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אאW
אאאאאאK


אאW

אאW
١. אאK 
٢. אאאאK 
٣. אאK 
٤. אאאK 
٥. אאאאאK


אאאW

אאא٩٠K٪


אאW
٤K


אאW

١. K 
٢. אאK 
٣. K 
٤. K

 
אאW

אאאK
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אאאאאאאא
אאאאאא،F،،Eא

אאא،אאאK
אאW

J אאW 
אאF١FEאEא

אאאאא
אK

m
V

50

70

90

110

130

150

170

190
210
230
250
270
290

0.000010 0.000100 0.001000 0.010000 0.100000
אF١WEאאאאאKK


J אאFאאWE

אאFאEאא
אאאאF٢Eא

אאאאK
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א

א
F٢WEאאאאK

אאאאאאאאK

אא 
אא

 
אא 

١אEאIZ
אאאאא

אK
Ion Selective Potentiometry

٢
אא

א 
אIZ 

אאא
FאאאKE 

Potentiometric Titrations

٣
אא

FאאE 
א אאאK 

Electrogravimetry
٤אאאKא Voltammetry

٥
אא

א 
א אאא 

Amperometric Titrations
٦FאxאKEא אCoulometryK
٧אFאKEא אConductanceK

٨
1/RFאE

אאK
אאאא

Conductometric Titrations 
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אאאאאא
אK

אאElectrochemical CellsW
אאא

half cellelectrodeKאא
Cu2+אאאא،Cu0א

אCu2+F٣KE



2e  Cu  Cu 2o +→ +


אאאFאEא

anodeKאאאAgAg+
אAgoFK٤KE



א 

 Cu2+

F٣WEאK 
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F٤WEאK 

 oAg e   Ag →++

אאאאאFאEא

cathodeKאFאEאאאא
F٥KE


F٥WEאאאאאK

[Cu2+]= 0.02 M 
Cuo

(s)             Cu2+
(aq)+2e 





א
א 

אא
AgNO3 

א
CuSO4 



[Ag+]= 0.02 M 
Ag+

(aq) + e              Ago
(s) Ag+
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אאאW

 
F١E Galvanic cellW

אאאא
אאאאKאאאא

אאאאF٥E
אאאאאא

אאK
F٢E Electrolytic cellW

אאא
אKאאאאF٥E

אאFE
אאאאKאF٦E

אאאאK
אFאאEאFKE
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F٦WEK

אאW
אF٥EF٦Eאאא

א(KCl)
אאא (Ej) Liquid Junction PotentialK

אאW
אאא

אאF٧E
אFEאH+Cl-K



א
CuSO4 

 



א
א 

محلول نترات الفضة
AgNO3 

[Ag+]= 0.02 M 
Ago

(s)            Ag+
(aq)+ e



    [Cu2+]= 0.02 M 
Cu2+

(aq) + 2e            Cuo
(s) 
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F٧WEאאאK

אאאK
אא

K
אאאW

אאאאFF٨WE
١- אאאאאFאEאK
٢- אאאאאאFאאCu2+،Ag+

אאאאSO4
2-،HSO4

-،NO3
-א

אK


F٨WEאאאK

0.01 M HCl 1 M HCl 
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אאאCl-אK+
אK

٣- אאאcoupledאאא
אאאאאK

אW
אW
אK
אאאNernest EquationW
אאאW

obCu2e2aCu ⇒++ 

a[OX]

b[Red]ln  nF
RT - oE  E = 

W
EoZא،אאFאאKE
EZאאאFאאאאKE
RZא8.314 jk-1mol-1
TZאאא298 kא25 CoK
FZאא96485 CK

InZאאZ2.303 log10
nZאאאK

[Red]ZאאאK
[OX]ZאאאK

אאאאאא
W 

a[OX]

b[Red] log n0.0592 - oE  E = 
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W
،אאאאאאא

[      ] = 1 
W
١J אאFאE،אא

oCu2e2Cu ↔++ 
     Eo = + 0.34 V
Cu2+Z0.1M

אW

a

b

n
0.0592o

[OX]
[Red] log  - E  E =  

V 0.31  ) log ( - 0.34  E 0.1
1

2
0.0592 +== 

אאאK



٢JאאFאEאאW
-

2 2Cl  2e  Cl →+ 

Eo = + 1.36 V
[Cl-] = 10-2M


אW 

a

b

n
0.0592o

[OX]
[Red] log  - E  E =  

1
)(10

2
0.0592 2-2

 log  - 1.36  E += 
E = 1.36 + (2 x 0.0592) 

E = + 1.48 V 

אאאK
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W
אאאא??Zn = - 

0.763∴anode
אאאאא??  

