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 ،אאאא

אאK 
 

אאW 
אאW 

1. אאאK 
2. אאאK 
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אאאא  
 

1KW 
 אאאF1Eא

،אF2Eאאאאא
אWא،א،אא،אא،

אאK 
2KאאאW 

אאאאאאK 
21אאQualitative AnalysisW 

 אאאQualitative analysisאF،
אEאאKאאאW 

  

1. אאאWאא
אF

KEאאאאאאא
אK 

2. אאWאאאאאא
،KKKאKאאאאאאK 

 
22אאQuantitative AnalysisW 

 אאQuantitative analysis،אאאא
WאאאQuantitative chemical analysisאא

אQuantitative instrumental analysisK 
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221אאאQuantitative Chemical Analysis  W 
אאאאאאW 

 
Y  +  X     P 

 
 YאאאאReagent،Xאא

א،אאPאאK 
 

 JאXאFאE
אאאאאVolumetric analysisK 

 JאאאאXאאP،
אאGravimetricK 

 אאאאאאא
אKאאא

אאK 
 
222אאאQuantitative Instrumental AnalysisW 

 אאאאאPhysical PropertiesFא
אEKאWאא
אא. Atomic Absorption Spectrometry 

אאאPhysico-chemical Methods،אא
Cr3+

אK2CrO4אאא
CrO4

2-K 
 אאאאאא،

אאא،אאאא
Kאאא 

3KאאW 
אאאW 
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1. אK 

2. אK 

3. אK 

4. אאK 

5. אK 

6. אאK 

 
31אDefining the problemW 

 אאאאא
Wאאא 

1. אאאא،אK 

2. אאאאW 
KאK 

KאK 
KאK 
KאאK 

 
3. אאא،אW 

KאK 
KאאK 
KאאאאK 
KאאאK 

KאאK 
32אSamplingW 

 אאאאאאאאBulk 

MaterialKאאאאאHomogeneous
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אאאאאאאHeterogeneous א
F{KEKKK 

אאK 
 
321אWater samplingW 

אאאאאאK 
-אאF،א،א،אWEKKKא

אאFאPyrexE450
א24K 

 JאאאאPTFE
polytetrafluoroethyleneK 

 אאאאאאא
אF45EאאW 

אא4אאאBiodegradationK
אאK 

א،אאא
אא(pH  = 2) אאאK 

 
 322אSoil samplingW 

 אאאאF30EF10E
אאF12E

אKאא
PolyethyleneאK 

33אSample preparationW 
1KאDryingאWeighingWא100110

12אDesiccatorKא
אאK 
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2KאSample ashingW 
אאאFE،א

אאFאEW 
אאDry ashingWאאא400700

24K 
אאWet ashingWא

אNitric acidא،Sulfuric،א،
אK 

 
3KאאSample dissolutionW 

 JאאאאWאאא
אאKאא

אאאאKא
אאאאאאא

אאAqua Regia(HCl-HNO3; 1:3)K 
 JאאאאאWא

אאאא{אאא
Kאאאאאא

K2S2O5Kאאאאא
אNa2CO3Kאאאא
אNa2O2Kאאא

K 
34אאEliminating interferencesW 

 אאאאאאKאא
אאאא

אאאאאאW 
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1. אאאאא
אא.Electrodeposition 

2. אאאChromatographyאאIon Exchange
אExtractionK 

3. אאMaskingK 
35אMeasurementsW 

אאאאאא
אW 

  

1. אK 
2. אאאK 
3. אK 
4. אWאאאאא

Automatic methodsK 
36אאCalculations and reporting dataW 

 אאאאAnalyte،אא
אAbsolute methodRelative methodK

אאאאאאאpercentאאParts per 

millionK 
 אאFEReplicate analysesא

אאאStandard deviationאMeanKא
אאאאא

אRandom errorDeterminate errorK 
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 JאאF،א،א،אWEKKKא
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א24K 
 JאאWאאPTFE

polytetrafluoroethyleneK 

 
אאאאאאאאא

F45KEאW 
4אאאFbiodegradationKE

אאK 
אא،אא

אא(pH  = 2) אאאK 
 

4K אאאK 
5K אאאאאWאאא،א،

אאא،K 
6K אאאא1:3
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KE 

 

אאW 
אאW 

1. אאאאאK 

2. אאאאאK 
3. אאאאאא

אאK 
4. אאאאאאאאK 
5. אאאאאK 

 
  

אאW 
4K 
 

אאW 
א?אאK? 
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אאאאWWאאאא
Volumetric Analysis - An Introduction 

1KW 
 אאאאאאאא،
WאאFE

אאאאאF1אEK
אW 

1KאאK 
2KאאאאאK 

 
 

  

 

 
 

1אWאא 

 :الكاشف
 )معلوم التركيز و الحجم(

 :المادة المراد معايرتها
مجهولة التركيز ومعلومة(

  )الحجم

 

  السحاحة

الدورق 
 المخروطي



א 161 אא 
א אא אא 

 
 

 - 12 -

2KאEnd pointאEquivalence pointW 
21אEnd pointW 

 אאאFאEאא
אאאאאKW 

  

1KאאFאEK 
2KאאאK 
3KאאאאpH-meterK 

22אEquivalence pointW 
 אאאאאStoichiometric

אאK 
 

1Wאאא
אW 

  

HCl + NaOH  NaCl + H2O 
 

 
،אאאאא

HClאNaOHFא1:1KE 
 

2Wאאא
אW 

 

2NaOH + H2SO4    Na2SO4 + 2H2O 

 

