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 pH     (   )   .  
(          (   )          

  .  (   )   
(        )          .(  

 

   (Ƨƴ¦ƻĵƹǀţƼ )çê/å ŠŰƠƇ) (é(  
 (§ ƋǈţƉư¦)çê/å( ­ƃƈ º )çê/å(  ŠŰƠƇ)êé(  
Ü ( ƋƼǃǈ)çê/å( ƧǉơƔ º )çê/å( ƶŰƠƇ)  âŚƷæî  Âçè(  

 (©ķƸ ®ǃƌ )çê/å( ƶŰƠƇ)  âŚƷêç  Âêè(  
   (Ƨƴ¦Á°Â¦(CO(NH ) )2 2� À¦ƅºĵǀ ţƸ¦ ūƈ¦ ķŧƙƬ ¾ǃƱƴǃƸ įǈ(C H )6 14ţºƼ �ķƸ ķŧƙƬ  °® Á°Â¦ ƻǈ¦ƃŦţºƽŦ �ſºƌţŦ

ķƹƼ ƳŸ À¦ƅĵǀ .ūƈ¦ ƻĵƹǀţƼ �Á®ţƸ Â® ƻǈ¦ ¶ǃƵŽƸ Â ®ǃƌ  
 (§¾ǃƵƈ °® ķƩƽƸ ťƙƬ �ſŬţư Â ūŧűƸ ťƙƬ �ſƼ¡ �ķŭǉƴÂƃŭƱƴ¦ âţǀ ķƸ ­° Ƌǀţư �ſŬţư °® Â ƋǈţƉư¦ �ſƼ¡ °® .ūƈ¦ ſǀ®.  

  H O(l) O (g) H (aq) e
ÁkÃwH

+ −→ + +2 22 4 4 ƷǉƼ: §¡ ƋǈţƉư¦ Ƌƽư¦Â  

  H O(l) e H (g) OH (aq)
ÁpIM

− −+ → +2 22 2 2 ƷǉƼ: §¡ Ƌǀţư Ƌƽư¦Â  

 ƁƤţưpH ƗǉŹƸ °® ķƸ°® ķŦ¡ Â ­ƃƈ ĳƼ° ƿŦ ťǉŬƃŬ ƿŦ â±ţŦ Â âſǉƈ¦ âţǀ .ſǈ¡  
ƷǉƉƭŬ âţƽŧƸ (Ü   �ƧǉơƔ Â âǃƬ ƿŦ ţǀſǉƈ¦ âſƽŦÀ¡ ƋƼǃǈ À¦ƅǉƸ įºǈƃŭǉƼ ſƽƼţƸ ķǈţǀſǉƈ¦ .ūƈ¦ §¡ °® ţǀ ſǉºƈ¦

(HNO )3 ķƸ ÁſǉƼǃǈ §¡ °® ƳƸţư °ǃƘ ƿŦ ƿư ÂƃŭǉƼ ſƽƼţƸ ķǈţǀſǉƈ¦ Â âǃƬ �ſƼǃƌ ſǉƈ¦(HNO )2  °ǃºƘ ƿŦ ƿư
ķƸ ÁſǉƼǃǈ §¡ °® ķŠƅŴ .ſƽŭƉǀ ƧǉơƔ �ſƼǃƌ  

© (Ƌƽư¦Â À¡ °® ƿư ķǈţǀ ¦ ®ſƠ ţǀķƸ ƃǉǉƥŬ ƃƑƽƠ ſƽĪ ţǈ įǈ ƋǈţƉư .ſƽŭƉǀ Ƌǀţư º ƋǈţƉư¦ ¸ǃƼ ±¦ �ſƽư 
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 M(s) X (aq) M (aq) X(s)+ ++ → +2 2          

               ( ). )M  X  
.( )/ (  

(E  M / M+2   E  X / X+2 .  
(E (M / M)+2 .       

 (       M  X   M   .  
 

   (Ƨƴ¦ūƈ°®ţƼ )çê/å(  ºE ƷǉƼ ¾ǃƵƈM / M+2 įĪǃư ±¦ ƃŬE ƷǉƼ ¾ǃƵƈX / X+2  .ūƈ¦)çê/å(  
 (§ūƈ°®ţƼ )çê/å(  ºE ®ÂƃŭƱƴ¦M / M+2 ķƸ ſƼ¦ǃŬ ſƌţŦ ūŧűƸ ţǈ ķƩƽƸ .)çê/å(  
Ü (ūƈ°® )çê/å(   

ƶŰƠƇ)  âŚƷéè �éë  Âéì(  

    ƅƵƨ ķĴſƽǀţư ©°ſƬ ƃĴ¦A  ƅƵƨ ±¦ ƃŭƍǉŦB ) ſƌţŦE  ƅƵƨA įĪǃư (ſƌţŦ ƃŬ�  ƅƵƨA ķƸ  âÂţºŸ ¾ǃºƵŹƸ ţºŦ ſºƼ¦ǃŬ
ÀǃǉŬţư  ƅƵƨ âţǀB À¡ Â Á®¦® Ƌƽư¦Â ƷŬ¦ ƿŦ ¦° ţǀ  âƅƵƨ âţǀB .ſǀ® Ƌǀţư  

  

  m n BnA Bm m nA+ ++ → + ũƴ®ţơƸ: ƿƼ±¦ǃƸ Ũſƌ Ƌƽư¦Â ƅƵƨ A ţŦ ¾ǃƵŹƸ â¦°¦® ÀǃǈmB +  
  
   (Ƨƴ¦ƻǈ¦ ƿŦ ƿŴǃŬ ţŦ ķƸ ¿ţŵƼ¦ ķơǉŧƘ °ǃƘ ƿŦ Ƌƽư¦Â ƿư ķƸ ƿŵǉŭƼ �®ǃƌ  ƅºƵƨ ķĴſºƽǀţư ©°ſºƬ ƿư ƷǈƃǉĴM  ±¦X 

ƿŵǉŭƼ °® Â ūƈ¦ ƃŭƍǉŦE įĪǃư �À¡ .ūƈ¦ ƃŬ  
§ (ķƸ Ɨƭƨ �Áſƌ Á®¦® ©ţƠǑƘ¦ ƿŦ ƿŴǃŬ ţŦ ƷǉƼ¦ǃŬE Ƹ ţºǈ ķºƩƽƸ ±¦ Â Ʒǉºƽư ƿƉǈţƭƸ Ʒǀ ţŦ ¦° ƅƵƨ Â® À®ǃºŦ ūºŧű
À¡ ķƹƼ ƟƬ¦Â °® .Ʒǈ°¦ſƼ ķƠǑƘ¦ �ţǀ ţŦ ķǈţǉƹǉƌÂƃŭƱƴ¦ âƃƈ °® ţǀƅƵƨ ƷǉƼ¦®âǐ SHE !À¡ ƻǉǈţĢ ţǈ ſƼ°¦® °¦ƃƬ  
Ü( ¾ǃƵƈ °® Áſƽǀţư ƅƵƨ �ķƼ¦ǃƴţĴ âţǀ ķƸ ƿŭƈţư À¡ ¿ƃŴ ±¦ Â ®°¦® ¦° ſƼ¡ ƋƭƼ ƃŬ  ©°ſºƬ ţºŦ âƅƵƨ ƿư ķƴţŸ °® ®ǃƌ

ķĴſƽǀţư �ƃŭƹư ķƸ ţƩǈ¦ ¦° ſŬţư ƋƭƼ  ƃŦ Â ſƽưķƸ Á®Âƅƨ¦ À¡ ¿ƃŴ  .®ǃƌ 
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 (    )  (     

 (              ) Zn  Fe ( 
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   (Ƨƴ¦ÁƅǉƼ¦ǃƴţĴ )çê/å(  ŠŰƠƇ)êî(  
 (§Zn )çê/å (.ūƈ¦ ƃŭƍǉŦ ƻǀ¡ ±¦ âÂ° ķĴſƽǀţư ©°ſƬ º )çê/å( ƶŰƠƇ)  âŚƷêí  Âêî(  
Ü (ƃǉż )çê/å ( ŠŰƠƇ)êî(  

        : 

    ƻǀ¡) ſǉƩƈ ƻǀ¡ ţǈ ÁƅǉƼ¦ǃƴţĴ ƻǀ¡+ 
(âÂ° ƅƵƨ ±¦ ķư±ţƼ ũǈǐ   ƻǀ¡) ķŧƵŸ+ (ƟƵƬ ƅƵƨ ±¦ ķư±ţƼ ũǈǐ  

   Ʊǈƅǉƨķ + âſŬţư  ķƱǈƅǉƨ Ɨƭƨ  
 âÂ°  ƻǀ¡  

    Zn(s) Zn (aq) e+ −→ +2 2  Fe(s) Fe (aq) e+ −→ +2 2  
 ƻǀ¡  ƟƵƬ  

    O (g) H O(l) e

OH (aq)

−

−

+ +

→
2 22 4

4
  

O (g) H O(l) e

OH (aq)

−

−

+ +

→
2 22 4

4
  

  Zn Fe  
  O2  O2  

  
  ſǉƉưÂ°ſǉǀ âÂ°(Zn(OH) )2  ) ƻǀ¡IIIſǉƉưÂ°ſǉǀ ((Fe(OH) )3 

 ƃƴǃư ¾ţƼţư �§¡ ƃƱƼţŬ  ƿŭƉŦ »ÂƃƜ ķǈ¦ƁƤ ®¦ǃƸ âſƽŦ  
  

   (Ƨƴ¦ ®ǃŴÂZn ķƸ ÀţƍƼ ķƽǀ¡ ũƬ°Â °® .ūƈ¦ ÁƅǉƼ¦ǃƴţĴ ƻǀ¡ ţǈ ſǉƩƈ ƻǀ¡ Àţƹǀ �ƃƝƼ ®°ǃƸ ƻǀ¡ ƿư ſǀ®  
 (§ ÁƅǉƼ¦ǃƴţĴ ƻǀ¡ ŷƙƈ °® ķƌ¦ƃż ÁţĴƃǀķƸ ƳǉƱºƍŬ ķƼ¦ǃƴţĴ ¾ǃƵƈ įǈ �³¦ƃż ƳŹƸ °® �®ǃƌ ®ţŵǈ¦  ƅºƵƨ Â ®ǃºƌ

