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  pH

   
   

 
 pH 

1

2

3

 pH

56

1

4



1
1
2
3
4

1.   
2. 



4

     
   

  

HF    HCl    HBr    HI    H2S

H2CO3    H2SO4     HNO3

CH3COOH    HCOOH

LiOH    NaOH    KOH

Mg(OH)2    Ca(OH)2    Ba(OH)2

Al(OH)3    NH3

NH3     �     H2O                NH4+        �         OH
�

��

HCl   �      H2O        H3O
�      �      Cl

�

� �

5

1.1

 RCOOH

 CH3COOH

 H  
 O

 H  
 O

 
HCl HBr HCN

 
HNO3 H2CO3

 
Na2O CaO NaOH Ca(OH)2

 
 

NaCl KI

CaCO3

  

3       1.1
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 (acid) 
  2     1.2

1. (organic acid)   ( COOH)  
   (HCOOH)  (CH3COOH)  

(C17H35COOH)  1.3

 HX  HaXbOc

HCl HBr HCN

 
HNO3 H2CO3

 RCOOH

 HCOOH CH3COOH

 COOH HCOOH

CH3COOH

C17H35COOH

1.3

1.2

7

  
   

 

1  �   (meth)   HCOOH   (methanoic acid)

2  �   (eth)   CH3COOH   (ethanoic acid)

3  �   (prop)   CH3CH2COOH   (propanoic acid)

4  �   (bute)   CH3CH2CH2COOH   (butanoic acid)

5  �   (pent)   CH3CH2CH2CH2COOH   (pentanoic acid)

 2.  (inorganic acid)  (mineral acid)   
 2   

  2.1  (hydro acid)   
 

 
  H   ( ide)  HCl(g)  

 
     ( ic)  HCl(aq)  

   

HF   

H2S   

HCN   
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2.2  (oxy acid  oxo acid)   
 

    CO2(g)�H2O(�) H2CO3(aq)

    SO2(aq)�H2O(�) H2SO3(aq)

    SO3(aq)�H2O(�) H2SO4(aq)

    2NO2(aq)�H2O(�) HNO3(aq)�HNO2(aq)

     ( ic) 
 (O)  1    ( ous)

      1   (hypo) 
  

      1   (per) 
   

HClO4   HClO3 HClO2 HClO 

  H2SO4 H2SO3  

  HNO3 HNO2  

 H3PO4 H3PO3  

 H2CO3   

O  1 O  1 O  1 

9

1.      (Cl)  VIIA 
 H  O 
 3   8  

2.      (C) 
  

3.  H  
 

ClOH ClO
O

H ClO O
O

H ClO O
O

O
H

         HClO  �1 O    HClO2   �1 O    HClO3    �1 O   HClO4

                            

OH

OH
OC

H�O
C�O

H2CO3

H�O
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(base)  
 �  �   1.4

1.4 

1.  

   Na2O(s)�H2O(�) 2NaOH(aq)    2Na
�

(aq)�2OH
�

(aq)

   CaO(s)�H2O(�) Ca(OH)2(aq)    Ca
2�

(aq)�2OH
�

(aq)

   (alkaline)   OH
�    IA  IIA

2.  IIIA   Al2O3

Al(OH)3 FeO Fe(OH)2 Fe2O3  Fe(OH)3

Na2O

CaO

FeO

Fe2O3

 

 (II) 
 (III) 

NaOH

Ca(OH)2

Fe(OH)2

Fe(OH)3

NH4OH

 (II) 
 (III) 

 NH3  
NH4OH 

NH3(g)�H2O(�)    NH4
+

(aq)�OH
�

(aq)

11

  (salt)    2  
  2   3 

  2     ( ide) 
   

 ( ide)

