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2

2CH  COONa.2H  O

CH COONa

2CHCH N2N

2

2

HOOCCH

HOOCCH
 

2   
 

אF١WEאאאFאאא
אNa2H2YE 



א ١٦٥ אאא 
א אאFE אאא 

 
 

 

 EDTAא١W١א
،אEDTACa2+אאpH=12

אאאCa2+אאEDTA
אK 

  Mg2+  Ca2+אאpH=10
אא Mg2+  Ca2+אא

EDTAאK 
 

٢KאאW 
١K אאאאK 
٢K אאW،א،א،אK 

 
٣KאאאאאW 

١K BuretteK 
٢K PipetteK 
٣K F١٠٠EVolumetric flaskK 
٤K Conical flaskK 
٥K Beakers 
٦K FunnelK 
٧K אK 
٨K Ca2+Mg2+FאEK 
٩K אא  pH = 10) (pH = 12K 

١٠K אF٢٠E٪ JEriochrome Black T
אK 

١١K pHK 



א ١٦٥ אאא 
א אאFE אאא 

 
 

 

٤KאאW 
אW 

١K ١٠אK 
٢K אאpH = 12א

אpH אK 
٣K אK 
٤K אאאאאאK 
٥K אאאFEDTAא

V1EK 
٦K אאא٣אK 

 
אW 

١K ١٠אK 
٢K אאאFאHאEpH 

= 10K 
٣K אK 
٤K אאאאאK 
٥K אאאFאאאא

V2EK 
٦K אאא٣אאKאאV = 

V1 – V2K 
  
  
  
  
  
  
  
  
  
  
  
  



א ١٦٥ אאא 
א אאFE אאא 

 
 

 

אא 
 

אאאK 
١K אא؟אאK 
٢K א50٣אא

אא9.8א٣٠١}٠Kאא
ppmאאאK 

 

אאא 
١KאאאCa , Mg , Fe 

אאstearatesאK 

אאW 

 JאאאWאאא
אאאFאKE 

 JאאאאWאאא
אאאאאא،W 

אK 

אאאאpermutitאא
אאZeolitesאK 

אאאאIon exchange resinsK 

 

٢K78.6 ppmK 
  
  



 

 

  
       



 

 

  

אאאא  

אאאאFFEE  


א




א




٥



 

 



א ١٦٥ אא 
א אאFE אא 

 
 

 

אאW 
אאאאK 

 
אאW 

١K אאאK 
٢K אאאאאאא

אאK 
٣K אאאאאאאאK 
 

אא:  
٦K 

 
אאW 

١. K 
٢. אאK 
٣. אאK 

  

  
  
  
  



א ١٦٥ אא 
א אאFE אא 

 
 

 

אא 
١KW 

 אאאאאא
FEאאK 

אאאW 
١. אאK 
٢. אK 
٣. אK 
٤. אאK 
٥. אK 
٦. אK 

אאW 
 אאאאאאא

אאאאאK 
אW 

אאאאאK 
אW 

אW 

١. אאאWאאא
א1 X 10-5אKאאאא

אK 
٢. אאאWאאאא

אאאK 



א ١٦٥ אא 
א אאFE אא 

 
 

 

אאW 
 א110

אKאאK 
 ،אאאאא

450900،1200K 
 

אW 
אא± 0.00001אK 

אW 
אאGFW 

 
MW (or atomic weight) of analyte aGF=

MW of weighed substance b
×  

 
W 

MWWאאK 

analyteWאאאK 

Weighed substanceWאאK 

aWאאאK 

bWאאK 

 

אאאW 

 

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



א ١٦٥ אא 
א אאFE אא 

 
 

 

אאאאW 

 
GF weight of precipitate (g)

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

= × 

 

W 
אאאF200E

אCaC2O4Kאאא26.6002אK 
אHCaO=26.7134אKאCa100אאK 

 

אW 

GFW 

GF= 0.7147
40.08
56.08

= 

 

W 

א40.08אK 

אאCaO=56.08K 

 

CaאF(200W 

 

Weight of Ca (g) 0.7147 0.1132 (g) = 0.8094 g= × 
 

אאא(CaO)=26.7134–26.6002=0.1132אK 



א ١٦٥ אא 
א אאFE אא 

 
 

 

ca100W 
 

0.8094 g →  200 ml 

x  → 100 ml 
x = 0.4047 g 

 
 
 
 
 
 
 
 



א ١٦٥ אא 
א אאFE אא 

 
 

 

אF١WEאאא 
١. אאW 

 אאאאא200 oC
אא،א،

אK 
 
٢. אאW 

١K אאאאK 
٢K אאWא،א،א،K 
 
٣. אאאאאW 

١K אאBaCl2.xH2OK 
٢K Distilled waterK 
٣K Drying ovenK 
٤K DesiccatorK 
٥K CrucibleK 
٦K אK 

 
٤. אאW 

١K 1.0000אאאK 
٢K אאא30K 
٣K אאאאאא20K 
٤K אאאאAnhydrate barium chlorideK 
٥K אאK 



א ١٦٥ אא 
א אאFE אא 

 
 

 

٥. אW 
MW of BaCl2.xH2O → MW of BaCl2 
208.246 + 18x          → 208.246 
………………...      →  ………. 

