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٢١אאQualitative AnalysisW 
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٢٢אאQuantitative AnalysisW 

 אאQuantitative analysis،אאאא
WאאאQuantitative chemical analysisאאא

Quantitative instrumental analysisK 
 

٢٢١אאאQuantitative Chemical Analysis  W 
אאאאאאW 

 
Y  +  X  →   P 

 
 YאאאאReagent،Xאאא

،אאPאאKאאאW 
 

–אא(Volumetric analysis) 
אאאאYFאEאXFאE

אאאFאאE
אK 

 
–אאFGravimetric analysisE 

אאאאYאXאא
Pאאאאאאאאאא،

אאK 
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Kאאאא
אK 

 



א ١٩٠ אא 
א א אא 

  
  

- ٤ - 

٢٢٢אאאQuantitative Instrumental AnalysisW 
 אאאאאPhysical PropertiesFא
אEKאWאא

אא. Atomic Absorption Spectrometry 
אאאPhysico-chemical Methods،אא

Cr3+
אK2CrO4אאא

CrO4
2-K 

 אאא،אאא
אאא،אאאא

Kאאא 
 

٣KאאW 
אאאW 

٥. אK 
٦. אK 
٧. אK 
٨. אאK 
٩. אK 

١٠KאאK 
 

٣١אDefining the problemW 
 אאאאא

אאאW 
١. אאאא،אK 
٢. אאאאW 

KאK 
KאK 
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٣٢אSamplingW 
 אאאאאאאאBulk 

MaterialKאאאאאHomogeneous
אאאאאאאHeterogeneous א

F،KEKKK 
אאK 

 
٣٢١אWater samplingW 

אאאאאאK 
-אאF،א،א،אWEKKKא

אאFאPyrexE450
א24K 

 JאאאאPTFE

polytetrafluoroethyleneK 
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אF45EאאW 
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 ٣٢٢אSoil samplingW 

 אאאאF30EF10E
אאF12E

אKאא
PolyethyleneאK 

 
٣٣אSample preparationW 
١KאDryingאWeighingWא100110

12אDesiccatorKאא
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٢KאSample ashingW 
 

אאאFEא،
אאFאEW 

אאDry ashingWאאא400700
24K 

אאWet ashingWא
אNitric acidא،Sulfuric،א،
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אאAqua Regia(HCl-HNO3; 3:1)FW٣٠HClא
١٠HNO3אKE 
 JאאאאאWא

אאאא،אאא
Kאאאאאא

K2S2O5Kאאאאא
אNa2CO3Kאאאא
אNa2O2Kאאא
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٣٤אאEliminating interferencesW 
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אאאאאאW 

  

١. אאאאא
אא.Electrodeposition 

٢. אאאChromatographyאאIon Exchange
אExtractionK 

٣. אאMaskingK 
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٣٥אMeasurementsW 
אאאאא

אאW 
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٢. אאאK 
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٤. אWאאאאא

Automatic methodsK 
 

٣٦אאCalculations and reporting dataW 
 אאאאAnalyteא،א

אAbsolute methodRelative methodK
אאאאאאאpercentאאParts per millionK 

 אאFEReplicate analysesא
אאאStandard deviationאMeanKא

אאאאא
אRandom errorDeterminate errorK 
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   :الكاشف

  )معلوم التركيز و الحجم(

   :المادة المراد معايرتها

ة التركيز ومعلومة مجهول(

  )الحجم
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الدورق 

  المخروطي
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٢١אEnd pointW 
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٣KאאאאpH-meterK 
 

٢٢אEquivalence pointW 
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HCl + NaOH → NaCl + H2O 
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2NaOH + H2SO4  →  Na2SO4 + 2H2O 
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A + B  → C + Dc  
 

٤KאאStandard solutionsW 
אאאאאאאאאW 

  
١KPrimary standardK 
٢KSecondary standardK 
 

٤١אאאPrimary standardW 
٤١١אאאאא 

١K אאK 
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٣K אאאאK 
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٦K אאאK 
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٤١٢אאאW 
١KאWאSodium carbonate, Na2CO3

