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אאאpHא
[ ]+= H  log-  HP

אאאאאאK
אאאKwW

[ ][ ] -14
  101 ×== −+ OHHKW

א(1)
[ ] [ ] 14-  OHlog  H log K log -

W =+= +
FJE  

14 ) ]-[OH (-log  ) ][H (-log  Kw log =++=−
- log pW

14. OH p  pH  =+=pKw
 

7== pOHpH                      אא 
 


 

pH= 14                                       pH= 7                                  pH= 1        
  

אאאאK
אאאpH = 7.4אאpH א0.1א

אאאאKאאאא
אאKKKKKKKKKKKKKKאK
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אאאאFE
אFEאאאK

א .combined electrode
אאW

אאאאאא
pH = ? FEא
אאאאא(Ecell)א

אאאK
][  log    303.2        +−= H

nF
RTKEcell  

pH
nF
RTKEcell    303.2       +=  

אT,F,R 59.1 mVK
אאאאאאK
אKאFאאאEאאאK

אאאאאא
KKKKKאאאאאאא

FאאKEpH = 4 or 9  and   pH = 7K
W

١J א :Electrode Storage  
• אאאאאאא

אא
3MK

• אא
3Mא12אאK

٢J א Maintenance of Refrence Elelctrode: 
אאא(3M KCl) א 6

K
• אאאK 
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• אאאאאK 
٣J אLife-Time of the pH elelctrode:  

• אאאאא
Kאאא

slope adjustassymא،KClא
אK

• אאאאא
K 

٤J ،אאאאא
אCO2אאאKאאא

אאK
٥J אאאpH = 7

אאאK
،א،אא

pH = 4 or 7K
٦J אאא

אאא
אKאאאאאא
אאK 

٧J אאאאאאאK
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٢
אא

W
א(I)אאא

אא(E)א،א(R)א(ohm)
אW

R
EI =  

א(I/R) (G)ohm-1،
Siemens, SK

אW(L)(a)אW

a
LPR .

=  

Pאאresistivityא
אאPW

L
aRP .

=  

Pohm cmK
אאאאKW

Ra
L

P
K ==

1
אKSm-1Scm-1K

אאאאא
אא700 µ S cm-1אאאK7003000

אא3000אאK
אאW

FiE אאאאT.D.STotal Dissolved SolidsK
FiiE אאK 
FiiiE אאK 
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אW
אאFאאEאא

אא(0.01M)א
אKאאאF١KEאR1

אR2R3אאא
אאאאאW

אR3/R2ZR1LאK
 


F١WEK


R3, R2, R1אאאא
KאאK

אאW
١- אאK
٢- אא

אK
אאW
WאאאאאאאK
WאאK

א

אא 

R1 

R3 R2 
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אאW

١K אאאאאT.D.S.אאאא
אT.D.S.

a. T.D.S. = אx0.6 

٢K אאא. 
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١E ؟אאא
٢E אאאא؟ 
٣E אאא؟אא 
٤E ؟אא 
٥E ؟אא 
٦E ؟אא 
٧E ؟אא 
٨E ؟אא 
٩E אאSµ 200 א؟אאאא 

١٠E ؟א 
١١E ؟אא 
١٢E ؟אאאא 
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E אאאK

E אאK 
٢E אW

E אאאK
E אK 

٣E אאאאא
אאK

٤E אאW 
E K

E K 
٥E אאאK
٦E אאK 
٧E אאאאאא

א3א MK 
٨E K 
٩E אאאאZ0.6 xאK 

0.6   = 120 mg/l200 x 
١٠E אאאא

אאאK
١١E EאאKEאא

אK 
١٢E Eohm-1 אK 
ESm-1 Scm-1אK
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אאאאאאא
אאFאאאE

אאW
١E אאFאE: Indicator Electrodes 

אאאאא
אKאאאאKKKKK 

٢Eאא  : Reference Electrodes
אא،אאאאא

אאאאאK
٢(א(אאאאאW




)٢WEאא


אאW
١. אאאFאאאKE
٢. אאאK

אאאא 

א 

א 

0.1HClא

אא 
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אאא 
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١١٢
אאאאא

אאW
250 25אאא

אא pH meterאK


אאW
١K אאW

F v-Lim. To 55 mlE→אא
F Dos  ↑       to 5 ml/minE→אK
F Dos ↓    to 100 ml/minE→א

٢K אאFEא
250K

٣K אאאcombined electrodeFאHאEא
אאאK

٤K אא?Go?אאpHאK
٥K אpH1.0אאK
٦K אpH،אאא 

0.5mlK
٧K אאאpHאאK

אW
١K אאאאאאאK
٢K אאאאאK
٣K אאNaOH K
٤K אאאLK
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W
25אאF0.07 ME