                       Cu = + 0.34 ∴cathode
אW

אאאאKאF٢KE
אW

אאEcאEaא
אאW

Ecell = Ec – Ea�
אF٢WEאא

Eo א 25 Co א
+ 1.359 -

)(2 2Cl 2e   Cl ↔+g 
+ 1.229 OHeHO g 2)(2 244 ↔++ + 

+ 1.087 −↔+ BreBr aq 22)(2 

+ 1.065 −↔+ BreBr l 22)(2 

+ 0.799 )(sAgeAg ↔++ 

+ 0.771 ++ ↔+ 23 FeeFe 
+ 0.536 −− ↔+ IeI 323 
+ 0.337 )(

2 2 sCueCu ↔++ 

+ 0.334 OHUeHUO 2
4

2
2 224 +↔++ ++ 

+ 0.268 −+↔+ ClHgeClHg ls 222 )()(22 

+ 0.222 −+↔+ ClAgeAgCl ss )()( 

+ 0.017 3
2

2)(2
3

32 2)( −− +↔+ OSAgeOSAg s 

0.000 )(222 gHeH ↔++ 

- 0.151 −+↔+ IAgeAgI ss )()( 

- 0.350 4
2

)()(4 2 −+↔+ SOPbePbSO ss 

- 0.403 )(
2 2 sCdeCd ↔++ 

- 0.763 )(
2 2 sZneZn ↔++ 
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אF١E
אאאK

١K אאFאEאאW
Br2 + 2e                    2Br- 

אאאEo = 1.087 Vא،2 x 10-3 MK
٢K אאאאW

Zn2+ + 2e                    Zno 
Eo =    א1.0 x 10-4 MK

٣K Ag Cuאאא
0.02 M = (Cu2+/Ag+)E0

Ag= + 0.79E0
Cu = + 0.34،؟א 

٤K ZnCuאZn2+Cu2+1M =
EoCu = + 0.34 EoZn= - 0.769؟א، 

٥K אאאאK 
٦K אאאאאאאא

אאאK 
٧K אHClKClא؟אא 
٨K ؟אא؟אא
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אאF٢E
אאאK

אW


١K אאאW 
Zn2+ + 2e               Zno 

א
אK

٢K אאאW 
                                                   Br2 + 2e                    2Br-                       Eo = + 1.08 V 

אK
٣K אאK 
٤K אK 
٥K אאא 

K
אאא
K 

٦K אאEoאא
אK 
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אאאF١E
١K [[ox]

[red] log nF
RT oE  E −= 

2]3-10  [2 log 2
0.0592 - 1.087 ×=

= 1.087 – (-0.159) =1. 25 v             
 
 

٢K 4-101
1 log 2

0.0592 - 0.763-  E
×

=

= - 0.763 – 0.1184 
= - 0.8814 V 

 
٣K אW 

 אK 
אאW

Ag+ + e                  Ago 

02.0
1  log  

1
0.0592 - 0.79  E +=

E = + 0.79 – (0.0592 x 1.69) 
= + 0.79 – 0.1 = + 0.69 V

 
 אW 

אאW
Cu2+ + 2e                  Cuo 

02.0
1  log  

2
0.0592  - 0.34  E +=

)6.1
2
059.0(34.0 ×−+=  

= +0.34 – 0.1 = + 0.24 V
אאאW

אאאאאא
אW

Ecell = Ec - Ea 
= 0.69 – 0.24 = + 0.45 V 
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٤K אW 
 אW 

Zn2+ + 2e               Zno 
)1

1 log 2
0.0592( - 0.763-  E =

E = - 0.763 – 0 
E = - 0.763 V 

 אW 
Cu2+ + 2e                  Cuo 

1
1  log  

2
0.0592  - 0.34  E +=

E = 0.34 V 
אאאW

אאאאא
Ecell = Ec - Ea 

= 0.34 – (-0.763) = 1.103 V 
٥K אאאאאא

אאאאKאא
אאאא

אאאאא،אא
אK 

٦K אאאאFאKE 
٧K אKClKClאאK 
٨K אאא،

אאK 
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אאאF٢E
١K אאW 

Zn2+ + 2e               Zno 
אאאK

אK
٢K אאאW 

                                                   Br2 + 2e                    2Br-                       Eo = + 1.08 V 
אK

٣K אאאאK 
٤K אK 
٥K אאאאא 

אאK
אאאאאK 
٦K אאEoאא

אאK 
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אאW
Kאאאאא


אאW

אאW
١K אאK 
٢K אאאאאK 
٣K אאאאאאאK 
٤K אאאאאאK 


אאאW

אאא٩٥K٪


אאW
١٢K

אאW
١K K 
٢K אאK 
٣K K 
٤K K 
٥K K


אאW

אאאK
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אא
Potentiometric Methods 