 
אxאאK 

 
 
 
 
 
 
 
 
 



א ١٦٥ אא 
א אאFE אא 

 
 

 

אF٢WEא 
١KאאW 

 אאאNaZn(UO)2(CH3COO)9.6H2O
אאא،אאאאא

אאאW 
אאאאאא

אאאK 
 

٣K אאW 
١K אאאאK 
٢K אאWא،א،א،K 

 
٣KאאאאאW 

١K א2g/LK 
אא*K 

٢K אK 
٣K אK 
٤K K 
٥K אF٤KE 
٦K אK 
٧K 50K 
٨K K 
٩K K 

 
*אאאFEאFKEא

24KE 



א ١٦٥ אא 
א אאFE אא 

 
 

 

אFWE20אאאUO2(C2H3O2)2.2H2O4א
א100אאFאKE 

אFWE60אאZn(C2H3O2)2.3H2O3א
100אאK 

٤KאאW 
١K א10א2g/L50K 
٢K אאK 
٣K אאא1،אא10א

אK 
٤K אאאא٤٥K 
٥K אא٤אK 
٦K אאאא2אאK 
٧K אאאא2אK 
٨K אאאא2אK 
٩K אאאא30אא،K 
 

٥KאW 
אאGFW 

  

2 3 2 3 2 9 2

atomic weight of sodiumGF
MW of NaZn(UO ) (C H O ) .6H O

= 

אאW 

 
wt. of  precipitate GF%(Na) 100

sample weight
×

= × 

 

 



א ١٦٥ אא 
א אאFE אא 

 
 

 

אF٣WEא 
 

١Kאא 
אFEאאאא

אאKאאאאא
אאאאאאK 

 
Cl-  +  AgNO3  →  AgCl  + NO3

- 
 

אאאK 
 

W 
א٣٢}٥אאא

אאאא٣٧}٥אKאאא
אK 

 
אW 

אאGravimetric Factor (GF)W 
 

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

×  

W 

MWW،אאanalyteW،אאאWeighed substanceWאאF
אאE،aWאאא،bWאאK 

 



א ١٦٥ אא 
א אאFE אא 

 
 

 

0.2474GF

143.5
35.5GF

=

=

 

 
אאאW 

 
GF weight of precipitate (g)

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

= × 

 

.%25Cl%

100
5.32

5.370.2474%C

=

×
×

=l

 

 
٢Kאאא 

١K ٤٠٠K 
٢K אK 
٣K אK 
٤K K 
٥K K 

 
٣Kאאא 

١K אאK 
٢K אאK 
٣K א1% (v/v)K 
٤K אא0.2NK 
 



א ١٦٥ אא 
א אאFE אא 

 
 

 

٤KאW 
١K ٣}٠אאא٤٠٠K 
٢K אאאאא١٥٠K 
٣K א١٠אאאK 
٤K אא0.2NאאFא

אאאאKE 
٥K אאאאאאK 
٦K א،אאאאא،אא

אאאK 
٧K א٤٥K 
٨K א٤K 
٩K אאאK 
١٠K אאאאא٢٠٠٤٥K 
١١K אאא٢٠אאK 
١٢K אאאאK 

 
אW 

אHאZ 
אZ 

אZ 
אHאZ 

אZ 
אZ 

 

 

 



א ١٦٥ אא 
א אאFE אא 

 
 

 

אא 
אאאK 

١. אאאאK 
٢. אאW 
Kאאא אא 
P Ag3PO4 
K2HPO4 Ag3PO4 
Bi2S3 BaSO4 

 

٣. אPO4
3-(NH4)3PO4.12MoO3K

٢٧١١}٠אאאא١٦٨٢}١אKאאא
PאK 

 

אאא 
١. אאאW 

١K אאK 
٢K אK 
٣K אK 
٤K אאK 
٥K אK 
٦K אK 

 

٢. FE٠٤٣٥٤}٠،FE١٩١٣٥}٠،FE٧٣٤٢٩}٠K 

١١١}٧ .٣K٪ 

 



 

 



 

 

  

אאאאאאFFאאEE  

אאאאFFEE  




א


א



א

F





א
E




٦



 

 



א ١٦٥ אא 
א אאFE אאא 

 
 

 

אאW 
אאאאאאאאK 

 
אאW 
 אאאאאא

אאאK 
 

אאW 
١٠K 
 

אאW 
١. ?K? 
٢. ?אאאאאK? 
٣. ?אאK? 

  
  
  
  
  
  
  
  
  
  
  



א ١٦٥ אא 
א אאFE אאא 

 
 

 

אאאFאE 

 
١KW 

 אאאאאאא
אאאאKאאא

אWאאאאKאא
אFאאEFאאEא

אאאאKאאאאאW 
١. אK 
٢. אאK 
٣. אאאK 
٤. אאאK 

אW 
אאF٦١EW 

 

אF٦١WEאאאא 
אאא 





א


א 
אא 

א 
א 

א 
א 

א 
 
אאW 

 אאFא
KEאאאאאאW 

  



א ١٦٥ אא 
א אאFE אאא 

 
 

 

אF٦٢WEאא 
אאא 

א א

אא،אא
אא 

אאAg+،Hg2
2+Pb2+ J

אאא–אאאא
א

אא

א 
אאBa2+Sr2+ JPb2+

Ca2+אא
א אאAg+ 
אא א

אא א
אאאFאE 

א א
א אאNa+K+NH4

+ 
אאאאNa+K+NH4

+ 
א אאאאא 

אאאאאNa+K+NH4
+Ca2+Sr2+ Ba2+

אא
אא

אאNa+K+ JאCa2+
Sr2+Ba2+ אא 

 
אאאWet testsW 

אW 
١. אK 
٢. אK 
٣. אאK 

WאאאDry testsW 
 אאאBunsen burnerא

אאאאK 



א ١٦٥ אא 
א אאFE אאא 

 
 

 

אאא
אאK 

 
٢אW 

 אאFא٦٣E
אאאאאאאGroup 

reagent،אאאאאא
،אאSpecific reagentsKא

אאאאאאK
אאאK 

 
١K אאא

אKאא
אK 

٢K אאאאאא
K 

٣K אאאאא
אאאאאאא

אאK 
 
 
 
 
 
 
 
 



א ١٦٥ אא 
א אאFE אאא 

 
 

 