ƿư âÂ°E įĪǃư ķƸ ūƝƨţŹƸ (ſŬţ―) ƻǀ¡ ±¦ Â Áſƌ ſǉƉư¦ �ſƼ¡ ƋƭƼ °® �®°¦® âƃŬ :ſƽư  
  Zn(s) Zn (aq) e+ −→ +2 2 ƷǉƼ: ƋǈţƉư¦ Ƌƽư¦Â  

ÀÂƃŭƱƴ¦ ķƸ ƳƭŭƽƸ (ƻǀ¡ ƅƵƨ) ſŬţư ŷƙƈ ƿŦ (âÂ° ƅƵƨ) ſƼ¡ ƋǈţƉư¦ ±¦ ƳƐţŸ âţǀ  ÀǃºĪ (ƻºǀ¡ ƅºƵƨ) ſºŬţư .ſƼǃƌ
ķƹƼ ³®ǃż Ŭ ſƼ¦ǃƋǀţư ſŦţǈÀÂƃŭƱƴ¦ � ¦° ţǀ ķƸ ƷǈſƭŬ ÀĭǉƉư¦ ƿŦ ſƽư� :ūƌ¦® Ʒǉǀ¦ǃż ƻǈ¦ƃŦţƽŦ  

  O (g) H O(l) e OH (aq)− −+ + →2 22 4 4 ƷǉƼ: Ƌǀţư Ƌƽư¦Â  
ÂţƭƸ ŨǃŹƼ �ƳŦţƭƸ ƳƱƌƸĳƼ± ƃŦ¦ƃŦ °® ÁƅǉƼ¦ǃƴţĴ ƻǀ¡ ū ķƸ ÀţƍƼ ¦° À®± :ſǀ®  
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Ü (ÁǃǉƸ Â ķǈ¦ƁƤ ®¦ǃƸ °® ®ǃŴǃƸ âţǀſǉƈ¦ ķƹƼ ƃŰ¦ ƟƵƬ ƅƵƨ ƃŦ ţǀ ţŸ °® �ſƽƽư Ƌƽư¦Â âÂ° ƅƵƨ ţŦ ţǀſǉƈ¦ ƻǈ¦ ƿư ķƴ
ķƸ ƿŵǉŭƼ °® �ſƽǀ®Zn +2 À¡ Â Áſƌ ķǈ¦ƁƤ ®¦ǃƸ ®°¦Â ķƸ ſƈţƨ ¦° ţǀ Ƴǉƴ® ƻǉƹǀ ƿŦ .ſƽư  ©°ÂţºŵƸ °® ķǈ¦ƁƤ ®¦ǃƸ

ķƸ ķƬţŦ Ʒƴţƈ âƃŭƍǉŦ ©ſƸ â¦ƃŦ �ķŧƵŸ .ſƽƼţƸ  
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( )2

( )1

  
 (    (     )        

 ( )          (   

)  ( (COO−− SO−− 3   
 

   (Ƨƴ¦ ķƽŦƃưÂ°ſǉǀ ƃǉŵƼ±)çê/å(  
(§ ç )çê/å(  
Ü (Ĵ ÁÂƃCOO− − )çê/å(  ŠŰƠƇ)í(  

    ūºƴţŸ °® (!ūƈ¦ ķŧƙƬ ƿ―) §¡ Â (!ūƈ¦ ķŧƙƬţƼ ƿ―) ķŦƃĪ .ūƈ¦ ķŦƃĪ ƇƽŴ ±¦ ƃŭƍǉŦ ÀſŦ ūƈǃĢ Â ²ţŧƴ àƃĪ
 â®ţƠķƹƼ Ʒǀ ţŦ À±ţƈ ķƹƼ ƳŸ ƃĵǈſƱǈ °® Â ķƹƼ ķǈţǁƽŬ ƿŦ §¡ Ƴǉƴ® ƻǉƹǀ ƿŦ �ſƼǃƌ ķŦƃĪ ƻºǈ¦ ſºƼ¦ǃŬ  ¦ſºŴ ¦° ţºǀ
 .ſƽưƻǈ¦ ķƸ ţƸ ®¦® ƿŦ ƋƐţż °ţŭżţƈ ţŦ ÀǃŦţƐ ƿư ūƈţŴ !ƿƈ°  

 ũƵŸƃƸ (¾Â¦:     ķƸ §¡ ®°¦Â ÀǃŦţƐ ķŭƬÂ ) ķƼǃǉŬţºư  ƅºŴ �®ǃƌ+) ķƼǃºǉƼ¡ Â (− ¦ſºŴ Ʒºǀ ±¦ À¡ (
ķƸ ¾ǃƱƴǃƸ ţŦ ķŧƙƬÂ® º Àǃǈ ũŦ¯ţŴ ®ţŵǈ¦ ţŦ) ķƼǃǉŬţư  ƅŴ Â ſƼǃƌ §¡ ¾ǃºƵŹƸ °® (§¡ âţºǀ ķƸ ķºƌǃĢ  ţºƸ Â ®ǃºƌ

ƻǉƹǀ  ţŴķƸ ķƝƨţŸ¦ſż Àǃƍǈ¦ ţŦ ƷǉƽưàţĢ °® ķƍƭƼ ÀǃĪ � :®°¦ſƼ ķĴſƽƽư  

    

 ţƸ¦ƿǉƕƬ ÀǃǉƼ¡ â¦ƃŦ ÀǃŦţƐ âţǀ
O
||

(R C O )− − −  ÅǑƸţư!ƿŬÂţƩŭƸ ÀǃǉƼ¡ ƻǈ¦ §¡ ţºǈ ķºŧƙƬ ƃƈ įǈ â¦°¦® ţǀ ūºƈÂ®
O
||

( C O )− − − Àǃǈ ũŦ¯ţŴ §¡ ţŦ ķŦǃż ƿŦ ƿư ſƽŭƉǀ ķƸ °¦ƃƬƃŦ ķŧƙƬÂ® º ƿŦǐ Â ſƽƽư ¾ǃƱƴǃƸ âǐ  ƋºŽĢ §¡ âţǀ
ķƸ  ƋŽŦ ƃĵǈ® »ƃƘ ±¦ .ſƼǃƌ) ÀǃŦţƐ ÀǃǉƼ¡ ķŧƙƬţƼR �(!ſƼƃƩƽŭƸ §¡ ±¦ ƿư ķƸ ƟºƹŴ Ʒǀ °Â® ÁƃƙƬ Â ſƼǃºƌ  âţºǀ

ķƸ ®ţŵǈ¦ ķƱĪǃư âÂƃư  °® ķƼǃºǉƼ¡ ƋŽŦ ķŧƙƬ ƃƈ Â Ƴż¦® ūƹƈ ƿŦ ķƽŦƃưÂ°ſǉǀ âţǀƃǉŵƼ± ƿư â°ǃƘ ƿŦ �ſƽƽư
ÁƃƙƬ ŷƙƈ ķƸ °¦ƃƬ ţǀ :ſǉƽǉŧŦ .ſƼƃǉĴ  

§¡ ƃƈ ¾ǃƱƴǃƸ ţŦ ÀǃŦţƐ ūƈÂ®  ķŧƙƬÂ® º Àǃǈ ũŦ¯ţŴ �§¡ âţǀ
ŦķƸ °¦ƃƬƃ À¡ ķŧƙƬţƼ ƃƈ Â ſƽƽư ķƸ °¦ƃƬ Ʒǀ °ţƽư ţǀ  ƿŦ �ſƼƃǉĴ

 ķŧƙƬ ƃƈ Â Ƴż¦® ūƹƈ ƿŦ ķƽŦƃưÂ°ſǉǀ âţǀƃǉŵƼ± ƿư â°ǃƘ
ÁƃƙƬ ŷƙƈ °® ķƸ °¦ƃƬ ţǀ .ſƼƃǉĴ  

→  
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نهایى خرداد            :

14٠4
 (¿Â® ũƵŸƃƸ   Á®ǃŬ : ķƸ įǈ®ƅƼ ķŦƃĪ ţǈ ƻƤÂ° ũƱƴ ƿŦ �§¡ °® ƫƵơƸ ķƼǃŦţƐ âţǀ  ƋºŽŦ Â ſƼǃƌ

ķŦƃĪ  ūƈÂ®¯Á° ƿƱƴ ţŦ ÀǃŦţƐ âţǀ ķƸ °¦ƃƬƃŦ ƿŦ¯ţŴ ķŦƃĪ âţǀ Á°¯ ķŧƙƬ ƃƈ) ſƽư  ķºŦƃĪ ũºƱƴ ƗºƈǃŬ ÀǃŦţƐ âţǀ
ķƸ Ɵƨ® :(®ǃƌ  

Á°¯ ķŧƙƬţƼ ƋŽŦ  âţǀ
 ũƱƴ Ƴż¦® ƿŦ ÀǃŦţƐ

ķƸ ¯ǃƩƼ ķŦƃĪ .ſƽƽư  
→  

 
 (¿ǃƈ ũƵŸƃƸ     ķŦƃĪ ƋŽŦ ƻǉŦ Áſƌ®ţŵǈ¦ ũŦ¯ţŴ Ƴǉƴ® ƿŦ :  �ķºŦƃĪ ũƱƴ ţŦ ūƈÂ®

ķƸ ƧǉơƔ �ƿĪ°ţĢ ţŦ ķŦƃĪ ũƱƴ ƻǉŦ ũŦ¯ţŴ ÀǃŦţºƐ ķŧƙƬ ƋŽŦ ķƨƃƘ ±¦ .®ǃƌ( COO )− − ¾ǃƱƴǃƸ ţºŦ  �§¡ âţºǀ
Áſƽư ťŧƈ ūǈţǁƼ °® Â Á®ƃư °¦ƃƬƃŦ ƿŦ¯ţŴ  įºĪǃư ©¦°¯ ƋºŽĢ Â ÀſºƌķƸ §¡ °® ķºŦƃĪ  �ſºƽǈ¦ƃƨ ƻºǈ¦ °® �®ǃºƌ

