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. (32)     

      (F-)     
   . (Ca2+  Sr2+  Mg2+  Pb2+  Ba2+) :  

.        

      (SO
4
2-)     

. (Ag+  Sr2+  Ba2+  Pb2+  Ca2+) :  

:    ( )    :
     ( )      

. (5)       

       

S2-
            

.   2A  1A 

CO
3
2-

           
.   1A  

SO
3
2-

           
.   1A  

PO
4
3-

           
.   1A  

OH-

         
   1A   

         
. 1A

(5) 
.       
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Precipitate Determination   Ö°SGôdG ójó– 3.1
            

      .    
:          

1 .. BaCl
2
  Na

2
CrO

4
 :    

2 .:      
BaCl

2(aq)
  Ba2+

(aq) 
+ 2Cl-

(aq) 

Na
2
CrO

4(aq)
  2Na+

(aq) 
+ CrO

4
2-

(aq) 

3 .          
. (33 )     

Na+Ba2+

CrO
4

2-Cl- 

(33) 
BaCl

2
 Na

2
CrO

4
      

. NaCl  BaCrO
4
      

4 .          
               

. 
   .    BaCrO

4(s)
      

.      Na +  Cl- 
5 .:      

BaCl
2(aq) 

+ Na
2
CrO

4(aq)
  BaCrO

4(s)
  + 2NaCl 

(aq)

Net Ionic Equation  á«FÉ¡ædG á«fƒjC’G ádOÉ©ŸG 4.1
      

    Net Ionic Equation    
:    

1 ..    
2 ..    
3 .          

.   
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4 .          
.  

5 ..       
6 .    .      

          
.   

BaCl
2(aq)

 + Na
2
CrO

4(aq)
  BaCrO

4(s) 
 + 2NaCl

(aq)

Ba2+
(aq) 

+
 
2Cl  -

(aq) 
+

 
2Na  +

(aq) 
+

 
CrO2-

4(aq)  
BaCrO

4(s)  
+

 
2Na  +

(aq) 
+

 
2Cl  -

(aq)

Ba2+
(aq) 

+ CrO2-
4(aq) 

 BaCrO
4(s) 

 :   

(1) ∫Éãe
             

. 
   

1 ..      :
.             

2 ..      :
. Pb(NO

3
)

2
  NaI :   

. PbI
2
  NaNO

3
 :   

. PbI
2
           

:       
Pb(NO

3
)

2(aq)
 + 2 NaI

(aq)
  PbI

2(s)
  + 2 NaNO

3(aq)

:    
(Pb2+

(aq)
 + 2NO

3
-

(aq)
) + 2 (Na+

(aq)
 +

 
I-

(aq)
)  PbI

2(s)
  + 2 (Na+

(aq)
 + NO

3
-

(aq)
)

. Na+  NO
3
- :    

:     
Pb2+

(aq) 
+ 2I-

(aq) 
 PbI

2(s)
 

3 .    :
  NO

3
-  Na+     PbI

2
   I-  Pb2+    

.     
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É¡q∏Mh á«≤«Ñ£J á∏Ä°SCG

1 .:            
NH

4
Cl

(aq)
 + Pb(NO

3
)

2(aq)
 

 
2(NH

4
+

(aq)
 + Cl-

(aq)
) + (Pb2+

(aq)
+

 
2 NO

3
-

(aq)
)  PbCl

2(s)  
+

 
2(NH

4
+

(aq)
 + NO

3
-

(aq)
) :

Pb2+
(aq)

 + 2Cl-
(aq)

  PbCl
2(s)

 
2 . (III)           

:    
  (Fe3+

(aq)
 + 3NO

3
-

(aq)
) + 3 (Na  +

(aq)
 + OH  -

(aq)
)  Fe(OH)

3(s)
  + 3(Na  +

(aq)
 + NO

3
-

(aq)
):

Fe3+
(aq)

 + 3OH  -
(aq)

  Fe(OH)
3(s)

 

1-2 ¢SQódG á©LGôe

1 .        
:  

Pb(NO
3
)

2(aq)
 + H

2
SO

4(aq)
  PbSO

4(s)
  + HNO

3(aq)
 ( )

Na
3
PO

4(aq)
 + FeCl

3(aq)
  NaCl

(aq)
 + FePO

4(s)
  ( )

(NH
4
)

2
S

(aq)
 + Co(NO

3
)

2(aq)
  CoS

(s)
  + NH

4
NO

3(aq)
 ( )

2 .:        
KCl

(aq)
 + AgNO

3(aq)
  ( )

Na
3
PO

4(aq)
 + Cr Cl

3(aq)
  ( )

3 ..        

4 .:       
Li

2
SO

4(aq)
 + BaCl

2(aq)
  ( )

Al
2
(SO

4
)

3(aq)
 + NH

4
OH

(aq)
  ( )

AgNO
3(aq)

 + H
2
S

(aq)
  ( )

CaCl
2 (aq)

 + Pb(NO
3
)

2(aq)
  ( )

Ca(NO
3
)

2(aq)
 + Na

2
CO

3(aq)
  ( )
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π«dÉëŸG ‘ á«fÉHhòdG ≈∏Y Iô uKDƒŸG πeGƒ©dG

Factors A�ecting Solubility in Solutions
2-2 ¢SQódG

áeÉ©dG ±GógC’G

.        

.         

(34) 
.        

           
       .    
           

. (34 )      
             

     .        
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(35) 
       

  .      
        

.  

1 . Saturated Solution   ™qÑ°ûŸG ∫ƒ∏ëŸG
  25 ∞C    100 g     36 g  

        .    
            

     .         0.2 g
           

            
         .  

.     

              
          .   

            . 
           

             
             
        .    

              
. 

