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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 ©) 8 (D) 9

GHhwO 6@ OO 00

If you think you have made a mistake, put a cross through the incorrect answer and fill in the
new answer.
Hwe WM 0O mO

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

WM WM OO mO




What is the JUPAC systematic name for the structure shown below?

CH, — CH, — CH, —CH — CH — CH,

Br Cl
(A) 3 -bromo - 2 - chloroheptane
(B) 4-bromo - 5 - chlorohexane
(C) 3 -bromo - 2 - chlorohexane
(D) 2 -chloro -3 - bromohexane

How many structural isomers are there with the molecular formula C,H,Cl1?

A) 2
(B) 3
€ 4
D) 5

What TWO substances are used to produce ethyl butanoate?

(A) Butanol and ethanoic acid.
(B) Butanol and ethane.
(C) Ethanol and butanoic acid.
(D) Butane and ethanol.

What does X represent in the following nuclear equation?

226 222
wRa — X + “%<Ra

(A) on
(B) e
(C) 3He
(D) |H

What is the catalyst for the conversion of ethylene into ethanol?

(A) NaOH
(B) H,SO,
(C©) Ni
(D) Pt



What are the conditions that most favour the fermentation of sugar?

(A) Warmth, oxygen, no water.
(B) Warmth, no oxygen, water.
(C) No warmth, no oxygen, no water.

(D) Warmth, oxygen, water.

Which of the following polymers is an example of a condensation polymer?

(A) Polyethylene

(B) Polyvinylchloride
(C) Polystyrene

(D) Cellulose

Data obtained from various combustion experiments is given in the table below.

Fuel CH,OH C,H,OH C,H,0H C,H,0H
MW (g/mol) 32 46 60 74
Mass used (g) 1.74 1.83 1.39 1.47
Moles used 0.0544 0.0398 0.0232 0.0199
Mass H,O (g) 300 300 300 300
AT (water) (°C) +17.4 +18.9 +17.7 +21.0

NB. The specific heat capacity of water is 4.18J g"* °C*

What is the heat of combustion of ethanol closest to, according to this set of experimental data?

(A) 394 kJ/mol
(B) 596 kJ / mol
(C) 2487 kJ / mol
(D) 515kJ/ mol

10 mL of 0.1 M HCl is made up to 1.0 L with water. What is the pH of the resulting solution?

(A) 1
B) 2
<o 3
(D) 4



10. In a titration experiment, 0.1 M sodium hydroxide solution (A) was to be added to 20 mL of
0.1 hydrochloric acid solution (B) using the apparatus shown.

e Solution A

¢ sotution B

Which one of the following procedures should have been done before titrating?

Conical flask washed with | Burette washed with
(A) solution B solution A
(B) distilled water distilled water
© solution B distilled water
(D) distilled water | solution A

11. In which of the following reactions is water acting as a Bronsted-Lowry acid?

(A) H,0,, + HP 42~(aq) == H,0, + H,PO,
(B) H0, + HCO,,, == H,0°, + co;*(aq)
(©) H,04 + NH;, +—= NH,,, + OH

- —_——
+ HS,, == H,S, + H)0,

(D) H,0

(ag)
12. What method would allow you to determine the total dissolved solids in a sample of water?

(A) AAS

(B) Electrical conductivity meter
(C) A pH meter

(D) A flame test



13.

14.

15.

Which layer of the atmosphere contains the highest concentration of ozone?

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

What is the purpose of the iron-based chemical in the Haber process?
(A) Increasing the yield of ammonia which is produced.

(B) Increasing the activation energy of the reaction.

(C) Increasing the quality of the ammonia which is produced.

(D) Increasing the rate at which the ammonia is produced.

The table gives the results of chemical tests for some cations and anions.

Ion Add cold Add Add Add

0.1 M HCI 0.1 MKSCN | 0.1 M Na,CO, 0.1 M AgNO,
Ca™ no change no change white precipitate no change
Fe’* no change red colour | brown precipitate no change
Ba® no change no change white precipitate no change
Pb> | white precipitate no change white precipitate no change
Cl- no change no change no change white precipitate

When a group of students performed the above tests on an unknown solution they obtained the
following results.

Add cold Add Add Add
0.1 M HC1 0.1 MKSCN | 0.1 M Na,CO, 0.1 M AgNO,
no change no change white precipitate | white precipitate

Which conclusion is consistent with these results?

(A) The sample contained both CaCl, and BaCl,.
(B) The sample contained both CaCl, and PbCl,.
(C) The sample contained FeCl; and PbCl,.

(D) The sample contained both FeCl; and BaCl,.

End of Part A
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Student NO. ...ccoovveeviereiieeiiccicrre e
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 (9 marks)

A student is provided with the materials listed below and is told to use whichever materials
are needed to make a galvanic cell which will generate a current.

Apparatus:
e beakers, thermometer, power pack, light globe, insulated copper wire,
voltmeter, filter paper, funnel stirring rods, emery paper

Chemicals:
¢ 1.0 M solutions of copper (II) nitrate, potassium nitrate, iron (II) nitrate

¢ De-ionised water

e Strips of copper and iron

The diagram below shows how the student set up the cell.

electron flow A ............