  3   
  1.5

 NO3  
 NO2  
 SO4

2  
 SO3

2  
 CO3

2  
 HCO3  
 PO4

3  

1.5 

2 3

  
NaCl  
K2S 

AlBr3

FeCl2   
FeCl3

 
KNO3

KNO2  
KClO4

KClO3

KClO2

KClO   
Ca(HCO3)2

NaH2PO4

FeSO4

Fe2(SO4)3

FeSO3

 
 

 (II)  
 (III) 

 (II) 
 (III) 
 (II) 
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1.     ( ate)  
  ( ite)

2.  H  H  

   H2CO3(aq) H
�

(aq)�HCO3
�

(aq)

                
   HNO3(aq) H

�
(aq)�NO3

�
(aq)

              
   HNO2(aq) H

�
(aq)�NO2

�
(aq)

              

 1.    
  HBr  H2S  HClO  

KOH  Na2SO4  NH4OH  HCOOH  NaNO3  CH3COOH

2. 

HF   

NaOH  

BaSO4

H2SO4

 (II) 
HNO2

13

(electrolyte)  
  NaCl(s) 

   NaCl(s) Na
�

(�)�Cl
�

(�)

   NaCl(s) Na
�

(aq)�Cl
�

(aq)

  (electrolyte solution)

 2   
  1.6

1.6 

H2O

 

 
 2   
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(strong electrolyte)   
       
 

1.  (strong acid) 
    VIIA  HF  HI  �  HBr  �  HCl

     HClO4  HClO3  HNO3  H2SO4

  

    HNO3(aq) H
�

(aq)�NO3 (aq)

      HNO3(aq)�H2O(�) H3O
�

(aq)�NO3 (aq)

    H
�

(aq)�H2O(�) H3O
�

(aq)

     

 2.  (strong base)   IA  IIA  BeO  Be(OH)2 
   

 IA  IIA  IA  IIA 
    IA : CsOH  �  RbOH  �  KOH  �  NaOH  �  LiOH

    IIA : Ba(OH)2  �  Sr(OH)2  �  Ca(OH)2  �  Mg(OH)2

  

    Ba(OH)2(s)
H2O

Ba
2�

(aq)�2OH
�

(aq)

3.    IA 

    IA  Na2CO3(s)
H2O   2Na

�
(aq)�CO3

2
(aq)

      Pb(NO3)2(s)  H2O   Pb
2�

(aq)�2NO3 (aq)

15

(weak electrolyte) 
      

     
1.  (weak acid)  HF  H2S  HCN  HNO2  HClO2  H2SO3  H2CO3  H3PO4 

  HCOOH  CH3COOH

  

      HF (aq) H
�

(aq)�F
�

(aq)

       HF(g)�H2O(�) H3O
�

(aq)�F
�

(aq)

2.  (weak base)  NH3  S2�
(aq)  CN

�
(aq)  F�

(aq)  CH3COO
�

(aq)

  

    NH3(g)�H2O(�) NH4
+
(aq)�OH

�
(aq)

    CN
�

(aq)�H2O(�) HCN(aq)�OH
�

(aq)

3.    0.1   100   AgCl  PbI2

  

    AgCl(s)
H2O Ag

�
(aq)�Cl

�
(aq)

    K  �   [Ag
�][Cl

�]  �  1.8�10
�10
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  (non electrolyte)   
  C6H12O6  C2H5OH  NH2CONH2  CH3COOCH3

 

C6H12O6(s)  H2O   C6H12O6(aq)

   (non electrotyte 

solution)

(H3O
�

)

(OH
�

) 

 
  

    1.1

H

H
+

H
+

O

A B

H
+

H
+

O

H
|
O

O

H

H

X
�

H
O

H

H

O
H H

H
|
O

+

H
+

H
+ H

+

H
+

H
+

H
+

O

O

O Y
�

17

0

1.1

1.  1 
2.  9 
3.  1 
4.  1 
5.  1 
6.  

1.  2. 
3.  4. 
5.  6. 
7.  8. 
9.  10. 

