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General Instructions

* Reading time — 5 minutes

» Working time — 3 hours

» Write using black or blue pen
* Draw diagrams using pencil

* Board-approved calculators may
be used

* A data sheet and a Periodic Table
are provided at the back of this
paper

» Write your Centre Number and
Student Number at the top of
pages 13, 17, 21 and 25

Total marks— 100

Pages 2-28

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

Part A — 15 marks
* Attempt Questions 1-15
* Allow about 30 minutes for this part

Part B — 60 marks
* Attempt Questions 16—29
* Allow about 1 hour and 45 minutes for this part

Pages 29-37

25 marks
* Attempt ONE question from Questions 30-34
» Allow about 45 minutes for this section



Section |
75 marks

Part A —15 marks
Attempt Questions 1-15
Allow about 30 minutes for this part

Use the multiple-choice answer sheet.

Select the aternative A, B, C or D that best answers the question. Fill in the response oval
completely.
Sample: 2+ 4= (A) 2 (B) 6 (©C) 8 (D) 9

A O B @ cO D O

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

A @ B WK cO DO
If you change your mind and have crossed out what you consider to be the correct answer, then
indicate the correct answer by writing the word correct and drawing an arrow as follows.

correct

4
A W B CcO D O




Which of the following is an acid—base indicator?

(A) Methanol

(B) Methyl orange
(C) Methanoic acid
(D) Methyl ethanoate

Which of the following is a transuranic element?

(A) Caesium
(B) Cerium
(© Chromium
(D) Curium

Which instrument is used to detect radiation from radioactive isotopes?

(A) pH meter

(B) Geiger counter

(C) lon-selective electrode

(D) Atomic absorption spectrophotometer (AAS)

In which layer of the atmosphere does ozone act as a UV radiation shield?

(A) Mesosphere
(B) Stratosphere
(©) Thermosphere
(D) Troposphere



5  Which of the following could be used to determine the total dissolved solidsin a sample

of muddy river water?

P R S
(A) PandQ
(B) RandS

(C) PandR
(D) QandS

O I'_

6  Thetable gives the heat of combustion in kJg™ for a number of different fuels.

Fuel Heat of combustion
(kg™
Methanol 22.7
Ethanol 29.6
Propanol 33.6
Petrol (octane) 47.8

The heat of combustion in kJmol~ for one of the fuels was calculated as 2016 kJmol .
What was the fuel?

(A) Methanol

(B) Ethanal

(C) Propanol

(D) Petral



7  The diagram is a representation of the Periodic Table. The positions of six different

elements are shown.
Y
V Z
U
X
W

What are the reactions of oxides of these elements with acid and with base?

Oxide reacts Oxide reacts Oxide reacts with
with acid with base acid and with base
(A) Z X V
(B) Y X U
(© X z \Y
(D) \Y W Y

8 A sulfuric acid solution has a concentration of 5 x 10™* mol L™,
What is the pH of this solution, assuming the acid is completely ionised?

(A) 3.0
(B) 3.3
(C) 36
(D) 4.0

9  What is the name of the compound shown?

H F Cl

L]
T
H H F

(A) 1-chloro-1,2-difluoropropane
(B) 3-chloro-2,3-difluoropropane
(C) 1,2-difluoro-1-chloropropane
(D) 1-chloro-1,2-difluoropentane



10 The graph shows October ozone concentrations above Halley Bay in Antarctica between
1956 and 1998.
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Based on these data alone, which of the following is a valid 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.



11 Which polymer is made by the polymerisation of methyl methacrylate?

&
H,C=C—COOCH,
methyl methacrylate

(l:H3 c|:H3 |CH3
(A) —CHZ—C=(|3—CH2—C=C—CH2—C=C|Z—
OCH, OCH, OCH,
CH, CH, CH,

| | |
(B) —CH,—C—CH,—C—CH,—C—

COOCH, COOCH, COOCH,

—ICH |CH (|3H—
© HCll—CH3 HC—CH, HC—CH,
COOCH, COOCH, COOCH,

clzoocH3 C|:OOCH3 |coocl-l3
N

CH, CH, CH,



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

100 - - 25
Mass Amount
60 - -
© 15 (mol)
40 - 10
20 - 5
Carbon Fluorine Chlorine

Mass(g) [ | Amount (mol)

What is the molecular formula for this compound?

