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SECTION A — MULTIPLE-CHOICE QUESTIONS

Instructions for Section A
Answer all questions in pencil on the answer sheet provided for multiple-choice questions.
Choose the response that is correct or that best answers the question.
A correct answer scores 1 an incorrect answer sCores 0.
Marks will not be deducted for incorrect answers.
No marks will be given if more than one answer is completed for any question.
Unless otherwise indicated, the diagrams in this booklet are not drawn to scale.

Question 1
Which one of the following energy transformations occurs in a galvanic cell but not in an electrolytic cell?
A.  electrical energy to chemical energy
B.  heat energy to chemical energy
C. electrical energy to heat energy
@ chemical energy to electrical energy

Question 2

Ethanol can be produced as a biofuel and can also be produced from fossil fuels. The following statements
refer to ethanol from the two different sources.

I Combustion of the biofuel ethanol will produce less greenhouse gases than combustion of the
ethanol derived from fossil fuels.

Iz Ethanol from fossil fuels contains more energy per gram than the biofuel ethanol.
[II. The biofuel ethanol is produced from grains grown on farmland which could he used to grow
J food crops.
IV Both types of ethanol have identical environmental impact associated with their extraction
7"- and production.
Which of these statements are incorrect?
A. TandIlonly
B. II anﬁ}l_only
& 1, Mand IV only
D. T and IV only

Question 3

The salt bridge and connecting wire are removed from an operating galvanic cell and discarded.
If the contents of the two half-cells are placed in one container, what will be the likely outcome?
A.  The reaction will continue as electrons can move through the li uid in the container.

B.) The reaction will continue as heat energy rather than electrical energy is produced.

C.  The reaction will stop as there is no salt bridge to transport the anions and cations,

D. The reaction will stop as there is no connecting wire allowing electrons to travel.
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Use the following information to answer Questions 4-6.

The energy profile of a particular reaction involving only gases is shown below.

A

Y| products

W
energy v

reactants

Y

reaction path

Question 4

Which one of the following shows the correct reaction type and bond strengths for the reaction represented
in the profile above?

Molecules with the
stronger bonds

endothermic reactants

Type of reaction

B. endothermic products
C. exofifermic reactants
D. exogfiermic products
Question 5

Product molecules will form
A.  whenever reactant molecules collide in a particular orientation.
B.  ifreactant molecules with energy of exactly W collide iMy orientation.
C.  if reactant molecules with energy of exactly X cellide in any orientation.
@ if reactant molecules with energy of at least Y!—!- Z collide in a partlcular orientation.

Question 6
Which of the values will not be affected by the inclusion of a suitable catalyst for the reaction?
A, Wonly
B. Xonly
@ Z only
D. YandZonly

Copytight © 2018 Neap CHEMU_CA 20185 3
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Question 7

An oxidising agent and a reducing agent are mixed together under standard conditions but no reaction is
apparent. Statements 1 0 TII may relate to the apparent lack of reaction.

I The weaker oxidising agent and reducing agent of the conjugate pairs were mixed.
I The rate of the redox reaction is extremely slow.
[l  The difference in E° values between the relevant half-reactions is very low.
Which of these statements could possibly explain the lack of observed reaction?

I and II only

A.
iS5 I and T only

I and III enly

C.
@ 1, T and TIX

Use the following information to answer Questions 8-10.

Using unreactive clectrodes, electrolysis of a concentrated sodium chloride solution will produce chlorine
gas at one of the electrodes.

Question 8
Which one of the following products is generated at the other electrode?

hydrogen gas

B. sodium
C. oxygen gas
D. water

Question 9
The electrochemical series predicts that chlorine gas will not be produced during this electrolysis.

Which one of the following is the most likely reason that this prediction is unreliable?
A. A larger voltage than usual is used in the electrolytic cell.
. Using unreactive electrodes makes predictions uncertain.
@ The conditions used for the cell are not standard.
D. One electrode had been coated with catalytic particles.

Question 10
In the industrial production of chiorine, the cell operates at 1.0 % 105 amperes.
What volume of chlorine gas (in L.) would be collected at standard laboratory conditions (SLC) in 1.5 hours?

A, 1.2><103 B
6.9 x 10* D )& = T
S - 5
. 14x10 R SRS
(1; 28X1o5 DANG ) = ;Ei.. = AN TN «60
. o X

Ke S W
= inqé vv*abk <
= Ll 7 AL o O
o wa =2 S AUNE= (AR [
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Question 11

Which one of the following listed pairs contains cells which use a non-spontaneous redox reaction?
. an electrolytic cell and a rechargeable cell

a fuel cell and a primary cell

a rechargeable cell and a fuel cell

a primary cell and an electrolytic cell

o 0wl

Use the following information to answer Questions 12 and 13.

Oxygen is transported in the human body using the complex molecules haemoglobin and oxyhaemoglobin.

haemoglobin + oxygen = oxyhaemoglobin

Carbon monoxide (CO) gas is extremely poisonous and can be fatal even at low concentrations.

Question 12

How does CO affect oxygen transport in the body?

