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  pH   
    

Acids and Bases

 .       Acid   
       
        
      . -    
   .      
        
    .     
         
         

. -   



       
 .         
      . -   
 Corrosive       
   .       
           
          
           .

.         

        Base 
       .Salt

.Neutralisation

      
      

          
 .         

.Alkalis    
         

       
       
 Venn diagrams      
       . -  
    .     
      .   

.     

*

       
      

    

HCOOH  
 

 CH3COOH  
 

   CH3CH(OH)COOH  
    C(OH)(CH2COOH)2COOH  

      
       

 

HCl  

    HNO3  
      

  
H2SO4  

  H2CO3  
      

 
 H3PO4  

.                  *



.      
.      

.      

.      
       

.  
.       

.     
.        

    :Neutralisation    
.      

 

        
      
     .      
         
       
      .  
       

.       
         
    -      
        .

.        
         
        
        .
         

 .  

 (CuO, MgO, CaO,
NaOH,Cu(OH)2)

 (NaOH,
KOH)       

         
     .     
         

.        
    -   

.   
      

  



       
.     

CaO  

.       Mg(OH)2  

         
       

.   

CaCO3  

        
.       

NaOH  
 

        
.(biodiesel)

KOH  
 

      
.      

Ca(OH)2  
   

       
.    

 NH4OH

 NH3(aq)

 
 

       
       

.       

Na2CO3  

     
     

     
  

          
.    

    
   
   

       
 . -   -      
.       

  
  
  

  
    

  
  



     .     
     .      

 .        

pH

        
         
         .
          
        .  

.Indicators  
       
 Hydrangea     .  
       Hortensia 
          
       . -  
  .        
         
      .   
      .   
        .  
      .  
       .
 .        
         
         .  

       :Indicator   
.     

 

           
    .    

   
  
  
  

 /  
 
 

           
         .
    .      
         

.    

      
       Universal Indicator

 . -  



         
         
       . -  
  .      
       
  .        
         
        .  
       .   

.   
       
   .Concentrated    Dilute

            
         

 
    pH    

 

       
 .  

pH

pH 14131211109876543210

          
     .      
       
    .     
          
         

. -  

  !
 

  

 

 

  

 

  



 .    pH    
        
     .      
        
  -   pH-meter or sensor 
   electrode    
   -    .  
       pH 

.

pH 
        
       
      .(Søren Sørensen)

       
      .  

     pH scale 
    14  0

 pH 
.7   pH    

         
.pH 

pH

   :pH scale     
   H+     

  .14  0  

 

 .7   pH    
         

.pH 
          

 .7       

         
       

        
      .   
        

       
.    
      

.   

.      

.     

.pH     

.          

           
.        

           
.   .     

         
       

.   



pH
    

0.0  (HCl)   

 

1.0  
2.5  
3.0

3.5  
4.1  
5.0  
5.6  
6.0

6.0

6.5  
7.0   
7.0  
7.4

8.5   
9.0  
9.2  

10.5  
11.6   
12.4  
14.0   

NaOH  

 

  1 mL
 9 mL 2   1 mL

 9 mL  1 

 pH     

        
      pH 

.      

 !

 13  1        
.    

   10 mL      
    HCl (aq)  

.1 



 
     1 mL     
   .     1  

     .    9 mL 
.2     

    1 mL      
   .     2  

     .    9 mL 
    .3     

.6   4      
   10 mL       

.7     
  10 mL       

    NaOH (aq)  
.13 

pH (mol/L) NaOH (mol/L) HCl

0.1 1

0.01 2

0.001 3

0.0001 4

0.00001 5

0.000001 6

7

0.000001 8

0.00001 9

0.0001 10

0.001 11

0.01 12

0.1 13

          
pH  

          
  

         
   pH = 1 

pH = 4   pH = 2   

   1 mL      
  13      

   9 mL    .   
        .

.12  
    1 mL      

   .     12  
     .    9 mL 
    .11     
.8   11       

           
.     

 pH = 10  (OH–)       
.pH = 13  

            
.   

           
.      7  

         
.     



   .       

          
  pH     

7  .  11  .  
3  .  8  .  

   pH        
1   pH   4

        
     -    
 .      .   

     -    
 OH    Na2CO3  
      .   
  .       
  .Ions        
 .          
 (H+)        
   .  (OH–)   
.(H+)         

 H+        
      .OH–    
      (HCl)    
   H+       

.HCl   

 
     

:

.

 !

 

 .        
          
         
  .        

       

 .         
           
