Student Number

2010
TRIAL HIGHER SCHOOL CERTIFICATE EXAMINATION

Chemistry

General Instructions

¢ Reading time— 5 minutes

e Working time — 3 hours

e Write using black or blue pen
e Draw diagrams using pencil

e Board-approved calculators may be used

e A datasheet and aPeriodic Table
are provided at the back of this paper

e Use the multiple-choice answer sheet
provided at the back of this paper

e Write your Student Number at the top of
this page and page 12, on the multiple-
choice answer sheet and on the cover of
the option answer bookl et.

Total marks- 100

Section | Pages 3-21

75 marks
This section has two parts, Part A and Part B

Part A — 20 marks
o Attempt Questions 1-20
o Allow about 35 minutes for this part

Part B — 55 marks

o Attempt Questions 21-30

e Allow about 1 hour and 40 minutes for this
part

Section |1 Pages 22-23

25 marks

e Attempt Question 31
e Allow about 45 minutes for this section
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2010 TRIAL HIGHER SCHOOL CERTIFICATE EXAMINATION CHEMISTRY

Section |
75 marks

Part A — 20 marks
Attempt Questions 1-20
Allow about 35 minutesfor thispart

Use the multiple-choice answer sheet provided for Questions 1-20

Select the alternative A, B, C or D that best answers the question. Fill in the response oval
completely.

Sample 2+4= (A)2 (B) 6 (©)8 (D) 9
AO B @ cO DO

If you think you have made a mistake, put a cross through the incorrect answer and fill in the
new answer.

A B4 cO DO

If you have changed your mind and have crossed out what you consider to be the correct
answer, then indicate this by writing the word correct and drawing an arrow as follows:

correct

A s@ cO O

1 The apparatus shown below is used in afirst-hand investigation to determine and
compare the heat of combustion of three different liquid alkanols.

Which is the independent variable?
(A)  Typeof alkanol used.
(B)  Amount of water used.
(C)  Amount of alkanol used.
(D)  Temperature change of the water.
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What type of reaction describes the polymerisation of glucose into cellulose?

(A)
(B)
(©
(D)

Addition
Hydrolysis
Substitution
Condensation

Which of the following lists properties of an isotope that would make it suitable for use
in medical diagnosis?

Half-life Emission
(A) | 8days Beta and gamma rays
(B) | 6hours Gammaraysonly
(C) | 6 minutes Alphaand gammarays
(D) | Thousands of years Betaraysonly

Why is research into synthetic biopolymers attracting great interest?

(A)
(B)
©)

(D)

They decompose more easily than traditional synthetic polymers.

They can be produced more cheaply than traditional synthetic polymers.

They have superior physical properties compared to traditional synthetic

polymers.

They have superior chemical properties compared to traditional synthetic

polymers.

Which of the following changes will always shift this equilibrium reaction to the right?

(A)
(B)
(©
(D)

2HI () == Hz(g) T I2(g)

Adding a catalyst.
Increasing the pressure.
Increasing the temperature.
Adding more of the reactant.
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Bromine dissolves in unsaturated hydrocarbons and reacts immediately.

Which of the following is the best description of this process?

(A)
(B)

(®)
(D)

Bromineis polar and reacts by adding bromine atoms across the double bond.

Bromineis polar and reacts by substituting hydrogen atoms with bromine
atoms.

Bromine is non-polar and reacts by adding bromine atoms across the double
bond.

Bromine is non-polar and reacts by substituting hydrogen atoms with bromine
atoms.

Which of the following conditions would produce a radioactive isotope?

(A)
(B)
(®)
(D)

Too many atoms in the sample provided.

Too many protons and neutrons in the atom.

Too many electronsin the outer shell of the atom.

Too many electrons for the number of neutrons in the atom.

The heat of combustion of ethanol is 1360 kJ mol™. What mass of ethanol needs to be
burnt to raise the temperature of 500 g of water from 20°C to 44°C?

(A)
(B)
(©
(D)

3.72x10%g.
1.70 g.

8.0x 10"g.
5.0x 10° g.

The conjugate base of the acid HSO,' is:

(A)
(B)
(©
(D)

H,SO,
SOy
S0~
HSO,*
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What is the IUPAC name of the following compound?

CH; H Cl F
I I I I
H-C-C-C-C - CHs
I I I I
H C H H

(A) 3,4 dichloro-5-fluorohexane
(B)  5-fluoro-3,4- dichlorohexane
(C)  2-fluoro-3,4- dichlorohexane
(D)  3,4- dichloro-2-fluorohexane

The graph shows the mass and amount of carbon, fluorine and chlorine atomsin one
mole of a compound.

100 - 23
80 o - 20
i FEIN
Mass ¢ | :EE}E;: :_E-::}E; 15 .i'smmlmt
() ':"'EII" __._:Jgf (mol)
ol o
404 P i - 10
‘J.’E" i REsE
IE,;'-%;: :*;"EE;
N T A -|.. A |
20 E:-f;}:;g s S 5
e I
Carbon Fluorine Chlorine

Mass (g) |:| Amount {mol)

What is the molecular formulafor this compound?

(A) CRCl

(B) CFCl
(©)  CFsCls
@) crcl,
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13

The graph shows October o0zone concentrations above Halley Bay in Antarctica between
1956 and 1998.

Based only on the data in the above graph, which of the following is avalid statement
about the concentration of ozone above Halley Bay?

(A)
(B)
©

(D)

It was greater in 1998 than in 1993.
It will be greater in 2004 than in 1998.

The variation in ozone concentration between 1960 and 1970 was due to changes
in atmospheric CFC concentrations.

The variation in ozone concentration from one year to the next is due only to
changes in atmospheric CFC concentrations.