A.  Itacts as a catalyst, causing the oxyhaemoglobin molecule to break apart.

B. It combines with the oxygen molecules and prevents the formation of oxyhaemoglobin.
@ It bonds strongly to haemoglobin and consequently causes oxyhaemoglobin to break apart.

D. It is more soluble in the blood than oxygen and so exists at a greater concentration.

Question 13
Which one of the following is the appropriate treatment for CO poisoning?
A. Remove the victim from the poisoned atmosphere to allow breathing in normal air.
B. Give pure oxygen gas so that the CO reacts to form CO, which is breathed out.
. Infuse a large dose of haemoglobin to increase the yield of oxyhaemoglobin
Free haemoglobin molecules from bonding to CO by administering oxygen gas.

Question 14

The hot gases formed by burning natural gas are used to spin a generator to produce electricity. For a set
mass of natural gas, the total energy released is W joules.

If the same mass of natural gas was used in a fuel cell to produce electricity, how much energy will be
released by the gas?

less than W joules

W joules

more than W joules

either more or less than W joules depending on the efficiency of the fuel cell

Copyright @ 2018 Neap CHEMU3,QAR01RFM
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Question 15

When copper is extracted from its ores by roasting, the product is ‘blister’ copper; that is, copper containing
1-2% impurities including Zn, Fe, Ni, Ag, Au and Pt. This ‘blister’ copper is refined electrolytically. A
simplified version of the electrolytic cell is shown below. The potential difference is adjusted to allow copper
to be oxidised at the ‘blister’ copper anode.

power source

T

impure ‘blister’ copper________é 3 high purity copper sheet

—-—]——-— solution containing CuSQ,

In this electrorefining process the ‘anodic mud’ which collects under the anode is recovered.

is is done because the ‘mud’ contains atoms of
é metals which are weaker reducing agents than copper.
B. metals which are stronger reducing agents than copper.
C. copper which have failed (o adhere to the electrode during the refining process.
D. copper which have failed to be oxidised during the refining process.

Question 16
When heptane burns in oxygen gas.

_ carbon dioxide and water only can be formed.
(]; carbon dioxide and carbon monoxide could be formed.

C. carbon monoxide and water will always be formed.
D. carbon dioxide, carbon monoxide and water will always be formed.

Question 17
A 1.60 mol sample of nitrosyl bromide (NOBr) was introduced into a 4.0 L vessel. At equilibrium the
concentration of NOBr was found to be 0.0750 M. Reaction occurred according to the following equation:

INOBi(g) <= 2NO(g) + Bra(g)

Which one of the following show the concentration of NO and Br, at equilibrium?

| NO concentration Br, concentration
5 e s EN = © 00 4 o
B. 0.38 0.19 =0 s
C. 0.40 0.20
D. L 1.30 0.65
T Qoo | anNO [ e
. _i ko \ o 2
& ude ;\i Lo [*e-is
C o ( 3» | © 65
e Copyrignt © 2018 Neap
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Question 18
The following equation shows the chemical reaction which occurs in a galvanic cell.
2Cd(s) + 20H (aq) + NiyO4(s) + 3H,0(1) > 2Cd(OH),(s) + 2Ni(OH),(s)

Statements I to TV relate to the fbove chemical reaction.

I Cd undergoes oxidation.
I OH' is the reducing agent~( \2
III  The oxidation number of nickel changes from +3 to +2.

IV The nickel ion undergoes reduction and so it is the oxidising agent.

Which of these statements aré correctf.f_)

A, TandIlonly
B. Il andIIIonly

I, HI and IV only
D, LILIIandIV

Question 19
Iron reacts with oxygen according to the following equation:
4Fe(s)_+ 30,(g) — 2Fe,05(s) AH =-1650 kJ mo]—E

Which one of the following do@ccur?
t@\ 825 kI of energy is absorbet-#hen 1 mole of Fe,0, decomposes&

B. 825 KkJ of energy is released when 111.6 g of Fe reacts.
C. 1650 k7 of energy is released when 96 g of O, reacts.
@ 1650 kT of energy is abiM;ped when 2 mole of Fe,0, forms.

Question 20

A fuel is best defined as

A,  any solid, liguid or gas which will combust when ignited and release heat energy.
any substance containing a large amount of energy which is easily released. F)

C.  aresource replaced by natural processes within a relatively short time period. A

D.  being composed of substances from fossil remains formed millions of years ago.)

Copyright ® 2018 Neap CHEMU_OA_201B,E14 7



Question 21 (2013/9)

O H H H
(VAR
H c C C
\C/ \O/ ~_ \H
n | /™
H H H

The systematic IUPAC name for the molecule shown above is
A. ethyl ethanoate.
B. ethyl propanoate.
@ propyl ethanoate.
D. methyl propanoate.

Question 22 (2013/10)
H H
| \ A
B Oy
c e g + H—O B
i |
|
H H

The systematic [UPAC name for the product of the above chemical reaction 1s
A. l-chlorobutane.

@ 2-chlorobutane.
C. 3-chlorobutane.

D.

4-chlorobutane.

Question 23 (2017 Sample /27)

Which one of the following Jkeletal structures represents a primary amide?