(A) CFCl
(B) CF,Cl,
(©) CFCl,
(D) C,F,Cl,



13

14

A student performed three tests to investigate the relative activity of metals. In each test
ametal strip was placed in a solution containing ions of a different metal. The results are
shown in the diagrames.

Metal X Metal Z Metal X

N r N r N r

NG

Metal Y Meta Y No reaction
deposited on X deposited on Z

What is the order of activity of the metals, based on these results?

(A) X>Z>Y
(B) Y>X>Z
(C) zZz>Y>X
(D) Z>X>Y

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 ameasured 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) The calculated base concentration will be correct.
(B) The calculated base concentration will be too low.
(C) The calculated base concentration will be too high.

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



15 Which of the following graphs shows how pH will vary when dilute HCl is added to
100 mL of dilute natural buffer solution with an initial pH of 7.0?
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2003 HIGHER SCHOOL CERTIFICATE EXAMINATION

Chemistry

Centre Number

Section | (continued)

Part B — 60 marks Student Number
Attempt Questions 16-29

Allow about 1 hour and 45 minutes for this part

Answer the questions in the spaces provided.

Show all relevant working in questions involving calculations.

Marks
Question 16 (3 marks)

You performed a first-hand investigation that monitored mass changes during the
fermentation of glucose to ethanol.

(@ Outline the procedure you used. 2

(b) Write abalanced chemical equation for this reaction. 1

13—



Marks
Question 17 (5 marks)

The flowchart shows the production of polyethylene.

Compound X

Ethylene

Polyethylene

(@ Identify Compound X. 1

(b) Describe ProcessY. 3

Question 17 continues on page 15

—14-—



Marks
Question 17 (continued)

A sample of polyethylene was produced by Process Y. The following graph shows the
distribution of molecular weights of polymer molecules in the sample.

Number of
polymer
molecules

Molecular weight

(c) Why isarange of molecular weights observed? 1

End of Question 17

Please turn over

—15—



Marks
Question 18 (4 marks)

Describe how commercia radioisotopes are produced, and how transuranic elements 4
are produced.

—16-—
© Board of Studies NSW 2003
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Centre Number

Section | — Part B (continued)

Student Number

Marks
Question 19 (3 marks)
Salt bridge
V)
| - |
Silver — 4 lLead
o Ag+ Pb2+ -
(1mol L™} (1mol L™}
(@ Identify the cathode in this diagram. 1
(b) Write the net redox equation for the cell reaction, and calculate the cell 2
potential (E®).
—-17 -



Marks
Question 20 (5 marks)

Assess the suitability of biomass as afuture source of energy and chemicalsfor industry. 5

—18—



Marks
Question 21 (5 marks)

You performed afirst-hand investigation to prepare an ester by reflux.

(@ Identify the products formed when propanoic acid and butanol are refluxed with 1
acid catalyst.

(b) Draw afully labelled diagram of the equipment assembled for use. 2

(c) Outline the advantages of using reflux to prepare the ester. 2

—-19-—



Question 22 (3 marks)

@

(b)

Write a balanced chemical equation for the complete combustion of ethanol.

A mass of 72.59g of ethanol was burnt completely in air. Calculate the volume
of carbon dioxide that was produced at 25°C and 100 kPa.

—-20-
© Board of Studies NSW 2003
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2003 HIGHER SCHOOL CERTIFICATE EXAMINATION
Chemistry

Centre Number

Section | — Part B (continued)

Student Number

Marks
Question 23 (4 marks)
25.0mL of 0.12 mol L~* standard barium hydroxide solution was titrated with nitric
acid. The results are recorded in the table.
Titration \Volume of nitric acid used
(mlL)
1 20.4
2 18.1
3 18.2
4 18.1
(@ Write a balanced chemical equation for the reaction of barium hydroxide with 1
nitric acid.
(b) Calculate the concentration of the nitric acid. 3

118 _21—



Marks
Question 24 (4 marks)

Discuss factors that must be considered when using neutralisation reactions to safely 4
minimise damage in chemical spills.

—22 —



Question 25 (4 marks)

Explain the trends in boiling points shown in the graph.