___%______[: _______ —

—————— — E

Question 16 continues on page 8

7



Stadent NO. .oovveeeeeeeeeeeeeeeeeereereeeeeeeenenane

Marks

Question 16 (continued)
(b) Explain your choice of C. 1
(c) Write the half-equation, showing states, for: 2

(i) the anode

(ii) the cathode
(d) Using the standard potentials table from the data sheet provided, calculate the

theoretical voltage of this galvanic cell. 1

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

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

Question 16 continues on page 9



StUdent NO. .o..eeeeeeeeeeeeeeeeeerevrisereeaeas

Marks
Question 16 (continued)
(e) Describe TWO changes you would expect to observe in the beakers if a current
flowed for a considerable length of time. 2
(1) ottt s e st s sr e ea R bbb R e e e ae e Rb s n b e et ete
() oottt ettt et et b e et h bbbt st b b e s eh e
1

(f) Explain the purpose of F.
...........................................................................................................................................
...........................................................................................................................................
..........................................................................................................................................
...........................................................................................................................................

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

End of Question 16



Student NO. ...ooveeveeeeriieeeannee, peereeeesnennnne

Question 17 (7 marks)

The simplified flowchart below refers to a production of polyethylene from crude petroleum.

crude
petroleum

process X

ethane dehydrogenatio}> ethene +

LT
process Z
polyethylene
(a) Identify process X in the above flowchart. 1

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

(b) In the empty box in the flowchart, give the formula of the other product when ethene

is formed by the process of dehydrogenation. 1
(c) Identify and describe process Z. 2
(d) Write a structural equation to show the formation of polyethylene from two ethene

monomers. 1
(e) Describe a use of the polymer polyethylene in terms of its properties. 2

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

...............................................................................................................................................................
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Student NO. ..

Marks
Question 18 (7 marks)
Consider the following equation for the equilibrium system present inside a bottle of
soda water.
CO, —— CO, + heat
@ (aq)

(a) Explain, in terms of Le Chatelier’s Principle, what would be observed if a cold bottle

of soda water is taken out of the fridge and placed in the sun. 2

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

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

(b) At 25°C, the soda water has a pH of 4.1. This is due to the reaction of CO, with water,
according to the equation:

Co,, *+ 2H,0, =— H,0', + HCO;

(a@) (aq)

(1)  Calculate the concentration of hydronium ions in the soda water at 25°C. 1

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

Question 18 continues on page 12

11



Student NO. ..oooveeeeeeeeeeeeeeeeeeeeeeeseevanenens

Marks
Question 18(b) (continued)
(i) Explain the effect on the pH of a new bottle of soda water if the cap is removed. 2
(i) Explain, using Le Chatelier’s Principle and appropriate chemical equations,
what would be observed if a solution of sodium hydroxide is added to the
soda water. 2

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

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

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

End of Question 18
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Question 19 (9 marks)

A schematic diagram relating two factories, A and B, with the surrounding environment
is given in the figure below.

FACTORY A

FACTORY B

- el
M

Factory A discharges waste water into the pond. The waste water is continuously
monitored and is free of chemical pollutants. Small fish, however, cannot survive
in the pond.

Factory B processes heavy metals. Most of the land between the factories and the
lake is used for intensive farming. Periodically the lake develops a bloom of algae
resulting in the loss of some aquatic species and the development of an unpleasant

smell. Analysis of the small fish from the river and lake show traces of heavy
metals, whilst larger fish show significantly higher concentrations of heavy metals.

(a) Identify the most likely cause of the algal bloom. 1

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

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

Question 19 continues on page 14
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Student NO. .coeoeevveeiceeenns

Question 19 (continued)

(b) Eutrophication of the lake usually results in algal bloom.

Outline a test that could be used to monitor the possible eutrophication of the lake.

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

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

(c) The small fish from the river and lake show traces of heavy metals.

(1) Identify ONE heavy metal.

D T R R P L L L R LR LR R R LR R R R

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

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

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

Question 19 continues on page 15

14
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Marks
Question 19 (continued)
(d) Outline the methods that could be used to purify and sanitise a mass water supply
such as the lake. 3

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

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

End of Question 19
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Marks
Question 20 (6 marks)
Acid rain, predominantly sulfuric acid, is having a major corrosive effect on the monuments
of the Parthenon in Athens. These monuments are made of marble (calcium carbonate).
(a) Explain, using appropriate equations, the formation and effects of acid rain. 4
(b) Over a two year period, 5 -0 g of marble corrodes from a statue.
How many grams of sulfur dioxide are needed to cause this corrosion? 2

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

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

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

...................................................................................................................................................................
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Marks
Question 21 (8 marks)
(a) What is the systematic name of the CFC in the diagram? 1
Cl Cl
l I
F —C—C— F
I l
F F
(b) Describe, using a Lewis electron-dot diagram, the bonding within ozone. 2
(c) Discuss, using relevant equations, how CFCs, like the one shown in (a), damage
the ozone layer. 3
(d) Identify alternative chemicals used to replace CFCs. 2

17




Student NO. ..oooeveeeeeeeeeteeeeeerevetaseressrans

Question 22 (10 marks)
A compound “X” has a boiling point of 163°C. A compound “Y” has a boiling point of

78°C. When “X” and “Y” were reacted together in the presence of concentrated sulfuric
acid, they formed a compound with the following structural formula.

