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Physical Constants

F =96 500 C mol™ Ideal gas equation
R =8.31JK mol* pV = nRT
Vi (STP) =22.4 L mol*
Vi (SLC) =24.5L mol*
Specific heat of water =4.18 Jg™ °C™
The Electrochemical Series

E° in volt
Fa2(g) + 2¢ — 2F(aq) +2.87
H,0,(aq) + 2H (aq) + 2 — 2H,0(I) +1.77
Au'(aq) + e — AU(s) +1.68
MnOy (aq) + 8H*(ag) + 56  — Mn?*(aq) + 4H,0(l) +1.50
Cly(g) + 2e — 2CI'(aq) +1.36
0,(g) + 4H"(aqg) + 4e — 2H,0(1) +1.23
Bry(l) + 2e — 2Br'(aq) +1.09
Ag'(aq) + e — Ag(s) +0.80
Fe**(aq) + € — Fe**(aq) +0.77
I(s) + 2e — 2I(aq) +0.54
04(q) + 2H0(1) + 4 > 40H (aq) +0.40
Cu?(aq) + 2¢ — Cu(s) +0.34
COx(g) +8H'(agq) + 86 —> CHa(g) + 2H,0(l) +0.17
S(s) + 2H"(aq) + 2¢ — H,S(g) +0.14
2H"(aq) + 2¢” — H(9) 0.00
Pb*(aq) + 2¢” — Ph(s) -0.13
Sn?*(aq) + 2¢ — Sn(s) -0.14
Ni?*(aq) + 2¢ — Ni(s) -0.23
Co?*(aq) + 2¢” — Co(s) -0.28
Fe?*(aq) + 2¢ — Fe(s) -0.44
Zn*(aq) + 2¢” — Zn(s) -0.76
2H,0(l) + 2¢° > Hy(g) + 20H(aq) -0.83
Mn% (aq) + 2e” — Mn(s) -1.03
Al¥(aq) + 3¢ — Al(s) -1.67
Mg? (aq) + 2e” — Mg(s) -2.34
Na'(aq) + e — Na(s) -2.71
Ca®*(aq) + 2¢ — Ca(s) -2.87
K'(aq) + & — K(s) -2.93
Li*(aq) + e — Li(s) -3.02
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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
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VCE Chemistry 2007 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
When a piece of iron wire is placed in an aqueous solution of iron(111) sulfate;
A. the iron wire will act as an oxidant;
B. theiron wire will act as a reductant;
C. theiron(lll) ions will be oxidised;
D. no significant reaction will occur.

Question 2

The mass of a metallic object increased by 0.440 g as a result of being electroplated with
nickel using an aqueous nickel(Il) cyanide solution. What electrical charge was required to
produce this plating of nickel?

A. 1450C.
B. 725C.
C. 150x10°C.
D. 360C.
Question 3

A primary cell is;
A. acell that produces a constant voltage through out its life;
B. agalvanic cell that can be recharged,
C. agalvanic cell that cannot be recharged,;
D. anelectrolytic cell that cannot be recharged.

Question 4
Compared to energy produced from fossil fuels, nuclear energy;

A. isarenewable resource;

B.  will produce more energy from a given mass of fuel;

C.  will produce less energy from a given mass of fuel;

D. ischeaper to set up and operate, making it cheaper to the consumer.
Question 5

An electric current is passed through an aqueous solution containing aluminium sulfate, tin(I1)
sulfate and zinc sulfate, using platinum electrodes. The initial product formed at the cathode
would be;

A. hydrogen gas;

B. aluminium metal;
C. zinc metal;

D. tin metal.
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Question 6
In an experimental investigation a group of students found that 1680 J of energy were
required to increase the temperature of 126.3 g of ethanol by 5.68 °C. What is the specific
heat capacity for ethanol?

A, -296J°Ctg™,

B. -234J)oCctg™.

C. 755J)°Cctgh

D. 234J)oCctg™

Question 7
The reaction that occurs in a methane-oxygen fuel cell when it is producing energy can be
represented by the chemical equation;
CHa(g) + 202(g) — COx(g) + 2H,0(l)

The process that occurs at the positive electrode of this cell would involve

A.  the reduction of methane;

B. the oxidation of methane;

C. the reduction of oxygen;

D. the oxidation of oxygen.

Questions 8 and 9 refer to the following galvanic cell.