Boiling
point (°C)

Marks

200+
Alkanoic acids
Alkanols
100 - Alkanes
0 T T T T T 1
50 60 70 80 90 100 110

Molecular weight

—23—



Marks
Question 26 (4 marks)

Describe the process of eutrophication, and assess the suitability of water quality tests 4
used to monitor it.

—24 —
© Board of Studies NSW 2003
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Centre Number

Section | — Part B (continued)

Student Number

Marks
Question 27 (5 marks)

A student carried out an investigation to analyse the sulfate content of lawn fertiliser.
The student weighed out 1.0g of fertiliser and dissolved it in water. 50 mL of
0.25mol L~ barium chloride solution was then added. A white precipitate of barium
sulfate formed, which weighed 1.8 g.

(@ Calculate the percentage by mass of sulfate in the fertiliser. 2

(b) Evaluate the reliability of the experimental procedure used. 3

—25_



Marks
Question 28 (4 marks)

The results of analysis of a set of standard cadmium solutions are presented in the table.

Concentration of cadmium Absorbance
standard solution
(ppm)
0 0.00
3 0.22
6 0.38
9 0.62
12 0.83
(@ Draw an appropriate graph of the data. 2
1.00
0.90
0.80
0.70
Q 0.60
g
= 0.50
o
O
< 040
0.30
0.20
0.10
0
0 2 4 6 8 10 12 14

Concentration of cadmium (ppm)

Question 28 continues on page 27

- 26—



Question 28 (continued)

The map shows a catchment area. There is an industrial plant, a sewage treatment
plant and asmall town, all of which discharge water into the river. Water samples were

collected at four sites.

The results of analysis of cadmium levels from these four sites are given in the table.

(b)

Mountain
range
Industrial
plant
Sitel
] €X€) Sewage
Site 2 (O treatment plant
Site 3
e N
Site4
Ocean

Sample site Absorbance
Site 1 0.08
Site 2 0.15
Site 3 0.55
Site 4 0.40

Justify your conclusion about the most likely source of cadmium pollution.

End of Question 28

—27 —

Marks



Marks
Question 29 (7 marks)

Evaluate the importance of monitoring and managing the conditions used in the Haber 7
process.

—_28—
© Board of Studies NSW 2003



2003 HIGHER SCHOOL CERTIFICATE EXAMINATION
Chemistry

Section |1

25 marks

Attempt ONE question from Questions 30-34

Allow about 45 minutes for this section

Answer the question in awriting booklet. Extra writing booklets are available.

Show all relevant working in questions involving calculations.

Pages
Question 30  Industrial CheMISIIY .......ccceiiiirieee e 30
Question 31 Shipwrecks, Corrosion and Conservation ...........cccceeeveeceenveenne. 31
Question 32 The Biochemistry of MOVEMENt ..........ccoceveievencnenenenns 32-33
Question 33 The Chemistry Of Art ......ccoeov e 34-35
Question 34 FOrensiC ChEMISITY .....c.ooeierierineeeeeeee e 36-37

120 _29_



Marks
Question 30 — Industrial Chemistry (25 marks)
@ (i) Identify ONE use of sulfuric acid in industry. 1

(i) One of the starting materials used for preparing sulfuric acid is sulfur. 3
Describe the process used to extract sulfur from mineral deposits.

(b) During your practical work you performed a first-hand investigation to identify
the products of electrolysis of sodium chloride.

(i) Describe ONE precaution you took to minimise hazards, or to dispose 1
of reactants and products safely.

(i)  Outline the procedure you used to identify the products of electrolysis of 3
sodium chloride.

(¢) Analyse how an understanding of the structure and cleaning action of soaps led 5
to the development of synthetic detergents.

(d) The Ostwald processis used for making nitric acid from ammonia, and involves
several equilibrium steps.

() Identify the only factor that changes the value of an equilibrium constant. 1
(i) One step in the process produces nitrogen dioxide according to the 2
equation:

2NO(g) + O,(g) = 2NO,(9).

This reaction is exothermic. Describe TWO methods that could be used
to increase the yield of nitrogen dioxide.

(iii) A 1L reaction vessel initially contained 0.25mol NO and 0.12 mol O, 3
After equilibrium was established there was only 0.05 mol NO.

