
Time allowed: 50 minutes
Total marks: 40 

Lisachem Materials
PO Box 721 Bacchus Marsh  Victoria  3340
Tel: (03) 5367 3641   Fax: (03) 5367 7383

Email: Lisachem@bigpond.net.au

 
 



 
 
 
 
 

Lisachem 
Materials

 
 
 
 

 
 

The material on this disk is copyrighted and remains the property of Lisachem 
Materials.  

It can be placed on the school intranet for the exclusive use of the teachers 
and students only of the school that has purchased the material. It may not be 

copied, used or accessed by third parties for use outside of that school. 
 
 
Lisachem Materials  
PO Box 721 Bacchus Marsh VIC 3340 
Tel: (03) 5367 3641 Fax: (03) 5367 7383. 
E-mail: Lisachem@bigpond.net.au

 
 

mailto:Lisachem@bigpond.net.au


PE
R

IO
D

IC
 T

A
B

L
E

 
re

lat
ive

 at
om

ic 
nu

mb
er

 
sy

mb
ol 

na
me

 
re

lat
ive

 at
om

ic 
ma

ss
  

1  H 
Hy

dr
og

en
 

1.0
 

 
2 He

 
He

liu
m 

4.0
 

3 Li Lit
hiu

m 
6.9

 

4 Be
 

Be
ryl

liu
m 

9.0
 

 
5 B  Bo
ro

n 
10

.8 

6 C 
Ca

rb
on

 
12

.0 

7 N 
Ni

tro
ge

n 
14

.0 

8 O 
Ox

yg
en

 
16

.0 

9 F 
Flu

or
ine

 
19

.0 

10
 

Ne
 

Ne
on

 
20

.2 
11

 
Na

 
So

diu
m 

23
.0 

12
 

Mg
 

Ma
gn

es
ium

 
24

.3 

 
13

 
Al

 
Al

um
ini

um
 

27
.0 

14
 

Si
 

Si
lic

on
 

28
.1 

15
 P 

Ph
os

ph
or

us
 

31
.0 

16
 S Su

lfu
r 

32
.1 

17
 

Cl
 

Ch
lor

ine
 

35
.5 

18
 

Ar
 

Ar
go

n 
39

.9 
19

 K 
Po

tas
siu

m 
39

.1 

20
 

Ca
 

Ca
lci

um
 

40
.1 

21
 

Sc
 

Sc
an

diu
m 

44
.9 

22
 Ti 

Tit
an

ium
 

47
.9 

23
 V 

Va
na

diu
m 

50
.9 

24
 

Cr
 

Ch
ro

mi
um

 
52

.0 

25
 

Mn
 

Ma
ng

an
es

e 
54

.9 

26
 

Fe
 

Iro
n 

55
.9 

27
 

Co
 

Co
ba

lt 
58

.9 

28
 

Ni
 

Ni
ck

el 
58

.7 

29
 

Cu
 

Co
pp

er
 

63
.6 

30
 

Zn
 

Zin
c 

65
.4 

31
 

Ga
 

Ga
lliu

m 
69

.7 

32
 

Ge
 

Ge
rm

an
ium

 
72

.6 

33
 

As
 

Ar
se

nic
 

74
.9  

34
 

Se
 

Se
len

ium
 

79
.0 

35
 

Br
 

Br
om

ine
 

79
.9 

36
 

Kr
 

Kr
yp

ton
 

83
.8 

37
 

Rb
 

Ru
bid

ium
 

85
.5 

38
 

Sr
 

St
ro

nti
um

 
87

.6 

39
 Y 

Yi
ttr

ium
 

88
.9 

40
 

Zr
 

Zir
co

niu
m 

91
.2 

41
 

Nb
 

Ni
ob

ium
 

92
.9 

42
 

Mo
 

 M
oly

bd
en

um
 

95
.9 

43
 

Tc
 

Te
ch

ne
tiu

m 
98

.1 

44
 

Ru
 

Ru
the

niu
m 

10
1.1

 

45
 

Rh
 

Rh
od

ium
 

10
2.9

 

46
 

Pd
 

Pa
lla

diu
m 

10
6.4

 

47
 

Ag
 

Si
lve

r 
10

7.9
 

48
 

Cd
 

Ca
dm

ium
 

11
2.4

 

49
 In Ind

ium
 

11
4.8

 

50
 

Sn
 

Tin
 

11
8.7

 

51
 

Sb
 

An
tim

on
y 

12
1.8

 

52
 

Te
 

Te
llu

riu
m 

12
7.6

 

53
 I 

Iod
ine

 
12

6.9
 

54
 

Xe
 

Xe
no

n 
13

1.3
 

55
 

Cs
 

Ca
es

ium
 

13
2.9

 

