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• Indicate all answers in the spaces 
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lOmarks 
• Attempt EITHER Question 29 OR 
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• Indicate all answers in the spaces 
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Section I 

Total marks - 90 

Part A 

15marks 

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

Use the multiple-choice answer sheet 

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

Sample 2 + 4 = (A) 2 (B) 6 

(A) 0 (B). 

(C) 8 

(C) 0 

(D) 9 

(D) 0 

If you think you have made a mistake, put a cross thl'Ough the incor·rect 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 con·ect and drawing an auow as follows • 

• correct ......... 
(A) ..,._ (B) ,. (C) 0 (D) 0 
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1. Ethylene serves as a monomer flom which polymers are made .. The couect structural formula for 
ethylene is: 

(A) CH3CH2 =CH2 

(B) CH3 =CH2 

(C) CH3CH3 

(D) CH2 =CH2 

2. Which of the following molecules is an example of a condensation polymer? 

(A) Teflon 

(B) Cellulose 

(C) Polystyrene 

(D) Poly (vinyl chloride) 

3. The correct IUP AC name for the following alkanol is: 

(A) 

(B) 

(C) 

(D) 

H H H H OH H H 
I I I I I I I 

H-c-c-c-c-c-c-c-H 
I I I I I I I 
H H H H H H .H 

5-heptanol 

2-hexanol 

3-pentanol 

3-heptanol 

4. Which statement conceming galvanic cells is correct? 

(A) Reduction occurs at the anode .. 

(B) They are also known as electrolytic cells .. 

(C) The cathode is assigned a positive charge. 

(D) An extemal power source must be present 

5. Which acid is not found in either food, drink or your stomach? 

(A) 2·-hydroxypropane-1,2,3-tricarboxylic 

(B) sulfuric 

(C) acetic 

(D) hydrochloric 
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6. A group of students canied out an investigation to compare the ability of different types of 
radiation to penetrate target materials in a vacuum. They used a computer simulation to carry out 
the investigation. In their investigation they selected a number of sources that emitted different 
types of radiation and measured the radiation count a distance of I em from the source .. A time of 
lOs was allowed for each count Different materials were placed between the source and the 
counter, a distance of O..Scm from the radiation source. Each sample of target material was 
0 . .1 Omm thick. The students recorded their results in a table. 

Alpha radiation Beta radiation Gamma 
sour·ce source radiation source 

No target 728 791 762 
Paper 9 787 746 

Aluminium 3 656 733 
Gold 0 152 710 

The students also measured the radiation produced by a cobalt-60 source under the same 
conditions and obtained the following results: 

No target 793 
Paper 780 
Aluminium 746 
Gold 714 

From this information it is reasonable to conclude that the cobalt-60 was emitting: 

(A) alpha radiation 

(B) beta radiation 

(C) garmna radiation 

(D) either beta or garmna radiation 

7. The equation for the production of the transuranic element plutonium (Pu) is: 

238 U + X ----' 241 p + 1 n 
92 ---r 94 u 0 

Species X in this reaction is: 

(A) a neutron 

(B) a proton 

(C) an electron 

(D) an alpha particle 

8. Which of the following scientists did not contribute to the historical development of ideas about 
acids? 

(A) Davy 

(B) Arrhenius 

(C) Lavoisier 

(D) Dalton 

9. Which of the following is the conjugate acid of H2PO;? 

(A) H2P04 

(B) H3P04 

(C) HP02 -4 

(D) Po3-
4 
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10. 25 mL of a solution of H2S04 that has a pH of 3 is pipetted into a 250 mL volumetric flask and 
distilled water added up to 250 mL .. What is the pH ofthe diluted solution? 

