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 امجفاعلات الاًعكاسٌة وحامة الاثزان  2-2   

𝑵𝟐𝑯𝟐

𝑹𝒇
 

 

𝑯𝟐  , 𝑵𝟐

𝑹𝒃
← 

 

(𝑹𝑭 = 𝑹𝒃)

   ( )     ( )      ( )  
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  امجفاعلات الاًعكاسٌة امىججاًسة وغٌر امىججاًسة .    3-2

  

  

s  Lg 

  𝑯𝟐(𝒈)
 𝑰𝟐(𝒈)  𝟐𝑯𝑰(𝒈)  

  𝟐𝑯𝟐(𝒈)
 𝑶𝟐(𝒈)

 𝟐𝑯𝟐𝑶(𝑳)

 حامة الاثزان وقاًون فعل امكجنة      4-2

𝑯𝟐 𝑰𝟐 𝟒𝟒𝟓℃

2 HI𝑯𝟐(𝒈)
 𝑰𝟐(𝒈)  𝟐𝑯𝑰(𝒈)

𝟕𝟖%HI 𝟏𝟏%𝑯𝟐 𝑰𝟐

  

   ( )    ( )
  
 
  

   ( ) 

 

       =   [  ][  ]

        =   [  ]
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   =   [ ]
 [ ]  

   =   [ ]
 [ ] 

  =    

  [ ]
 [ ] =   [ ]

 [ ] 

   =
  
  

    =
[ ] [ ] 

[ ] [ ] 
  ←  

 𝑲𝒆𝒒 

       

       

 

 𝑲𝑪 

  =
[ ] [ ] 

[ ] [ ] 

 

 

 𝑲𝑷 

                  =
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   gaq ( )    ( )      )

  =
[ ] 

[ ] 
 

    g  ( )    ( )    ( )   ( )

   =
  
 

  
 

 

1-2  ( )     ( )
  
 
  

    ( )

  0.110.05

    

 

   =
  
  
=
    

    
=    

1-2   4.24  

0.02   

 

𝑲𝒆𝒒 =
𝑲𝑭

𝑲𝒃
    ⇒    𝑲𝑭 = 𝑲𝒆𝒒  𝑲𝒃

𝑲𝑭 = 𝟒 𝟐𝟒  𝟎 𝟎𝟐 = 𝟎 𝟎𝟖𝟒𝟖 

2-2 

1-     ( )    ( )     ( )                         ⇒                         =
[  ][   ]

[   ] 
  

2-    
 
(  )
    ( )      (  )    

 
(  )      ⇒             =

[    ][  
 ]

[   
 ]
  

3-      ( )      (  )       (  )     ( )      ( )      ⇒        =
[     ][   ]

[   ] 
  

 

   gaq  g
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2-2   

  

 1- 𝟐𝑪𝑶𝟐(𝒈)
 𝟐𝑪𝑶(𝒈)  𝑶𝟐(𝒈)

 

 𝑲𝑪 =
[𝑶𝟐][𝑪𝑶]

𝟐

[𝑪𝑶𝟐]
𝟐
        ,   𝑲𝑷 =

𝑷𝑶𝟐 𝑷𝑪𝑶
𝟐

𝑷𝑪𝑶𝟐
𝟐  

 2- 𝟑𝑶𝟐(𝒈)
 𝟐𝑶𝟑(𝒈)

 

   𝑲𝑪 =
[𝑶𝟑]

𝟐

[𝑶𝟐]
𝟑
        ,   𝑲𝑷 =

𝑷𝑶𝟑
𝟐

𝑷𝑶𝟐
𝟑  

 3- 𝑪𝑶(𝒈)  𝑪𝒍𝟐(𝒈)  𝑪𝑶𝑪𝒍𝟐(𝒈) 

  𝑲𝑪 =                  ,   𝑲𝑷 =                       

 4- 𝑯𝟐𝑶(𝒈)  𝑪(𝒔)  𝑪𝑶(𝒈)  𝑯𝟐(𝒈)
 

  𝑲𝑪 =
[𝑪𝑶][𝑯𝟐]

[𝑯𝟐𝑶]
  ,   𝑲𝑷 =

𝑷𝑪𝑶 𝑷𝑯𝟐

𝑷𝑯𝟐𝑶
  

 5- 𝟐𝒁𝒏𝑺(𝒔)  𝟑𝑶𝟐(𝒈)
 𝟐𝒁𝒏𝑶(𝒔)  𝟐𝑺𝑶𝟐(𝒈)

 

  𝑲𝑪 =                  ,   𝑲𝑷 =                       

 6- 𝑪𝟔𝑯𝟓𝑪𝑶𝑶𝑯(𝒂𝒒)  𝑪𝟔𝑯𝟓𝑪𝑶𝑶(𝒂𝒒)
   𝑯(𝒂𝒒)

+  

   𝑲𝑪 =
[𝑪𝟔𝑯𝟓𝑪𝑶𝑶

 ][𝑯+]

[𝑪𝟔𝑯𝟓𝑪𝑶𝑶𝑯]
  ,   𝑲𝑷 = 𝟏      

 7- 𝟐𝑵𝑶𝟐(𝒈)
 𝟕𝑯𝟐(𝒈)

 𝟐𝑵𝑯𝟑(𝒈)
 𝟒𝑯𝟐𝑶(𝑳) 

  𝑲𝑪 =                  ,   𝑲𝑷 =                       

 3-2 

1-    ( )    ( )      ( )                         =
    
 

    
    

 

2-    ( )    ( )      ( )                               =
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4-2 Keq     ( )      ( )     ( )  

[   ] =             ,    [    ] =         ,   [  ] =       

 KeqKC

3-2 Keq  100 C     ( )      ( ) 

[𝑵𝟐𝑶𝟒] = 𝟎 𝟎𝟎𝟐 𝑴   ,   [𝑵𝑶𝟐] = 𝟎 𝟎𝟏𝟕 𝑴

 

    ( )      ( )

0.0020.017

  =
[    ]

[   ] 
  =
     

(     ) 
   =         

 

 

 X

 

    ( )          

0.1430.050.02

  =
[    ][  ]

 

[   ]
 
        =

(    )(     ) 

(    ) 
        =         
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𝑵𝟐  𝟑𝑯𝟐  𝟐𝑵𝑯𝟑

 

 

X 

  

 KCKP 

 K CKP 

 K CKP 

  =   

5-2            0.5 mol H2 ,I2 

430 OC KC 

 5.29 

 √    =     

 1 =  

 

   =
[  ] 

[  ][  ]
⇒     =

(  ) 

(     )(     )
 

𝑲𝒄 =
[𝑵𝑯𝟑]

𝟐

[𝑵𝟐][𝑯𝟐]
𝟑

 𝑵𝟐            𝟑𝑯𝟐       𝟐𝑵𝑯𝟑

𝑲𝒄 =
[𝟐𝑿]𝟐

[𝒂 𝑿][𝒂 𝟑𝑿]𝟑
 

0 a a 

+2X-3X-X  

2X(𝒂 𝟑𝑿)(𝒂 𝑿)

 
𝑯𝟐𝒈
                𝑰𝟐𝒈         𝟐𝑯𝑰𝒈

 00.5 0.5

+2X-X-X  

2X(𝟎 𝟓 𝑿)(𝟎 𝟓 𝑿)

X𝑲𝑪 
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   =
(  )

(     )
⇒   =           

       =         ⇒      =         

 =
    

   
=         

 [  ] =        =           ⁄ 

 [  ] = [  ] =          =           ⁄ 

 

 

  

 atm 

4-2                

0.4 mol Br2,H2425 OC 

KC0.25 

  =   

X

       𝑯𝟐𝒈
         𝑩𝒓𝟐𝒈        𝟐𝑯𝑩𝒓𝒈

 00.4 0.4

+2X-X-X  

2X(𝟎 𝟒 𝑿)(𝟎 𝟒 𝑿)

X𝑲𝑪
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 𝑲𝑪 =
[𝑯𝑩𝒓]𝟐

[𝑯𝟐][𝑩𝒓𝟐]
⇒ 𝟎 𝟐𝟓 =

(𝟐𝑿)𝟐

(𝟎 𝟒 𝑿)(𝟎 𝟒 𝑿)
 

𝟎 𝟓 =
(𝟐𝑿)

(𝟎 𝟒 𝑿)
⇒ 𝟐𝐗 = 𝟎 𝟐𝟎 𝟎 𝟓𝐗 

𝟐𝐗 𝟎 𝟓𝐗 = 𝟎 𝟐𝟎         

𝑿 =
𝟎 𝟐𝟎

𝟐 𝟓
= 𝟎 𝟎𝟖 𝑴 

 [𝑯𝑩𝒓] = 𝟐  𝟎 𝟎𝟖 = 𝟎 𝟏𝟔 𝒎𝒐𝒍 𝑳⁄  
 [𝑯𝟐] = [𝑩𝒓𝟐] = 𝟎 𝟒 𝟎 𝟎𝟖 = 𝟎 𝟑𝟐 𝒎𝒐𝒍 𝑳⁄  

 

𝑨         𝟐𝑩                 𝟑𝑪 

 0 a a 

+3X-2X-X  

3X(𝒂 𝟐𝑿)(𝒂 𝑿)

 
     𝑨                 𝑩           𝑪

        0 a a 

+X-X-X  

X(𝒂 𝑿)(𝒂 𝑿)
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a 

  

X 

  

(   ) 

  

       =              ← 

 

       =               

    Xa    

Xa  

 

6-2 0.625molN2O45L 

N2O40.025 mol/L 

  Kc    ( )      ( )

 

 

[𝑵𝟐𝑶𝟒] =
𝒏

𝒗
     ⇒   𝐌   =

𝟎 𝟔𝟐𝟓

𝟓
= 𝟎 𝟏𝟐𝟓 𝒎𝒐𝒍/𝑳M

𝑵𝟐𝑶𝟒                 𝟐𝑵𝑶𝟒

00.125 

+2X-X 

𝟐𝐗(𝟎 𝟏𝟐𝟓 𝑿)

 0.025 

(𝟎 𝟏𝟐𝟓 𝐗) = 𝟎 𝟎𝟐𝟓   ⇒  𝑿 = 𝟎 𝟏𝟐𝟓 𝟎 𝟎𝟐𝟓   ⇒   𝑿 = 𝟎 𝟏 

[𝑵𝑶𝟐] = 𝟐𝑿 = 𝟐  𝟎 𝟏 = 𝟎 𝟐
𝒎𝒐𝒍

𝑳

 [𝑵𝟐𝑶𝟒] = 𝟎 𝟎𝟐𝟓  

 𝑲𝑪 =
[𝑵𝑶𝟐]

𝟐

[𝑵𝟐𝑶𝟒]
 ⇒ 𝑲𝑪 =

(𝟎 𝟐)𝟐

(𝟎 𝟎𝟐𝟓)
= 𝟏 𝟔 
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 |5-2    ( )     ( )    ( )

0.8 molCO2

Kc

 

6-2    ( )    ( )      ( )

H2, N2

H2   0.3molN2 0.2mol

H2, N2Kc 

200

 

 

 [  𝑴 ] =
𝒏

𝒗
     ⇒   𝑴   =

𝟎 𝟖

𝟏
= 𝟎 𝟖 𝒎𝒐𝒍/𝑳

𝟐𝑪𝑶𝟐(𝒈)
 𝟐𝑪𝑶(𝒈)   𝑶𝟐(𝒈)

0 0 0.8 

+X +2X -2X  

X)(2X) (𝟎 𝟖 𝟐𝑿) 

 

𝟐𝐗 =
𝟏

𝟐
 𝟎 𝟖

∵ [𝑪𝑶𝟐] = 𝟎 𝟖 𝟐𝒙⟹ 𝟎 𝟖 𝟐  𝟎 𝟐   = 𝟎 𝟒       

 𝟐𝐗 =
𝟏

𝟐
 𝟎 𝟖 = 𝟎 𝟒 𝑴⟹ 𝒙 =

𝟎 𝟒

𝟐
   = 𝟎 𝟐  

 [𝑪𝑶] = 𝟐  𝒙 = 𝟎 𝟒𝑴     , [𝑶𝟐] = 𝒙 = 𝟎 𝟐 𝑴 

  𝑲𝑪 =
[𝑪𝑶]𝟐[𝑶𝟐]

[𝑪𝑶𝟐]
𝟐
=
(𝟎 𝟒)𝟐 𝟎 𝟐

(𝟎,𝟒)𝟐
= 𝟎 𝟐 

 
 

[ 𝑴  ] =
𝒏

𝒗
     ⇒  [  𝑴 ]    =

𝒏

𝟏𝑳
  ⇒ [  𝑴 ] = 𝒏

𝟑𝑯𝟐      𝑵𝟐  𝟐𝑵𝑯𝟑

 

𝟑𝒙 = 𝟎 𝟑 ⇐ 𝑯𝟐

𝒃 𝒙 = 𝟎 𝟐 ⇐ 𝑵𝟐

0 𝐛𝒂

+2x -x-3x 

2x)(b-x) (𝒂 𝟑𝒙) 

0.2 
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 7-2 |    ( )      ( )    ( ) 

SO3 3atm 

4atm KP

  

21-2                  

   

   1atm  =
 

 

 ,    ,     

 𝐛 = 𝟎 𝟑 𝐌 = [  𝑵𝟐 ]  

 (𝒂 𝟎 𝟑) 
𝟑
=
𝟎 𝟐

𝟐𝟎𝟎
 ⇒  (𝒂 𝟎 𝟑) 

𝟑
= 𝟎 𝟎𝟎𝟏   

(𝒂 𝟎 𝟑) = 𝟎 𝟏 ⇒   𝒂 𝟎 𝟑 = 𝟎 𝟏   ⇒ 𝒂 = 𝟎 𝟑 𝟎 𝟏  
𝒂 = 𝟎 𝟒 𝑴 = [𝑯𝟐] 

 𝟑𝒙 = 𝟎 𝟑  ⇒ 𝒙 =
𝟎 𝟑

𝟑
= 𝟎 𝟏  

 [  𝑯𝟐 ] = 𝒂  𝟑𝒙 ⇒    𝒂 𝟑  𝟎 𝟏  ⇒ [  𝑯𝟐 ] = 𝒂  𝟎 𝟑  
 [  𝑵𝟐 ] = 𝒃 𝒙  ⇒  𝐛 𝟎 𝟏 = 𝟎 𝟐 ⇒ 𝐛 = 𝟎 𝟏 𝟎 𝟐  

 [𝑵𝑯𝟑   ] = 𝟐𝒙 ⇒ [𝑵𝑯𝟑   ] = 𝟐  𝟎 𝟏 = 𝟎 𝟐 𝑴  

𝑲𝒄 =
[𝑵𝑯𝟑]

𝟐

[𝑯𝟐]
𝟑[𝑵𝟐]
  ⇒ 𝟐𝟎𝟎 =

(𝟎 𝟐)𝟐

 (𝒂 𝟎 𝟑) 
𝟑
(𝟎 𝟐)
⇒ 𝟐𝟎𝟎 =

𝟎 𝟐

 (𝒂 𝟎 𝟑) 
𝟑  

  
 

𝟐𝑺𝑶𝟑(𝒈)
 𝟐𝑺𝑶𝟐  𝑶𝟐

 003 

 +X +2X -2X 

𝑷𝑻X)(2X) (𝟑 𝟐𝑿) 

𝑷𝑻 = 𝑷𝑺𝑶𝟑 𝑷𝑺𝑶𝟐  𝑷𝑶𝟐  

𝟒 = 𝟑 𝟐𝑿 𝟐𝑿 𝑿 
𝑿 = 𝟒 𝟑 = 𝟏

𝑲𝑷 =
 𝑷𝑺𝑶𝟐  

𝟐
 𝑷𝑶𝟐

 𝑷𝑺𝑶𝟑 
𝟐
=
(𝟐)𝟐  𝟏

(𝟏)𝟐
= 𝟒
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| 24-2    ( )    ( )    ( )     

   ,   2000K

3mol 

  =  

  =  

       𝑷𝑪𝒍𝟑        𝑪𝒍𝟐  𝑷𝑪𝒍𝟓

0a2a

 +X -X-X 

𝑪𝒍𝟐=1atm(𝑿)(𝒂 𝑿)(𝟐𝒂 𝑿)

𝑷𝑷𝑪𝒍𝟑 = 𝟐𝒂  (𝒂 𝟏)   ⇒ 𝑷𝑷𝑪𝒍𝟑 = 𝒂 𝟏

𝟓𝒂 = 𝟕 ⇒ 𝒂 =
𝟕

𝟓
= 𝟏 𝟒𝒂𝒕𝒎 

 𝑷𝑪𝒍𝟐 = 𝒂 𝒙 = 𝟏  ⟹ 𝒙 = 𝒂 𝟏

 𝑷𝑷𝑪𝒍𝟑 = 𝟐𝒂 𝒙 

 𝑲𝑷 =
𝑷𝑷𝑪𝒍𝟓

𝑷𝑪𝑳𝟑 𝑷𝑪𝒍𝟐
⟹   

𝟏

𝟔
=

𝒂 𝟏

(𝒂+𝟏) 𝟏
⇒ 𝟔𝒂 𝟔 = 𝒂 𝟏 

 𝑷𝑪𝒍𝟐 = 𝟏 𝟒  𝒂𝒕𝒎  

 𝑷𝑷𝑪𝒍𝟑 = 𝟐  𝟏 𝟒 = 𝟐 𝟖 𝒂𝒕𝒎

𝑪𝑶𝟐(𝒈)
 𝑯𝟐(𝒈)

 𝑪𝑶(𝒈)  𝑯𝟐𝑶

 0 0a a 

 +X +X -X -X 

XX(𝒂 𝑿) (𝒂 𝑿) 

𝟑 = 𝒂  𝒙 𝒂  𝒙 𝒙 𝒙  
𝟑 = 𝟐𝒂 

𝒂 =
𝟑

𝟐
= 𝟏 𝟓  

 𝒏𝑻 = 𝒏𝑪𝑶𝟐  𝒏𝑯𝟐 𝒏𝑪𝑶  𝒏𝑯𝟐𝑶 

 𝑲𝒄 =
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[𝑪𝑶𝟐][𝑯𝟐]
  ⇒ 𝟒 =

𝑿𝟐

(𝟏 𝟓 𝑿)𝟐
⇒ 𝟐 =

𝑿

𝟏 𝟓 𝑿
 

𝑿 = 𝟑 𝟐𝑿 ⇒ 𝟑𝑿 = 3 
 𝑿 = 𝟏 
 [𝑪𝑶𝟐] = [𝑯𝟐] = 𝟏 𝟓 𝟏 = 𝟎 𝟓 𝑴 
 [𝑪𝑶] = [𝑯𝟐𝑶] = 𝟏 𝑴
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𝑿
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𝑿

𝟏
 𝟏𝟎𝟎%⟹ 𝑿 =

𝟐𝟎

𝟏𝟎𝟎
= 𝟎 𝟐 𝑴 

 %𝑵𝟐𝑶𝟒 =
𝐗

 
 𝟏𝟎𝟎%  

𝑵𝟐𝑶𝟒(𝒈)
 𝟐𝑵𝑶𝟐(𝒈)

  

0 1 

+2X -X  

2X 1-X  

𝑻𝑲 = 𝒕℃  𝟐𝟕𝟑  = 𝟑𝟎𝟎𝐊    
𝑲𝑷 = 𝑲𝑪(𝑹𝑻)

 𝒏𝒈    ⇒ 𝑲𝑷 = 𝟎 𝟐  (𝟎 𝟎𝟖𝟐  𝟑𝟎𝟎)
𝟏

= 𝟒 𝟗𝟐

𝑿 = 𝟎 𝟐 𝑴

 [𝑵𝟐𝑶𝟒] = 𝟏 𝑿 ⇒ [𝑵𝟐𝑶𝟒] = 𝟏 𝟎 𝟐 = 𝟎 𝟖 𝑴 
 [𝑵𝑶𝟐] = 𝟐𝑿  ⇒ [𝑵𝑶𝟐] = 𝟐  𝟎 𝟐 = 𝟎 𝟒 𝑴  

 𝑲𝑪 =
[𝑵𝑶𝟐]

𝟐

[𝑵𝟐𝑶𝟒]
  ⇒ 𝑲𝑪 =

(𝟎 𝟒)𝟐

𝟎 𝟖
= 𝟎 𝟐  
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𝟐𝑵𝑶𝑪𝒍(𝒈)  𝟐𝑵𝑶(𝒈)  𝑪𝒍𝟐(𝒈)  
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  0.64  

𝟏 = 𝟎 𝟔𝟒 𝟐𝑿 𝑿 ⇒ 𝟏 𝟎 𝟔𝟒 = 𝟑𝑿 

𝟑𝑿 = 𝟎 𝟑𝟔  ⇒ 𝑿 =
𝟎 𝟑𝟔

𝟑
= 𝟎 𝟏𝟐𝒂𝒕𝒎 

𝑷𝑵𝑶𝑪𝒍 = 𝟎 𝟔𝟒 
𝑷𝑵𝑶 = 𝟐𝑿 = 𝟐  𝟎 𝟏𝟐 = 𝟎 𝟐𝟒 𝒂𝒕𝒎 
𝑷𝑪𝒍𝟐 = 𝐗 = 𝟎 𝟏𝟐𝐚𝐭𝐦 

 𝒏𝒈 = 𝟑 𝟐 = 𝟏 ,𝑻𝑲 = 𝒕℃  𝟐𝟕𝟑    ⟹ 𝑻𝑲 = 𝟐𝟒𝟎℃    𝟐𝟕𝟑 = 𝟓𝟏𝟑𝐊 

𝑲𝑪 = 𝟎 𝟎𝟏𝟔𝟗  (𝟎 𝟎𝟖𝟐  𝟓𝟏𝟑)
 (𝟏)

𝑲𝑪 = 𝟎 𝟎𝟏𝟔𝟗  (𝟎 𝟎𝟖𝟐  𝟓𝟏𝟑)
 𝟏  

𝑲𝑪 =
𝟎 𝟎𝟏𝟔𝟗

𝟎 𝟎𝟖𝟐  𝟓𝟏𝟑
=
𝟎 𝟎𝟏𝟔𝟗

𝟒𝟐 𝟎𝟔𝟔
= 𝟒  𝟏𝟎 𝟒

𝑷𝑵𝑶𝑪𝒍 = 𝟎 𝟔𝟒 𝒂𝒕𝒎 

 𝑷𝑻 = 𝑷𝑵𝑶𝑪𝒍  𝑷𝑵𝑶  𝑷𝑪𝒍𝟐  

 𝑲𝑷 =
𝑷𝑵𝑶

𝟐  𝑷𝑪𝒍𝟐

𝑷𝑵𝑶𝑪𝒍
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(𝟎 𝟐𝟒)𝟐 𝟎 𝟏𝟐 

(𝟎 𝟔𝟒)𝟐
   ⇒ 𝑲𝑷 = 𝟎 𝟎𝟏𝟔𝟗  

 𝑲𝑪 = 𝑲𝑷(𝑹𝑻)
  𝒏𝒈  
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2014 

 2-1  

 18-2 

 27-2 

2014 

  

 5-2  

 11-2 

2014 

 Q=1  Kc=0.3  

 6-2 

 5-2 

2015 

  

 33-2 

 1-2 17 

 24-2 

2015 

 0.036 

 0.009  

 3-2 2 

 14-2 
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2015 

  

 3-2 7 

 15-2 

 1-2 

2015 

 3-2 2 

 0.036 

 0.009  

 14-2 

2015 

 3-2 3 

 9-2 

2015 

  

 14-2 

 22-2  

2016 

 3-2 4 

  Kp  Kc  

 2-2 
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2016 

 1-2  

     =     

 32-2  

2016 

  

 23-2 

 11- 2 

2016 

 

 

    =    

 12-2  

2017

  

 1-2 15 

 6-2 

2017

 3-2 2 

  

 18-2 
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2017

 Kc  

 26- 2 

 Kc Q 

2017

  24 – 2  

    =     

 8 – 2  

2018

                ( )

    

 30 – 2 
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3

 

  

 

 

 X 

 

 5 

 

  

  

 

 

 

 H  OH 

 

 KSP 

6  
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 الاتزان الايونيالفصل الثالث 

 

  

 

 

 

 

 

 

 

  

  

  

 

 
 

  

 

 

 →  ⇌ 
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𝑯𝑪𝒍

𝑯𝟐𝑺𝑶𝟒

𝑯𝑵𝑶𝟑

𝑯𝑩𝒓 

𝑯𝟐𝑪𝒓𝑶𝟒

𝑯𝑪𝒍𝑶𝟒

𝑵𝒂𝑶𝑯

𝑲𝑶𝑯

𝑪𝒂 𝑶𝑯 𝟐

𝑩𝒂 𝑶𝑯 𝟐

𝑹𝒃𝑶𝑯

𝑵𝒂𝑪𝑳 
𝑲𝑪𝒍 
𝑲𝑵𝑶𝟑 
𝑵𝒂𝟐𝑺𝑶𝟒

𝑪𝑯𝟑𝑪𝑶𝑶𝑯

𝑯𝑪𝑵

𝑯𝑪𝑶𝑶𝑯 

𝑯𝑵𝑶𝟐

𝑯𝟑𝑷𝑶𝟒

𝑪𝟔𝑯𝟓𝑶𝑯

𝑵𝑯𝟑

𝑪𝟔𝑯𝟕𝑵

𝑪𝟓𝑯𝟓𝑵

𝑪𝑯𝟑𝑵𝑯𝟐

𝑩𝒂𝑺𝑶𝟒 
𝑷𝒃𝑺𝑶𝟒 
𝑨𝒈𝑪𝒍 
𝑩𝒂 𝑰𝑶𝟑 𝟐

 

 ⟶  

 

 ⇌  

  ⇌  

  𝑶𝑯  

 

 → 
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   →       

   
    

 

 𝑨 =  𝑨𝑩 ∗ 𝑨   ⇒  𝑨 =  𝑨𝑩 ∗ 𝟏 

 𝑩 =  𝑨𝑩 ∗ 𝑩   ⇒  𝑩 =  𝑨𝑩 ∗  𝟐

 1-3|𝑩𝒂 𝟐𝐎𝐇 𝟎.𝟎𝟑𝑴

 𝑩𝒂 𝑶𝑯 𝟐 

 1-3

𝑯𝑩𝒓   𝟎.𝟐𝟓 𝑴𝑲𝑶𝑯   𝟎.𝟎𝟓𝟓 𝑴𝑪𝒂𝑪𝒍𝟐  𝟎.𝟏𝟓𝟓𝑴

 . 𝑯𝑩𝒓 → 𝑯  𝑩𝒓  

𝟎.𝟐𝟓       𝟎          𝟎     

𝟎             𝟎.𝟐𝟓    𝟎.𝟐𝟓 

 𝑯 = 𝟎.𝟐𝟓𝑴      ,    𝑩𝒓 = 𝟎.𝟐𝟓 𝑴 

 .𝑲𝑶𝑯⟶ 𝑲  𝑶𝑯  

𝟎.𝟎𝟓𝟓        𝟎        𝟎 

𝟎              𝟎.𝟎𝟓𝟓   𝟎.𝟎𝟓𝟓 

 𝑲  = 𝟎.𝟎𝟓𝟓𝑴  ,  𝑶𝑯  = 𝟎.𝟎𝟓𝟓𝑴 

 . 𝑪𝒂𝑪𝒍𝟐 → 𝑪𝒂 𝟐  𝟐𝑪𝒍   

𝟎.𝟏𝟓𝟓       𝟎             𝟎 

𝟎            𝟎.𝟏𝟓𝟓       𝟐 ∗ 𝟎.𝟏𝟓𝟓 

 𝑪𝒂 𝟐 = 𝟎.𝟏𝟓𝟓 𝑴    ,     𝑪𝒍  = 𝟎.𝟑𝟏𝟎 𝑴 

𝑩𝒂 𝑶𝑯 𝟐            

 .     
  ∗  .    ∗  .   