+++

++

+++++ ++
+ ++

++ ++

-
--
- --
-- ----- -- -

-

-

-
+++

++

+++++ ++
+ ++

++ ++

-
--
- --
-- ----- -- -

-

-

-

        (35)  
             
    Saturated Solution   .  

 .               
 100 g     36.2 g      

. 25 ∞C       
       ª  Solubility    

. ́          
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(36) 
 

 )    .       
           (  

  . Miscible         
             
       .      
 (36)   . Immiscible      

 .         
             :

.        

 
(g/100g H

2
O) 

0 ∞C20 ∞C50 ∞C100 ∞C
 

 
 

(II)  
 
 
 
 
 

 
 
 

(  ) 
* 
* 

*   

Ba(OH)
2

BaSO
4

Ca(OH)
2

PbCl
2

Li
2
CO

3

KClO
3

KCl
NaCl

NaNO
3

Na
2
SO

4

AgNO
3

LiBr
C

12
H

22
O

11

H
2

O
2

CO
2

1.67
0.00019
0.189
0.60
1.5
4.0
28.0
35.7
74.0
60.0
122.0
143.0
179.0

0.00019
0.0070
0.335

3.89
0.00025

0.173
0.99
1.3
7.4

34.2
36.0
88.0
50.0
216.0
166.0
204.0

0.00016
0.0053
0.169

-
0.00034

-
1.70
1.1
19.3
42.6
37.0
114.0
41.0
455.0
203.0
260.4

0.00013
0.0026
0.076

-
-

0.07
-

0.70
56.0
56.3
39.2
182.0
40.0
733.0
266.0
487.0
0.0
0.0
0.0

(6) 
.        

101 kPa     *
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(37) 
      
.      

2 .äÉÑ qcôŸG á«fÉHhP ≈∏Y IôuKDƒŸG πeGƒ©dG
Factors Affecting Compoundsí Solubility

            
          . 

            
         .   

.  

Mixing      1 . 2
          

            . 
           

.    

Crushing or Surface Area      2 . 2
           

           
.           

            
           

          . (37) 
          

. 

Temperature    3 . 2
              

   .       .  
             
            
.           

 .           
             

. (38 )        
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(38) 
        

       .  
        

.  

(39) 
       

    .    
      

. 

(°C)  

(g
/1

00
g 

H
2O

) 
0

10

10 20 30 40 50 60 70 80 90

20

30

40

50

60

70

80

90

100
KNO

3
NaNO

3

KCl

NaCl KClO
3

Ce
2
(SO

4
)

3

    (6)       
        .      
 .            

           
          
      (39)   . 
          

.   

(°C)  

(g
/1

00
g 

H
2O

) 

0

0.0020

0.0040

0.0060

0.0080

0.0100

20 40 60 80 100

N
2

O
2

             
              
             

.   55



(40) 
       

.   

Pressure   4 . 2
      .     

  .         
     (CO

2
)       

           
           . 
             

.  
           

           
          
    . (40)       

.          

Henry's Law   
         Henry's Law   

    (P)      (S)   
           . 

.         .  
:        

S
1

P
1
 = 

S
2

P
2

(1) ∫Éãe

  0.77 g/L       1 atm    (g/L)   
. (25 ∫C      ) 3.5 atm  

   
1 ..     :

:
P

1
 = 3.5 atm

S
1
 = 0.77 g/L

P
2
 = 1.0 atm

:  
S

2
 = ? g/L

S
1

P
1
 = 

S
2

P
2
 :  
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(1) ∫Éãe ™HÉJ

2 ..    :
:S

2
     

S
2
 = 

S
1
 ^ P

2
P

1
:         

S
2
 = 0.77 g/L ^ 1.0 atm

3 .5 atm
S

2
= 0 .22 g/L

3 .    :
            1.0 atm  3.5 atm    

     1/3        .     
.            1/3   

3 .Supersaturated Solution  ™qÑ°ûe ¥ƒa ∫ƒ∏fi
            

 .             
            

  )          
       . (    

           
 (            )

 Supersaturated Solution      
            )

. (
           

            
             

.    
         
           

       (AgI)    (   )
          . (41)

           
.          
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(41) 
 

   .4
.    

    .3
.  

    .2
.   

     .1
.    

É¡q∏Mh á«≤«Ñ£J á∏Ä°SCG

1 .   . 104 kPa   0.16 g/L     
  ) 288 kPa       

. (   
[0.44 g/L] :

2 .   3.6 g/L  0 ∫C      
        . 1 atm 

. 0 ∫C     9.5 g/L  
[2.6 atm] :

2-2 ¢SQódG á©LGôe

1 ..          
2 .          

3 .   7.5 ^ 102 g     NaCl   
. (38)   (6)   20 ∫C

4 .:     
       ( )

       ( )
5 .         (6)  

.        
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π«dÉëŸG Ö«côJ

Solutions’ Composition
3-2 ¢SQódG

áeÉ©dG ±GógC’G

.           

.        

.        

.           

(42) 
        

.        

           
       .    

           
            

            
         

. (42 )    
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(43) 
      

      
.    

1 .π«dÉëª∏d ájƒÄŸG Ö°ùædG 
 Percentages in Solutions  
            

              
           .   

.           .  
         

          
            . 
            
.         

          
.        

 (g)     Mass Percentage    
:        .      

100 ×  
 

 =   

:    

  +   =  

           
     .        

            
 20 mL       . Volume Percentage 

       ( )   
    %20         100 mL

 .   %20    
:         

100 ×  
 

 =   

            
            

     . (43 )     
            

. (V)
(V)

  (m)
(m)

    
60



(1) ∫Éãe
  85 mL   (C

2
H

6
O)         

250 mL      

   
1 ..     :

:
85 mL =  

250 mL =  

100 ×  
 

 =   

:  
% V

V  =     %
2 ..    :

.        