A 2.45 g sample of lawn fertiliser was analysed for its sulfate content. After filtration
and drying, 2.18 g of barium sulfate was recovered.

Wheat is the % w/w of sulfate in the lawn fertiliser?

(A)
(B)
©)
(D)

16.8
36.6
46.2
89.0
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15

16

17

What volume of water must be added to 60 mL of a0.001 mol L™ hydrochloric acid

solution to change the pH to 5.0?

(A)
(B)
(©
(D)

What volume of sulfur dioxide, measured at 0°C and 100 kPa pressure, can be
absorbed by 0.10 mol of sodium hydroxide solution? (Hint: sodium sulfite is formed)

(A)
(B)
(©)
(D)

The pH of asolution of sulfuric acid was 3.40. This means that in that solution the

180 mL.
240 mL.
540 mL.
5940 mL.

1.14 L.
124 L.
2.27 L.
453 L.

sulfate ion concentration in moles per litre was:

(A)
(B)
(©)
(D)

40x 10"
2.0x 10"
8.0x10*
2.0x10°

Acid Xis0.1 mol L™ hydrochloric acid.
Acid Y is 1.0 mol L™ ethanoic acid.
How does acid X compare with acid Y?

(A)
(B)
(©
(D)

Xisstronger and more dilute than Y.

X isweaker and more dilute than Y.

X isweaker and more concentrated than Y.
Xis stronger and more concentrated than Y.
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19

In atitration of a strong base with a strong acid, the following procedure was used:

1. A burette was rinsed with water and then filled with the standard acid.

2. A pipette was rinsed with some base solution.

3. A conical flask was rinsed with some base solution.

4. A pipette was used to transfer a measured volume of base solution into the conical
flask.

5. Indicator was added to the base sample and it was titrated to the endpoint with the
acid.

Which statement is correct?

(A)  Thecalculated base concentration will be correct.

(B)  The calculated base concentration will be too low.

(C)  Thecalculated base concentration will be too high.

(D)  No definite conclusion can be reached about the base concentration.

The dissolution and chemical reaction of carbon dioxide in water are both exothermic
reactions.

CO; (g) = CO;(ag).
CO, (aq) + H,O (|) — H,COs (aq)
The dissolution of carbon dioxide in water can be increased by:

(A)  decreasing the pressure

(B)  decreasing the temperature

(C)  making the water dightly acidic
(D)  using asuitable catalyst.
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2010 TRIAL HIGHER SCHOOL CERTIFICATE EXAMINATION

Student Number

CHEMISTRY

Part B — 55 marks
Attempt Questions 21- 30
Allow about 1 hour and 40 minutesfor thispart

Answer the questions in the spaces provided.
Show all relevant working in questions involving calculations.

Question 21 (4 marks) Marks

Explain how the structure and properties of polyethylene and polystyrene relate to 4
the way each is used.
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Question 22 (5 marks) Marks

A galvanic cell was set up as shown in the diagram below.

cu(s) Pt (s
Cl z(g) in

CuSO, (aq) KCl (aq)
(8 Onthediagram, label the anode, the cathode and the direction of electron flow. 1
(b) Write abalanced equation for the overall reaction. 1
(c) Assuming the cell is operating under standard conditions, calculate the overall 1

cell potential.

(d) Other than the cell voltage, explain one observation you would make as the cell 2

was operating.
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Question 23 (5 marks) Marks
The table shows properties of some fuels. 5
Fue Main sources Heat of Boiling point
combustion | (°C)
(kJ g
Methane e Petrochemical industry 55.6 -161.5
Propane e Petrochemical industry 503 421
e Natural gas
Octane e Refined from crude ail 47.9 125.7
Ethanol . Hydratlon_of ethene 29.7 783
e Fermentation

Assess the potential of ethanol as an alternative fuel, making use of the data from the

table.
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Question 24 (6 marks) Marks

The content of lead in red lipsticks is regularly monitored. In one study, the
technician was given four standard solutions containing different concentrations of

lead ions and asked to measure their absorbance at 400 nm. The results are shown
inthetable:

M aximum absor bance obtained at 400nm
Lead Concentration (ppm) 5 15 25 35
Absorbance 0.2 0.6 11 14
(@ Draw acalibration curve for the above data. 4
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Question 24 (continued)

(b)

Studies suggest that the average woman consumes 1.8 kilograms of lipstick
during her life while consuming food and drinks and licking her lips. The US
Food and Drug Administration limits lead in lipstick to 20 parts per million.
Assuming all lipsticks comply with this regulation, calculate the maximum mass
of lead an average woman would consume over her lifetime.

(Hint: Assume al of the lipsticks contain 20 ppm of lead.)

Question 25 (5 marks)

@

(b)

Scientists have created element 117, named ununseptium (symbol Uus), by firing
calcium-48 ions at a berkelium-249 target in a cyclotron.

Assuming no other particles (besides element 117) are produced, write a nuclear
equation for this reaction.

While calcium-48 is a naturally occurring radioisotope, the berkelium-249 target
had to be synthesised from uranium-238 in a nuclear reactor.

Compare the production of the berkelium-249 and element 117.

Page 16 of 28

Marks



Question 26 (7 marks) Marks
The National Pollutants Inventory revealed that New South Wales’ coal-fired power 7
stations produced 5 million kilograms of carbon monoxide and 235 million kilograms

of sulfur dioxide in the 2008-2009 year.
Discuss the need to monitor and manage the products of the combustion of coal.
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Question 27 (6 marks)

A natural indicator was made by heating yellow flowers with water. The resulting
yellow solution was tested with arange of substances. The results are recorded below.