 .    .   

→

 

 𝑩𝒂 𝟐 = 𝟎.𝟎𝟑 𝑴  ,  𝑶𝑯  = 𝟎.𝟎𝟔 
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⇌

 𝑯 𝑪𝑯𝟑𝑪𝑶𝑶
 

𝑪𝑯𝟑𝑪𝑶𝑶𝑯

𝑲𝑪 =
 𝑪𝑯𝟑𝑪𝑶𝑶

−  𝑯+ 

 𝑪𝑯𝟑𝑪𝑶𝑶𝑯 

 2-3 𝑲𝑪

𝑵𝑯𝟑 𝒈 
 𝑯𝟐𝑶 𝑳 ⇌ 𝑵𝑯𝟒

 
 𝒂𝒒 

 𝑶𝑯   𝒂𝒒 

 

𝑴𝒎𝒐𝒍

𝑳

=
𝒎 𝒈 

𝐌𝒈 𝒎𝒐𝒍 ∗𝑽 𝑳 
       ⇒𝑴 =

𝟏𝟎𝟎𝟎 𝒈 

𝟏𝟖 𝒈
𝒎𝒐𝒍

∗𝟏𝑳
= 𝟓𝟓.𝟓𝟓

𝒎𝒐𝒍

𝑳
 

𝑲𝒆𝒒 ∗  𝑯𝟐𝑶 = 𝑲𝒆𝒒 ∗ 𝟓𝟓.𝟓𝟓 =
 𝑵𝑯𝟒

   𝑶𝑯  

 𝑵𝑯𝟑 
⇒  𝒌𝒄 =

 𝑵𝑯𝟒
   𝑶𝑯  

 𝑵𝑯𝟑 
 

 

  

⇌    

  

 ⇌  

  

 𝑯𝑪𝑶𝑶𝑯 ⇌ 𝑯  𝑯𝑪𝑶𝑶  
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 𝑲𝒂𝒄𝒊𝒅 ⇐ 𝑲𝒂 

𝑲𝒂 =
 𝑯+  𝑯𝑪𝑶𝑶− 

 𝑯𝑪𝑶𝑶𝑯 

 𝑲𝒂

  𝑯   

𝑯𝑪𝑵 ⇌ 𝑯  𝑪𝑵  

  𝑯   

 

 

𝑯𝟐𝑪𝟐𝑶𝟒 ⇌ 𝑯  𝑯𝑪𝟐𝑶𝟒
            𝐾𝑎1 = 5.37 ∗ 10 2 

𝑯𝑪𝟐𝑶𝟒
 ⇌ 𝑯  𝑪𝟐𝑶𝟒

 𝟐              𝐾𝑎2 = 5.10 ∗ 10 5 

  

𝑯𝟑𝑷𝑶𝟒 ⇌ 𝑯  𝑯𝟐𝑷𝑶𝟒
        𝐾𝑎1 = 7.11 ∗ 10 3 

𝑯𝟐𝑷𝑶𝟒
 ⇌ 𝑯  𝑯𝑷𝑶𝟒

 𝟐     𝐾𝑎2 = 6.23 ∗ 10 6 

𝑯𝑷𝑶𝟒
 𝟐 ⇌ 𝑯  𝑷𝑶𝟒

 𝟑    𝐾𝑎3 = 4.80 ∗ 10 13 
 

 𝑲𝒂𝟑 < 𝑲𝒂𝟐 < 𝑲𝒂𝟏

  

 𝑯  

𝑲𝒂

  

 

 

  𝑲𝒃𝒂𝒔𝒆 ⇐ 𝑲𝒃

𝑲𝒃 =
 𝑵𝑯𝟒

   𝑶𝑯  

 𝑵𝑯𝟑 
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𝟓𝟓.𝟓𝟓 

 𝑯𝟐𝑶𝑶𝑯  

  

  

 𝑯𝑨 ⇌ 𝑯  𝑨  

 𝑩 𝑯−𝑶𝑯 ⇌ 𝑯𝑩  𝑶𝑯  

  𝑿  𝑯   𝑶𝑯   

     ⇌        ⇌     

 →            

  → −     −           

 →    −     −          

                  

 

  −𝑿 

 

 

 

  −𝑿  

 KaKbH+ OH- 

 

 
𝑿  

𝒂  
 

 %𝟏𝟎𝟎 ∗
𝑿  

𝒂  
 

 100

  𝑿  𝒂  

 -X+X  

 
𝑴𝟏

𝑴𝟐
𝑴𝟐𝑴𝟏 
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3-3 𝑯 
 𝒂𝒒 𝟎.𝟏𝑴

𝟏.𝟖 ∗ 𝟏𝟎 𝟓

𝑲𝒂

  𝑪𝑯𝟑𝑪𝑶𝑶𝑯 ⇌ 𝑪𝑯𝟑𝑪𝑶𝑶
  𝑯 

𝟎.𝟏                           𝟎                  𝟎
−𝑿                          𝑿             𝑿       
𝟎.𝟏− 𝑿                   𝑿                  𝑿

 𝟏𝟎 𝟓 = 𝑲𝒂−𝑿

𝑲𝒂 =
 𝑪𝑯𝟑𝑪𝑶𝑶

   𝑯  

 𝑪𝑯𝟑𝑪𝑶𝑶𝑯 
 ⇒ 𝟏.𝟖 ∗ 𝟏𝟎 𝟓 =

 𝑿  𝑿 

 𝟎.𝟏 
 

𝑿𝟐 = 𝟏.𝟖 ∗ 𝟏𝟎 𝟓 ∗ 𝟎.𝟏 

𝑿𝟐 = 𝟏.𝟖 ∗ 𝟏𝟎 𝟔     

𝑿 = 𝟏.𝟑 ∗ 𝟏𝟎 𝟑 

𝟏.𝟑 ∗ 𝟏𝟎 𝟐 =
𝟏.𝟑 ∗ 𝟏𝟎 𝟑

𝟎.𝟏
=

𝑿

𝒂  
=    

100

%𝟏𝟎𝟎 ∗ 𝟏.𝟑 ∗ 𝟏𝟎 𝟐

1.3
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 2-3 

𝑯𝑪𝑵𝑲𝒂 = 𝟒.𝟗 ∗ 𝟏𝟎 𝟏𝟎𝟎.𝟐 𝑴

 𝑲𝒂

𝑯𝑪𝑵 ⇌ 𝑯  𝑪𝑵  
0 00.2

+X+X-X
XX𝟎.𝟐− 𝑿 

 X𝟏𝟎 𝟏𝟎 = 𝑲𝒂

  𝑲𝒂 =
 𝑯+  𝑪𝑵− 

 𝑯𝑪𝑵 
  ⇒ 𝟒.𝟗 ∗ 𝟏𝟎 𝟏𝟎 =

𝑿𝟐

𝟎.𝟐
 

𝑿𝟐 = 𝟎.𝟗𝟖 ∗ 𝟏𝟎 𝟏𝟎    

𝐗 = 𝟏 ∗ 𝟏𝟎 𝟓 
𝑿 =  𝑯  = 𝟏 ∗ 𝟏𝟎 𝟓

4-3 𝑯𝑭  𝑲𝒂 = 𝟔.𝟖 ∗ 𝟏𝟎 𝟒 

0.1 𝑀0.01 𝑀

 𝑲𝒂 = 𝟏𝟎 𝟒−𝑿

𝑯𝑭 ⇌ 𝑯  𝑭  
0.1 0 0 
-X +X +X 
0.1-X X X 

  𝑲𝒂 =
 𝑯+  𝑭− 

 𝑯𝑭 
 ⇒ 𝟔.𝟖 ∗ 𝟏𝟎 𝟒 =

𝑿𝟐

𝟎.𝟏 𝑿
 

𝑿𝟐 = 𝟔.𝟖 ∗ 𝟏𝟎 𝟒 ∗  𝟎.𝟏− 𝑿  
𝑿𝟐 = 𝟔.𝟖 ∗ 𝟏𝟎 𝟓 − 𝟔.𝟖 ∗ 𝟏𝟎 𝟒𝑿  
𝑿𝟐  𝟔.𝟖 ∗ 𝟏𝟎 𝟒𝑿− 𝟔.𝟖 ∗ 𝟏𝟎 𝟓 = 𝟎 

𝑿 =
−𝒃±  𝒃𝟐 − 𝟒𝒂𝒄

𝟐𝒂
 

 𝑿

𝑿 = 𝟕.𝟗𝟏 ∗ 𝟏𝟎 𝟑𝑴 

 𝟕.𝟗𝟏 ∗ 𝟏𝟎 𝟐 =
𝟕.𝟗𝟏∗𝟏𝟎−𝟑

𝟎.𝟏
=

𝑿

𝒂  
=   

 %𝟏𝟎𝟎 ∗  =    

%𝟏𝟎𝟎 ∗ 𝟕.𝟗𝟏 ∗ 𝟏𝟎 𝟐 =
%𝟕.𝟗𝟏 =

 



 

 

  
 

 الفصل الثالث الاتزان الايوني    كيمياء السادس العلمي الفرع الاحيائي  
 

 

 

 

 07709702369الموبايل :   اعداد الاستاذ هاشم الغرباوي 
 

10  

 - 0.01 𝑀

 

 3-3𝑪𝟔𝑯𝟓𝑶𝑯 

 𝑲𝒂 = 𝟏.𝟑 ∗ 𝟏𝟎 𝟏𝟎 𝟎.𝟐  𝑴100

 

𝑪𝟔𝑯𝟓𝑶𝑯 ⇌ 𝑪𝟔𝑯𝟓𝑶
  𝑯  

000.2

+x+X-X

 
X X 

𝟎.𝟐− 𝒙

↲  

  𝑲𝒂 =
 𝑪𝟔𝑯𝟓𝑶

−  𝑯+ 

 𝑪𝟔𝑯𝟓𝑶𝑯 
 ⇒ 𝟏.𝟑 ∗ 𝟏𝟎 𝟏𝟎 =

𝑿𝟐

𝟎.𝟐
  

𝑿𝟐 = 𝟎.𝟐𝟔 ∗ 𝟏𝟎 𝟏𝟎  

𝐗 = 𝟎.𝟓𝟏 ∗ 𝟏𝟎 𝟓 =  𝑯 
 100

𝑴𝟐 =
𝑴𝟏

   
  ⟹ 𝑴𝟐 =

𝟎.𝟐

𝟏𝟎𝟎
= 𝟎.𝟎𝟎𝟐 

 𝑪𝟔𝑯𝟓𝑶𝑯 ⇌ 𝑪𝟔𝑯𝟓𝑶
  𝑯  

  0 00.002
 +x+X-X

  
X X 

𝟎.𝟎𝟎𝟐− 𝒙

↲  

   𝑲𝒂 =
 𝑪𝟔𝑯𝟓𝑶

−  𝑯+ 

 𝑪𝟔𝑯𝟓𝑶𝑯 
 ⇒ 𝟏.𝟑 ∗ 𝟏𝟎 𝟏𝟎 =

𝑿𝟐

𝟎.𝟎𝟎𝟐
  

𝑿𝟐 = 𝟎.𝟐𝟔 ∗ 𝟏𝟎 𝟏𝟐  

𝐗 = 𝟎.𝟓𝟏 ∗ 𝟏𝟎 𝟔 =  𝑯  
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 5-3  𝑶𝑯 

𝟎.𝟐𝑴 = 

 𝑲𝒃 = 𝟏.𝟖 ∗ 𝟏𝟎 𝟓

 𝑲𝒃

      𝐍𝑯𝟑        𝑯𝟐𝑶 ⇌ 𝑵𝑯𝟒
  𝑶𝑯  

00  0.2 

+X+X-X

XX
𝟎.𝟐− 𝑿

↲

  𝑲𝒃 =
 𝑵𝑯𝟒

+  𝑶𝑯− 

 𝑵𝑯𝟑 
 ⇒ 𝟏.𝟖 ∗ 𝟏𝟎 𝟓 =

𝑿𝟐

𝟎.𝟐
 

𝑿𝟐 = 𝟎.𝟑𝟔 ∗ 𝟏𝟎 𝟓   

𝑿 = 𝟏.𝟗 ∗ 𝟏𝟎 𝟑𝑴 =  𝑶𝑯    

 𝟗𝟓 ∗ 𝟏𝟎 𝟒 =
𝟏.𝟗∗𝟏𝟎−𝟑

𝟎.𝟐
=

𝑿

𝒂
=    

 %𝟏𝟎𝟎 ∗  =     

%𝟏𝟎𝟎 ∗ 𝟗𝟓 ∗ 𝟏𝟎 𝟒 =        
%𝟎.𝟗𝟓 =       

 𝟒− 𝟑𝑪𝟔𝑯𝟕𝑵 𝑲𝒃 = 𝟑.𝟖 ∗ 𝟏𝟎 𝟏𝟎 

𝟎.𝟏 𝑴 

 

𝑪𝟔𝑯𝟕𝑵 𝑯𝟐𝐎 ⇌ 𝑪𝟔𝑯𝟕𝑵𝐇
  𝐎𝐇  

000.1

+X+X-X

XX
𝟎.𝟏− 𝑿

   ↲

  𝑲𝒃 =
 𝑪𝟔𝑯𝟕𝑵𝐇

+  𝐎𝐇− 

 𝑪𝟔𝑯𝟕𝑵 
 

  𝟑.𝟖 ∗ 𝟏𝟎 𝟏𝟎 =
𝑿𝟐

𝟎.𝟏
  ⇒ 𝑿𝟐 = 𝟎.𝟑𝟖 ∗ 𝟏𝟎 𝟏𝟎   

𝑿 = 𝟎.𝟔𝟐 ∗ 𝟏𝟎 𝟓 

 𝟔.𝟐 ∗ 𝟏𝟎 𝟓 =
𝟎.𝟔𝟐∗𝟏𝟎−𝟓

𝟎.𝟏
=

𝑿

𝒂
=    
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𝟏𝟎− 𝟑𝑲𝒂𝑪𝟐𝑯𝟓𝑪𝑶𝑶𝑯 

𝟏.𝟑 ∗ 𝟏𝟎 𝟓

𝟎.𝟔𝟓 𝑴

  𝑶𝑯 

𝑪𝟐𝑯𝟓𝑪𝑶𝑶𝑯 ⇌ 𝑪𝟐𝑯𝟓𝑪𝑶𝐎
  𝐇  

000.65

+X+X-X

 
X X

𝟎.𝟔𝟓− 𝑿

   ↲

  𝑲𝒂 =
 𝑪𝟐𝑯𝟓𝑪𝑶𝑶

−  𝐇+ 

 𝑪𝟐𝑯𝟓𝑪𝑶𝑶𝑯 
 

  𝟏.𝟑 ∗ 𝟏𝟎 𝟓 =
𝑿𝟐

𝟎.𝟔𝟓
  ⇒ 𝑿𝟐 = 𝟖.𝟒𝟓 ∗ 𝟏𝟎 𝟔    

𝑿 = 𝟐.𝟗 ∗ 𝟏𝟎 𝟑  

 %𝟏𝟎𝟎 ∗
𝑿

𝒂
=     

%𝟎.𝟒𝟓 = %𝟏𝟎𝟎 ∗
𝟐.𝟗 ∗ 𝟏𝟎 𝟑

𝟎.𝟔𝟓
=  

 𝟏𝟕− 𝟑𝟎.𝟎𝟏%𝟒.𝟐 

 X

%𝟏𝟎𝟎 ∗
𝑿

𝒂
= %𝟏𝟎𝟎 ∗

𝑿

𝟎.𝟎𝟏
= 𝟒.𝟐%     ⇐         

𝟒𝟐 ∗ 𝟏𝟎 𝟓 = 𝑿 ⇐
𝟒.𝟐 ∗ 𝟎.𝟎𝟏

𝟏𝟎𝟎
= 𝑿

   𝑪𝑯𝟑𝑪𝑶𝑶𝑯             ⇌     𝑪𝑯𝟑𝑪𝑶𝑶
                  𝐇  

000.01

+ 𝟒𝟐 ∗ 𝟏𝟎 𝟓  𝟒𝟐 ∗ 𝟏𝟎 𝟓  𝟒𝟐 ∗ 𝟏𝟎 𝟓

𝟒𝟐 ∗ 𝟏𝟎  𝟓𝟒𝟐 ∗ 𝟏𝟎  𝟓𝟎.𝟎𝟏− 𝟒𝟐 ∗ 𝟏𝟎 𝟓 

%𝟓

  𝑲𝒂 =
 𝐂𝑯𝟑𝑪𝑶𝑶

−  𝐇+ 

 𝐂𝑯𝟑𝑪𝑶𝑶𝑯 
 

  𝑲𝒂 =
 𝟒𝟐∗𝟏𝟎−𝟓 

𝟐

𝟎.𝟎𝟏
⟹ 𝑲𝒂 =

𝟏𝟕𝟔𝟒∗𝟏𝟎−𝟏𝟎

𝟏∗𝟏𝟎−𝟐
= 𝟏.𝟕𝟔𝟒 ∗ 𝟏𝟎 𝟓  
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 𝟐𝟔− 𝟑𝟎.𝟏𝑴 

𝑯𝑪𝑵%𝟎.𝟎𝟏 

 

 %𝟏𝟎𝟎 ∗
𝑿

𝒂
=

%𝟏𝟎𝟎 ∗
𝑿

𝟎.𝟏
= 𝟎.𝟎𝟏%   

  𝑿 =
𝟎.𝟏∗𝟎.𝟎𝟏

𝟏𝟎𝟎
 ⇒ 𝑿 = 𝟏 ∗ 𝟏𝟎 𝟓𝑴 =  𝑯   

               𝑯𝑪𝑵      ⇌            𝐇        𝑪𝑵 

000.1

+𝟏𝟎 𝟓 𝟏𝟎 𝟓  𝟏𝟎 𝟓

𝟏𝟎  𝟓𝟏𝟎  𝟓𝟎.𝟏𝟏− 𝟏𝟎 𝟓 

%𝟓 

  𝑲𝒂 =
 𝐂𝐍−  𝐇+ 

 𝐇𝐂𝐍 
 𝑵 ⇒ 𝑲𝒂 =

 𝟏𝟎−𝟓 
𝟐

𝟎.𝟏
⟹ 𝑲𝒂 = 𝟏 ∗ 𝟏𝟎 𝟗  

 𝟏 ∗ 𝟏𝟎 𝟗 = 𝟏𝟎 𝟗

𝑯𝟑𝑶
 𝑶𝑯 

  𝑯𝟐𝑶 𝑯𝟐𝑶 ⇌ 𝑯𝟑𝑶
  𝑶𝑯  

  𝑯𝟐𝑶 ⇌ 𝑯  𝑶𝑯  

 

 𝑲𝒘𝒂𝒕𝒆𝒓 ⇐ 𝑲𝒘 

  𝑲𝒘 =
 𝑯+  𝑶𝑯− 

 𝑯𝟐𝑶 

 𝑯𝟐𝑶 

  𝑲𝒘 =  𝑯   𝑶𝑯   

  𝑯  ,  𝑶𝑯   𝟏𝟎 𝟕  

  𝑲𝒘 = 𝟏𝟎 𝟕 ∗ 𝟏𝟎 𝟕   ⇒  𝑲𝒘 = 𝟏𝟎 𝟏𝟒
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𝟏𝟎 𝟏𝟒 =  𝑯   𝑶𝑯  

 𝑯  =
𝟏𝟎 𝟏𝟒

 𝑶𝑯  
              ⇔              𝑶𝑯  =

𝟏𝟎 𝟏𝟒

 𝑯  

  𝑯   𝑶𝑯   

 

  𝐇   𝑶𝑯   

𝟏𝟎 𝟏𝟒 =  𝑯   𝑶𝑯   

 𝑶𝑯 ,𝑯   𝑯 

𝑶𝑯  𝑶𝑯  =
𝟏𝟎−𝟏𝟒

 𝑯+ 

𝑶𝑯 ,𝑯  𝑶𝑯 

𝑯  𝑯  =
𝟏𝟎−𝟏𝟒

 𝑶𝑯+ 

 𝟔− 𝟑 𝑶𝑯 ,𝑯   𝟎.𝟎𝟓 𝑴

 𝑯 

𝑶𝑯 ,   𝑶𝑯  =
𝟏𝟎−𝟏𝟒

 𝑯+ 

𝑯𝑵𝑶𝟑 → 𝑯  𝑵𝑶𝟑
   

0.05 0 0  
0 0.05 0.05  

   𝑯  = 𝟎.𝟎𝟓 ⇒  𝑯  = 𝟓 ∗ 𝟏𝟎 𝟐 

   𝑶𝑯  =
𝟏𝟎−𝟏𝟒

 𝑯+ 
 ⇒  𝑶𝑯  =

𝟏∗𝟏𝟎−𝟏𝟒

𝟓∗𝟏𝟎−𝟐
 

 𝑶𝑯  = 𝟐 ∗ 𝟏𝟎 𝟏𝟑𝑴 

 𝟓− 𝟑𝐇  

𝟎.𝟎𝟏 𝑴𝟐 ∗ 𝟏𝟎 𝟗 𝑴

  𝑶𝑯   𝐇   

 𝑯  =
𝟏𝟎−𝟏𝟒

 𝑶𝑯+ 

 - 𝟎.𝟎𝟏 𝑴 ⇔ 𝟏 ∗ 𝟏𝟎 𝟐      ⟹  𝑯  =
𝟏𝟎−𝟏𝟒

 𝑶𝑯− 
 ⇒  𝑯  =

𝟏∗𝟏𝟎−𝟏𝟒

𝟏∗𝟏𝟎−𝟐
= 𝟏 ∗ 𝟏𝟎 𝟏𝟐𝑴 

 -  𝟐 ∗ 𝟏𝟎 𝟗𝑴                       ⟹  𝑯  =
𝟏𝟎−𝟏𝟒

 𝑶𝑯− 
⇒  𝑯  =

𝟏∗𝟏𝟎−𝟏𝟒

𝟐∗𝟏𝟎−𝟗
= 𝟓 ∗ 𝟏𝟎 𝟔𝑴 
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  𝑶𝑯  ,  𝑯  𝟎.𝟎𝟐𝑴 

 𝟏.𝟖 ∗ 𝟏𝟎 𝟓

 

 

   𝑶𝑯  = 𝟏𝟔 ∗ 𝟏𝟎 𝟏𝟐,  𝑯  = 𝟔 ∗ 𝟏𝟎 𝟒

 𝟓− 𝟑 𝑷𝑯 

 

𝑶𝑯, ,𝑯 

  = 𝑷𝑯 

  = 𝑷𝑶𝑯 

  𝑷𝑯 = −𝒍𝒐𝒈𝟏𝟎 𝑯           ⇔      𝑯  = 𝟏𝟎 𝑷𝑯 

  𝑷𝑶𝑯 = −𝒍𝒐𝒈 𝑶𝑯                ⇔      𝑶𝑯  = 𝟏𝟎 𝑷𝑶𝑯 

 𝑷𝑶𝑯,𝑷𝑯

  𝟏𝟎 𝟏𝟒 =  𝑯   𝑶𝑯   

 𝒍𝒐𝒈

  𝒍𝒐𝒈𝟏𝟎 𝟏𝟒 = 𝒍𝒐𝒈 𝑯   𝒍𝒐𝒈 𝑶𝑯   

  −𝟏 

  −𝒍𝒐𝒈𝟏𝟎 𝟏𝟒 = −𝒍𝒐𝒈 𝑯  − 𝒍𝒐𝒈 𝑶𝑯   

𝟏𝟒 = 𝑷𝑯 𝑷𝑶𝑯 

𝑷𝑯 𝑷𝑶𝑯 = 𝟏𝟒 

 𝐏𝐇 𝐏𝐎𝐇 

𝑷𝑯 < 𝟕  𝟕 → 𝑷𝑯 > 𝟕

             

𝟐𝟓℃ 

𝑷𝑯 < 𝟕 < 𝑷𝑶𝑯𝑷𝑯 < 𝑷𝑶𝑯 

𝑷𝑯 = 𝟕 = 𝑷𝑶𝑯 𝑷𝑯 = 𝑷𝑶𝑯

𝑷𝑯 > 𝟕 > 𝑷𝑶𝑯𝑷𝑯 > 𝑷𝑶𝑯
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𝑷𝑶𝑯,𝑷𝑯

𝑶𝑯 ,𝑯 

 𝑷𝑿 = −𝒍𝒐𝒈𝑿       ,      𝑿 = 𝟏𝟎 𝑷𝑿

 𝑷𝑯 = 𝑷𝑶𝑯 = 𝟕 𝑯  =  𝑶𝑯  = 𝟏𝟎 𝟕

 𝑷𝑶𝑯,𝑷𝑯 ,𝑶𝑯 ,𝑯 

  

 1- 𝑷𝑿 = −𝒍𝒐𝒈𝑿 ⇔ 𝑿 = 𝟏𝟎 𝑷𝑿 

 2- 𝒍𝒐𝒈𝑿 ∗ 𝒀 = 𝒍𝒐𝒈𝑿 𝒍𝒐𝒈𝒀 

𝒍𝒐𝒈𝟓 ∗ 𝟒 = 𝒍𝒐𝒈𝟓 𝒍𝒐𝒈𝟒 

 3- 𝒍𝒐𝒈
𝑿

𝒀
= 𝒍𝒐𝒈𝑿− 𝒍𝒐𝒈𝒀 

𝒍𝒐𝒈
𝟓

𝟒
= 𝒍𝒐𝒈𝟓− 𝒍𝒐𝒈𝟒 

 4- 𝒍𝒐𝒈𝟏𝟎𝑿 = 𝑿  ⇒ 𝒍𝒐𝒈𝟏𝟎 𝟐 = −𝟐 , , , , , 𝒍𝒐𝒈𝟏𝟎 𝟒 = −𝟒  

 10

  

 10 

 

 

 𝟏𝟎 𝟑.𝟒

 (4)𝟏𝟎 𝟑.𝟒 𝟒 𝟒 ⇒ 𝟏𝟎 𝟎.𝟔  𝟒 

 𝟏𝟎𝟎.𝟔 ∗ 𝟏𝟎 𝟒 

 𝒍𝒐𝒈𝐥𝐨𝐠𝟒 = 𝟎.𝟔     ⇐ 𝟏𝟎𝟎.𝟔 

 

𝟏𝟎𝒍𝒐𝒈𝟒 ∗ 𝟏𝟎 𝟒 ⇒ 𝟒 ∗ 𝟏𝟎 𝟒 𝒍𝒐𝒈 𝟏𝟎

  PH=-Log[H]   

𝑷𝑯 = 𝟏𝟒− 𝑷𝑶𝑯 
𝑷𝑶𝑯 = 𝟏𝟒− 𝑷𝑯 

𝑷𝑯     𝑯  = 𝟏𝟎 𝑷𝑯  𝑯    𝑯  =
𝟏 ∗ 𝟏𝟎 𝟏𝟒

 𝑶𝑯  
 

    