،אאאאא
H2SO4NaOHאאF

2:1אKE 
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3KאW 
1. אאK 
2. אK 
3. אאאאFאEK 
4. K 
5. אאאאW 

  

A + B   C + D 

4KאאStandard solutionsW 

אאאאאאאאאW 
  

1KPrimary standardK 

2KSecondary standardK 

 
41אאאPrimary standardW 

411אאאאא 
1. אאK 
2. אאK 
3. אאאאK 
4. אאK 
5. אאK 
6. אאאK 

  
412אאאW 

1KאWאSodium carbonate, Na2CO3א
אFאאESodium tetraborate, borax, Na2B4O7.10H2OK 

2KאWאOxalic acid, H2C2O4،א
C6H5COOHאאKH(C8H4O4) Potassium acid phthalate,K 
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42אאאSecondary standardW 

 א
אאFEאא

אאאStandardizationK 
NaOHאאא

אאאאNaOHאH2SO4K 
 
5KאאאאאW 

אאאאאWF1E
אאאאאאאא

א،אאF2E
אKאאאאאא

אW 
1. אאאאAcid-base titrationsK 

2. אאPrecipitation titrations K 

3. אאאComplexometric titrations K 

 Oxidation–reduction titrationsKאאאא .4

 

6KאW 
6 J1אאW 
KאאMolecular weight 

WאאאNa2CO3KNa = 23, C = 12, O = 16 
 

MWNa2CO3 = (2 x 23) + 12 + (3 x 16) 

MWNa2CO3 = 106 g/mol F106אLE  
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KאNumber of moles 

 

 
 

Wאא212אאאK 
 

אZ212L106Z2 
 

Kא 

 
 

 
 

W53אא5Kאאא
אK 

 
WאאאW 
 

אZ106L53Z0.5 
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אW 
 

אZ5L0.5Z0.1 
 

 
6 J2אW 

 אאאאאאFאאE
אאFאEאאא،

אאאאאFאEאאW   

  
  

1 1 2 2M V M V   

  

 

W 

10אNaOHאH2SO4F0.1
Eאאא9W 

1K אאאאK 
2K אNaOHK 

 

אW 

1KאאW 
2NaOH + H2SO4    Na2SO4  + 2H2O 
2mole  :   1mole 

2KאW 

2 4

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

M 0.18 M
10 1
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אאאאWWאאאאאאאאFFאאאאEE
Acid-Base Titrations (Neutralization Titrations) 

1KW 
 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 

2KאאאW 
21Arrhenius definitionW 

 JאArrheniusאאאאא
אHydronium ion, H3O

+K 
 

HCl + H2O    Cl- + H3O
+ 

  
אArrheniusאאאאא

אOH-K 
 

NaOH    Na+ + OH- 
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22Brønsted-Lowry definitionW 

Brønsted and Lowryאאאא
W 

 J אאH+K 

 
HA               H+     +           A- 

   

 
 J אאאאK 

 
B     +      H+               BH+ 

   

  
  

אאW 

 
HA    +      B      BH+     +         A- 

 

 

23Lewis definitionW 

אאLewisאאאW 

אאאElectron acceptor،
אLewis acidK 

אאאElectron donor
אLewis baseK 
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W 
H3N:    +     BF3    H3N

+ + BF3 

 

3KW 
 אאאאpH
אאאKאאא
אאK 

  

W 

HCl500.1אאאא
א0.1FאEKאא

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





 
 

 
   

  

  
20NaOHK 

אאmillimolesReacted HCl
אא1:1אK 

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

Molar HCl = 
volume(ml)

3
Molar HCl = 0.04 M

70


  

אpHW 

  
pH log(0.043)

pH ( 1.37) 1.37

 
   

  

  
  

WאאאאWpH = 14 – pOH 

  

אאאאpHא
אNaOHאאאF1אWE 
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pH

0
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0 20 40 60 80 100

(3.3-4.4)

(10-8.3) الفينول فثالين

المثيل البرتقالي

(مل)حجم هيدروكسيد الصوديوم

  حجم هيدروكسيد الصوديوم
نقطة النهاية

 

1אWHClNaOH 

 אאאאא
אEquivalence pointאאאK

אאאאאאא
אאא3.310.7KאאאWא

PhenolphthaleinאאMethyl OrangeK 

אאאאK 

4KW 
WאאאF2אKE 

  

CH3COOH  +  NaOH    CH3COONa  +  H2O 
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0
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فينول فثالين

pH

(مل)حجم الكاشف
 

2אW 

 

 אאאFאEא
CH3COONaאאW 

 

CH3COONa  +  H2O  CH3COOH  +  Na+  +  OH- 

 

 אאאאא
אא7.7א10.7FE

אאאאאאK 

5KW 
WאאאF3אKE 
 

NH4OH  +  HCl     NH4Cl  +  H2O 
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0
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0 20 40 60 80 100

(مل)حجم الكاشف

pH
 

المثيل البرتقالي

 

3אW 

 

 אאאאא
אNH4ClאאאH+

אאW 
  

NH4Cl + H2O   NH4OH + H+ + Cl- 
  

 

אאאאאאאא
אK 

6KW 
WאCH3COOHאאNH4OHF4אKE 

  

CH3COOH  +  NH4OH    CH3COONH4  +  H2O 
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0
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(مل)حجم الكاشف

pH

مدى تغير نقطة النهاية
ضيق و تدريجي

 
 

4אW 

 