O
| %
H-C—-C E gl
‘ ~
H O—I—— —H
I
H H

(a) Name and draw the structural formula for compound “X”. Justify your choice. 4

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

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

(b) Explain the purpose of the concentrated sulfuric acid. 2

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

Question 22 continues on page 19
18



Student NO. ...cocoviieeeeeiiccerrrcrceenen
Question 22 (continued) Marks

(c) The apparatus shown below was used in the above chemical reaction.

B~
( T

cooling water out

reaction mixture

= . .
indirect source
LI of heat

(i)  Name the experimental procedure. 1

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

(i) Explain why this experimental procedure is better than simply combining the
reactants in a beaker. 1

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

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

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

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

End of Question 22
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Question 23 (7 marks)

In the early twentieth century, Fritz Haber developed a method for producing ammonia.
(a) Write a balanced chemical equation, showing states, for this reaction.
(b) Ammonia is used as a cleaning agent. State ONE other use of ammonia.

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

(¢) Describe the conditions under which Fritz Haber developed the industrial synthesis
of ammonia and evaluate its significance on human society at that time.

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

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

(d) Explain why it is essential to monitor the temperature and pressure inside the Haber
reaction vessel.

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

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

20
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Marks
Question 24 (7 marks)
A student compared the properties of two monoprotic acids, hydrochloric acid (HCI) and
benzoic acid (CGH;COOH). Both acid solutions were 0.100 M concentration and
20.0 mL of acid was used for each test. The table below shows some of the results of the
tests conducted.
Hydrochloric acid | Benzoic acid
Test - (HCI) .. 1 (CiH;COOH)
1. Electrical conductivity (mA) 8 - | 50
2. pH S Y
3. Volume of KOH solution needed for | ~ 18.2mL =
complete neutralization (mL) e o
(a) Explain why the electrical conductivity of the two ac ‘Sohitions have different
values. , D 2
(b) Determine the expected pH of the hydrochloric acid solution. 1
(c) (1) Write a balanced chemical equation, showing states, for the reaction between v
hydrochloric acid and potassium hydroxide. 1

Question 24 continues on page 22

21
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Marks
Question 24(c) (continued)
(i) Calculate the concentration of the KOH solution used in Test 3. 2
(iit) Identify an indicator that could be used to determine the ‘end-point’ for the
reaction between benzoic acid and potassium hydroxide. 1

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

End of Question 24
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Question 25 (5 marks)

Analyse progress in the development of a named biopolymer.
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Section 11
10 marks
Attempt Question 26
Allow about 30 minutes for this section
Use the spaces provided on the paper.

Marks

Shipwrecks, Corrosion and Conservation
Question 26 (10 marks)
(a) The ocean has many minerals dissolved in it. Some of these minerals are involved

in the chemical process of corrosion.

Identify TWO different sources of the minerals dissolved in sea water. 2
(b) Describe how the work of Galvani, Volta, Davy and Faraday increased our

understanding of electron transfer reactions. 5

WLy L e s

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

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

Question 26 continues on page 25
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Question 26 (continued) Marks

(¢) (1) Ildentify the main metal used to construct ships. 1

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

(ii) Although aluminium is a very reactive metal with a low reduction potential,
it is used in many structures exposed to oxidizing conditions.

Explain why aluminium can be used this way. 2

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

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

End of Paper
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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 © 8 D) 9
WO BE@ OO OO

If you think you have made a mistake, put a cross through the incorrect answer and fill in the
new answer. :
HNe B 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
y v

W WM 0O oO




What is the IUPAC systematic name for the structure shown below?

CH, — CH, — CH, —CH — CH — CH,

.

’ Br Cl
(A) 3 -bromo - 2 - chloroheptane
(B) 4 -bromo - 5 - chlorohexane
(C) 3 - bromo - 2 - chlorohexane
(D) 2 -chloro - 3 - bromohexane

How many structural isomers are there with the molecular formula C,H,Cl1?

A) 2
B) 3
© 4
D) 5

What TWO substances are used to produce ethyl butanoate?

(A) Butanol and ethanoic acid.
(B) Butanol and ethane.
(C) Ethanol and butanoic acid.
(D) Butane and ethanol.

What does X represent in the following nuclear equation?

226 222
wsRa — X + “¢ZRa

(A) ,n
(B) e
(©) 3He
(D) H

What is the catalyst for the conversion of ethylene into ethanol?

(A) NaOH
(B) H,SO,
(©) Ni
(D) Pt




What are the conditions that most favour the fermentation of sugar?

(A) Warmth, oxygen, no water.
(B) Warmth, no oxygen, water.
(C) No warmth, no oxygen, no water.

(D) Warmth, oxygen, water.

Which of the following polymers is an example of a condensation polymer?

(A) Polyethylene

(B) Polyvinylchloride
(C) Polystyrene

(D) Cellulose

Data obtained from various combustion experiments is given in the table below.

Fuel CH,OH CHOH |CHOH |CHOH
MW (g/mol) 32 46 60 74
Mass used (g) 1.74 1.83 139 147
Moles used 0.0544 0.0398 . |  0.0232 0.0199
Mass H,0 (g) 300 300 300 300
AT (water) (°C) +17.4 +18.9 +17.7 +21.0

NB. The specific heat capacity of water is 4.18J g" °C"*

What is the heat of combustion of ethanol closest to, according to this set of experimental data?

