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TOPIC 10: ELECTROMAGNETISM
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Topic 11: Electric Circuits
QUESTIONS

MULTIPLE CHOICE
1. In the section of a circuit represented below, a potential difference of V volts is 

applied across PQ. 
��� � ��

���

��

���

 Which of the following gives the current in the 7 Ω resistor?
 A V / 3    B V / 5
 C V / 10   D V / 7 (2)

2. In the given circuit the cell has negligible resistance and the reading on the 
ammeter is 3 A. What is the reading on the voltmeter?

���

���

�

�

 A 3 V    B 8 V
 C 12 V    D 11 V (2)

3. Consider the circuit shown below.

 

A SV1

V2

R1

R2

R1 and R2 are resistors with the same 
resistance. Switch S is closed and 
readings on voltmeters V1, V2 and 
ammeter A are taken. The switch S is 
now opened and readings on all the 
meters are taken again.

 
 How do these new readings compare to the first set of readings?

Reading on V1 Reading on V2 Reading on A

A Decreased Increased Zero

B Increased Zero The same

C The same Zero Zero

D The same The same The same (2)
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4. You are given four resistors, 10 Ω, 5 Ω and 2 Ω. You are told to combine them 
in such a way as to give the combination an overall resistance of approximately 
4,1 Ω. The correct combination is… (2)

 

5. In the circuit below, A1 and A2 are ammeters with a very low resistance, and V1 
and V2 are voltmeters with a very high resistance. The internal resistance of the 
battery is negligible. Both resistors R have the same resistance.

V1 V2 
R R 

A1 A2

 How do the readings on the ammeters and voltmeters compare?    (2)

Readings on ammeters Readings on voltmeters

A A1 > A2 V1 > V2

B A1 > A2 V1 = V2

C A1 = A2 V1 = V2

D A1 = A2 V1 > V2
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6. Consider the circuit shown in the diagram below. The battery has negligible 
internal resistance, and switch S is closed. 

A S

V

 How will the readings on the ammeter and voltmeter change when switch S is opened?

Ammeter reading Voltmeter reading

A Increase Increase

B Increase No change

C Decrease Decrease

D Decrease No change (2)

LONG QUESTIONS
7. The circuit on the left shows a 3 Ω and 6 Ω resistor in parallel with each other 

and in series with an unknown resistor.  The battery has an emf of 12 V and the 
reading on the ammeter is 0,3 A.

3 Ω

12 V battery

R

0,3 AV1

6 Ω

7.1 Determine the effective resistance of the parallel combination.   (3)
7.2 Determine the reading on V1.    (3)
7.3 How much work is done by the battery in 2 minutes?  (3)
7.4 Describe the transfer of energy in the battery.  (2)
7.5 How much current flows through the 3 Ω resistor?  (2)
7.6 Determine the value of R.   (4)
 [17]
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8. In the circuit diagram below, three identical bulbs are connected as shown. The 
ammeter, connecting wires and 12 V battery have negligible resistance. Study the 
diagram and then answer the questions that follow. 

 Both switches are now closed.

8.1 What is the effective resistance of the circuit?   (3)
8.2 Calculate the reading on the ammeter.   (3)
8.3 Determine the potential difference across ...

8.3.1 Bulb P. (2)
8.3.2 Bulb N. (2)

8.4 How would the ammeter reading change if switch S1 is opened? Write 
increase, decrease or unchanged. Explain your answer.  (2)

 [12]

9. Consider the circuit diagram below. The battery has an emf of 6 V. The voltmeter 
across the parallel resistors reads 1,5 V. An unknown resistor, R is connected in 
series with the parallel resistors. Assume no internal resistance in the battery.

4 Ω

8 Ω

R

1,5 V

6 V

A

9.1 Calculate the effective resistance of the parallel combination of resistors. (3) 
9.2  Calculate the reading on the ammeter.  (3)
9.3  Calculate the potential difference across resistor, R.     (2)
9.4  What is the resistance of R? (2)
9.5  Calculate the work done in the 8 Ω resistor in 3 minutes.         (3)
 [13]
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10. Two learners decide to investigate the relationship between the length of a piece 
of nichrome wire and the total resistance of the wire. They decide to use an 
ammeter, voltmeter, 3 cell battery and switch to perform the experiment with 
different lengths of wire. They also decide to keep the temperature, thickness and 
type of wire constant throughout the experiment.