56
 

Ba
 

Ba
riu

m 
13

7.3
 

57
 

La
 

La
nth

an
um

 
13

8.9
 

72
 

Hf
 

Ha
fni

um
 

17
8.5

 

73
 

Ta
 

Ta
nta

lum
 

18
0.9

 

74
 

W
 

Tu
ng

ste
n 

18
3.8

 

75
 

Re
 

Rh
en

ium
 

18
6.2

 

76
 

Os
 

Os
mi

um
 

19
0.2

 

77
 Ir 

Irid
ium

  
19

2.2
 

78
 

Pt
 

Pl
ati

nu
m 

19
5.1

 

79
 

Au
 

Go
ld 

19
7.0

 

80
 

Hg
 

Me
rcu

ry 
20

0.6
 

81
 Tl 

Th
all

ium
 

20
4.4

 

82
 

Pb
 

Le
ad

 
20

7.2
 

83
 

Bi
 

Bi
sm

uth
 

20
9.0

 

84
 

Po
 

Po
lon

ium
 

(2
09

) 

85
 

At
 

As
tat

ine
 

(2
10

) 

86
 

Rn
 

Ra
do

n 
(2

22
) 

87
 

Fr
 

Fr
an

ciu
m 

(2
23

) 

88
 

Ra
 

Ra
diu

m 
(2

26
) 

89
 

Ac
 

Ac
tin

ium
 

(2
27

) 

10
4 Rf
 

  R
uth

er
for

diu
m 

(2
61

) 

10
5 Ha
 

H
ah

ni
um

 
(2

62
) 

10
6 Sg
 

Se
ab

or
giu

m 
(2

66
) 

10
7 Ns
 

Ne
ils

bo
hr

ium
 

(2
64

) 

10
8 Hs
 

Ha
ss

ium
 

(2
69

) 

10
9 Mt
 

Me
itn

er
ium

 
(2

68
) 

11
0 

Uu
n 

Un
un

nil
ium

 
(2

72
) 

11
1 

Uu
u 

Un
un

un
ium

 
(2

72
) 

11
2 

Uu
b 

Un
un

biu
m 

 
(2

77
) 

 
 

 
 

 
 

11
4

Uu
q 

Un
un

qu
ad

ium
 

(2
89

) 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
La

nth
an

ide
 se

rie
s 

 

58
 

Ce
 

Ce
riu

m 
14

0.1
 

59
 

Pr
 

  P
ra

se
od

ym
ium

 
14

0.9
 

60
 

Nd
 

Ne
od

ym
ium

 
14

4.2
 

61
 

Pm
 

Pr
om

eth
ium

 
(1

45
) 

62
 

Sm
 

Sa
ma

riu
m 

15
0.3

 

63
 

Eu
 

Eu
ro

piu
m 

15
2.0

 

64
 

Gd
 

Ga
do

lin
ium

 
15

7.2
 

65
 

Tb
 

Te
rb

ium
 

15
8.9

 

66
 

Dy
 

Dy
sp

ro
siu

m 
16

2.5
 

67
 

Ho
 

Ho
lm

ium
 

16
4.9

 

68
 

Er
 

Er
biu

m 
16

7.3
 

69
 

Tm
 

Th
uli

um
 

16
8.9

 

70
 

Yb
 

Yt
ter

biu
m 

17
3.0

 

71
 

Lu
 

Lu
tet

ium
 

17
5.0

 

    
   

 
Ac

tin
ide

 se
rie

s 
 

90
 

Th
 

Th
or

ium
 

23
2.0

 

91
 

Pa
 

Pr
ota

cti
niu

m 
23

1.0
 

92
 U 

Ur
an

ium
 

23
8.0

 

93
 

Np
 

Ne
ptu

niu
m 

23
7.1

 

94
 

Pu
 

Pl
uto

niu
m 

(2
44

) 

95
 

Am
 

Am
er

ici
um

 
(2

43
) 

96
 

Cm
 

Cu
riu

m 
(2

47
) 

97
 

Bk
 

Be
rke

liu
m 

(2
47

) 

98
 

Cf
 

Ca
lifo

rn
ium

 
(2

51
) 

99
 

Es
 

Ei
ns

tei
niu

m 
(2

54
) 

10
0 

Fm
 

Fe
rm

ium
 

(2
57

) 

10
1 

Md
 

Me
nd

ele
viu

m 
(2

58
) 

10
2 No
 

No
be

liu
m 

(2
55

) 

10
3 Lr
 

    
La

wr
en

ciu
m 

(2
56

) 

Li
sa

ch
em

 M
at

er
ia

ls
 V

C
E 

C
he

m
is

try
 2

00
5 

Su
pp

ly
in

g 
an

d 
U

si
ng

 E
ne

rg
y 

U
ni

t 4
 

 



DATA SHEET 
Physical Constants 
F   = 96 500 C mol-1    Ideal gas equation 
R   = 8.31 JK-1 mol-1     pV = nRT 
Vm (STP)  = 22.4 L mol-1 