100 ×  
 

 =  %(V/V)  

 85 mL × 100
250 mL  = 34% (V/V)

3 .    :
.          1/3    

É¡q∏Mh á«≤«Ñ£J á∏Ä°SCG

1 .        10 mL 
        . 200 mL

5% (V/V) :
2 .   ( )      

   H
2
O

2
     . 3% (V/V)

   400 mL  
12 mL :
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2 .Concentration  õ«cÎdG
               

         .     
 Solution Concentration   .     

.           
        Diluted Solution  

   Concentrated Solution       
.   

  1 g        
         100 g  NaCl

      100 g  NaCl  30 g   
  0.1 g        

           .  100 g  NaCl
            
   .        . 

.        

Molarity  ájQ’ƒŸG 1 . 2
    1 L      Molarity (M) 

     . M        
  C      Molar Concentration 

.   mol/L    
:         

   
 

 =    

 M or C = n (mol)
V (L)     

:  

n = 
m

s
M.wt.

  
 

  
 =   

m
s
(g) = M (mol/L) ^ M.wt. (g/mol) ^ V (L)  :

        
.     (  + )

62



     5 L    2 mol   
         

.  
2 mol Glucose
5 L of Solution = 0.4 mol/L = 0.4 M

            
.          

   2.5 M      2 L   
:       

n = V ^ M = 2 L ^ 2.5 M = 5 mol

(2) ∫Éãe

.   100 mL  NaCl  0.9 g     

   
1 ..     :

:
0.9 g/100 mL =  

M.wt. = 58.5 g/mol :NaCl   
:  

M =  
. mol

L
  g

100 mL
   

2 ..    :
   mol NaCl/100 mL  g NaCl/100 mL      

:      . mol/L        
0.9 g NaCl

100 mL  ^ 1 mol NaCl
85.5 g NaCl

 ^ 1000 mL
1 L

= 0.105 mol/L = 0.105 M
3 .    :

   0.9 g/100 mL   1 M        
. NaCl 1 mol    9 g   9 g/1000 mL
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É¡q∏Mh á«≤«Ñ£J á∏Ä°SCG

1 . 36 g   2 L    
 . 180 g/mol        

0.1 M :
2 .   250 mL     

         NaCl 0.70  mol
. 58.44 g/mol

2.8 M :
3 .  335 mL       

       0.4 M  NH
4
NO

3
 

80 g/mol
0.134 mol :

4 . 250 mL  
 
CaCl

2
      

     CaCl
2
    2 M 

. 111 g/mol       
55.5g CaCl

2
  0.50 mol CaCl

2
 :

Molality  á«d’ƒŸG 2 . 2
         

    .      
  .       :   

      1kg      Molality (m)

.  

mol/kg =   
(kg)   

 = 

:     

m = n
kg solvent

  m = No. moles
No. kg solvent

m
s
 = m ^ M.wt. ^ kg solvent  :

64



      .      
          1 kg   

       .   1 L   
. 1 L  1000 mL     1 kg  1000 g 

    (1 m)      
    (180 g)       

.   1000 g

(3) ∫Éãe

 KI     500 g         
        . 1 mL H

2
O = 1 g H

2
O   0.06 m 

. 166.1 g/mol

   
1 ..     :

:
500 g =  

0.06 m =  
166.1 g/mol =  KI 

:  
g =  

 . H
2
O 1000 g  KI 0.06 mol          
   (KI)            

. KI   KI    KI    
:

KI   KI    

2 ..    :
166.1 g KI
1 mol KI  ^ 0.06 mol KI

1000 g H
2
O ^ 500 g H

2
O = 5 g KI

3 .    :
  .   1000 g  KI 166.1 g      KI 1 m  
      . (1 m)    1/20    0.06 m   

.     KI 
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Mole Fraction  ‹ƒŸG öùµdG 3 . 2
           

            Mole Fraction

  n
A
    .       

     . (B)    n
B

 (A)  
:   (X

B
)    (X

A
) 

X
A
 = 

n
A

n
A
 + n

B

  X
B
 = 

n
B

n
A
 + n

B

(4) ∫Éãe

     (H
2
O)  (C

12 
H

22 
O

11
)      

.   100 g    5 g   
(M.wt. (H

2
O) = 18 g/mol  M.wt. (C

12 
H

22 
O

11
) = 342.8 g/mol : )

   
1 ..     :

:   :
 = X

A
       m

s 
(C

12 
H

22 
O

11
) = 5 g

 = X
B
            m

solvent 
(H

2
O) = 100 g

2 ..    :
n

B
  n

A
    

 n
A
 = 

m
s

M.wt. (C
12 

H
22 

O
11

)  = 5
342.8 = 0.0146 mol 

 n
B
 = 

m
solvent

M.wt. (H
2
O)  = 100

18  = 5.56 mol   

  

 X
A
 = 

n
A

n
A
 + n

B

 = 0.0146
5.57  = 0.0026   

 X
B
 = 

n
B

n
A
 + n

B

 = 5.56
5.57  = 0.9974   

3 .    :
.  X

B
  X

A
    1  X

A
 + X

B
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Dilution  ∞«ØîàdG 4 . 2
          
           . 

          
    (44)     . 
           

        .    
.      

     =     

C = nv  n = C ◊ V  :   

 :    

n (solute)
0
 = n (solute)

1
     

C
0
◊V

0
C

1
◊V

1=
  

(44) 
                

        .        
     .           

.               

