
ɇɛɐɛŬ ȷŮɘűɞɟɘəɐɠ ũŮɤɟɔɑŬɠ 

ũŮɤˊɞɜɘəɐ Ɇɢɞɚɐ

ü ɃɂȺȽȹɃȷɁȷũɋũȼ: ȸŬůɘəɏɠ Ŭɟɢɏɠ, ɖɛɘŬɜŰɘŭɟɎůŮɘɠ 

ɞɝŮɘŭɞŬɜŬɔɤɔɐɠ, ɘůɞůŰɎɗɛɘůɖ ŬɜŰɘŭɟɎůŮɤɜ 

ɞɝŮɘŭɞŬɜŬɔɤɔɐɠ, ȾŬŰŬůəŮɡɐ əŬɘ Ɇɡɛɓɞɚɘůɛɧɠ 

ȸɞɚŰŬȽəɩɜ ůŰɞɘɢŮɑɤɜ, ȹɡɜŬɛɘəɧ ůŰɞɘɢŮɑɞɡ, ɄɟɧŰɡˊŬ 

ȹɡɜŬɛɘəɎ ůŰɞɘɢŮɑɤɜ, ɆŰŬɗŮɟɏɠ ɘůɞɟɟɞˊɑŬɠ Ŭˊɧ Űɘɛɏɠ 

ŭɡɜŬɛɘəɩɜ ůŰɞɘɢŮɑɤɜ

ũŮɜɘəɐ ï ȷɜɧɟɔŬɜɖ ɉɖɛŮɑŬ



ɮ˄ˍʽʵˊʱˋʶʽˌ ʁ˅ʶʾʵ˖ˋʹˌ-ɮ˄ʰʴ˖ʴʺˌ
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ɋɠ ŬɜŰɘŭɟɎůŮɘɠ ɞɝŮɑŭɤůɖɠ ï ŬɜŬɔɤɔɐɠ, ɞɟɑɕɞɜŰŬɘ 
ŮəŮɑɜŮɠ ˊɞɡ: ç ŮɛˊŮɟɘɏɢɞɡɜ ɛŮŰŬűɞɟɎ ɖɚŮəŰɟɞɜɑɤɜ 
Ŭˊɧ ɛɘŬ ɞɜŰɧŰɖŰŬ ůŮ Ɏɚɚɖ ɐ ɛŮŰŬɓɞɚɐ ůŰɞɜ Ŭɟɘɗɛɧ 
ɞɝŮɑŭɤůɖɠè. (Ɇɨɔɢɟɞɜɖ ũŮɜɘəɐ ɢɖɛŮɑŬ, Ebbing 
Gammon, 10ɖ ɏəŭɞůɖ)



ȷɟɘɗɛɧɠ ɞɝŮɑŭɤůɖɠ

ɚɾɾʀʇʅʆʙ ɚʌȢ ɜɻʇʗʉʂ3

·Ƀ ɧɟɞɠ Ŭɟɘɗɛɧɠ ɞɝŮɑŭɤůɖɠ, ŬˊɞŭɑŭŮŰŬɘ:

ü ůŰɞ ˊɟŬɔɛŬŰɘəɧ űɞɟŰɑɞ Űɞɡ ŬŰɧɛɞɡ ŮɎɜ Űɞ ɎŰɞɛɞ ŮɛűŬɜɑɕŮŰŬɘ 

ůŰɖɜ ɏɜɤůɖ ɤɠ ɛɞɜɞŬŰɞɛɘəɧ ɘɧɜ,

üůŰɞ ɡˊɞɗŮŰɘəɧ űɞɟŰɑɞ ˊɞɡ ŬˊɞŭɑŭŮŰŬɘ ůŰɞ ɎŰɞɛɞ  ɛŮ ɓɎůɖ 

əɎˊɞɘɞɡɠ əŬɜɧɜŮɠ.

·ȷɨɝɖůɖ Űɞɡ Ŭɟɘɗɛɞɨ ɞɝŮɑŭɤůɖɠ Ůɜɧɠ ŬŰɧɛɞɡ, ŭɖɚɩɜŮɘ ˊɤɠ 

Űɞ ɎŰɞɛɞ ɡűɑůŰŬŰŬɘ ɞɝŮɑŭɤůɖ.

·ɀŮɑɤůɖ Űɞɡ Ŭɟɘɗɛɞɨ ɞɝŮɑŭɤůɖɠ Ůɜɧɠ ŬŰɧɛɞɡ, ŭɖɚɩɜŮɘ ɧŰɘ 

Űɞ ɎŰɞɛɞ ɡűɑůŰŬŰŬɘ ŬɜŬɔɤɔɐ.