אאFאאESodium tetraborate, borax, Na2B4O7.10H2OK 
٢KאWאOxalic acid, H2C2O4،א

C6H5COOHאאKH(C8H4O4) Potassium acid phthalate,K 



א ١٩٠ אא 
א א אא 

  
  

- ١٣  - 

٤٢אאאSecondary standardW 
 א

אאFEאא
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٥. אאאאAcid-base titrationsK 
٦. אאPrecipitation titrations K 
٧. אאאComplexometric titrations K 
٨. אאאאOxidation–reduction titrationsK 
 

٦KאW 
٦ J١אאW 
KאאMolecular weight 

WאאאNa2CO3KNa = 23, C = 12, O = 16 
 

MW(Na2CO3) = (2 x 23) + 12 + (3 x 16) 
MW(Na2CO3) = 106 g/mol F١٠٦אLE  

 
 
 



א ١٩٠ אא 
א א אא 

  
  

- ١٤  - 

KאNumber of moles 

 
Wאא٢١٢אאאK 
 

אZ٢١٢L١٠٦Z٢ 
 

Kא 

 
 

 
 

W٥٣אא٥Kאאא
אK 

WאאאW 
 

אZ١٠٦L٥٣Z٥}٠ 
 

אW 
אZ٥L٥}٠Z١}٠ 

 
٦ J٢אW 

 אאאאאאFאאE
אאFאEא،אא

אאאאאFאEאאW   

  



א ١٩٠ אא 
א א אא 

  
  

- ١٥  - 

  

1 1 2 2M V M V× = × 
  

W 

10אNaOHאH2SO4F0.1
Eאאא9W 

١K אאאאK 
٢K אNaOHK 

 

אW 

١KאאW 
2NaOH + H2SO4  →  Na2SO4  + 2H2O 

2mole      : 1mole 

٢KאW 

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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 אאאאאאאאאא
אאH+אOH-אK 

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

         
אאאW 

OH- + H+  → H2O 
  

אאאאאאW 
  

KאאF،EאאpHK 
Kאאאאאא

pH-meterK 
 

٢KאאאW 
٢١Arrhenius definitionW 

 JאArrheniusאאאאא
אHydronium ion, H3O+K 

 
HCl + H2O  →  Cl- + H3O+ 

  
אArrheniusאאאאא

אOH-K 
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NaOH  →  Na+ + OH- 
٢٢Brønsted-Lowry definitionW 

Brønsted and Lowryאאאא
W 

• אאH+K 
 

HA               H+     +           A- 
   

 
 Kאאאא •

 
B     +      H+               BH+ 

   

  
  

אאW 

 
HA    +      B      BH+     +         A- 

 

 

٢٣Lewis definitionW 

אאLewisאאאW 

אאאElectron acceptor،
אLewis acidK 
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אאאElectron donor
אLewis baseK 

  
W 

H3N:    +     BF3  →  [H3N→BF3]+ 
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 אאאאpH
אאאKאאא
אאK 

  

W 

HCl500.1אאאא
א١}٠FאKEאא

אW0،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

+

−

= −
= −

= −
= − − =
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20NaOHK 

אאmillimolesReacted HCl
אא١אW١K 

  

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

HClאK 

  

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

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

= −
= − − =

  
  
  

WאאאאWpH = 14 – pOH 
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אEquivalence pointאאאK
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PhenolphthaleinאאMethyl OrangeK 

אאאאK 
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CH3COOH  +  NaOH  →  CH3COONa  +  H2O 
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CH3COONaאאW 

 
CH3COONa  +  H2O  CH3COOH  +  Na+  +  OH- 
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NH4OH  +  HCl   →  NH4Cl  +  H2O 
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אNH4ClאאאH+
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NH4Cl + H2O   NH4OH + H+ + Cl- 
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אאאNeutral blueאMethylene blueK 
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 אאאאאא

אאK 
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٧١אאאChemical equilibrium lawW 
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אאאאאאאאאאא
אK 

 
 

Wאאא 
 

A  +  B    C  +  D 
 

 WABאאאFאECDאאFאאא
אאKE 

  

אאאאW 
  

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

   

W 

- k1k2אאאאאאאאK 

- אאאאאFLEאאK 

- V1V2אאאאאאK 

 