Substance Colour
0.1 M hydrochloric acid Red
0.1 M ammonia Yelow
Lemon juice Orange
Oven cleaner Yelow
Pure water Yelow

(@ Assessthe usefulness of the yellow solution as an acid-base indicator.

(b) Describe aprocedure that the student could follow to dispose of the used

chemicalsin asafe manner.
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Question 28 (4 marks)

100.0 mL of a solution of 0.250 mol L™ sulfuric acid was added to a solution of
100.0 mL of 0.350 mol L™ potassium hydroxide.

@ Would the resulting solution be acidic, alkaline or neutral ?
Explain your answer.

(b) Calculate the pH of the resulting solution.

(© 100.0 mL of distilled water was then added to the solution.
Calculate the pH of the diluted solution.
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Question 29 (6 marks) Marks

A standard solution was prepared by dissolving 1.314 g of sodium carbonate in water.
The solution was made up to afinal volume of 250.0 mL.

(8  Caeculate the concentration of the sodium carbonate solution. 2

The solution was used to determine the concentration of a solution of hydrochloric
acid. Five 25.00 mL samples of the acid were titrated with the sodium carbonate
solution. The results are shown in the table below.

Sample Number 1 2 3 4 5

Volume of sodium
carbonate added (mL) 2485 | 2350 | 23.35 | 2355 | 23.40

(b) Calculate the concentration of the sodium carbonate solution. 4
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Question 30 (7 marks) Marks

“An industrial chemist carefully considers yield, rate and safety when choosing the 7
reaction conditions to maximise the efficiency of a reaction”.

With reference to the above statement, explain the reaction conditions chosen to
optimise the Haber process.
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2010 TRIAL HIGHER SCHOOL CERTIFICATE EXAMINATION

Chemistry
Section ||

25 marks

Answer Question 31

Allow about 45 minutesfor this section

Answer the question in a SEPARATE writing booklet.

Show all relevant working in questions involving calculations.

Page

Question 31 Industrial Chemistry .........o.ooiiiiiiii e, 23
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Question 31 — Industrial Chemistry (25 marks)

@

(b)

(©)

(d)

()

“The method of extraction of sulfur by the Frasch process is only possible
because of the physical properties of the element sulfur.’
Assess this statement.

Sulfuric acid is one of the world’s most significant industrial chemicals
because of the variety and importance of its uses.

(i)
(i1)

Identify the major use of sulfuric acid.

Identify a use of sulfuric acid other than that identified in part (i).

Y ou performed first-hand investigations to observe the reactions of sulfuric
acid acting as an oxidising agent and as a dehydrating agent.

(i)

(i1)

Outline arisk assessment for this investigation, and show how this
would influence the experimental procedure.

Justify a conclusion based on one set of observations from your first-
hand investigation.

Both mining and the manufacture of chemicals can have environmental costs.
Assess the impact of the Frasch and Contact processes on the environment.

The diagram below summarises the steps in the Contact process.

(i)

(i)

(iii)

Identify the starting material, X, for the first step in the Contact
process.

Outline the chemistry involved in the conversion of sulfur trioxide to
sulfuric acid.

Justify the conditions you would use to maximise the rate and yield of
the second step in the Contact process. Include a balanced chemical
equation in your answer.

END OF PAPER
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Student Number

CHEMISTRY - MULTIPLE-CHOICE ANSWER SHEET

ATTEMPT ALL QUESTIONS

Question

1

2

3

10

11

12

13

14

15

16

17

18

19

20

A
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DATA SHEET
Avogadro constant, N, e 6,022 % 107 mol ™!

Volume of 1 mole 1deal gas: at 100 kP’l and
at 0°C (273.15K) .o 2271 L

at 25°C (298.15K) oo 2479 L
[onisation constant for water at 25°C (298.15 K), K| .....coocoeees 1O X 1074
Specific heat capacity of Water ...........ccceeieeeiiesveveeveieneee e L 18 X 10° ] kg_] K™
Some useful formulae
pH =—log,[H"] AH =-m CAT
Some standard potentials
Kf+e = Kis) 254V
Ba™ + 2¢” = Bals) 291V
Ca™ + 2e™ = Cals) 28TV
Na* +e” = Nais) 271V
Mg + 2™ = Mg(s) _236V
AP 4367 = Al 168V
Mn®* + 2™ = Mnis) —LIBY
H,0+¢” = IHy(g)+ OH™ —0.83V
Znt + 2o = Znis) 076V
Fe™* +2¢” = Feis) 044V
NiZ* + 2~ = Nils) 024V
Sntt 4 26 = Sniy) 0,14V
Pb™* + 26~ = Phis) A
H* + e = IH,g 0,00V
SO +4H + 26 «  SO,(aq) +2H,0 016V
Cu?* + 2™ = Cuis) 034V
10,(g) + HyO + 27 20H" 040V
Cut +e” = Cuis) 052V
A5 +e” = 0.54V
iliag) +e” = I 062V
Fe™ +e” =  Fet 077V
Agt+e = Agiy) 0.80V
1Bl +e = Br 108V
1Brylag) + =  Br L0V
104(g) +2H" + 2¢” = H0 123V
ia,g +e = 136V
lonom+TH +3e = ort+lHO 136V
%Clz[ﬂqj +e” = I L40v
MnO,”+ 8H* + 5¢” = Mno™t+4H,0 151V
IFe+e = F 280V

Aylward and Findlay, ST Chemical Data (5th Edition) is the principal source of data for
this examination paper. Some data may have been modified for examination purposes.