Calculate the equilibrium constant for the reaction. Show al relevant
working.

(e) Assess how environmental issues have been addressed in an industrial method 6
of production of an acid, and an industrial method of production of a base.

—-30-



Question 31 — Shipwrecks, Corrosion and Conservation (25 marks)

(@

(b)

(©

(d)

()

(i) Identify ONE passivating metal.

(i)  Account for the differencesin corrosion of active and passivating metals.
Include a relevant balanced chemical equation in your answer.

During your practical work you performed a first-hand investigation to identify
the factors that affect the rate of an electrolysis reaction.

(i) Describe ONE precaution you took to minimise hazards, or to dispose
of reactants and products safely.

(i)  Outline the procedure you used to show how ONE factor affects the rate
of an electrolysis reaction.

The Titanic struck an iceberg in 1912 and sank to a depth of more than three
Kilometres.

Analyse how theories about corrosion at great ocean depth have changed since
the recent discovery of extensive corrosion on wrecks such as the Titanic.

Fishermen face a problem of limiting corrosion of their steel fish hooks. A
fisherman has the choice of storing his steel fish hooks in a plastic, copper or
aluminium container.

(i) What isthe main metal in steel?

(i) Compare the effectiveness of these containers in limiting corrosion of
steel fish hooks.

Assess how an understanding of electrolysis has contributed to the devel opment
of methods for cleaning and restoring marine artefacts.

—31-

Marks



Marks
Question 32 — The Biochemistry of Movement (25 marks)
@ (i) Identify the role of glycogen in human muscle and liver. 1

(i) Describe the process of bond formation when glucose molecules react to 3
form glycogen.

(b) During your practical work you performed afirst-hand investigation to compare
the structures of fatty acids and glycerol.

(i) Describe the results of your investigation. 2

(i) Outlinewhy glycerol ismore soluble in water than arefatty acidsthat are 2
commonly found in the body.

(c) Analyse how an understanding of the composition and structure of proteins led 5
to the current theory of muscle contraction.

Question 32 continues on page 33

-3



Question 32 (continued)

(d)  Theflowchart summarises the production of ATP from glucose and stearic acid.

glucose (6 C-atoms) stearic acid (18 C-atoms)
l (acommon fatty acid)

Pathway P

pyruvate

N

acetyl CoenzymeA

Oxidative phosphorylation
(Cytochrome chain)

36 ATP molecules 146 ATP molecules
per glucose molecule per stearic acid molecule

(i) Identify Pathway P.

(i) Construct a word-equation that summarises the formation of productsin
Pathway P, when one molecule of glucose is metabolised.

(i) Explain why fats can produce more energy per carbon atom than
carbohydrates.

(e) Evaluate the importance of the chemistry of ATP in metabolic processes.

End of Question 32

—-33-—

Marks



Marks
Question 33 — The Chemistry of Art (25 marks)

@ (i) What is the maximum number of electrons found in an atomic orbital ? 1

(i) The graph shows thefirst five ionisation energies for sodium, aluminium 3
and magnesium.

15000

lonisation 10000+
energy

(kdmol™)  5q00-

0 1t ond  zd gt 5th 6th

Electron removed
C E Housecroft & E C Constable, 2002, Chemistry, 2nd edn, reproduced woth permission of Prentice Hall, Harlow, England.

Explain how the data can be used to provide information about the
arrangement of electrons around the atoms.

(b) During your practical work you performed a first-hand investigation to observe
the flame colour of different metal ions.

(i) Explain the precautions you took during your investigation. 2
(i)  Ouitline the procedure you used to observe the flame colour of different 2
metal ions.
(c) Analyse the relationship between the chemical composition and properties, S

including colour, of pigments used in traditional art by Aboriginal people.

Question 33 continues on page 35



Question 33 (continued)

(d) In the early 1900s, many Australian children were diagnosed as having Pink
disease.

The symptoms included pain, loss of teeth, and the presence of a pink colour on
fingers and toes.

The first indication that Pink disease was due to mercury poisoning came from
the successful treatment of the children using EDTA.