 אאאאאאא
אאאNeutral blueאMethylene blueK 

7KאאאאW 
 אאאאאא

אאK 
אאאאאאאK 

71אאאChemical equilibrium lawW 
 אאאWאא

אאאאאאאאאאא
אK 

 
אאאW 

 
A  +  B    C  +  D 
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 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] 
  

  
  
C Dk1

k2 A B
 

 

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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Wאאאאאאאאא
אאאאKLe Chatelierאאא

אאאWאא،אאK 

72אW 

אאא،W 
  

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 
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אW 

אאW 

 
OHIn    OH-        +     In+ 

  
 

אאWH+OH-אא
אאאOHInא،א In+

אאאK 

אאWOH-אIn+
אאאאאOHInא

אK 

73אאאאW 

א1אאאאK 

 

אF1EWאאאא 

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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אאאאWWאאאא
Precipitation Titrations  

1KW 
 אאאאאאאאא

אאאKAאאאא،Bאאא
CאאK 

 

A  +  B    C  +  D 

א 
 

 אאאSilver nitrate, AgNO3
אאSilver chloride, AgClW 

  
  

  AgNO3  +  NaCl    AgCl  +  NaNO3 

 
אאאא

אK 
 
2KאאאאW 

 אKאWMohr's 

method،Volhard's methodFajan's methodK 
21Mohr's methodW 

 אאCrO4
2-Chromate ion,אא

FאאEאאאאK
אאאאאאF1אKE 
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1אWMohr's methodK 

  
א،אאFאEא

FאEאאאאKא
אאאK 

Ag+ + Cl-   AgCl            (1) 
 
  

א،אאא
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 
 

22Volhard's methodW 

 אאאFe3+אא
אThiocyanate ion, SCN-FאאEאא

אאKא
אK 

 

221אאW 
אאאאF2אKE 
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2אWאאאאK 

 
Kא،אFאE

אAg+אאK 

 
 

SCN- + Ag+    AgSCN                                   (3) 

א 

 
K،אAg+אא

אFe3+FאEאאW 
 
 

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

    

 

אF3EאאF4EאK 

 

Fe3+ 

SCN- 

Ag+
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222אאW 
 אאאHalidesאChloride, Cl-א،

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

אאאFאKE 

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

  
אאאאאKK 

KאאBack titrationאאאא 

  
אאW 

  
SCN- + Ag+ FאE     AgSCN (s) 

 
 

 אאאא
אFאEאאW 

 
Fe3+    +   SCN-     Fe(SCN)2+ 

  

  
  
Wאאאאאאא 

 

אאאאW 
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1W،א40אאF
אE0.1234אאאאא

אFEאא12.2
Molarityא0.0930KאMillimolesאא

אאאאא300K 

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 

b
Number millimoles B  number millimoles A

a
b

Number 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 

-

-

1
Number millimoles Cl 3.81

1
Number millimoles Cl 3.81 millimoles

 


 

 

אאW 

-

-

3.81 35.4 100
% Cl

300
% Cl 44.96%

 


  

23Fajan's methodW 

 אאFאEFluorescein indicatorאא
אאאאא

F3אKE 

 

 
3אWאאאא 

In- 

Ag+ 

Cl-
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אאאאאא
אאIn-K 

אWאאאCl-אאא
אAdsorbed،אאאא

אאאF4אKE 

  
 

  
 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

  
4אWאא 

  
  

אאAgCl
אAg+אאאא

אא،In-אאאF5אKE 

 
  

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

  

5אWאאאאאא 

 

אאאאאא،
אK 
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אאאאאאWWאאאאאאאא
Reduction-Oxidation Titrations 

1KW 
 אאאאאא

אאאאאאא
אאאאאאאאאK

אאאאאאאאKא
אאאK 

 אאאא،،FWE،אאא
FEאאאא،FE،אFEאאFE

אאאאאKאאאFWE
،אאאאFEאאאאאאאK 

 
2KאאאOxidation and reductionW 
21אOxidationW 

 אאאאא،אא
אK 

W 
Zno  Zn2+ + 2e-  

22אאReductionW 
 אאאאאא،אא

אK 
W 

Cu2+ + 2e-   Cuo 
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3KאאאאOxidizing and reducing agentsW 
31אאOxidizing agentW 

 אאאאאאאא
אאאאאאאאא

אK 
 

Aox + ne-  Ared 
 

32אאReducing agentW 
 אאאאאאא

K 
 

Bred     Box  + ne- 

  

4KאOxidation 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 
(1-)WBaH2, LiH 
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Kאאאאאא
אאאאK 

 
1Wאא Cl אאPerchlorateClO4

-K 
אW 

x=אClK 
 

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

 
 

2Wאא Cr אDichromateCr2O7
2-K 

אW 
x=אCrK 

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

5KאאHalf-equationsW 
51W 

Fe3+   Fe2+ 
Fe3+ + e- Fe2+ 

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

52W 
 JאPermanganate ion (MnO4

-)W 
MnO4

-    Mn2+ 

MnO4
-  +  8H+    Mn+2  +  4H2O  

MnO4
-  +  8H+  +  5e-    Mn+2  +  4H2O  
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 JאDichromate ion (Cr2O7
2-)W 

Cr2O7
2-    Cr3+ 

Cr2O7
-2  +  14H+    2Cr3+  +  7H2O  

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

  

53אאאאW 
1WאאאW 

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- 

 
2WאאאW 

MnO4
-    Mn2+ 

Fe2+    Fe3+ 

אW  
MnO4

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

Fe2+    Fe3+ + e-     (ii) 
 