Page 27 of 28



peLfIpOL U22q aaEy AT R Swog “EEp jo axnos pdoond ag s (oosias g

1301303} STUSTSE[H S Jo ], Mpousg Answusyy parpddy pue sung jo gowp) [Eoonrns sy
"Sjayang amnbe Us0MIsg PAST] S AR]-EY PRUITUes 53F00] U1 gL SPTS00 51 Jo IS sSe S} SIpTang paal]-Fuo) 1o 3[R o SATY ) SIS 10

WEEET] WEgoy | WEAAIPIER UL | WENEASNT | WnjUopED [LUIEE L e | sy o] umpumdy e L LR e wnpagr ey
[79z] [657] (26T [LeT | [1sz [+l [#7] [£+7] [++7] [ieT 0r8et 0TET 07ZET [72]
! ON P wq sq 1 14 wo wy N dN n % | 0L e
e0l o 1ot 001 6 B L 96 56 i £ th 16 06 ik
SpIOUNY
wnpgam L, unymyL W unppoy | wmsadida e wrdom3 wxnes | wegemsyg | wooiposy |wnmiposeg|  wnges W]
el GEgl L8l [l £91 i8sl 0Esl FOsl [5+1] I 6'0FI 1°'0F1 68l
qr wL s OH Ad QL ng ws Wi PR 4 e Bl
oL i 29 L 9 &9 £9 9 19 ] i 8 LE
SPIOmE e
wnusdisey | wepemueg | wnpsma ungssTH [T | wnifiqrag Inugna | WP | TPy ey T
[zt [1L7] [757] [Lit [t9] [9a7] [T5t] [19] [sz7] [£zt]
ay 5l 1 SH g 3 1a | vy i
111 011 61 201 201 901 <01 1 0168 a8 L3
nopry sy LI MRS P e Az D LLE mipL s gy uaEFunL ey wnigry FromyuT] unpeg L]
lozzzl | loondl | [ov6oz] | ov6nz CLOT F L 00T 0'Lal 1'5al Zeal 061 o8l FERI G081 CRLI £l 6Tel
| W 0 L | ad 1L H ny d 1 20 e | M EL H g 5D
98 58 Lt £8 % I8 0z 6L 2L LL 9L &L FL £L [ | PR 95 55
Ll ] mnynyEL Anumry mL wnfpa] L ] JNIE wnfpeEd RNy nsny unppmpal | W WG npunzeg L LIEES LD i g
11 a'ezl LTl T LT RN FTI ' L01 ol ]l rror | [1&ea] | #6dh 16°Ch i lh 16788 IvLi8 LF'E8
X I 4L a5 us uy P Ty Pd U4 ny AL o qr TE A 15 UL |
F& £5 s 15 0 il BF L oF 5F 153 £F oF ¥ o fit BE LE
wediny AP LU E B HUENY wunurmen e ez sadda [ neqas L | arsutdunyy LLL L INPEIT, UL WINpIE s WRHED WInEETlag
08'E8 0664 Q6'8L COFL F¥TL CL69 IF'58 S5E9 %85 EhRE SREE Fots 0res F0s LEL Lo BOOF 0leg
| il o5 B 20 D Uz 0 ! o ar uAl 0 A L a5 [] A
9F 5 FE £E it It 1] i 2L LL 9z &L FT £L ic 1T 0z 6l
iy AR g o s wnmmny wnpsuingg [ wopes
SH'6E SFeE LO'ZE LA'0E 8T BH9T T+ 66°CT
Iy ] 8 d IS v T Ep]
2l L 91 5l Fl £l Zl 1
una Imond IEET4 Ta) uaFn D Do LIETE PNk LM plom g unpr
sroT anal il 10°F1 [{i| 1801 0"LAT | mirwsn ooy i e
G | O N ) q JUADEE 30 Ui ny af T
ol f 8 L 9 [ L ST Sy t |3
e Add waEopH
kD o 8O0
"H H
L 1

SINHINATA HHL 40 HTHVL DIAOTdHd

28



2010 TRIAL HIGHER SCHOOL CERTIFICATE EXAMINATION

CHEMISTRY — MARKING GUIDELINES

Part A — 20 marks
Questions 1-20 (1 mark each)

Question Correct Response
1 A
2 D
3 B
4 A
5 D
6 C
7 B
8 B
9 C
10 D
11 D
12 A
13 B
14 D
15 A
16 B
17 A
18 C
19 B
20 C




Cheltenham Girls’ High School
Part B — 55 marks

Question 21 (4 marks)

OR
e |dentifies ause of either polyethylene or polystyrene

Criteria Marks
e Explains how the structure and properties of high-density and low-density 4
polyethylene and polystyrene relate to the way each is used.
e |dentifies aproperty of either polyethylene and/or polystyrene 2-3
AND
e |dentifies ause of either polyethylene and/or polystyrene
e |dentifies aproperty of either polyethylene or polystyrene 1

Sample answer
Polyethylene consists of two forms, high—density and low—density.

LDPE HDPE

HDPE consists of closely packed linear chains with very little branching, resulting in a high
proportion of crystalline regions and a strong, hard plastic. These properties make it ideal for
use in products where durability is required e.g. plastic buckets and agricultura pipes. LDPE
consists of loosely packed chains due to the high degree of branching, resulting in a tough
plastic that is soft and flexible. These properties make it ideal for use in products like cling

wrap for food and insulation for electrical wires and cables.

Polystyrene has large benzene rings attached at regular intervals along the length of the
polymer chain results in a stiff, clear and rigid plastic. These properties make it suited to its

usesin plastic drinking glasses and CD cases.

Better answers put thisinformation into an easily read table.