W
אאאאאאא K

אאאאאFאא
אEאאW

١J אאFאEindictor electrodesW
אאEindאאא

אאאאאKKKKKKאK
٢J אאreference electrodesW

אאErefאאאאא
אאאאאאאאא

אאאאאאאאאא
אKאאא(Ej)

אW
אאאא


Eind                       Ej          Eref


WErefZreference electrode potentialZא
EindZindicator electrode potentialZא
EjZliquid junction potentialZאא

،אאאאא
K

،אא
Ecell = Eind – Eref + Ej 
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א אאאא
אאאאKאא

אאאאאא
אK

אא: 
אpotentiometerאאא

אKאאאאאR
אאאאאאא

אאאFF٩KEEאאF
EאFאEאאאK






א��

R


F٩WEאK

אאאאאאאF108Eאא
אאאאKאא

אאאאאion-meterאאא
א(voltage-Follower operational ampilifier)אאאא

אאאK

א 
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אאIon Selective ElectrodeW
אאאא

אא،א
Kאאindicator electrodesKא

אא،אאאא،אא،
אK

אאW
אאאאאא

אאאאאpH glass electrodeKא
אאא،אא

א٢٢א٪אNa2O٦٪אCaO٧٢٪
אSiO2K

אW
אאאK

אאאאאאא
אאאאFאאא

אKEאF١٠EF١١EאK


F١٠WEאאאK

 
 

אאאא 

א
א

0.1HClא

אא 

א

אאא 
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א
 
Ag

FE H+, [Cl-] = 1.0M, AgClאא
אאא 


א

 

אאא
א

(H+)

א
א 

                                                          E2             E1      

אESCE, Ej                                         Eb = E1 - E2                       
EAg, AgCl                

אF١١WEאK
אW

١- אאאFEאאK
٢- אLאאאאא

אK
אאאW

אאאW
١J אאNa+K+אאאאאא

K
٢J אאאFאE

אאאאאW 
-SiONa+ + H+    SiO-H+  +  Na+ 

אF١١EאאW
• אLא(EAg,AgCl)אא(ESCE)

אK
• אאאא(Ej) Liquid Junction Potential

אאאאאFאEאאא
אאא،אK 

• אאאאא(Eb) boundary potentialא
אאK 
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אאאאאא
אאאאא-SiO-H+אKא

אאאאאE1אא
אH+אH+אא

אאאH+אא
אKאאאE2א

אאאF١٢KE



F١٢WEאK

אאEcellE1אאא
אאK

Ecell = Eb = E1 – E2 = K - 
nF

RT303.2  log [H+] 

Ecell = K  +  
nF

RT303.2  pH FE  

pH FE  = 
nFRT

EcellK
/303.2

−  

אאאnF
RT303.2، (0.0592 V) 

1.01.0 pHK
אKאFאHאאאאE

אאא(E2) H+אאasymmetry potentialK
אאאאאK

E2 

E1 

 

א
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אאאאאאאא
אאאK

אאא
אאאאאאK

אאא pH = 7  pH = 9   

pH = 7 pH = 4אאאאא
אK

אאאאאא
אאK

אאW
אאאאא

אאNa+،K+א،FאpHאא
אEאאאKpH9.0

א9.0
אאאKאא

אאאpHאאLi2O
אאNa2OK

אאW
אאאאאאא

אאאאאK
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אאPrecipitate ElectrodesW
אא،אאS2-, Br- , Cl- , I-אא

אK
אאאאאKאא

Ag2SKאאאאאא
אאKאאא

אK
אBr-אAgBrא،אא

אאאא)١٣(




F١٣WEאאK

אא)١٤(א
אLaF3אאKאאאא

אKאאאא(II)K

א 

 KBr אא 


א AgBr א 
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F١٤WEאאK

אOH-אאFe3+F-
א،אאאOH-

אאאאאFEאאF-Kא
אאאאpH = 5K

אאliquid electrodesW 
אאאאאאאF
EFאEאאאאKא

אאאאא(Ca2+, Mg2+)
אאאFF١٥EEW

 אאK 
 אאK 
 אאאK 
אאאא

א[((RO)2POO)2Ca]אא
hydrophobicKאאאאאאאאאאא

אאאK


א

 KFאא 

LaF3 א 
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F١٥WEאאK
אאאאאאאאW

+− +↔ 2
222 Ca    POO2(RO)    CaPOO][(RO) 