אHCl20KאK


W



א  




                                               0       10      20      30      40      50 

א
אW

אW
OHNaClHClNaOH 2+→+

א1:1


HCl
NaOH

=
1
1


HCl HCl

NaOH NaOH

M  V
M  V

1
1

×
×

=                                                        


07.0 20

M  25
1
1 NaOH

×
×

=
 

                                         
25

07.0    20 ×
                                                         M  NaOH =           

אZ0.06
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٢١٢
אא

אאF702 S TitrinoE


אאW
١. א0.1 MK
٢. 2.0אFאKE
٣. 50K
٤. אאאcombined pH glass electrodeK


אאW

אאאאאאK


אאW
אאW

١. אאLKאאאאאW
RSI = EPI x COI/COO;g/l

٢. אאLאאK
W

RSI=NH4ClFאEאL
EPI= NaOHאאK
COI= NaOHF0.1E XאאאF53.5E

= COOאאK
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٣١٢
אאאאאאא

(702 Titrino)
אאW
١. (E.D.T.A)א(0.5 M)0.1 M  KOH
٢. 50אK
٣. א

F0.1 M אאTrishydroximethylamino methane  +  2 ME


אW
FiEאאF 0.2 M CaClEK
FiiEאאFEK


אאW

אאאאאאK
 

אאW
אאW
١. אLW

K אZ
K אZ 
K אאZ
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Wאאא
      RSI = EPI*COI* CO2LCOO; 

                    RS2 = (EP2-EP1) * CO1*CO2/COO; 
                                                 RS3=EP2*COl*CO2/COO;   
 
   COO = 50 
   CO1 = 0.05 
   CO2 = 1000 
 

W
RS1 = אL
RS2=אL
RS3=אאL

COO = אK
CO1 = (0.05M)
CO2=א


٢. אאאאא،

אאאFאאKE
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٢١٤
אF Fe+2Eא

אאF702  SM TitrinoE


אאW
    ١(אא .0.02 M

٢E 2.0   Fe2+ H10א0.5 MH 40K

אW
אאאcombined Pt electrode 

אאW
אאאאאאK

אאW
אאW

١E Fe2+ אLאאאאאW
RSI=EPI*COI*CO2/COO;g/1

  COO = 2                                                                                                                
 COI  = 0.13955                                                                                                        

 CO2 = 55.5                                                                                                            
٢( Fe2+ אאאK

אW  
                     5Fe2+ + MnO-

4 + 8 H+  →   5Fe3+ + Mn2+ + 4H2O 
W

RSI=Fe2+אL ( g/l )  
COI=אxא x א=

0.02  x  1.3955  x  5  = 0.13955                            
COO=Fe2+ 
CO2=אא(Fe2+) =55.85
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٢٢אאא 
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אאאאאאאאFNa+

EאFCl-EאK
אאFאאאEאאאא

א،אאion selective meterK
אאאאאW

)1.(.......... E    E    E    E jrefindcell +−=

W
Ecell=K
Eind=אFאאאKE
Eref=אFKE

Ej=  אאK
F Xn+Eא٢٥K

אאW


)2(..........alog
n

0592.0LP
n

0592.0LE x
X

ind +=−=


W
L=אאFKE

 . א =  px 

 ax
=אאK

אF1EF2EאW
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( )
)3........(

n
0.0592

LEE E
 -  a log-  P refj cell

x
X ++−

==


אאאאK

)4(..........
n

0.0592
K E -  a log-  P  cell

x
X −

==


FAn-E

                                                    )5.........(
n

0592.0
KE cell −  =AP 

אאאא(4)(5)א(4)(5)
אcellEK

אcellEW

                                                     )6(..........P
n

0592.0KE X
cell −=

אאF5EW





PX                                                                                                                                      

אcellE  W

)7(..........P
n

0592.0KE A
cell +=

Ecell 

intercept = K 

Slope= -   
ــــــ0.0592

n 
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אאF6EW






PA                                                                                                                           


אאאאאW

FiEאאאאאאא
אאאאאאא

אK
FiiEאאא،א

אאאאאK


CsCu
Cu

+
⋅

100
101  = 

α
E∆

−10logAnti

Gאאאאאא
אאאK
GאאאאאאאFאאאE

אאאאאEjאאK




Ecell 

Slope=   
  0.0592
ــــــ

n 

intercept = K 
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١٢٢
אFCl-Eאאאא