אאאאv1 = v2W 
  

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

[ ][ ]
[ ][ ]
C Dk1

k2 A B
= 
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k1k2Kאאאא
Chemical equilibrium constantK 

אאאאאאW 
  

aA  +  bB    cC  +  dD 
  

a،b،cdאאK 

 

אאאאאאW 
  

[ ] [ ]
[ ] [ ]

c d

a b

C D
K

A B
×

=
×
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אאאאKLe Chatelierאאא
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HIn         H+        +      In- 
FאE FאE 

  
אאW 

  
  

In
In

[H ] [In ]K
[H ]

+ −×
=  

  
אאאאH+OH-K 

W 

אH+ H+K אאא
ln-אאאאאFKE 

HIn    H+        +     In- 
FEH+אFE 

OH-אאH+אאאHIn
אאאאאFKE 

HIn    H+        +     In- 
FEOH-FE 

Wאא
אא،K 

אW 

אאW 
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OHIn    OH-        +     In+ 
  

 

אאWH+OH-אא
אאאOHInא،א In+

אאאK 

אאWOH-אIn+
אאאאאOHInא

אK 
 

٧٣אאאאW 

א١אאאאK 

אF١WEאאאא 

א א 
א

 
א

 
אאMethyl yellow 2.9 – 4.0   

אאMethyl orange 3.1 – 4.4   
אאPhenol red 6.8 – 8.4   

אPhenolphthalein 8.3 – 10.0 א  
Cresol red 7.2 – 8.8   
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 אאאאאאאאא
אאא↓KAאאאא،Bאאא
CאאK 

 
A  +  B  →  C↓  +  D 

א 
 

 אאאSilver nitrate, AgNO3
אאSilver chloride, AgClW 

  
  

  AgNO3  +  NaCl  →  AgCl↓  +  NaNO3 
 

אאאא
אK 

 
٢KאאאאW 

 אKאWMohr's 

method،Volhard's methodFajan's methodK 
 

٢١Mohr's methodW 
 אאCrO4

2-Chromate ion,אא
FאאEאאאאK

١KEאFאאאאאא 
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١אWMohr's methodK 

  

אא،אFאEאF
אEאאאאKא

אאאK 

Ag+ + Cl-  → AgCl↓            (1) 
 
  

אאא،א
אאFאEאFאE

אאאF1EאאF2E
אK  

 
  

2Ag+ + CrO4
2-  →  Ag2CrO4↓   (2) 

    

CrO4
2- 

Ag+ 

Cl-
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W 

אpH = 7-8אW 

 

Kאאאאאא
אא.  

  

2CrO4
2- + 2H+  →  Cr2O7

2- + H2O 
 
 

Kאאאאא
אאאK

אאאK 
 

Ag+ + OH-  →  AgOH 
 
 

٢٢Volhard's methodW 
 אאאFe3+אא

אThiocyanate ion, SCN-FאאEאא
אאKא

אK 
 

٢٢١אאW 
אאאאF٢אKE 
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٢אWאאאא 

 
Kא،אFאEא

Ag+אאK 
 
 

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

 
K،אAg+אא

אFe3+FאEאאW 
 
 

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

 

אF3EאאF٤EאK 

 

Fe3+ 

SCN- 

Ag+
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٢٢٢אאW 
 אאאHalidesאChloride, Cl-א،

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

אאאFאKE 

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

  

אאאאאKK 

אאאאBack titrationאאK 

  

אאW 

  
SCN- + Ag+ FאE   →  AgSCN (s) 

 
 

 אאאאא
FאEאאW 

 
Fe3+    +   SCN-  →   Fe(SCN)2+ 

  

  

Wאאאאאאא 

 

אאאאW 
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١W،א٤٠אאF
אE0.1234אאאאא

אFEאא12.2
Molarity0.0930אKאMillimolesאא

אאאא300אK 

אW 

Wאאאאאאא 

 
      →            aA          +               bB  نواتج dA  +                   )أ(

FE  FאאאE FאE 

  
      →            cC          +               dA  نواتج    ) ب(

FAE FאE 

 

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 
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( ) ( )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

= ×

=
 

 

אאW 

-

-

3.81 35.4 100% Cl
300

% Cl 44.96%

× ×=

=
  

٢٣Fajan's methodW 

 אאFאEFluorescein indicatorאא
אאאאא

F٣אKE 

 