(A) 394 KkJ/mol
(B) 596 kJ / mol
(C) 2487 kJ / mol
(D) 515kJ/mol

10 mL of 0.1 M HCl is made up to 1.0 L with water. What is the pH of the resulting solution?

@ 1
B 2
© 3
D) 4



10. In a titration experiment, 0.1 M sodium hydroxide solution (A) was to be added to 20 mL of
0.1 hydrochloric acid solution (B) using the apparatus shown. -

R ¢ solution B

Which one of the following procedures should have been done before titrating?

Conical flask washed with | Burette washed with
(A) solution B solﬁtion A
(B) distilled water - distilled water
(©) solution B distilled water
(D) (distilled water solution A

11. In which of thé following reactions is water acting as a Bronsted-Lowry acid?
(&) HO%, + HPO, ", == H,0y + H,PO, ¢
®3) H),O, + HCO,,, == H, 0%, + CO,
(© H,0,4 + NH, == NH,, + OH,,

D) H, 0%, + HS,, == H,S,, + H0,
12.  What method would allow you to determine the total dissolved solids in a sample of water?

(A) AAS

(B) Electrical conductivity meter
(C©) A pH meter

(D) A flame test



13.

14.

15.

Which layer of the atmosphere contains the highest concentration of ozone?

(A) Troposphere

(B) Stratosphere

(C) Mesosphere

(D) Thermosphere

What is the purpose of the iron-based chemical in the Haber process?
(A) Increasing the yield of ammonia whicﬁ is produced.

(B) Increasing the activation energy of the reaction.

(C) Increasing the quality of the ammonia which is produced.

(D) Increasing the rate at which the ammonia is produced.

The table gives the results of chemical tests for some cations and anions.

Ton Add cold Add Add Add

0.1 M HCI 0.1MKSCN | 0.1 M Na,CO, 0.1 M AgNO,
Ca* no change no change | white precipitate no change
Fe** no change red colour | brown precipitate no change
Ba** no change no change white precipitate no change
Pb>* | white precipitate no change white precipitate no change
CI no change no change no change white precipitate

When a group of students performed the above tests on an unknown solution they obtained the
following results.

Add cold " Add Add Add
0.1 M HCI 0.1 MKSCN | 0.1 M Na,CO, 0.1 M AgNO,
no change no change white precipitate | white precipitate

Which conclusion is consistent with these results?

(A) The sample contained both CaCl, and BaCl,.
(B) The sample contained both CaCl, and PbCl,.
(©) The sample contained FeCl; and PbCl,.

(D) The sample contained both FeCl; and BaCl,.

End of Part A
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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 (9 marks)

A student is provided with the materials listed below and is told to use whichever materials
are needed to make a galvanic cell which will generate a current.

Apparatus:
e beakers, thermometer, power pack, light globe, insulated copper wire,
voltmeter, filter paper, funnel stirring rods, emery paper

Chemicals:
e 1.0 M solutions of copper (1I) nitrate, potassium nitrate, iron (II) nitrate
e De-ionised water

e Strips of copper and iron

The diagram below shows how the student set up the cell.

A. -

electron flow i
o ___.{— o

e Y
'%A :’: :r
) vsed 3
ot 2
D—x “—— E

(a) In terms of the tabled apparatus and chemicals above, identify A —D.

Y U de « cohode
A volbmeler (%) O&ojib\t ka'mm‘fno.cce(akb\e

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

Question 16 continues on page 8
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Marks
Question 16 (continued)
(b) Explain your choice of C. Kfeao\sa/v:.cé must jasi-;f:j {he chowe 1
N\
2

(c) Write the half-equation, showing states, for:

(1) the anode

F-@(s)ﬁﬁ’«%(%5+él€ (2). foc.shrles
C‘L‘) o symbols +

baio«\ulac

(ii) the cathode

(d) Using the standard potentials table from the data sheet provided, calculate the
theoretical voltage of this galvanic cell.

.............. i S e T T
o Corodke. = O RV
Tolall emFE = O SV o gk T T

Question 16 continues on page 9
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Question 16 (continued)
Descrloe = proviole clovaciensties « @ahuves

N

(e) ~_Describe TWO changes you would expect to observe in the beakers if a current
flowed for a considerable length of time. 2

Troa.. electrode.. ould... oleciesso.... (0

= mass Of  woudlsl s/cw(é O‘{léWar'

. . - ! /
/}-m/ R - 3 is vse f% must- mentren Olue
(f) _ Explain the purpc;sé of F. | : 1

LB sﬂesa"rbmdgz ........ Tt enables.. tle.

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

quth[\@@f 1O0s._into. tle elechmiyles.

®
. LT L

\J
v oloes.nolm.exelan.
xp

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

' u- - N ’ [N ~—
movm*-ﬂm”gﬁweiegmg@a ..... newstz
él}corhfleksﬂo— iy W~

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

Exploin = relok couse orol effect 5 maks relohanshps bofwesn
S Q/VLM’) Prz)u’fm W"‘;‘j a,wl/&f how .

