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 >�+���  �].�� x�#4�� ������A�  ,  �7�7.��-� �#��].�� �M�*�� �#�H ���1�[C] 
(coulombs) ��	� �'��� , � ��-��]H x�B��� �#!�2 \ ���! D@i �§ W4�� ����].�� �#�.

B$�� >�+? [Amper] �'{� ,  

1 A = 1C/S
-1

 -1 

or   1 C = 1A . S -2 

�Z�B�� D@i 9;B� x�#4�� /? YHQ-�7=��� ��-�� �'-���  �-]H B]o ¡�; ��L�7�  %
(Volts)(V) , ¡�U4�� 7(� B$�� D7o z��4� �U*�� �+  �7�7H y-!�? B-]o �+ B$��

��-4��H u�-! %-�7; B-$�� /7-.�� %�7; B$�� B]�� ¡�; /7.� �+BM
 �
? B]o _6 :
 �����+PB$�� D7o�%�7; B$��� ,�7�7H, ����-�� �-<���� QB-$� �-
 Qx�-�
 �7�7H 

D7oPB$�� �PC 
1V      =  1 J/C -3 

1V.C  =  1 J -4 

 ��? ±x7-o , A��-� s4��! s� B]�� ¡�;George Ohm ��-
 \ 1826 N-O�? 
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I = δ / R -5 

or   δ = I R -6 
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� ���1� �+���
�� ��	� �'��� 
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 �7��7��� /7�? /? YHeKo7
� /7#1�.�� f K����� K���� �#$�! u�4�eu-4#$�! p'�M� f
 K-o7
� K���� �#$�! ���M� B�x7�.�� /? YH ,/7#1�.�� �
 "$���� K����e "-$����

/7#!�� �
f, z�-� ��-L�7� z�-�41 W-4#��I.#�G� �#-�74�� \ �#��].�� �M�*�� /?� 
��.j�!7#1��72�.�� d�¹ , )H�-	
� d�-¹G� d�-¹ z�-�41 j�-!7#!��� � K-o7
� K-���

 K����� �
 "$����e������� j�!7#!��Cf 
��+�.�� Q�Z�B�� ���M���� : K���� j@
�=1�H�� �]�$��� /? K�P B-M	; j�-!7�� 

 K���� �72�.��e��o7
� j�!7#1�.�� �
 "$���� f /? K-� �-#Z�#�#.�� jY#�-�� h	�
1D�04i� �{ °B� F2 j�!�I.�6 K�4., �7!�� K���� BM
� e j�-!7#!�� �-
 "$����

������� Cf �{ °B� �? �#Z�#�#.�� ���o�� h	� �+ K��1 /? K� j�!�I.�G� "#$
QB�H? �#��
C 

T� YH �#�X� �
�=1 �#&§ �.�� YH: 
Na

+
 + e

-

 

  [Na] reducution 

2Clֿ  Cl2 + 2eֿ oxidation 
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Electrolysis
 


 �7��7��� B�x7�.�  �].�� �#��4��eQx7]�-+ f �x�-�� xB�-�H �-+Bi �-M#�	�
x7�.�� r�q� �7��7��� /B	
, ±�-4!6 \ �]+�B�4-L� �-.�� �E-�? ���*-+ a�i? ¡�J P

 �7#�MU
� ,�7#���.�� ,�7#L�17��� �&+ ��*M�� /��	
� CCCCCCCC �-#���
� h-	� �7o� \
7�
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� �-+ ��4*-
� j�-!7��� �-
 @E-=+ p�-�<�� j@
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� �+

p�'
�, B-M
 �M�*-�� B-�=�� j�-!7���� �-�� x�-#4�� /? �x��-�� �-+ )#-� u-!? YH 
p��<��C 

 j@#-�74�� D@i �+ j�!7��� Q��( z�x�6 �MM.�� ���M�� j�M�M+�� ��� W=;
 ���M�� j�!7�? "#$ �#��4�� �#4#��I.#�G�edY
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 W��=M��� �.*��MnO4
- �B	+ D7�b �7o� \ A�g� , e h-� �? A�IM�� h� �&+

�i? �B	+ CfA�'� QB	
� �#�X� >2`1 %� D7��
� zI� F2, �-$@� x�-#4�� x��-+ B	�� 
�� �72�.�� K����� K���� _6 �#�X� �i�� z��41 ���M�� j�!7�? D��4!� �.� R*-.��

 �7#��� uM
e�+7�	
� ����4��f j�M�M+3�� j�!7#!? /? YH ,MnO4
- �-#�X� �-i�� z��41 

 Ko7
� K���� �#$�!ej�!7#!�� �
 "$���� fW��=M��� /7��� �$@� "#$ �7!��C 
 j�--4�3H �--�� W--=; �7--�	�� �--
�
 �7��7�--�� /7--�? z�--�4� "--#$ ,�7��7�--��

#$�! K����� K���� �e�72�.��f  /7�? /? YH�
 K--o7
� K--���� �--#$�! z�--�4� j�--4�3.��

e�7--!�� Cf �--+ s!7--��� ��'--( �--+ @--H�
 �--#�� °B--� �+B--M
 �M�*--�� B--�; K	�--��
 �-$@� "-#$ ,�-�+�i p��<? s� �#�71�

�72�.�� K���� BM
 so�xB��� r�q ±��i, K����� }��
� D7��
��  �? ,��7�< N���
7�? D�04i� >q D�04i� °�B$�7��7��� /C 

Eֿ + Na
+
  Na 

�Y�� D�04i� �
 Qx��
 °��8� >U4�� ���$ /7.�� 

2eֿ + 2H2O  H2(g) + 2OHֿ 

�'.( F4� p��<�� BM
 �
�=4��� �+7�
�P 

2eֿ + 2H2O  H2(g) + 2OHֿ   �72�.�� BM
 
2H2O  O2(g) + 4H

+
 + 4Hֿ    �7!�� BM
 

4#��I.#�6 ��
� /`� �7�	+ 7( YH��P#	O =�P x�B-���� �����+ �'(� ,(2 × 10
-7

) B-M
 
 BM
 �M�`125

o
CC  

 2H2O  H3O
+
 + OHֿ 

 H2O  H
+
 OHֿ  x��4i@� �? 
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 ��k

 "#$1 >-q �7��7�-�� j�-4�3.� WZ�
� ���4�� \ �72�.�� �
�=4�� �#.#!�.#+ /7.
-� �-
�=4�� /¤; u#�
� ,�M�*�� B�=1 /? ��
� so�xB�? j�!7�? /? °B� Y���� �+7�	+ F4

������� d'( �
C 
  H2O  OHֿ  + H

+
 

  2eֿ + 2H
+
  H2(g) 

�'.( WM�`4�� �
�=4�� /7.#� sM2� \ �Y�� �#M�`4�� ����	
� p���: 
 2eֿ + 2H2O                 H2(g) + 2 OHֿ 

 �72�.�� BM
 D04Â ��
� /¤; �7�	�� �
�er�q °B�#��PM#o�xB-�? �PB
�-� �P-!7�?� �P 
�#�H�xB#(f N�
� /7#4H YM#� ,ep�'
� f�72�-.�� B-M
 u-��04i� /�-.+¤� ��7	�-�� �-+, 

g�
��? C �#�H�xB#{� /7�? ����� "#$(OH
-
) /7#1�-.�� /7�? 9+ (Na

+
)7.#� «57-�b �-!P 

�7�<�P ��M� P�#1�� ����	
� �
 :�72�.�� BM
 �7���� D7��
� �]^� �+ 7(�C 
-4�� QB�-H�� �#��	� ���M��� �+?� �-��4�� �-#��
� ,�7-!�� K-���� B-M
 °B-� W

 j�4�3.�� Q��( �$@! ,�7��7��� j�4�3.�SO4
— K	�-� �E-�?� �7-!�� K�< d�¹P

dB�H`1C 
2SO4

--
  S2O8

--
 + 2e

-
 

@#E=1 °B� u#�
�P��4��H �
�=4�� �'{ ±�04+5�� ,��
� QB�H� : 
  H2O  H

+
 + OHֿ  

  4OHֿ  O2(g) + 4H2 + 4eֿ 

 �'{� �'-( D7�b /7.� /? °B�� ,K���� �'( BM
 s��H�� r�q B
��1 �$@�
£+�$ K����; m4M1 �7!�� BM
 �Y�� QB�H�� �#��
 /? yM	�� �� r�q /7-�?� s��-H

so�xB#(C 
T� YH p��<�� BM
 �7��7��� j�4�3H ��� �#��	� ��4�� �
�=4�� /7.��: 

  2[2eֿ + 2H2O  H2(g) + 2OHֿ] 

    2H2O  O2(g) + 4H
+
 + 4eֿ 

  ---------------------------------------------------------------- 
    6H2O  2H2(g) + 4H

+
 + 4OHֿ + O2(g) 

 so�xB-��� u-!7�? 7-(� �i�� 9+ B$�� D��	1 F4� �7�; ,D7��
� ��i F1 7��
7( �#�X� m1�! ���$ /7.�� ,�#�H�xB#{� /7�?�: 
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 ���

2H2O  .elec
 2H2(g) + O2(g) 

��
� ��� �#��
 \ °B� �+ 7(�, ,�-#��4�� D�l \ �.�� /6 "-#$ so�xB-��� 
�72�-.�� d�-¹ dB-�71 /�-.+ B-M
 ,�7-!�� �-
 �B#	� p�ÇP, \�  z7��-���-=!u ,  /7-�?

B-$�� D��-	1 j�-!7��� d'-( ,�7!�� d�¹ ���� �#�H�xB#{��P�
� \ �-i�� 9-+  D7-�
p��<�� s� �7o7
�C 

 �-�+�i p�-�<? s-� WZ�-+ D7�b \ �7��7��� B�x7�.� ���4�� �#��
�� �-^$@+
���<? /7.1 /? �.�� ��+�X� p��<���P@&-+ %-#;���� �+ [� �'-���  �-
 Q�-.; �-M#�	

A�g u� °B� 5 /7#1�.�� �.�� u4M�V B�=� /7#!�� "#$ �#��
C 
at anode 2Clֿ   Cl2(g) 

at cathode 2eֿ + 2H2O  N2(g) + 2OHֿ 

------------------------------------------------------------------------ 
   2H2O + 2Clֿ  H2(g) + Cl2(g) + 2OHֿ 
 

��4��H �
�=4��� D7��
� \ �M�*�� B�=� 5 7( YH �^� �7��7��� /7�? /? YH: 
2H2O + 2Na

+
 + 2Clֿ  .elec  H2(g) + Cl2(g) + 2Na

+
 + 2OHֿ 

 \ A�'-H� x7�.�� r�q� �x��4�� so�xB��� r�q ±�4!6 \ �B�4�1 �#��	�� d'(�
 K-���� B-M
 �-#�X� \ �7o7
� D7����� >��1 �#��
 B	� �7��7��� B#�H�xB#( ±�4!6

x��#��C 
� x�-#4�� "#$ ,��+�i p��<? s� ���M�� j�4�3H ��� �#��
 F41� ��-L�7� �-�

 ���M��Cu
2+  j�4�3.���(SO4

—
(II) �+�X� x�#4��� , �M�*-�� B�=� /7#1�.��; �-.�� 

�M�*�� B�; �? A�g u� °B� 5 /7#!��C 
at anode    2H2O       O2(g) + 4H

+
 + 4eֿ 

at cathode       2[2eֿ + Cu
++

   Cu(s)] 

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

  2 Cu
++

 + 2H2O      O2(g) + 2Cu(s) 4H
+ 

 

 s!7-��� �+ @H "#$ ��+�i p��<? s� �#�#�� �#��
 ±�x�6 �.�
� ��; 9������
e/7#!��� /7#1�.�� f�M�*-�� B�; Y{ °B�,�7-M�� �'-( �-&
 D�-&�H� ; B-�x7�H �-�� 
���+�i p��<? s� WZ�+ D7�b \ ���M�C 
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 ���

at anode    2Clֿ       Cl2(g) + 2eֿ  

at cathode       2eֿ + Cu
++

      Cu(s) 

 ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

    Cu
++

 + 2Clֿ        Cu(S) + Cl2(s) 

 ��I-.#�6 '-i? �-.�
� �-+ �E�?�P
�--
�=4�� \ �iB--� u�--=!, �!'--i? 7--�; 

 F4-�� WZ�-+ D7-�b \ ��-�M�� j�4�3H
; ��--�M�� �--+ p�--�<? s--� u--���¤ �--M!

 B-M
 u4M�-V B-�=� ���M�� /7�? �$@!
 �.*�� \ YH� ,�72�.��(3)C  

2eֿ + Cu
2+

  Cu 

� BM
 QB�H¦� �M.[ j5Y4$� QB
 Bo71 �.���7!�: 
2 SO4ֿֿ  2S2O8ֿֿ + 2eֿ 

2 H2O  O2(g) + 4H
+
 + 4eֿ 

Cu(s)  Cu
2+

 + 2eֿ 

-M
 F2 �+ �]2�B$ �$@� K���� ���M�� /B	+ QB�H? K-���� ��-�! �7-!�� B
euM+ ±x�X� f�$�� F2 ,/7�? �n#( �
 D7��
� �iB� ��-�M�� /7�? �72�.�� _6 [Cu

2+
] 

K���� N�L �
 �M�*�� B�=� F2,� d'( u-4#�M1 �? W-�! ��-�! ±�4!G �B�4�1 �#��	� C
 �-+ D7-�b �B�4�-� F-2 ,�-#�i \ �7!`-H KZ�7*-��� �-��
� ��-�M�� �B�4�� "#$

��--�M�� j�--4�3H, �#--�74��� �B--	
� �#--�74�� \ �--�]+ �--^$@+ B--o71 u--!? Y--H 
 �--#��
 ���0--1 W--4#��I.#�G� �--#��4�� \ Qx��--8� �--ox� Q��--�0� W--(� ;W--4#��I.#�G�

����� s�]+ sM#�`1 _6 �7	� Y���� ,�#�74: 
�− �H�$� ,Qx��8� �ox� Q���0� D7��
� \ j�!7�¦� �#H�8� �<���� �L74+ ���0� 

�]4#Z�7*
 ���01 j�!7���C 
�− �
� W����� �174�� A�'H� Qx��8� �ox� ��=1x� 9+ �E�? ��1 �Z���� �o�0� P

�+���+� �H�8� Q�$ j�!7��� /7.1 A�g
� ? /7-.1 �-{ D7��-< Q�-�( \ �v-� �-[ �
�M�*�� �7! K�$ �
 K�< _6 K�< �+ j�!7���,�#�? �&H�� 34	� >2`4�� �'(� C 
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Measurement of electrolysis
 


 D��M1 �+ D�?�7-( �]=-�� W-4��� WZ�#�#.�� >U4��� �#��].�� s� �#�.�� j�<@	� 
 �����; �#*#+Michael Faraday ,� B	� u-#�
 c-=4
�� ��-$�� 7-( ����x�-; �U-V 

�
�9o���#�X� \ �#��4�� D@i °B� W4�� �
�=4�� ���!� , \ �72�-.�� B-M
 >U4��-; 
�7��7��� B�x7�H x7]�+ ��� �#��
C 

Na
+
 + eֿ  Na 

!�I.�6 /? �$@
� ��; �B$�� �P P ��-4���� ,�7��7� Qxg ±�4!G p7��+  /¤-;D7-+ 
�B$� j�!�I.#�G� �+ ej�!�I.�S� �x��o7;? �B
 f ±�4!G p7��+ D7+ �-+ B-$��

 �7��7��� /B	+⎟
⎠
⎞⎜

⎝
⎛
 Nag)(23
~ C �n;�.
� �M�*�� �#�HB-$�� D7
 j�-!�I.�G� �-+ 

 ����x�; ��	1(F) C ��� d'(�# �����+ jBo� ��96.500 �7�7H [C]C  
1 F = 96.500 C 

 /? 7��(2 F)��].�� �+  m1�M�� /7.#; %+B�4L� ��(2) Na C �W(  �-n;�.
� �#�.�� 
�����x�=B$��  �0M#�; ,�72�.�� _6 %=#O? ����].�� �+ �B-	��u�-=!  �]�-=! �-#�.��� 