Cheltenham Girls’ High School

Question 22 (5 marks)
22 (a) (1 mark)

Criteria Mark
e Correct answer 1
Sample answer e €

- N Cathode
: N
Anode \\
CuSO4(aq)

Common error: NOT labelling correctly the anode and the cathode precisely.
22 (b) (1 mark)

Criteria Mark
e Writes a balanced equation for the overall equation 1
Sample answer
Cu(s) = Cu*(aq) + 2e E° =-034V
Cly(g) + 26 = 2CI" (aq) E° = +1.36V
Overall equation
Cu(s) + Cl,(g) — Cu* (ag) + 2CI" (aq)
22 (¢) (1 mark)

Criteria Mark
e Correct answer 1
OR
e Voltage consistent with half-equations
Sample answer
Cu(s) = Cu*(aq) + 2€ E° = -034V
Cla(g) + 26 =— 2CI" (aq) E° = +1.36V

Overdl cdl potential = +1.02V

Common error: NOT ensuring that correct subscripts or oxidation states used in the ¥2
equations.




Cheltenham Girls’ High School
22 (d) (2 marks)

Criteria Marks
e Explains ONE correct observation 2
e |dentifies ONE correct observation 1

Sample answer

The solution in the anode half-cell would become a darker blue as the concentration of copper
(I1) ions increases due to the oxidation of the copper anode. The hydrated copper ionis
responsible for the blue colour. (OR loss of mass of anode due to copper being oxidised).
Question 23 (5 marks)

Criteria Marks
e Explains the problems and benefits arising from the use of ethanol 4-5
AND
e Makes use of datafrom the table
AND

e Provides ajudgement of the potential for ethanol to be used as an alternative
fuel

o Describes the problems and benefits arising from the use of ethanol 2-3
AND

e Makesuse of datain table

OR

e Provides ajudgement of the potential of ethanol as an alternative fuel

o |dentifies aproperty of ethanol that makes it suitable to use as an alternative fuel 1

OR

e |dentifies one reason for the need for aternative fuels

OR

o Identifies one aspect of datain table with an advantage or disadvantage of
ethanol

Sample answer

Should address:
e Suitability asa fuel (combust) NOT as a fuel additive.(related to heat of combustion)
e Suitability for storage and transport (related to Boiling point)
e Suitability for continuous production (Related to source)
e And comparison made to other fuels listed with hard data included in the response.

Octaneisaliquid at room temperature (boiling point 125.7 °C) and it is pumped through the
car from the petrol tank to the engine. Ethanol isalso aliquid (boiling point 78.3 °C) and so it
suited to be used as afuel. Methane and propane are both gases (boiling points —161.5 °C and
-42.1 °C), so would have to be liquefied before they can be used as afuel.

Octane releases a lot of energy when it is combusted (47.9 kJ g™%). Methane and propane
release a similar amount of energy per gram. Ethanol doesn’t release as much heat as octane
(29.7 kJ g™ but it is still sufficient for ethanol to be used as a fuel. Ethanol has the added
advantage that it is arenewable fuel although vast amounts of land are needed to grow the
crops and alarge amount of electricity isrequired for itsdistillation, so it can’t really be
described as “greenhouse neutral”.

Ethanol has good potential as an alternative fuel when assessed using boiling point and heat
of combustion as criteria.



Cheltenham Girls’ High School

Common errors:

Clear misunderstanding of what is meant by heat of combustion, the concept that it is more
environmentally friendly to burn ethanol, even though more must be burnt to equalize the
amount of energy produced.

No assessment made in reference to the data supplied.

Responses “hooked onto” the environmental theme and went into massive description of the
fermentation process and the disadvantages of ethanol production which was not required in
such detail.

Better answers had this information in a table format.
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Question 24 (6 marks)
24 (a) (4 marks)

Criteria Marks
Correct units and labels X axis 1
Correct unitsand labels Y axis 1
Correct placements of points on graph 1
Correct drawing of line on graph 1
Sample answer
14
12
K
1.0
Absorbance
0.8
0.6
04
0.2
0 5 10 15 20 25 30 35
Lead concentration (ppm)
24 (b) (2 marks)
Criteria Marks
e Calculates the maximum mass of |ead that would be consumed, including 2
units
e Calculates the maximum mass of lead that would be consumed but makes a 1
simple error
Sample answer
Mass = 1.8 x 103x% = 36x10*g
10



Cheltenham Girls’ High School

Question 25 (5 marks)
25 (a) (1 mark)

Criteria Marks
e \Writes a correctly balanced equation for the formation of element 117 1
Sample answer
9Bk + 2Ca — 27Uus
25 (b) (4 marks)
Criteria Marks
e Compares the production of the berkelium-249 and element 117 3-4
e Describes the production of the berkelium-249 or element 117 2
e |dentifies an aspect of isotope production 1

Sample answer

berkelium-249 element 117
Type of element produced | transuranic transuranic
Produced in nuclear reactor cyclotron
Particle absor bed neutron calciumion
Target particle Uranium-238 berkelium-249

The main difference iswhen a positiveion is being fired at the target (e.g. the calcium ion),
the ion must be accelerated to very high speeds to overcome the repulsive force between it and
the target nucleus and hence alinear accelerator or a cyclotron is used. The absorption of

neutrons doesn’t require acceleration and as a result can occur in a reactor.