אF٦٣WEא 
אאא אא 

א ،،
 

א
א

א
א 

 
א 

،،
،

، 

א
Fאא

אE 

א
אא

אאא
א 

א ،،א
א א 

אא ،،
، 

א،
א

א
FאE

א
אא 

א،
، 

א
א

א
א 


אאא 

א،،
، אאא

 
 
 
 
 
 
 
 
 
 
 



א ١٦٥ אא 
א אאFE אאא 

 
 

 

אF١WEאאאAg+ , Hg22+, Pb2+  
 

١KאאW 
 אאא

אא،אאAg+ אPb2+א،Hg2
2+K 

אאאאאאא
אאאאK 

אWאאHClK 
אFאאHאWEאFWEא

PbCl2،אAgCl،אHg2Cl2K 
אאFאאWEאאאאאAg+،

Hg2
2+Pb2+ JPbאא JBiSbאאK 

 
٢KאאW 

١. אאאאK 
٢. אאWא،א،א،K 

 
٣KאאW 

אאHClא.  
 

١. אאאאK 
٢. אאאאאKא

אF٦١١EK 
 
 
 
 



א ١٦٥ אא 
א אאFE אאא 

 
 

 

 
אF٦١١EWאאא 

א א א 
אPb2+ 

• אH HCl 
Pb2++ 2Cl- →  PbCl2↓ 

 
• אH     NaOH 

Pb2+ + 2(OH)- → Pb(OH)2 ↓ 
Pb(OH)2 + 2NaOH → Na2PbO3 + 2H2O 

 
• אאH 

 
אא 

• אHא K2CrO4 
Pb2+ + CrO4

2- → PbCrO4↓ 
 

• אHאH2SO4 
Pb2+ + SO4

2- → PbSO4↓

 
א 

 
 

א
א 

 
אא 

 
 

א 
 
 

א 

 
אא

 
 

אPb2+ 
 
 

HPb2 

 
 

HPb2 

 

 
HPb2 

אAg+ 
• אH HCl 

Ag+  +  Cl-  →  AgCl 
 

• אH NaOH 
2AgNO3 + 2NaOH → Ag2O↓ + 2NaNO3 + H2O

 
אא 

• אHאKCr2O4 
2Ag+ + CrO4

2-
 → Ag2CrO4↓ 

 
• אHא KI 

Ag+ + I- → AgI↓

 
א
א 

 
א 

 
 

א 
 
 

א 

 
אא

 
 

אAg+  

 
 

Ag+ 

 

 
Ag+ 

 
 



א ١٦٥ אא 
א אאFE אאא 

 
 

 

 
אF٦١١EWאאאFE 

אHg2
2+ 
 

• אHHCl 
Hg2

2++ 2Cl- → Hg2Cl2↓ 
 

• אHא NaOH 
Hg2(NO3)2 + 2NaOH → Hg2O↓ + 2NaNO3 + H2O

 
אא 

• אHNH4OH 
Hg2

2++2NH3+H2O→ NH4
++[HgO.Hg(NH2)]+ ↓+H2

 
• אHאNa2CO3 

Hg2
2++ CO3

2- →  Hg2CO3↓ 

 
 

א 
 
 

א 
 
 
 

א 
 

א
 

 
 

אא
 
 

אHg2
2+

 
 

 
 
 

Hg2
2 + 

 
HHg2

2 

  

  

  

  

  

  

  

  

  

  



א ١٦٥ אא 
א אאFE אאא 

 
 

 

אF٢WEאאאSn2+, Sn4+ Sb3+, As3+, Cd2+, Bi3+, Cu2+, Hg2+

١KאאW 
 אאאאא

H2SאאHClאא
אאא،אאFאE،א،

אא،אא،אKאא
אא،F٢EאWא،אא،א

אאאאKאאF٢E
אWאא،אאאאK 

 
אWא H2SHאאHClK 
אWאאאWאFEHgS،

אFECuS،אFEBi2S3، אFE
CdS،אFEAs2S3،אFESb2S3،

אSnS2K 
אאFאאWEאאאNaKNH4Ca

Sr BaK 
٢KאאW 

١K אאאאK 
٢K אאWא،א،א،K 

٣Kאא:
אאHCl אאא

אFEK 
١K אאאאאK 
٢K אאאאFא??א?E?

אWאאאאאאא



א ١٦٥ אא 
א אאFE אאא 

 
 

 

(NH4)2SWאאאא?٢F?א٦٢١E
אאא?٢F?אF٦٢٢EK 

  
 
 
 

אF٦٢١EWאאא?٢? 
אאא א 

אCu2+
 

• אH HClH 
Cu2+ + S2- → CuS↓ 

 
• אH   NaOH 

Cu2+ + 2(OH)- → Cu(OH)٢↓ 
Cu(OH)2↓ + 2NaOH → Na2CuO3 + 2H2O 

 
אא 

 
• אHא 

 
• אHא KI 

2Cu2SO4+ 4KI → Cu2I2↓  +  I2 + 2K2SO4 


אHNO3

א
אא(NH4)2S 

 
א

אאא
 

 
 
 
 

א 
 

א 

 
אHg2+

Cu2+ 
 
 

Cu2+ 
 
 
 
 
 
 

Cu2+ 
 

Cu2+ 
 

 



א ١٦٥ אא 
א אאFE אאא 

 
 

 

 
אF٦٢١EWאאא?٢F?E 

אא א 
אHg2+ 

 
• אH HClH 

HgCl2 + H2S → HgS↓  + 2HCl 
 
• אH   NaOH 

 
 

אא 
• אH א KIFE

HgCl2 + 2KI → HgI2↓  + 2KCl 
• אHאNa2CO3

 
א

HNO3א  
אא 

(NH4)2S 
א

א 
 
 

אKI 
 

א 

 
 

אHg2+
Cu2+ 
 

Hg2+   
 
 
 

Hg2+ 

 

Hg2+ 
אBi3+ 

 
• אH HClH 

2Bi2+ +  3S2-  → Bi2S3↓   
 

אא 
• אHאNH4OH

 
• אHאKIFE

 
אא

א
אא (NH4)2S 

 
 

א 
 

א 

 
א

א?? 
 