End of Question 16
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Question 17 (7 marks)

The simplified flowchart below refers to a production of polyethylene from crude petroleum.

dehydrogenati o> ethene. + H 2

crude

petroleum ethane

process X

process Z
an
iy 2 TP ~_~
polyethylene

(a) ~ Identify process X in the above flowchart. 1

o ho0el. . Dishllohon.

(ot hase 4ol rrordo — me £ m )

(b) Inthe empty box in the flowchart, give the formula of the other product when ethene
is formed by the process of dehydrogenation. 1
2

(c) Identify and describe process Z.

() Addihén. pol @m.@.ms@h.cm ...............................................
W\edomo\e, ..... boads. n..Ae.. e,f’ke.ne,mmomars

.0pens..ouk. Jro £orm. Jonndss.. Witk adiacent moaeees

..... makie. 0./ (OG@HchMnomss of..004. aJva
(d) Write a structural equauon to show the formation of polyethylene from two ethene
monomers. H + }+ + 1
!
B TS N !
C=C  + Cr cC —> - C‘_ C e-&—
H’/ ~H H ~H | | | {
W H_H H

@

e) Describe a use of the polymer polyethylene in terms of its pro er’ues
© saribe : polymer polyethy Pgopéaﬂpp

LDPE -« Wnap lenals... | A lotof. brmock te. ?wxc&m
(ﬁema ale.. A lotof.bmo n99/ /’0 o il

@ S ua.sh bags makes close e
o aml.. Sgueezeble. bottles| Ha.. polymer.is....s

— HOPE  ° lo/asﬁc whasils......| No. shaa. b/and% Mo polyaarchains
gs o s/rp@ bﬁ‘ﬁ’ /Oack close by % horolress, olwg/b

crsctsnany

@ @Wu&f /‘(ﬁ oﬁﬂd" Bt s%/ey F%‘zri‘ﬁase.. Lisps
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Marks
Question 18 (7 marks)
Consider the following equation for the equilibrium system present inside a bottle of
soda water.
CO, +— CO, + heat
(@) (aq)

(a) Explain, in terms of Le Chatelier’s Principle, what would be observed if a cold bottle

of soda water is taken out of the fridge and placed in the sun. 2

L. 4% wf . @

(b) At 25°C, the soda water has a pH of 4.1. This is due to the reaction of CO, with water,
according to the equation:

Cozm, + 2H20(1) — H30+(aq) + HCO3_(aq)

(1) Calculate the concentration of hydronium ions in the soda water at 25°C. 1

[#201] = 10 = 0% = 76}x'°§mo’ L

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

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

Question 18 continues on page 12
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Question 18(b) (continued)
(1)  Explain the effect on the pH of a new bottle of soda water if the cap is removed. 2
q. 7. Sup. Dacg) escapes..
..o the Syskm olecteases

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

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

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

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

(iit) - Explain, using Le Chatelier’s Principle and appropriate chemical equations,
what would be observed if a solution of sodium hydroxide is added to the
soda water. 2

..... 4 o{dmﬁsoo/4um%(7000x70(ewom(c%reﬁ«e
...... [H] " becowse Wriou™ > #,0 (5

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

End of Question 18
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Question 19 (9 marks)

A schematic diagram relating two factories, A and B, with the surrounding environment
is given in the figure below.

PACTORY A

Factory A discharges waste water into the pond. The waste water is continuously
monitored and is free of chemical pollutants. Small fish, however, cannot survive

in the pond.

Factory B processes heavy metals. Most of the land between the factories and the
lake is used for intensive farming. Periodically the lake develops a bloom of algae
resulting in the loss of some aquatic species and the development of an unpleasant
smell. Analysis of the small fish from the river and lake show traces of heavy
metals, whilst larger fish show significantly higher concentrations of heavy metals.

(a) Identify the most likely caffe of the algal bloom. |
- Fho sphales..” Qnoif\(l’}fmjrﬁs%m ...... \Ge,f@\svs

i
mo %% ) Lot \\des .

Question 19 continues on page 14
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(D far phosphses(N(D by colm-mdq 0)
(b) Eutrophicatiof of the lake usually results in algal bloom.

Marks

Question 19 (continued)

Outline a test that could be used to monitor the possible eutrophication of the lake.
ok R&pﬂfﬂrf}ﬂ&ﬂ%uwﬁ&emls%—-P&’]@——m%uaﬁ(é(vdﬁ
. plespleks.. .. Tk be st indkaker. ... pole. cufmphicodion

Thiz..is.done. by Colovcimebry. [POFT]> 0108 forlakes
Aams. anol ponds, o¢ 2.0:).mal7! foc shreans -2 algal bleom .

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

@’Ql.?.:...él.s..@mgl&s..e& collecied @mﬂ«&mﬁejwﬁonens'mmema sk B D0 The
otheris kephin tle dark for 5 dows , thnND. O, is masswed 7 The difloene in

D0, oehwigen. b, o 18 1he. BOD . UL PAM oo

(¢) The small fish from the river and lake show traces of heavy metals.