Question 26 (7 marks)

Criteria

Marks

e Describes the negative impacts of carbon monoxide and sulfur dioxide and
links them to the need to monitor and manage coal combustion

AND

o Writes AT LEAST THREE appropriate equations

6-7

e Describes the negative impacts of carbon monoxide and sulfur dioxide
AND

e |dentifiesamethod of managing coal combustion
AND
e WritesAT LEAST TWO appropriate equations

o IdentifiesAT LEAST TWO dangers posed by carbon monoxide and sulfur
dioxide

AND/OR

o Writes AT LEAST ONE appropriate equation

e |dentifies adanger posed by either carbon monoxide or sulfur dioxide
OR
e \Writes an appropriate equation
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Sample answer
Answer should include these points or similar ideas

e Carbon monoxide and sulfur dioxide are produced during partial and complete
combustion reactions of coal.

e Carbon monoxide is poisonous, causing death by asphyxiation if in large
concentrations.

e Sulfur dioxide aso causes respiratory problems

¢ Inthe atmosphere, sulfur dioxide dissolves in water to form sulphurous acid and can
also lead to the formation of sulfuric acid, (acid rain).

e Acidran affectsthe pH of soils and water bodies and is detrimental to the metabolism
of both plants and animals, which often survive in a specific and narrow pH range.

e Theformation of carbon monoxide can be minimised by avoiding incomplete
combustion.

e Sulfur dioxide formation can be minimised by using low — sulfur content coals/ Sulfur
dioxide can be removed from the emissions prior to their release to minimise
environmental damage.

And at least 3 equationsto illustrate answer -

2C(s) + O2(g) > 2CO(9g)
S(s) + O2(9) > SO2(9)

SOz (g) + H20 (I) > H2SO;s (aq)

2S0,(g) + O2(9) > 2S0s(9)

SOs3(g) + H20 (1) > H2SO4 (aq)

2H,S0s3 (aq) + O2(g) — 2H2S04 (aq)

And aclear link between the negative impact and the need to monitor e.g.

The dangers posed by these two gases to both individual health and the environment means
that it isimportant to minimise their formation. This can only be achieved by carefully
monitoring coal combustion reactions and the products that are formed.

Mawker’s Conumnenty - Comwmon errors:

e CO awgreenhouse gas

o Ignoring management of sulphuwr dioxide production and oftew cawrbon
monoxide as well
Insufficient equations to- support the answer
Thinking coad was o hydrocarbovw
Repeating information from the question
Repeating a rote leawrnt answer that didw't address the question divectly
COz2 causes acid rain
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Question 27 (6 marks)
27 (a) (3 marks)

Criteria Marks
e Describesthe properties of the indicator over the range of pH values (in 3
acid, neutral and base)
e « Provides a judgement
e Describesthe properties of the indicator over the range of pH values (in 2
acid, neutral and base) but does not provide ajudgement

OR
e Describes the properties of the indicator over range of pH values (in acid,
neutral and base solutions) and provides a judgement which is inconsistent
with the description, weak or unclear
OR
e Describes the properties of the indicator for some pH values and provides a
consi stent judgement

e |dentifiesthat an indicator changes colour at different pH values of 1
solutions being tested

OR

e Identifiesthat either ammonia or oven cleaner isbasic
OR

e |dentifiesthat lemon juiceisaweak acid

Sample answer

Theindicator is yellow in pure water, which is neutral. However the indicator is also yellow
in ammoniaand oven cleaner which are basic. Theindicator is therefore not useful in
distinguishing between neutral and basic solutions.

Theindicator isred in strong acid (hydrochloric acid) and orange in the weakly acidic
solution (lemon juice). Therefore the indicator is useful in distinguishing acidic from basic
and neutral solutions, and also to distinguish strong acids from weak acids.
Marker’s Commenty - Comumon ervors:

o Ignorving colowr inv neutral solutiow or difference betweew strong/weak acid

o Critical of controst betweew red/orange/yellow

o Saying indicators convt tell pH

27 (b) (3 marks)

Criteria Marks
e Describes how to adjust pH of solution and how to identify that it is safe to 2-3
dispose of it
e |dentifies that solution must be made neutral/basic prior to disposa 1

Sample answer
Mix all the chemicals together in alarge beaker and check that the colour of the resulting
solution is yellow. If not add a base e.g. bicarbonate of soda until solution turns yellow. When
the solution is yellow it is safe to dispose of the mixture down the sink.
Mawker’s Comments - Common ervors:

e Leawing for collection by teacher/in waste bottle

o Neutralising bases; rather thaw just diuting (if required)

e Not wsing the yellow indicator as an indicator of pH of solutions

o Using strong bases for neutralisation

9
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Question 28 (3 marks)
28 (a) (1 mark)

Criteria

Mark

e Correct explanation

Sample answer
No. of moles of sulfuric acid = 0.250 x 0.100 = 0.025 mol
No. of moles of hydronium ions =2 x 0.0250 = 0.0500 mal

No. of moles of potassium hydroxide = 0.350 x 0.100 = 0.0350 mol
No. of moles of hydroxideions= 0.0350 mol

Since the no. of moles of hydronium ionsis greater (by 0.0150 mol) than the number of moles

of hydroxideion, the solution is acidic.

Mavker’s Commenty - Common ervors:

o Studenty failed to-see acid & base didn't neutralise each other, tried to-do- it as v

pH of salty question
e Thinking that KOH was o weak base

28 (b) (2 marks)

Criteria Marks
e Calculates the concentration of hydronium ionsin the solution 2
AND
e Determinesthe pH of the resulting solution
e Calculates the concentration of hydronium ionsin the solution 1
Sample answer
An excess of hydronium ions (0.0150 mol) is present in 200 mL of solution.
[H30] =0.0750 mol L™
pH = -logio [H30"] = -logso (0.0750) = 1.12 (3 significant figures)
28 (c) (1 mark)
Criteria Marks
e Determinesthe pH of the resulting solution 1

Sample answer
Hydronium ions (0.0150 mol) is present in 300 mL of solution.
[H30"] =0.0500 mol L™

pH = -logio [H30"] = -logso (0.0500) = 1.30 (3 significant figures)

10
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Question 29 (6 marks)
29 (a) (2 marks)

Criteria Marks
e Calculates the concentration of the sodium carbonate solution, showing 2
ALL steps
e Calculates the number of moles of the sodium carbonate solution 1
OR
e Calculates the concentration of the sodium carbonate solution using wrong
moles or missing working

