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1.
Use the data given below, where appropriate, to answer the questions which follow.

Standard electrode potentials in acid solution
E[image: image1.wmf]/V

Mg2+ (aq) + 2e–(Mg(s)
–2.37

Zn2+ (aq) + 2e–( Zn(s)
–0.76

Sn4+(aq) + 2e–  ( Sn2+(aq)
+0.15

VO2+(aq) + 2H+(aq)   + e–   ( V3+(aq) + H2O(l)
+0.34

[image: image2.wmf]+

2

VO

 (aq) + 2H+(aq)   + e–  ( VO2+(aq) + H2O(l)
+1.02


Ce4+(aq)  + e–  ( Ce3+(aq)
+1.70


(a)
Give the components of the standard reference electrode used in determining the standard electrode potentials above.  State the conditions under which this standard reference electrode has a potential of 0.00 V.

Components.................................................................................................................

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

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

Conditions...................................................................................................................

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

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

(6)

(b)
A diagram of a cell is shown below.

[image: image3.wmf]V
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(i)
Calculate the overall standard potential of this cell.

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

(ii)
State the polarity of the zinc electrode.

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

(2,)

(c)
A diagram of a cell is shown below.

[image: image4.wmf]V
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(i)
Calculate the overall standard potential of the cell.

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

(ii)
Deduce the direction of electron flow in the external circuit when the inert electrodes are connected together.

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

(2)

(d)
Using data from the table on page 6, derive an equation for the overall redox process which occurs when a solution containing Ce4+,(aq) is added to a solution containing
V3+ (aq).

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

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

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

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

(3)

(e)
Which, if any, of the four vanadium-containing species, V2+ (aq), V3+ (aq), VO2+ (aq) and VO2+ (aq), will convert Sn2+(aq) into Sn4+ (aq) in acid solution?

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

(2)

(Total 15 marks)

2.
Use the table of standard electrode potentials given below to answer the following questions.


E[image: image5.wmf]/V


Cl2(g) + 2e– ( 2Cl–(aq)
+ 1.36
Br2(l) + 2e– ( 2Br–(aq)
+1.07
[image: image6.wmf]–

3

NO

  (aq) + 3H+(aq) + 2e– ( HNO2(aq) + H2O(1)
+0.94
Fe3+(aq) + e– ( Fe2+(aq)
+0.77
I2(aq) + 2e– (2I–(aq)
+0.54
VO2+(aq) + 2H+(aq) + e– (V3+(aq) + H2O(1)
+0.34
V3+(aq) + e– (V2+(aq)
–0.26
Fe2+(aq) + 2e– (Fe(s)
–0.44

(a)
In terms of electron transfer, define the term oxidising agent.
....................................................................................................................................

(1)


(b)
(i)
Give the conditions under which the electrode potential for Cl2(g)/2Cl–(aq) is 
+1.36 V.

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

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

 (ii)
Give a change in one of these conditions which would result in the electrode potential becoming more positive. Explain your answer.

Change in conditions .......................................................................................

Explanation ......................................................................................................

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

(5)

(c)
(i)
Which of the reducing agents in the table is the weakest?

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

(ii)
Identify all the species in the table which could convert I–aq) into I2(aq) but which could not convert Br–(aq) into Br2(l).

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

(iii)
Identify the metal ions which would be left in solution if an excess of powdered iron metal was added to an acidified solution containing VO2+(aq) ions.

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

(5)

(Total 11 marks)
3.
(a)
The following reaction occurs in aqueous solution.

5S2O[image: image7.wmf]–

2

8

 + Br2 + 6H2O ( 2BrO[image: image8.wmf]–

3

 + 12H+ + 10SO[image: image9.wmf]–

2

4


Identify the reducing agent in this reaction and write a half-equation for its action.

Reducing agent ...........................................................................................................

Half-equation ..............................................................................................................

(2)

(b)
The electrode potential for the half-equation 




Co2+(aq) + 2e( Co(s) 

is measured by reference to a standard hydrogen electrode.

(i)
State the temperature at which the standard electrode potential E[image: image10.wmf] is measured, and give the concentration of Co2+(aq) that must be used.

Temperature .....................................................................................................

Concentration  ..................................................................................................

(ii)
Electrode potentials are usually measured by reference to a secondary standard electrode. Identify a secondary standard electrode and give a reason why it is used rather than a standard hydrogen electrode.

Secondary standard electrode ..........................................................................

Reason ..............................................................................................................

(4)

(c)
Cobalt in oxidation states +2 and +3 forms complex ions with water, ammonia and cyanide ligands. Use, where appropriate, the data given below to answer the questions which follow.

