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Section 1
Total marks — 99

Part A
15 marks

Attempt Questions 1-15
Allow about 30 minutes for this part

Use the multiple-choice answer sheet

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

Sample 2+ 4= Ay 2 B) 6 - (C) 8 D) 9
OO B@® OO OO

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

new answer.
W W, 0O OO

If you change 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.

- COTYECt

@MW WM, 0O OO




What is the purpose of cracking during the refining of petroleum?

(A) To convert natural gas into petrol and other fuels.

(B) To inciease the yields of heavy oils and tars.

{C) To obtain a higher yield of petrol and other fuels from crude oil.
(D) To lower the temperature at which crude oil is distilled.

Identify the products of the anaerobic fermentation of sugars.

(A) Ethanol and carbon dioxide.
(B) Glucose and water.

(C) Yeast and carbon dioxide.
(D) Ethanol and water

What is the meaning of this staterent?
"The molar heat of combustion of ethanol is 1367 kJ".

(A) 1367 kI of energy is needed to completely burn one mole of ethanol.
(B) 1367 k¥ is used up when 46.1 g ethanol undergoes complete combustion.

(C) Chemical energy is decreased by 1367 kJ when one mole of ethanol is converted
to carbon dioxide and water.

(D) There is a transfer of 1367 kJ from the environment to ethanol during the complete
combustion of one mole of ethanol

Which of the following could be classed as an acid by the Lowry-Bronsted theory, but not by
Lavoisiei’s theory?

(A) €O,
®) HCI
(C) HNO,

(D) CH,COOH
A solution of barium hydroxide has a concentration of 005 mol L™ .
What is its pH at 25°C?

B 23
(B) 117
) 2

(D) 12

Which list only contains acidic oxides?

(A) NO,CO, CO,, SO,

(B) MgO, Ba0, CO, NO
(©) S0,,S0,, NO,, CO,
(D) CO, SO, , SO, ,NO



10.

11.

0.1 mol/L citric acid is neutralised by a solution of 0.1 mol/L. sodium hydroxide.
Choose the best indicator for this titration.

(A) Methyl orange.

(B) Phenolphthalein.
(C) Bromothymol blue.
(D) Universal.

Which statement is true?
In a galvanic cell:

(A) oxidation occurs at the cathode
(B) cations flow from the anode half-cell to the cathode half-cell through the salt bridge

(C) electrical energy is used to bring about a chemical change
(D) the cathode is assigned a negative charge

Consider the following electron transfer reaction.

MnO, + 4HCl &= MnCl, + 2H,0 + Cl,

Which statement is incorrect?

(A) The oxidation state of manganese in MnCl, is +2
(B) The oxidation state of manganese in MnO, is +4
(C) The oxidation state of chlorine in Cl, is 0.

(D) The oxidation state of oxygen in water is 0.

The following equation represents the nuclear decay of radium-83.
Ra — “DAc+ X
Identify the species matked X.

(A) Analpha particle.
(B) A beta paricle.
(C) A neutron.

(D) A proton.

What is Biological Oxygen Demand (BOD)?

(A) A measure of the number of aerobic organisms in a sample of water.

(B) A measure of organic wastes that can be broken down by organisms in a body of water .

(C) A measure of inorganic wastes that can be broken down by anaerobic organisms.
(D) The quantity of oxygen needed to respire organic wastes in a body of water.



12. Consider the four chloroalkanes.

2 4-dichloropentane
2. 4-dichlorohexane
2,3-dichlorohexane

==

2,2,3,3-tetrachloropentane

Which of the above chloroalkanes are isomers?

(A) TandIlI
(B) IandiV
(C) MW and I
(D) Mand1V

13. Which of the following is a list of the atmospheric gases in decreasing order of abundance?

(A) Oxygen; carbon dioxide; neon; methane.
(B) Oxygen; argon; helium; carbon dioxide.

(C) Nitrogen; oxygen; argon; catbon dioxide.
(D) Oxygen; nitrogen; argon; carbon dioxide.

14. 'Which gaseous molecule contains a coordinate covalent bond?
(A) Carbon dioxide.
(B) Water vapour.
(C) Ozone.
(D) Oxygen.

15. Choose the equation which correctly describes the incomplete combustion of octane.

9
(A) CiHy + =0, — 8C + 9H,0

(B) CH, + 100, — 8CO, + 4H,0
(€ CH, + -2;02 — 8CO, + 9H,0

(D) CH, + 20, — 8C + 4H,0

End of Part A



Student No. ..o i
Section I (continued)
Part B — 75 marks
Attempt ALL questions
Allow about 2 hours for this part

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

Marks
Question 16 (7 marks)
During your Chemistry course you carried out a first-hand investigation to comparée the
reactivity of alkanes and alkenes.
(a) Name the alkane and alkene you compared and draw structural formulae to represent
both compounds. 2
(b) Describe the method used to compare the reactivity of the two hydrocarbons. 2

Question 16 continues on page 7

-6-
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Question 16 (continued)

Marks
() Describe the results of your investigation including any relevant chemical equations. 3
Question 17 (5 marks)
(a) Draw a structural formula to represent the compound which is commerically known as
viny! chloride. 1
(b) Give the systematic name for this compound. 1
()  Vinyl chloride forms an addition polymer.
(i) What is meant by an "addition" polymer? - 1

Question 17 continues on page 8
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Question 17 (¢) (continued)

Marks
(i) Draw a section of the polymer formed from vinyl chloride showing three
repeating units. 1
(i) Identify a use for this polymer 1
Question 18 (3 marks)
Describe and account for the many uses of ethanol as a solvent for both polar and non-polar
substances. 3



Student NO. .. oo,

Question 19 (2 marks)
The transuranic element, americium-241, is made by bombarding plutontum-239 with
neutrons; a small patticle is emitted in the process.