(ii)5אW 
 

5Fe2+    5Fe3+ + 5e-      (iii) 

 
(i)(iii)אW 

 
MnO4

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

 
3WאאאW 

MnO4
-     Mn2+ 

C2O4
2-    CO2
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אW 
MnO4

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

2-    2CO2 + 2e-    (ii) 

 
(i)2(ii)5אW 

 
2MnO-

4 + 16H+ + 10e-    2Mn2+ +8H2O  (iii) 
5C2O4

2-    10CO2 + 10e-    (iv) 
 

(iii)(iv)W 
 

2MnO4
- + 5C2O4

2- + 16H+    2Mn2+ + 10CO2 + 8H2O 
 

 
4WאאאW 

 
Cr2O7

2-    Cr3+ 
Fe2+    Fe3+ 

אW 
 

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

Fe 2+  Fe3+ + e-     (ii) 

 
(ii)6W 

 
6Fe2+   6Fe3+ + 6e-     (iii) 

 
 

 (i)(iii)W  
 

Cr2O7
2- + 6Fe2+ + 14H+   2Cr3+ + 6Fe3+ + 7H2O 
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 6KאאאאW 
 100Fe2+0.1Ce4+0.1K

אאW10،50،90،99،99.99،100.1،101،110،190FKE
אאאאNernst equationK 

 
 
 

 
 b

a
0

b

a
0

dRe

Ox
log

n

0591.0
EE

dRe

Ox
ln

nF

RT
EE





  

  

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

T=אאא(298)،ln=אא=log2.303،n=אK 

 

אאW 

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

 

אאW 

1Kא[Fe3+]/[Fe2+] 
 





 





 


2Fe

3Fe
log

1

0.05910
1

E
1

E  
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3K א[Ce4+]/[Ce3+] 





 





 


3Ce

4Ce
log

1

0.05910
2

E
1

E 

 

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 

 

אאאאאF1אWE 
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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

  

1אWא Ce4+אא 

7KאאאW 
71אPotassium permanganateW 

 אאאאא
אאא،2%

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 
1. אא1500K 

2. אאאאK 

3. אאאאF
אאאEK 

4. אאK 

5. אאאאא
אK 

6. אאFEא
אאאK 

 
72אאCerium (IV)W 

אאאאאאאW 
Ce4+ + e-    Ce3+ 

 

אאא
אאאKאאא

א،אSn , H2O2 , Fe , V , Mo, W , Ti , U
אK 

73אPotassium dichromateW 
 אK2Cr2O7א

FאKEאא
אאW 

 
Cr2O7

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

 
אאאK 
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 74אPotassium bromateW 
 אKBrO3אאא
אBr2אאW 

 
BrO3

- + 5Br- + 6H+  3Br2 + H2O 

 
 אאאאאאאאBr2،

אאאאא
אאKBrא،א

אאאאאKאאאאא
אאKIאאW 

 
2I- + Br2   I2 + 2Br- 

 

 אאאאNa2S2O3א
אאאאאאK 

75אIodineW 
 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

אאא،אאאW 
 

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 ،אאאאאK 
 

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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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

22.15
number 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

1
number of Cr  moles number of S O  moles 

3
1

number of Cr  moles 2.215 10
3

number of Cr  moles 7.38 10  moles



 

 

 

  

 

  

 

אאאW 
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3

4
3

3

number of moles  atomic weight 100
Cr  (%)

sample weight (g)

7.38 10 52.0 100
Cr  (%)

0.2
Cr  (%) 19.19%








 


  




  

  

8KאאאReducing agents and their applicationsW 
 אאאאא،

Kאאאאאאא
אאW 

81אאIron (II)W 
 אאאFe(NH4)2(SO4)2.6H2OFe2+

אאאF0.5
אEאאK 

א،א،א،אאאא
אאאא،Fe2+אאא

אאאאK 
82אPotassium thiosulfateW 

אK2S2O3אאאאF1EאF2E
KS4O6

2-אאאW 
 

2S2O3
2-   S4O6

2- + 2e- 

 
אאאאאאאאאאK 

9KאאאאRedox titration indicatorsW 
 אאאאאאאא

אאאKאאאא
،אאWאאאאאא،אאאK 
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91אאאSelf indicatorW 
 אKMnO4אאאאאא

Fe2+Mn2+אאאW 
 

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

 
 אאאאאאאא

Kאאא 
אFאEאאFe2+FאE

אאMnO4
-Mn2+א

אFאFe2+Fe3+EאMnO4
-א

MnO4
-אאאK 

92אאSpecific indicatorsW 
 אאאאאאאא
אKאאאאאאאא

אK 
אאאSCN-KאאFe3+FאE

אTi3+FאEאאאאאא
אFe(SCN)2-אאTi3+א

Fe3+אSCN-אאFe3+אאW 
 

Fe (SCN)2+       Fe3+    +  SCN-   

א 
 

אאאאאאFאEא
אאאאאאK 
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93אאאאTrue 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) 

 

 

אאאאאF1E
אאF2EאEKאאFe2+א

אCe4+אFאEא1.10 Vאא،
אאא10,1א(II)FKE 

אF1EWאאאא 

E0In  אא אא אא 
+1.1V   10.1אII
+0.85V א   

+0.28V א  אא 
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אאאאWWאאאאאא
Complexometric Titrations 

