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* Attempt Questions 1-20
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* Allow about 1 hour and 40 minutes for this part
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25 marks
* Attempt ONE question from Questions 33-37
¢ Allow about 45 minutes for this section



Section I
75 marks

Part A — 20 marks
Attempt Questions 1-20

Allow about 35 minutes for this part

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

1 Which of the following industrial processes is used to produce ethanol from ethylene?

(A) Hydration
(B) Dehydration
(C) Addition polymerisation

(D) Condensation polymerisation

2 Which of the following shows two products that result from the fermentation of glucose?

(A) Cellulose and water
(B) Ethanol and oxygen
(C) Carbon dioxide and water

(D) Ethanol and carbon dioxide

3 Which of the following lists contains ONLY basic substances?

(A) Oven cleaner, urine, vinegar
(B) Lemonade, drain cleaner, blood
(C) Baking soda, ammonia, sea water

(D) Antacid, dishwashing detergent, lemon juice

4 Which of the following gases can cause major depletion of the ozone layer?

(A) O,
(B) NO,
(C) €O,
(D) CCLF



Iron (III) chloride and aluminium sulphate are two chemicals that can be used in the
purification of town water supplies. What is the role of these chemicals?

(A) To disinfect water by removing bacteria
(B) To remove particulate material by flocculation
(C) To control the concentration of total dissolved solids

(D) To control the pH of the water within the required range
Which property would be most useful in distinguishing between butan-1-ol and
propan-1-01?

(A) Boiling point
(B) Colour

(C) Conductivity
(D) Density

Which of the following lists contains ONLY unstable isotopes?
207 99 12

(A) “gPb, JTe,  ON
214 46 99

(B) 82Pb, 20Ca, 13 1¢
238 40 12

© U, 5,Ca N

238 40 99
D) U, 5pCa 5Tc

What is the systematic name of the molecule shown?

0
V
H,C—CH,—C 7

O—CH,—CH,—CH,—CH,

(A) Butyl butanoate
(B) Propyl butanoate
(C) Butyl propanoate
(D) Propyl propanoate
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What property of O; makes it more soluble in water than O, in water?

(A)
(B)
©
(D)

An aqueous sample containing the following anions is analysed.

In which order should the reagents be added to determine the amount of chloride in the

O; is a polar molecule.

O3 has a resonance structure.

O; is a highly reactive molecule.

O3 has a coordinate covalent bond.

Cl-

CO,*

S0,*

sample?
Reagent 1 Reagent 2 Reagent 3
(A) | AgNO, H,SO, BaSO,
(B) | HCI Pb(NO,), AgNO;,
(C) | HNO, Ba(NO,), AgNO,
(D) | Ba(NOy), AgNO, CH,COOH

Which compound can form when bromine water reacts with propene?

(A)
(B)
©
(D)

I-bromopropane

2-bromopropane

1,1-dibromopropane

1,2-dibromopropane
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14

A table of redox couples and their standard reduction potentials is shown.

Redox couple E*
Agt/Ag 0.80 V
cd**/cd -0.40V
Pd%*/Pd 0.92V
NiZ*/Ni -0.24V

Which of the following ranks the metals in decreasing order of their electrochemical
activity?

(A) Ni>Cd>Ag>Pd

(B) Pd>Ag>Cd>Ni

(C) Pd>Ag>Ni>Cd

(D) Cd>Ni>Ag>Pd

When chloride ions are added to a solution containing Co(H20)62+(aq), the following
equilibrium is established.

Co(H,0),*"(ag) + 4Cl (agq) = CoCl,* (ag) + 6H,0(¥)
Pink Blue

Which of the following statements about the colour of the solution is true?

(A) Diluting the solution with water will make it turn blue.
(B) If the reaction is exothermic, heating the solution will make it turn blue.
(C) If the reaction is endothermic, cooling the solution will make it turn pink.

(D) Adding a large amount of solid potassium chloride to the solution will make it turn
pink.

How many isomers are there for C;HBrCI?

(A) 3
(B) 4
© 5
(D) 6



Use the information provided to answer Questions 15 and 16.

15

16

17

Using 0.100 mol L NaOH, a student titrated 25.0 mL of a 0.100 mol L' weak
monoprotic acid, and separately titrated 25.0 mL of a 0.100 mol Lt strong

monoprotic acid.

