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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 (C) 8 (D) 9 

(A) 0 (B) • (C) 0 (D)0 

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

(A). (B)'!'( (C) 0 (D)0 

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 

(A) )A (B) '!'( (C) 0 (D) 0 
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1. What is the IUPAC systematic name for the structure shown below? 

CH3 - CH2 - CH2 - CH -· CH -· CH3 

I 
Br Cl 

(A) 3 - bromo - 2 - chloroheptane 

(B) 4 - bromo - 5 - chlorohexane 

(C) 3 -· bromo - 2 - chlorohexane 

(D) 2 - chloro - 3 - bromohexane 

2. How many structural isomers are there with the molecular formula C4H9Cl? 

(A) 2 

(B) 3 

(C) 4 

(D) .5 

3. 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. 

4. What does X represent in the following nuclear equation? 

(A) ~n 

(B) 

(C) 

(D) :H 

zz6Ra ~ X + 222Ra 
88 86 

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

(A) NaOH 

(B) H2S04 

(C) Ni 

(D) Pt 
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6. 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. 

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

(A) Polyethylene 

(B) Polyvinylchloride 

(C) Polystyrene 

(D) Cellulose 

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

Fuel CH~OH C2H50H C3H70H C4H90H 

MW (glmol) 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 H20 (g) 300 300 300 300 -
~T (water) CC) +17.4 +18.9 +17.7 +21.0 

NB. The specific heat capacity of water is 4.18 J g·1 °C1 

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

(A) 394 kJ I mol 

(B) .596 kJ I mol 

(C) 2487 kJ I mol 

(D) 51.5 kJ I mol 

9. 10 mL of 0.1 M HCl is made up to LO L with water. What is the pH of the resulting solution? 

(A) 1 

(B) 2 

(C) 3 

(D) 4 
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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. 

+----- solutionA 

+------ solution 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 

(C) 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) H30+<aq) + HPO/-<aq) ---'>. H20 0 ) + H2P04-<aq) ----
(B) H20<1) + HC03-<aq) ---'>. H3o+<aq) + C03 z-(aq) ,.----

(C) H20<0 + NH3(g) ~ NH4 \aq) + OH-<aq) ,.----

(D) H30+(aq) + Hs-<aq) ~ H2S<aq) + H20<0 ,.----

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

(A) Troposphere 

(B) Stratosphere 

(C) Mesosphere 

(D) Thermosphere 

14. 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. 

15. 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 M KSCN 0.1 M Na2C03 0.1 M AgN03 
Ca2+ no change no change white precipitate no change 
Fe3+ no change red colour brown precipitate no change 
Ba2+ no change no change white EreciEitate no change 
Pb2+ 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 
0.1 M HCI 0.1 M KSCN 0.1 MNa2C03 

no change no change white precipitate 

Which conclusion is consistent with these results? 

(A) The sample contained both CaC12 and BaCl2• 

(B) The sample contained both CaC12 and PbCl2• 

(C) The sample contained FeCl3 and PbCl2• 

(D) The sample contained both FeCl3 and BaCl2• 

End ofPartA 

6 

Add 
0.1 MAgN03 

white precipitate 



Student No ..................................................... .. 
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. 

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: 
• 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 

• Strips of copper and iron 

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

electron flow A 

r----·--- c~~~=--}-- --- ···--·--·--, 
F 

0 ""'*"''--·------- E _______________ .. ____ ,_/ 

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

A: 

B: 

C: 

D: 

Question 16 continues on page 8 
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Student No. 

Question 16 (continued) 

(b) Explain your choice of C. 

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

(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. 

Question 16 continues on page 9 
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1 

2 

1 



Student No. 

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. 

(i) 

(ii) 

(f) Explain the purpose of F. 

End of Question 16 
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Student No . ...................... , , .......... ,. ............ ,... 

Question 17 (7 marks) 

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

crude 
petroleum ethane 

(a) Identify process X in the above flowchart. 

ethene 

polyethylene 

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

Marks 

1 

is formed by the process of dehydrogenation. 1 

(c) Identify and describe process Z .. 

(d) Write a structural equation to show the formation of polyethylene from two ethene 
monomers. 

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

10 
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Student No. 

Question 18 (7 marks) 

Consider the following equation for the equilibrium system present inside a bottle of 
soda water.. 

C02 + heat 
(aq) 

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

Marks 

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

(b) At 2.5°C, the soda water has a pH of 4.1.. This is due to the reaction of C02 with water, 
according to the equation: 

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

Question 18 continues on page 12 
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Student No. 

Marks 

Question 18(b) (continued) 

(ii) Explain the effect on the pH of a new bottle of soda water if the cap is removed. 2 

(iii) 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. 

End of Question 18 
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Student No. 

Question 19 (9 marks) 

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

li'Alll4 

!.A.ND 

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. 

Question 19 continues on page 14 
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Student No. 
Marks 

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. 2 

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

(i) Identify ONE heavy metal. 1 

.................................................. , ...................................................................................... . 

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

Question 19 continues on page 15 
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Student No. 

Question 19 (continued) 

(d) Outline the methods that could be used to purify and sanitise a mass water supply 
such as the lake. 

End of Question 19 
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Student No. 

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 . 

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

(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? 

16 
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Student No. 

Question 21 (8 marks) 

(a) What is the systematic name of the CFC in the diagram? 
Cl Cl 
I I 

F-C--C-F 
I I 
F F 

(b) Describe, using a Lewis electron-dot diagram, the bonding within ozone. 

(c) Discuss, using relevant equations, how CFCs, like the one shown in (a), damage 
the ozone layer. 

(d) Identify alternative chemicals used to replace CFCs. 
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Student No. 

Question 22 (1 0 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. 

H 0 
I ~ 

H-c-c, fi fi 
I o-c-c-H 
H I I 

H H 

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

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

Question 22 continues on page 19 
18 
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Student No. 
Question 22 (continued) Marks 

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

cooling water out 

reaction mixture 

(i) Name the experimental procedure. 1 

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

(iii) Outline TWO safety features this apparatus provides. 2 

End of Question 22 
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Marks 

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. 1 

(b) Ammonia is used as a cleaning agent. State ONE other use of ammonia. 1 

(c) Describe the conditions under which Fritz Haber developed the industrial synthesis 
of ammonia and evaluate its significance on human society at that time. 3 

(d) Explain why it is essential to monitor the temperature and pressure inside the Haber 
reaction vessel. 2 

20 



Student No. 

Question 24 (7 marks) 

A student compared the properties of two monoprotic acids, hydrochloric acid (HCl) and 
benzoic acid (C6H5COOH). 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. 