 They drew up and completed the following table of results:

Length of wire (cm)
Potential 

difference (V)
Current (A) Resistance (Ω)

10 30 1,67 18

20 60 1,62 37

30 89 1,68 53

40 120 X 72

50 151 1,68 90

10.1 Give a hypothesis for this experiment.       (3)
10.2 Draw a circuit diagram that could be used for this experiment.  (4)
10.3 Identify the dependent variable. (2)
10.4 Identify the independent variable.    (1)
10.5 Determine the missing current reading, X to two decimal places.  (2)
10.6 Draw a graph of these results on graph paper.  Label the axes and choose a 

suitable scale, provide a descriptive heading and draw a line of best fit.   (5)
 [17]

11. The battery shown in the circuit below has an emf of 10 V and no internal resistance.

11.1 Calculate the total resistance in the external circuit.  (3)
11.2 Calculate the current in the 6 Ω resistor.      (4)
11.3 Calculate reading on voltmeter V2.      (3)
11.4 Calculate the energy dissipated in the 6 Ω resistor in 2 minutes. (3)
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11.5 Calculate the power dissipated in the battery.     (3)
11.6 Points A and B in the circuit are now joined by a connecting lead of very low 

resistance. How will this affect ...
11.6.1  the reading on voltmeter V1? Explain your answer. (3)
11.6.2 the current in each of the resistors connected in parallel? Explain your 

answer.  (2)
 [21]
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1 A Current splits 2:1 [CL2] (2)

2 A V = RI = (8/3)(3) V [CL3] (2)

3 C  With s open, V1 reads the emf, and no current passes through the 
circuit, so the ammeter reads 0 A and V2 reads 0 V. [CL4] (2)

4 B  R// = (7 × 10)/(7 + 10) = 4,1 Ω [CL3] (2)

5 B Current splits in parallel [CL3] (2)

6 D Opening the switch S, converts it from a parallel into a series circuit
 [CL2] (2)

LONG QUESTIONS
7. 7.1 R R R

1 1 1
parallel 1 2

= +

     3
1

6
1

6
3

2
1{ {= + = =

 Ñ R 2parallel {X=  [CL2] (3)

7.2 × , , VV V R I 2 0 3 0 6parallel parallel parallel1 { { {= = = =  [CL2] (3)

7.3 ( )( , ) ( ) JW VIt 12 0 3 120 432{ { {= = =  [CL3] (3)

7.4 The battery converts chemical energy  to electrical energy.  [CL2] (2)

7.5 
,

, AI R
V

3
0 6

0 23
3

3 { {= = =    [CL2] (2)

7.6 , , VV 12 0 6 11 4R {= - =   

  
,
,

R I
V

0 3
11 4

38
{
{

{X= = =      [CL2](4)

8. 8.1 R R R
1 1 1
parallel 1 2

= +  

  R
1

6
1

6
1

6
2

parallel
{= + =   OR  R sum

product
3parallel X= =

  R 2
6 3parallel {X= =

  R 3 6 9Total {X X X= + =   [CL2] (3)

8.2   , AI R
V

9
12 1 33{ { {= = =    [CL2] (3)

8.3.1 ( , )( ) , VV I R 1 33 6 7 98P P P { {= = =   (allow coe)    [CL2] (2)

8.3.2 , , VV V 12 7 98 4 02P P { {= = - =   (allow coe)    [CL3] (2)
8.4 Current will decrease ; more resistors in series; resistance increased   [CL3] (2)
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9. 9.1 R R R
1 1 1

8
1

4
1

8
1 2

8
3

parallel 1 2
{ {= + = + = + =

 ,R 3
8 2 6parallel {X= =  [CL2] (3)

9.2 ,
,

, AI R
V

2 6
1 5

0 56{ { {= = =  (Allow c.o.e.)