(i) Identify ONE heavy metal. p 2'© 1

Lead (Cadm&m 2., MOt ',«Co @%em/nz arseats; Nk ‘)
AR YIRS W e (WL LA (RSN (4 ) g . Al S oo CALEY m,. ............. ie < 2
feconnt Bor = Bus rersens For CWU{{ fr

w Account for the need to monitor the heavy metal identified in (i). 2

Leao(tspousomushlnumaabe/&lajsIn-smalkr
acentmhaas. it can. rebocel e inlellechned clervelopment

.Qf...3.0(&39..CJ.?’.\.].‘.Q&‘&.\....QQ&(..?.Q....[Q(@@E.CQQQ@JJt‘{mﬁdf.liu.@M..

o~

convse...lormnio. ood neumlooy.cod disomlers... Tt conandaion
-g 0. He-.eoviconmest...onusk boe..moau tored, fo. prevent Huis.
rﬁkthmmS,&f\o(“’vde‘v&u\)aﬁsqﬁpwmhgﬂ&hm %z;aol[uh&n .
I gehs.iato. o0l andd walermiays. by lbackung fo s
- hm[e&@{baumﬁs,oloﬁleadw@dpaw%,olo(bmwaow

lvmbvgm!@mlswtﬂv(wdo oneats. are clumped . Unhl
r\&enﬂjlwolmm”ed o acumalohon of el in soils

Qek..Qbmesphere. neor mader. cooels.. Jadushal . eb€lueat
- Con prelecise  feool inbp majo.r’ woderows whee
-tk biloaccumudaltes o uoyh the foool chouin

Question 19 continues on page 15
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Marks
Question 19 (continued)
(d) Outline the methods that could be used to purify and sanitise a mass water supply
such as the lake. - 3
Pwa@ca‘ L0ttt
.’.:....QQ%.@@{@"...‘fQ.'..EQMG\«{&....l.&\!?ﬁ&...d@bf.i.s. ...................................................
Q. Ferahan. - wolers se ed%tn;rease?()*sun‘@}& ..................
3. Joa@icahon = g usedd oy, cololap. hine. 00 NaOH 2. Fezlar A1 okt

wlaken),
J@Qom‘WgﬂpmpaWS%%wdayﬁﬁgggwmss%ck‘mﬂ\osz*-é
Hho hew&r%f‘ggs?)i\des Hon setHe, Yo leolom. s coemoved as. sluche .

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

w\/’i\WHon‘e\OmC\edwakrpassesﬂro«@h ..... coosse. send.of

. Sanel. k. coead. £iller. =2 Cleor celousdess.. odouwrhss. males .

End of Question 19
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Question 20 (6 marks)

Acid rain, predominantly sulfuric acid, is having a major corrosive effect on the monuments
of the Parthenon in Athens. These monuments are made of marble (calcium carbonate).

(a) Explain, using appropriate equations, the formation and effects of acid rain. 4
.E)fmohh. 2 AR el ... Lu\o(r;thuﬁeaoxdesme

W\O»st\\DBSUJ«CIWLQAo(nLW&L&D{% ...... which Eall as.

Iy £ H,0 5 R0y + N,
c v 2ANOR £ H0 =2 K |

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

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

~Q..eromien. of maride onel limeshons.. laudoliaps..

 (CaCOL + H2S0L — (060, + HA0, (6S0¢ is soluble)
( ............ By R e&..} ...................... Clrm)(l) .............. ¢.12.39%

(b) Over a two year period, 5-0 g of marble corrodes from a statue.

How many grams of sulfur dioxide are needed to cause this corrosion? 2

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

LoCOx+ HaSOy —> CoS0y + H30

Neacog = ?ﬁ/..im.f...aq"gm\:? ...... Z...07.095 mel |
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_ Marks
Question 21 (8 marks)
(a) What is the systematic name of the CFC in the diagram? 1
Cl Cl
I I
F—C-—C— F
[ I
F F
........... L, 2 dhichloro = 1,1,2,3 - teheluoroethane
(b) ‘Descrlbe, using a Lewis electron-dot diagram, the bonding within ozone. 2
Must have 'IOOHW
COnﬂBurmhof\S ”o 6
@(\Dl <""'$ o? O Y & > o i 0:6 F
@ .3 o ] O P
20 O : 5
° ‘oo %s

@ Lo onb | OOAG\OJL:LR?\I'LOA @ PR no acrow otk MJQ/GS

(¢) Discuss, using relevant equations, how CFCs, like the one shown in (a), damage

the ozone layer. . =ic,- — lclenhts i< o ok pond . %_
* Discuss i ‘F'j ISSWES 3 Provi Pg,mls Fnrorwl/or %a,w\«,; .

Ci‘(’«deswmf\ o/ LZC14..15..00. 13548 § onwm. ia. Tk

A
e ﬂO'F Soluble =0 Mmea{éc’ /zu_,.\,) dt%m S/Obdé Hon. e

ml’ﬂsf’/v’— for e sratsg) @ewi'w G ER R e Wsa//
gl i M Seres xyms emnwmamm%, Howsardls o 020m

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

molec dgc . Destructi, & 020ne leodls Jo more yvE Whid, Gaa4sS CANQUS
ol GRS, B 0085 POt GO

W‘é‘qm . CFCS rehase o O adom en .,s.o.a!b U.v.C.