{a) What are transuranic elements?

(b) Wiite a nuclear equation for the process described above.

Question 20 (4 marks)

By referring to the table of reduction potentials provided, discuss the relationship between

the displacement of metal ions in solution by other metals and the relative activity of metals.

Use relevant equations or half-equations in your answer.

~ Marks
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Question 21 (2 marks)

When limestone is strongly heated it decomposes to form calcium oxide and carbon
dioxide according to the equation:

CaCO, — Ca0, + CO,
5} L3

What is the maximum volume of catbon dioxide, measured at 25°C and 100 kPa pressure,
that can be produced when 3.7 g of calcium carbonate decomposes?

Question 22 (3 marks)

Describe the use of Atomic Absorption Spectroscopy and assess its impact on scientific
understanding of the effects of trace elements. Refer to a least ONE trace element in your

answer.

-10 -

Marks
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Marks
Question 23 (4 marks)
The pH values of two monoprotic acids (represented as HX and HY) of the same
concentration are shown in the table below.
Acid | Concentration (mol L1) {| pH
HX 0.1 5.1
HY 0.1 1.0
(a) Explain why the two acids have different pH values. 2
(b) Write an equation for the reaction of HX with water. 1
(¢) Calculate the [H*] of a solution of HY. 1

<11 -



Stadent No. . ..o,

Question 24 (6 marks)

A student wishing to deteimine the concentration of a sodium hydroxide solution by
titration found that 38 4 mL of 0.15 mol L™ sulfuric acid solution was needed to react

with 25.0 mL of the sodium hydroxide solution.

(a) Calculate the concentration of the sodium hydroxide solution, in mol L.

(b) Explain how the student would know when the two solutions had reacted completely.

{c) List THREE items of laboratory glassware that are used during titrations and
describe how each is rinsed prior to carrying out the titration.

-12 -

Marks
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Marks
Question 25 (4 marks)
(a) Qualitatively describe the effect of buffers with reference to a specific example in a
natural system. 2
(by Identify a specific chemical which can be used to minimise damage in a chemical
spill and explain why it is effective. 2

-13-
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Marks

Question 26 (10 marks)
The Haber process was developed in 1908 as a method of synthesising ammonia and was
converted into a successful industrial process during the following decade.
(a) Evaluate the significance of the Haber process at that time in world history. 2
(b) Identify TWO reasons for ammonia synthesis continuing to be significant today. 2
(¢) (1) Write an equation that describes the Haber process. 1

(i1) Is the synthesis of ammonia an exothermic or endothermic reaction? 1

Question 26 continnes on page 15

-14 -
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Question 26 (continued)
Marks

(d) By analysing the factors affecting ammonia synthesis, explain why the Haber process
requires a compromise between these factors. 4

End of Question 26

-15-
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 Marks
Question 27 ( 8 marks)
(a) Explain why the presence of ozone in the upper atmosphere is beneficial to life on earth. 2
(b) CFCs can lower the concentration of ozone in the upper atmosphere.
(iy Which element in the molecules of CECs causes the destruction of the ozone
molecule? 1
(i) Write an equation which shows how ozone is destroyed by this element. 1
(¢) () Using electron dot diagrams (Lewis diagrams), draw and label the oxygen
molecule and the ozone molecule. 2
(ii) Referring to their structure and bonding, compare oxygen and ozone over one
property. 2

-16-



Stodent NO. .. oo e,

" Marks

Question 28 (12 marks)
Many working chemists are involved in monitoring the Earth's atmosphere, o1 the Earth's
hydrosphere.
(2) In the atmosphere, changes in ozone concentration have been reported over the last

twenty years, and these changes have been attributed to CFCs.

Analyse the evidence that indicates these changes have occurred and explain how the

information is obtained. 3
(b) The CFC-113 was used as a solvent and has the systematic name:

2,2, 2 - tuchloro -1, 1, 1 - trifluoroethane
(i)  Draw the structural formula of this CFC. 1

Question 28 continues on page 18
_17-
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Question 28 (b) (continued) Marks

(ify Draw an isomer of CFC-113 and name it systematically. 2

(¢) Incity water supplies many undesirable irnpurities are present.
()  Describe the physical and chemical processes used to purify and sanitise your

local water supply. You may use a clearly and thoroughly labelled diagram
if you wish. 3

Question 28 continues on page 19

- 18 -
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Question 28 (¢) (continued) Marks

(if)  Assess the effectiveness of this process. 1

Question 28 continues on page 20

- 19 -
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Question 28 (continued) Marks

(d) (1) Purification of recycled water may include microscopic membrane filtration.
The cross-sectional diagram below shows a bundle of membzane fibies in
the filter unit.

Correctly label A and B as "dirty water flow" and "clean water flow".

membrane filter unit
fibres
— A
B 1
(i) Desciibe ONE advantage of mictoscopic membrane filtration over traditional
sand and gravel filtration. 1

End of Question 28

-20 -
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Marks
Question 29 (5 marks)
Some Year 12 students carried out a first-hand investigation to determine the presence of
anions in a sample of water. They were given the following information:
» All chlorides are soluble except silver and lead
+  All sulfates are soluble except silver, lead, barium, calcium and strontium
* Carbonates neutralise acids
* Phosphates will form a bright yellow precipitate with oxyanions of molybdenum
Their procedure and results are summarised in the following table.
Procedure Observations
1. Addition of excess HNO, Vigorous bubbling and fizzing
12.  Addition of excess barium nitrate No visible reaction
3.  Addition of excess silver nitrate A white precipitate formed
4.  The precipitate was filtered off
5. Ammonium molybdate was added No visible reaction
(&) Which TWO ions have been identified as being in the sample by this procedure? 2
(b) Write a net ionic equation to describe the reaction in (3) of the procedure. 1

Question 29 continues on page 22

-21-
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Question 29 (continued) Marks

(c) Isthis analysis qualitative or quantitative? 1

(d) Explain why the order in which the tests were carried out is important, referring to the
error that would be caused by adding silver nitrate before barium nitrate, 1

End of Question 29

End of Section 1

_292 -
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Section 11

10 marks '

Attempt EITHER Question 30 OR Question 31
Allow about 30 minutes for this section

Use the spaces provided on the paper.