 �n;�.
� � �? �7!�� �+ /�I.�S6/: 
2 Clֿ     Cl2(g) + 2eֿ 

 z@]4L� WM	� �'(�� ����x�= B$����-��].�� �-+,°B-�  B-$�� D7-+ -�? �-+ /7
 x7�.��(Cl

-
)x7�.�� r�q �+ D7+ R�! m4M1 ��4����  C z@]4-L� /? B-#=� �'(�(2 F) – 

�m4M 57+ P  �B$��P�M�V B�=� �#;�H /7.1 �? x7�.�� r�q �+ B$�� D7+ x7�.�� �+C 
 �? j����-8 ��-L�� �-� �-#Z���].�� ����x�-=��� Q��
� �+ j57
� s� �<@	���

iB1 W4�� �#L�#< j�<@
�#��4�� \ �, /? �H'4! /? �M��  B$�� >�+?(A) B-$�7� �����+ P
 QB-
 \ ����-L u-$· F-1 �-+ ¶! ¡7�! /? �M� ������� j�L�#��� �+� �#!�2 �.� �7�7HP

s!�7<: 
�− A�]4�1 W4�� ����].�� �#�H 9+ ����J KL�M41 p��<�� BM
 �!7.4
� Q��
� �#�H P

�#�X� \C 
�−¹�M�� Q��
� �#�H  9-+ K-L�M41 ����].�� �+ �#�H ��L�7� �#��4�� �#��
 D@i �

�n;�.
� �ª�r�?C 

o b e i k a n d l . c o m



 ���

 ����	
 :� W-( ���$? /�I.�6 �
 �M�*�� /`� F�
 �g61.602 × 10
-19

C K�-$� 
�+7�	
� d'( �+ �x��o7;? �B
,����x�; /`� Y�
 B$��  �����+ P96.500 CC  

�8� 

j�!�I.�G� �B

electrons

C

electron
C

23

19

3

10023.6

106022.1

1
10500.96



⎟
⎠

⎞
⎜
⎝

⎛


   

 ����	� :� j�-4�3H �#�� BM
 �72�.�� �
 KLI1 W4�� ���M�� j�+��o �B
 FH
 �����+ ����].�� �+ �#�H ��L�7� ���M��(0.750 A)  \ 10.00 min C 

�8� 

����x�; �B
 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛


C

F

s

Cs
FofNo

500.96

1

1

750.0

min1

60
min0.10.  

             = 0.00466 F 

At Cathode the reaction is  Cu
2+

 + 2eֿ  Cu(s) 

 WM	� �'(�(2 F)KL�1 57+ PB$�� �P ���M�� �+ C– (63.5 g)���!  

No.of(g) of Cu = 0.00466 F )(1479.0
2

5.63
g

F

g ⎟
⎠

⎞
⎜
⎝

⎛
 

 ����	
 :� �7!�� BM
 B
���� s��H�� F�$ K�$� �-ox�� �UE�� DB	+ BM

 c����� D�&
� \ Qx��8�,�#!�2  : /? 7�100 �+ �+ 1 �+ D7+ CuSO4-; ,�-#�X� \  7-( Y

 /7�? 0#H�1�#��4�� ���ª BM
 so�xB��� C D@-i D7-����� >-U1 °�B$ �B
 x��4
��
7(� �7!�� �
�=4� A�'H� ����4��: 

2H2O  4H
+
 + O2(g) + 4eֿ 

�8� 

 B-o7� u-!? �7-�	
� �+(2O2) ��-�M�� j�-4�3H K-H�+ \ (CuSO4) u-#�
� (4) 
m4M1 ����x�;57+ PB$�� �P  �+(O4g) – 22.4I�  BM
 STP  

No.of L. O2(g) = 0.00466 F ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

F

O
g

4

4.22 )(2
 

       = 0.0261 L. O2(g) 

o b e i k a n d l . c o m



 ���

4 –��x�; � m4M1 �4 D7+   �+ 
aq

H 

No. of H
+
eg = 0.00466 F ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛ 

)4(

4

F

egHmol
 

    = 0.00466 mol ……. (H
+
aq) 

 so�xB��� �#�H�(H
+
).�� ��
� �+ �¹�M�� �(�U�� �{��6 �C 

No.of mol of H
+
eq = 1000 mL sol ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛ 

.).100(

00466.0

solmL

eqHmol
 

    = 0.0466 mol (H
+
eq) 

�74� D7��
� /7.� ��4�����
  0.0466so�xB��� /7�? �+ x57+  

 ����	� :� u1B-V x�-#1 x��-+ B-M
 m4-M1 W4�� x7�.�� r�q �+ j�+���� �B
 FH10 
 QB
 >�+?5.0
 ��#<� ?�7��7��� B�x7�H x7]� 

�8� 

No.of Coulomb; = 10.A × 5.0 min × 605 = 

           = 3000 C. 

No.of F              = 
500.96

3000
= 0.0311 Faraday 

7( �7!�� BM
 �#�X� \ �
�=4���: 
 

2 Clֿ  Cl2(g) + 2eֿ 

/¤; �'�57+ PB$�� �P  x7�.�� �+(Cl2) K��4� (2 F)A�'�  

No.of mole of Cl2 = 0.0311 F× ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

F

Clofmol

2

1
2  

   = 0.0156 mol 

7( j�+���� �B
 /7.��: 

   = 0.0156 × g
Clmol

11.1
1

45.352

2


 

�-n;�.
� /�r�¦-� ����x�-; �!7!�< �+ ��&�� /7!���� c�� W4�� �#1�� ����4�� s�4��, 
4#�i �!'i? 7�;s��].��� ��74�� �
  D@i �§ ��6B-$aA-�g� 5�? �-�@X�  ��-M� P �-


 �-].�� xB�-��� �7	1 /? ��< �#!�&�� �#�X� D@i �§ A�g B	� F2  �]H xB�+ �7o� C

o b e i k a n d l . c o m



 ��¢

 \ �E=�� j�I! �+ D7�b 7( ��B$? /? 7�;6B$a �72�.�� BM
 �
�=4�� ��4���� ��@X� 
7(: 

Ag
+
 + eֿ  Ag(s) 

�#-L�1 °B-� ��4�����P�E-=��  
�B�4�-
� K-���� ��L �
, /r7-� 

 B-	�� �-#��4�� �-#��
 �-�< K����
 �#�H p��$ �MM.�� ,�#��4�� �#��

 �7�7.�� �B
 A�'H� ��LI
� �E=��
 K#--LI�� �--#��	� j'=M4--L� W--4��

�/6 "#$  ����x�; �-+ K-L�� B$��
 �E-=�� �-+ dx�B-�+(107.868 g) C 
+7�7H �;�.� �'����B$�� �P P C �+ �B	�� )=! "#$ s-4#�X� D@-i �-�� �7L �7�7.��

 �.V(4)C  
 ����	� :� �-#�� B-M
 KLI1 W4�� ���M�� ��4H W( �+CuSO4 W-4���  %-<7�� \

 �B$�� �+��o KLI1 KLI1 u�=!P P �M+B�4L� 7�� �E=�� �+>�+?�PB$�� �P �+0-�� 7-( Y; 
��#<B��� ���M�� �+ �#�.�� d'( K#LI� p7��
�C 

�8� 

?− �
�=4�� �+  /? B�!(2 F) KL�1 63.5 g ���M�� �+ Cu /? Y-H (1 F) K-L�� 
(107.868 g)�E=�� �+ C 

No.of Cu(g) = 1.00 g Ag ⎟
⎠

⎞
⎜
⎝

⎛
F

gCu

Agg

F

2

5.63

)9.107(

)1(
 

    = 0.294 g Cu 

p−          No. of min.required =                 

  = 1.00 g Ag ⎟
⎠

⎞
⎜
⎝

⎛⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

605

min1

9.107(

500.96

Agg
 

  = 14.9 min 
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��4�( ���
�� >�


?����� 5�
 
Galvanic cells
 


 �-#!�=��� �? �-#Z�4�=�� �-#�X�� ��-	1 �#��].�� �<���� 9�M+ �]#; �B�4�� W4�� �#�X�
[Alessandra Volta (1800)] �? (Luigi Golvani 1780)�? �-� D >-U4�� �7-J �-+ 

����]H ±�4!G WZ�#�#.��C 
 A!0�� /B	+ s� �
�=4��;(Zn)�b \ ���M�� j�!7�?� �=1 �
 Qx��
 D7> >-U4�� 

j�!�I.�G� D��4!� \ ��4�
�C 
Zn(s) + Cu

2+
aq  Zn

2+
aq + Cu(s) 

�7-�	+ >-q /�I.�G� D��4!� �#��	� c#<B�� �0#!�.#
� �7�	�� �
�, �-
 �-.��� 
J��1x� dx��4
�� c����� �
�=4�� _6 Qx�VG� �<���P��4��H �#�i ���!? j@
�=4� : 

 Zn(s)   Zn
2+

 + 2eֿ at anode 

 Cu
2+

 + 2eֿ  Cu(s)  at cathode 

 d'---( �---#Z�4�=�� �---#�X� W---=;
 p�-�<? B-M
 °B� W4�� j@
�=4��
 D�--�4!� �--#��
 °B--� �'--{� �--=�4t
 �-#ox�X� Q�Z�B-�� D@-i /�I.�G�
 s--� Q·�--�+ x��--
� �--
 @E--=+

 p�--�<��e A--!0�� /B--	+ s--� �?
���M�� /7�?� f �.V(5)@.V s�� Pµ #�#��P �-
�=4�� �'-( �-&+ �-�	� ����-+ �#�X 

 �-
�=4��� /7#1�-.�� �-
 "$���� �? �72�H ���M�� K�< �&�� "#$  �]H x�#1 ±�4!G
��4��H F4� dBM
: 

Cu
2+

 + 2eֿ  Cu(s) 

 �'��� A!0�� K�< 7( �7!��� K���� �.V �
 �$@+ 7( YH ���M�� KLI��
+ D7��
� _6 �o�Ç� ���4�ÈB�«? �x d'-( �-
 F4-� dBM
 �
�=4��� D7��
� \ A!0�� /7�

Qx7���C 
Zn(s)   Zn

2+
 + 2eֿ 

 D�-#!�� �-#��� ��-	� ��@X� �+ �7M�� �'(�Daniell cell K-���� ��-4� �+B-M	; 
 K�<� A!0�� K-�< _6 A!0�� K�< �+ c;B41 j�!�I.�G� /¤; A�L ��L�7� ���M��

o b e i k a n d l . c o m



 ���

���M��, B�-H`4� A-!0�� K-���� Q��( \� �� A-!0�� j�-!7�? W-�	#� A-!0(Zn
2+

) – 
K-���� �'-( �-+ �-#�X� �-Hx�1 ±�µ QB�H�� �+ �¹�M�� j�!�I.�G�� ,�7!��, �? ? /

x��-+ 'i`1 j�!�I.�G��P-#ox�i �P �'-�� ,��-�M�� K-�< _6 Wox�-X� A��-�� 3-
 
 ���M�� j�!7�? D�04i5 B	� Y#; �B�4��(Cu

2+
)-��� ,��-�M�� /B	+ _6  K-LI� �'


 yM	�� ,�72�.��� ��	� �'��� ±x�X� �+ K���� N�L � /? �-#�X� �iB� /�I.�G�
5�04i� °B�#�P��-4����  C K-����� �? �7!��-� ��-	� /�I-.�S� m1�-M�� K-���� /¤-;

 D@-i �-+ Ko7
� K���� _6 K����� K���� �+ j�!�I.�G� �$�1 �+BM
� ,K�����
? ,�72�.��� ��	� �#ox�X� Q�Z�B�� �M�*-�� A-�1 B-�; u-#�
 �'-��� K-o7
� K����� �

������� C 
� �'(�7-��-+7�	+ _6 �W-(  d'-(� �7!��-� ��-	� /�I-.�S� B-�7
� K-���� /? 

-��� Qx�VG� \ �{ �=���
� �M�*�� _6 K('1 j�!�I.�G�'K-o7
� K-���� W-M	� �, 
7L ,������� �M�*�� ��+�8� j�!7M��� A�1 É(B1 ,��(� D�? �+� �7!�� d�¹ �$�1 �

 �72�.�� �#$�! u�41 ��o7+ �M�V ��� W4��� j�!7#1�.�� ).	��� K����� K���� 7(�
 �]	+ D��	4� �#ox�X� j�!�I.�G� ����#� ��o7
� �M�*�� �+�8��C 

��.*-
� d'( �
 ���oS��; m4-M1 �-ª? N-O�7�� �-+ A-!0�� j�-!7�? �7-!�� B-M
 
� \ �(��6 �Hx�1 j�!�I.�6 /B-	
� �i�e A-!0��–K-����  f %-<7�� \� u�-=!�� D��-	4

��4��2 �^�  �].�PD7����� ,����-L j�M�V �7o� K� K����� �#�
� D7��
� �i��  
 ��M�P u-#�
� ,j�-!7#1�.�� �-+ �-�o7+ j�M�-V �7-o� 7( �+ �&+ j�!7#!�� �7o� �


SO4
—,�¹�M�� A!0�� j�!7�? >2`1 D��	4� �7!�� �#$�! z��41 \  %-<7���-=!u j�-!7�? 

 ,�¹�M�� A!0�� j�!7�? >2`1 D��	4� �7M��u�-=! %-<7�� \ >2`-1 D��-	4� �7-!�� j�-!7�? 
 ,�¹�M�� A!0�� j�!7�?u�=! %<7�� \!�.+ 'i`1 A!0�� j�!7�? �PB#	� �P �-#$�! �7-!�� �+ 

�72��,j�-!7�? D�0-4i� \ �? D��-	1 \ �B�4�-1 j�!�I.�G� �72�.�� BM
�  ��-�M�� 
 ��o7
� j�!7��� F^	+ u#�
�(Cu

2+
) �-�o7
� j�-!7��� K-���� D7-$� �#$�! z��41 

�72�.��, j�-4�3.�� j�-!7#!? �-+ h#-; z�-M( /7-.#; �'-( °B� ¾ 7�� SO4
-- D7-$

�72�.��, �B-
� ,s�7-��
� s-� �-�X� �-#��	� �#�X� �i�� �7o7
� W+��
� 9!�
� �+?� 
@4i� °B� �7�; d�7o�5P D7-��
� �-i�� j�M�*-�� B�; �#��
 °B�#�� �#�X� \ 

 5�1x�#1 °B� 5� �#�X� ±x�i j�!�I.�G� K('�P�#�X� ±x�i C 

o b e i k a n d l . c o m



 ���


��@.A+��
�B7��
2�= Electromotive force. (E.M.F)
 


 ������� �#�X� \(5) – D7�b D�#!�� B$�� D7
D7+� A!0�� j�4�3H �+ B$��  �+ 
���M�� j�4�3H, ��4�� R�7��� �#�X� /7.1�: 

Zn(s) / ZnSO4   CuSO4 / Cu(s) 

     (aq)         (aq) 

 R�4M
� \ �#���
� 9O71 F2 �7!�� 7( x��#�� D�? K4.� �+ /? �#ZB�+ �7�	
� �+�
s�#�� Ê<? 7(� �72�.�� _6 ��1 /? _6C 
d'( ��L�7� m1�M��  �].�� x�#4��� �-#��]H �	;�� Q7< m1�! �
 Qx��
 �#Z�4�=�� �#�X� 

(emf) �	;�B�� Q7��� j��r Y�H� %�7=��� ���� �'��� �#����  ,�-
�=4�� �-#�X� %��+ ,
�E-�? Qx��8� �ox�� ��7��� 0#HI�� �
 B�4	1 �	;�B�� Q7����P, �-#��].�� �-	;�B�� Q7-��� 