אא
W

אאAgClאK
אאאאKאאא

אFEא
אion selective meterאאאCl-
W

AlogSEE O +=


E  =אאK
Eo=אאFEK
S=אK
A=אאFactive concentrationKE

אאאאאFאאE
אאאאIonic Strength 

Adjustor "ISA"אאאא
אאאאאאK

אאא5MKאא?ISA?א
אאאK

אאW
١K אאאWא3M KCI10 % KNO3 K
٢K אאISA5M  NaNO3Kא42.5 אאא

100אאאK
٣K אא(10-1M) 0.1 M NaCIW
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א5.84אאא،אאא
10-5M, 10-4M, 10-3M, 10-2M,א100K


אאW

Wא?אElectrode SlopeK
١K אFHCl-E 150100אא

2.0ISAאmVK
٢K 1.00.1 M(10-1M)אאא،

אאאK
٣K  100.1 M(10-1M)אאא،

אאאK
٤K אאאKאאmV257 ±א

20 – 25 K
אFאEאאא

K
WאאאW
١K א100אאא10-5M2.0ISA،

،אאאאK
٢K ١אאK

אאW
אאW

Wאאאאאאא
אFאאmV257 ±KE
אW

 (i)אאא
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F
RT303.2slope ideal =

R =א= .8.314JK- mol-1
T=אאא= אא+273K

F=אא=C 96510K 
(ii)אאא=

אא
אא 

W
١K אאאאW
٢K אאאאאאאאK

GW
١K אאK
٢K א.p.p.m
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٢٢٢
אFCl-Eאאאא

אאK
W

אאאאאא
( matrix)אאאK

א
FאEאאאK

אאאW
١K א 0.1 M K
٢K אאISAFאא5.0 M KE
٣K אK

אאW
אWאFαEאא٢}٢}١K

WאאאאאאW
١K 100אא2.0 אאK
٢K אאאאאאK 
٣K 1.0אא1.0MאאאK

אאW
אאW

١K אאאאK
٢K Eאאאא

CsCu
Cu

+
⋅

100
101  = 

α
E∆

−10logAnti
W
E∆ = אאאאK
α=  אFmV257 ±E
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Cu=אK
=  CsאאK

Eאאא  ( p.p.m )K
א٢}٢}١אK
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٣٢٢
אא( NO3

- ) אאאא
W

אאאFאEKאא
אאאאK

אאFאEאKאאא
FEאאאF

KEאאW
( )AlogSEE o −= 


E=אאאK

Eo=אFKE
A=FאאEאאאK
S=אK

אאאאאא
אאK

אאW
١K אאאא3M KCl100

H2.0 ISA אאK
٢K אא ISAFא2.0 MKEא26.4א

א100אאאK
٣K FWEא6.2אא100א

אFא1.0100אאאKE 
אאאK 

٤K אאאW0.1(10-1M)אאאא
אW

10-5M, 10-4M, 10-3M, 10-2M,א100K
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אאW
אא٢}٢}١

אאW
אאW

W
אאאאאאאאK

אW
١. אאK
٢. אאאK

W
١. אאאK 
٢. אאאאאאא

אאK
FאEאאK
FEאp.p.mK 
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٤٢٢
א F- )(אאאא

W
אאאאאאא

אא(II)אא
אאKאאאFאLאE

אW
١E  0.1 MאK
٢E 0.1 MאK

אאאאאאאא
אאאאאא

אאאcomplexing agentsK
אאאאOH-אאFe 3+

אאאאKJOH
Kאאאא. pH= 5

אאאאא
אאאא1.0MNaClCH3COOH 0.25M0.75M

1.0אאאK
NaClCH3COOHאא،א

אאאאאאאאK
אאאאאאW

−−= aFlog
F

RT303.2KE
אאאאא

אK
[ ]−−= F

F
RTKE log303.2
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אאאW
١K 8150K
٢K אאאK
٣K K
٤K א. ion selective meter
٥K 8א 100K 