𝑷𝑶𝑯        𝑶𝑯  = 𝟏𝟎 𝑷𝑶𝑯      𝑶𝑯     𝑶𝑯  =
𝟏 ∗ 𝟏𝟎 𝟏𝟒

 𝑯  
 

  POH=-Log [OH]   



 

 

  
 

 الفصل الثالث الاتزان الايوني    كيمياء السادس العلمي الفرع الاحيائي  
 

 

 

 

 07709702369الموبايل :   اعداد الاستاذ هاشم الغرباوي 
 

17  

 

 

 1- 𝟏𝟎 𝟐.𝟑 𝟑 𝟑 ⇒ 𝟏𝟎  𝟐.𝟑 𝟑  𝟑 

 2- 𝟏𝟎𝟎.𝟕 𝟑 ⇒ 𝟏𝟎𝟎.𝟕 ∗ 𝟏𝟎 𝟑          𝒍𝒐𝒈𝟓 = 𝟎.𝟕  

 3- 𝟏𝟎𝒍𝒐𝒈𝟓 ∗ 𝟏𝟎 𝟑   ⇒ 𝟓 ∗ 𝟏𝟎 𝟑 

𝒍𝒐𝒈𝟕 = 𝟎.𝟖𝟒 
𝒍𝒐𝒈𝟖 = 𝟎.𝟗 
𝒍𝒐𝒈𝟗 = 𝟎.𝟗𝟓 
𝒍𝒐𝒈𝟏𝟎 = 𝟏 
𝒍𝒐𝒈𝟏𝟎𝟎 = 𝟐 
𝒍𝒐𝒈𝟏𝟎𝟎𝟎 = 𝟑

𝒍𝒐𝒈𝟏 = 𝟎 
𝒍𝒐𝒈𝟐 = 𝟎.𝟑 
𝒍𝒐𝒈𝟑 = 𝟎.𝟒𝟕 
𝒍𝒐𝒈𝟒 = 𝟎.𝟔 
𝒍𝒐𝒈𝟓 = 𝟎.𝟕 
𝒍𝒐𝒈𝟔 = 𝟎.𝟕𝟖

 𝟕− 𝟑𝑷𝑯𝑯 𝟎.𝟎𝟓𝑴

𝒍𝒐𝒈𝟓 = 𝟎.𝟕

 

𝑷𝑯 = −𝒍𝒐𝒈 𝑯   

𝑷𝑯 = −𝒍𝒐𝒈𝟓 ∗ 𝟏𝟎 𝟐 

𝑷𝑯 = − 𝒍𝒐𝒈𝟓 𝒍𝒐𝒈𝟏𝟎 𝟐  

𝑷𝑯 = − 𝟎.𝟕  −𝟐   

𝑷𝑯 = − −𝟏.𝟑 ⇒ 𝑷𝑯 = 𝟏.𝟑 

 

 𝐏𝐇 ,𝐏𝐎𝐇

 𝟖− 𝟑 𝑷𝑯𝟑.𝟑𝟎𝟏𝑯  

𝒍𝒐𝒈𝟓 = 𝟎.𝟕

 

 𝑯  = 𝟏𝟎 𝑷𝑯 

 𝑯  = 𝟏𝟎 𝟑.𝟑𝟎𝟏 ⇒  𝑯  = 𝟏𝟎  𝟑.𝟑𝟎𝟏 𝟒  𝟒 

 𝑯  = 𝟏𝟎𝟎.𝟕 𝟒 ⇒  𝑯  = 𝟏𝟎𝟎.𝟕 ∗ 𝟏𝟎 𝟒 

 𝑯  = 𝟏𝟎𝒍𝒐𝒈𝟓 ∗ 𝟏𝟎 𝟒 

 𝑯  = 𝟓 ∗ 𝟏𝟎 𝟒                                                  

 

𝟏𝟎 𝟐.𝟑
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 𝟔− 𝟑𝑷𝑯𝒍𝒐𝒈𝟔 = 𝟎.𝟕𝟖

 𝟔 ∗ 𝟏𝟎 𝟒 𝒎𝒐𝒍/𝑳 

 𝟎.𝟎𝟑 𝒎𝒐𝒍/𝑳 

  𝑯 

𝑯𝑪𝒍      →        𝑯                   𝑪𝒍   

𝟔 ∗ 𝟏𝟎 𝟒       0             0  
0 𝟔 ∗ 𝟏𝟎 𝟒 𝟔 ∗ 𝟏𝟎 𝟒  

   𝑯  = 𝟔 ∗ 𝟏𝟎 𝟒 
  𝑷𝑯 = −𝒍𝒐𝒈 𝑯  ⇒ 𝑷𝑯 = −𝒍𝒐𝒈𝟔 ∗ 𝟏𝟎 𝟒 
𝑷𝑯 = − 𝒍𝒐𝒈𝟔 𝒍𝒐𝒈𝟏𝟎 𝟒  
𝑷𝑯 = − 𝟎.𝟕𝟖− 𝟒 ⇒ 𝑷𝑯 = − −𝟑.𝟐𝟐  
𝑷𝑯 = 𝟑.𝟐𝟐 

 

𝑯𝟐𝑺𝑶𝟒 → 𝟐𝑯  𝑺𝑶𝟒
 𝟐  

0.03 0 0 

0 0.06 0.03 

   𝑯  = 𝟎.𝟎𝟔⇔  𝑯  = 𝟔 ∗ 𝟏𝟎 𝟐 
  𝑷𝑯 = −𝒍𝒐𝒈 𝑯  ⇒ 𝑷𝑯 = −𝒍𝒐𝒈𝟔 ∗ 𝟏𝟎 𝟐 
𝑷𝑯 = − 𝒍𝒐𝒈𝟔 𝒍𝒐𝒈𝟏𝟎 𝟐  
𝑷𝑯 = − 𝟎.𝟕𝟖− 𝟐 ⇒ 𝑷𝑯 = − −𝟏.𝟐𝟐  
𝑷𝑯 = 𝟏.𝟐𝟐 

 𝟕− 𝟑𝑷𝑯𝟑.𝟑𝟐 

𝒍𝒐𝒈𝟒.𝟕𝟗 = 𝟎.𝟔𝟖

  𝑯  

   𝑯  = 𝟏𝟎 𝑷𝑯 ⇒  𝑯  = 𝟏𝟎 𝟑.𝟑𝟐 

 𝑯  = 𝟏𝟎 𝟑.𝟑𝟐 𝟒 𝟒 ⇒  𝑯  − 𝟏𝟎𝟎.𝟔𝟖 𝟒 

 𝑯  = 𝟏𝟎𝟎.𝟔𝟖 ∗ 𝟏𝟎 𝟒 ⇒  𝑯  = 𝟏𝟎𝒍𝒐𝒈𝟒.𝟕𝟗 ∗ 𝟏𝟎 𝟒 

 𝑯  = 𝟒.𝟕𝟗 ∗ 𝟏𝟎 𝟒 

𝑯𝑵𝑶𝟑        → 𝑯                 𝑵𝑶𝟑
  

𝒂                 0           0 
   0   𝟒.𝟕𝟗 ∗ 𝟏𝟎 𝟒 𝟒.𝟕𝟗 ∗ 𝟏𝟎 𝟒 

 𝑯𝑵𝑶𝟑 =  𝑯  = 𝟒.𝟕𝟗 ∗ 𝟏𝟎 𝟒 
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  𝟖− 𝟑𝑷𝑯,𝑷𝑶𝑯  

𝒍𝒐𝒈𝟏𝟓 = 𝟏.𝟏𝟖

 𝑯    𝑶𝑯   𝑷𝑯 𝑷𝑶𝑯 

𝟎.𝟏𝟓 𝑴   𝑯𝑰     

𝟎.𝟎𝟔 𝑴   𝑹𝒃𝑶𝑯     

𝟎.𝟎𝟐𝑴      𝑩𝒂 𝑶𝑯 𝟐     

𝟎.𝟎𝟎𝟎𝟑𝑴      𝑯𝑪𝒍𝑶𝟒     

 𝑷𝑶𝑯,𝑷𝑯,𝑶𝑯,𝑯 

𝑯𝑰       →     𝑯            𝑰  
𝟎.𝟏𝟓 0 0 

0 𝟎.  𝟏𝟓 𝟎.  𝟏𝟓

   𝑯  = 𝟎.𝟏𝟓⇔  𝑯  = 𝟏𝟓 ∗ 𝟏𝟎 𝟐 

   𝑶𝑯  =
𝟏∗𝟏𝟎−𝟏𝟒

 𝑯+ 
⇒  𝑶𝑯  =

𝟏∗𝟏𝟎−𝟏𝟒

𝟏𝟓∗𝟏𝟎−𝟐
= 𝟔.𝟕 ∗ 𝟏𝟎 𝟏𝟒 

  𝑷𝑯 = −𝒍𝒐𝒈 𝑯  ⇒ 𝑷𝑯 = −𝒍𝒐𝒈𝟏𝟓 ∗ 𝟏𝟎 𝟐 
𝑷𝑯 = − 𝒍𝒐𝒈𝟏𝟓 𝒍𝒐𝒈𝟏𝟎 𝟐  
𝑷𝑯 = − 𝟏.𝟏𝟖− 𝟐 ⇒ 𝑷𝑯 = − −𝟎.𝟖𝟐  
𝑷𝑯 = 𝟎.𝟖𝟐 

  𝑷𝑶𝑯 = 𝟏𝟒− 𝑷𝑯 ⇒ 𝑷𝑶𝑯 = 𝟏𝟒− 𝟎.𝟖𝟐 = 𝟏𝟑.𝟏𝟖 
 

 ∵𝑷𝑶𝑯,𝑷𝑯𝑶𝑯,𝑯 

𝑹𝒃𝑶𝑯 →  𝑹𝒃    𝑶𝑯  
𝟎.𝟎𝟔 0 0 

0 𝟎.  𝟎𝟔 𝟎.  𝟎𝟔

   𝑶𝑯  = 𝟎.𝟎𝟔⇔  𝑶𝑯  = 𝟔 ∗ 𝟏𝟎 𝟐 

   𝑯  =
𝟏∗𝟏𝟎−𝟏𝟒

 𝑶𝑯− 
⇒  𝑯  =

𝟏∗𝟏𝟎−𝟏𝟒

𝟔∗𝟏𝟎−𝟐
= 𝟏.𝟔𝟕 ∗ 𝟏𝟎 𝟏𝟐 

  𝑷𝑶𝑯 = −𝒍𝒐𝒈 𝑶𝑯  ⇒ 𝑷𝑶𝑯 = −𝒍𝒐𝒈𝟔 ∗ 𝟏𝟎 𝟐 
𝑷𝑶𝑯 = − 𝒍𝒐𝒈𝟔 𝒍𝒐𝒈𝟏𝟎 𝟐  
𝑷𝑶𝑯 = − 𝟎.𝟕𝟖− 𝟐 ⇒ 𝑷𝑶𝑯 = − −𝟏.𝟐𝟐  
𝑷𝑶𝑯 = 𝟏.𝟐𝟐 

  𝑷𝑯 = 𝟏𝟒− 𝑷𝑶𝑯 ⇒ 𝑷𝑯 = 𝟏𝟒− 𝟏.𝟐𝟐 = 𝟏𝟐.𝟕𝟖 
 ∵𝑷𝑶𝑯,𝑷𝑯𝑶𝑯,𝑯 

𝑩𝒂 𝑶𝑯 𝟐 → 𝑩𝒂   𝟐𝑶𝑯  
𝟎.𝟎𝟐 0 0 

0 𝟎.  𝟎𝟐 𝟎.  𝟎𝟒
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   𝑶𝑯  = 𝟎.𝑶𝟒⇔  𝑶𝑯  = 𝟒 ∗ 𝟏𝟎 𝟐 

   𝑯  =
𝟏∗𝟏𝟎−𝟏𝟒

 𝑶𝑯− 
⇒  𝑯  =

𝟏∗𝟏𝟎−𝟏𝟒

𝟒∗𝟏𝟎−𝟐
= 𝟐𝟓 ∗ 𝟏𝟎 𝟏𝟒 

  𝑷𝑶𝑯 = −𝒍𝒐𝒈 𝑶𝑯  ⇒ 𝑷𝑶𝑯 = −𝒍𝒐𝒈𝟒 ∗ 𝟏𝟎 𝟐 
𝑷𝑶𝑯 = − 𝒍𝒐𝒈𝟒 𝒍𝒐𝒈𝟏𝟎 𝟐  
𝑷𝑶𝑯 = − 𝟎.𝟔− 𝟐 ⇒ 𝑷𝑶𝑯 = − −𝟏.𝟒  
𝑷𝑶𝑯 = 𝟏.𝟒 

  𝑷𝑯 = 𝟏𝟒− 𝑷𝑶𝑯 ⇒ 𝑷𝑯 = 𝟏𝟒− 𝟏.𝟒 = 𝟏𝟐.𝟔 
 ∵𝑷𝑶𝑯,𝑷𝑯𝑶𝑯,𝑯 

𝑯𝑪𝒍𝑶𝟒 → 𝑯  𝑪𝒍𝑶𝟒
  

𝟎.𝟎𝟎𝟎𝟑 0 0 
0 𝟎.  𝟎𝟎𝟎𝟑 𝟎.  𝟎𝟎𝟎𝟑

   𝑯  = 𝟎.𝟎𝟎𝟎𝟑⇔  𝑯  = 𝟑 ∗ 𝟏𝟎 𝟒 

   𝑶𝑯  =
𝟏∗𝟏𝟎−𝟏𝟒

 𝑯+ 
⇒  𝑶𝑯  =

𝟏∗𝟏𝟎−𝟏𝟒

𝟑∗𝟏𝟎−𝟒
= 𝟑𝟑 ∗ 𝟏𝟎 𝟏𝟐 

  𝑷𝑯 = −𝒍𝒐𝒈 𝑯  ⇒ 𝑷𝑯 = −𝒍𝒐𝒈𝟑 ∗ 𝟏𝟎 𝟒 
𝑷𝑯 = − 𝒍𝒐𝒈𝟑 𝒍𝒐𝒈𝟏𝟎 𝟒  
𝑷𝑯 = − 𝟎.𝟒𝟕− 𝟒 ⇒ 𝑷𝑯 = − −𝟑.𝟓𝟑  
𝑷𝑯 = 𝟑.𝟓𝟑 

  𝑷𝑶𝑯 = 𝟏𝟒− 𝑷𝑯 ⇒ 𝑷𝑶𝑯 = 𝟏𝟒− 𝟑.𝟓𝟑 = 𝟏𝟎.𝟒𝟕 
 ∵𝑷𝑶𝑯,𝑷𝑯𝑶𝑯,𝑯 
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 𝟗− 𝟑𝑷𝑶𝑯,𝑷𝑯,  𝑶𝑯 ,  𝑯  

𝟎.𝟎𝟏𝟓 𝑴𝒍𝒐𝒈𝟏𝟓 = 𝟏.𝟏𝟖

 𝑯 𝑷𝑶𝑯,𝑷𝑯,𝑶𝑯,

𝑯𝑪𝒍  →    𝑯     𝑪𝒍  
    0.015        0    0 
0 0.015 0.015 

   𝑯   = 𝟎.𝟎𝟏𝟓⇔  𝑯  = 𝟏𝟓 ∗ 𝟏𝟎 𝟑 

   𝑶𝑯  =
𝟏∗𝟏𝟎−𝟏𝟒

 𝑯+ 
⇒  𝑶𝑯  =

𝟏∗𝟏𝟎−𝟏𝟒

𝟏𝟓∗𝟏𝟎−𝟑
= 𝟔𝟕 ∗ 𝟏𝟎 𝟏𝟒 

  𝑷𝑯 = −𝒍𝒐𝒈 𝑯  ⇒ 𝑷𝑯 = −𝒍𝒐𝒈𝟏𝟓 ∗ 𝟏𝟎 𝟑 
𝑷𝑯 = − 𝒍𝒐𝒈𝟏𝟓 𝒍𝒐𝒈𝟏𝟎 𝟑  

𝑷𝑯−  𝟏.𝟏𝟖  −𝟑  ⇒ 𝑷𝑯 = − −𝟏.𝟖𝟐  

𝑷𝑯 = 𝟏.𝟖𝟐 
  𝑷𝑶𝑯 = 𝟏𝟒− 𝑷𝑯 ⇒ 𝑷𝑶𝑯 = 𝟏𝟒− 𝟏.𝟖𝟐 = 𝟏𝟐.𝟏𝟖 

 𝟗− 𝟑 𝑷𝑶𝑯,𝑷𝑯,  𝑶𝑯 ,  𝑯 𝑪𝒂 𝑶𝑯 𝟐 

𝟎.𝟎𝟏𝟓

 𝑶𝑯𝑪𝒂 𝑶𝑯 𝟐 𝑷𝑶𝑯,𝑷𝑯,  𝑯 

𝑪𝒂 𝑶𝑯 𝟐  → 𝑪𝒂 𝟐          𝟐𝑶𝑯  
0.015         0             0 
    0      0.015         0.03 

   𝑶𝑯   = 𝟎.𝟎𝟑⇔  𝑶𝑯  = 𝟑 ∗ 𝟏𝟎 𝟐 

   𝑯  =
𝟏∗𝟏𝟎−𝟏𝟒

 𝑶𝑯− 
⇒  𝑯  =

𝟏∗𝟏𝟎−𝟏𝟒

𝟑∗𝟏𝟎−𝟐
= 𝟑𝟑 ∗ 𝟏𝟎 𝟏𝟒 

  𝑷𝑶𝑯 = −𝒍𝒐𝒈 𝑶𝑯   ⇒ 𝑷𝑶𝑯 = −𝒍𝒐𝒈𝟑 ∗ 𝟏𝟎 𝟐 
𝑷𝑶𝑯 = − 𝒍𝒐𝒈𝟑 𝒍𝒐𝒈𝟏𝟎 𝟐  

𝑷𝑶𝑯−  𝟎.𝟒𝟕  −𝟐  ⇒ 𝑷𝑶𝑯 = − −𝟏.𝟓𝟑  

𝑷𝑶𝑯 = 𝟏.𝟓𝟑 
  𝑷𝑯 = 𝟏𝟒− 𝑷𝑶𝑯 ⇒ 𝑷𝑯 = 𝟏𝟒− 𝟏.𝟓𝟑 = 𝟏𝟐.𝟒𝟕 

 𝑷𝑯 > 𝟕

 

(4-3) (25-3) 

(M)

𝒎 𝒈 = 𝑴 𝒎𝒐𝒍/𝑳 ∗𝐌 𝒈 𝒎𝒐𝒍  ∗ 𝑽 𝑳 
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 𝟒− 𝟑𝐂𝑯𝟑𝑪𝑶𝑶𝑯 𝐌 = 𝟔𝟎 𝐠/𝐦𝐨𝐥 𝟐𝟓𝟎𝒎𝒍 

𝑷𝑯𝟐.𝟕𝑷𝑲𝒂𝟒.𝟕𝟒

 𝒍𝒐𝒈𝟏.𝟖 = 𝟎.𝟐𝟔 , 𝒍𝒐𝒈𝟐 = 𝟎.𝟑

  𝑴 

   𝑯  = 𝟏𝟎 𝑷𝑯 ⇒  𝑯  = 𝟏𝟎 𝟐.𝟕 

 𝑯  = 𝟏𝟎  𝟐.𝟕 𝟑  𝟑 ⇒  𝑯  = 𝟏𝟎𝟎.𝟑 𝟑 

 𝑯  = 𝟏𝟎𝟎.𝟑 ∗ 𝟏𝟎 𝟑 ⇒  𝑯  = 𝟏𝟎𝒍𝒐𝒈𝟐 ∗ 𝟏𝟎 𝟑 

 𝑯  = 𝟐 ∗ 𝟏𝟎 𝟑 

  𝑲𝒂 = 𝟏𝟎 𝑷𝑲𝒂 ⇒ 𝑲𝒂 = 𝟏𝟎 𝟒.𝟕𝟒 

𝑲𝒂 = 𝟏𝟎 𝟒.𝟕𝟒 𝟓 𝟓 ⇒ 𝑲𝒂 = 𝟏𝟎𝟎.𝟐𝟔 𝟓 

𝑲𝒂 = 𝟏𝟎𝟎.𝟐𝟔 ∗ 𝟏𝟎 𝟓 ⇒ 𝑲𝒂 = 𝟏𝟎 𝒍𝒐𝒈𝟏.𝟖 ∗ 𝟏𝟎 𝟓 

𝑲𝒂 = 𝟏.𝟖 ∗ 𝟏𝟎 𝟓 

 

𝑪𝑯𝟑𝑪𝑶𝑶𝑯 ⇌ 𝑪𝑯𝟑𝑪𝑶𝑶
  𝑯 

𝒂  𝟎  𝟎
−𝟐 ∗ 𝟏𝟎 𝟑   𝟐 ∗ 𝟏𝟎 𝟑   𝟐 ∗ 𝟏𝟎 𝟑

𝒂− 𝟐 ∗ 𝟏𝟎 𝟑

    ↲

𝟏𝟎 𝟓 = 𝑲𝒂

 𝟐 ∗ 𝟏𝟎 𝟑  𝟐 ∗ 𝟏𝟎 𝟑

 

  𝑲𝒂 =
 𝑪𝑯𝟑𝑪𝑶𝑶

−  𝑯+ 

 𝑪𝑯𝟑𝑪𝑶𝑶𝑯 
 

𝟏.𝟖 ∗ 𝟏𝟎 𝟓 =
 𝟐 ∗ 𝟏𝟎 𝟑 𝟐

𝒂
⇒ 𝒂 =

 𝟐 ∗ 𝟏𝟎 𝟑 𝟐

𝟏.𝟖 ∗ 𝟏𝟎 𝟓
 

  𝒂 =
𝟒∗𝟏𝟎−𝟔

𝟏.𝟖∗𝟏𝟎−𝟓
= 𝟎.𝟐𝟐𝑴 =  𝑪𝑯𝟑𝑪𝑶𝑶𝑯  

  𝑽 𝑳 = 𝟐𝟓𝟎𝒎𝒍 ∗
𝟏

𝟏𝟎𝟎𝟎𝑳 𝒎𝒍 
= 𝟎.𝟐𝟓𝟎𝑳 

 

  𝒎 𝒈 = 𝑴
 
𝒎𝒐𝒍

𝑳
 
∗𝐌 𝒈 𝒎𝒐𝒍  ∗ 𝑽 𝑳  

𝒎 𝒈 = 𝟎.𝟐𝟐 ∗ 𝟔𝟎 ∗ 𝟎.𝟐𝟓𝟎 

𝒎 𝒈 = 𝟑.𝟑𝒈 

 

 

D
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 حل اسئلة الفصل الثالث
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 3102الى   3102من  لثالثالأسئلة الوزارية الخاصه بالفصل ا

2013 

  

 Ba(OH)20.05M PH  

 13-3 

2013

  

 

 

 12-3 

 29-3  

2013 

  

 13-3 

 22-3 

2013

  

  27-3  

 18-3 

  21-3  
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2014 

  

  

 26-3 

 11-3 

 19-3 

2014 

  

 27-3 

 14-3 

2014 

  

 19-3 

 12-3 

2014 

 PH0.01 M

0.1 M  

Ka (CH3COOH)=1.8x10-5 

 BaCrO4  

1.2 x 10-5M=KCrO4

1.44 x 10-8 

 2015 

  

 PH = 110.02 PH 0.1 

mol NH4Cl 

 15-3
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2015 

 25-3 

 16-3 

 29-3 

2015 

  

 16-3 

 20-3

2015 

  

 15-3 

 16-3 

2015 

  

  

 13-3 

2016

  

 13-3 

 27-3

2016 

 NaCl  

 15-3 

 15-3 
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2016 

  Ca(OH)20.05M PH  

 18-3  

 21-3  

2016

  

 21-3 

 13-3  

) 

2017

  

 12-3  

 15-3  

  1mlNaOH10 M     

2017

 2-3 1 

 3-3 

 15-3 

2017

  

 12-3  

 BaCrO4  1.2 x 10-5M

BaCl20.01M  

   .  
 

=  .   
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2017

  15 – 3  

    

 .       /  .       /  

   .    

   =  .   ,     =  .   ,     .  =  .    

 PH 0.1 M  

1 ,  7 , 13 

2018

 PH 5 0.1 M Kb  

 𝐏𝐇

  .     .     

  .    

     =  .   