Which statement about the volume of base required to reach the equivalence point is

correct?

(A) The weak acid will require the same volume of base as the strong acid.

(B) The weak acid will require a larger volume of base than the strong acid.

(C) The weak acid will require a smaller volume of base than the strong acid.
(D) The volume of base required will depend on the molar mass of the acid used.

Which statement correctly describes the pH at each titration equivalence point?

(A)
(B)
©
(D)

The pH of both solutions will be the same.
One of the solutions will be neutral while the other will have a pH higher than 7.
One of the solutions will be neutral while the other will have a pH lower than 7.

One of the solutions will have a pH higher than 7 while the other will have a pH
lower than 7.

The molar heat of combustion of pentan-1-ol is 2800 kJ mol™'. A quantity of pentan-1-ol
was combusted, generating 108 kJ of heat.

What mass of pentan-1-ol was combusted?

(A)
(B)
©)
(D)

229¢
286¢
332¢g
340 g



18

19

20

A household cleaning agent contains a weak base with the formula NaX. 1.00 g of this
compound was dissolved in water to give 100.0 mL of solution. A 20.0 mL sample of the
solution was titrated with 0.100 mol L™ hydrochloric acid, and required 24.4 mL of the
acid for neutralisation.

What is the molar mass of the weak base?

(A) 820¢g
(B) 84.0¢
C) 122¢
(D) 410g

All of the carbon dioxide in a soft drink with an initial mass of 381.04 g was carefully
extracted and collected as a gas. The final mass of the drink was 380.41 g.

What volume would the carbon dioxide occupy at 100 kPa and 25°C?

(A) 033L
(B) 035L
(C) 056L
(D) 0.63L

When charcoal reacts in the presence of oxygen, carbon monoxide and carbon dioxide
are produced according to the following chemical reactions.

C(s) + 50,(8) = CO(g)
C(s) + O,(g) = CO,(g)

What would be the total mass of gas produced when 400 g of charcoal is reacted,
assuming equal amounts are consumed in each reaction?

(A) 093 kg
(B) 12kg
©) 15kg
(D) 2.5kg
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2011 HIGHER SCHOOL CERTIFICATE EXAMINATION

Chemistry

Centre Number
Section I (continued)

Part B — 55 marks
Attempt Questions 21-32 Student Number
Allow about 1 hour and 40 minutes for this part

Answer the questions in the spaces provided. These spaces provide guidance for the expected
length of response.

Show all relevant working in questions involving calculations.

Question 21 (4 marks)

What features of the molecular structure of ethanol account for its extensive use as 4
a solvent? Include a diagram in your answer.



Question 22 (4 marks)

(a) Use chemical equations to show how ozone is depleted in the stratosphere.

(b)  Outline ONE method used to monitor stratospheric ozone.

— 10—
© Board of Studies NSW 2011
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Chemistry

Section I — Part B (continued)

Centre Number

Student Number
Question 23 (3 marks)
(a) Element 112 was first synthesised in 1996 and officially named in 2009 as 1
copernicium, Cn.
. .. 278 .
Explain why the transuranic isotope |;,Cn is unstable.
(b) Describe a method by which transuranic elements can be synthesised. 2

—11 -



Question 24 (7 marks)
A galvanic cell was constructed as shown in the diagram.

m
P,

salt bridge

0.050 mol L™’
. - potassium - .
Initial electrode Ni(s) nitrate Cu(s) < Initial electrode
mass = 10.27 g mass =2.70 g
200.0 mL 0.100 mol L™ 200.0 mL 0.100 mol L™
nickel(ll) nitrate copper nitrate

(a) Calculate the standard cell potential (E®). In your answer, include a net ionic
equation for the overall cell reaction.

(b) After a period of time, a solid deposit that had formed on the copper electrode
was removed and dried. The deposit had a mass of 0.395 g.

(1) Calculate the final mass of the nickel electrode.

— 12—
© Board of Studies NSW 2011
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Section I — Part B (continued)

Centre Number

Student Number

Question 25 (3 marks)

Explain the role of the conjugate acid/base pair, H,PO, /HPO 42_, in maintaining the 3

pH of living cells. Include chemical equations in your answer.