  In- 

Ag+ 

Cl- 
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אאאאאא
אאIn-K 

אWאאאCl-אא
אAdsorbedאא،אא

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

  

٤אWאא 

  
  

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

  

٥אWאאאאאא 

 

אאא،אאא
אK 
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- ٣٦  - 

אאW 
אאאא 

 
١KW 

 אאאאאא
אאאאאאא

אאאאאאאאאK
אאאאאאאאKא

אאאK 
 אא،،אאFWE،אאא

FE،אאאאFE،אFEאאFE
אאאאאKאאאFWE

،אאאאFEאאאאאאאK 
 

٢KאאאOxidation and reductionW 
٢١אOxidationW 

 אאאאא،אא
אK 

W 
Zno → Zn2+ + 2e-  

٢٢אאReductionW 
 אאאאאא،אא

אK 
W 

Cu2+ + 2e- →  Cuo 



א ١٩٠ אא 
א א אא 

  
  

- ٣٧  - 

٣KאאאאOxidizing and reducing agentsW 
٣١אאOxidizing agentW 

 אאאאאאאא
אאאאאאאאא

אK 
 

Aox + ne- → Ared 
 

٣٢אאReducing agentW 
 אאאאאאא

K 
 

Bred   →  Box  + ne- 

  

٤KאOxidation numberW 
 אאאאאא

אאFe2+S2-אא
אאKאאאאW 
 

KאאאאAr, Cl2 ,P4S8K 
Kאא(2-)אא

(Peroxides)(1-)K 
 

(2-)WH2O, Fe2O3 
(1-)WH2O2, Na2O2 

 
Kא(1+)אאא(1-)K 

(1+)WH2S, NH3 



א ١٩٠ אא 
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- ٣٨  - 

(1-)WBaH2, LiH 
Kאאאאאא

אאאאK 
 

١Wאא Cl אאPerchlorateClO4
-K 

אW 
x=אClK 

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

 
 

٢Wאא Cr אDichromateCr2O7
2-K 

אW 
x=אCrK 

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

٥KאאHalf-equationsW 
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  



א ١٩٠ אא 
א א אא 

  
  

- ٣٩  - 

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

 JאDichromate ion (Cr2O7
2-)W 

Cr2O7
2-  →  Cr3+ 

Cr2O7
-2  +  14H+  →  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 
 

5Fe2+  →  5Fe3+ + 5e-      (iii) 
 

(i)(iii)אW 
 

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

 
٣WאאאW 

MnO4
-   →  Mn2+ 

C2O4
2-  →  CO2

 



א ١٩٠ אא 
א א אא 

  
  

- ٤٠  - 

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+ + 10CO2 + 8H2O 

 
 

٤WאאאW 
 

Cr2O7
2-  →  Cr3+ 

Fe2+  →  Fe3+ 

אW 
 

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

Fe 2+ → Fe3+ + e-     (ii) 
 

(ii)٦W 
 

6Fe2+ →  6Fe3+ + 6e-     (iii) 
 
 

 (i)(iii)W  
 

Cr2O7
2- + 6Fe2+ + 14H+ →  2Cr3+ + 6Fe3+ + 7H2O 
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٥KאאElectrochemical CellsW 
אאא
half cellelectrodeKאא

Cu2+אאאא،Cu0א
אCu2+F٦KE 

 
F٦WEא 

 
אאאFאEא

anodeKאאאAgAg+
אAgoF٧KE 
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- ٤٢  - 

F٧WEא 
 אאאאאFאEא

cathodeKאFאEאאאא
F٨KE 

 
 

F٨WEאאאאא 
٥K١אאאW 

 ١KאאGalvanic cellW 
אאאאאא

אאKאאאאא
אאאF٨Eאאאאא

אאאK 
 
 

 ٢KאאElectrolytic cellW 
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אאאאK
אאאאF٨Eא

אFEאאאאK
אF٩Eאאאא
KאFאאEאFKE 

 