  OR

   
, ,

, AI I I 8
1 5

4
1 5

0 564 6 { { {= + = + =X X    [CL2] (3)

9.3 , , VV V V 6 1 5 4 5R T parallel { {= - = - =    [CL2] (2)

9.4 ,
,

R I
V

0 5625
4 5

8R { {X= = =   (Allow c.o.e.)   [CL2] (2)

9.5 
,

, WP R
V t 8

1 5
180 50 6

2 2

{ { {= = =   (Allow c.o.e.)  [CL3] (3)

10. 10.1  The resistance is (directly) proportional to the length. 
( for each variable,  for a relationship)   [CL2] (3)

10.2   [CL3] (4)

         for A in series

	 	 	 	 	 	 	 	  for V in parallel with wire

	 	 	 	 	 	 	 	   rest of circuit

    Can use a resistor symbol for the wire

  Nichrome wire of varying lengths

10.3 Resistance   [CL3] (2)

10.4 Wire length   [CL2] (1)

10.5 , AI R
V

72
120 1 67{ {= = =  [CL2] (2)
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10.6 

  Heading ; axes well scaled, with labels and units ; points plotted ;  
 line of best fit   [CL2] (5)

11. 11.1 R R R
1 1 1

2
1

6
1

6
4

P 1 2
{= + = + =

 ,R 4
6 1 5P {X= =

 , ,R 1 5 3 4 5T {X= + =  [CL2] (3)

11.2 , , AI R
V

4 5
10 2 22tot

T
{= = =  (c.o.e.)

 , , , VV I R 2 22 1 5 3 33P tot P# # { {= = =

 
,

, AI R
V

6
3 33

0 56P
6 {= = =X  [CL3] (4)

11.3 ,   , VV IR 2 22 3 6 662 #{ { {= = =  (c.o.e.) [CL3] (3)

11.4 , , JE I Rt 0 56 6 120 225 792 2 # #{ { {= = =^ h  (c.o.e.)
 Other equations could be used. [CL3] (3)

11.5  , , WP VI 10 2 22 22 2#{ {= = =  (c.o.e.) [CL2] (3)
11.5.1 V1 will not change. 
 The resistance of the circuit decreases to 3 Ω , but the current will 

increase,  so V remains 10 V. [CL4] (3)
11.5.2 No current passes through the parallel resistors  
 OR The battery has an emf of 10 V and no internal resistance. 	

as all the current will flow through the low resistance wire.  [CL4] (2)
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Topic 12: Energy and Chemical 
Change
QUESTIONS

MULTIPLE CHOICE QUESTIONS
1. Which ONE of the following statements CORRECTLY describes the characteristics 

of an endothermic reaction?
A ΔH is positive and the products have less potential energy than the reactants.
B ΔH is positive and the products have more potential energy than the reactants.
C ΔH is negative and the products have less potential energy than the reactants. 
D ΔH is negative and the products have more potential energy than the reactants. (2)

2. Which ONE of the following statements is CORRECT for an endothermic reaction?
A The temperature of the surroundings increases.
B The enthalpy change for the reaction is negative.
C Heat flows from the surroundings into the system.
D The enthalpy of products is less than the enthalpy of reactants.  (2)

3. Consider the following graph which represents the change in energy during a 
chemical reaction.

reactants
products

Progress of reaction

En
er

gy
 p

er
 m

ol
e 

(k
J.

m
ol

−1
)

∆H

ΔH in this reaction is …
A negative, since energy is gained.
B positive, since energy is gained.
C positive, since energy is lost.
D negative, since energy is lost. (2)

4. Consider the reaction represented by the equation below:

2Fe(s)  +  3CO2(g)  →  Fe2O3(s)  +  2CO(g)     ΔH  =  + 53,2 kJ

Which ONE of the following statements is TRUE?
For each mole of Fe that reacts, …
A 26,6 kJ of energy are released.
B 26,6 kJ of energy are absorbed.
C 53,2 kJ of energy are released.
D 53,2 kJ of energy are absorbed. (2)
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LONG QUESTIONS
5. A barium hydroxide solution, Ba(OH)2(aq), reacts with a nitric acid solution, HNO3(aq), 

according to the following balanced equation:
Ba(OH)2(aq)  +  2HNO3(aq)  →  Ba(NO3)2(aq)  +  2H2O(ℓ) 

 The potential energy per mole graph below shows the change in potential energy for 
this reaction.