Sample answer

Moles of NaoCO3=1.314 = 0.01240 Molar mass of Na,COs; = 105.99
105.99

Conc. NaCOs solution = moles of Na,CO3
volume of Na,CO3

=0.01240

0.0250

= 0.04959

Mawker’s Comments - Common ervors:
e NaCOs - incorrect formula for NaoCOs3
o N=Cwedinstead ofC=n
Vv Vv

11
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29 (b) (4 marks)

OR/AND
e Writes correctly balanced equation

Criteria Marks

e Calculates concentration for HCI correctly to 4 significant figures 4
e Calculates concentration of HCI correctly but incorrect significant figures 3
OR
e Calculates concentration of HCI correctly without using mole ratio
OR
e Calculates concentration of HCl with minor error in the last step to 4

significant figures
e Calculates moles of Na COs correctly 2
OR
e Usescorrect ratioof 2: 1 for HC1: N& COs
e Caculates averagetitre correctly 1

Average volume for titration = 23.50 + 23.35 + 23.55 + 23.40
4

=23.45mL

Moles of NaoCO5 used for the titration =c x v

= 0.04959 x .02345

=0.001163
Moles of HCI needed to neutralise NaoCOs; = 2 x moles of NapCO3 used
=2x0.001163
=0.002326
Conc. HCl solution = moles of HCI
= 0.002326
0.0250

=0.09303 mol L™ (4 significant figures)

Mavker’s Commenty - Common ervors.

. Significant figures!!

o Using the dilution equation,; instead of setting out answer showing all working.

12
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Criteria Marks
e Thorough explanation of the impact of the factors: 6-7
temperature, pressure, use of a catalyst, the concentrations of reactants and
product and safety on the optimum conditions for production of ammonia
AND
¢ Includes a balanced equilibrium equation for the synthesis
e Sound analysis of the impact of the factors: 4-5
temperature, pressure, use of a catalyst, the concentrations of reactants and
product, safety and costs - on the optimum conditions for production of
ammonia, including a balanced chemical equation
OR
e Thorough analysis of theimpact ON SAFETY, RATE AND YIELD of
SOME of the factors:
temperature, pressure, use of a catalyst, the concentrations of reactants and
product, safety and costs - on the optimum conditions for production of
ammonia, including a balanced chemical equation
e Sound analysis of theimpact of SOME of the factors: 2-3
temperature, pressure, use of a catalyst, the concentrations of reactants and
product, safety and costs - on the optimum conditions for production of
ammonia
e |dentifies areaction condition used in the Haber process 1
OR
e Writes abalanced equilibrium equation for the synthesis
OR
e |dentifies afactor to consider when choosing reaction conditions
Sample answer
Answers should address how the following factors impact safety, yield and rate.
e Temperature
e Pressure
e Catayst
e Stoichiometry
Some points that could be included are
REACTION SAFETY YIELD RATE
CONDITION
Temperature a Lower temp. Exothermic reaction, | Increases with temp.
compromise between | conditions preferred | increased yield at
rate and yield is lower temperature
reached at 400°C
Pressure 250 atmsis | High pressurespose | Increased pressure Increases with
commonly used Serious risks increasesyield pressure
Catalyst Fe;04 Allows chosen temp. | Allows chosentemp. | Increasesthe rate for
to be lower, thereby | to belower, thereby | agiven temperature
indirectly influencing | indirectly influencing
safety yield
Stoichiometry Impurities e.g. Equilibrium reaction, | Optimum rate
N2(g) + 3H2(Q) oxygen can yield increased by requires 1:3 ratio of
— 2NH3 (Q) compromise safety removal of ammonia | reactants

13
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Question 31 (25 marks)
31 (a) (4 marks)

Criteria Marks
e Assesses the statement with reference to the Frasch process and sulfur’s 4
physical properties
e Discusses the statement with reference to the Frasch process and sulfur’s 2-3
physical properties
e |dentifiesaphysical property of sulfur 1

Sample answer

The Frasch process relies on the physical properties of sulfur for its success. Sulfur’s low
melting point (<120°C) means that it is easily melted by superheated steam at 150 °C. The
low density of sulfur (2.07 g cm™®) means that the sulfur-water emulsion is easily transported
to the surface using compressed air. Sulfur’s lack of solubility in water and the fact that it
doesn’t react with water allow sulfur to be easily separated from water when the mixture
cools. Thus, the statement is accurate when it says, “the Frasch process is only possible
because of the physical properties of the element sulfur.”

31 (b) (i) (1 mark)

Criteria Marks
e Identifiesthe major use of sulfuric acid 1
Sample answer
Fertiliser production
31 (b) (i) (1 mark)
Criteria Marks
e |dentifies another use of sulfuric acid 1

Sample answer
Paint manufacturing

14
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31 (c) (i) (3 marks)

Criteria Marks

e Outlines TWO specific hazards for this first-hand investigation, AND 3
provides a specific method for control of each hazard, including that only a
teacher should conduct the experiment and that a fume cupboard should be
used

e Outlines ONE specific hazard for thisfirst-hand investigation, AND 2
provides a method for its control, including that only ateacher should
conduct the experiment OR that a fume cupboard should be used

OR

e Outlines TWO specific hazards for this first-hand investigation

e Provides ONE method of controlling a specific hazard for thisfirst-hand 1
investigation

OR

o |dentifies ONE specific hazard for this first-hand investigation

Sample answer
The chemicals being used (sulfuric acid and hexane) contain noxious vapours and so
experiment should be conducted in a fume cupboard, this would also help to ventilate the
halogen vapors produced. Concentrated sulfuric acid is highly corrosive, so only a teacher
should conduct the experiment. The teacher should be wearing safety glasses, gloves and a
laboratory coat.