— 13 —



Question 26 (6 marks)

A manufacturer makes lemon cordial by mixing flavouring, sugar syrup and citric
acid. The concentration of the citric acid is determined by titration with NaOH.

The sodium hydroxide solution is prepared by dissolving 4.000 g of NaOH pellets in
water to give 1.000 L of solution. This solution is standardised by titrating 25.00 mL
with a 0.1011 mol L™! standardised solution of HCI. The average titration volume is
found to be 24.10 mL.

To analyse the lemon cordial 50.00 mL of the cordial is diluted to 500.0 mL. Then
25.00 mL of the diluted solution is titrated with the NaOH solution to the
phenolphthalein endpoint.

The following data were collected during one of the analysis runs of the lemon cordial.

Titration #1 volume 26.55 mL
Titration #2 volume 27.25 mL
Titration #3 volume 27.30 mL
Titration #4 volume 27.20 mL

(a)  Why is the calculated concentration of the standardised NaOH solution different
from the concentration calculated using the mass given, assuming no human
error occurred?

(b) Determine the concentration of citric acid in the lemon cordial.

_14 —
© Board of Studies NSW 2011
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Section I — Part B (continued)

Centre Number

Student Number

Question 27 (5 marks)

The following extract was taken from a blog about environmental issues.

Awaiting copyright

Assess the uses of polystyrene and a named biopolymer in terms of their properties,

with reference to the statements made in this blog.

—15 -
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Chemistry

Centre Number
Section I — Part B (continued)

Student Number

Question 28 (4 marks)

A student investigating the water quality of stormwater in a drain near the school 4
collected samples for testing in the school laboratory. The student conducted the
following tests to measure the quality of the stormwater.

* Hardness » Total dissolved solids
* Phosphate level e Turbidity
* Biochemical oxygen demand * Nitrate level

For TWO of these tests, outline the chemical or physical principle involved and the
procedure followed in a school laboratory.

—17 -



Question 29 (4 marks)

(a)

(b)

Justify the continued use of the Arrhenius definition of acids and bases, despite
the development of the more sophisticated Bronsted—Lowry definition.

Why does the neutralisation of any strong acid in an aqueous solution by any
strong base always result in a heat of reaction of approximately —57 kJ mol™1?

— 18—
© Board of Studies NSW 2011
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Chemistry

Section I — Part B (continued)

Centre Number

Student Number

Question 30 (6 marks)

Please turn over

~19 -



Question 30 (6 marks)

The flowchart outlines the sequence of steps in the Ostwald process for the manufacture
of nitric acid.

Step 1 4NH;(g) + 50,(g) ggc 4NO(g) + 6H,0(g) AH = -950kJ
\2

Step2 | 2NO(g) + O,(8) = 2NO,(g) AH = —114KkJ
\2

Step 3 3NO,(g) + H,0(/) — 2HNO;(aq) + NO(g) AH = -117KJ

Explain the reaction conditions required at each step of the Ostwald process to
maximise the yield and production rate of nitric acid.

—20—
© Board of Studies NSW 2011
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Chemistry

Section I — Part B (continued)

Centre Number

Student Number

Question 31 (4 marks)
A council monitors the water quality of a local river daily. The records for six days are 4
shown in the table. During this period contamination from unknown sources was
detected.

Mon Tue Wed  Thu Fri Sat
pH 7.2 7.3 7.2 7.0 7.2 7.3
Turbidity (NTU) 5 67 5 25 10 8
Total dissolved solids (ppm) 340 436 342 380 370 360
Temperature (°C) 15,6 160 158 158 16.0 16.2
Dissolved oxygen (ppm) 9.7 9.6 9.7 4.2 4.3 8.0
Biochemical oxygen demand (ppm) 2.6 4.0 3.2 52 20 7.8
Faecal coliforms (cfu/100 mL) 10 10 12 514 60 18

Propose possible sources of the contamination, justifying your answer with reference

to the data provided.

—-21 -



Question 32 (5 marks)

To determine the pH of garden soil, a sample was first saturated with distilled water
in a petri dish. Barium sulfate powder was added to the surface of the sample, and
drops of the three indicators listed below were added to separate parts of the sample.
The colours observed are shown in the table.