Course of reaction

116 kJ.mol−1

A

B

C

Po
te

nt
ia

l e
ne

rg
y 

pe
r m

ol
e

(k
J.

m
ol

−1
)

5.1 Is this reaction ENDOTHERMIC or EXOTHERMIC? Give a reason for your 
answer. (2)

5.2 Use energy values A, B and C indicated on the graph and write down an 
expression for each of the following: 
5.2.1 The energy of the activated complex (1)
5.2.2 The activation energy for the forward reaction (1)
5.2.3 ∆H for the reverse reaction (1)

5.3 Calculate the amount of energy released during the reaction if 0,18 moles of 
Ba(OH)2(aq) reacts completely with the acid. (3)

 [8]

6. Hydrogen gas and oxygen gas react to form water according to the following 
balanced equation:

2H2(g)  +  O2(g)  →  2H2O(g)  +  241,8 kJ·mol-1

 The activation energy (EA) for this reaction is 1 370 kJ·mol-1.
6.1 Define the term “activation energy”.   (2)
6.2 Sketch a potential energy per mole versus reaction coordinate graph for the 

above reaction. Clearly label the axes and indicate the following on the graph:
•  ΔH
•  EA for the forward reaction
•  Energy of reactants and products 
•  Activated complex (6)

6.3 Write down the value of the:
6.3.1 Heat of reaction (1)
6.3.2 Activation energy for the following reaction:
         2H2O(g)  →  2H2(g)  +  O2(g) (2)
 [11]
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7. Consider the reaction represented by the equation below.
CO2(g)  +  2H2O(ℓ)  →  CH4(g)  +  2O2(g)

 During the reaction the temperature of the reaction mixture decreases.
7.1 Define the term “heat of reaction”. (2)
7.2 Does the heat of reaction (ΔH) for this reaction have a positive or negative 

value? Explain the answer by referring to the energy changes involved. (3)
7.3 Sketch a labelled potential energy per mole graph for this reaction. On the 

graph, show the position of the reactants, products, ΔH and activation energy. (6)
 [11]

8. When sodium hydroxide (NaOH) pellets dissolve in water, the reaction is exothermic, 
while the dissolution of ammonium nitrate (NH4NO3) is endothermic.

 Compare these two reactions in terms of ...
8.1 heat exchange with the surroundings.  (2)
8.2 energy of the reactants and the products. (2)
8.3 the sign of the enthalpy change. (2)
 [6]

9. Classify the following reactions as exothermic or endothermic:
9.1 The reaction between hydrogen and oxygen.  (1)
9.2 C(g)  +  H2O(g)  +  energy  →  CO(g)  +  H2(g)  (1)
9.3 2KNO3  →  2KNO2  +  O2  ΔH > 0  (1)
9.4 NaOH(s)  →  Na+(aq)  +  OH –(aq) ΔH < 0  (1)
9.5 H2  +  I2  →  2HI   ΔH = -21 kJ·mol-1  (1)
 [5]
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1. B    All endothermic reactions emit less energy on bond formation 
compared to the amount of energy absorbed from the environment 
to get the reaction started. This leaves a positive ΔH value as well as 
leaving the energy of the products greater than the initial energy of the 
reactants. [CL2]  (2)

2. C    Endothermic reactions absorb energy (heat) from their surroundings.
 [CL2]  (2)

3. D    Here it can be seen that the energy of the products is lower than the 
energy of the reactants. This means that more energy is released on 
bond formation that was initially absorbed to get the reaction started 
(activation energy). Therefore there is excess energy in the system, thus 
ΔH will be negative and this energy is transferred out of the system in 
the form of heat/light/sound.  [CL2]  (2)

4. B    It is a endothermic reaction as ΔH is positive. As there are 2 moles of Fe 
reacting, then each mole must absorb 26,2 kJ of energy.  [CL2]  (2)

LONG QUESTIONS
5. 5.1 Exothermic    Energy of products lower than energy of reactants   [CL2]  (2)

5.2.1 A    [CL2]  (1)
5.2.2 A  –  B   [CL2]  (1)
5.2.3 B  –  C   [CL3]  (1)

5.3 If 1 mol releases 116 kJ amount of energy
 Then 0,18 mol of Ba(OH)2 will release ,0 18 116#=   
        , kJ20 88=    [CL2]  (3)
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6. 6.1 This is the minimum energy required to start a chemical reaction. [CL2]  (2)

6.2          =  shape

Progress of reaction

Energy of 
products

Energy of 
reactants

Enthalphy change ∆H

Activation 
energy

En
er

gy
 (k

J.
m

ol
  )-1

Progress of reaction

Energy of 
products

Energy of 
reactants

Enthalphy change ∆H

Activation 
energy

Activated complex

(E  )A
En

er
gy

 p
er

 m
ol

e 
(k

J.
m

ol
−1

)

