Chemical Analysis
Chemical analysis is divided into two main classes:

І - Qualitative Analysis: 
This type of analysis involves the investigation and identification of substances in its simplest or complicated forms.

ІІ- Quantitative Analysis:
The object of quantitative analysis is to determine the actual amounts of the constituents of a compound, and also the amount of material dissolved in solutions. Depending upon the tools used , or the procedures followed to perform the analysis, it can be classified into 3 main classes:

a) Volumetric analysis : i.e., determination of the constituents by titration.

b) Gravimetric analysis : i.e., determination of the constituents by pptn.

c) Instrumental analysis : i.e., determination of the constituents by the use of instruments and apparatus.

Inorganic Qualitative Analysis
When an acid, e.g. HCl is made to react with a base, e.g. NaOH, salt, NaCl, and water are formed according to the following equation :

HCl   +   NaOH  = NaCl   + H2O
                                                                                   acid          base        salt         water
The part of the salt which is derived from the base, Na+,  is called the" basic radical",where as the other part which is derived from the acid is termed the" acidic radical".

In the following labs we will describe the schemes of Qualitative Analysis of acid  radicals or (anions) and basic radicals or( cations)
Part І: Identification of Anions

The common anions are devided into three groups for the purpose of identification:

1) Those which evolve gases with dilute hydrochloric acid :

a) Carbonate (CO32-)
b) Bicarbonate(HCO3-)
c) Nitrite(NO2-)
d) Sulphite(SO32-)
e) Thiosulphate(S2O3 2-)
f) Sulphide (S2-)
2) Those which do not react with dilute HCl, but which do evolve gases or volatile liquids with concentrated sulphuric acid:
a) Chloride (Cl-) 

b) Bromide (Br-)

c) Iodide (I-)

d) Nitrate (NO3-)
3) Those which do not react with either dilute hydrochloric acid or concentrated sulphuric acid:

a) Phosphate (PO43-)

b) Borate (B4O7 2-)

c) Sulphate (SO4 2-)
1) Anions which react with dilute hydrochloric acid
	
	       Carbonates  (CO32-)
	       Bicarbonates  (HCO3-)
	         Nitrites (NO2-)

	
	All carbonates except those of alkali metals, and ammonium are very slightly or difficulty soluble in water.Accordingly reactions in solution are only carried out in case of the soluble salts.


	All bicarbonates are water soluble.
	Most nitrites are water soluble except that of silver.

	Solid salt +    dil. HCl
	Effervescence and a colourless odourless gas is evolved,
 Carbon dioxide(CO2),

Na2CO3 + 2HCl (2NaCl + H2O+ CO2

	Effervescence and a colourless odourless gas is evolved,
Carbon dioxide(CO2),

NaHCO3 + HCl ( NaCl + H2O+ CO2

	Pungent brown fumes are evolved consisting mainly of nitrogen dioxide (NO2), which is produced by the combination of nitric oxide (NO) with the oxygen of the air.

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

2NO + O2 ( 2 NO2




	
	Carbonate
	Bicarbonate
	Nitrites

	               To differentiate between CO32 - and  HCO3- :
	Confirmatory tests of nitrites:

	
 1 )Salt         solution + magnesium sulphate solution

 2) Salt  solution + mercuric chloride solution
	White precipitate of magnesium carbonate

Na2CO3 + MgSO4 (  MgCO3↓+ Na2SO4

Reddish brown precipitate of mercuric carbonate

Na2CO3 + HgCl2 ( HgCO3↓+2NaCl

.
[image: image1]
	No ppt. in the cold , as magnesium bicarbonate is soluble, but on heating, a white ppt.of magnesium carbonate is obtained :

2NaHCO3 + MgSO4(                          Na2SO4      +   Mg(HCO3)2                      

                        soluble  in  water

                                    ▲
Mg(HCO3)2           MgCO3↓+CO2                                        
                                       ppt        +H2O                     
No ppt. in the cold , but on heating  a reddish-brown ppt. of mercuric   carbonate is obtained:
2 NaHCO3 + HgCl2 (                         2 NaCl   +   Hg(HCO3)2
               soluble  in  water                                   
                       ▲
Hg(HCO3)2           HgCO3↓ +CO2   
                                      ppt        + H2O                                       
                      
	1) The brown ring test:

To a dilute solution of the nitrite , add two drops of freshly prepared  ferrous sulphate solution (FeSO4), and then add dil.H2SO4 very carefully drop by drop down the inside of the test  tube:  a brown ring forms due to the formation of (Fe.NO)SO4.