·ɆŮ ɛɘŬ ŬɜŰɑŭɟŬůɖ ɖ ɞɝŮɑŭɤůɖ əŬɘ ɖ ŬɜŬɔɤɔɐ ůɡɛɓŬɑɜɞɡɜ 

ŰŬɡŰɧɢɟɞɜŬ.
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Ebbing Gammon, General Chemistry, 9th Edition
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·Ƀ Ŭɟɘɗɛɧɠ ɞɝŮɑŭɤůɖɠ ŬŰɧɛɞɡ ůŰɖ ůŰɞɘɢŮɘŬəɐ Űɞɡ əŬŰɎůŰŬůɖ 

ŮɑɜŬɘ ɛɖŭɏɜ.

·Ƀ Ŭɟɘɗɛɧɠ ɞɝŮɑŭɤůɖɠ ŬŰɧɛɞɡ ůŮ ɛɞɜɞŬŰɞɛɘəɧ ɘɧɜ ŮɑɜŬɘ ɑůɞɠ ɛŮ 

Űɞ űɞɟŰɑɞ Űɞɡ ɘɧɜŰɞɠ. 

·ɇɞ ŬɚɔŮɓɟɘəɧ ɎɗɟɞɘůɛŬ Űɤɜ Ŭɟɘɗɛɩɜ ɞɝŮɑŭɤůɖɠ ɧɚɤɜ Űɤɜ 

ŬŰɧɛɤɜ ˊɞɡ ůɡɜɘůŰɞɨɜ ɛɘŬ ɢɖɛɘəɐ ɏɜɤůɖ ŮɑɜŬɘ ɛɖŭɏɜ. Ʉ.ɢ. ɆŰɖɜ 

ɏɜɤůɖ ɗŮɘɘəɧ ɞɝɨ :

   +1 +6 -2

ȼ2SO4: (+1)x2 + (+6)x1 +(ï 2)x4 = 0

·Ƀ Ŭɟɘɗɛɧɠ ɞɝŮɑŭɤůɖɠ Űɞɡ űɗɞɟɑɞɡ ůŰɘɠ ŮɜɩůŮɘɠ Űɞɡ ŮɑɜŬɘ 

ˊɎɜŰɞŰŮ -1. ɇŬ ɡˊɧɚɞɘˊŬ ŬɚɞɔɧɜŬ, Cl, Br, I ɏɢɞɡɜ ůŮ ŭɡŬŭɘəɏɠ 

ŮɜɩůŮɘɠ Ŭɟɘɗɛɧ ɞɝŮɑŭɤůɖɠ -1, ŮəŰɧɠ ŮɎɜ Űɞ ŭŮɨŰŮɟɞ ůŰɞɘɢŮɑɞ 

ŮɑɜŬɘ ɞɝɡɔɧɜɞ ɐ Ɏɚɚɞ Ŭɚɞɔɧɜɞ ˊɞɡ ɓɟɑůəŮŰŬɘ ˊɞɡ ɓɟɑůəŮŰŬɘ ˊɘɞ 

ɣɖɚɎ ůŰɞɜ ɄɄ.
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·Ƀ Ŭɟɘɗɛɧɠ ɞɝŮɑŭɤůɖɠ Űɞɡ ɡŭɟɞɔɧɜɞɡ ŮɑɜŬɘ +1 ůŰɘɠ 
ˊŮɟɘůůɧŰŮɟŮɠ ŮɜɩůŮɘɠ Űɞɡ ɛŮ ŬɛɏŰŬɚɚŬ (.́ɢ. ȼcl). Ƀ 
Ŭɟɘɗɛɧɠ ɞɝŮɑŭɤůɖɠ Űɞɡ ɡŭɟɞɔɧɜɞɡ ŮɑɜŬɘ  -1 ůŰɘɠ 
ŭɡŬŭɘəɏɠ ŮɜɩůŮɘɠ Űɞɡ ɛŮ ŰŬ ɛɏŰŬɚɚŬ (.́ɢ. NaH).

·Ƀ Ŭɟɘɗɛɧɠ ɞɝŮɑŭɤůɖɠ Űɞɡ ɞɝɡɔɧɜɞɡ ŮɑɜŬɘ ˊɎɜŰɞŰŮ -2, 
ŮəŰɧɠ Ŭˊɧ ŰŬ ɡˊŮɟɞɝŮɑŭɘŬ ɧˊɞɡ ŮɑɜŬɘ -1.