Á°¯ ¾ǃƱƴǃƸ ƻǉŦ ķƵÉĢ ſƽƼţƸ ÀǃŦţƐ âţǀ ķƸ °¦ƃƬ ķŦƃĪ Â §¡ âţǀ .ſƼƃǉĴ  

    
ƟƹŴ* *âſƽŦ àţĢ ūǉƐţż Ƴǉƴ® ) ķŧƙƬ ƃƈ įǈ ƻŭƌ¦® �ÀǃŦţƐ ķĴſƽƽư§¡  ƃºƈ įºǈ Â §¡ °® ¾ǃºƵŹƸ (ūºƈÂ®

ķŦƃĪ) ķŧƙƬţƼ ķƸ ÀǃŦţƐ ťǉŬƃŬ ƻǈ¦ ƿŦ .ūƈ¦ ķŦƃĪ °® ¾ǃƵŹƸ (ūƈÂ® Ŧ ſƼ¦ǃŬ ķºŦƃĪ ƻǉŦ ķƘţŧŬ°¦ ƳĢ įǈ À¦ǃƽƠ ƿ
.ſƽư ƳƹƠ §¡ Â  

 
  ũƱƴ (Ƨƴ¦ ķƸ °¦ƃƬƃŦ ƿŦ¯ţŴ ķƽŦƃưÂ°ſǉǀ ƃǉŵƼ± ķƽơǈ ÀǃŦţƐ ķŧƙƬţƼ ƋŽŦ ţŦ ķŦƃĪ .ſƽư  

ÁÂƃ１) ķŧƙƬ ƋŽŦ (§COO−−ķƸ §¡ °® ķŦƃĪ ƋŽĢ ůƠţŦ ( .®ǃƌ  
ÀǃŦţƐ °ţŭżţƈ °® (Ü ÁÂƃĴ �ţǀCOO− −  ÂàţĢ °ţŭżţƈ °® Áſƽƽư ƃǉƤ âţǀÁÂƃĴ �ķƼǃŦţƐSO− −

3 :®°¦® ®ǃŴÂ  
  RCOOX ÀǃŦţƐ  

  RC H SO Na 6 4 3 àţĢ ķƼǃŦţƐƃǉƤ Ũſƽƽư  



 

 

   

xA + +2 3  

ŠŰ éí  Âêé(  

Ƌƽư  °® ţºǀ
 ¿ţºŵƼ¦ ķºơǉ

 �Ƌƽºư¦Â ũƴ

:Ʒǉƽư Á®  
½k{¾²jIL¶

½k{¾ºpH¼  

 Áſƽǀţư °=   
Cu A+2  

) ÁſƽǀCu(  

ƿƴ®ţơƸ ġĪ  
xA + +2  
( x

Oa  Sμw  n
× +2  

A + +32 3  
 

 ®¦®źų æéåé(  

+3 Ƌ 

   

Pb A+ →23 2

(ūƉ )çê/å( )ŰƠƇ

ƻǈ¦ .ūºƈ ư¦Â ƿºƼǃĴ
ơǉŧƘ ūºǁŴ »Ǒż

ƻǈ¦ ƿ ũƴ®ţơƸ °® ƿư
 

ţƩŭƈ¦ ƃǈ± ũƙŦ¦° ±
ÁIÀ·»oT§²H nIμ{

¼¶ à¾²jI÷¶ tIwHoM
ƋǈţƉư¦  °® ƿŭƨţǈ

Ag Cu+ +→ 2

= ×1 ǀţư ²ţƈ¦ƃŦ

Ī ūƹƈ °® ķƩƽƸ 
Pb A+ →23 2

) ( )
Snj  IÀnIM  Ì¼μ\¶

+ + =3 2

Pb A+ →23 2

 ¾¦Œſî يىŚƸƳ ÀŚŰŤƯ¦

�ū  

+2 ƋǈţƉư 

0Ƌǀţư

    

A Pb E++ 43

ƉǉƼ ¿ţŵƼ¦ ƳŦţƬ ķ

ƈ¦ Ƌƽºư¦Â įºǈ 
Ƌƽư¦Â Â  ż °® ţǀ

ƿŦ ƿŴǃŬ ţŦ .ūƈ¦ Á
.ūƈ¦ Áſƌ ƿƴ®ţŧ

ķƸ Ƌǀţ ±¦ ƷǉƼ¦ǃŬ
μ{ ÁIÀ´U

½k¹v¨H nj ¾=

 × ƷŬ¦ °ţƹƌ âţǀ
 Ag+ +2

 e−× × =1 2 2
  

Â ūŧűƸ âţǀ°ţŦ 
 A Pb ++ 43

( )
SwHn  Sμw  nj  IÀnI

+3 4

.ū   

 A Pb ++ 43

 �Áſƽǀţư ţǈ ūƈ¦)

M ūƈ¦ â®ſƠ ƿĪ

+4ư¦

  

 .) (  

E / V= −0 99

.  
  

ķƼ¦ǃƴţĴ ¾ǃƵƈ °® Ƌ

¿ţŵƼ¦ ķơǉŧƘ Àſƌ
ūƈ¦ ķƩƽƸ �ķŭǉƴ

Pb4 Áſƌ ƳǈſŧŬ
ŧƸ Ƌƽư¦Â °® ÀÂƃ
ţư º ƋǈţƉư¦ Ƌƽ
H nIμ{ ½k¹¾TÎIÄyÀI¨ ×

× Áſƽǀţư ťǈƃƔ

( 
 °¦ƃƬƃŦ ķƱǈƃ:ūƈ¦

ƿƴ®ţơƸ= ¸ǃƹŵƸ

x
IM  Ì¼μ\¶



Ƌǀţư ūƈ¦ ƻŭƨţǈ

ƿƼǃĴM ¦ ÁſƽƉư¦
�®ǃƌ n °®nM +

ç/å ŠŰƠƇ) (éè(  

:

   

 
   
   

  
   

ķƹ Ƌƽư¦Â ţǈ) ®ǃƌ

â Ƙ °ǃƘ ƿŦ ţǈ À®ǃŦ
¾ǃƵƈ ƴÂƃŭƱƴ¦ âţǀ

ƿŦ ÀÂƃŭƱƴ¦ Â®+4

× =3 2 6 ƃŭƱƴ¦
Ƌƽư¦Â įǈ °® Áſƌ

´U¹v¨H KÄoò ½k¹×

ƿŭƨ Áſƽǀţư °®×

ÁſƽƉư¦ ²(Ag )+

ƃŭƱƴ¦ °ţŦ ũƼ±¦ǃƸ �Ƌ
Ƹ ūƈ¦° ūƹƈ °®

= 3

ư ķƽơƸ ƿŦ �ƋǈţƉ

Sn M+ + →4Ĵ �
ƿƴ®ţŧƸ ÀÂƃŭƱƴ¦ ¾

      + (Üç )çê

   

  E 
  

  
Pb xA + (

ƹƼ ¿ţŵƼ¦ ķơǉŧƘ 
éè(  
éå(  

ƶŰƠƇ  âŚƷéå  Âéæ(  

ƿŦ®ǃż ķƽơ â®ǃż
ķƸ ¿ţŵ .ſƼǃƌE

® À®¦® ūƈ® ±¦ ţŦ
¸ǃƹŵƸ °® �®°¦®

ÀÂƃŭ ƿƴ®ţŧƸ âţǀ ƌ
H yÄIv¨H jkø oÃ
¹v¨H nj ¾TÎIÄ y

ƷŬ¦ ƋƋǈţƉư¦ ţǈ

= × ×1 2 ²ţƈ¦ƃŦ
Ƌǀţư º ƋǈţƉư
® ķƩƽƸ Â ūŧűƸ â

Ɖư¦ ®ſƠ ţǈ ķƱǈƃŭ

nSn M+ +→ +2

¾ǃƸ Â® (§) ūƹƉ
ç/å ŠŰƠƇ) (éå(    

   

 ( 
    

 x  xA +

)   b +2

 (Ƨ°ǃƘ ƿŦ Ƌƽư¦Â
 ë )çê/å(  ŠŰƠƇ)è
 è )çê/å(  ŠŰƠƇ)å

xA + )çê/å( Ƈ)

(ƧE ơƸ ƿŦ ūŧűƸ
¾ ŵƼ¦ ķƼ¦ǃƴţĴ âţǀ

.ſƼǃƌ  
Àǃǈ ƃǀ Pb +2 Ŧ

ÀǃǈPb +2 ®ǃŴÂ
ŭƱƴ¦ °ţƹƌ ƻǉǉơŬ â
ÃÃûU
ÀI¨

ƋǈţƉư¦ ®ſƠ ƃǉǉƥŬ
 

e−× =1 2
¦ Ƌƽư¦Â įǈ °® 

 âţǀ°ţŦ ¸ǃƹŵƸ

Ʒư  ŭƱƴ¦ °ţŦ Àſƌ

Ƌƽư¦Â ƿŦ ƿŴǃŬ 
ƉƬ Ƌƽư¦Â °® ƃĴ

Áſƽǀţư (§ :)çê
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pH    a(K / )−= × 51 8 10  pH −× 46 10 )   HCl (

   ) .  C25 (. )/ (  
  (     .     

      (        
  ( ( )  (CH COOH)3 .        