אאW

١K אK
٢K אאFאאEK

אאW
Wאאאאא٢٢١K
WאאאW

١K א1.0אאF110EK
א.desicator

٢K 8א100،١،٢،٣،٤،٥،١،٢،٣K
٣K א10אאאאK
٤K 0.42אאF١E،١אא

אF10-1MKE
٥K אאא10א١٢א

אאK
٦K אאא٢٣אא٤٥א

אאKאאאW
10-5M, 10-4M, 10-3M, 10-2M                                     

٧K אא١،٢،٣אאK
٨K 8150١٣אאאא

א
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٩K אאאK
١٠K אאK 


אאW

אאW
W

אאאאאאא
אאW

K אאK
K אאאK 


W

K אאאאK
K אאאאאאאא

אJFאF٩٠١٠٠Eא
אאאK
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אאF١E
אאK

١J א؟א 
٢J ؟אאאאאא 
٣J אא؟א 
٤J אאאK؟ 
٥J ؟א 
٦J אא؟א 
٧J אא؟א 
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אאK
W

١E אאאאאאאא
אK

٢E אאאאאאK 
٣E אאאאאאאK
٤E אאאאאאK 
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אאF٣E


אאK


אאW
١E אאאFאאאEאאאW

E
V
pH
∆
∆א   EpH  א 

٢E אאאאאאאW
iiK אKEאאK 

 
٣E אאאאW

EאאאאKEאאK
٤E אאאW

EאEאK
٥E אאK

EאEK
٦E אאאאW
EאאאאK

EאאאK
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אאאF١E


١J אאאAgCl
אK 

٢J אWj ref indcell E E - E   E += 
٣J אW 

X
cell P

n
0592.0KE +=

אW


X

cell P
n

0592.0KE −=
٤J אאאW 

FEאאאאא
אאאאאאאא

אאK
FEאאא،א

אאאאאK

CsCu
Cu

+
⋅

100
101  = 

α
E∆

−10logAnti
٥J אWאאאאאK 
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١J אאאאאאאא
אאאאאאאא

אאאא
אאאא

אK
٢J אאאאאאא

אאאאאאK 
٣J אאאאאאא

אאאאאאאא
אאאאאאא

K 
٤J אאאאא 

אאאK 
٥J אאאאאאאא

אאאאאK
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١K EpHאK
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٤K  EK
٥K EK
٦K EאאאK
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אאאאFm1v1= m2v2E
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          NaCl + H2O                                 →   HCl + NaOH    
         Na+ + Cl- + H2O                            →  H+ +Cl-  + Na+ + OH-

H2O→H+   +  OH-

HCl א Cl-H+אאNaOH
אH+OH-אאNa

Cl- אF٤EאW
                                   H+                                                       OH- 
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                                                          C        
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Electrogravimetry  
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אW

                           Eo = 0.337 V 
                                          CueCu →+ −+ 22

                                                      Eo = 0.000 V 22
1 HeH →+ −+ 

אW
                         Eo = 1.229 V                             

−+ ++→ eHOOH 22
2
1

22    
אאFEoEא

 2  SO4
 2-   S2 O8

2-  + 2e-)          E2.10VאאFאE،
אאאאK

0.1MEא0.05MFא 0.01 Mא:אאאא
א٢٥oאW 

, Cu =   0.337- 0.0592/2  log 1/10-2   = +0.278 V +2 Cu
E 

, H2 = 0.000 – 0.0592 log 1/10-1             =  -0.059 V +H
E

, H2O = 1.229 – 0.0592/2 log 1/(10-1)2  =   1.170V 2OE
אאא

אאW
                          Eo = 0.337 V                    o2 Cu  e2Cu →+ −+               

אאW
++ ++→+ HOCu 2O 

2
1 Cu     H     22

2
אאאאאאא

אאאאK
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1103אKא
אK 

٧E אאאאאFppmEparts per millionK
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١K אFEo = +0.34VEא

אא،אאK 
٢K אאW

OHeNOH 223
NO    22 +→++ −−−+

אNO-
2אא

אW
    CO2 + 2 N2 + 3 H2O    →             2 NO-

2 + 2H+ + (NH2)2CO      
 NO2 

-אK
אאאא

אאFEo = - 0.763KE
W

25אאאאKא
א16.45אאא16.50،אא

אאp.p.m؟



א٢٦٤אא
אאאFEאא

 
 

- ٥٠ -  

אW
אHאא=   16.50

א=16.45
אא=0.05

25א0.05
1000     ؟א

                                               1000 
1000= 0.05 x =2.0אאא

25 
אL=2.0L

p.p.m=       2x1000=2000 p.p.mאא


W
1p.p.m = 1mg / Litre
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micro electrodeאאאKאא
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אworking electrodeauxilary electrode 
reference electrodeK

אאאאאאF٦KE


אאlimiting current


אא 
id = diffusion current
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