               +1 -1
ȼ2Ƀ2

·Ƀ Ŭɟɘɗɛɧɠ ɞɝŮɑŭɤůɖɠ Űɤɜ ɛŮŰɎɚɚɤɜ ŮɑɜŬɘ ˊɎɜŰɞŰŮ 
ɗŮŰɘəɧɠ. ɇŬ ˊŮɟɘůůɧŰŮɟŬ ŬɛɏŰŬɚɚŬ ŮɛűŬɜɑɕɞɜŰŬɘ 
ɎɚɚɞŰŮ ɛŮ ɗŮŰɘəɧ əŬɘ ɎɚɚɞŰŮ ɛŮ ŬɟɜɖŰɘəɧ Ŭɟɘɗɛɧ 
ɞɝŮɑŭɤůɖɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ Űɞ S ɏɢŮɘ Ŭɟɘɗɛɧ ɞɝŮɑŭɤůɖɠ 
-2 ůŰɞ H2S Ůɜɩ ůŰɞ SO2 +4.
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Ɉˊɞɚɞɔɘůɛɧɠ Ŭɟɘɗɛɞɨ ɞɝŮɑŭɤůɖɠ ůŰɞɘɢŮɑɞɡ ůŮ ɏɜɤůɖ 

Űɞɡ. Ʉ.ɢ. Ɉˊɞɚɞɔɘůɛɧɠ Ŭɟɘɗɛɞɨ ɞɝŮɑŭɤůɖɠ S ůŰɘɠ 

ŮɜɩůŮɘɠ Na2SO4əŬɘ Na2SO3

Na2SO3 Na2SO4

ɚʍȢ ʋʊȢ Na 2.x(+1) = +2 2 x (+1) = +2

ɚʍȢ ʋʊȢ O 3x(-2) = -6 4 x (-2) = -8

ɲʃʍʋʅʎʈɻ -4 -6

S +4 +6

ɲʃʍʋʅʎʈɻ 0 0
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·ȼɛɘŬɜŰɑŭɟŬůɖ: ȾŬɚŮɑŰŬɘ Űɞ ɏɜŬ Ŭˊɧ ŰŬ ŭɨɞ ɛɏɟɖ ɛɘŬɠ ŬɜŰɑŭɟŬůɖɠ 
ɞɝŮɑŭɤůɖɠ-ŬɜŬɔɤɔɐɠ.

·ȼ ɖɛɘŬɜŰɑŭɟŬůɖ əŬŰɎ Űɖɜ ɞˊɞɑŬ ˊŬɟŬŰɖɟŮɑŰŬɘ ŬˊɩɚŮɘŬ ɖɚŮəŰɟɞɜɑɤɜ 
əŬɚŮɑŰŬɘ ɞɝŮɑŭɤůɖ.

·ȼ ɖɛɘŬɜŰɑŭɟŬůɖ əŬŰɎ Űɖɜ ɞˊɞɑŬ ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭɨɝɖůɖ Űɞɡ Ŭɟɘɗɛɞɨ 
ɖɚŮəŰɟɞɜɑɤɜ, əŬɚŮɑŰŬɘ ŬɜŬɔɤɔɐ.

·ɃɝŮɘŭɤŰɘəɧ ɛɏůɞ əŬɚŮɑŰŬɘ ɖ ɞɜŰɧŰɖŰŬ ˊɞɡ ɞɝŮɘŭɩɜŮɘ ɛɘŬ Ɏɚɚɖ, Ůɜɩ ɖ 
ɑŭɘŬ ŬɜɎɔŮŰŬɘ.

·ȷɜŬɔɤɔɘəɧ ɛɏůɞ əŬɚŮɑŰŬɘ ɖ ɞɜŰɧŰɖŰŬ ˊɞɡ ŬɜɎɔŮɘ ɛɘŬ Ɏɚɚɖ Ůɜɩ ɖ ɑŭɘŬ 
ɞɝŮɘŭɩɜŮŰŬɘ. 0 +2

ȼɛɘŬɜŰɑŭɟŬůɖ ɞɝŮɑŭɤůɖɠ: Mg(s)    ­Mg2+(aq) +  2e-

                                                         +2                                      0

ȼɛɘŬɜŰɑŭɟŬůɖ ŬɜŬɔɤɔɐɠ:Cu2+(aq) +  2e -­ Cu(s)

ɞɝŮɑŭɤůɖ
                                                                            0                  +2                           +2                      0

ȷɜŰɑŭɟŬůɖ ɞɝŮɑŭɤůɖɠ-ŬɜŬɔɤɔɐɠ:  Mg(s) + Cu 2+(aq) ­Mg2+(aq) + Cu(s)

·
ŬɜŬɔɤɔɘəɧ ɛɏůɞ  ɞɝŮɘŭɤŰɘəɧ ɛɏůɞ

·                                                                                  ŬɜŬɔɤɔɐ
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ȺɨɟŮůɖ ůɡɜŰŮɚŮůŰɩɜ ɞɝŮɘŭɞŬɜŬɔɤɔɘəɩɜ ŬɜŰɘŭɟɎůŮɤɜ ɛŮ 