1KW 
 אאאאאאComplexing 

agentsאא
אאאLigandsFLKE 

 
M(H2O)n + L  M(H2O)n-1L + H2O 

  
אL אא
MLnKK 

אאאאא
אאאאאאאאא

אאאאאאאאאאאKאא
אאא،אאאאEDTAאאא،

אK 
2KאאאW 

 אאאאא
אKאאאאLewis acidאא،

אאLewis baseאאLigandsK 
21אאאUnidentate ligandsW 

 אאאאא
אא:OH23NH:אאא

אK 
  

H3N:  +   M    H3N: M 
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22אאאBidentate ligandsW 

 אאאאאK
EthylenediamineF1אEאאאא

F2אKEאChelation
אאאאאאChelating agentsK 

 

  
C

N

H2 C

N

H2

  

 

1אWאאEthylenediamineK 

  
  
  

  
  

C

N

H2C

N

H2

CN

H2

CN

H2

Co

C

N

H2C

N

H2  

2אWאאאא 
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23אאאPolydentate ligandsW 

 אאאאאא
אEthylenediamine tetraacetic acid

EDTAF3אKE 

  

HOOCCH

HOOCCH

2

2

N 2 NCH CH2

CH COOH

CH  COOH2

2

  

 

3אWאאא 

 

אCoordination covalent bondsאאא
אCarboxyl group, COOHאK 

4K אאאW 

1. EDTAאאאאאא
אאאאא

אK 
2. EDTAאאאאא1:1K 

 
 

M2+ + H2Y
2-      MY2- +  2H+  

  
 
3. אאH4YאאאאNa2H2YFא
4EאאאEDTAאK 
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2

2CH  COONa.2H  O

CH COONa

2CHCH N2N

2

2

HOOCCH

HOOCCH
 

2  
  

  

4אWאאאאNa2H2Y 

4KאאאEDTAW 

 אאאאאEDTA
אW 

  
  

M2+  +  H2Y
-2    MY2- +  2H+ 

M3+ + H2Y
2-   MY- + 2H+ 

  
אאאאא

אאאאאאאא
F1EאאF2EאאpHKאF1Eא

KMYאאK 
 

אF1WEאKMYאא 
 

KMY א KMY א KMY א 

5.0 x 1010
 Ca2+

 4.2 x 1018
 Ni2+

 1.0 x 1023
 Bi3+

 

4.9 x 108
 Mg2+

 3.2 x 1016
 Zn2+

 1.3 x 1025
 Fe3+

 

 
 

 אאאאMY
אא YאאK 

 



א 161 אא 
א אא אא 

 
 

 - 56 -

M  +  Y       MY 
H+ 
HY, H2Y, … 

  

אאא YאאW 

Kאאאאאאא،
אאאK 

Kאאאא
אאאK 

KאאBi3+،Fe3+אאK 

 

אאאאאBuffer solutionsאK 

5KאאאW 
 אאאאEDTAאאא،

אאאאK 
51אאאW 

1. אK 
2. אאK 

3. אאאאאאאK 

4. אאF–אEאאFא–אEK 

52אאW 
KEriochrome black TW 

1. אאאErio-TF5אKE 

2. אNaH2DK 

3. אאאאW 
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N N

NaSO3

NO2

OHOH

  
  

5אWאאEriochrome black T 

KErio-TW 

Mg2+EDTAאErio-TpH = 10F6אWE 

1. אErio-Tאאאא
אW 

 
HIn2- + Mg2+   MgIn-  + H+  

 
 

אאאMg2+FאErio-TKE 

 
Mg2+  +  H2Y

2-     MgY2- + 2H+ 

 
אאאאאMgIn-K 

 
MgIn-  + H2Y

2-    MgY2-  +  HIn2- + H+ 

א 
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אאאאאK 

 

 
6אWMg2+EDTAאErio-TpH = 10K 

  
  
  

KאMurexide indicatorW 

Ammonium salt of purpuric acidאאא
אאאW 

 

 
 

  
  

 אאאאאא
אאK

CalmagiteCalcichromeK 

pH = 10 

EDTA 

Erio-T 

Mg2+ 
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6KאאEDTA W 

61אאDirect titrationW 

 אאאאאא
אאאאא

EDTAאאKאאאאאא
אF1EF2E EDTA K 

 
62אאBack titrationW 

אאאW 
  

1. אאאאאK 
2. אאK 
3. EDTAאK 
4. K 
   
 אאאEDTA אא

אאאEDTAאErio-TK 
 
אאW 
אZr4+אאאK 

W10אF0.0502Eא
Zr4+אאאאאאא

FF0.0540Eאאא2.08א
millimolesא،אK 

 
אW 

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

Bi3+ + EDTA FאאE   Bi-EDTA 

 
א1:1אW 

 

mmoles 0.39  Zrof mmoles ofNumber 

0.112  -  0.502  Zrof mmoles ofNumber 

0.0540)(2.08-0.0502)(10.00  Zrof mmoles ofNumber 

)Bi ofmolarity Bi of (vol.-EDTA) ofmolarity EDTA  of (vol.  Zrof mmoles ofNumber 

Bi of millimoles ofnumber -reaction) (beforeEDTA  of mmoles ofnumber  Zrof mmoles ofNumber 

4

4

4

334

34





















 

אW 
4+

4+

Concentration of Zr (mg) 0.39 91.22

Concentration of Zr (mg) 35.5 mg

 


 

63אאMixture titrationW 

 אאאא
אאאאW 

 

KאאאW 

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

  

KאאאאMasking and demasking agentsW 

 אאCyanide ion, CN-CN-
Co, Cu, Hg, Zn, Cd, NiFEPb, MgK 
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אCo, MgCN-CoF(CoK 
Co2+  +  4CN-    Co(CN)4

