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אא،אאא

אKאאאאאאא
אאאאאאK 

א،אאאאא
Wאאא
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אK 
אאאא

אאאאאK
אאאW

١. אאWאאאאK
٢. אאWאאאאאאא

אאFאאאאאאא،א،
אאאKE
٣. אאWאאאאאאK 
אאאאWאאא .٤
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אאW
،אאאא

אאK
 

אאW
אאW

١. אאאK
٢. אאאK 
 

אאW 
٤K
 

אאW
א?אאK?
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K W
אאאF١Eא

،אF٢Eאאאאא
אW،א،אאא،אא،

אאK
K אאאW

אאאאאאK
٢١אאQualitative AnalysisW

אאאQualitative analysisאF،
אEאאKאאאW

 
١. אאאWאא

אF
KEאאאאאאא

אK
٢. אאWאאאאא

،אKKKאKאאאאא
אK 

 
٢٢אאQuantitative AnalysisW

אאQuantitative analysis،אאאא
WאאאQuantitative chemical analysisאא

אQuantitative instrumental analysisK
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אאאאא
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٢٢١אאאQuantitative Chemical Analysis  W
אאאאאאW


yY  +  xX  →   P


YאאאאReagent،Xאא

א،אאPאאK


אXאFאE
אאאאאVolumetric analysisK

אאאאXאאP،
אאGravimetricK


אאאאאאא

אKאאא
אאK


٢٢٢אאאQuantitative Instrumental AnalysisW

אאאאאPhysical PropertiesFא
אEKאWאא

אא. Atomic Absorption Spectrometry
אאאPhysico-chemical Methods،א

אCr3+
אK2CrO4אא

אK
אאאא،אא

אאא،אאאא
Kאאא
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٣אאW
אאאW
١. אK 
٢. אK 
٣. אK 
٤. אאK 
٥. אK 
٦. אאK 


٣١אDefining the problemW

אאאאא
אאאW

١. אאאא،אK 
٢. אאאאW

K אK
K אK
K אK
K אאK 


٣. אא،אאW

K אK
K אאK
K אאאאK
K אאאK
K אאK
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٣٢אSamplingW
אאאאאאאאBulk 

MaterialKאאאאאHomogeneous
אאאאאאאHeterogeneous א

F،KEKKK
אאK


٣٢١אWater samplingW

אאאאאאK
-אאF،א،א،אWEKKKא

אאFאPyrexE450
א24K

JאאWאאPTFE
polytetrafluoroethyleneK

אאאאאאא
אF45KE،אW

אא4אאBiodegradationK
אאK

،אאאא
אא(pH  = 2) אאאK


 ٣٢٢אSoil samplingW

אאאאF30EF10E
אאF12E

אKאא
PolyethyleneאK
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٣٣אSample preparationW
١K אDryingאWeighingWא100110

12אDessicatorKא
אאK


٢K אSample ashingW

אאאFE،א
אאFאEW
אאDry ashingWאאא400700

24K
אאWet ashingWא

אNitric acidא،Sulfuric،א،
אK


٣K אאSample dissolutionW

אאאאWאאא
אאKאא
אאאאKאאא

אאאאא
אאAqua Regia(HCl-HNO3; 1:3)K

אאאאאWא
אאאא،אאא

K



א١٦١אא
אאאאא
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FaE אאאאא


אK2S2O5K

FbE אאאאא
א

Na2CO3K
FcE אאאאא

א
Na2O2K

 
אאאK

٣٤אאEliminating interferencesW
אאאאא
אאאאאאאא

W
 

١. אאאאא
אא.Electrodeposition

٢. אאאChromatographyאאIon Exchange
אExtractionK

٣. אאMaskingK
٣٥אMeasurementsW 

אאאאאא
אאW
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٢. אאאK
٣. אK
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٤. אWאאאאא
Automatic methodsK

٣٦אאCalculations and reporting dataW
אאאאAnalyte،אא

אAbsolute methodRelative methodK
 Parts perאאpercentאאאאאאא

millionK
אאFEReplicate analysesא

אאאStandard deviationאMeanKא
אאKאאא

אRandom errorDeterminate errorK



















א١٦١אא
אאאאא

 
 

- ٩ - 

אא


אאאK
١K אאאאK
٢K אאאאK
٣K אאK
٤K אאאK
٥K אאאאאאK
٦K אאאK
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١K אאאא

אFאאEFאאKE
٢K אאאאאא

אK
٣K אW

JאאF،א،א،אWEKKKא
אאFאPyrexE450

א24K
JאאWאאPTFE

polytetrafluoroethyleneK


אאאאאאאאא

F45KE،אW
4אאFbiodegradationKE

אאK
אאא،א

אא(pH  = 2) אאאK
 

٤K אאאK
٥K אאאאאW،אאא،א

א،אאK
٦K אאאא١W٣

אאK
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אאW
אאאאאאאא

Fאא،אאא،א،אאאא
KE

 
אאW

Wאא
١. אאאאאK 
٢. אאאאאK
٣. אאאאאא

אאK
٤. אאאאאאאאK
٥. אאאאאK 
 

 

אאW
٤K
 

אאW
א?אאK?
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אאW
אא

Volumetric Analysis - An Introduction
K W

אאאאאאאא،
WאאFE

אאאאאF١אEK
אW

 
אאK

אאאאאK 
 



 
 

١אWאא

  :الكاشف

 )معلوم التركيز و الحجم(

  :المادة المراد معايرتها

مجهولة التركيز ومعلومة (

 )الحجم

 السحاحة

الدورق 

 المخروطي
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K אEnd pointאEquivalence pointW
٢١אEnd pointW 

אאאאא
אאאאKW

 
١. אאFאEK

אאאK
אאאאpH-meterK 

٢٢אEquivalence pointW
אאאאאStoichiometric

אאK


١Wאאא
אW

 
HCl + NaOH → NaCl + H2O 

 


،אאאאא
HClאNaOHFא1:1KE


٢Wאאא

אW
 

2NaOH + H2SO4  →  Na2SO4 + 2H2O 


،אאאאא
H2SO4NaOHאאF

2:1אKE
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K אW
١. אאK
٢. אK
٣. אאאאFאEK
٤. K
٥. אאאאW 


 

A + B  → C + D 
K אאStandard solutionsW 

אאאאאאאW
 

١. Primary standardK 
٢. Secondary standardK 

٤١אאאPrimary standardW 
אאאאאK


٤١١אאאאאא

١. אאK
٢. אאK
٣. אאאאK
٤. אאK
٥. אאK
٦. אאאאK

 
٤١٢אאאW

١. אW 
K אSodium carbonate, Na2CO3K 
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אאאאא
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K אאFאאESodium tetraborate, borax, Na2B4O7.10H2OK 
 

אW
K אOxalic acid, H2C2O4K 

K אC6H5COOHK 
K אאKH(C8H4O4) Potassium acid phthalate,K

٤٢אאאSecondary standardW 
א

אאFEאא
אאאStandardizationK

NaOHא
NaOHאאא

אאאאאNaOH
אH2SO4K

K אאאאאW
١. אאאאאW

אאאאאא
אאא،אאK

אאאאאאK 


אאW
 

١. אאאאAcid-base titrationsK 
٢. אאPrecipitation titrations K 
٣. אאאComplexometric titrations K 
 Oxidation–reduction titrationsKאאאא .٤
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K אW
אאאאא،אFאאE

אאFאEאאFEא،
אFEאאאאFאE

אאW  

1 1 2 2M V M V× = × 
 

W

10אNaOHאH2SO4F0.1
Eאאא9W



١K אאאאK
٢K אNaOHK



אW

١K
2NaOH + H2SO4  →  Na2SO4  + 2H2O4 
1 mole  :   2 moles 

 
٢K

2 4

number of  mmoles of NaOH 2 
number of  mmoles of H SO 1

= 

 

2 4 2 4

NaOH NaOH

H SO H SO

NaOH

NaOH

M V 2
M V 1

M 10 2
0.1 9 1

0.1 9 2M 0.18 M
10 1

×
=

×

×
=

×
× ×

= =
×
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٧אאW
٧١אMoleW 

אאאאאאKא
אאF١אWE
١אWאאאאK

٤ .٣. א٥. א٦. אא
١٨ .٧. 