ɓɎůɖ Űɖ ɛŮŰŬɓɞɚɐ Ŭɟɘɗɛɞɨ ɞɝŮɑŭɤůɖɠ

ũɟɎűɞɡɛŮ ůŰɞ ˊɟɩŰɞ ɛɏɚɞɠ ŰŬ ŬɜŰɘŭɟɩɜŰŬ əŬɘ ůŰɞ 
2ɞ ŰŬ ˊɟɞɥɧɜŰŬ

Cu + HNO3  Ÿ Cu(NO3)2 + NO

ɈˊɞɚɞɔɑɕɞɡɛŮ Űɖ ɛŮŰŬɓɞɚɐ Űɞɡ Ŭɟɘɗɛɞɨ ɞɝŮɑŭɤůɖɠ

                2

   0            +5                     +2                       +2

Cu + HNO3  Ÿ Cu(NO3)2 + NO

                                                     3
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ɀŮ ŭŮŭɞɛɏɜɞ ɧŰɘ ɞ Ŭɟɘɗɛɧɠ ɞɝŮɑŭɤůɖɠ Űɞɡ Cu 
ŬɡɝɎɜŮɘ əŬŰɎ ŭɨɞ əŬɘ Űɞɡ ŬɕɩŰɞɡ əŬŰɎ 3

Cu + HNO3  Ÿ 3Cu(NO3)2 + 2NO

ɀŮ ɓɎůɖ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ůŰɞ 2ɞ ůəɏɚɞɠ Űɖɠ 
ŬɜŰɑŭɟŬůɖɠ, ɔɟɎűɞɡɛŮ əŬɘ Űɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ůŰɞ 1ɞ 

3Cu + 8HNO3  Ÿ 3Cu(NO3)2 + 2NO

ɄɟɞůɗɏŰɞɡɛŮ ůŰɞ 2ɞ ůəɏɚɞɠ ɧůŬ ɜŮɟɎ ɢɟŮɘɎɕɞɜŰŬɘ: 

3Cu + 8HNO3Ÿ 3Cu(NO3)2 + 2NO + 4ȼ2Ƀ
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ȺɨɟŮůɖ ůɡɜŰŮɚŮůŰɩɜ ɞɝŮɘŭɞŬɜŬɔɤɔɘəɩɜ ŬɜŰɘŭɟɎůŮɤɜ ɛŮ 

ɓɎůɖ Űɖ ɛɏɗɞŭɞ Űɤɜ ɖɛɘŬɜŰɘŭɟɎůŮɤɜ

ũɟɎűɞɡɛŮ Űɘɠ ɖɛɘŬɜŰɘŭɟɎůŮɘɠ

ɃɝŮɑŭɤůɖ Fe2+  &Å3+ ɚʉɻɾʖɾʙ Cr2O7
2- #Ò3+

ũɟɎɣŰŮ Űɖɜ ɞɝŮɑŭɤůɖFe2+ůŮFe3+ŬˊɧCr 2O7
2-ůŮ ɧɝɘɜɞ 

ŭɘɎɚɡɛŬ

ȽůɞɟɟɞˊɞɨɛŮ ůŰɘɠ ɖɛɘŬɜŰɘŭɟɎůŮɘɠ ŰŬ ɎŰɞɛŬ əŬɘ 
ŰŬ ɎŰɞɛŬ ɞɝɡɔɧɜɞɡ əŬɘ ɡŭɟɞɔɧɜɞɡ

Cr2O7
2- 2Cr3+

14ɠ+ + Cr2O7
2- 2Cr3+ + 7ɠ2ɨ
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·ɇŬ ɖɚŮəŰɟɧɜɘŬ ˊɟɞůŰɑɗŮɜŰŬɘ ɔɘŬ ɜŬ Ůɝɘůɩůɞɡɜ Űɞ űɞɟŰɑɞ ůŮ 

əɎɗŮ ɖɛɘŬɜŰɑŭɟŬůɖ. ɄɟɞůŰɑɗŮɜŰŬɘ ůŰɖɜ ˊɚŮɡɟɎ ˊɞɡ ŮɑɜŬɘ 

ˊɘɞ ɗŮŰɘəɐ

      Ɇɡɜɞɚɘəɐ ɛŮŰŬɓɞɚɐ 1

·Fe2+    Ÿ     Fe3+ + e-

                +6                                  +3

·14ȼ+ + Cr 2O7
2- + 6e-Ÿ 2Cr 3+ + 7ȼ2Ƀ

                Ɇɡɜɞɚɘəɐ ɛŮŰŬɓɞɚɐ 2x3=6

ɄɞɚɚŬˊɚŬůɘɎɕɞɡɛŮ ɛŮ əŬŰɎɚɚɖɚɞɡɠ Ŭɟɘɗɛɞɨɠ ɩůŰŮ 
Ŭˊɧ Űɖɜ ŰŮɚɘəɐůɡɜɞɚɘəɐ ŬɜŰɑŭɟŬůɖ ɜŬ ŮɝŬɚŮɑűɞɜŰŬɘ 
ŰŬ e-