1.  1 
   

 (HCl)  (CH3COOH)

 (NaOH)  (NH3)

 (NH4OH)  
(NaCl)  (KNO3)  
(C2H5OH)  (C6H12O6) 

 
 

2.  
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( 1 mol/dm
3
)

1.  (HCl)

2.  (CH3COOH) 

3.  (NaOH)

4.  (NH3) 

5.  (NH4OH)

6.  (NaCl)

7.  (KNO3) 

8.  (C2H5OH)

9.  (C6H12O6)

 1.  
2.   
3.  
4. 
5. 
6.  
7. 
8. 
9.  

10. 
11.   
12. 
13.  

 
14.   

19

  1.1 
 1. 
 2.   HCl  NaOH  KNO3  NaCl  

    

1.1  

 3.   CH3COOH  NH4OH  
   

 4.   C6H12O6  C2H5OH  
 

1.2  

H2O(�)NaCl(s) �

Cl
�

Na
�

Cl
�

(aq)Na
�

(aq) �

H2O(�)C6H12O6(s) � C6H12O6(aq)
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5.  

   1.2

1.2

    
 

HCl HCl(aq)  H
�

(aq)�Cl
�

(aq)

CH3COOH CH3COOH(aq)  CH3COO
�

(aq)�H
�

(aq)

NH4Cl NH4Cl(s)  H2O NH4
+
(aq)�Cl

�
(aq)

NH4
+
(aq)�H2O(�)  NH3(aq)�H3O

�
(aq)

NaOH NaOH(aq)  Na
�

(aq)�OH
�

(aq)

KOH KOH(aq)  K
�

(aq)�OH
�

(aq)

NH3 NH3(g)�H2O(�)  NH4
+
(aq)�OH

�
(aq)

CH3COONa CH3COONa(aq)  CH3COO
�

(aq)�Na
�

(aq)

CH3COO
�

(aq)�H2O(�)  CH3COOH(aq)�OH
�

(aq)

KCl KCl(aq)  K
�

(aq)�Cl
�

(aq)

KNO3 KNO3(aq)  K
�

(aq)�NO3 (aq)

C6H12O6 C6H12O6(s)  H2O C6H12O6(aq)

1. 
2. 
3.  

1.2

    
 

HCl HCl(aq) H
�

(aq)�Cl
�

(aq)

CH3COOH CH3COOH(aq) CH3COO
�

(aq)�H
�

(aq)

NH4Cl NH4Cl(s) H2O NH4
+
(aq)�Cl

�
(aq)

NH4
+
(aq)�H2O(�) NH3(aq)�H3O

�
(aq)

NaOH NaOH(aq) Na
�

(aq)�OH
�

(aq)

KOH KOH(aq) K
�

(aq)�OH
�

(aq)

NH3 NH3(g)�H2O(�)  NH4
+
(aq)�OH

�
(aq)

CH3COONa CH3COONa(aq) CH3COO
�

(aq)�Na
�

(aq)

CH3COO
�

(aq)�H2O(�)  CH3COOH(aq)�OH
�

(aq)

KCl KCl(aq) K
�

(aq)�Cl
�

(aq)

KNO3 KNO3(aq) K
�

(aq)�NO3 (aq)

C6H12O6 C6H12O6(s)  H2O C6H12O6(aq)

1. 
2. 
3.  

0

21

  1.2  
1.    (H3O

�
)  (H�

)  
 (  pH  7)  HCl  CH3COOH  NH4Cl 

 H�  H3O
�  H3O

�  
  H9O4+ (H3O

�
�3H2O) 

  

    HCl(aq)�H2O(�)  H3O
�

(aq)�Cl
�

(aq)

    CH3COOH(aq)�H2O(�)  H3O
�

(aq)�CH3COO
�

(aq)

   NH4Cl  2   H3O
� 

   1 NH4Cl(s)  H2O NH4
+
(aq)�Cl

�
(aq)