67



(5) ∫Éãe

  MgSO
4
 100 mL   2 M  MgSO

4
     

0.4 M

   
1 ..     :

:
C

1
 = 2 M MgSO

4

C
2
 = 0.4 M MgSO

4

V
2
 = 100 mL MgSO

4

C
1 
^ V

1
 = C

2 
^ V

2
 :  

:  
mL ? = 2 M  MgSO

4
  

2 ..    :

V
1
 = 

C
2
 ^ V

2

C
1

 

V
1
 = 0 .4 M ^ 100 mL

2 M  = 20 mL

      20 mL   MgSO
4
      

. 100 mL      
3 .    :

 .            
              
.        1/5    

             
  .          

      .    
             
 .           

           
          

.   
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3-2 ¢SQódG á©LGôe

1 .        
  

2 .        
.    

3 .    (V/V)     
.  (m/m)

4 .:      
  CuSO

4
 400 g       4 L

. 159.62 g/mol     

       1500 mL
. 84 g/mol       NaHCO

3
 0.06 mol

5 .:      
2 M  NaCl 

4 M  KNO
3
 

0.5 M  MgSO
4
 

         
:  

0.5 M  NaCl 500 mL

0.2 M  KNO
3
 50 mL

0.2 M  MgSO
4
 2 L

:  
M.wt. (NaCl) = 58.44g/mol

M.wt. (KNO
3
) = 101.1g/mol

M.wt. (MgSO
4
) = 120.36g/mol
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áeÉ©dG ±GógC’G

               
. 

(45) 
.         

           
            

        . 
           

            
     (45 )      

Anti-)       .  
            (gel

         .  
 

1 .(á«© qªéàdG) á© sªéo ŸG q¢UGƒÿG
Colligative Properties  
 .            

 . 100 ∫C      0 ∫C       
          

         .  
      .    

       ) Colligative Properties

          (   
 . 

4-2 ¢SQódGπ«dÉëª∏d á©qªéŸG q¢UGƒÿÉH á≤u∏©àŸG äÉHÉ°ù◊G

Calculations Related to Solutions Properties

70



(46) 
     ( )  
  .       
     ( ) 

       
. 0 ∫C 

             
   100 ∫C      

 . 0 ∫C  
          

.    

…QÉîÑdG ß¨°†dG ‘ ¢VÉØîf’G 1 . 1
Decrease in Vapour Pressure
            

 .      
             

          . (46)  
         (  ) 

          
            
          
            

 .          
           

.      

( )

(a
tm

) 
  

-10-20

5

10

15

20

0 10 20

( )

(a
tm

) 
 

  

0
0

20

0.25

0.50

0.75

1.00

40

34.6 78.5

60 80 100

 

(∞C)  

 

(∞C)  

  

Boiling-Point Elevation  ¿É«∏¨dG áLQO ‘ ´ÉØJQ’G 2 . 1
   .         
        ∆T

bp
    

.      

71



 K
bp 

(∫C/m)

0.512

1.19

2.53

 2.79

 3.07

3.56

5.24

5.95
(7) 

   K
bp

 

        (∆T
bp
)    

          
  m)     (m)   (47 ) 
   K

bp
        . (∆T

bp

:      

∆T
bp
 = K

bp
◊ m

        (K
bp

)   
       Molal Boiling - Point Elevation Constant

    .         
. ∫ C/m         (K

bp
) 

        (7)  
. 

(a
tm

) 
    

   

    

  

  

1.00

(∞C)  ∆T
bp

∆T
fp

(47) 
.             
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(1) ∫Éãe

1.5 m  (C
6
H

12
O

6
)      

   
1 ..     :

:
1.5 m = C

6
H

12
O

6
   

0.512 ∫ C/m =  K
bp

:  
∫ C  =  

. 100 ∫ C          
2 ..    :

∆T
bp
 = K

bp
 ^ m

0 .512 ∫ Cm  ^ 1.5 m = 0.77 ∫ C
:    

100 .77 ∫ C = 0 .77 ∫ C + 100 ∫ C
3 .    :

           0.5 ∫ C    
.      

É¡q∏Mh á«≤«Ñ£J á∏Ä°SCG

1 . C
2
H

4
(OH)

2
 1.25 mol       

. 0.512 ∫ C /m   K
bp
     1400 g 

 100.45  ∫C :
2 .  1500 g    (C

12
H

22
O

11
)    

     0.2 ∫C     
. 342 g/mol  

 200 g :
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K
fp 

(∫C/m)

1.86

 3.90

5.12

7.00

7.40

 20.20

37.70

(8) 
   K

fp
 

Freezing-Point Depression  ó qªéàdG áLQO ‘ ¢VÉØîf’G 3 . 1
         

:  ∆T
fp
 = K

fp
◊ m

     (∆T
fp
)      

          
  .     (m)    

( )     (K
fp

)   
 Molal Freezing-Point Depression Constant

           
. ∫C/m  K

fp
    .   

        (8)  
. 

É¡q∏Mh á«≤«Ñ£J á∏Ä°SCG

1 . 3.9 g   -0.390 ∫C     
   .   475 g      

.  
39.2 g/mol :

2 .       16.9 g   
. -0.744 ∫C      250 g

    
169 g/mol :

4-2 ¢SQódG á©LGôe

1 .    1 kg      49.63 g 

  . -0.27 ∫C       

. K
fp
 = 1.86 ∫C/m       

2 .          
.    

3 .    12 g      
     (5.48 ∫C  )   750 g 

. 5.12 ∫C/m  K
fp 

 154 g/mol  
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75

á«fÉãdG IóMƒdG á©LGôe
º«gÉØªdG

Miscible Solution Concentration

  
Molal Boiling-Point 
Elevation Constant

  
Molal Freezing-Point 
Depression Constant

Solubility Colligative Property

 Henry's Law Laws of Solubility

 Mole Fraction Immiscible

  Heterogeneous Solution Colloid Solution

 Homogeneous Solution  Supersaturated Solution

 Concentrated Solution Diluted Solution

 Suspension Solution Saturated Solution

SoluteSolvent

 Electrolytes  Non-electrolytes

  Net Ionic Equation
    Net Equation of

Precipitation Reaction

(m) Molality(M) Molarity

  Mass Percentage  Volume Percentage

IóMƒ∏d á«°ù«FôdG QÉµaC’G

   (1-1)
                 

. 