 

   (Ƨƴ¦ūƈ¦ ƃŦ¦ƃŦ Ʒǀ ţŦ )çê/å ŠŰƠƇ) (çê(  

(§−× 46 10 °ǐǃƸ )çê/å ŠŰƠƇ) (çè(  
 (Ü ŠŰƠƇ)çè(  

  [H ]+ −= × 46 10  

  )ê/å (a
[H ][CH COO ] ( )( )K /[CH COOH] x

+ − − −
−× ×= = = ×

4 4 53
3

6 10 6 10 1 8 10  

  )çê/å (x / mol.L−= 10 02  
   (Ƨƴ¦ƻǈ¦ ƿŦ ƿŴǃŬ ţŦ  ƿưpH  �ūƈ¦ ƃŦ¦ƃŦ ¾ǃƵŹƸ Â® ƃǈ± ũƙŦ¦° ƫŧƘķƸ ƃŦ¦ƃŦ ƅǉƼ ¾ǃƵŹƸ Â® ¿ǃǉƼÂ°ſǉǀ Àǃǈ ūƝƵƤ :ſƌţŦ  

  pH log[H ]+= −  
 (§HCl Â ūƈ¦ âǃƬ ſǉƈ¦ įǈ[H ]+ ) ¾ǃºƵŹƸ ƿǉƴÂ¦ ūƝƵƤ ţŦ ¾ǃƵŹƸ °®−× 46 10 µƃºƨ ƫºŧƘ .ūºƈ¦ ƃºŦ¦ƃŦ (

�¾¦śƈ[H ]+ įǉŭƈ¦ ¾ǃƵŹƸ °® ƃŦ¦ƃŦ ƅǉƼ ſǉƈ¦−× 46 10 įŬ âţǀſǉƈ¦ ¾ǃƵŹƸ °® ķƨƃƘ ±¦ .ūƈ¦ °ǐǃƸ ĢÀǃŬÂƃ �°¦®
[H ]+ ƃŦ¦ƃŦ ƅǉƼ ©ţŭƈ¦ Àǃǈ ūƝƵƤ ƻǈ¦ƃŦţƽŦ �ūƈ¦ ƃŦ¦ƃŦ ƋƼǃǈ ±¦ ƳƐţŸ ÀǃǉƼ¡ ūƝƵƤ ţŦ−× 46 10 ķƸ °ǐǃƸ :ſƌţŦ  

HCl H Cl CH COOH H CH COO
,

, M

M

¾Ã²»H  SÊ±ü:

ÂÄI¿º  SÊ±ü:

+ − + −

−

− − − − −

→ + +

×

× × − × × ×

3 3

4

4 4 4 4 4

6 10 0 0 0 0

0 6 10 6 10 6 10 6 10 6 10



  

 (Ü:Ʒǉƽư Á®ţƩŭƈ¦ ƋƼǃǈ ūŦţŰ ũƙŦ¦° ±¦ ſǈţŦ  
  CH COOH H CH COO+ −+3 3  

  a
[H ][CH COO ]K /[CH COOH] [CH COOH]

+ − − −
− × × ×=  × =

4 453
3 3

6 10 6 101 8 10  

  [CH COO H] / mol.L
−

− −
−

× = = × =
×

8 2 1
3 6

36 10 2 10 0 02
18 10
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        .)/ (  

 (         (  ) .        
 (       A a(K )−= × 79 10       

 D a(K / )−= × 21 2 10 .  
   (         .  

 (                .  
 

   (Ƨƴ¦ ƷǉŭǉƴƷư �ţǀƅƵƨ ÀţǉƸ °®  ķƴţĵĪ ƻǈƃŬ)çê/å (Ʒư Â ƻǈƃŬE )çê/å( .®°¦® ¦°  ŠŰƠƇ)éî(  
 (§ ſǉƈ¦A ƧǉơƔ ţǈ) ūƈ¦ ƃŬaK įĪǃư  (®°¦® âƃŬ)çê/å( Àǃǈ ūƝƵƤ ¸ǃƹŵƸ Â Ʒư À¡ ¾ǃƵŹƸ °® ţǀ .ūºƈ¦ ƃºŬ 

)çê/å( ƶŰƠƇ)  âŚƷæì �æí  Âçè(  
 (ÜÁ°¯ ţǈ ūƈ¦ ſǉŠǃƵư �ÀǃŦţƐ Â ƻƤÂ° �§¡ ¶ǃƵŽƸ Á±¦ſƼ¦ ƿŦ ¶ǃƵŽƸ ŨſƼ±ţƈ âţǀ  â¦°®ƌ ƋŽĢ ¦° °ǃƼ ƿư ſƽŭƉǀ ū
ķƸ  .ſƽƽư)çê/å ŠŰƠƇ) (ì(  

Àǃǈ ţŦ ÀǃŦţƐ (© âţǀMg +2 ÂCa +2 °ǃƌ §¡ °® ®ǃŴǃƸ�  Á®¦® ƳǉƱƍŬ §ǃƈ°)çê/å (ķƹƼ Ƨư ķŦǃż ƿŦ Â  .ſºƽư
)çê/åƶŰƠƇ) (  âŚƷî  Âæå(  
   (Ƨƴ¦âƃŬţŦ ūżţƈ â°Âţƽƨ °® Ʒǉŭǉƴ ƅƵƨ �ſǈſŴ âţǀ( Li)3 !�¦ƃĪ ǐţŸ .®°¦® ķƹǁƸ °ţǉƉŦ ƋƭƼ  

æƷư â¦°¦® Ʒǉŭǉƴ ƅƵƨ ( ƻǈ¦ ±¦ �ūƈ¦ (!ţǀƃƑƽƠ ũƹǀ ƿƼ) ţǀƅƵƨ ƻǉŦ °® ķƴţĵĪ ƻǈƃŬ ķƸ Â° ǉºŭǉƴ ƅºƵƨ įºƹư ƿŦ À¦ǃŬ �Ʒ
âƃŬţŦ įŧƈ âţǀ įĪǃư Â ƃŬ  .®ƃư ƿǉǁŬ ¦° âƃŬ  

çįĪǃư â¦°¦® Ʒǉŭǉƴ ( ķƩƽƸ) ƻǈƃŬ (ƻǈƃŬE ƿƼǃĴ ƻǉŦ °® ķƸ Ƴǉƴ® ƻǉƹǀ ƿŦ �ūƈ¦ ƧƵŭŽƸ âţǀ  ƅƵƨ įƹư ƿŦ À¦ǃŬ
âƃŬţŦ �Ʒǉŭǉƴ .®ƃư ſǉƴǃŬ (ƃŬǐţŦ ÞţŭƴÂ) âÞƃƼ¦ ƃŭƍǉŦ Ũƃǉż¯ ķǈţƼ¦ǃŬ ţŦ ķǈţǀ  

 įǈ ƿĪ ƃǀ (§ƧǉơƔ ſǉƈ¦ ) ſƌţŦ ƃŬaK įĪǃư À¡ (ſƌţŦ ƃŬ� Ʒư �ÀţƉƱǈ Ɨǈ¦ƃƌ °®  ¸ǃºƹŵƸ Â Áſºƌ ÁſºǉƼǃǈ ƃŬ
Àǃǈ ūƝƵƤ Ʒư À¡ ¾ǃƵŹƸ °® ţǀ ƻǈ¦ ±¦ �®ǃŦ ſǀ¦ǃż ƃŬ Ʒư À¡ ¾ǃƵŹƸ ķƱǈƃŭƱƴ¦ ķǈţƼţƈ° Â° ķƸ ƃŬ .ſƌţŦ  

°® Ƴǉƴ® ƿŦ (Üƌū Á°¯ À®ǃŦ  °ǃƼ °ǃŧƠ ƃǉƉƸ �ÁſƼ±ţƈ âţǀ°® Ƽţģƈǃƈ Â ţǀſǉŠǃƵưºƉÀǃǉ  ¶ǃºƵŽƸ .ūºƈ¦ ƏŽºƍƸ ţǀ
.ūƈ¦ ſǉŠǃƵư ¸ǃƼ ±¦ ÀǃŦţƐ Â ƻƤÂ° �§¡  

ƿƴ®ţơƸ ƫŧƘ ÀǃŦţƐ (© Àǃǈ ţŦ ƃǈ± âţǀ âţǀCa +2 ÂMg +2  §¡ °® ®ǃŴǃƸƈķƸ §ǃƈ° Â Á®¦® Ƌƽư¦Â �ūŽ  �ſƽư
§¡ °® Ƴǉƴ® ƻǉƹǀ ƿŦ  Ƨư ķŦǃż ƿŦ �°ǃƌ âţǀķƹƼ àţĢ ©°ſƬ Â ſƽư ķƸ Ƌǀţư À¡ ķĴſƽƽư .ſŦţǈ  

  RCOONa(aq) MgCl (aq) (RCOO) Mg(s) NaCl(aq)+ → +2 22 2 )æ  
  RCOONa(aq) CaCl (aq) (RCOO) Ca(s) NaCl(aq)+ → +2 22 2 )ç  
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              HA          
     .) (  

      
 (  HA .     

 (   HA a(K )  .       
 

   (Ƨƴ¦)ƶŰƠƇ  âŚƷæí  Âæî(  

  )çê/å( [H ] /
[H A] / /¾Ã²»H

yº¼Ä kÅnj
+

= × = × =+
0 1100 100 200 1 0 4


(0 /25)

   

 (§ƶŰƠƇ)  âŚƷçç  Âçè(  

  a
[H ][A ] / /K /[H A] /Â²jI÷U

+ −
−×= = = × 20 1 0 1 2 5 100 4 

 (0 /25)
(0 /25)

  

        :  
•  â¦ƃŦķƸ Á®ţƩŭƈ¦ ƋƼǃǈ ũŴ°® ¿ţƼ ƿŦ ķŭǉƹư ±¦ ţǀſǉƈ¦ ƋƼǃǈ À¦ƅǉƸ ũƉǈţƭƸ :ūƈ¦ ƃǈ± ©°ǃƐ ƿŦ À¡ ũƙŦ¦° ƿư ®ǃƌ  

  ( ) ( )½k{ï½kÃº¼Ä  ÁIÀï−¼§²¼¶  nIμ{ ½k{ï½kÃº¼Ä  ÁIÀï−¼¶  nIμ{yº¼Ä  ¾à ]nj IÄ yº¼Ä  ¾à ]nj½k{ï®e  ÁIÀï−¼§²¼¶  ®¨  nIμ{ ½k{ï®e  ÁIÀï−¼¶  ®¨  nIμ{α = α =  

 ƿŦ �®°¦ǃƸ ķżƃŦ °®ƋƼǃǈ ſƐ°® ±¦ �ƋƼǃǈ ũŴ°® âţŴ( )α% ķƸ Á®ţƩŭƈ¦ :®ǃƌ  
  ( ) ( )yº¼Ä kÅnj yº¼Ä  à¾]njα = α ×% 100  

• Á°¯ ®¦ſơŬ âţŴ ƿŦ �ƋƼǃǈ ũŴ°® ũƙŦ¦° °® ķƸ �ţǀ ƵƤ À¦ǃŬÀ¡ °ǐǃƸ ūƝ :®¦® °¦ƃƬ ƅǉƼ ¦° ţǀ  