2- 
 

MgאFormaldehyde, HCHO
CoK 

 
 

Co(CN)4
2-  +  4H+  +  4HCHO   Co2+  +  4HO.CH2CN 
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אאאאFF11EE
אאK 

Kאא .1 

Kאאאאא .2 

3. אאK 

4. אאאאאאאK 

5. 10א15
0.04אKאאK 

 

אאאאFF22EE
אאW 

א0.1אpH50א .1
א0.1KNaOHאW0،5،50،55K 

2. אאאאאאKא
אאאK 

KK 
KK 
KK 

 
אאאאFF33EE

אאW 

1. אאאW 



א 161 אא 
א אא אא 

 
 

 - 63 -

FKKKKKKKKKKKKKKKKKKKKKKKKKEאFKKKKKKKKKKKKKKKKKE
אאאFKKEKKKKKKKKKKKKא

FKKKKKKKKKKKKKKKKKKKKKEFKKKKKKKKKKKKKKKEאFKKKKKKKKKKKKKKKKKKKE 

2. F،EאK 

3. אW 

Kאא،אאאאK 

KאאK 

KאאK 

4. אאאFאאאא
אKE 

 

אאאאFF44EE
אאW 

1. אאאK 

2. אאאאK 

Wאא .3 

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

4. אאאאאW 

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

Wאאאאא .5 
Cr2O7

2-    Cr3+ 
Fe2+    Fe3+ 

6. W 

FEאאאאאאאK 
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FEאאאאאאK 

FEאFEאאאI2אאK 

 

אאאאFF55EE
  

1. אאאW 

אאאאFKKKKKKKKKKKKKKKKKEא
אKאFKKKKKKKKKKKKKKKKKKE،FKKKKKKKKKKKKKKKKKKKKKKEא

אאאא،אFKKKKKKKKKKKKKKKKKKKKKKKKKEK
אאאאFKKKKKKKKKKKKKKKKKKKKEKKKKKKKKKK 

2. אאאאאK 

3. אאאאאK 

אאאא؟ .4 

5. אK 

 

FF11EEאאאאאא
1. אW 

1. אאK 
2. אK 
3. אאאאFאEK 
4. K 
5. אאאאK 

 
2. אאאאW 
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1. אאאאK 

2. אא K 

3. אאאK 

 Kאאאא .4

 
3. אאאאאאא

אאStoichiometricאאK 

4. אאK 

5. 0.06K 
  
  

אאאאאאFF22EE
  
  

1K 0NaOH،pH = 1.00K 

5NaOH،pH = 1.09K 

50NaOH،pH = 7.00K 

55NaOH،pH = 11.68K 

 

2KKKאא
אNH4ClאאאH+

אאW 
NH4Cl + H2O   NH4OH + H+ + Cl- 

 

אאאאK 
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KKpHאאא
אאאאאאאאאK 

Kאאאא
אCH3COONaאאW 

 
CH3COONa  +  H2O  CH3COOH  +  Na+  +  OH- 

 

אאאאKאא
אK 

 
אאאאאאFF33EE

1FKKE،אFKE،אFKE،אFKE،אFKE،אFKEאאK 

2KאpH = 8אW 

Kאאאאאא
אא. 

CrO4
2- + 2H+    Cr2O7

2- + H2O  
 

KאאאאKא
אאאKא

אאK 
Ag+ + OH-    AgOH 

 
 

3K 

KאWא،אWאא،אWאK 

KSCN- + Ag+    AgSCNK 
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KFe3+  +   SCN-    Fe(SCN)2+K 

 

4KאאFאEFluorescein indicatorאא
אאאאא

K 

אאאאאא
אאIn-K 

אWאאאCl-אא
אAdsorbed،אאאא

אאאK 

  

אאAgCl
אAg+אאאא

אא،In-אאאK 

 

אאאאאא،
אK 

 

אאאאאאFF44EE
1Kאאאאאאא

K 

2KאאאאK 

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

4FKE،FE،FE،אאFEאאK 
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5KCr2O7
2- + 6Fe2+ +    2Cr3+ 7H2O + 6Fe3+K 

6FKE،אFE،אFEאאא
אKIאאא،אאא

אK 
  
  

FF55EEאאאאאא
  

1FKE،FE،FE،FE،FEאאK 

2KCarboxyl group, COOHאK 

3K 
HOOCCH

HOOCCH

2

2

N 2 NCH CH2

CH COOH

CH  COOH2

2

 

 

2

2CH  COONa.2H  O

CH COONa

2CHCH N2N

2

2

HOOCCH

HOOCCH
 

2  

א 

 

4Kאאאאא
FEאאFEאאאאאK 

5KאאErio-Tאאאא
אW 

 
HIn2- + Mg2+   MgIn-  + H+  

 
 

אאאMg2+FאErio-TKE 
Mg2+  +  H2Y

2-     MgY2- + 2H+ 
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אאאאאMgIn-K 

 
MgIn-  + H2Y

2-    MgY2-  +  HIn2- + H+ 

א 
 

אאאאאFאKE 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  



 

 



  

אאאא  

אאאא  


א




א
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אאW  
 אאאאאאא

אאאאאK 
 

אאW 
אאW 

1. אאאK 
2. אאאאאK 
3. אאאאאK 
4. אאK 
5. אאאאאאK 

 
אאW 

4K 
 

אאW 
א?אאK? 
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אאאא
GGrraavviimmeettrriicc  AAnnaallyyssiiss  