Hydrocldoric ~Cid Benzoic ·add 
Test (HCl) iC6HsCOOH) 

1. Electrical conductivity (rnA) 80 50 
... ,. 

' . ~ 

2. pH •> ? .. 2.6 

3. Volume of KOH solution needed for 
,,. 

18.2 mL -
com{Jlete neutralization (mL) .... 

(a) Explain why the electrical conductivity of th(fwo acrtfsbhitions have different 
values . 

• • • • • • • 0. "0. 0 ••••• 0 0 •••• 0 •••••• 0 ••• 0 ~ •••• 0. 0 ..... 0. 0 ••• 0 •• 0 •• 0 •• 0. 0 ••• "0 0. !• •••••• 0 ~ ••• 0 ••••• "~ ,• •• ,, 0 0. 0. 0 0 0 •• 0 ..... 0 ••••• 0 0 •••• 0 " ...... 0 •• 

(b) Determine the expected pH of the hydrochloric acid solution. 

(c) (i) Write a balanced chemical equation, showing states, for the reaction between 

Marks 

2 

1 

hydrochloric acid and potassium hydroxide.. 1 

Question 24 continues on page 22 
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Student No. 

Question 24( c) (continued) 

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

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

End of Question 24 
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Student No. 
Marks 

Question 25 (5 marks) 

Analyse progress in the development of a named biopolymer. 5 

End of Section I 
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Student No. ,. .. ,. ... ,. .................... ,. .. ,. .. ,..,. ........ . 
Section II 
10 marks 
Attempt Question 26 
Allow about 30 minutes for this section 
Use the spaces provided on the paper. 

Shipwrecks, Corrosion and Conservation 

Question 26 (1 0 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. 

(b) Describe how the work of Gal vani, Volta, Davy and Faraday increased our 
understanding of electron transfer reactions. 

Question 26 continues on page 25 

24 

Marks 
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Student No ...................................................... . 

Question 26 (continued) 

(c) (i) Identify the main metal used to construct ships. 

(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. 

EndofPaper 
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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 (C) 8 (D) 9 

(A) 0 (B) • (C) 0 (D) 0 

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

(A). (B).,.. (C) 0 (D) 0 

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 

(A) )A (B) .,.. (C) 0 (D) 0 
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1. What is the IUPAC systematic name for the structure shown below? 

CH3 - CH2 - CH2 - CH - CH -· CH3 

I 
Br Cl 

(A) 3 - bromo - 2 - chloroheptane 

(B) 4 - bromo - 5 - chlorohexane 

(C) 3 - bromo - 2 - chlorohexane 

(D) 2 - chloro - 3 - bromohexane 

2. How many structural isomers are there with the molecular formula C4H9Cl? 

(A) 2 

(B) 3 

(C) 4 

(D) 5 

3. 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. 

4. What does X represent in the following nuclear equation? 

(A) ~n 

(B) 

(C) 

'e 0 

(D) :H 

226Ra --7 X + 222 Ra 
88 86 

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

(A) NaOH 

(B) H2S04 

(C) Ni 

(D) Pt 

3 



6. 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. 

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

(A) Polyethylene 

(B) Polyvinylchloride 

(C) Polystyrene 

(D) Cellulose 

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

---
Fuel CH"~OH C2H50H C3H70H C4H90H 

MW (glmol) 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 H20 (g) 300 300 300 300 

AT (water) CC) +17.4 +18.9 +17.7 +21.0 
··-'--· ·-

NB. The specific heat capacity of water is 4.18 J g·1 °C1 

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

(A) 394 kJ I mol 

(B) 596 kJ I mol 

(C) 2487 kJ I mol 

(D) 515 kJ I mol 

9. 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 

(C) 3 

(D) 4 

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. 

<~----- solution.A 

<t---· solution 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 
!--'---'--·· 

(C) 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) H30+<aq> + HPO/-<aq> ~ H20<1> + H2P04-<aq) .._----

(B) H20<1> + HC03-(aq) ~ H30\aq) + CO/-(aq) -r--

(C) H20 0> + NH3<g> ~ NH4 +<aq) + OH-<aq> -r--

(D) H30\aq) + HS-(aq) ~ H2S(aq) + H20 0 ) ......----

12. What method would allow yotJ. 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 

5 
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13. Which layer of the atmosphere contains the highest concentration of ozone? 

(A) Troposphere 

(B) Stratosphere 

(C) Mesosphere 

(D) Thermosphere 

14. 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. 

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

Ion Add cold Add Add Add 

---"-;:-
0.1 MHCl 0.1 MKSCN 0.1 M N~C03 0.1MAgN03 1--

Ca2+ no change no change white precipitate no chan_g_e 
Fe3+ no change red colour brown precipitate no change --
Ba2+ no change no change white precipitate no change 
Pb2+ white precipitate no change white precipitate no change 
Ct no change no change no change white preci.Qitate 

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

-
Add cold Add Add 

0.1 MHCl 0.1 MKSCN 0.1 MNa2C03 
no change no change white precipitate 

Which conclusion is consistent with these results? 

(A) The sample contained both CaC12 and BaCl2• 

(B) The sample contained both CaCl2 and PbC12 .. 

(C) The sample contained FeCl3 and PbC12 .. 

(D) The sample contained both FeC13 and BaC12 .. 

End of Part A 
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Student No .................................................................. . 
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. 

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: 
• 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 

• Strips of copper and iron 

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

electron flow A 

F 

0 ----------1(--Js;... 

'-------·----··..../ 
~~------- E -------·---------' 

Marks 

(a) In terms of the tabled apparatus and chemicals above, identifY A -·D. 2 

A: ... Y.Q.\.tm.~ ..................... L-t> ~l~~~o.n~~"'c~ 
B: ...... 00ff?.~ ..... '§t6:p. ........ ( ~) 

C: ...... }.C:C?..0 ......... ~~ ..... .,. ... ( i_) 
D: ..... ~fp..~.(\.~) .. 0.~.~~ sol~ li) 

Question 16 continues on page 8 
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Student No ................................................................. . 

Marks 

Question 16 (continued) 

... 

(b) Explain _YOUr choice of C ~Ro.o..~ ~vst" jJs~ J ~ ~ 1 

1be. .... C.C..r.r.Q.~ .... ~.<J.0.$~$. .... ~~~:~ ... ~~.f~ ... ~o.m. .... C...7. ... 6. ....... . 

. ~~ ...... 9.~.~~~ ....... 0.~~~ .... 9k. .... C. ..... ~ ..... ~· .... ~~~~~~ 

.... ~~.Y:~ ... ~ ... :~ .. : ...... .Q.~~~~ ..... .9.~s-.~ ... ~~~ ... ~ ..... ~.0.9.f?...R-:.: ...... ~C~0 
.... ~~·t···0d···~~ .... ~~.~ .... ~~ ..... ~.~~ .... ~~.\~ ..... ~~ .. g.~~.0..~~ .. :. 