Marks
EITHER
Shipwrecks, Corrosion and Conservation
Question 30 (10 marks)
(a) From yowr knowledge of electron transfer and metal reactivity, circle the diagram
below which illustrates the conditions necessary for a reaction to occur. 1
zinc copper
copper sulfate solution copper sulfate solution copper sulfate solution
A B C
(b) Identify the sources of the salts dissolved in the ocean. 2

Question 30 continues on page 24

-23 -
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Question 30 (continued)

Marks
(¢} (i) Explain why steel has been the most popular material for ship building since the
mid 19th century. 2
(i) Describe the conditions under which rusting occurs and explain the process of
tusting, using relevant equations where appropriate. 5

OR

_24 -
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Marks
Forensic Chemistry
Question 31 (10 marks)
(a) (i) Use the words organic or inorganic to describe the following chemicals. 2
Potassium cyanide
Methane
Glucose
Calcium carbonate
(ii) Describe a test that could be done in the laboratory to distinguish between an
alcohol and an alkanoic acid. 1
(iii) Explain how the inorganic chemical properties of soil may be useful evidence
in a forensic examination. 2

Question 31 continues on page 26

=25
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Question 30 (continued)
Marks

(b) Discuss, using a recent example, how progress in analytical chemistry and changes in
technology can alter the outome of a forensic investigation. 5

End of Paper

- 26 -
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Section I
Total marks ~ 90

Part A
15 marks

Attempt Questions 1-15
Allow about 30 minutes for this part

Use the multiple-choice answer sheet

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 < 3 D) 9
O B@d OO O O
If you think you have made a mistake, put a cross through the incorrect answer and fill in the
new answer.
W WM 0O OO
If you change 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

4‘/
W W, 0O oo

What is the purpose of cracking during the refining of petroleum?

(A) To convert natural gas into petrol and other fuels.

(B) To increase the yields of heavy oils and tars.

{(C) To obtamn a higher yield of petrol and other fuels from crude oil.
(D) To lower the temperature at which crude oil is distilled.

Identify the products of the anaerobic fermentation of sugars.

(A) Ethanol and carbon dioxide.
(B) Gluéose and water.

(C) Yeast and carbon dioxide.
(D) Ethanol and water.

What is the meaning of this statement?
“The molar heat of combustion of ethanol 1s 1367 k)"

(A) 1367 kJ of energy is needed to completely burn one mole of ethanol.
(B) 1367 kJ is used up when 46.1 g ethanol undergoes complete combustion.

(C) Chemical energy is decreased by 1367 kJ when one mole of ethanol is converted
to carbon dioxide and water.

(D) There is a transfer of 1367 kJ from the environment to ethanol during the complete
combustion of one mole of ethanol.

Which of the following could be classed as an acid by the Lowry-Bronsted theory, but not by
Lavoisier’s theory?

@ co,
(B) HCI
(C) HNO,

(D) CH,COOH
A solution of barium hydroxide has a concentration of .005 mol L' .
What is 1ts pH at 25°C?

(A) 23
B) 117
© 2

D) 12

Which list only contains acidic oxides?
(A) NO,Co, C0,, S0,
(B) MgO, Ba0, CO,NO

(€) $0,,50,, N0, , €O,
(D) €O, SO,, SO, , NO




10.

1L

0.1 mol/L citric acid is neutralised by a solution of 0.1 mol/L sodium hydroxide.
Choose the best indicator for this titration.

GV
(B)
©
()

Methyl orange.
Phenolphthalein.
Bromothymol biue.
Universal.

Which statement is true?

In a gaivanic cell:

(A)
(B)
©
D)

oxidation occurs at the cathode

cations flow from the anode half-cell 1o the cathode half-cell through the sait bridge
electrical energy is used to bring about a chemical change

the cathode is assigned a negative charge

Consider the following electron transfer reaction.

MnO, + 4HCl &= MnCl, + 2H,0 + Cl,

Which statement 1s incorrect?

(A)
®)
©
D)

The oxidation state of manganese in MnCl, is +2.
The oxidation state of manganese in MnO, is +4.
The oxidation state of chiorine in Cl, 15 0.

The oxidation state of oxygen in water is 0.

The following equation represents the nuclear decay of radium-88.

228 228
gRa — “HAc + X

Identify the species marked X.

GV
(B)
©
D)

An alpha particle.
A beta paricle.

A neutron.

A proton.

What 1s Biological Oxygen Demand (BOD)?

A)
®)
©
D)

A measure of the number of aerobic organisms in a sample of water.

A measure of organic wastes that can be broken down by organisms in a body of water.

A measure of inorganic wastes that can be broken down by anaerobic organisms.
The quantity of oxygen needed (o respire organic wastes in a body of water.

12.

13.

14.

15.

Constider the four chloroalkanes.

I 2,4-dichloropentane
I 24-dichlorohexane
oI 2,3-dichlorohexane
IV 2,2.3,3-tetrachloropentane

‘Which of the above chloroalkanes are 1somers?

(A) landUI
B) IandIV
(C) Hand I
(D) IandIV

Which of the following is a list of the atmospheric gases in decreasing order of abundance?