Note:

If the addition of dil H2SO4 is not down the inside of the test tube , the solution becomes brown color (we can not notes the ring).

2) solution of nitrite + potassium iodide solution (KI) + dilute sulfuric acid :  a pale brown colour appears, due to the libration of iodine.
(The nitrite solution is an oxidizing agent.)
2KNO2 + 2KI + 2H2SO4 ( 2K2SO4 + 2H2O + I2 + 2NO                        
             Iodide                                     Iodine
 3) Solution of nitrite  + acidified solution of potassium  permanganate KMnO4 ( i.e KMnO4 + dil H2SO4):  the purple colour of the permanganate disappears.(the nitrite solution is an reducing agent.

5KNO2 + 2KMnO4 + 3H2SO4 (
5KNO3 +K2SO4+2MnSO4+ 3H2O
 


	
	   Sulphites  (SO32-)  
	Thiosulphates (S2O3 2-)
	Sulphides (S2-)

	
	All sulphites are slightly soluble in water except the alkali metal sulphites and the ammonium salt.
	Sodium thiosulphate is readily soluble in water , other thiosulphates are slightly soluble.

	All sulphides, except those of alkali, alkali earth metals and the ammonium ion are slightly soluble in water.

	Solid salt + dilute HCl
	Sulphur dioxide gas (SO2), is evolved , which is recognizable by its pungent smell:
Na2SO3 + 2HCl (2NaCl +H2O + SO2
Test for sulphur dioxide:

Dip a small piece of  paper into an acidic solution of potassium dichromate,  and hold it over the mouth of the test tube. The paper will turn green, because the sulphur dioxide reduces the dichromate to a chromic sulphate:

3SO2 + K2Cr2O7 + H2SO4(                     K2SO4    +    Cr2(SO4)3   + H2O
 Orange             Green 

  colour             colour                                    

                                     
	Colourless gas with pungent odour , which turns an acidified potassium dichreomate paper green , is evolved (SO2), and a yellow precipitate of sulphur (S) appears:
Na2S2O3+2 HCl (2 NaCl + H2O+SO2+ S↓

3SO2 + K2Cr2O7 + H2SO4 (                K2SO4   +    Cr2(SO4)3  +  H2O                      Orange            Green 

 colour            colour

	Colourless gas, hydrogen sulphide (H2S) , is evolved which is recognizable by its bad smell.
Na2S + 2HCl (  2 NaCl + H2S
Test for hydrogen sulphide:

Dip a piece of paper in a solution of lead acetate, and hold it over the mouth of the test tube in which the H2S is being generated.

The paper will turn black due to the formation of lead sulphide.

H2S + Pb(CH3COO)2(             PbS + 2 CH3COOH

Black


	
	            Sulphites 
	       Thiosulphates
	           Sulphides

	Confirmatory tests:

1) Salt solution + 

silver nitrate solution   (AgNO3 ) 
	A white precipitate forms (silver sulphite   Ag2SO3), which dissolves in excess of sulphite, due to the formation of soluble complex.

Na2SO3   + 2 AgNO3  ( Ag2SO3↓ +2 NaNO3
                                         ppt

Ag2SO3 + Na2SO3 ( 2 Na[AgSO3]
                                      Soluble complex     
	A white precipitate forms (silver thiosulphate Ag2S2O3),  which is soluble in excess of the thiosulphate, due to the formation of complex ,

which is unstable( it changes to yellow, brown and finally to black Ag2S).
Na2S2O3+2 AgNO3 (          Ag2S2O3↓ +2 NaNO3
   White ppt
	A black precipitate of silver sulphide  ( Ag2S) is formed.
Na2S + 2AgNO3 ( Ag2S↓+2NaNO3
    ppt
                                               

	2) Salt solution + lead acetate

solution                 Pb(CH3COO)2

	A white ppt. of lead sulphite (PbSO3) is formed.

