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� �
�א	����א���� �

��א���ق�� �
POtentio Meter  

	
�����	��W� �

 ���� ��� 	
�� � ���� ��� ���������� �����   �!"#$� %1&' 
 (�)�%V ' ,���� ��� +,- ./��0� �1��� ��� 2�3� 
4 56�� 7�089:�1����& 51�� 

4 ;#<�= >
�� �<�? @�8� 0� >
�� >0�$ A<�- B ���� ���� 7
C
�3��>0�<�� 
& �1�D �1)E 
FG HI ���J� K��3� �L�<-�L�<- -M>
�-0 
M� &1L<��� �1��
L�� 5��@ N1O3�� �1G#- P1�� ,

Q
!� = R#�$� SQ
!� 7
6-TU− 1= R#�-0 W
X�� YZL�� ���J� >
�-0 ,���J� YZ� 
[ �� S��[ 7
6-TU &�����   +,= #\ ]U%1 ' 
=#<�0�1��� ��1� 	
�1� �<- .9 

 ���^=	
�� �_^  ���� +E ����� +E��G .9� (�O�� 9� (�O��0 <- 5�ZL� `-
���J�& 

���J� ��GEcell = 

Ecll E E= − 
       9� (�O�� `-     (�O��<-9� 

( )E+<���  =Q
!L�� 7
6-TU   Q
!L�� ��G& 
( )E >
����  =��F�� 7
6-TU   ��F�� ��G& 
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 ��b%1 '���J� N�U�� 5O�Oc 

cee cn znE E E= − 
d� N�e� 5��0���J� ��G ,,G#= 
=I M
,�
C 0� M
− �1��0 �1U ��G (�)� R� Nf 
L�g� 

 h�� d� &h��U9� 8#�G = 
�L��)� �<- ]E> K�3�� i/\0−�F6^B�  �1�8
)=0 ��1C
�3�� ,�
j��k�K�?0 zn cuE ،E= 
4
�� l�O6�� B L Q
1�? 1= Km��� d� ��Z�cellE ،El �1�G 
h��U9�−n
�3�� ��F6^B� & � �0��� �o�%1& ' 
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 �0�G%1 ' �L� ��C
�3�� ��F6^B�0 h��U9� 8#�G25 c°��0 5�_OpB� �� 
% K�?E ° −&' 
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)�� d� ��C
�3�� (0�o�� ���<��#E /^q� r#hsL� ��� ��t
�L�� , ��8
)=0 j��k� 
 ���� d� uL�E  YZ� .9  ��
�� YZ� v��U0 /^q� ���^,��6- ./��0 @�OC�#E : 

Reoxa ne b d
−+ → − 

 P��%a ' ,�#$
Eox−$� x
1L)�� q �1,�O6$� ,h��1Un− I R#1��� R0�1��b− �#1=
��F6^�−y- ]U ��F6z x
L� : 

/ [ ] /[ ]a aRT nf in Rcd oxΕ = Ε°− 
R− , 7�[
{�� r
)�� jE
X�� T−8  �3�O$� h>��|� �G>�����
E  
F− �L� �6E
} �<�? .�0�>
� 25 c°, ��8
)= A,Z�0 �j��k: 

0.059
log[Re ] /[ ]

cu zn

abE E el ox
n

E E Ecell

= °−

= −
 

O)6� ���6� Q
!L�� 7
6-TU05 2+Cu  

=�E Q
!L�� �,�L�
: 

2 2Cu e Cu−+ + ��⇀↽�� 
�� F�U�� k}��  ��8
)$� A,Z�0Zh��#�
E Q
!L�� N�: 

2

2

0.059
log

2 [ ]

1
log

[ ]

Cu solid
Ecu E cu

Cu

Cu

+

+

= ° −

 

~� 8��        YZ� ��
��   7
�0�������J 
E cu− °8#G#$�  �0���   h%1 '2 0.01Cu + = Μ ���� = �%1' 

� j�#
2

0.059 1
0.337 log 0.278

2 1 10
Ecu

−
= − =

×
 

��F�� NO3� �,�L�
E0: 
2 2Zn e zn−+ + ��⇀↽��  

 N�Z�� F�U�� k}��
h��#�
E Q
!L�� 
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k}�� �X= h��#�
E N�Z�� ��F��  
=Q
!L�� l= �,C 

2

0.059 1
log

2 [ ]
zn znE E

zn +
= − 

~� 8��YZL�� ��
��   7
�0��� 
E zn− ° �0���   h8#G#$� %1 ' F�U���2[ ] (0.01 )zn + = Μ6�
E0 )�-# 

j�#� 
2

0.059 1
0.763 log 0.852

2 1 10
E

−
= − − = −

×
 

DIM���J� 5,O? +E ����� �: 
0.278 ( 0.851)

1.13

Ecell Ecu Ezn

volt

= − = − −

=
 

 �����   ���J� = 
\�\
�6C 56�� �<�3�� i/\%1&' 
�����: 

1− [ �0��� K�3E 
L�)6�= ����� 7B8
)$� R�1� 
�−  2 32 3

42Cr O Fe Cr Fe acid
− ++ ++ +��⇀↽�� 

	−3 2 42Fe sn Fe sn+ + +++ +��⇀↽�� 
�−2 2Cu pb pb Cu+ ++ → + 

�−  N6�� B0��� ��
�6NC
L$�: ���F6^: 
2 3 22 7 14 6 7Cr O e Cr
− + ++ Η + → + Η Ο 

�^�� YZL��0:h��U� : 
3 3Fe Fe e+ + −→ + 

~� 8�� �)e� 5�� K?>   ��8
)$� 	���
6�� #!L�� d� 
-0
�6= ����   7
�0���M: 
2

2
2 37

32

2 2 3 2
2 7

14 6 2 7 (1)

6 6 6 (6)

14 6 2 7 6

Cr O e Cr O

Fe Fe e

Cr O Fe Cr O e

+ +− −

++ −

+− + + −

+ Η + → + Η ×

→ + ×

+ Η + → + Η +
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	−                                                    
23

42 2

Fe e Fe

Sn Sn e

− ++

+ −+

+ →

→ +
 

��8
)$� R[#� �E
��� �-�O�� 2�� /^�� & H09� 	�� ×2���0   ���
X��0 & 
3 2

42

2 23 4

2 2 2 (2)

2 (1)

2 2 2

Fe e Fe

Sn Sn e

Fe Sn Sn Fe e

−+ +

−

+ ++ −+

+ → ×

+ → + ×

+ → + +
  

�−    
2

2

2 2

2

2

2

Cu e Cu

pb pb e

Cu Pb Cu pb

−+

+

++

+ →

→ +

+ → +
  

2− N������J� ��G − F�U��� �
p��� 7��L� YZL�� 0.001Μ   

2 2 ; 0.126Pb e Pb v+ °−+ → Ε = − 
� ��8
)= =0kj�� 

     j�#�
2

0.059 1
log 0.214

2 [ ]pb
°

+
Ε = Ε − = 

  
3− N��� ���J� ��G− F1�U��� �L� ��-�|� 7��L� YZL�� 0.001Μ [0�1-�|�0 

 �L�0.01>B#= & 
   j�#� 3 2 , 0.771Fe e Fe °+ − ++ → Ε = 

 j�#� ° 2 3
0.059

log / 0.712
1

Fe Fe+ +Ε = Ε − = 
4−  ��C
�3�� ���J� ��G N���( / )++Ρ Η 

2

2

2

2

2 2 0.00

0.059
log

2 [ ]

0.059 1
0.00 log 0.12 .