(A) Oxygen; carbon dioxide; neon; methane.
(B) Oxygen; argon; helium; carbon dioxide.
(C) Nitrogen; oxygen; argon; carbon dioxide.

(D) Oxygen; nitrogen; argon; carbon dioxide.

Which gaseous molecule contains a coordinate covalent bond?
(A) Carbon dioxide.

(B) Water vapour.

(C) Ozone.

(D) Oxygen.

Choose the equation which correctly describes the incomplete combustion of octane.

(A) CH, + %02 - 8C + 9H,0
(B) CH, + 100, — 8CO, + 4H,0
(C) CH, + -255-02 - 8CO, + 9H,0
(D) CH, + 20, — 8C + 4H,0

End of Part A
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Question 17 (c) (continued)
Marks
(i) Draw asection of the polymer formed from vinyl chloride showing three
repeating units. 1
ctH ¢t H ctv oH
{ { { | { \
—~C—-—C —Cc—C—-—C—~C~—
\ l l { ( }
o H H " H H
(iit) Identify a use for this polymer. 1
Sowoge  diownogr pipes [/ colen hoses |/
taselobien. Arounol edechrcal wres [ downpipes « gulering
Question 18 (3 marks)
Describe and account for the many uses of ethanol as a solvent for both polar and non-polar
substances. 3
...................... Ethanol is @ good solvent for short chain One mark for B S LT YT YT IRR
hydrocarbons, which are non-polar molecules, | discussion of dual noture
...................... and other carbon compounds which have of molecule.
short hydrocarbon chains.
,,,,,,,,,,,,,,,,,,,,,, !t is also o goed solvent for polar molecules, One mark for

some ionic substances and for water and discusston of hydrogen
substances in aqueous solution. bonding or polar
Molecules of ethanot have a dual nature. The | interactions.

end of the molecule is an ~OH group which

forms hydrogen bonds with water and is One mark for e,
attracted to polar molecules. This part of discussion of non-polar

"""""""""""" alcohol molecules is described as hydrophilic | inferactions. b O ORS
{water loving).

....................... The hydrocarbon chain 1s non-polar

{hydrophobic ~ water hating) as carbon and
hydrogen atoms have almost identical
elecironegativity. This non-polar part of the
molecule is not repelled by other non-polar
molecules and allows the alcohol to mix with
these non-polar molecules.

B b 000t e bl et tb s aretasssettoiasinsssnernstorssnnronerssennreotaneoanssnnnsonseossnons

Student No.
Question 19 (2 marks)

The transuranic element, americium-241, is made by bombarding plutonium-239 with
neutrons; a small particle is emitted In the process.

(a) What are transuranic elements?

.............. Elemeats with Afomic Number > 92,

are those elements with produced by bombardment of other nuclei
otomic numbers greater than 92. They are ... with neutrons or high speed positive particles .....
artificially produced and are found in the

SUCI’I as helium of CGI'bOn nUC'eI.

(b) Write a nuclear equation for the process described above.

Question 20 (4 marks)

referring to the table of reduction potentials provided, discuss the relationship between
the displacement of mefal ions in solution by other metals and the relative activity of metals.
Use relevant equations or half-equations in your answer,

AD.mock. foc...dentifyip.... mate.. ol Less xeachive. mekels. Rom.
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Section I (continued)

Part B - 75 marks

Attempt ALL questions

Allow about 2 hours for this part

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

Marks

Question 16 (7 marks)

During your Chemistry course you carried out a first-hand investigation to compare the

reactivity of alkanes and alkenes.

(@) Name the alkane and alkene You compared and draw structural formulae to represent
both compounds, 2
~eyclohexane. . cyclohexeng. ..o

N AN
-7 c=cC
Ve c \ H‘ AY s N\ H‘
H N\ /H / C ¢ <
,C /C’\ H o B s “H
i Se-¢ A "
/N ITH oA J
L P Ho
| eocke - nome mo&% coseck  shruchual Fox—ku_/bg_,
o (a)
gﬁ?gr"z‘é"::g?‘iic% CH, One mark for suitable
chons~ thoen | e conpons
CHz = CHCHCH,CHcH, formolae.

(b) Describe the method used to compare the reactivity of the two hydrocarbons, 2
amuoxeeac{‘vh&ebvm@\we&plawm(szpw anka..
&\MH@JMWS\Awm@waom
w@uﬁdvfsof%wwmwwéowk&hmw
..... te test fubms were. stepmseed amol shaken. Colows /o v
e WO 1o urloo]. o The Vesk b et lofb in Mo, dlow. Re 10-20min

j One mark for
1 conirolling the

. . experiment,
Question 16 continues on page 7 ' .
| One mark for addition
-6-

of bromine gnd
* observotion of colour
oy

Alkanes do not reqct
_ Alkenes react capidly with bromine. An light is present,
" addition reaction occurs and no HBr {g) is
 tormed. Bromine is rapidly decolourised even

" 10 the absence of UV light.

When alkanes do reqct,
substifution reaction, A
o hydrogen atom n the

with bromine unless Uy

they do so by o
bromine afom replaces T e s
alkane molecule.

CeHiz g) + Bz fg) ~ Cabhbrs {) CoFhe ) + 8z (g) = Cybi (] + Hr g) Marks
(¢)  Describe the results of your investigation including any relevant cheqﬁqal equations. N 3
' ® Sydonesene in fe dosk ool in fla Lghl: immesleitel, decolognesdd
| T Brwale whick wenk fun omnge fo lowtess
v e b 25000 H ............ NIRRTt B 51"‘__“ SR
loamofj \ﬂ— .’ .............................. H"C,--C‘,\ ...... YARRILLILE z‘/ uation. @
ok Pl BBy ¢! P —_— u_/ C—:‘H ! <
8 /N 0T A SO H# /C‘\ ....... S T TR S : One mark far O
S}M}’U\”/KQ/ ................. H/( L H ) -C\H O rasul.
................... S OO OTUT RO A
Bromme+ cyclohexene ——=

....................