Experimental results

Indicator Methyl yellow Methyl red Phenolphthalein

Colour observed Yellow Red Colourless

Indicator colour ranges

Red te]}OW : Methyl yellow
— te]liow Methyl red
Colf)urlgss Pmlf Phenolphthalein

1 2 3 4 5 6 7 8 9 10 11 12 13pH

Plant response

Plant soil pH range for optimal growth
Carrot 5.5-6.8
Chrysanthemum 6.0-6.3
Hydrangea Blue 4.0-5.0
Hydrangea White 6.5-8.0
Potato 5.0-5.7

(a)  Why is barium sulfate powder added when testing soil pH?

(b) Using the information given, select the plant that will grow well at the current
soil pH, and justify your selection.

(c) Outline the method you would use to test a natural indicator that has been
prepared in the school laboratory.

© Board of Studies NSW 2011



2011 HIGHER SCHOOL CERTIFICATE EXAMINATION
Chemistry

Section II

25 marks
Attempt ONE question from Questions 33-37
Allow about 45 minutes for this section

Answer parts (a)—(c) of the question in Section II Answer Booklet 1.
Answer parts (d)—(e) of the question in Section II Answer Booklet 2.

Extra writing booklets are available.

Show all relevant working in questions involving calculations.

Pages
Question 33 Industrial ChemiStry .......cccccveeeiieeeiieeiiieeriie e e 24-25
Question 34 Shipwrecks, Corrosion and Conservation ........c...cceceeecueeneee. 26-27
Question 35  The Biochemistry of Movement ...........ccocceevieniieenienncennnn. 28-29
Question 36 The Chemistry Of ATt .....coooveeriiiiiiieiiieeeeee e 30-31
Question 37  Forensic ChemiStry ........cccceeveerieiiiienieiieeeeeieeeeeeee 32-33
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Question 33 — Industrial Chemistry (25 marks)
Answer parts (a)—(c) in Section II Answer Booklet 1.

(a) A student set up the following experiment to model a process and observed the
colour change of the crystals.

Sealed container

Copper(ll) sulfate pentahydrate b

crystals in watch glass Liquid X'in beaker

Identify liquid X and explain the colour change of the crystals. Include a
chemical equation in your answer.

(b) (i) Why are the large volumes of CO,(g) produced during the Solvay process
of little environmental concern? Include chemical equations in your
answer.

(i1)) Calcium chloride is also produced during the Solvay process. Calculate
the mass of calcium chloride produced per tonne of sodium chloride
used in the Solvay process.

(¢) A 0.05mol L™ solution of sodium chloride was electrolysed using graphite
electrodes. Separate pieces of litmus paper were dipped into the solution next to
each electrode.

The following observations were made.

Polarity of electrode | Observation Colour of litmus paper
Positive Bubbles Red
Negative Bubbles Blue

(i) Account for the observations at the anode and cathode. Include relevant
chemical equations in your answer.

(1)) What is the difference between the electrolytic cell described above and
a galvanic cell, in terms of energy requirements?

Question 33 continues on page 25

_24 —



Question 33 (continued)
Answer parts (d)—(e) in Section II Answer Booklet 2.

(d) (1) Models are often used to help explain complex concepts. Outline a
first-hand investigation that can model an equilibrium reaction.

(i1) Assess the validity of the information that could be collected in this
investigation.

(e) Evaluate the impact on society of the environmental issues associated with
THREE of the industrial processes that you have studied in this option.

End of Question 33

_25—



Question 34 — Shipwrecks, Corrosion and Conservation (25 marks)

Answer parts (a)—(c) in Section II Answer Booklet 1.

(a)

(b)

The diagram shows a hot water tank.

Awaiting copyright

Name an appropriate material from which X can be made, and justify your
choice.

There are two common household methods to remove the tarnish on silver
cutlery: polishing with a soft cloth and toothpaste or placing the cutlery into an
aluminium tray filled with warm sodium hydrogen carbonate solution and

leaving it overnight.

(1) Explain, with the use of equations, the chemistry involved in the
aluminium tray method.

(ii) Identify an advantage of the aluminium tray method.