 [CL2]  (6)
7.3.1 −241,8 kJ·mol-1   [CL2]  (1)
7.3.2 1 370 – 241,8 = +1 128,2 kJ·mol-1    [CL2]  (2)

7. 7.1  The measure of the amount of heat energy transferred during a chemical 
reaction.   [CL1]  (2)

7.2 Positive.  The decrease in temperature indicates that energy was absorbed 
from the environment, hence it must be an endothermic reaction  where 
ΔH is positive. [CL2]  (3)

7.3
           = shape     = labels

  
Progress of reaction

Energy of 
products

Energy of 
reactants

∆H

Activation 
energy

Activated complex

(E  )A

En
er

gy
 (k

J.
m

ol
  )-1

 [CL2]  (6)
8. 8.1 NaOH(aq):  gives out heat to surroundings and feels warm  

  NH4NO3(aq):  gains heat from surroundings and feels cool   [CL2]  (2)
8.2 NaOH(aq):  Products have less energy than reactants  
  NH4NO3(aq):  Products have more energy than reactants   [CL2]  (2)
8.3 NaOH(aq):  ΔH negative  
  NH4NO3(aq):  ΔH positive    [CL2]  (2)

9. 9.1 Exothermic   [CL1]  (1)
9.2 Endothermic     [CL1]  (1)
9.3 Endothermic   [CL1]  (1)
9.4 Exothermic   [CL1]  (1)
9.5 Exothermic   [CL1]  (1)
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Topic 13: Types of Reactions
QUESTIONS

PART I:  ACIDS AND BASES

MULTIPLE CHOICE QUESTIONS
1. Consider the following acid-base reactions:

NH3(g) + H2O(l)  →  NH4
+(aq) + OH-(aq)

SO4
2-(aq) + HNO3(aq)  →  HSO4

-(aq) + NO3
-(aq)

 The substances acting as proton acceptors in the above reactions are:
 A H2O and SO4

2- 

 B NH3 and SO4
2-

 C NH3 and HNO3

 D H2O and HNO3    (2)

2. Consider the following reversible reaction:
 H3O

+ + OH− ?  H2O  +   H2O
 The substance which is acting as an ampholyte is …
 A H3O

+ ions.
 B OH- ions.
 C H2O molecules.
 D None of the above.       (2)

3. Consider the reaction represented by the equation shown below.
HCℓO2 + H2O  →  H3O

+ + CℓO2
-

 Which ONE of the following is a conjugate acid-base pair in the above reaction?
 A HCℓO2 and CℓO2

-
 

 B HCℓO2 and H2O 
 C CℓO2

- and H3O
+ 

 D HCℓO2 and H3O
+ (2)

4. A Brønsted acid is a(n) ...
 A electron donor.
 B proton acceptor.
 C electron acceptor.
 D proton donor. (2)
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5. Consider the following chemical reaction represented by the equation shown below:
 HCO3

- + HC2O4
- ⇌ H2CO3 + C2O4

2-

 Which ONE of the following CORRECTLY identifies the order of Lowry-
Brønsted acids and bases in the above reaction?

 A Base, acid, acid, base
 B Acid, base, base, acid
 C Acid, base, acid, base
 D Base, acid, base, acid (2)

LONG QUESTIONS
6. When sulfuric acid reacts with water, it ionises in two steps, as shown in the two 

balanced equations below.
I: H2SO4(aq)  +  H2O(ℓ)  →  H3O

+(aq)  +  __1__(aq)
II: __1__(aq)  +  H2O(ℓ)  →  H3O

+(aq)  +  __2__(aq)

6.1 Define an acid in terms of the Lowry-Brønsted theory.  (1)
6.2 Write down the FORMULA of:  

6.2.1 The conjugate base __1__(aq) in reaction I. (1)
6.2.2 The conjugate acid in reaction II.  (1)
6.2.3 __2__(aq). (1)
6.2.4 A substance that acts as an ampholyte in these reactions. (1)

6.3 A few drops of bromothymol blue indicator are added to potassium 
hydroxide solution in a beaker. A dilute sulfuric acid solution is now 
gradually added to this solution until the colour of the indicator changes.