! o Gydohexane in stroney LY 1ok slecolowrsed Bry wader ofier aomin
G Ria  F By s coH B & HB

Question 17 (5 marks)

: - VA ; )
ftehexong ¥ romie T2 bromocydoherane + bydege

o7

(2) Draw a structural formula to represent the compound which 1s commerically known as

vinyl chloride,

()  Vinyl chloride forms an addition polymer.

(i)  What is meant by an "addition" polymer?

The

Question 17 continues on_nnas_e

- carbon atoms. As the monomers link together,

An addition polymer 1s formed by the linking
logether of monomer units into o long chain.
The monomer units have g double bond
lomning 2 carbon atoms. Hydrogen or ofher
oloms are attached as side groups to the 1

electrans trom each of the double bonds of
the neighbouring molecyles join together 1o
torm a single covalent bond which holds the
neighbouring units fogether.

.........................................

One mark if both the
concepl of ”oddili(?n"
and the_concent of




Question 20,
Active metals are those which are good Pbls} & Pb? + 2e" E',4=+0.13V
reducing agents and readily give up electrons 2H,0 + 2e” = Halg] + 20H

{are oxidised). They are found high, on the £y = 0,83V

righthand side of the table of reduction Overall equation

potentials. - - 2.
Metals will dispiace other metals which are Pols) + 2H,0 = Helg] + 20H + Pb

One mark for
identilication of position
of active versus less
aclive metals on the
table or correctly

less active fi.e. fower down the table on the Elorat = -0.70V * identilying examples of
righthand side) from a solution containing Pbls} = Pb* + 2¢” E'oig = +0.13V * more and less aclive
ions of the less active metai. 2H' + 2" = Hyfg) E'w = -0.00V melals.

The most aclive melals are recognised by their Overall equation

ability to react with water and acids to form Pbis) + 2H* = Halg) + Pb® Elowis = +0.13V
hydrogen gos. o ) . Active metals will displace less aclive metals
For example, calcium metal, high on the right- from solutions containing tons of the less
hand side of the table, reacts vigorously with active metal, as shown by the following metals.

water and hydrochloric acid to produce example, ) . One mark tor
hydrogen gas: Cals) 2 Ca® + 2¢" E'og = +2.87V demonsiration of

Cafs) = Ca? + 2&” E'oua = +2.87V Pb¥ + 26 2 Pbls) s = <013V understanding of
2H,QO + 2e" = Hy(g) + 20H" E'g = -0.83V Overall equation b ’ displacement recctions.

Overall equation . Cafs) + Pb* = Ca® + Pbls} E'er = +2.74V
Cals) + 2H,0 = Hafg) + 20H" + Co The positive value for the overall E value
Elones = +2.04V shows the reaction will occur spontaneously. demonsirate at least
Cafs} # Ca™ + 267 Elouy = +2.87V The less active metal, lead, will not displace ! one displacement
2H+ + 2e- = Hylg) Ens = -0.00V calcium from a solution containing calcium 1
Overalf equation ions:
Cafs) + 2H" & Hy[g} + Ca2* Pb(s) & Pb>* + 2e~ E'oug = +0.13V
B’ qreran = +2.87V Co® + 2e” & Cols) E'pq =-2.87V
The positive values of the eleciromotive force, Overall equation
calculated using the values from the table, Pbis} + Ca® = Pb* + Cofs) Eoweat = ~2.74Y
indicate that these reactions occur ' The negative value for the overall E° valve
spontaneously. shows the reaction will not occur
A less active melal, such as lead, will not spontaneously. 1
react with water [as shown by the negative -
overall E” vaive) and will only react very
slowly with acid [as shown by the small
overall E' value).

One mark for use of
E* values to identify
active versus less active

One mark for correct
equations used fo

- .‘All....@,Q{.‘lm...m.a!{‘ﬁe/:.....‘\./.;'1[.‘;9[!(.@...%...:ﬁ[e&(ﬁ’.&a&...mq(/féf...A?).(/Z:(@) Can 19
- The more active. 0. metal is, P sk if is.on e tabk.sY. W‘,%

strcolocly pofeclid Vodee. 4. publiled o fb. (able... aovinid, dke
'_...A..m.am....%m..m&/ﬂ.(...ﬂkK[...Q(ZS/../Qcﬂ Ae....eas o'_# a.Jess .
Achire. aelad.. L m ageeods. soluhen, . anel 0. 50 a/o;l;f G 1P

genende o positve. emf, W
eq Zos2. 2o s 95, (oxiclahan of moe recchie [ duertt
pal) N oy y
metel) o soliof Zine 3oes inhd sohuhan
4 - .
Q;.a(,,y) + e — G,L(c\ ((cecheehion o 1le less /
recchire woﬁd) The Gqueous G ians Come.. gk \ xdl
of soluho. ansl ence G has han clisplacestioy )
ZinE |

— The tolud em€ of 1o dlsplocehont s @0-76v (2,\»724“.-1??2 o

i

%

%}

+-_ 034V ([@Xiiev0.
10V
— IF solf eoppr was plawolin a. zinc joa solufion A0 ohsplcnat
WOl OCCer btewarse 45 fess reactie flaw Zine a-d
He Plal enf = =110V whal B il not 7oaa/ma«§7 =/
occn .

-
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reaction. 4

Student No.