(A) 0.5 
(B) 4.5 
(C) 4 
(D) 5 

11. Acid strength is a measure of the: 

(A) concentration of an acid solution 

(B) extent to which an acid neutralises a base 

(C) extent to which an acid ionises in water 

(D) number of acidic protons present in the acid molecule 

12. The formation of a coordinate covalent bond does not occur in which of the following molecules? 

(A) ozone 

(B) oxygen 

(C) hydronium ion 

(D) anrmonium ion 

13.. Chemists are employed in industry to monitor and manage industrial processes .. There are many 
aspects to the role of the chemist Which of the following is NOT a mle performed by a chemist 
working in industry? 

(A) The chemist ensures that the raw materials meet specifications and they do not contain 
impmities that would upset the pmcess .. 

(B) The chemist ensmes that the pmducts are sufficiently pure and fiee from dangerous 
contaminants. 

(C) The chemist ensures that the products are sold in an ethical and environmentally responsible 
manner.. 

(D) The chemist ensures that the workplace remains safe and healthy. 

14. Atomic absorption spectroscopy (AAS) would be a suitable method for determining the 
concentration of: 

(A) Phosphorus in detergents 

(B) Ethanol in wine 

(C) Mercury in fish 

(D) Nitrogen in fertilisers 

15. During the tests for biochemical oxygen demand (BOD), a sample of water is kept in the dark for 
five days before being tested for its dissolved oxygen leveL 

What is the purpose of keeping the sample in the dark? 

(A) To prevent photosynthesis occurring and adding oxygen to the water .. 

(B) To prevent photosynthesis occuriing and removing oxygen fiom the water.. 

(C) To prevent respiration occuning and adding oxygen to the water .. 

(D) To prevent respiration occurring and removing oxygen fiom the water 
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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 televant wmking in questions involving calculations .. 

Question 16 (5 matks) 

Styrene is an example of a commercially significant monome1 

(a) Give another example of a commercially significant monomer, stating both its systematic 

Marks 

and common names.. 2 

systematic name: .. 

common name: ...... . 

(b) Desctibe TWO uses of polystyrene in tetms of its propetties .. 3 

- 6-
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Marks 
Question 17 (8 marks) 

Ethanol is cmrently being used to supplement the use of petrol in cars 

(a) Discuss the need for alternative sources of the compounds presently obtained fi:om the 
petrochemical industry.. 2 

(b) Write a balanced equation for the fermentation of glucose to ethanol. I 

(c) Assess the potential of ethanol as an altemative fuel by discussing the advantages and 
disadvantages of its use.. 5 

.. 7-



Student No. ----------

Question 18 (6 marks) 

In class you performed a first-hand investigation to measure the difference in potential of 
different combinations of metals in an electrolyte solution. 

(a) Draw a neat, fully labelled diagram of the experimental set-up when using iron and 
copper electrodes in solutions of iron sulfate and copper sulfate respectively .. 
Indicate the direction of electron flow as well as the direction of ion movement in the 

Marks 

salt bridge.. 4 

6-
(b) Calculate the potential E of the above cell and write the overall equation for the 

reaction. 

- 8-
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Question 19 (5 marks) 

Cobalt-60 (Co- 60) is a gamma emitter. It is produced by the neutron bombardment 
ofCo-59. 

(a) Name an instrument that can be used to detect gamma radiation. 

' " ,, " ~ ' 

(b) Write a nuclear equation to show the formation of Co- 60 .. 

(c) Evaluate Co-· 60's use in the treatment of certain cancers .. 

-9-
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Student No. 

Question 20 (7 marks) 

Le Chatelier' s Piinciple can be used to predict what happens to a system at equi!ibiium. 

(a) Define Le Chatelier's l'Iinciple .. 

(b) Carbon dioxide is slightly soluble in water and establishes the following equilibiia in 
a fizzy d!ink 

C02 ~ C02 + heat 
(g) (oq) 

The dissolved carbon dioxide Ieacts with water to foim a weakly acidic solution of 
car·bonic acid .. 