א
٩. NaCl ١٠. 58.49 

٢١٢ .١١. 
א

١٣. KMnO4١٤. 158.04 

٣١٦ .١٥. 
א

١٧. K2CrO4 ١٨. 194.20 

٤٢٠ .١٩. 
א

٢١. NaOH ٢٢. 40.00 

 
٧٢אW

١K אאW
אאא=23אK
אאא=16אK
אא=1אK
אאא=40אK40א

אאאאNaOHK


٢K אאW
2CNa=2C23=46א
1C C=1C12=12א
3CO= 3 C16=48א

אאא=106אK
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אאW
אאאאאא

Acid-Base Titration Neutralization Titrations 
١K W

אאאאאאאאאא
אאH+אOH-אK

 
NaOH + HCl  →  NaCl + H2O 
Na+ +  OH-  +  H+  +  Cl-  →  Na+  Cl-  + H2O 

        
אאאW

OH- + H+  → H2O 
 

אאאאאאW
 

אא،אאpHK 
אאאאאאpH-

meterK
٢K אאאW
٢١Arrhenius definitionW 
אArrheniusאאאאאא

Hydronium ion, H3O+K


HCl + H2O  →  Cl- + H3O+ 
 

אArrheniusאאאאא
אOH-K


NaOH  →  Na+ + OH- 
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אאאאא
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٢٢Brønsted-Lowry definitionW 
Brønsted and Lowryאאא

FEאאK


HA               H+     +           A- 


 
 

B     +      H+               BH+ 


 
 

אאW



 
HA    +      B      BH+     +         A- 





٢٣Lewis definitionW 

אאLewisאW

אאאElectron acceptor،

אאאElectron donorK

 
W

H3N:    +     BF3  →  H3N+ + BF3 
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٣K W
אאאאpH
אאאאאKאא

אאאK
 

W

HCl500.1אאאא
אאKאאאW

0،20،40،48،50،51،55،60،90،100K



אW

NaOH=0K

HCl א=0.1K

1

pH log[H ]
pH log(0.1)
pH log(10 )
pH ( 1) 1

+

−

= −
= −

= −
= − − =

 

 
20NaOHK

אאmillimolesReacted HClW

 
Reacted HCl (millimoles) = 20 0.1 = 2 mmoles×  

 
HClאK

 
no. of HCl mmoles = 0.1 50 = 5 mmoles× 

 



א١٦١אא
אאאאא
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אHClאFאEunreacted HCl mmolesW

 
no. of  unreacted HCl mmoles) = 5-2 = 3 mmoles  

 
HClW

 
no. of mmolesMolar HCl = 

volume(ml)
3Molar HCl = 0.04 M

70
=

 

אpHW

 
pH log(0.043)
pH ( 1.37) 1.37

= −
= − − =

 
 
 

אאאאpH
אאNaOHאאאF١אWE

NaOH + HCl  →  NaCl + H2O 
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١אWHClNaOH



אאאא
אEquivalence pointאאא

אKאאאאא
אאאאא3.310.7Kאא

אאWאPhenolphthaleinאאMethyl OrangeK

אאאאK

٤K W
WאאאF٢אKE

 
CH3COOH  +  NaOH  →  CH3COONa  +  H2O 
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pH
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٢אW
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אאאאא

CH3COONaאאW
 

CH3COONa  +  H2O  CH3COOH  +  Na+  +  OH- 



אאאאא
אאא7.710.7א

אאאאאK

٥K W
WאאאF٣אKE


NH4OH  +  HCl   →  NH4Cl  +  H2O 
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٣אW
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אאאאא
אNH4ClאאאH+

אאW
 

NH4Cl + H2O   NH4OH + H+ + Cl- 
 



אאאאאאאא
אK

٦K W
WאאאF٤אKE

 
CH3COOH  +  NH4OH  →  CH3COONH4  +  H2O 
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٤אW
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אאאאאאא
אאאNeutral blueאMethylene blueK

٧K אאאאW
אאאאאא

אאאK
אאאאאאאK

٧١אאאChemical equilibrium lawW
אאאWאאאF

Eאאאאאא
אאאאאK


אאאW


A  +  B    C  +  D 

 
WABאאאFאECDאאFאאא

אאKE
 

אאאאW
 

v1 = k1 X [A] X [B] 
v2 = k2 X [C] X [D] 

  
k1k2אאאאאאאאאא

אאאאאK



אאאאv1 = v2W
 

k1 X [A] X [B] = k2 X [C] X [D] 
 



א١٦١אא
אאאאא
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[ ][ ]
[ ][ ]
C Dk1

k2 A B
= 

 
k1k2Kאאאא

Chemical equilibrium constantK

אאאאאאW
 

aA  +  bB    cC  +  dD 
 

a،b،cdאאK



אאאאאW
 

[ ] [ ]
[ ] [ ]

c d

a b

C D
K

A B
×

=
×

 

 
Wאאאאאאאאא

אאאאKLe Chatelierאאא
אאאWא،אאאK

٧٢אW

אאא،W
 

HIn         H+        +      In- 
FאEFאE

 
אאW

 
 



א١٦١אא
אאאאא
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In
In

[H ] [In ]K
[H ]

+ −×
= 

 
אאאאH+OH-K 

W

אH+ H+K אאא
ln-אאאאאFKE

 
 

HIn    H+        +     In- 
FEH+אFE

 
OH-H+HInאאא

אאFKE
 

HIn    H+        +     In- 
FEOH-FE



Wאאא
אא،K



אW

אאW


OHIn    OH-        +     In+ 


 



א١٦١אא
אאאאא
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אאWH+OH-אא
אאאOHInא،א In+

אאאK

אאWOH-אIn+
אאאאאOHInא

אK

٧٣אאאאW

א١אאאאK

١אWאאאא

٢٣. א
٢٤. 

א
٢٥. א


٢٦. א


٢٧. אאMethyl 

yellow 
٢٨. 2.9 – 

4.0 ٢٩. ٣٠. 

٣١. אאMethyl 
orange 

٣٢. 3.1 – 
4.4 ٣٣. 

٣٤. 


٣٥. אאPhenol 
red 

٣٦. 6.8 – 
8.4 ٣٧. ٣٨. 

٣٩. א
Phenolphthalein 

٤٠. 8.3 – 
10.0 ٤١. א٤٢. 

٤٣. Cresol 
red 

٤٤. 7.2 – 
8.8 ٤٥. ٤٦. 









א١٦١אא
אאאאא
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אאW
אא

Precipitation Titrations  
١K W

אאאאאאאאא
אאא↓KAאאאא،Bאא

C↓,אאK
 

A  +  B  →  C↓  +  D 
א


אאאSilver nitrate, AgNO3

אאSilver chloride, AgClW
 
 

  AgNO3  +  NaCl  →  AgCl↓  +  NaNO3 


אאאא
אK


٢K אאאאW

אKאWMohr's 

method،Volhard's methodFajan's methodK
٢١Mohr's methodW 

אאCrO4
2-Chromate ion,אא

אאEאאאאK
אאאאאאF١אKE

 



א١٦١אא
אאאאא
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١אWMohr's methodK

 

אאאFאEא
FאEאאאאKא

אאאK 

Ag+ + Cl-  → AgCl↓            (1) 

 

אאאא
אאFאEאFאE

אאKאF1EאאF2E
אK 


 

2Ag+ + CrO4
2-  →  Ag2CrO4↓   (2) 

  

Cr2O4
2- 

Ag+ 

Cl-



א١٦١אא
אאאאא
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W

אpH = 8אW



١. אאאאאא
אא. 

 

CrO4
2- + 2H+  →  Cr2O7

2- + H2O 
 
 

אאאאא
אאאKא

אאK
Ag+ + OH-  →  AgOH 

٢٢Volhard's methodW 
אאאFe3+אא

Thiocyanate ion, SCN-FאאKEאא
אאKאW

٢٢١אאW
אאאאF٢אKE





א١٦١אא
אאאאא
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٢אWאאאאK


١K א،אFאE

אAg+אאK 


SCN- + Ag+  →  AgSCN↓                                   (3) 
א

،אAg+אא
אFe3+FאEאאW

 
 

Fe3+        +   SCN-  →     Fe(SCN)2+↓                    (4) 


אF3EאאF٤EאK

٢٢٢אאW
אאאHalidesאChloride, Cl-א،

Bromide, Br-אThiocyanate, SCN-Kא
אאאאאאFCl-KEאאא

אאאFאKE

Fe3+ 

SCN- 

Ag+



א١٦١אא
אאאאא

 
 

- ٣٥ - 

 
Ag+ FאאאE  + Cl-  →  AgCl (s) + Ag+ FאE  

 

אאK

KאאBack titrationאאאא

 

אאW

 
SCN- + Ag+ FאE   →  AgSCN (s) 

 


אאאא
אFאEאאW



 
Fe3+    +   SCN-  →   Fe(SCN)2+ 



 

 

Wאאאאאאא
אאאאW



١W،א٤٠אאF
אE0.1234אאאאא

אFEאא12.2
Molarityא0.930KאMillimolesאא

אאאא300אK



א١٦١אא
אאאאא

 
 

- ٣٦ - 

אW

אאאאאאאW


     →            aA          +               bB  نواتج A +                 )أ(

FEFאאאEFאאE

 
     →            cC          +               dA  نواتج    ) ب(

FAEFאאאE



אAאאBW

 
( ) ( )Number millimoles A volume A Molar A volume C molar C 

bNumber millimoles B  number millimoles A
a

bNumber millimoles A atomic weight A 100
a%B

Sample weight

= × − ×

= ×

× × ×
=

 

אWAW،אאBW،אCWאK

אאאאW
 

 
( ) ( )3

3

3

Number millimoles AgNO 40 0.1234 12.2 0.093
Number millimoles AgNO 4.94 1.13
Number millimoles AgNO 3.81 millimoles

= × − ×
= −
=

 

 

אW

-

-

1Number millimoles Cl 3.81
1

Number millimoles Cl 3.81 millimoles

= ×

=
 



א١٦١אא
אאאאא

 
 

- ٣٧ - 



אאW

-

-

3.81 35.4 100% Cl
300

% Cl 44.96%

× ×=

=
 

٢٣Fajan's methodW 

אאFאEFluorescein indicatorאא
אאאאא

F٣אKE




٣אWאאאאK

 

אאאאאא
אאIn-K



In- 

Ag+ 

Cl-



א١٦١אא
אאאאא

 
 

- ٣٨ - 

אWאאאCl-אא
אAdsorbedא،אאא

אאאF٤אKE 

 
 

  
 Na+

           
Na+

      
Na+

      
Na+

      
Na+

      
Na+

 Cl- Cl- Cl- Cl- Cl- Cl- Cl- Cl- Cl- Cl- Cl- Cl- Cl-

 Ag+ Cl- Ag+ Cl- Ag+ Cl- Ag+ Cl- Ag+ Cl-Ag+ Cl-
 Cl- Ag+ Cl- Ag+ Cl- Ag+ Cl- Ag+ Cl- Ag+ Cl- Ag+