Marks
Question 21 (2 marks)

vy he“ lilneStone is Strongly heated 1t decompo. {4 a[c 1d t
R . mposes to forﬂ'l C 3)
Il 3 i tion: 1um oxide and carbon

M s HOOS +ize0(tqg

CaCO,, — Ca0, + CO, B . oo 0g
I : : ‘

f

’

What 15 the maximum volume of carbon dioxi k
7 v Xide, measured at 25°C and 100 kPa pre
that can be produced when 3.7 g of calcium carbonate decomposes? pressure,

2
Question 22 (3 marks)
Describe the use of Atomic Abso its i
) ) rption Spectroscopy and assess its impact on scientifi
understanding of the effects Ree elemont 1 v
anderst g of trace elements. Refer to a least ONE trace element in your
3

ollwbonts o

- 10




Student No. ......co.oooeevvcrecienieeeenn
Marks
Question 23 (4 marks)
The pH vatues of two monoprotic acids (represented as HX and HY) of the same
concentration are shown in the table below.
Acid | Concentration (mol L-}) | pH
HX 0.1 5.1
HY 0.1 1.0
(a)  Explain why the two acids have different pH vaiues. 2
CHY s a4 sheag acel because W 1oqises
...... opleldy  (LHYT. 7. [H]) /

HX is @ weabk qcol because

(b) Write an equation for the reaction of HX with water. 1

©

“11-

Sample answers

Marking Guide

Question 23.
{a)

The acids have different pH valves because

one is strong {HY} ond the other 1s weak [HX).

HY ionises completely in woter:

HY + H,O = H;0" + Y-

HX ionises partially in water and hence
produces fewer hydrogen (ons [and a higher
pH} than HY ot the same concentration:

HX + H,O = H,O' + X-

{b)
HX + H,O = H,O* + X

{<)

[H] = 10
=10"°

= 0.1 mol L

(a)

One mark for
identitication of HY as a
strong acid and HX as o
weak acid.

One mark for
explonation in terms of
degree of ionisalion or
correct equations
showing complete
reaclion for HY and an
equilibrum for HX

{b}

One mark. Equation

must show equilibrium

arfows.

(<}

One mark if both

valve and units correct.
a4

Question 24.
(a)
2NaOH + H504 = Na:SO, + 2H,0

2moles + ¥ mole

(a)
One mark calculation
of moles of NaOH or

No. of moles HSO, reacted = {38.4/1000}
x0.15

=576 x 107

Hence no. moles NaOH present = 2 x 5.76 x
107

Concentration sodium hydroxide soluiion
=2x576x10%/25x107

=0.461 mol t*

(b}

Indicotors or pH melers are used during
fitration reaclions fo show the end point {when
the 2 solutions have reacted in the correct
sioichiomeiric proportions, as determined by
the equation).

Since this 1s @ strong acid/strong base
reaction, then the pH should be close 1o 7 at
the end point, with the pH chongmg from very
high to very low over a one drop range. An
indicator such as phenolphthalein is suitable;
initicfly the colour in the flask will be
pink/purple which will change to coloudess at
the end point. Other indicators litmus,
bromolhymol blue, methyl orange, but not
universal) could also be used.

(<}

Burette: rinsed with the solution to be placed
in it

Conicol flosk: rinsed with distilled water.
Pipette: rinsed with the solufion being
delivered from it.

recognition of 2:1 ratio
ot moles NoOH: moles

H,50,

One mark calculation
concentration of NaOH.

{b)

One mark it correct
explanation given
{cannot just be o
statement).

(e)

One mark for each
piece of equipment only
if washing technique
correct.




Stadent No. ...
Marks
Question 24 (6 marks)
A student wishing to determine the concentration of a sodjum hydroxide solution by
titration found that 38.4 mL of 0.15 mol L"* sulfuric acid solution was needed to react
with 25.0 mL of the sodium hydroxide solution,
(a)  Calculate the concentration of the sodium hydroxide sofution, in mo} L™ 2
RNCCH o Hy$04.. T NaySOy #LHa0
......... R
Aoles Hafly = 0: 0384 Lx OuiSmol! = i 76xi07S
o Moles MROH= 2% 5:76x072 - 1.5 x0d (7]
o Cnnon. 2, 52X /0—3"046/ molbTl —@
00T
(b)  Explain how the student would know when the two solutions had reacted com;l)letely. 1
The..add-base...so0kibator.. woukd. W e T S

...... epye. COllrz (s 1his 5. a. Sy aesefodrong. brse
é%ﬂe%w?@;/wm&%yp#7%wﬂ»m
@@Wmmgﬁw/& Qépﬂo&‘,ua/é(
cAdppe fome pink p m/ﬁ’;)

(c) List THREE items of laboratory glassware that are used during titrations and

describe how each is rinsed pricr to carrying out the titration. 3

He... toaicad fask..... ~0)

-12-

Question 25 (4 marks)

(@)  Qualitati vely descri
natural system.

StudentNo. ... .~
Marks
be the effect of buffers with reference to a specific example 1n a
2
....................... seetd st (1)
Bt Msmitaen Q. 0n2(E0l P 0ol by, Exprd et opnd
Ut Mo oz Goboleel o 5.,
‘%&\%&MM ot S Afeged (7™
......... \ | )

() Identify a specific ch

; i1 chemical which can be
spill and explain why it is effective.

used to minimise damage in a chemical

27 ’9&—"‘4% (247 W -
%WW — MNa, 0y~ ensd MZ(Q/—/@




Student No.

Question 26 (10 marks)

The Haber process was developed in 1908 as a method of synthesising ammonia and was
converted into a successful industrial process during the following decade.

(2)  Evaluate the significance of the Haber process at that time in world history. 2
(a)

The manufaciure of ammonia was PO T7 T T e e e
searly in the twenfieth century because of:

le g growing need o p(oduce ferlilisers 10 e e
grow crops for an increasing world
population, The supplies of the other
chemical ferifisers {e.g. sodium nitrate)
were dimmishing.