Pt (s)

Br,(aq)/

Br(aq)
Question 8
In the galvanic cell shown in the diagram, the electrons will flow through the external circuit
from the;
A. platinum electrode to lead electrode and anions will move from the salt bridge
into half-cell A;
B. lead electrode to platinum electrode and anions will move from the salt bridge
into half-cell A;
C. lead electrode to platinum electrode and anions will move from the salt bridge
into half-cell B;
D. platinum electrode to lead electrode and anions will move from the salt bridge
into half-cell B.
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Question 9
The chemical half-equation for the reaction occurring in half-cell B when this cell is
discharging would be;

A. 2Br(ag) — Bry(aq) + 2¢;;

B. Pt(s) — Pt*(aq) + 2¢;

C. Pt(s) + 2 — Pt*(aq);

D. Bry(ag) + 26 — 2Br'(ag).
Question 10

The electrolyte most commonly used to produce sodium in a Down's cell is;

A. amolten mixture of calcium chloride and sodium chloride;
B. amolten mixture of sodium chloride and magnesium chloride;
C.  molten sodium chloride;
D. aconcentrated aqueous solution containing a mixture calcium chloride and
sodium chloride.
Question 11

When a 0.145 g piece of aluminium wire was burnt in a bomb calorimeter, with a calibration
factor of 5980 J °C™, a 0.76 °C temperature increase occurred. What is the enthalpy change
for the combustion of aluminium represented by the chemical equation?
4AI(s) + 302(9) — 2Al,03(s)
A.  -3400 kJ mol™.

B. -4.5kJmol™.

C. -840 kJmol™.

D. -1700 kJ mol™.
Question 12

The lead-acid battery is an example of secondary cells. The reaction that occurs when the
battery is recharged can be represented by the chemical equation;
2PbS04(s) + 2H,0(I) — PbOy(s) + Pb(s) + 4H*(aq) + 2S0,*(aq)

Which one of the following statements is incorrect about what occurs when the battery is
discharging?

A. The lead acts as the reductant.

B.  The plate coated with the PbO, will be the cathode.

C.  The pH of the solution will decrease.

D. The concentration of the sulfate ions in the electrolyte will decrease.

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 - [ 6 marks, 8 minutes ]
The electrical calibration data for a solution calorimeter is shown below.

Volume of solution 100.0 mL
Initial Temperature 18.27 °C
Voltage 6.10 V
Current 213 A

Time 10.0 minutes
Final Temperature 32.93°C

a. Determine the calibration factor for this calorimeter.

[2 marks]
b.  When 0.370 g of zinc powder was added to 100.0 mL of 1.0 M aqueous copper(ll)
sulfate solution in the calorimeter, a 2.32 °C temperature increase occurred.
I.  Write an appropriate chemical equation for the reaction between the zinc and the
copper(I1) solution.

[1 mark]
ii.  Calculate the change in enthalpy for this reaction.

[3 marks]

Lisachem Materials VCE Chemistry 2007 Supplying and Using Energy Unit 4 4



Question 2 - [ 9 marks, 11 minutes ]

In an investigation of an electrolytic reaction a group of students used a 4.0 V power supply to

pass a current of 0.44 A through a 100 mL sample of 1.0 M aqueous zinc sulfate solution for

60.0 minutes using unreactive electrodes. During the electrolysis the students observed a gas

being produced at one of the electrodes, and a solid deposited on the other.

a.  Write an appropriate chemical half-equation to represent the reaction that would occur
at the anode.

[1 mark]
b.  Write an appropriate chemical half-equation to represent the reaction that would occur
at the cathode.
[1 mark]
c.  Calculate the charge passed through the solution.
[1 mark]

d.  What would be the expected mass of solid deposited on the electrode at the completion
of the electrolysis?

[2 marks]
e.  What volume of gas at SLC should be produced at the other electrode?

[2 marks]
f.  How would the pH of the solution at the end of the electrolysis compare with the initial
pH of the solution?

[1 mark]
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g.  Another group of students, using similar apparatus and conditions, allowed the
electrolysis to continue for 5 hours before the power supply was turned off at the end of
the school day. The electrodes were left in the solution until the students returned and
when they measured the mass of the electrode containing the deposit they found it to be
significantly less than they expected. What is one explanation for their observation?

[1 mark]

Question 3 - [ 8 marks, 10 minutes ]

a. A model car uses a small hydrogen-oxygen fuel cell to supply its electrical energy.
Assume that the cell operates at standard conditions and uses an acidic electrolyte.
i. Write an appropriate chemical half-equation for the reaction that occurs at the

anode.
[1 mark]
ii.  Write an appropriate chemical half-equation for the reaction that occurs at the
cathode.
[1 mark]
iii.  What voltage would be produced by a single cell?
[1 mark]

iv.  What current would be produced if a cell consumed 4.9 mL of hydrogen at SLC
over a 60 s period?