 
F٩WE 
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- ٤٤  - 

אאW 
אאאא

א(KCl)א
אאא(Ej) Liquid Junction PotentialK 

 
אאW 

אאא
אאF١٠E

אFEאH+Cl-K 
 

 
F١٠WEאאא 

 
אאאK

אא
K 
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- ٤٥  - 

٥K٢אאאW 
 אאאאF١١WE 

١KאאאאאFאEאK 
٢KאאאאאאFאאCu2+،Ag+א

אאאSO4
2-،HSO4

-،NO3
-אאEK 

٣Kאאאcoupledאאאאא
אאאK 

אאאCl-אK+
אK 
 

 
 

F١١WEאאאK 
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- ٤٦  - 

٥K٣אW 
 אW 
 אK 
 אאאNernst EquationW 
 אאאאW 

 
obCu2e2aCu ⇒++ 

a[OX]

b[Red]ln  nF
RT - oE  E = 

W 
EoZא،אאFאאKE 
EZאאאFאאאאKE 
RZא8.314 jk-1mol-1 
TZאא298א kא25 CoK 
FZאא96485 CK 

InZאאZ2.303 log10 
nZאאאK 

[Red]ZאאאK 
[OX]ZאאאK 

 אאאאאא
W 

 
W 

 ،אאאאאאא 
[      ] = 1 
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- ٤٧  - 

W 
١KאאאFאE،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 
٢KאאFאEאאW 

 
-

2 2Cl  2e  Cl →+ 

W 
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) 
V E = + 1.48  

אאאK 
 

W 
אאאא?? 

 

∴                Zn = - 0.763          anode 
 

אאאאא??        
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- ٤٨  - 

 

Cu = + 0.34 ∴cathode 
 

אWאאאאFא٢KE 
 

Wא 
 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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٦KאאאאW 
 100Fe2+١}٠Ce4+١}٠K

אאW١٠،٥٠،٩٠،٩٩،٩٩}٩٩،١}١٠٠،١٠١،١١٠،١٩٠FKEא
אאאNernst equationK 

 
[ ]
[ ]

[ ]
[ ]b

a
0

b

a
0

dRe
Oxlog

n
0591.0EE

dRe
Oxln

nF
RTEE

+=

+=

  

  

E=،אאאE0=،אאR=א8.314 JK-1mol-1،[Ox]=
،אא[Red]=،אאF=אא96485 C (coulombs)،T=

אא(298)א،ln=אא=log2.303،n=אK 

 

אאW 

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

 

אאW 

١Kא[Fe3+]/[Fe2+] 
 

⎥⎦
⎤

⎢⎣
⎡ +

⎥⎦
⎤

⎢⎣
⎡ +

+=
2Fe

3Fe
log

1
0.05910

1E1E  
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٧K א[Ce4+]/[Ce3+] 

⎥⎦
⎤

⎢⎣
⎡ +

⎥⎦
⎤

⎢⎣
⎡ +

+=
3Ce

4Ce
log

1
0.05910

2E1E 

 

E1 אאFE 

[Fe3+]/[Fe2+]= 10/90, E1 = 0.69 10 
[Fe3+]/[Fe2+]= 50/50, E1 = 0.75 50
[Fe3+]/[Fe2+]= 90/10, E1 = 0.81 90
[Fe3+]/[Fe2+]= 99/1, E1 = 0.87 99
[Fe3+]/[Fe2+]= 99.99/0.1, E1 = 0.93 99.99

אW 

[Fe3+] = [Ce3+]  [Ce4+] = [Fe2+] 

V 1.10
2

1.450.75
2

EE 0
2

0
1 =

+
=

+
 

 JCe4+אא[Ce4+]/[Ce3+]K 

 

אE2 אאFE 
[Ce4+]/[Ce3+] = 0.1/100, E2 = 1.27 100.1
[Ce4+]/[Ce3+] = 1/100, E2 = 1.33 101
[Ce4+]/[Ce3+] = 10/100, E2 = 1.39 110
[Ce4+]/[Ce3+] = 90/100, E2 = 1.45 190

 

אאאאאF١אWE 
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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 

٧KאאאW 
٧١אPotassium permanganateW 

 אאאאא
،אא2א%

אאאKאStandardization
אאאאFe2+Kאאא

אK 
 

KW 
MnO4

- + 8H+ + 5e-→ Mn+2 + 4H2O 
 
 