 �#L�#���(emf) ,�#���� �	;�B�� Q7���� c�	41 �+ /6 "#$ \ �-¹�M��� �-�
�=4
� ��7
� �H 
 �#L�#��� ��#��� d'(� �#L�#��� ���8�(emf) B-M
 ��-�1 �+ YZ�� 25

o
C �#-L�#��� �-��8��  

 /7-.1 �-#���
� \ ��7-
� �? j�r�U�� ���M���� ,�#�! /7.1�\ �]4#J�*-!� �-#��&+ �-��$ 
 �#��&#
� BM
 ����!� �? >U1 �?� ,QB$7�� �����+ Y#-; j�n�0�� �
�=1 �
 m1�! /7.��

 �7��� pg��4�� �? �]M#�,�7-4� W-4�� �#L�#��� �#�X�� �-
  j�-!7�? B-$�� D7-
 �-+ 
7o �UO B$�� BM
 r�U��� 0#HI��C 

 �#��].�� �	;�B�� Q7����(emf) °�B-8 �-#+ ��-#�� u-� ¡7-27+ ��#�+ �
 Qx��
 
�#�X� �
�=1,�� �+ 'i²1 �M.[ ��#< 3H?� j�x��4
5� d'( BM
 �#�X� d'{ %�7=C 

 /7.1 �+BM
�(emf)B]�� ��#�+ �+ 3H? ; \ p��-M1 �7-L j�-!�I.�G� /¤-; 
�
 �#�X� �M�V B�=� W	#���� d�¹5��7-M�� �'-{ ���B-�� , /? 7-� �-i�� K-!��� �-
� 

(emf) �7-L j�-!�I.�G� /¤-; ,�-#�X� d'( �+ �&H? x�#4�� B]o 9�M+ ��#�
 14 K-L�M
 �
�=1� ,�#�.
 �B-
 °B�#-L ,/�0-1� �-��$ \ Y]M-+ �-H /�H 7� �#�.
 N��� �#�X�

� Q7�� �#�.
 /7.� %�7=�� �'( j�!�I.�6 p�#�! �	;�B�� Q7���� �#���� �#��].�� 9;B��
 W( �#L�#��� D�#!�� �#�X �#��].��1.10 VoltC  

/7!�< c�����=�� �-#�X� �-
�=4� ����x�;  �E-�?� �-#Z�4P�-#4��I.#�G� C B-$? �-.��
�]4^$@+ K� x7+��; R�-M� Q��4�-
� D�0-4i5�� QB�-H�� ��L�7� ����].�� B�741 

o b e i k a n d l . c o m



 ��k

��74�� �
 �72�.��� �7!�� �+ �H BM
 �#�X�, QB�-H? ��-L�7� A�g� B-$�� D7-+ �-+ 
 D�04i� 9+ �7!�� BM
 A!0��B$�� D7+ ���M�� /7�? �+ (II)�72�-.�� B-M
  %-<7�� \ 

u�=! C� /7.�7( WZ0�� �
�=4��: 
At anode  Zn  Zn (II) + 2eֿ 

  2eֿ + Cu(II)  Cu  at cathode 

j�-!�I.�S� x���-o7;? �B-
 x��+ �$@! �#�X� j@
�=1 ���!� �M1���< BM	; 
s1�+�4! �?  ±2 F����].�� �+ C 

�-#�.� m1�-! 56 W-( �-+ �-#�X� �-
 �¹�M�� D7��� �#��].�� �<���� �#�H ��-��].�� 
�7�7.��� ��i�B��, �#��].�� �	;�B�� Q7���� (emf)%�7=��� �#���� C 

 2 (96.500 f) (1.10 V) = 212.000 j = 212 kj 

 One volt – coulomb = Joule 

 Qx��-8� %-��2 BM
 WZ�#�#.�� �
�=4�� �+ u#�
 D7�8� �.�� D�'�+ �UV Ê<?�
L�#�+ /7.� �UE����P-8� �<���� \ ¶�M�� ��-^M�� )�-#� Q�, D�-#!�� �-#�X ���-M���� 

 /7.1 �#L�#���G
o W( – 212kJC  

G = - n F E  

 "#$– n �-
�=4�� \ ���4M
� j�!�I.�S� j57
� �B
 F – , ����x�-; �-�#< E – 
 �#��].�� �	;�B�� Q7<(emf) C �-!34
� 7-�;F�����-+  [96.500C]  , G D7��-� '-i²1 
8� �<���� \ >U4��� �#L�#��� �#��].�� �	;�B�� Q7��� �+ ��4*
� Q�E

o  �'-( W-�	1 0-+���
G

oC  
�CD��
7A�
 
Electrode Potential 

�-#���� ���-!? �-
�=4� �7�l 56 7( �+ �#�X� �
�=1 \ ����L É<7! YHP, Q7-���� 
�#�X� B]o ���!� �7�l �ª? B�4	� Y�x �#��].�� �	;�B��,-.�
� �-+ ,D�$ �? �
�  �

�#�X� R�! B]� ����
� ��#��� s#	1, W��M�� m�xB4�� �#ZB�+ �I=� "#$ eW-	o�
� f
�#�X� �+ ��&�� R�M�� >�	4��� �#L�#��� �#�X� R�! B]� �=� ��#< 'i`� A�g� ��-M� P

W	o�
� K���� �
, W	o�
� K����� e¥�-#��� f so�xB-#{� K-���� 7-( �B�4�-
�
/7.4� �'��� ¥�#��� �UO BM
 ,so�xB#{� r�q �+  7-o K-�< �-
 ¶+B-+ B-$��

 s1@�e s1@��� �+ Qx�7�� R�U+s-1@��� N�-L �$��-+ �-+ B�01 y4$f \ �7-�U+ 

o b e i k a n d l . c o m



 ���

 �-
 �7-4� £-� D7�b(H
+
) – �#-L�#��� �-#�X�� QB-$7�� �����-+ �#J�*-!� WZ�-+ 

 s1@��� �+ �	�< '�41 so�xB�¦�� FL  ×� 9��+ FL (1 cm × 1 cm) s-�+ 7( YH 
�#�X��,� 34	�7-�U+ �72�.�� ���M�� ��&�� K���� �xP /�-4#�X�� ��-�M�� j�-4�3H \ 

0-H�+ N-�+ �+ /7.41 �#��+ Q��M< Bo71� ,D7��
� \ Y]E	� �
 /�4��=M+ � D7-�b
 9-O71 F-2 �#��
� Q��M��� �+ ��7!�� d'( �&+ \ �7#�17��� B�x7�H N�+ '�4� �+ YZ���

+ �	�< s-�  �-].�� x�-#4�� �#�71 �]#�
 W4��� s;���� �+ ��7�!�� �(7; �
 ����� �
s�7��
� s� ��X� �#��
 9M§ �E�?� �#�X� ���!?,T� YH �#�X� FL�1� : 

 

 

 

 

 

 

(metal) Pt / H2 H
+
 (HCl 1M) Cu SO4 Cu (metal) 

 �--
�=4� QB�--H¦� �--#�X� B--]o ���--!? �7--�l �--#��].�� �--	;�B�� Q7--��� 3--4	1�
�#�X�o

ox
E CD�04i5� 7(� �#���� ��&�� �
�=4���o

red
ET� YH ������� �#����: 

at anode  H2  2H
+
 2eֿ oxidation o

ox
E  = 0.00 v 

at cathode 2eֿ + Cu
++ Cu reduction o

red
E  = 0.34 v 

�=� so�xB��� B]�� ��#��� 34	1�,�P \ �i�B-�� B]� ���M���� u� �#L�#��� W(� 
 ���M�� K�< �
 Qx��
 56 7( �+ �#�X�Cu

2+
/Cu �-�#���� (0.34 V) C  �-�#��� 3-4	1�

���M�� K��� �#L�#���,�+BM
� � È4Ë!B-	+ '��P ��-�M�� �-+ 5B-� A-!0�� �.#-�� �-i| 
Zn

++
/Zn ,�72�-.�� 7( so�xB���� ,�7!�� 7( >i�� 34	� ���8� d'( W=;  C �-�#����

 �#���� �#�.��(0.76 v) C T� YH �
�=4�� /7.��: 
at anode  Zn  Zn

++
 2eֿ oxidation o

E  = 0.67 v 

at cathode 2eֿ + 2H
+ H2 reduction o

E  = 0.00 v 

o b e i k a n d l . c o m



 ���

 ��#����(0.76 v) �-��8 K���� B]o �!'i? 7�� �#�X� R�M� B�H`4�� B]�� ��	1 
 �#��04i�Zn

++
/Zn��; K������  Qx�V¤� ��B]�� ��#��� >U! /? �M�; C 

At cathode Zn
++

 + 2e  Zn ; E
o
   = - 0.76 V 

'���� �x���� ��; AD�-&�H ¥�-#��� �-#�X� B]o ���G �#L�#< �#�i ��B�4L :
-��< ��B�4-L� �.�#-; ,�.#M�� K��� ¥�#��� B]�� ���6�P#-L�#< �P B-]�� ��-#�� �-i| 

u� ��#���C 
(metal) Ni / Ni

++
 Cu

++
 / Cu (metal) 

 �#�X� d'{ �#��].�� �	;�B�� Q7����(0.59 v)NO�� 7( YH�  �7-!�� 7-( �-.#M�� /? 
�#�X� ���4H BM
 c=4+ 7( YHC 

Ni + Cu
++

  Ni
++

 + Cu ;   E
o
 = 0.59 v 

/? F�
 �g6�  7( ¥�#��� ���M�� B]o0.34 v �-.#M�� B-]o /7-.#; Ni/Ni
++ Y-H 

T�: 
at anode  Ni  Ni

++
 2eֿ (oxidation) o

E  = 0.25 v 

at cathode Ni
++

 + 2eֿ Cu (reduction) o

E  = - 0.25 v 

 

 �-!�B
� �#-L�#��� p��<�� �7]o
 9-+ F^M-� D�B-��� ,D�B-�� �'( \

 �-�o7
� p��<�� �7]o F^	+e �-#
�
D�0---4i5� �---#��	� f D�B---�� �---i|

e /7#1�--.�� �--
 �--&$���� p�--�<��– 
�72�.�� Cf �-#
� �-
? /�B-+ 7-( �+�

 QB�H�� �#��	�e���7-! f �!'-i? 7-��
D�&
� �'( : p�-�<�� �+ �#�X� ��#HI�
Ni/Ni

++� Ag
+
/AgC  

 

 

 

 

o b e i k a n d l . c o m



 ���

D�B�� �+ F#��� 'i? �.�� ��4���� 

 Ni
++

 + 2eֿ  Ni  E
o
 = - 0.250 v 

 Ag
+
 + 1eֿ  Ag  E

o
 = + 0.799 v 

 YH�� �7!? 34	� so�xB��� ¡7; �+ �#�X� K#H�1 \ 9�4eQB�H? f 3-4	� u-4� �-+�
2�H �7eD�04i� fs�#�� \C 

at anode  Ni  Ni
++

 2eֿ (oxid)  o

E  = +0.250 v 

at cathode Ag
+
 + 1eֿ Ag (red)  o

E  = - 0.799 v 

T� YH �#�X� �
�=1 ���4H B	� �#�.�� �#���� �#��].�� �	;�B�� Q7��� /7.1�: 
 

Ni + 2Ag
+
  Ni

++
 + 2Ag 

Ecell = 0.250 – (-0.799) = 1.049 v 

��]+ �^$@+ :© ���=
� �+ /�Hp \ �E=�� D�04i5� �#��
 (2) �-#��
 �-�< 
B	�4�1 �'{� �#�X� R�! �i�� \ K�4.�� B�=� /�I.�G� /¤; �'{� ,�;�OG�C 

 QB�-H�� j@
�-=1 F#-#�4� �B�4�� �E�? W����� B]��P– °B-� W-4�� D�0-4i5� 
� D@i �#Z�#�#H��].�� ��@X(electrochemical celss) ,  �
� B�-H²
� �-+�	���-(7 


�D�04i� �{ °B� �
�=4�� \� QB�H�� D7$ �� W4�� Q��, �+�	��� 7-��� B�-H²
�� 
B]o A��� �'�� 7(�P#��04i� ½�D�
 Ä Ko7+ Ered  ,7��� B�H²
� �+�	��� � y-!�? \ 9-�� 

 �$@+ 7( YH D�B��(F2) u� emf = 2.87 v �'-�� 7-( D0-4�
� �-+�	�� ���M��� �+?� 
� D�04i5� D7$ ��u�=! %<7�� \QB�H�� u� °B� �'�� 7( , D0-4t �+�
 a7<?� 

 7(3.045 v- (Li)  , ��*-M�� Ì�-M	�� D�B-�� �
? \ 9�� �+ ��04�
� �+�7	�� �E;?�
�7#�MU
� �E�?� �7��7��� y4$PC 

 ����	� :�+B�4�+ /? ��-=� WZ�=�4�� Í�� �
�=4�� 7( �+ ���G p��<�� �7]o �
QB$7�� �]4#J�*! Q�7o7
� ��7
� �H 

a- Cl2(g) + 2Iֿ(aq)     2 Clֿ(aq) + I2(g) 

b- 2Ag(s) + 2H
+
 (aq)  2 Ag

+
(aq)  + H2(g) 

�8� 

 D��� �
�=4�� \(Cl2) _6 D04Â ֿCle  '�4�Ered�-#�X� d'-( R�M� fA�'-H� , 
eֿ2I f  _6 B�H²�I2 u� /7.�� Eoα

 

�#�X� R�M� 

o b e i k a n d l . c o m



 ���

2eֿ + Cl2(g)  2Clֿ  ; Ered = + 1.360v 

2Iֿ aq   I2(g) + 2eֿ ; o

ox
E  = - 0.536v 

---------------------------------------------------------------------------- 
Cl2(g) + 2Iֿ  I2(g) + 2Clֿ E   = 0.824v  

 ��#< /? �$@� ��4����emf �-
�=4�� \� WZ���1 �
�=4�� /? �
 DB� �[ ��o7+ (b) 
T� YH �
�=4�� /7.�: 

2 Ag(s)   2Ag
+
 aq + 2eֿ   ; o

ox
E  = - 0.799 v 

2H
+
 aq + 2eֿ  H2(g) + 2eֿ  ; Ered = + 0.000v 

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

2Ag (s) + 2H
+
(aq)  2Ag

+
(s) + H2(g) ; E  = - 0.799v 

�-#Z���1 )#� �#�X� d'( �&+ \ �
�=4�� /? �$@
��,; )-.	�� °B-� �-.�� -= W
 ��@X�/7.� �H s� �#�X� d'( \ ¯.
 �
�=4�� Ag

+so�xB-����  f �-#�X� ��-4����
�1�E�? �#Z��P C(+0.799v)C  

 yi74! /? K� WZ�#�#.�� �
�=4�� �
 u�7M4�� K���� B]o D�B� �M+�B�4L� BM
�
x'--8�; B--]��� >--U4�� /� (E) 0--=� 5 j�B--H²+ QB--
 B--o7� Y--H ,0--#HI�� >--U1 9--+ 

0#HI�� \ >U4�� ��L�7� °B� W4�� j@
�=4��, �E-=1 j�-��^M�� h-	� A�'� �;�O6 
=4�� ���o6 h=�M+ DB	+ BM
 j@
�e�n#�� f�-#��
 K-<�7
 �-{ )#-� W-4��, �E-;?� 

 �? ��< /��	
�� ����� ��#27�� �
�=4�� ���!? �H /`� �����
� �E�? D�B��� ��B�4L5�P
��
 CÍ�� W=�M�� �
�=4�� ��L�� �'( �
�: 

3eֿ + Fe
+3

  Fe(s) ; Ered = - 0.036 v 

2eֿ + 2H
+
  H2(g) ; Ered = ± 0.000 v 

 A�B�B8� s� 7( �#�X� d'{ ��4�� �
�=4�� /? �$@
� ��;Fe
+3 so�xB-���� H

+ 
 /¤;(emf) W( �#�.�� (+ 0.036 v) , r�B�B��� QB�H�� ���$ (Fe+2)( �+ W �-��$ 56 

B	+ s� 9�1/ B�B8� (Fe) A�B�B��� QB�H�� ���$� (III) , B-�B8� Qxg �-^8 �? \� 
!�I.�6 B�4=1s  N��4�Fe

