14.3 Test - updated


“Trapped in a cell”

YEAR 13 UNIT 5 TEST 2

14.3 REDOX EQUILIBRIA

Answer all questions

Spend approx 10 minutes on Section A, 30 minutes on section B and 20 minutes on Section C

Buona fortuna!

Name:………………………………………………………….

Mark for section A…………… /5
Mark for section B…………… /26
Mark for section C…………… /19
Total: ……………………………. /50

Grade……..

SECTION A

1.
In which one of the following reactions is H2O2 behaving as a reducing agent?

A
H2O2 + 2I– + 2H+ [image: image1.wmf]®

 I2 + 2H2O

B
H2O2 + 2[Co(NH3)6]2+ [image: image2.wmf]®

 2[Co(NH3)6]3+ + 2OH–
C
5H2O2 + [image: image3.wmf]–

4

2MnO

 + 6H+ [image: image4.wmf]®

 2Mn2+ + 8H2O + 5O2
D
3H2O2 + 2[Cr(OH)6]3– [image: image5.wmf]®

 [image: image6.wmf]–
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2CrO

 + 8H2O + 2OH–
	
	
	
	
	
	
	
	
	Answer:
	


2.

[image: image7.wmf]–
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O

Cr

(aq)  +  14H+(aq)  +  6e
(
2Cr3+(aq)  +  7H2O(l)
[image: image8.wmf]E    = +

1.33 V

Br2(aq)  +  2e
(
2Br(aq)
[image: image9.wmf]E    = +

1.09 V

Fe3+(aq)  +  e
(
Fe2+(aq)
[image: image10.wmf]E    = +

0.77 V

VO2+(aq)  +  2H+(aq)  +  e
(
V3+(aq)  +  H2O(l)
[image: image11.wmf]E    = +

0.34 V

[image: image12.wmf]–

2

4

SO

(aq)  +  4H+(aq)  +  2e
(
H2SO3(aq)  +  H2O(l)
[image: image13.wmf]E    = +

0.17 V


Based on the above data, which one of the following could reduce 0.012 mol of bromine to bromide ions?

A
40 cm3 of a 0.10 mol dm–3 solution of [image: image14.wmf]–

2

7

2

O

Cr

(aq)

B
80 cm3 of a 0.30 mol dm–3 solution of Fe3+(aq)

C
50 cm3 of a 0.24 mol dm–3 solution of V3+(aq)

D
50 cm3 of a 0.24 mol dm–3 solution of H2SO3(aq)

	
	
	
	
	
	
	
	
	Answer:
	


3.
In which one of the following reactions is the role of the reagent stated correctly?

	
	Reaction
	Role of reagent

	A
	TiO2  +  2C  +  2Cl2  (TiCl4  +  2CO
	TiO2 is an oxidising agent

	B
	HNO3  +  H2SO4  ([image: image15.wmf]+

3

2

NO

H

  +  [image: image16.wmf]–

4

HSO


	HNO3 is a Brønsted–Lowry acid

	C
	CH3COCl  +  AlCl3  (CH3CO+  +  [image: image17.wmf]–

4

AlCl


	AlCl3 is a Lewis base

	D
	2CO  +  2NO  (2CO2  + N2
	CO is a reducing agent


	
	
	
	
	
	
	
	
	Answer:
	



For this question one or more of the options given may be correct. Select your answer by means of the following code

A
if 1, 2 and 3 only are correct

B
if 1 and 3 only are correct

C
if 2 and 4 only are correct

D
if 4 alone is correct
4.
Reactions in which the same element undergoes simultaneous oxidation and reduction include

1
Cl2 + H2O (HCl + HClO

2
Cl2 + SO2 + 2H2O (H2SO4 + 2HCl

3
3MnO[image: image18.wmf]4

2

-

 + 4H ([image: image19.wmf]–

4

2MnO

 + MnO2 + 2H2O

4
14HI + 2H2SO4 (7I2 + S + H2S + 8H2O
	
	
	
	
	
	
	
	
	Answer:
	


5.
Use the information to deduce the true statement(s) below.

	Half-equation
	E[image: image20.wmf] /V

	[image: image21.wmf]+

2

VO

(aq) + 2H+(aq) + e– (VO2+(aq) + H2O(l)
	+1.00

	Fe3+(aq) + e– (Fe2+(aq)
	+0.77

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

	V3+(aq) + e– (V2+(aq)
	–0.26

	Zn2+(aq) + 2e– (Zn(s)
	–0.76



True statements include

(1)
there are four different oxidation states of vanadium shown in the table above.

(2)
Zn2+(aq) ions will oxidise V2+(aq) ions to V3+(aq) ions.

(3)
an excess of zinc is capable of reducing [image: image22.wmf]+

2

VO

(aq) to V2+(aq) in acidic conditions.

(4)
Fe3+(aq) is capable of oxidising V2+(aq) to [image: image23.wmf]+

2

VO

(aq) in acidic conditions.

	
	
	
	
	
	
	
	
	Answer:
	


SECTION B

6.
The table below shows some values for standard electrode potentials. These data should be used, where appropriate, to answer the questions that follow concerning the chemistry of copper and iron.