Na2SO3   +  Pb(CH3COO)2 (                     PbSO3 ↓+ 2 CH3COONa

    ppt


	A white ppt. of lead thiosulphate (PbS2O3) is formed, the ppt. turns black (PbS) on boiling.
Na2S2O3+Pb(CH3COO)2( 

PbS2O3↓ +  2CH3COONa
White ppt

PbS2O3 +  H2O (   PbS↓   +   H2SO4
                                Black ppt
	A black ppt. of lead sulphide  ( PbS) is formed. 

Na2S +Pb(CH3COO)2           (   PbS↓  + 2CH3COONa
   Black ppt

	
	* Salt solution + drops of acidified solution of KMnO4: 
The purple colour of the permanganate will disappear. The sulphite reduces the permanganate ion  to  (Mn2+) which is almost colourless.

5Na2SO3 +2KMnO4+3H2SO4 (5Na2SO4+K2SO4+2MnSO4+3H2O

	
	 *  Salt solution + Sodium nitroprosside solution :

A violet colour is formed.




	
	         Sulphites
	    Thiosulphates

	
	                               Salt solution + 2 drops of dil. H2SO4 + Iodine solution(I2)


	
	The brown colour of the iodine solution disappears.

Na2SO3 + I2 +  H2O ( Na2SO4 + 2HI
	The brown  colour of the iodine solution disappears, because the iodine is reduced to the iodide ion, which is colourless.

At the same time, the thiosulphate is oxidized to tetrathionate:

2Na2S2O3 + I2 ( Na2S4O6 + 2 NaI




2) Anions which react with concentrated sulphuric acid
Note: Do these tests in fuming cuper because  the gases which are given off in these tests are extremely irritating, and can cause damage to the sensitive mucous membranes of nose and throat. 
	
	Chlorides (Cl-)    
	Bromides (Br-)
	Iodides (I-)
	Nitrates  (NO3-)

	
	All chlorides are water soluble except the chlorides of silver, mercurous and cuprous.
	Bromides resemble chlorides in their solubility.
	Iodides resemble chlorides and bromides in their solubility.
However, bismuth iodide is insoluble.


	All nitrates are soluble in water except some basic nitrates.

	Solid salt + conc.H2SO4:
	Effervescence with evolution of colourless gas , Hydrogen chloride (HCl), 
2NaCl + H2SO4 (Na2SO4 +2 HCl
Test for HCl gas:
Dip a clean glass rod into a bottle of conc. ammonia solution, and hold it close to the mouth of the test tube in which the HCl is being produced. Dense white fumes of ammonium chloride will be formed:
HCl +NH3 (NH4Cl
	Raddish fumes evolve and the solution turns orange due to libertion of bromine (Br2)
2NaBr + H2SO4 ( 2HBr +
                                      Na2SO4 
2HBr + H2SO4 (2H2O + 

                                SO2 + Br2
	Violet fumes are evolved, (Iodine gas I2) and a brown or black precipitate is formed in the test tube.
2KI + 2 H2SO4 (                             K2SO4 +2H2O+ SO2 +I2
	                          -ve
If a small piece of copper metal and drops of water are added, dense brown fumes of nitrogen dioxide (NO2) will be given off.

If no results, heat carefully.
2KNO3 + H2SO4 ( K2SO4 + 

                                              2HNO3
4HNO3 + Cu ( Cu(NO3)2 +                          
                                    2H2O+2NO2          


	
	Chlorides         
	Bromides
	Iodides
	Nitrates

	Confirmatory tests:
1) Salt solution +  silver nitrate (AgNO3 )
	A dense white ppt. of silver chloride (AgCl) slowly turns a violet colour when exposed to bright sunligt.