Vm (SLC)  = 24.5 L mol-1

The Electrochemical Series 
 E° in volt 
F2(g) + 2e-  → 2F-(aq) + 2.87 
H2O2(aq) + 2H+(aq) + 2e- →2H2O(l) + 1.77 
Au+(aq) + e- → Au(s) + 1.68 
MnO4

-(aq) + 8H+(aq) + 5e- → Mn2+(aq) + 4H2O(l) + 1.50 
Cl2(g) + 2e-  → 2Cl-(aq) + 1.36 
O2(g) + 4H+(aq) + 4e-  → 2H2O(l) + 1.23 
Br2(l) + 2e-  → 2Br-(aq) +.1.09 
Ag+(aq) + e- → Ag(s) + 0.80 
Fe3+(aq) + e-  → Fe2+(aq) + 0.77 
I2(s) + 2e-  → 2I-(aq) + 0.54 
O2(g) + 2H2O(l) + 4e-  → 4OH-(aq) + 0.40 
Cu2+(aq) + 2e- → Cu(s) + 0.34 
CO2(g) + 8H+(aq) + 8e-  → CH4(g) + 2H2O(l) + 0.17 
S(s) + 2H+(aq) + 2e-  → H2S(g) + 0.14 
2H+(aq) + 2e-  → H2(g) 0.00 
Pb2+(aq) + 2e-  → Pb(s) - 0.13 
Sn2+(aq) + 2e-  → Sn(s) - 0.14 
Ni2+(aq) + 2e-  → Ni(s)   - 0.23 
Co2+(aq) + 2e-  → Co(s)   - 0.28 
Fe2+(aq) + 2e-  → Fe(s)   - 0.44 
Zn2+(aq) + 2e-  → Zn(s)   - 0.76 
2H2O(l) + 2e-  → H2(g) + 2OH-(aq)   - 0.83 
Mn2+(aq) + 2e-  → Mn(s)   - 1.03 
Al3+(aq) + 3e-  → Al(s)   - 1.67 
Mg2+(aq) + 2e- → Mg(s)   - 2.34 
Na+(aq) + e-  → Na(s)   - 2.71 
Ca2+(aq) + 2e- → Ca(s)   - 2.87 
K+(aq) + e-  → K(s)   - 2.93 
Li+(aq) + e → Li(s) - 3.02 
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VCE Chemistry 2005 Supplying and Using Energy Unit 4 
 
SECTION A   
MULTIPLE CHOICE ANSWER SHEET 
 
Instructions: 
 For each question choose the response that is correct or best answers the question. 
 Circle the chosen response on this answer sheet. 
 Only circle one response for each question. 
 
 
Question 1.   A  B  C  D 

Question 2.   A  B  C  D 

Question 3.   A  B  C  D 

Question 4.   A  B  C  D 

Question 5.   A  B  C  D 

Question 6.   A  B  C  D 

Question 7.   A  B  C  D 

Question 8.   A  B  C  D 

Question 9.   A  B  C  D 

Question 10.   A  B  C  D 

Question 11.   A  B  C  D 

Question 12.   A  B  C  D 

 
 



 



VCE Chemistry 2005 Supplying and Using Energy Unit 4 
 
SECTION A - [ 12 marks, 15 minutes ] 
This section contains 12 multiple choice questions. 
For each question choose the response that is correct or best answers the question. 
Indicate your answer on the answer sheet provided. 
(Choose only one answer for each question.) 
 
Question 1 
The combustion of butane can be described by the chemical equation, 

2C4H10(g)  +  13O2(g)   →   8CO2(g)  +  10H2O(l) 
When a 2.00 g of butane was burnt it released 99.0 kJ of energy.  The change in enthalpy, ∆H, 
for this reaction would be 
 A. -5740 kJ mol-1. 
 B. -2870 kJ mol-1. 
 C. 2870 kJ mol-1. 
 D. 5740 kJ mol-1. 
 
Question 2 
Pieces of lead metal are placed into separate test tubes containing Cu2+(aq), Fe2+(aq), Ni2+(aq) 
and Zn2+(aq) respectively.  A chemical reaction 
 A. would be expected to occur with all of the ions. 
 B. would be expected to occur with the Fe2+(aq), Ni2+(aq) and Zn2+(aq) ions. 
 C. would only be expected to occur with the Cu2+(aq) ions. 
 D. would be not expected to occur with any of the ions. 
 
Question 3 
One significant difference between a fuel cell and a secondary cell, is that in a fuel cell 
 A. the reactants are continually being replaced. 
 B. the products of the reaction remain near the electrodes. 
 C. the reaction cannot be reversed by the application of an external energy source. 
 D. the chemical energy is released at a faster rate. 
 
