptors:

                                       HA + B                            A- + BH+        

HA is acid , B is bas , A-  is conjugate base , BH+ is conjugate acid. HA and A-, also B and BH+ are called conjugate acid-base pairs.

Strong Acid : A strong acid is one that is almost completely dissociated in water ,so the acid dissociation equilibrium of a strong acid lies nearly 100% to the right. A strong acid has a very weak conjugate base: 

                         HA + H2O                              H3O+ + A-      

A weak acid is only partially dissociated in water. Weak acids have strong conjugate base. 

                           [H3O+][A-]                  Ka is called the acid dissociation constant.                                                                                                                                                           

             Ka =                                           

                           [HA][H2O]  

Monoprotic acids have one acidic proton, HCl is a monoprotic acid:

 HCl + H2O                  H3O+ + Cl- 

Oxyacids contain oxygen which is attached to acidic proton, HNO3 is a oxyacid:

       HNO3 + H2O                      NO3- +H3O+
Organic acids contain carboxyl group, the acidic proton is attached to oxygen:

H3C- COOH                   H3CCOO-  + H+
Diprotic acids contain two acidic protons, H2SO4 is a diprotic acid.

Amphoteric substance can behave as an acid or as a base, H2O is an example of amphoteric substance:

                                       H2O + H2O                        H3O+ + OH-

At 250C:

Kw = [H3O]+[OH]-= 1(10-7(1(10-7=  1(10-14       Kw is dissociation constant for water.

 If :    [H+]=[OH-] , the solution is neutral

If:     [H+] > [OH-]  , the solution is acidic

If :    [OH-]> [H+]   , the solution is basic

PH and POH:

PH = -Log [H+]           POH= -Log [OH-]

Calculating the PH of strong acid solution:

Example: What is the PH of 0.01 M HCl ?

HCl is a strong acid:                                      HCl                   H+ + Cl-

HCl is a strong acid, so it  completely dissociates in water

HCl                   H+  +   Cl-

0.0                    0.01M      0.01M           PH = -Log(0.01) = 2
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Calculating the PH of weak Acid Solutions:

A weak acid is only partially dissociated, so first we have to write an equilibrium reaction for weak acids, and then calculate the concentration of H+  .

Example: What is the PH of a 0.5M of CH3COOH?

                           CH3COOH                   CH3COO - + H3O+     Ka= 1.8( 10-5
Initial [  ]                  0.5M                         0                  0    

Eqilibrium[  ]           0.5-X                        X                 X                           

                                X2                                               X = 3 ( 10-3 M     PH =  2.52                                                                                                              

  1.8 ( 10-5  =                                  

                            0.5- X                                                 [A‑]

Percent dissociation in solutions of weak acids =                        ( 100

                                                                                       [HA]  

PH in strong Bases: Strong bases are completely dissociated in water, so the concentration of OH- is equal to concentration of base:

What is PH of a solution contain 0.1 M of NaOH:

NaOH                Na+ + OH-  

  0.0                    0.1      0.1

[H+] [OH-] = 10-14   [ H+] [0.1] =10-14               [H+] = 10-13    PH = 13

PH in Weak Bases: What is PH in a solution contain o.1 molar NH3?

Weak bases  have equilibrium reaction:                              [OH-][NH4+] 

      NH3  +  H2O                  NH 4+ + OH-                    Kb =

0.1-X                               X            X                                        [NH3]

                                X2                                           X = [OH]=1.3(10-3M      

1.8 (10-5=

                           0.1-X

[OH-][H+]=10-14      [H+] =  10-14/ 1.3(10-3   [H+]=7.7(10-12     PH=11.12

Ka, Kb and Kw:     Ka ( Kb = Kw = 10-14
Acid-Base properties of salt:

When a salt dissolves in water, it breaks up into its ions. These ions can behave as acids or bases, solution can be acidic or basic or neutral, depends on the strenght of acid or base.

 Neutral solution: NaCl, KCl,..  PH =7   These salts have no effect on the PH of water, because they don’t combine with H+ or OH-.

Basic  Solution and PH calculating: (CH3COONa, NaNO2….)     These salts produce basic solution, because anion combines with H+ this means the concentration of OH- is more than H+ :  PH >7    

CH3COO- + H2O                        CH3COOH + OH-

                   [OH-][CH3COOH] 

        Kb=           

                      [CH3COO -]

Using concentration of OH-, we are able to calculate [H+] and PH of the basic solutions.
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Acidic Solutions and PH calculating: AlCl3   , NH4Cl ,…           These salts produce acidic solution, because cation combines with OH-, this means the concentration of H+ is more than OH-  : PH <7

NH4+                        NH3 + H+
              

              [NH3][H+]

Ka=

                [NH4+]                Using the concentration of H+ , we are able to calculate the 

PH.

Acid-Base properties of Oxide:When a covalent oxide dissolve in water, an acidic solution forms: SO3 + H2O                   H2SO4
When an ionic oxide is dissolved in water, the solution is basic:  

Na2O +  H2O                            NaOH

Arrhenius Acid and Base: Acid produces H+ when it  is dissolved in water. Base produces OH-, when it is dissolved in water. HCl is an arrhenius acid, NaOH is an arrhenius base.

Lewis acid –Base Model: Acid is electron pair acceptor, base is electron pair donor:

BF3 + NH3          H3BNH3       BF3 is a lewis acid, NH3 is a lewis base.

H+ + NH3           NH4+           H+ is a lewis acid, NH3 is a lewis base.

Strength of acids: Strong acids have weak(stable) conjugate base. There are two main factors that determine stability of a conjucate base:

1.The number of electronegative atoms : With increasing number of electronegative atoms , stability of conjugate base also increases. HSO4- is more stable than HSO3- 

2. The size of anion: When the size of anion increases, stability of conjugate base also increases.I- is more stable than F-, because the negative charge is more stable on the larger surface.

Polyprotic Acids:

Acids with more than one proton are called polyprotic acids. They dissociate in 2 or 3 steps.

Example:  H2CO3, H3PO4                                            [H2PO4-][H+]

H3PO4                   H2PO4- + H+         Ka1=

                                                [ H3PO4]

   H2PO4-                               HPO4- + H+    

                    

           [ HPO4- ][ H+ ]     

Ka2 =

                [H2PO4-]

                                                                                  [H+] [ PO43- ] 

HPO4-                                      H+ + PO43-              Ka3=

                                                        [ HPO4-]

Ka1> Ka2 >Ka3