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

“UL) a. Cl + O_g - C’O*Dip) CIOmnI’&,MmmWJeg[dedmnﬂ‘ouAf%rﬂm

v
3. momhﬂnﬁ@aom CI0+0 > Oy + CI(Hwis hee Ll abon,

O Mo ook anofle- Ozon moleculs avt e process M@iau
L‘EAD{ B N . rBi..... ERL Mo
_/ {f() L 01‘1@— /WW’S Wlﬁ-‘ C] +« Clo Cﬂw ff@P%Za wﬁvm /Z.’. nuf‘n&;’

I)ZW melecandes. O&W ctl e, CONGOED e Of. L A Goomrus of Hin, over
ﬂé post 5 yors, m&«ézxzs repolewy fl thmoge o He Dz6ne /Gawf o,
(d) Identify alternative chemicals used to replace CFCs. 2

/ﬂya@oﬂ@mﬁmmwﬁmsﬂt;?a[/,/
HyePlpesbens. .. AFCE .l
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Question 22 (10 marks)

A compound “X” has a boiling point of 163°C. A compound “Y” has a boiling point of
78°C. When “X” and “Y” were reacted together in the presence of concentrated sulfuric

acid, they formed a compound with the following structural formula.

O
| 4
H-C-C il E
l ~
i 0-C—-C-H
|
H H

(a) Name and draw the structural formula for compound “X”. Justify your choice.

R '
i ®, o 0O

W -C-C"7 eHaanoie ool
I SO

H

......... Because...alkancic Bacids.. can. omn.. shooser.....
intermolecalor. Forces 5 olve. to 3 P@i@bords.;..plus

e——

thhi’\:jb%fmﬂ:@ﬂdé?“ﬂaﬂalkanolsdkmon&]
hinher 8.8 Dmost be X 2-Corkofatoms_dleahifiés

J ‘ -
X as efhandc ool
(b) Explain the purpose of the concentrated sulfuric acid.

L HaSOy adm os o corBlust  sp

_ . » /T
mmoh@“;.a’\db\jr@{ncwm] LRI

R _oawes fle reachaon. fo complehon....

Question 22 continues on page 19
18 '




‘ Student NO. .c...cooviveieiie e
Question 22 (continued) Marks

(c) The apparatus shown below was used in the above chemical reaction.

cooling water out

reaction mixture

indirect source
of heat

(i) Name the experimental procedure, | 1

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

(it) Mwhy this experimental procedure is better than simply combining the
reactants in a beaker. ' 1

The..eackants...and.. pmo‘/yw(-a L. zgl_g_h_lg

Sficok 1h mana 7&/&&&5 of ; skt ;) (jé-’)é!?j A£oms

'3

oUrLiNE = 1

sa@m&m} %Qlol Wos. @b’fﬁvmd This. appormbus.

copdlenses. e vopouss. loack. Ao Ate. Llosk. . reducey.
orol mokes v possyble o eact *l’le, mixhee al lmgher T.

1i1 TWO safety feat thi tn ides. 2
(iif) _ﬁﬂﬂ__m: safety features this apparatus provides

() The haat is proviledd b t/} o wodes bedl, to

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

0 __prevent volahle veactonk 1gmhnﬁ Wil bunsea Ciome
OV{V@ The _eondlenses is. not S..t@.;f?ﬁ@?ﬁ-g(.....i@..._.ﬁ?t@mc\.tpf‘eggWe

MVLL* @ [/\)Odcer ?JOQS a, CU{” bOHOm oP— coﬁo(gngef ar\a(_ ot

End of Question 22

o fop fo enswe & Bl sleeve of- wodes
N% ®
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Question 23 (7 marks)

In the early twentieth century, Fritz Haber developed a method for producing ammonia.

(a) Write a balanced chemical equation, showing states, for this reaction. M M 1

{b) Ammonia is used as a cleaning agent. State ONE other use of ammonia.

..... Fecnlisys | explosives

(c) Describe the conditions under which Fritz Haber developed the industrial synthesis
of ammonia and evaluate its significance on human society at that time.

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

—"GQW\Q%‘S supphag @{9 mJWJ\‘ES c%r%hw:s
cmot Lexplosives  come.. fvon. . Chiler
- @lcmd bl ockooldd Ho<e zs,p%ohes pm.”.‘.

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

@&‘7\{1&1\@}5 munrhos. 1aeysh ﬁ and... %ﬂl e,
&*ObO*‘SwW%i‘f%z 0 denvs. of. Rl pawer

“"T:hszaba,rm‘venleo{ @mmomou S &m‘i’lﬁﬁs ?ram
nitogen andl. hyddogea. . Hws.. 20ab oy 6@7}%{@

ks gl e popwhh@\ and._maoke.. munihoas

......... BOLWOTT
= His..lovenhdn._enabesl . Gem%iowogiwwﬁ

- Encf‘mous LOQ_.S of We , sociol woiWdewal ancl dlestructo,
(d) _Explain why it is essential to monitor the temperature and pressure inside the Haber
~ reaction vessel.

'W\@ ..... sdnﬁ@sisreacﬁmas ...... Qn... €9 wubrwm %ad* .......