⎬
⎬

⎬ الراسب

الطبقة الأولية
الطبقة الثانوية

 

٤אWאאK

 
 

אאAgCl
אAg+אאאא

אא،In-אאאF٥אKE 


 

In- In- In- In- In- In- In- In- In- In- In- In- In-

  Ag+
 Ag+

 Ag+ Ag+ Ag+ Ag+ Ag+
 Ag+ Ag+ Ag+

 Ag+ Cl- Ag+ Cl- Ag+ Cl- Ag+ Cl- Ag+ Cl-Ag+ Cl-
   Cl- Ag+ Cl- Ag+ Cl- Ag+ Cl- Ag+ Cl- Ag+ Cl- Ag+

⎬
⎬

⎬ الراسب

الطبقة الأولية
الطبقة الثانوية

 

٥אWאאאאאאK



אאאאאא،
אK



א١٦١אא
אאאאא

 
 

- ٣٩ - 

אאאW
אאאא

Reduction-Oxidation Titrations 
١. W

אאאאאא،
אאאאאאא

אאאאאאאאאK
אאאאאאאאKא

אאאK
אא،،אאFWEאאא

،FE،אאאאFE،אFEאאFE
אאאאאK

אאאFWE،אאאאFEאאא
אאאאK


٢. אאאOxidation and reductionW

٢١אOxidationW
אאאאא،אא

אK
W

Zno → Zn2+ + 2e-  
٢٢אאReductionW

אאאאאא،אא
אK

W
Cu2+ + 2e- →  Cuo 



א١٦١אא
אאאאא

 
 

- ٤٠ - 

٣. אאאאOxidizing and reducing agentsW
٣١אאOxidizing agentW

אאאאאאאא
אאאאאאאאא

אK


Aox + ne- → Ared 
٣٢אאReducing agentW

אאאאאאא
אאאאאאאK


Bred   →  Box  + ne-  

Oxidation numberWא .٤
אאאאאא

אאFe2+S2-אא
אאKאאאאW

אאאאAr, Cl2 ,P4S8K
אא(2-)אאPeroxides)

(1-)K


(2-)WH2O, Fe2O3K
(1-)WH2O2, Na2O2


א(1+)אאא(1-)K 


(1+)WH2S, NH3K
(1-)WBaH2, LiH





א١٦١אא
אאאאא

 
 

- ٤١ - 

אאאאאא
אאאאK


١Wאא Cl ClO4

-K
אW

x=אClK
 

(4*-2) + x = -1 
(-8) + x = -1 
x = +7 




٢Wאא Cr Cr2O7
2-K

אW
x=אCrK

(2x) + (7*-2) = -2 
2x – 14 = -2 
2x = -2 + 14 
2x = +12 
x = +6 

٥. אאHalf-reactionsW
٥١W

Fe3+  → Fe2+ 
Fe3+ + e- →Fe2+ 

Cl2  →  Cl- 
Cl2 →  2Cl- 
Cl2 + 2e- →  2Cl- 

٥٢W
JאPermanganate ion (MnO4

-)W
MnO4

-  → Mn2+ 

MnO4- + 8H+ → Mn+2 + 4H2O  
MnO4- + 8H+ +5e-→ Mn+2 + 4H2O  





א١٦١אא
אאאאא

 
 

- ٤٢ - 

JאDichromate ion (Cr2O7
2-)W 

Cr2O7
2-  → Cr3+ 

Cr2O7
-2 + 14 H++ 6e- → 2Cr3+ + 7H2O  

Cr2O7
-2 +14H++ 6e- →2Cr3+ + 7H2O  

٥٣אאאאW
١WאאאW

l2  →  l- 
S2O3

–2  →  S4O6
2-  

l2 + 2e  →  2l-   (i) 
2S2O3

2-  →  S4O6
-2 +  2e-  (ii) 


(i)(ii)W

l2 + 2S2O3
2-  →  S4O6

-2 +  2I- 


٢WאאאW
MnO4

-  →  Mn2+ 

Fe2+  →  Fe3+ 

אW 
MnO4

-
  + 8H+ + 5e- → Mn2+ + 4H2O  (i) 

Fe2+  →  Fe3+ + e-     (ii) 
 

(ii)٥אW


(iii) 5Fe2+  →  5Fe3+ + 5e- 


(i)(iii)אW


MnO4
- + 5Fe2+ + 8H+  →  Mn2+ +5Fe3+ +4H2O 


٣WאאאW

MnO4
-   →  Mn2+ 

C2O4
2-  →  CO2 



א١٦١אא
אאאאא

 
 

- ٤٣ - 

אW
MnO4

- + 8H+ + 5e-  →  Mn2+ + 4H2O  (i) 
C2O4

2-  →  2CO2 + 2e-    (ii) 


(i)٢(ii)٥אW


2MnO-
4 + 16H+ + 10e-  →  2Mn2+ +8H2O  (iii) 

5C2O4
2-  →  10CO2 + 10e-    (iv) 

 
(iii)(iv)W


2MnO4

- + 5C2O4
2- + 16H+  →  2Mn2+ + 8H2O +10CO2 

 


٤WאאאW
Cr2O7

2-  →  Cr3+ 
Fe2+  →  Fe3+ 

אW
 

Cr2O7
2- + 14H+ + 6e- → 2Cr3+ + 7H2O  (i) 

Fe 2+ → Fe3+ + e-     (ii) 


(ii)٦W


6Fe3+ →  6Fe3+ + 6e-     (iii) 



 (i)(iii)W 


Cr2O7
2- + 6Fe2+ +  →  2Cr3+ 7H2O + 6Fe3+ 



א١٦١אא
אאאאא

 
 

- ٤٤ - 

٦.  אאאאW
100Fe2+100Ce4+Kאאא

אNernst equationK


[ ]
[ ]

[ ]
[ ]b

a
0

b

a
0

dRe
Oxlog

n
0591.0EE

dRe
Oxln

nF
RTEE

+=

+=

 

E=אאאK

E0=אאK

R=א8.314 JK-1mol-1 

[Ox]=אאK

[Red]=אאK

F=אא96485 C (coulombs)K

T=אאאK

ln=אא=log2.303K 

n=אK



א Fe3+Ce4+W


Fe2+  → Fe3+ + e- [E0 = 0.75V] 
Ce4+ + e-  → Ce3+ [E0 = 1.45V] 





א١٦١אא
אאאאא

 
 

- ٤٥ - 

10Ce4+אאFe2+W



V69.0E
90
10log0591.075.0E

=

+=
 

 

אאאא
F١אWE

 

0.5

0.7

0.9

1.1

1.3

1.5

0 20 40 60 80 100 120 140 160 180 200

Cerium (IV), mL

E
, V

ol
t

 

١אWא Ce4+אא

٧. אאאW
٧١אPotassium permanganateW 

אאאאאא
،2א%אא

אKאStandardizationאא
אאFe2+K

אאאאK



א١٦١אא
אאאאא

 
 

- ٤٦ - 


(i)W

MnO4- + 8H+ +5e-→ Mn+2 + 4H2O 
 
 

 (ii) W


MnO4
- + 2H2O + 3e-  →  MnO2 + 4OH- 

(iii)W


MnO4
- + e-  →  MnO4

2- 
אW

 1500Kאא .١
٢. אאאאK 
٣. אאאאF

אאאE 
٤. אאK 
٥. אאאאא

אK 
٦. אאFEא

אאאK 
٧٢אאCerium (IV)W

אאאאאאאW


Ce4+ + e-    Ce3+ 
 

אאא
אאאK



א١٦١אא
אאאאא

 
 

- ٤٧ - 

אא،אאאSn 

, H2O2 , Fe , V , Mo, W , Ti , UאK

٧٣אPotassium dichromateW
אK2Cr2O7א

FאKEאא
אאW


Cr2O7

2- + 14H+ + 6e-  → 2Cr3+ + 7H2O 


אאאK
 ٧٤אPotassium bromateW

אKBrO3אא
אאBr2אאW


BrO3

- + 5Br- + 6H+ → 3Br2 + H2O 


אאאאאאאאBr2،
אאאאא

אאKBrאא،
אאאאאKאאאאא

אאKIאאW


2I- + Br2 →  I2 + 2Br- 
 

אאאאNa2S2O3א
אאאאאאK



א١٦١אא
אאאאא

 
 

- ٤٨ - 

٧٥אIodineW
אאאאא

אPotassium iodide, KIאאI3
-W


I2 + I-  I3

- 


אאאאאWאאאK

אאDirect methodsW
אאAs(III)،
Sb(III)،Sn(II)،H2S،SO3

2-אאאאא
אK


אאIndirect methodsW

אאKIאאא
אאאאאא،W


Aox + I-  → Ared + I2 


AאאאK

Wאאאאא


I2 + 2S2O3
2-  → 2I- + S4O6

2- 
 

אCr2O7
2-،Cl2،Br2،ClO-،Cu2+Cr3+K

 
אאW

0.2אCr3+אCr2O7
2-،

אאKIאא،FאI-אE



א١٦١אא
אאאאא

 
 

- ٤٩ - 

אSCN-א0.1אא
22.15 Kא،אאאאK


אW

אאאאW


Cr2O7
2- + 14H+ + 6e-  → 2Cr3+ + 7H2O   (i) 

2I-  → I2 + 2e-       (ii) 
 

א(ii)C3אאW


Cr2O7
2- + 6I- + 14 H+  →  2Cr3+ + 3I2     (iii) 

 
אFiiiEאאKI-אKאא

אW


2SO3
2-  →   S4O6

2- + 2e-        (iv) 
I2 + 2e-  →  2I-                                  (v) 