2 10

l e volt

volt

+ −

+

−

Η Η Ε° =

ΡΗ
Ε = Ε°−

Η

= − − − =

��⇀↽��

 



 248

5− ���J� ��G N��� 
4 2 2 7

3

/ (1.0 )11 (0.10), ,[1.0 ]

(0.10 )

zn znSO K Cr O

Cr

+

+ +

Μ Η Μ

Μ Ρ
 

�− 6U�0 ,8#�
���0 8#�9� +�	#6�= #\ ]U ���J� �<� +E K} ,������ ��
�6�� N& 
\ ]U ���J� N6�� ��^� h�=5lG�$�   : 

cellΕ = Ε −Ε 
                                                       �>
��� +<���  

,
E ER C r E lef t z n

Ε = = 
	−  N���E ErightCr = 

2 3
2 27

3 2

2 14
2 7

1 2

141

[ ]

[ ] 14 6 2 7 , 1.33

[ ]

0.059 [ ]
[ ]

6 [ ] [ ]

0.059 [1 10 ]
1.33 log 1.34

6 (1 10 )(1.0)

a

b Cr O e Cr Volt

c

Cr
d Cr log

Cr O

volts

− + +−

+

− +

−

−

+ Η + + Η Ο Ε =

Ε = Ε°−
Η

×
= − =

×

��⇀�↽���

 

�− � N��Ezn Left= 
2

2

; 0.763

0.059 1
log

2 [ ]

0.059
0.763 log[1.0] 0.763

2

zn ze zn E volt

zn
zn

volt

+ −

+

+ ° = −

Ε = Ε°−

= − = −

��⇀↽��

 

8−  R��� 	
�� HI �#p#�� K−Ε9� (�O�� ������ 9�0 <-`- 
1.34 ( 0.763)

2.1

EE Ecell right left

volt

= − = − −

=
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 ��,G#= �XU9� #\ r0���� R� �e� 
L\0�<�3�
E [1.34 ]v8#�
��� T6)- #\0  ��F�� 
=�0 
�8#�9� #�& 

9� ��O�� = K6- ���J� i/\   �=
)6��0<-& 

  
2 3

27

2

6 14 2 7

3 6 3

CrO e CrO

zn e zn

++ − +

−+

+ + Η + Η Ο

+

��⇀↽��

��⇀↽��
 

DIMy��� ��
�6�� �: 
2 32 272

2 32 27 22

14 3 2 7 3

3 14 2 3 7 6

C rO zn Cr zn

Cr O zn Cr zn

+− + +

+− + +

+ Η − + Η Ο−

+= + + Η + + Η

��⇀↽��

��⇀↽��
 

 #\ ���J� ��6� ����01−2 j�#� &y��� ��
�6�� R#�-0: 
2 3 2

2 27 3 14 2 32 7Cr O zn Cr u
+− + ++ + Η + + Η Ο��⇀↽�� 

+<��� HI >
���� = ��
�6�� K6-0; ���� �<�? h>
bI R� d� ��
LE M%j�#��� ',G#=�& 
6−� ��G N��� J���: 

4 1
2

2

, (1.0 )1 (1 10 )11 (1 10 )

1 (1.0 )

atm Cl Cl M

mol t

− −Ρ+ Η Η × Μ Η ×

Η Ρ
 


��� +��9�0 8#����J� ��6� 8 #& 
��	: 

� i/\JF�U��� ����E (�)� ��� 
���J� ��G: 

�−  EEEcell r z= − 
	− 	
�� ( )E9� <-: 

2

1 22

2 2 ; 0.00

0.059 0.059 1
0.00 l

2 [ ] 2 (10 )

e E volt

pt
E E log ogο

+ −

+ −

Η + Η ° =

= − = −
Η

��⇀↽��
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1G− 	
�� ( )E9� `-: 
2 ,

4 2

2 2 0.00

0.059
0.0.24

2 (1 10 )

e E volt

pt
E E log voltο

+ −

−

Η + Η =

= − =
×

��⇀↽��

 

8− R��0  �<- 	
��( )E ������ ������: 

0.059 ( 0.24) 0.18E E E voltR L= − = − − − = 
9� (�O�� R� �e� 
L\0 ������ <- R#�-�<�3��   TU�0 �,G#= h>
bgE, R#�-0  (�O��

�09� `-9�,G#= M
9� #\ �9� (�O��0 ,8#8#�
��� #\ <-& 
�Wא�����
	����ق�א��� �

r��6��� ��8
)= k j��� 	
1O?�E x
1L)�� F1�U�� ���>
m#�0 �C
3$�0 ���� +E �E��
�,C
L=& 

 q,L6��E 7
�L!L$� �
�b� & ��b%2&' 
� hF�G9�0���� ���E �->
�)��   �=��6�$& ������ �o��3	� 

 ��b�2� :L= +,-!�� @L�->
�) 
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 ��b%3 ' ���� ��� r���6C
E �->
�)�� 7�089 5O�Oc ��b& 


��� �������	 ���� �����	 �����: 

1- �7�089� 7
,} r��0 �
O3�& 
2- �!E 	
O?9� �<� d� �}q� R� �<- ���!6�� 8�#=P� HI .8q� 8#��� 7
,} r�& 
3-  7�k{� 8#G00���$� ���� ���   ��-F\#�& 

 = F�U��� ��$�   �->
�)�� �3-�t  00.001 @6�00.1>B#= , ���� �3�O$� �<�3��0 
+,O3�� +E ����−�= j��� <�,0  
$
t R� �>
3��� ��C
�!E >#=9� /^�- B$� �<�3�
 �1<�

\5�
�$� F�3�� 0� l-`�� k,)6�� ��1��
�L�� �8
)6�� �3OL$ ���� ���   & ����1�� �1o�%2 '
 KC> +,- ./��E (
�$� Ke|� �E
3=& 

 ���1��   �1L�,$� �1��� ��1� �1->
��   �=��6�1$� hF1�G9�0%3  ' �11�� 
1=
� v,�1�
=��6�$�� �<|� �->
��   h��
3��0 &$� ��G0 �#�!   N1O? �OC�#E 2� �->
�)�� �
�I

 ���8 &�G�`�� = (
�$� �#�!$� k{� l= k{6- �C#�� ��G0 & h8
�0 R#�- ������ NO?
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l,�$� ��=#�
U NO? = R#�= 5)G�$� NO3��0 +�_,�� = r��6�$�22Hg Cl i�1�G0 
 �L�25 C° �L� jE
}0.246G�$� ���J� NO? ��
��0 ,j�#�) 5%���J� YZ�' #\: 

22 2 2 2 , 0.246g Cl e g Cl E volt− −−Η + → Η + = 
 5)G�$� NO3�� R� ����0Satarated calomel electrode (SCE)  

Hg / Hg2Cl2(sat) kcl (sat) 11 som in ti tration vessel 1 p+ 

0-��� ��=9� d� h�
,= ���� ��3NO3�� ���� �  ,����1��Esoln .1���0 N1O3�� �
5)G�$� refΕ&  

lnso refΕ = Ε −Ε& 

 N1O3�� �_1^ �1�
�6�� x
1L)� F1�U��� N,�1E �/1\0 ,jE
} 5)G�$� NO3�� ��G0
k{6- � ./�� 5)G�$� & 7#,} N,�E0Ε 51)G�$� � .� Rg1�
1�
� R#1�- k1{M ��
1"I 1� 

�-
�L�� �O3� = 	�3�� �L� TU� k{6�� R#�-0 �-
)$� �#�!$�& 
 0� +,� R� �<$� =0����� ��� �OC�#E �->
�)�� @L!L$ �
�b9� +), ����: 

34 2 3Ce Fe Fe Ce++ +++ +��⇀↽�� 
 #� ���� �>
? d� �0�3$� ���� N���100 �= 1= 0.1Μ �#1�!$ [0�1-�� 1��-# 

l=0.1Μ = 4Ce +% �#�� ' �1L� �1��� ��1� N���25 ,50 ,75 ,99 ,100 ,101 ,
150 ,200 ,400 �-k��� = �= 4Ce +(
�$�  &��
E����� ���
�<���� ���J�5\ �: 

 
     ScEl soln in titratian vessel 11 p+ 

4 3

3 2

22

; 1.61

; 0.771

2 2 2 ; 0.246E

Ce e Ce E ce volt

Fe e Fe E e voltf

Hg Cl e Hg Cl E sc volt

+ − +

−+ +

+ ° =

+ ° =

+ + ° =

��⇀↽��

��⇀↽��

��⇀↽��

 

�U0 ���� , �->
�)�� �
3L�� ( )E��1�=9� [
�G d� ��3 &+1E ��1��� �/1\0lnsoΕ  
~� �
� ,EEscR� .� ,5)G�$�&  

ln EEso E scΕ = − ° %jE
}'  

lnSCE soE E°
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�L�0�U 7�����  �->
�)�� ��E �)E  R#��[#1=��� i/\ �U :Fe2+,Fe3+,Ce3+ ,Ce4+، 
h8#G#= 
��)E l= R�F�B� �L�  &0R#�- ���� EFe�1-�!�� �1L}+, �1���0 ECe
�1-�M 

�L}+,0
�6=0 -�#�!$� ��e�� +lnSoE& 

slon Fe CeE E E= = 
#!L�� d� j��k� ��8
)= = 
\8
fI �<-0�
6�� : 

3 2

2

3

4 3

3

4

0.059ln

0.059ln

Fe e Fe

Fe
E E E logF Fso e e Fe

Ce e Ce

Ce
E E E logso C Ce e Ce

+ − +

+

+

−+ +

+

+

+

= = ° −

+

= = ° −

��⇀↽��

��⇀↽��
 

��->
�)�� d� �O3� .� �L� r#-k��� 0� �-�!�� j��k� ��8
)= r���6C� �L� 
=− 1<� 
7B
� �_} HI �->
�)�� K�3� R� NC
L$�: 

1- L=�-
�L�� �O3�0 h�-
)$� �#�!$ ��p �O3L�� +E 
= �3O& 
2- �G hk{p �3OL=��,�8
)6�� �O3� 5\0 & 
3- �8
)6�� 0� �-
�L�� �O3� �)E 
= �3OL=& 

� �	 !��"#	 $: 
2

3
0.059

Fe
E E E logF Fsoln e e Fe

+

+
= = ° − 


%&�'�	 !�(���	 !��"#	 : .F1�U�� 	
�1� 1�<- Fe2+ ,Fe3+ _� �1�
�6�� 1= 8
1�
�.sL)�& 

� ��8
)=0k��� j��k�08F$� r#-,�3OL$�   ;
6$� 
�-�0 M: 
3

4
0.059ln

Ce
E E E legso CCe e Ce

+

+
= = ° − 
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 ��04Ce + 	
�|0 ,��<���   ��G hk{p MDB� j1E
} �1��)$ �
16!� 
1L�g� �� R�F1�
x
L)�� ��
�6�Ce3+ ,Fe3+  ,Fe2+ , &
1\8
fI 1�<- 7
1�<��� �1��0 &1C9� 1=0 ��

 �3OL$�   r
oL�� �/\  0 �-�-�|�0 [0�-�|� 	
�|%1&' 
2 2

3 3

[ ]

[ ]

C FeFe

C FeFe

+ +

+ +

=

=
 

�	 !��"�)*����+��	 !��( ,� : 

(
�1$� r#-k��� 7�����$� �L� 8#��� N�!L� R��099.0 75.0 50. 25.0 0.00، ، ، ، 
�� R#�- P�� ,��Z�� �L�� �C#��   �#�!<�� � &1-�|� R#1-� = �)E0�- 8#1G#= �

r#�)= km0 k{p iF�U�� ��0 &���
6�� �O3L�� �3-�t �<)� �3-�t ����0, �L� 25 = �= 
r#-k���%iv': ��
�6�� �C0 HI r#-k��� = ��
"I .� R� �U/�  HI .8q-   k1{� �0��

 = ��� ����4Ce +,  �-�|�%II' �-�-�� HI .8q��& 

)<�� 
3,t0Mh��U�� �)E
6�� ��8−B� ��F6^& 

�-�|� = �#<��$� 8�� %II' R#�6$� == �#<��$� 8��4Ce +(
�$� ,& 
 �-�|� = �#<��$� 8��%III'  R#�6$� =2.5 0.1 25= × =�#<��= & 

DIM�: 

Fe3+                                                 = =                   25

125
= #�& 

  = �#<��$� 8��Fe2+53,6$� & 
=7.5 (0.1 25) (0.1 100)= × − ×�#<��=& 
 

Fe2+  =                                                                   =7.5

125
= #�& 

 

0j��k� ��8
)= N6�� R��: 

�-�|� = R#�6$� 8��%II '�#$
E 
 

 8��%7B#$� '�#�!$� = 

�-�|� = 53,6$� 8��%II' 
�-�|� = �#<��$� 8�� 
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3 2

7.5 125
ln 0.059log

2.5 125
0.743

Fe e Fe

Eso E EFe Fe

volt

−+ ++

×
= = ° −

×
=

��⇀↽��

 

 �<- v���0 	
��%E ' [
��� d� h�0�3$�%��=9�' 

0.743 0.246 0.497ln SCEE E E voltso= = ° = − = 
K}HI 8#)� Fe3+S Fe2+& �L� v�� ��B 25(
�$� = R#�- : 

2 3 72
/ 3.0

25
Fe Fe+ + = = 

 R� #� �8
)6�� �O3� �,?0 ��
�6�� �/�0χ= %�->
��  

2 3 100
/

x
Fe Fe

x
+ + −

= 

���0 HI ���0 = .sL)�� 8
�B� = �O��,�� �->
�)�� i/� �{��� �?_�0&   2�1� 0�
 .>0��� =� � P!,���^� �->
�)� ���#�
?& 

 �L�050 ��
"I = �= 4Ce + �#�!$� A,Z- 50%0 ,��
"I  /�L��50χ =& 

2 3 100
ln 0.059log /

100 50
0.771 0.059 0.771

50

x
Eso E E Fe Fe or logF Fe c x

log volt

+ + −°= = −

−
= − =

 R#,�O- ���3�� �)E �<�?E�O3L�� ��� �)E , �L� ��0 75 ,99 �1���=  �#Z1|� A,Z1-

���� O��EM
0 E6�
)�
,$� �-#, �<�? R#��0 0.799Esoln =j�#�& �L�0 100 = B�E 

99 R#�� ����= 0.771E =j1�#� , �1L� 
1=#<�0 99  R#1��0.889Esoln = j1�#�, 
 �O3� R#�� �8
)6�� �O3� �L�0 E�-�|� = ��� �#�!<�� -r#-k���0 �:  
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4 3

23

3 2

4 3

2 0.059 0.059log

2 0.059

Ce Fe
E E E logc Fsoln e e

Ce Fe

Ce Fe
E E E logc Fsoln e e

Ce Fe

+ +

+ +

+ +

+ +

= ° − ° = − −

= ° + ° − −
 

,

1.61 0771
1.19

2

E E only E Ec cF Fe e e

E veltsoln

= ° + ° ° + °

+
= =

 

�6�#��� �<�3�� h���3�0���=9� = : 
1.19 0.246 0.99EE E E veltscsoln= − = − = 

	
�� 
LL�<- 
�-�0 Esoln �#1�!$� �1<�?   ���1E �-�1)� l= r#-k���  %�1C#��', 
 HI �Z- ./��0125 ,150 ,175 ,200 �
6�� #!L�� d�: 

��$� 8��<���0F�� r#-k��� �#% =#<��$� 8���(
�1$� r#-k�1�� ' − % �#1<��$� 8�1�
 �-�!�� II�-��,�� =&' 

 r#-k��� �#<��$� 8�� ���F��0.1 (101 0.1) (0.1 100)= × − × = 
4

0.1

201
Ce += = 

r#-k��� �#<��$� 8�� %III'  = �-�!�� �#<��$� 8��II�1-��,�� 1= =0.1 100= ×10 
=�#<��&   

3Ce +=                                                   10

201
= 

k� ��8
)$� �E
6U R��0�j�: 
4 3

3

4
0.059log 1.41

10 / 201
1.41 0.059 log 1.49

0.1/ 201

Ce e Ce

Ce
E E E cc esoln e

Ce

votl

−+ +

+

+

+

= = ° − = −

= − =

��⇀�↽���

 

 ���� 	
�|0E ��=9� d� : 
1.49 0.246 1.24EE E E s voltcsoln= − ° = − = 

 = �#<��$� 8��Ce4+���F��  

�� 7B#$� 8��<�#�! 
8�� 

 = 7B#= 8��Ce3+  

�#�!$� 7B#= 8�� 
8�� 



 257

 	
�|03 4/Ce Ce+ + 
3 4 100

/
100

Ce Ce
χ

+ + =
−

 

� i/\_)�?= h>0��
E j��� ��
6)�� ����^9� 7
->
 & �L)�150 ��
1"I 1= �1���= 
Ce4+ �#�!$� R#�-150 ,�-
)= ��
$�   150χ =& 

100
0.059log

100

100
1.61 0.059 log 1.59

150 100

E E cesoln

votl

χ
= ° −

−

= − =
−

 

 R��0	
�� 
LL�<- E ��=9� d� ��_$� ���� : 
1.59 0.249 1.34EE E E s voltcsoln= − ° = − = 

 �L�0200����=  = Ce4+  

100
ln 1.61 0.059log 1.61

200 100
Eso volt= −

−
 

��=9� d� �<�3��0: 

1.61 0.246 1.36EE E E s voltcsoln= − ° = − = 
 �L�0400 = ����= Ce4+ 

100
0.059log 1.64

400 100
EE E s voltc= ° = =

−
 

��=9� d� h���3��0: 

1.64 0.246 1.39EE E E s voltcce= − ° = − = 
 �����   K�3�� KC�� 7����3�� =0%4 ' ��b 5O)��$�L!L@% S' & 
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                                                     ��                        �������� ��� ���� ��                        �������� ��� ���� ��                        �������� ��� ���� ��                        �������� ��� ��������4444 � � � ������ �� �! ������� �� �! ������� �� �! ������� �� �! ������"�#$�� �%�&! '����(� "�#$�� �%�&! '����(� "�#$�� �%�&! '����(� "�#$�� �%�&! '����(�     

	
�Wא���������	�א���� �

?
��<)= �-
�L�� �O3� 8
fI 
L� �<- Y�U  ��t h�� �G#��8
)6�� �O3� (
�6UB& 
�	 !��*��	 �: ��D0 5L�<c ��b d� �<6)� E KC�E ��$� �E
3=����
1"~   �1->
�)��

%v−Ke|�'& � ����� �o�5a&@1L!L$� �1O3� ��#16�� �L� �8
)6�� �O3�0 ,  �1)E �1�,O6E0
 �O��,�� ��"
-��� ��O�� R� 
�L�<- K1C�E �1���� ��1O�� �)E �<�   
���
��/E ν△ △ 

Ke|� �E
3=,O3� 8
f~ h�� �b� @!L= 5O)�� �
36b� �0� T6)- �/\0  �8
)6�� �%b4&' 
�<���]1C> T16)- 
MB
E (�1)-0 �1^¡ K1C��� W
1X�� �
361b,  ���1�� K1C> #1\0 4c 

( ) ν
ν
Ε△

△ △
△

 �E
3= ν�-
�L�� �O3� P�� &&~� lO36� ��1���1�� �5L, �1O3� R� �1e� 
1L\0 
�#� �-
�L��j= �O3� = h>
b~� �,�
C �O3� HI h>
b~� �,G#&  
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 ��b%5' �->
�)�� 7
�L!L$� 
�b� +,- 

=� h�� �G#�XB KC��� ��t /^9 �� (
�6U�8
)6�� �O3�& 
����: 
100 = ����= 2Fe + l= 7�-#� 40.1 Ce +−>B#= , E
? D
1c N1O?0 51L��_E N1O
SCE  �->
�)�� = (0�o�� ��� �L� 0.77E Fe° = j1�#� 0.246ESCE = j1�#� &

�
6�
U ¢�
6L�� j�
U0: �0�G %1&' 
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 �0�G%1 ' r#-k��
E [0�-�|� �->
��4Ce +  

 
0��/\ � �E
G£:�� �O3� �0�� R� K�)� !� 
=�L� �-
�L R#�-  100 �#1�!$ ����= 

(
�$� r#-k��� &/\0� -
���
� &� �0��� �o�%4 '0Ke|� ��B%V ' lE
�1�� 8#1<)��  
�0��� =, K�13�� �1E
3� r#1e|� �1�� / VΕ△ △K�13��0 /V Ε△ △ ��1=
J� h�1<�9�   

�C8
���0&)��   �<�? �0�� 5\ lE
��� 8#<13.25�= ���.  

05\�09� 8#1<)��   �1��
X��0 H09� �<�3�� +E YZ6L$�    & k�1�6� �,�1L�
E �/1�\0
 �0��� & = �
�b9� �o��%5−10 ' �����   ��B%10 '0 F1���G K1C�E (�1)- 
= #\

Cran's Plot 
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 �0�G%2 '= 7
�
�E��36 

 
 �0�G%2 'lE
�: 
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 ��b%6  ' YX�= KC> �->
�)�2Fe + l=4Ce + 

 
 ��b%7 'B� �oL$ ��b 8��6=�@L!L<� 
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 ��b%8  'B��->
�)�� �09� �
36b 

 
 ��b%9 'B��->
�)�� W
X�� �
36b 
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 ��b%10 '�->
�)�� F���G KC> 

!���-: 

1− � �-�!�� ��
�6�� R� ���%II ' l=2Bry- ]U 	�/$� : 
32 22 2 2Fe Br Fe Br++ −+ +��⇀↽�� 

 ,�8
)6�� �O3� ��G d� \�ElnEso����� ��8
)$
E , & 
2 0.059

log 2[ ]
3 3

E E BrF e
E Brsoln

−+ °°= − 
 R� �U/6�(11) (11)Fe Fe≠�-
�L�� �L� 

 YZ� 7_�
�� N6�L�����J 
3 2

2 2 2

Fe e Fe

Br e Br

−+ +

−−

+

+

��⇀↽��

��⇀�↽���
 

 �U/� R�B� �L� x
L)�� �UR�F�5\ : 

E E EFsoln B er= + 
j��k� ��8
)=0: 
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2

3

2

2

0.059log

0.059 [ ]
2 log

2 [ ]

Fe
E E Esoln Fc Fe Fe

Br
E E Esoln BrBr Br

+

+

−

= = ° −

= = ° −
 

0E-#)6�� ��8
)= kl<�
E 0� ��
"~
E0 j��: 
2 2

23

[ ][ ]
3 2 0.059log

[ ][ ]

Fe Br
E E E Brsoln Fc

Fe Br

−+

+
= ° + ° − 

 �-
�L�� �O3� �L�0–�8
)6��  
2 3

22

2

[ ] [2 ],[ ] [ ]

0.059 2[ ][ ]
3 2 log

3 [ ][ ]

2 0.059
log 2

3 3

Fe Br Fe Br

Br Br
E E E Brsoln Fe

Br Br

E E BrFe Br

+ − + −

−+

−

= =

= ° + ° −

° + °
= −

 

2− �
L} r���6C� �L� h�-
)$ 7
=0���� 52Fe + #\ h�-
)$� ��
�� R#�-: 
2 32 32 7 26 14 2 6 7Cr O Fe Cr Fe

− + ++ ++ + Η + + Η Ο��⇀↽�� 
#\ �-
�L�� �O3� ��G R� \�E:  

3

14

2 2 332 7 2

6 0.059 [2 ]
log

7 7 [ ]

6 14 2 6 7

E E Cr CrFe
E

Cr O Fe Cr Fe o

+

+

− + + ++

° + °
= −

Η

+ + Η + + Η��⇀↽��

 

E
6�E0� ����J� 5�Z: 
2 3

2 3
2 7 14 6 2 7 2

Fe e Fe

Cr O e Cr o

−+ +

− + +−

+

+ Η + + Η

��⇀↽��

��⇀↽��
 

B� ��
� �L�0Rg� R�F�: 
lnEso E Ec Fr e= = 

j��k� ��8
)= l=0: 
2 3

23

14
2

0.059log /

0.059 [ ]
log log

6 ( 7) ''[ ]

E E E Fe Fesoln F Fe e

Cr
E E EC Crsoln r Cr O

+ +

+

+

= = ° −

= = ° −
Η
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l<��0 ��
"~�0 j��k� ��8
)= l-[#� h8
�gE0R#�- : 
3

14

6 0.059 0.059 2[ ]
log

7 7 7 [ ]

E E CrCrFeEsoln

+

+

° + °
= − −

Η
 

R� j<�� �DI: 
2

33

6 [ 7]

2 [ ]