	Electrode reaction
	E[image: image24.wmf]/V

	Fe2+(aq) + 2e– [image: image25.wmf] Fe(s)
	– 0.44

	2H+(aq) + 2e– [image: image26.wmf] H2(g)
	0.00

	Cu2+(aq) + 2e– [image: image27.wmf] Cu(s)
	+ 0.34

	O2(g) + 2H2O(l) + 4e– [image: image28.wmf] 4OH–(aq)
	+ 0.40

	NO[image: image29.wmf]–

3

(aq) + 4H+(aq) +3e– [image: image30.wmf] NO(g) + 2H2O(l)
	+ 0.96


(a)
Write an equation to show the reaction that occurs when iron is added to a solution of a copper(II) salt.

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

(1)

(b)
A similar overall reaction to that shown in (a) would occur if an electrochemical cell was set up between copper and iron electrodes.

(i)
Write down the cell diagram to represent the overall reaction in the cell.

.........................................................................................................................
(2)

(ii)
Calculate the e.m.f. of the cell.

(1)

(c)
(i)
Use the standard electrode potential data given to explain why copper reacts with dilute nitric acid but has no reaction with dilute hydrochloric acid.

.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
(3)

(ii)
Write an equation for the reaction between copper and dilute nitric acid.

.........................................................................................................................
(2)

(d)
Although iron is a widely used metal, it has a major disadvantage in that it readily corrodes in the presence of oxygen and water. The corrosion is an electrochemical process which occurs on the surface of the iron.

(i)
Use the standard electrode potential data given to write an equation for the overall reaction that occurs in the electrochemical cell set up between iron, oxygen and water.

.........................................................................................................................
(1)

(ii)
State, with a reason, whether the iron acts as the anode or cathode of the cell.

.........................................................................................................................
.........................................................................................................................
(2)

(iii)
Predict and explain whether or not you would expect a similar corrosion reaction to occur with copper in the presence of oxygen and water.

.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
(2)

(Total 14 marks)

7.
The table below shows some values for standard electrode potentials.

Electrode
Electrode reaction
E[image: image31.wmf]/ V

A
Mn2+(aq) + 2e– [image: image32.wmf] Mn(s)
– 1.18

B
Fe2+(aq) + 2e– [image: image33.wmf] Fe(s)
– 0.44

C
Ni2+(aq) + 2e– [image: image34.wmf] Ni(s)
– 0.25

D
Sn2+(aq) + 2e– [image: image35.wmf] Sn(s)
– 0.14

E
2H+(g)+ 2e– [image: image36.wmf] H2(g)
?

(a)
(i)
Give the name of electrode E and indicate its role in the determination of standard electrode potentials.

.........................................................................................................................
.........................................................................................................................
(2)

(ii)
What is the value of the standard electrode potential for electrode E?

.........................................................................................................................
(1)

(b)
The electrochemical cell set up between electrodes C and D can be represented by the cell diagram:

[image: image37.wmf]N
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(i)
Calculate the e.m.f. of this cell.

.........................................................................................................................
(1)

(ii)
State which would be the positive electrode.

.........................................................................................................................
(1)

(iii)
Write an equation to show the overall reaction in the cell.

.........................................................................................................................
(1)

(c)
Use the standard electrode potential data given in the table above:

(i)
to explain whether or not you would expect a reaction to occur if a piece of tin were to be added to a test tube containing aqueous iron(II) sulphate;

.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
(2)

(ii)
to predict and explain two observations you would expect to make if a small piece of manganese were to be added to a test tube containing hydrochloric acid of concentration 1 mol dm–3.

.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
(4)

(Total 12 marks)

SECTION C

8.

For each of the reactions listed below

(i)
identify which species, if any, are acting as oxidising agents;

(ii)
determine the oxidation states before and after reaction of any species that are oxidised;

(iii)
write half-equations, including state symbols, for all redox reactions that occur.

2Cu2+(aq) + 4I–(aq) (2CuI(s) + I2(aq)

5H2O2(aq) + 2Mn2+(aq) ([image: image38.wmf]–

4

MnO

2

 (aq) + 6H+(aq) + 2H2O(l)

Cr2O[image: image39.wmf]–

2

7

(aq) + H2O(l) ([image: image40.wmf]–

2

4

CrO

2

 (aq) + 2H+(aq)

Cl2(aq) + 2OH–(aq) (Cl–(aq) + ClO–(aq) + H2O(l)

(11)

9.

Use the standard electrode potential data given below to predict the direction of spontaneous reaction in

(i)
an equimolar solution of iron(II) and iron(III) ions in the presence of metallic iron

(ii)
an equimolar solution of gold(I) and gold(III) ions in the presence of metallic gold.

Write equations and calculate e.m.f. values to explain your answers. 

(8)

	
	E[image: image41.wmf]/V

	Fe3+ (aq) + 3e–
(
Fe(s)
Fe2+ (aq) + 2e–
(
Fe(s)
Au3+ (aq) + 3e–
(
Au(s)
Au+ (aq) +    e–
(
Au(s)
	–0.04

–0.44

+1.40

+1.69
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