אאאאאאKאאא
אאאאאאאK

2

1
21b a

a
 log 

2
0.0592  E - E E ==  

W
EbאK

a2אאאאK
a1אאאK
E2אאאאאאאK
E1אאאאאאK

אאאא(a2)אא،
אאא(a1)אאא

א 




Hא 

(a2)


אא 

(a1) 



א٢٦٤אא
אאאאא

 
 

- ٢٧ - 

אאאאאאא
אאאאאא

אאW

2
P 0.0592 -K   a log 

2
0.0592 K   

Ca

1Cell =+=E  

אאאא
אאNO3

-אK
אאW

אאאאאK
אאאאא

אאKאאאא
אאאLאK

١K אאSaturated Calomel Electrode (SCE)W 
אW

 
Hg2Cl2 )مشبع(  , KCl (хM) 
 

Hg 

W
Hg2Cl2אK

хMאאאK
אאא0.1،1.0אא4.6K

אאאאאא
W

Hg2Cl2 (S) + 2e               2Hg(L) + 2Cl- 
W

2-o ][Cl log 
2

0.0592 - E  E = 

אCl-א
0.242אK
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אאF١٦EW
 אאLא

אא،אKאאא
אאאK 

 אאאאאK 



F١٦WEאאK

 
٢K אLאSilver/Silver Chloride ElectrodeW 

אאא
אאW

Ag   AgCl FE  , KCl () 

אW
AgCl(S) +   e                Ag0 + Cl- 

אא0.199א25oKאF١٧EאאW

א 

אא
א



א 

א
אJא 
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אF١٧WEאאאLאK

אאW
אאאאאאK

J אאpHW
א،אאאאא

אאFHEאאאאK
אאאאאאW

0.0592
0.242 - E       

0.0592
E - E  pH

cell

SCEcell

=

=

 

W
אא0.5؟K

אW
4.4  

0.0592
0.242-0.5  pH ==

 
J אאW

אאאאאFאאאKE

א 

 KCl 

 

KCl 


KCl + 1 AgCl
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١. אאאW 
אאאאאCa2+א

Cl-KאKאא
FאאאEאאאאא

אאion selective meterאא
אW

(1) ............... E  E - E  E jrefindcell +=
W
EcellZאK
EindZאFאאאKE
ErefZאFKE
EjZאאK
(Xn+)א25oאאW

(2) ...............log
n

0.0592L  pX 
n

0.0592-L  indE Xa+==
W
LZאאFKE
pxZאK
axZאאK

א(1)(2)W

 (3) ............... 
0592.0

L)  E  (E - E
 -  a log-  pX refjcell

x

n

++
==

אאאאKW
 (4) ............... 0592.0

 - E -  a log-  pX cell
X

n

K
==

(An-)W

 (5) ............... 0592.0
 - E    A p cell-n

n

K
=
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אאאא(4)(5)
אEcellW

 (6) ............... p 
n

0.0592 -K   (cations)E x
cell =

א(6)אאF١٨WE



K Zא(intercept) 


                                                  א(slope)Zn

0.0592−
א 





pX 
F١٨WEאK 

אEcellW

 (7) ............... p 
n

0.0592 K  )(E A
cell

+
=anions
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א(7)אאF١٩WE


 


א�
 

                       א(slope)Zn
0.0592




KZא(intercept) 


pA 

F١٩WEאK
 

 אאאW 

J אאStandard Calibration MethodW 
אFאאאאEא

אאאאFE
אאK

W
אCl-אאאאאW
Cl-אאmV

10-5 230 
10-4 219.3 
10-3 169.6 
10-2 114.5 
10-155.9 

אFאE 168 

אאF٢٠ECl-p.p.mFאE؟K
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אאאאא
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F٢٠WEאאK

אW
אאZ1.2 x 10-3אאאW

אZאxאאCl-
Z35.5 x (1.2x10-3)
Z0.0426אא(g/L)

אאאFWE
אZ0.0426 x 1000

Z42.6אא(mg/L)
אאp.p.mZאאאmg/L

∴Cl-p.p.mZ42.6אp.p.m



Chloride (mole/L)

m
V

50

70

90

110

130

150

170

190
210
230
250
270
290

0.000010 0.000100 0.001000 0.010000 0.100000
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 אאStandard Addition MethodW
(matrix)אאאאא

אאאאא
אאאאאW

 
sC  uC 100

101 . uC
  E - 10Antilog

+
=∆

α


W

CuZאconcentration of unknown
CsZאconcentration of standard

אאאW
 אאאאK

Cl-אאא10-3
10-2אFאאEאK

א±2 59.1אmVאאא
אאFאאאEא،

אא±2 29א mVK 
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0592.0
SCEE-cellE

  pH =


6.07  
0592.0
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٢. אאאאאאאK 
٣. אאאK 
٤. אאאאK 
٥. אאאאאאK 