- ¢ the need to produce explosives in pre-
World War [ Europe.

i
i
|
i
]
i

The production of ammonia is imporfant foday = +trreereer e,
as it is a source of:
................... * fertilisers

* cleaning agents and detergents
* fibres and plastics

* nitric acid and explosives.

() () Writean equation that describes the Haber process. 1
+ 3 NH
................. NQ'CS\)S&Q’))&:—")’(TD
(i)  Is the synthesis of ammonia an exothermic or endothermic reaction? 1
Exotherm (c

Question 26 continues on page 15

4.

Question 26 (continued) Marks

(d) By analysing the factors affecting ammonia synthesis, explain why the Haber process 4
requires a compromise between these factors.

ok procducks. . onek_use oF e cakalish .

°.Becouss.. ammeaia. synthesis. B an.equilila o ackion
00 2ack. of Mass.. fonchors.. abkects. e eqil o rions. Alotstty,

V5 .ru}»W{ ..,.Jm...%ah.a{...%mszt...»{{.eto(...@[’...a.r.nmmlay .............................
J 3. Teopum ...itw.c...mo.s).—...bz..k{ﬁr.\....@Qm@k..&a..aghs.m..a.soaﬂ
cole. bw\'...f.\.o.k....bq.he@h,.begw..ex.\.e%..(.o ok fvowss
............ 7. P SN % . )
gormmﬁfr@\mb(@hwéwm&”@”%%
o‘Pfﬁsswﬂssb&skwhgkmpmb’lz,aslwwo({»@we

lysis Sm%’(heimbnumb»m>procbm#?@ym47m

..... mosk ez, unoundzned. a1 =3 anok NHy. mvsh ke
..... emovest as ik s, formesl 5o, Mo couilibrmun Bivous

..?...Pr...cmwﬁs}...d@.@s.noh..@{@[ﬁdﬁﬁ,@..pos honel o ..
ok atiuin. ot g nololog o goodl rode.of
.................... skmmr@omwxﬁqr%%

End of Question 26
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Question 27 ( 8 marks)

(2)  Explamn why the presence of ozone in the upper atmosphere is beneficial to life on earth.

Question 27,
........ ia)

Ozone 1n upper atmosphere (stratosphere} is
a benefil to life on earth. In the upper
atmosphere the ozone acts lo protect the earth
srrereeereed from radiation by absorbing the high energy

' UV radiation, while allowing the low energy
............ 4 UV radialion to reach the earth. This high
; energy UV radiation would cause cancerous
. fissues {skin cancer) if it reached the earth, A

StudentNo. ...

@ i,
One mark tor

description of selective  ........euuee..s...
UV absorplion and

'rcnsm'ssio“‘ -------------------
One mark for problem
it UV radiotion reaches
earth.

 region where there is a decrease 1n amount of
ozone is known as the ozone hole.

{(b)  CFCs can lower the concentration of ozone in the upper atmosphere.

(i)  Which element in the molecules of CECs causes the destruction of the ozone
molecule?

(i) Write an equation which shows how ozone is destroyed by this element,

© © Using elecron dot diagrams (Lewis diagrams), draw and label the oxygen
molecule and the ozone molecule.

LEd 5

& s ? g4
© s 0 ¢ [Pt LN —_> 2* % oy
a 0 . o
030, Qg < 0 o

Noust be beaat

(i) Referring to their structure and bonding, compare oxygen and ozone over one

property.
Prpechios.x.. Bebos. 2olukilby 5. Rackiby..
%:£:..005 03 . Oahc‘smom?irvwvefrhseem&uems

........................ Q3.1 berk, polor s mow et foit,0
B Q2,005 fo break clocly borot fo

RS 00,0007 o sak....03. reaks o sreole poned

2

Student No. ...
Marks

Question 28 (12 marks)
Many working chemists are mvotved in monitoring the Earth's atmosphere, or the Earth's
hydrosphere.
(2)  Inthe atmosphere, changes in ozone concentration have been reported over the last

twenty years, and these changes have been attributed to CECs.

Analyse the evidence that indicates these changes have occurred and explain how the

information 1s obtained. 3

TL‘z] bhoo  betn wto% useod since fle (g5

(b) The CFC-113 was used as a solvent and has the systemnatic name:
2,2,2 -trichloro -1, 1, 1 - trifluoroethane

(i)  Draw the structural formuia of this CFC,

F Cl a o F

{ ! ! o
~ . i eR cl-C - C--
F IC C" CI { i

F Cl

Question 28 continues on page 18




Stodent No. ..o
Question 28 (b) (continued) Marks
(i) Draw an 1somer of CFC-113 and name it systeratically. 2
Focl
! / /
F-C-C-F
U li
et ol
2.4, 1- Frichloro- 1, 1,81 Fuowethane [

(c) Incity water supplies many undesirable impurities are present.

(1)  Describe the physical and chemical processes used to purify and sanitise your
local water supply. You may use a clearly and thoroughly labelled diagram

if you wish.

l The woder'ts cloor, colowtess anol odlourtess, alier this slee

KR e A LRI oSS A A ST B

St et st et

S%Q— ..... Floscidatan...... ”SOd\;m—Q(uam}‘Lca .............

ruph@rA . M promse... wal %U&Q«(XR\.}IS
....................... fo.. Queliby vonbaneel...fo..meed. 5ok crilensy

Question 28 continues on page 19
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Question 28 (c) (continued)