       

.
        

        
. 0.5 mol/L)    

         
       

 .       
     

.        
.          

         
.        
         

.
.       

.     
.     

         
.



pH

pH = 7
OH–H+

H+

H+

OH–

OH–

pH

7

  H+ = OH–

 H+ > OH–    

 OH– > H+    
 pH 

   7 
  

 

  H+       
     pH   .

.  
        
     .(OH–)  
   .OH–       
        
    .OH      
       
        .NaOH

        OH   
     .    
  (NH3)       
        (Na2CO3) 
    .      OH

         
      H2O   H+ 
   .      OH–   
   H+       

. -   OH–

 +H        :Acid   
.  

 H+        :Base   
.   

      :Alkali    
.    OH– 

 

Cl–  H+   
 NO3  

–  H+  
SO4     

2–  HSO4   
–   H+  

OH–  Na+  
OH–  K+  

 OH–  Ca2+  
OH–  NH4     

+  

      -   
.  

       
.  

        
    H+      (H+)

 .H+         
       
  H+      OH–   

.H2O    
         
    H+      

.     



       
        

       
   .  

  .  
            
      

 

 .   H+        
       

         
 .         

++

–

 (H+)   

e

   10 mL      
 .     

.          
  pH   (pH)     
       .

  25 mL  0 mL    
.

     

 pH        
.      

     
   

 !

 

 (neutralisation)      
.    

pH (mL)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20



 

   1 mL     
.     

 pH        
.

       1 mL   
.pH 

 20 mL          
.  

         
.    

         
 .       

.      
         

          
.        
          

         
     .     
   .       
        
         
         .
     .   
        
       

.( -       

       ( -   
         

     
       

 

  

 

 (        
    

      
         
.          



        
.    

         
      

.  

         SO2   
         P2O5   

           CO2   

         Na2O  
          MgO  

         CaO  
    FeO (II)  
    CuO (II)  

        
       

        
.       

          
        

.Acidic oxides   
        
      

  Basic oxides

     
        
  .         
       

 
      

  .      

     
   

 .       
 

      
   

.        
       ( -   

.        



         
   .     .  
   .      

   7   pH   
 .       Neutral oxide

  (CO)        
       .   
  .        
         
        

.    
        
        
        .
        

.Amphoteric oxides 
        

.
         
   .     

       
  

     
   

        
.

        
       

  
     

   
       
   .    
         
         
          

.( -  

CaO, MgO, 
CuO, K2O, 
Na2O, FeO,

Fe2O3

 CO2, SO2,SO3
NO2, P2O5,

SiO2

 H2O, 
CO, NO

 ZnO, 
Al2O3

 

    

 

 Amphoteric metal      
         :oxide

.   

 



      
.      .  

.         .  
.           .  

.       .  
               

                  
       

                 
.   

.        
          

.  
.         
          
.        

      pH    
.  

   pH      
.  

   7   pH     
 pH     7   pH 

.7 

         
       H+ 

.OH–    
        

.(H+) 
          

       
.    

         
.  



:          

   
   

   .          pH             
   .   H+   (HCl)           (H2SO4)        

           

                 .             
             pH     .   OH–  

        

.       H2SO4    
            .  

.     pH       .  
 .           .  

                   
.     

.         .  
        .  

                .  
.            .  

.    pH   .  
.          
.        .  .  

.            .   
.        .  .  

  .            .   
 .      .  .  

.     .   



 .            
.     .  

.              
 .      

Equations for Chemical Reactions

        
       .   
     .     
  .      
        

        
.( -  



          
      .    
    .        
       .   

.     
        
       
        .
         

.     

       
    .    
       
      .  
.Word equation     

       
     (Reactants 
    (Products  
     .    
      

:    ( -
     

                   

       
      .  
      .   
  .      
      1986  
  Challenger      

 .       
:         

    
          
      ( -     
       .

.      

       
       .
       

.



        
        
       .  
         
     .     
         

.   
       
       .   

:   
     

    
      

       Symbol equation

:          
HCl + NaOH  NaCl + H2O

         
:   

     (O  Na  Cl  H      •
.  

            •
  O   Na   Cl  

.(H 
           •
  H  Cl    Na  H  

.(H2O  OH

        
        
        

.      

        
:    ( -  

    
H2 + O2  H2O

          
  .        
     H     
        
      O    
        .   O 

.  
 .        
 (H2O)        
        
     (H2)   
    (O2)     .
        

.
  (2H2)      
     (4H)     
 (O2)      (2O)  
  .(2H2O)        
       

.   
        