Explain, in teims of Le Chatelier' s Piinciple, what will happen to the solubility of 
carbon dioxide when: 

(i) an open soft d!ink is warmed 

(ii) a base is added to the fizzy d!ink 

(c) Calculate the mass of carbon dioxide 1eleased at RTP if the volume of the collected 
C02 gas was 365 mL. 

"10-
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1 

2 

2 
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Question 21 (5 marks) 

Potassium hydrogen phosphate (K2HP04 ) fcl!ms an arnphiprotic species in water that is 
involved in the buffering of living cells .. 

(a) Write an equation showing how K2HP04 can act as an acid in water.. 

(b) Write an equation showing how K2HP04 can act as a base in water .. 

(c) From one of your equations above clearly identifY a conjugate acid-base pair 

(d) Qualitatively descxibe the effect of the above buffer on the pH of a solution. 

-11 -

Marks 

1 

1 

1 

2 
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Question 22 (6 marks) 

(a) Using acetic (ethanoic) acid and hydrochlmic acid in your answer, draw diagrams to 
represent: 

1 . a concentrated, weak acid solution 2. a dilute, strong acid solution 

Make sure you use correct formulae for ions and molecules in your diagrams .. 

Concentrated, weak acid solution strong, dilute acid solution 

(b) Describe the difference between acetic acid and hydrochloric acid in terms of an 
equilibrium between the intact molecule and its ions .. 

-12 -
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2 
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Question 2.3 (8 mmks) 

Titration is an impmtant technique for finding accurately the concent:Iation of a solution. 

(a) Describe the correct technique for prepming a standmd solution of sodium hydrogen 
cmbonate and the conect technique for conducting a tit:Iation to determine the 

Mar·ks 

concent:Iation of a solution of sulfuric acid.. 6 
' 

(b) If 25.0 mL of a 0.0452 M sodium hydrogen carbonate solution gave a mean tit:I·e of 
17.37 mL of sulfuric acid calculate the concent:Iation of the acid .. 

-13-
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Marks 

Question 24 (5 marks) 

Ammonia is prepared fiom its elements via a catalytic reaction known as the Haber process .. 

(a) Write down the balanced equation for the fmmation of Ammonia in the Haber process.. 1 

(b) Identity the catalyst used in the Haber process .. 

(c) Use Le Chatelier's principle to explain the following data on yields of ammonia at 
3oo•c. 

Pressure IOOatm 200atm 

Yield 53% 67% 

- 14-
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Student No. ________ _ 

Question 25 (6 mruks) 

Describe and assess the effectiveness of methods used to pmif'y and sanitise mass water 
supplies. 

-15-

Marks 

6 
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Question 26 (5 mruks) 

Chemists monitor changes in the levels of ozone so that further damage can be limited .. 

(a) Use Lewis electron dot structures to demonstrate the formation of the coordinate 
covalent bond in ozone .. 

(b) The boiling point of oxygen is -183 ° C whereas the boiling point of ozone 

is -111 ° C.. Account for this difference .. 

-16-

Marks 

2 
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Student No. ________ _ 

Question 27 ( 6 marks) 

In class you analysed, by means of titiation, a sample of fertiliser to determine the 
percentage of sulfate it contained. Below is a typical table of results. 

Titre Volume(mL) 

1 29.50 

2 29.35 

3 29.42 

932 g of the original fertiliser were dissolved in 250 mL of deionised water 10 mL of this 
solution were pipetted into a conical flask. The bW'ette contained 0.051 M barium chloride .. 

Calculate the percentage of sulfate in the fertiliser .. Show all your working as a means of 
explaining the chemistry involved .. 

-17-
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Marks 

Question 28 (.3 marks) 

Human activity impacts on waterways and so it is important to monitor our waterways 

(a) Water quality can be determined by considering factors like turbidity. 
Identify FOUR other factors that help determine water quality. 2 

(b) Define the term eutrophication. 1 

End of Section I 

- 18-
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Section IT 
lOmarks 
Attempt EITHER Question 29 OR Question 30 
Allow about .30 minutes for this section 

Use the spaces provided on the paper. 