1KW 
 אאאאאאא

אאאאאKאא
אאאאאאK 

 אאאאאאאא
אא،אאאא

אאאאאאאKא
אאאאאKאא

אאאאאאאאK 
 
2KאאאW 

אאאW 
21אאSample dissolutionW 

 Jאאא100120K 
 JאאאאאאK 
 JאאאאK 

22אאW 
אאאא{W 

1K אאK 
2K אK 
3K אאאאאK 
4K אK 

23אPrecipitationW 
 אאאאאא

אK 
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24אDryingאIgnitionW 
 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 
 
3KאאאאW 

1K אאאFאאKE 
2K אאאא{

אאאK 
3K אאאK 
4K אאאאאאK 



א 161 אא 
א אא אא 

 
 

 - 73 -

4KאאSolubility 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 
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(4)                        
a bm nKsp A B          

 

 
WאאאW 

 
 

Ba(IO3)2  Ba2+  + 2IO3
- 

 

 

אאKspW 

 
Ksp = [Ba2+] × [IO3

-]2 
 

 

1WאאSאAgClאאAgClW
Ksp = 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

 



 

       

 



  

   

 

  
5KאאאאאאW 
51אאW 

אאאאאאאאאK 
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52אאW 
H2SO4BaSO4אK 
  

BaSO4   Ba2+  + SO4
2- 

H2SO4  2H+  +  SO4
2- 

  
 אאאאאSO4

2-אBa2+
אאאאאאאFאEK 

53אW 

אאאK 
54אאאאאאW 

 אאWאאאאא
אאאK 

6אאW 
 אאאא

אאאאאGravimetric factorK 
61אאGravimetric factorW 

אאGravimetric factor (GF)W 
 

MW (or atomic weight) of analyte a
GF=

bMW of weighed substance
  

 
W 

MWWאאK 
analyteWאאאK 

Weighed substanceWאאK 
aWאאאK 
bWאאK 
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אF1EאאאK 

  
אF1WEאא 

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

  
  

 
62אאאW 

אאאW 
  

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

63אאאאW 

אאאאW 

 
GF weight of precipitate (g)

Weight % of analyzed substance 100
weight of sample (g)
   

 
 

Wאא0.204אאא(AgCl)א
אAgCl143.3אאCl35.5א0.5א

אאאK 
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אW 
35.5

GF
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 161 אא 
א אא אא 

 
 

 - 78 -

אאאא
אאW 

Kאאאא .1 

Kאאאאא .2 

אאאאAg2CrO4א(S)אא .3
אאKsp = 1.9 x 10-12K 

4. 0.2010אFeFe2O3
0.1106אKאאאאאאK 

 

אאאאאא
1K FE،אאFE،אאFE،אFEאאK 

2K  

1K אאאFאאKE 
2K אאאא{

אאא(Filter)K 
3K אאאאאK 
4K אאאאאא

K 
  

3K S=7.8 X 10-5K 

4K א=0.07735אא،א=38.49K٪ 



 

 

  
 



  

אאאאאא  

אאאא  




א


א


א
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אאW 
אאאאאK 

 

אאW 
אאW 

אאאאאK 
אאאK 
 

אאW 

6K 
 

אאW 
1K א?אאK? 
2K אאאK 
3K אאאאK 
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אאאאאא  
 

1KW 
 אאאאאאא

אאKאאאאאאאא
אאאאאאא

K 

 אאאאאא
אאאא،אאאא

אאאאאKאאא
،،אאאא

אאאאאאאאK
אאאאK 

אאאאאאK 
 
2KאאSolubility product ruleW 

א?אא?FאאKE 
 
3KאאCommon ion effectW 

אAgClאאFWE 
 

AgCl  Ag+ + Cl-   (1) 
 

אאאNaClK 

 
NaCl   Na+ + Cl- 

 



א 161 אאא 
א אא אאא

 
 

 - 81 -

 ،אאאאא(1)א
אאאאKאCl-אא

אK 

 

W 

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

אW 

אאאא
א 

אאא
א 

אא
א 

 

0.1+S  0.1* +S 0.1 Pb2+ 
2S +2S 0.0 I- 

 

 

*Sא0.1K 

אאKsp(PbI2)W 
 

Ksp = [Pb2+] [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 
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4KאאFormation of precipitatesW 
 אאא

אאאאאאKspK 
 

a bm nA B Ksp         

  
  
  

WאF25EאAg+Cl-
1X10-4K 

אW 

אF1EKspAgCl = 1.7 x 10-10 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 

41אאPrecipitation of chloridesW 
אאאאאאWPb2+, Ag+, Hg2

2+K 
WאK 

אF1Eאאא1.7x10-10א
[Ag+] x [Cl-]1.7x10-10K 

HClא0.1א
Cl-0.01KאאאאאK 
 

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

K(Ag+, Cl-) > Ksp(AgCl)אK 
42אאPrecipitation of sulfidesW 

 אאאCu2+, Cd2+, As3+, Sb3+, 

Sn4+, Hg2+,Bi3+אאאZn2+, 

Mn2+, Co2+, Ni2+KאH2SW 
 

H2S  2H+  +  S2-   (1) 

 

אH2SW 
2 2

2

[H ] [S ]
K

[H S]

 
     (2) 

  

K1.1x10-22אאאא
250.1K 

 

   

    2322

22

22

101.1SH

101.1
0.1

SH
K











 

 

[S2-]W 

 

   2

23

2

H

101.1
S




 
     (3) 
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אאאS2-אH+א
H+K 

421אאW 
 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-  (1) 
HCl   H+  + Cl-   (2) 

 