[3 marks]
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b.  Itis widely proposed that hydrogen should be used as a fuel for vehicles as it would
produce no greenhouse gas emissions.
I. What is one advantage of using a hydrogen-oxygen fuel cell over an internal
combustion engine using hydrogen as its fuel in such vehicles?

[1 mark]
ii.  What is one disadvantage of using a hydrogen-oxygen fuel cell over an internal
combustion engine using hydrogen as its fuel in such vehicles?

[1 mark]

Question 4 - [ 5 marks, 6 minutes ]
Methanol can be used as a fuel, and its combustion reaction can be represented by the
thermochemical equation;

2CH30H(I) + 30,(g) — 2CO,(g) + 4H,0(I) AH = -1524 k] mol™
a.  What mass of methanol must be burnt to produce 260 kJ of energy?

[2 marks]
b.  Assuming all of this energy was absorbed by a 1.0 L water sample, by how much would
its temperature increase?

[2 marks]
c.  Why is the energy released by the reaction described by the thermochemical equation,
2CH3OH(l) + 305(g) — 2CO(g) + 4H,0(g) AH =-1348 kJ mol™
less than that for the reaction in a. above?

[1 mark]

END OF TASK
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Suggested Answers VCE Chemistry 2007 Supplying & Using Energy Unit 4
SECTION A [1 mark per question.]

Ql B.
Q2 A
Q3 C.
Q4 B.
Q5 D.
Q6 D.
Q7 C.

From the electrochemical series the appropriate half-equations are:

Fe**(ag) + € — Fe* (aq) E° = +0.77

Fe?*(aq) + 26" — Fe(s) E°=-0.44

When iron wire is placed in a solution containing iron(l11) ions, the iron will act
as the reductant and be oxidised while the iron(I11) ions will act as the oxidant
and be reduced, yielding the overall reaction

Fe(s) + 2Fe**(aq) — 3Fe*(aq)

The redox half-equation for the reduction of nickel(l1) ions to nickel metal is
Ni%*(ag) + 20 — Ni(s)

n(Ni) =m /M = 0.440 / 58.7 = 7.50x10" mol

n(e’) = 2xn(Ni) = 2 x 7.5x10° = 1.50x10 mol

Q =nx F=15x107 x 96500 = 1450 C

A primary cell is a galvanic cell that cannot be recharged by the application of
an external power supply. This is because the products formed when the cell
discharges migrate away from the electrodes and may be consumed in other side
reactions that occur within the cell.

Nuclear energy produces more energy than fossil fuels for a given mass of
reactant. This is because the production of energy from fossil fuels involves
chemical reactions which involve the making and breaking of chemical bonds and
the subsequent rearrangement of electrons, whereas nuclear energy involves the
rearrangement of protons and neutrons to produce different elements and is a
more energetic process.

In electrochemical cells reduction always occurs at the cathode, therefore it is
necessary to identify the strongest oxidant from the materials present in the cell
using the electrochemical series. The appropriate chemical half-equations are

Sn*(aq) + 2¢° — Sn(s) E°=-0.14
Zn**(aq) + 2¢° - Zn(s) E°=-0.76
2H,0(l) + 26" — Ha(g) + 20H (aq) E°=-0.83
AlPF*(aq) + 3¢ > AI(s) E° =-1.67

The tin(11) ions are the strongest oxidant therefore will be the first to be
reduced to tin metal at the cathode.

The specific heat of a substance is the amount of energy required to increase the
temperature of 1.0 g of the substance by 1 °C, without any change in state.
1680 J increased the temperature of the sample by 5.68 °C

Therefore to increase the temperature by 1 °C, 1680/5.68 = 296 J is required.
Therefore to change the temperature of 1g of ethanol (the heat capacity).
Cp=E/m=296/1263=234J°C'g"

A fuel cell is a galvanic cell and reduction occurs at the cathode which is
positively charged. In the reaction;

oxygen is the oxidant and is being reduced.

The chemical half-equation for this reaction will be;

O(g) + 4H" (aq) +4e" — 2H,0())
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Q8 B. The appropriate chemical half-equations from the electrochemical series are;
Bry(ag) + 260 — 2Br(aq) E° = +1.09
Pb*(aq) + 2 — Pb(s) ° = .0.13
Since the lead is the stronger reductant it will be oxidised and the electrons
will move from the lead electrode to the platinum electrode through the
external circuit.