(c) Write the half-equation, showing states, for: 2 

(i) the anode 

............... f~ .. (.S). ............... ?. ......... f~~~~o.tt~ .... :t: ... ~g ............. (~). ... ~.c. .. ~~ie_s 
r "tl ~-· s~.~mbvls <~-
L.. u b~ 

(ii) the cathode 

....... G.!.~L~)··± .... ~.~ ........... z ....... ~~, ....................... :L~ .. ~.C!.'!.~) 

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

............. l:r!].9.c;:)..f?.:-.•...... ~ ...... 9..:.~.t.'!. .......................................................................... . 
U.Thoo{e_ .::: 0 · s<.f\1 

1 

-~~~· .. ···~·; .. ··~·······~··.·····~·;:···· .... ··································~·······;;;.:~··················· ~-(I) 

......................................................... 1 ................................................... 1J!.f.!. ........... ~ ... ~ 

Question 16 continues on page 9 
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Student No ................................................................. .. 

Marks 

Question 16 (continued) 

tj)ec;cnbe.. -::: provi:Ck CC.C..~hsh(,s -i ~ 

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

(i) .... { './rh.-;;s. ... ··~··· ··~f?.-RL.. .... .g)~_cf:Y.o.c& ...... ~........ ( ~ 
...................... I.:J~~ ............ ~ ......... b!.~ .... p.: .... kf:!J@·eL ....... . 
............. ot I ..... Im.o ...... e.l.ecb::ocJ.a. ...... u.a.v.cis!. .... d.~S~L-. .... ll.? 

mass o~ fA.JD...dd siOvJf; otti~ 
(ii) . ~\ ······~··································"···················"·················· .. ······························· 

.......................... ?~:. ..... klt!.r?.: ........ ~!V.~)~ ...... ?.9.(~ ...... ~ 

.......................... ~ ........ &. ........ !?..~ .... ~Q0.r.f.~~S. ..................... .. 
fln1 cQ - if /3 is ll'i7Ui tJ /YWsf I"Y1IU\ ~ 

1 

blu.e.
1 

. Explain the purpose of F. 1 

..... E ... J~: .. :±i\~: .... ;?.9:!.t ..... ~.c~.~ ............ L± ..... ?.o.t?.~.b~g~ ...... & ... . 

... ro.1.@CRh~ ~!?:f ... ..t..6..@. ...... .!.0.!:P. ..... & ....... ~.e.(,.f:a?..tJ.ks .. . 
-+- ~ . J-,_' - ~~ ... mc.0.d.\ .... ~l.~ ...... :1NU..C ..... _.elea):o.~ ..... r.:l~ ... \!:;J 

...... @::.c.S?.~.le.ks. ... :Jk ... ~~-- .. o!o.-e:. ... XJ!O:b. .. e.>!j§!l~) 

End of Question 16 
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Student No .............. '" ................................................... . 
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Question 17 (7 marks) 

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

ethane 
crude 
petroleum process X ethene. +~ 

(~ Identify process X in the above flowchart 

polyethylene 

1 

..................................... F~rf~--~-~~-~···±·~·tvk) 
(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 

(£) ......... Actcl.~h90 .... r9..!<1roe,r...,sa.;b.<.a .......................................... . 

~ ... ~~fb.~ .... d.o.@..~e.. ..... b.o.aci.<? ... ln .... ~ .... etb..~ .. m.9.o9..mess ·""----· ______ ."'!:'""" __ _ 

.. Of!UlS. ... o.!Ak ... :lo .... lli.ffi~rols ..... W.~.I:/,..,,.04j£.1u2n.1::..mao.Q~ .11\ 

.... m0.l::i···Q.. .. I/.~ ... !Q~.~ ... .w1:l:b. ... no ... Lo£S ... o.f. .. .a.~ ... ~ 
(d) Write a structural equation to show the formation of polyethylene from two ethene 

monomers. 
H 1+ lt 1+ 
J I I { 

-e-c-c-e.-
I 

\--\ 
I I 
H H H-

® 

1 



Student No ......................................................... . 

Marks 

Question 18 (7 marks) 

Consider the following equation for the equilibrium system present inside a bottle of 
soda water. 

(a) 

co 
2(g) 

C02 + heat 
(nq) 

Explain, in terms of £Pchatelier's Principle, what would be ~erved if a cold bottle 
of soda water is taken out of the fridge and placed in the sun. 

CD p.b.?.~~?. .... ~ ....... !9..~b.Je::? ....... QR: .... ffj9.~: ..... 0.~U ..... ~ .... ~.~---
............................................ C .. ~~-~-~-····~9..0-(j~ .... fu ..... t~.~-~--·················· 

CY .. 4. .. ~~-~~ .. ?.<J:r.~~!.~ .... ~.t0.:~.~---~--~--?.1~-~~.a.~.~---·~-~J( 
.?.~~~+: .... ~0 .... ~ .... ~.l-~-~h.~ .... t.b~t:~ ... ~.i.0..'.~-~~?. .... f:~~·:0ff~ ...... ~.~ ... . 
. ~!. .... i~ ..... 0..~~~~~-~~--~-~-~~---~;~~ .. : .... ~Y ... J?.!.0.:~1 ... ~ 
CO{o( lao~ -II\ ~. SWI\ ·ne.. SiASfe.tn. ·ls heo...t-:QO{ . ·-ro tl'\rn1mis.a ................................................................. v. ...................................................................... . 

2 

t--~~ .... ~~§~.0!.'.~ ..... ~ .... ~0.~~~ ..... Q?.~lffiA .. ?. ... ~Q.<A-.(@ .. ~.~.t.l ... ~ .. ~voW(Q( 
~ .... ~.~--ti?- .. fu .... C!..~~ ... h.~.: ..... ~~~ ...... ~~ .... ~ ... 0.?. ... ~~~1rJs 

(b) At 25°C, the soda water has a pH of 4.1. This is due to the reaction of C02 with water, 
according to the equation: 

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

............ fr.~?.~J ..... :: ..... J.Q~.:..~ ... ~: .... ~.Q~~-~: ......... ~ ....... 7 ... :.~ .. -~ ... ~.C?.~.~':!.? .. ~ L:' 

................................... ::::::.@ ... for.. .... ~ ... ear ... ~---~ 

Question 18 continues on page 12 
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Student No ..................................................... . 