:      
2H2 + O2  2H2O

 .Balanced equation    
         
        
         

.( -  



        •
.(Mg :   

          •
.(O2 :      

         •
  O2–  Mg2+ :    

.(AlCl3  Cl–  Al3+  MgO

 :         •
  CO2    H2O 

   HCl   NH3

.(H2SO4

  Balanced symbol   
       chemical equation

   .      
 .       

       
    :  .  

.    (  

 

2H2 + O2 2H2O

H
H

H

H
H

H O

O
O

H
O

H

  

          
         
   (       .

.   
       
.        

       
:

     
      

:   
Mg + O2  MgO

        
  :       .
       
      (  

.(       
:    

2Mg + O2  2MgO

       
      2  
      .  MgO

        
   .MgO     
      Mg  
 Mg     2    

.    



:        
         .  

.(III)     
       .  

.    
         .  

.    
:        

…Cu + O2  …CuO  .  
      …Na + O2  …Na2O  .  

CH4 + …O2   CO2 + …H2O  .  
 …Al + …Cl2  …AlCl3  .  

 ... ZnS + ... O2  ... ZnO + ... SO2  .  
   Fe2O3 + ...CO  ... Fe + ...CO2  .  

         
. -

          
        

.  
          

.       (

       
    ( -    

:  
       

K + H2O  KOH + H2

        
 O  K    (O  H  K    
  K         
        O  
     .(       
  H        H 
     H      H2O

     .(H2   KOH  
.  

         
:      .   

   H2O   2     •
.     O  H  4

K + 2H2O  KOH + H2

 KOH  2         •
  H   4   O       
   .     (H2  2 KOH

.  H  O 
K + 2H2O  2KOH  H2

    KOH   2      •
         K
       .

.     K  2
2K + 2H2O  2KOH + H2

     .     
.         



 (s)

 (l)

(g)

     (aq)

        
.       

       
 State      
        .symbols

 ( -       :  
.      

  .        
.          

       
2K(s) + 2H2O(l)  2KOH(aq) + H2(g)

  .       
    ( -     
          
 .    
         

.      
         

:       
     

    

         
      .   

:       
.   :       •

.   :   •
.   :    •

  :(     (     •
.

       
          
      .(aq)  
    .      

.     (aq)     
HCl(aq) + NaOH(aq)  NaCl(aq) + H2O(l)

 Neutralisation      
         
 .(aq)         (l)
         
         

.    
.Precipitation      
(II)      

 (II      
CuSO4(aq) + 2NaOH(aq)  Cu(OH)2(s) + Na2SO4(aq)

          
        
         .(II) 
         

.



      :Precipitation   
.        

 

        
 .        .
         
     (II)   
    (II)      
  .       
          
        (II)

.(II)      
         
         

:    
Cu2+(aq) + 2OH–(aq)  Cu(OH)2(s)

     
      Net ionic equation

        .  
 (        
 Spectator     
         .ions

        
         

.(  
       
    .    
      

:   
HCl(aq) + NaOH(aq)  NaCl(aq) + H2O(l)

        
:    

[H+(aq) + Cl–(aq)] + [Na+(aq) + OH–(aq)] 

[Na+(aq) + Cl–(aq)] + H2O(l)

         
.      

       
    .      
        
        .

:     
[H+(aq) + Cl– (aq)] + [Na+(aq) +OH–(aq)] 

 [Na+ (aq) + Cl– (aq)] + H2O(l)

     
:  

H+(aq) + OH–(aq)  H2O(l)

        
       

:
   (      •

.  
 (Br2   (H2O   :     •

.((C2H5OH   (Hg  
        •
       

.(CO2 Cl2 H2 O2

         •
   .      

.    
        •

.  



         
:    

       .  
     

:      
Ca(OH)2(...) + 2NH4Cl(..) 

CaCl2(...) + 2NH3(...) + 2H2O(...)   

         .  
:    

 2Na (...) + 2H2O(...)  2NaOH(...) + H2(...)

        .  
      

:      
CaCO3(...) + 2HCl(...)  

CaCl2(...) + CO2(...) + H2O(...)   

:        
.    

.     
BaCl2(aq) + MgSO4(aq)  .   

