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You will need
 — Clip 12 (2'35") 

 — Clip 13 (0'57") 

 — Fireworks demonstration

 –  Metal powders: iron, magnesium, copper, 
aluminium

 – Turkey baster

 – Milk powder

 — Flame test activity

 – Splints

 –  Labelled solid samples of NaCl, Li2CO3, KCl, 
anhydrous CuSO4, Sr(NO3)2 or SrCl2, BaCl2

 –  The same compounds in Petri dishes labelled 
with letters only, e.g. A, B, C, D, etc.

 — Flame test demonstration

 – Several pump-action plant mister bottles

 – Solid compounds as above

 –  Ethanol, industrial methylated spirits,  
or industrial denatured alcohol

Technician’s notes
 — To make the squirty flame test bottles, add  
a very small spatula of a soluble compound 
(NaCl, LiCl, KCl, CuSO4, Sr(NO3)2, BaCl2) to 
a clean plant mister bottle and dissolve it in a  
very small amount of distilled water. Now add 
sufficient ethanol (or colourless methylated 
spirits) to half-fill the bottle. Label with the 
identity of the metal ion and a flammable  
hazard sticker.

 — The milk powder for the demonstration should 
be fine but non-clumping. Trial and error will 
allow you to identify the best product. For details 
of the instructions, hints and tips you can  
see a video clip on the Royal Society of 
Chemistry website www.rsc.org. For details  
of the weblink please see links and resources  
on page 44.

Surface area  
and fireworks

Lesson 4

Suitable for: 14–16

Curriculum and learning links:
Rates of reaction, alkali metals and  
flame tests

Learning objectives:
—  Describe how to perform a flame test to 

identify metal ions in mystery compounds.

—  Explain why powders react more quickly 
than lumps using ideas about collisions 
between particles. 

Health and safety
 — It is the responsibility of the teacher conducting 
this lesson to carry out a full risk assessment.

 — Normal laboratory rules apply.

 — Powdered metals are highly flammable and  
if ignited in a flame may burn uncontrollably.  
Very small quantities should be used and a 
bucket of sand may be needed to extinguish  
a resulting fire.

 — When using the plant mister bottles, remember 
that the carrier liquid is ethanol. Any unburnt 
ethanol will settle on the surfaces behind the 
Bunsen flame (e.g. laboratory bench) and may 
therefore pose a fire risk.
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Reflect and review
 — Review the identity of the ‘mystery’ compounds and 
discuss the limitations of the method (e.g. risk of 
contamination and similar flame colours of lithium 
and strontium compounds).

 — Spray the squirty bottles of metal ion solutions 
through a Bunsen flame in a darkened laboratory. 

 — Ask students to identify the metal ion present in 
each one.

 — Challenge students to use their new knowledge and 
understanding to design a rocket firework, including 
the sequence of colours that it will display as it 
launches and explodes.

Want to explore further?
Outline the use of atomic emission spectroscopy and its role in analytical chemistry and the discovery  
of helium.

Opening activity
1.  Ask students to suggest the most dangerous thing 

that you can do with custard powder (see point  
5 below). 

2. What metals can they think of that burn? 

3.  Watch Clip 12 in which Mark demonstrates that iron 
powder is flammable but a solid iron bar is not.

4.  Repeat this demonstration by gently blowing small 
quantities of metal powders (e.g. Fe, Mg, Cu, Al) into  
a blue Bunsen flame. Using a turkey baster is a safe 
and effective way of doing this.

5.  Demonstrate the effect of increasing surface area 
on reaction rate, and the combustibility of flammable 
powders by sprinkling milk powder onto a flame.  
A small pile of milk powder on a heat-proof mat will 
not ignite with a blue Bunsen flame. However, when 
the milk powder is sprinkled over a horizontally 
clamped burning splint, a huge fireball is created,  
in proportion to the height from which the powder  
is sprinkled. There is an instructional video clip for 
teachers on the Royal Society of Chemistry website  
(see Technician’s notes). 

Development activities
6.  Watch Clip 13 in which Mark explains why the 

powdered iron reacts faster than the iron bar.  
He finishes by briefly discussing fireworks, which  
is the context of the main activity.

7.  Demonstrate to students how to perform a flame 
test on solid samples. The simplest method involves 
dipping the end of a splint into some distilled water  
to moisten it slightly, picking up a very small number 
of crystals on the very tip of the splint, and then 
bringing the end of the splint towards a blue Bunsen 
flame until a coloured flare is seen. The splint should 
not ignite. The end of the splint can then be 
snapped off before testing the next compound.

   Note that potassium gives a very pale purple colour 
which is often obscured by the intense orange from 
sodium impurities and sodium compounds in the 
splint. The concluding demonstration gives a more 
reliable result for potassium.

8.  After students have tested the labelled compounds 
and linked a colour with a particular ion, they can 
then test the ‘mystery’ compounds.

Lesson 4

Left: Powdered 
magnesium is 
blown into a 
Bunsen flame from 
a spatula using a 
puff of air from a 
turkey baster.

Left: Copper ions in 
the ethanol create a 
green flame.

Left: Solid lithium 
compounds on  
the tip of a splint 
create a red flare  
in a flame test.