A H B. 0
H | \/[Ol\ x Ve
\N/jrN o N
; |
I 0O H
H
C I D.
H
]
H




Question 24 (2017 Sample /28)

X

HCL. solid AICI, catalyst

NH, (dissolved i ethanol)

p Y >
$ NaOH(aq)
CH,CH,CH,CH,0H

What are the semi-siructural forinulas of X, Y and Z for the reaction pathway shown above?

X Y z
. | CH,CH,CH,CH, CH,CH,CH,CH,C CH,CH,CH,CH,NH,
B. | CH,CH,CHCH, CH,CH,CHCICH, CH,CH,CHNH,CH,
C. | CH,CH,CH,CH, CH,CH,CH,CHCL CH,CH,CH,CONH,
CH,CH,CHCH, CH,CH,CH,CH,CI CH,CH,CH,CH,NH,
Question 25 (2014/19)
CH,
| MnO,H-
CH CH, —
AT~ T
cH,  CH oH

What is the systematic name for the product of the reaction above?

A.  2-methvlpentanoic acid

B. 4.methvlpentanoic acid

. 2-methylbutanoic acid
<

3-methvlbutanoic acid
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The systematic TUPAC name for the molecule shown above is
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D. methyl propanoate.
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The systematic [UPAC name for the product of the above chemical reaction 1s
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Question 24 (2017 Sample /28) Sm;\'&‘;&_&' \;&\H\ ‘

HCT, solid AICT; catalyst NH; (dissolved 1 ethanol)
X ‘5\/ \\;5‘ - b Y b z
e \Wo - _ H .
$ NaOH(1q) e ng Sl wnm
CH,CH,CH,CH.,OH

What are the semi-structural formmuas of X, Y and Z for the veaction pathwiy shown above”

X Y z
A. | CH,CH,CH,CH, CH,CH,CH,CH,C1 CH,CH,CH,CH,NH,
B. | CH,CH,CHCH, ) CH;CH,CHCICH, CH,CH.CHNH,CH,
G | CHCHCHCH, CH,CH,CH,CHCl, CH;CH,CH,CONH,
A CH,CH,CHCH, | C‘H5CH:C‘H_,CH3C1J CHSCHECH;HZNH:]
Question 25 (2014/19)
<A 4 :
CH, | o
| MnO,~H- “ {4
e CH, > e § v 0\,
S~ : Cy
CH,  CH: OH Chs A NS
2

What is the systematic name for the product of the reaction above?
A, 2-methvipentanoic acid

B. #-methylpentanoic acid

1 ,L\ 2-methylbutanoic acid
\& @ 3-methylbutanoic acid

A



Use the following information to answer questions 26 and 27 (dlkanol=alcohol in this context).

Four straight chiain alkanols. S. T. U. V. with a general formula ROH. were analysed using a gas chromatograph
combined with a mass spectrometer. The following chromatogram was produced.

A T
N

absorption

S

UL R
0 0.5 10 15 2.0
ratention thue (min)

v

Question 26 (2014/12)
What is the order of the alkanols from the highest molar mass o the lowest molar mass?

CA) VLTS

B. T.U.5.V
C. V.5.U.T
D. SSTUVWV
Question 27 (2014/13)
The mass spectiuun of alkanol T 15 provided below.
100 -
80 S
6O -
relative wmtensity -
40 -
20
0 ldlt'ili'rlg4|4<}ft!|l'| !T|||1llijillgk;fllilli|||||'|11
[0 15 20 23 30 33 40 43 50 53 60

nLz

Source: National Institute of Advanced Industrial Science and Technology

What 15 alkanol T?

A, Dbutan-1-ol C»(T A @ <
\ B. ethanol
B\

C. methanol

@ propan-L-ol L W S EAT 4IRS E = % (S

i
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Question 28 (2014/15)

R— 04

R ey R S AN S L B L IR EE R B B N
166 140 120 100 8¢ 60 40 20 O

]
200 180

pp
Source: National Instiie of Advanced Indusirial Science and Technology
The ¥C NMR specinun above corresponds to which one of the following compounds? !Q’ W
A, propane . 'l . ;
> - - - <
2Z-methylbutane -~ <. - ,\ ~ \K z. ‘\\C/
2-methylpropan-1-of S c_ e
2- Ipr 2. T : . o .
2-methylpropan-2-o} — s ", - o1 N | <, NLY
Th— . \ < o '
Question 29 (2015/8) < R L ens, )

-

Consider the following statements about a high-performance liquid chromatography (HPLC) colunn that uses a polar
solvent and a non-polar stationary phase to analyse a solution:

Statement I — Polar molecules in the solition will be attracted to the solvens particles
by dipole-dipole attractionx

Statement II — Nor-polar molecule§ i the solution will be attracted to the stationary phase
by dispersion forces. X

Statement III - Polar molecules in the solution will travel through the HPLC column more
rapidly than non-polar molecules

Which of these statements are 1rue?
A, Tand I only

B. Tand I only

C. Ifand I only

I 1l and 1II

Question 30 (2015/9) [N
Which two isomers of C3HgBr, have two peaks (other than the TMS peak) in thety '*C M¥MR spectium?