NaCl +AgNO3 ( AgCl↓+ NaNO3
  ppt
	A yellowish white precipitate of silver bromide(AgBr) is formed.
NaBr  + AgNO3 (      AgBr↓ + NaNO3 
  ppt
                           
	A yellow precipitate of silver iodide (AgI) is formed.
KI  + AgNO3 ( AgI↓ + KNO3
                                 ppt
	                           -ve

	2) Salt solution + lead acetate Pb(CH3COO)2
	A white precipitate of lead chloride (PbCl2) is formed which is soluble in hot water, and reprecipitates on cooling.
2NaCl + Pb(CH3COO)2 (PbCl2↓+ 2CH3COONa
	A white precipitate of  lead bromide (PbBr2) appears which is soluble in boiling water and reprecipitates on cooling.
2NaBr + Pb(CH3COO)2(
PbBr2 ↓ + 2CH3COONa
	A yellow precipitate of lead iodide (PbI2) is formed which dissolves in boiling water and recrystallises on cooling.

2KI + Pb(CH3COO)2(          PbI2 ↓ + 2CH3COOK
	

	
	
	
	* Salt solution + Mercuric chloride (HgCl2): 

A reddish precipitate of mercuric iodide is formed which dissolves in excess of KI.

HgCl2 + 2KI ( HgI2↓ + 2KCl

                                ppt

HgI2 + 2KI ( K2[HgI4]

                        soluble
	* Brown ring test:
The nitrate solution is mixed with freshly prepared FeSO4 solution, then conc. H2SO4 is added and allowed to flow causiously on the side of the test tube. A brown ring (Fe.NO)SO4 is formed at the interface of the two layers. The brown ring disappears on shaking the solution.

	
	
	
	* Salt solution + copper sulphate(CuSO4):

A brown ppt. of couprous iodide CuI and iodine I2.
4KI + 2 CuSO4 (                           2CuI ↓ + 2K2SO4 + I2
	


3)Anions which do not react with acids:

	
	    Phosphates  (H2PO4- , HPO42-, PO43-)
	     Borates  (BO2-, BO3---, B4O7--)

	
Sulphates (SO42-)


	
	Most phosphates are insoluble in water except those of ammonium and alkali metals.
	Ammonium and alkali metal borates are water soluble while other borates are slightly soluble in water.
	All sulphates are soluble in water except those of some divalent metals e.g. calcium, strontium, barium and lead.


	Salt solution + Barium chloride solution (BaCl2)
	A white precipitate of barium phosphate (BaHPO4) is produced, soluble in dilute acids e.g. HNO3 or HCl and insoluble in excess of barium chloride.
Na2HPO4 + BaCl2 (BaHPO4↓             
                                      + 2NaCl
	A white ppt. of barium borate from concentrated solutions Ba(BO2)2  is produced, soluble in dilute acids and in excess of barium chloride.
Na2B4O7 + 3H2O + BaCl2 ( 
Ba(BO2)2 + 2H3BO3 +2NaCl
	A white precipitate of barium sulphate (BaSO4) is formed which is insoluble in dilute acids and in excess of barium chloride.
Na2SO4 + BaCl2 (BaSO4↓ 
                              + 2NaCl    

	Confirmatory tests:
1) Salt solution +
silver nitrate 

 (AgNO3)

	A yellow precipitate of silver phosphate (Ag3PO4) is formed, which is readly soluble in dil. HNO3 and ammonia.

	A white ppt. of silver borate (AgBO2) is formed, from concentrated solution, which give brown ppt. after boiling.( also a brown ppt. is formed with diluted solution)
Na2B4O7 + 3H2O + 2AgNO3 (               2AgBO2 +2H3BO3 + 2NaNO3
2AgBO2 +3H2O ( Ag2O + 2H3BO3

	A white ppt. of silver sulphate (Ag2SO4) is formed with concentrated solution.
Na2SO4 + 2AgNO3( Ag2SO4↓+ 2NaNO3 

	
	For phosphates:
0.5 ml of salt solution + 4  ml of ammonium molybdate solution + 0.5 ml of conc.HNO3:
Form a canary  yellow precipitate of ammonium phosphomolybdate (NH4)3PO4.12MoO3.H2O

in the cold or by gentle warming.

