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6 Demonstration

Colour of some transition metal compounds

The formation of coloured compounds is one of the characteristics of transition metals.
The colour of the compounds formed by a particular transition metal will vary with the
oxiaation state of the metal.

M Purpose
To demonstrate the fact that compounds of transition metals are frequently coloured.

M Procedure

Part A—Compounds of manganese

1 Place 5 mL 0.001 M potassium permanganate solution in each of four test-tubes
labelled ‘A" to ‘D"

2 Add 4 mL 1 M sodium hydroxide solution to test-tube B.

3 Slowly add 0.01 M sodium hydrogen sulfite solution while stirring with a glass rod.
The solution should turn green due to the formation of MnO,* ions.

4 Slowly add 0.01 M sodium hydrogen sulfite solution to test-tube C, while stirring,

until a brown precipitate of MnO, has formed.

Place 3 mL 1 M sulfuric acid in test-tube D.

6 Add 0.01 M sodium hydrogen sulfite solution, while stirring, until the formation of
Mn?2+ ions causes the solution to lose its colour.

(&)}

Part B—Compounds of vanadium

1 Place 0.5 g ammonium vanadate in a test-tube and add 1 M hydrochloric acid
until the test-tube is about three-quarters full. Stir. Note that not all of the solid will
dissolve. This solution contains VO* ions.

2 Add about half a spatula of zinc powder and hold the test-tube up to the light.
Record the colour changes that occur as the VO?+ ions react to form VO, then to
V3 and finally to V2.

M Theory

Transition elements are found in the d-block of the periodic table. While compounds
of the main group metals are usually not coloured, those of transition metals are often
brightly coloured. The colour of transition metal compounds is associated with their
partially filled d-subshell. These properties are demonstrated in this experiment by the
preparation of a number of compounds of manganese and vanadium.

M Questions

1 Write the electronic configuration of manganese and vanadium.

2 Write the electronic configuration of zinc.

3 Although compounds of manganese and vanadium are brightly coloured, those
of zinc are generally white. Account for this difference in terms of the electronic
configuration of these elements.

—

15 minutes é ﬂ

e 20 mL 0.001 M potassium
permanganate solution

e 3mL 1 M sulfuric acid

e 4 mL1 M sodium hydroxide
solution

e 30 mL 0.01 M sodium hydrogen

sulfite solution or sodium

metabisulfite solution

20 mL 1 M hydrochloric acid

1 g zinc powder

0.5 g ammonium vanadate

5 X test-tubes

test-tube rack

10 mL measuring cylinder

50 mL measuring cylinder

stirring rod

spatula

bench mat

o \Wear safety glasses and a
laboratory coat.

e Sodium hydroxide solution,
hydrochloric acid and sulfuric acid
are COrrosive.

o Potassium permanganate stains
skin, clothes and bench surfaces.
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30 minutes

el

small quantities of solids: barium
chloride, calcium chloride, copper(ll)
chloride, potassium chloride, lithium
chloride, strontium chloride, sodium
chloride

10 mL concentrated hydrochloric
acid

nichrome (or platinum) wire in
holder

watch glass

100 mL beaker

semi-micro spatula

Bunsen burner

bench mat

o \Wear safety glasses and a
laboratory coat.

o (Concentrated hydrochloric acid
is corrosive and has a harmful
vapour. Wipe up all spills as they
occur with lots of water.

e Barium compounds are toxic.

5 Experiment

Flame tests

M Purpose
To observe some characteristic flame colours of some metal ions.

M Procedure

1 Clean a nichrome wire by first dipping it in about 10 mL concentrated hydrochloric
acid in a 100 mL beaker, then by heating the wire in the outer region of a blue
Bunsen flame. You may need to repeat this process several times. When the wire
is clean, the colour of the flame will not alter when the wire is placed in it.

2 Place a small sample of one of the metal chlorides (but not sodium chloride) on the

side of a watch glass.

Dip the wire first into acid and then into the sample.

4 Hold the wire in the outside of the Bunsen flame and observe the colour of the
flame. Record your observations.

5 Repeat the cleaning procedure with the wire, then test each of the other samples
in turn. Leave the testing of sodium chloride until last, as the colour produced by
the salt can be very persistent.

M Theory

Distinctive colours are obtained when certain metals or their salts are placed in a
flame. The flame colours arise from the excitation of electrons in the metal atoms to
higher energy states, and the subsequent emission of light energy as the electrons
return to lower energy states.

Flame colours may be used to identify the presence of some metals in materials.
Colours include yellow (sodium), lilac (potassium), yellow-green (barium), scarlet
(strontiumy), red (calcium), green (copper) and crimson (lithium).

w

M Questions

1 Explain why light is emitted during a flame test.

2 Do all metals produce colours in a flame?

3 Each sample that was initially tested contained the chloride ion. How do you know
the flame colour observed was not produced by this ion?

4 How is this experiment related to fireworks, street lights, advertising signs and
lasers?

M Extension activity

Observe the emission spectra produced by the compounds tested in this experiment
by using a spectroscope to look at the colour of their flames.
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