 
 

Bi3+ 
 

Bi3+
Cd2+ 

 
• אH HClH  

Cd2+ + S2- → CdS↓ 
 

אא 
• אH NaOH 

Cd2+ + 2(OH)- → Cd(OH)2↓ 
 

• אHא 


 
 

אHClא
א

א(NH4)2S 
 

א
אNaOH 

 
א 

 
 

א
א?? 

 
 

Cd2+ 

 

 

Cd2 

  
 



א ١٦٥ אא 
א אאFE אאא 

 
 

 

 
אF٦٢٢EWאאא?٢? 

אא א 
אSn2+ 

 
• אH HClH 

Sn2+ + S2- → SnS↓ 
 

אא 
• אHא HgCl2 

 
• אHNaOH 

 
 

אHClא
אא 

 
א

FE
Sn2+ 
א

א 

 
 

א  
Sn2+ 

 
Sn2+ 

 

 

Sn2+ 

אSn4+ 
 
• אH HClH  

SnCl4 + 2H2S → SnS2↓ + 4HCl

אא 
• אHא HgCl2 

 
• אH NaOH 

SnCl4 + 4NaOH → Sn(OH)4↓ + 4NaCl 
Sn(OH)4 + 2NaOH → 3H2O + Na2SnO3 

 
 

אHClא
אא

א 
 

א 
 

א
א 



 
 

אSn4+

 
 
 

Sn4+ 

 
Sn4+ 

 

אSb3+ 
• אH HClH 

2Sb2+ + 3S2- → Sb2S3↓ 
 

אא 
• אHא KI 

 
• אH NaOH 

4SbCl3 + 12NaOH → Sb4O6↓ + 12NaCl + 6H2O

 
אHCl

א 
 
 

א 
 

א
אא 



 
א

Sb3+ 

 
 

Sb3+ 
 
 

Sb3+ 

  
  
  
  



א ١٦٥ אא 
א אאFE אאא 

 
 

 

אF٣WEאאאAl3+, Cr3+, Fe2+, Fe3+ 

١KאאW 
 אאאא
NH4OH + NH4Cl א،אאאאNH4Cl 

+ NH4OHK 
אWא NH4ClHאNH4OHK 

אWאאאWאFECr(OH)3؛
אFEAl(OH)3א؛FEFe(OH)2؛

אFEFe(OH)3K 
אאFאאWEאאNaK J

אCaSrBa אאK 
 

٢KאאW 
١K אאאאK 
٢K אאWא،א،א،K 

 
٣KאאW

١K אא٣א
אK 

٢K אאאאאאאא
אאF٦٣١EK 

 
 
 
 
 



א ١٦٥ אא 
א אאFE אאא 

 
 

 

 
 

 
אF٦٣١EWאאא 

אא א א 
אFe2+ 

• אH NH4ClH٣ NH4OH 
Fe2+  +  2(OH)-  →  Fe(OH)2↓ 

• אH٣ NaOH 
Fe2+  +  2(OH)-  →  Fe(OH)2↓ 

 
אא 

• אH K4Fe(CN)6 
2Fe2+  +  [Fe(CN)6]4-  →  Fe2[Fe(CN)6] ↓ 

 
• אH+ H 2SO4     KMnO4 

 
אא

NaOH  
א 

 
 
 

אF
E 

א 

 
אFe2+

 

אFe2+
 
 
 

Fe2+ 
 

Fe2+ 
אFe3+ 

 
• אH NH4ClH٣ NH4OH 

Fe3+  +  3(OH)-  →  Fe(OH)3↓ 
• אH٤ NaOH 

Fe3+  +  3(OH)-  →  Fe(OH)3↓ 
 

אא 
• אH١א 

K4Fe(CN)6 
 
• אHאNH4SCN 

 
 
אא

NaOH 
א

א 
 

א 
K4Fe(CN)6 

 

א 

 
 

אFe3+
 

אFe3+
 
 
 

Fe3+ 
 

Fe3+ 

   

 
  



א ١٦٥ אא 
א אאFE אאא 

 
 

 

 
אF٦٣١EWאאאFE 

אא א 
Al3+ 

 
• אH NH4ClH٣ NH4OH   

Al3+ + 3(OH)- → Al(OH)3↓ 
• אH NaOH 

Al3+ + 3(OH)- → Al(OH)3↓ 
 

אא 
• אH١א

אNa2HPO4 
Al3+ + PO4

3-→ AlPO4↓ 
 
 
• אHאNa2CO3 



 
 

א
א NaOH 

א
    NaOH 
 
 

א
אא،

א
א 

 
א
א 

 
 

אAl3+
 

אAl3
 
 
 

Al3+ 

 

 

 

 

Al3+ 

Cr3+ 
 
• אH NH4ClH٣NH4OH 

Cr3+ + 3(OH)- → Cr(OH)3↓ 
 
• אH NaOH 

Cr3+ + 3(OH)- → Cr(OH)3↓ 
 

אא 
• אHאא

Na2HPO4 
Cr3+ + PO4

3-  → AlPO4↓ 
 
• אHאNa2CO3

 
א

א
אא NaOH 

 
א

א 
 
 

א 
 
 
 

א 

 
 

אCr3+

 
 

Cr3+ 

 
 
 

Cr3+ 
 
 
 
Cr3+ 

  



א ١٦٥ אא 
א אאFE אאא 

 
 

 