As Pb?* ions are being formed in half-cell A, anions will need to flow from the
salt bridge into this half-cell to maintain ionic charge neutrality.

Q9 D. The Bryis the stronger oxidant and will be reduced when the cell is discharging.
Bry(ag) + 2¢° —» 2Br'(aq)

Q10 A. The Down's cell is used to produce sodium, which is a strong reductant that will
be oxidised by water, therefore aqueous solutions of electrolyte cannot be used in
this cell. The electrolyte must be in the molten state. Pure sodium chloride has
a melting temperature of 801 °C, but when mixed with calcium chloride a
mixture with a melting temperature of about 600 °C can be obtained. This is the
electrolyte commonly used to produce sodium in this cell. The sodium ions are a
stronger oxidant compared to the calcium ions and will therefore be reduced
before the calcium ions.

Q11 A. E=CFxAT=5980x 0.76 = 45x10°J = 4.5 kJ
n(Al) =m/M =0.145/ 27.0 = 5.37x10" mol
5.37x10° mol of Al releases 4.5 kJ of energy
1 mol of Al releases 4.5 / 5.37x107 = 840 kJ of energy
4Al(s) + 302(g) — 2Al,03(s)

The equation is for 4 mol of Al, therefore 4 x 840 = 3360 kJ = 3400 kJ
The reaction is exothermic therefore AH <0
AH = -3400 kJ mol™

Q12 C. The chemical equation for the discharge reaction is the reverse, therefore
PbO,(s) + Pb(s) + 4H"(aq) + 2S0,%(aq) — 2PbSO4(s) + 2H,0O(l)

In this reaction the Pb is being oxidised so is the reductant, therefore A is correct.
The PbO; is the oxidant, therefore is being reduced and reduction occurs at the
cathode, B is correct.

H" ions are being consumed, therefore [H*] will decrease leading to an increase in
the pH (pH = -log[H']), therefore C is incorrect.

S04 ions are being consumed, therefore the concentration of these in the
electrolyte solution will decrease, D is correct.

SECTION B

Question 1 - [ 6 marks, 8 minutes ]
a.  The calibration factor (CF) for a calorimeter is the amount of energy require to change
the temperature of the calorimeter and its contents by 1 °C.
E=V x1xt (time in seconds)
E=6.10x2.13 x (10.0 x 60) = 7796 J=7800J [1 mark]
AT =32.93-18.27 = 14.66 °C
CF=E/AT=7800/14.66 =532J°C* [1 mark]
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I. An appropriate chemical equation can be either an ionic equation or a full
equation. [1 mark]
Zn(s) + Cu*(aq) —» Zn*(ag) + Cu(s)
Zn(s) + CuSO4(ag) — 2ZnSO4(aqg) + Cu(s)
ii.  Firstly must determine if either reactant is in excess and which is the limiting one.
n(Zn)=m/M =0.370/65.4 = 5.66x10"° mol
n(Cu*) = ¢ x V = 1.0 x (100.0/1000) = 1.0x10™ mol
Clearly the Zn is the limiting reactant. [1 mark]
E=CFx AT =532 x 2.32 =1.23x10°J = 1.23 kJ [1 marKk]
5.66x10° mol of Zn releases 1.23 kJ
1.0 mol of Zn releases 1.23/5.66x107 = 217 kJ mol™
The temperature increases so the reaction is exothermic, thus AH <0
AH = - 217 kI mol™ [1 mark]

Question 2 - [ 9 marks, 11 minutes ]

a.

This is an electrolytic cell and as with all electrochemical cells oxidation occurs at the
anode. The only reductant in the electrolyte is water, therefore this must be oxidised.
2H,0(l) = Oy(g) + 4H"(aq) + 4e. [1 mark]

Reduction will occur at the cathode. The oxidants present in the electrolyte are zinc
ions and water. The zinc ions are the stronger oxidants therefore these will be reduced
first.