++!7�? �P, y-M	�� QB�-H�� \ ).	�� °B� A�g �
 Q�@
 
�#1�� ����	
� �+ 9�4+ 7( YH °B� Y�x D�04i�: 

eֿ + Fe
+3

   Fe
++

 ; Ered = 0.771 v 

o b e i k a n d l . c o m



 ���

�g6P m4M� �
�=4�� Fe
+2 ¶-�=�� ��-L�7� �-]#�6 Qx�-VG� �-.�� �-�#�8� d'( ,��; 

�#�X� d'( R�M�C 
2eֿ +  Fe

+3
  Fe(s)  Ered = - 0.440 v 

 r�B�B8� /7�? ±�4!G�(Fe
++

) /7-�?� B-�B8� /B-	+ �-+ �? c���-�� �
�=4�� �+ 
 so�xB���(H

+
) A�B�B8� /7�? ±�4!6 �
 �&H�� 7( (+0.0366v) , ¶#-��1 �.��� 

T� YH ��4*
� u1�!7�?� B�B��� p��<�� B]o: 
Fe (III)   v771.0  Fe (II)   v44.0 Fe (metal) 

- 0.036 v 

 �-<@	�� ).
 W( QB�H�� /? �!�H'1 �M!? 7� ,D�8� \ �(31� >*1 �#��	�� d'(�
p��<�� B]� �����
�,Qx7��� d'( �
 u���M1 �.�� ���M�� K�< B]� ���M���� : 

Cu (III)   v153.0
 Cu (I)   v521.0

Cu (metal) 

- 0.036 v 

 /? ¡�#��� �'( �+ �$@!�Cu(I)�4��2 )#� P C Q��-
� 9-+ u-� ���-M����(Cu(I) >-q 
 y4$� ���M�� /B	+ �+ �H 9+ KL�M4+Cu(II)C  

2 Cu(I) aq   Cu(s) + Cu(II) (aq) 

( ��7�4�� �'{ �#��].�� �	;�B�� Q7��� ��#<�W (0.521 – 0.153 = 0.368 v)C  
=�C��
E
&F(����@.A+��
�/B�7��
2�D��	
2.%�
�9
 


 �-
�=4� Q�-8� �-<���� \ ¶�M-�� ��#�+ �#���� �#L�.	!5� �#��].�� �	;�B�� Q7���
�#�X�C 

G
o
 = - n F E

o
 

 p��8 K���� B]�� ��B�4L� �.�� u#�
�G
oC  

 ����	� :� p��8 K���� B]�� �B�4L�G
o C �
�=4�� �'{C 

2Ag(s) + Cl2(g)  2 AgCl(s) 

�8� 

T� YH ������� ����	��� �#�X� �
�=1: 
at anode 2Ag(s)   2Ag

+
 + eֿ (oxd) ; E = - 0.222v 

at cathode 2eֿ + Cl2(g)  Clֿ      (red) ; E = +1.359v 

------------------------------------------------------------------------------------- 
2 Ag(s) + Cl2(g)   2Ag

+
 + 2Clֿ  ; E = 1.137v 

o b e i k a n d l . c o m



 ��¢

 �^$@+(n = 2) x��+ �$@� "#$ (2)/�I.�G� �+ D7+ C 
G

o
 = - n F E

o
 

G
o
 = - 2 × 96500 × 1.137 (C×V) = 219.400j = - 219.4 kj 

�^$@+ :B$�� D7o =  �7�7H B$�� ×%�7; 

 ����	� :�x��-$ /? F-�
 �g6 c���-�� �-
�=4�� �#-L�#���  �I-!G� �-<�J K�-$� Q
 �#L�#��� �
�=4��eG�W���&! f W((-254.0 kJ) BM
 25

o
CC  

�8� 

G�� Qx��8� �<�J s� ���1 W4�� �#L�#��� �<@	�� ��B�4L�� D��B��  �I!G�� W���&!
�#��4�� �#.#+�M��7+>&��C 

G
o
 = H

o
 - TS

o 

- 219.4 = -254.0 – 298 × S
o
 h�7	4���� 

- 34.6 kJ = 298 S
o
 

 S
o
 = - 116.10 j 

�B#o K1�+ �
�=4�� /? WM	� �'(�P ��M� P �#������ Qx�VG� �
e�#Z�7*
 �<?Cf 
 ����	� �–�
�=4��  

    3eֿ + Fe
3+

  Fe 

 K�$�o

red
E���B�
� F#��� �+ �#=�M�� �#�X� d'{ 

�8� 

[E
o
 = 0.44 v] 2eֿ + Fe

2+
  Fe    ;  G

o
 = -2 × - 0.44 F = 0.88F 

[E
o
 = 0.771 v] eֿ + Fe

3+
  Fe

2+
 ;  G

o
 = -1 × + 0.771 F = 0.771F 

 /? �^$@+o

red
E Q�-8� �-<���� F#-< �-+ jB-o� B< �&��&�� �#=�M�� �
�=4�� �#�X 

+0.109F C  �0�� �'�3 ��4���� %��4H� B< j�!�I.�6 n = 3C  
G

o
 = - n F E

o
 

0.109 F = - 3F Ered 

.036.0
3

109.0
voltE

o

red



  

I.�G� B]o /? YH�<@	�� d'( ��B�4L�� /�015� %��2 ���G �B�4�� B< ��: 
   G

o
 = - 2.303 RT log K 

   - nFE
o
 = - 2.303 RT log K 

o b e i k a n d l . c o m



 ���

   - E
o
 = K

nF

RT
log

303.2
 

    =  K
n

log
500.96

298314.8303.2




 

   E = K
n

log
0591.0

 

 ����	
� :�$� /�015� %��2 K�[K] BM
 ��4�� �
�=4�� 25
o
CC  

Fe
2+

(aq) + Ag
+
 (aq)   Fe

3+
 aq + Ag(s) 

)()(

)(

IAgIIFe

IIIFe
k


  

�8� 

at anode Fe(II)   Fe(III) + eֿ ;  E
o
 = -0.771 v 

at cathode eֿ + Agֿ(I)  Ag(s)  ; E
o
 =+ 0.799v 

       ; E
o
 =  0.028 v 

Kv log
1

0591.0
028.0   

log k = 0.47377 

      k = 2.9769 

QB$7�� D�²1 ������ Q��
� �#J�*! �^$@+C 
�
�>�
7A�
G �
��6*��
&�'�
 
Effect of concentration on cell potentials:
 


-.� ,/�0-15� ���$ BM
 ��^! �� )�#� Q�8� �<���� /? �7�	
� �+7 �]+�B�4-L� /
�� j@
�=4�� /�015� ���$ F##�4� Q�8� �<����� ,�#Z�#�#.G Q�-8� �-<���� \ >U4�� W( 

�#Z�#�#.�� j@
�=4��, /7.1 �+BM
 �#L�#< ���$ \ /7.1� K is 8.314 j/k.mol�ox��  
 �7�	�� �
� ,����
� Qx��8�� Q�8� �<���� �+ @H ���1 �<@
 Bo71P )�#(G) �<����� 

W( )�#� �#L�#��� Q�8�: 
   G = G

o
 + RT ln K 

   G = G
o
 + RT ln K 

 /�015� ���$ BM
�G��4���� �=��� D�²1 : 
   G = G

o
 + RT ln K 

�U*�� ���M��� �.�� �x57
� 0#HI��� D7��
� \ Q��
� �#J�*! /? �I=! ��! �M( 
7�� \ r�U�� WZ0�� �UE�� �����+ r�U�� �#J�*!�C 

o b e i k a n d l . c o m



 ���

�g6P     G
o
 = - n F E

o     ,  Since    G = - n F E 

�#!�&�� ����	
� \ h�7	4���� 

   G     = G
o
 + RT ln K 

   -n F E = - n F E
o
 + RT ln K 

          E = E
o
 – RT ln K / n F 

    = E
o
 – 0.0591 ln K 


� �
�4 x�n = 1 %!�H �g6� n = 2 D�²� %��&�� /¤; 0.02955 ��	1 ����	
� d'(� 
 %�!�! ����	��(walther Nernst) 1889 , BM
 QB$7�� ��7
� �H �#J�*! D�²1 �+BM
� 
 �g6 �#L�#< ���$(log K = 0) , E = E

o , p��$ �.�� ��4���� emf �-#�#HI�� �#�X� �+ 
x��4
�� A�g� W=�M�� �#�X� �
�=1 �+ K���� B]o p��$ �? �#L�#< %�#� p��<? �+ 

/?QB$7�� BM
 Q�7o7+ %�#� ���o�� �H C 
 ����	

 :� K��� K���� B]o K�$�Zn

2+
/Zn , j�-!7�? 0-#H�1 /`-� F-�	�� 9+ 

 A!0��0.1MC  
�8� 

  2eֿ + Zn (II)  Zn(s)   �
�=4�� �+ 

  E = E
o
 - 


Zn

sZn 1)(
log

2

0591.0
  ����	
� �+� 

 D�B�� �+�(emf) K��� W=�M�� K���� B]o ��#< B�! Zn
++

/Zn
 = 

- 0.76 v  
h�7	4����C 

  E = - 0.76 – 0.02995 × log 
1.0

1
 

     = - 0.76 – 0.02955 = - 0.78955 v 

 ����	
� :�T� YH �]�#H�1 F1 �#1�� �#�X� /? F�
 �g6: 
  Ni / Ni (II) 0.01 M 0.2 M Cl2 (1 atm Pt. 

 d'( B]o 7( Y;?�#�X� 

�8� 

7( �#���� W=�M�� �
�=4�� 

at anode Ni      Ni(II) + 2 eֿ (oxd) ; E
o
=+0.25v 

at cathode 2eֿ + Cl2  2 Cl (I)  (red) ; E
o
= 1.36 v 

  Ni + Cl2  Ni(II) + 2Cl ( I)T.�� �
�=4�� E
o
 = 1.61v 

o b e i k a n d l . c o m



 ���

 /? �$@+ 7( YHn = 2����	
� \ h�7	4����  

  
7105.11005.061.1

0004.0log0296.061.1
)1)(()1(

)01.0()2.0(
log

2

0592.0

2

2







E

E

sNiCl
EE

o

 

 ����	

 :� K�$�(emf)�#�X� d'{ : 
  Zn / Sn (II) (0.01 M) Pb(II) (0.001 M) / Pb. 

�8� 

 ���G D�B�� �+(E
o
)��� �#�X� W=�M� �#L�#��� : 

At anode Sn(s)  Sn(II) + 2eֿ ; o

red
E  = 0.136 v 

At cathode 2eֿ + Pb (II) = Pb(s)  ; o

red
E  = 0.126 v 

�#���� T.�� �
�=4��� 

  Sn + Pb(III)  Sn(II) + Pb ; E = 0.010 v 

  E = E
o
 - 

)(

)(
log

2

0592.0

IIPb

IISn
 

     = 0.101 – 0.0296 log 
001.0

0.1
 

  E = - (0.0296 × 3) = - 0.0788 v 

 /? �
 DB1 ��#4M�� d'( �-
 z7��-�� �'( 'i`1 5� ��	�� Q`#]+ %�#� �#�X� d'(
�.*�� �'(,yM	�� /? #-L�.	!� /7.#-L �
�=4�� �P, �'-( �-
 �-� �-�	�� /7-.� Y��-�� 

�.*��C 
  Pb  Pb(II) (0.001 M) Sn(II) (1.0 M) / Sn. 

� /? yM	�� 0#HI�� >#U1 �.�� �? �-
? ³�-����� �-<�� 7( ��B���� 0#H�1 /7.
�0#H�1PC 

 ������	
� :� so�xB--��� /7--�? 0--#H�1 K�--$�(H
+
) �--#�X� �--+  : /�--H �g6

Mg(II)=1.0M /�H �g6 ,7o �UO B$�� so�xB��� �UO� (emf) 7( �#�.�� �#���� 
2.099v�#1�� : 

Mg(s) + 2H
+
(I)  Mg(II) + H2(g)  ; E

o
 = 2.363 v 

�8� 

o b e i k a n d l . c o m



 ��k

4�������	
� \ h�7	 

     
)(

2

2

)(

))((
log

0592.0

s

o

MgH

PHIIMg

n
EE


   

+ 2.099 = 2.363 – 0.0296 log 
2)(

11



H
 

        = 2.363 – 0.0296 log (H
+
) 

2.099 – 2.363 = - 0.029 × - 2 log H
+
  

  Hlog
0596.0

264.2
 ; log H

+
 = - 4.43 

     H
+
  = 3.715 × 10

-5
M. 

��6*��
�
�H
 
Concentration cells
 


K-���� \ j�-!7��� 0-#H�1 �-
 B-�4	� W-����� B]�� /? �7�	
� �+, /? �-.��� 
 j�0-#H�1 �
 �74� �#�X� ���!? �.�� �7M�� )=M� ���*4+ p��<? j�g Q�Z�� F��!

�#�X� d'( \ T� YH �=�4tC 
Cu Cu(II) (0.001 M) Cu(II) (1.0 M) / Cu 

,�72�.�� BM
 �
�=4��� 

2eֿ + Cu(II)  Cu(s)  ;  E
o
 = 0.34 v 

 /7-�? 0-#H�1 Q���r /? s�4! /? �M� �.�� �#�#1�*#� QB
�< ��L? �
�Cu(II) 9;B-� 
 ,D�0-4i5� B-]o `*M�� s�#�� �#$�M�� _6 �
�=4�� /7-�? 0-#H�1 \ ¶�M-�� YM-#�Cu(II) 


�=4�� 9;B� �7L B�-H`4�� B]o `*M�� x��#�� _6 �eD�0-4i5� B-]o h-=Â �? Cf 7-��
 s�#�� K���� ).	��� �<�� 7( 0#HI�� x��#�� K���� /7.#�; �#�X� 0#H�1 ��2 �!'i?

�
? 0#HI��, �-#+ u-� �-i��� QB�-H¦� �-#+ u-� /7.#-L x��#�� K���� /? WM	� �'(� 
D�04i@�C 

an anode Cu(s)   Cu(II) + 2eֿ ; oxidation 

at cathode Cu(II) + 2eֿ   Cu(s)  ; reduction 

  Cu(s) + Cu(II)(0.1M)  Cu(II) (0.01M) + Cu(s) 

 /7.1�(E
o
) �=��� �����+ �#�X� d'{ /6 "#$ ���-!� B-$�� �#�X� \ s����� 

 �#�X� C�g6P: 

  ⎟
⎠

⎞
⎜
⎝

⎛
1.0

01.0
log

2

0592.0
0.0E  

o b e i k a n d l . c o m



 ���

      = - 0.0296 × ( - 1) = + 0.0296 v 

 ��#< /? NO�7�� �+(emf) m4M1 ��#< Ê<? W( p��<�� B]o �+ �#���� ��7��
� 
�#�X� �+, °B-� p�-�<�� %-!�H �g�-+ �-;�	+ p��<�� B]o F#< ���6 �+ WM	� �'(� 

@#��P5 �? C 
WZ�
� ���M�� B�x7�H �#�� 34	M�;, �72�-.�� B-M
 s-M.[ s�
�-=1 �7o� �$@! 