    =  .    ,     =  .   ,     =    

 BaSO4  ∗     

Na2SO40.01 M 
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3
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𝟐− 𝟒 : 

 

  : القواعذ الدستخذمة لحساب اعذاد التأكسذ 
 

𝑵𝒂,𝑩𝒂,𝑲,𝑷𝒃,𝑯𝟐,𝑶𝟐,𝑷𝟒 = 𝟎 

 

𝑳𝒊+ ⇒ 𝑳𝒊 = +𝟏 ,      𝑭𝒆+𝟑 = 𝑭𝒆 = +𝟑  

  +𝟏  −𝟏 

+𝟏 =           𝑵𝒂𝑯      ⇒ 𝐇 = −𝟏  

  −𝟐  −𝟏 

𝑯𝟐𝑶𝟐   ⇒     𝑶 = −𝟏  

  

  +𝟏 

𝑨𝒈,𝑲,𝑵𝒂,𝑹𝒃,𝑳𝒊 = +𝟏 

  +𝟐 

𝑩𝒆,𝑺𝒓,𝑪𝒂,𝑴𝒈 = +𝟐  

 +𝟑 

𝑮𝒂,𝑨𝒍,𝑩, 𝑰𝒏 = +𝟑  

  −𝟏 

𝑭,𝑪𝒍,𝑩𝒓, 𝑰 = −𝟏
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 o

𝑪𝒖𝑪𝒍𝟐 ⇒ 𝑪𝒖 =? ,𝑪𝒍 = −𝟏  
𝑪𝒖𝑪𝒍𝟐 = 𝟎 
 𝑪𝒖 +  −𝟐 = 𝟎 ⇒ 𝐂𝐮 = +𝟐 

  

 o

𝑯𝟐𝑷𝑶𝟒       
−        𝑶 = −𝟐 , 𝑷 =? ,     𝑯 = +𝟏  

𝟐 ∗𝑯+ 𝑷 ∗ 𝟏+𝑶 ∗ 𝟒 = −𝟏 
𝟐 ∗  +𝟏 + 𝑷 ∗ 𝟏+  −𝟐 ∗ 𝟒 = −𝟏 
𝟐+ 𝑷− 𝟖 = −𝟏 
𝑷 = +𝟖− 𝟐− 𝟏 
𝑷 = +𝟓 

 

 

  

 

 

 

  +𝟏  

 o𝑵𝒂𝑯𝑯 = −𝟏  

  −𝟐  

 o𝑯𝟐𝑶𝟐𝑶 = −𝟏    

 +𝟏  

𝑨𝒈,   𝑲 ,𝑯  ,𝑹𝒃 ,𝑳𝒊 ,𝑵𝒂   

  

  −𝟏 

𝑪𝒍   ,𝑭  , 𝑰   ,𝑩𝒓  

  

  -1  
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 +𝟐 

𝑩𝒆 ,𝑺𝒓 ,𝑪𝒂 ,𝑴𝒈                                             

  

  +𝟑 

𝑮𝒂  ,𝑨𝒍  ,𝑩 , 𝑰𝒏 

  

  

  

  

 

  𝑺 𝑺𝑶𝟒
−𝟐

  𝑺  

𝑺𝑶𝟒 = −𝟐 
𝑺 ∗ 𝟏+𝑶 ∗ 𝟒 = −𝟐 

𝑺+  −𝟐 ∗ 𝟒 = −𝟐 

𝑺− 𝟖 = −𝟐 

𝑺 = +𝟖− 𝟐 ⟹ 𝑺 = +𝟔

  𝑪 𝑪𝑯𝟒 

  𝑪  

𝑪𝑯𝟒 = 𝟎 
𝑪 ∗ 𝟏+𝑯 ∗ 𝟒 = 𝟎 

𝑪+  +𝟏 ∗ 𝟒 = 𝟎 

𝑪+ 𝟒 = 𝟎 

𝑪 = −𝟒

 

  −𝟏  
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𝑩𝒓𝑶𝟑
−𝟏 

𝑩𝒓+  −𝟐 ∗ 𝟑 = −𝟏 
𝑩𝒓− 𝟔 = −𝟏 
𝑩𝒓 = +𝟔− 𝟏 
𝑩𝒓 = +𝟓 

𝑪𝒍𝑶𝟒
−𝟑 

𝑪𝒍 +  −𝟐 ∗ 𝟒 = −𝟑  
𝑪𝒍 − 𝟖 = −𝟑 
𝑪𝒍 = +𝟖− 𝟑 
𝑪𝒍 = +𝟓 

 

 

𝑺𝑶𝟑
−𝟐 = −𝟐

𝑺

+𝟒
  
𝑶𝟑

−𝟔
= −𝟐  

+𝟒  − 𝟔 = −𝟐 

𝑵𝑯𝟒
+𝟏 = +𝟏 

𝑵

−𝟑
   

  𝑯𝟒

+𝟒
  = +𝟏 

−𝟑  + 𝟒 = +𝟏  

𝑺𝑶𝟐 = 𝟎 
𝑺

+𝟒
   
𝑶𝟐

−𝟒
= 𝟎  

+𝟒  − 𝟒 = 𝟎  

 𝟏− 𝟒

𝑺𝑶𝟐 , 𝑲𝑪𝒍   ,𝑴𝒈
+𝟐   ,𝑷𝑶𝟒

−𝟑 , 𝑩𝒂𝑶  ,𝑭𝟐 

  

  𝑭𝟐 ⇒ 𝑭 = 𝟎     

  𝑩𝒂𝑶 ⇒ 𝑩𝒂𝑶 = 𝟎 
𝑩𝒂+  −𝟐 = 𝟎 ⇒ 𝑩𝒂 = +𝟐  

  𝑷𝑶𝟒
−𝟑  

𝑷+  −𝟐 ∗ 𝟒 = −𝟑 ⇒ 𝑷− 𝟖 = −𝟑  
𝑷 = +𝟖− 𝟑 ⇒ 𝑷 = +𝟓  

  𝑴𝒈+𝟐 ⇒ 𝑴𝒈 = +𝟐  

  𝑲𝑪𝒍 ⇒ 𝑲 = +𝟏  ,𝑪𝒍 = −𝟏  

  𝑺𝑶𝟐 ⇒ 𝑺+  −𝟐 ∗ 𝟐 = 𝟎  
𝑺− 𝟒 = 𝟎 ⇒ 𝑺 = +𝟒  

 



 

 

  
 

 امفصل امرابع امكٌىٌاء امكهربائٌة     كٌىٌاء امصادس امعنىي امفرع الاحٌائي  
 

 

 

 

 07709702369امىوباًل :   اعداد الاشجاذ هاشه امغرباوي 
 

6  

 𝟏− 𝟒

 

𝑴𝒏𝑶𝟒
−𝟏  ,𝑲𝟐𝑪𝒓𝟐𝑶𝟕  ,𝑵𝒂𝑰𝑶𝟑  ,𝑯𝟐𝑺𝑶𝟒  ,𝑯𝟐𝑪𝑶𝟑  ,𝑯𝑷𝑶𝟒

−𝟐 

  

  𝑴𝒏𝑶𝟒
−𝟏  ⇒ 𝑴𝒏𝑶𝟒 = −𝟏  

𝑴𝒏+  −𝟐 ∗ 𝟒 = −𝟏 ⇒ 𝑴𝒏− 𝟖 = −𝟏 
𝑴𝒏 = +𝟖 − 𝟏 ⇒ 𝑴𝒏 = +𝟕  

   𝑲𝟐𝑪𝒓𝟐𝑶𝟕  ⇒ 𝑲𝟐𝑪𝒓𝟐𝑶𝟕 = 𝟎 
+𝟏 ∗ 𝟐+ 𝑪𝒓 ∗ 𝟐+  −𝟐 ∗ 𝟕 = 𝟎  ⇒ 𝟐+ 𝟐𝑪𝒓− 𝟏𝟒 = 𝟎 
𝟐𝑪𝒓− 𝟏𝟒+ 𝟐 = 𝟎 ⇒ 𝟐𝑪𝒓− 𝟏𝟐 = 𝟎 

𝟐𝑪𝒓 = +𝟏𝟐 ⇒ 𝑪𝒓 =
+𝟏𝟐

𝟐
⇒ 𝑪𝒓 = +𝟔  

  𝑵𝒂𝑰𝑶𝟑 ⇒ 𝑵𝒂𝑰𝑶𝟑 = 𝟎  
+𝟏+ 𝑰+  −𝟐 ∗ 𝟑 = 𝟎 
𝑰+ 𝟏− 𝟔 = 𝟎 ⇒ 𝑰− 𝟓 = 𝟎 
𝑰 = +𝟓   

   𝑯𝟐𝑺𝑶𝟒  ⇒ 𝑯𝟐𝑺𝑶𝟒 = 𝟎 
+𝟏 ∗ 𝟐+ 𝑺+  −𝟐 ∗ 𝟒 = 𝟎 
𝟐+ 𝑺− 𝟖 = 𝟎     ⇒ 𝑺 = +𝟔 

  𝑯𝟐𝑪𝑶𝟑 ⇒ 𝑯𝟐𝑪𝑶𝟑 = 𝟎 
+𝟏 ∗ 𝟐+ 𝑪+  −𝟐 ∗ 𝟑 = 𝟎 
𝟐+ 𝑪− 𝟔 = 𝟎   ⇒ 𝑪 − 𝟔+ 𝟐 = 𝟎 
𝑪− 𝟒 = 𝟎 ⇒ 𝑪 = +𝟒 

  𝑯𝑷𝑶𝟒
−𝟐 ⇒ 𝑯𝑷𝑶𝟒 = −𝟐 

+𝟏 ∗ 𝟏+ 𝑷 ∗ 𝟏+  −𝟐 ∗ 𝟒 = −𝟐 
𝟏+ 𝑷− 𝟖 = −𝟐 ⇒ 𝑷+ 𝟏− 𝟖 = −𝟐 
𝑷− 𝟕 = −𝟐 ⇒ 𝑷 = +𝟕− 𝟐 ⇒ 𝑷 = +𝟓  

 

 

 

 

𝑵𝒂𝒐 → 𝑵𝒂+𝟏 + 𝒆−

 

 

𝑪𝒍+ 𝒆− → 𝟐𝑪𝒍−𝟏
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𝑭𝒆+𝟐 → 𝑭𝒆+𝟑 + 𝟏𝒆      

 

←   +𝟑 + 𝟐  𝑭𝒆  

 
   

            
𝑵𝒂𝑶 → 𝑵𝒂+𝟏 + 𝒆      

 

← +𝟏   𝑵𝒂  

 

  

 
   

             
𝑭𝒆+𝟑 + 𝟏𝒆 → 𝑭𝒆+𝟐    

 

← +𝟐 + 𝟑  𝑭𝒆  

 
   

             
𝑵𝒂+𝟏 + 𝒆 → 𝑵𝒂𝑶      

 

←  + 𝟏 𝑵𝒂  

 
   

             
𝑪𝒍𝑶 + 𝒆 → 𝑪𝒍−𝟏      

 

← −𝟏   𝑪𝒍 
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−𝟏  𝟎𝟎  𝟏– 

 

𝟐𝑵𝒂+ 𝑪𝒍𝟐 → 𝟐𝑵𝒂𝑪𝒍

 𝑪𝒍 ,𝑵𝒂 

𝐍𝐚𝐂𝐥  

 

  𝑵𝒂 +𝟏

  𝑪𝒍 −𝟏 

𝟐𝑵𝒂+ 𝑪𝒍𝟐 → 𝟐𝑵𝒂+𝟏𝑪𝒍−𝟏 

𝟐𝑵𝒂𝑶 → 𝟐𝑵𝒂+𝟏 + 𝟐𝒆  

𝑪𝒍𝑶 + 𝟐𝒆 → 𝟐𝑪𝒍−𝟏 

 

 

𝑷𝑪𝒍𝟓 + 𝟒𝑯𝟐𝑶 → 𝑯𝟑𝑷𝑶𝟒 + 𝟓𝑯𝑪𝒍  

 

𝑷

   𝑷𝑪𝒍𝟓 ⇒ 𝑷𝑪𝒍𝟓 = 𝟎   ⇒ 𝑷+  −𝟏 ∗ 𝟓 = 𝟎    ⇒ 𝑷 = +𝟓  

  

  𝑯𝟑𝑷𝑶𝟒  ⇒ 𝑯𝟑𝑷𝑶𝟒 = 𝟎  ⇒ +𝟏 ∗ 𝟑+ 𝑷+  −𝟐 ∗ 𝟒 = 𝟎 
𝟑+ 𝑷− 𝟖 = 𝟎  ⇒ 𝑷 = 𝟖− 𝟑  ⇒ 𝑷 = +𝟓 

 ∵𝑷𝑶 ,𝑯 ,𝑪𝒍 

 

  𝑷+𝟓𝑪𝒍𝟓
−𝟏 + 𝟒𝑯𝟐

+𝟏𝑶−𝟐 → 𝑯𝟑
+𝟏𝑷+𝟓𝑶𝟒

−𝟐 + 𝟓𝑯+𝟏𝑪𝒍−𝟏
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 𝟐− 𝟒 

 

 1- 𝑪𝒍𝟐 + 𝟐𝑰− → 𝟐𝑪𝒍− + 𝑰𝟐 

 2- 𝑴𝒈+ 𝑭𝒆+𝟐 → 𝑴𝒈+𝟐 + 𝑭𝒆  

  

 1- 𝑪𝒍𝟐 + 𝟐𝑰− → 𝟐𝑪𝒍− + 𝑰𝟐 

𝟐𝑰− → 𝑰𝟐
𝑶 + 𝟐𝒆−

𝑪𝒍𝟐
𝑶 + 𝟐𝒆− → 𝟐𝑪𝒍−

𝟐𝑰− + 𝑪𝒍𝟐
𝑶 → 𝑰𝟐

𝑶 + 𝟐𝑪𝒍− 

 2- 𝑴𝒈+ 𝑭𝒆+𝟐 → 𝑴𝒈+𝟐 + 𝑭𝒆 

𝑴𝒈𝒐 → 𝑴𝒈+𝟐 + 𝟐𝒆−

𝑭𝒆+𝟐 + 𝟐𝒆− → 𝑭𝒆𝒐 

𝑴𝒈+ 𝑭𝒆+𝟐 → 𝑴𝒈+𝟐 + 𝑭𝒆 
 

 𝟐− 𝟒

 1- 𝒁𝒏+ 𝑪𝒖+𝟐 → 𝒁𝒏+𝟐 + 𝑪𝒖 
 2- 𝑴𝒈+ 𝟐𝑯𝑪𝒍 → 𝑴𝒈𝑪𝒍𝟐 +𝑯𝟐  

  

 1- 𝒁𝒏+ 𝑪𝒖+𝟐 → 𝒁𝒏+𝟐 + 𝑪𝒖 

𝒁𝒏 → 𝒁𝒏+𝟐 + 𝟐𝒆−

𝑪𝒖+𝟐 + 𝟐𝒆− → 𝑪𝒖𝑶

𝒁𝒏+ 𝑪𝒖+𝟐 → 𝒁𝒏+𝟐 + 𝑪𝒖 

 

 2- 𝑴𝒈𝒐 + 𝟐𝑯+𝑪𝒍− → 𝑴𝒈+𝟐𝑪𝒍𝟐
−𝟏 +𝑯𝟐

𝒐  

𝑴𝒈𝒐 → 𝑴𝒈+𝟐 + 𝟐𝒆−

𝟐𝑯+ + 𝟐𝒆− → 𝑯𝟐
𝟎 

𝑴𝒈𝑶 + 𝟐𝑯+ → 𝑴𝒈+𝟐 +𝑯𝟐
𝑶
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 𝟑− 𝟒 

 1- 𝒁𝒏+ 𝑪𝒖𝑺𝑶𝟒 → 𝒁𝒏𝑺𝑶𝟒 + 𝑪𝒖 
 2- 𝑪𝒖+ 𝟐𝑨𝒈𝑵𝑶𝟑 → 𝑪𝒖 𝑵𝑶𝟑 𝟐 + 𝟐𝑨𝒈  

  

 1. 𝒁𝒏𝑶 + 𝑪𝒖+𝟐𝑺+𝟔𝑶𝟒
−𝟐 → 𝒁𝒏+𝟐𝑺+𝟔𝑶𝟒

−𝟐 + 𝑪𝒖𝑶 

𝒁𝒏𝑶 → 𝒁𝒏+𝟐 + 𝟐𝒆− 𝒁𝒏  

𝑪𝒖+𝟐 + 𝟐𝒆− → 𝑪𝒖𝑶  𝑪𝒖  

 2- 𝑪𝒖𝑶 + 𝟐𝑨𝒈+𝟏𝑵+𝟔𝑶𝟑
−𝟐 → 𝑪𝒖+𝟐 𝑵+𝟔 𝑶𝟑

−𝟐 
𝟐

+ 𝟐𝑨𝒈𝑶 

𝑪𝒖𝑶 → 𝑪𝒖+𝟐 + 𝟐𝒆− 𝑪𝒖 

𝟐𝑨𝒈+𝟏 + 𝟐𝒆− → 𝟐𝑨𝒈𝟎  𝑨𝒈

 𝟑− 𝟒  

 1- 𝟐𝑪+𝑶𝟐 → 𝟐𝑪𝑶  
 2- 𝑴𝒈+ 𝑪𝒍𝟐 → 𝑴𝒈𝑪𝒍𝟐 

 3- 𝑴𝒈+ 𝑭𝒆+𝟐 → 𝑴𝒈+𝟐 + 𝑭𝒆 

  

 1- 𝟐𝑪𝑶 +𝑶𝟐
𝑶 → 𝟐𝑪+𝟐𝑶−𝟐                                     𝑪+  −𝟐 = 𝟎  ⇒ 𝑪+ 𝟐   

𝟐𝑪 → 𝟐𝑪+𝟐 + 𝟒𝒆− : 𝑪 

𝑶𝟐 + 𝟒𝒆− → 𝟐𝑶−𝟐 : 𝑶𝟐 

 2- 𝑴𝒈𝑶 + 𝑪𝒍𝟐
𝑶 → 𝑴𝒈+𝟐𝑪𝒍𝟐

−𝟏 

𝑴𝒈 → 𝑴𝒈+𝟐 + 𝟐𝒆− :𝑴𝒈 

𝑪𝒍𝟐 + 𝟐𝒆− → 𝟐𝑪𝒍−𝟏 : 𝑶𝟐

 3- 𝑴𝒈𝟎 + 𝑭𝒆+𝟐 → 𝑴𝒈+𝟐 + 𝑭𝒆𝟎 

𝑴𝒈𝟎 → 𝑴𝒈+𝟐 + 𝟐𝒆− :𝑴𝒈 

𝑭𝒆+𝟐 + 𝟐𝒆− → 𝑭𝒆𝟎 : 𝑭𝒆 
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 1- 𝒁𝒏+𝟐 + 𝑺𝒏+𝟐 → 𝒁𝒏+ 𝑺𝒏+𝟒 

 2- 𝑨𝒖+ 𝑭𝒆+𝟑 → 𝑭𝒆+ 𝑨𝒖+𝟑 
 

 

 

 

 

 

 

 

 

 

 𝟏𝟓− 𝟒 

𝑨𝒈𝑵𝑶𝟐 + 𝑪𝒍𝟐 + 𝟐𝑲𝑶𝑯 → 𝑨𝒈𝑵𝑶𝟑 + 𝟐𝑲𝑪𝒍+𝑯𝟐𝑶 

  

𝑨𝒈+𝟏𝑵+𝟑𝑶𝟐
−𝟐 + 𝑪𝒍𝟐

𝑶 + 𝟐𝑲+𝟏𝑶−𝟐𝑯+𝟏 → 𝑨𝒈+𝟏𝑵+𝟓𝑶𝟑
−𝟐 + 𝟐𝑲+𝟏𝑪𝒍−𝟏 +𝑯𝟐

+𝟏𝑶−𝟐 

 𝑨𝒈𝑵𝑶𝟐 

 𝑪𝒍𝟐 

 𝟐𝟑− 𝟒

 1-  
𝑨𝒍𝟐

+𝟑

𝑶𝟑

−𝟐
+

𝟔𝑯

+𝟏

𝑪𝒍

−𝟏
→

𝟐𝑨𝒍

+𝟑

𝑪𝒍𝟑

−𝟏
+

𝟑𝑯𝟐

+𝟏

𝑶

−𝟐
  

  

 2-
𝟐𝑵𝒂

𝟎
+

𝑪𝒍𝟐

𝟎
→

𝟐𝑵𝒂

+𝟏

𝑪𝒍

−𝟏

 

 3-
𝟐𝑲

+𝟏

𝑪𝒍

+𝟓

𝑶𝟑

−𝟐
→

𝟐𝑲

+𝟏

𝑪𝒍

−𝟏
 +

𝟑𝑶𝟐

𝟎

 

 4-
𝑺𝒊

+𝟒

𝑩𝒓𝟒

−𝟏
+

𝟑𝑯𝟐

+𝟏

𝑶

−𝟐
  →

𝑯𝟐

+𝟏

𝑺𝒊

+𝟒
 
𝑶𝟑

−𝟐
+

𝟒𝑯

+𝟏

𝑩𝒓

−𝟏
 

 

 5-
𝒁𝒏

𝟎
+

𝑪𝒖

+𝟐

𝑺

+𝟒

𝑶𝟒

−𝟐
→

𝒁𝒏

+𝟐

𝑺

+𝟒

𝑶𝟒

−𝟐
+

𝑪𝒖

𝟎
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 - 

 - 

 

 

 

 𝒁𝒏 

 

𝒁𝒏 𝒔 + 𝑪𝒖+𝟐𝑺𝑶𝟒
−𝟐 → 𝒁𝒏+𝟐𝑺𝑶𝟒

−𝟐 + 𝑪𝒖 𝒔  

 

 خنٌة داًٌال   : 
 

 

∪
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∪
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 𝟒− 𝟒 

 

𝑪𝒖 𝒔 + 𝟐𝑨𝒈+ → 𝑪𝒖 𝒂𝒒 
+𝟐 + 𝟐𝑨𝒈 𝒔  

  

 

KNO3  

  

  

  𝑪𝒖 → 𝑪𝒖+𝟐 + 𝟐𝒆−                              

  𝟐𝑨𝒈+ + 𝟐𝒆− → 𝟐𝑨𝒈                       

 

𝑲+ 

𝑵𝑶𝟑
−  
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 𝑬𝒄𝒆𝒍𝒍  

 𝑽𝒐𝒍𝒕  

 𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒐𝒙𝒆 + 𝑬𝑹𝒆𝒅          … … … … … … … . .𝟏  

= 𝑬𝑹𝒆𝒅= 𝑬𝒐𝒙𝒆  

 

  𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒂𝒏𝒐𝒅𝒆 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅 … … … … … … … . .𝟐 

𝟐𝟓℃ 𝟏𝒂𝒕𝒎 𝟏𝑴 

 𝟐 

𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 

𝑬𝒄𝒆𝒍𝒍
   

𝑬𝒄𝒆𝒍𝒍

𝑬
𝒄𝒆𝒍𝒍

 
 

  𝑯𝟐 𝒈 → 𝟐𝑯+ + 𝟐𝒆−        𝑬𝒂𝒏𝒐𝒅𝒆
 = 𝟎.𝟎𝑽 

  𝟐𝑯+ + 𝟐𝒆− → 𝑯𝟐            𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 = 𝟎.𝟎𝑽  

 

𝟏𝒂𝒕𝒎 𝟐𝟓℃𝟏𝑴 
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𝑬𝒄𝒆𝒍𝒍
 = +𝟎.𝟕𝟔𝟑

 𝑬𝒂𝒏𝒐𝒅𝒆
   ⇐

 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  ⇐ 

  𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

+𝟎.𝟕𝟔𝟑 𝑽 = 𝑬𝒂𝒏𝒐𝒅𝒆
 + 𝟎.𝟎 𝑽

𝑬𝒂𝒏𝒐𝒅𝒆
 = +𝟎.𝟕𝟔𝟑 𝑽 

 

 

 

  𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 = −𝑬𝒂𝒏𝒐𝒅𝒆

  

  

  

  𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
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𝑬𝒂𝒏𝒐𝒅𝒆
 

𝑬𝒂𝒏𝒐𝒅𝒆
  

 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

 

 𝟓− 𝟒 

𝑬𝒁𝒏+𝟐 𝒁𝒏  
 = −𝟎.𝟕𝟔 𝑽 ,𝑬𝑪𝒖+𝟐 𝑪𝒖 

 = +𝟎.𝟑𝟒 𝑽 

 

𝑬
𝒁𝒏+𝟐 𝒁𝒏  
 = −𝟎.𝟕𝟔 𝑽 

 

𝒁𝒏 → 𝒁𝒏+𝟐 + 𝟐𝒆−                                      𝑬𝒂𝒏𝒐𝒅𝒆
 = +𝟎.𝟕𝟔 𝑽 

𝑪𝒖+𝟐 + 𝟐𝒆− → 𝑪𝒖                                        𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 = +𝟎.𝟑𝟒 𝑽 

 

𝒁𝒏+ 𝑪𝒖+𝟐 → 𝒁𝒏+𝟐 + 𝑪𝒖  

  𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

𝑬𝒄𝒆𝒍𝒍
 = +𝟎.𝟕𝟔+ 𝟎.𝟑𝟒 

𝑬𝒄𝒆𝒍𝒍
 = 𝟏.𝟏𝟎 𝑽  

 

 𝟓− 𝟒 

𝑪𝒅  𝟏𝑴𝑪𝒓 

𝟏𝑴 

  

𝑬𝑪𝒓+𝟑 𝑪𝒓  
 = −𝟎.𝟕𝟒 𝑽 ,𝑬𝑪𝒅+𝟐 𝑪𝒅 

 = −𝟎.𝟒𝟎 𝑽 

  

𝑬
𝑪𝒓+𝟑 𝑪𝒓  
 = −𝟎.𝟕𝟒 𝑽

 

  𝟐𝑪𝒓 → 𝟐𝑪𝒓+𝟑 + 𝟔𝒆−                                      𝑬𝒂𝒏𝒐𝒅𝒆
 = +𝟎.𝟕𝟒 𝑽 

𝟑𝑪𝒅+𝟐 + 𝟔𝒆− → 𝟑𝑪𝒅                                       𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 = −𝟎.𝟒𝟎 𝑽 

𝟐𝑪𝒓+ 𝟑𝑪𝒅+𝟐 → 𝟐𝑪𝒓+𝟑 + 𝟑𝑪𝒅  

  𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

𝑬𝒄𝒆𝒍𝒍
 = +𝟎.𝟕𝟒+  −𝟎.𝟒𝟎  

𝑬𝒄𝒆𝒍𝒍
 = +𝟎.𝟑𝟒 𝑽  
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𝟒− 𝟒

+0.337 V 

  

 

 

  𝑯𝟐 → 𝟐𝑯+𝟏 + 𝟐𝒆−                                      𝑬𝒂𝒏𝒐𝒅𝒆
 = 𝟎.𝟎 𝑽 

  𝑪𝒖+𝟐 + 𝟐𝒆− → 𝑪𝒖                                        𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 =  ? 