FivEFvEW


2S2O3

2- + I2  →  S4O6
2- + 2I-        (vi) 


אאW


2Cr3+ ≡ Cr2O7

2- ≡ 3I2 ≡ 6S2O3
2-  

W
Cr3+  :  S2O3

2- 
2       :     6 
1       :     3 





א١٦١אא
אאאאא

 
 

- ٥٠ - 

אS2O3
2-K


2

2 3

2 3
2 3

22.15number of S O  moles 0.1
1000

number of S O  moles 2.215 10 moles

−

− −

= ×

= ×
 



Cr3+K

3 2-
2 3

3 3

3 4

1number of Cr  moles number of S O  moles 
3
1number of Cr  moles 2.215 10
3

number of Cr  moles 7.38 10 moles

+

+ −

+ −

= ×

= × ×

= ×

 



אאאW


3

4
3

3

number of moles  atomic weight 100Cr  (%)
sample weight (g)

7.38 10 52.0 100Cr  (%)
0.2

Cr  (%) 19.19%

+

−
+

+

× ×
=

× × ×
=

=

 

 

٨. אאאReducing agents and their applicationsW
،אאאאא

Kאאאאאא
אאאW
٨١אאIron (II)W

אאאFe(NH4)2(SO4)2.6H2OFe2+
אאאF0.5

אEאאK



א١٦١אא
אאאאא

 
 

- ٥١ - 

א،א،אאאאא،
א،אאאFe2+אאאא

אאאאK
٨٢אPotassium thiosulfateW

אNa2S2O3אאאאW
١. אK
٢. K 


S4O4

2-אאאW


2S2O3
2- →  S4O6

2- + 2e- 


אאאאאאאאאאK 

٩. אאאאRedox titration indicatorsW
אאאאאאאא

אאאKאאאא
،אאK

٩١אאאSelf indicatorW
אKMnO4אאאאא

אFe2+Mn2+אאאW


MnO4- + 8H+ +5e-→ Mn+2 + 4H2O  


אאאאאאאא
אאאK

אFאEאאFe2+FאE
אאMnO4

-Mn2+א



א١٦١אא
אאאאא

 
 

- ٥٢ - 

אFאFe2+Fe3+אMnO4
-א

MnO4
-אאאK

٩٢אאSpecific indicatorsW
אאאאאאאאK

אאאאFאEאאא
אאK

אאאSCN-KאאFe3+FאE
אTi3+FאEאאאאאא

אFe(SCN)2-אTi3+א
Fe3+אSCN-אאFe3+אאWא

אW


Fe (SCN)2+    →   Fe3+    +  SCN-   
א

אאאאאאFאEא
אאאאאאK

٩٣אאאאTrue oxidation-reduction indicatorsW
א،אאא

אא،אK


Inox  +  ne-  →    Inred  
FEFE 


אאW


[ ]0 red

In
ox

In0.0592E E log
n In

= − 





א١٦١אא
אאאאא

 
 

- ٥٣ - 



،אא10,1א(II)F٢אEאא
א(Phen)3Fe2+K



N

N
Fe2+

3 
 

٢אWא10,1אא(II)

אאאא1.06 V
K


(Phen)3Fe3+ +  e-    (Phen)3Fe2+  (E0 = 1.06 V) 





אאאאאW

אאK

אEK 



אאFe2+אאCe4+אFאE
א1.10 Vאאאאא،

10,1א(II)FKE



א١٦١אא
אאאאא

 
 

- ٥٤ - 



١Wאאאא 

E0ln אא אא אא

+1.1V   ١}١٠אII

+0.85V א   

+0.28V א  אא 











א١٦١אא
אאאאא

 
 

- ٥٥ - 

אאW
אאא

Complexometric Titrations
١. W

אאאאאאComplexing 

agentאא
אאאLigandsFLKE

 
M(H2O)n + L → M(H2O)n-1L + H2O 

 
אL אא
MLnKK

אאאאא
אאאאאאאאא

אאKאאאאאאאאאאא
אאא،אאאאEDTAאאא،

אK
٢. אאאW

אאאאא
אKאאאאLewis acidאא،

אאLewis baseאאLigandsK
٢١אאאUnidentate ligandsW

אאאאא
אא:OH23NH:אאאא

K
 

HN3:  + M  →  H3N: →M 



א١٦١אא
אאאאא

 
 

- ٥٦ - 

٢٢אאאBidentate ligandsW

אאאאאK
EthylenediamineFא١Eאאאא

F٢אKEאChelation
אאאאאאChelating agentsK



 
C

N

H2 C

N

H2

 


١אWאאEthylenediamineK

 
 
 

 
 

C

N

H2C

N

H2

CN

H2

CN

H2

Co

C

N

H2C

N

H2 
٢אWאאאא



א١٦١אא
אאאאא

 
 

- ٥٧ - 

٢٣אאאPolydentate ligandsW

אאאאא
אEthylenediamine tetraacetic acidEDTA

F٣אKE

 

HOOCCH

HOOCCH

2

2

N 2 NCH CH2

CH COOH

CH  COOH2

2

 


٣אWאאא



אCoordination covalent bondsאאא
אCarboxyl group, COOHאK

٣. אאאW 
١. EDTAאאאאאא

אאאאא
אK

٢. EDTAאאאאא١W١K 


 
M2+ + H2Y2-  →    MY2- +  2H+ 

 
 
٣. אאH4YאאאאNa2H2YFא
٤EאאאEDTAאK 



א١٦١אא
אאאאא

 
 

- ٥٨ - 




     

2

2CH  COONa.2H  O

CH COONa

2CHCH N2N

2

2

HOOCCH

HOOCCH
 

2  
 

 

٤אWאאאאNa2H2Y

٤. אאאEDTAW 
אאאאאEDTA

אK
 
 

M2+  +  HY-2  →  MY2- +  2H+ 
M3+ + H2Y2-  → MY- + 2H+ 

אאאאא
אאאאאאאא

W
 

אאK
אאpHK

 
אF١EאKMYאאK



א١٦١אא
אאאאא

 
 

- ٥٩ - 


١אWאEDTAKMYאא

٤٧. 
א٤٨. KMY

٤٩. 
א٥٠. KMY

٥١. 
א٥٢. KMY

٥٣. Bi3+٥٤. 1.0 
x 1023٥٥. Ni2+٥٦. 4.2 

x 1018٥٧. Ca2+٥٨. 5.0 
x 1010

٥٩. Fe3+٦٠. 1.3 
x 1025٦١. Zn2+٦٢. 3.2 

x 1016٦٣. Mg2+٦٤. 4.9 
x 108

 
 

אאאאMY
אא YאאK


M  +  Y       MY 
H+  
HY, H2Y, … 

 
אאא YאאW

 
אאאאאאא،

אאאK 
אאאא

אאאK 
 KאאBi3+،Fe3+אא



אאאאאBuffer solutionsאK



א١٦١אא
אאאאא

 
 

- ٦٠ - 

٥. אאאW
אאאאEDTAא،אא

אאאאK
٥١אאאW

١. אK
٢. אאK 
٣. אאאאאאאK 
٤. KMEDTA>>KIndK 

٥٢אאW
KEriochrome black TW

١. אאאErio-TF٥אKE 
٢. אNaH2DK 
٣. אאאאW 

 
 

 
pH 6.3 pH 11.62 3

2H D HD D= =− − −
 


 
 
 

N N

NaSO3

NO2

OHOH

 
 

٥אWאאEriochrome black T



א١٦١אא
אאאאא

 
 

- ٦١ - 

KErio-TW

Mg2+EDTAאErio-TpH = 10F٦אWE

١. אErio-Tאאאא
אW 


HD2-  +  Mg2+  →  MgD-  



אE.DT.AאאMg2+FאErio-TKE 


Mg2+  +  EDTA    →    Mg-EDTA + 2H+ 


 

אEDTAאאאאMgD-K 


MgD-  +  EDTA  →  Mg-EDTA  +  HD2- 


 
אאאאאFאKE 





א١٦١אא
אאאאא

 
 

- ٦٢ - 


٦אWMg2+EDTAאErio-TpH = 10K

 
 
 
KאMurexide indicatorW 

אאאAmmonium salt of purpuric acid
אאאW


pH 9 pH 12 3

4 3 2H In H In H In= =− − − �


 
 

אאאאאא
אאK

Calmagite،CalcichromeK

pH = 10 

EDTA 
Erio-T 

Mg2+ 



א١٦١אא
אאאאא

 
 

- ٦٣ - 

٦. אאEDTA W 
٦١אאDirect titrationW 

אאאאאא
אאאאא

EDTAאאKאאאאאא
אW

K
 EDTA K

٦٢אאBack titrationW
אאאW

 
١. אאאאאK
٢. אאK
٣. EDTAאאK
٤. K
  
אאאEDTA אא

אאאEDTAאErio-TK


אאW
Zr4+אאאK

W10אF0.0502Eא
Zr4+אאאאאאא

FF0.0540Eאאא2.08א
millimoles،אאK


אW

אאW



א١٦١אא
אאאאא

 
 

- ٦٤ - 


EDTA + Zr (IV) → Zr-EDTA + EDTA FאאE  

Bi3+ + EDTA FאאE  → Bi-EDTA 


א١W١אW

 

( ) ( )
4+ 3+

4+ 3 3+

Number of mmoles of Zr  = number of mmoles of EDTA (before reactions) - number of mmoles of Bi

Number of mmoles of Zr  = vol. of EDTA molarity of EDTA vol.of  Bi molarity of  Bi

