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WHAT IS CHEMICAL ANALYSIS? 

 Chemical analysis is the identification of cations, 
anions or gases in a substance sample. 

 Cations: positively charged ions 
 Metal ions such as calcium, Ca2+, zinc, Zn2+ 

 Ammonium ion, NH4
+ 

 Anions: negatively charged ions 
 Non-metallic ions such as chloride, Clˉ, iodide, Iˉ 
 Molecular ions such as nitrate, NO3ˉ, carbonate, CO3

2ˉ 

 



CATIONS – POSITIVE IONS 

 Reaction with sodium hydroxide solution, NaOH 

 White precipitates 
 Lead ion, Pb2+ 

 Aluminium ion, Al3+ 

 Zinc ion, Zn2+ 
 Calcium ion, Ca2+ – insoluble in excess NaOH 

 Blue precipitate insoluble in excess NaOH 
 Copper (II) ion, Cu2+ 

 Dirty-green precipitate insoluble in excess NaOH 
 Iron (II) ion, Fe2+ 

 Reddish-brown precipitate insoluble in excess NaOH 
 Iron (III) ion, Fe3+ 

 Ammonia gas produced turns moist red litmus blue. 
 Ammonium ion, NH4

+ 

Soluble in excess NaOH to 
form a colourless solution 



CATIONS – POSITIVE IONS 

 Reaction with aqueous ammonia/ ammonia solution, NH3 

 White precipitates 

 Lead ion, Pb2+ 

 Aluminium ion, Al3+ 

 Zinc ion, Zn2+ - soluble in excess NH3 
 Calcium ion, Ca2+ – little or none 

 Blue precipitate 

 Copper (II) ion, Cu2+ - soluble in excess giving a deep blue 
solution 

 Dirty-green precipitate insoluble in excess NH3 
 Iron (II) ion, Fe2+ 

 Reddish-brown precipitate insoluble in excess NH3 

 Iron (III) ion, Fe3+ 

 

Insoluble in excess NH3 



WHAT ARE THE MAIN DIFFERENCES? 

Points to note about the two reagents used to 
identify cations: 

1. Zinc is the only cation that forms white precipitate 
soluble in both excess NaOH & NH3. 

2. Only aqueous NaOH is used to test for the ammonium ion. 

3. Observations for zinc, iron (II) and iron (III) ions 
are the same for both reagents. 



ANIONS – NEGATIVE IONS 

Ion Test carried out Observation  

Nitrate, NO3ˉ Add dilute sodium 
hydroxide & aluminium 
powder. Warm. 

Ammonia gas 
produced. It turns 
moist red litmus paper 
blue. 

Carbonate, CO3
2ˉ Add dilute acid. Carbon dioxide gas 

produced. Gas forms 
white precipitate in 
limewater. 

Chloride, Clˉ Add acidified silver 
nitrate solution. 

White precipitate of 
silver chloride formed. 

Iodide, Iˉ Add acidified lead (II) 
nitrate solution. 

Yellow precipitate of 
lead (II) iodide 
formed. 

Sulfate, SO4
2ˉ Add acidified barium 

nitrate solution. 
White precipitate of 
barium sulfate formed. 



GASES  

Gas Test carried out Observation  

Ammonia, NH3 Test with a piece of 
moist red litmus paper. 

Gas turns moist red 
litmus paper blue. 

Carbon dioxide, CO2 Bubble gas through 
limewater. 

Gas forms white 
precipitate in 
limewater. 

Chlorine, Cl2 Test with a piece of 
moist blue litmus paper. 

Gas turns blue litmus 
red then bleaches. 

Hydrogen, H2 Test with burning 
splint. 

Gas burns with a ‘pop’ 
sound. 

Oxygen, O2 Test with glowing 
splint. 

Gas 
rekindles/relights 
glowing splint. 

Sulfur dioxide, SO2 Pass the gas into 
acidified potassium 
manganate(VII) solution. 

Gas turns solution 
purple to colourless. 



OTHER TESTS 

 Upon heating, 
 oxygen gas produced – oxide or nitrate. 

 solid changes from green to black – copper (II) carbonate 

 solid is yellow when hot white when cool – zinc oxide 

 Substance is an acid when: 
 it forms hydrogen gas with metals. 

 forms carbon dioxide with carbonates. 

 evolves sulfur dioxide with sulphites. 

 turns blue litmus or Universal Indicator red. 

 Substance is an alkali when: 
 evolves ammonia gas with ammonium salts. 

 turns red litmus or Universal Indicator blue. 

 

 



SOLUBLE AND INSOLUBLE SALTS 

- SOLUBILITY OF SALTS IN WATER 

 All ammonium salts are soluble 

 All nitrate salts are soluble 

 All Group I salts (eg. Na+, K+) are soluble 

 All chloride salts are soluble except for 
(s)ilver chloride and (l)ead (II) chloride 

 All sulfate salts are soluble except for 
(c)alcium sulfate, (l)ead (II) sulfate and 
(b)arium sulfate 

 
 To remember insoluble chloride and sulfate salts, remember (s)o 

(l)ong for chloride salts, (c)all (l)ame (b)oy for sulfate 
salts. (s)o stands for (s)ilver chloride, (l)ong stands for 
(l)ead (II) chloride and so on. 

 



SOLUBLE AND INSOLUBLE SALTS 

- SOLUBILITY OF SALTS IN WATER 

 All carbonate salts are insoluble except 
for sodium carbonate, potassium 
carbonate and ammonium carbonate. 

 All lead salts are insoluble except for 
lead (II) nitrate and lead (II) 
ethanoate [ (CH3COO)2Pb ] 

 
 To remember carbonate salts, remember ‘spa’. S stands 

for sodium carbonate, p stands for potassium 
carbonate and a stands for ammonium carbonate.  



TESTING FOR WATER 

 a piece of blue cobalt(II) chloride 
paper can be used to test for water; 
blue paper turns pink 

 



 

identification of ionic 

compounds 
ammonium 

Add aqueous sodium 

hydroxide to salt solution 

Start 

Is there a 

precipitate? 

no 

yes 

What colour is the 

precipitate? 

Is there a strong-smelling 

gas which turns damp red 

litmus paper blue on 

warming 

white blue brown green other colours 

Does the precipitate 

dissolve in excess 

sodium hydroxide? 

copper(II) iron(III) iron(II) 

could be sodium 

or potassium 

some other 

cations 

yes 

no 

aluminium, lead(II) 

or zinc 
calcium 

yes no 



 

identification of ionic 

compounds 

zinc 

ammonium or 

calcium/sodium/potassium 

Add aqueous ammonia to 

salt solution 

Start 

Is there a 

precipitate? 

no 

yes 

What colour is the 

precipitate? 

white blue brown green other colours 

Does the precipitate 

dissolve in excess 

ammonia solution? 

aluminium or 

lead(III) 

copper(II) iron(III) iron(II) 
some other 

cations 

yes no 

dark blue solution 

with excess 

ammonia 