   2 NH4
+
(aq)�H2O(�) H3O

�
(aq)�NH3(aq) ( )

       H9O4+

�

 H3O
� 

�

H
�    

�
H

�

O O
H HH H

 H3O
�
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2.    (OH
�

)     
  NaOH  NH3  CH3COONa 

    NaOH(aq)  Na
�

(aq)�OH
�

(aq)

    NH3(aq)�H2O(�)  NH4
+
(aq)�OH

�
(aq)

   CH3COONa  2   OH
� 

1    CH3COONa(s)  H2O CH3COO
�

(aq)�Na
�

(aq)

  2 CH3COO
�

(aq)�H2O(�)   CH3COOH(aq)�OH
�

(aq)

3.   H
�  H3O

�  OH
�  

 

    NaCl(s) H2O Na
�

(aq)�Cl
�

(aq) (  Na
�  Cl

�  H2O)

    KNO3(s) H2O K
�

(aq)�NO3 (aq) (  K�  NO3   H2O)

    C2H5OH(�) H2O C2H5OH(aq) (

       

     
1.  HI 
2.  LiOH 
3.  NaCN 
4.  NH4NO3 
5.  XOH 

  OH
�

23

1.  
2.  H�   OH

�  

 
  

  
 (H�

)   
 (OH

�
)  

    
 (H�

)    

 
 

    
    

   
  

 
  

    (Svante August Arrhe-

nius) 
(Arrhenius theory)  . . 2430 

   (H�
)

   (OH
�

)
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1   

   HCl(g) H2O H
�

(aq)�Cl
�

(aq)

   HF(g) H
�

(aq)�F
�

(aq)

   
   H

�
(aq)

2  
   NaOH(s) H2O Na

�
(aq)�OH

�
(aq)

   
   OH

�
(aq)

1.  (  H� )

2.  (  OH
� )

3.  H
�

(aq)  H3O
�

(aq)  

HCl(aq)�H2O(�)    H3O
�

(aq)�Cl
�

(aq)

    (Johannes Nicolaus Br�nsted)   
 (Thomas Martin Lowry)  (Bronsted Lowry 

theory)  . . 2466 

       (H�
)

       (H�
)

       
 (H�

)

 1 

25

3 

 1.  HCl(g) � NH3(g)  NH4
+
(aq) � Cl

�
(aq)

    H�   H�  
       

 2.  HCl(g) � H2O(�)  H3O
�

(aq) � Cl
�

(aq)

    H�   H�  
        H3O

� 

 3.  H2O(�) � NH3(g)  NH4
+(aq) � OH

�
(aq)

    H�   H�       

           OH
� 

 4.  H2S(aq) � CN
�

(aq)  HCN(aq) � HS
�

(aq)

    H�   H�          

           

 5.  NH4+(aq)  � S2�
(aq)  HS

�
(aq) � NH3(aq)

    H�   H�           

            

 1.   
 HCl(g)  NH3(g)  

 2.  
 (EN)      

NH4
�  H2S  HCl  H2O  HCO3

�  CH4   C  EN 
 3.  

 H
�   OH

�  
CN

�  S2� HCO3
�  NH3  H2O

 4.    (amphoteric) 
 (  H�

)   (  H�
) 

   1.3
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0

1.3

1.  2 
2.  1 
3.  1 
4. 

1.  (NaHCO3) 4 
2.  (HCI) 1 
3.  (Ca(OH)2) 1 

1.  
 

2.  

 
HCl  1 cm

3
 

Ca(OH)2 1 cm
3

NaHCO3  4 cm
3

HCl  5 

NaHCO3 (aq) 2 cm
3

Ca(OH)2  5 

NaHCO3 (aq) 2 cm
3

27

1.  NaHCO3

1.1 
1.2 

2.  HCl

2.1 
2.2 

3.  Ca(OH)2

3.1 
3.2 

4.  NaHCO3�HCl

5.  NaHCO3�Ca(OH)2

1.   
2.  