Wאאא
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אאW
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אאW
١. K 
٢. אאK 
٣. K 
٤. K 
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אאאאK
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Electrogravimetry
אאאאאא

אאאאא،Kאא
אאאאK

אאאאאאK
אW

،אאאא
א،אא

אאא،אK
אאאאK

אאאאאאאK
אאW

V 0.337  E         Cu          2e  Cu o2 =→++
H+ + e              1/2H2                    Eo = 0.000 V 

אאW
H2O            1/2O2 + 2H+ + 2e      Eo = 1.229 V 

אאא2.10 VאאFאE
אאאאK

2SO4
2-            S2O8

2- + 2e              Eo = 2.10 V 
א،אאאא0.01א،0.05(H+ = 0.1)

25אoא،W
.....(1).......... V 0.278    log  - 0.337 E 2-2 10

1
2

0.0592
Cu ,Cu

+==+

.....(2).................... V 0.059    log  0.0592 - 0.000 E 1-
2 10

1
H ,H −==+

...(3).................... V 1.170    log   - 1.229 E 21-22 )(10
1

2
0.0592

OH ,O +==
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אאא
אאW

Cu+2 + 2e                  Cuo                Eo = 0.337 V ……………(4) 

∴אאW
Cu2+ + H2O               Cu + ½O2 + 2H+ ……………(5) 

אאאאאאאאא
אback emfאאאאאohmic potentialF

אiR dropKE

אאאאאBack e.m.fW
א(5)אאאאא

אK
Cu + 1/2O + 2H+                  Cu2+ + H2O ……………(6) 

אאא
אאאא(6)אא

א(5)Kאאback e.m.fאW
Eback = Ec – Ea = 1.170 – 0.278 = 0.892 V 

אא0.892 VאFE
אאאאK

אovervoltageW
אאאאא

א(Eback = Ec - Ea)Kאאאא
אאאאאאאFEW

E = Eback + E0V 
אF٢٢Eאאאאאאאאא
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אאConcentration Polarization C.PW
אאאאאא

אאאאאKא
אאאאאאאK

אאאא0.01א3 x 1016
אאאאאאאKא
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אאאאא

אאאאאKאא
אאאאKאא

אאאW
Ecell = Eback + E0V + Ecp 

 
 



א٢٦٤אא
אאאאא

 
 

- ٤٨ - 

אאOhmic PotentialFאIR DropWE
אאאKאאFΩE

אא،אאFאEKאאEapp
א(Eapp = Ecell)אא،אא

אאא(- IR)Kא(- IR)
אK

אאאאאאאW
Ecell = Eback + Eov + Ecp + EiR 

אאאאאK
אאאW
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אF٢٣EאאאאK
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J F612KE 
J אK 
J K 

אאאW
אאא

אאאאאאאKאאאא
א0.5א0.85אאאW

Ecell = Ec - Ea – Eov - -IR 
     = 0.31 – 1.23 – 0.85 – 0.5 = -2.3 V 

אא -2.3Vאאאא
אאאא،אאIR

אאאאאא
אא،אאIRאאW

Ecell = Ec – Ea - IR 
אאKא

אFEא،Pb2+א
אאאאאK

א،אאאאאאא
אאFאאאEאאאW

2H+ + NO-
3 + 2e                    H2O + NO-

2 

אאאא
אאאאא

אאאאא
אאFPbO2אEא

אK
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אKE 
٢E אאW

א   א א    אא  א 
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אאאאK

٣E אW
אאאא

אK
٤E אW

אאאא0.1א
L2K

٥E אאW
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אאcomplexesאאאCN-K

٦E אאW
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٣E אPbO2אאאאK 
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אאאאK

١E אאאא
אאK 

٢E אאא
אKאאאאא

אK 
٣E אא
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-0.2 Vא -0.4 V
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Coloumetric Methods 
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אאאאFEאא
אאKאאאאא

אאאאאאא
אKאא

אKאאאאא
אאאautomatedK

אW
אאאFaradayאאאFאא

96485אאאK
אאאאאKא

W
Q = I X t

W
QZאK
IZאK
tZאאK

אאQאW
idtQ t

0∫=
אאW
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אFEאאא

אא
א،אK

אאאאאאאאW

) / () /(96487
)/(.

analytemolemolnemolcoul
molgwtFQW

×
×

=

W
WZאאאK

F. wtZאאK
NZאאאK
QZ(i x t)ZאאK
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W
אא0.9אאאא

Kאאאאאא16
K؟

אW
אW

0.9 A × 16 min × 60 s/min = 864 C 
CuO2אW

)١( Cu
Cu2+ + 2 e               Cu(s) 

 

) / ( 2) /( 96487
/54.63 864  

analytemolemolemolcoul
molgcoulCuofWeight

×
×

=  

 
= 0.28 g. 