   

  𝑯𝟐 + 𝑪𝒖+𝟐 → 𝟐𝑯+𝟏 + 𝑪𝒖  

 𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

𝟎.𝟑𝟑𝟕 = 𝟎.𝟎+ 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 = +𝟎.𝟑𝟑𝟕 𝑽 
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 انواع الاقطاب
 

𝐙𝐧 → 𝐙𝐧+𝟐 + 𝟐𝒆−        ⇔

𝐙𝐧+𝟐 + 𝟐𝒆− → 𝒁𝒏      ⇔   

 

 

𝑯𝟐𝑯𝑪𝒍 𝟏𝑴

𝑯𝟐 → 𝟐𝑯+ + 𝟐𝒆− 

𝑪𝒍𝟐𝑯𝑪𝒍 𝟏𝑴 

𝑪𝒍𝟐 + 𝟐𝒆− → 𝑪𝒍−

 

 

𝑭𝒆+𝟑,𝑭𝒆+𝟐 𝑺𝒏+𝟐,𝑺𝒏+𝟒 

𝑭𝒆+𝟐 → 𝑭𝒆+𝟑 + 𝒆− ⇔

𝑭𝒆+𝟑 + 𝒆− → 𝑭𝒆+𝟐          ⇔  

 

 | 

                                    

 → + 𝒆− 

+ 𝒆− →   

 

𝑪𝒍𝟐 ,𝑭𝟐 ,𝑩𝒓𝟐 , 𝑰𝟐  𝑯𝟐  ,𝑵𝟐  ,𝑶𝟐

𝟐𝑪𝒍− → 𝑪𝒍𝟐 + 𝟐𝒆−  

𝑪𝒍𝟐 + 𝟐𝒆− → 𝟐𝑪𝒍−  

𝑯𝟐 → 𝟐𝑯+ + 𝟐𝒆−  

𝟐𝑯+ + 𝟐𝒆− → 𝑯𝟐  
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                                                   𝑺𝒏+𝟐  , 𝑺𝒏+𝟒 ,  𝑭𝒆+𝟐  ,    𝑭𝒆+𝟑   

+ 𝒆− →   

→ + 𝒆−   

 

𝑭𝒆+𝟐 → 𝑭𝒆+𝟑 + 𝒆−

𝐅𝐞+𝟑 + 𝒆− → 𝑭𝒆+𝟐

 التعبير عن الخلية كتابة
  

  

  𝟏𝑴  

    𝒁𝒏 → 𝒁𝒏+𝟐 + 𝟐𝒆−       ⇔

𝒁𝒏 | 𝒁𝒏+𝟐 𝟏𝑴                ←

 

    𝟏𝑴 |  

   𝒁𝒏+𝟐 + 𝟐𝒆− → 𝒁𝒏               ⇔   

𝒁𝒏+𝟐 𝟏𝑴 |𝒁𝒏       ←  

 

  

𝐏𝐭     𝟏𝒂𝒕𝒎       𝟏𝑴 

    𝑯𝟐 → 𝟐𝑯+ + 𝟐𝒆−        ⇔  

𝑷𝒕|𝑯𝟐 𝟏𝒂𝒕𝒎 |𝑯+ 𝟏𝑴  
  

    𝟏𝑴      𝟏𝒂𝒕𝒎  𝑷𝒕

   𝟐𝑯+ + 𝟐𝒆−  →  𝑯𝟐            ⇔  

𝑯+ 𝟏𝑴 | 𝑯𝟐 𝟏𝒂𝒕𝒎 |𝑷𝒕  
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𝑷𝒕| 
  

   
  𝟏𝑴   ; 

   

 
  𝟏𝑴  

  :  𝑭𝒆+𝟐 → 𝑭𝒆+𝟑 + 𝒆−             ⇔  

𝑷𝒕| 𝑭𝒆+𝟐 𝟏𝑴 ;𝑭𝒆+𝟑  𝟏𝑴  

  

 
  

   
  𝟏𝑴   ; 

   

 
  𝟏𝑴 |𝑷𝒕 

 𝑺𝒏+𝟒 + 𝟐𝒆− →    𝑺𝒏+𝟐            ⇔  

𝑺𝒏+𝟒 𝟏𝑴 ;  𝑺𝒏+𝟐 𝟏𝑴 |𝑷𝒕 

  

 𝟔− 𝟒  

 𝑯𝟐 𝒁𝒏 

𝒁𝒏 → 𝒁𝒏+𝟐 + 𝟐𝒆−         

𝟐𝑯+ + 𝟐𝒆− → 𝑯𝟐    

𝒁𝒏+ 𝟐𝑯+ → 𝒁𝒏+𝟐 +𝑯𝟐

   | |   

𝒁𝒏 𝒁𝒏+𝟐 𝟏𝒎  | |𝑯+ 𝟏𝑴  𝑯𝟐 𝟏𝒂𝒕𝒎 | 𝑷𝒕 
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 𝟕− 𝟒 

𝑪𝒍𝟐 + 𝟐𝑨𝒈 → 𝟐𝑪𝒍− + 𝟐𝑨𝒈+ 
  

 

𝟐𝑨𝒈 → 𝟐𝑨𝒈+ + 𝟐𝒆−

𝑪𝒍𝟐 + 𝟐𝒆− → 𝟐𝑪𝒍−  

   | |  

𝑨𝒈 |𝑨𝒈+ 𝟏𝑴 || 𝑪𝒍− 𝟏𝑴 |𝑪𝒍𝟐 𝟏𝒂𝒕𝒎 | 𝑷𝒕 

 

 

𝑬𝒄𝒆𝒍𝒍
   

 

  

  ||    

 

  

 

 

 

 

    𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 = −𝑬𝒂𝒏𝒐𝒅𝒆 
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 𝑬𝒄𝒆𝒍𝒍
   

 

 𝑬𝒄𝒆𝒍𝒍
  𝑬𝒄𝒆𝒍𝒍

 = 𝑬𝒂𝒏𝒐𝒅𝒆
 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅

 | 𝑬𝒄𝒆𝒍𝒍
  

 𝑬𝒄𝒆𝒍𝒍
 = +

𝑯𝟐 

 𝑬𝒄𝒆𝒍𝒍
 = −

𝑯𝟐  

  

 

 

  

 

𝑬𝒄𝒆𝒍𝒍
 = + 

 

 𝟔− 𝟒  

  

𝑬 𝑪𝒐+𝟐 𝑪𝒐  
 = −𝟎.𝟐𝟖𝑽     , 𝑬 𝑵𝒊+𝟐  𝑵𝒊   

 = −𝟎.𝟐𝟓 𝑽  

𝑬 𝑭𝒆+𝟐 𝑭𝒆  
 = −𝟎.𝟒𝟒 𝑽  ,        𝑬 𝑨𝒖+𝟑 𝑨𝒖  

 = +𝟏.𝟓𝟎 𝑽  

  𝑵𝒊+ 𝑪𝒐+𝟐 → 𝑵𝒊+𝟐 + 𝑪𝒐 

  𝟑𝑭𝒆+ 𝟐𝑨𝒖+𝟑 → 𝟑𝑭𝒆+𝟐 + 𝟐𝑨𝒖  
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  𝑵𝒊+ 𝑪𝒐+𝟐 → 𝑵𝒊+𝟐 + 𝑪𝒐  

 𝑵𝒊𝑪𝒐 

  𝑵𝒊 → 𝑵𝒊+𝟐 + 𝟐𝒆−       𝑬𝒂𝒏𝒐𝒅𝒆
 = +𝟎.𝟐𝟓 𝑽 

  𝑪𝒐+𝟐 + 𝟐𝒆− → 𝑪𝒐       𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 = −𝟎.𝟐𝟖 𝑽 

  𝑵𝒊+ 𝑪𝒐+𝟐 → 𝑵𝒊+𝟐 + 𝑪𝒐

𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

𝑬𝒄𝒆𝒍𝒍
 = +𝟎.𝟐𝟓+  −𝟎.𝟐𝟖 ⇒  𝑬𝒄𝒆𝒍𝒍

 = −𝟎.𝟎𝟑  

 o𝑬𝒄𝒆𝒍𝒍
 = −𝟎.𝟎𝟑  

 

  𝟑𝑭𝒆+ 𝟐𝑨𝒖+𝟑 → 𝟑𝑭𝒆+𝟐 + 𝟐𝑨𝒖  

 𝑭𝒆 𝑨𝒖 

  𝟑𝑭𝒆 → 𝟑𝑭𝒆+𝟐 + 𝟔𝒆−       𝑬𝒂𝒏𝒐𝒅𝒆
 = +𝟎.𝟒𝟒 𝑽 

  𝟐𝑨𝒖+𝟑 + 𝟔𝒆− → 𝟐𝑨𝒖       𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 = +𝟏.𝟓𝟎 𝑽 

  𝟑𝑭𝒆+ 𝟐𝑨𝒖+𝟑 → 𝟑𝑭𝒆+𝟐 + 𝟐𝑨𝒖

𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

𝑬𝒄𝒆𝒍𝒍
 = +𝟎.𝟒𝟒+ 𝟏.𝟓𝟎 ⇒ 𝑬𝒄𝒆𝒍𝒍

 = +𝟏.𝟗𝟒  

  𝑬𝒄𝒆𝒍𝒍
 = +𝟏.𝟗𝟒 

 

 𝟖− 𝟒𝑯𝑪𝒍  

𝑨𝒈+ 𝟏𝑴 

 𝑬 𝑨𝒈+|𝑨𝒈 
 = +𝟎.𝟖𝟎  

 

  𝑨𝒈|𝑨𝒈+ 𝟏𝑴  | | 𝑯+ 𝟏𝑴 | 𝑯𝟐 𝟏𝒂𝒕𝒎 | 𝑷𝒕 

 

 𝑨𝒈 𝑯𝟐

  𝟐𝑨𝒈 → 𝟐𝑨𝒈+ + 𝟐𝒆−                        𝑬𝒂𝒏𝒐𝒅𝒆
 = −𝟎.𝟖𝟎 𝑽  

  𝟐𝑯+ + 𝟐𝒆− → 𝑯𝟐                              𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 = 𝟎.𝟎 𝑽  

  𝟐𝑯+ + 𝟐𝑨𝒈 → 𝑯𝟐 + 𝟐𝑨𝒈+ 

𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

𝑬𝒄𝒆𝒍𝒍
 = −𝟎.𝟖𝟎+ 𝟎.𝟎  

𝑬𝒄𝒆𝒍𝒍
 = −𝟎.𝟖𝟎 𝑽 

 𝑬𝒄𝒆𝒍𝒍
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 𝟏𝟑− 𝟒  

 

𝑬 𝑩𝒓𝟐|𝑩𝒓
− 

 = +𝟏.𝟎𝟕 𝑽    𝑬 𝑭𝒆+𝟑 𝑭𝒆+𝟐 = +𝟎.𝟕𝟕 𝑽 

𝑷𝒕  𝑭𝒆+𝟐 𝟏𝑴 ;𝑭𝒆+𝟑 𝟏𝑴  | |𝑩𝒓𝟐 𝟏𝒂𝒕𝒎   𝑩𝒓− 𝟏𝑴 | 𝑷𝒕 

 𝑭𝒆 𝑩𝒓𝟐 

  𝟐𝑭𝒆+𝟐 → 𝟐𝑭𝒆+𝟑 + 𝟐𝒆−                           𝑬𝒂𝒏𝒐𝒅𝒆
 = −𝟎.𝟕𝟕 𝑽 

  𝑩𝒓𝟐 + 𝟐𝒆− → 𝟐𝑩𝒓−                                   𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 = +𝟏.𝟎𝟕 𝑽 

  𝟐𝑭𝒆+𝟐 + 𝑩𝒓𝟐 → 𝟐𝑭𝒆+𝟑 + 𝟐𝑩𝒓− 

𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

𝑬𝒄𝒆𝒍𝒍
 = −𝟎.𝟕𝟕+ 𝟏.𝟎𝟕 ⇒ 𝑬𝒄𝒆𝒍𝒍

 = +𝟎.𝟑𝟎 𝑽  

 𝑬𝒄𝒆𝒍𝒍
  

 𝟏𝟔− 𝟒  

 

𝑬 𝑵𝒂+|𝑵𝒂 = −𝟐.𝟕𝟎 𝑽       ,   𝑬 𝑪𝒖+𝟐 𝑪𝒖  = +𝟎.𝟑𝟒 𝑽 

 𝑵𝒂𝑪𝒍 𝑪𝒖 

  𝑪𝒖 → 𝑪𝒖+𝟐 + 𝟐𝒆−                         𝑬𝒂𝒏𝒐𝒅𝒆
 = −𝟎.𝟑𝟒 𝑽  

  𝟐𝑵𝒂+ + 𝟐𝒆− → 𝟐𝑵𝒂                𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 = −𝟐.𝟕𝟎 𝑽  

   𝟐𝑵𝒂+ +  𝑪𝒖 → 𝟐𝑵𝒂+  𝑪𝒖+𝟐               

𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

𝑬𝒄𝒆𝒍𝒍
 = −𝟎.𝟑𝟒+  −𝟐.𝟕𝟎  ⟹ 𝑬𝒄𝒆𝒍𝒍

 = −𝟑.𝟎𝟒 𝑽  

 𝑬𝒄𝒆𝒍𝒍
 = −  

 𝟏𝟕− 𝟒 𝑪𝒖𝑺𝑶𝟒 

  

𝑬 𝑵𝒊+𝟐 𝑵𝒊 
  = −𝟎.𝟐𝟒 𝑽    ,𝑬 𝑪𝒖+𝟐 𝑪𝒖 

 = +𝟎.𝟑𝟒 𝑽

 𝑵𝒊  𝑪𝒖  

  𝑵𝒊 → 𝑵𝒊+𝟐 + 𝟐𝒆−         𝑬𝒂𝒏𝒐𝒅𝒆
 = +𝟎.𝟐𝟒 𝑽  

  𝑪𝒖+𝟐 + 𝟐𝒆− → 𝑪𝒖         𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 = +𝟎.𝟑𝟒 𝑽  

  𝑵𝒊+ 𝑪𝒖+𝟐 → 𝑵𝒊+𝟐 + 𝑪𝒖 

𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

𝑬𝒄𝒆𝒍𝒍
 = 𝟎.𝟐𝟒+ 𝟎.𝟑𝟒 ⟹ 𝑬𝒄𝒆𝒍𝒍

 = +𝟎.𝟓𝟖    
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 𝟑− 𝟒 

𝑬 𝑨𝒈+|𝑨𝒈 
 = +𝟎.𝟖𝟎 𝑽    ,   𝑬 𝑨𝒖+𝟑 𝑨𝒖  

 = +𝟏.𝟓𝟎 𝑽   

𝑬 𝑩𝒓𝟐|𝑩𝒓
− 

 = +𝟏.𝟎𝟕 𝑽   ,𝑬 𝑪𝒓+𝟑|𝑪𝒓 
 = −𝟎.𝟕𝟒 𝑽 

𝑬 𝑪𝒅+𝟐 𝑪𝒅 
 = −𝟎.𝟒𝟎 𝑽  

𝑨𝒖+𝟑  𝐁𝐫𝟐 𝑨𝒈+    𝑯𝟐𝐂𝐫+𝟑   𝑪𝒅+𝟐 

  

 𝑨𝒖+𝟑 

 𝑨𝒈+ 

 𝑪𝒅+𝟐

 

 𝟏𝟐− 𝟒 

𝑬 𝑨𝒖+𝟑 𝑨𝒖 
 = +𝟏.𝟓𝟎   , 𝑬 𝑨𝒍+𝟑 𝑨𝒍 

 = −𝟏.𝟔𝟔 𝑽

  𝑨𝒖  𝑨𝒍   𝑬𝒄𝒆𝒍𝒍
   

 

𝟐𝑨𝒍 → 𝟐𝑨𝒍+𝟑 + 𝟔𝒆−   𝑬𝒂𝒏𝒐𝒅𝒆
 = +𝟏.𝟔𝟔 𝑽 

𝟔𝑯+ + 𝟔𝒆− → 𝟑𝑯𝟐      𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 = 𝟎.𝟎𝑽  

𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

𝑬𝒄𝒆𝒍𝒍
 = +𝟏.𝟔𝟔+ 𝟎 

𝑬𝒄𝒆𝒍𝒍
 = +𝟏.𝟔𝟔  

𝑨𝒍 

𝟐𝑨𝒍+ 𝟔𝑯+ → 𝟐𝑨𝒍+𝟑 + 𝟑𝑯𝟐 

𝟐𝑨𝒖 → 𝟐𝑨𝒖+𝟑 + 𝟔𝒆−     𝑬𝒂𝒏𝒐𝒅𝒆
 = −𝟏.𝟓𝟎 𝑽 

𝟔𝑯+ + 𝟔𝒆− → 𝟑𝑯𝟐      𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 = 𝟎.𝟎𝑽 

𝟐𝑨𝒖+ 𝟔𝑯+ → 𝟐𝑨𝒖+𝟑 + 𝟑𝑯𝟐 

 𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

𝑬𝒄𝒆𝒍𝒍
 = −𝟏.𝟓𝟎+ 𝟎 

𝑬𝒄𝒆𝒍𝒍
 = −𝟏.𝟓𝟎 𝑽  

𝑨𝒖 

 𝑨𝒍     ∵𝑬𝒄𝒆𝒍𝒍
 = +

𝑨𝒍 
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 𝟐𝟖− 𝟒𝑨𝒍  𝑨𝒍+𝟑 𝟏𝑴  | | 𝑪𝒅+𝟐 𝟏𝑴  𝑪𝒅 

𝑬𝒄𝒆𝒍𝒍
 = +𝟏.𝟐𝟔 𝑽

𝑬 𝑪𝒅+𝟐  𝑪𝒅 = −𝟎.𝟒𝟎 𝑽

 𝑨𝒍 𝑪𝒅𝑬𝒂𝒏𝒐𝒅𝒆
 = 

 

  𝟐𝑨𝒍 → 𝟐𝑨𝒍+𝟑 + 𝟔𝒆−          𝑬𝒂𝒏𝒐𝒅𝒆
 =?𝑽  

  𝟑𝑪𝒅+𝟐 + 𝟔𝒆− → 𝟑𝑪𝒅         𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 = −𝟎.𝟒𝟎 𝑽  

  𝟑𝑪𝒅+𝟐 + 𝟐𝑨𝒍 → 𝟑𝑪𝒅+ 𝟐𝑨𝒍+𝟑 

𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
   −≫ 𝑬𝒂𝒏𝒐𝒅𝒆

 = 𝑬𝒄𝒆𝒍𝒍
 − 𝑬𝒄𝒂𝒕𝒉𝒐𝒅

  

𝑬𝒂𝒏𝒐𝒅𝒆
 = 𝟏.𝟐𝟔+ 𝟎.𝟒𝟎 = +𝟏.𝟔𝟔 𝑽  

𝑬  𝑨𝒍+𝟑  𝑨𝒍  
 = −𝟏.𝟔𝟔 𝑽 

𝑬𝒄𝒆𝒍𝒍امعلاقة بٌي جهد امخنٌة 
 𝑲𝒆𝒒وثابت الاثزان   𝑮∆وطاقة كبس امحرة امقٌاشٌة   

𝑱 𝑽 𝑪

𝟏𝑱 = 𝟏𝑽 ∗ 𝟏𝑪 

 o ∆𝑮 = −𝒏𝑭𝑬𝒄𝒆𝒍𝒍 … … … … … … …  𝟏   

 o ∆𝑮 = −𝒏𝑭𝑬𝒄𝒆𝒍𝒍
 … … … … … … …  𝟐  

 o ∆𝑮 = −𝑹𝑻 𝐥𝐧𝑲𝒆𝒒 … … … … … … … …  𝟑  

  𝟑   𝟐  

 o −𝑹𝑻 𝐥𝐧𝑲𝒆𝒒 = −𝒏𝑭𝑬𝒄𝒆𝒍𝒍
   … … … … … … …  𝟒 

 

 o 𝑬𝒄𝒆𝒍𝒍
 =

𝑹𝑻

𝒏𝑭
𝐥𝐧𝑲𝒆𝒒     … … … … … … …  𝟓 

𝑭 = 𝟗𝟔𝟓𝟎𝟎  ,𝑻 = 𝟐𝟗𝟖 ,𝑹 = 𝟖.𝟑𝟏𝟒 

  𝑬𝒄𝒆𝒍𝒍
 =

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧𝑲𝒆𝒒

 ∆𝑮 ∆𝐆   

 𝑬𝒄𝒆𝒍𝒍𝑬𝒄𝒆𝒍𝒍
  

 𝑭 𝟗𝟔𝟓𝟎𝟎

 𝒏 

 𝑹𝑲𝒆𝒒  
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 ∆𝑮 

∆𝑮 

 𝑬𝒄𝒆𝒍𝒍
 ∆𝑮  

∆𝑮 = −𝒏𝑭𝑬𝒄𝒆𝒍𝒍
 

∆𝑮 = − × +

∆𝑮 = − 

 ∆𝑮 𝑬𝒄𝒆𝒍𝒍
 

∆𝑮 = −𝒏𝑭𝑬𝒄𝒆𝒍𝒍
 

∆𝑮 = − × −

∆𝑮 = +

 ∵∆𝑮 𝑬𝒄𝒆𝒍𝒍
 

 𝟐− 𝟒

  

 𝑭 

 = 𝟔.𝟎𝟐𝟑 ∗ 𝟏𝟎𝟐𝟑  
𝟏

𝒎𝒐𝒍
  

 = 𝟏.𝟔 ∗ 𝟏𝟎−𝟏𝟗 𝑪  

𝑭 = 𝟔.𝟎𝟐𝟑 ∗ 𝟏𝟎𝟐𝟑
𝟏

𝒎𝒐𝒍
∗ 𝟏.𝟔 ∗ 𝟏𝟎−𝟏𝟗𝑪  

𝑭 = 𝟗𝟔𝟓𝟎𝟎 
𝑪

𝒎𝒐𝒍

 𝟒− 𝟒 𝑬𝒄𝒆𝒍𝒍
     𝑲𝒆𝒒   ∆𝑮   

 

 

 

8.314
𝐽

𝐾
.𝑚𝑜𝑙 = 𝑅 

96500
𝐶

𝑚𝑜𝑙
= 𝐹 

= T  

n
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𝑬𝒄𝒆𝒍𝒍
     𝑲𝒆𝒒   ∆𝑮 

 ∆𝑮 𝑬𝒄𝒆𝒍𝒍
 𝑬𝒄𝒆𝒍𝒍

 = 𝑬𝒂𝒏𝒐𝒅𝒆
 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅

 

𝒏 ∆𝑮 ∆𝑮 = −𝒏𝑭𝑬𝒄𝒆𝒍𝒍
 

 ∆𝑮 = −𝒏𝑭𝑬𝒄𝒆𝒍𝒍∆𝑮𝑬𝒄𝒆𝒍𝒍

𝑬𝒄𝒆𝒍𝒍∆𝑮 

 ∆𝑮 = −𝒏𝑭𝑬𝒄𝒆𝒍𝒍
 ∆𝑮 𝑬𝒄𝒆𝒍𝒍

 

𝑬𝒄𝒆𝒍𝒍
 ∆𝑮  

 𝑬𝒄𝒆𝒍𝒍
 =

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧𝑲𝒆𝒒𝑲𝒆𝒒 𝑬𝒄𝒆𝒍𝒍

  

 ∆𝑮   ,   ∆𝐆 𝑲𝑱 𝒎𝒐𝒍    𝑱 𝒎𝒐𝒍 

 

 𝟐𝟎− 𝟒 

 ∆𝑮 𝑬𝒄𝒆𝒍𝒍
 

∆𝑮 = −𝒏𝑭𝑬𝒄𝒆𝒍𝒍
 𝑬𝒄𝒆𝒍𝒍

 

∆𝑮 

 𝟕− 𝟒

𝟐𝑨𝒈+ + 𝑷𝒃 → 𝟐𝑨𝒈+ 𝑷𝒃+𝟐  

∆𝑮  𝑲𝒆𝒒𝟐𝟓℃

  

𝑬  𝑨𝒈+ |𝑨𝒈  = +𝟎.𝟖𝟎 𝑽     ,𝑬  𝑷𝒃+𝟐  𝑷𝒃  = −𝟎.𝟏𝟑𝑽  

 𝐥𝐧𝟐.𝟓 ∗ 𝟏𝟎𝟑𝟏 = 𝟕𝟏.𝟓𝟑 

 𝑬𝒄𝒆𝒍𝒍
 𝑬𝒄𝒆𝒍𝒍

 = 𝑬𝒂𝒏𝒐𝒅𝒆
 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅

  𝑲𝒆𝒒 

 𝑷𝒃𝑨𝒈  

  𝑷𝒃 → 𝑷𝒃+𝟐 + 𝟐𝒆−                   𝑬 𝒂𝒏𝒐𝒅𝒆 = + 𝟎.𝟏𝟑𝑽  

  𝟐𝑨𝒈+ + 𝟐𝒆− → 𝟐𝑨𝒈               𝑬 𝒄𝒂𝒕𝒉𝒐𝒅 = +𝟎.𝟖𝟎 𝑽 

  𝟐𝑨𝒈+ + 𝑷𝒃 → 𝟐𝑨𝒈+ 𝑷𝒃+𝟐 

  𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

𝑬𝒄𝒆𝒍𝒍
 = +𝟎.𝟏𝟑+ 𝟎.𝟖𝟎 

𝑬𝒄𝒆𝒍𝒍
 = +𝟎.𝟗𝟑 

  ∆𝑮 = −𝒏𝑭𝑬𝒄𝒆𝒍𝒍
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∆𝑮 = −𝟐 ∗ 𝟗𝟔𝟓𝟎𝟎𝑪 𝒎𝒐𝒍 ∗ 𝟎.𝟗𝟑 𝑽

∆𝑮 = −𝟏𝟕𝟗𝟒𝟗𝟎 𝑱 𝒎𝒐𝒍    

  𝑬𝒄𝒆𝒍𝒍
 =

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧𝑲𝒆𝒒 

𝟎.𝟗𝟑 =
𝟎.𝟎𝟐𝟔𝑽

𝟐
∗  𝐥𝐧𝑲𝒆𝒒 

𝟎.𝟗𝟑 = 𝟎.𝟎𝟏𝟑 ∗  𝐥𝐧𝑲𝒆𝒒 

𝐥𝐧𝑲𝒆𝒒 =
𝟎.𝟗𝟑

𝟎.𝟎𝟏𝟑
 

𝐥𝐧𝑲𝒆𝒒 = 𝟕𝟏.𝟓𝟑 ⇒   𝐥𝐧𝑲𝒆𝒒 = 𝐥𝐧𝟐.𝟓 ∗ 𝟏𝟎𝟑𝟏 

 𝑲𝒆𝒒 =  𝟐.𝟓 ∗ 𝟏𝟎𝟑𝟏 

 

 𝟗− 𝟒∆𝑮 𝟐𝟓℃ 

𝟑𝑯𝒈𝟐
+𝟐 + 𝟐𝑪𝒓 → 𝟔𝑯𝒈+ 𝟐𝑪𝒓+𝟑 

  

𝑬
 𝑯𝒈𝟐

+𝟐 𝑯𝒈 
 = +𝟎.𝟖𝟓 𝑽    ,    𝑬 𝑪𝒓+𝟑  𝑪𝒓 

 = −𝟎.𝟕𝟒 𝑽 

 𝐄𝐜𝐞𝐥𝐥
  ∆𝑮 ∆𝑮 = −𝒏𝑭𝑬𝒄𝒆𝒍𝒍

  

       𝑯𝒈𝑪𝒓 

  𝟐𝑪𝒓 → 𝟐𝑪𝒓+𝟑 + 𝟔𝒆−                  𝑬𝒂𝒏𝒐𝒅𝒆
 = +𝟎.𝟕𝟒 𝑽 

  𝟑𝑯𝒈𝟐
+𝟐 + 𝟔𝒆− → 𝟔𝑯𝒈               𝑬𝒄𝒂𝒕𝒉𝒐𝒅

 = +𝟎.𝟖𝟓 𝑽 

  𝟑𝑯𝒈𝟐
+𝟐 + 𝟐𝑪𝒓 → 𝟔𝑯𝒈+ 𝟐𝑪𝒓+𝟑 

  𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

𝑬𝒄𝒆𝒍𝒍
 = +𝟎.𝟕𝟒+ 𝟎.𝟖𝟓 

𝑬𝒄𝒆𝒍𝒍
 = +𝟏.𝟓𝟗 𝑽 

  ∆𝑮 = −𝒏𝑭𝑬𝒄𝒆𝒍𝒍
 

∆𝑮 = −𝟔 ∗ 𝟗𝟔𝟓𝟎𝟎
𝑪

𝒎𝒐𝒍
∗ 𝟏.𝟓𝟗 𝑽

∆𝑮 = −𝟗𝟐𝟎𝟔𝟏𝟎 𝑱 𝒎𝒐𝒍    
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 𝟏𝟎− 𝟒 𝟐𝟓℃ 

𝟐𝑭𝒆+𝟑 + 𝟐𝑰− → 𝟐𝑭𝒆+𝟐 + 𝑰𝟐
  

𝑬 𝑰𝟐 |𝑰− 
 = +𝟎.𝟓𝟑 𝑽   ,𝑬 𝑭𝒆+𝟑  𝑭𝒆+𝟐 

 = +𝟎.𝟕𝟕 𝑽 

  

 

  

 𝐥𝐧 𝟏 ∗ 𝟏𝟎𝟖 = 𝟏𝟖.𝟒𝟔 

 

 𝑰𝟐𝑭𝒆 

 𝑬𝒄𝒆𝒍𝒍
 

  𝟐𝑰− → 𝑰𝟐 + 𝟐𝒆−                        𝑬𝒂𝒏𝒐𝒅𝒆
 = −𝟎.𝟓𝟑 𝑽  

  𝟐𝑭𝒆+𝟑 + 𝟐𝒆− → 𝟐𝑭𝒆+𝟐          𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 = +𝟎.𝟕𝟕 𝑽 