Question 4 
The combination of which of the following standard half-cells would produce a galvanic cell 
with the highest voltage? 
 A. Cu2+(aq)/Cu(s) and Ni2+(aq)/Ni(s). 
 B. Fe2+(aq)/Fe(s) and Cu2+(aq)/Cu(s). 
 C. Zn2+(aq)/Zn(s) and Pb2+(aq)/Pb(s). 
 D. Ni2+(aq)/Ni(s) and Zn2+(aq)/Zn(s). 
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Questions 5 and 6 refer to the following information. 
The diagram below shows a cell that was constructed to electroplate an object with nickel. 
 

Power Supply

Ni(s)

Ni (aq)
2+

 
 

Question 5 
For this cell to function as desired the nickel plate needs to be 
 A. negatively charged and act as the anode. 
 B. positively charged and act as the anode. 
 C. negatively charged and act as the cathode. 
 D. positively charged and act as the cathode. 
 
Question 6 
What current would be required to plate an object with 1.80 g of nickel over a 2.00 hour 
period? 
 A. 0.82 A. 
 B. 0.41 A. 
 C. 1.6 A 
 D. 25 A 
 
Question 7 
The temperature of a calorimeter and its contents increased by 2.82 °C when it was 
electrically calibrated using a current of 2.50 A and a voltage of 6.50 V for 4.00 minutes.  
What is the calibration factor for this calorimeter and its contents? 
 A. 23.0 J °C-1. 
 B. 213 J °C-1. 
 C. 1380 J °C-1. 
 D. 3900 J °C-1. 
 
Question 8 
What is the specific heat capacity for a substance? 
 A. The amount of energy required to change 1.00 g of the material from the liquid 

phase to gas phase. 
 B. The amount of energy required to change 1.00 mole of the material from the 

liquid phase to the gas phase.  
 C. The amount of energy required to raise the temperature of 1.00 g of the material 

by 1 °C without changing its state. 
 D. The amount of energy required to raise the temperature of 1.00 mole of the 

material by 1 °C without changing its state. 
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Question 9 
A large percentage of Australia's electrical energy is generated by coal-fired power stations.  
Which of the following shows the basic energy changes that occur in these power stations? 
 A. Chemical energy  →  mechanical energy  →  electrical energy. 
 B. Chemical energy  →  thermal energy  →  mechanical energy  →  electrical energy 
 C. Thermal energy  →  mechanical energy  →  electrical energy. 
 D. Chemical energy  →  thermal energy  →  electrical energy. 
 
Question 10 
Which one of the following statements best explains why a primary cell is not able to be 
recharged? 
 A. The amount of reductant is limited by the size of the cell. 
 B. The electrolyte in the cell is a solid that keeps the products formed during 

discharge near the electrodes. 
 C. The products formed during discharge move slowly away from the electrodes. 
 D. One of electrodes is consumed during the discharge of the cell reducing the 

efficiency that is required for successful recharging.  
 
Question 11 
When a galvanic cell is discharging 
 A. the electrons flow from the anode to the cathode and the positive ions in the salt 

bridge flow into the half-cell containing the anode. 
 B. the electrons flow from the cathode to the anode and the negative ions in the salt 

bridge flow into the half-cell containing the anode. 
 C. the electrons flow from the cathode to the anode and the positive ions in the salt 

bridge flow into the half-cell containing the anode. 
 D. the electrons flow from the anode to the cathode and the negative ions in the salt 

bridge flow into the half-cell containing the anode. 
 
Question 12 
Which one of the following is not correct regarding the operation of the Down's cell during 
the production of sodium? 
 A. The electrolyte is a molten mixture of sodium and calcium chlorides. 
 B. The anode can be made from iron. 
 C. Another product from the Down's cell is chlorine. 
 D. The high temperature of the cell is maintained by the high currents used during 

the electrolysis. 
 
 
 
 

End of Section A 
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SECTION B - [ 28 marks, 35 minutes ] 
This section contains four questions, numbered 1 to 4. 
All questions should be answered in the spaces provided. 
The mark allocation and approximate time that should be spent on each question are given. 
 
Question 1 - [ 11 marks, 14 minutes ] 
a. Calorimeters are used to measure the energy changes that occur as the result of a 

chemical reaction, by measuring the change in temperature of the calorimeter and its 
contents that takes place. 

 i. What absorbs most of the energy released when a bomb calorimeter is used to 
measure the energy change for a combustion reaction? 

 
 
 
 

1 mark 
 ii. Why should a bomb calorimeter be calibrated just prior to or just after use if 

accurate measurements of the energy released are to be made? 
 
 
 
 

1 mark 
 iii. Why is it necessary for the calorimeter to be well insulated? 
 