Question 34 continues on page 27

— 26—



Question 34 (continued)
(c) A dilute solution of potassium sulfate was electrolysed using graphite
electrodes. Separate pieces of litmus paper were dipped into the solution next to

each electrode.

The following observations were made.

Polarity of electrode | Observation Colour of litmus paper
Positive Bubbles Red
Negative Bubbles Blue

(1) Draw and label a diagram to represent this cell.

(i) Identify the products formed at the anode and cathode by writing the
equations for each of these reactions.

Answer parts (d)—(e) in Section II Answer Booklet 2.

(d) A student set up the following investigation to compare the rate of corrosion of
a variety of metals and alloys, in order to identify those best suited for use in
marine vessels. Photos were taken of the experiment on a daily basis for several
weeks.

Covered petri dish

Metal B

Metal C

Sea water to cover

(i) Explain the method the student should have used to prepare the samples
for the investigation.

(i1) Assess the validity of the data collected in this experiment.

(e) ‘Corrosion at great depth in the ocean was predicted to be slow.’

Evaluate this statement with reference to recent maritime investigations. Include
chemical equations in your answer.

End of Question 34

- 27 —



Question 35 — The Biochemistry of Movement (25 marks)
Answer parts (a)—(c) in Section II Answer Booklet 1.

(a) The main steps in cellular respiration are shown in the diagram of the cell.

Cell membrane

6 1276

Glycolysis  [«— CH,,0 6CO,+6H,0

Mitochondrion
X _| Oxidative
| phosphorylation

Identify the process represented by X, and explain the difference in oxygen
requirements of glycolysis and the chemical processes in mitochondria.

(b) (i) Using the general formula for an amino acid, write an equation to show
the formation of a dipeptide.

(i1)) Explain the effect of an increase in temperature and a change in pH on
the molecular structure of a protein.

(c) The table shows the percentage of each muscle cell type used for particular

activities.

Activity % of Type 1 muscle cells | % of Type 2 muscle cells
Sedentary activity 40 15

Sprinting 25 50

Marathon running 75 10

(1) The use of muscle cell type changes as the nature of the activity changes.
Give reasons for this.

(ii) Use an equation to show how ATP is regenerated during muscle
contraction.

Question 35 continues on page 29

— 28 —



Question 35 (continued)

Answer parts (d)—(e) in Section II Answer Booklet 2.

(d) A student wants to test the effects of temperature on enzyme function. A piece
of calf liver is placed in a test tube with hydrogen peroxide. The test tube is then
placed in a water bath. As the reaction occurs, the rate is monitored by

measuring the time taken for the reaction to stop producing oxygen.

(i) Account for the fact that there is an optimal temperature for enzyme
function.

(i1)) Assess the validity of the data collected in this experiment.

(e) ‘A knowledge of the availability of energy from fats and carbohydrates has
improved society’s understanding of nutrition.’

Analyse this statement with reference to metabolic pathways.

End of Question 35

—29 _



Question 36 — The Chemistry of Art (25 marks)

Answer parts (a)—(c) in Section II Answer Booklet 1.

(a) The structures of two aqueous iron complexes are represented in the diagram.

2+
OH,
HO | OH,
NS
Fe

4
H,0

oH, O

Green

OH,
HO | OH,
NS
Fe
H,0 C‘JHQ OH,

Yellow-brown

Account for the different colours of the complexes.

b  ®

(ii)

3+

Identify ONE cation and ONE anion that can be represented by the
electron configuration 1% 252 2p6 352 3p6.

Explain the fact that Group I and Group II metal ions have one oxidation
state while the transition metals often have multiple oxidation states.

(c) The emission lines for an element are listed in the table.

(ii)

Line number

Wavelength (nm)

1
2
3
4

656
486
434
419

Describe a method by which the values in the table may have been
obtained.

Draw an energy level diagram that corresponds to the data given.

Assume a common final energy level for each transition.

Question 36 continues on page 31
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Question 36 (continued)
Answer parts (d)—(e) in Section II Answer Booklet 2.

(d) (1) Describe an experiment that can be performed in the school laboratory
to illustrate the emission colour of Group II metals.

(i) Assess the validity of the data collected in this experiment.