A, CHyCBr,CH Yaud CHBr,CH,CH;

B. CHBr,CH,CH and CH,BrCHBICH, 3

C. CH,BrCHBrCHgand CH,BrCH,CH.Br <
N CH,BrCH,CH,Br and CH,CBr,CH,L

i
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SECTION B

r Instructions for Section B

Answer all questions in the spaces provided. Write using blue or black pen.

Give simplified answers to all numerical questions, with an appropriate number of significant figures;
unsimplified answers will not be given full marks.

Show all working in your answers o numerical questions; no marks will be given for an incorrect answer
unless it is accompanied by details of the working.

Ensure chemical equations are balanced and that the formulas for individual substances include an
indication of state; for example, H,(8), NaCl(s).

Unless otherwise indicated, the diagrams in this booklet are not drawn to scale.

Question 1 (7 marks)

a. A student wanted to construct a galvanic cell under standard conditions with a cell voltage

of exactly 1.21 V, using the C12/CI'“ half-cell, The largely unlabelled diagram below shows "
; . ‘ 4
the planned galvanic cell. 4. 36 — 2V = O\ ¢ =] (_'A Y f A
(V) ‘
hlll ©
@ = ‘
R > — J Cm\/‘%cx\
cl(g) — '
2 9 -
th‘&\”\ﬂ? fgke, . [ | ]
. \ )
Cf (aq)
i Complete the diagram by adding the features listed below. 3 marks
° an arrow in the box directly above the internal circuit to indicate the direction
of movement of negative ions
o the composition of the electrolyte of the non-chlorine half-cell
o the composition of the electrode of the non-chlorine half-cell
ii.  Tick one box in the table below to show the polarity and type of reaction which
occurs in the non-chlorine half-cell. 1 mark
Positive Negative ]
Oxidation 4
Reduction
- GHEMUI_QA_ZR1IFIA Copyright @ 2018 Neap
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For a practical investigation, a student’s aim was to establish an electrochemical series for
four reduction half-equations using the results of experiments. The four reduction
half-equations (A to D) investigated are shown below,

Half-cell Half-equation
A Be2+(aq) +2e = Be(s)
B NO,™(aq) + 4H(ag) + 3¢~ = NO(g) + 2H,0(1)
C Mn04—(aq) + 8H+(aq) + 58 = Mn2+(aq) +4H,0(1)
D Cr2+(aq) + 28" = Cr(s)

The student constructed three galvanic cells from various combinations of two of the
relevant half-cells. Observations for the three cells are given in the table below.

Cell Half-cells connected Experimental observations
1 Aand B hydrogen ion concentration decreases in half-cell B | § —p a 'S
2 Cand D chromium electrode loses mass C.:“"? D&
electrons travel from the beryllum elecirode to the
3 AandD chromiom electrode D-—-7 {'\Q

Write a conclusion for the student’s investigation, including a relevant electrochemical

series order from highest to lowest for the reduction half-equations A to D if possible.

Indicate any furfier experimentation that may be needed to successfully achieve the aim

of the investigation. 3 marks

C 7 O 7 A

e posshile fo ddermiae N o
Croon kmmgkh Loie &N ceduidion a&u,&vgs
% o oA (e % o 5a)

‘0\;& ;w’;\’s\wwr Lﬂiorﬂ'\s'\‘&\'v—;ﬂ (O Nﬂjﬂ&-rk ‘\V‘:’
L&ermne & OS¢ or G”“(E‘S >0

I G | N AN W VS, WRVPAN
Dreerm e W g

4 & v, Theonn e =xp W G+©
(n  A\sO f“n—‘@v{“@_t\

Copyright © 2018 Neap CHEMU, 08 2018FM

5



VCE Chemistry Unit 3 Trial Examination Question and Answer Booklet

Question 2 (9 marks)

a.  Liquefied petroleum gas (LPG) is used in cars and trucks to replace petrol (mostly octane).
LPG is a mixture of mainly propane and butane.

i Propane and butane are gases at room temperature.

Explain why it is necessary to liquefy them to be used in transport vehicles. 2 marks

L\-é\‘ﬁ"j\r& L“L\u{, o ‘s“'\&a‘h(‘g\. k'\\:t‘.\:‘-v OANEIE T
~

&e./\;'&u.\_‘ ;{34.-—- : N o _ .
MTC) J“D‘Q W(C&Q {O @.‘9\-«,&{ Qé\'mq_ . E&‘ g
Recwog Smf:;\'b M‘Q, .z w—f’ m.&e( & 8TQrRg A g VRS
4. The LPG tank is placed in the boot of a car and operates without using very

low temperatures.

How is LPG maintained as a tiquid? 1 mark

A\ &f\\l} ;?f‘m%mfc

b.  Petrodiesel and biodiesel are fuels often used in larger transport vehicles.