אF٤WEאאאאNi2+, Co2+, Mn2+, Zn2+ 

١KאאW 
 אא،א،אאKא

אאWNH4Cl + NH4OH + (NH4)2 SK 

אWאH2Sא(NH4)2S)H
א NH4OHHאNH4ClK 

אWאאאWאFEZnS،
אFEMnS،אFENiS،אFECoSK 

אאFאאWEאאאNaKNH4Ca
Sr BaK 
 

٢KאאW 
١K אאאאK 
٢K אאWא،א،א،K 

 
٣KאאW

אאNH4Cl،אNH4(OH)
ThyoacetamideאK 

 
١K אאאאאK 
٢K אאאאF٦٤١EK 

 
 
 
 



א ١٦٥ אא 
א אאFE אאא 

 
 

 

 
 

 
אF٦٤١EWאאאא 

אא א א 
אZn 2+ 

 
• אHNH4Cl H NH4OHH

Zn2+ +  S2- → ZnS↓ 
 
 

אא 
• אH  NaOH 

 
• אHNH4OH 

 
 

אא
אא

א 
 

א
א NaOH 

א
אNH4OHK 

 
 

אZn2+
 
 
 

Zn2+ 

 
Zn2+ 

אMn2+ 
 

• אHNH4Cl H NH4OHH
Mn2+ + S2- → MnS↓   

 
 

אא 
• אH  NaOH 

MnCl2 + 2NaOH → Mn(OH)2 ↓ + 2NaCl 
2Mn(OH)2 + O2 → 2MnO(OH)2 ↓ 

 
• אHNH4OH 

 
 

א
אא

אא 
 
א

א 
 
 

א
א 

 
 

א
Mn2+ 

 
 
 

Mn2+ 

 

 
 

Mn2+ 

 
 
 



א ١٦٥ אא 
א אאFE אאא 

 
 

 

 



א ١٦٥ אא 
א אאFE אאא 

 
 

 

 
אF٦٤١EWאאאאFE 

אאא א 
אCo2+ 

 
• אHNH4Cl H NH4OHH 

Co2+ +  S2- → CoS↓   
 

 
אא 

• אH  NaOH 
Co(NO3)2 + NaOH → Co(OH)NO3↓ + NaNO3 

  
• אHא

 
 

א א
אא

א 
 
 

א
 

 
א 

 
 

א
Co2+Ni2+ 

 
 
 

Co2+ 

 

 
Co2+ 

אNi2+ 
 
• אHNH4Cl H NH4OHH 

Ni2+ + S2- → NiS↓   
 

 
אא 

• אH  NaOH 
Ni (NO3)2 + NaOH → Ni(OH)NO3↓ + NaNO3

  
• אH NH4OH 

NiCl2 + NH4OH → Ni(OH)Cl + NH4Cl 
Ni(OH)Cl↓ + 7NH4OH → NH4Cl + 

Ni(NH3)6(OH)2 + 6H2O 

• אH*DMG 
NiCl2 + 2HDMG → Ni(DMG)2↓ + 2HCl

 
 

אא
אא

א 
 
 

א
א 

 
א 

NH4OH
NH4

+ 
 
 

א 

 
 

א
Co2+Ni2+ 

 
 
 

Ni2+ 
 
 

Ni2+ 
 
 
 
 

Ni2+ 

• DMG=Dimethyl glyoxime 
 
 



א ١٦٥ אא 
א אאFE אאא 

 
 

 

אF٥WEאאאBa2+, Sr2+, Ca2+ 
 

١KאאW 
 אאאאאWא،אאK

אאאאאא
NH4ClK 

אWא NH4ClHא NH4(OH)H
א(NH4)2CO3K 

אWFWEאCaCO3،אBaCO3،
אSrCO3K 

אאFאWEאאNaKNH4K 
 

٢KאאW 
١K אאאאK 
٢K אאWא،א،א،K 

 
٣KאאW 

אא،אNH4Cl،
אNH4OHא،א١א

(NH4)2CO3K 
 

١K אאאאאK 
٢K אאאאF٦٥١EK 



א ١٦٥ אא 
א אאFE אאא 

 
 

 

 
 

אF٦٥١EWאאא 
אא א א 

אCa2+ 
• אH NH4Cl H NH4OHH 

(NH4)2CO3 
Ca2+ + CO3

2- → CaCO3↓ 
• אH אCaSO4 

 
אא 

• אHאK2CrO4 
אא 

• אא
Bunsen 

 
אא

אא 
א 

 
 

א 
 

 

 
א

א 
אCa2+

 
 

Ca2+ 

 

Ca2+ 

אSr2+ 
אH NH4Cl H NH4OHH (NH4)2CO3 

Sr2+ + CO3
2- → SrCO٣↓ 

• אH אCaSO4 
Sr2+ + SO4

2- → SrSO4↓ 

 
אא 

 אHאK2CrO4 
Sr2+  +  CrO4

2-  →  SrCrO4↓ 
 אא 

• אא
Bunsen 

 
אא

אא 


אא
אאFאE

 
אא

אא
א 

 

 
א

א 
אSr2+

 

 

 
Sr2+ 

 

 

Sr2+ 

  
  
  
  
  
  
  



א ١٦٥ אא 
א אאFE אאא 

 
 

 

  
  
  
  
  

אF٦٥١EWאאאFE 
  

אBa2+ 
אHNH4Cl H NH4OHH(NH4)2CO3 

Ba2+ + CO3
2- → BaCO3↓ 

• אH א CaSO4 
Ba2+ + SO4

2- → BaSO4↓ 
  

אא 
• אHאK2CrO4 

Ba2+  + CrO4
2- → BaCrO4↓ 

 
 אא 

• אא
Bunsen 

 
אא

אא 
אFאE 

 
 

א
אא

אK 
 

 

 
א

א 
אBa2+

 
 

Ba2y 

 

 
 

Ba2+ 

  



א ١٦٥ אא 
א אאFE אאא 

 
 

 