  (2-1)
.         :       

.                

.          

 .              
.               

    (3-1)
.                 
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.        1000 nm  1 nm      

.              

    (1-2)
.             

.      

      (2-2)
.        :        

  (3-2)
             

.    

.              

       .         
.            

     (4-2)
              ∆T

bp
    

.     m       

∆T
bp
 = K

bp
 ^ m

              ∆T
fp
    

.     m       

∆T
fp
 = K

fp
 ^ m

IóMƒdG º«gÉØe á£jôN

:               
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∂ª¡a øe ≥≤ëJ

1 ..        
2 ..         
3 ..       
4 ..         :    
5 . AgNO

3
 ) 20 ∫ C     250 g     AgNO

3
   

(216 g/ 100 g H
2
O  20 ∫ C  

6 .            
7 .                

. 
8 . 1 atm  20 ∫ C     (    )   

.      0.6 atm      . 0.026 g/L 
9 .:      

.   1.5 L  MgCl
2
 0.5 mol ( )  .   750 mL  KCl 1 mol ( )

10 .:           
. 2 M  KNO

3
   5 ^ 102 mL ( )  . 0.5 M  NaCl   1 L ( )

. 0.1 M  CaCl
2
   250 mL ( )

11 .(K
bp
= 0.512 ∫ C/m  )        

. H
2
O 1000 g  C

2
H

6
O

2
 1.5 mol ( )  . H

2
O 1000 g   0.5 mol ( )

12 .       (CH
3
OH)      

. 0.4  
13 .. 1 m  1 M       
14 .(K

fp
= 1.86 ∫ C/m  )        

. H
2
O 100 g  C

12
H

22
O

11
 0.6 mol ( )  . H

2
O 1750 g  C

4
H

10
O 1.4 mol ( )

15 . C
10

H
8
   12 g         

. (K
bp
= 2.53 ∫ C/m  K

fp
= 5.12 ∫ C/m  )   50 g  

16 . 9.6 g/100 g  20 ∫ C     NaHCO
3
   

  (   )       . H
2
O

     
(Na)= 23  (O)= 16  (C)= 12   (H)= 1 :  

17 .         0.15 m  NaCl   
   

18 .. 20 ∫ C      130 g   KCl 50 g    

:      20 ∫ C  34 g KCl
100 g H

2
O    KCl    

KCl         ( )
        ( )
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19 .:(C
6
H

12
O

6
)      

 
   

12.5g
......
......

......
1.08
......

219 mL
......

1.62 L

......
0.519
1.08

20 .    . 20 ∫C   H
2
O 75 mL  NaCl 26.5 g   

  20 ∫ C   NaCl )        
. (1 mL H

2
O = 1 g H

2
O    36 g

100 g H
2
O

 

21 .     5.76 g            
 0.46 ∫C         750 g

(K
fp
= 5.12 ∫ C/m  )

22 .:           
HNO

3
 ( )  Cu(NO

3
)

2
 ( )  NH

4
Cl ( )

HgCl
2
 ( )  Na

2
SO

4
 ( )

23 .            HCl     

24 ..      
25 .          .        

   
(Na

2
SO

4
)   ( )  (CH

4
)  ( )  (C

12
H

22
O

11
)  ( )

∂JGQÉ¡e ôÑàNG

1 .        1.5 M  HNO
3
    

3.94 g      
3Cu

(s)
 + 8HNO

3(aq)
  3Cu (NO

3
)

2(aq)
 + 2NO

(g)
 + 4H

2
O

(l)
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SCG
2 .              

      .         1 kg 
:     (KNO

3
) 

(∫ C)  (mol/kg) 
0
20
40
60
80
100

1.61
2.80
5.78
11.20
16.76
24.50

:         
. 33 ∫C  76 ∫C    KNO

3
  ( )

. 17.6 mol/kg H
2
O       ( )

. 4.24 mol/kg H
2
O       ( )

3 .    . BaCl
2
      250 mL  Na

2
SO

4
  

5.28 g  BaSO
4
     Na

2
SO

4

4 .  (   )          
.        . 

IóMƒdG ™jQÉ°ûe

1 .     .           
.         

2 . .             
               

.    
3 .  ( )          

      .          
.  

4 .              
           .     

             
              

.          
5 .         .        

.             



80

IóMƒdG ∫ƒ°üa

 
 

IóMƒdG ±GógCG

  " "  
   

   
. 

   
   

. 

IóMƒdG ºdÉ©e

   :  

     

H
2
O + O

2

C
6
H

12
O

6

H
2
O

CO
2

    
    . 

    
    

    . 
   
    
   

    
   . 

    
 .            

.            
           

.   

∂°ùØæH ∞°ûàcG
  

    :        
. 

1 .    .       
.     .       

2 .            
.        .   

3 . .            
.         

4 .           
         2   
     3      
       :       

.        

áãdÉãdG IóMƒdGájQGô◊G AÉ«ª«µdG

�ermochemistry



8181

π°üØdG ¢ShQO

 
 

    .       
           

         .  
 .           

            
            . 

. 
            

     .         
            

.   
           

         
.     

       .    
      .      
          .   

            
.    

ájQGô◊G AÉ«ª«µdG
�ermochemistry

∫qhC’G π°üØdG



áeÉ©dG ±GógC’G

.         " "  

.       

(48) 
   

          
      . (48 )  
            

            
.    