Outline and explain the effect of lowering the temperature to near 0°C on the viscosity of
each of these fuels. 2 marks

\_UC *W\Wgﬂmm% S;U\C«r&\ie lfx\e_ \/xmgca < ‘(\‘3(
\&&\&Sl:_k f&»«o o J‘&‘\a 65\:.,;@;‘:\@ -gMZé N
&m;\:gu\‘r\-:\d _‘(\’\L—&( 3,\,&\ AL )

\J\Q&m% fi’@:“(r‘b ¢§.&;z$€i tof&_-\_,,:) (.N_s; z&:\g r“-ngb‘:iol‘\
gm—m:, PN ﬁ\«?&‘&u«:&Q’% v\,\f;z&\ Z,»&
\,»JPJ—S(*Q/ =) Sgi&\- ‘g\uhs Q\rﬂ_ﬁ&,ﬁ C-.s\(‘ \c‘: il WAW

c. Tn the table below, tick one box in each row to show whether the described feature
applies to petrodiesel only, t0 biodiesel only, to both fuels or to neither fuel. 4 marks
r Feature Petrqdlesel Biodiesel Both fuels Neither
oply only fuel
The fuel molecules consist only of \]
hydrogen atoms and carbon atoms. 1
Combustion of the fuel produces
gases which contribute to the

greenhouse effect.

During the industrial production of
the fuel, the fuel is produced in a
chemical reaction.

When the fuel undergoes
combustion the axidation number
of the carbon ecﬂfs;ééy J

CHEMU3_QA ZD1BF% Copyright © 2018 Neap
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Question 3 (11 marks)

a Methane is a major component of coal seam gas (CSG).

Why is methane from this source classed as non-renewable? 1 mark

\s«-‘x\;\,s’gml\ S ‘Q\Ss\ Q&Q—L u\v‘t QWQL

V™ (’\u;*\rw-'\ g(‘ (W T QL«\ €

b, i

ii.

g —~ < AT .

For the complete combustion reaction of methane, calculate the mass of carbon
dioxide produced when 1.00 MJ of energy is generated. 2 marks

Ly Al g = O, L\,
—5e (W ¥ L8 (@)
oz 7V

e T e, e SRS Gt

A 2.00 L tank of methane is used at 15.0°C and 1.05 atmospheres to heat water
from 18.5°C to 65.0°C.

Calculate the mass of water heated, assuming all of the energy from the buming
methane was used to heat the water. \ Gf 4 marks

(o « 0T

n (LB N:= T * omn
< P)
¢y % (N3 ago
T G OFFA aul —-@ .
G OFF9+<hc = 4 - \L\T -
e T - Vi\1 o

T dngoAls e €6y 2 g -A

c. Methane can be used as the energy source in a fuel cell which converts oxygen gas in the
air to oxide ions at the cathode.

ii.

fii.

iv.

Write the half-equation for the reaction at the cathode (states are not required). 1 mark
. — ¢ i S
Oqﬂ (\‘1 - * Lg‘\-e., @ 7 O

At the anode, methane gas reacts with oxide ions to produce carbon dioxide
and water.

Write the half-equation for the reaction at the anode (states are not required). | mark
aL.-.- i . L —

Identify one design feature in this fuel cell which is common to all fuel cells which
have gasecus reactants. 1 mark

(jar'uw:rs ’Q&"{dgﬁ‘cr‘i@ <

[dentify one significant difference in the operation of this cell compared to a
galvanic cell. 1 mark

Q-eeac,sctﬂr\%s (,{)i'\*f-f\p\_&v “;K L, SW’UP\\-V&VQ 'i@

A Cv\ @.,\ ee \A( RS e~ c\a\uf-«mg <e

&-\ugmgﬁ-@,\d Maf"‘uur"& f—g f‘e_&c_&"f\
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Question 4 (11 marks)

Calcium metal is produced in an electrolytic cell using carbon blocks as the positive electrodes and a
water-cooled steel cylinder as the negative electrode. The basic design of the cell is shown in the
diagram below.

©

cold water
—

1 heated waste water
——

®

[

molten electrolyte —— T graphite

caCl,/CaF,
(6:1 mass ratio) 7

a. Write the equation for the chemical reaction which occurs at the negative electrode. 1 mark

calcium deposit

y —

Cen (LN Loe Cﬂ-h— {5
AS 7

b. A mixed, molten electrolyte is used rather than an aqueous solution.

i. Why is this use of a molten electrolyte a disadvantage for the industrial producer
of calcium? 1 mark

(;\ \Fh’\\ /q _’_;7 ‘(\Lc}’\ 'Q/f\‘e»”"\‘i.:) <~‘:-'ﬂ‘s'_)Q .

i, Suggest why a mixture of CaCl, and CaF, is used as the electrolyte rather than using
CaCl, only. 1 mark

(——O\,-*M‘i': "H\\b Q’\\Pb =) Sees *QJ\Q;?,J;J

c.  Electrolytic cells must be designed so that the products of the cell reaction do not come
into contact.
Explain why this 15 necessary. 2 marks
(/\'Q_(&"u S{Lc;. c_c)«\ -e,s\e-\&wk&:; e NON— S ?wQ(C'éu\eg
~ [}
L ;‘Q._é"\.- RSN

KC ‘ %ﬂ:@&ﬂ/h&% (2 ONNE u\‘\jf—‘ c.v*\gvvugr S
/FD;\ e TNERE LA (‘Q;\}Q-’E.iﬁ&_ ée +L<’- I \./\z\.»\a\, eSTLL Y
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d. One of the uses of calcium metal is to add a small amount in the manufacture of the lead
plates in lead—acid car batteries. The addition of calcium improves the properties of the
lead plates in these secondary cells.

