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Form 7 Chemistry Practical

Experiment 8: Redox reactions of Vanadium compounds
Introduction                                               

Vanadium is one of the transition metals. One of the characteristics of transition metals is that they can exhibit a number of oxidation states, some of them are even coloured. Vanadium has oxidation states ranging from +2 to +5 and each of which has different colour. In this experiment, the inter-conversions of different oxidation states of vanadium will be carried out and their colours are being identified.

Chemicals

1.0 M sulphuric acid 

1.0 M iron (II) sulphate

1.0 M iron (III) sulphate

1.0 M sodium thiosulphate

1.0 M potassium iodide

1.0 M potassium bromide

1.0 M iodine in potassium iodide

1.0 M solid ammonium metavanadate, NH4VO3
Copper powder

Zinc powder

Aqueous sulphur dioxide

Apparatus
Test tubes 

Spatula 

Dropper

Test tube rack

100cm3 beaker

Safety Precautons
Ammonium metavanadate is toxic and zinc powder is flammable

Procedures

A. Various Oxidation states of Vanadium

1.
Put about 2 cm3 of 1.0M sulphuric acid into a test tube.

2.
Add half of a spatula of ammonium metavanadate into the test tube. Shake the test tube until all solid dissolves.

3.
Record the observation in Table 1.

4.
Add 1.0M iron (II) sulphate into the above test tube and shake until there is no more changes.

5.
Record the observation in Table 1.

6.
Repeat steps 1 to 4 with 1.0M potassium iodide instead of 1.0M iron (II) sulphate. Record all observation in Table 1.

7.
Add 1 cm3 of 1.0M sodium thiosulphate to the test tube. Record the observation in Table 1.

8.
Repeat steps 1 to 4 again with aqueous sulphur dioxide instead of 1.0M iron (II) sulphate solution.

9.
Repeat steps 1 to 4, then add half of a spatula of copper powder and shake. Continue to add copper powder until there is no more change. Record the observation in Table 1.
10.
Repeat step 9 with zinc powder instead of copper powder.
B. Identification of Colours of Vanadium Compounds

11.
Using the standard electrode potential given and the results in part A, deduce the colours of different oxidation state of vanadium and write them in Table 2. Note that the observed colours may result from a mixture of colours.

12.
If iodine is produced, its colour can be removed by adding a few drops of sodium thiosulphate solution.
C. Recations of Various Oxidation states of Vanadium

13.
Mix 1 cm3of each of the solution according to the table below in a test tube and shake.

	Set
	Chemicals

	1
	V(II) + V(IV)

	2
	V(III) + V(V)

	3
	V(II) +V(V)

	4
	V(IV) +Fe2(SO4)3

	5
	V(III) + Fe2(SO4)3

	6
	V(IV) + KI

	7
	V(V) + KBr

	8
	V(III) + I2

	9
	V(IV) + I2


14.
Record the observation in Table 3.
15.
The colour of any iodine in the test tube may be removed by adding sodium thiosulphate solution.

Relevant Data 

Standard reduction potential

	Reduction
	Eθ/ V

	Br2(aq) + 2 e- → 2 Br –(aq)
	+1.087

	VO2+(aq) + 2 H+(aq) + e- → VO2+(aq) + H2O(l)
	+1.000

	Fe3+(aq) + e- → Fe2+(aq)
	+0.771

	I2(aq) + 2 e- → 2 I -(aq)
	+0.540

	VO2+(aq) + 2 H+(aq) + e- → V3+(aq) + H2O(l)
	+0.340

	Cu2+(aq) + 2 e- → Cu(s)
	+0.337

	SO42-(aq) + 4 H+(aq) + 2 e- → SO2 (aq) + 2H2O(l)
	+0.170

	V3+(aq) + e- → V2+(aq)
	-0.260

	Fe2+(aq) + 2 e- → Fe(s)
	-0.440

	Zn2+(aq) + 2 e- → Zn(s)
	-0.760


Results

Table 1

	
Chemicals
	Observation

	NH4VO3 + H2SO4
	

	NH4VO3 + H2SO4 + FeSO4
	

	NH4VO3 + H2SO4 + KI
	

	NH4VO3 + H2SO4 + SO2
	

	NH4VO3 + H2SO4 + Cu
	

	NH4VO3 + H2SO4 + Zn
	


Table 2

	Oxidation State
	Colour

	Vanadium (II)
	

	Vanadium (III)
	

	Vanadium (IV)
	

	Vanadium (V)
	


Table 3
	Set
	Chemicals
	Observation

	1
	V(II) + V(IV)
	

	2
	V(III) + V(V)
	

	3
	V(II) +V(V)
	

	4
	V(IV) +Fe2(SO4)3
	

	5
	V(III) + Fe2(SO4)3
	

	6
	V(IV) + KI
	

	7
	V(V) + KBr
	

	8
	V(III) + I2
	

	9
	V(IV) + I2
	


Write chemical equations of reaction in parts A and C.

Part A

	Reaction
	Chemical equation

	NH4VO3 + H2SO4
	

	NH4VO3 + H2SO4 + FeSO4
	

	NH4VO3 + H2SO4 + KI
	

	NH4VO3 + H2SO4 + SO2
	

	NH4VO3 + H2SO4 + Cu
	

	NH4VO3 + H2SO4 + Zn
	


Part C

	Set
	Reaction
	Chemical Equation

	1
	V(II) + V(IV)
	

	2
	V(III) + V(V)
	

	3
	V(II) +V(V)
	

	4
	V(IV) +Fe2(SO4)3
	

	5
	V(III) + Fe2(SO4)3
	


Questions

1.
From the results in part A, which is the best method to prepare a solution of vanadium(II) for part C? Explain briefly.

2.
From the results in part A, which is the best method to prepare a solution of vanadium(III) for part C? Explain briefly.

3.
From the results in part A, which is the best method to prepare a solution of vanadium(IV) for part C? Explain briefly.
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