אF٦WEאאאNH4+, K+, Na+, Mg2+ 
 

١KאאW 
 אאאאא

אKאW،א،א،א،א
אאK 

٢KאאW 
١K אאאאK 
٢K אאWא،א،א،K 

 
٣KאאW 

אאאאF٦٦١KE 
 
 
 

אF٦٦١EWאאא 
אאא א 
אNH4

+ 
• אHאNaOHH

 
NH4Cl + NaOH → NH3↑ + NaCl + H2O 

 
• א(HgCl2+KI: 

Nessler’s Reagentא 
 

• אHא 
Na3Co(NO2)6 

 
אא

אא


HCl 
 

א
א 

 
א
א 

 
א

NH4
+ 

 
 

א
NH4

+ 
 

א
NH4

+ 

 
 



א ١٦٥ אא 
א אאFE אאא 

 
 

 

 
אF٦٦١EWאאאFE 

 
אאא א 

אMg2+ 
 

• אHא NaOH 
MgCl2 + 2NaOH → Mg(OH)2↓ + 2NaCl 

 
 

• אHאNa2CO3 
Mg2+  +  CO3

2- →  MgCO3↓

 
א

א
א
א 

NH4Cl 
א

א 

 
 

Mg2+ 
 
 
 

Mg2+ 

אNa+ 
 

• אHא Na3Co(NO2)6 
 אא 

• אא
Bunsen

 
 

א 
 

 

 
 

Na+ 
 

Na+ 

אK+ 
 

• אHא Na3Co(NO2)6 
Na3Co(NO2)6 + 3KCl → K3Co(NO2)6↓ + 3NaCl

• אHאHClO4 
K+  +   ClO4

-  →  KClO4 
 

 אא 
• אא

Bunsen

 
א

א
אא CH3COOH 

 
א 

 
 
 

 

 
 

K+ 
 
 

K+ 
 
 
 
K+ 

  
  

 
 

אא 



א ١٦٥ אא 
א אאFE אאא 

 
 

 

אאאK 
١Kאאאא؟אא 
٢KאאW 

 
א א 

א KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
א KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

א KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
אא KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK

אא KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
 

٣KאאאאK 
٤KאאאאK 

 



א ١٦٥ אא 
א אאFE אאא 

 
 

 

אאא 
 
 

١Kא  Pb2+   + HCl (dil.)               
א Ni2+  + HCl (dil.)                

אW 
א  Pb2+  + NaOH (dil.)                

א Ni2+ + NaOH (dil.)                 
אNi2+ + DMG                   

٢K 
א א 

א א 

א 
אאBa2+Sr2+ J

Pb2+Ca2+אא 
א אאAg+ 

אא א 
אא א 

 
٣KאאאאאBunsen burner

אאאאאK 
٤KאWHg2Cl2א،WHgCl2K 

 
  
  
  
  



 

 

  



 

 

  

אאאאאאFFאאEE  

אאאאFFEE  





א


א




א
F


א

E




٧



 

 



א ١٦٥ אא 
א אאFE אאא 

 
 

 

אאW 
אאאאאK 
 

אאW 
אאאW 

١. אאאF١E،٢EFKE 
٢. אאF١E،F٢EFKE 

 
אאW  

٤K 
 

אאW 
١. K 
٢. אאאאאK 
٣. אאK 

  

  

  

  



א ١٦٥ אא 
א אאFE אאא 

 
 

 

אאאFאE 

 
١KW 

 אאFאEאWא??א??
Fא٧١EאאאאאK

א???Wא??א?
א???Wא??אאאK? 

   
אF٧١WEאאFאE 

אאא א 

א
?? 

אF١E  

אCO3
2-،אHCO3

-

،אSO3
2-،א

S2O3
2-אאS2-،אNO2

-،
אאHClO-،אאCN-

אCNO- 
 

אF٢E 
אאCl-،אאBr-،
אאI-،אאNO3

2-،
אאClO3

-،אא،
אBr-،א

 
א

HClא
אא 

 
 
 

א
אH2SO4 

 
אא

אא 
 
 
 
 

אא
אא 

א
?? 

אF–١E 
א،א،א،
א،אאא،K 

 
אאאF–٢E

א،א،א،
א


א

א
אאא 

 



א ١٦٥ אא 
א אאFE אאא 

 
 

 

אF١WEאאאF١E 
١KאאW 

 אWאאא
אאWאWאCO3

2-،אHCO3
-،

אאS2-،אSO3
2-،אS2O3

2-אNO2
-א،CN-

אCNO-KאאאK 
אאאאאא

אאאאK 
אאאאאאא

אאאא
אאאK 

אאאאאאK 
Kא،אאאא 

אאא،אאאאאא
אאאאאא،אK 

٢KאאW 
١K אאאאK 
٢K אאWא،א،א،K 

٣KאאW 
١KאWאFEK 
٢KאאFאHאאWEא

אאאKאאאאא
אאFא٧١١EאאFא٧א١٢

٧١٦EKאאאאאאK 

אאאאFא،א،
א،אEKKKאאאאאK 



א ١٦٥ אא 
א אאFE אאא 

 
 

 