EITHER 

Shipwrecks, Corrosion and Conservation 

Question 29 ( 10 marks) 

(a) Identify the ion which has the highest concentration in seawater.. 

(b) Account for the origins of dissolved minerals in the oceans. 

Question 29 continues on page 20 

-19-

Marks 

1 

2 



Question 29 (continued) 
Student No. ________ _ 

(c) Outline and analyse the impact of the work of Galvani, Volta, Davy and Faraday in 
understanding electron transfer reactions .. 

End of Question 29 
l 

OR 

-20 .. 

Marks 

7 
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Forensic Chemistry 

Question 30 (10 marks) 

(a) (i) Define inorganic compounds .. 

(ii) Desciibe tests you could do in the laboratory to distinguish between two 
colourless liquids- ethanol and ethanoic acid (acetic acid}. 

Question 30 continues on page 22 

-21-

Marks 

1 

2 



Question 30 (continued) 
Student No. 

(b) Forensic chemists identity materials and uace their migins.. Outline precautions 
that may be necessary to prevent contamination of samples for analysis and discuss 
ethical issues that may need to be addressed dming an analytical investigation .. 

End of Question 30 

End of Paper· 

-22-
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1. Ethylene _serves as a monomer from which polymers are made. The correct structural formula for 

ethylene 1s: 

(A) CH3CH2 =CH2 

(B) CH3 =CH2 

(C) CH3CH3 

@ Cll2 =CH2 

2. Which of the following molecules is an example of a condensation polymer'? 

(A) Teflon 

@)Cellulose 

(C) Polystyrene 

(D) Poly (vinyl chloride) 

3. The correct IUPAC name for the following alkanolis: 

H H H H OH H H 
I I I I t I I 

H-c-c-c-c-c-c-c-H 
I I I I I I I 
H H f1 H H H H 

(A) 5-heptanol 

·(B) 2-hexanol 

{C) 3~pentanol 

·®3~heptanol 

4. Which statement conceniing galvanic cells is correct? 

{A) Reduction occurs at the anode. 

(B) They are also lcnown.as electrolytic cells. 

(!§}) The cathode is assigned a positive charge. 

(D) An external power source must be present. 

5. Which acid is not found in either food, drink or your stomach? 

(A) 2-hydroxypropane-1 ,2,3-tricarboxylic 

@)sulfuric 

(C) acetic 

(D) hydrochlonc 

- 3-

-

6. A ~r~up of students carried out _an mvestigation to compare the ability of different types of 
rad1atmn to penetrate target matenals m a vacuum. They used a computer simulation to carry out 
the investigation. In their investigation they selected a number of sources th.at emitted different 
types of radiation and measured the radiation count a distance of lcm from the source. A time of 
lOs was allowed for each count. Different matenals were placed between the source and the 
counter, a distance of 0.5cm from the radiation source. Each sample of target matenal was 
O.IOmm thick. The students recorded their results m a table. 

Alph~ radiation · Beta radiation Gamma 
source source radiation source 

No target 728 791 762 
Paper 9 787 746 

Aluminimn 3 656 733 
Gold 0 152 710 

The students also measured the radiation produced by a cobalt-60 source under the same 
conditions and obtained the following results: 

No target 793 
Paper 780 
Alurniniwn 746 
Gold 714 

From this infonnation it is reasonable to conclude that the cobalt-60 was emitting: 

(A) alpha radiation 

(B) betaradiation 

@ gamma radiation 

(D) either beta or gamma radiation 

7. The equation for the production of the transuranic element plutonium (Pu) is: 

~U +X ~ ~Pu + ~n 

Species X in this reaction is: 

(A) a neutron 

(B) a proton 

(C) an electron 

@ an alpha patticle 

8. Which of the following scientists did not contribute to the historical development of ideas about 
---- acids? 

(A) Davy 

(B) Arrheruus 

(C) Lavoisier 

@Dalton 

9. Which oft}le following is the cOnJugate acid of H2PO;? 

(A) H2P04 

@ H3P04 

(C) HPOi

(D) Po;-
-4-



25 mL of a solution of H2S04 that has a pH of 3 is pipetted into a 250 ml. volumetnc flask and 
distilled water added up to 250 mL. What is the pH of the diluted solution? 