  𝟐𝑭𝒆+𝟑 + 𝟐𝑰− → 𝟐𝑭𝒆+𝟐 + 𝑰𝟐 

  𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

𝑬𝒄𝒆𝒍𝒍
 = −𝟎.𝟓𝟑+ 𝟎.𝟕𝟕 

𝑬𝒄𝒆𝒍𝒍
 = +𝟎.𝟐𝟒 𝑽  

 ∆𝑮  

  ∆𝑮 = −𝒏𝑭𝑬𝒄𝒆𝒍𝒍
 

∆𝑮 = −𝟐 𝒎𝒐𝒍 ∗ 𝟗𝟔𝟓𝟎𝟎𝑪 𝒎𝒐𝒍 ∗ 𝟎.𝟐𝟒 𝑽

∆𝑮 = −𝟒𝟔𝟑𝟐𝟎 𝑱 𝒎𝒐𝒍    

 𝑲𝒆𝒒 

  𝑬𝒄𝒆𝒍𝒍
 =

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧𝑲𝒆𝒒 

𝟎.𝟐𝟒  =
𝟎.𝟎𝟐𝟔𝑽

𝟐
∗  𝐥𝐧𝑲𝒆𝒒 

𝟎.𝟐𝟒 = 𝟎.𝟎𝟏𝟑 ∗  𝐥𝐧𝑲𝒆𝒒 

𝐥𝐧𝑲𝒆𝒒 =
𝟎.𝟐𝟒  

𝟎.𝟎𝟏𝟑
 

𝐥𝐧𝑲𝒆𝒒 = 𝟏𝟖.𝟒𝟔 ⇒  𝐥𝐧𝑲𝒆𝒒 = 𝐥𝐧𝟏 ∗ 𝟏𝟎𝟖 

𝑲𝒆𝒒 = 𝟏 ∗ 𝟏𝟎𝟖 
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 𝟓− 𝟒𝟐𝟓℃𝟏𝒂𝒕𝒎  

 𝑭𝒆+𝟑 ,𝑭𝒆+𝟐,𝑪𝒆+𝟑,𝑪𝒆+𝟒  

∆𝑮  𝑲𝒆𝒒

 

𝑬 𝑭𝒆+𝟑 𝑭𝒆+𝟐 
 = 𝟎.𝟕𝟕 𝑽 ,      𝑬 𝑪𝒆+𝟒 𝑪𝒆+𝟑 

 = +𝟏.𝟔𝟏 𝑽 

 𝐥𝐧𝟏.𝟏 ∗ 𝟏𝟎𝟏𝟒 = 𝟑𝟐.𝟑𝟎

 

  𝑭𝒆+𝟐 → 𝑭𝒆+𝟑 + 𝟏𝒆−     𝑬𝒂𝒏𝒐𝒅𝒆
 = −𝟎.𝟕𝟕 𝑽 

  𝑪𝒆+𝟒 + 𝟏𝒆− → 𝑪𝒆+𝟑     𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 = +𝟏.𝟔𝟏 𝑽  

  𝑪𝒆+𝟒 + 𝑭𝒆+𝟐 → 𝑪𝒆+𝟑 + 𝑭𝒆+𝟑 

  𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

𝑬𝒄𝒆𝒍𝒍
 = −𝟎.𝟕𝟕+ 𝟏.𝟔𝟏  

𝑬𝒄𝒆𝒍𝒍
 = +𝟎.𝟖𝟒 𝑽 

  ∆𝑮 = −𝒏𝑭𝑬𝒄𝒆𝒍𝒍
 

∆𝑮 = −𝟏 𝒎𝒐𝒍 ∗ 𝟗𝟔𝟓𝟎𝟎
𝑪

𝒎𝒐𝒍
∗ 𝟎.𝟖𝟒 𝑽

∆𝑮 = −𝟖𝟏𝟎𝟔𝟎   𝑱 𝒎𝒐𝒍  
 

  𝑬𝒄𝒆𝒍𝒍
 =

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧𝑲𝒆𝒒 

𝟎.𝟖𝟒  =
𝟎.𝟎𝟐𝟔𝑽

𝟏
∗  𝐥𝐧𝑲𝒆𝒒 

𝟎.𝟖𝟒 = 𝟎.𝟎𝟐𝟔 ∗  𝐥𝐧𝑲𝒆𝒒 

𝐥𝐧𝑲𝒆𝒒 =
𝟎.𝟖𝟒  

𝟎.𝟎𝟐𝟔
 

𝐥𝐧𝑲𝒆𝒒 = 𝟑𝟐.𝟑𝟎 ⇒  𝐥𝐧𝑲𝒆𝒒 = 𝐥𝐧𝟏.𝟏 ∗ 𝟏𝟎𝟏𝟒 

𝑲𝒆𝒒 = 𝟏.𝟏 ∗ 𝟏𝟎𝟏𝟒

 

 𝟑𝟕− 𝟒 𝐒𝐧+ 𝐏𝐛+𝟐 → 𝑺𝒏+𝟐 + 𝑷𝒃  

 𝑬 𝑷𝒃+𝟐 𝑷𝒃 
 = −𝟎.𝟏𝟑 𝑽  ,𝑬 𝑺𝒏+𝟐 𝑺𝒏 

 = −𝟎.𝟏𝟒 𝑽  

𝑺𝒏𝑷𝒃𝑬𝒄𝒆𝒍𝒍
  𝑲𝒆𝒒  

  𝐒𝐧 → 𝑺𝒏+𝟐 + 𝟐𝒆−      𝑬𝒂𝒏𝒐𝒅𝒆
 = +𝟎.𝟏𝟒 𝑽 

  𝐏𝐛+𝟐 + 𝟐𝒆− → 𝑷𝒃      𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 = −𝟎.𝟏𝟑 𝑽  

  𝐏𝐛+𝟐 + 𝑺𝒏 → 𝑷𝒃+ 𝑺𝒏+𝟐 
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  𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

𝑬𝒄𝒆𝒍𝒍
 = +𝟎.𝟏𝟒+  −𝟎.𝟏𝟑   

𝑬𝒄𝒆𝒍𝒍
 = +𝟎.𝟎𝟏 𝑽 

  𝑬𝒄𝒆𝒍𝒍
 =

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧𝑲𝒆𝒒 

𝟎.𝟎𝟏  =
𝟎.𝟎𝟐𝟔𝑽

𝟐
∗  𝐥𝐧𝑲𝒆𝒒 

𝟎.𝟎𝟏 = 𝟎.𝟎𝟏𝟑 ∗  𝐥𝐧𝑲𝒆𝒒 

𝐥𝐧𝑲𝒆𝒒 =
𝟎.𝟎𝟏  

𝟎.𝟎𝟏𝟑
⟹ 𝐥𝐧𝑲𝒆𝒒 = 𝟎.𝟕𝟔𝟗 ⇒  𝐥𝐧𝑲𝒆𝒒 = 𝐥𝐧𝟐.𝟏𝟔 ⟹ 𝑲𝒆𝒒 = 𝟐.𝟏𝟔 

 اعجىاد جهد امخنٌة عنى امجركٌز ) وعادمة ًٌرًصت (

 𝟏𝑴 

 𝟏𝑴 

 o ∆𝑮 = ∆𝑮 + 𝑹𝑻 𝐥𝐧𝑸… … … … … … … … … .  𝟏  

 o ∆𝑮 = −𝒏𝑭𝑬𝒄𝒆𝒍𝒍
    … … … … … … … … … … . .  𝟐  

 o ∆𝑮 = −𝒏𝑭𝑬𝒄𝒆𝒍𝒍   … … … … … … … … … … … .  𝟑  

 o 𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝑹𝑻

𝒏𝑭
𝐥𝐧𝑸     … … … … … … … .  𝟒 

 𝑭  ,𝑹 ,𝑻  4 

 o 𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧𝑸… … … … .  𝟓  

 𝟔− 𝟒 

  𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧𝑸

 
   

   
= 𝑸

 = 𝒏 

 = 𝑬𝒄𝒆𝒍𝒍
  

 = 𝑬𝒄𝒆𝒍𝒍 

 

000000000 



 

 

  
 

 امفصل امرابع امكٌىٌاء امكهربائٌة     كٌىٌاء امصادس امعنىي امفرع الاحٌائي  
 

 

 

 

 07709702369امىوباًل :   اعداد الاشجاذ هاشه امغرباوي 
 

34  

 𝒁𝒏+ 𝑪𝒖+𝟐 → 𝒁𝒏+𝟐 + 𝑪𝒖 

  

  𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧𝑸

 o𝑸

  𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧

 𝒁𝒏+𝟐 

 𝑪𝒖+𝟐 
 

  

  

 o𝟏𝑴 𝟏𝑴

 𝑬𝒄𝒆𝒍𝒍 

 𝑬𝒄𝒆𝒍𝒍
 𝑬𝒄𝒆𝒍𝒍

 = 𝑬𝒂𝒏𝒐𝒅𝒆
 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅

  

∆𝑮 = −𝒏𝑭𝑬𝒄𝒆𝒍𝒍
  

 𝑸 

 o 𝒁𝒏+ 𝑪𝒖+𝟐 → 𝒁𝒏+𝟐 + 𝑪𝒖  

 o 𝑸 =
 𝒁𝒏+𝟐  𝑪𝒖 

 𝑪𝒖+𝟐  𝒁𝒏 
 ⇒    𝑸 =

 𝒁𝒏+𝟐 ∗ 𝟏 

 𝑪𝒖+𝟐 ∗ 𝟏 
 

 𝟖− 𝟒𝑬𝒄𝒆𝒍𝒍 𝟐𝟓 ℃ 

𝟐𝑨𝒈+ + 𝑪𝒖 → 𝟐𝑨𝒈+ 𝑪𝒖+𝟐 

 o 𝑨𝒈+ = 𝟎.𝟎𝟏 𝑴   ,  𝑪𝒖+𝟐 = 𝟎.𝟎𝟏 𝑴

 o𝐄 𝐂𝐮+𝟐 𝐂𝐮 
 = +𝟎.𝟑𝟒 𝐕    ,𝐄 𝐀𝐠+|𝐀𝐠 

 = +𝟎.𝟖𝟎 𝐕  

 o

  𝟏𝑴   

𝑬𝒄𝒆𝒍𝒍
 𝑬𝒄𝒆𝒍𝒍𝑪𝒖𝑨𝒈 

 o 𝑪𝒖 → 𝑪𝒖+𝟐 + 𝟐𝒆−                         𝑬𝒂𝒏𝒐𝒅𝒆
 = −𝟎.𝟑𝟒 𝑽  

 o 𝟐𝑨𝒈+ + 𝟐𝒆− → 𝟐𝑨𝒈                     𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 = +𝟎.𝟖𝟎 𝑽 

  𝟐𝑨𝒈+ + 𝑪𝒖 → 𝟐𝑨𝒈+ 𝑪𝒖+𝟐  

  𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

𝑬𝒄𝒆𝒍𝒍
 = −𝟎.𝟑𝟒+ 𝟎.𝟖𝟎  

𝑬𝒄𝒆𝒍𝒍
 = 𝟎.𝟒𝟔 𝑽
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 𝑬𝒄𝒆𝒍𝒍 

  𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧𝑸 

  𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧

 𝑪𝒖+𝟐 

 𝑨𝒈+ 𝟐
  

  𝑬𝒄𝒆𝒍𝒍 =  𝟎.𝟒𝟔−
𝟎.𝟎𝟐𝟔𝑽

𝟐
𝐥𝐧

 𝟎.𝟎𝟏 

 𝟎.𝟎𝟏 𝟐
  

  𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟒𝟔− 𝟎.𝟎𝟏𝟑 ∗ 𝐥𝐧
 𝟎.𝟎𝟏 

 𝟎.𝟎𝟏 𝟐
 

  𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟒𝟔− 𝟎.𝟎𝟏𝟑 ∗ 𝐥𝐧𝟏𝟎𝟎    

  𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟒𝟔−  𝟎.𝟎𝟏𝟑 ∗ 𝟒.𝟔  ⇒ 𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟒 

 𝟏𝟏− 𝟒

𝑬𝒄𝒆𝒍𝒍𝟎.𝟕𝟑 𝑽 𝟐𝟓℃ 𝒁𝒏 = 𝟎.𝟏 𝑴

𝟏𝒂𝒕𝒎 𝑯+  

 𝑬 𝒁𝒏+𝟐 𝒁𝒏 
 = −𝟎.𝟕𝟔 𝑽  

 𝐥𝐧𝟏𝟎 = 𝟐.𝟑 

 
 𝒁𝒏 𝑯𝟐 

 o 𝒁𝒏 → 𝒁𝒏+𝟐 + 𝟐𝒆−           𝑬𝒂𝒏𝒐𝒅𝒆
 = +𝟎.𝟕𝟔 𝑽   

 o 𝟐𝑯+ + 𝟐𝒆− → 𝑯𝟐             𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 = 𝟎.𝟎 𝑽 

  𝒁𝒏+ 𝟐𝑯+𝟏 → 𝒁𝒏+𝟐 +𝑯𝟐 

   𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

𝑬𝒄𝒆𝒍𝒍
 = +𝟎.𝟕𝟔+ 𝟎.𝟎  

𝑬𝒄𝒆𝒍𝒍
 = 𝟎.𝟕𝟔 𝑽 

  𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧

 𝒁𝒏+𝟐 

 𝑯+ 𝟐
 

  𝟎.𝟕𝟑 =  𝟎.𝟕𝟔−
𝟎.𝟎𝟐𝟔𝑽

𝟐
𝐥𝐧

 𝟎.𝟏 

 𝑯+ 𝟐
  

  𝟎.𝟕𝟑 = 𝟎.𝟕𝟔− 𝟎.𝟎𝟏𝟑 ∗ 𝐥𝐧
 𝟎.𝟏 

 𝑯+ 𝟐
  

  𝟎.𝟕𝟑− 𝟎.𝟕𝟔 = −𝟎.𝟎𝟏𝟑 ∗ 𝐥𝐧
 𝟎.𝟏 

 𝑯+ 𝟐
   ⇒    −𝟎.𝟎𝟑 = −𝟎.𝟎𝟏𝟑 ∗ 𝐥𝐧

 𝟎.𝟏 

 𝑯+ 𝟐
 

  𝐥𝐧
 𝟎.𝟏 

 𝑯+ 𝟐
=

−𝟎.𝟎𝟑

−𝟎.𝟎𝟏𝟑
 

  𝐥𝐧
 𝟎.𝟏 

 𝑯+ 𝟐
= 𝟐.𝟑  ⇒  𝐥𝐧

 𝟎.𝟏 

 𝑯+ 𝟐
= 𝐥𝐧 𝟏𝟎 

 
 𝟎.𝟏 

 𝑯+ 𝟐
= 𝟏𝟎 ⇒  𝑯+ 𝟐 =

𝟎.𝟏

𝟏𝟎
  ⇒  𝑯+ 𝟐 = 𝟎.𝟎𝟏  ⇒  𝑯+ = 𝟎.𝟏 𝐌
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 𝟏𝟐− 𝟒 | ∆𝑮  ,𝑬𝒄𝒆𝒍𝒍   ,𝐄𝐜𝐞𝐥𝐥
 

𝑴𝒈 𝑴𝒈+𝟐 𝟎.𝟎𝟓 𝑴  | |𝐒𝐧+𝟐 𝟎.𝟎𝟒 𝐌  𝐒𝐧 

 

𝑬𝑺𝒏+𝟐|𝑺𝒏
 = −𝟎.𝟏𝟒 𝑽 ,𝑬𝑴𝒈+𝟐|𝑴𝒈

 = −𝟐.𝟑𝟕 𝑽 

 𝑴𝒈𝑺𝒏

 o 𝑴𝒈 → 𝑴𝒈+𝟐 + 𝟐𝒆−             𝑬𝒂𝒏𝒐𝒅𝒆
 = +𝟐.𝟑𝟕 𝑽 

 o 𝑺𝒏+𝟐  + 𝟐𝒆− → 𝑺𝒏               𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 = −𝟎.𝟏𝟒 𝑽  

 o 𝑴𝒈+ 𝑺𝒏+𝟐 → 𝑴𝒈+𝟐 + 𝑺𝒏 

  𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

𝑬𝒄𝒆𝒍𝒍
 = +𝟐.𝟑𝟕+  −𝟎.𝟏𝟒  

𝑬𝒄𝒆𝒍𝒍
 = +𝟐.𝟐𝟑  𝑽

 𝑬𝒄𝒆𝒍𝒍 

  𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧𝑸 

 o 𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧

 𝑴𝒈+𝟐 

 𝑺𝒏+𝟐 
  

 o 𝑬𝒄𝒆𝒍𝒍 =  𝟐.𝟐𝟑−
𝟎.𝟎𝟐𝟔𝑽

𝟐
𝐥𝐧

 𝟎.𝟎𝟓 

 𝟎.𝟎𝟒 
  

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟐.𝟐𝟑− 𝟎.𝟎𝟏𝟑 ∗ 𝐥𝐧
 𝟎.𝟎𝟓 

 𝟎.𝟎𝟒 
  

 o  𝑬𝒄𝒆𝒍𝒍 = 𝟐.𝟐𝟑− 𝟎.𝟎𝟏𝟑 ∗ 𝐥𝐧𝟏.𝟐𝟓 

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟐.𝟐𝟑−  𝟎.𝟎𝟏𝟑 ∗ 𝟎.𝟐𝟐𝟑   

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟐.𝟐𝟑− 𝟎.𝟎𝟎𝟑 𝑽  

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟐.𝟐𝟐𝟕 𝑽

  ∆𝑮 = −𝒏𝑭𝑬𝒄𝒆𝒍𝒍

∆𝑮 = −𝟐 ∗ 𝟗𝟔𝟓𝟎𝟎
𝑪

𝒎𝒐𝒍
∗ 𝟐.𝟐𝟐𝟕 𝑽

∆𝑮 = −𝟒𝟐𝟗𝟖𝟏𝟏   𝑱 𝒎𝒐𝒍   
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 𝟕− 𝟒∆𝑮  ,𝑬𝒄𝒆𝒍𝒍   ,𝐄𝐜𝐞𝐥𝐥
 

 1) 𝑴𝒈+ 𝑺𝒏+𝟐  → 𝑴𝒈+𝟐 + 𝑺𝒏  
 𝑴𝒈+𝟐 = 𝟎.𝟎𝟓 𝑴  ,  𝑺𝒏+𝟐 = 𝟎.𝟎𝟒 𝑴 

 2) 𝟑𝒁𝒏+ 𝟐𝑪𝒓+𝟑 → 𝟑𝒁𝒏+𝟐 + 𝟐𝑪𝒓  
 𝑪𝒓+𝟑 = 𝟎.𝟎𝟏 𝑴 ,  𝒁𝒏+𝟐 = 𝟎.𝟎𝟎𝟏𝑴  

 o−𝟏𝟏.𝟓𝟏 = 𝐥𝐧 𝟏𝟎−𝟓 

𝐄𝐌𝐠+𝟐|𝑴𝒈
 = −𝟐.𝟑𝟕 𝑽  ,𝐄𝐒𝐧+𝟐|𝑺𝒏

 = −𝟎.𝟏𝟒 𝑽       

 𝐄𝐙𝐧+𝟐|𝒁𝒏
 = −𝟎.𝟕𝟔 𝑽  ,𝐄𝐂𝐫+𝟑|𝑪𝒓

 = −𝟎.𝟕𝟒 𝑽 

 

 1) 𝑴𝒈+ 𝑺𝒏+𝟐  → 𝑴𝒈+𝟐 + 𝑺𝒏    

 

 2) 𝟑𝒁𝒏+ 𝟐𝑪𝒓+𝟑 → 𝟑𝒁𝒏+𝟐 + 𝟐𝑪𝒓 

  𝟑𝒁𝒏 → 𝟑𝒁𝒏+𝟐 + 𝟔𝒆−             𝑬𝒂𝒏𝒐𝒅𝒆
 = +𝟎.𝟕𝟔 𝑽 

  𝟐𝑪𝒓+𝟑 + 𝟔𝒆− → 𝑺𝒏                𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 = −𝟎.𝟕𝟒 𝑽  

  𝟑𝒁𝒏+ 𝟐𝑪𝒓+𝟑 → 𝟑𝒁𝒏+𝟐 + 𝟐𝑪𝒓 

  𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

𝑬𝒄𝒆𝒍𝒍
 = +𝟎.𝟕𝟔+  −𝟎.𝟕𝟒  

𝑬𝒄𝒆𝒍𝒍
 = 𝟎.𝟎𝟐  𝑽 

 𝑬𝒄𝒆𝒍𝒍 

  𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧𝑸 

 - 𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧

 𝒁𝒏+𝟐 
𝟑
 

 𝑺𝒏+𝟐 𝟐
  

 - 𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟎𝟐−
𝟎.𝟎𝟐𝟔𝑽

𝟔
𝐥𝐧

 𝟎.𝟎𝟎𝟏 𝟑

 𝟎.𝟎𝟏 𝟐
  

 - 𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟎𝟐− 𝟎.𝟎𝟎𝟒𝟑 ∗ 𝐥𝐧
 𝟏∗𝟏𝟎−𝟗 

 𝟏∗𝟏𝟎−𝟒 
  

 -  𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟎𝟐− 𝟎.𝟎𝟎𝟒𝟑 ∗ 𝐥𝐧𝟏𝟎−𝟓 

 - 𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟎𝟐−  𝟎.𝟎𝟎𝟒𝟑 ∗ −𝟏𝟏.𝟓𝟏  

 - 𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟎𝟐+ 𝟎.𝟎𝟓  

 - 𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟎𝟕 𝑽

  ∆𝑮 = −𝒏𝑭𝑬𝒄𝒆𝒍𝒍

∆𝑮 = −𝟔 ∗ 𝟗𝟔𝟓𝟎𝟎
𝑪

𝒎𝒐𝒍
∗ 𝟎.𝟎𝟕 𝑽

∆𝑮 = −𝟒𝟎𝟓𝟑𝟎   𝑱 𝒎𝒐𝒍   
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 𝟖− 𝟒𝑬𝒄𝒆𝒍𝒍
 𝒁𝒏|𝒁𝒏+𝟐𝑺𝑯𝑬 

𝑬𝒄𝒆𝒍𝒍 

  𝒁𝒏+𝟐 = 𝟎.𝟒𝟓 𝑴.  𝑯+ = 𝟏.𝟖 𝑴  , 𝑷𝑯𝟐
= 𝟏𝒂𝒕𝒎   

 = −𝟎.𝟕𝟔 𝑽𝑬𝒁𝒏+𝟐|𝒁𝒏
  

 𝐥𝐧𝟎.𝟏𝟑𝟖 = −𝟏.𝟗𝟖 

 

  𝒁𝒏 → 𝒁𝒏+𝟐 + 𝟐𝒆−             𝑬𝒂𝒏𝒐𝒅𝒆
 = +𝟎.𝟕𝟔 𝑽 

  𝟐𝑯+ + 𝟐𝒆− → 𝑯𝟐              𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 = 𝟎.𝟎  𝑽  

  𝒁𝒏+ 𝟐𝑯+ → 𝒁𝒏+𝟐 +𝑯𝟐 

 

  𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

𝑬𝒄𝒆𝒍𝒍
 = +𝟎.𝟕𝟔+  𝟎.𝟎  

𝑬𝒄𝒆𝒍𝒍
 = 𝟎.𝟕𝟔  𝑽 

  𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧𝑸 

 o 𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧

 𝒁𝒏+𝟐  

 𝑯+ 𝟐
  

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟕𝟔−
𝟎.𝟎𝟐𝟔𝑽

𝟐
𝐥𝐧

𝟎.𝟒𝟓

 𝟏.𝟖 𝟐
  

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟕𝟔− 𝟎.𝟎𝟏𝟑 ∗ 𝐥𝐧𝟎.𝟏𝟑𝟖  

 o  𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟕𝟔−  𝟎.𝟎𝟏𝟑 ∗ −𝟏.𝟗𝟖  

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟕𝟔−  −𝟎.𝟎𝟐𝟔  

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟕𝟔+ 𝟎.𝟎𝟐𝟔  

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟕𝟖𝟔𝑽 

 𝟐𝟐− 𝟒𝟎.𝟏 𝑴  

𝟎.𝟎𝟏 𝑴𝟐𝟓℃ 

 -𝟏.𝟏𝟎 𝑽  

 -𝐥𝐧𝟏𝟎 = 𝟐.𝟑 

 𝒁𝒏𝑪𝒖 

 𝑬𝒄𝒆𝒍𝒍
 

  𝒁𝒏 → 𝒁𝒏+𝟐 + 𝟐𝒆− 
  𝑪𝒖+𝟐 + 𝟐𝒆− → 𝑪𝒖  
  𝒁𝒏+ 𝑪𝒖+𝟐 → 𝒁𝒏+𝟐 + 𝑪𝒖  
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  𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧𝑸 

 o 𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧

 𝒁𝒏+𝟐  

 𝑪𝒖+𝟐 
  

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟏.𝟏𝟎−
𝟎.𝟎𝟐𝟔𝑽

𝟐
𝐥𝐧

𝟎.𝟏

𝟎.𝟎𝟏
  

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟏.𝟏𝟎− 𝟎.𝟎𝟏𝟑 ∗ 𝐥𝐧𝟏𝟎  
 o  𝑬𝒄𝒆𝒍𝒍 = 𝟏.𝟏𝟎−  𝟎.𝟎𝟏𝟑 ∗ 𝟐.𝟑  
 o 𝑬𝒄𝒆𝒍𝒍 = 𝟏.𝟏𝟎− 𝟎.𝟎𝟑 
 o 𝑬𝒄𝒆𝒍𝒍 = 𝟏.𝟏𝟎− 𝟎.𝟎𝟑  
 o 𝑬𝒄𝒆𝒍𝒍 = 𝟏.𝟎𝟕 𝑽 

 
 𝟐𝟒− 𝟒𝟐𝟓℃  

𝑪𝒖+𝟐 𝟎.𝟎𝟏𝑴 + 𝑪𝒅 → 𝑪𝒖+ 𝑪𝒅+𝟐 𝟎.𝟏𝑴  

 - +𝟎.𝟕𝟒 𝑽   

 -𝐥𝐧𝟏𝟎 = 𝟐.𝟑 

 𝑪𝒅𝑪𝒖  

 𝑬𝒄𝒆𝒍𝒍
 

  𝑪𝒅 → 𝑪𝒅+𝟐 + 𝟐𝒆− 

  𝑪𝒖+𝟐 + 𝟐𝒆− → 𝑪𝒖  

  𝑪𝒅+ 𝑪𝒖+𝟐 → 𝑪𝒅+𝟐 + 𝑪𝒖  

 ∆𝑮𝑬𝒄𝒆𝒍𝒍 

  𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧𝑸 

 o 𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧

 𝑪𝒅+𝟐  

 𝑪𝒖+𝟐 
  

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟕𝟒−
𝟎.𝟎𝟐𝟔𝑽

𝟐
𝐥𝐧

𝟎.𝟏

𝟎.𝟎𝟏
  

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟕𝟒− 𝟎.𝟎𝟏𝟑 ∗ 𝐥𝐧𝟏𝟎  

 o  𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟕𝟒−  𝟎.𝟎𝟏𝟑 ∗ 𝟐.𝟑  

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟕𝟒− 𝟎.𝟎𝟑 

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟕𝟒− 𝟎.𝟎𝟑  

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟕𝟏  𝑽 

  ∆𝑮 = −𝒏𝑭𝑬𝒄𝒆𝒍𝒍
∆𝑮 = −𝟐 ∗ 𝟗𝟔𝟓𝟎𝟎𝑪 𝒎𝒐𝒍 ∗ 𝟎.𝟕𝟏 𝑽

∆𝑮 = −𝟏𝟑𝟕𝟎𝟑𝟎   𝑱  𝒎𝒐𝒍 
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 𝟐𝟓− 𝟒𝟐𝟓℃

𝑴𝒈 𝑴𝒈+𝟐  𝟏𝑴  | | 𝑩𝒓− 𝟎.𝟏 𝑴   𝑩𝒓𝟐 𝟏𝒂𝒕𝒎  | 𝑷𝒕  

 -ln 0.01= - 4 . 6

𝐄𝐌𝐠+𝟐|𝑴𝒈
 = −𝟐.𝟑𝟕 𝑽  ,𝐄𝐁𝐫𝟐|𝑩𝒓−

 = +𝟏.𝟎𝟕 𝑽       

 