6Fe2+   Ÿ 6Fe3+ + 6e-                                                                                    

14ȼ+ + Cr 2O7
2- + 6e-Ÿ 2Cr 3+ + 7ȼ2Ƀ                                                                   

6Fe2+  + 14ȼ+ + Cr 2O7
2-Ÿ 6Fe3+ + 2Cr 3+ + 7ȼ2Ƀ
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ũɟɎɣŰŮ Űɖɜ ɞɝŮɑŭɤůɖC ůŮCO2 ŬˊɧCr 2O7
2-ůŮ ɧɝɘɜɞ 

ŭɘɎɚɡɛŬ

ũɟɎűɞɡɛŮ Űɘɠ ɖɛɘŬɜŰɘŭɟɎůŮɘɠ

ɃɝŮɑŭɤůɖ CŸ CO2ȷɜŬɔɤɔɐ Cr2O7
2-Ÿ Cr3+

ȽůɞɟɟɞˊɞɨɛŮ ůŰɘɠ ɖɛɘŬɜŰɘŭɟɎůŮɘɠ ŰŬ ɎŰɞɛŬ (H, OůŰɞ Űɏɚɞɠ). 

CŸ CO2

C + 2H2OŸ CO2 + 4H+

Cr2O7
2-Ÿ 2Cr3+

14ȼ+ + Cr2O7
2-Ÿ 2Cr3+ + 7ȼ2Ƀ

ɄɟɞůɗɏŰɞɡɛŮ ɧůŬ e- ɢɟŮɘɎɕɞɜŰŬɘ əŬɘ ˊɞɚɚŬˊɚŬůɘɎɕɞɡɛŮ ɛŮ 

əŬŰɎɚɚɖɚɞɡɠ ůɡɜŰŮɚŮůŰɏɠ ɩůŰŮ ŰŮɚɘəɎɜŬ ŮɝŬɚŮɑűɞɜŰŬɘ.

C + 2H2OŸ CO2 + 4H+ + 4e-

14ȼ+ + Cr2O7
2- + 6e-Ÿ 2Cr3+ + 7ȼ2Ƀ

3C + 6H2OŸ 3CO2 + 12H+ + 12e-

28ȼ+ + 2Cr2O7
2- + 12e-Ÿ 4Cr3+ + 14ȼ2Ƀ

3C + 16H++ 2Cr 2O7
2-Ÿ 3CO2 + 4Cr 3+ + 8ȼ2Ƀ



ũŬɚɓŬɜɘəɎ ůŰɞɘɢŮɑŬ(ȸɞɚŰŬɥəɎ ůŰɞɘɢŮɑŬ)

ɄŮɘɟŬɛŬŰɘəɏɠ ŭɘŬŰɎɝŮɘɠ ůŰɘɠ 

ɞˊɞɑŮɠ ˊŬɟɎɔŮŰŬɘ ɖɚŮəŰɟɘəɧ 

ɟŮɨɛŬ ɛɏůɤ ɛɘŬɠ ŬɡɗɧɟɛɖŰɖɠ 

ɢɖɛɘəɐɠ Ůɝɑůɤůɖɠ
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ũŬɚɓŬɜɘəɎ ůŰɞɘɢŮɑŬ(ȸɞɚŰŬɥəɎ ůŰɞɘɢŮɑŬ)

·ȷˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŭɨɞ 
ɖɛɘůŰɞɘɢŮɑŬ, Űɤɜ ɞˊɞɑɤɜ  ŰŬ 
ɖɚŮəŰɟɧŭɘŬ ŮɝɤŰŮɟɘəɎ, 
ůɡɜŭɏɞɜŰŬɘ ɛŮ Ŭɔɤɔɧ. ȷɜ ůŰɞɜ 
ŰŮɚŮɡŰŬɑɞ ˊŬɟŮɛɓɚɖɗŮɑ 
ɓɞɚŰɧɛŮŰɟɞ, ɛˊɞɟŮɑ ɜŬ 
ɛŮŰɟɖɗŮɑ ɖ ŭɘŬűɞɟɎ ŭɡɜŬɛɘəɞɨ, 
Ůɜɩ Ŭɜ ůɡɜŭŮɗŮɑ ŬɛˊŮɟɧɛŮŰɟɞ 
ɛˊɞɟŮɑ ɜŬ ɛŮŰɟɖɗŮɑ ɖ ɏɜŰŬůɖ 
Űɞɡ ɟŮɨɛŬŰɞɠ.