MgCl2(aq) + BaSO4(s)    

 FeCl3(aq) + 3KOH(aq)  .   
3KCl(aq) + Fe(OH)3(s)    

Na2CO3(aq) + 2HCl(aq)  .   
2NaCl(aq) + CO2(g) + H2O(l)    

 (II)      
:     

CuSO4(aq) + 2NaOH(aq)  Cu(OH)2(s) + Na2SO4(aq)

         
:     

 [Cu2+(aq) + SO4        
2–(aq)] + [2Na+(aq) + 2OH–(aq)] 

Cu(OH)2(s) + [2Na+(aq) + SO4        
2–(aq)]

:        
 [Cu2+(aq) + SO4        

2–(aq)] + [2Na+(aq) + 2OH–(aq)] 

Cu(OH)2(s) + [2Na+(aq) + SO4        
2–(aq)]

         
       ،  
   .       
         (II)  
  .         
         

:       
Cu2+(aq) + 2OH–(aq)  Cu(OH)2(s)

       
       (II)  
   .   (   
    .     
           (s)

.

        
.( -      

 

 



         
.     

         
.     

         
        

.

:      
.            .  

.(II)            .  
.               .  

.           

.               

    .              .  
.  

                                                                        .         
……….C2H5OH + ……….O2  ……….CO2 + ……….H2O   

         .          .  
                                                                                     .       

C31H64………. + 47O2……….  31CO2………. + 32H2O……….   

       (NaCl      (AgNO3        
.  

                                                                                                     .        .  
      .             .  

 .    
AgNO3………. + NaI……….  AgI………. + NaNO3……….   

    .               .  
:  

AgNO3(aq) + NaBr(aq)  AgBr(s) + NaNO3(aq)   

.         



:   
    •  
    •  
    •  

     •  

         
         
     (     

 :      
.    

.        
.(       

         
.Salt       

         
        .  
  .        

.        

       :Salt   
.   

 

Making Salts

.     
.        

.       



(HNO3) (H2SO4) (HCl)

NaNO3  Na2SO4  NaCl  (NaOH)  
KNO3  K2SO4  KCl  (KOH)  

Mg(NO3)2    
MgSO4

MgCl2  (MgO)  

Cu(NO3)2 (II)   (II)  
CuSO4

CuCl2 (II)  (CuO) (II)  

   (      
:

      
         
       .

:   
      

   
:        

NaOH(aq) + HCl(aq)  NaCl(aq) + H2O(l)

:        
 Na+(aq) + OH–(aq) + H+(aq) + Cl–(aq)  

Na+(aq) + Cl–(aq) + H2O(l)

          
:        
H+(aq)        +        OH–(aq)         H2O(l)

                        
                         

       ( -   
.     

:       
.       

.       
.       

ô scòJ
         
         

    .    
       

:  .

   
 

    

    
   

NaCl



       
     (    
       .  
         .( -

:       
      

:        
     

    
Mg(s) + H2SO4(aq)  MgSO4(aq) + H2(g)

       
:

    
     

Zn(s) + 2HCl(aq)  ZnCl2(aq) + H2(g)

ô scòJ
        

       .
   .     

         
        

       
       

.     

+

+

Na+

O
H

H

H

H+

O

Na+

–

Cl –

Cl –

 
  

 

 

 
 

  

        
         

:   
Zn(s) + [2H+(aq) + 2Cl–(aq)] 

  [Zn2+(aq) + 2Cl–(aq)] + H2(g)

       
:   

Zn(s) + 2H+(aq)  Zn2+(aq) + H2(g)

  (      
.( -       

.         



        
        .
         

.
:    
      

       
      

 :  
HCl + CaCO3  CaCl2 + H2O + CO2

         
     

.  
       
       
    Cl–     Ca2+  

(CaCl2  
:    

 CaCl2  Cl      
        H2O  H 
.HCl     Cl   H 

       
       

.HCl    2  
2HCl + CaCO3  CaCl2 + H2O + CO2

:     
        
     (l)    (aq) 
        (g) 
         
  (s)  CaCO3     .  

.(aq)     CaCl2 
2HCl(aq) + CaCO3(s)  CaCl2(aq) + H2O(l) + CO2(g)

       
:

[2H+ (aq) + 2Cl– (aq)] + CaCO3(s) 
  Ca2+ (aq) + 2Cl– (aq) + H2O(l) + CO2(g)

:    
2H+(aq) + CaCO3(s)   Ca2+(aq) + H2O(l) + CO2(g)

        
         .
     .   

:     
       

       
       
     .   
   (      

:
       

        
      -   

(    



:        
    .  

    .  
      .  

     .  
     .  

   (II)   .  
       

. -    
        

.   
        

. -   
        
       
      .  

    

        
    .      

    
         
       

.   
        