 𝑴𝒈 𝑩𝒓𝟐

  𝑴𝒈 → 𝑴𝒈+𝟐 + 𝟐𝒆−                    𝐄𝐚𝐧𝐨𝐝𝐞 
 = +𝟐.𝟑𝟕 𝑽 

  𝑩𝒓𝟐 + 𝟐𝒆− → 𝟐𝑩𝒓−                      𝐄𝐜𝐚𝐭𝐡𝐨𝐝
 = +𝟏.𝟎𝟕 𝑽  

 

  𝑴𝒈+ 𝑩𝒓𝟐 →  𝑴𝒈+𝟐 + 𝟐𝑩𝒓−

  𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

𝑬𝒄𝒆𝒍𝒍
 = +𝟐.𝟑𝟕+ 𝟏.𝟎𝟕 ⇒ 𝑬𝒄𝒆𝒍𝒍

 = +𝟑.𝟒𝟒  𝑽 

  𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧𝑸 

 o 𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧

 𝑴𝒈+𝟐   𝑩𝒓− 𝟐 

 𝟏  𝟏 
  

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟑.𝟒𝟒 − 𝟎.𝟎𝟏𝟑 ∗ 𝐥𝐧 𝟏 ∗  𝟎.𝟏 𝟐  

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟑.𝟒𝟒 − 𝟎.𝟎𝟏𝟑 ∗ 𝐥𝐧𝟎.𝟎𝟏  

 o  𝑬𝒄𝒆𝒍𝒍 = 𝟑.𝟒𝟒−  𝟎.𝟎𝟏𝟑 ∗ −𝟒.𝟔  

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟑.𝟒𝟒−  −𝟎.𝟎𝟔  

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟑.𝟒𝟒 + 𝟎.𝟎𝟔 

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟑.𝟓𝟎  𝑽 

  ∆𝑮 = −𝒏𝑭𝑬𝒄𝒆𝒍𝒍

∆𝑮 = −𝟐 ∗ 𝟗𝟔𝟓𝟎𝟎
𝑪

𝒎𝒐𝒍
∗ 𝟑.𝟓𝟎 𝑽

∆𝑮 = −𝟔𝟕𝟓𝟓𝟎𝟎   𝑱 𝒎𝒐𝒍 
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 𝟑𝟎− 𝟒𝑺𝒏 𝑺𝒏+𝟐 ?𝑴  | 𝑨𝒈+ 𝟏𝑴 |𝑨𝒈 

𝟐𝟓℃ 𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟗𝟗𝟗𝟐 𝑽 

𝑺𝒏+𝟐

 

𝑬𝑺𝒏+𝟐|𝑺𝒏 
 = −𝟎.𝟏𝟒𝑽   , 𝑬𝑨𝒈+𝟐|𝑨𝒈

 = +𝟎.𝟖𝟎 𝑽 

 𝐥𝐧𝟎.𝟎𝟏 = −𝟒.𝟔 

 𝑺𝒏𝑨𝒈+ 

  𝑺𝒏 → 𝑺𝒏+𝟐 + 𝟐𝒆−                          𝑬𝒂𝒏𝒐𝒅𝒆
 = +𝟎.𝟏𝟒 

  𝟐𝑨𝒈+ + 𝟐𝒆− → 𝟐𝑨𝒈                        𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 = +𝟎.𝟖𝟎 

 

  𝑺𝒏 + 𝟐𝑨𝒈+ → 𝑺𝒏+𝟐 + 𝟐𝑨𝒈

  𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

𝑬𝒄𝒆𝒍𝒍
 = +𝟎.𝟏𝟒+ 𝟎.𝟖𝟎 ⇒ 𝑬𝒄𝒆𝒍𝒍

 = 𝟎.𝟗𝟒  𝑽 

  𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧𝑸 

 o 𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝟐
𝐥𝐧

 𝑺𝒏+𝟐 

 𝑨𝒈+ 𝟐
  

 o 𝟎.𝟗𝟗𝟗𝟐 𝐕 = 𝟎.𝟗𝟒 𝐕− 𝟎.𝟎𝟏𝟑 𝐕 ∗ 𝐥𝐧
 𝑺𝒏+𝟐 

 𝟏 𝟐
 

 o 𝟎.𝟗𝟗𝟗𝟐 𝐕− 𝟎.𝟗𝟒 𝐕 = −𝟎.𝟎𝟏𝟑 𝐕 ∗ 𝐥𝐧
 𝑺𝒏+𝟐 

𝟏
 

 o 𝟎.𝟎𝟓𝟗𝟐 = −𝟎.𝟎𝟏𝟑 𝐕 ∗ 𝐥𝐧 𝑺𝒏+𝟐  

 o 𝐥𝐧 𝑺𝒏+𝟐 =
𝟎.𝟎𝟓𝟗𝟐

−𝟎.𝟎𝟏𝟑
 

 o 𝐥𝐧 𝑺𝒏+𝟐 = −𝟒.𝟔   ⇒  𝐥𝐧 𝑺𝒏+𝟐 = 𝐥𝐧𝟎.𝟎𝟏 

 o  𝑺𝒏+𝟐 = 𝟎.𝟎𝟏 

 𝟐𝟔− 𝟒𝟐𝟓℃ 

 -𝑲𝒆𝒒 = 𝟐.𝟑 ∗ 𝟏𝟎𝟒 

𝟐𝑯+ 𝟏𝑴 + 𝑷𝒃 → 𝑯𝟐 + 𝑷𝒃+𝟐 𝟎.𝟎𝟏𝑴  

 -𝐥𝐧𝟐.𝟑 ∗ 𝟏𝟎𝟒 = 𝟏𝟎.𝟎𝟒 

 

 ∆𝑮     ,𝑬𝒄𝒆𝒍𝒍  ,𝐄𝐜𝐞𝐥𝐥
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 𝑷𝒃𝑯𝟐  

  𝑷𝒃 → 𝑷𝒃+𝟐 + 𝟐𝒆− 

  𝟐𝑯+ + 𝟐𝒆− → 𝑯𝟐 

 

  𝑷𝒃+ 𝟐𝑯+ → 𝑷𝒃+𝟐 +𝑯𝟐 

  𝑬𝒄𝒆𝒍𝒍
 =

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧𝑲𝒆𝒒 

 o 𝑬𝒄𝒆𝒍𝒍
 =

𝟎.𝟎𝟐𝟔𝑽

𝟐
𝐥𝐧𝟐.𝟑 ∗ 𝟏𝟎𝟒 

 o 𝑬𝒄𝒆𝒍𝒍
 = 𝟎.𝟎𝟏𝟑 ∗ 𝟏𝟎.𝟎𝟒 

 o 𝑬𝒄𝒆𝒍𝒍
 = 𝟎.𝟏𝟑𝟎𝟓 𝑽 

  𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧𝑸 

 o 𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧

 𝑷𝒃+𝟐 

 𝑯+ 𝟐
  

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟏𝟑𝟎𝟓− 𝟎.𝟎𝟏𝟑 ∗ 𝐥𝐧
𝟎.𝟎𝟏

𝟏
 

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟏𝟑𝟎𝟓 −  𝟎.𝟎𝟏𝟑 ∗ 𝐥𝐧𝟎.𝟎𝟏   

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟏𝟑𝟎𝟓 −  𝟎.𝟎𝟏𝟑 ∗ −𝟒.𝟔  

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟏𝟑𝟎𝟓+ 𝟎.𝟎𝟔 

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟏𝟗𝟎𝟓 

  ∆𝑮 = −𝒏𝑭𝑬𝒄𝒆𝒍𝒍
∆𝑮 = −𝟐 𝒎𝒐𝒍 ∗ 𝟗𝟔𝟓𝟎𝟎𝑪 𝒎𝒐𝒍 ∗ 𝟎.𝟏𝟗𝟎𝟓𝑽

∆𝑮 = −𝟑𝟔𝟕𝟔𝟔.𝟓    𝑱 𝒎𝒐𝒍   

 

 

 𝟐𝟕− 𝟒𝟐𝟓℃ 

𝑺𝒏+𝟐 +𝑵𝒊 → 𝑺𝒏+𝑵𝒊+𝟐 

 - +𝟎.𝟏𝟕 𝑽  

 - 

𝑬 𝑵𝒊+𝟐 𝑵𝒊 
 = −𝟎.𝟐𝟓 𝑽  , 𝑬 𝑺𝒏+𝟐 𝑺𝒏 

 = −𝟎.𝟏𝟒 𝑽 

 -𝐥𝐧𝟎.𝟎𝟏 = −𝟒.𝟔 

 𝟏𝑴 

 𝑺𝒏 𝑵𝒊 
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  𝑵𝒊 → 𝑵𝒊+𝟐 + 𝟐𝒆−                     𝑬𝒂𝒏𝒐𝒅𝒆
 = +𝟎.𝟐𝟓 𝑽 

  𝑺𝒏+𝟐 + 𝟐𝒆− → 𝑺𝒏                      𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 = −𝟎.𝟏𝟒 𝑽  

 

  𝑺𝒏+𝟐 +𝑵𝒊 → 𝑺𝒏+𝑵𝒊+𝟐 

  𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

𝑬𝒄𝒆𝒍𝒍
 = +𝟎.𝟐𝟓+  −𝟎.𝟏𝟒 ⇒ 𝑬𝒄𝒆𝒍𝒍

 = 𝟎.𝟏𝟏  𝑽 

  𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧𝑸 

 o 𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧

 𝑵𝒊+𝟐 

 𝑺𝒏+𝟐 
  

 o 𝟎.𝟏𝟕 𝐕 = 𝟎.𝟏𝟏 𝐕− 𝟎.𝟎𝟏𝟑 𝐕 ∗ 𝐥𝐧
 𝑵𝒊+𝟐 

 𝟏 
 

 o 𝟎.𝟏𝟕 𝐕− 𝟎.𝟏𝟏 𝐕 = −𝟎.𝟎𝟏𝟑 𝐕 ∗ 𝐥𝐧
 𝑵𝒊+𝟐 

𝟏
 

 o 𝟎.𝟎𝟔 = −𝟎.𝟎𝟏𝟑 𝐕 ∗ 𝐥𝐧 𝑵𝒊+𝟐  

 o 𝐥𝐧 𝑵𝒊+𝟐 =
𝟎.𝟎𝟔

−𝟎.𝟎𝟏𝟑
 

 o 𝐥𝐧 𝑵𝒊+𝟐 = −𝟒.𝟔   ⇒  𝐥𝐧 𝑵𝒊+𝟐 = 𝐥𝐧 𝟎.𝟎𝟏 

 o  𝑵𝒊+𝟐 = 𝟎.𝟎𝟏 𝑴  

 

 𝟐𝟗− 𝟒𝟏𝒂𝒕𝒎 

𝟎.𝟎𝟏 𝑴 

 -−𝟒𝟖.𝟐𝟓 𝑲𝑱/𝒎𝒐𝒍  

 -𝑬 𝑵𝒊+𝟐 𝑵𝒊 
 = −𝟎.𝟐𝟓 𝑽  

 -𝐥𝐧𝟏 = 𝟎

 

 𝑵𝒊 

  𝑵𝒊 → 𝑵𝒊+𝟐 + 𝟐𝒆−                     𝑬𝒂𝒏𝒐𝒅𝒆
 = +𝟎.𝟐𝟓 𝑽 

  𝟐𝑯+ + 𝟐𝒆− → 𝑯𝟐                      𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 = 𝟎.𝟎 𝑽  

 

  𝑵𝒊+ 𝟐𝑯+ → 𝑵𝒊+𝟐 +𝑯𝟐

  𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

𝑬𝒄𝒆𝒍𝒍
 = +𝟎.𝟐𝟓 + 𝟎.𝟎 ⇒ 𝑬𝒄𝒆𝒍𝒍

 = 𝟎.𝟐𝟓   
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 ∆𝑮  𝑱 𝑬𝒄𝒆𝒍𝒍∆𝑮  

  ∆𝑮 = −𝒏𝑭𝑬𝒄𝒆𝒍𝒍 

 - ∆𝑮 = −𝟒𝟖.𝟐𝟓 𝑲𝑱 ∗  𝟏𝟎𝟎𝟎 = −𝟒𝟖𝟐𝟓𝟎𝑱 

 - −𝟒𝟖𝟐𝟓𝟎 = −𝟐 ∗ 𝟗𝟔𝟓𝟎𝟎 ∗ 𝑬𝒄𝒆𝒍𝒍 

  𝑬𝒄𝒆𝒍𝒍 = −
𝟒𝟖𝟐𝟓𝟎

−𝟐∗𝟗𝟔𝟓𝟎𝟎
⇒ 𝑬𝒄𝒆𝒍𝒍 = 𝟎.𝟐𝟓 𝐕 

  𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧𝑸 

 - 𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧

 𝑵𝒊+𝟐 

 𝑯+ 𝟐
  

 - 𝟎.𝟐𝟓 𝐕 = 𝟎.𝟐𝟓 𝐕− 𝟎.𝟎𝟏𝟑 𝐕 ∗ 𝐥𝐧
𝟎.𝟎𝟏

 𝑯+ 𝟐
 

 - 𝟎.𝟐𝟓 𝐕− 𝟎.𝟐𝟓 𝐕 = −𝟎.𝟎𝟏𝟑 𝐕 ∗ 𝐥𝐧
𝟎.𝟎𝟏

 𝑯+ 𝟐
 

 - 𝟎 = −𝟎.𝟎𝟏𝟑 𝐕 ∗ 𝐥𝐧
𝟎.𝟎𝟏

 𝑯+ 
 

 - 𝐥𝐧
𝟎.𝟎𝟏

 𝑯+ 𝟐
=

𝟎

−𝟎.𝟎𝟏𝟑
 

 - 𝐥𝐧
𝟎.𝟎𝟏

 𝑯+ 𝟐
= 𝟎 ⇒  𝐥𝐧

𝟎.𝟎𝟏

 𝑯+ 𝟐
= 𝐥𝐧𝟏 

 -
𝟎.𝟎𝟏

 𝑯+ 𝟐
= 𝟏 

 -  𝑯+ 𝟐 = 𝟎.𝟎𝟏 ⇒  𝑯+ = 𝟎.𝟏 𝑴 

  𝑷𝑯 = − 𝐥𝐨𝐠 𝑯+  

  𝑷𝑯 = − 𝐥𝐨𝐠𝟏 ∗ 𝟏𝟎− 

  𝑷𝑯 = − 𝐥𝐨𝐠𝟏+ 𝐥𝐨𝐠𝟏𝟎−𝟏  

  𝑷𝑯 = − 𝟎+  −𝟏   

  𝑷𝑯 = 𝟏 
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 𝟒𝟎− 𝟒 

𝑬 𝒁𝒏+𝟐 𝒁𝒏 
 = −𝟎.𝟕𝟔 𝑽     ,𝑬 𝑨𝒈+|𝑨𝒈  

 = 𝟎.𝟖𝟎 𝑽 

 - 

 

1 M

 

𝟎.𝟏 𝑴  

  

  𝒁𝒏 

𝒁𝒏

𝑨𝒈𝒁𝒏𝑨𝒈

 ∆𝑮 

 𝟏𝑴 

 o 𝒁𝒏 → 𝒁𝒏+𝟐 + 𝟐𝒆−                  𝑬𝒂𝒏𝒐𝒅𝒆
 = +𝟎.𝟕𝟔 𝑽 

 o 𝟐𝑨𝒈+ + 𝟐𝒆− → 𝑨𝒈                  𝑬𝒄𝒂𝒕𝒉𝒐𝒅
 = +𝟎.𝟖 𝑽 

 

 o 𝒁𝒏+ 𝟐𝑨𝒈+ → 𝒁𝒏+𝟐 + 𝑨𝒈  

  𝑬𝒄𝒆𝒍𝒍
 = 𝑬𝒂𝒏𝒐𝒅𝒆

 + 𝑬𝒄𝒂𝒕𝒉𝒐𝒅
  

𝑬𝒄𝒆𝒍𝒍
 = 𝟎.𝟕𝟔+ 𝟎.𝟖 ⇒ 𝑬𝒄𝒆𝒍𝒍

 = 𝟏.𝟓𝟔  𝑽 

  𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧𝑸 

 o 𝑬𝒄𝒆𝒍𝒍 = 𝑬𝒄𝒆𝒍𝒍
 −

𝟎.𝟎𝟐𝟔𝑽

𝒏
𝐥𝐧

 𝒁𝒏+𝟐 

 𝑨𝒈+ 𝟐
  

 o  𝑬𝒄𝒆𝒍𝒍 = 𝟏.𝟓𝟔−  𝟎.𝟎𝟏𝟑 ∗ 𝐥𝐧
𝟏

 𝟎.𝟏 𝟐
  

 o  𝑬𝒄𝒆𝒍𝒍 = 𝟏.𝟓𝟔−  𝟎.𝟎𝟏𝟑 ∗ 𝐥𝐧𝟏𝟎𝟎  

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟏.𝟓𝟔−  𝟎.𝟎𝟏𝟑 ∗ 𝟒.𝟔  

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟏.𝟓𝟔− 𝟎.𝟎𝟔 

 o 𝑬𝒄𝒆𝒍𝒍 = 𝟏.𝟓 𝑽 

  ∆𝑮 = −𝒏𝑭𝑬𝒄𝒆𝒍𝒍

∆𝑮 = −𝟐 ∗ 𝟗𝟔𝟓𝟎𝟎
𝑪

𝒎𝒐𝒍
∗ 𝟏.𝟓 𝑽

∆𝑮 = −𝟐𝟖𝟗𝟓𝟎𝟎   𝑱 /𝒎𝒐𝒍  
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  𝑬 = 𝑬 −
𝟎.𝟎𝟐𝟔 𝑽

𝒏
𝐥𝐧𝑸 

 𝟏𝟒− 𝟒𝑯𝟐𝟐𝟓℃ 𝟏𝒂𝒕𝒎  

 -𝑷𝑯1 

 -𝐥𝐧𝟏𝟎𝟎 = 𝟒.𝟔 

 𝑷𝑯 𝑯+𝑬 𝑯+ 𝑯  0.0 V 𝑬 𝑯+ 𝑯 
 

  𝑷𝑯 = 𝟏 
 𝑯+ = 𝟏𝟎−𝑷𝑯 ⇒  𝑯+ = 𝟎.𝟏 𝑴  

  𝑬 𝑯+|𝑯 = 𝑬 𝑯+|𝑯 
 −

𝟎.𝟎𝟐𝟔 𝑽

𝒏
𝐥𝐧

𝟏

 𝑯+ 𝟐
 

𝑬 𝑯+|𝑯 = 𝟎−
𝟎.𝟎𝟐𝟔 𝑽

𝟐
𝐥𝐧

𝟏

𝟎.𝟎𝟏
 

𝑬 𝑯+|𝑯 = −𝟎.𝟎𝟏𝟑 ∗ 𝟒.𝟔  

𝑬 𝑯+|𝑯 = −𝟎.𝟎𝟓𝟗𝟖 𝑽  

 𝟐𝟏− 𝟒 

 −𝟎.𝟖𝟐 𝑽  −𝟎.𝟕𝟔 𝑽  

 -𝐥𝐧𝟏𝟎𝟎 = 𝟒.𝟔 

 1

  𝒁𝒏+𝟐 + 𝟐𝒆− → 𝒁𝒏 

  𝑬𝒁𝒏+𝟐|𝒁𝒏 = 𝑬𝒁𝒏+𝟐|𝒁𝒏
 −

𝟎.𝟎𝟐𝟔 𝑽

𝒏
𝐥𝐧

𝟏

 𝒁𝒏+𝟐 
 

 - −𝟎.𝟖𝟐 = −𝟎.𝟕𝟔 −
𝟎.𝟎𝟐𝟔 𝑽

𝟐
𝐥𝐧

𝟏

 𝒁𝒏+𝟐 
 

 - −𝟎.𝟖𝟐+ 𝟎.𝟕𝟔 = −𝟎.𝟎𝟏𝟑 𝑽 ∗ 𝐥𝐧
𝟏

 𝒁𝒏+𝟐 
 

 - −𝟎.𝟎𝟔 = −𝟎.𝟎𝟏𝟑 𝑽 ∗ 𝐥𝐧
𝟏

 𝒁𝒏+𝟐 
 

 - 𝐥𝐧
𝟏

 𝒁𝒏+𝟐 
=

−𝟎.𝟎𝟔

−𝟎.𝟎𝟏𝟑
 

 - 𝐥𝐧
𝟏

 𝒁𝒏+𝟐 
= 𝟒.𝟔 

 - 𝐥𝐧
𝟏

 𝒁𝒏+𝟐 
= 𝐥𝐧 𝟏𝟎𝟎 

 -   𝒁𝒏+𝟐 =
𝟏

𝟏𝟎𝟎
  →  𝒁𝒏+𝟐 = 𝟎.𝟎𝟏 𝑴  
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 𝟑𝟗− 𝟒 

𝟎.𝟎𝟓𝟗𝟐 𝑽  

 - 

 -𝐥𝐧𝟏𝟎𝟎 = 𝟒.𝟔  

 𝑪𝒖 

 -a 

𝟎.𝟎𝟓𝟗𝟐𝒂− 𝟎.𝟎𝟓𝟗𝟐

𝑪𝒖+𝟐 + 𝟐𝒆− → 𝑪𝒖

  𝑬𝑪𝒖+𝟐|𝑪𝒖 = 𝑬𝑪𝒖+𝟐|𝑪𝒖
 −

𝟎.𝟎𝟐𝟔 𝑽

𝒏
𝐥𝐧

𝟏

 𝑪𝒖+𝟐 
 

  𝒂 − 𝟎.𝟎𝟓𝟗𝟐 = 𝒂 −
𝟎.𝟎𝟐𝟔 𝑽

𝟐
𝐥𝐧

𝟏

 𝑪𝒖+𝟐 
 

  𝒂 − 𝒂− 𝟎.𝟎𝟓𝟗𝟐 = −𝟎.𝟎𝟏𝟑 ∗ 𝐥𝐧
𝟏

 𝑪𝒖+𝟐 
 

  −𝟎.𝟎𝟓𝟗𝟐 = −𝟎.𝟎𝟏𝟑 ∗ 𝐥𝐧
𝟏

 𝑪𝒖+𝟐 
 

  𝐥𝐧
𝟏

 𝑪𝒖+𝟐 
=

−𝟎.𝟎𝟓𝟗𝟐

−𝟎.𝟎𝟏𝟑
 

  𝐥𝐧
𝟏

 𝑪𝒖+𝟐 
= 𝟒.𝟔  

  𝐥𝐧
𝟏

 𝑪𝒖+𝟐 
= 𝐥𝐧𝟏𝟎𝟎 

 
𝟏

 𝑪𝒖+𝟐 
= 𝟏𝟎𝟎 ⇒   𝑪𝒖+𝟐 =

𝟏

𝟏𝟎𝟎
 = 𝟎.𝟎𝟏 𝑴
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 𝑵𝒂+ 

𝑵𝒂+ + 𝒆− → 𝑵𝒂  

  

𝑪𝒍−𝑪𝒍𝟐 

𝟐𝑪𝒍− → 𝑪𝒍𝟐 + 𝟐𝒆−

 

 

  𝟐𝑵𝒂+ + 𝟐𝒆− → 𝟐𝑵𝒂 

  𝟐𝑪𝒍− → 𝑪𝒍𝟐 + 𝟐𝒆− 

  𝟐𝑵𝒂+ + 𝟐𝑪𝒍− → 𝟐𝑵𝒂+ 𝑪𝒍𝟐 

  

 𝑵𝒂𝑪𝒍
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𝑯𝟐 

 

  

  

 

𝑪𝒍𝟐𝑶𝟐 
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 الحسابات والقوانين

𝑸 = 𝒆− ∗ 𝒏 

𝒏   𝑸  

n

 1) 𝒏 =
𝒎𝒈

𝑴𝒈 𝒎𝒐𝒍 

 2) 𝒏 = 𝑴𝒎𝒐𝒍 𝑳 ∗ 𝑽𝑳 

 3) 𝒏 =
𝑽𝑳

𝟐𝟐.𝟒 𝑳 𝒎𝒐𝒍 
 

 4) 𝒏 =
          

  
 

 5) 𝒏 =
𝑷𝑽

𝑹𝑻
 

𝑷 = 𝒂𝒕𝒎 
𝑹 = 𝟎.𝟎𝟖𝟐 
𝑽𝑳 = 𝑳 

 = 𝟔.𝟎𝟐𝟑 ∗ 𝟏𝟎𝟐𝟑 

𝑸

 1) 𝑸 =
𝑰𝑨∗𝒕𝑺

𝟗𝟔𝟓𝟎𝟎
 

 2) 𝑸 =
  

  

 

𝑸𝒎𝒐𝒍𝒆.𝒆− = 

𝑰𝑨 = 

𝒕𝑺 =

= e-

 

 𝑸𝒏

 𝒏𝑸  

  

 𝑨𝒖+𝟑 + 𝟑𝒆− → 𝑨𝒖  

 𝑨𝒈+ + 𝒆− → 𝑨𝒈  

 𝑪𝒖+𝟐 + 𝟐𝒆− → 𝑪𝒖 

 𝟐𝑯+ + 𝟐𝒆− → 𝑯𝟐 

 𝟐𝑶−𝟐 → 𝑶𝟐 + 𝟒𝒆− 

 𝑿+𝟏 + 𝟏𝒆− → 𝑿 

 𝑿+𝟐 + 𝟐𝒆− → 𝑿 

 𝑿+𝟑 + 𝟑𝒆− → 𝑿 

 e 
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 𝑸

𝒕𝑺 , 𝑰𝑨 

 𝒏 

 𝑸𝑸 = 𝒏 ∗ 𝒆−ne 

 𝑸

 

 𝒏

 𝑴𝒈|𝒎𝒐𝒍  𝒎𝒈 𝐌𝐦𝐨𝐥/𝐋   𝑽𝑳 

 

 𝑸 

 𝒏𝑸 = 𝒏 ∗ 𝒆−Q e  

 𝒏 

 

 

𝑸 

 
𝒏 = 𝒏 − 𝒏

   nn  

 

 

𝑸 = 𝑸 + 𝑸

   

  𝟏  𝟐

  Q Q 

 𝟗− 𝟒𝑴𝒈+𝟐 + 𝟐𝒆− → 𝑴𝒈 

𝟐𝟓𝑨 

  𝟏𝒉𝒓 𝟐𝟒

 𝒎𝒈𝒏𝑸𝒏𝒏



 

 

  
 

 امفصل امرابع امكٌىٌاء امكهربائٌة     كٌىٌاء امصادس امعنىي امفرع الاحٌائي  
 

 

 

 