ȼ ɔɏűɡɟŬ ˊɟɞɛɖɗŮɨŮɘ əŬŰɘɧɜŰŬ əŬɘ ŬɜɘɧɜŰŬ 

ŰŬ ŭɘŬɚɨɛŬŰŬ. ɇŬ ɘɧɜŰŬ ŬɡŰɎ, ŬɜŰɘəŬɗɘůŰɞɨɜ 

ŬɡŰɎ ˊɞɡ əŬŰŬɜŬɚɩɜɞɜŰŬɘ ůŰŬ ɖɚŮəŰɟɧŭɘŬ.  

ȰŰůɘ əɚŮɑɜŮɘ Űɞ əɨəɚɤɛŬ, ɎɟŬ ɛˊɞɟŮɑ ɜŬ 

ɡˊɎɟɢŮɘ əɑɜɖůɖ űɞɟŰɑɤɜ Ŭˊɧ Űɞ ɏɜŬ ůŰɞ Ɏɚɚɞ 

ŭɞɢŮɑɞ.
15



ȷɜŬˊŰɨůůŮŰŬɘ 
ŭɘŬűɞɟɎ ŭɡɜŬɛɘəɞɨ 
ɛŮŰŬɝɨ Űɤɜ ŭɨɞ 
ɖɚŮəŰɟɞŭɑɤɜ

ȷɡŰɐ ɖ ŭɘŬűɞɟɎ ŭɡɜŬɛɘəɞɨ, 
ŮɑɜŬɘ ɡˊŮɨɗɡɜɖ ɔɘŬ Űɖ 
ŭɘŮɝŬɔɤɔɐ ŬɜŰɘŭɟɎůŮɤɜ

1) ɈˊɎɟɢŮɘ əɑɜɖůɖ 
e- ůŰɞ ŭɘɎɚɡɛŬ 
ɎɟŬ ŮɛűɎɜɘůɖ 
ɖɚŮəŰɟɘəɞɨ 
ɟŮɨɛŬŰɞɠ ůŰɞ 
ŮɝɤŰŮɟɘəɧ 
əɨəɚɤɛŬ

2) ɈˊɎɟɢŮɘ əɑɜɖůɖ 
ɘɧɜŰɤɜ ůŰɖ 
ɔɏűɡɟŬ ɎɚŬŰɞɠ

nurhafizahzaidipijaja.wordpress.com/notes/1-5-analysing-voltaic-cell/
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ȯɜɞŭɞɠ 

Åȯɜɞŭɞɠ Űɞ ɖɚŮəŰɟɧŭɘɞ ůŰɞ ɞˊɞɑɞ ɔɑɜŮŰŬɘ ɞɝŮɑŭɤůɖ, 
ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɞ ŭɡɜŬɛɘəɧ Űɞɡ ɖɚŮəŰɟɞŭɑɞɡ əŬɘ 
Űɖɜ ɞɡůɑŬ ˊɞɡ ɞɝŮɘŭɩɜŮŰŬɘ

ȾɎɗɞŭɞɠ

ȾɎɗɞŭɞɠ Űɞ ɖɚŮəŰɟɧŭɘɞ ůŰɞ ɞˊɞɑɞ ɔɑɜŮŰŬɘ ŬɜŬɔɤɔɐ, 
ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɞ ŭɡɜŬɛɘəɧ Űɞɡ ɖɚŮəŰɟɞŭɑɞɡ əŬɘ Űɖɜ 
ɞɡůɑŬ ˊɞɡ ŬɜɎɔŮŰŬɘ
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·Zn(s)      Zn2+
(aq, 1 M)     Cu2+

(aq,1 M) Cu(s) 

ȷɟɘůŰŮɟɎ 

ɔɟɎűŮŰŬɘ Űɞ 

ɖɛɘůŰɞɘɢŮɑɞ ɛŮ 

Űɞ ɛɘəɟɧŰŮɟɞ 

ŭɡɜŬɛɘəɧ

Ɇɡɛɓɞɚɘůɛɧɠ ŬɚɚŬɔɐɠ 

űɎůɖɠ ɛŮŰŬɝɨ 

ɖɚŮəŰɟɞŭɑɞɡ əŬɘ 

ɖɚŮəŰɟɞɚɡŰɘəɞɨ 

ŭɘŬɚɨɛŬŰɞɠ ɛŮ Ŭˊɚɐ 

ɔɟŬɛɛɐ

ɇŬ ŭɨɞ 

ɖɛɘůŰɞɘɢŮɑŬ 

ŭɘŬɢɤɟɑɕɞɜŰŬɘ 

ɛŮ ŭɘˊɚɐ 

əɎɗŮŰɖ 

ɔɟŬɛɛɐ
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ɆŰɞɘɢŮɑɞ Daniell Űɞ ˊɘɞ əɚŬůɘəɧ 