Fe CrO

Fe Cr

+

++

=

=
 

3−  K�?E 7_�
�6� = ��� ������ YZL�� Fe , Cr  �
6�� #!L�� d� j�
U: 
23

4 3

; 0.77

; 1.61

Fe e Fe E volt

Ce e Ce E volt

− ++

−+ +

+ ° =

+ ° =

��⇀↽��

��⇀↽��
 

 �-�|� �->
�)� �8
)6�� �O3� �L� �#�!$� ��G0%II ' r#-k���0%IV '�G0
¤� : 1.19 
j�#�&�G +����E �-
�L�� �O3� (
�6U� K�$� =0 8, 
¥& 

2 ; ; 0.76e Inred E voltdip
−+ ° =��⇀↽�� di-Bolane Inox  

                                 (Dip) ( )5e��LE  violet     colourless 

p.nitro-di-Bolane  Ionox 2 ; 1.01e Inred E voltpn
−+ ° =��⇀↽��   

                                 (Pn)      5e��LE                            R#��� K-�� 

��11�� 5e�11�L,�� HI R#11��� K-�11� 11= k11{6- R#11��� R� 
11=I, 0
=�11L� 
11���= T116)-  
10 [ / ]Inox Inred= 0� ,R��� _U ,C
L= +����
 �->
�)� R2 4Fe Ce+ +−& 

0.059 0.059
log10 0.76 0.79

2 2
Esol E dip volt= ° + = + = 

= �<�3�� ��� �L�00.79j�#� , � N��2 3/Fe Fe+ + & 
32

3
32

2

0.059
log /

1
0.059 0.02 [ ]

0.79 0.77 log / log 2.2
1 0.059 [ ]

Esol E Fe FeFe

Fe
Fe Fe

Fe

++

+
++

+

= ° −

= − = =
 

 �
6�
E0 Rg� ���8%dip 'r��6�-B& 
 ����� ���L�
E0P-nitro – di – Bolane 
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0.059
log

2

Ino
E E pn

Iored

χ
= ° + 

�L�0 ¦Inox/inred§ =10 R#��E �#�!<��:  

2

3

3 3
4

2 2

0.059 0.059
ln 1.01 log10 1.01 1.04

2 2
0.059 [ ]

ln 0.77 log
2 [ ]

0.059 [ ]
1.04 0.77 log 3.8 10

2 [ ]

Eso volt

Fe
Eso

Fe

Fe Fe

Fe Fe

+

+

+ +

+ +

= + = + =

= +

 = + ∴ = ×  

 

	���Wא�#"א�!�א��� 
���	�وא���� �
	���
�Wא�#"א�!�א���  �

B� �C�>8 K6� R�F����� ��� 7
�
�E0 �#�!$� ��G0 �->
�)�� 7
�L!L= = +�)6�  jE
} 
B�R�F�&����� �o�� %11'& 

 
 ��b%11 ' 7
C
�?PH+G0>�-9� NO3E  

�   Q#1<{$� 8#1C9� +1�_,�� AO1C d� #G ���0 �{" �L� +G0>�-9� [
m ��
�#�!$� &3�� �Z6�L l,�1$� �1�=#�
��� N1O3E �1�!�$� h�O%SCE '�#1�e$� �#1�!$� HI 

%PH'& 0-�R# +�_,�� = ,SCE Pt  ���� ���  �OE �Z6=[ ]V& ����0 %E ' �1�����
 �<-- R����U N6�� K?��� PH& 
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E = ���J� = �0�3$� 0� ��_$� ����& 
EH = +G0>����� ���J� YZ� ��G  =0.00j�#� & 

, 0.246 , 25SCE SCEE E E E volt c
H

= ° − ° − ° 
=0: 

2

2
2

2

2

2

2
2

2 2 ( )

0.059
log , 1.00

2 [ ]

[ ] ?

0.059
log

2 [ ]

1.0 0.059
0.246 0.00log 0.246 log [ ]

[ ] 2

0.246 0.059( )

SCE

e g

E E PH atmH H

E E E H

E PH

+ −

+

+

+

+

+
+

Η + Η

Ρ Η
= ° − =

Η

Η =

 ΡΗ
= ° − ° − 

Η 

= − = − Η
Η

= +

��⇀↽��

 

��8 ���J� ��G R� 5L)- �/\0�5L�G0>�-9� K?��� ��O^  ,���� d� �<6)� ��OJ� i/\ ,
+G0>�-9� R#-� F�U�� K��>
m#� d�0& 

����:>#U/$� ���J� ��G h: 
2. (1.0 )1 (0.01 )11 0.445P atm HAc SCE volt+ Η Μ =  

0EK�_= N-�3� /^�& N���  Ka ��6�C9� �<|& 
0.246 0.059( )

0.445 0.246 0.059( )

3.37

log

ECell

C

= + ΡΗ

= + ΡΗ

∴ΡΗ =

ΡΗ = − Η

 

 R� ��_-: 
44.3 10CH −= × Μ      0       3.37 logCH= −     

0�R� �U/:                            4

2 4

[ ] 4.3 10

[ ] 10 4.3 10
Ka

C C

+ −

−+ −

Η ×
= =

− Η − ×ΗΑ
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41.8 10−= × Μ 
���� ��� R
�E = ��^� R�F�� jE�#} 8
fI �<- ��/U, 1�<- 7
1�
�,�� D
1c� 1=0 

 r#��
X�� R#-� d� 7
�3�,O�Te,  x
L)�� ��� T6)-0 R
E0/1�� �!�!bd1� �1->#�U �1��\ 
r#��
X��& 

; 0.336

0.557

Te e Te E volt
Te

TeCl e Te Ce E volt
TeCl

−+

−− +

+ ° = −

+ + ° = −

��⇀↽��

��⇀↽��
 

K�3�� i/\ =, K�? N��� kspr#��
X�� �->#�U ���6� : 
; [ ][ ]Tecl T Cl k Te CeL sp
−+ −++ =��⇀↽�� 

0E5�ZL�� ���J� ��G /^�: 
1

0.059log
[ ]

0.059log [ ]

E E
Te Te

E E Ce
Te

+

−

= −°

= −°
 

B� ��
� �L�0R�F�: 

4

0.059log[ ][ ]

0.059log

0.336 0.557 0.059log

log 3.74, 1.8 10

E E Te Ce
Te TeCl

ksp

ksp

ksp ksp

−+

−

− =° °
=

− + =

∴ = − = ×

 

����: ����� ���J� ��G N��� =#-� NU��� �0�� r�� 
"�� 7B
�U9� l= ����� R
�D km x
L� R#�6�,��� ��� B 
"��=0 ,�7B
�U&  

3
2 2 4 2 2 4

2 4
44 22

11 (1.0 10 ), ( )1

, 0.774

1.1 10

?