)٢( O2
2H2O                  4e + O2(g) + 4H+ 

 

) / (4) /( 96487
/00.32  864   2 analytemolemolemolcoul
molgcoulOofweight

×
×

=  

 
= 0.07 g. 

 
אאאW

אא55אאאאא
אאאאK

אאאFאאאWE
אgenerationאאאא

אאאא
אאאאאא

אאאאאאא
אאאאK
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) / (   ) /( 96487
(g/mol)F.wt   seconds  (coul/sec) amperes 
analytemolemolnemolcoul

titratedweight
×

××
=


אא،אאא

אKאFe2+אא
אאCe3+אאCe4+א
אFe2+

Ce4+ + Fe2+                   Fe3+ + Ce3+ 

אאאאאא
אאאאK

W
אTl+ אאW

(Tl+ + Br2             Tl3+ + 2Br-)
אאא10100אאK

אW
g101.05Tl ofWeight 3

Tl) e/mol 2(mol  e) (coul/mol 96487
(Tl) 204.4g/mol  coul)(A.S 100s 0.01A −

×
×=× ×==


אאFאWE

Wאאאאאא
 אאאאW 

אאאK
2H2O + 2 e                   2OH-  + H2(g) א  

 
OH- + H+                    H2O    א 
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 אאW
אאW

Ag              Ag+ + e 
Ag+אאI-, Br-, Cl-K

 אאFאאWE 
אE.D.T.A(HY-3)אאאW

א
HgNH3Y-2 +NH+

4 + 2e             Hg+ + 2NH3 + HY-3 
אCa+2

HY-3 + Ca+2             CaY-2 + H+
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Voltammetry and Polarography
W

אאאFאEאאא
אmicroelectrodeאאאאא

אאK
אאאאאאאאא

אאאאאא
אאאאאא،K

אאאאאFE
אאK

אW
• אmicro indicator electrodeא

אFאLא
אKE 

• אFHEאא
scanningא،א
אdecomposition potentialאאא

 Kאאאאא
• אאאאFE

אאpolarographyK 
• אאאאאאאאK 
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אאlimiting current 


א 
id = diffusion current

א  




אאFאEE1/2

 
אא

אF٢٥WEאאFאKE 

אW
o אאאאא

M+אאאאW
אאM+ + e                  Mo 

o אאאM+אא
אאא[M+]b[M+]e

    ∴− ++
eb MMd ][][1 α diffusion current        

W
e        ZאelectrodeK
bZאbulkK
o אא[M+]eאא

[M+]eZאאW
bMKid ][ +=

o אאאאאאאK 
o אאאאא

א∴K 
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אF٢٦WEאאאK 

אאSupporting ElectrolyteW
אאאאא

אא،אאא
אאאאW

o אאאאאאאאK 
o אאאאאFאאE

אאאאKאא
אmigrating currentא
אאFאEאא

אKאאאא
Kאאאאאא

אE1/2W
אW

אאאE1/2K
o E1/2אאאK 
o E1/2אא

K∴K 
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אW
אאאאא؟אK

١E אW
 

אאא
2H  2e  H2 →++    

V 0.1-  E =o(+1.0)
(-0.1)                  א

2e  2H  O  OH 22
1

2 ++→ + 
V 1.0  Eo += 

F٢٧WEא 
W

١Jאא+ 1.0א
אאאK

٢Jאא- 0.1א
אאאK

٢E אW


אאא
2H  2e  H2 →++    

V 1.0  -  E =o(+1.0)
(-1.0)                א

2e  2H  O  OH 22
1

2 ++→ + 
V 1.0  Eo += 

F٢٨WEא 
אאאW

(0.1 -)אאא(- 0.1)א
אא،אאאK
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٣E אW
 

אאאא
K(Hg)  e  Hg  K →+++    

(+0.2)
(-1.8)                        

א
e  Hg  Hg 2

1 +→ + 
 

F٢٩WEא 
אK

 א-1.8א
אאאK 

 אאאאא
+ 0.2K

אאW
אאאאworking electrode

אאHanging Mercurry Electrode (H.M.E)
Dropping Mercurry Electrode (D.M.E)Kאא

אאאא
אאאאFאאEאאא

אK
אאאאא(+ 0.2V)אא

אאאאאאK
אF٣٠EאאאאאאאאW
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אF٣٠WEאאאאאK
אאאאאRאאslide wire
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אאאאא10J15
אאאאH2O2-0.1

K
O2 + 2H+ + 2e                H2O2      Eo = - 0.1 V 

 
H2O2 + 2H+ + 2e              2H2O 

אאW
אאאאאF٣٢Eאא

W
١. אאאאאK 
٢. אאאאאK 
٣. אאאאאאא

אאK 
٤. אאאא?אאאK? 