  .       
         
        .NH4 

+

.         
        

:       
            

      
Ca(OH)2(s) + 2NH4Cl(s)      CaCl2(s) + H2O(g) + 2NH3(g)

          
 .(         

      ( -   
.

      ( -   
.

  

 HCl 

 
CaCO3

 Mg 
  

 NaOH 

H2O + NaCl H2 + MgCl2 CO2 + H2O + CaCl2 H2O + Na2SO4
 NH3 + H2O + NaCl 

  

 NaOH 

 
NH4Cl 

 
 H2SO4 

   
   

  



        
    .     
      :   
       
       
      .   
       .  
       

.
         
        .
   :       

 .          

         
       

.( -      

          
        (  

:  
   (       
 (       
       .   
        

.(    

.      
 .        
         
        ( -  

.( -    
         
       (
        
      (    

.



 

                    

     
       

     
      

    

   
    

  

 

 

  
 

 

 

ة

      
       

  

(
  (      
       

       

(
     

     
    

 (

(    

 

 

      
(     

 



  (Titration     
  (       
    .(     
       
 End-point      
         

.(    
.( -        

       
  .      
        
       
       .  
 (( -       

.  

    
    

     
  

    
    

    
.       (

 
 (II     

:
● 

● 

       
.( -     

 !

 

 (0.2 mol/L     15 mL     
.   

            
 .

.(II)    0.5 g  0.3 g      
   (II)        

     .    
.    

           
.(II)  

           
.         

          
 .100 mL      

       
.

.         
.          

            
.   

        
.  

           
.    

  

  

 

 



 
      

● 

● 

● 

        
    (      
         .

.    

          
.    :     

         
     .       
 (         
 ( -    .      

.     

         
         

.   

         
   .       
       
       .  
        
        
    .     
        
      .   

.

 

      

  

 

        
        
       

.        
        
   (     
  .(       
 .           
         
       .  
   .      
:        

          

     
Ba(NO3)2(aq) + Na2SO4(aq)  BaSO4(s) + 2NaNO3(aq)



       
        

:   
[Ba2+(aq) + 2NO3    

– (aq)] + [2Na+(aq) + SO4      
2–

(aq)] 

BaSO4(s) + [2Na+(aq) + 2NO3     
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Co
Cobalt
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Ni
Nickel
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45

Rh
Rhodium
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Pd
Palladium
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Iridium
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Platinum
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Cu
Copper
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Zinc
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Cadmium
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Mercury
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Gallium
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Indium
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Sn
Tin
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Thallium
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Pb
Lead
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Arsenic
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Selenium
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51

Sb
Antimony
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Tellurium
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Bismuth

209

84

Po
Polonium
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Br
Bromine
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Krypton
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Iodine
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Xenon
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Curium
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Terbium
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Dysprosium
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Berkelium
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Californium
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Holmium
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Erbium
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–
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Fermium

–

69

Tm
Thulium
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Ytterbium
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Mendelevium
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No
Nobelium
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Lu
Lutetium

175
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Lr
Lawrencium
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Rn
Radon

–

5

B
Boron
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C
Carbon

12

13

Al
Aluminium

27
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Si
Silicon

28
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N
Nitrogen
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O
Oxygen
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15

P
Phosphorus

31

16

S
Sulfur

32
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He
Helium

4
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F
Fluorine
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Ne
Neon
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Cl
Chlorine
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Argon
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Li
Lithium

7
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Beryllium

9

11

Na
Sodium
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Mg
Magnesium

24
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K
Potassium

39
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Ca
Calcium

40

37

Rb
Rubidium
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Sr
Strontium

88

55

Cs
Caesium
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56

Ba
Barium

137
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Fr
Francium

–

88

Ra
Radium

–
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Sc
Scandium

45
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Ti
Titanium

48

39

Y
Yttrium
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Zr
Zirconium
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72

Hf
Hafnium
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V
Vanadium

51
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Cr
Chromium

52
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Nb
Niobium

93
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Mo
Molybdenum
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73

Ta
Tantalum
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74

W
Tungsten
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Mn
Manganese

55

26

Fe
Iron
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43

Tc
Technetium
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Ru
Ruthenium
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Re
Rhenium
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Os
Osmium
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La
Lanthanum
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Ce
Cerium
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Actinium
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Th
Thorium
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Pr
Praseodymium
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Nd
Neodymium
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Protactinium

–

92

U
Uranium
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Pm
Promethium
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Sm
Samarium
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–
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Pu
Plutonium

–
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