1
0.059log

[ ]

0.059log[ ]

SCE Na C O Ag C O Sat Ag

Ag e Ag EAg volt

AgeC O Ag C O ksp volt

ECel EAg E SCE

EAg Ag e Ag

E AgAg
Ag

Ag Ag

−

−+

− −

−

+

+

× Μ

+ + =

+ = ×

= − °

= +

= °−

= °+

��⇀↽��

��⇀↽��

��⇀↽��
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2
2 4

[ ]
[ ]

[ ]
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Ag

C O

+
+

−
= 

� ���,6CB
E0[ ]Ag + ��8
)=  %j��k� '���J� YZL�: 
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11
1

2
3

0.059log
[ ]''

1.1 10
0.799 0.059log

[1 10 ]

0.564

0.564 0.246 0.318
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E E AgAg

Cr O

EAg
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E E E voltAgcell SCE

−

−

= ° +
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= +  × 

=

∴ = − ° = − =
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�¨�E�B� jE
} ©?
L� !�0 ,�#�!$�   x
L)�� F�U�� �0
L6� !�0 
 ,R�F�0 �ª jE
}
– ,h��
? 0 h��U9� jE
}–B� F1�U���0 ��F6^B�  j1E
} R#<�1= �1E
6U   r��6�1� R�F1�

B� ��D 8
f~0 ,R�F�>#=9� �),E r#3�& 
 ©?
LL�+)�
b +,U�= N�C�� �E�DI,
¥0 : 
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22 154 4
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+ −−

−+ −

+ = ×

+ = ×

��⇀↽��

��⇀↽��
 

"� #�0 l,�$� �#�!$� HI �,�Z�� r#�C
�#,�� 7��� 
¥��9 
L�4N�C��� �/− Ko)<� 
 r#�C
�#,�� R#-9 ;_=9� ���3[ ] ,[ ]No k− + T16)-  
1,��DM�1C#��   
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�, R#1-� 1��0 

 0� r#�C
�#,��3No −,��D R
L}B� �T6)- +�C#��    2 2
4Cl،Ag ،SO ،Ba− ++&  51L)- �/\0

7
1�#-9� �1�� 1= .� d1� 
1=
� �1<6)- B 8�#$� ��� N�C�� R�, _1�� �1�E�D~� R� ]1U 
C����� +,FF�U�� h8
-[ 8#G0 l= 8�83KNO& 
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-[�N�C��� HI �, R� N,�1E �t
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�6 

2
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 �?9� d� ,�#�!<�� ���#-9� h#3��� K�? �-F >��13<�� �1��#-9� h#3��0.1 �1�E�DI �XU9
1� , 
N�C���& 

 F=��
E v� F=�-0 
=
� ��D +)- 5�
�<���� ��0( )µ &��D �
X=: 
2

1

1
2

n

i

mi ziµ
=

= ∑ 

µ#-9� h#3�� ��� O 

mi= �#$
E R#-9� F�U�� S�� 
zi=R#-� �U d� �L!��� 

����: �#�!<�� ���#-9� h#3�� 5\ 
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0.01 0.01 1 1mcl ،mk ، Z ، ZkCl= = = =  

��8
)$�   �-#)6�
E: 
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1
(0.01)(1) (0.01)( 1) 0.01

2
Mµ = + − = 

����: ���#-9� h#3�� 5\ 
= 0.01m NU�$ ?2 4k So  
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1
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2
Mµ = + − = 

����:�#�!$ ���#-9� h#3�� N��� (0.01 ) ,m MgCl 
2 21
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2

µ = + − = Μ 
 h#3�
�B N�C��� ��E�D~� F-F)�0 ,�#�!<�� ���#-9��1-�t .� = ]�L�E �?_� �G#� , 

 #1\ +�_,�� NO?0 , F�U��� k}�6� �#LU �36)- ]E> , ��t
�L�� ��G �^¡ �FG �
^8I K6�C0
 ,���� ���   r��6�$� 
,�
m 
=� 5G
GF�� NO3�� #��  7
1C
�?   r��6�1$�PH �1U0 ,

 
��U h�-��� �C
�|� 	
O?9��#�!$� 7
�#-� ��t
�� 2�3� : 

�� x
L� ��t��C#�ai i= 
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 ��t
�L�� �=
)=�� x
L)fi i= 
 F�U���x
L)�� R�F�Ci i= 

�� ��Bv ��3L�� 	_p9�0 ��3L�� ���
!<�� �,�L�
E a i= , � �1=
)=0 ��t
�1L�- �Z16
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,-8− ���\ Deby- hukel �-�oL�� ��8
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7
�#-�� ��t
�L�� �=
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��� k,)6��0   �L� y- ]U225 c°: 
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µ

µ

−
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fi− x
L)�� ��t
�L�� �=
)=i  
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L)�� d� �L!��� & 
µ− sL)�� 8#G0 �L� �#�!<�� ���#-9� h#3��i.  

ai− YZ� 3��O�$� R#-�� �� >8(1 10 )A Cm−° =.  
��,O6�� ���C j��� ���\ .
,-8 ��8
)=00 ,E"## �?9� d� ; �<-   �1�<��� 8
1fI

ai − W#-9� �O3�� YZ� k}��& �0�G �G#- ]U    >
1O?9� (
Z1�9 7
�#-9� ��� �X$ 
 �0����
6��: 

 ��_�U �OC�#E �X$�0Kiellend & F�U�� �L� ���6z 7
�#-� h�)� ��t
�L�� �=
)= P��
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�#-9� �1-8
�� 7
1�#�

 N,�ER�: 

2
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µ
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=
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 R� #��µ Rg� hk{p µH09� ��8
)$
E ��>
3= hk{p 
�-� , �/�0 � �X-�� �?_� /^q

� ���\ �?_� =h80�!$,#!L�� d� N6�� 56��0 �
6�� : 
  

 ��b%12 ' +,-f µ −  j� �}_X�� 7B8
)$� �OC�#E �E#�!$� >#���� ��t
�L�� �=
)=
��3��& ��/U  +,- ��b%12 'fi −#-9 ��t
�L�� �=
)= R r#�C
�#,�� [ ]Li +& 

2log 0.5fi Zi µ=
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 ��b    %13 'fLi�E
3=µ��b                %12 :'fce�E
3= µ ��_�U �?_� = 
����: 
,�� 7
6-TU ��E�DI N��� r#�C
�#E 7��� ,5�� �
=   r#->0.001 ,�#1=0.01 

 ,�#=0.1�#= & 

|� ���7B: 