 07709702369امىوباًل :   اعداد الاشجاذ هاشه امغرباوي 
 

52  

 1) 𝑸 =
𝑰𝑨∗𝒕𝑺

𝟗𝟔𝟓𝟎𝟎
 ⇒ 𝑸 =

𝟐𝟓 𝑨∗𝟑𝟔𝟎𝟎 𝑺

𝟗𝟔𝟓𝟎𝟎
           ⇐ 𝟏𝑯𝒓 = 𝟑𝟔𝟎𝟎  𝑺  

𝑸 =
𝟗𝟎𝟎𝟎𝟎  

𝟗𝟔𝟓𝟎𝟎
 ⇒ 𝑸 = 𝟎.𝟗 𝒎𝒐𝒍.𝒆− 

  + +   − →   

 2) 𝑸 = 𝒏 ∗ 𝒆− ⇒ 𝒏 =
𝑸

𝒆−
 

𝒏 =
𝟎.𝟗 𝒎𝒐𝒍.𝒆−

𝟐𝒆−
⇒ 𝒏 = 𝟎.𝟒𝟓 𝒎𝒐𝒍  

 3) 𝒏 =
𝒎𝒈

𝑴𝒈 𝒎𝒐𝒍 
 ⇒ 𝟎.𝟒𝟓 =

𝒎𝒈

𝟐𝟒
 

𝒎𝒈 = 𝟎.𝟒𝟓 𝒎𝒐𝒍 ∗ 𝟐𝟒𝒈 𝒎𝒐𝒍  

𝒎𝒈 = 𝟏𝟎.𝟖 𝒈  

  𝒏 =
 

 
⇒ 𝟎.𝟒𝟓 =

  

𝟔.𝟎𝟐𝟑∗𝟏𝟎𝟐𝟑
  

   = 𝟎.𝟒𝟓 ∗ 𝟔.𝟎𝟐𝟑 ∗ 𝟏𝟎𝟐𝟑

 = 𝟐.𝟕 ∗ 𝟏𝟎𝟐𝟑𝒂𝒕𝒐𝒎𝒔  

 

 𝟏𝟑− 𝟒𝑨𝒖𝑪𝒍𝟑 

𝟐𝟎𝟎 𝑺𝟑𝒈

𝟏𝟗𝟕 

 𝑰𝑨𝑸𝒏𝑸𝑸 𝑰𝑨 

 

 1) 𝒏 =
𝒎𝒈

𝒎𝒈 𝒎𝒐𝒍 
 ⇒ 𝒏 =

𝟑𝒈

𝟏𝟗𝟕𝒈 𝒎𝒐𝒍 
= 𝟎.𝟎𝟏𝟓 𝒎𝒐𝒍 

𝑨𝒖+𝟑 + 𝟑𝒆− → 𝑨𝒖

 2) 𝑸 = 𝒏 ∗ 𝒆− 

     𝑸 = 𝟎.𝟎𝟏𝟓 𝒎𝒐𝒍 ∗ 𝟑 𝒆− = 𝟎.𝟎𝟒𝟓 𝒎𝒐𝒍.𝒆− 

3) 𝑸 =
𝑰𝑨∗𝒕𝑺

𝟗𝟔𝟓𝟎𝟎
 

𝟎.𝟎𝟒𝟓 =
𝑰𝑨 ∗ 𝟐𝟎𝟎 𝑺

𝟗𝟔𝟓𝟎𝟎
  

𝑰𝑨 =
𝟎.𝟎𝟒𝟓 ∗ 𝟗𝟔𝟓𝟎𝟎

𝟐𝟎𝟎
= 𝟐𝟏.𝟕 𝑨  
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 𝟏𝟒− 𝟒𝑪𝒖𝑺𝑶𝟒𝟎.𝟐𝑴𝟔𝟎𝟎𝒎𝒍  

𝟗𝟔.𝟓 𝑨

𝟎.𝟎𝟑𝒎𝒐𝒍                           

 𝒕𝒔𝐐𝒏𝑸𝐐𝒕𝒔 

 

 𝒏 

𝒏 

  𝑽𝑳 =
𝟔𝟎𝟎𝒎𝒍

𝟏𝟎𝟎𝟎𝒎𝒍 𝑳 
= 𝟎.𝟔𝑳 

 1- 𝒏−𝑴𝒎𝒐𝒍 𝑳 ∗ 𝑽𝑳  

𝒏 = 𝟎.𝟐 ∗ 𝟎.𝟔 = 𝟎.𝟏𝟐𝒎𝒐𝒍 
𝒏 = 𝒏 − 𝒏

𝒏 = 𝟎.𝟏𝟐− 𝟎.𝟎𝟑 = 𝟎.𝟎𝟗

 

                            𝑪𝒖+𝟐 + 𝟐𝒆− → 𝑪𝒖  
 2- 𝑸 = 𝒏 ∗ 𝒆− 
𝑸 = 𝟎.𝟎𝟗 ∗ 𝟐 = 𝟎.𝟏𝟖 𝒎𝒐𝒍. 𝒆− 

 3- 𝑸 =
𝑰𝑨∗𝒕𝑺

𝟗𝟔𝟓𝟎𝟎
  

𝟎.𝟏𝟖 =
𝟗𝟔.𝟓 ∗ 𝒕𝒔
𝟗𝟔𝟓𝟎𝟎

 

𝒕𝒔 =
𝟎.𝟏𝟖 ∗ 𝟗𝟔𝟓𝟎𝟎

𝟗𝟔.𝟓
= 𝟏𝟖𝟎 𝑺 

 𝟏𝟎− 𝟒  

𝟐𝑯𝟐𝑶 → 𝟒𝑯+ + 𝑶𝟐 + 𝟒𝒆− 

𝐎𝟐  𝟎.𝟎𝟖𝑳𝟐𝟓℃  𝟕𝟓𝟓 𝒎𝒎.𝑯𝒈

𝟏𝒂𝒕𝒎 = 𝟕𝟔𝟎 𝒎𝒎.𝑯𝒈  

 𝒏𝑸 𝒎𝒐𝒍. 𝒆− 𝑻𝑲 = 𝟐𝟓+ 𝟐𝟕𝟑 = 𝟐𝟗𝟖 𝑲 

  𝑷𝒂𝒕𝒎 =
𝑷𝒎𝒎.𝑯𝒈

𝑷𝒎𝒎.𝑯𝒈 𝒂𝒕𝒎 
 ⇒ 𝑷𝒂𝒕𝒎 =

𝟕𝟓𝟓 𝒎𝒎.𝑯𝒈

𝟕𝟔𝟎 𝒎𝒎.𝑯𝒈 𝒂𝒕𝒎 
= 𝟎.𝟗𝟗 𝒂𝒕𝒎

 1- 𝒏 =
𝑷𝑽

𝑹𝑻
⇒ 𝒏 =

𝟎.𝟗𝟗∗𝟎.𝟎𝟖

𝟎.𝟎𝟖𝟐∗𝟐𝟗𝟖
= 𝟎.𝟎𝟎𝟑 𝒎𝒐𝒍  

                   𝟐𝑯𝟐𝑶 → 𝟒𝑯+ + 𝟐𝑶𝟐 + 𝟒𝒆− 

 2- 𝑸 = 𝒏 ∗ 𝒆− 
𝑸 = 𝟎.𝟎𝟎𝟑𝒎𝒐𝒍 ∗ 𝟒𝒆− 
𝑸 = 𝟎.𝟎𝟏𝟐 𝒎𝒐𝒍.𝒆− 
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 𝟏𝟏− 𝟒𝟑.𝟕𝟓 𝑯𝒓 

𝑨𝒈𝑵𝑶𝟑

𝑪𝒖𝑪𝒍𝟐

𝟐𝒈𝑴  𝒄𝒖 = 𝟔𝟑.𝟓𝒈 𝒎𝒐𝒍 𝑴  𝑨𝒈 = 𝟏𝟎𝟖𝒈 𝒎𝒐𝒍    

 

  

 𝑸𝒎𝒐𝒍.𝒆− 

 𝑸𝒏𝑸𝑸𝑰𝑨 

 𝑸 

 1) 𝒏 =
𝒎𝒈

𝑴𝒈 𝒎𝒐𝒍 
 ⇒ 𝒏 =

𝟐𝒈

𝟏𝟎𝟖𝒈 𝒎𝒐𝒍 
= 𝟎.𝟎𝟏𝟖𝟓 𝒎𝒐𝒍 

 2)                   𝑨𝒈+ + 𝒆− → 𝑨𝒈 

𝑸 = 𝒏 ∗ 𝒆− 

𝑸 = 𝟎.𝟎𝟏𝟖𝟓 𝒎𝒐𝒍 ∗ 𝟏𝒆− 

𝑸 = 𝟎.𝟎𝟏𝟖𝟓 𝒎𝒐𝒍.𝒆− 

 3) 𝑸 =
𝑰𝑨∗𝒕𝑺

𝟗𝟔𝟓𝟎𝟎
                                                                   𝒕𝑺 = 𝟑.𝟕𝟓 ∗ 𝟑𝟔𝟎𝟎 = 𝟏𝟑𝟓𝟎𝟎 𝑺 

𝟎.𝟎𝟏𝟖𝟓 =
𝑰𝑨 ∗ 𝟏𝟑𝟓𝟎𝟎 𝑺

𝟗𝟔𝟓𝟎𝟎
  

𝑰𝑨 =
𝟎.𝟎𝟏𝟖𝟓 ∗ 𝟗𝟔𝟓𝟎𝟎

𝟏𝟑𝟓𝟎𝟎
= 𝟎.𝟏𝟒 𝑨 

 𝑪𝒖𝑸 

 1- 𝑸 = 𝟎.𝟎𝟏𝟖𝟓 

𝑪𝒖+𝟐 + 𝟐𝒆− → 𝑪𝒖 

 2- 𝒏 =
𝑸

𝒆−
⇒ 𝒏 =

𝟎.𝟎𝟏𝟖𝟓

𝟐
= 𝟎.𝟎𝟏 

 3- 𝒏 =
𝒎𝒈

𝑴𝒈 𝒎𝒐𝒍 
 ⇒ 𝟎.𝟎𝟏 =

𝒎𝒈

𝟔𝟑.𝟓𝒈 𝒎𝒐𝒍 
  ⇒ 𝒎𝒈 = 𝟎.𝟔𝟑𝟓 𝒈  

 

 𝟏𝟖− 𝟒  𝑨 𝟓 𝒈 

+𝟑 𝑴 = 𝟏𝟗𝟕 𝒈/𝒎𝒐𝒍 

 𝑰𝑨𝑸𝒏𝑸𝑸 

𝑰𝑨
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 1- 𝒏 =
𝒎𝒈

𝑴𝒈 𝒎𝒐𝒍 
⇒ 𝒏 =

𝟓𝒈

𝟏𝟗𝟕𝒈 𝒎𝒐𝒍 
= 𝟎.𝟎𝟐𝟓  

𝑨𝒖+𝟑 + 𝟑𝒆− → 𝑨𝒖 
 2- 𝑸 = 𝒏 ∗ 𝒆− 
𝑸 = 𝟎.𝟎𝟐𝟓 𝒎𝒐𝒍 ∗ 𝟑𝒆− 
𝑸 = 𝟎.𝟎𝟕𝟓 𝒎𝒐𝒍.𝒆− 

 3- 𝑸 =
𝑰𝑨∗𝒕𝑺

𝟗𝟔𝟓𝟎𝟎
                                                                   𝒕𝑺 = 𝟏 ∗ 𝟑𝟔𝟎𝟎 = 𝟑𝟔𝟎𝟎 𝑺 

𝟎.𝟎𝟕𝟓 =
𝑰𝑨 ∗ 𝟑𝟔𝟎𝟎 𝑺

𝟗𝟔𝟓𝟎𝟎
 

𝑰𝑨 =
𝟎.𝟎𝟕𝟓 ∗ 𝟗𝟔𝟓𝟎𝟎

𝟑𝟔𝟎𝟎
= 𝟐.𝟎𝟏 𝑨 

 

 𝟑𝟏− 𝟒  𝟏𝟎𝑨𝟗𝟔𝟓 𝑺 

𝟔𝟑 = 

 𝒎𝒈  𝒏𝑸𝒏 

 1) 𝑸 =
𝑰𝑨∗𝒕𝑺

𝟗𝟔𝟓𝟎𝟎
 

𝑸 =
𝟏𝟎𝑨 ∗ 𝟗𝟔𝟓 𝑺

𝟗𝟔𝟓𝟎𝟎
= 𝟎.𝟏 𝒎𝒐𝒍.𝒆− 

           𝑪𝒖+𝟐 + 𝟐𝒆− → 𝑪𝒖 

 2) 𝑸 = 𝒏 ∗ 𝒆− 

𝒏 =
𝑸

𝒆−
⇒ 𝒏 =

𝟎.𝟏

𝟐
= 𝟎.𝟎𝟓 𝒎𝒐𝒍  

 3-

𝒏 =
𝒎𝒈

𝑴𝒈 𝒎𝒐𝒍 
 ⇒ 𝟎.𝟎𝟓 =

𝒎𝒈

𝟔𝟑𝒈 𝒎𝒐𝒍 
  ⇒ 𝒎𝒈 = 𝟑.𝟏𝟓 𝒈  

 

𝒏 =
 

 
⇒ 𝟎.𝟎𝟓 =

  

𝟔.𝟎𝟐𝟑 ∗ 𝟏𝟎𝟐𝟑
  

 = 𝟎.𝟎𝟓 ∗ 𝟔.𝟎𝟐𝟑 ∗ 𝟏𝟎𝟐𝟑

 = 𝟎.𝟑 ∗ 𝟏𝟎𝟐𝟑𝒂𝒕𝒐𝒎𝒔 
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 𝟑𝟐− 𝟒𝟎.𝟔𝟒𝟖 𝒈 

𝟑𝑨𝟑𝐦𝐢𝐧  𝟏𝟑 𝒔

 𝑴𝒈 𝒎𝒐𝒍 𝒏𝑸𝒏𝒏

𝑴𝒈 𝒎𝒐𝒍 

 1) 𝑸 =
𝑰𝑨∗𝒕𝑺

𝟗𝟔𝟓𝟎𝟎
                                                                   𝒕𝒔 = 𝟑 ∗ 𝟔𝟎+ 𝟏𝟑 𝑺 = 𝟏𝟗𝟑 𝒔  

𝑸 =
𝟑𝑨 ∗ 𝟏𝟗𝟑 𝑺

𝟗𝟔𝟓𝟎𝟎
= 𝟎.𝟎𝟎𝟔 𝒎𝒐𝒍.𝒆−

 2)               𝑿+ + 𝟏𝒆− → 𝑿 

𝒏 =
𝑸

𝒆−
⇒ 𝒏 =

𝟎.𝟎𝟎𝟔

𝟏
= 𝟎.𝟎𝟎𝟔 𝒎𝒐𝒍  

 3) 𝒏 =
𝒎𝒈

𝑴𝒈 𝒎𝒐𝒍 
 ⇒ 𝟎.𝟎𝟎𝟔 =

𝟎.𝟔𝟒𝟖

𝑴𝒈 𝒎𝒐𝒍 
 ⇒ 𝑴𝒈 𝒎𝒐𝒍 = 

𝟎.𝟔𝟒𝟖

𝟎.𝟎𝟎𝟔
= 𝟏𝟎𝟖𝒈 𝒎𝒐𝒍  

 

 𝟑𝟑− 𝟒 

𝑺𝑻𝑷𝑺𝑻𝑷𝟐𝟐.𝟒 𝑳  

 𝑸𝒏𝑸𝑸

 1- 𝒏 =
𝑽𝑳

𝟐𝟐.𝟒 𝑳
⇒ 𝒏 =

𝟐∗𝟐𝟐.𝟒 𝑳

𝟐𝟐.𝟒𝑳
= 𝟐𝒎𝒐𝒍 

 2- 𝟐𝑶−𝟐 → 𝑶𝟐 + 𝟒𝒆− 

𝑸 = 𝒏 ∗ 𝒆− 

𝑸 = 𝟐𝒎𝒐𝒍 ∗ 𝟒𝒆− = 𝟖 𝒎𝒐𝒍. 𝒆− 

 3- 𝑸 =
  

 

𝟖 𝒎𝒐𝒍.𝒆− =
  

𝟔.𝟎𝟐𝟑 ∗ 𝟏𝟎𝟐𝟑
 

 = 𝟖 𝒎𝒐𝒍. 𝒆− ∗ 𝟔.𝟎𝟐𝟑 ∗ 𝟏𝟎𝟐𝟑 = 𝟒𝟖.𝟏𝟔 ∗ 𝟏𝟎𝟐𝟑 𝒆− 

 

  𝟐 ∗ 𝟐𝟐.𝟒 𝑳 

 𝟐𝟐.𝟒 𝑳𝒏 =
 

𝟐𝟐.𝟒𝑳
 

 
𝟏

𝟐
∗ 𝟐𝟐.𝟒 𝑳
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 𝟑𝟒− 𝟒𝟐𝒉𝒓 𝟓𝟐𝟎 𝑺 

𝟑𝟔.𝟏𝟐 ∗ 𝟏𝟎𝟐𝟏

 𝑰𝑨𝑸𝒏 𝑸𝑸𝑰𝑨

 𝑯𝑶

   = 𝟑𝟔.𝟏𝟐 ∗ 𝟏𝟎𝟐𝟏 ÷ 𝟑 = 𝟏𝟐.𝟎𝟒 ∗ 𝟏𝟎𝟐𝟏 

 1) 𝒏 =
  

 
⇒ 𝒏 =

𝟏𝟐.𝟎𝟒∗𝟏𝟎𝟐𝟏

𝟔.𝟎𝟐𝟑∗𝟏𝟎𝟐𝟑
= 𝟎.𝟎𝟐 𝒎𝒐𝒍 

 2) 𝟐𝑯𝟐𝑶 → 𝟒𝑯+𝟐 +𝑶𝟐 + 𝟒𝒆− 
𝑸 = 𝒏 ∗ 𝒆− 
𝑸 = 𝟎.𝟎𝟐 𝒎𝒐𝒍 ∗ 𝟒𝒆− = 𝟎.𝟎𝟖 𝒎𝒐𝒍.𝒆− 
𝒕𝒔 = 𝟐 ∗ 𝟑𝟔𝟎𝟎 𝒔+ 𝟓𝟐𝟎 = 𝟕𝟕𝟐𝟎 𝒔 

 3) 𝑸 =
𝑰𝑨∗𝒕𝑺

𝟗𝟔𝟓𝟎𝟎
  

𝟎.𝟎𝟖 =
𝑰𝑨 ∗ 𝟕𝟕𝟐𝟎 𝑺

𝟗𝟔𝟓𝟎𝟎
 ⇒ 𝑰𝑨 =

𝟎.𝟎𝟖 ∗ 𝟗𝟔𝟓𝟎𝟎

𝟕𝟕𝟐𝟎
= 𝟏 𝑨 

 

 𝟑𝟓− 𝟒𝟏𝟎𝑨 

𝟗.𝟔𝟓 𝒔 %𝟕𝟓

𝟏𝟗𝟕 = 

 𝒎𝒈𝒏𝑸𝒏𝒏

 1) 𝑸 =
𝑰𝑨∗𝒕𝑺

𝟗𝟔𝟓𝟎𝟎
 

𝑸 =
𝟏𝟎 ∗ 𝟗.𝟔𝟓

𝟗𝟔𝟓𝟎𝟎
⇒ 𝟎.𝟎𝟎𝟏 𝒎𝒐𝒍.𝒆−

∵%𝟕𝟓𝑸 

𝑸 = 𝟎.𝟎𝟎𝟏 ∗
𝟕𝟓

𝟏𝟎𝟎
= 𝟕𝟓 ∗ 𝟏𝟎−𝟓 𝒎𝒐𝒍. 𝒆−

𝑨𝒖+𝟑 + 𝟑𝒆− → 𝑨𝒖  

 2) 𝒏 =
𝑸

𝒆−
⇒ 𝒏 =

𝟕𝟓∗𝟏𝟎−𝟓

𝟑
= 𝟐𝟓 ∗ 𝟏𝟎−𝟓𝒎𝒐𝒍  

  𝒏 =
𝒎𝒈

𝑴𝒈 𝒎𝒐𝒍 
 ⇒ 𝟐𝟓 ∗ 𝟏𝟎−𝟓 =

𝒎𝒈

𝟏𝟗𝟕𝒈 𝒎𝒐𝒍 
    

𝒎𝒈 = 𝟐𝟓 ∗ 𝟏𝟎−𝟓 ∗ 𝟏𝟗𝟕 ⇒ 𝒎𝒈 = 𝟒𝟗𝟐𝟓 ∗ 𝟏𝟎−𝟓 ⇔ 𝒎𝒈 = 𝟎.𝟎𝟒𝟗𝟐𝟓 𝒈  
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 𝟑𝟔− 𝟒 𝟎.𝟐 𝒎𝒐𝒍. 𝒆− 

𝟎.𝟒𝟒𝟖 𝑳𝑺𝑻𝑷

𝟔𝟑 

 𝑯𝟐

 

 1) 𝒏 =
𝑽𝑳

𝟐𝟐.𝟒
⇒ 𝒏 =

𝟎.𝟒𝟒𝟖 𝑳

𝟐𝟐.𝟒𝑳 𝒎𝒐𝒍 
= 𝟎.𝟎𝟐 𝒎𝒐𝒍 

𝟐𝑯+ + 𝟐𝒆− → 𝑯𝟐 

𝑸 = 𝒏 ∗ 𝒆− 

𝑸 = 𝟎.𝟎𝟐 𝒎𝒐𝒍 ∗ 𝟐𝒆− 

𝑸 = 𝟎.𝟎𝟒 𝒎𝒐𝒍.𝒆− 

𝑸 = 𝑸 +𝑸

𝟎.𝟐 𝒎𝒐𝒍. 𝒆− = 𝑸 + 𝟎.𝟎𝟒 𝒎𝒐𝒍.𝒆− 

𝑸 = 𝟎.𝟐𝟎− 𝟎.𝟎𝟒 = 𝟎.𝟏𝟔 𝒎𝒐𝒍. 𝒆−

 2) 𝑪𝒖+𝟐 + 𝟐𝒆− → 𝑪𝒖  

𝑸 = 𝒏 ∗ 𝒆− 

𝒏 =
𝑸

𝒆−
⇒ 𝒏 =

𝟎.𝟏𝟔

𝟐
= 𝟎.𝟎𝟖 𝒎𝒐𝒍  

 3) 𝒏 =
𝒎𝒈

𝑴 𝒈
𝒎𝒐𝒍

 ⇒ 𝟎.𝟎𝟖 =
𝒎𝒈

𝟔𝟑
𝒈

𝒎𝒐𝒍

  ⇒ 𝒎𝒈 = 𝟎.𝟎𝟖 ∗ 𝟔𝟑 = 𝟓.𝟎𝟒 𝒈 
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 𝟑𝟖− 𝟒𝑺𝑻𝑷 

𝟑𝟏𝟑 

𝟎.𝟎𝟔𝟕𝟐 𝑳   

 

 

  𝟐𝑯𝟐𝑶 → 𝟒𝑯+ +𝑶𝟐 + 𝟒𝒆−                              

  𝟒𝑯+ + 𝟒𝒆− → 𝟐𝑯𝟐                                              

 

  𝟐𝑯𝟐𝑶 → 𝟐𝑯𝟐 +𝑶𝟐                                              

 𝑶 ,𝑯𝑯𝑶

 
𝟐𝑯𝟐𝑶 → 𝟐𝑯𝟐 + 𝑶𝟐

  𝟐𝑽  𝑽
 

𝟎.𝟎𝟔𝟕𝟐 = 𝟐𝑽+ 𝑽 

𝟑𝑽 = 𝟎.𝟎𝟔𝟕𝟐 

𝑽 =
𝟎.𝟎𝟔𝟕𝟐

𝟑
= 𝟎.𝟎𝟐𝟐𝟒 𝑳 

𝑶𝟐 = 𝑽 = 𝟎.𝟎𝟐𝟐𝟒 𝑳 

𝑯𝟐 = 𝟐𝑽 = 𝟐 ∗ 𝟎.𝟎𝟐𝟐𝟒 𝑳 = 𝟎.𝟎𝟒𝟒𝟖 𝑳

  

 1- 𝒏 =
𝑽𝑳

𝟐𝟐.𝟒
⇒ 𝒏 =

𝟎.𝟎𝟐𝟐𝟒

𝟐𝟐.𝟒
= 𝟎.𝟎𝟎𝟏 𝒎𝒐𝒍 

𝟐𝑯𝟐𝑶 → 𝟒𝑯+ +𝑶𝟐 + 𝟒𝒆−

 2- 𝑸 = 𝒏 ∗ 𝒆− 

𝑸 = 𝟎.𝟎𝟎𝟏 𝒎𝒐𝒍 ∗ 𝟒𝒆− 

𝑸 = 𝟎.𝟎𝟎𝟒 𝒎𝒐𝒍.𝒆− 

 3- 𝑸 =
𝑰𝑨∗𝒕𝑺

𝟗𝟔𝟓𝟎𝟎
                                         𝒕𝑺 = 𝟑 ∗ 𝟔𝟎+ 𝟏𝟑 = 𝟏𝟗𝟑 𝒔  

𝟎.𝟎𝟎𝟒 =
𝑰𝑨∗𝟏𝟗𝟑

𝟗𝟔𝟓𝟎𝟎
 ⇒ 𝑰𝑨 =

𝟎.𝟎𝟎𝟒∗𝟗𝟔𝟓𝟎𝟎

𝟏𝟗𝟑
= 𝟐 𝑨  
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  𝟐𝑽  

 

𝟏.𝟑𝒈 𝒎𝑳     𝟏.𝟐 𝒈/𝒎𝒍  

 𝟔𝑽𝟏𝟐𝑽

 

𝑷𝒃+ 𝑺𝑶𝟒
−𝟐 → 𝑷𝒃𝑺𝑶𝟒 𝒔 

+ 𝟐𝒆− 

𝑷𝒃𝑶𝟐 𝒔 
+ 𝟒𝑯+ + 𝑺𝑶𝟒

−𝟐 + 𝟐𝒆− → 𝑷𝒃𝑺𝑶𝟒 + 𝟐𝑯𝟐𝑶  

𝑷𝒃+ 𝑷𝒃𝑶@ + 𝟐𝑯𝟐𝑺𝑶𝟒 → 𝟐𝑷𝒃𝑺𝑶𝟒 + 𝟐𝑯𝟐𝑶     

𝑷𝒃  ,𝑷𝒃𝑶𝟐  ,𝑯𝟐𝑺𝑶𝟒 

𝑷𝒃𝑺𝑶𝟒 
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 𝟏𝟗− 𝟒 

  

𝑴𝒏𝑶𝟐

𝑵𝑯𝟒𝑪𝒍 

  

𝒁𝒏+ 𝟐𝑶𝑯−  → 𝒁𝒏 𝑶𝑯 𝟐 + 𝟐𝒆−

 𝑴𝒏𝑶𝟐 

𝟐𝑴𝒏𝑶𝟐 + 𝟐𝑯𝟐𝑶+ 𝟐𝒆− → 𝟐𝑴𝒏𝑶 𝑶𝑯 + 𝟐𝑶𝑯− 

  

𝒁𝒏+ 𝟐𝑴𝒏𝑶𝟐 + 𝟐𝑯𝟐𝑶 → 𝒁𝒏 𝑶𝑯 𝟐 + 𝟐𝑴𝒏𝑶 𝑶𝑯 
 

  

 𝟏.𝟒𝟖 𝑽
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 رابعحل اشئنة امفصل ام
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 3102الى   3102من  لرابعالأسئلة الوزارية الخاصه بالفصل ا

2013 

  

 9-4 

2013

 14-6 

 Co(NO3)2

 

    +     
 = − .         +     

 = − .          +     
 =  .      

  

2013 

  

 9-4 

 36-4 

2013 

 184 

 13-4 

 24-4 

2014 

  

 16-4 

 31-4 
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2014 

  

 33-4 

 17- 4 

2014 

  

 14-4 

 28-4 

2014 

  

 17-4  

2015 

  

 27-4  

2015 

 9-4 

 29-4 

 34-4 

2015 

  

 31-4 
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