31 (c) (i) (3 marks)

Criteria Marks
e Statesaconclusion 3
AND
e Describes observations that clearly support the conclusion stated
e Statesaconclusion 2
AND
e |dentifies an observation that would be made during the experiment
OR
e Describes observations that would be made during the experiment
e Statesaconclusion 1
OR
e |dentifies an observation that would be made

Sample answer

Observations: When a few mL of concentrated sulfuric acid is added to sugar, the sugar
turned golden brown, then a darker brown and finally a black solid mass which expanded and
rose up the beaker. The black solid mass was the carbon that was left behind once water was
removed from the sugar.

Conclusion: Concentrated sulfuric acid can act as a dehydrating agent.

15
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31 (d) (6 marks)

Criteria Marks

AND
Describes the impact of the Frasch and Contact processes on the

Assesses the impact of BOTH the Frasch and Contact processes on the 6

environment.

environment, providing extensive examples for both processes.

AND
Describes the impact of the Frasch and Contact processes on the

Assesses the impact of EITHER the Frasch and Contact processes on the 4-5

environment.

environment, providing severa examples.

OR

Describes the impact of the Frasch and Contact processes on the

Describes the impact of EITHER the Frasch and Contact processes on the 2-3

environment, providing severa examples and attempts an assessment
of the impact.

environment, providing at least TWO examples.

Identifies an environmental impact of one of the processes 1

Sample answer
Some examples that could have been included in answers are:
For the Frasch process

The underground caverns that remain after mining are difficult to back-fill and can
result in land subsidence.

The water needs to be recycled, as it may have dissolved impurities that would
contaminate the environment if released.

The potential environmental problem of thermal pollution.

There is potential for the heated sulfur to react with oxygen to form sulfur dioxide gas
or to be reduced to form hydrogen sulfide gas

If fossil fuels are burnt to supply the heat for the steam, carbon dioxide gas will be
made, which is a greenhouse gas

If fossil fuels are burnt to supply the heat for the steam nitrogen and sulfur oxides may
form, which can result in acid rain.

For the Contact process

Sulfur dioxide and sulfur trioxide can be released into the environment, resulting in
acidrain.

Extra catalyst beds and absorption towers results in minimal sulfur dioxide being
released during the process.

Due to the reactions in the process being exothermic, the amount of energy needed for
the process is greatly reduced, minimising the environmental impacts associated with
burning fossil fuels.

If sulfur dioxide from smelting sulfide ores is used as the starting material for the
process, this reduces the potential environmental damage that would result from the
sulfur dioxide being released into the environment.

Assessment
Each process should be assessed independently i.e. aclear statement for the impact of each.

16
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31 (e) (i) (1 mark)

Criteria Marks
e |dentifiesthe starting material 1
Sample answer
Sulfur
31 (e) (ii) (2 marks)
Criteria Marks
e Outline the chemistry involved in the conversion of sulfur trioxide to 2
sulfuric acid
AND
e Includes TWO eguationsto illustrate the process
e Provides ONE appropriate balanced chemical equation 1

OR

e |dentifiesthat oleum isformed as an intermediate

OR

e |dentifies ONE of the stepsinvolved in the conversion

Sample answer
Sulfur trioxide is reacted with sulfuric acid to produce oleum.

SO5(g) + H2SO04(I) — H2S0(1)

This is done because dissolving SO3 directly in water to produce H,SO, is very exothermic
and resultsin the formation of a sulfuric acid mist which is dangerous and difficult to handle.

Water can then be mixed with the oleum (under safer conditions) and 98% pure (18M)

sulfuric acid is produced.

H>S,07(1) + H20() — H>SO4(1)

17
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31 (e) (4 marks)

Criteria Marks

e Uses Le Chatelier’s principle to justify one set of reaction conditions that will 3-4
maximise the yield of SO3

e Writesabalanced chemical equation

e Justifies the need to use an intermediate reaction temperature to maximise yield
because of the exothermic nature of the reaction

e Identifiesthat a catalyst should be used to maximise reaction rate

e Justifies acondition that could be used to maximise the rate OR the yield of 2
the second step in the Contact process
AND

e Includes abalanced chemical equation in the answer.

e |dentifies a condition that could be used to maximise the rate OR the yield 1
of the second step in the Contact process
OR

e Includes abalanced chemical equation in the answer.

Sample answer
The second step in the Contact process is the conversion of SO,(g) into SO3(g). Itisan
equilibrium reaction and is exothermic.

SO,(g) + ¥202(g) == SOs(g) + heat

According to Le Chatelier’s principle the conditions required to maximise the yield of SO3(Q)
are:

o Low temperature (because the forward reaction is exothermic)

o High pressure (because the forward reaction produces fewer moles of gas)

o An excess of oxygen (excess reactant favours the formation of the product)

Rate of reaction also needs to be considered. A higher reaction can be achieved by increasing
the temperature and pressure and by using a catalyst.

Thereis a conflict between the optimal temperature to maximise yield and the temperature
required to maximise rate (since the reaction is exothermic). Asaresult | would choose a
compromise temperature of about 600°C, to achieve a practical compromise between rate and
yield.

A highyield is achievable at atmospheric pressure, so it is safer and more cost effective to
conduct this step of the Contact process at atmospheric pressure.

A ratio of 2 moles of Ox(g) to 1 mole of SO3(g) will increase the yield and is cost effective as
oxygen is cheap and easy to obtain.

V,0s(s) would be used as a catalyst to increase the rate of reaction by lowering the activation

energy. Thiswould also enable the reaction to proceed at alower temperature, thereby
increasing the overal yield of SO5(g).
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