
Flame tests for metal ions 
There are several differ- ent 
tests to detect and identi- fy the 
ions in compounds.  It is im-
portant that the test for any 
ion is unique. The results of a 
test must let you deter- mine 
which ion is present, ra- ther 
than being uncertain about which 
ion it is. 
Flame tests 
Different metal ions 
produce different flame 
colours when they are 
heated strongly. This is 
the basis of flame tests. 
To carry out a flame 
test: 
 dip a clean wire loop into a solid sample of the compound being 

tested 
 put the loop into the edge of the blue flame from a Bunsen 

burner 
 observe and record the flame colour produced. 

Testing for positively charged 
ions 

Dilute sodium hydroxide solu-
tion is used in tests for some 
metal ions, and is a test to iden-
tify ammonium ions in com-
pounds. 
Testing for metals 
Dilute sodium hydroxide solu-
tion reacts with some metal ions in solution, forming metal hy-
droxides. Some of these metal hydroxides are insoluble, so they 
appear as precipitates. For example, copper sulfate solution re-
acts with a few drops of sodium hydroxide solution: 
Copper sulfate + sodium hydroxide —> sodium sulfate + copper hy-
droxide 
CuSO4(aq) + 2NaOH(aq) —> Na2SO4(aq) + Cu(OH)2(s) 
Copper hydroxide 
forms a blue precip-
itate. 
Distinguishing be-
tween aluminium 
ions and calcium 
ions 
A few drops of di-
lute sodium hydrox-
ide solution react to form a white precipitate with aluminium ions 
and with calcium ions. However, if excess sodium hydroxide solu-
tion is added: 
- the aluminium hydroxide precipitate reacts to form a colourless 
solution 
- the calcium hydroxide precipitate is unchanged. 
 

Ions of group 1 metals (Li+, Na+ and K+) form soluble hydrox-
ides. Therefore, they are identified using flame tests and not 
by adding sodium hydroxide solution. 

Testing for ammonium ions 
Ammonium ions, NH4

+, react with hydroxide ions to form ammonia 
and water: 
NH4

+(aq) + OH-(aq) —> NH3(g) + H2O(l) 
This gives a test for ammonium ions: 
1. add dilute sodium hydroxide solution to the sample 
2. warm the mixture 
3. Ammonia gas is given off if ammonium ions are present. 
Testing for ammonia 
Ammonia turns damp red litmus paper blue. 



Testing for negatively charged ions 
The formation of different precipi-
tates allows us to identify different 
negatively charged ions in solution. 
Testing for carbonate ions 
Carbonate ions, CO3

2- are detected 
using a dilute acid. Bubbles are given 
off when an acid, usually dilute hy-
drochloric acid, is added to the test 
compound. 
The bubbles are caused by carbon di-
oxide. Limewater is used to confirm 
that the gas is carbon dioxide. It 
turns milky when carbon dioxide is 
bubbled through it. 

Unlike the other tests the test for carbonate ions works whatever acid is added. 

Testing for halide ions 
Silver ions react with halide ions (Cl-, Br- or I- ions) to 
form insoluble precipitates. The table shows the col-
ours of these silver halide precipitates. 
 
To test for halide ions: 
 add a few drops of dilute nitric acid to the sample 
 add a few drops of dilute silver nitrate solution 
Observe and record the colour of any precipitate that 
forms. 
 
Carbonate ions also produce a white precipitate with 
silver nitrate solution. The acid reacts with any car-
bonate ions present. This removes them, so stopping 
them giving an incorrect positive result for chloride 
ions. 

Testing for sulfate ions 
Barium ions react with sul-
fate ions, SO4

2- to form in-
soluble white barium sul-
fate: 
Ba2+(aq) + SO4

2-(aq) —> Ba-
SO4(s) 
To test for sulfate ions in 
solution: 
1. add a few drops of di-
lute hydrochloric to the 
sample 
2. add a few drops of di-
lute barium chloride solu-
tion 
A white precipitate forms 
if sulfate ions are present. 

Haz- Harm Precaution 

Barium 
chlo-
ride 
solid 

Harmful if 
inhaled and 
toxic if swal-
lowed. 

Only use di-
lute solu-
tions sup-
plied by your 

Silver 
nitrate 
solu-
tion 

Causes seri-
ous eye irri-
tation. Caus-
es skin irri-
tation.  

Wear eye 
protection. 
Avoid skin 
contact by 
using drop-
per bottles 
or by wear-
ing gloves.  





Clay ceramics 
Clay ceramics include brick, chi-
na and porcelain. They are made 
by heating clay to high temper-
atures, which causes crystals to 
form and join together. Clay 
ceramics are often coated with 
a glaze, which hardens on heat-
ing to form a hard, smooth, 
opaque and waterproof layer. 

 

Materials include glass and clay ceramics, polymers, metals and composite materials. They have different physical properties, which 
make them suitable for different uses. 

Glass ceramics 
Glass is made by melting 
sand with other sub-
stances (especially metal 
oxides), then allowing 
the molten liquid to cool 
and solidify. Glass is 
transparent and hard, 
but it is brittle. 

Different materials 
Different materials have different properties, but they 
may also have some properties in common. The table sum-
marises some of the typical properties of glass and clay 
ceramics, and metals. 