KW 
 

MnO4
- + 2H2O + 3e-  →  MnO2 + 4OH- 

KW 
 

MnO4
- + e-  →  MnO4

2- 
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אW 
١. אא1500K 
٢. אאאאK 
٣. אאאאF

אאאKE 
٤. אאK 
٥. אאאאא

אK 
٦. אאFEא

אאאK 
 

٧٢אאCerium (IV)W 
אאאאאאאW 

Ce4+ + e-    Ce3+ 
 
אאא

אאאKאאא
،אאSn , H2O2 , Fe , V , Mo, W , Ti , U

אK 

 

٧٣אPotassium dichromateW 
 אK2Cr2O7א

FאKEאא
אאW 

 
Cr2O7

2- + 14H+ + 6e-  → 2Cr3+ + 7H2O 
 

אאאK 
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 ٧٤אPotassium bromateW 
 אKBrO3אא

אאBr2אאW 
 

BrO3
- + 5Br- + 6H+ → 3Br2 + H2O 

 
 אאאאאאאאBr2،

אאאאא
אאKBrאא،

אאאאאKאאאאא
אאKIאאW 

 
2I- + Br2 →  I2 + 2Br- 

 

 אאאאNa2S2O3א
אאאאאאK 

 
٧٥אIodineW 

 אאאאאא
אPotassium iodide, KIאא

I3
-אאאאאWאאאK 

 

I2 + I-  I3
- 

 

אאDirect methods (Iodimetric methods)W 
 אאAs(III)،
Sb(III)،Sn(II)،H2S،SO3

2- אאאאא
אK 
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אאIndirect methods (Iodometric methods)W 
 אאKIאאא

אאאאא،אW 
 

Aox + I-  → Ared + I2 
 

AאאאK 
אאאאאW 

 
I2 + 2S2O3

2-  → 2I- + S4O6
2- 

 

אCr2O7
2-،Cl2،Br2،ClO-،Cu2+Cr3+K 

  
אאW 

0.2אCr3+אCr2O7
2-،

אאKIאא،FאI-אE
אS2O3

2-0.1אאא
22.15 אאאאא،K 

 
אW 

אאאאW 
 

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

2I-  → I2 + 2e-       (ii) 
 

א(ii)C3אאW 
 

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

  

אFiiiEאאKIאKאא
אW 
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- ٥٥  - 

 
2S2O3

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 

 
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

+

+ −

+ −

= ×

= × ×

= ×
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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%

+

−
+

+

× ×
=

× × ×
=

=  
  
  

٨KאאאReducing agents and their applicationsW 
 אאאא،א

Kאאאאאא
אאאW 

 
٨١אאIron (II)W 

 אאאFe(NH4)2(SO4)2.6H2OFe2+
אאאF0.5
אEאאK 

אאאאא،،א،א
א،אאאFe2+אאא

אאאאK 
 

٨٢אPotassium thiosulfateW 
אK2S2O3אאאאF١EאF٢E

KS4O6
2-אאאW 

 
2S2O3

2- →  S4O6
2- + 2e- 
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אאאאאאאאאאK 
 
٩KאאאאRedox titration indicatorsW 

 אאאאאאאא
אאאKאאאא

،אאWאא،אאאאאאאK 
 

٩١אאאSelf indicatorW 
 אKMnO4אאאאאא

Fe2+Mn2+אאאW 
 

MnO4
- + 8H+ + 5e-→ Mn+2 + 4H2O  

Mn7+   + 5e- →   Mn2+ 
  

אאאאאאאא
אאאK 

אFאEאאFe2+FאE
אאMn7+MnO4

-Mn2+א
אFאFe2+Fe3+EאMnO4

-א
MnO4

-אאאK 
 

٩٢אאSpecific indicatorsW 
 אאאאאאאא
אKאאאאאאאא

אK 
אאאSCN-KאאFe3+FאE

אTi3+FאEאאאאאאא
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Fe(SCN)2-אאTi3+א
Fe3+אSCN-אאFe3+אאW 
 

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

אאאאאאFאEא
אאאאאאK 

 
٩٣אאאאTrue oxidation-reduction indicatorsW 

 אא،אא
אא،אK 

 
Inox  +  ne-  →    Inred  

FEFE 
 

،אא10,1א(II)אא
א(Phen)3Fe2+K 

 