 
 
 

1 mark 
b. A bomb calorimeter was used to determine the heat of combustion for liquid ethanol, 

CH3CH2OH. 
 When a 1.618 g sample of liquid ethanol was ignited in the calorimeter the temperature 

increased from 21.275 °C to 30.566 °C.  The calorimeter was then electrically calibrated 
by passing a current of 2.743 A at 5.886 V through the heater for 5 minutes and this 
further increased the temperature to 31.504 °C. 

 i. Determine the calibration factor for this calorimeter. 
 
 
 
 
 
 
 

2 marks 
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ii. What amount of energy in kJ was released when this sample of ethanol was burnt? 
 
 
 
 
 
 

1 mark 
 iii. Write an appropriate chemical equation to describe the combustion of ethanol. 
 
 
 
 
 

1 mark 
 iv. Calculate the enthalpy change, H,∆ - for this combustion reaction. 
 
 
 
 

1 mark 
c. The combustion of methane can be described by the following chemical equation, 

CH4(g)  +  2O2(g)   →   CO2(g)  +  2H2O(l)  ∆H = -889 kJ mol-1

 A 10.0 L gas cylinder contained methane at a pressure of 7450 kPa at 14.2 °C. 
 How much useful energy could be obtained if all of the methane in the cylinder was 

used to fuel a furnace that operated with an 80% efficiency? 
 
 
 
 
 
 
 
 
 
 
 

3 marks 
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Question 2 - [ 7 marks, 9 minutes ] 
Three electrochemical cells with different electrolytes and electrodes were set up, in series, as 
shown in the diagram below. 

Power Supply +-

C C C Ag Cu Cu
Z Y X W U V

CuSO (aq)4AgNO (aq)3NaBr(aq)  
 
a. Write appropriate chemical half-equations for the reactions occurring at; 
 
 i. Electrode V 
 
 
 ii. Electrode X 
 
 
 iii. Electrode Y 
 
 
 
 iv. Electrode Z 
 
 
 

4 × 1 = 4 marks 
b. The mass of electrode V changed by 0.833 g during the time that the cells were 

operating.  The initial mass of electrode X was 5.173 g.  What would be the mass of 
electrode X after the same time period? 

 
 
 
 
 
 
 
 
 
 

3 marks 
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Question 3 - [ 5 marks, 6 minutes ] 
Recently there has been some discussion in the media that Australia should consider the 
development of water desalination plants powered by nuclear energy. 
a. What are two advantages of using nuclear energy in preference to fossil fuels to provide 

the energy requirements for these desalination plants? 
 
 
 
 
 
 
 

2 marks 
b. What are two issues that can be raised against the use of nuclear energy to provide the 

energy required? 
 
 
 
 
 
 
 

2 marks 
c. What type of nuclear process is currently used to provide nuclear energy? 
 
 
 
 

1 mark 
 
Question 4 - [ 5 marks, 6 minutes ] 
The batteries currently used in motor vehicles are based on the lead-acid accumulator that was 
first built in the nineteenth century.  The battery consists of lead plates in approximately 4 M 
sulfuric acid solution and each cell produces about 2 volts.  The overall reaction that occurs 
during the discharge of the cell can be represented by the chemical equation, 

Pb(s)  +  PbO2(s)  +  2H2SO4(aq)   →   2PbSO4(s)  +  2H2O(l) 
a. Write an appropriate chemical half-equation for the reaction that would occur at the 

anode while the cell is discharging. 
 
 
 
 
 

1 mark 
b. How would the pH of the electrolyte in the cell change while the cell is being 

recharged? 
 
 
 

1 mark 
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c. What is one disadvantage of the lead-acid battery as an energy storage device? 
 
 
 
 

1 mark 
d. What is one advantage that the lead-acid battery has over other currently available 

batteries for storing electrical energy? 
 
 
 
 

1 mark 
e. Car batteries have a life of about 4 – 5 years.  What is one factor that limits the life of 

the lead-acid battery? 
 
 
 
 
 

1 mark 
 
 
 
 

End of Task 
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Suggested Answers VCE Chemistry 2005 Supplying and 
Using Energy Unit 4 
 
SECTION A [1 mark per question.] 
Q1 A The combustion of butane is described by the chemical equation, 
  2C4H10(g)  +  13O2(g)   →   8CO2(g)  +  10H2O(l) 
  M(C4H10) = 4×12.0 + 10×1.0 = 58.0 g mol-1

  n(C4H10) = m(C4H10)/M(C4H10) = 2.00/58.0 = 3.45×10-3 mol 
  3.45×10-3 mol of C4H10 releases 99.0 kJ of energy. 
  1 mole of C4H10 will release 99.0/3.45×10-3 = 2.87×103 kJ of energy. 
  The chemical equation is for 2 mole of C4H10 therefore the energy released will 

be; 2 × 2.87×103 = 5.74×103 kJ 
  Energy is released therefore the reaction is exothermic and the value for the 

enthalpy change, ∆H < 0 
  ∆H = -5740 kJ mol-1. 
Q2 C For a reaction to occur between the lead and the ions dissolved in solution, the 

ions must be stronger oxidants than the lead(II) ion.  Referring to the 
electrochemical series on the data sheet the only ion to fulfil this criterion is the 
Cu2+(aq) ion. 