���: 
(red) 2eֿ + Cu(II)qa    Cu(s)    ; E

o
 = 0.34v 

(red) 2eֿ + 2 H2O      H2(g)+ 2OHֿaq  ; E
o
=- 0.414v 

 A-�g� %�-!�! ����	+ ��B�4L� ��L�7� R#.� /? K� ��
� D�04i5 K���� B]o
 WZ�
� D7��
� D��	1 \{OH

-
] = 10

-7
M )#�� , (1.0M) , D�0-4i� �-#��
 �7-O7�� 

.� ���M�� /7�?7+ �]L? / /7-�? D�0-4i� �-#��
 F4-1 ��-4���� ,��-
� D�0-4i� �#��
 �
�72�.�� BM
 ���M��C 

��� �7!�� BM
 s�
�=1 x��4
� �.�� �E�?�P: 
Oxidation  2 clֿaq  Cl2 + 2eֿ  ; E

o
= -1.36v 

Oxidation  2 H2O  O2 + 4Hֿaq + 4eֿ  ; E
o
 = -0.82v 

� ��L�7� R#.� /? K� ��
� QB�H� K���� B]o A-�g� %�-!�! �-���	+ ��B�4L
 WZ�
� D7��
� D��	4� {OH

-
] = 10

-7
M )#�� , (1.0M) ,��� d'( �+ # �$@! /? �M� ��

°B� /? �.�� ��
� QB�H? /?, �-#�X� R�-M� x7-�.�� /7�? QB�H? /? ��#�8� \ �.�� 
�$@
� 7(C 

-�#��� �-+ �
? /7.1 /? K� �#��4�� �#��	� ����4
� B]�� �#�H�� �-+ ��7�-�
� 
 �-#�� �-#��	� W( �#��4�� K��4+ B]o �<?� ,B]o Ê<`� ��	1 W4��� p��<�� B]o

D�04i5�� QB�H�� \ ������� F#��� �+ ���M�� B�x7�HC 
vEEE

o

oxd

o

red

o
02.136.134.0   

 �-��M	� �B�4�1 W4��� d'( �
 B]��� ��#< �
?� ��7��
� ��#��� d'( /? WM	� �'(�
 A�'H� B]o Ê<?�#���� �#�i�B�� �+���
� �x�	1 �E�?P, 9-+ �-#��4�� m1�-! >U4� YH 

 /¤; u#�
� ,D7��
� \ j�!7�¦� 0#HI��(emf)0#HI�� �
 B�4	1 , �-#�� B-M
 D�-&�H� 
x7-�.�� �+ 5B� �7!�� BM
 s��H�� r�q m4M� B��x7�.�� �+ R=t D7�b, _6 R-O? 

o b e i k a n d l . c o m



 ���

���� K���� �
�=1 B	� ,A�gu2�B$�  �+  "#$�! d'-( ��7.1 �.�� ,/�I.�G� D��4
j��H�
�:�&+ x7�.�� B#L�H?  (ClO

-
) , (ClO3

-
) x7-�.�� r�-q �-
�=4� A�g� (Cl2) 9-+ 

 �#�H�xB#{� j�!7�?(OH
-
)C  

�
-�$(��
�
�>�
I/@J��4�( ���K����� 5�

 
Some commercial voltage cells 

 ��]
� ��x��4�� ��@X� h	�–� �-#�X�  �-;��– A-!0�� /B-	+ �-+ /7-.41 W-4��� 
 �7-#!7+�� B-�x7�H �-+ �-���+ �-#M#�
 Q��+ ¦�� �7!? K��H �B�4�� �'��� ¡�BM�H

 %-#;��o K-�< �-
 �74�� A!0�� B�x7�H�e�72�-H f-�U+y �0-#M�M
� B#�-H? ��-& C
 0H�+ 34	� W����� �
�=4���eB�	+f�#1�� j5��	
�� �
�=4�� �#&§ �.��� ,: 

at anode Zn  Zn(II) + 2eֿ 

at cathode 2eֿ + 2MnO2 + 2NH4
+
  Mn3O3O + 2NH3 

 �#�X� d'{ B]�� ��#<�1 s-� �-+ ���I(1.3  1.5 v) C  �-;��� �-�@X� °B-$?�
 �]+�B�4L5 jBo� W4�� Q>U���G ����]H °�B$e/g�� j�
YL �&+f; /7-.� "#$ 

 ��
7H A!0��– /7��H K�< , �7!? – �72�H �#�-L7�� �+B�4�-
� �M#�	���W-(  B#�-H? 
 �-+ c-�Z0�� B#�-H? �=8 �#+��+ �<x7� �M��+ �7#L�17��� B#�H�xB#( 9+ }7�t c�Z0��

A!0�� K�<,B]o m4M1 �#�X� '(� �P#��< �P dxB< 1.35 v C T� YH �#=�M�� j@
�=4���: 
Anode Zn + 2OHֿ  Zn(OH)2 + 2eֿ 

Cathode 2eֿ + HgO + H2O  Hg + 2 OH ֿ  

 ³����� �+ /7.41 �#������ ��74�
� �#�i�– K-�	1 ³�-���� ��7-�?� �7-!? 
 ³����� B#�H? ��&�–�72�H , �-
�=4�� /7-.�� ,A-#4�3.�� h-� �-L7�� D7��
�� 
7( �#�X� d'{ W=�M�� 

Anode Pb(s) + SO4
--
  PbSO4(s) + 2eֿ 

Cathode 2eֿ + PbO2(s) + SO4
--
 + 4H

+
  PbSO4(s) + 2 H2O 

 �-i|� ³����� �+ �7� �]E	� K!��� ���I+ ��7�? QB
 �+ /7.41 �#�X� d'(�
��74�� �
 �]E	� 9+ ���4+ ³����� B#�H? ��2 �+ CQB$�� �#�i �HB]o m4M1 �P dxB< 

(2v) C  m4M1 ��x����� �+ ������� d'(�(12 v) C QB-
 �]M�V Q��
6 �.�� ��x����� d'(�
�3.�� h� /? YH ,j��+ x�-#1 ��-�
G a�i? Q�+ dB�B¹ ��	�� A�]4�� /? �.�� A#4

 ��x����� >#U1 �#��
�1L�L? B�4	P �;�&H �
 ���x����� D7��
�C 

o b e i k a n d l . c o m



 ���


7! Bo7� A�'H�P �-.#! ��0�4�� �#�i W(� j��x����� �+ �i| – d'-(� �7#+��-H 
4<� 'i`1 �#�X� �? ��x������P�#-������ ��0-�4�� �-#�i �+ �&H? , d'-( �-.��  �-�x�����

�#
�M� �=�.+P,T� YH �{ W=�M�� �
�=4��� : 
Anode Cd(s) + 2OHֿ    Cd(OH)2(s) + 2eֿ 

Cathode 2eֿ + NiO(s) + 2H2O  Ni(OH)2(s) + 2 OHֿ 

 �����1 ��x����� d'( ��@i �+ �#�i �H B]o�P(1.4 v) , d'-( ��-V Q��-
6 �.��� 
j��+ QB
 ��x�����C 

L�=���
�
�H
 
Fuel cells
 


 B#�71 \� x�-�� _6 ��-
� ��7�4� �B�4�1 B< �7<7�� Qx��$ �#��].�� �<���e �7-<7��
Y�; /7.� /? �.��P �? -4�r�Pr�-q �? ,�P-#	#�J �P f ��ºG �B�4�-� B-< B
��-�� x�-�����

 z��
�e�M#�I�� f �]H x�#1 ±�4!G B�7
� z�� �? R�1 W4���, d'-( �-+ Q7-�i �-H \ 
+ 7( YH j�7�X��; �7o� �$@B Qx��8� \ ��=�!� �? , d'-( �-+ N-O�� 7-( YH� 

����].�� �+ �#�H ±�4!6 ��#4M�� �+ �;�.1 (30% - 40%) �-�@X� ,�U4�-
� �7-<7�� �+ 
 ��-2 ,so�xB-��� �-&+ �7<7�� ¡�I$� �+ �<���� ��7�4� W( A�'� ����
� �#��].��

-#��]H �<�J _6 /�&#
� r�q �? /7��.�� B#�H?�,�7-<7�� �-�@�� ��-	1 Y-H W-(� ,�g6 P \ 
 ���^M��100% �
 D7�8� K� ¡�I$5� ��L�7� Qx��4
� Q�8� �<���� – (G) �-<�J 

	=�� �7<7�� ��@i �+ Q�$��� C z�M(� a�-¹ �7-<7�� ��@i \ x7�4�� �'{ �#ME+ °���?
�---��M	�,� �� _6 _6 °�---���� d'---( %�---�� /

 �--
 D7�--8�60% �? 70% �7--<7�� F--�$ �--+ 
�U4�
�, s1�-+ Q7-< �{ W4��� �#��8� �7<7�� ��@i 

 B-#�74� ¡�I-$5� Qx��-$ ��B�4-L� \ Q��=.�� �+
�#.#!�.#
� �Z�L7��� ����]HC 

 so�xB-��� �7-<� �-�@i \ 9-�4+ 7-( YH�
 K-�< D@-i 9#<�-�; �-n#( �
 ±�µ s��H���
 �--+ 0--H�+ D7--�b _6 /7--��.�� �--+ y+��--+

xB#(�7#L�17��� B#�H�xB#( �? �7��7��� B#�H�, 
p��<�� \ m+B1 B< QB
��+ �+�7
C 

o b e i k a n d l . c o m



 ���

C H2(g)  OHֿ O2(g) C 

T� YH �#�X� d'( K#H�1 �.��� : �.V(7)C  
4L�� A�]4�1 B< ��r�U�� Q��
�x���4L�� ��01 W4��� x���,��4��H �
�=4�� /7.�� : 

Anode 2H2(g) + 4OHֿ  4H2O + 4eֿ 

Cathode 4eֿ + O2(g) + 2H2O  4OHֿ 

7( �#���� ��4�� �
�=4���: 
  2H2(g) + O2(g)  2H2O )(l  

x���4L�� uM�7.1 BM
 ��
� /? YH ,�#��
 Qx��$ �ox� BM
 �#�X� %�&1� �-#�i� ���4� 
 s��H��–�#Z�E-=�� �=�-�� ��-��]H B-��01 \ �B�4�1 B< so�xB�? , d'-( �7-o�� 

©�8� %<7�� \ ��x�¹ %�#�� �Bo �=�.+ ��@X�P, ��4*-1 F#��-4�� �'-( \ ��.*
�� 
�
v� °B� W.� K���� �
�=4� ��²1 W4��� QB
��
� �+�7	�� Qx7�4+ p��<?, �'-(� 

1 �#�i F#��1 WM	�DB-4	+ �x��-$ �L� \ ��	, �Z��-�� ��B�4-L� �-����� ��7-�1� 
s	+ �UO %� j�r�q� ,�L7H �7#L�17��� B#�H�xB#( �&+ \@1G�C 

M�C=��
N���O
 
Type of electrodes 

s��< �+ /7.41 ��@X� ��7!? 9#Å, �'-��� u#; �7o7
� �L7��� ��1�+ K�< �H� 
�#�X� R�M� y���,�B�4�-1 �+ YZ��� P ?< 3-4	1 W-4��� �#-L�#< j�=-��7+ j�g p�-�

	o�+�Pa�i? p��<� , B-]o �-#+7�	��� �-#���� �-#�.�� p�-�<�� B]o j�L�#< �+� 
�7�	
� >q K���� B]o ���6 �.�� ¥�#��� K����, �?ÎD��7!? 7( ��r�U�� p��<��  : 

P?

Q��	-7
��
�CD��

9 �-+ K���� �'( /7.4��
4� �+ YZ��� �+�i /B	+P B�B-V 7-(� s-1@��� �+ '�

so�xB��� r�q ³��+�6, �-#M#1@��� �-	���� d'(� 
/7.1 �+ YZ��� ��	��� D7��� �#L�#<P             (1 cm 

× 1 cm) �-�7�!? D@i �+ s1@��� �+ A��� ���4+ 
�U+ A�g �H s;���� ��=�+y �i| ¶#��� – u� ���� 

 v.�� �+–9-O7� s-1@��� �-�7�!? �-i�� \  c-�Zr 
 �.*-�� \ Y-H B-#�� ��-���� �-#��
 �+ BH`4��(8), 

o b e i k a n d l . c o m



 ���

5� F4� W.�� �-����1� ,�7-L�� s-1@��� �+ ����� s1@��� N�L �#�U4�  �B#o ³��+�P P
 s1@��� 9O7�e��#=� f �-].�� ����4��-�� s-1@��� B�x7�H �+ D7�b \, �-+ Y-Z��� P

� B�x7�.�� h� �
�=1 �+ so�xB��� r�q ��A-�IM�� h�, so�xB-��� r�-q� 
L�� �UE�45� F4� y4$ D7��
� \ x��� �iB-� 5� s-1@��� N�L �
 @+�H ³��+�P

 �
�=4�� \ s1@��� /B	+eB
��+ �+�
 f ��;H2(g)  2H
+
 + 2e

- , �7-�	+ 7-( Y-H� 
 �-#Z�#�#H��].�� ���-���� D�B-o �-+ s-�+ 7( YH �=��� �����+ K���� �'( B]o /`�P

�p��<�� B],T� YH �#�X� \ u� W=�M�� K#HI��� : 
)/()1)((

2
lmolHatmgHPt   

R
?������+��
�C=
 
Calomel electrode 

 s-�+ 7-( YH �#o�or ��7�!? �+ /7.4� �
7#V �&H�� 7(� p��<�� �+ �7M�� �'(�P
 �.V \(9) −  r7��Z0�� B�x7�H �+ �M#�	� Q��U+ c�Z0�� �+ �#�H �
 ��74b 9-O7� F-2

;7�7#L�17��� B�x7�H �+ 9�*+ D7�b ¡, �7-�U+ s1@��� �+ A��� Q�Z�B�� 9+ ��4+ 
c-�Z0�� �-��M+ y4$, K-���� �'-( B-]o� 

 ��7-$– 0.2415%-�7; , K-���� B-]o� 
 9---o��H so�xB---��� 9---+ �---#+7��.��
 '-�4� D7��
 WM#o�xB��� ��� ��#���
 D7��
� \ so�xB���� �#+7��.�� K����

���� so�xB��� K�< 34	�7-!, ��-�1� 
B�� Q7���� K�� ,�.H �#���� �#��].�� �	;

 >--q s--	� �--]M+� ,��--#��� K--���� �--�#<

�
� g�--µ��� �7--�	 �--+�	
�� �--#1�� �--���	

 �--#�X� d'--{ �x��--8�4.06 × 10
-5 

V/T 
T� YH �#�X� d'( K#H�1�: 

 

Ecell = Ec + EH  
12.5% Cd Hg 3CdSO4 8H2O Sat. soln. CdSO4 Hg2SO4 Hg  

o b e i k a n d l . c o m



 ��¢

S
?�T���
�C=
U
�T���
7
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Silver/Silver Chloride electrode
 


 A�-L 9-O� 7-(� u4
�M-� �]��� �+ p��<�� �+ �7M�� �'(�
\ �E=�� �-
 /7-.4#; �
�-L R�-! so�xB-��� B�x7�H �+ D7�b 

1� �E--=�� B--�x7�H �--+ �--��J N��--���7--( �--#�X� \ K--���� K--#H 
)(molClAgClAg �#�X� d'{ W=�M�� �
�=4�� /7.��C 

Ag
+
 + eֿ  Ag(s) 

AgCl  Ag
+
 + Clֿ 

Springly 

AgCl + eֿ  Ag + Clֿ 

>U4
� �#���� W=�M�� �
�=4�� �'(� K-���� �-���+ \ x7-�.�� /7-�? 7-( ¯-#Z��� 
Ag/Ag

+C  

V
?W�(0
	
�� H
 
Weston cell 

 B--	1 D�--l \ �
7#--V �--&H�� �--�@X� �--+P
 ��#< >U41 5� �4��2 �#�i W(� �#��].�� ��#�#.��

�-{ B-]�� >U1, �-�#<� (emf) QB-
 �-4��2 �-^1 
���7J, �-�1 Qx��-8� �-ox� ��-=1x� 9-+ y4$� 

>U� �#�.�Qo 5 �BP�H'1 , �-�#<� (emf) d'-{ 
�2 �--#�X��W--(� �--41.018 B--M
 %--�7; 25

o
C 

/7.41� �.V �
 �#o�or ��7�!? �+ �#�X� (H) 
��< 34	� ���J�� 'i?�PY-U�[ P.�-L �-i��� �P 

#M#1@��@�4+ P c�Z0��� �E�? PC 
 �.-V �-+ s-�+ 7-( YH �#���� K����� K�����e�� f �7#+��-.�� F-U�[12.5% 

��H �7#+��.�� j�4�3H� �7#+ �#��
 ���M� �	�*
�–M#�
 � o7
� K����� �����1PK A�L 
 + c�Zr �+ �!7.+ �M#�
 ,c�Zr +c-�Z0�� j�-4�3H, 9-+ c-�Z0�� �-��� A-�g� 9E-1� 