(A) 0.5 

1 4.5 
4 
5 

11. Acid strength is a measure of the: 

(A) concentration of an add solution 

(B) extent to which an acid neutralises a base 

@ extent to which an acid ionises in water 

(D) number of acidic protons present in the acid molecule 

12. The formation of a coordinate covalent bond does not occur in which of the following molecules? 

(A) ozone 

® oxygen 

(C) hydronium ion 

(D) ammoniwn ion 

13. Chemists are employed in iooustry to monitor and manage iDdustrial processes. There are many 
aspects to the role of the chemist. Which of the following is NOT a role performed by a chemist 
working in industry? 

(A) The chemist ensures that the raw materials meet specifications and they do not contain 
impurities that would upset the process. 

(B) The chemist ensures that the products are sufficiently pure and fu:e from dangerous 
contaminants. 

~ the chemist ensures that the products are sold in an ethical and environmentally responsible '-21 manner. 

(D) The chemist ensures that the worlq>lace remains safe and healthy. 

14. Atomic absorption spectroscopy (AAS) would be a suitable method for determining the 
concentration of: 

(A) Phosphorus in detergents 

(B) Ethanol in wine 

@ Mercury in fish 

(D) Nitrogen in fertilisers 

15. Dunng the tests for b10chemical oxygen demand (BOD), a sample of water is kept in the dark for 
five days before being tested for Jts dissolved oxygen level. 

What is the purpose of keeping the sample m the dark? 

~~ To prevent photosynthesis occumng and adding oxygen to the water. 

(B) To prevent photosynthesis occurring and removing oxygen from the water. 

(C) To prevent respiration occumng and adding oxygen to the water. 

(D) To prevent resp1rat1on occurnng and removing oxygen from the water. 

-5-
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Section 1 (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 

Styrene is an example of a commercially significant monomer 

(a) Give another example of a co-rei ally significant monomer, stating both its systematic 
and common names. 

I 
systematic Dliille:.<:.~lo."(Q.e.·Hu~ n~. -~j- .e:th.e.ng,_ ... ,~- • -·-~-y.<uto.~~.tt t 
coilmlOJi name: ••.. \ltt\y.l.~hfot.tt/. ... . ~f.{..y.l~~~-- .aL.l'f.lQ.fJJ.f.r:tJ~ .... ______ _ 

(b) ~scribe TWO uses of polystyrene in teWJS of its ploperties. /_ 

(.~DQL._b.g_tJ_ell.e.~ .. {.s.c.1!?.W.r#..1ll-'!1,.clt.is~l.)..he.~CM+.s.e ..... -.. . 
. .............. o:f. .. it.~ .. h.~tJ.¢.$.$ ... Q.J:" •.• }..t.gl.Q}if¥~ ............ ~ ................ . 
-~-·-·····~·-······························;···················~-~-·-···:···:·.··:···············-/ 
l.;;fi.~ .. .o:&u.., .. c.!lt.s .... ~C~M<.•.e..o:f.t ... r..lJjlfA~.f¥~.o.t<-·• 
·············f~~ ... s.p~.c.~S. . .tlt.±l\e.~oll.m .. .adL.±J.ll~ ... ~w.r.t&) 
············-~--J.n5kt.l.~ntJ.q .. .JJrJ.s. .. b.~J.d .. tn . .p./~~£sealMl).b.'l··-··/ 

'-.__n 011 .. fO Yo (J)s fO ly ~ +yt.,e .-t e. / 

- 6-
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Marks 
Question 17 (8 marks) 

Ethanol is currently being used to supplement the use of petrol in cars. 