(e) To what extent has our understanding of the pigments used in medieval painting
increased with the use of a range of technologies?

In your answer, refer to THREE spectroscopic techniques.

End of Question 36

~31 -



Question 37 — Forensic Chemistry (25 marks)
Answer parts (a)—(c) in Section II Answer Booklet 1.

(a) Identify the structure shown, and justify your answer.

CH,OH CH,OH

H ° U H H oH
H H O

H
OH H _IN\_ OH H
HO ©
H OH H OH
(b) (i) Using the general formula of an amino acid, write an equation to show

the formation of a dipeptide.

(i1)) Explain the principles of paper chromatography, with reference to the
separation of amino acids.

Question 37 continues on page 33
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Question 37 (continued)

(©) (1) Describe the technique by which DNA is analysed and then used to
identify relationships between people.

(ii)) The diagram shows the DNA fingerprints (W, X, Y and Z) from a child,
the child’s biological parents and a family friend.

Identify the DNA fingerprint of the child.

Awaiting copyright

Answer parts (d)—(e) in Section II Answer Booklet 2.

(d) A student has four unlabelled bottles all containing white crystals. The four
substances are known to be sucrose, potassium chloride, glycine (amino acid)
and acetylsalicylic acid (aspirin).

(i) Explain a method the student could use in the school laboratory to
identify the contents of the four unlabelled bottles.

(i1) Identify ONE destructive and ONE non-destructive test the student may
have used.

(e) Select THREE instrumental techniques you have studied in this option. Evaluate
the optimal use of each technique with reference to the analysis of forensic
samples.

End of paper

—33 —



BLANK PAGE

_ 34—
© Board of Studies NSW 2011



2009

2011 HIGHER SCHOOL CERTIFICATE EXAMINATION

Chemistry

Avogadro constant, N,

DATA SHEET

Volume of 1 mole ideal gas: at 100 kPa and

at 0°C (273.15 K)
at 25°C (298.15 K)

Tonisation constant for water at 25°C (298.15 K), K, .................

Specific heat capacity of water

Some useful formulae
AH =-mCAT

pH = —log,,[H"]

Some standard potentials

K'+e

Ba®" +2¢”

Ca®" +2¢

Na* +e”

Mg> + 2¢”

AP + 3¢

Mn®* + 2¢”

H,0 +e”

Zn* + 2¢”

Fe?t +2¢

Ni?* + 2¢”

Sn*" + 2¢”

Pb?* + 2¢”

H +¢

SO, > +4H' + 2e
Cu?t +2¢”

10,(9) + H,0 +2¢
Cu™+e”

%Iz(s) +e

%Iz(aq) +e

Fe’ + e

Agt+e

1Bry(l) + ¢
%Brz(aq) +e
10,(9) +2H" + 2¢”
%Clz(g) +e

1Cr,0.%+ TH' + 3¢

%Clz(aq) +e
MnO, + 8H + 5¢”

1F,(e) +¢

= K 294V
= Ba() 291V
= Ca(s) 287V
= Na(s) 271V
= MgGs) -236V
= Alp) -1.68V
= Mn(s) -1.18V
=  1H,(g)+OH"~ -0.83V
= Zn@) -0.76 V
= Fe(s) ~0.44V
= Ni() -0.24V
= Sn(s) -0.14V
= Pb(s) -0.13V
=  lHy» 0.00 V
= SO,(ag) +2H,0 0.16 V
= Cu(s) 034V
=  20H" 040V
= Cu(s) 052V
= I 054V
= I 0.62V
= Fe* 0.77V
= Ag(s) 0.80 V
= Br~ 1.08 V
=  Br 110V
= HO0 123V
= 136 V
= ot +IH0 136V
= 140V
= Mn’+4H,0 151V
= F 2.89V

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

Section Il Answer Booklet 1

Question 33 Industrial ChemiStry ... Parts (a), (b) and (c)

Question 34 Shipwrecks, Corrosion and Conservation ......... Parts (a), (b) and (c)

Question 35 The Biochemistry of Movement ... Parts (a), (b) and (¢)

Question 36 The Chemistry of Art .. Parts (a), (b) and (c)

Question 37 Forensic ChemIStrY ... Parts (a), (b) and (c)
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