 אאאא1.06 V
K 

 
(Phen)3Fe3+ +  e-    (Phen)3Fe2+  (E0 = 1.06 V) 
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אאאאאF١E
אאF٢EאEKאאFe2+א

אCe4+אFאEא1.10 Vא،F٣E
אאא10,1א(II)FKE 
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אF٣WEאאאא 
E0In  אא אא אא 

+1.1V   ١}١٠אII
+0.85V א   
+0.28V א  אא 
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אאW 
אא 

 
١KW 

 אאאאאאא
אאאאאKאא

אאאאאאK 
 אאאאאאאא

אאא،אאא
אאאאאאאKא

אאאאאKאא
אאאאאאאאK 

 
٢KאאאW 

אאאW 
٢١אאSample dissolutionW 

 Jאאא100120K 
 JאאאאאאK 
 JאאאאK 

 

٢٢אאW 
אאאא،W 

١K אאK 
٢K אK 
٣K אאאאאK 
٤K אK 
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٢٣אPrecipitationW 
 אאאאאא

אK 
 

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 

 

٣KאאאאW 
١K אאאFאאKE 
٢K אאאא،

אאאK 
٣K אאאK 
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٤K אאאאאאK 

٤KאאSolubility 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 

 

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

Ba(IO3)2  Ba2+  + 2IO3
- 

 
אאKspW 

 
Ksp = [Ba2+] × [IO3

-]2 
 

W 
 = AgClWKspאאAgClאSאא

1.02 x 10-10 

אWאCl- = 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

+ −

−

− −

⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦= ×

= ×

=

= × =

= × = ×

 

  
٥KאאאאאאW 
٥١אאW 

אאאאאאאאאK 
٥٢אאW 
H2SO4BaSO4אK 
  

BaSO4   Ba2+  + SO4
2- 

H2SO4  2H+  +  SO4
2- 



א ١٩٠ אא 
א א אא 

  
  

- ٦٥  - 

 אאאאאSO4
2-אBa2+

אאאאאאאFאEK 

 

٥٣אW 
אאאK 

 
٥٤אאאאאאW 
 אאWאאאאא

אאאK 
 

٦אאW 
 אאאא

אאאאאGravimetric factorK 
 

٦١אאGravimetric factorW 
 

Gravimetric factor (GF)Wאא 
 

MW (or atomic weight) of analyte aGF=
bMW of weighed substance

×  

 
W 

MWWאאK 
analyteWאאאK 

Weighed substanceWאאK 
aWאאאK 



א ١٩٠ אא 
א א אא 

  
  

- ٦٦  - 

bWאאK 
אF٤EאאאK 

  
אF٤WEאא 

אאאאאאא 
Cl-  AgCl  

الوزن الذري لـ
الوزن الجزيئي لـ

Cl-

AgCl  
Fe3+  Fe2O3  

الوزن الذري لـ
Fe2O3الوزن الجزيئي لـ

2     Fe×

  
HgO  Hg5(IO6)2  

الوزن الذري لـ
الوزن الجزيئي لـ

×
 Hg5(IO6)2

HgO5

  
  

 
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)
×= ×  

 



א ١٩٠ אא 
א א אא 

  
  

- ٦٧  - 

W 
אא0.204אאא(AgCl)אא

AgCl143.3אאCl35.5א0.5אא
אאK 

  
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

=

=

= ×

=
×

= × =

  

  

  

 

 

 

 

 

 

 



א ١٩٠ אא 
א א אא 

  
  

- ٦٨  - 

א١אFאאE 
אאאK 

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

  

א٢אFאאE 
אאK 

١. אאK 
٢. אאאאאK 
٣. אאK 
٤. אאאאאאאK 
٥. 10א15

0.04אKאאK 
 

א٣אFאאE 
אאW 

١. אpH50א0.1א
א0.1KNaOHאW0،5،50،55K 

٢. אאאאאאKא
אאאK 

KK 
KK 
KK 



א ١٩٠ אא 
א א אא 

  
  