 Glass Clay Metals 

Appearance Transparent Opaque Shiny 

Melting point High High High 

Malleable or brittle Brittle Brittle Malleable 

Ability to conduct electricity Poor Poor Good 

Ability to conduct heat Poor Poor Good 

Metals 
Metals are malleable and 
ductile, so they can be 
bent into shape or made 
into wires without shat-
tering. Unlike glass and 
clay ceramics, metals are 
good electrical conduc-
tors. 

Polymers 
Polymers are poor conductors of 
electricity and heat, but their other 
properties vary depending upon the 
particular polymer. For example, they 
can be transparent or opaque. They 
are often tough and flexible, but 
some are hard and brittle. 



Composite materials 
A composite material consists of two or more materials with different properties. They are combined to produce a material with im-
proved properties. Most composite materials have two components: 
- the reinforcement 
- the matrix, which binds the reinforcement together 
The table shows some examples of composite materials. 
It is often possible to separate the reinforcement from 
the matrix by physical processes. For example, concrete 
can be broken up using machinery. This is one stage in re-
cycling the components of concrete. 

Chipboard 
Wood itself is a natural composite material. It consists of a re-
inforcement of cellulose fibres bonded together by a matrix of 
lignin. The fibres are aligned alongside each other, so wood is 
stronger in one direction than it is in the other. Chipboard con-
tains randomly arranged wood chips bonded together by a glue, 
so it is strong in all directions. 

Fibreglass and carbon fibre 
The fibres in these composite materials have a low density. They 
are strong in tension, so they are not easily stretched, but they 
are flexible. The polymer resin which binds the fibres together is 
not strong, but it is stiff. The composite materials show a combi-
nation of these properties. They are strong, stiff and light-
weight. 

Material Reinforcement Matrix 

Reinforced concrete Steel Concrete 

Fibreglass Glass fibres Polymer resin 

Carbon fibre reinforced polymer Carbon fibres Polymer resin 

Chipboard Wood chips Resin glue 

Reinforced concrete 
The properties of concrete can be im-
proved by reinforcing it with steel 
rods or mesh. The compressive 
strength of concrete is higher than its 
tensile strength, but the tensile 
strength of steel is higher than its 
compressive strength. The combina-
tion of the two materials is strong in 
tension and in compression. This allows 
reinforced concrete to be strong and 
slightly flexible, which is important 
when constructing large buildings and 
structures. 



Nanoparticles 
Nanoparticles are structures, 1—100 nanometres (nm) in size, that usually contain only a few hundred 
atoms. This means that nanoparticles are around 100 times larger than atoms and simple molecules. 1 
nm is 1 x 10-9 m (or 0.000,000,001 m). 

Surface area to volume ratios 
Some of the properties of nanoparticles de-
pend on their large surface area to volume rati-
os. For solid substances, the smaller its parti-
cles, the greater the surface area to volume 
ratio. 
Worked example 
A cube-shaped nanoparticle has sides of 10 nm. 
Calculate its surface area to volume ratio. 
Surface area = 6 × 10 × 10 = 600 nm2 
(remember that a cube has six sides) 
Volume = 10 × 10 × 10 = 1000 nm3 
Surface area to volume ratio = 600/1000 = 0.6 

Small size 
Some of the properties of nanoparticles depend on 
their very small size. 
Worked example 
A zinc oxide nanoparticle has a diameter of 32 nm. 
The diameter of a zinc atom is 0.28 nm. Estimate how 
many times larger the nanoparticle is compared to a 
zinc atom. 
To help with this estimate, round each number to 1 
significant figure: 30 nm and 0.3 nm 
Number of times larger ≈ 30/0.3 ≈ 100 
The nanoparticle is about 100 times larger than the 
zinc atom. ≈ shows that the answer is approximate. 

Nanoparticulate materials 
A substance that consists of nanoparticles is described as being nanoparticulate. A nanopar-
ticulate substance has different properties from the same substance in bulk. This is because 
of the small size and large surface area to volume ratios of nanoparticles. 
Nanoparticulate materials are used in some paints, cosmetics and sunscreens. Sunscreens 
block harmful ultraviolet light from the sun reaching the skin. Titanium dioxide blocks ultra-
violet light, so it is used in sunscreens. In bulk titanium dioxide is white – it is used as a pig-
ment in white paint. However, nanoparticulate titanium dioxide has no colour and cannot be 
seen when it is spread on the skin. Many people prefer nanoparticulate sunscreen because it 
is not obvious that they are wearing it. 
The large surface area to volume ratios of nanoparticulate substances allows them to act as 
catalysts. Compared to the same substances in bulk, they may: 
- catalyse reactions more efficiently  - catalyse different reactions 
- produce different products 
Self-cleaning window panes have nanoparticulate coatings. These catalyse the breakdown of 
dirt in the presence of sunlight. 

Possible risks of nanoparticles 
Some people are concerned that 
the small size of nanoparticles 
makes it possible to breathe them 
in, or for them to pass into cells. 
Once inside the body, they might 
catalyse reactions that are harmful. 
Toxic substances could bind to 
them because of their large sur-
face area to volume ratios, harming 
health if the nanoparticles do get 
into the body. Modern nanoparticu-
late materials have only become 
common recently, so it is difficult 
for scientists to determine their 
risks. 