  H( ) kÃwH  ·¼ÃºA  IÄ n¯¼¶  SÊ±ü½k{ï½kÃº¼Ä  kÃwH  n¯¼¶  SÊ±üyº¼Ä  ¾à ]nj ½k{ï®e  kÃwH  n¯¼¶  SÊ±ü kÃwH  (à¾Ã²»H)  n¯¼¶  SÊ±ü
+

α = =  
 ¦° ¾ǃƵŹƸ ũǉƴÂ¦ ūƝƵƤ ƃĴ¦M :ūƌ¦® Ʒǉǀ¦ǃż �ƷǈƃǉĵŦ ƃƝƼ °® °ǐǃƸ  

  [H ] [H ] MM IÄ
+

+α = = α  

• ƳƐţŸ ūŧƉƼ �ſǉƈ¦ įǈ ƋƼǃǈ ūŦţŰ  ķƴ®ţơŬ ūƝƵƤ §ƃƔÀǃǈ Á®°Â¦ƃƨ) ¾ǃºƵŹƸ °® ®ǃŴǃƸ âţǀ  ūºƝƵƤ ƿºŦ ¦° (ţºǀ
ƽư¦Â) ſǉƈ¦ À¡ ķƴ®ţơŬƋ ķƸ ÀţƍƼ (Áſƽǀ® .ſǀ®  

  a
[H ][A ]HA H A K [H A]

+ −
+ −+ =  

   Á®¦® ÀţƍƼ �À¡ ķƴ®ţơŬ ūƝƵƤ �°¦®ǃƹƼ °® ƿư ķƴţŸ °® �Ʒǈ°¦® ±ţǉƼ ſǉƈ¦ ƿǉƴÂ¦ ūƝƵƤ ƿŦ ƋƼǃǈ ſƐ°® ũŧƈţŹƸ â¦ƃŦ (Ƨƴ¦
ÀǃŬÂƃĢ įŬ âţǀſǉƈ¦ °® .ūƈ¦ Áſƌ  ſƽƼţƸ °¦®HAÁſǉƼǃǈ â¦±¦ ƿŦ �  ¾ǃƸ ƃǀ ÀſƌHA� ¾ǃƸ įǈH+ ķƸ ſºǉƴǃŬ  �®ǃºƌ

 ķƽơǈ¾ǃƸ ®¦ſơŬ ÁſǉƼǃǈ âţǀ ſƌ¾ǃƸ ®¦ſơŬ ţŦ ſǉƈ¦ Ũ âţǀH+ ķƸ ƻǈ¦ƃŦţƽŦ �ūƈ¦ ƃŦ¦ƃŦ ÁſƌſǉƴǃŬ :ūƌǃƼ À¦ǃŬ  
  

[H ] kÃwH  Â²jI÷U  SÊ±üIM  oMHoM

kÃwH  ½k{ï½kÃº¼Ä  SÊ±ü kÃwH  ½à kºI¶ïÂ¤IM SÊ±ü
+

= +  ſǉƈ¦ ƿǉƴÂ¦ ūƝƵƤ  

  [H A] / / /¾Ã²»H = + =0 1 0 4 0 5 
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ķƸ ƅǉƼ ķƴÂſŴ ©°ǃƐ ƿŦ ¦° ©ţŹǉƔǃŬ ƻǈ¦ :®¦® ÀţƍƼ À¦ǃŬ 

H A+ −+   HA   
å  å    M ƿǉƴÂ¦ ūƝƵƤ  
x+ x+   x−  ūƝƵƤ ƃǉǉƥŬ  

x x    M x− ķƴ®ţơŬ ūƝƵƤ 
  

  x /M x / M /=− = ⎯⎯⎯→ =0 10 4 0 5  

  x /
M /α = × = × =0 1% 100 100 %200 5  

   


/01
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/    BOH   g.mol−145            .
    /     .   (log / )=5 0 7 ) (  

 (     .         
 (pH     C25 .     

 

   (Ƨƴ¦ƶŰƠƇ)   âŚƷçë  Śţèå( 

 )çê/å( 

/ g
g.molBOH / mol.L/ LSÊ±ü

−
−= =

1 1

0 36
45 0 040 2

(0 /25)

  

  )çê/å( /[OH ] M / mol.L− − −= α = × = × 4 10 50 04 2 10100
(0 /25)

  

 (§ƶŰƠƇ)   âŚƷçë  Śţèå(  

  )çê/å( [H ] mol.L
[OH ]

− −
+ − −

− −= = = ×
×

14 14 11 1
4

10 10 5 10
2 10

(0 /25)

  

  )çê/å( pH log[H ] log( ) log /+ −= − = − × = − =115 10 11 5 10 3
(0 /25)

  

    pH ¾ǃƵŹƸ â±ţŦ âţǀ:  
ţŦ ţǀ±ţŦ ¾ǃƵŹƸ °® ţƸ[OH ]−  Á®ţƩŭºƈ¦ ţºŦ ſǈţŦ ¦ſŭŦ¦ ţǀ±ţŦ ƳŠţƉƸ °® ƇĢ �Ʒǈ°¦® °ţưÂƃƈ�¾ǃºƵŹƸ ķƴǃºƸ ūºƝƵƤ ±¦

[OH ]− ũƙŦ¦° ţŦ ſơŦ Â Ʒǈ°Â¡ ūƈ® ƿŦ ¦°[H ][OH ]+ − −= 1410�  ƃºż¡ °® Â ƷǉºƈƃŦ ¿ǃǉƼÂ°ſǉǀ Àǃǈ ūƝƵƤ ƿŦ
 ƷǀpH!  

±ţŦ °®  ®ǃż °ţŭżţƈ °® ƿư âǃƬ âţǀn ÁÂƃĴOH−  �ſǉƉưÂ°ſǉǀ Àǃǈ ūƝƵƤ �ſƼ°¦®n  .ūºƈ¦ ±ţºŦ ũǉƴÂ¦ ūƝƵƤ ƃŦ¦ƃŦ
:¾ţűƸ °ǃƘ ƿŦ  

  [OH ] M(NaOH)− =  ¾ǃƵŹƸ °®:NaOH  
  [OH ] M(Ba(OH) )− = 22 ¾ǃƵŹƸ °®:Ba(OH)2  

âţǀ±ţŦ °® ƧǉơƔ� ķƸ Â Ʒǈ°¦® °ţưÂƃƈ ƋƼǃǈ ūŦţŰ Â ƋƼǃǈ ũŴ°® ţŦ :Ʒǉƽư Á®ţƩŭƈ¦ ƃǈ± ƗŦ¦Â° ±¦ ƷǉƼ¦ǃŬ  
  )M (±ţŦ ũǉƴÂ¦ ūƝƵƤ :[OH ] M− = α  ƧǉơƔ ±ţŦ ¾ǃƵŹƸ °®:BOH ţǈ ÂNH3  

  b
[OH ]K

M [OH ]

−

−=
−

2
  ţǈb

[B ][OH ]K [BOH]
+ −

=  

  ũŧƈţŹƸ â¦ƃŦ (Ƨƴ¦[OH ]−ũǉƴÂ¦ ūƝƵƤ ƿŦ � :Ʒǈ°¦® ±ţǉƼ ƅǉƼ ¾ǃƵŹƸ  

  ½kº¼{ï®e  −¼¶
oTÃ²  KveoM  −¼±d¶  ´\e= ķƴǃƸ ūƝƵƤ  

  mol/ g molg
−× = × 310 36 8 1045  ¾ǃƸ:BOH  

  LmL / LmL× =1200 0 21000 ¾ǃƵŹƸ ƷŵŸ:  

  molM / mol.L/ L

−
− −×= = × =

3 2 18 10 4 10 0 040 2  
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ũƙŦ¦° ţŦ[OH ] M− = α �ķƸ ūƈ® ƿŦ ¾ǃƵŹƸ °® ſǉƉưÂ°ſǉǀ Àǃǈ ūƝƵƤ .ſǈ¡  
 ũŧƈţŹƸ â¦ƃŦ (§pH� ƿŦ[H ]+ ¦® ±ţǉƼũƙŦ¦° įƹư ƿŦ ¦° À¡ ſǈţŦ ƿư Ʒǈ°[H ][OH ]+ − −= 1410 Ʒǉƽư §ţƉŸ.  

  [H ][OH ] [H ]
−

+ − − + −
−=  = = ×

×

1414 11
4

1010 5 10
2 10

  

  pH log( ) log / /−= − × = − = − =115 10 11 5 11 0 7 10 3  
   °®�ƳŠţƉƸ ±¦ ķƵǉż[H ]+ ¿ƃƨ ƿŦba −×10 ƻǈ¦ °® .ūƈ¦ °ǐǃƸ  Ɵǈƃºƈ ķºƵǉż �Ʒŭǈ°ţºĵƴ ſƠ¦ǃƬ ƿŦ ƿŴǃŬ ţŦ ƟƬ¦ǃƸ

ķƸ :ūƌǃƼ À¦ǃŬ  

  b[H ] a pH b loga+ −= ×  = −10  
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  .   ) (  

      
 (     

 ()  )    (A  B( 

)    ()    (C  D(  
 (MgCl (l) Mg(l) Cl (g)→ +2 2 )      (     

 

   (Ƨƴ¦) ¾ǃƵƈæ( )çê/å(   (§B )çê/å(  
 (ÜC )çê/å(  ) ¾ǃƵƈ (©ç ()çê/å(   

 ŠŰƠƇ)ëë(  
          :  

  

     

    

   

ķƸ ƳǈſŧŬ ķƱǈƃŭƱƴ¦ âÞƃƼ¦ ƿŦ ķǈţǉƹǉƌ âÞƃƼ¦ .®ǃƌ   ķǈţǉƹǉƌ âÞƃƼ¦ ƿŦ ķƱǈƃŭƱƴ¦ âÞƃƼ¦
ķƸ ƳǈſŧŬ .®ǃƌ  

ķƸ ƋǉĢ ķơǉŧƘ ūǁŴ °® ķǈţǉƹǉƌ Ƌƽư¦Â įǈ .®Â°  
 Ƌƽư¦Â įǈ �ķƼÂƃǉŦ ÞţŭƴÂ įǈ ¾ţƹƠ¦ ţŦ
 »Ǒż °® Á¦ǃŽƴ® Ƌǀţư º ƋǈţƉư¦