Marks 

Question 18(b) (continued) 

(ii) Explain the effect on the pH of a new bottle of soda water if the cap is removed. 2 

~~-----~'::f ....... CWQ.V.:!!J ... & ...... ~ ....... Q201.fg). .... ~ ... . 
... t~ ... M9.<. ........ ~ .... L.CP.~] ... .t.0 .... -f4. ...... '§:_.'=J.~.~ ..... 0.~~?.t?s . 

® f-······~·9·~~-~~~v~-~~-~~--~~:~~;~··· 
... ···········~······ .. ·· .. ·········:fj. ................. ~U............................................... I 

j_' : .... !~ .. ±Y.r.0. ..... ~'!.C?~ ......... ~3.~.:.i: ... trf.P.3..:=Z ... ~~d,<?..:t .. ~(@ 
@ ... r.m.l!.~\.o& .... b~c:>~J., ...... A?. .. .C.~t.:.9.~J. .. ~ .. Y..~.~ .. e\! .. t~® 

(iii) Explain, using Le Chatelier's Principle and appropriate chemical equations, 
what would be observed if a solution of sodium hydroxide is .~dded to the 
soda water. 2 

.... .lr.o!d.t.(.lj ...... sadc.~«) ...... trJ.®..K~ ..... w.a.it1Lrl. .. r.e~.IJ9._ 

...... ~~J .......... ~~.~ ..... H:*:.± .. ~.~.: ... ~?. .... Hko ......... (f). .......... . 
·····tts.··.CH:::l .... ~ ....... ~;tr~-~~P ... -::? ... tlr.t:l~ ... +.: ... ~s ..... is 

..... £0..~9..~ .... ® ...... fo .. :~ .. ~ .... 0.?.~) ... =?. .... (J).~.t~}. .. ~sses 
.. :14. .... ~ ..... ff.o..+..~]..® ..... ~ ..... ~~.+.h ..... .l~!;;;> ........ . 
............ CP..~.~). ..... ~ ...... S..~ ..... ~~-{)-0.."-.":l ..... f.l#.: .. G) 

End of Question 18 
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Student No. 

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 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 ca~ of the algal bloom. 
r--~ I (t) 

......... %P .. ~.fhc~Je~s ........... u.ad ......... D .. \.kP....k.s ...... fu.m ...... k.c'ff.h~us 

Marks 

1 

............ .\J~ .. .Q.f.l. .... :\:bE.., .... fuca:~s ..... QJ. .... ~ ......... ········~)-,f.t,.r.: .. R:.d:J·l • U= Qf\.J 
('ltos-1- -;;~~,, p~ e~<- nt~..s 

~·~h~. 
Que on 19 continues on page 14 
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Student No ................................................................ .. 

Question 19 (continued) c;,vt. ~~ k-tw-e. s o+f.-
0 .fitv- p~c.sf}...sk.cs(l)@ b~ COIO~M~ (•) 

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

Marks 

Outline a test that could be used to monitor the possible eutrophication of the lake.. 2 

r;~e ~-Perct~ .. :k .. C(}a.~(-!~.~ ... Ch~.ts.+eJ ..... ~ .... p.9..cf.o .. ~ .... .tn~ur.J.~ ... 1ev.e15 

.~ ... p.~~.p. .. ~ ... J~ .... f4 .... ~.~+ .. :Lo.~ .. ~···frri.tb.fe ... eMlofht~~ 
.. 1I\~~ .... ~?. ... 0..9.n~ ...... ~j ...... ~.-~~~.(J~~~j-: ...... (!Q~.J.>. . .9. .. :.Q.'?.. ... ~.!q.~es 
.~.9.-:~~ ... ~~-f9.~clf?i> ... ~f.. ... ?.Q.~.J .. mg~~ .. f..'Q.C. .. $.~~ ... ?. ... P.:\g3.!.kl.com ~ 

~9.P. ... '7 ... ~.~R.J!.'f,l~ .. P.~ .. catl~ifd .. fia~.rk.w~ ... QI).~.).§ .. .J~e<.?(<~~ .... k$.kd.fi>rD-D· T4. 
~r~ is ke.pl-i'A ·-tJ..a.. dark fbr s-~ ;J ~ 1).o, is rnetilsu..'€0{. Tk a,·~C2- 1n 
,;oo ... i?.~~ .. ~ ... ~Q .. j~ ... ~ .. J~!?.P. .. : ........ >. .. lW>.p.f...m ........................................... . 

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

(i) Identify ONE heavy metal. f .2tO 1 

~ ........ (CfAc.l:m.i.~'t.ffl.J .. Y.~., .. ,ne..r:~.,.C.O.fi/J~;.e.hmmilltJ.,.9:~.z~;. n • c./<Jl.-0 
a~vJ.At- for-=- ~%!£ f<C'frS(;H.Js POR. V I 
~ Account for the need to monitor the heavy metal identified in (i). 2 

.. hro.d . .'.L~ .... p.<:?iS.O.r:\O.V.~ .. h) .. hv.ooAa ... 0.~~~ ...... 11 ... '2'mCJJkc ........ . 

. . CW.nc.~~h~s ... if:: .. ctv.l .... re.f-rA.cti.. -~-.Ji.lJellec.ht~ ... o.(ev.-clo.p.ffi6\,t­

·~· .. ~o~~ .. c.b J.lctr.e.o ... a. o.o!.. .. 10. ... .to.r.zrc. .CD.o.CAJ.1 ~hoo ~ ... c.t?:f.l.. .. 

m.v.~ .... bm.Lo .. aocl .. f.l.eilifD.I.OJ!Ji.~01 .. cU.~~o.r.o!.el2 .. t ... fu ... c~oo.~ 
-[ \D .. ~.e.av:ccQ:l)_~t ... rousl: .... bR. ... mo.o.l.mt.ed;>.:tP. .. p.l'R.v.f?.tl.t-.. :f.h.is. 

( r.i?.k .. JP. ... hw.noJ.(? .. t···QY.\Q{.:!o ... cleic~.WOj:> .. ~ ... p.tuooqr- .ft.k 'i'J, u-[X'ii,J,On • 

It .. ¥ . .1~o.W..Jbg,.:%>:d ... ar.vi. .. w.o.k.s::f:\l.~;; ... (?~ ..... la.ach,~ .. 0.?«.\ .. bp.s 

tN.h~.Jeod. .. b.od·ko£s..> .. Q..I.d.l£ad ... ~~d ... P~~~t?.J .... ~!d .. i?..~l41f··~ 
p..tYmk.i.~ ... ~'c.Js ... c1.!.tl: .... (~ .. C~.Qo.eots .... Qtg .. d.C!.rn~.····Y(.!f.t:( 
~±tl·J~ .... fr..! ... p.;la>..C ... l~ .... h~ .. Q!qw.n.~(~~ .... 1. .. 1RP.t/ .. w ... ?Q!(s 

a.ad ... Ql:mo.?p.b~ .. ne.o.v:~ .. .. m~j&?c . .Cf!Xl.d.S. _, . .l~Jd~.?.bbil. ... f?ffJ.~t 
COAt\ rei .eDt~ (e...oo{ ;n /-o mDLjor iA.Clfer·w~s whe.Je_ 

-1 f- b i o o.c c u ('(\ u.lah:s th r-D tA-f:)h ~e- fOoo( c}ct,i'n . 