The equation for the overall reaction when a car batte is as follows:

PD(s) + PbO,(s) + 4H (aq) + 280, (aq) — 2PbSO,(s) + 2H,0(1)

B

i. The reaction which occurs at the negative electrode during discharge is as follows:
Pb(s) + SO, (aq) ~> PbSO,(s) + 26"

If the battery operates at 12.0 V, how much energy is produced for each 1.00 g of
lead used?

E- 9Tt =N& = \JateF
L EE &y o)

AP Nemomm F 0-006%7 el
ae D=2y o(Pho |=2 e <o 480 = Q- CONLS 1~ (Q

J -
E= 170X D-oabs L4650 = B 7T -
. . . oo 2 AL T
ii.  Write the equation for the reaction which oceurs at the positive electrode when the ‘
battery is being recharged.

3 mérks

1 mark
PbSO v s 20— Pho, v SO~ L5t €1 -
o) kN L= % \V\"\ J‘
e. Despite the benefits of using a small amount of calcium in the lead plates, there are
disadvantages. When a battery is left discharged for a long period of time, the
calcium-lead alloy plate develops a hard, impermeable layer of calcium sulfate.
Explain how this occurrence could prevent the battery from being recharged. 2 marks

.
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VCE Chemistry Unit 3 Trial Examination Question and Answer Booklet

Question 5 (5 marks)
One example of a reversible reaction is shown by the following equation:
N,O4(g) = 2NOy(8)
In an experiment, a mixture of the two gases of the ceaction is at equilibrivm. At time ¢, at constant

temperature, a change is made to the conditions of the reaction mixture, but no chemical is added or
removed. The graph below shows the concentration o( NO, in the mixture.

»
——— T

= SOME q{"’-ﬁ"‘e&\sie_ e“‘QSSm{"-‘L &W%Q

concentration of NO2

(mol L7
Lf T T H —
0 t1 & ty
time (s}
a. What change was made to the system at time t? 1 mark
\}c&p«w—f_ erens e = (eSS &Qzﬂeksk

b. The list below contains some correct and some incorrect statements about the information
shown in the graph.

1 The rate of the forward reaction is Mer than the rate of the reverse reaction while
the system is reaching equilibrigm aftér .

11 There are two time intervals duting which the rate of the forward reaction equals
the rate of the reverse reaction,

M Addition of an inertjgas to the mixture at constant volume at t, will not alter the
NO, concentration.

[V The value of the equilibrium constant is higher in the time interval between 0 and £,
than in the time interval between I and t3. /M

v No new molecules of NO, are being formed in the time interval between i, and tb&

Identify two incorrect statermnents (using the relevant numerals 1 to V) and explain why
each statement is incorrect. 4 marks

T Thae \.,\,)& \:’ce_ e cng Q\,\j& c"n'ﬁw* t“

R I At S S Y WA L

w%w' \i'ﬂ r-sg'ﬁ% | Sk DN D e

Tkl A o ul b conshed -
R ek s equedis
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Question 6 (12 marks)

a. The industrial production of the widely used compound dimethyl ether (CH,COCH,) is

shown in the flowchart below,

heat
l. , CH,COCH, | .
gaseous reaction 1 reaction 2 distiller
3 COandH CO, CH.COCH
reactants 2 3 3
CH,OH
GO,

CH,OH

i Reaction 1 is a gaseous reaction which uses high pressure.

Using collision theory, explain how the use of high pressure increases the rate of
the reaction. 2 marks

R UL D\‘QSS [ 2V~ Pe-éu%g SN S A S t-D ‘;\‘\“"(
wt-:) @&st-e“ —“OAQ&L lfs‘"‘“‘i—\'\ M\,&S

AN PN R C,c_;& (83\9\\& @

(c;m-\.we_ ‘D cg‘ %M(*QSSS\?A CB(-\\‘S\*‘H\SB

ii. The high pressure used in reaction 1 also maximises the yield.

Explain what deduction can be made about reaction 1 from this information. 2 marks

—“'\wu-e cre Q\ref- ﬁw&\‘ AC.S Aokl &"0 NC« 's(
g\‘)"" X J‘L@— r&cx&xa-\ DR

T

el PPQ_S Qe

[ e &/\,‘S,c.& e ﬂ"%:&t S:\»»u\. LA (S ‘QA\)GMQ.& O

iii.  The addition of heat also maximises the yield in reaction 1.

Explain what deduction can be made about reaction I from this information.
t\rmz_ ey {_St‘:;y.\ % @ﬂ&})‘(\'\e{‘f"‘\( (ol ® S

0-.&3&55‘\;"" “g \\ew&\- Coaangdes & /\-e\‘(f‘
QW\ CEN (\')

2 marks
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WCE Chemistry Unit 3 Trial Exarnination Question and Answer Booklet

jv.  For reaction 2, very fine bubbles of the reactant gases are passed through a liquid
medium in which a powdered catalyst is suspended.