ķƸ ¿ţŵƼ¦ ķơǉŧƘ ūǁŴ .®ǃƌ  
Á°¦ǃǈ® ƗƈǃŬ ƿư ūƈ¦ ūǉƴÂƃŭƱƴ¦ Â® â¦°¦®  â¦

Áſƌ ¦ſŴ Ʒǀ ±¦ ƳŽƵŽŭƸ ſƼ¦. ūǉƴÂƃŭƱƴ¦)  âÂţŸ ţǀ
ÀǃǉŬţư ſƽŭƉǀ ţǀ®ÂƃŭƱƴ¦ ƇƽŴ ±¦ ķǈţǀ.(  

 °¦ƃƬ ūǉƴÂƃŭƱƴ¦ įǈ ÀÂ°® ®ÂƃŭƱƴ¦ Â®
ƿŭƨƃĴ ſƼ¦.  ķƼǃǈ ¾ǃƵŹƸ įǈ �ūǉƴÂƃŭƱƴ¦)

(.ūƈ¦ §¦ƁƸ ķƼǃǈ ťǉưƃŬ įǈ ţǈ  
.ūƈ¦ ūŧűƸ ťƙƬ �ſŬţư Â ķƩƽƸ ťƙƬ �ſƼ¡  .ūƈ¦ ķƩƽƸ ťƙƬ �ſŬţư Â ūŧűƸ ťƙƬ �ſƼ¡ 

 ūưƃƌ Ƌƽư¦Â °® ſŬţư Â ſƼ¡ âţǀ®ÂƃŭƱƴ¦ ÅǐǃƹơƸ
ķƸ .ſƽƽư  

ķŦ ſŬţư Â ſƼ¡ âţǀ®ÂƃŭƱƴ¦ ÅǐǃƹơƸ  Â ſƼƃŰ¦
ķƹƼ ūưƃƌ Ƌƽư¦Â °® .ſƽƽư  

  
ķƸ ¿ţŵƼ¦ ſŬţư °® Ƌǀţư Â ſƼ¡ °® ƋǈţƉư¦ .®ǃƌ  

ÀÂƃŭƱƴ¦ ūưƃŸ ūǁŴ.ūƈ¦ ſŬţư ūƹƈ ƿŦ ſƼ¡ ±¦ ķƼÂƃǉŦ °¦ſƸ °® ţǀ  
ÀǃǉŬţưÀǃǉƼ¡ Â ſŬţư ūƹƈ ƿŦ ţǀ ķƸ ūưƃŸ ſƼ¡ ūƹƈ ƿŦ ţǀ .ſƽƽư  
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  ) ¾ǃƵƈ (Ƨƴ¦ç) ¾ǃƵƈ Â ķŭǉƴÂƃŭƱƴ¦ ¾ǃƵƈ įǈ �®°¦ſƼ ƳŽƵŽŭƸ Ũ°¦ǃǈ® ƿư(æ.ūƈ¦ ķƼ¦ǃƴţĴ ¾ǃƵƈ įǈ �(  
¾ǃƵƈ °® (Ü Â § ÀÂƃŭƱƴ¦ �ķƼ¦ǃƴţĴ âţǀ ķƸ ®°¦Â (ūŧűƸ ťƙƬ) ſŬţư ƿŦ Â «°ţż (ķƩƽƸ ťƙƬ) ſƼ¡ ±¦ ţǀ :ſƼǃƌ  

  + →  ſŬţư→ A       B kºA→ → −  
¾ǃƵƈ °® ǉƴÂƃŭƱƴ¦ âţǀÀÂƃŭƱƴ¦ �ķŭ ķƸ ®°¦Â (ķƩƽƸ ťƙƬ) ſŬţư ƿŦ Â «°ţż (ūŧűƸ ťƙƬ) ſƼ¡ ±¦ ţǀ :ſƼǃƌ  

  − →  ſŬţư→ C       D kºA→ → +  
źų¡ °® Â! Ţů¦° Àƺţ¦źŝ Ƃĩ°® ŶǀƴǀŞŝ ©°ƺƇ Ʋƿ¦ ƶŝ ƺƫ¦Œſ ꙸƃ ŶƿŚƃ źţ :ƶƃŚŝ  

    
Á®¦® ũƴ®ţơƸ (© ƷǈƅǉƽƸ ūƨţƱƬƃŦ ƿŦ ¶ǃŦƃƸ Áſƌ  .ūºƈ¦ §¦ƁƸ ſǈƃƵư ¿ţºŵƼ¦ ķºŭǉƴÂƃŭƱƴ¦ ¾ǃƵºƈ °® ūºƨţƱƬƃŦ ſºƽǈ¦ƃƨ

ķƸ .®ǃƌ  
   



 

16 
 

:            

 
 

           .) (  

    aCH (g) bH O(l) cCO (g) dH (aq)++ → +4 2 2  
    ((e )−                

      (    b  d .    
 

  (Ƨƴ¦ ƷǉƼ .ūƈ¦ ƋǈţƉư¦ ¸ǃƼ ±¦ Ƌƽư¦Â )çê/å( ƶŰƠƇ)  âŚƷéå  Âêè(  
 ƿƴ®ţơƸ ūƈ¦° ūƹƈ °® ÀÂƃŭƱƴ¦ À®¦®°¦ƃƬ)çê/å(  

  aCH (g) bH O(l) cCO (g) dH (aq) de+ −+ → + +4 2 2  
(§b = 2 )çê/å(  Âd = 8 )çê/å( ƶŰƠƇ)  âŚƷéå  Âêè(  

   (Ƨƴ¦ ƋǈţƉư¦ ®ſƠH  ÂO ƷǉƼ °® ±¦ ƻŦƃºư ƋǈţƉư¦ ®ſƠ ţƸ¦ ūƈ¦ Á®ƃƱƼ ƃǉǉƥŬ Ƌƽư¦Â−4 °®CH4 ƿºŦ+4 °®
CO2 ƷǉƼ °® .ūƈ¦ Á®ţŭƨ¦ ¼ţƩŬ¦ ƋǈţƉư¦ ſƽǈ¦ƃƨ ķƽơǈ �ūƈ¦ Áſǉƈ° Ƌƽư¦Â  ūƈ¦° ūƹƈ °® ÀÂƃŭƱƴ¦ �ƋǈţƉư¦ âţǀ

ķƸ °¦ƃƬ ƿƴ®ţơƸ .®ƃǉĴ  
 ũƼ±¦ǃƸ °ǃƝƽƸ ƿŦ (§Cťǈ¦ƃƔ �CH4 ÂCO2 ķƸ °¦ƃƬ ƃŦ¦ƃŦ ¦°  ũºƼ±¦ǃƸ °ǃºƝƽƸ ƿŦ ƿƸ¦®¦ °® .Ʒǉǀ®O  ÂHƃºƔ �ťǈ¦

H O2 ÂH+  ƃŦ¦ƃŦ ſǈţŦ ťǉŬƃŬ ƿŦç  Âí  ƃŦ¦ƃŦ ſǈţŦ ƅǉƼ ÀÂƃŭƱƴ¦ ťǈƃƔ �°ţŦ ũƼ±¦ǃƸ °ǃƝƽƸ ƿŦ �ƃż¡ °® .ſƌţŦí :ſƌţŦ  

  CH H O CO H e+ −+ → + +4 2 22 8 8  
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   .    )/ (  

  (   Ag+             
    

æ(   ç(   è(   
    ([H ][OH ]+ −  [H ]+           

æ(   ç(   è(   
    (     A          

   pH    A    A    .      
  æ (NaOH  ç (HCl  è (HCOOH  

 

   (Ƨƴ¦) °¦®ǃƹƼç( )çê/å( ƶŰƠƇ)  âŚƷëå  Âëæ(  
 (§) °¦®ǃƹƼæ ()çê/å(  ŠŰƠƇ)èé(  
(Ü ) ®°ǃƸçţǈ ( HCl )çê/å( ƳŸ º  ſǉƈ¦ įǈ ſǈţŦ ÁſƼǃƌ)çê/å(  âǃƬ)çê/å(  .ſƌţŦ ŠŰƠƇ)èè(  

  ƷǉƼ �â°ţƱŦ¡ ſƽǈ¦ƃƨ °® (Ƨƴ¦ Ƌƽư¦Â  ÁſƽƼţƌǃĢ ƅƵƨ ƿŦ ¶ǃŦƃƸ Â® ƃǀ âſŬţư Â âſƼ¡ âţǀ.ſƽŭƉǀ   
mX X me+ −→ + ƷǉƼ: ƋǈţƉư¦ Ƌƽư¦Â  ƷǉƼ Ƌƽư¦Â  ƅƵƨ ţŦ ƷƉŴ įǈ â°ţƱŦ¡ âţǀX  

mX me X+ −+ → ƷǉƼ: Ƌǀţư Ƌƽư¦Â  
Àţƹǀ ķƸ ƿư °ǃƘ ƿĪ ƃǀ �â°ţƱŦ¡ ſƽǈ¦ƃƨ °® ſǉƽǉŦ Àǃǈ °ſƬmX + ķƸ ſǉƴǃŬ ſƼ¡ °®  °® À¡ ±¦ °¦ſºƭƸ Àţºƹǀ ƿºŦ �®ǃƌ

ķƸ »ƃƑƸ ſŬţư .ūƈ¦ ūŦţŰ �â°ţƱŦ¡ ſƽǈ¦ƃƨ ķƘ ūǉƴÂƃŭƱƴ¦ ¾ǃƵŹƸ ūƝƵƤ ƻǈ¦ƃŦţƽŦ �®ǃƌ  

    
°¦®ǃƹƼ (§[H ][OH ]+ − Àǃǈ ±¦ įǈ ƃǀ ūƝƵƤ ťƉŸƃŦ ƳƐţŸ :¾ǃƵŹƸ ƷŵŸ ţǈ ţǀ §ƃƔ[H ][OH ]+ −  ţŦ Ɨƭƨ

