14.4 TM Variable Oxidation States HW
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1.
Which one of the following would not be oxidised by a warm acidified solution of potassium manganate (VII)?


A
CH3CHO


B
CH3CH2OH


C
Cu2+

D
Fe2+
	
	
	
	
	
	
	
	
	Answer:
	


2.
When vanadium reacts with chlorine at 400oC, a brown compound is obtained.  When aqueous solution containing 0.193 g of this compound was treated with aqueous silver nitrate all the chorine in the compound was precipitated as silver chloride.  The mass of silver chloride (AgCl) produced was 0.574 g.  Which of the following could be the formula of the brown compound?


A
VCl


B
VCl2


C
VCl3

D
VCl4
	
	
	
	
	
	
	
	
	Answer:
	


3.
The oxidation of ethanedioate (oxalate) ions by manganate (VII) ions can be represented by half equations



C2O42- (aq)  
(
2CO2 (g)    +2 e-



MnO4-(aq)  + 8H+(aq)  + 5e-
(
Mn2+(aq)  +  4H2O (l)


What is the volume (in cm3) of 0.02 M KMnO4  required to oxidise a solution containing 0.02 mol of ethanedioate ions?


A
25


B
40


C
250


D
400

	
	
	
	
	
	
	
	
	Answer:
	


4.
In which one of the following reactions does the metal species undergo reduction?

A
MnO2   + 4HCl (
MnCl2  +2H2O  + Cl2

B
[Cu(H2O6)]2+  +4Cl-
(
[CuCl4]2-  + 6H2O

C
CrO72- + 2OH-
 (
2CrO42-  +H2O

D
TiO2  + 2C  + 2Cl2
(
TiCl4  + 2CO

	
	
	
	
	
	
	
	
	Answer:
	


5
Which equation does not involve the reduction of a transition metal compound?


A
Fe2O3  + 3CO
(
2Fe  + 3CO2

B
TiO2  + 2C  +  2Cl2
(
TiCl4  + 2CO


C
Cr2O3  + 2Al
(
2Cr  + Al2O3

D
TiCl4  +4Na
(
Ti  + NaCl

	
	
	
	
	
	
	
	
	Answer:
	


6.
Use your knowledge of the chemistry of transition metals to predict which of the following will convert [Mn(H2O)6]2+ into [image: image1.wmf]–

2

4

MnO


A
an acid and a reducing agent

B
an acid and an oxidising agent

C
an alkali and a reducing agent

D
an alkali and an oxidising agent

	
	
	
	
	
	
	
	
	Answer:
	


7.
Which one of the following could act either as an oxidising agent or as a reducing agent?

A
[image: image2.wmf]–

4

MnO


B
VO2+
C
[image: image3.wmf]–

2

4

CrO


D
[image: image4.wmf]–

3

VO


	
	
	
	
	
	
	
	
	Answer:
	


8.
(a)
Identify a reagent, or mixture of reagents, necessary to carry out each of the following conversions.

(i)
[Cr(H2O)6]3+(aq)    [image: image5.wmf]–

2

4

CrO

(aq)

...........................................................................................................................

(ii)
[image: image6.wmf]+

2

VO

(aq)    [V(H2O)6]2+(aq)

...........................................................................................................................

(iii)
[Ag(NH3)2]+(aq)    Ag(s)

...........................................................................................................................

(5)

(b)
In an acidic solution, hydrogen peroxide, H2O2, is oxidised to oxygen by manganate(VII) ions, which are reduced to Mn2+ ions.

(i)
Write half-equations for the reactions occurring and use these to deduce the overall equation for this reaction.

Half-equation for the oxidation of H2O2
...........................................................................................................................

Half-equation for the reduction of manganate(VII) ions

...........................................................................................................................

Overall equation

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(ii)
20.0 cm3 of an acidified solution of H2O2 was found to react with exactly 15.7 cm3 of a 0.0180 mol dm–3 solution of potassium manganate(VII).
Calculate the concentration, in g dm–3, of the solution of hydrogen peroxide.
(If you have been unable to complete the overall equation in part (b)(i), assume that the mole ratio of manganate(VII) to H2O2 is 3:5. This is not the correct ratio.)