(a) Discuss the need for alternative SOllfCes of the compounds presently obtaine<l from the 
petrochenrlcalindustry. 2 

.. e.~:t.~.\ .... Q..~ ... a..:fM..~L~t:._..c.cl4s ... came.s:.£ro.~/-·· 

.. non-::f..~.n.~.w~P..J~.-p-e±:t:o.Jr-~1.\~.'tl.(-.~:··e:f..ha..t:t.o.L ........ . 
--~-s ... a. .. s.Gt.f-f.leM.ent .. Th.f!?..i:r.o..L!&.\!L~t.t.cJ1d.~.e .. .;. . 
.. J.t£ca±.tirt~ .... 9.f. .. p.sd~1.Q.J.~.v..~,:tg_~Q.Q .. u;~~J ................. J..... I 
... ~+.h.s:trt.D.I..i.~ .. a. .. !~f.leB.l\~t:'I\ .. ~~-~-~-Y.t~OIIJ'H?It Ja·tt . T.:t.t~Wf Y 
trA~L±~AA .. h.y.~i?~.b.9.t\ ... ~:baJ H-AW<.'i!~~i!?M'\.a.Am 

l'lO 

(b) Write a balanced equation for the fennentation of glucose to ethanol. 0) ~';/ • 
.............. ~<;:,H.,~Q.h------~-~ .... k..~-~ca:H5.QH .. t.-.~.~Q..c·-- ~ ,fll 

-7-
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Question 18 (6 marks) 

In class you performed a first-hand investigation to measure the difference in potential of 
different combinations of metals in an electrolyte solution .. 

(a) Draw a neat, fully labelled c!iagrarn of the experimental set-up when using iron and 
copper electrodes in solutions of iron sulfate and copper sulfate respectively • 
Indicate the direction of electron flow as well as the direction of ion movement in the 
salt bridge. 

I -tOll_ sq 1-{;t~ ~ul;;, col-he~- st.t~ te. S:> I ti. Tlt:m 
G 

2.-t t- ) rr(. 2.~ rn,J· 
Fe,_~ 5(\(o~Jl/ C.U.:~1) Y""f-(~ 

(b) Calculate the potential E. of the above cell and write the overall equation for the 
reaction. 

·--~~~.t.l.~ .. {~~~--~-=Qde ...... f.~.:: .... ~;.::t ... ~-:d ........... . 
.............. :: ... 9.~~crY..:::.(-::OA:f±Y) ......... ~ ... .Q.,}~':/.:t.P..•.LJ:!t.'l .... .. 
.............. 7: ... 9. .. .1~~-----L ................ ~ .... Q.~-:!-~.Y. .................... . 

Marks 

4 

2 

~ - ~...-c:;- + fe ----7 elk -t re 

- 8-
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Student No. -------

Question 19 (5 marks) 

Cobalt-60 (Co- 60) is a gamma emitter. It is produced by the neutron bombardment 
ofCo-59. 

(a) Name an instrument that can be used to detect gamma iadiation. 

.. G.~\a5M:.£::.mii.U.f1r). .. CtJun:kA-:.;) ... (~inli.~n.f!).Qntf!1:).. ... __ _ 
pho+-a.~r~h·c.- f:trn . 

(b) Write a nuclear equation to show the formation of Co- 60. 

.... ;jco, ... :t .. ~.YJ .... ~~--~~'-~·-················································· 

(c) Evaluate Co- 60's use in the treatment of certain cancers-

.C.O.:::.P..O. ... I.$ ..• Cl». •• e£f.idf-l\L .. Cl!~~-~--H.e.±1:~$lUte.tl:t 
of- ~ .-

....... ~Qmt:..~~U.C.~ ... P.~.~~--± --~<1~Jit\Cl .. tcAdtalthn.:l.t .. 