�	�*
� �7#+��.�� j�4�3H,�-J c-�	� F2 \ R-�U1 }�-#4$5� \ Q��-�r� ��B�-� �-#�X� 
9�*���C 
 

o b e i k a n d l . c o m
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Glass electrode 

 p��<�� �+ �7M�� �'(�� �-���<� �B-o �L��-$ �-ª? 56 Q�-&.� �-+�	
� \ �B�4�P
v.��, �-+ 9M�-+ �7M�� �'(� x'8� Wi71 K� u+�B�4L� BM
 A�'�� 

 ±�o0���g Ð�=4!�� W]4M��Bo c#<x x�Bo P C�=4!5��ÐF^M+ �Z�L u� , Y-H 
-� ��-4+ �-�7�!�� d'( �i�� �E=�� �+ A�L Bo7� x�B-o� �Z��-�� �'

M+ u�V ��*UH ��	� c#<��� K����=���M��� ' B	�� so�xB��� j�!7�� 
 ��*U�� �'( �
 9E1 DY	4L5�-���o�P �-+ u-#�
 �-;7i A#4-L@��� �-+ P

 �Z���� �+ �B#o K���� �#�q B	� v.��P �'��u#�
C B-M
 K���� �'(� 
 u�Y	4L��#�� r�]�� ��4���� �Q·��+ WM#o�xB���  �����u1 C  

�w7��+: \ >-U1 �? ������ ,u� so�xB��� 0#H�1 %��2 D7�b 7( F^M
� D7��
� 
so�xB��� 0#H�1,M#o�xB-��� ��� )#-�� r�-]�� �'(� W 9-O7� A-�g� D7-����� 

Q·�-�+ Q������ r�]��� @�7� F2 D7��
� \ �#+7��.�� K����� Wo�o0�� K����, \� 
 �&�B8� Q0]o�� 5-	+ �-#+7��.��� Wo�-o0�� K���� 9O7�� d'-(� QB-$�� K-�< \ 

�Z5� QB	� j����< W�	1 Q0]o��, �-]M+ � %-��2 ,0-#HI�� ,Qx��-8� ,so�xB-��� ��
A.=4��C CCCC6 Ã�C 

Y?��<��D��
Z-�6
�� H
 


      �--����1 �--{ �x��--8� �--+�	
�� �--4��&��� �#--L�#��� �--�@X� �--+ 3--4	1 �--#�X� d'--(P
1.20×10

-3
V/T  

��4��H �]4�#H�1 �#�X� d'(�: 
10%Zn Hg ZnSO4(s) 7H2O ZnSO4 Salt sol. Hg Hg2SO4(s) Hg 

 �#�X� d'( �#�71 BM
� CCCCx�-#1 °B� x�#4���P ��-M� P \ A-!0�� /�-��g �-#��
 �-

 c�Z0�� FU�[e�7!�� f�HÑ4��,�#-L�1 °B-� �-i�� K!��� �
� �P �-i�� K-���� �-
 

�72�.�� C��4�� �
�=4�� \ �&[: 
anode Zn  Zn(II) + 2eֿ 

cathode 2eֿ + Hg2SO4  Hg + SO4ֿֿ 

e�#�.��f  Zn + Hg2SO4  Hg + Zn
++

 + SO4ֿֿ 

 �����1 �#�X� d'( B]o�P(1.4324 volt)C  

o b e i k a n d l . c o m
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��
�����
� �
Electrochemical Cells 

�72�H ��&��� �7!? ��B$? s��< �+ /7.41 �#�X� /? �7�	
� �+, A-�g D@-i �+� 
� s��< _6 �#Z�#�#H��].�� ��@X� F#��1 �.�� R��	4����: 

��4��"�6
�� H9
 
chemical cell
 

��6.�
�� H9
 

Conc cell 

�#Z�#�#H �#�i : °B� W4��� �]#;�#Z���]H �	;�� Q7< °B�4� WZ�#�#H �
�=1C 
0#HI�� �#�i�: �-#Z���].�� �-	;�B�� Q7��� /7.1 �]#;� (emf) \ ¶�M-�� �-
 �-¹�! 

 �#���� Q�8� �<����(G) �V�! �'(� 
 D�-�4!� �? K#L�1 �-;@4i� °B-� �-[ Q��-
��P \ 
p��<�� N�L? BM
 0#HI��C 

s��< _6 F��M1 �#Z�#�#H��].�� �#�X�� ��M� Pu$· c�L �+ �
: 
�−@i ��H�1 #�#��< 0 : \ ¶-�! _6 �-#���� WZ�-#�#.�� �
�=4�� �#��
 ��²1 �]#;�

u1�g K���� Q��+ R#=µ �? 0#H�1C 
�− �#4#��I.#�6 0#H�1 ��@i Electrolyte concentration cells  

��� s��< _6 F��M� �E�? 0#HI�� ��@X� �+ �7M�� �'(�P: 
?−D�-�4!� /�B� 0#H�1 ��@i  :Concentration cells without transference or 

concentration cell without liquid junction j�!7.+ /7.1 �]#;� "�#�X� D7��
� 
W4#��I.#�G�" W=�M� B$�� �#�X�C 

p− D��--1� B--]�� �? �--�8�� 0--#H�1 �--�@i Concentration cell with 

transference or with liquid junction C  �-#�X� j�-!7.+ /7-.1 �-]#;�¬ D7-��
�
W4#��I.#�G�­�i�� �
 �=�4t �#�X� W=�M� C 

 �7M�� �'( D�&+� e ? f F<x D�&
��  
 �7! D�&�H�ep f F<x D�&
�� 

� �#�X e ? f7( �]�#H�1 

Pt H2(g) HCl (M = 1) Ag Cl(s) Ag 

 �#�X�ep f7( �]�#H�1 

Pt  Fe
2+ Fe

3+
Clֿ  Hg2Cl2(s)  Hg 

o b e i k a n d l . c o m
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�CD��
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Determination of standard electrode potentials 

�#1�� �#�X� 34	M�: 
Pt  H2 (1 atm)  HClaq (M) AgCl(s)  Ag 


�=4��T� YH �#�X� d'{ ��	�� �: 
H2(g) + 2AgCl(s)  2H

+
 + 2Cl + 2Ag(s) 

��	
 h�7	4�����%�!�! � 

   K
nF

RT
EE

o

ln  

 "#$[K] /�015� %��2  C �^$@+Ag(s) , AgCl(s)  QB-$7�� �����+-ª6 "-#$ Y
���� ��7+, so�xB��� r�U� ���M��� �+?� (H2) 7]; �U-O B-M
 ,�E-�? QB-$7�� ���+ P
7o B$��C 

  = E
o
 – 

11

)()( 22



 ClH
In

nF

RT aa

  

 �#J�*M�� �+�	+ DY	4L���γ
2
± h�8 HCl ����	
� \ h�7	4����  

  = E
o
 – 

nF

RT
log γ

2
 ± m 

  = E
o
 – 0.0592 × 2 log γ m 

  = E
o 
– 0.1184 log (γ m) 

  = E
o 
– 0.1184 log γ – 0.1184 log m 

   + E
o 
+ 0.1184 log m = E

o
 – 0.1184 log γ 

 BM
 �#�X� d'( ��#< �^$@+25
o
 C,   n = 1  

 ��7-
 ���-M��� ��7�-i� �B-o �-==�
� �#������ �#J�*M�� �+�	+ /? �7�	
� �+�P P
 �? QB$7�� �����+ ²;�.4�� ����$?6 /γ = 1 , m _6 ��1 ���]M�� \� �=� �����1 PE= E

o
� 

G� ���(E
o
) Q·�-�+ )#-�!� �-=�4t j�0-#HI� �#��b QB
 �B�4�! �M!¤; �#L�#��� 

 B]�� ¡�;(E) ����� ���^! �+� �=�4�
� j�0#HI�� ����+ �#���
� d'{ – x�*-
� �.#( 
 \ �]#�6/¤; ������� p�7��� 

Log γ = - 0.5 z
2
 u  

 "-#$– (u)!7��� Q7-��� �-&§  D7-����� �-#innic strength  � (u) – d'-� �-&§ 
�<@	�� 

u =
2

1
 Σm z

2 

o b e i k a n d l . c o m



 ��k

 "#$– (m) ,W4#��I.#�G� D7��
� 0#H�1 - z�#!7��� �M�*��  C 
��4��H �]4��4H �MM.�� ������� ����	
� \ h�7	4����: 

E + 0.118 log m = E
o
 – 0.1184 × ( - 0.5 z

2
 u ) 

 �---+ �---<@
 �M�---Lx �g6�
 �����---�� j�---L�#��� ���---o6\ 

 F<x �.*��(12) �-i �-$@� 
 ,�-��� �-��M� �-�� 5 F#�4�+

 x7�
� �+ �7��
� �0�� �+�– 

(y) �--�#< �--&�� E
o –�#--L�#��� , 

 34	��– E
o ��-�
� �#�X� B]o 

 �7--]o �7--�l ����--� 7--(�
s--����� @--.� ��--#���, �--+� 

/? �$@
� ¥�-#��� �#�X� B]o 
 D�B�� �+ s�+ 7( YH� ,so�xB�¦�emf�=��� �����+ P, �? 6 /: 

   zeroEEEE
o

H

o

A

o

H

o

cell
 ,  

   oo

cell
EE  K���� ClClAgAg ,

2
 

W-4#��I.#�G� D7-����� �-#��	=�� �-+�	+ ��-#< �E�? �.�� j�L�#��� d'( �+�P, 
	+ ���6 �.�� �E�?�P >-q j���'-+ �-
 �7-4� �'-�� W-4#��.#�6 D7��
 �#J�*M�� �+�

�#Z�+,�#1�� ����	
� ��B�4L�� A�g� : 
E + 0.118 log m =     E

o
 – 0.1184 log γ 

 "#$(E) , �-#�X� �+ Q·��+ j������� �+ s	1 m – y-4$ %-#��I.#�G� 0-#H�1 
 WZ�]M�� R#=�4��, E

o – ��#��� FL��� �+ e-��
� 0���7 f �-+?�γ – B-	� �-]M#	1 �-.�� 
A�gC 

#+���\
L��&���
]+�(��
)@��
[�/�
 

Determination of thermodynamic dissociation constants  

 R#	O h�8 A.=4�� %��2(Ka)-#��]H �-����� uM##	1 �.�� ;� Q���-	�� A-�g� 
0-#HI�� �+7�	+ ��7< QB
�< ����+ uM##	1 ���
� h�8� �+ �7�	+ 0#H�1, ��-#�� A-�g� 

o b e i k a n d l . c o m



 ���

 QB-
���� D7-�b �;�-O6 B-	� Wo�-or K-�< ��B�4L� ��L�7� so�xB��� /7�? 0#H�1
¥�#���,����	
� ��B�4L��� C 

Pka = - log Ka 

Ka –T-� Y-H �]<��4-V� �.��� , h�8 A.=4�� %��2 : h-�8� A-.=4� �+B-M
 
D7��
� \ u1�!7�? _6 R#	E�� 

    HA  H
+
 + Aֿ 

   
HA

AH
Ka

]][[ 

  

����	
� d'( F4�x�q7� 'i`�� 

    Log Ka = log [H
+
] + log 

][

][

HA

A


 

    - log Ka = - log Ka + log
][

][

HA

A


 

 /? �7-�	
� �-+�– log Ka = Pka , - log [H
+
] = PH �-���	
� \ h�7	4��-�� 

 ������� 

PH = Pka + log 
][

][

HA

A


 

�7��� D��	4�� ���o6 BM
�7 _6 D
 N--�
� 0--#H�1 �--$@! R�--4M
�[A

-
] 

 h--�8� 0--#HI� �����--+P[HA] �? 6 /

][

][

HA

A


= 1���]M�� \ ���!� �
  Pka 

= PH �]M+�  �.�� A-.=4�� %��2 ���6
R#	E---�� h---����,---(� 7 ���---	+ 

 ��I#+7*--M17�¬B--]�� ¡�--; ��--#�+­ 
 �.--V(12) B--M
�  �? D��--	4�� �--��!

 0--#H�1 /? �--$@� B�B*--�� ���--�!5�
 �-]M+� ,QB
���� 0#HI� �����+ h�8�P

 ��#< ���6PkaC  
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Evaluation of the ionic products of water
 


 �-+7�
� ,R#	-O u-M�`1 /? B-�! �'�� ,x�#4�� ��7� 5 W�M�� ��
� /`� ���	
� �+P
71 �.��T� YH u� ��`4�� N#O: 

   H2O  H
+
 + OHֿ 

/? �$@� ��4.�� �	; c#��4�� 

A.=4�� %��2 
][

]][[

2
OH

OHH
K



  

 /? �7�	
� �+�[H2O]�g6 D7��
� \ %��2 �(0#H�1 : 
   KwOHHK

OH
  ]]{[

2

 

/6 "#$ 
OH

K
2

 �? Kw��
� A.=4� �7��� ���8� 34	� ,E�?� P �-+ d���6 �.�� �
�#1�� �#�X� \ YH WM#o�xB�? K�< ��B�4L�� �#��].�� �	;�B�� Q7��� p��$: 

Pt  H2 (1 atm)  NaOH(C1)  HCl(C2)  H2(atm)  Pt 

 7( YH� �#�X� 0#H�1 �+ �$@+(C2 , C1) 0#H�1 �#�i �? C 
 ����	
� �+�e%�!�!Cf 

   
 
 

1

ln 




H

H

nF

TR
K

a

z

a

o  

   Kw = [H
+
][OHֿ] or [H

+
] = 

][


OH

Kw
   

  
   

Kw

OHH

nF

RT
E

a 

 2
ln  

 
2


H

a

− ,�+7�	+ 10
-7

 = (OH
-
) ، E �<�7-�	+ %��&��� �#�X� �+ j���, �-]M+� 

 ��#< p��$ �.��Kw = 1× 10
-14C  


�"�=
[�/�W�@	���
`�!a
` �
�@�b;�
�8�3
 

Determination of solubility product 

�#��4�� �#�X� ��#H�1 'i`M��: 
Ag  (0.1M) AgNO3  Sat. AgNO3  AgCl 0.1MKCl Ag 

 �? �? �E-=�� B-�x7�H '-i`M� ,/���'-�� N#�V N�
 ���gG� ���$ ���G ���M����
��B
���� 9#+��
� �+ KLI� N�+C 
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 ���

   AgCl(s)  Ag
+
 + Clֿ 

��4.�� �	; /7!�< c#��4��: 

  ]][[
]][[ 



 ClAgK
AgCl

ClAg
K AgCl 

 "#$– Ksp ,���gG� ���$ Ksp = [Ag
+
][Cl

-
]  

T� YH u�#&§ �.�� �#���� W=�M�� �
�=4���: 
   Anode    Ag(s) + Cl  AgCl(s) + eֿ 

   Cathode Ag
+
   + eֿ  Ag(s) 

   ---------------------------------------------- 
            T.��     Ag

+
 + Clֿ  AgCl(s) 

 ����	���%�!�!: 

   

]][[

)(
ln 

ClAg

sAgCl

nF

RT
Eo  

    


ClAgnF

RT
Eo

1
ln  

 "#$(a)QB$7�� �����+ ������ Q�Y��  

   )()ln(   ClAg
nF

RT
Eo  

 �^$@+)( 
Ag

a ,�E-=�� j�I-! D7-��
 �E=�� /7�? u4#�
�;(aCl
-
) /7-#!? �-#�
�; 

 ,�7#L�17��� B�x7�H D7��
 x7�.��E
o – D��B�� �+ ¥�#��� �#�X� B]o  A�'-� QB-	
�

 YH ����$ �.����T: 
   o

AgClAg

o

AgAg

o
EEE

//
   

        = 0.7991 – (+ 0.2225) 

       Ag
+
 + e = Ag , AgCl + e  Ag + Clֿ 

   E
o
 = 0.577 v 

 /? Y��KCl%�!�! ����	+ \ h�7	4��� u!¤; �E=�� B�x7�H N��� 9�*+ D7�b  

o b e i k a n d l . c o m



 ���

   E = 0.577 + 
KCl

a

AgNO

a

Ag

Ag

nF

RT

)(

)(
ln 3





 

 "#$Ksp = aCl
-
 × aAg

+
 

�#�X�� �-���	+ �-��4H �.�� u!¤; u#�
� D��4!� /�B� 0#H�1 �#�i ����	
� d'{ ������� 
T� YH %�!�!: 

   E = 0.0592 log 
KCl

a

NO

a

Ag

Ag

)(

)(
3





 

 ����4��� s4���	
� �+�(1,2)�
 ���!  