I
PN
CH, ©O J/
\ CH,—C
/ AN
CH,—N o
CH,—N o
CH,— c\<\
CH o
N o
O
EDTA

(i) Identify the block in the Periodic Table in which mercury is present.

(i) Explain why transition metals such as mercury may have more than one
oxidation state.

(i) Explain why chelating ligands such as EDTA are often used to treat
poisoning by heavy metals.

(e) Evaluate the usefulness of the range of technologies used by chemiststo identify
pigments.

End of Question 33

—-35-—

Marks



Marks
Question 34 — Forensic Chemistry (25 marks)

@ (i) Identify the general class of compounds represented by the formula 1
CX(HZO)y.
(i) Describe TWO tests that can be used to distinguish between some of the 3

following classes of organic compounds: alkanes, alkenes, akanols and
alkanoic acids.

(b) During your practica work you performed a first-hand investigation to
distinguish between reducing and non-reducing sugars.

(i) Describe ONE precaution you took to minimise hazards, or to dispose 1
of reactants and products safely.

(i) Outline the procedure you used to distinguish between reducing and 3
non-reducing sugars.

(c) Analyse how emission spectra of elements assist in the identification of the 5
origins of a mixture.

Question 34 continues on page 37

—-36 -



Marks
Question 34 (continued)

(d) The diagram shows the results of an investigation to identify the parents of a
child. The DNA fingerprints from the mother (M) and child (C) are labelled.
Also shown are the DNA fingerprints from two possible fathers (F1) and (F2).

Awaiting Copyright Clearance

(i) Identify the more probable father. 1
(i) Outline the structure and composition of DNA. 2
(iii) Describe how DNA fingerprints are produced, and explain why they can 3

be used to show that two people belong to the same family.

(e) Evaluate how the development of chromatographic methods has advanced 6
forensic science.

End of paper

_37—
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2003 HIGHER SCHOOL CERTIFICATE EXAMINATION

Chemistry
DATA SHEET
AVOGAOrO CONSLANE, Nj overeeeeessaseeeeesssseeesesssssssessssssssssesssssssnes 6.022 x 10%% mol™
Volume of 1 moleideal gas: at 100 kPa and
at 0°C (273.15K) covevvvecieece 22.71L
at 25°C (298.15K) .oeveveverreennns 24.79 L
| onisation constant for water a 25°C (298.15 K), K, vvvervveeee 1.0 x 1074
Specific heat CapaCity Of WALES .........o.coveveeereeeeeeeeeeeeseeseeeeseens 4.18x 103 Jkgt K
Some useful formulae
pH = -og, [H"] AH = —mCAT
Some standard potentials
Kt+e = K(@ 294V
Bt + 2¢” = Bao 291V
Cat + 2¢” = Ca9 287V
Na" + e = Na(y 271V
Mg?" + 2e” = Mg®® —2.36V
Al¥ 4+ 3¢ = Al -1.68V
Mn?* + 2e = Mn(s -1.18V
H,O+ € = 1H,(g)+OH"~ -0.83V
Zn® + 26" = Zn@o -0.76 V
Fe?t + 2¢ = Fe9 -0.44V
Ni% +2e” = Ni(s) -0.24V
Sn®* + 2e” S L 6) -0.14V
Pb% + 26~ = Pb(s 013V
H" + e = 1H\9) 0.00V
SO, % + 4H" + 2¢” = SO,aqg) +2H,0 016V
Cu? +2¢” = Cu(s 0.34V
10,(g) + H,0 + 26~ = 20H"- 0.40V
Cu"+¢e = Cu( 0.52V
Hy (9 +e = I 054V
L (ag) + € = I 0.62V
Fe* +e =  Fe 0.77V
Ag +€ = Ag(® 0.80V
1Bry() + e = Br 1.08V
1Bry(aq) + € =  Br 110V
10,(g) + 2H" + 2 = H0 123V
1Cl(g) +e = CI- 136V
iCr,0 +7H +3¢ =  Cr¥*+IH,0 136V
1Cl(a0) + & = CI- 140V
MnO,” + 8H" + 5&~ = Mn¥+4H,0 151V
F(0)+e = F 2.89V

Aylward and Findlay, S Chemical Data (5th Edition) is the principal source of datafor
120a this examination paper. Some data may have been modified for examination purposes.

—41 -
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