How is the rate of reaction maximised by this arrangement? 2 marks
gm.ﬁ r%é\‘w\ST "p@i“‘\"\(L *.5 &r\sk s Wm\
Qoéﬁo» = DO :(A @._S U\wge S [ e g

\ . C-.\éi x(& M\u& U:’ ™ l‘?‘-“‘(\'\b'\n\,ﬂ
(C:i,uv\@/‘ M}(\ \1&9 —~ SRrerigta @

b. Dimethyl ether can also be produced from methanol in a reaction shown by the
following equation:

2CH,OH(g) = CH;COCH;(g) + H,0() AH = -24 K3 mol”

At 350°C, the value of K, for this reaction is 5.74.

i In one experiment at 350°C, a 10 L vessel contained the following amounts of
gases: 0. 180 mol CH3OH 0.435 mol CH3COCH3, and 0,240 mol H2

Show that the reaction is not at equilibrium. 3 marks

(a0 Ny Ck& Lo
K. = y mer

o - oLrZ%S’ R L o . Wt

S\ SO
As -1 £ S ﬁ“-t— R '”‘Cj\ !/\&&ﬁaﬁ (Cv\ r‘—ﬁ‘

ii.  Calculate the value of the equilibrium constant al 350°C for the equation ber

p—T———

1 1
ECHSCOCH3(g) + §I*Igo(g) = CH,0H(g)

1 {

=T o o
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Question 7 (2013/7)

An electrolytic process known as electrorefining is the final stage in producing highly purified copper. In a
small-scale trial. a lamp of impure copper is used as one electrode and a small plate of pure copper is used
as the other electrode. The electrolyte is a mixture of aquecus sulfurie acid and copper sulfate,

DC power supply

polarity +f-

. — pure copper plate
[ump of —f

impure copper

H,S04(aq)
\_ CuSO,(ag) Y,

a. Indicate in the box labelled ‘polarity” on the diagram above, the polarity of the impure copper
electrode.

In a trial experiment. the electrodes were weighed before and after electrolysis.
The resulis are provided in the following table.

Mass of lump of Mass of pure copper
impure copper

before electrolysis 10.30 kg 1.355 kg

after electrolysis 0.855 kg 9.80 kg

Den  — dgnnl, o+ T8 L‘é D
b.  On the basis of these resulis @
» calculate a percentage purity of the lump of impure copper

5S ese = %™
R LS

&
i

» indjcate one factor that may affect the accuracy of these results.

—~ ?végi 5‘-5\&. Mﬂﬁam&ti CopiZPe™ TNy &gw@/-‘m ;l\'U ‘Q\'\e-

3

bt b Al bl Y .

1

i mark

4 marks

ek
é% 4



¢.  Conditions in the electrolytic cell shown in the diagram are carefully controlled to ensure a high
degree of copper purity and electrical efficiency.

Use the mass of pure copper deposited that is given in the table in part a. to determine the time, in
@Qaken for this electrolysis reaction to be completed. Assume the curtent was a constant 24 A. 3 marks

1"& z (\(@”“J\gﬂ
A NCH
|\

fniinl B e

T .
=SS0

A (CoN mbiced = @e & 1A QAL i, - ©
ol "_/\ v D (C_.,x \.» LA (T 2 LAY 55({‘ N e

\g

o, 5% T4 % oS o G "CD
= utw e ————— = U T = w@

Loex &Oés ‘.“(é‘l‘ ¥ 60O ¢ _LQ\& = VL &qus O
s — @

halt

Lumps of impure copper typically contain impurities such as silver. gold. L,obalt nickel qsld Zine.
nickel and zinc are oxidised from the copper hunp and exist as ions in the electrolyte. Silver and gold are
not oxidised and form part of an insoluble sludge at the base of the cell.

d.  Why is it important that silver and gold ave not present as cations in the electrolyte? | mark
A= @u:{' w\& @\g T e S%P“&o:"“ G e &S
A C mliﬁ ¢ ‘ g ‘{?\m:) YA e {’) T&gcf&‘ JW@C)_
Cunadl \ P © e S A e««E\.\) ~dnced c\l’?\ thoe c.c:t\gww\@_
e ci\(x"t»-& ,&. CJ& Cmu jru G
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Question 8 (2014/3)

The enthalpy for the combustion of ethanol is provided in the data book. This combustion of ethanol is

represented by the following equation.
C.H,OH{l) + 30,(g) = 2CO,{g) ~ 3H,0()
spirit burner used 1.80 g of ethanol to raise the temperanwe of 100.0 g of water 1n o metal can from

A
25.0°C w0400 °C

clamp  oeshead

thermometer — i

metal loop stiever ——

metal cann — ]!

water

— retort stand

heat-proof mat

/

Calculate the percentage of heat lost to the environment and to the apparatus.
”’{E\wﬁ;&w&f g\(_c;ﬂ;\.&_&ox&)\j L‘ig’s =0 QR4 el —~
2 € (o \S2s z 0 o3 % (2O = 53,07 ~©