- ٦٩  - 

אא٤FאאאE 
אאW 

١. אאאW 
FKKKKKKKKKKKKKKKKKKKKKKKKKEאFKKKKKKKKKKKKKKKKKE

אאאFKKKKKKKKKKEKKKKא
FKKKKKKKKKKKKKKKKKKKKKEFKKKKKKKKKKKKKKKEאFKKKKKKKKKKKKKKKKKKKE 
٢. F،EאK 
٣. אW 

Kאאאא،אאK 
KאאK 
KאאK 

٤. אאאFאאאא
אKE 

 

א٥אFאאE 
אאW 

١. אאאK 
٢. אאאאK 
٣. אאW 

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

٤. אאאאאW 
FEMnO2   → MnO4،FESO2  →  SO3،FEOCl-  →  ClO3

-،FEN2O4  →  N2O 
٥. אאאאאW 

Cr2O7
2-  →  Cr3+ 

Fe2+  →  Fe3+ 

٦. W 
FEאאאאאאאK 
FEאאאאאאK 
FEאFEאאאI2אאK 



א ١٩٠ אא 
א א אא 

  
  

- ٧٠  - 

א٦אFאאE 
אאW 

١. אאאאK 
٢. אאאאאK 
אאאאAg2CrO4א(S)אא .٣

אאKsp = 1.9 x 10-12K 
٤. 0.2010אFeFe2O3

0.1106אKאאאאאאK 
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



א ١٩٠ אא 
א א אא 

  
  

- ٧١  - 

אאא١  

 
١K אאאא

אFאאEFאאKE 
٢K אאאאאא

אK 
٣K אW 

 JאאF،א،א،אWEKKKא
אאFאPyrexE450

א24K 
 JאאWאאPTFE

polytetrafluoroethyleneK 

 
אאאאאאאאא

F45KEאW 
4אאאFbiodegradationKE

אאK 
אאא،א

אא(pH  = 2) אאאK 
 

٤K אאאK 
٥K אאאאאW،אאא،א

א،אאK 
٦K אאאא١W٣

אאK 
  
  
  
  



א ١٩٠ אא 
א א אא 

  
  

- ٧٢  - 

אאא٢  

١. אW 

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

 

٢. אאאאW 

١. אאאאK 
٢. אא K 
٣. אאאK 
 Kאאאא .٤

 
אאאאאאא .٣

אאStoichiometricאאK 

٤. אאK 

٥. 0.06K 
  
  
  
  
  
  
  
  
  
  
  
  
  
  



א ١٩٠ אא 
א א אא 

  
  

- ٧٣  - 

  

אאא٣  

  

١K 0NaOH،pH = 1.00K 

5NaOH،pH = 1.09K 

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 

 



א ١٩٠ אא 
א א אא 

  
  

- ٧٤  - 

אאא٤ 

١FKKE،אFKE،אFKE،אFKE،אFKE،אFKEאאK 

٢KאpH = 8אW 

Kאאאאאא
אא. 

CrO4
2- + 2H+  →  Cr2O7

2- + H2O  
 

KאאאאKא
אאאKא

אאK 
Ag+ + OH-  →  AgOH 

 
 

٣K 

KאWא،אWא،אאWאK 

KSCN- + Ag+  →  AgSCN↓K 

KFe3+  +   SCN-  →  Fe(SCN)2+↓K 

 

٤KאאFאEFluorescein indicatorאאאא
אאאK 

אאאאאא
אאIn-K 

אWאאאCl-אא
אAdsorbedאאא،א

אאאK 
  



א ١٩٠ אא 
א א אא 

  
  

- ٧٥  - 

אאAgCl
אAg+אאאא

אא،In-אאאK 

 

אא،אאאא
אK 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



א ١٩٠ אא 
א א אא 

  
  

- ٧٦  - 

אאא٥  

  

١Kאאאאאאא
K 

٢KאאאאK 

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

٤FKE،FE،FE،אאFEאאK 

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

٦FKE،אFE،אFEאאא
אKIאאאאאא،

אK 
  

אאא٦ 
 

١K FE،אאFE،אאFE،אFEאאK 

٢K  

١K אאאFאאKE 
٢K אאאא،

אאא(Filter)K 
٣K אאאאאK 
٤K אאאאאא

K 
  

٣K S=7.8 X 10-5K 

٤K א=0.07735אא،א=38.49K٪ 