Zn**(aq) + 2¢° — Zn(s) [1 mark]

Q=1xt (Time in seconds)

Q =0.44 x (60.0x60) = 1580 C = 1600 C [1 mark]

The zinc is deposited on the cathode: Zn®*(aq) + 2e° — Zn(s)

n(e) = Q/F = 1600/ 96500 = 1.66x10% mol [1 mark]

n(zZn) = % n(e) = % x 1.66x10 = 8.3x10> mol

m(Zn) =n x M = 8.3x10° x 65.4 = 0.54 g [1 mark]

Oxygen is produced at the anode: 2H,0O() — 0(g) + 4H"(aq) + 4e

Fromd. n(e’) = 1.66x10 mol

n(02) = ¥an(e) = ¥4 x 1.66x107% = 4.1x10° mol [1 mark]

V(02) =n x Vi =4.1x10% x 25.4 = 0.10 L [1 mark]

The oxidation reaction that occurs at the anode produces H" ions, therefore compared
with the initial concentration of H* ions the final concentration will be higher. The pH
of the solution after the electrolysis will therefore be lower than its original pH.
[1 mark]

Some possible explanations could include: [ 1 mark allocated]

The H ions formed at the anode during the reaction reacted with some of the zinc
deposited on the cathode, thereby reducing the mass.

As the reaction proceeds the concentration of the zinc ions near the cathode decreases
and as a result some of the water (or H" ions) present could have been reduced
instead of the zinc ions.

Some of the zinc deposited on the cathode physically detached from the electrode.

Question 3 - [ 8 marks, 10 minutes ]

a.

Suggested Answers VCE Chemistry 2007 Supplying and Using Energy Unit 4

I. Oxidation at the anode, therefore the hydrogen will be oxidised.
H.(g) — 2H%(aq) + 2e” [1 mark]

ii.  Reduction at the cathode, therefore the oxygen is reduced
0,(g) + 4H"(aq) + 4e° - 2H,0 [1 mark]



iii.  From the electrochemical series the standard potentials for the half-reactions are:
Hx(g) — 2H%(aq) + 2¢ E°=0.00
0,(g) + 4H'(aq) + 4 — 2H,0 °=+1.23
The difference between the standard potentials give the voltage produced by the
cell when it is operating under standard conditions.
Gases 101.3 kPa
Solutions 1.00 M
Temperature 25°C
V=123-0=123V [1mark]
iv. n(Hy) =V /Vpy=(4.9/1000) / 24.5 = 2.0x10* mol [1 mark]
Hx(g) — 2H"(aq) + 2¢
ne) = 2 x n(Hy) = 2 x 2.0x10™ = 4.0x10™* mol
Q=n(e) x F=4.0x10" x 96500 = 39 C [1 mark]
I=Q/t =39/60 =0.64 A [1 mark]
i. Possible answers include: [Total marks allocated = 1 mark]
Fuel calls are more efficient than internal combustion engines therefore more
usable energy is available for a given amount of hydrogen gas.
Fuel cells produce electricity directly therefore would produce quieter vehicles
compared to internal combustion engines.
ii.  Possible answers include: [Total marks allocated = 1 mark]
Fuel cells tend to be more expensive than internal combustion engines.
Fuel cells require some expensive auxiliary equipment to operate them.
Current fuel cells require the hydrogen gas to be free from impurities that can
cause side reactions on the electrode surfaces reducing their efficiency, whereas
internal combustion engines can burn hydrogen mixed with other gases.

Question 4 - [ 5 marks, 6 minutes ]

a.

From the thermochemical equation

2CH30H(l) + 30x(g) — 2CO,(g) + 4HO0(l)  AH =-1524 k] mol™

2 mol of CH3;OH will release 1524 kJ of energy

1 mol of CH3OH will release 1524/2 = 762 kJ of energy [1 mark]

n(CH3;0H) =260/ 762 = 0.34 mol

M(CHsOH) = 12.0 + 4x1.0 + 16.0 = 32.0 g mol™

M(CH3O0H) =nx M =0.34x 32.0=11g [1 mark]

The heat capacity for water is 4.184 J mL™* °C™

Therefore the energy required to increase 1.0 L of water by 1 °C is

4.184 x 1000 = 4184 J = 4.184 kJ [1 mark]

AT =260/4.184 =62 °C [1 mark]

The two thermochemical equations are:

2CH3;0H(l) + 30x(g) — 2CO.(g) + 4H,0(I)  AH =-1524 kJ mol™
2CH;0H(l) + 305(g) — 2CO(g) + 4H,O(g) AH =-1348 ki mol™

The difference between these two reactions is the state of the water produced. In the
first the water is in the liquid state whereas in the second it is in the gaseous state.
Energy is required to change a liquid into a gas, therefore the energy released by
the second reaction is less than that of the first. [1 mark]

The difference between the two reactions:

4H,0(l) — 4H,0(g) AH = -1348 — (-1524) = 176 kJ mol™

H.O() — H,0(g) AH = +44 kJ mol™
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