1 

1 

3 

.e~T$. .. C.%.pRn~t:Ni.G .. ~e~p.i~tl,; .. b.o.cJ.¥.:h.ssut .. ±o .. kitL. 

.-:l:ie . .caM.ctM: .. ce1ls .•.. .:r±.h.a.s .. ~ .. s;ho.-rt.haf£.J.ff~ .. £Utd.:lf.~ 
Cfli.\.~~i.r .. .L.tt@#~£ .. ~ .. tod.lJio.~~--b.~ . .l~ .. ~~-11i 
I\-Utk~.lL$ ... .1J.Sf...J.n .. ±h~.y..~a.ci.t».~>..~O.I.\Q.!J.t(.f}) •....... 
R.:v.~rt.t:~~ .. tt.s.:Ef~~rt~~--.kLI.l5 .. ~~-H:4.f-.c.eJ.Js..tu ... 
weU cts Cci~c~s~ (o-60 is ~ e:ffe.div.a .fo-t. 
+-tea;t'w.~ o-f ca.."c~· 

- 9. 

Question 20 (7 inarks) 

Student No. --~---=-=--=
Marks 

Le Chate1ier's Principle cart be used to predict what happens to a systein at equilibrium. 

(a) Define Le Chatetier's Principle. 1 

X~ · ..,~..e t- 'l. · 1 • • d · +- · bed +L e . .. :r. .. Q.. ••• 51::JL.YY! ••. ~ .• ~.~r.t)l t.~1J.UP.i •. .t.5... J.S.J.UJ:-• .•••. 1 •.••.• n ... ~ ..... . 
+he te ·11 .A • t ·n 1 ~'~ -J... • • • u ...••..... ~f-~-----~-.W.t .. 11~145. .. t .. s.g.xr .... <o.mJJ1J.Htt~-§ .. :c~ .............. . 
..c«~tv.:t.b9:4~~---(tt.t:12.p.~JJU1.ll:t.L004±~;Q.d:.±4 .. JJ.!d-~:t.~) 

(b) Carbon dioxide is slightly solUble in water and establishes the following equilibria in 
a ftzzy drink. 

The dissolved Cartxm dioxide .reacts with water to fonn a weakly acidic solution of 
carboi:lic acut 

H 2C031,.1 
' H(..1 + · HC0~119l 

Explain, in terms of Le Olatelier's Principle, what will happen to the solubility of 
carbon dioxide when: 
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Marks 

Question 21 (5 marks) 

Potassit~m hydrogen phosphate ( K2HP04 ) fonns an amphiprotic species in water that is 
involved in the buffering pfliving cells. 

·(a) Write an equation showing how K2HP04 can act as an acid in water. 

................ J~.&.-# ... ± .. H:2:Q .. ~ ... :f.Q~~--± .. tl.3Q! .................. . 
1 

(b) Write an equation showing how K2HP04 can act as a base in water. 1 

····~·············Hf~4. ... :t .. H-o1P .. -s:-:!:. .. .tt~p.o'f .... :t ... o.».: ............ . 

(c) From one of your equations above clearly identify a conjugate acid-base pair 1 

.H:P.9;.~~~~f.Q~ ...... .; .... J:\:f.O.~~~f.~4~-; .... .flz..Q/QJJ.: .. ;..H.~OJ H;O-t 

· (d) Qualitatively descnlle the effect of the above buffer on the pH of a solution. 