 
3.  2  

4.  
5. 

  

6.  
7. 

  
8.  (CO3

2
)   

9. 
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  1.3  (HCO3 ) 
 1.  (NaHCO3)  

  OH
� 

  1.1 NaHCO3  

    NaHCO3(aq)  Na
�

(aq)�HCO3 (aq)

     

  1.2  OH
�  OH

�  H2O  H�   OH
� 

 H�  H2O  HCO3  

    H2O(�)�HCO3 (aq)  H2CO3(aq) � OH
�

(aq)

         
          
 

   HCO3    H2O

 2.  (HCl)   H�  H2O 

    HCl(aq)�H2O(�)  H3O
�

(aq)�Cl
�

(aq)

 3.  HCl  NaHCO3   CO2 
 H3O

�
  HCl  HCO3   NaHCO3  H2CO3  H2O  

CO2 

    H3O
�

(aq)�HCO3 (aq)  H2CO3(aq)�H2O(�)

           
          CO2(g)�H2O(�)

     H3O
�

(aq)�HCO3 (aq)  2H2O(�)�CO2(g)

   HCO3    H3O
� 

29

 4.  (Ca(OH)2)  NaHCO3  
   (CaCO3) 

  4.1 Ca(OH)2  

    Ca(OH)2(aq)  Ca
2�

(aq)�2OH
�

(aq)

  4.2 Ca
2�  CO32   CaCO3 

    Ca
2�

(aq)�CO3
2

(aq)  CaCO3(s)

                                                                

  4.3 CO32   HCO3   OH
�  

    HCO3 (aq)�OH
�

(aq)  H2O(�)�CO3
2

(aq)

   HCO3    OH
�

 5. 
  5.1 HCO3    H3O

�  HCO3   

  5.2 HCO3    OH
�  HCO3  

  5.3 HCO3   
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4   
 

 1.  (NaHS)  (CH3COONa) 
 

    NaHS(s)  H2O  Na
�

(aq)�HS
�

(aq)

    CH3COONa(s)  H2O  CH3COO
�

(aq)�Na
�

(aq)

     HS
�  CH3COO

�  CH3COO
�  

 HS
�   

    HS
�

(aq)�CH3COO
�

(aq)   CH3COOH(aq)�S
2�

(aq)

                              

 2.  (NaHS)  (NH4Cl)  

    NH4Cl(s)  H2O  NH4
+

(aq)�Cl
�

(aq)

   NH4+  Cl
� Na

�
  HS

� 
  HS

�   NH4+   

    NH4
+

(aq)�HS
�

(aq)   H2S(aq)�NH3(aq)

                                   

  H�       
    

31

1. 

KOH  HNO3  CH3COOH  NH3  HCO3   NH4+

  1.1  
  1.2  
  1.3  
  1.4  
  1.5  
  1.6  

 
  1.7  

2. 

3.  
4.  

  
1.   H

�  H
�   

    (conjugate base)

2.   H�  H�  1   
 H�       (conjugate acid) 

                                                

    H2O(�)�S
2�

(aq)  OH
�

(aq)�HS
�

(aq)

                                            1     2                1       2

                                                                  



32

1.  (H�
)  1  

2.  H�  1   H�  1 

1.   OH
�  H2O  CO32   HCO3   NH3

2.   HCl  H2O  NH4+   H2SO4  HCO3   H2PO4   H2S

3. 
  3.1 H2O  S2�

  3.2 NH3  CN
�

    (Gilbert Newton Lewis) 
(Lewis theory)  . . 2466 
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5  
1. 