   - .0577 = 0.0592 log Ksp 

 ��#< �
 ���! �]M+�Ksp  
   Ksp = 1.7921 × 10

-10
 

�#��	+ �(®��o6 �.�� �#��
 ���¹ d'(�C 
��&T!(��9
 


 �.#�� �E=�� j�I! �+ D7�b0.1M , 0.1M KCl  
 c�L YH �]�#H�1 �#�X�, �E-=�� �+ /��E< �
 Qx��
 , B-�x7�H >E-� �-.�� Y-H 

 D7-�b _6 �E-=�� j�I-! �-+ }�-�! �;�O¤� A�g� �E=��KCl�� Q7-��� ��-�1�  �-	;�B
 �'.(� ,B]�� ��#��� , �#��].��C 

O
?7A5�
c��D�
d�7e(<�@
2.
�/��
 
Potentiometric titration
 


 �-��! ��-�G ��-L�M+ �-��? g�-µ� K-� QB
�<� h� s� �#��	+ Q���	
� ���o6 BM
P
 s-#	1 �-.�� �E�? B]�� ¡�; j�L�#< ��B�4L� BM
 �+? ,QB
����� h�8� s� D��	4��P

� ���!-� �-������ d'-( ��-	1� ��#��� ��L�M+ W(� ,��#L7�� d'� D��	4� -e �-������
��I#+7*M17���f; ¥�-#��� D7-��
� �-+ �;�-O6 �-H B-	� B-]�� ¡�; �#��1 F4� �]#;� 

�$������ �7o7
�, Q���	+ �� ��L�M+ ����J 34	1 ������� d'(� e K#-LI�� , D��-	4��
D�04i5�� QB�H��� f 9+ \ 9O7��x��4
5� Q���-	+ �-#��
 �.� KL�M
� K���� �7o� 

�2`4� �'�� �? D7��
� \ j�!7��� 0#H�1 >U4� B]�� , B-M
 �-�B]�� Q���-	
� d'( r�4§� 
/�7�? �]#; Bo7� W4�� �#���
� �? �B�4�� KL�M+ �#�� >;71 �B
C 

o b e i k a n d l . c o m



 ���

#< �	��4+ ¥�#��� D7��
� �;�O6 �H B	� K� D��	4�� ���! s#	4�� B-]�� ¡�; ��
F�$ �+ �]����� �+�,>U� ¥�#��� D7��
� �;�O6 F�$ /�H Y�H� �P �-�74! mZ�-4! _6 

�#<� yM�M+ FLx yM�4� y4$� ,QB#o�P >U1 /7.� �;�OG� ¼��� \� ,;�¡ �#�-� B]�� 
N-O�� ¡�=��� 9�º >U4�� /7.� D��	4�� ���! _6 D7�7�� p�< ��<� �W��� C �-��!�

�.�� D��	4�� �.V Q���	
� yM�M+ �+ B
���� �0�� \ �;��
� R�! �+ �]M##	1 (13)C  
 

 

 

 

 

 

 

 

 

M?��<*��
�����(�
7A5�
�C<��@
2.
�/��
 


�-#��	+ �-(®��o6 �.�� �E=�� j�I! ��B�4L�� ����� ��B�4L�� j�B#��{� Q���	+P C
W( �2��8� j@
�=4���: 

Ag
+
 + Xֿ  Ag X 

 "#$X =  F, I, Br, ClCCCCC  

��I#+7*-M17��� Q0-]o�� ��L�7� ���	1 �+BM
 �.��; �E-=�� �-+ K-�< �B�4�-� 
��#< K��H, �;�-O6 �-��! �? BM
 B]�� ���� D��	4�� Q���	+ \ �+B�4�
� ��������� 

7(� Q���	
� \: 
   E = E

o
 + 0.0592 log [Ag

+
] 

������� ���gG� ���$ �<@
 �+� : 
   Ksp = 

g
A[ ][Clֿ] 

o b e i k a n d l . c o m



 ��¢

   
][

][ 
 

Cl

Ksp
A
g

 

������� ����	
� \ h�7	4���� 

   E = E
o
 + 0.0592 log Ksp [Clֿ] 

   E = E
o
 + 0.0592 [log Ksp – log [Cl

+
]] 

yM	�� �����4+ j�0#HI�� 9#Å /7.� D��	4�� ���! BM
�: 
   [Ag

+
] = [Xֿ] = Ksp  

   PAg = Px - KspP  

 �E-=�� /7-�? ��-L�7� B-�x7�.�� /7-�? Q���-	+ \ �+B�4�
� �#�X� K#H�1 �.���
��4��H: 

   Ag AgNO3 Calomel electrode 

 

    

 

 

 

 

 

 

 

 


f�?�
*���g\��@
�A�.
�/�	
���(Hh�	
2706��
������

 


����� d'( �B�4�� ��I#+7*M17� ������ D�04i5�� QB�H�� Q���	+ \ �+B�4�
� ��
�#�B-H s-1@��� K�< �]#;,�G� �-�8 A-�g� # QB�-H�� �-
�=1 \ �-�i�B�� j�-!�I.

�+B�4�
� �#�X�� D�04i5��C 
   Pt Ox red  Calomel electrode 

r7+�.�� �? r�B�B8� /7�? 0#H�1 ��B�1 \ �B�4�1 �#�X� d'(��? r7-L��M��  @&-+ 
�'.(�,r�B�B��� ���M���;  @&+�-b /7-.�� ¥�-#��� j�-M�M+3�� D7-�b �B�4�� �P 

&�B$�P�� È� 5�? ���	`�� h� �? �7��7��� j@�HA#���H, B�4	� s1@��� K�< /? YH 
 DB	+ �
FeIII/FeIIj�M�M+3�� D7�b �;�O¤� ���M�� d'( ���01� , _6 D7-�7�� BM
� 

o b e i k a n d l . c o m



 ���

A�B-�B$ _6 %-�7� B-< r�B-�B8� j�!7�? �H /7.1 D��	4�� ���!, \ >-U4�� /7-.�� 
W( �#L�#��� %�!�� ����	+ \ Q�8� �<����: 

   G
o
 = - R T ln K 

   -nF E
o
 = - R T ln K 

   ln K = 
TR

EFn
o

 

 p��$ �.�� F#��� d'( �+�[K] 

 �+7�
�P
IIIFe

IIFe /6 "#$B$�� 7o �UO �����+� ��r�q p��<�� C 

-��(��
2^��6	
i�L�-�B
W���=
 


�7�	
� �+�u!?  \ �-���
 �-#�� j�-#��
 �-$@� s-��< D@i �+ x�#1 x��+6 BM
 
��7��
� �? �#�X�,; �!7!�< 9�41 j�#��	�� d'(�  /�-#$�� h-	� \ �-$@� YM-#� ,����x�

 �]M+ ��7!�2 j@
�=1 �]M
 D��� �? �#�!�o a�i? j@
�=1 �++7�	+ /7.��P /7.� �i��� 
�7�	+ >qC 

B
�����=�i�L�-
 
Faraday's Lows
 


���� ���	
�� : ����L u=��	1 F1 B<�P, T� YH 7]; Ò����� u�.V �+?: 
Weight α    I × t or = I × t × K 

 "#$(I) , x�#4�� QBV - t , �].�� �#��4�� �#��	� �r@�� �+0�� K – KL�M4�� %��2 
–dx�B�+�  �].�� �;�.
�� ��	� YH C 

K = A / n F 

 "-#$– A , Á-M	�� �x'-�� /r7-�� - n , ²;�-.4�� F – u-4�#<� ����x�-; 96500 
�7�7H,�� QBV yM	�� QB$7�� Q>U4
� j�B$7�� �H D�²1 �+BM
�  x�-#4B-$�� >-�+? ,(t) 

 �#!�2B$��Q x�B�
� /¤; e�!7.4
� Q��
� �#�H f �����-+ N��-1 p��<�� D@i �+ �§ W4��
 %��&�� x�B����[K] C   �-].�� WZ�-#�#.�� �;�-.
�� ��-	� �+ �'(�electrochemical 

equivalents Bo71� , Ì�-M	�� h	�-�  �-].�� �;�-.��� A�'� ���i D��Bo, 7-�; 
!'i? �-&+ Ì�-M	�� d'( �+ h	� �H2 , O2 , Na , Cl2 , k , Fe , Ni , Cu ,Zn , Ag , 
Hg �
  �].�� �;�.
� F#< /¤; ,W-( ��7-4��: 0.01045 , 0.0829 , 0.2382 , 0.367 ,

0.4052 , 0.2894 , 0.3041 , 0.3292 , 0.3387 , 1.1180 , 1.240C  

o b e i k a n d l . c o m



 ���

�	
�� ���	
�� : ����L u=��	1 F1P,� �.��  x���� u!? ��	! /? �M96500�7-�7H , u-!¤; 
 @&+ D7�107.88 g  KLI� ���M�� �+ �? �E=�� �+31.77�72�.�� �
 ���o , 7-(� 

n;�.+ ����� �+�B$�� �+��o �P P P, x�-#4�� Q��-=H /? W-M	� �'-(� 100% , h-	� \ �-.�� 
@
�=4�� \ ���^! %�#� �#��
 Qx�
� x�#4�� �#�H /? °B� /�#$��P P �-#��
� �-#Z�#�#.�� j

��7�4��, WZ�-#�#H j@
�=1 °�B$6�  �].�� �#��4�� ��M2? �#�	; �B�4�1 W4�� �#�.��; P
��---	1----�  (Faradic current)��---	1 �B---{� �@---i �---
 ±�---µ W---4��� ----�                            

(non. Faradic current) Q��=.�� ���G �#���$ �#��
 �? \ Y�&+� ,YH T� : 

  
yelectricitlTheoretica

yelectricitObserved
efficiencyCurrent   

W( x�#4�� Q��=H ��=�!� _6 ��²1 �? K��1 W4�� �+�7	�� �+�: 
�−��� ����� ��	�� �	���������� � 

Recombination of primary electrode products 

 c�Z0�� ��@i ��L�7� �7��7��� B�x7�H x7]�
 �#��4�� ��@i \ �$@�– ,�72�H 
 m1�M�� /7.����� 7( �72�.�� Na/Hg ; �B-	� �+r@�� j�J�#4$5� h	� 'i? K� �'� 

 5 y4$ �7!�� BM
 x7�.�� r�q 9+ m1�M�� )+@1� 9-+ �7��7�-�� ��-�� a�-i? Q�+  ��	
�7��7��� B�x7�H W�	#� x7�.��, ����
� >q ����].�� �+ �#�H z@]4L� WM	� �'(� 

�{C 
!−��	�"�# �$ ���	�%�& '(�	)�  ��*���+���,� �$ -.
�� /0 	12��3 ��%4 

Chemical or physical reaction occurs with electrodes or with 
electrolytes. 

 Fo�-Ç Y-�x x7-�.�� r�-q /? 7(� �]2�B$ �.�� j@
�=1 W( �? /�#$�� h	� \
 %--#;���� �? s--1@��� p�--�<?– �--&+ ��7--+ �--!7.+ D7--��
� \ p�'--� F--2 , �7--!? P

�72�.�� BM
 QB
�< �? 9+ so�xB��� 9+ �
�=1 �? ,j�x7�H7�#(C 
5−6������� ��	��� '	72 8��  

Instability of Primary electrode products 

 7(�(Na/Hg)  
�B-o �*-! WZ�B-4�5� /7-.4
� K-���� �'-( �$@
� �+P ��-M� P /B-	+ ��7-.1 �-


�7��7���;�
 B#	� K���� �'( ���� K� A�'�� 7�� ��7J�� �? ��7{� C 

o b e i k a n d l . c o m



 ���

9−�;%
0 <= ��7.> '(�	)� ?��3  

Unproductive electrode reactions 

i74! /? K� px��4�� ���o6 BM
yx'-8� , ��-L�M+ x�-#4�� /7-.� /? K-� y-M	�� P
�#��4�� �#��	�,�-�x����� �@16 �$@� D�
 x�#4�� /�H �g6 Qx�#��� ��x��� \ @&�; P; �'-� 

04�5� K���x����� D@i �+ x�#4�� %��2 DB	�� ��, %-	=1x� �-�x����� /? �-$@� y4$ 
x��$ �ox��´ ��M� PBZ�0�� ��*�� �
,g x�#1 ��B�4L� ���$ W=; � �&+ �#��	� �#��
 QBV 

 ±�-4!6 \ uE-	� A�]4�-� x�-#4�� /? B�! ���! K�< �7o� \ ���M�� j�4�3H �#��
���M�� K#L�1 �+ 5B� ,so�xB��� C W-�! >-q ��-�M�� �-+ K�< �B�4L� F1 �g6�

�? �$@� �7!`HKZ�7*�� /���'� �B�4�1 x�#4�� �+ �#�H �EP;x�#4�� Q��=H �+ ���� �[ C 
@− �<A$ B-]#; Bo7� �#�i �? \ ����L %(7! YH �E�? �'(�P P� �-
 �-¹�! j@
�-=1 

Qx��$ B�71 �$@�� x�#1 x��+,x�#4�� Q��=H �+ ���� �E�? �'(� PC 

&j
�/B�7��
2�D��h�M�C=k�
��<�+/�
 
Irreversible electrode potentials
 


 %��&�� B]�� _6 D7�7�� mZ�4M�� %�
? �g6steady state pot. ��-	� A-�g B-M
 
¥�-.	!� �? /�01� ���$ BM
 u�
�=1 \ ��� u!`� K����, x�-#4�� ���-b /7-.1� �=-��P 

(reversible electrode) ,#1�M#H� ? �.�� �./ �����-+ W+�-+�� �-
�=4�� DB-	+ D7-�! P
¥�.	!@�, D�0-4i5� DB-	
 ���-+ B�H`4�� DB	+ �#��]H �? PM        M

+
 + e �-.��� 

N#O71 7( �'(� FL���� A�g 
 x��-
 ��²
� W	#���� �
�=4��

x�#4��, �-
�=4�� /? °B$ �g6� 
L� 9-�º DB-	�� x�'-( /¤-; 

��²--� _6 /�--#$�� h--	� \ 
���
6 �? K-���� B-M
 /�x7; 

 r�--q B
��--1 �--&+ 9#<�--�;
 h-	� K#-L�1 �? s��H��

 x��-
� \ x�-#4�� �-�� y-4$ B-]�� \ >-U4�� �-+ B-�@; ,�#4#��I.#�G� �@+�� Ì�M

W	#����,yM	�� 8� ���x�; /7!�< �
 �7#, \ >-U4�� /�-H �
v-� >�-� x�#4�� /�H Y�H� 

 /7.� ���8� d'( \� �>�H B]�� >-U4�� K-�����#-L�.	!�P, �.-V (14) �7-�	�� �-
� 

o b e i k a n d l . c o m



 ��k

���� ��#��� �#L�.	!5� �ox� ��#< �.4 /0-4
� B]�� �? /�015� B]o �
 �];���!� s�
 �72�.�� �#���L �&H? W�	� B]�� \ ¡�=�� �'( ,�#����eD�0-4i� �-�$�+ f �-&H? /7-.��

o7+� �7!¦� �eQB�H? Cf� s	<7
� ��'( s� ¡�=�� ���$� B-]�� �? p���4-L5�� ��-	
 0+��� W<7=��(η)�B]�� /�E#=�� �? C 

η = Eirrev. – Erev. 