Number of mmoles of

+× − ×

( ) ( )4+

4+

4+

 Zr  = 10.00 0.0502 2.08 0.0540

Number of mmoles of Zr  = 0.502-0.112
Number of mmoles of Zr  = 3.9 mmoles

× − ×  

אW
4+

4+

Concentration of Zr (mg) 0.39 91.22
Concentration of Zr (mg) 35.5 mg

= ×

=


٦٣אאMixture titrationW

אאאא
Wאאא



KאאאW

Bi ،Pbאאא
pH = 5אאEאpH =2  Bi Fאא
Pb K

 
KאאאMasking and demasking agentsW 

אאCyanide ion, CN-CN-
Co, Cu, Hg, Zn, Cd, NiFEPb, Mg K



א١٦١אא
אאאאא

 
 

- ٦٥ - 

 
אCo, MgCN-CoF(CoMg

K 
אFormaldehyde, HCHOCoK 

 
 

Co(CN)4
2-  +  4H+  +  4HCHO →  Co2+  +  4HO.CH2C 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



א١٦١אא
אאאאא

 
 

- ٦٦ - 

אאF١E


אאK

Kאא .١

Kאאאאא .٢

٣. אאK

٤. אאאאאאאK

٥. 10אCH3COOHא15
א0.04KאאK





























א١٦١אא
אאאאא
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אאF٢E


אאW

א0.1אpH50א .١
א0.1KNaOHאW0،5،45،50،55K

٢. אאאאאאKא
אאאK

KK

KK

KK



























א١٦١אא
אאאאא
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אאF٣E


אאW

١. אאאW

FKKKKKKKKKKKKKKEKKKKKKKKKKKאFKKKKKKKKKKKKKKKKKE
אאאFKKKKKKKKKKKKKKEא

FKKKKKKKKKKKKKKKKKKKKKEFKKKKKKKKKKKKKKKEאFKKKKKKKKKKKKKKEKKKKK

٢. F،EאK 

٣. אW

Kאאא،אאאK 

KאאK 

KאאK

٤. אאאFאאאא
אKE





















א١٦١אא
אאאאא
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אאF٤E


אאW

١. אאאK

٢. אאאאK

Wאא .٣

FEFeCl3،FEKNO3،FEFe2(SO4)3،FECr2O7
2-،FEH2O2K

٤. אאאאאW

FEMnO2   → MnO4،FESO2  →  SO3،FEOCl-  →  ClO3
-،FEN2O4  →  N2O 

Wאאאאא .٥
Cr2O7

2-  →  Cr3+ 
Fe2+  →  Fe3+ 

٦. W

FEאאאאאאאK

FEאאאאאאK

FEאFEאאאI2אאK

















א١٦١אא
אאאאא
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אאF٥E 
 
 
 

١. אאאW

אאאאFKKKKKKKKKKKKKKKKKEא
אKאFKKKKKKKKKKKKKKKKKKE،FKKKKKKKKKKKKKKKKKKKKKKEא

אא،אאאFKKKKKKKKKKKKKKKKKKKKKKKKKEK
אאאאFKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKE

٢. אאאאאK

٣. אאאאאK

אאאא؟ .٤

٥. אK























א١٦١אא
אאאאא

 
 

- ٧١ - 

אאאF١E 


١. אW

١. אאK
٢. אK
٣. אאאאFאEK
٤. K
٥. אאאאK 


٢. אאאאW

١. אאאאK 
٢. אא K 
٣. אאאK 
 Kאאאא .٤


٣. אאאאאאא

אאStoichiometricאאK 


٤. אאK 


٥. 0.06K

 
 
 
 
 
 
 
 
 



א١٦١אא
אאאאא

 
 

- ٧٢ - 

 

אאאF٢E 
 
 
١K0NaOH،pH = 1.00K

5NaOH،pH = 1.09K

45NaOH،1.09pH =K

50NaOH،pH = 7.00K

55NaOH،pH = 11.68K



٢KKKאא
אNH4ClאאאH+

אאW
NH4Cl + H2O   NH4OH + H+ + Cl-



אאאאK

KKpHאאא
אאאאאאאאאK

Kאאאא
אCH3COONaאאW


CH3COONa  +  H2O  CH3COOH  +  Na+  +  OH- 



אאאאKאא
אK



א١٦١אא
אאאאא

 
 

- ٧٣ - 

אאאF٣E
 
 

 
١FKKE،אFKE،אFKE،אFKE،אFKE،אFKEאאK

٢KאpH = 8אW

Kאאאאאא
אא.

CrO4
2- + 2H+  →  Cr2O7

2- + H2O 
 

KאאאאKא
אאאKא

אאK
Ag+ + OH-  →  AgOH 

 
 

٣K

KאWא،אWאא،אWאK

KSCN- + Ag+  →  AgSCN↓K

KFe3+  +   SCN-  →  Fe(SCN)2+↓K



٤KאאFאEFluorescein indicatorאא
אאאאא

K

אאאאאא
אאIn-K



א١٦١אא
אאאאא

 
 

- ٧٤ - 

אWאאאCl-אא
אAdsorbed،אאאא

אאאK 
 

אאAgCl
אAg+אאאא

אא،In-אאאK 



אאאאאא،
אK


























 



א١٦١אא
אאאאא
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אאאF٤E 
 
 
 

 
١Kאאאאאאא

K

٢KאאאאK

٣FKECl = -1،Fe = +3،FEK = +1،O = -2،N = +5،FEO = -2،Fe = +3،S = +6،
FEO = -2،Cr = +6،FEO = -1،H = +1K

٤FKE،FE،FE،אאFEאאK

٥KCr2O7
2- + 6Fe2+ +  →  2Cr3+ 7H2O + 6Fe3+K

٦FKE،אFE،אFEאאא
אKIאאא،אאא

אK
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



א١٦١אא
אאאאא

 
 

- ٧٦ - 

אאאF٥E 
 
 
 
 
١FKE،FE،FE،FE،FEאאK

٢KCarboxyl group, COOHאK

٣K

٦٥. 
٦٦. 

HOOCCH

HOOCCH

2

2

N 2 NCH CH2

CH COOH

CH  COOH2

2



٦٧. א
٦٨. 

2

2CH  COONa.2H  O

CH COONa

2CHCH N2N

2

2

HOOCCH

HOOCCH
 

2 





٤KאאאאאFE
אאFEאאאאK

 
٥. אאErio-Tאאא

אאW 


HD2-  +  Mg2+  →  MgD-  



אE.DT.AאאMg2+FאErio-TKE 


Mg2+  +  EDTA    →    Mg-EDTA + 2H+ 


 



א١٦١אא
אאאאא

 
 

- ٧٧ - 

אEDTAאאאאMgD-K 


MgD-  +  EDTA  →  Mg-EDTA  +  HD2- 


 
אאאאאFאKE 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



א١٦١אא
אאאאא

 
 

- ٧٨ - 

אאW


אא،אא،אאאאא .١
WאאFאאאאEא،אא،

،א١٤١٩אK
 
2. G.D Christian: Analytical Chemistry, 5th edition, John Wiley &Sons, Inc, International 
edition, 1994. 
 
3. G.H. Jeffrey, J. Bassett, J. Mendham, R.C. Denney: Vogel's Textbook of Quantitative 
Chemical Analysis, 5th edition, Longman Scientific & Technical, 1989. 
 
4. D.A. Skoog, D.M. West and F.J. Holler, Analytical Chemistry – An Introduction, 
Saunders College Publishing 6th edition, International edition, 1994.  �



























א١٦١אא
אאאאא
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אאWאא

אאWאא
١١٤
٢א١٤
٢١א١٥
٢٢א١٥
٣א١٦
٤אא١٦
٤١אאא١٦
٤١١אאאאאא١٦
٤١٢אאא١٦
٤٢אאא١٧
٥אאאאא١٧
٦א١٨
٧אא١٩
٧١א١٩
٧٢א١٩


אאWאאאאאא

١٢٠
٢אאא٢٠
٢١٢٠
٢٢٢١
٢٣٢١
٣٢٢



א١٦١אא
אאאאא

 
 

- ٨٠ - 

٤٢٤
٥٢٥
٦٢٦
٧אאאא٢٧
٧١אאא٢٧
٧٢א٢٨
٧٣אאאא٣٠


אאWאא

١٣١
٢אאאא٣١
٢١٣١

٣٣
٢٢٣٣
٢٢١אא٣٣
٢٢٢אא٣٤
٢٣٣٧


אאאWאאאא

١٣٩
٢אאא٣٩
٢١א٣٩
٢٢אא٣٩
٣אאאא٤٠
٣١אא٤٠
٣٢אא٤٠
٤א٤٠



א١٦١אא
אאאאא

 
 

- ٨١ - 

٥אא٤١
٥١٤١
٥٢٤١
٥٣אאאא٤٢
٦אאאא٤٤
٧אאא٤٥
٧١א٤٥
٧٢אא٤٦
٧٣א٤٧
٧٤א٤٧
٧٥א٤٨

אא٤٨
אא٤٨

٨אאא٥٠
٨١אא٥٠
٨٢א٥١
٩אאאא٥١
٩١אאא٥١
٩٢אא٥٢
٩٣אאאא٥٢


אאWאאא

١٥٥
٢אאא٥٥
٢١אאא٥٥
٢٢אאא٥٦
٢٣אאא٥٧



א١٦١אא
אאאאא

 
 

- ٨٢ - 

 

 

٣אאא٥٧
٤אאא٥٨
٥אאא٦٠
٥١אאא٦٠
٥٢אא٦٠

K٦١
٦אא٦٣
٦١אא٦٣
٦٢אא٦٣
٦٣אא٦٤

אאF١E٦٦
אאF٢E٦٧
אאF٣E٦٨
אאF٤E٦٩
אאF٥E٧٠

אאאF١E٧١
אאאF٢E٧٢
אאאF٣E٧٣
אאאF٤E٧٥
אאאF٥E٧٦

אא٧٨



 

 

אאאא  

 

אאאא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 


א



א



٣



א١٦١אא
אאאאא
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אאW
אאאאאאאא

אאאאאK
 

אאW
אאW

١. אאאK
٢. אאאאאK
٣. אאאאאK
٤. אאK
٥. אאאאאאK


 Wאא
٤K
 

אאW
א?אאK?