  H�

H
|
N
|
H

�              H
�    

H
|

H N  H
|

H

 +

   

                   
    e�               e�

  NH3  1    H�   
NH3   H� 

2.  (BF3)

  H�

H
|
N
|
H

�              

F
|
B
|
F

�F    H
H
|
N
|
H

F
|
B
|
F

F   

                    
    e�                e�

  NH3  1    BF3 
 NH3   BF3   

3.  (Na2S)  (S)  Na2S  S2�

    Na2S(aq)  2Na
�

(aq)�S
2�

(aq)

  S
2�   S   S

2�   S 
  S2�  Na2S 

4. 

    H2O(�)�S
2�

(aq)  HS
�

(aq)�OH
�

(aq)

    H2O(�)  H
�

(aq)�OH
�

(aq)

  
  
  

 NH3

 NH3

SS
2�

� S S

2�

 e� e�

 S2�

H S

�

H
�

� S
2�

 e�  e�

 S2�
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Knowledge

�

  2   
�  (electrolyte)  
  
  2    (strong electrolyte) 

       
(weak electrolyte)     

  
�    

(electrolyte solution)

�  (non electrolyte) 
  
�   
  (non electrolyte solution)

�  3     
 
�  (acid)   
  (organic acid)   (inorganic acid) 

�  (base)  
�  (salt)    
 

�

�

��

��

Cl
�

Na
�

35

1. 
   
2. 

Process

1. 

2. 

3. 

Attribute

�     
�     
 
�   
�  (H3O

�
)  

  (OH
�

)   H3O
�  OH

� 

�

�

�

�

�  (Arrhenius theory)  
  (H

�
) 

  (OH
�

)

�  (Bronsted Lowry theory)

  (H
�

) 

  (H�
)

�  (Lewis theory)  
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 1.  

H2S  NaOH  Ca(OH)2  H3PO4  HCN  Fe(OH)2

 2. 
  2.1 H2S 2.2 KNO3

  2.3 HI 2.4 Ba(OH)2

 3.  

HCN  NH3  LiOH  H2SO4  CaBr2  Al(OH)3

 4. 
  4.1 HI  CH3COOH 4.2 NaCl  KCl

  4.3 NH4OH  KOH 4.4 HF  HCl

 5. 

 (1 mol/dm
3
)

A   

B 

C   

D 

  5.1 
  5.2 
 6.  
  6.1 
  6.2 
  6.3  
  6.4  
 7.  
  7.1  NH3(g)�H2O(�)  NH4

+(aq)�OH
�

(aq)

  7.2  KI(s) H2O  K
�

(aq)�I
�

(aq)

  7.3  HClO4(aq)  H
�

(aq)�ClO4 (aq)

  7.4  Sr(OH)2 (aq)  Sr
2�

(aq)�2OH
�

(aq)

37

 8.  
    NaBr(aq)  Na

�
(aq)�Br

�
(aq)

  .  HS
�

(aq)�H2O(�)  H2S(aq)�OH
�

(aq)

  .  NH4
+(aq)�H2O(�)  NH3(aq)�H3O

�
(aq)

  .  KOH(s) H2O  K
�

(aq)�OH
�

(aq)

  8.1 
  8.2 
 9.    

 10.  
 11.   

 12.  NH3(g)�H2O(�)    NH4+(aq)�OH
�

(aq) 

 13. 

    H2PO4
�

(aq)� H2O(�)  H3O
� 

(aq) �HPO4
2

(aq)

    HS
�

(aq) � H2O (�)   H3O
�

(aq) �S
2�

(aq)

  
 14. 

H3O
�  H2O  CO32   H2PO4

�  HCO3   S2�  HSO4   NH3  NO3   HC2O4   HCOO
�

  
  14.1 
  14.2 
  14.3 
 15.  

  15.1 BF3 (aq) �F
�

(aq)    BF4 (aq) 15.2 HF (aq) �H2O(�)    H3O
� 

(aq) �F
�

(aq)

  15.3 H3O
� 

(aq) �CN
� 

(aq)    HCN (aq) �H2O (�) 15.4 H2SO4(aq)   H�
(aq) �HSO4 (aq)

 16.  (Na2S)  