 
אF٧١١EWאאא 

אאא א 
אCO3

2-אHCO3
- 

• אHHClאHאא 
Na2CO3 H 2HCl→2NaCl H H2O H CO2↑ 

NaHCO3 + HCl → NaCl + H2O + CO3↑ 

H2OHCa(OH)2→CaCO3HCO2

 
א 

CO2↑ אא
אאאCa(OH)2 



א
CO3

2-  HCO3
-

Fאא
א

E 
אS2O3

2- 

• אHHClאHאא
אK2Cr2O7

 
Na2S2O3 H 2HCl→SO2↑ H 2NaCl H S↓ H H2O 



 
א

אFE
אאא

אא 

 
א     

S2O3
2-Fא

א
אE 

אSO3
2- 

• אHHClאHא
אK2Cr2O7 

Na2SO3 + 2HCl → 2NaCl + SO2↑ + H2O 

 
א
אא
אאא

אא 

 
א

SO3
2- 

Fאא
אE 

אS2- 
• אHHClאHאא

א 
2NaClH2HCl→H2S↑HNa2S 

Na2S + (CH3COO)2Pb → PbS↓ + 

2CH3COONa

 
א

H2Sאאאא
אאא
אא

אא 

 
אS2- 

Fאא
א

٢٠E 

NO2
-א 

• אHHClאHאא
א 

NaNO2 + HCl → NaCl + HNO2 
3HNO2 → HNO3 + 2NO + H2O 

2NO + O2 → 2NO2

 
א

NO2א
א 

 

 
א

NO2-
Fאא

אE 
  
  
  
  



א ١٦٥ אא 
א אאFE אאא 

 
 

 

 
אF٧١٢WEאאאאWאCO3

2-אHCO3
- 

אא 
• אHאMgSO4 

Na2SO4HMgSO4→MgCO3HNa2CO3
אWא←CO3

2- 
אWא←HCO3

- 
• אHאHgCl2 

2NaClHHgCl2→HgCO3↓HNa2CO3
אWא←CO3

2- 

אWא←HCO3
- 

  
  

אF٧١٣WEאאאאWאSO3
2- 

אא 
• אHאאAgNO3 

Na2SO3+ ↓ H 2AgNO3→2NaNO3 H Ag2SO3↓ 

Ag2SO3 + Na2SO3→2Na[AgSO3] 

2Ag2SO3 → 2Ag↓ + Ag2SO4 + SO2  

א
אKאאא

א 

• אHא(CH3COO)2Pb 
 Na2SO3 H (CH3COO)2Pb → PbSO3↓ H 2CH3COONa

אאא
אא 

אHאא 
 

אF٧١٤WEאאאאWאS2- 
אא 

• א HאאAgNO3 
Na2S H 2AgNO3 → Ag2S↓ H 2NaNO3

אAg2S
אא 

• אHאKאW 
Na2S H (CH3COO)2Pb→PbS↓ H 2CH3COONa

אא 

• אH٢٣אא 
Na2[Fe(CN)5NO]H٢٣אNaOH 

Na2S + Na2[Fe(CN)5NO] → Na4[Fe(CN)5NOS]  

אאא
א 

  
 



א ١٦٥ אא 
א אאFE אאא 

 
 

 

 
אF٧١٥WEאאאאWאS2O3

2- 
אא 

• אHאאAgNO3 

Na2S2O3 H 2AgNO3→Ag2S2O3↓ H 2NaNO3 
H2O H Ag2S2O3→Ag2S + H2SO4

אאא
א 

• אHא(CH3COO)2Pb 
Na2S2O H (CH3COO)2Pb → PbS2O3 H 2CH3COONa 

PbS2O3 + H2O → PbS + H2SO4  

א
אא

• אHא 
2Na2S2O H I2 → Na2S4O6 H 2NaI

א 

  
 

אF٧١٦WEאאאאWאNO2
- 

א א 
• אHאFeSO4 Hאא

2NaNO2 H H2SO4 → 2HNO2 H Na2SO4 

3HNO2→2NO H HNO3 H H2O 

FeSO4HNO→[FeNO]SO4 

 
אא 

• אHאKIH H2SO4 א
• אHאאא

אא 
2KMnO4H3H2SO4 + 5NaNO2 → K2SO4+2MnSO4 + 5NaNO3+3H2O

 
א 

  
  
  
  
  
  
  
  
  
  
  
  
  
  



א ١٦٥ אא 
א אאFE אאא 

 
 

 

אF٢WEאאאF٢ECl-, Br-, I-, NO3- 
 

١KאאW 
 אWאאאW

אא،אא،אאאאאאאא،אא
،א،א،אאאאK 

אאאאאא،אא،אא
אK 

אאאאאאאK 
אWאאK 

 
٢Kא 

١K אאאאK 
٢K אאW،א،א،אK 

 
٣KאאW 

אWאא٥}٠אאאא
אאKאאאא،א

אאאF٧٢١EKאאאF٧٢٢KE 
 

אאאאFא،א،
א،אEKKKאאאאאK 

 
 
 
 



א ١٦٥ אא 
א אאFE אאא 

 
 

 

 
אF٧٢١EWאאאא 

אא א 
אCl-
 

• אאHH2SO4FFE
א

E 
NaCl H H2SO4→NaHSO4 H HCl↑

 
 

HCl↑א
אא 

 
אCl-

Fאא
א

אE 

אBr-

 

• אאHH2SO4FHE
 

2NaBr H H2SO4→2HBr H Na2SO4 
2HBr H H2SO4→Br2↑ H SO2 H 2H2O

 
א

א
אא

אא 

 
אBr- 

Fאא
א

אE 
 

אI-
 

• אאHH2SO4FHE
 

2NaI H H2SO4→2HI H Na2SO4 
2HI H H2SO4→I2↑ H SO2 H 2H2O



 
 

אא
א

אאא
אא 

 
 
א      I-

Fאא
א

אE 

אאNO3
-

 

• אאHH2SO4FE 
NaNO3 H H2SO4→HNO3 H NaHSO4 

4HNO3 → 4NO2↑ H O2 H 2H2O 
4HNO3 H Cu→ Cu(NO3)2 H 2NO2↑+ 2H2O

 


אאא
א

א 

 
אNO3

-
Fאא

א
אE 

 
  
  
  
  
  



א ١٦٥ אא 
א אאFE אאא 

 
 

 