  Write down the:
6.3.1 type of reaction that takes place. (Write down only REDOX, 

PRECIPITATION or NEUTRALISATION.)  (1)
6.3.2 balanced equation for the reaction that takes place. (3)
61.3.3 colour change of the indicator. (2)
6.3.4 NAME of the salt formed in this reaction. (1)
 [12]
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7. Acids and bases can be defined in terms of the following two theories:
I:   Arrhenius theory
II:   Lowry-Brønsted theory

7.1 According to the Arrhenius theory, sodium hydroxide is classified as a  base. 
Write down the chemical formula of the ion responsible for the basic properties 
of sodium hydroxide. (1)

7.2 Consider the reaction represented by the incomplete equation below:
 HNO3(aq) + OH-(aq)  ⇌  _____ + _____

7.2.1  Use your knowledge of the Lowry-Brønsted theory to write a balanced 
equation for this reaction. (2)

7.2.2 Write down the formulae of ONE conjugate acid-base pair in this 
reaction. (2)

 [5]

8. 8.1  Limestone, or sometimes ash, is used in pit latrines (long drops) to neutralise 
acidic waste. Limestone reacts with hydrochloric acid according to the following 
UNBALANCED equation:

CaCO3(s)  +  HCℓ(aq)  →  CaCℓ2(aq)  +  H2O(ℓ)  +  _____(g)

8.1.1 Define “an acid” in terms of the Arrhenius theory.   (1)
8.1.2 Is ash acidic or basic? Explain your answer. (2)
8.1.3 What is the unknown product in the reaction above? (1)
8.1.4 Rewrite the above equation into your ANSWER BOOK and then 

balance the equation. (1)

8.2 Sulfuric acid reacts with water in two steps as represented by the equations below.
Equation I:  H2SO4(aq)  +  H2O(ℓ)  ⇌  H3O

+(aq)  +  HSO4
2- (aq)

Equation II:  HSO4
- (aq)  +  H2O(ℓ)  ⇌  H3O

+(aq)  +  SO4
2- (aq)

8.2.1 Define the term “ampholyte”.   (2)
8.2.2 Write down the FORMULA of a species that acts as an ampholyte in 

the above reactions.  (1)
8.2.3 Write down the NAME of the conjugate base of the hydrogen sulfate 

ion.  (1)
 [9]
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PART II:  REDOX REACTIONS

MULTIPLE CHOICE QUESTIONS
1. In the chemical equation: H2(g)  +  Cℓ2(g)  →  2HCℓ(g), H2 is the ...
 A oxidising agent because it is oxidised.
 B oxidising agent because it is reduced.
 C reducing agent because it is oxidised.
 D reducing agent because it is reduced.  (2)

2. Which ONE of the following balanced equations represents a redox reaction?
 A H+(aq)  +  OH-(aq)  →  H2O(ℓ)
 B Mg(s)  +  CuSO4(aq)  →  Cu(s)  +  MgSO4(aq)
 C 2NaCℓ(aq)  +  Pb(NO3)2(aq)  →  2NaNO3(aq)  +  PbCℓ2(s)
 D H2SO4(aq)  +  Ba(NO3)2(aq)  →  BaSO4(s)  +  2HNO3(aq) (2)

3. During the extraction of gold, zinc powder is added to a solution of gold cyanide 
to produce gold according to the following balanced equation:

Zn(s)  +  2NaAu(CN)2(aq)  →  2Au(s)  +  Zn(CN)2(aq)  +  2NaCN(aq)

 The oxidising agent in this reaction is …
 A Au+

 B Zn
 C Na+

 D CN- (2)

4. Consider the reaction represented by the balanced ionic equation below.
Cr2O7

2-(aq)  +  14H+(aq)  + 3S2-(aq)  →  2Cr3+(aq)  +  3S(s)  +  7H2O(ℓ)

 When this reaction takes place, …
 A the oxidation number of sulfur does not change.
 B S2- is reduced by the Cr2O7

2-(aq).
 C H+(aq) oxidises the S2-(aq).
 D S2-(aq) is oxidised by the Cr2O7

2-(aq). (2)

5. The oxidation number of N in the formula HNO3 is …
 A +3.
 B -5.
 C +5.
 D -7. (2)
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TOPIC 13: TYPES OF REACTION