ķƸ ƃǉǉƥŬ ţƸ® ūǉƹư ƿŦ Â ſƽư ƿŭƩĴ âţǀ  Ɨºż įºǈ ©°ǃºƐ ƿºŦ �ƃºƝƼ ®°ǃºƸ âţǀ°¦®ǃƹƼ ƻǈ¦ƃŦţƽŦ �®°¦ſƼ ķĵŭƉŦ Áſƌ
ķƸ ƃƩƐ ťǉƌ ţŦ ūƈ¦° :ſƽƌţŦ  
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 ƁƤţư ­ƃƈ ĳƼ° (ÜpHÀţƍƼ � âſǉƈ¦ Ũſƽǀ®  ¾ǃƵŹƸ À®ǃŦA  ƇĢ �ūƈ¦NaOH ķƸ »ƁºŸ �ūºƈ¦ ±ţºŦ ƿư  ±¦ .®ǃºƌ
ķƸ ƃĴ¦ Â ūƈ¦ ƧǉơƔ ±ţŦ �àţǉƼǃƸ¡ ķƨƃƘ ǃǈ ūƝƵƤ Ʒǉǀ¦ǃżÀ  ¾ǃƵŹƸ ķƱǈƃŭƱƴ¦ ķǈţƼţƈ° ƿŵǉŭƼ °® Â ţǀA  ƳŦţƬ °ǃƘ ƿŦ

 ķǁŴǃŬ �ſƌţŦ ƃŭƍǉŦ àţǉƼǃƸ¡ ±¦A  ſƽƼţƸ âǃƬ ſǉƈ¦ įǈ ſǈţŦHCl ) ſƌţŦHCOOH (.ūƈ¦ ƧǉơƔ ſǉƈ¦ įǈ  
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اگر نهایى             :

سخت شد!
 

 
pH     /           .pH  

       .             pH 
  /         )/ (  

  (log / , log / , log / )( mol Mg(OH) g)= = = =22 0 3 3 0 5 5 0 7 1 58  
  Mg(OH) (s) HCl(aq) MgCl (aq) H O(l)+ → +2 2 22 2  

 

  ƶŰƠƇ)  âŚƷèç  Âèë(  
  )çê/å( 

/ /[HCl] / mol.L¾Ã²»H
− − −= = × =1 3 2 0 7 1

5
10 10 10 0 05  

  )çê/å( / /[HCl] / mol.LÂÄI¿º
− − −= = × =1 5 2 0 5 110 10 10 0 03  

  )çê/å( L ( / / ) mol.L / mol−= × − =15 0 05 0 03 0 1  ¾ǃƸHCl »ƃƑƸ Áſƌ  

  )çê/å( mol Mg(OH) g Mg(OH)/ mol HCl / gMg(OH)mol HCl mol Mg(OH)× × =2 2
2

2

1 580 1 2 92 1
(0 /25) (0 /25)

  

   �ſǉƉưÂ°ſǉǀ ƷǈƅǉƽƸ À®°ǃż ţŦpH  ±¦ ÁſơƸè/æ  ƿŦê/æ ķƸ ¿ƃºŴ ũŧºƈţŹƸ â¦ƃºŦ .ſºƈ°Mg(OH)2  įºƹư ƿºŦ
»ƃƑƸ ſǉƈ¦ ¾ǃƸ ®¦ſơŬ ƿŦ �Ƌƽư¦Â ũƴ®ţơƸ ) ÁſƌHCl Â ÁſơƸ ſǉƈ¦ ƷŵŸ įƹư ƿŦ ſǈţŦ ƿư Ʒǈ°¦® ±ţǉƼ (pH  Â ƿǉƴÂ¦

:Ʒǉƽư §ţƉŸ ¦° À¡ �ķǈţǁƼ  
  

pHkÄAïÂ¶  Swj  ¾M  ÂÄI¿º  »  ¾Ã²»H  pH
kÃwH  Â²¼¶  SÊ±ü  oÃÃûU ½k÷¶  kÃwH  ´\e= ×  ¾ǃƸ ®¦ſơŬHCl »ƃƑƸ Áſƌ  

  pH [HCl]
[HCl] [HCl]

pH [HCl]
kÃwH  SÊ±ü  oÃÃûU:→ 

 −→ 
1 1

1 2
2 2

  

 ¾ǃƸ ®¦ſơŬ ũŧƈţŹƸ ±¦ ſơŦHCl »ƃƑƸ Áſƌ� ¿ƃºŴ �âƃŭƸǃǉưǃŭºƈ¦ ©ţŧºƈţŹƸ įºƹư ƿŦMg(OH)2  §ţºƉŸ ¦°
ķƸ .Ʒǉƽư  
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   .    )/ (  

            ( .    
a (    b   (  

              (  
a   (    b  (  

      (         )      
 (    

a  (      b     (   
 

   (Ƨƴ¦aàţĢ ©°ſƬ Ƌǈ¦ƅƨ¦ (  ķĴſƽƽư)çê/å(  bķƼǃƩƠſƔ ( §ÂƃƱǉƸ Â ķĴſƽƽư  ķƍư)çê/å(  ŠŰƠƇ)æç(  
 (§aÀ¦Â (  ķƉƴ¦Â°®)çê/å(  b ķƼÞÂ°ſǉǀ ſƼǃǉĢ ()çê/å(  ŠŰƠƇ)é(  
 (ÜaàţĢ (  ÁſƼ°ǃż Ũſƽƽư)çê/å(  bàţĢ (  ķƼǃŦţƐƃǉƤ Ũſƽƽư)çê/å(  ŠŰƠƇ)ææ  Âæç(  

  ŦţƐ ƿŦ ķƩƵŭŽƸ ®¦ǃƸ �ÀǃĴţƼǃĴ âţǀ®ƃŦ°ţư ƿŦ ƿŭƉŦ �ūơƽƐ °® Á±ÂƃƸ¦ (Ƨƴ¦Áſƽǈǃƌ Â Àǃ  ´¦ǃºż ƿºư Áſƌ Á®Âƅƨ¦ ţǀ
ÁĭǈÂ ķƸ À¡ ƿŦ â¦ :ſƍŽŦ  

           
ťǉưƃŬ°¦®®ƃĴǃĴ âţǀ Ý°ţƬ Â ©°ǃƐ ³ǃŴ À®ƃŦ ƻǉŦ ±¦ ķŭƈǃĢ âţǀ  

°¦®ƃƵư ķǈţǉƹǉƌ ®¦ǃƸ ķƼǃƩƠſƔ ūǉƐţż §ÂƃƱǉƸ Â ķĴſƽƽư ƃŭƍǉŦ ķƍư  
įƹƼ©ţƩƉƨ âţǀ ©°ſƬ Ƌǈ¦ƅƨ¦àţĢ ƿƱƴ ®ţŵǈ¦ Â §ǃƈ° ƳǉƱƍŬ ±¦ âƃǉĴǃƵŴ Â ķĴſƽƽư  

ƻǈƃǉƌ ³ǃŴ(NaHCO )3  àţĢ ©°ſƬ Ƌǈ¦ƅƨ¦ķŦƃĪ ķĴſƽƽư ³ǃŴ â±ţŦ ūǉƐţż Ƴǉƴ® ƿŦ) ţǀ  Â ƻǈƃǉƌ
(ÀǃŦţƐ ſǉƴǃŬ Â ķŦƃĪ ţŦ À¡ Ƌƽư¦Â ƿŵǉŭƼ °®  

àţĢ ©°ſƬ Ƌǈ¦ƅƨ¦ â¦ƃŦ  ®¦ǃƸ ķĴſƽƽưÁſƽǈǃƌÀ¡ ƿŦ � įƹƼ ţǀ  ©ţƩºƉƨ âţǀķƸ ƿƨţºƔ¦ įƹƼ ƻºǈ¦ ¦ƃºǈ± �ſºƽƽư  ţºŦ ţºǀ
Àǃǈ §¡ °® ®ǃŴǃƸ ƷǈƅǉƽƸ Â ƷǉƉƵư âţǀ ķƸ ƿƱƴ ®ţŵǈ¦ Â §ǃƈ° ƳǉƱƍŬ ±¦ ƟƼţƸ Â Á®¦® Ƌƽư¦Â ūŽƈ âţǀ .ſƼǃƌ  

ƃŭƌ Àţǀǃư °® ®ǃŴǃƸ ķŦƃĪ (§(C H O )57 110 6  Â Á®ǃºŦ ķŧƙƬţºƼ ¸ǃºƹŵƸ °® �ūºƈ¦ ķƵƸţƠ ƿƈ ƃŭƈ¦ ķƠǃƼ ƿư
¦ �À¡ ķƴǃƱƴǃƸ ƻǉŦ âÂƃǉƼÀ¦Â ¸ǃƼ ± ¾ǃºƱǉƵĴ ƻƵǉºŬ¦ ƿºư ķƴţºŸ °® �ūºƈ¦ ķƉƴ¦Â°®(HO (CH ) OH)2 2− − �

ƴǃƱƴǃƸķ ƳǉƉưÂ°ſǉǀ ÁÂƃĴ ƻŭƌ¦® Ƴǉƴ® ƿŦ Â Á®ǃŦ ķŧƙƬ( OH)− ķƴǃƱƴǃƸ ƻǉŦ âÂƃǉƼ � ťºƴţƤ ſºƼǃǉĢ ¸ǃºƼ ±¦ À¡
.ūƈ¦ ķƼÞÂ°ſǉǀ  

ƳǉƱƍŬ §ǃƈ° (Ü Â ÀǃŦţƐ įƹư ƿŦ �âƃŭư Ũ°¦ǃǈ® âÂ° ƃŦ Áſƌ àţĢ Áſƽƽư ķƹƼ ƻǉŦ ±¦ ķƼǃŦţƐƃǉƤ âţǀ  ±¦ â¦ƃŦ Â ®Â°
À¡ À®ƃŦ ƻǉŦ àţĢ ±¦ ſǈţŦ �ţǀ Áſƽƽư À¡ ţŦ ƿư ®ƃư Á®ţƩŭƈ¦ ÁſƼ°ǃż âţǀ àţºĢ â¦ƃºŦ .ſºƽǀ® Ƌƽư¦Â ţǀ ƿºƱƴ À®ƃư  âţǀ

ķƸ �²ţŧƴ âÂ° ±¦ ķŦƃĪ àţĢ ±¦ À¦ǃŬ Áſƽƽư .®ƃư Á®ţƩŭƈ¦ ķƼǃŦţƐƃǉƤ Â ķƼǃŦţƐ âţǀ  
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                   .     