         
 

1 .Thermochemistry  ájQGô◊G AÉ«ª«µdG
       Thermochemistry   

   .         
  )          

            (
    .         

          
.     :   

1-1 ¢SQódGájQGô◊G äG qÒ¨àdG

�ermal Changes

82



(49) 
.     

System   ΩÉ¶ædG 1 . 1
        System     

          .  
.         

Surroundings  §«ëŸG 2 . 1
  .        Surroundings  

.    
 +  = 

           
            . 

. (49 )
             

.          
             

.       

Temperature  IQGô◊G 3 . 1
            

.     

2 .Types of Reactions  äÓYÉØàdG ´GƒfCG
         

       :  
. (9 )     

IQGôë∏d IOQÉ£dG á«FÉ«ª«µdG äÓYÉØàdG 1 . 2

Exothermic Chemical Reactions  

          
      .    
     . Exothermic Reaction  

:
 CH

4 (g)
 + 2O

2(g)
  CO

2(g)
 + 2H

2
O

(l)
 + 890 kJ

 HCl
(aq)

 + NaOH
(aq)

  NaCl
(aq)

 + H
2
O

(l)
 + 57 kJ

83



IQGôë∏d á q°UÉŸG á«FÉ«ª«µdG äÓYÉØàdG 2 . 2

Endothermic Chemical Reactions  

         
.     

2C
(s)

 + H
2(g)

 + 227 kJ  C
2
H

2(g)

. Endothermic Reaction       
:      

CO
2(g)

 + 395 kJ  C
(s , graphite)

 + O
2(g)

ájQGôMÓdG á«FÉ«ª«µdG äÓYÉØàdG 3 . 2

Athermic Chemical Reactions  
  .           
          
 ∆H = 0         

. Athermic Reaction      . 
CH

3
COOH

(l)
 + C

2
H

5
OH

(l)
  CH

3
COOC

2
H

5(l)
 + H

2
O

(l)

     

  
 

 
   

 

  
 

 
   

 

  
  

    

(9) 
     

3 .‘ Ò«¨àdG :âHÉK §¨°V â– πYÉØàdG IQGôM
(…QGô◊G iƒàëŸG ‘ Ò«¨àdG) ∆H »ÑdÉãfE’G

Heat of Reaction at Constant Pressure: Enthalpy ∆H
      .       

           
   Heat of Reaction    . 

         H   . ∆H 
      H      . 

 ∆H    ∆H      .   
. "   "  
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       ∆H    
. (10 )     

2H
2(g)

 + O
2(g)

  2H
2
O

(g)
 ∆H = -483.6 kJ

2H
2
O

(g)
  2H

2(g)
 + O

2(g)
 ∆H= 483.6 kJ
  ∆H   

:      ∆H    

   
 

=
   

 
-

   
 

     ∆H 

 
 

∆H
r
 > 0

∆H
r
 < 0

∆H
r
 = 0

(10) 
     

   ( ) H
2
O          

    .      . (∆H < 0)  ∆H
           

.      . (∆H > 0)  

4 .Heat of Reaction  πYÉØàdG IQGôM
            

          
        .   

          
.    

            
:   

∆H
(Reaction)

 = ∆H
(Products)

 - ∆H
(Reactants)

:        
Heat of Formation   

Heat of Combustion   

Heat of Neutralisation   

Heat of Fusion   

Heat of Vapourisation   

... 
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.      

5 .á«°SÉ«≤dG øjƒµàdG IQGôM
Standard Heat of Formation
   .           

.           
 Standard Heat of Formation ∆H∫

f
    

   ( )       
              

 T       ) 25 ∫C   
. (P = 1 atm = 101.3 kPa  = 25 ∫C = 298 K

:     
           

.  

.        

.      

     ∆H∫
f
        

  (  ) 101.3 kPa  25 ∫C  ( ) 
            . 

   )        
. (          

 Br
2(l)

  I
2(s)

 :      ∆H∫  
    ∆H∫

f
    Cl

2(g)
  F

2(g)
  N

2(g)
  H

2(g)

. (C
(graphite)

)  
  .      ∆H∫  (11)  

           
   ) ∆H∫     

         (  
:         .   

∆H∫
(reaction)

 = ∆H∫
(Products)

 - ∆H∫
(Reactants)

      (11)  
    .      

  ∆H∫
f
 = -285.8 kJ/mol      

          

á«FGôKEG Iô≤a

á«aÉ°VEG äÉeƒ∏©e

  (∫)   
    (∆H∫) ∆H

. ( )  
    

   1bar  1atm 
   . 1bar = 105 Pa
    

.   

H
2(g)

 + 1
2  O

2(g)

H
2
O

(l)

∆H∫
f
 = -285.8 kJ/mol

(50) 
     
.     ( )
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 ( )     . (50 )  
             

     

∆H∫
f

(kJ/mol)
∆H∫

f

(kJ/mol)
∆H∫

f

(kJ/mol)

Al
2
O

3(s)

Br
2(g)

Br
2(l)

C
(diamond)

C
(graphite)

CH
4(g)

CO
(g)

CO
2(g)

CaCO
3(s)

CaO
(s)

Cl
2(g)

F
2(g)

-1676.00
30.91

0
1.90

0
-74.86
-110.50
-393.50

-1207.00
-635.10

0
0

Fe
(s)

Fe
2
O

3(s)

H
2(g)

H
2
O

(g)

H
2
O

(l)

H
2
O

2(l)

HCl
(g)

H
2
S

(g)

I
2(g)

I
2(s)

N
2(g)

NH
3(g)

0
-822.1

0
-241.80
-285.80
-187.80
-92.31
-20.10
62.40

0
0

-46.19

NO
(g)

NO
2(g)

Na
2
CO

3(s)

NaCl
(s)

O
2(g)

O
3(g)

P
(s)

 
P

(s)
 

S
(s)

 
S

(s)
  

SO
2(g)

SO
3(g)

90.37
33.85

-1131.10
-411.20

0
142.00

0
-18.40

0
30.0

-296.10
-395.20

(11) 
101.3 kPa  25∫C  (∆H∫

f
)  

6 .á«°SÉ«≤dG ¥GÎM’G IQGôM
Standard Heat of Combustion

   Standard Heat of Combustion   
   (   )        

  1 atm    25 ∞C        
:  

  (   )       
.  