A
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LONG QUESTIONS
6. 6.1  Oxidation numbers make it easier to determine whether an element or a 

substance is oxidised or reduced during a chemical reaction. 
6.1.1 Define the term “oxidation” with reference to oxidation numbers. (1)
6.1.2 Calculate the oxidation number of chromium in Cr2O7

2−. (2)
6.1.3 Calculate the oxidation number of oxygen in H2O2. (2)

6.2 Consider the UNBALANCED equation shown below: 
Fe2+(aq)  +  Cℓ2(g)  →  Fe3+(aq)  +  Cℓ-

6.2.1 Define the term “reducing agent” with reference to electron transfer.  (2)
From the above equation, write down the ...
6.2.2 FORMULA of the reducing agent. (2)
6.2.3 FORMULA of the oxidising agent. (2)
6.2.4 Reduction half-reaction. (2)
6.2.5 Oxidation half-reaction. (2)
6.2.6 Balanced net redox reaction. (2)

7. Redox reactions can be explained in terms of electron transfer as well as oxidation 
numbers. The unbalanced equations A, B and C below represent three redox reactions.

 A: Zn(s)  +  HCℓ(aq)  →  ZnCℓ2(aq)  +  H2(g)
 B: NiO(s)  +  CO(g)  →  Ni(s)  +  CO2(g)
 C: Cu(s)  +  HNO3(aq)  →  Cu(NO3)2(aq)  +  NO(g)  +  H2O(ℓ)

7.1 Define “reduction” in terms of electron transfer.  (1)
7.2 Write down the formula of the substance which is:

7.2.1 oxidised in reaction A.   (1)
7.2.2 the reducing agent in reaction B. Explain the answer in terms of 

oxidation numbers.  (3)
7.3 For reaction C, write down the balanced equation using the ion-electron 

method. Show the oxidation and reduction half-reactions during balancing. (5)

8. A mixture containing a 100 g Aℓ and 200 g MnO was heated to initiate the 
following redox reaction:

2 Aℓ  +  3MnO  →  Aℓ2O3  +  3Mn

8.1 Define “oxidation”.   (1)
8.2 Give the value of the oxidation numbers of the underlined elements.   (2)
8.3 Identify the oxidising agent in the above-mentioned reaction.  

Justify your answer by referring to oxidation numbers. (3)
8.4 The above-mentioned reaction will proceed until the limiting reactant is 

completely consumed. Which reactant is the limiting reactant? 
Show your working. (5)
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9. Consider the following reaction:
H+  +  Cu  +  NO3

-  →  H2O  +  Cu2+  +  NO

9.1 Use the ion-electron method to write half-reactions for oxidation and reduction.
 9.1.1 the oxidation half-reaction. (2)
 9.1.2 the reduction half-reaction. (2)
9.2 Write the balanced ionic equation for this reaction. (4)
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TOPIC 13: TYPES OF REACTION
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MARKING GUIDELINES

ACIDS AND BASES 

MULTIPLE CHOICE
1. B    Both these molecules will gain a H atom in the reaction; these are 

known as proton acceptors. [CL3]  (2)
2. C    In the back reaction, the H2O molecule will both gain and lose a H+ ion, 

thus it acts as both an acid and a base, hence an ampholyte.  [CL2]  (2)
3. A    These chemical species differ from each other by one H. HClO2 loses 

H+ and thus is acidic which makes ClO2
- the conjugate base. [CL3]  (2)

4. D   Straight definition of a Lowry-Brønsted acid from textbook.  [CL1]  (2)
5. A    Being reversible, you must look at both forward and reverse reactions. 

Follow the exchange of H+ in both directions. [CL3]  (2)

LONG QUESTIONS
6. 6.1 An acid is a proton donor.    [CL1]  (1)

6.2 6.2.1   HSO4
-    [CL2]  (1)

6.2.2 H3O
+    [CL2]  (1)

6.2.3 SO4
2-    [CL2]  (1)

6.2.4 HSO4
-    [CL2]  (1)

6.3 6.3.1 Neutralisation    [CL1]  (1)
6.3.2 H2SO4  +  2KOH  →  K2SO4  +  H2O  [CL2]  (3)
                                                                           balancing