Question 19 continues on page 15 
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Student No ..................................................................... . 

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 

. P.~A.:cl :b: .CC\...h.~.f.\ ......................................................................................................... . 

. ~: .... ~~- .. [J-r.~ ... ~fu .. Ee.#.\cw:e ... ..l.w.at. ... ~rJ~ ................................................... . 
d..~ .. ~~~.:: ... ~~.'~~-.$ffl2(J.J?d. .. :m ... ~.t:W:!f0.~ .. 1?.~.9..:.±.:~w.1~~ht ................. . 
~.· .. _.CJM£i.c~.::: .. f.l:\ .. mtW. .... ~ .. Q.Q!.d}.:y .. J.t~ .. 9.r..&Qt\:~ .. fl.:O.r .. A(:.:o.~ 
.. +.>.~r.!1) ... 1.~ .. pJec.if.!~$..~ ... -P.t&.,.~ .. £.~~J;. .. hk.~ 
... ~ ... h~V.!~.~t.~~.!lz:.k~ ... ~ .. -~~ ... I:P .. b.thn .. :+ .. r:.~R.o&d .. 'd~ .... 'il.~ . 
. !t.: .. _B.\.k:~b.9.o ..... ::-... ~.o.if.J.~J. ... ~.Q..kc..pOt$.~ .. :&~h .... ~ ... ~ .. <>.r 

.... ~ .... t .. ch~ ... B.\W. ...... -::2 ....... : ... CJ,gw.r··CJ:)·\o.ud~}..r··Qclo.w.:-.~~-··v.~vJes . 

.... ~.@.o;tM~-~9/) ..... ~ ......... ~~Qs: ... Ch.(g.o·~ ..... od.ekal.. .... k .... ~I( ... ~P.z~~ 

........ ~ .... '!..~C~~ .... :: .. (.@~J..?. ... ~.f.f..f:.': ....... r:.~~~t .... h?. ... & ... ~:.b?.~ ... . 
. §.: ..... f.t.~9..0.~ .. :: ...... f.~ .. ~.~~ .... (~~~) ..... <?.:~ .. f.t?. ...... . 

............. ~~3~--~~-~~.~-~ ..... ~9.~ ..... ~~ .. : .............................. . 

.. }Jy_C?.~t:P..0.k .. f:k .... f.r.P.~~~---· .. !J.':l~:.~IAc;J.~:b.·:.t:$ ..... roo~J,.tP..r:ed. ..... 

........ k ..... m~ ........ fu: ....... telf~ ..... ?.l~.~----~~- .. 'cJ··· ... NH.fA ... 

End of Question 19 

15 



Student No ....................................................... . 
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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. 

tC . h"" 5..A.\n .- ~' ~ ·~'- .. _, ·- L-~ ::..JA .. [D.LJX\O ... .. an ................... ~ .... ~.<.Q:ll..t0.& ...... ~v., ..... r.uT.T.c!5~···a~~s. ... (A>(. 

.. ~Qt.~.-Lid:e. .... tt:\ .... wo.kr.:·t····Sb ..... ~~sS£.s ... ~ .... fu.~ ... p.Ql.~~--'D .. . 

. J:k ....... ~.Q~p...h~ ....... a-.l.~~.'?.~.\~.~ ..... l.() ..... 0.t.m~.fk.t<.~ .... ~~-········· 

.. oo.CJ~r:k;.~ ..... ?..ttxLfkv.:-t.~ ... ~d .... n~l~ .... o...~w.t~ ...... w.b.<~ ... ~.l ... Q..?.. 

'0-l ' ' .. ~ .......... C~\-.0. .... • ................................................................................................................ . 

4 

(!) .. S. Q~. ct).).±. . .1+,. 0£.!)· :::! ..... .H. ~$..Q3···l<'-r)·· ... f :J, .N.:9.a... :':. .. f1.. Q .. ::'!. .. .f/:i0D .ll f- ifl\)?3 

~ ... H~?..9.:3.;t .... 9..~.n; ......... ?. .. ~ .. H.a.?.~q-__ (~~u).lli? .. ~.~~af .. g~ ... ::. ... ~ lt{'..)O 3 c. I) Cv) ..... ,... 

.... E;-:fk .. ct?. ........ A:lt.ho..~h ........ CQ~A ...... i5 ...... ~J~ ... Otc.tof..cc ... dve- to 

.... G9 .cQ.. t"1t).,:fk. ..... :ex..c.e.~.?. .. .. of ... Ht ... lli.:o.~h. H'2:~4f-.±; .. H:N.9.3 ... b a. s 

.... ~ ... l.~0.$.1:2f .... P.-.c..t~d.\~~~· ... to ... \.Qtkes ..... ce.s.v.~J.h~ .. ~ .... ·£~.t.$..h .... J:<, \\<5_.~ 

...... ~ ... ~:~~ ... :~E!.l.~tJ ... ~ .... ~9~.~~: ... ?.~f:~~-~.! ... (r.H~~ .. ::.!::? .. 1.1.Vi O~MlS~) 
...... ~ .... ~.Q.m~~ .. t9. ... :p.\~t.?. ...... kQ0.!15?..:~ ... 9-s.~J..~b.\ .... r.~~Y.~~ 
......... 0.2.~~~\ ...... ~.t0.-:~ .. P!. .... ~~~fyj-~.~ .... W.: .... f.~.~~:0.~~~ pro~s 
..... ~ .... ~CQ~.~:Q..0. .... ~ .... v.t:\O!..t:~ ... OJ:.!).._ .. Jta\o.~b.~ ... k.v.uJ.~.5 ... 

... (&..<;.0.»0)···-~~(i;j·i···"- ... !A.?.Q~-tAr .... t~ . .tq:b ... Ci>::'!?.<t: .. i:s ... ~.o.~) 
(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 

@ ...... .l ... ~~~.~ ... ~ ..... $.?.~ .... r..~.~.~ ....... j.~~.~ .. ~ ..... lj.~~4. .. ~.~~ ... ~~~-J!!lol~ Cctco 3 

@" .~5~:?..?..~ ....... ~.<?.-.~~ ... ~ ...... ~:.~.~- .. ~~ .. !.~.?P. ........................................................ ~ ........... . 
..... ~ .. C-.t;l(.() .. ;s .... :: ..... ~~j!QQ.~.Q~ .. ~mQ[~ ...... ~ ........ O:: . .O .. ~ .. m9.~ .... ® .......................... . 
.... ~.sQ.._ ... :::-..... P..?.9.5."J.M.l. .. ~ .... ~.'+-'··P.1··(\·<X!P..C.' ...... 2 ....... ?.!.~.P. &···@··· 
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Student No ............................................................. . 