אאאאאאא
אאאא،K
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F٣٢WEאאK 
אאאאD.M.Eא

אF٣٣KE
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F٣٣WEאאאK 


אאאK
אאאאאאאW

אאW
١. אאK 
אאאאאא .٢

אאאאK 
אW
١. אאאאK 
٢. D.M.Eאא+ 0.2 VK 
٣. אאאאאאK

אאאאW
אא1960אאאאאd.cא

אאא،אאאאאאK
אאאאFאאאKE

אאאאא
אאW
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١. אאאPulse PolarographyW
אאאאא

אאאאאא،Kאא
אאא

אF٣٤KE




א 





 

t1אt
F٣٤WEאאא 


אאt1, t2, t3אאאא

אK
٢. אאW 

אאאאאאא
trace analysisKאאF0.1KNO3E

אW
אאW

 אאF-0.1 VEאK 
 אPb2+אאא
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אאאאK 
Pb2+ + 2e                      Pbo 

،אאאאא
K

אאW
 אאK 
 אאאאFאאאE

אא،אFאE
אאאאKאא

FKE
Pb                    Pb2+ + 2e 

אF٣٥EאאW


  

o2 Pb  2e  Pb →++א



2e  Pb  Pb 2o +→ +

 
 

F٣٥WEאאK
 

אאאאW
 אאאאאאאאא

אאKאE1/2אאאK 
אאאW 

١. אאא
אא0.2 V
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אאKKאE1/20.2 Vא
אאאK 

٢. אאאאאא(Na, K, Li, Cs)א
אאKאא

אאאאא
אאK 

٣. אאאאאא
אאאאK 

٤. אאאאאאאK 
٥. אאK 
٦. אאאFe2+Fe3+אK 






o2 Fe  2e  Fe →++


א  

  ++ →+ 23 Fe e Fe  



אא

F٣٦WEאאFe2+Fe3+K






א٢٦٤אא
אאאאא

 
 

- ٦٨ - 

אאא
אאאא

W
א(I)אאא

אא(E)א،א(R)א(ohm)
אW

R
E  I =

א(I/R) (G)ohm-1،
siemens, SK

אW(L)(a)אW

a
L  P  R ×=

Pאאresistivityא
אאPW

L
a  R  P ×=

Pohm cmK
אאאאKW

Ra
L  

P
1 K ==

אKSm-1Scm-1K
אאאאאא

אא700 µ S cm-1،אאא7003000
אא3000אאK

אאW
FiE אאאאT.D.STotal Dissolved SolidsK
FiiE אאK 
FiiiE אאK
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אאאW
אאאאאאאא

אאאאאאא
אאאאFm1v1= m2v2KE

W
NaCl + H2O                                 →                                  HCl + NaOH

Na+ + Cl- + H2O                            →                              H+ +Cl-  + Na+ + OH-

H2O  →   H+   +  OH-

HCl א Cl-،H+אאNaOH
אH+OH-אאNa

Cl- אאאW

 
 
                                      H+                                                       OH- 
 

א          
 
   
Na+                                                                   
 
                                                              C   
                             Cl-                                                 
                                                                                                  
           
                                   0          10            20           30           40            50  

F٣٧WEאאK
אאאCH+אNa+Cl-

אאKאC אאH+א
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H2Oאאא OH-Na+ K
אא

אCKא
אאאאאא

אאKאאאאK

אאאW
אאאKא

אאאאKא
אאא،אא

F٣٨KE


F٣٨WEK

אR1אR2R3אא
אאאאW
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  العينة خلية مقاومة

R
R
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אאאאאאK
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R2 
R3 
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אאאF١E
אאאK

 אאאא؟ .١
 
 אאא؟ .٢

 
 אא؟ .٣

O2H  2Cu  2H 2O2
1 Cu ++→+++ 

 
٤. אEov؟ 

 
 אאאאא؟ .٥

 
 אאאאאאא؟ .٦

 
٧. אאאאא

 א؟
 

٨. ؟אאאא 
 

 אא؟ .٩
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אאאF٢E
אאאK

F√EאאFXEאאW
١K אאאאKEF 
 
٢K אאאאKEF 

 
٣K אאאאאאאא

KEF 
 

٤K אאאKEF 
 

٥K אאאאאא
אאאאKEF 

 
٦K אאאאFEאא

אאKEF 
 

٧K אאאאאאאאKEF 
 

٨K אאאאFEאאאKEF 
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אאאF٣E
אאאK