6.3.3 Blue    to green     [CL2]  (2)
6.3.4 Potassium sulfate    [CL2]  (1)

7. 7.1 OH-    [CL1]  (1)
7.2 7.2.1 HNO3  +  OH-  →  NO3

-    +  H2O    [CL2]  (2)
7.2.2 HNO3    and NO3

-    OR OH-  and H2O  [CL2]  (2)

8. 8.1 8.1.1  An acid is a substance that releases hydrogen ions (H+ ions) in 
aqueous solution.   [CL1]  (1)

8.2 8.1.2    Basic . As the ash is said to neutralise  the acid in the latrine, thus 
must be a base.  [CL1]  (2)

8.1.3 CO2    [CL1]  (1)
8.1.4 CaCO3  +  2HCl   →  CaCl2  +  H2O  +  CO2 [CL2]  (1)

8.3 8.2.1    This is a chemical substance that can act as both an acid and a  
base.  [CL1]  (2)

8.2.2 HSO4
-    [CL1]  (1)

8.2.3 Sulfate anion    [CL2]  (1)
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REDOX REACTIONS

MULTIPLE CHOICE

1. C    H2 changes its oxidation number from 0 to +1, thus is being oxidised. 
Reducing agents undergo oxidation. [CL2]  (2)

2. B    The only reaction that has changes in oxidation numbers thus it must 
be a REDOX reaction. [CL2]  (2)

3. A    The oxidation number of Au in NaAu(CN)2 is +1 and it changes to 0 for 
the element Au. Thus the oxidising agent is Au+. [CL3]  (2)

4. D    S2- changes its oxidation number from -2 to 0 (S). It has been oxidised 
which means it must have lost two of its electrons to Cr2O7

2-. Thus S2- is 
oxidised by Cr2O7

2-. [CL3]  (2)

5. C    The oxidation number of N = +5. [CL2]  (2)

ANSWERS TO LONG QUESTIONS
6. 6.1 6.1.1    The oxidation number of a substance increases when it loses electrons 

therefore oxidation is the process whereby the oxidation number of a 
substance increases.  [CL1]  (1)

6.1.2 +6    [CL2]  (2)
6.1.3 -1    [CL2]  (2)

6.2 6.2.1    Reducing agents assist the reduction process by themselves losing 
electrons  and thereby undergoing oxidation.  [CL2]  (2)

6.2.2 Fe2+    [CL2]  (2)
6.2.3 Cl2    [CL2]  (2)
6.2.4 Cl2  +  2e-  →  2Cl-    [CL2]  (2)
6.2.5 Fe2+  →  Fe3+  +  e-    [CL2]  (2)
6.2.6 2Fe2+  +  Cl2  →  2Fe3+  +  2Cl-    [CL2]  (2)

7. 7.1 Reduction is the process of electron gain in a REDOX reaction. [CL1]  (1)
7.2.1 Zn    [CL2]  (1)
7.2.2  +2     +4      
 CO  CO2      

C changes its oxidation number from +2 to +4, thus has been oxidised    
which makes CO the reducing agent.  [CL2]  (3)
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7.3 

 
 Oxidation:  Cu  →  Cu2+    +    2e-   (×3)
 Reduction:  NO3

-  +  3e-  →  NO  (×2)
 Net reaction:  3Cu  +  2NO3

-  →  3Cu2+  +  2NO [CL3]  (5)

8. 8.1 The process where electrons are lost is a REDOX reaction.   [CL1]  (1)
8.2 Mn = +2   Al = +3    [CL2]  (2)
8.3   +2         0

  MnO Mn   	  
 MnO is reduced to Mn,  thus MnO is the oxidising agent.   [CL2]  (3)

8.4 Aℓ:  , moln M
m

27
100 3 70 {= = =

 MnO: , moln M
m

55 16
200 2 82 {= = + =

 Ratio of Aℓ : Mn = 2 : 3 (from the balanced equation) = 1: 1,5
 But this ratio gives Aℓ : Mn = 3,70 : 2,82 = 1 : 0,76  (or equivalent reasoning)
 Therefore MnO is the limiting reagent. [CL3]  (5)

9. 9.1 
 

 
 Oxidation:    Cu  →  Cu2+    +    2e-   (×3)  
 Reduction:    NO3

-  +  3e-  →  NO   (×2)    [CL3]  (4)
9.2 2H+  +  3Cu  +  2NO3

-  →  2H2O  +  3Cu2+  +  2NO  [CL2]  (4)
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