ˊŬɟɎŭŮɘɔɛŬ ɔŬɚɓŬɜɘəɞɨ ůŰɞɘɢŮɑɞɡ

üɆŰɞ ŬɟɘůŰŮɟɧ ˊɞŰɐɟɘ, ɡˊɎɟɢŮɘ 

ŭɘɎɚɡɛŬ ZnSO4 1 M, ůŰɞ ɞˊɞɑɞ 

ɡˊɎɟɢŮɘ ɓɡɗɘůɛɏɜɞ ɏɚŬůɛŬ Zn

üɆŰɞ ŭŮɝɘɧ ˊɞŰɐɟɘ, ɡˊɎɟɢŮɘ 

ŭɘɎɚɡɛŬ 1 ɀ CuSO4, ůŰɞ ɞˊɞɑɞ 

ɓɟɑůəŮŰŬɘ ɓɡɗɘůɛɏɜɞ ůɨɟɛŬ Cu.

üɆɡɜŭɏɞɡɛŮ ŰŬ ŮɚɎůɛŬŰŬ Cu əŬɘ 

Zn ɛŮ ɓɞɚŰɧɛŮŰɟɞ əŬɘ əɚŮɑɜɞɡɛŮ 

ɛŮ ɔɏűɡɟŬ ɎɚŬŰɞɠ Űɞ əɨəɚɤɛŬ.

https://commons.wikimedia.org/wiki/File:Daniell-element.png
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ü Ʉɟɘɜ əɚŮɑůŮɘ Űɞ əɨəɚɤɛŬ, ůŰɞ 

ɖɛɘůŰɞɘɢŮɑɞ Űɞɡ Zn, ɏɢŮɘ ŬˊɞəŬŰŬůŰŬɗŮɑ 

ɖ ɘůɞɟɟɞˊɑŬ  Zn(s)ᵶZn2+ + 2e

ü ȳŰŬɜ Űɞ əɨəɚɤɛŬ əɚŮɑɜŮɘ, ŰŬ 

ɖɚŮəŰɟɧɜɘŬ əɘɜɞɨɜŰŬɘ Ŭˊɧ Űɞ ɖɚŮəŰɟɧŭɘɞ 

Űɞɡ ɣŮɡŭŬɟɔɨɟɞɡ, (ɢŬɛɖɚɧ ŭɡɜŬɛɘəɧ), 

ˊɟɞɠ Űɞ ɖɚŮəŰɟɧŭɘɞ Űɞɡ ɢŬɚəɞɨ, (ɡɣɖɚɧ).

ü ȯɟŬ ůɨɛűɤɜŬ ɛŮ Űɖɜ Ŭɟɢɐ Le

Chatelier ɛŮŰŬəɘɜŮɑŰŬɘ ɖ ɘůɞɟɟɞˊɑŬ  ́ ɟɞɠ 

ŰŬ ŭŮɝɘɎ əŬɘ ɞ Zn ŭɘŬɚɨŮŰŬɘ. 

ü ɇŬ ŬɜŰɑɗŮŰŬ ůɡɛɓŬɑɜɞɡɜ ůŰɞ 

ɖɚŮəŰɟɧŭɘɞ Űɞɡ Cu, ůŰɞ ɞˊɞɑɞ ɗŬ 

ˊŬɟŬŰɖɟɐůɞɡɛŮ ɜŬ ŮˊɘəɎɗŮŰŬɘ 

əɞɚɚɞŮɘŭɐɠ ɛŮŰŬɚɚɘəɧɠ ɢŬɚəɧɠ, ˊɞɡ ůŰɖ 

ůɡɜɏɢŮɘŬ ŮˊɘəɎɗŮŰŬɘ ůŰɞɜ ˊɡɗɛɏɜŬ ɤɠ 

əɞɚɚɞŮɘŭɐɠ əɞəəɘɜɤˊɐ ɛɎɕŬ. 

https://commons.wikimedia.org/wiki/File:Daniell-

element.png
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https://chem.libretexts.org/Core/Analytical_Chemistry/Electrochemistry/Basics_of_Electrochemistry/Electrochemical_Cells

21



ȼ ɗŮŰɘəɐ ŭɘŬűɞɟɎ ŭɡɜŬɛɘəɞɨ ɖ 

ɞˊɞɑŬ ŬɜŬˊŰɨůůŮŰŬɘ ůŰɞ ůŰɞɘɢŮɑɞ 

Daniel, ɞɜɞɛɎɕŮŰŬɘ 

ɖɚŮəŰɟŮɔŮɟŰɘəɐ ŭɨɜŬɛɖ (ȼȺȹ)Űɞɡ 

ɔŬɚɓŬɜɘəɞɨ ůŰɞɘɢŮɑɞɡ. 