(notes the volume needed in this test).

	
	For sulphates:
Salt solution + lead acetate:
A white precipitate of lead sulphate is formed , which is redadly soluble in hot concentrated ammonium acetate or conc.H2SO4
K2SO4+Pb(CH3COO)2 ( PbSO4↓ +2CH3COOK
PbSO4 + H2SO4 ( Pb(HSO4)2



Scheme for the identification of acid radicals
1) Solid salt + dil. HCl:
	Observation


	Effervescence and a colourless odouless gas is evolved.
	Pungent brown fumes are evolved.
	Colourless gas with Pungent odour, which turns an acidified dichromate paper green, is evolved.
	Colourless gas with pungent odour , which turns an acidified potassium dichreomate paper green , is evolved, and a yellow precipitate of sulphur appears.

	Colourless gas is evolved which is characterized by its bad odour and turning a lead acetate paper black
	      -ve

The salt does not react with dil.HCl.



	    Results


	The gas is CO2 .

The anion is carbonate or bicarbonate .

      
	The gas is NO2.

The anion is Nitrite
	The gas is SO2 and the green colour is  Cr2(SO4)3.

The anion is sulphite

	The gas is SO2, the ppt. is S and the green colour is Cr2(SO4)3.

The anion is thiosulphate.


	The gas is H2S, and the black colour is PbS.

The anion is sulphide
	The anion is not from group 1.

(Go to step 2).


	1 )Salt solution + magnesium sulphate solution: 

For carbonate:White precipitate of magnesium carbonate (MgCO3).

For bicarbonate: No ppt. in the cold , as magnesium bicarbonate is soluble, but on heating, a white ppt of magnesium carbonate is obtained


	2) Salt solution + mercuric chloride solution:

For carbonate: Reddish brown precipitate of mercuric carbonate  (HgCO3).
For bicarbonate: No ppt. in the cold , but on heating a reddish-brown ppt. of mercuric carbonate is obtained.




To differentiate between carbonate and bicarbonate:

	Observation
	Effervescence with the evolution of a colourless gas which forms white fumes with NH4OH.

	Raddish fumes evolve and the solution turns orange.
	Violet fumes are evolved, and a brown or black precipitate is formed in the test tube.
	       -ve

If a small piece of copper metal and drops of water are added, dense brown fumes  will be given off .                                       If no results, heat carefully.


	        -ve
The salt does not react with conc. H2SO4.

	     Results
	The gas is HCl and the white fumes are NH4Cl .
The anion is chloride.


	The gas is Br2.
The anion is Bromide.
	The gas is I2.
The anion is iodide.
	The gas is NO2.
Tha anion is Nitrate.
	The anion is not from group 2.
(Go to step 3).


2) Solid salt + conc. H2SO4:
3) Salt solution + BaCl2:
	Observation

	A white precipitate is produced, soluble in dilute acids e.g. HNO3 or HCl and insoluble in excess of barium chloride.


	A white ppt. from concentrated solutions is produced, soluble in dilute acids and in excess of barium chloride
	A white precipitate is formed which is insoluble in dilute acids and in excess of barium chloride.



	    Results
	 The white precipitate is barium phosphate (BaHPO4).
The anion is phosphate.


	The white ppt. is barium borate Ba(BO2).

The anion is Borate. 
	A white precipitate is barium sulphate (BaSO4).
The anion is sulphate.


	To differentiate between phosphate, borate and sulphate:

Salt solution +AgNO3( silver nitrate):



	
	     phosphate
	         borate
	      Sulphate

	Observation
	A yellow precipitate is formed, which is readly soluble in dil. HNO3 and ammonia.

	A white ppt. is formed from concentrated solution, which give brown ppt. after boiling. ( also, a brown ppt. is formed with diluted solution.)
	A white ppt. is formed, with concentrated solution

	       Results
	The yellow ppt. is silver phosphate (Ag3PO4).

The anion is phosphate.


	The white ppt. is silver borate (AgBO2).

The anion is borate.
	The white ppt. is silver sulphate (Ag2SO4)

The anion is sulphate.