[Co(H2O)6]3+(aq) + e–
(
[Co(H2O)6]2+(aq)
E[image: image11.wmf] = +1.81 V

[image: image12.wmf]2

1

O2(g) + 2H+(aq) + 2e–
(
H2O(l)
E[image: image13.wmf] = +1.23 V

[Co(NH3)6]3+(aq) + e–
(
[Co(NH3)6]2+(aq)
E[image: image14.wmf] = +0.10 V

2H+(aq) + 2e–
(
H2(g)
E[image: image15.wmf] =  0.00 V

[Co(CN)6]3–(aq) + e–
(
[Co(CN)6]4–(aq)
E[image: image16.wmf] = –0.80 V

(i)
Which of the six cobalt species shown above is the most powerful oxidising agent?

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

(ii)
Identify a cobalt(II) species which cannot be oxidised by gaseous oxygen.

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

(iii)
Hydrogen is evolved when a salt containing the cobalt species [Co(CN)6]4–(aq) is reacted with a dilute acid. Use the electrode potentials given above to explain the formation of the hydrogen gas.

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

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

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

(4)

(Total 10 marks)

4.
Use the data below, where appropriate, to answer the following questions.

Standard electrode potentials
[image: image17.wmf]E

  /V



S2O[image: image18.wmf]8

2

-

(aq)
+
2e–
(
[image: image19.wmf]–

2

4

2SO

(aq)
+2.01

[image: image20.wmf]–

4

MnO

(aq) + 8H+(aq)
+
5e–
(
Mn2+(aq) + 4H2O(l)
+1.51

Cl2(aq)
+
2e–
(
2Cl–(aq)
+1.36

[image: image21.wmf]–

2

7

2

O

Cr

(aq) + 14H+(aq)
+
6e–
(
2Cr3+(aq) + 7H2O(l)
+1.33

[image: image22.wmf]–

3

NO

(aq) + 3H+(aq)
+
2e–
(
HNO2(aq) + H2O(l)
+0.94

Fe3+(aq)
+
e–
(
Fe2+(aq)
+0.77

(a)
State the colours of the following species in aqueous solution.

(i)
[image: image23.wmf]–

2

7

2

O

Cr

(aq) ……………………………………………………….................

(ii)
Cr3+(aq) ……………………………………………………………………....

(iii)
[image: image24.wmf]–

4

MnO

(aq) …………………………………………………………………..

(3)

(b)
From the table above, select the species which is the most powerful reducing agent.

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

(1)

(c)
Deduce the oxidation state of

(i)
chromium in [image: image25.wmf]–

2

7

2

O

Cr

 ………………………………………………………..

(ii)
nitrogen in HNO2 ……………………………………………………………

(2)

(d)
The concentration of iron(II) ions in aqueous solution can be determined by titrating the solution, after acidification, with a standard solution of potassium manganate(VII).

(i)
Explain, by reference to the data given in the table above, why hydrochloric acid should not be used to acidify the solution containing iron(II) ions.

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

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

(ii)
Explain, by reference to the data given in the table above, why nitric acid should not be used to acidify the solution containing iron(II) ions.

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

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

(4)

(e)
(i)
Calculate the e.m.f. of the cell represented by

Pt | Mn2+(aq), MnO[image: image26.wmf]4

-

(aq) || [image: image27.wmf]–

2

8

2

O

S

(aq), [image: image28.wmf]–

2

4

SO

(aq) | Pt

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

(ii)
Deduce an equation for the reaction which occurs when an excess of [image: image29.wmf]–

2

8

2

O

S

(aq) is added to an aqueous solution of Mn2+(aq) ions.

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

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

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

(3)

(Total 13 marks)

5.
Use the data below, where appropriate, to answer the questions which follow.

	Standard electrode potentials
	E[image: image30.wmf]/V

	       2H+(aq)  +  2e–    H2(g)
	0.00

	            Br2(aq)  +  2e–    2Br–(aq)
	+1.09

	[image: image31.wmf]–

3

2BrO

(aq)  +  12H+(aq)  +  10e–    Br2(aq)  +  6H2O(l)
	+1.52



Each of the above can be reversed under suitable conditions.

(a)
State the hydrogen ion concentration and the hydrogen gas pressure when, at 298 K, the potential of the hydrogen electrode is 0.00 V.

Hydrogen ion concentration ......................................................................................

Hydrogen gas pressure ..............................................................................................

(2)

(b)
The electrode potential of a hydrogen electrode changes when the hydrogen ion concentration is reduced. Explain, using Le Chatelier’s principle, why this change occurs and state how the electrode potential of the hydrogen electrode changes.

Explanation of change ...............................................................................................

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

Change in electrode potential ....................................................................................

(3)

(c)
A diagram of a cell using platinum electrodes X and Y is shown below.

[image: image32.wmf]V
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(i)
Use the data above to calculate the e.m.f. of the above cell under standard conditions.

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

(ii)
Write a half-equation for the reaction occurring at electrode X and an overall equation for the cell reaction which occurs when electrodes X and Y are connected.

Half-equation ...................................................................................................

Overall equation ..............................................................................................

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

(4)

(Total 9 marks)
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