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

(7)

(Total 12 marks)

9..
A Chemist was given three aqueous solutions of metal sulphates and asked to identify the cation  present in each of the solutions.  The table below shows the result of some of the tests that were carried out by the chemist:

	Solution
	Colour of Solution
	Result of reacting an acidified solution with a strong oxidising agent

	A
	Blue
	No change

	B
	Pale pink
	Purple solution

	C
	Green
	Orange solution


(a) Give the formula of the hydrated coloured ion in

(i) Solution A
…………………………………………………………………………….

(1)
(ii) Solution C
…………………………………………………………………………….

(1)
(b) Give the formula of the coloured ion produced by the oxidation of

(i)
Solution B


……………………………………………………………………………

(1)
(ii) Solution C
…………………………………………………………………………….

(1)
(c) A Standard solution of the purple ion obtained from B can be used to determine the concentration of a solution of ethanedioate ions

(i) Outline the experimental procedure for carrying out this determination.

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
(5)

(ii) Write an ionic equation to represent the reaction occurring.

………………………………………………………………………………………………………………………………………………………………………………………………
(2)

(d) (i)
Complete the electronic configuration of an iron atom.

1s2 ………………………………………………………………………...

(1)

(ii) Suggest why iron has two common oxidation states in its aqueous chemistry.

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(2)

TOTAL 14 marks

10.
(a)
State what is meant by the term homogeneous as applied to a catalyst.

.....................………………………………………………………………………….

(1)

(b)
(i)
State what is meant by the term autocatalysis.

...........………………………………………………………………………….

...........………………………………………………………………………….

(ii)
Identify the species which acts as an autocatalyst in the reaction between ethanedioate ions and manganate(VII) ions in acidic solution.

...........………………………………………………………………………….

(2)

(c)
When petrol is burned in a car engine, carbon monoxide, carbon dioxide, oxides of nitrogen and water are produced. Catalytic converters are used as part of car exhaust systems so that the emission of toxic gases is greatly reduced.

(i)
Write an equation for a reaction which occurs in a catalytic converter between two of the toxic gases. Identify the reducing agent in this reaction.

Equation……………………………………………………………………….

Reducing agent ………………………………………………………………..

(ii)
Identify a transition metal used in catalytic converters and state how the converter is constructed to maximise the effect of the catalyst.

Transition metal ……………………………………………………………...

How effect is maximised ……………………………………………………..

...........………………………………………………………………………….

(5)

(d)
The strength of the adsorption of reactants and products onto the surface of a transition metal helps to determine its activity as a heterogeneous catalyst.

(i)
Explain why transition metals which adsorb strongly are not usually good catalysts.

...........………………………………………………………………………….

(ii)
Explain why transition metals which adsorb weakly are not usually good catalysts.

...........………………………………………………………………………….

(2)

(Total 10 marks)

11.
Describe by stating essential reagents and conditions how, starting from potassium dichromate (VI), you would obtain a solution containing each of the following ions as the only chromium species.  Give an equation for the reaction in each case.


Cr3+

Reagent(s) ………………………………………………………………………………...


Conditions ………………………………………………………………………………..


Equation  ………………………………………………………………………………… …………………………………………………………………………………………… ……………………………………………………………………………………………


Cr2+ Reagent(s) ………………………………………………………………………………...

Conditions ………………………………………………………………………………..


Equation  ………………………………………………………………………………… …………………………………………………………………………………………… ……………………………………………………………………………………………

(9)

TOTAL 9 marks

12.
Describe what you would see, and explain the changes which occur when each of the following solutions is treated with an excess of zinc and hydrochloric acid in an apparatus which excludes air.

(a) Potassium Dichromate (VI)

(b) Ammonium vanadate (V)

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
(10)

TOTAL 10 marks
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