אF٧٢٢WEאאאא 
א א 
אCl- 

• אHאא 
NaCl H AgNO3→AgCl↓ H NaNO3 

AgCl H 2NH4OH→[Ag(NH3)2]Cl H H2O

AgCl↓אא
א
אא

א NH٤OH] 
• אHא(CH3COO)2Pb 

2NaCl H (CH3COO)2Pb→2CH3COONa H PbCl2↓

אאPbCl2א
אא 

אBr- 
• אHאאAgNO3 

NaBr H AgNO3→AgBr↓ H NaNO3

אאאא
א 

• אH٢٤אא 
2NaBr H Cl2 → 2NaCl H Br2

אאא
אK 

אI- 
• אHאאAgNO3 

KI H AgNO3→AgI H KNO3

אAgIאא
א

אא
א 

• אHאCuSO4 
4KI H 2CuSO4→K2SO4 H Cu2I2↓ H I2

אFאWCu2I2E 

אאNO3
- 

• אאאBlack-ring test 
אHאHא

אאאFאאFE>
אא 

2NaNO3 + 6FeSO4 H  4H2SO4→ 3Fe2(SO4)3 H 2NO H 4H2O 
+ Na2SO4 

FeSO4 H NO→(FeNO)SO4↓

 
 
 

אא
א(FeNO)SO4 

 
 

  
  
  
  
  



א ١٦٥ אא 
א אאFE אאא 

 
 

 

אF٣WEאאFEPO43-, B4O72-, SO42- 
١KW 

 אWאאאא
אאאW،א،אא،א،א

אK 
אא،אאאאאא

אאאאאאאא،א
אK 

אאאאאאאאאאK 
אWאאאK 

٢KאאW 
١KאאאאK 
٢KאאWא،א،א،K 

٣KאאW 
WאHאאBaCl2K 

אWאF٧٣١KE 
 

אאאאFא،א،
א،אEKKKאאאאאK 

 
אF٧٣١WEאא 
א א 

• אאאHClHNO3 אPO4
3- 

• אאאא
א 

אא B4O7
2- 

• אFאEאא
א 

אSO4
2- 



א ١٦٥ אא 
א אאFE אאא 

 
 

 

WאHאאAgNO3K 
אWFא٧٣٢EW 

 
אF٧٣٢WEאא 

א א 
• אאא   HNO3א

א 
• אאB4O7

2-  
אאאא 

• אFEא
א 

אPO4
3- 

 
אאB4O7

2- 
 

אSO4
2- 

  
 

WאאKאאאFEאאF٧٣٣
٧٣٥KE 

 
אF٧٣٣WEאאSO4

2- 
אא 

• אHאCH3COO)2Pb 
Na2SO4 + (CH3COO)2Pb→PbSO4 ↓+ 2CH3COONa 
PbSO4 + CH3COONH4 → (CH3COO)2Pb + (NH4)2SO4 

 
• אHאא

א
א

א 
 

א 
 



א ١٦٥ אא 
א אאFE אאא 

 
 

 

אF٧٣٤WEאאPO4
3- 

אא 
• אHאאAgNO3 

 
• אHאFeCl3 

NaHPO4 + FeCl3 → FePO4↓ + 2NaCl + HCl 

אא 
 

אFePO4
אאאא

אאא 
 

אF٧٣٥WEאאאB4O7
2- 

אא 
• אHאאH  
• אFאאאHE

אא 
א 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  



א ١٦٥ אא 
א אאFE אאא 

 
 

 

אא 
 

אאאK 
١. אאאW 

 
א אא 

א  
א  
א  

א  
א  

אא  
א  
א  

א  
א  
אא  

 
  

 
 
 



א ١٦٥ אא 
א אאFE אאא 

 
 

 

אאא 
 

א אא 
א CO3

2-

א HCO3
-

א SO3
2-

א S2O3
2- 

א S2-

אא HClO-

א CN-

א CNO-

א SCN-

א NO2
-

אא NO3
-

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  



א ١٦٥ א 
א אאFE  

 
 

 

Wאאא 
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אF١WEא  K K K K K K K K K K K K K K  J٥ J 
אF٢WEא K K K K K K K K K K K K K K K J٧ J 
אF٣WEאא  K K K K K K K K  J٩ J 
אא  K K K K K K K K K K K K K K K K K K K K K K K K K K K J١١ J 

אאא  K K K K K K K K K K K K K K K K K K K K K K K K J١١ J 
١אWאFE  K K K K K K K K K K J١٣ J 
אF٢WEאאFE  K K K K K K K K K  J١٦ J 
٣אWאFE  K K K K K K K K K K J١٨ J 
אF٤WEא  K K K K K J٢٠ J 
אא  K K K K K K K K K K K K K K K K K K K K K K K K K K K J٢٤ J 
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אאא  K K K K K K K K K K K K K K K K K K K K K K K K J٥١ J 

אאאFאE  K K K K K K K K K K K K K K K K K K J٥٣ J 
אF١WEאאאAg+ , Hg22+, Pb2+  K K K K  J٥٧ J 
אF٣WEאאאAl3+, Cr3+, Fe2+, Fe3+ K K  J٦٤ J 
אF٤WEאאאאNi2+, Co2+, Mn2+, Zn2+  K  J٦٧ J 
אF٥EWאאאBa2+, Sr2+, Ca2+  K K K K K J٧١ J 
אF٦WEאאאNH4+, K+, Na+, Mg2+ K K K K K K J٧٤ J 
אא  K K K K K K K K K K K K K K K K K K K K K K K K K K  J٧٥ J 

אאא  K K K K K K K K K K K K K K K K K K K K K K K  J٧٧ J 
אאאFאE  K K K K K K K K K K K K K K K K K  J٧٨ J 
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אאא  K K K K K K K K K K K K K K K K K K K K K K K K J٩٠ J 
אאW K K K K K K K K K K K K K K K K K K K K K K K K K K K K  J٩٢ J 

            



 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  
 