W
١. ؟אאא 
 
 אאאאאא؟ .٢

 
٣. אאא؟אא 

 
 אאאאאא؟ .٤

 
 אאא؟ .٥

 
 אא؟ .٦



















א٢٦٤אא
אאאאא
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אאאF١E
١. אאאאאאאאK 

 
٢. אאאאאאK 

 
٣. אאאא

אאאאאאאback e.m.fK 
 

٤. אאאאא
א(Eback = Eca – Ea)אאא

אאאאW 
E = Eback + Eov 

 
٥. אW 

Ecell = Eback + Eov + Ecp + EiR 
 

٦. אאW 
 א 
 אא 
 א 
 א 
 אא 
 אא 

 
٧. אאא 

2H2O + 2e            2OH- + H2(g)
אOH- + H+             H2O   

        



א٢٦٤אא
אאאאא

 
 

- ٧٥ - 

٨. אאא
אאאW 

• אFHEאK 
• אK 
• אאאאא

אאאאאK 
 
٩. אאאאאK 
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אאאF٢E
١. אאאאF√KE 
 
٢. אאאאFXKE 

 
٣. אאאאאאאא

FXKE 
 

٤. אאאF√KE 
 

٥. אאאאאא
אאאאF√KE 

 
٦. אאאאFEאא

אאF√KE 
 

٧. אאאאאאאאFXKE 
 

٨. אאאאFEאאאFXKE 













א٢٦٤אא
אאאאא
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אאאF٣E
١. אאאאאא

אאא
אאאK 

 
٢. 0.1 –א Vא– 1.0 V+ 1.0 V

אאאאאאK 
 

٣. אאאאK 
 

٤. אK 
 

٥. אאאאאא
K 

 
٦. א+ 0.2 Vאא

+ 1.0 VK




א٢٦٤אא
אאא

 
 

- ٧٨ - 

אא
 

1)Gary D.Chritian,Analytical Chemistry,fifth edition,john Willy & sons,inc,1986. 
 

2)G.W.Ewing,Instrumental methods of Chemical Analysis,Fourth edition,McGraw-
Hill,New York,1975 

 
3)A.I. Vogel,Textbook of Quantitative Chemical Analysis,fifth edition,  

Longman,London1975 
 

4)J.S. Fritz & G.H. Schenk,Quantitative Chemistry, Fourth edition, Allyn  Bacon, 
Boston1979. 

 
5)D.A. Skoog & D.M. West, principles of Instrumental Methods of Analysis, sixth edition, 

Holf Rinehart & Wiston, New York, 1991. 
 

٦EאKKאאKאאKK
אאKאא،אאאאאא

١٩٦٨


٧EאאאאאJאאאאאאK١٩٩٨K


 



א٢٦٤א
אאא

 
 

 

א
١

٢אאWאא
Jאא٢
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אא٤
אאא٦

אא٧
אא٧

אאא٧
א٩

אאאF١E١٢
אאאF٢E١٣

אאאF١E١٤
אאF٢E١٦

אאWאא١٧
١٧

אא١٩
אא٢٠
אא٢٠
אא٢٤

אא٢٥
אא٢٧

אא٢٩
אאאF١E٣٧
אאאF٢E٣٨

 



א٢٦٤א
אאא

 
 

 

אאאF٣E٣٩
אאאF١E٤٠
אאאF٢E٤٢
אאאF٣E٤٣

אאWאא٤٤
אאWאאא٤٥

א٤٥
אאאאא٤٦

א٤٦
אא٤٧

אא٤٨
אאא٤٨

אאאא٤٨
אאא٤٩

אאאאאאאא٥٠
אאא٥١

אאא٥١
אאWאא٥٢

٥٢
א٥٢

אא٥٣
אאא٥٤

אא٥٤
אא٥٥

אאWאאא٥٧
٥٧
٥٧אא
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א٥٨
אא٥٩

א٥٩
א٦٠

אא٦١
אא٦٣

אאאאאאא٦٤
אאאא٦٤

١Kאאא٦٥
٢Kאא٦٥

אאאא٦٦
אאאWאאאא٦٨

٦٨
אאא٦٩

אאא٧٠
אאאF١E٧١
אאאF٢E٧٢
אאאF٣E٧٣

אאאF١E٧٤
אאאF٢E٧٦
אאאF٣E٧٧

אא٧٨
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