 Le Chatelier Principle،HClאאH+
אאאא،F1E،אK

S2-Kא0.3א
HClKS2-א(3)W 

 

 
  222

2

23

2

101.2S
0.3

101.1
S











 

 

 אאאאאא،
אא،אא1.0 x 10-4K

M2+אאMSאאW 
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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 

422אאאW 

אאאFאES2-
אאאאאW 

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 

NH4OHW 

 
NH4OH   NH4

+  +  OH-    (1) 

 

H2SW 

 
H2S  2H+  +  S2-    (2) 
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 NH4OHאH+FH+
OH-Eא(2)אאאא

אS2-אאאאאא
אאאאK 

 
Wאאאאאא

FאאEאאFא
אEאאאK 

 
43אאPrecipitation of hydroxidesW 

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

אאK 
 אאא

אאאאאאאKאא
OH-אאאאאK 

44אPrecipitation of carbonatesW 

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

אK 

אW 

 
(NH4)2CO3   2NH4

+  +  CO3
2-                (1) 

 

אW 
NH4Cl    NH4

+  +  Cl-      (2) 
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 א(1)(2)אאNH4
+CO3

2-
אאאאאא

אאאא،אא
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 

 
NH4OH   NH4

+  +  OH- 

NH4Cl  NH4
+ + Cl- 

Mg2+ + 2OH- Mg(OH)2 

[Mg2+] x (OH-]2   <  KspMg(OH)2 

5KאאאW 
 אאאאא

אאKspK 
a bm nA B Ksp         

 אאאאאK
אאאאאאאא

אאאK 
אאאאאאאW 

1K K 



א 161 אאא 
א אא אאא

 
 

 - 88 -

2K אK 
3K K 
4K אK 

51Formation of a weak electrolyteW 
WאאאאK 

אAgNO3אAg3PO4W 
 

2Na2HPO4 + 3AgNO3    Ag3PO4 + 3NaNO3 + NaH2PO4 

 

אאAg3PO4אאW 

 
Ag3PO4  3Ag+ + PO4

3- 

 

 אאAg3PO4אאWאPO4
3-

H+H3PO4אW 

 
PO4

3- + 3H+   H3PO4 

 

 PO4
3-[Ag+]3 X [PO4

אKspא[-3
אאאAg3PO4KאאאאW 

 
Ag3PO4 + 3H+   3Ag+ + H3PO4 

52אFormation of a precipitateW 

WאאAg3PO4אKCl0.2K 

KClאא،אא
אאW 
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Ag3PO4  3Ag+ + PO4
3- 

KCl  K+ + Cl- 

Ag+ + Cl-   AgCl 

 

אאאAgClאNaIאW 

 
AgCl  Ag+ + Cl- 

Ag+ + I-    AgI 

 

 AgClAgIאWKspא(8.5x10-17)Ksp
א(1.7 x 10-10)K 

53Formation of a complex ionW 
WאאאאAgClK 

אאHClאW 
 

AgNO3  +  HCl    AgCl + HNO3 

 
אאאאאW 

 
AgCl  Ag+ + Cl- 

 

AgClאאNH4OHאאW 

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

+ 

אאאאW 
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NH4OH   NH3  + H2O 

 

 אAg+אאא
אאKspאW 

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

54אValence change of an ionW 

 אאא
אאאאאאאאאKא

אאאK 

WאאאאאFאאWE 

אאאאאS2-
אSאאאאW 

 
CuS   Cu2+  +  S2- 

3S2- + 2NO3
- + 8H+  3S + 2NO + 4H2O 
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אאאא
אאW 

1K KspאAl(OH)3K 
2K אאאא0.001؟ 
3K FEFKE 

KאאאK 
KאאאK 
KאאK 
KאאאאKSpאאאK 

KאKspאאאאK 
4K אא؟אא 
5K אאאאK 

 

אאאאאא
1K Ksp = [Al3+] X [OH-]3 
2K א[Ag+] X [Cl-]KspK 

אF1EKspא1.7 X 10-10[Ag+] X [Cl-]Fא
1.0 X 10-6EKspאK 

3K ،،،،K 

4K אאא
אאאאאאאKא

אOH-אאאאאK 

5K F1E،F2EאF3EF4E
אK 
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אF1WEאאאKspF25E 
  

א א Ksp 
 AgCl 1.7X10-10 

אא PbCl2 1.6X10-5 
 Hg2Cl2 2.0X10-18 
 AuCl2 3.2X10-25 

אא AgBr 5.0X10-15 
 PbBr2 2.1X10-6 

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

א SrCO3 9.3X10-10 
 BaCO3 8.9X10-9 
 PbCO3 7.4X10-14 
 Bi2S3 1.0X10-97 
 CdS 1.0X10-28 
 CuS 9.0X10-36 

אא PbS 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 

א BaSO4 1.5X10-9 
 PbSO4 6.3X10-7 
 Ag2SO4 1.5X10-5 
 CaCrO4 1.0X10-4 

א BaCrO4 2.4X10-10 
 Ag2CrO4 1.9X10-12 
 PbCrO4 1.8X10-14 
 AgC2H3O2 2.3X10-3 
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אF2WEאאא 
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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- 

S4O6
2- 

IO3
- 

IO4
- 

CNO- 

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 
Persulfate 
Iodate 
Periodate 
Cyanate 

א 
א 

א 
אא 

אא 
א 

א 
א 
א 
א 

א
א

א 
אא 

אא 
א 

א 
אא 

א 
א 

א 
א  

א 
א 

אא 
אא 

א 
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