Question 21 (8 marks) 

(a) What is the systematic name of the CFC in the diagram? 
Cl Cl 
I I 

F-C-C-F 
I I 
F F 

. l ~- o{ic.h \oro- i I ~ d..- +--eJ·a.c-tllvoroef-ho.ne ............. ) ................................................ ) ..... ). ..... ) ................................................................. . 

(b) Describe, using a Lewis electron-dot diagram, the bonding within ozone. 

Must- hMe both 
CO t\.f\~ (,(, ro.Jiol\5 

etno{ <.---:7 

Marks 

1 

2 

(c) Discuss, using relevant eg_uations, how CFCs, like the one shown in (a), damage 

ldu\h/t( 
l1t_. iSS~s 

[t) 

0~) 

the ozone layer. ~:DiSCuss-== ic.la.r.h~ 1ssv..ts· '> provlO/e., p<Y..A~ f'w-()(yj./or ~~i-, 

. : .. C..'E..Cr. .... rieffit:M r./:1a.;:t .. ·o/· .... P. :?:9. a e. ... ls ... ~ ... ds. -~- «.~ .. r!. .. aw ~:-(] .. 1.>-J ••• tu.. 

·---~~~~---~~---~~-~-~----~.~~~ .... C!:~ .. ~!..~~~~--~~~~:?:..~.~~~kJ.e_.J 
OJ-e.. 110+- soh-Jou so ~ trJ ~ ::> dt'f¥:.tSR- slor,J!:J ~ IlL 

····ft't;p;~pb:.··lr;···fb;····sfr;;.J-osp~·:,:v~····041si·····ekt~··~···~ &!/ 
·--~-~ .... "!!!:; ... ~~ ... o/.. .. ~~--.f!!!:.f!!.~:~~~-~--~~~--~~~ t(o~/10_ 

1n0 l.f!cvtl."fl-S. . l>es~ &/ D&C/le k(>.IJ/~ ?b .. ,.,<ore ()VB wi"'CL ~~s C!#o//Cill'X 

...... !.0. ... h.U.IJ:l~5 .... P.t4.. ..... ~~~--.p.{_~.~#.:-.: ......... ; ..................................... . 

~0d.-:f£1~ .......... !: ...... ~E~~-~~---t:-:..f.~ .. ~---~~~~ ... ~~---·!/:~.:c.-
CJI- C C--~F + rJ t1 c. ·-7 C. C i F~ +- Cl /J_ \ ............ .o. ................................................................................... w. .............................................. . 

& • Ct +· 03 -7 c I 0 -t- o2[t) Cl 0 can~ aA Mf?~eledrM $'17 ~~ A .fit,~ ' 
.............................................................. " ............................................................................................... . 

~: ..... ~-~--~~ ... -~:.~-~ ... ~ .. P~ .......... 0! .. e .. :..~ . .-z ... e~ .. -~ .. -~!lt)0.~~--~--~~-~~ 
&....-v 1N;,..., ,&-it~ tMtDf/.er;_ 0-zi)/I.L r;:ole~ arb! IU f'./VctLSS ~~ 

..... t/~ ...... ~I!J.4- .... /.0. ..... ~ ..... ~~- ....... ~.-~ .................................................... . 
~ r(J..) 1+/~L e:;tlu- ~cr. wifL CJ + CJO ~--: $h>p Itt ~~~---/'k /H.h"Aher 

~ ~ ·o/'-/u=~.m.r).lf!.ud.ts ... ak.~1 .... ~ ... .t& .... ~.~-(}l.(~/:w~...., .. e:j .. lf.c/· .... d.v.e,.-I:Q.~I!.l.L- '?/ ~ ~ 
IU past- 51) fjt!i2f5 j mcJits '"o/'()~;f I&. c6~ folk OW/tt. ~· dflw~ 

(d) Identify alternative chemicals used to replace CFCs. 2 

... f.!yr!!.~~t.P..ft.l.!.o.r.~.W.k!~ ........... fJ..?.:EC:~ .................................... (!) .................. . 

... Hy..t?!!QP! v..r?.rs?.fP.tk@:(};~ ... .......... .. !tr..t:-::~ .. ................................... C.J .. ................... . 
17 
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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. 

H 0 
I ~ 

H-e--c......._ ti fi 
I o-c-c-H 
H I I 

H H 

(a) Name and draw the structural formula for compound "X". Justify your choice. -
t..l CD 
I 0 

H -C.-C.~ 
I ' 0\-\ 

CD 
e .. +hCAAO ·~ Ole.-~ o{ 

H 

......... 1?..~s~~~ ..... ~\~.~~~~~0.~ ..... C4!J:\ .... B?.~ .... J?.~~ .......... . 

. lr.\~aY.\Q!e.e+.J..e£ ... PP.c~s7 .. Q\.~ ... i9. .... ~ ... g~JAoo(s ... .plu.s ...... .. 

CA0..\.h~ .. b .. J9.rro ... H::-.b9.0efs.7 ..... +:h~ .... QJ..ko.no.\~ ..... W.t~ ... Q0.b ... 
.J .... p.9.l.P.v~:: ... ~.od .. .. &AoL ..... W::? ~! .1. !.tJ ... b?. .. H.:-:.0?.(.!9.:( .~ ... ~: . .0-0..0 .... h~~ .. ~· 

J~,ifjbu. .... I?. •. P. .... @rnl!.s.l:-.... ~ .. .X., ...... ~:~~~0.:1-:o.'Y.'?. .... •0.0.h'.6~ 
X a~ erkctno~.c OtC:Lo< . 

4 

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

.......... H<~-..?.9<± ...... ~ ...... "::"' ..... 0:-:: ..... <:>:~.1 ~~+.. ... ~ ... "~-·-~ .. <..w __ _..>_:=\__ . 'd .:_ ' 

...... :\4 ..... ~c.-:!:>~ .. ~ ....... 0.-.00-..... kJ ..... ~o.v.i.~@.wo..ke ...... 
........ p..I.!.!>..~~ ..... -:IH. ......... ~!M..\.\k?.nUih< ..... :iD.wJ>.f:?!.'> ....... f-'1'.~.5 CD 
....... ~ ........ ~.C.:.'~'!...'!:::~ ..... .. fu.-......... t.eQ.cJJ.M ..... fP. ........ c.o.~p.. !..~b. 9.-:D ... :....... .... .... t-

Question 22 -continues on page 19 
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Question 22 (continued) Marks 

•"'\ 

~ 

J 
·I 
~ 

~ 

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

cooling water out 

reaction mixture 

(i) Name the experimental procedure .. 