  .    ) (  

E (V)0

Au / Au�3

Ag / Ag�

Fe / Fe�2

Zn / Zn�2

Al / Al�3

/�1 5

?

....
/�0 76

....

/1 24

/1 94

 

 (                
(E   Ag / Ag+ .     

 (        .     
 

  (Ƨƴ¦ Al / Al+3ÂAu / Au+3 ţǈ ǑƘ Â ƷǉƽǉƸǃƴ¡ )çê/å(  ŠŰƠƇ)éí  Âéî(  
(§  ŠŰƠƇ)éí(   emf (Ag Au) / / /− = − =1 94 1 24 0 7  

  / / E (Ag / Ag) E (Ag / Ag) / V+ += −  = +0 7 1 5 0 8 
 

(0/25) (0/25)
  

(Ü Au +3 )çê/å ŠŰƠƇ) (éì(  
   (Ƨƴ¦ƷǉƼ Â® ƿĪ ƃǀ  ¾ÂſŴ) ķǈţǉƹǉƌÂƃŭƱƴ¦ âƃƈ °® ¾ǃƵƈE(�  ©°ţŧƠ ƿŦ �ſƽƌţŦ ƿŭƌ¦® ƃĵǈſƱǈ ţŦ âƃŭƍǉŦ ũƵƐţƨ

©ÂţƩŬ �ƃĵǈ®E À¡ Â ſƼ¡ ƻǉŦ ƳǉƉƼţŭĢ »Ǒŭż¦ �ſƌţŦ ƃŭƍǉŦ ţǀ ƴÂ ƿŵǉŭƼ °® Â Áſƌ ƃŭƍǉŦ ſŬţư ƳºƐţŸ ¾ǃƵºƈ Þţºŭ
á°ƅŦ .ſƌ ſǀ¦ǃż ƃŬ  

ƻǈ¦ °® ©ÂţƩŬ �ţŴE ƷǉƼ Â® ƃǀ ±¦ �ǑƘ Â ƷǉƽǉƸǃƴ¡ .ūƈ¦ ƃŭƍǉŦ âƃĵǈ® ¾ǃƵƈ  
(§ ũŧƈţŹƸ â¦ƃŦE ƷǉƼ ¾ǃƵƈAg / Ag+ ǃƵƈ ±¦ ķƱǈ ÞţŭƴÂ ±¦ ſǈţŦ¾ ƷǉƼ ƻºǈ¦ ƿư ķǈţǀ  �®°¦® °¦ƃºƬ À¡ °® ¾ǃƵºƈ

 ®ſƠ ƃĴ¦ �°¦®ǃƹƼ ƿŦ ƿŴǃŬ ţŦ .Ʒǉƽư Á®ţƩŭƈ¦çé/æ  ±¦ ¦°îé/æ ķƸ ūƈ® ƿŦ ǑƘ º ÁƃƭƼ ¾ǃƵƈ ÞţŭƴÂ �Ʒǉƽư Ʒư  .ſǈ¡E

¦° ǑƘ ƇĢ �Ʒǈ°¦® ƿư  ƿŧƈţŹƸ ƿƙŦ¦° ±¦emf ķƸ �¾ǃƵƈ ƷǉƼ¦ǃŬE  ÁƃƭƼ.Ʒǉƽư §ţƉŸ ƅǉƼ ¦°  
  emf (Ag Au) / / / V − = − =1 94 1 24 0 7 °¦®ǃƹƼ âÂ° ±¦  

  emf E ( ) E ( ) E ( ) E ( )kUI¨ kºA oUï©nqM oUï¦a¼¨= − = −     
  Ag Au emf E (Au / Au) E (Ag / Ag)−¼±w + +− = − 3   

  / / E (Ag / Ag) E (Ag / Ag) / / / V+ += −  = − = +0 7 1 5 1 5 0 7 0 8   
 (ÜƿĪ ƃǀE ƷǉƼ įǈ á°ƅŦ ¾ǃƵƈ  �À¡ ġĪ ūƹƈ ƿƼǃĴ �ſƌţŦ ƃŬ¦ưƉâǃƬ Ũſƽ ƃŬâ ƷǉƼ ƻǉºŦ °® .ūºƈ¦ ¾ǃƵºƈ  âţǀ

 �Áſƌ Á®¦®Au / Au+3á°ƅŦ � ƻǈƃŬE ƇĢ �®°¦® ¦°Au +3� âǃƬ  ƻǈƃŬÁſƽƉư¦ ķƸ .ſƌţŦ  
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اگر نهایى             :

سخت شد!
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   (/             

 

  (Ƨƴ¦ ķŭǉƴÂƃŭƱƴ¦ )çê/å(  
(§ â® ƻŦƃư ţǈ ſǉƉư¦CO2 )çê/å(   

 (ūǉƨ¦ƃ１) ſƼ¡ (ÜƷǉƼ Ũ®°Â¦ƃƨ ţŦ Ƌƽư¦Â (ÀĭǉƉư¦) âſƼ¡ Ƌƽư¦Â Á®¦®  Â»ƃƑƸ ķƸ  .®ǃƌ)çê/å(  

(©  )çê/å( mol Al/ mol e / mol Al
mol e

−
−× =40 6 0 2

12
(0 /25)

  

 ŠŰƠƇ)ëæ(  
   (Ƨƴ¦ƅŴ �ķƱǈƃŭƱƴ¦ âÞƃƼ¦ »ƃƑƸ Ƴǉƴ® ƿŦ ¾ţǀ ¾ǃƵƈ  ¾ǃƵƈ .ūƈ¦ ķŭǉƴÂƃŭƱƴ¦ âţǀ  

(§ Àǃǈ �¾ţǀ ¾ǃƵƈ °® âţǀAl +3 Á°¦ǃǈ®) ſŬţư ūƹƈ ƿŦ  ƅºƵƨ ƿºŦ ÀÂƃŭƱƴ¦ ƻŭƨƃĴ ţŦ Â Á®ƃư ūưƃŸ (¾ǃƵƈ Ƨư Â ţǀ
ķƸ ƳǈſŧŬ ƷǉƽǉƸǃƴ¡ :ſƼǃƌ 

 Al (l) e Al(l)+ −+ →3 3 ƷǉƼ: Ƌƽư¦Â âſŬţư  
Àǃǈ âţǀO −2 ±¦ ķƌţƼ)Al O2 3 ƿƵǉƸ) ſƼ¡ ūƹƈ ƿŦ (§¦ƁƸ  Â Á®ƃư ūưƃŸ (Áţĵŭƈ® âǐţŦ °® ®ǃŴǃƸ ķŭǉƨ¦ƃĴ âţǀ

 ±ţĴ ƿŦķƸ ƋǈţƉư¦ �ÀĭǉƉư¦ ſƼ¡ °® ®ǃŴǃƸ ūǉƨ¦ƃĴ �ſƼ¡ °® ÀĭǉƉư¦ ±ţĴ ſǉƴǃŬ ±¦ ƇĢ .ſƽŦţǈƳǉƴ® ƿŦ � ǐţºŦ âţƸ®  ţºŦ
ķƸ Ƌƽư¦Â ÀĭǉƉư¦ ±ţĴ Â ſǀ®CO2 ķƸ ſǉƴǃŬ :ſƽư  

  O (l) O (g) e
O (g) C(s, ) CO (g)SÃÎHo¬

− − → +


+ →

2
2

2 2

2 4 ƷǉƼ: âſƼ¡ Ƌƽư¦Â  

ƷǉƼ °® ķƍƭƼ �âſŬţư ƋŽŦ ūǉƨ¦ƃĴ �¾ţǀ ¾ǃƵƈ °® (Ü  ķƬţºŦ ƃºǉǉƥŬ ÀÂſŦ À¡ ¿ƃŴ ƿŵǉŭƼ °® .®°¦ſƼ âſŬţư Ƌƽư¦Â
ķƸ Ĵ ţŦ �ſƼ¡ °® ®ǃŴǃƸ ūǉƨ¦ƃĴ ƿư ķƴţŸ °® �ſƼţƸķƸ Ƌƽư¦Â ÀĭǉƉư¦ ±ţ  ƃƘţºż ƻǉƹǀ ƿŦ .ſǀ®ƶŤƟ° !ƶºŤƟ°  À¡ ¿ƃºŴ ±¦

ķƸ ƿŭƈţư ķƸ ƓǈǃơŬ ¦° ¾ţǀ ¾ǃƵƈ ſƼ¡ âţǀ®ÂƃŭƱƴ¦ ķŬſƸ ±¦ ƇĢ �ūơƽƐ °® Ƴǉƴ® ƻǉƹǀ ƿŦ .®ǃƌ .ſƽƽư  
ƻǈ¦ ƿŦ ƿŴǃŬ ţŦ �¾ţǀ ¾ǃƵƈ ķƵư Ƌƽư¦Â À®°Â¡ ūƈ® ƿŦ â¦ƃŦ (© ÀÂƃŭƱƴ¦ °ţƹƌ ƿư  ţºŦ ſºǈţŦ �ſƼ¡ °® Áſƌ ſǉƴǃŬ âţǀ

ƴ¦ °ţƹƌÀÂƃŭƱ ƷǉƼ �ſºƌţŦ ƃŦ¦ƃŦ ſŬţư °® Áſƌ »ƃƑƸ âţǀ  °® ¦° âſºŬţư Ƌƽºư¦Âé ƷǉƼ Â Ƌƽư¦Â  °® ¦° âſºƼ¡ âţºǀè 
ķƸ §ƃƔ .Ʒǉƽư  

  

Al ekUI¨  nj + −→ +34 12 Al

O OkºA nj
−

→

→
→

2
2

4
6 3 e−+ 12
C O+ 23 3

Al O

CO

Al O C Al CO eÂÄI¿º  y¹¨H» ½k{ï¾²jIL¶  ÁIÀï·»oT§²H  jHk÷U+ − −




→

→ + + → + =
2 3

2
3 2

2
2

3

4 6 3 4 3 12

  

  
  

  Al O (l) C(s) Al(l) CO (g) ~ e−+ → +2 3 22 3 4 3 12  ¾ţǀ ¾ǃƵƈ ķƵư Ƌƽư¦Â  
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