א١٦١אא
אאאאא
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אא
Gravimetric Analysis 

١. W
אאאאאאא

אאאאאKאא
אאאאאאK

אאאאאאאא
אאאא،אא

אאאאאאאKא
אאאאאKאא

אאאאאאאאK

٢. אאאW

אאאW
٢١אאSample dissolutionW
١. אאא100120K

٢. אאאאאא
٣. אאאאK 

٢٢אאW
אאאא،W

١K אאK
٢K אK
٣K אאאאאK
٤K אK 

٢٣אPrecipitationW
אאאאאא

אאאK



א١٦١אא
אאאאא

 
 

- ٨٥ - 

٢٤אDryingאIgnitionW
אא100120א

אאאאא
אאK


W

אאאאFe(OH)3
אAl(OH)3אאKאאאא

Precipitated formאאאK
אאאאאFe2O3אAl2O3

W


2Fe(OH)3 → Fe2O3  +  3H2O 
2Al(OH)3 → Al2O3  +  3H2O 


Fאאא

אאאEIgnitionאאא
אאאאאאאWeighed 

formK Fe2O3Al2O3אאאאK

٣. אאאאW

١K אאאFאאKE
٢K אאאא،

אאאFilterK
٣K אאאאK
٤K אאאאאאK 



א١٦١אא
אאאאא
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٤. אאSolubility Product RuleW
אאWאאאא

א،אK
AaBbאאאא

אאאK


AaBb  aAm+ bBn- 


אFאאאEאאאKW





(1)                           
[ ]

a bm nA B
K

AaBb

+ −×⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦= 

 
(2)                [ ]a bm nA B K AaBb+ −× =⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦ 



אAaBbאKk
[AaBb]W

(2)אW



(3)                              
a bm nA B kK+ − =⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦ 



KkKspאאSolubility product 

constantW





א١٦١אא
אאאאא

 
 

- ٨٧ - 

(4)                        
a bm nKsp A B+ −= ×⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦ 



 
WאאאW




Ba(IO3)2  Ba2+  + 2IO3
- 

 


אאKspW


Ksp = [Ba2+] × [IO3

-]2 




١WאאSאAgClאאAgClW
Ksp = 1.02 x 10-10

אWCl- = SAg+ = S

 
sp

sp

2
sp

10 2
sp

10 5

K Ag Cl
K S S
K S
K 1.02 10 S

S 1.02 10 1.01 10 mol / L

+ −

−

− −

⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦= ×

= ×

=

= × =

= × = ×

 

 


٢WאאSO4
2-א(BaSO4)

1.14 X 10-5LKאאאBaSO4K 





א١٦١אא
אאאאא

 
 

- ٨٨ - 

אWאאאאאאW 
 

BaSO4  Ba2+  +  SO4
2- 

 

[ ] [ ]
( ) ( )

10
sp

55
sp

22
sp

103.1K

1014.11014.1K

4SOBaK

−

−−

−+

×=

×××=

×=

 

 
٥. אאאאאאW

٥١אאW
אאאאאאאאאK

٥٢אאW
H2SO4BaSO4K
 

BaSO4   Ba2+  + SO4
2- 

H2SO4  2H+  +  SO4
2- 

 
אאאאאSO4

2-אBa2+
אאאאאאאK

٥٣אW 
אאאK

٥٤אאאאאאW 
אאWאאאאא

אאאK
٦אאW

אאאא
אאאאאGravimetric factorK

٦١אאGravimetric factorW
אאGravimetric factor (GF)W



א١٦١אא
אאאאא

 
 

- ٨٩ - 


MW (or atomic weight) of analyte aGF=

bMW of weighed substance
× 

 
W

MWWאאK

analyteWאאאK

Weighed substanceWאאK

aWאאאK

bWאאK



א١אאאK



 
١Wאא

אאאאאאא

Cl- AgCl 

 

Fe Fe2O3 

 

HgO Hg5(IO6)2 

 
 



א١٦١אא
אאאאא

 
 

- ٩٠ - 

 
٦٢אאאW

אאאW
 

Weight of analyzed substance (g) GF weight of precipitate (g)= × 

٦٣אאאאW

אאאאW


GF weight of precipitate (g)Weight % of analyzed substance 100

weight of sample (g)
×= × 




Wאאאא0.204אאא
(AgCl)אאAgCl143.3אאCl35.5א

0.5אK
 

אW
35.5GF

143.3
GF 0.2478

-Weight of Cl 0.2478 0.204
-Weight of Cl 0.05 g

0.2478 0.204-Cl (%) 100 10.11%
0.5

=

=

= ×

=
×= × =

 

 

 





א١٦١אא
אאאאא

 
 

- ٩١ - 

אא


אאW

Kאאאא .١

Kאאאאא .٢

אאאאAg2CrO4א(S)אא .٣
אאKsp = 1.9 x 10-12K

٤. 0.2010אFeFe2O3
0.1106אKאאאאאאK





























א١٦١אא
אאאאא
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אאא


١K FE،אאFE،אאFE،אFEאאK 

٢K 

١K אאאFאאKE
٢K אאאא،

אאא(Filter)K
٣K אאאאאK
٤K אאאאאא

K 
 

٣K אאאאאאאאא
אאK

٤K S=7.8 X 10-5K

٥K א=0.07735אא،א=38.49K٪





















א١٦١אא
אאאאא

 
 

- ٩٣ - 

Wאא


١Kאא،אא،אאאאW
אאFאאאאE،אאא،אא،

١٤١٩K
 
2. G.D Christian: Analytical Chemistry, 5th edition, John Wiley &Sons, Inc, International 
edition, 1994. 
 
3. G.H. Jeffrey, J. Bassett, J. Mendham, R.C. Denney: Vogel's Textbook of Quantitative 
Chemical Analysis, 5th edition, Longman Scientific & Technical, 1989. 
 
4. D.A. Skoog, D.M. West and F.J. Holler, Analytical Chemistry – An Introduction, 
Saunders College Publishing 6th edition, International edition, 1994.  �
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אאWאא

١٨٤
٢אאא٨٤
٢١אא٨٤
٢٢אא٨٤
٢٣א٨٤
٢٤אא٨٥
٣אאאא٨٥
٤אא٨٦
٥אאאאאא٨٨
٥١אא٨٨
٥٢אא٨٨
٥٣א٨٨
٥٤אאאאאא٨٨
٦אא٨٨
٦١אא٨٨
٦٢אאא٩٠
٦٣אאאא٩٠

אא٩١
אאא٩٢

אא٩٣
 

 



 

 

אאאאאא  

 

אאאא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 



א


א


א






٤



א١٦١אאא
אאאאאא
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אאW
אאאאאK

 
אאW

אאW
אאאאאK

אאאK
 

אאW 
٦K
 

אאW
١K א?אאK?
٢K אאאK
٣K אאאאK

 
 
 
 
 
 
 
 



א١٦١אאא
אאאאאא
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١. W

אאאאאאא
אאKאאאאאאאא

אאאאאאא
K 
אאאאאא

אאאאאא،אא
אאאאאKאאא

א،،אאא
אאאאאאאאK

אאאאK
אאאאאאK


٢. אאSolubility product ruleW

אאאא٨٢FאאKE

٣. אאCommon ion effectW

אAgClאאFWE


AgCl(s)  Ag+ + Cl-   (1) 
 

אאאNaClK


NaCl  → Na+ Cl- 





א١٦١אאא
אאאאאא

 
 

- ٩٧ - 

אאאא(1)אאא
אאKאCl-אאאK



W

Pb(NO3)2אאאPbI2אSאא
0.1KKsp(PbI2) = 1.4 X 10-8K

אW



٤. ٥. אא
א

אאא .٦
א

٧. אאא
א

א
٨. Pb2+٩. 0.1 ١٠. +S ١١. 0.1+S ≈ 0.1*

١٢. I- ١٣. 0.0 ١٤. +2S ١٥. 2S 



*Sא0.1K

אאKsp(PbI2)W
 

Ksp = [Pb2+] X [I-]2 



KspPb2+I-אW


Ksp = (0.1)(2S)2 = 1.4 X 10-8 
4S2 = 1.4 X 10-7 
S2 = 3.5 X 10-8 
S = 1.9 X 10-4 M 



א١٦١אאא
אאאאאא
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٤. אאFormation of precipitatesW
אאא

אאאאאאKspK


a bm nA B Ksp+ −× >⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦ 
 
 
 

WאF25EאAg+Cl-
1X10-4K

אW

אF١EKspAgCl = 1.7X10-10 25K


[Ag+] X [Cl-] = (1 X 10-4) X (1 X 10-4) 
[Ag+] X [Cl-] = 1 X 10-8 

 

[Ag+] X [Cl-]KspAgClא،K

٤١אאPrecipitation of chloridesW
אאאאאאWPb2+, Ag+, Hg2

2+K
Wא

אF١Eאאא1.7X10-10א
[Ag+] X [Cl-]1.7X10-10K

HClא0.1א
Cl-0.01KאאאאאK


K(Ag+, Cl-)W




א١٦١אאא
אאאאאא

 
 