            
.    

.     

7 .Hessís Law  ¢ùg ¿ƒfÉb
          

          
 .           
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á«FGôKEG Iô≤a

á«aÉ°VEG äÉeƒ∏©e

     
    

.   
 Enthaply   

  "   
. "

  "∆"   
. ( )  "  "

   ( )      
            
            

 
 . Hessís Law

           
.        

            
             

            
. 

          
             25 ∫C

:
C

(diamond)
  C

(graphite)

             
  .           
            

 ´ ª           
.    

:       
          
             

   ´ ª     .   
. Hessís Law of Heat Summation

      ´ ª   
:       

1 .C
(diamond)

 + O
2(g)

  CO
2(g) 

∆H∫ = -395.4 kJ
2 .C

(graphite)
 + O

2(g)
  CO

2(g)
 ∆H∫ = -393.5 kJ

:   (2)   
3 .CO

2(g)
  C

(graphite)
 + O

2(g)
 ∆H∫ = +393.5 kJ

:     (3)  (1)  
1 .C

(diamond)
 + O

2(g)
  CO

2(g)
 ∆H∫ = -395.4 kJ

3 .
 
CO

2(g)
  C

(graphite)
 + O

2(g) 
 ∆H∫ = +393.5 kJ

C
(diamond) 

 C
(graphite)

  ∆H∫ = -1.9 kJ
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(51) 
     ´ ª  

:    
C

(diamond)
  C

(graphite)
 

á«FGôKEG Iô≤a

á«aÉ°VEG äÉeƒ∏©e

   Joule  
     

   . (J)  SI
  Joule   

    
. James Joule

. 1 J = 1 kg.m2.s-2

   
    

 Calory   
    

    
     

. (1 cal = 4.18 J)

. (51 )          

∆H

 

C
(diamond)

 + O
2(g)

∆H∫ = -1.9 kJ

C
(graphite)

 + O
2(g)

CO
2

∆H∫ = -395.4 kJ

∆H∫ = +393.5 kJ

          
         .  

:       

C
(graphite)

 + 12 O
2(g)

  CO
(g)

 ∆H∫ = ?  

              
             

 )      (  )  
          . (   
  .  CO  CO

2
 CO      

:´ ª        
1 .CO

(g)
 + 12 O

2(g)
  CO

2(g)
 ∆H∫ = -283.0 kJ  

2 .C
(graphite)

 + O
2(g)

  CO
2(g)

 ∆H∫ = -393.5 kJ  
3 .CO

2(g)
  CO

(g)
 + 12 O

2(g)
 ∆H∫ = +283.0 kJ  

      (3)  (2)  
  CO

(g)
      (  CO

2 
  12 O

2
) 

    12 O
2(g)

        
:   (52)      

1 . C
(graphite)

 + O
2(g)

  CO
2(g) 

∆H∫ = -393.5 kJ
2 . CO

2(g)
  CO

(g)
 + 12 O

2(g) 
∆H∫ = +283.0 kJ

3 . C
(graphite)

 + 12 O
2(g)

  CO
(g) 

∆H∫ = -110.5 kJ/mol
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(52) 
    ´ ª  
:      

2CO
(g)

 + O
2(g)

  2CO
2(g)

∆H

 

C
(graphite )

 + O
2(g)

∆H∫ = -110.5 kJ

CO
(g)

 + 12  O
2(g)

CO
2(g)

∆H∫ = -395.5 kJ

∆H∫ = 2830 kJ

(1) ∫Éãe

          ∆H∫     
  

   
1 ..     :

(11)   :
∆H∫

f
 (O

2(g)
) = 0 kJ/mol

∆H∫
f
 (CO

(g)
) = -110.5 kJ/mol

∆H∫
f
 (CO

2(g)
) = -393.5 kJ/mol

:  
∆H∫

f
 = ? kJ

   ∆H∫
f
    CO

2(g)
  O

2(g)
  CO

(g)
    

.     
2 ..    :

:    
2CO

(g)
 + O

2(g)
  2CO

2(g)

.          ∆H∫
f
   

∆H∫
f(Reactants)

= 2 mol CO
(g)

 ^ -110.5 kJ
1 mol CO

(g)

 + 1 mol O
2(g)

 ^ 0 kJ
1 mol O

2(g)

 = -221.0 kJ
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(1) ∫Éãe ™HÉJ

 :    ∆H∫
f
  

∆H∫
f(Products)

 = 2 mol CO
2(g)

 ^ -393.5 kJ
1 mol CO

2(g)

 = -787.0 kJ

. (  ) ∆H∫
f
  (  ) ∆H∫

f
    

∆H∫ = ∆H∫
f(Products)

 - ∆H∫
f(Reactants)

 = (-787.0 kJ) - (-221.0 kJ) = -566.0 kJ  
3 .    :

  . (52)             ∆H∫ 
.               

∆H

 

2C
(graphite)

 + 2O
2(g)

∆H° = -221.0 kJ

2CO
(g)

 + O
2(g)

CO
2(g)

∆H° = -787.0 kJ

∆H° = -566.0 kJ

(53) 
:          ´ ª  

2CO
(g)

 + O
2(g)

  2CO
2(g)
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É¡q∏Mh á«≤«Ñ£J á∏Ä°SCG

1 .       
:   (∆H∫) 

Br
2(g)

  Br
2(l)

 ( )
-30.91kJ :

CaCO
3(s)

  CaO
(s)

 + CO
2(g)

 ( )
178.4 kJ :

2NO
(g)

 + O
2(g)

  2NO
2(g)

 ( )
-113 kJ :

2 .           
.  .  