  The chemical reaction that would occur between the lead and the Cu2+(aq) ion can 
be described by the chemical equation:  Cu2+(aq)  +  Pb(s)   →   Cu(s)  +  Pb2+(aq) 

Q3 A In a fuel cell the reactants are being continually replaced as they are 
consumed in the redox processes, whereas in a secondary cell the amount of 
materials remains constant and only the oxidation states of the materials changes 
depending on whether the cell is discharging or being recharged. 

Q4 B The voltage produced by the combination of the two standard half-cells can be 
calculated from the difference between the two standard electrode potentials, E°. 

  The E° values can be obtained from the electrochemical series on the data sheet. 
  Cell A: 0.34 – (-0.23)  =  0.57 V 
  Cell B: 0.34 – (-0.44)  =  0.78 V 
  Cell C: -0.13 – (-0.76)  =  0.63 V 
  Cell D: -0.23 – (-0.76)  = 0.53 V 
  Therefore cell B produces the highest voltage. 
Q5 B The function of the nickel plate in the electrolytic cell is to help maintain the 

concentration of the Ni2+(aq) ions in solution as constant as possible so that the 
object will be evenly plated with nickel.  Therefore the nickel must be oxidised to 
form Ni2+(aq) ions, for this to occur the nickel plate must be the anode (oxidation 
always occurs at the anode).  In an electrolytic cell the charge on the anode has to 
be positive. 

Q6 A n(Ni) = m(Ni)/M(Ni) = 1.80/58.7 = 3.07×10-2 mol 
  Ni2+(aq)  +  2e-   →   Ni(s) 
  n(e-) = 2 × n(Ni) = 2 × 3.07×10-2 = 6.14×10-3 mol 
  Q = n(e-) × F = 6.14×10-2 × 96500 = 5920 C 
  Q = I × t where t is in seconds ⇒ I = Q / t 
  I = 5920 /(2.00 × 60 × 60) = 0.82 A 
Q7 C The calibration factor for a calorimeter and its contents is the amount of energy 

required to raise the temperature by 1 °C. 
The electrical energy put into the system can be calculated using; 
E = V × I × t where V, I and t are the voltage, current and time in seconds. 
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E = 6.50 × 2.50 × (4.00 × 60) = 3900 J 
CF = E/∆T = 3900/2.82 = 1380 J °C-1. 

Q8 C The specific heat capacity for a substance is defined as the energy required to 
increase the temperature of 1.00 g of the material by 1.00 °C without changing 
the state of the material. 

Q9 B In a coal-fired power station the chemical energy from the coal is released by 
burning it to form thermal energy.  This thermal energy is used to heat steam 
thereby increasing its thermal energy.  The thermal energy of the steam is used to 
drive a turbine converting the energy into mechanical energy.  The mechanical 
energy is then used to drive a turbine which turns a generator to produce 
electrical energy.  Therefore the basic energy transformations that occur are: 

  Chemical → Thermal → Mechanical → Electrical 
Q10 C In a primary cell the products produced during the discharge of the cell are 

free to move away from the electrodes therefore are not available at these 
should an external electrical energy supply be applied to recharge the cell.  Some 
of the reaction products can also react in other reactions that take place in the 
cell further reducing their availability. 

Q11 D In electrochemical cells oxidation occurs at the anode.  In a galvanic cell 
electrons are released at the anode and travel through the external circuit to 
the cathode.  The oxidation reaction half-cell, containing the anode, will produce 
substances that will have a higher positive charge, therefore negative ions from 
the salt-bridge will need to flow into this half-cell to balance its electrical 
neutrality. 

Q12 B The Down's cell is used to produce sodium metal and uses a molten electrolyte 
consisting of sodium and calcium chlorides.  The calcium ions are not reduced 
because they are weaker oxidants than the sodium ions.  The half-reactions that 
take place in the cell are: 

  Cathode (reduction): Na+(l)  +  e-   →   Na(l) 
  Anode (oxidation): 2Cl-(l)   →   Cl2(g)  +  2e-

  The anode therefore must be made from a material that cannot itself be oxidised 
or attacked by chlorine gas produced.  Usually the anode in the Down's cell is 
made from carbon.  An iron electrode would be oxidised, as iron is a stronger 
reductant than the chloride ions and would also oxidised by any chlorine 
produced. 