Student No. ..o

3t
[T
P8 e
Do waler == : sordl talkes
PO Lloccutobhen
Yol Z
G e cemoves

T . e -

tmpunities cothert Qropnic. ¢ IO

to pi@;ﬁ)s oot sl p%% o Al
o boltonm SUSp

enod User e JF
1 prt ooli‘ogtea(

| moole o Qlocendahen
U meak o @l
| ek B atliy Cye

Mousk te 1n r—(,:z)lw(— orcles~

Musk  owe \QCF[W\O\/‘)’@JV& lobaels
M()?“ \QQ r\p,c.&,"\ cleor— o meb o QO“O«_J

(i)  Assess the effectiveness of this process. 1
Wawm*lsabﬂmabmws/*mofg .......... 4
... Qbove. process fadled In 1998 when levels af
Meat AN ses o bdledd. il o, Beller. melthods. wionld

7’hfcwom/cwszyrwfwsls/r/& Consumass. Most
..e/;..ﬂ.q...h.m.....f?a...é;/g.q:u:e...m.e./ﬁ’!\z.ca(..Zs....é.c.f,.ﬁ'l'}.c¢é4fﬁ...4;...qqst..eﬂ%ch&e ,

Question 28 continues on page 20
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Student No. ..o

Question 28 (continued) Marks

(@) (i) Purification of recycled water may iclude microscopic membrane filtration.
The cross-sectional diagram below shows a bundle of membrane fibres in
the filter vnit.

Correctly label A and B as "dirty water flow" and "clean water flow".

filter unit

membrane
fibres

(i) Describe ONE advantage of microscopic membrane filtration over traditional
sand and gravel filtration. 1

( =.lan Bl auk... mvcksma//ef',vwvhglgs ..................

) T Filhs. Ol tctonlly...100%. . portrckes ligtr o, g wize

2 “/'}7‘(’,(/(1/‘(777%<Qlfdﬁ@‘M)%$/%%ﬂAfz({/éj

\_

/ — Con withstansd L dz/i,'&ream & 3-S ot
>~ (Dn ke ea's-k/j cleanal by bock flushs, wifl,
o wader o« Hhan dsed Kff&:ﬂ

-

End of Question 28
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Student No. ..o,
Marks
Question 29 (5 marks)
Some Year 12 students carried out a first-hand investigation to determine the presence of
anions in a sample of water, They were given the following information:
+  All chlorides are soluble except silver and lead
»  All sulfates are soluble except silver, lead, barium, calcium and strontium
» Carbonates neutralise acids
» Phosphates will form a bright yellow precipitate with oxyanions of molybdenum
Their procedure and results are summarised in the following table.
Procedure Observations
1. Addition of excess HNO, Vigorous bubbling and fizzing
2. Addition of excess barium nitrate No visible reaction
3. Addition of excess silver nitrate A white precipitate formed
4.  The precipitate was filtered off
5. Ammonium molybdate was added No visible reaction
(a) Which TWO ions have been identified as being in the sample by this procedure? 2
Y, / P . A2= 9, -
Lushonate... and. chloride..... (o 070 010 )...
/ /
(b) Write anet ionic equation to describe the reaction in (3) of the procedure. 1
.................. AT S AN 1 PA—
4 “‘j/) ¢

Question 29 continues on page 22




Student No. ......cooveveceeeeeeeeerione

Question 29 (continued)

(c)  Is this analysis qualitative or quantitative?

Qa ’tll/‘CVf’NLb ....................................................................

() Explain why the order in which the tests were carried out is important, referring to the
error that would be caused by adding silver nitrate before barium nitrate.

//~Mw,sie7osmeywcﬁ/mﬁ//zﬁ/am/—/ﬁwéf;w«//

ﬁ%/%kcvfrz{v\/eﬁfnw/wwfd@ ..... (—",\504,1" .....
whick wopdd {flan be bk o z’/ﬂé‘%c'&n/‘tﬁw/&

~

End of Question 29

End of Section I
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Section Il

10 marks

Attempt EITHER Question 30 OR Question 31
Allow about 30 minutes for this section

Use the spaces provided on the paper.

Student No.

Marks
EITHER

Shipwrecks, Corrosion and Conservation
Question 30 (10 marks)
(a) From your knowledge of electron transfer and metal reactivity, circle the diagram

betow which illustrates the conditions necessary for a reaction to occur. 1

copper
copper sulfate solution copper sulfate solution |

\ A B C
(b) Identify the sources of the salts dissolved in the ocean. 2

.......... P

.gﬁd«z&;../...mgﬂm:/bm
Blone. cocks.v.sodls 1n

.00, 000 fo. Ot Modoztne
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Colcasion., chloite. s 5lfbde tias. alessoroe

(PRir odober &

/'/109,&0( ¢ s /évl@( b a/x't\,/oﬂe

| 3epo Aot waler dess Carrries Olessoluey sutfiibs
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Question 30 continues on page 22
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The oceans confain a greater concentration
of salts than fresh water. The oceans act as
electrolytes because they are solutions of
dissolved salts. These dissolved salls contain
1ons.
The sources of these ions are
- ¢ the salis which make up the rocks
of the earth’s crust and
* the chemicals making up the
magma in mid-ocean ridges
between the terrestrial plates.
Water dissolves/leaches the salts from the
terrestrial environments. These salts run info
the rivers and streams until they reach the
oceans. There they can precipitate and
seftle or can stay dissolved in the water. The
ocean currents ensure that the ions are
moved from place to place and are fairly
evenly distributed in the earth’s oceans.
As corrosion is a galvanic process then the
presence of electrolytes promotes the
corrosion reaction.
Fresh water, containing fewer ions, does not
allow the current to flow to the same extent
in a galvanic cell.

Queston 30 (continued) StudentNo. ... .~

(¢) () Explain why st [ i i i ildi i
) mg A CC)I/] t?; s;l has been the most popular materia} for ship building since the

(i) Describe the conditions under which fusting occurs and explain the process of

- rusting, using relevant equations where appropriate.
Goodidos ; eop ’
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