Na
(s)

  O
2(g)

  Br
2(l)

  CO
(g)

  Fe
(s)

  He
(g)

.     CO :

1-1 ¢SQódG á©LGôe

1 .:   kJ  (∆H)    
2Al

(s)
 + Fe

2
O

3(s)
  2Fe

(s)
 + Al

2
O

3(s)

:        
2Al

(s)
 + 32 O

2(g)
  Al

2
O

3(s)
       ∆H°

f
 = -1669.8 kJ

2Fe
(s)

 + 32 O
2(g)

  F
2
O

3(s)
       ∆H°

f
 = -822.1 kJ

2 .   (∆H∫)     
2H

2
O

2(l)
  2H

2
O

(l)
 + O

2(g)

3 .       ´ ª  
.   

4 .      ∆H   
5 .   ∆H       

. 

92



93

áãdÉãdG IóMƒdG á©LGôe
º«gÉØªdG

Enthalpy  Enthalpy (∆H)

  Exothermic Reaction  Endothermic Reaction

 Athermic ReactionSurrounding

Heat   Standard Heat of
Combustion

 Heat of Reaction Heat of Formation

   Standard Heat of
Formation

 Thermochemistry

System Hessís law

    Hess's Law of Heat
Summation

IóMƒ∏d á«°ù«FôdG QÉµaC’G

  (1-1)
                

. 
            

.     

     ( )      ∆H    
.  

                 
.     

              
.      

   (∆H )          
 T = 25 ∫C = 298 K :             

. P = 1 atm = 101.3 kPa

  " "    " "          
. 

       1 mol         
.    
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IóMƒdG º«gÉØe á£jôN

:               

 " " 

   

  " " 
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∂ª¡a øe ≥≤ëJ

1 .        
2 .            
3 .            

. (       )  
4 . ∆H    ∆H      
5 ..     
6 .         
7 ..     
8 .              

. (∆H )   
9 . ( )      " "      

.         
10 .          
11 .             
12 ..        " "   

∂JGQÉ¡e ôÑàNG

1 .    )   ∆H       
. (

C
(s)

 + O
2(g)

  CO
2(g)

 + 393.5 kJ ( )
2SO

2(g)
 + O

2(g)
  2 SO

3(g)
 + 198 kJ ( )

CaCO
3(s)

 + 176 kJ  CaO
(s)

 + CO
2(g)

 ( )
CH

4(g)
 + 2O

2(g)
  CO

2(g)
 + 2H

2
O

(l)
 + 890 kJ ( )

H
2
O

(g)
  H

2
O

(l)
 + 44 kJ ( )

2 . )        ∆H        
. (    

3CO
(g)

 + Fe
2
O

3(s)
  2Fe

(s)
 + 3CO

2(g)
 ∆H = -24.7 kJ ( )

2NO
2(g)

  2NO
(g)

 + O
2(g)

 ∆H = +114.2 kJ ( )
C

2
H

4(g)
 + 3O

2(g)
  2CO

2(g)
 + 2H

2
O

(l)
 ∆H = -1411 kJ ( )

N
2(g)

 + 2H
2(g)

  N
2
H

4(l)
 ∆H = +50.63 kJ ( )

3 .                
      . NH

3
      

:         
N

2(g)
 + 3H

2(g)
  2NH

3(g)
 ∆H = -91.8 kJ

 .   680 kg      
 (N) = 14  (H) = 1 :  
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4 .   ( )         
      .       CH

4
 

.          . 
     1 mol          ( )
.    890 kJ/mol        

.   48 g        ( )
.   2.5 mol        ( )

5 .          C
6
H

12
O

6
  

  .          .    
 .                 
              

:      
C

6
H

12
O

6(l)
 + 6O

2(g)
  6CO

2(g)
 + 6H

2
O

(l)
           ∆H = ?

         ∆H∫    ( )
:   

∆H∫
f
 (C

6
H

12
O

6
) = -1268 kJ/mol

∆H∫
f
 (O

2
) = 0

∆H∫
f
 (CO

2
) = -393.5 kJ/mol

∆H∫
f
 (H

2
O

(l)
) = -285.8 kJ/mol

.   94 kJ   C
6
H

12
O

6
    ( )

  (O) = 16  (C) = 12  (H) = 1 :  
6 .:       

2H
2(g)

 + O
2(g)

  2H
2
O

(l)
  ∆H

1
 = -571 kJ ( )

C
3
H

4(g)
 + 4O

2(g)
  3CO

2(g)
 + 2H

2
O

(l)
  ∆H

2
 = -1943.71 kJ ( )

C
3
H

8
 + 5O

2(g)
  3CO

2(g)
 + 4H

2
O

(l)
  ∆H

3
 = -2215.4 kJ ( )

:   ∆H   
C

3
H

4(g)
 + 2H

2(g)
  C

3
H

8

      
7 .:      

CO
(g)

 + 3H
2(g)

  CH
4(g)

 + H
2
O

(g)
 + X kJ

:     X 
2CO

(g)
 + O

2(g)
  2CO

2(g)
 + 566 kJ ( )

2H
2(g)

 + O
2(g)

  2H
2
O

(g)
 + 483.6 kJ ( )

CH
4(g)

 + 2O
2(g)

  CO
2(g)

 + 2H
2
O

(g)
 + 802.5 kJ ( )
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1 food Cal = 1000 cal = 4.18 kJ :      
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         .        
.  
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100 g    
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