 
 
SECTION B 
Question 1 - [ 11 marks, 14 minutes ] 
a. i.  Most of the heat released in a bomb calorimeter is absorbed by the water in the 

calorimeter.  [1 mark]  The diagram below shows the components of a bomb 
calorimeter. 
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 ii. For accurate results the calorimeter should be calibrated just prior to or just after 

use because the calibration factor, which is used to determine the energy change 
by measuring the temperature, is a measure of how much energy is required to 
change the calorimeter and its contents by 1 °C.  [1 mark]  As the water 
absorbs most of the energy any change in the volume of water in the calorimeter 
will alter the calibration factor. 

 iii. If the calorimeter were not insulated then energy could be either lost to or 
absorbed from the surroundings thereby making it difficult to determine an 
accurate energy change for the reaction being investigated.  [1 mark] 

b. i. The temperature change for the calibration:  ∆T = 31.504 – 30.566 = 0.938 °C 
  The electrical energy supplied to the heater is given by the equation: 
  E = V × I × t   where the time, t, must be in seconds. 
  E = 5.886 × 2.743 × (5 × 60) = 4844 J  [1 mark] 
  CF = E / ∆T = 4844 / 0.938 = 5164 J °C-1  [1 mark] 
 ii. The temperature change for the combustion reaction: 
  ∆T = 30.566 – 21.275 = 9.291 °C 
  E = CF × ∆T  =  5164 × 9.291 = 4.798×104 J 
  1 kJ = 1000 J 
  E = 4.798×104/1000 = 47.98 kJ  [1 mark] 
 iii. The chemical equation can be developed in steps. 
  Ethanol:  CH3CH2OH  =  C2H6O 
  1. Write the formulae for the reactants and products. 
   C2H6O  +  O2   →   CO2 +  H2O 
  2. Balance the number of carbon atoms: C2  ⇒  2CO2 

   C2H6O  +  O2   →   2CO2 +  H2O 
  3. Balance the number of hydrogen atoms:  H6  ⇒  3H2O 
   C2H6O  +  O2   →   2CO2 +  3H2O  
  4. Balance the number of oxygen atoms:  
   In the products the number of oxygen atoms is 2×2 + 3 = 7 O atoms 
   There is an O atoms in the ethanol therefore need 7 – 1 = 6 O atoms 
   Since oxygen is a diatomic molecule, O2 then 6/2 = 3 molecules 
   C2H6O  +  3O2   →   2CO2 +  3H2O 
  5. Add states and multiply through by 2 to remove half oxygen molecules. 
   C2H6O(l)  +  3O2(g)   →   2CO2(g) +  3H2O(l)  [1 mark] 
 iv. M(C2H6O) = 2×12.0 + 6×1.0 + 16.0 = 46.0 g mol-1

  n(C2H6O) = m(C2H6O) / M(C2H6O) = 1.618 / 46.0 = 3.517×10-2 mol. 
  3.517×10-2 mol. of ethanol releases 47.98 kJ 
  1 mole of ethanol will release 47.98/3.517×10-2 = 1364 kJ 
  Energy is release in the reaction therefore it is exothermic and ∆H<0 
  ∆H = -1364 kJ mol-1 [1 mark] 
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c. Since this is a gas the number of mole of methane can be determined using the general 
gas equation:  PV = nRT where T is in Kelvin 

 T = 273 + 14.2 = 287.2 K 

 n(CH4) = 
RT
PV  = 

2.28731.8
0.107450

×
×  = 31.2 mol  [1 mark] 

 For 100% efficiency, the energy release by 1 mol of CH4 is 889 kJ. 
 Assuming 100% efficiency, E = 31.2 × 889 = 2.78×104 kJ  [1 mark] 
 At 80% efficiency the energy available will be: 
 E = 2.77×104 × (80/100) = 2.2×104 kJ  [1 mark] 
Question 2 - [ 7 marks, 9 minutes ] 
a. These are electrolytic cells therefore oxidation will occur at the anode which will be 

positively charged and reduction will occur at the cathode which will be negatively 
charged. 

 i. Electrode V – Positively charged therefore oxidation will occur at this anode. 
  Two possible reactions are the oxidation of water or the copper electrode. 
  From the electrochemical series copper is a stronger reductant than water 

therefore it will be oxidised. 
  Cu(s)   →   Cu2+(aq)  +  2e-   [1 mark] 
 ii. Electrode X – Negatively charged therefore reduction will occur at this cathode. 
  Two possible reactions are the reduction of water or silver ions. 
  From the electrochemical series the silver ions are stronger oxidants than water 

therefore these will be reduced. 
  Ag+(aq) +  e-   →   Ag(s)  [1 mark] 
 iii. Electrode Y – Positively charged therefore oxidation will occur at this anode. 
  Since the electrode is made from carbon it will not react, the two possible 

reactions will be the oxidation of water or bromide ions. 
  From the electrochemical series the bromide ions are stronger reductants than 

water therefore these will be oxidised. 
  2Br-(aq)  →  Br2(aq)  +  2e-  [1 mark] 
 iv. Electrode Z – Negatively charged therefore reduction will occur at this cathode. 
  Since the electrode is made from carbon it will not react, the two possible 

reactions will be the reduction of water or sodium ions. 
  From the electrochemical series the water is a stronger oxidant than the sodium 

ions therefore this will be reduced. 
  2H2O(l)  +  2e-   →   H2(g)  +  2OH-(aq)   [1 mark] 
b. The half-equation for the reaction occurring at electrode V is: 
 Cu(s)   →   Cu2+(aq)  +  2e-