2 1024 4 4. .[ ]. [ ] 1.08 10aaksp Ba SO f Ba fSO SOBa
− −+= = = × 

E�D~���:   2 2
4[ ] [ ]SO Ba S
− += = = 

24 4

4

[ ][ ]( . ) ( . )Ksp S S FBa FSO S FBa FSO

Ksp
S

FBaFso

= =

=
 

�� �
$�  3L5: 
 = �3� 7
�#-9� P��4BaSO ,
�L= kX��� �G#- B0,�X= :  

, 1, 4 1O f FBa fSOµ = = = = 
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 R#��0: 
10

51.08 10
1.04 10

(1)(1)
S

−
−×

= = × Μ 

 r#�C
�#,�� 7��  00.001�#= ,h��
�<�� ��_�U ��8
)= r���6C� �<-  
2 2

10
5

1 (0.001)(1) 0.001(1) 0.0012
0.868, 4 0.867

1.08 10
1.2 10

(0.867)(0.867)

f fSoBa

S

µ

−
−

= + = Μ

= =

×
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 F�U��� �L�0.001�#= : 
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5
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0.67; 4 0.66

1.08 10
1.6 10 .

(0.67)(0.66)

F FSOBa

S

µ

−
−

= Μ

= =

×
= = × Μ

 

F�U��� �L�: 
0.1 0.1

0.38 , 4 0.355

،

F FSO

µ = Μ Μ

= = 

R#��0:  
52.8 10S −= × Μ 

� ��E�D~� R� ��_-0F
-[ l= 8�8���#-9� h#3�� h8& 
����:����� �_X�� ���ZL�� 
-_J� ��G N��� : 

3

3 3

3 3

/ (0.01 )11

/ (0.01 , (0.015 )11

/ (0.01 , (0.04 )11

( ); 0.799

a Ag AgNO M

b Ag AgNO M KNO

C Ag AgNO M KNO

Ag e Ag S E voltAg
+

=

= Μ

= Μ

+ ° =��⇀↽��
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|� _U  0: 
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1 1
0.059log 0.799 0.059log
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0.059log [ ]

0.799 0.059log 0.059log [ ]

E E Ag
aAg FAg Ag

E E fAg AgAg

fAg Ag

+

+

+

= ° − = −

= ° +

= + + +

 

 7B
|� �U  00.01 Ag +Μ = 
20.799 0.059log(1 10 ) 0.059log

0.681 0.059log
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0 F�U��� �L�0.01q�
�6�� .8
�� : 

3 3

2 2 22

0.01 ; 0.898

0.681 0.059log 0.898 0.678

0.01 ,0.01

1 [(0.01) 1 0.01 1 0.015 (1) 0.015 1 )]2
0.025
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f
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b AgNO No
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µ

µ

= Μ =

= + =

= ΜΚ

= × + × + × + ×

=

=

 

DIM�:  
0.681 0.059log 0.85 0.677

0.01 3 0.04 3
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0.681 0.059log 0.8 0.675

E volt

C AgNo KNO

fAg

E volt

µ
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= =

= + =
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6�� ��
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=�L� 5L)-#��
� ,�
$�   l"L� R#v6�E�DI�
$�   �!�!b ,���� ��F6^B�0 Lr#�)= R# 
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−
++ → ° = 

�O)=M�=8
3�� ���J� 
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11 ( ), 2 ( ),[ ]var ( )SCE Q sat H Q sat ying Au+Η  

l,�=                    l,�=                   k{6=                                                     



 277

 5L�G0>�-9� K?��� ����U ���J� ��G KC>�PH �1���� K�3�� 0.0 ,1.0 , 2.0 ,3.0 ,
4.0 , 5.0 , 6.0 , 7.0 NO3�� R�E ]�� ,  �L� �<)- B7.9& 

. -/ : !��0	 �12 )��34E5: 

2

2

2

2

2

0.059 [ ]
log

2 [ ][ ]

0.059 1
log 0.059log

2 [ ]

0.059
0.6994 log[ ]

2
0.6994 0.059log[ ]

0.6994 0.059

0.6994 0.059( )

0.453 0.059

SCEE EQ E

H Q
EQ E Q

Q H

H Q
E Q

Q

E EQ ESCE

+

+

+

= − °

−
= ° +

−
= ° − −

Η

−
= + Η

= + Η

= + ΡΗ

= − = − ΡΗ

= − ΡΗ

 

�0��� �o��: 
 �?_)�� KC�E0ΡΗ �E
3= E 

K�36�= �^ 
¤� �e� 
E.,V PH 
0.453 0.00 
0.394 1.00 
0.335 2.00 
0.276 3.00 
0.217 4.00 
0.158 5.00 
0.099 6.00 
0.040 7.00 

2−K�3�� 
�O)= : 

2
2 4 4 , 2 4

, 0.799

2 2 0.446

Ag e Ag E Ag volt

Ag CrO e Ag CrO E Ag CrO volt

+

−

+ ° ° =

+ °+ ° =

��⇀↽��

��⇀↽��
 



 278

K�? N���Ksp NU�$ 
42

Ag CrO 8#G0 r�� 
"��= ,=7
1=0���� NU��& �DI  R
1U
 
L<�6= 5�Z�  ���^ .� ��G,Ag Ag +#!L�� d� v6E
6U �<- �
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2
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2
4
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2
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2
4

1
0.059log
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0.059log log[ ]

[ ] 2

0.059
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−

−
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−+
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° °− = −
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− × −
= + − =
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2

2 2

2 2

2
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2

E ESCE

e
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H H

H
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+ +
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= −Ε Ε =Η Η
+ = ΗΗ
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7
,-�36�� �U/6L�0: 
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5

5

5Pr [ ]' 0.1 2.6 10
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+
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−
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R� ��_- �DI: 

5
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 �-�|�0.1 �#=  & r#-k��� F�U�� #\ ]�Ce4+  R#�� 
=�L�� �1�
� �L� x
L)��B ? R�F1�
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+
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4 2
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k
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= 
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2

3

3

4
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R� .�: 
3 3
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3 3
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[ ] [ ]
0.059 log log
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0.059 log( )
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0.059 log
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Ce Fe
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X�� N-�36��:  
2 22

2 1
2

2 22
1

2

22 2
1

214

9
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1.7 10
3.8 10

Fe
Fe

k

Fe

k

− +
+

− +

−−

−

× −
=
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=
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 N-�36�� R� ��_-2 2[ ]' [ ]''Fe Fe+ += 
R
U �DI0 : 
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DIM�� � ��_$� ��-O^ k{6��
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Ecell Eind Eref Eg= − +  

Ecell = ���J� ��G 

(Eind = ∝  ������ NO3�� ��G%=x
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