Redfey o oo em T 2 (0B 0 % %-x(%’f(ﬁ-(}o-—'z,gc_}j
cu\o T . = (U —~©

—

ethanol ——{

a. 5 marks

63 . —¢-271 = Lk KT (G
CKD g,.a \233—‘% = ivé'ci R O P WA T
M A e S e A3 LA i) w@
573 -




b. Identify one way to lunit heat loss to the enviromment. 1 mark

(relbe  ermnand Shme

&E‘\‘S‘\;\,\“:«&e‘ < (.&--?Q_% c.mg A

(\‘-w‘sv =N e ™

¢.  Biodiesel may be produced by reacting canola oil wm the presence of a strong base.
Since canola oil contains a mixture of wiglycerides. the reactioi produces glycerol and a mixture of
biodiesel molecules. A typical biodiesel molecule derived from canola oil has the chemical formula
Cy5Hz00,

.

L

ii.

Write the semi-structural formula of this molecule. then circle and name the functional group
present, 2 marks

W C oS, Y, S /\xzcm Cg By O
Qag‘-eﬂ' gr\_-mév\g*‘\‘w& é"!“@i.—af M@

The heat content of canola oil can be determined by placing it in the spirit burner in place of
ethanol. A typical vesult is 17 kT gf

Suggest why the heat content of fuels such as canola oil and biodiesel are measured in kJ g and
not kI mol™ 1 mark

CW'KL& GL\ \G = (\Cb( -e,\j\ ag e &:‘-w‘;\

e Namonie o\ S’\?‘@ﬁcﬁg = &K < u’\e}\‘ Oossk (Q
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Question 9 (2014/4)

A small organic molecule lias the molecular formula of the form C,H,0,CL

A pH probe was inserted into a dilute aqueous solution of this compound and the pH was 4.5, — (,\r_.,ig o
The mass spectrum, infrared spectun, "H NMR spectrum and PC NMR spectrum of this compound are
provided on pages L&

a. On th@ii‘djspecmnn. label the peaks that correspond to the presence of two functional groups m
this compoutid. Note: The peak due to the C-Cl stretch has been labelled. 2 marks

b. Use the data provided to derermine the values of x and v in C,H0,CL ) 2 marks

- 2 - g

e el 2 teg sl TS S S R A
RS Qmmwa&;b = (= . 226
L\ — RS t&\g&%&r\g

c. i.  What specific information about the structure of the compound 1s provided by the splitting pattern
in the "H NMR spectrum? | mark

"3 b %r\u‘m A\ = i One ) (\\V\&ﬂm{cﬁ

G\‘.“\E_ \}:&\F\ \? {\&"L_L*\ m <-=f‘if\—':s \ < c—i(}“\/&i&&&\\
G\'\esh U:%t . E’\e (.L,znﬂ %L @du\i:a(a&‘ )

ii. Draw the complete 111019-.111911 strucrire for tdus molecule. | mark

1LY

0 /
~ <
\

- N

O < 1)

d.  Give a reason why the mass specirum shows two molecular ion peaks at mvz = 108 and 110, rather

than just one. 1 mark
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IR spectrum

100~ — - e
}’“"\ ;\‘/\/W\,\Il N r'r\i(\ r /\1 f[\] j/\‘\
‘ ' P ol i
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Datn: National Institute of Advanced Industrial Science and Technotogy

13C NMR spectrum

Y T T T T T T T T T T T T

i T
140 120 100 30 60 40 20 0
ppuL
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Data: National Instinume of Advanced Indusirial Seience and Technology
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H NMR spectruin

ppm

Data: National Institute of Advanced Industrin Science and Technology

'H NMR data
Chemical shift (ppm) Peak splitting Relative peak area
17 doublet (2 peaks) 3
4.3 quartet (4 peaks) l
11.2 simglet (1 peak) [

C,H.0,Cl mass spectrum

100

Isotope dnta

iH-*H =99.99 0.0l
80 il R2C B¢ =98.93 1.07
3B[CL FCL=75.78 24.22

) o0 ¥
relative
mtensity

I e e e e L i 20 TIr T LI e T L e T

n¥z

Dara: Natienal Institute of Advanced Indusiial Science and Technology
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Question 10 (2014/2)

Compounds B and F may be synthesised as foilows.

Compound A Compound C
Struetural formla: Strietural fornmla:
e
L= W C—e
w M W >
W
H,O | catalyst HCl
v v
H Cowpomxd B
H\ // H Name: NIL
C—C ) < 2 l-chloropropane
H// \ propen -l —evmime
H O—H
Cr,02 NaOH
H- v A
Compound Compownd E
Structural formula: Stuctural formula;
o e ‘
2 > « 6 i
- C> - .. / Fh o H
T N v HSO, \ O
N O \¢ i
Name:
&'&W& (< < e uf}\
Compound T
Semi-structural fornmia:
5
ey e, YO 2
rl
lame: .
a.  Draw the structural formmlas of Compounds A. C, D and E 1 the boxes provided. 4 marks
b.  Write the systematic names of Compounds B and D m the appropriate boxes. 2 marks
¢ Insert the semi-structural formula and systematic name of Compound F i the box provided. 2 marks

END OF QUESTION AND ANSWER BOOKLET
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