D��� �?: 6 p�-�<�� /
�U
� °B$ D7��
� \ �L7

p���4--L� �--{ ��--M� P �--

 �---#4#��I.#�G� �---#���
�

��� �{ °B$�, �(B-]o� 
 �
? N��?epolarization 

–p�----�<¦�  f–�----{�?     
(over voltage) C  %-O�;

 �-+ u-� �7��-
� B-8� �

B]�� C� x��-+ _6 ��²-1 W4��� B]�� �
 QBZ�r ��#< u#; /7.� /? K� �+7�
�P \ x�-#4�

#H�$ ��	1 W4��� �#�X�½ Q�8� �<����� �,�8� B]��  C /¤-; �-�#< u� /�015� B]o /�H �g¤;
_6 �;�-OG�� �Ç���1 �? �]M+ �
? /7.1 /? K� �8� B]�� ��#</�0-15� �-�#< , u-#�
� 

 B]�� �<@
 s�� �'�� FL���� A�g N#O71 �.��– B]�� ��#< ¡�=� x�#4�� – �72�-.�� 
[ηc] �7!¦� B]�� u4�#<� (ηA)/�0-15� B-]o ��#< �+ �<? �$@+ 7( YH ��#��� d'(� ; 

 �.-V x�-#4�� ��� y4$ �7!¦�� �72�.�� B]�� ¡�; B]o \ ��#< K��4� �'�(15),Y-H�  
x��+ °B� /? K� ��`4�� F4� W.� ����L �HgP�P �-��$ ¡7-; ��`-4�� �-#��	� Q�-8� �<���� 

� , /�015�u�=! %<7�� \ ��-	1 �-<���� A-�1 _6 D7�7�� BM
� D�04i� �#��
 °�B$ 
 Q�8� �<�����(G

±
) – �#*M4�� – 0-�=�� ��`4� �+r@�� W(� M  M

+
 + e

-  D�0-4i� �?
j�!7#1�H 0�=�� M

+
 + e

-
  M ¡�=��� ��	� Y]M#�  -�eQ�-8� �#*M4�� �<�Jf, �-+7�
� P

G
+
= - n F E

* BM
�  /�015� ���$�W+�+�� �
�=4�� **

bF
EFnG   /7-.1 /? K-�

 ¥�.	!5� �
�=4�� �����+**

bF
EFnG  �� DB-	+ �-�#< /? y-M	��(k1) �����-+ 

o b e i k a n d l . c o m



 ���

(k2) �<���� \ ¡�=�� /¤; u#�
�  �=�-�� �����-+ /�0-15� �-��$ B-M
 Y]M-+ �.� Q�8�– 
#H�$ �C 

M�C=��
��6.3
�hL�/�
 
Electrode kinetic equations 

 F1 �g6 �
�=1 �? \− �6°B$ / − /7.� DB-	+ �-+ �º? W+�+�� �
�=4�� DB	+ 
 �-
�=4�� �'-( /? D7-��� �.�#-; ,/�0-15� �-��$ _6 �
�=4��� ���� ¥�.	!5� �
�=4��

	!� ¥�.e/04+ �
�=1f; �-�@X� j@
�=4� ���M��� �.�� 1 B-M
 D�0-4i�� QB�-H? B-o7
 0�=�� ��`1 /�H �g¤; p��<��e0�=�� QB�H? f �-#��	�� /7-.1 �7�-; ,D�04i5� �+ �º?

>q,#��� �
 �$�r6 °B� ���8� d'( \�  u-�#�� ¥�-.	!5� B-]��� �-�7��
� �-�(η) – 
����L �!�Hg YH ��#��� d'(�Pe  W<7=�� B]��,�#����4L5� f, B
��-1 QB-Z�0�� ��#��� d'(� 

p�-�<�� D7-$ j�r�-q ±��-i �? 0-�=�� /�-��g �
, \ ¡�-=�� �'-( ��-4���� �� �-�#�
 �#����4L5��0�=�� D�04i� �B
 _6 ��², �#*M4�� �<�J h#=µ �.�� BZ�0�� >2`4�� �'(� 

 �+ Q�8�
1

G x�B�
� _6(G
±
 - n F η) , �#*M4�� �<�J _6 ��E1 QBZ�0�� �<���� d'(� 

 �---&§ �---+ W---(� �---#!7��� j�0---�=�� D�0---4i� �---#��	� Q�---8�
1

Gx�B---�
� _6                            
+ (1 – n) F η)

2
G f x�B�
�� ,(n)W<7=�� B]�� vH ,� �-.���  /? �-M! d'-( x7�-4

 �#L�.	!� >q �#��
 �#�X� �(BM
 ��	1 W4�� ���^��, �-���	
 ���*
� j5��	
� 'i`�� 
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 D�0-4i� �? 0-�=�� /�-��g �&§ �? �
�=4�� �
º �&§ �#�X� D@i Qx�
� x�#4�� �#�H�
/7.1 j�!7#1�.�� �=� ��#< η> C  �M�B�4L� �g6�[u] 0+���� (i) – Y]M#� ¡�=��� x�#4�� QBV 
�<@	�� d'� �&§ 

  I = i1 – i2 = ioe
nηF/RT

 - ioe
nηF-ηF/RT

 

 �
7-;� ��1�-� �-<@	� ��-	1 �-<@	�� d'-(�Butler – volmer relation �-.��� 
N#O71 T� YH �#!�#� ������ j�<@	�� d'( e �.V16C f 
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uo��� h	� }��M4L� �.�� ����	
� �+�: 
��$B : %!�H �g6(η<0.02v)_6 D�²1 �<@	�� yM	�� : 

   ia = (i1 – t2) = ic
RT

Fi
o 

 

   anode        cathode  

	��	2B : %!�H �g6η>0.05v ����	
� /¤; ex�#4�� QBV ¡�; f �-��=.� >U-� ��-&�� B���
��Ç ��4����_6 ����	
� /7.1� : 

  η = 
nF

RT303.2
log io + log io i

nF
log

303.2
 

 �.���Qx7��� d'� K4.1 /?: 
  η = a + b log i  (Tafel equation) 

%��&�� "#$ 

  
o
i

Fn

RT
a log

303.2  (a, b) 

  
Fn

RT
b

303.2  

	
�	2B : %!�H �g6(η)  �#��
,  QBV �-��8� d'-( \ /7-.1 ,�#�-� �(>U1 x�#4��(log i) 
 9+ ��r�7+(η)Qx7��� �
 �;�1 ����	+ N��1� : 
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 ���

η = aֿ + bֿ i 

/6 "---#$ �---+ @---H ֿa ,  ֿb 
 x�--#4�� QB--V �--
 /�3--	�� ,%--��72
 %--!�H �g6 W-M	� �'--(� ,�+B�4�-
�

 Q>U--� x�--#4�� QB--Ve QB--V aB--+
x�#4�� fCurrent density range η 

 /7.1�-#�i, ��-�6 �-.�� u-#�
� 
 ¥�.	!5� x�#4�� QBV(io)C  

 W-(� %��7&�� h	� Bo71 YH
(ic = ia = io) D7-�b \ �-=�4t j�0-�; p�-�<? B-	� �-
 so�xB-��� r�-q �-
�=4� 

 0#H�1 A#4�3.�� h� �+ W4#��I.#�61M , D�Bo (2)C 
 9L�*�� ¡�=�� �$@! D�B�� �'( �+

��� d'-{ �]E-	�� /��	
� s�x�B-���� �-�# 
(io), r�--q B
��--4� Q>U--� �--�#< @&--�; 

 ,s--1@��� YM--#� ,c--�Z0�� �--
 so�xB--���
�#��	�� ��#��� �$@� ³�����, B-H²� �-[ 

�-#����� j@
�-=4�� \ F]
� x�B��; A�'-� 
B-]o �-{ W-4��� j�-!7��� h-	� �$@��P 

 ,c-�Z0�� �-
 �]4M�-V B-�=1 /? �.�� 3H?
�xB��� B
��1 �
 @E=+so Cc�L �[�, j@
�-=4�� \ y4$� s1@��� ��B�4L� B�! 

5 B#o N��H s1@��� '�4� /? ��0=8� �-�@X� �L�x� \ A�'H� so�xB��� ³��+�
�#L�.	!5� �#Z���].�� C 

 %-��&�� �-�#< /? ����4��� s�1 B���(b) �-����1 P0.051 u-����� x�B-�
� �'-( /?� (n) 
 �����0.5 �+ Fq����� ,  B
��1 \ jBo� W4�� ��#��� d'((H2) 56 c-�Z0�� K�< �
 

 s1@���� s1@��� ÁM
 \ jBo� �ª?� ����0.125C  
A�g >�=1 �.���,!�.#
 ��I<� 7(� #�(�7^�� d'( �#.: 
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 /? �O�; 7�;(H2) �.*-�� /7-.�� s-1@��� \ Y-H ��7]�� K���� N�L �
 04�� 
 ��	��(M-H) ,!�H �g6 �E�?� P��]L �E�? B#	�4�� �#��
 %P, ���-M��� �-#��
 �-ª? ��=�� 

��4��H Y{ x�#4�� ��#< /¤; x�#4�� QB*�: 
ia  = Ka(H

+
) ; ia/Ka = H

+
 

iC  = KC (M – H) ; iC/KC = (M – H) 

W( �#��	�� s1�( s� �#��M�� �<@	�� �+ �?: 
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�=4��� W+�-+�� �-
�=4��
¥�.	!5�Cf 
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 �-
 so�xB-��� r�q B
��1 DB	+ �#��	� Q�B�
� Q7�X� W( ����	
� d'( 34	1�
�7-��@��� �? s-1@��� K�<, �-+ s-1xg s-� /7-.� 0-�=�� N�-L �-
 �-M( �-
�=4��� 

B
��1 °B� ��4���� ,so�xB#{��P �E-;�� �-+ /7-.1 �#��	�� d'( DB	+ /?� ,r�U�� 
 0-�=�� N�-L �-
 ¶+B-
� 0-#HI�� 9-��+ 9-+ ��-L�M+(M – H)

2
  DB-	+ /¤-; u-#�
� ,

5� B
��4�� DB	
 �����+ ³��+�Px�#4�� QBV ���b 9+ ��4��H ����	
� N��1�: 
RTRn

c

a
E

K

K
KHMKi

/2

2

2

2)(   

? �{ �#���
 �#;�1 ����	+ Qx7� �
 D7�����so�xB�¦� %��2 � 

   i
F

RT
C log

2
  

 "#$(C) %��2 e�7��
� �0�� f �<@	�� FLx �+(η) ����+ log i �#
�� , ⎟
⎠

⎞
⎜
⎝

⎛

F

RT

2
 

��� ����1 ��#�0.13 �-#����4�� �-�#��� K-L�M1 �-��^M�� �-�#��� d'-(� �����1 P C ���-M���
 B
��4�H2 �
 Pt �? PdC  
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������������� �
Over voltage and electrolysis� �

 �-#��].�� ��-#�#.�� �-
�=1 �-
 N-O�� x�� �{ W<7=�� B]�� �+ ��7!? QB
 Bo71
W(�: 
 ? −   �#*M4�� W<7=�� B]��Activation over voltage 

 p− �+������ W<7=�� B]�� Resistance over voltage 

 ±−   0#HI�� W<7=�� B]�� Concentration over voltage  
R��	4�� �+ �Ó� B$�� �H D��M4! �7L�C 

����������	
���
�������������
�=4�� �#��
 /7.1 �+BM
 �7�	
� �+ �]#; 	�º � /7.1 
).	��� ��#�< �#*M4�� �<�J).	��� �G� D��4!� �#��
 \ �E�? dB�! �+ �'(� ,P# j�!�I.

(electron transfer) �n#�� (low)�<¦� �#��
 �? BM
  p� ,�-	=1�+ �#*M1 �<�J �]�����
B
��1 °B���Ps��H��� so�xB��� �+ �H r�U� , j�7-�X� 9#Å /? �$@
� �+� 

�n#�� �#�X� \ F41 W4��, �-n#�� j�r�U�� B
��1 �#��
 y4$� �E-�?P C D�7-$�� �? �-
�
 �
�=4�� Q�Bb Q7�i z�M( /7.1 /? K�–-	+ �� s-#	4�� Q7-�i �-
�=4�� �-M#	+  DB

 �
�=1rate determining  C  �-�$�+ x7-�	� �-+r@�� �-<���� �ª`� ��	1 �#*M4�� �<�J�
 ��*M�� ���8�(activation state) �-<���� 0o�-$ x7-�	� �-+r@�� �? (energy barrier) 

 /�0-15� B-]o �? ¥�-.	!5� B-]�� �
 �$�r6 �? s�#�� �#$�! u�4� �
�=4�� B�! u#�
�
��	1 ��$�
� d'(� �#*M4�� W<7=�� B]��� C 

�����������������
������������� ��M� P�+���+ �
 y��-� �-+ °B-� x�-#4�� D7-��
�  --�
eW<7=�� B]��f A�'� ��#4! ���! °B�P B]�� \ (IR) �-+�	�� K-���� s-� �-+ Y-Z��� P

 ¥�-#��� K-�����(working and refrance electrode)  �'-( ¸@-1 _6 D7-�7���
�1 °B8�{ ��7�!�� d'(� ��7�!? �B�4�� D7��
� \ ��#O ��4;  p�-��� QB�BV �;��-
 

�+ ¥�-#��� K-����� ��-�7+ �-�7�!�� d'-(� �+�	�� K���� N�L, ��-	1� e �-�7�!`�
so7#�f (lugging capillary)C  
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x�#4�� �+���+ /�#$�� h	� \ `*M1 YH;�[ 1  9-o�x A-�g� W<7; B]o �7o� K��
� ��7.1 _6�#���� �'( �+ �¸ �? �? 0�=�� N�L �
 ��B#L�H�� KL����� h	; A�'� 

K���� N�L �
 �+ KZ�7*�� d'( ���r6 QI; �H B	� K�, QB-V �
 B�4	� �7M�� �'(� 
0#HI��� �L7�� �	#�J �
 B�4	�� x�#4��C 

����������� ���
�������������#��4��� W(� x7+? QB	� N�L _6 j�!�I.�G� ��M1 � K -
eK��+ ��B�4L�f�#!7��� Q��{�� x�*4!5� �#��
 ,,�-#��4�� DB-	+ �-
 B�4	1 W(�  :

? Bo� �g¤;/ �-M!¤; ,K-���� N�-L _6 j�-!7��� D7-�� DB	+ �+ �
? �#��4�� DB	+ 
 �-i�� Q�7-o7
� �-+ >-&.� �-<? K-���� N�-L _6 ����7�� j�!7��� �#�H /? �$@!

� K���� ���$ W=; %#��I.#�G��#-L�1 °B-� ��72�.��P Cathodic deposition  , \�
D7-��
� \ �-]M+ �<? K���� BM
 0#HI�� /7.� ���8� d'(, ��72�-.�� K-���� \ Y-H� 

-..=1 °B-� "-#$ Í�� K-���� BM
 ).	�� °B��P anodic dissolution �-4�H \� 
x�*4!5� ��L�7� j�!7��� ��4M1 /? °B� s4��8�,u-#�
 ��-M�� P �-i�� °B-� /? K-� 

� y��� Y� D7��
� -eK-���� ¥�-.	!5� B]��f (reversible electrode potonaiol) 
DB	� /? K� �'�� ��M� P�-�º F4� W.� ,D7��
�� K���� �
 ��0#HI�� s� ¡�=�� �
/ 

u� �(²+ 7( �+ �
 �
�=4��, 0#HI�� W<7=�� B]��� ��	� �+ 7( DB	
� B]�� �'(� (ηc) 
 s� ����� �<@
 Bo71 YHηc Q�B�
� x�#4�� QBV� id W(� id determining currentC  

 

 

 

 "#$i – BM
 x�#4�� QBV 
 �--�< �--#M+r QI--; �--��! �?

 j�-�&�� ���$ _6 D7�7��(id) 
–H Y ��4�� �.*�� \ (18)C  
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�−j@
�=4�� �#.#1�M#H  

     >�B#� "#H R#�`1�¢���  

�−#1�M#H �#���� j@
�=4�� �#. 

     )#o���� ��25 R#�`1�¢��� 
k−�#Z��0#=�� ��#�#.��  

     �7�#L�>o R#�`1�¢�� � 
�− ��#�#.�� –������ B��
�  

     ��#1x7+ 0�x�V R#�`1�¢��� 
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