........... ~ ~ £:\ .1!. . .;._ ~-~~- ........................................................................................ . 

(ii) ,ep!ai.!l_why this experimental procedure is better than simply combining the 
reactants in a beaker. 

~? .Th~ ... r.:ro.~\::?. ..... G.!.ld ... p..co~ .... ~, .. :v.o.l.c:1:b.l.~ ............ . * .. ~et~ ..... o...oo.t .... Y.YD.vJ.d..r. .... lae..-... 1.Qs.t. ..... Q.~ ..... v.~~--~:-... w ... . 
'~ ZJ 
~ .s:~.o.\.tJiM: .... \ftclal ..... v.~.O.'ii ... o.b..~!:M.I ....... lh:~~---9ff~-
~ ~OOf!cle.o.se.s ... :fu .... V..Qf.JW3 .... bac.~ .... +o ... f.k ... !.iOJsk. ... ~ .. loss 

1 

1 

~ ~ anol. WltA.~s t+ <j)Os5.1'b'e fu ret:td- -tk.. _m.Cdwe cJ- h~her -r::. 
(iii) ~TWO safety features this apparatus provides. 2 

::----

CD ... ~lli.~; .... :~.:~~ ..... f.E<?.'!.~-:€l?.! .... ~~-·P.-:. .... W.~~ ... b.~ ... tP. ....... . 

~/ ....... P..~.~~~ ..... '!.~.~~-~~---·~~~.0.:~~ ...... ~.8:0.~.b~ ... 0.~.~--~~ ~'htl-
~ @ ... Th!? .... ~0.~~--i.?. .... o.9.± ... S..h?pp.~~g/. ..... ~ .... f.!:e.,V.<?!.:\tfreS<;u.te 

~ ····---~~.0. ... r:f. ... ?.f. ..... u0..?..~ ............................................................ . 
-:L ~ VJoJer ~oes Tn cJ- botfom oP- co~~ ord.. ov-1-

~ ~ End of Question 22 

@ c~J oJ.- fop fo <U\S())'e 19 R, full Slee-;fe_ o{!-- wt.Je.r 
P -~ \1}\ • @ ~. e<.pp().f{:;-tf-t..Ls ·ts ~rmly support-eo{ loj a.cA~s 
~ \J - on . .e__ on ~~ets k. on-e. OV\ ~ con.o<aA~-es-. 

) 
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Question 23 (7 marks) 

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

(a) Wiite a balanced chemical equation, showing states, for this reaction .. ~ ~ 1 

(\}~ +- 3\--\ ~ ~J\\r\- ~ ·······················~) .................. a..(~)······· ........................ t>:J ..... S .. (tti)······~·· .. ··············· 

(b) Ammonia is used as a cleaning agent. State ONE other use of ammonia. 1 

..... fv.bJ..\~ ....... , ........ ~~.k~§J~V..~ ............................................................... . 
(c) Describe the conditions under which Fritz Haber developed the industrial synthesis 

of ammonia and evaluate its significance on human society at that time. 3 

... ·:::-..... ?.ce:., .. ~9.dY.! .... ~.J ....... R.~~~ .................................................................... .. 
... =: ..... e.~.~?. ..... :s.\Jf.pl!es ... ~ ... o.~~tr.~ .... fhc:.f~chJ.t.~ .. . 
............. ~ ...... -g_?:7{2.!9?..1.V.~5 ........ ~ .... f}P.tn ....... Cb.l.l;?..! ................... . 

.. 7::: ...... 6.:08~-Q.L .. !,;,lg<:;h~~----~·····~¥fltl1.?. ... p.L4.~ ......... . 

....... 12e.r.r.o~s ...... r.o._ulli.-h00s ... .t~.d.!i.s:t::J·····C!!Jd ...... ~ .. 

............ !V: ..... ~ ....... 0..~.~.0.:0..~~'0.t!.~ ...... ~~ ... :k.J::M~ ...... ~f. .... ~.(~b.fP.P. .. ~ 
:: .... rc~:.t~ .... H-ab.~ ... JoY.-eo.t.ed. ..... tJ:ro.ooo.ai·Ci.\. ..... ~(Jafu~~.~ ... !}J)Nl 

......... nJ.'¥···-~---~®tr-'·t··~·-···-~.1.~.~ .... ~~ 

....... ~ ..... fhw./. ... i:f~ ..... po.p.w.Jc~ ... .... 0:-f}.o.l ..... JY.lQi.h.. .. .. fY.1.U/.J.!.b.01.1.S 

......... &.·: ..... W.~ ....................................................................................................... . 

=···~~;~~h.i~--~~~·;;;~~:~·--~~~ ~ 
(d) Explain why it is essential to monitor the temperature and pressure inside the Haber 

· reaction vessel. 2 

.. J:h~ ...... s(j.o.-~~:'t.~ ...... ~~~ ... ts ....... o.n ..... %fJM.,.Ub..c;:~.I!:J~-fh.tJ: ....... . 
~~.o.w?. ..... f1.c~J}:~ ..... ~ .... N.~ .. .:l:-... H~ ..... 0.D.~ .. m:t:ott.4 ....... T .. ~: .. P::> 
M~ .. .!~ ... ~~9..~.Z.v. .. io~ .. rh9:, . ..r;l~.~~.~ .. S?f. ... ef1?.~~ ....... ~~kir 
~i~ ... f.l.~~ .. f.o. ...... S..~ ... ~ ..... f:~ ... ft/ ... ~ .... b.t&t:.l~ 
L.~~o..v.0. ...... t£Qtc.h?.-D~ ... ~ ........ lhSJ.~ ..... e ... ~.dJ. .... ±av.o.U£ .... p.rJ?~ . 
\o \C1-e)- CL aooJ y~'~(~ I OJl~ p are of-~~~ 

l.Qv-QJs CV1o{ mus-t-· ~ mo{\l ~ 
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Question 24 (7 marks) 

A student compared the properties of two monoprotic acids, hydrochloric acid (HCl) and 
benzoic acid (C6H5COOH). 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) (C6H5COOH) 

1. Electrical conductivity (rnA) 80 50 
·--

2. pH ? 2.6 --

3. Volume of KOH solution needed for 18.2 mL -· 

-- comElete neutralization (mL) 

(a) Explain why the electrical conductivity of the two acid solutions have different 
values . 