- ٩٩ - 

K(Ag+, Cl-) = [Ag+] X [Cl-] = 0.1 X 0.01 
K(Ag+, Cl-) = 1 X 10-3 
 

K(Ag+, Cl-) > Ksp(AgCl)אK
٤٢אאPrecipitation of sulfidesW

אאאCu2+, Cd2+, As3+, Sb3+, 

Sn4+, Hg2+,Bi3+אאאZn2+, 

Mn2+, Co2+, Ni2+K
אH2SW


H2S  2H+  +  S2-   (1) 



אH2SW
2 2

2

[H ] [S ]K
[H S]

+ −×
=     (2) 

 


K1.1X10-23אאאא
250.1K


2 2

23

2 2 22

[H ] [S ]K 1.1 10
0.1

[H ] [S ] 1.1 10

+ −
−

+ − −

×
= = ×

× = ×




[S2-]W


23

2 1.1 10[S ]
[H ]

−
−

+

×
=     (3) 



א١٦١אאא
אאאאאא
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אאאS2-אH+
אH+K

٤٢١אאW
אאS2-אא

Wאאא


W
Ksp(CdS)    = 1 X 10-28 
Ksp(Bi2S3) = 1 X 10-97 
Ksp(CuS)    = 9 X 10-36 
Ksp(HgS)    = 4 X 10-53 


אHClאK

H2S  2H+  +  S2- 
HCl →  H+  + Cl- 

 

Le Chatelier،HClאאH+
אאאאK

S2-K

א0.3אHClK
S2-א(3)W


23

2

23
2

2

2 26

1.1 10[S ]
[H ]

1.1 10[S ]
0.3

[S ] 1.2 10

−
−

+

−
−

− −

×
=

×
=

= ×
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א،אאאאא
אאא،1.0א X 10K

M2+אאMSאאW
 
 

Ksp(MS) = [M2+] X [S2-] 
Ksp(MS) = (1 X 10-4) X  (1.2 X 10-22) 
Ksp(MS) = 1.2 X 10-26 

 



אאאאא
אאK



Wאאאאאאא
1.2 X 10-26K

٤٢٢אאאW

אאאFאES2-
Wאאאאא

Ksp(ZnS) = 1 X 10 -21 
Ksp(MnS) = 1.4 X 10-15 
Ksp(NiS) = 3.0 X 10-19 
Ksp(CoS) = 5.0 X 10-22 

 

אH+
אאNH4OH + HN4ClW



א١٦١אאא
אאאאאא

 
 

- ١٠٢ - 

NH4OHW
NH4OH   NH4

+  +  OH-    (1) 



H2SW


H2S  2H+  +  S2-    (2) 



NH4OHאH+FH+
OH-Eא(2)אאאא

אS2-אאאאאא
אאאאK


Wאאאאאא

FאאEאאFא
אEאאאK


٤٣אאPrecipitation of hydroxidesW

אאאאא
אWAl3+, Cr3+, Fe3+, Fe2+KNH4OH + NH4Cl

אאK
אאא

אאאאאאאKאא
OH-אאאאאK



א١٦١אאא
אאאאאא

 
 

- ١٠٣ - 

٤٤אPrecipitation of carbonatesW

אAmmonium carbonateאא
(Ca2+, Ba2+, Sr2+)א

אK

אW


(NH4)2CO3   2NH4

+  +  CO3
2-                (1) 

 
אW


NH4Cl  →  NH4

+  +  Cl-      (2) 


א(1)(2)אאNH4
+CO3

2-
אאאאאא

אאא،אאא
אאW


Ca2+ + CO3

2-   CaCO3↓  ([Ca2+] X [CO3
2-] > Ksp(CaCO3)) 

Ba2+ + CO3
2-   BaCO3↓ ([Ba2+] X [CO3

2-] > Ksp(BaCO3))�
Sr2+ + CO3

2-    SrCO3↓ ([Sr2+] X [CO3
2-] > Ksp(SrCO3))�

Mg2+ + CO3
2-   MgCO3  ([Mg2+] X [CO3

2-] < Ksp(MgCO3))�


אא
אאאאא

אאW





א١٦١אאא
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NH4OH   NH4
+  +  OH- 

NH4Cl → NH4
+ + Cl- 

Mg2+ + 2OH- Mg(OH)2 
[Mg2+] X (OH-]2   <  KspMg(OH)2 

٥. אאאW
אאאאא

אאKK
a bm nA B Ksp+ −× <⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦



אאאאאK
אאאאאאאא

אאאK
אאאאאאאW

١K K
٢K אK
٣K K
٤K אK

٥١Formation of a weak electrolyteW
WאאאאK

אAgNO3אAg3PO4W


2Na2HPO4 + 3AgNO3  →  Ag3PO4 + 3NaNO3 + NaH2PO4 


אאAg3PO4אאW


Ag3PO4  3Ag+ + PO4

3- 
 



א١٦١אאא
אאאאאא
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אאAg3PO4אאWאPO4
3-

H+H3PO4אW


PO4

3- + 3H+   H3PO4 



PO4
3-[Ag+]3 X [PO4

3-]אKspא
אאאAg3PO4KאאאאW


Ag3PO4 + 3H+   3Ag+ + H3PO4 

٥٢אFormation of a precipitateW

WאאAg3PO4אKCl0.2K

KClאא،אא
אאW

Ag3PO4  3Ag+ + PO4
3- 

KCl → K+ + Cl- 

Ag+ + Cl-  → AgCl↓ 
 

אאאAgClאNaIאW


AgCl  Ag+ + Cl- 

A+ + I-    AgI↓ 



AgClAgIאWKspא(8.5 X 10-17)Ksp
א(1.7 X 10-10)K



א١٦١אאא
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٥٣Formation of a complex ionW
WאאאאAgClK

אאHClאW


AgNO3  +  HCl  →  AgCl↓ + HNO3 


אאאאאW


AgCl  Ag+ + Cl- 



AgClאאNH4OHאאW


Ag+  +  2NH3  [Ag(NH3)2] 



אאאאW


NH4OH   NH3  + H2O 

 

אAg+אאא
אאKspאW


[Ag+] X [Cl-] < Ksp(AgCl) 



א١٦١אאא
אאאאאא
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٥٤אValence change of an ionW

אאא
אאאאאאאאאFKEא

אאאK



WאאאאאFאאWE

אאאאאS2-
אSאאאאW


CuS   Cu2+  +  S2- 
3S2- + 2NO3

- + 8H+  3S + 2NO + 4H2O 



























א١٦١אאא
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אא


אאW

١K KspאAl(OH)3K

٢K אאאא0.001؟

٣K FEFKE

KאאאK

KאאאK

KאאK

KאאאאKSpאאאK

KאKspאאאאK

٤K ؟אאאא

٥K אאאאK





















א١٦١אאא
אאאאאא
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אאא 


١K Ksp = [Al3+] X [OH-]3
٢K א[Ag+] X [Cl-]KspK

אF١EKspא1.7 X 10-10[Ag+] X [Cl-]Fא
1.0 X 10-6EKspאK

٣K ،،،،K

٤K אאא
אאאאאאאKא

אOH-אאאאאK

٥K F١E،F٢EאF٣EF٤E
אK
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אאW


١K אאא،א،،אא،א
אאאW،אא،אאאא

،،١٩٩٤K
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אאאWאאא

١٩٦

٢אא٩٦

٣אא٩٦

٤אא٩٨

٤١אא٩٨

٤٢אא٩٩

٤٢١אא١٠٠

٤٢٢אאא١٠١

٤٣אא١٠٢

٤٤א١٠٣

٥אאא١٠٤

٥١١٠٤

٥٢א١٠٥

٥٣١٠٦

٥٤א١٠٧

אא١٠٨

אאא١٠٩

אא١١٠


 



א١٦١
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אF١WEאאאKspF25E
 

אאKsp
AgCl1.7X10-10

אאPbCl2 1.6X10-5
Hg2Cl2 2.0X10-18
AuCl2 3.2X10-25

אאAgBr 5.0X10-15
PbBr2 2.1X10-6

אאAgI 8.5X10-17 
PbI2 1.4X10-8 
MgCO3 3.5X10-8 
CaCO3 9.0X10-9 

אSrCO3 9.3X10-10 
BaCO3 8.9X10-9 
PbCO3 7.4X10-14
Bi2S3 1.0X10-97 
CdS 1.0X10-28 
CuS 9.0X10-36 

אאPbS 8.0X10-28 
MnS 

HgS 
Ag2S 
ZnS 

1.410-15 

4.0X10-53 
1.0X10-49 
1.0X10-21 

Mg(OH)2 7.1X10-12 
Ca(OH)2 6.5X10-6
Fe(OH)2 2.0X10-15 
Fe(OH)3 1.1X10-36 

אאAl(OH)3 2.0X10-33 
Sn(OH)2 5.0X10-26 
Mn(OH)2 1.2X10-11 
Ni(OH)2 1.6X10-14 
Cu(OH)2 4.8X10-20
Zn(OH)2 4.5X10-19 
CaSO4 2.0X10-4 
SrSO4 3.2X10-7 

אBaSO4 1.5X10-9 
PbSO4 6.3X10-7 
Ag2SO4 1.5X10-5 
CaCrO4 1.0X10-4

אBaCrO4 2.4X10-10 
Ag2CrO4 1.9X10-12 
PbCrO4 1.8X10-14 
AgC2H3O2 2.3X10-3 
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IA 0
1 2

H He
1.01 IIA IIIA IVA VA VIA VIIA 4.00

3 4 5 6 7 8 9 10

Li Be B C N O F Ne
6.94 9.01 10.81 12.01 14.01 16.00 19.00 20.18
11 12 13 14 15 16 17 18