/T/\Sﬂewédioswwp Lode. a!’ A Dud mmfseo(

\ PCM’@VU'S I‘QOIC/‘H%O'% H‘lc:&\of P Wil ( Lrvowr (\ro,g(/»w/'g
To ? 3{)00( \/i@lol T ool C are Qj*%@mbée,,-

iQ\/Q/s mo( Most ke mpntores!
0
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Question 24 (7 marks)
A student compared the properties of two monoprotic acids, hydrochloric acid (HC) and
benzoic acid (C;H;COOH). Both acid solutions were 0.100 M concentration and '
20.0 mL of acid was used for each test. The table below shows some of the results of the
tests conducted. '
Hydrochloriec acid | Benzoic acid
Test (HCI) (CaH,COOH)
1. Electrical conductivity (mA) 80 50
2. pH 7 2.6
3. Volume of KOH solution needed for 18.2 mL —
complete neutralization (ml.)
(a) Explain why the electrical conductivity of the two acid solutions have different
values, 2
JBCL s e s *mrvj ..... Qcich o complelely oMzl 0 .
seluheoan. .8 C‘Lj ]2 hige. cendedil EIT )
e BT ittt et e
Benzoic. .0l is... A ek acd... i @0k ...
....... acholly wnst[’ﬁ] (S taCom]... 0eh...

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

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

f:l“ra.f‘ﬂ a.,.ml) Heol — !-}*-+CJ BUT  wask, wouf N %ﬂ;woﬂ,__? H*‘+C(,€+g(,oo ,

(b) Determine the expected pH of the hydrochloric acid solution. 1
[no hﬁip M)

. {)H:f(w}--"ﬁ[ljﬂfb@@) !

(c) (@ Write a balanced chemical equation, showing states, for the reaction between
hydrochloric acid and potassium hydroxide. 1

Bt KO ) 2 K C ey £ Ha Dy

)
@ f oo oo
Question 24 continues on page 22
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Question 24(c) (continued)

(i) Calculate the concentration of the KOH solution used 'in Test 3.

. 2. i
Npg.=.6v= 00000 %0040 = dxies xet [Z).

J‘_‘

n _ s
ot ko 5 000K 2. 020N 2 Qe L QIEG

o OIER = 0. )10 /l_"/@
eerrteeea st esenre e sssensesasbensenssrnssesesesesnsnarasssrarseronnses Satn Ao Gl SO NN

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

(1) Identify an indicator that could be used to determine the ‘end-point’ for the
reaction between benzoic acid and potassium hydroxide. 1

........ Wh@ﬁo/p/»#\@/em(wmmbésmw

End of Question 24
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Question 25 (5 marks)

Analyse progress in the development of a named biopolymer. 5

?’eﬁ.skb!ee..nam;c.el..éei@ 01, m.u.S.._.....B.ian.. PHA, £HE PHY, .._.eae.:f?th./..@pof\gm

Biopolyﬁ{g{s‘.léx.’é"'ﬁaturally occurring polymers. An example of a biopolymer is
poly(hydroxybutanoate), PHB, a stiff, brittle plastic with properties similar to
poly(propylene).

Maurice Limoigne first produced PHB in 1925. PHB can be produced in a lab by feeding
bacteria a diet rich in nutrients until large colonies form. and then withdrawing glucose.
The bacteria automatically start secreting PHB which provides them with an epergy
store. In the 1980s the three genes in Alcaligenes eutrophus needed for the production of
PHB were successfully cloned and transferred into E. coli, a common bacterium which
was well-researched, reproduced quickly and had an easily manipulated physiology.
Cargill Dow transportéd the PHB gene into corn and maize plants and allowed crops of
PHB-producing plants to be grown and harvested.

PHB is widely used as it is easily biodegradable and renewable. It was first introduced
into the medical industry, to make non-toxic and decomposable sutures, and to make
plastics in the chemical engineering industry. Monsanto first put PHB on the shelves in
the form of shampoo bottles, but was unsuccessful due to the cost. Cost is still the major
problem associated with the production of PHB. After being researched for over 20 years,
the technology required to produce PHB is not a problem.

PHB is more expensive to produce than petroleum-based polymers, which means
research 1s slowed down. Whilst PHB wouldn’t have a market in areas where plastics |
should be non-biodegradable, such as in piping, it would be potentially successful for use
in plastic bags and containers. For the research into PHB to be successful, PHB must be
produced for less money than petroleum-based alternatives or these alternatives must be
made mote expensive.

Cargill Dow are currently working on the biopolymer being produced by plants. This
could well be the way of the future if they can produce something that is cost effective’
and maintain the useful properties of the compound.

Success | - 2002 edn . (PA)

End of Section I
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Section I1

10 marks

Attempt Question 26

Allow about 30 minutes for this section
Use the spaces provided on the paper.

Marks
Shipwrecks, Corrosion and Conservation
Question 26 (10 marks)
(a) The ocean has many minefals dissolved in it. Some of these minerals are involved
in the chemical process of corrosion,
2

Identify TWO different sources of the minerals dissolved in sea water.

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

\
- . !
Ao Mydrolhomad, Venks. .00 0 A0RA0 LAGPES o

(b) Describe how the work of Galvani, Volta, Davy and Faraday increased our
understanding of electron transfer reactions. SEE ATTIGTS | in L—ﬁ'@mﬁmueé
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Question ontinues on page 25
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Question 26 (continued) : Marks
() (1) Identify the main metal used to construct ships. 1
< bee Tron
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(ii} Although aluminium is a very reactive metal with a low reduction potential,
it is used in many structures exposed to oxidizing conditions.

Explain why aluminium can be used this way. 2
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