... H.~~ .... .i2 ...... ~ ...... ?..~·'8·····Q.~~Y.G .... ~ .... (~!~.b·····:~~!:?..l~f··Jh ............... . 

.... :ii.Q.\_,no,..,_ •............. ..... w..r:q . .J. .. ~ ... f_i:\.'] ....... ::?. .... ~;f!l~---!"A.0.?.i.~v.;a ... (t ) 
•..•• ,(b. .V.T. ................................................................................ " ............................................. ". 

'Q --. ·~o{ ' ____ ( .. h ~9 ~ 
..... ~W.:k:OJ~ ... Oo~~ ...... J§ ..... A ... 0.~ ... <Aad ..... IJ ..... ~~ ... O.D.

0 
................ . 

, .... , c· ] I? ..... f.0:Cb.0.lb······~.r.u~.e.-:s. ................ J:t~: ... ::::;· ..... 1~.~~~······~···· CJ) 

2 

....... ~~: .... ~::!~.~~·b····~-?. ..... (~0.~: ....................................................................... . 

? . fw ... \J~ .. ) .. D~~~J .. : .... O.: .. L~ ..... ~~~I ..... & ... c~.~.CAQ~1 .. : ...... ~.:.J::~· ... 9..~.J~ ~~ J 
5h'tt1(\ D.ctcl HCI -? li-rt-U BvT w · .t. t~ ) 4H£"lX>OH c:....2 t-t+--t-C(,<·kLOo . 

~) ) ~. 

(b) Determine the expected pH of the hydrochloric acid solution. 1 

.............. f.H .. e: .... .J. ........................ (.r.!~.~---:::: .. I.~.Qt.'] .. =.. .. ~!<?.;J ... o..~.u. ......... ~ \V>-1('-~) 

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

......... Jt~J-t~)~ ........ ~2 .. ~.~-t~a .... =.-:?? .......... K.CL(~} .. t.: ... Ha.9.()::} ... .. 

C
-~ ~ :-.n d.- !fi}J. ~ 

Question 24 continues on page 22 ..;;;! ~ ~-
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Question 24(c) (continued) 

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

.:!!.r.t.eL..:.:-.... ~f .. ~ ..... 9..~/Q.Q .. >.<. ..... Q .. ~ .. Qdo .. :~ ...... 4.~./.o..~:~--~~ ... .Lt.J ... ..... .J:f c,V/ ~ cJ.-v 1..-

.. Jh.~.(.l.~~ .... h0.1 ... 4. ..... ./..~.!.. .. ~: ... mh!?. ... , ................ .en. flu w4 

.:.~ ..... Q.: .. O.L~~ .. m.~ ... f.. ... BPtf ..... =:: .... 4:.KlQ:~~-~ ........... .(t.} ........ . .f~/.fw- ~d 
......... /!' ......... ?.:: k.r:uJ ..... :: ..... ~~ 9g_ 0 ... ~ . .9..~.0..\J.~ .?. ..... .0. .: .lQ.9.lt:.9... .. .. ... ......... .. .. .. ~~ ·-·-·--- l t t· 

................................................... ~ .. ?.:.~~ ............ ~ ..... .9: .. /...1..0 ... ~9!...~-:.:!.(Jr) 

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

........ f.b.M.~lj?..h.:th.Q.ied~o ........ (~~:.!.~ ... ./QC;.$.k .. ~ ............ .. 

End of Question 24 
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~ Question 25 (5 marks) 

Analyse progress in the development of a named biopolymer. 5 

~.Dli:m0~!.~.f'?.f;j-1().~ ....... '8.1:p.oL, ... f.1t.A.y .. P..tl~._,..£tt.i;) ... fl1B.~P..d'!. .. ~PJ~~ 

.. .P.hf.t7 ..... fu~.bc.sa.J. .. r-tcl~·:: . .e.£..f.. ... , .... sda~~~ .. 7..cP.r.t!1ooCt{"Qg~ 
CQ.,U\A-l0$2- 00~.1:'1-fl"' I .......................................................................... . ......................... .,...-.0!.~~~ ............................... . 

_j .L..- . /J OJ. - I /_ I I ... "'.~/-.~ .. :lor.: ... ,~ .................. . .. ,...,.rau_ ...... ~ .............. .cu:zr:~ ... ~.~ I-·· 
........ ~ ............................................................................................................ . 

l 
............................................................ ...................................................................................................... 

Biopolymers are naturally 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 e:p.ergy 
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 transported 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 is 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 more 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 . 

....................................................... , ................................. - ....................................................................................... 

End of Section I 
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Section II 
lOmarks 
Attempt Question 26 
Allow about 30 minutes for this section 
Use the spaces provided on the paper. 

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 . 

. .. .. !.: .... f:::~~0..~ .. ~ ... :fb?.0J ....... ~~h:iP.J ..... m.ck.s .... tJ ... aW1 ... o/..~~ . 

.... ~: ...... tfj.ofr!?t~J. ... 'k.a.l:?. ... !/.! ..... m..Zrid?.cet?IL1 ... c:t1fes. ........................... . 

Marks 

2 
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Question 26 (continued) Marks 

(c) (i) Identify the main metal used to construct ships. 1 

.............. ?. .. ~~-~ ... / .... +.(.9. ... :':' ............................... ············ ...................... ·········· .. 

(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. 

()) ... ~./J!~cr.\!:0..l!l.m. .. .Y.nffie.e!,a.~ .... ~ .... w.J.1/, ...... Q.,<.ty~········ 
.......... 19. ... h.cm ...... CAkrY.\~~n.i.vm. ..... Q.'f:.:J~.\.~.a ... tb. ... §.w.f.G.~ .............. . 

... ..... l\1V.ffi.ID.iu.IY.'t ... 9.~~-9.4. ...... L~ ..... ON ..... ~~ .... , .. to.~.b .. )···~h!~(j-············ 

........ J.~.0:: .... 9.o .... J4 ....... s.wf~~ ..... ~ .... J~ .... im.p.a.o.~~J.~ ........ . 

(]) ......... b.~ ....... a~~·····Q!C .... woJe.r. ...... ~ .... ~ ..... ro ...... £~ ............ . 
.... ...... Qx,d.M:~ .... o.f. .... ~ .... Q.!~ro.~o.tu.t:h ..... axd.V.; .... ~ .............. . 

..... ... 9.~, ...... .9.0..~ ........ ~ ....... Q£.~t~ .. : ... /rtj.QL:~ ... CQ.~ ............. . 

.... .... J:t.l.. ..... .fh.¢ .... QY.-;sk-.... (~···fP·CD.~ ... :~ ... .QJV.m~.O.I~V..!bv ........... . 

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

EndofPaper 
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