Na Mg Al Si P S Cl Ar
22.99 24.31 IIIB IVB VB VIB VIIB IB IIB 26.98 28.09 30.97 32.07 35.45 39.95

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39.10 40.08 44.96 47.88 50.94 52.00 54.94 55.85 58.93 58.69 63.55 65.39 69.72 72.61 74.92 78.96 79.90 83.80

37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
85.47 87.62 88.91 91.22 92.91 95.94 98.91 101.07 102.91 106.42 107.87 112.41 114.82 118.71 121.75 127.60 126.90 131.29

55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86

Cs Ba *La Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
132.91 137.33 138.91 178.49 180.95 183.85 186.21 190.20 192.22 195.08 196.97 200.59 204.38 207.20 208.98 208.98 209.99 222.02

87 88 89 104 105 106 107

Fr Ra **Ac Unq Unp Unh Uns
223.02 226.03 227.03 261.11 262.11 162.12 262.12

Atomic weight

العدد الذري
رمز العنصر
الوزن الذري

Chemical symbol

Atomic number 11

Na
22.99

الجــدول الــدوري للــعنــاصر الكيمــيــائــيــة

VIII

Lan than ide
*

 ---------------------------------Transition metals -------------------------------- 

THE MODERN PERIODIC TABLE OF ELEMENTS

Metals Semimetals Non-metals

A
lk

al
in

e 
Ea

rt
h 

M
et
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s

A
lk

al
iin

e 
M

et
al

s 
(E

xc
ep

t H H
al

og
en

s

N
ob

le
 G

as
es

58 59 60 61 62 63 64 65 66 67 68 69 70 71

Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
140.12 140.91 144.24 144.91 150.36 151.97 157.25 158.93 162.5 164.93 167.26 168.93 173.04 174.97 Lan than ide

A c tin ide

*

**

A
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e 
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h 

M
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s

A
lk

al
iin

e 
M

et
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s 
(E
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ep

t H

90 91 92 93 94 95 96 97 98 99 100 101 102 103

Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
232.04 231.04 238.03 237.05 244.06 243.06 247.07 247.07 242.06 252.08 257.10 258.10 259.10 260.11

Non-metals  : الا فلزات  -  Metalloids or semimetals : الشبه الفلزات  -  Metals : الفلزات

Actin ide
**

.Halogens : الهالوجينات  - Noble gases : الغازات االخاملة  - Transition metals : الفلزات الإنتقالية  -  Alkaline earth metals : الفلزات القلوية الأرضية     - Alkaline metals : الفلزات القلوية
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אF٣WEאאא
 
 
 
 
 
 

Cation Name of Cation 
Al3+ 
Ba2+ 
Bi3+ 
Cd2+ 
Ca2+ 
Cu+ 
Cu2+ 
Au3+ 
H+ 
Fe2+ 
Fe3+ 
Pb2+ 
Pb4+ 
Li+ 
Mg2+ 
Hg2

2+ 
Hg2+ 
Ni2+ 
K+ 
Ag+ 
Na+ 
Sr2+ 
Sn2+ 
Sn4+ 
Zn2+ 

Aluminum 
Barium 

Bismuth 
Cadmium 
Calcium 
Copper(I) or cuprous 
Copper(II) or cupric 
Gold(II1) 
Hydrogen 
Iron(II) or ferrous 
Iron (III) or ferric 
Lead(II) or plumbous 
Lead(IV) or plumbic 
Lithium 
Magnesium 
Mercury(I) or mercurous 
Mercury(II) or mercuric 
Nickel(II) 
Potassium 
Silver 
Sodium 
Strontium 
Tin (II) or stannous 
Tin(IV) or stannic 
Zinc 

Anion Name of Anion 
Br-  
Cl- 
F- 
H- 
I- 
N3-  
S2- 
O2

- 
S2

- 

Bromide  
Chloride  
Fluoride  
Hydride  
Iodide 
Nitride 
Sulfide 
Oxide 
Phosphide 

א
א 

א 
א
א 
א

א
א
א 

 

Anion Name of polyatomic anion 

C2H3O2
- 

NH4
+ 

CO3
2- 

ClO3
-
 

ClO2
- 

CrO4
2- 

CN- 
SCN- 
Cr2O7

2- 
HCO3

- 
HSO4

- 

HSO3
- 

OH- 

ClO- 
NO3

- 
NO2

- 
C2O4

2- 
ClO4

- 
MnO4

- 
PO4

3- 
SO4

2- 

SO3
2- 

S2O3
2- 

Acetate 
Ammonium 
Carbonate 
Chlorate 
Chlorite 
Chromate 
Cyanide 
Thiocyanate 
Dichromate 
Hydrogen carbonate or bicarbonate
Hydrogen sulfate or bisulfate 
Hydrogen sulfite or bisulfite 
Hydroxide 
Hypochlorite 
Nitrate 
Nitrite 
Oxalate 
Perchlorate 
Permanganate 
Phosphate 
Sulfate 
Sulfite 
Thiosulfate 

א
א

א
אא

אא
א

א
א
א
א

א
א

א
אא

אא
א

א
אא

א
א

א
א 

א
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אאW


١Kאא،אא،אאאאW
אאFאאאאEאא،،אאא،

١٤١٩K
٢Kא،אא،אאא،א،אא

אאW،אא،אאאא
،،١٩٩٤K

 
3. G.D Christian: Analytical Chemistry, 5th edition, John Wiley &Sons, Inc, 
International edition, 1994. 

 
4. G.H. Jeffrey, J. Bassett, J. Mendham, R.C. Denney: Vogel's Textbook of 
Quantitative Chemical Analysis, 5th edition, Longman Scientific & Technical, 
1989. 

 
5. D.A. Skoog, D.M. West and F.J. Holler, Analytical Chemistry – An 
Introduction, Saunders College Publishing 6th edition, International edition, 
1994.  
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א
אאWאא

١٢
٢אאא٢
٢١אא٢
٢٢אא٢
٢٢١אאא٣
٢٢٢אאא٣
٣אא٤
٣١א٤
٣٢א٥
٣٢١א٥
٣٢٢א٥
٣٣א٦
٣٤אא٧
٣٥א٧
٣٦אא٨

אא٩
אאא١٠

אא١١




א١٦١א
אאאא

 
 

 


אאWאא

אאWאא
١١٤
٢א١٥
٢١א١٥
٢٢א١٥
٣א١٦
٤אא١٦
٤١אאא١٦
٤١١אאאאאא١٦
٤١٢אאא١٦
٤٢אאא١٧
٥אאאאא١٧
٦א١٨
٧אא١٩
٧١א١٩
٧٢א١٩


אאWאאאאאא

١٢٠
٢אאא٢٠
٢١٢٠
٢٢٢١



א١٦١א
אאאא

 
 

 

٢٣٢١
٣٢٢
٤٢٤
٥٢٥
٦٢٦
٧אאאא٢٧
٧١אאא٢٧
٧٢א٢٨
٧٣אאאא٣٠


אאWאא

١٣١
٣١אאאא٢
٢١٣١

٣٣
٢٢٣٣
٢٢١אא٣٣
٢٢٢אא٣٤
٢٣٣٧


אאאWאאאא

١٣٩
٢אאא٣٩
٢١א٣٩



א١٦١א
אאאא

 
 

 

٢٢אא٣٩
٣אאאא٤٠
٣١אא٤٠
٣٢אא٤٠
٤א٤٠
٥אא٤١
٥١٤١
٥٢٤١
٥א٣אאא٤٢
٦אאאא٤٤
٧אאא٤٥
٧١א٤٥
٧٢אא٤٦
٧٣א٤٧
٧٤א٤٧
٧٥א٤٨

אא٤٨
אא٤٨

٨אאא٥٠
٨١אא٥٠
٨٢א٥١
٩אאאא٥١
٩١אאא٥١
٩٢אא٥٢



א١٦١א
אאאא

 
 

 

٩٣אאאא٥٢
אאWאאא

١٥٥
٢אאא٥٥
٢١אאא٥٥
٢٢אאא٥٦
٢٣אאא٥٧
٣אאא٥٧
٤אאא٥٨
٥אאא٦٠
٥١אאא٦٠
٥٢אא٦٠

K٦١
٦אא٦٣
٦١אא٦٣
٦٢אא٦٣
٦٣אא٦٤

אאF١E٦٦
אאF٢E٦٧
אאF٣E٦٨
אאF٤E٦٩
אאF٥E٧٠

אאאF١E٧١
אאאF٢E٧٢



א١٦١א
אאאא

 
 

 

אאWאא
١٨٤
٢אאא٨٤
٢١אא٨٤
٢٢אא٨٤
٢٣א٨٤
٢٤אא٨٥
٣אאאא٨٥
٤אא٨٦
٥אאאאאא٨٨
٥١אא٨٨
٥٢אא٨٨
٥٣א٨٨
٥٤אאאאאא٨٨
٦אא٨٨
٦١אא٨٨
٦٢אאא٩٠
٦٣אאאא٩٠

אא٩١
אאא٩٢

אאאF٣E٧٣
אאאF٤E٧٥
אאאF٥E٧٦

אא٧٨



א١٦١א
אאאא

 
 

 

אא٩٣

אאאWאאא
١٩٦
٢אא٩٦
٣אא٩٦
٤אא٩٨
٤١אא٩٨
٤٢אא٩٩
٤٢١אא١٠٠
٤٢٢אאא١٠١
٤٣אא١٠٢
٤٤א١٠٣
٥אאא١٠٤
٥١١٠٤
٥٢א١٠٥
٥٣١٠٦
٥٤א١٠٧

אא١٠٨
אאא١٠٩
אא١١٠
א١١٠
א١١٢
אא١١٥

א
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