ɆɡɛɓɞɚɑɕŮŰŬɘ ɛŮ Ⱥ  əŬɘ ɘůɢɨŮɘ 

ˊɎɜŰŬɔɘŬ ŰɏŰɞɘɞ ůŰɞɘɢŮɑɞ

ȺəŬɗ ï ȺŬɜ > 0
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Zn (s) | Zn2+ (1 M) || H + (1 M) | H2 (1 atm) | Pt (s)

Pt (s) | H2 (1 atm) | H + (1 M) || Cu 2+ (1 M) | Cu (s)

https://www.google.gr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiR4pOR9fLXA

hVNzKQKHci8CJIQjhwIBQ&url=http%3A%2F%2Fslideplayer.com%2Fslide%2F6108049%2F&psig=AOvVaw2XtoigCx

pOllyLN9EsUsvW&ust=1512564776442887

http://butane.chem.uiuc.edu/pshapley/genchem2/c6/1.html

24



ɇŬ ɛɏŰŬɚɚŬ 

əŬŰŬŰɎůůɞɜŰŬɘ ɛŮ 

ɓɎůɖ Űɖɜ 

ŬɜŬɔɤɔɘəɐ Űɞɡɠ 

ɘəŬɜɧŰɖŰŬ ůŮ ůŮɘɟɎ, 

ɖ ɞˊɞɑŬ ɞɜɞɛɎɕŮŰŬɘ 

ɖɚŮəŰɟɞɢɖɛɘəɐ 

ůŮɘɟɎ ɛŮŰɎɚɚɤɜ  

http://www.way2science.com/wp-content/uploads/2012/02/SERIES.jpg

ȳůɞ ˊɘɞ ɣɖɚɎ 

ɓɟɑůəŮŰŬɘ ɏɜŬ 

ůŰɞɘɢŮɑɞ ůŰɞɜ 

ˊɑɜŬəŬ ɛŮ ŰŬ 

ɗŮŰɘəɎ ŭɡɜŬɛɘəɎ 

ˊɎɜɤ, Űɧůɞ ˊɘɞ 

ɞɝŮɘŭɤŰɘəɧ ŮɑɜŬɘ
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https://phys.org/news/2014-12-composition-nanoparticles-electrochemistry.html

26



27



ɄŬɟɎŭŮɘɔɛŬ: ȺɛɓŬˊŰɑɕŮŰŬɘ ůɨɟɛŬ Cu, ůŮ ŭɘɎɚɡɛŬ 

Ŭɟɔɨɟɞɡ, (Ag+)

ȹG = -nFEcell = -2 (mol e-) (96489 C/mol e-) (0,46 J/C)

= - 88,77KJ 

V =  J/CȷɟɜɖŰɘəɧ ˊɟɧůɖɛɞ 

ɎɟŬ ŬɡɗɧɟɛɖŰɖ28

2Ag+(aq) + Cu(s) ŸCu2+(aq) + 2Ag(s)

Ag+(aq) + e-ŸAg(s) EÁ=+0,80

Cu2+(aq) + 2e-Ÿ Cu(s) EÁ=+0,34

2Ag+(aq) + 2e-Ÿ2Ag(s) EÁ=+0,80

Cu(s) Ÿ Cu2+(aq) + 2e- EÁ=+0,34

Ecell = EÁəŬɗɧŭɞɡ - EÁŬɜɧŭɞɡ =0,46 V
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·ȺɡəɚŮɑŭɞɡ ɇ., ɄŬɜŬɔɘɩŰɞɡ Ɇ., ũɘŬɜɜŬəɞɡŭɎəɖɠ Ʉ., ç 

ȼɚŮəŰɟɞɢɖɛɘəɎ ůŰɞɘɢŮɑŬ ȾŮű. 5 ɔŬɚɓŬɜɘəɎ ůŰɞɘɢŮɑŬ è, ɇɛɐɛŬ 

ɉɖɛŮɑŬɠ ȷ.Ʉ.Ū.

· https://pa01000599.schoolwires.net/cms/lib/PA01000599/Centricity/

Domain/97/REDOX%20Reactions.ppt

· https://chem.libretexts.org/

· http://www.engr.uconn.edu/~jmfent/CHEG320_electrochemistry%

20lectures.pdf

· http ://www.chem1.com/acad/webtext/elchem/ec3.html#EMS
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