 Therefore the mass of this electrode will decrease. 
 n(Cu) = m(Cu) / M(Cu) = 0.833 / 63.5 = 1.31×10-2 mol 
 As the three cells are in series the same current flows through all three and hence the 

number of mole of electrons flowing through all three will be the same. 
 n(e-) = 2 × n(Cu) = 2 × 1.31×10-2 = 2.62×10-2 mol  [1 mark] 
 The half-equation for the reaction occurring at electrode X is: 
 Ag+(aq) +  e-   →   Ag(s) 
 n(Ag) = n(e-) = 2.62×10-2 mol 
 m(Ag) = n(Ag) × M(Ag) = 2.62×10-2 × 107.9 = 2.83 g  [1 mark] 
 As the silver is deposited on electrode X its mass will increase, therefore 
 m(Electrode X) = 5.173 + 2.83 = 8.00 g  [1 mark] 
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Question 3 - [ 5 marks, 6 minutes ] 
a. Possible answers include: 
 [Total marks allocated = 2 marks:  1 mark for each correct answer] 
 Nuclear energy would not add any additional greenhouse gases to the atmosphere 

whereas fossil fuels would add significant amounts of these gases. 
 The use of fossil fuels for desalination would deplete the reserves of these more rapidly. 
 Nuclear energy significantly provides more energy for a given amount of fuel than 

fossil fuels. 
 Nuclear energy would produce less pollution in the form of smoke and other gas 

emissions than fossil fuels. 
 Australia has large nuclear energy resources that could be readily developed to provide 

the energy without affecting the current fossil fuel usage. 
b. Possible answers include: 
 [Total marks allocated = 2 marks:  1 mark for each correct answer] 
 The problems associated with the disposal of radioactive waste. 
 The potential for an accident that could have a significant impact on the environment 

and the population. 
 The problems associated with the increased availability of nuclear materials that could 

fall into the hands of terrorists. 
 The potential for the site to be a terrorist target. 
c. Nuclear fission involves splitting large nuclei, such as uranium, to form smaller nuclei 

and release energy in the process. [1 mark] 
 e.g.: U235

92  +    →     +    +  3 +  energy n1
0 Kr93

36 Ba140
56 n1

0

 
Question 4 - [ 5 marks, 6 minutes ] 
a. During discharge the battery is acting as a galvanic cell.  Oxidation occurs at the anode 

therefore the Pb is being oxidised to Pb2+. 
 Pb(s)  +  SO4

2-(aq)   →   PbSO4(s)  +  2e-  [1 mark] 
b. The reaction that occurs during recharging is the reverse of the discharge reaction. 
 2PbSO4(s)  +  2H2O(l)   →   Pb(s)  +  PbO2(s)  +  2H2SO4(aq) 
 This reaction leads to the formation of sulfuric acid which will increase the 

concentration of the H+(aq) ion in solution, therefore the pH will decrease.  [1 mark] 
c. Possible answers include: 
 [1 mark for a correct answer.] 
 Lead is a toxic element and the disposal of the batteries when they have finished their 

life can be an environmental problem. 
 The batteries are heavy because of the high density of lead. 
 If a battery is damaged a relatively concentrated solution of sulfuric acid can leak and 

this can cause problems. 
 Because the batteries have a liquid electrolyte they have limited applications for where 

they can be used. 
d. Possible answers include: 
 [1 mark for a correct answer.] 
 The batteries are relatively cheap to manufacture. 
 The technology required to manufacture the batteries is relatively simple and well 

developed. 
 The batteries can be used to store high current densities. 
 The batteries can supply relatively high currents. 
 The equipment required to recharge the batteries is not complicated and readily 

available. 
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e. Possible answers include: 
 [1 mark for a correct answer.] 
 The lead sulfate, PbSO4, formed on the electrodes during discharge crumbles and falls 

off the electrodes and this reduces the amount of material available for recharging. 
 The lead metal is slowly corroded by the sulfuric acid solution. 
 The lead sulfate crystals can change into a less reactive form if the cell is not kept 

charged. 
 Internal short circuits can occur in the cell causing problems during charging and 

discharging. 
 As the cells are connected in series to make a 12 volt battery, if one cell becomes 

non-functional then the battery will not function. 
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