VARIABLE OXIDATION STATES AND CATALYSTS
Answers to end-of-chapter questions
	1.
	a)
	i)
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	ii)
	The shaded area indicates the fraction of molecules with enough energy to react
	1

	
	
	iii)
	A catalyst has no effect on the distribution curve.

It increases the proportion which can react because it lowers the activation energy.
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1
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	b)
	i)
	In a different physical state from reactants and products
	1

	
	
	ii)
	Iron in the Haber process, vanadium pentoxide in the Contact process, platinum or nickel in the hydrogenation of fats etc
	2

	
	c)
	
	Tungsten is a poor catalyst

Because adsorption is too strong

So the product particles to not leave quickly enough

Silver is a poor catalyst

Because adsorption is too weak

So the reactant particles do not bond for long enough
	1

1

1

1

1

1

	
	
	
	
	Total 15

	2.
	a)
	
	Homogeneous – in the same physical state as the reactants

The catalyst needs to able to change its oxidation state
	1
1

	
	b)
	i)
	S2O82- + 2I- ( 2SO42- + I2
	1

	
	
	ii)
	Two negative species reacting, so they repel
	1

	
	
	iii)
	S2O82- + 2Fe2+ ( 2SO42- + 2Fe3+
2I- + 2Fe3+ ( I2 + 2Fe2+
	1
1

	
	c)
	i)
	Tungsten is a poor catalyst

Because adsorption is too strong

So the product particles to not leave quickly enough

Silver is a poor catalyst

Because adsorption is too weak

So the reactant particles do not bond for long enough
	1
1

1

1

	
	
	ii)
	The maximum results from intermediate adsorption, where the adsorption is neither too strong nor too weak
	1

	
	d)
	
	Pt or Rh

Reductant is CO

2CO + 2NO ( 2CO2 + N2
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	Total
17


	3.
	a)
	i)
	It is a weak acid
So does not produce enough H+ ions for the reaction
	1
1

	
	
	ii)
	Number of moles of MnO4- = 0.01 x 15/1000 = 1.5 x 10-4
Number of moles of Fe2+ = 1.5 x 10-4 x 5 = 7.5 x 10-4
[Fe2+] =7.5 x 10-4/(25/1000) = 0.030 moldm-3
	1
1

2

	
	b)
	i)
	2Fe3+(aq) + Zn(s) ( 2Fe2+(aq) + Zn2+(aq)
	1

	
	
	ii)
	Excess zinc would react with the MnO4- and interfere with the titration
	1

	
	c)
	
	Number of moles of MnO4- = 0.01 x 17.6/1000 

= 1.76 x 10-4
Number of moles of Fe2+ = 1.76 x 10-4 x 5 = 8.8 x 10-4
Mixture of Fe2+, Fe3+ = 8.8 x 10-4 moles 

of which number of moles of Fe2+ = 7.5 x 10-4
so % Fe2+ = 7.5/8.8 = 85.2%
	1

1

	
	
	
	
	Total 10

	4.
	a)
	
	Homogeneous – catalyst in same phase as reactants
Heterogeneous – catalyst in different phase to reactants
	1

	
	b)
	
	So the catalyst can be spread very thinly
So its surface area can be maximized
	1
1

	
	c)
	
	Two negative species reacting, 

so they repel
S2O82- + 2Fe2+ ( 2SO42- + 2Fe3+
2I- + 2Fe3+ ( I2 + 2Fe2+
with Fe3+, second equation happens first
	1
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	d)
	i)
	Adsorption, reaction, desorption
	3

	
	
	ii)
	2SO2 + O2 == 2SO3
N2 + 3H2 == 2NH3
	1
1

	
	
	
	
	Total 12


	5.
	a)
	
	Dissolve some ammonium vanadate (V) in water
Add some dilute sulphuric acid

Add some powdered zinc

Colour will change from yellow to blue to green to violet

(ie several colour changes)
	1
1

1

1

	
	b)
	
	A catalyst reduces the activation energy of a reaction
By providing an alternative pathway

It is itself unchanged at the end of the reaction

A heterogeneous catalyst is one which is in a different physical state from the reactants

The contact process uses V2O5
2V2O5 + 2SO2 ( 2V2O4 + 2SO3
2V2O4 + O2 ( 2V2O5
The catalyst is first reduced, then oxidized again
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	Total 12

	6.
	a)
	
	Heterogeneous – a system where not all the substances are in the same state
Catalyst – a substance which increases the rate of a chemical reaction without itself being chemically unchanged at the end
	1

1

	
	b)
	
	They can show variable oxidation states
	1

	
	c)
	
	N2 + 3H2 == 2NH3
Catalyst is iron
	1

1

	
	d)
	
	Initially the reaction is slow because it involves a collision between two anions

Once some of the product Mn has been produced, it acts as a catalyst, so the reaction speeds up

This is an example of autocatalysis
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	Total 8


	7.
	a)
	
	[Cr(H2O)6]3+ is green
[Cr(H2O)6]2+ is blue

Reduction of dichromate ions by zinc produces a green solution ([Cr(H2O)6]3+) 

and then a blue solution ([Cr(H2O)6]2+)
	1
1

1

1

	
	b)
	i)
ii)
	Cr2O72- + 14H+ + 6Fe2+ ( 2Cr3+ + 6Fe3+ + 7H2O

Number of moles of Cr2O72- = 0.05 x 29.7/1000

 = 1.485 x 10-3
Number of moles of Fe2+ = 1.485 x 10-3 x 6 = 8.91 x 10-3
Fe + 2H+ ( Fe2+ + H2
Number of moles of Fe = 8.91 x 10-3
Mass of Fe =  8.91 x 10-3 x 55.8 = 0.497178 g

% = 0.497198/0.5 x 100 = 99.4%
	1
1
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	Total 9

	8.
	a)
	
	To make chromate (VI) ions:
Add an excess of NaOH(aq)

until a precipitate forms and then completely dissolves

Add hydrogen peroxide solution

Heat

Until solution goes yellow

To make chromium (II) ions

Add an excess
of zinc powder

Until solution goes blue
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	b)
	
	Cr2O72- + 14H+ + 6Fe2+ ( 2Cr3+ + 6Fe3+ + 7H2O

Number of moles of  Fe2+= 0.2 x 30/1000

 = 6 x 10-3 moles
Number of moles of Cr2O72- = 6 x 10-3 / 6 = 1 x 10-3
Number of moles of Cr = 2 x 10-3
Mass of Cr =  2 x 10-3 x 52 = 0.104 g

% = 0.104/0.106 x 100 = 98.1%
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	Total 15
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