.:r£ .... sm.g.}} ... Q.M.o.u.~tt§~.~f ... g.9.t:d ... ett .. b.(l.s.e.{tt.~.fd.9.JJ.) ... 
-~--dJ.erJ. ... iQ ... ~-·-~-af.f!Ran ... o.f .... Kt,..J:L.e.Q:V-·t·:~ 
.w.il.l ... ~ .. rt~t.1Q,)J.s.~l.:.5o .. ~ .. ±h.e .. pH .. fs ... Q.lJ~t.0.5T 
.c.en.s.~ ... 'JQ.w.W: .. ti .. wrl.?. ... b.e~--~--rulclt.tibn .. o+ 
-t-k K 1- o--r o w-

-11-
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Question 22 (6 marlcs) 

(a) Using acetic (ethanoic) acid and hydrochloric acid in your answer, draw diagrams to 
represent: 

1. a concentrated, weak acid solution 2. a dilute, strong acid solution 

Make sure you use correct formulae for ions and molecules in your diagrams. 

Concentrated, weak acid solution 

v.J~Qo- ~0 

strong, dilute acid solution 
w rc.r»:~.O 

Marks 

2 

(b) Descnlle the difference between acetic acid and hydrochloric acid in terms of an 
equihl>rium between the intact molecule and its ions. 4 

.Jir!kR~~-'-~~L.ol.d.c. IY\.OJ.~.~~l.~:s ... ~-~-f~~.l¥-·~~tk 
_watea:-.:to.~--~-~JI.LJ).~.t.t'm:~---~--~:t~.rt.f? ... ,~---
··············------·~---·--:t . .tb9 .. ~---H.-3-Q·~--±:-~=--~---··· 
Th.~--~~---~--~-~~-~---~--~b'l.l.!J.IYJ ...... . 

' I l l 7} 1.1 ~ '...t..l -~~9ii\Qlc .. o..urLm.o.lec.<k. e.5 ... all. y .. .fUJf:HUL. .y. ....... «..t)).U.JL 

w.c:tr-Sk.(f.(JP..)_p_~f.~tJ.:Th .. fat.~.-~t~~-~QM .. flmfi..Mf~~()M IN 

=:;:;;,_~~:l;:~7i':i:=;t.~" 1<-.o.~ 
c.~cooH- + l-h .. O ~ c..tt~c:oo- + ~t~o+-

-12-
-----·----------
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Question 23 (8 marks) 

Titration is an important technique for finding accurately the concentration of a solution. 

(a) Describe the correct technique for preparing a standard solution of sodium hydrogen 
carbonate and the correct technique for conducting a titration to determine the 
concentration of a solution of sulfuric acid. 

-13-

Marks 

StudentNo. -------

Question 24 (5 marks) 

Aintnonia is prepared from its dements via a catalytic reaction known as the Haber process. 

(a) Write down the balanced equation for the formation of Ammonia in the Haber process. 

~ ;..-=::::... ···················· .. ~:t .. 3.Hl-·~~---~-W..t.t.:a-·!j)························ ..... 

(b) Identify the catalyst used in the Haber process. 

. /· i ')) ... f-~:. ... r-e...-3.o.tt:··········\-·Et...;" .............................................. . 

(c) Use Le Cbatelier's principle to explain the following data on yields of ammonia at 
3000C. 

- 14-

MarJ~s 

1 

3 
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Question 25 (6 marks) 

-15-
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Marks 

Question 26 (5 marks) 

Chemists monitor changes in the levels of ozone so that further damage can be limited 

(a) Use Lewis electron dot structures to demonstrate the formation of the coordinate 
covalent bond in ozone. 

~set-It 

•• •• 
'"0• 0 ..• ; ·:·a: 

\ -. 
fuse. +luo 
e.lecttol\s ~ 

-+-{..._ wo-t-Gll~lt;; 
(b'Vc:l.\~~~ot- bo n.Gi 
ll'\. Oc:bOile· 

(b) The boiling point of oxygen is -183 ° C whereas the boiling point of ozone 
is -111 ° C. Account for this difference. 

.. oKr-q;fb-... ~.le.~:e..s .... ll~\le. ... H~.-d.er..hn.s ................ . 

.. 0~----~------·~-l.e .. ~::-5 .. ---~~~--:l-:.i.!r:.e.(g.cf.!OXI-.$. ......... . 

... o.c}~·:·--'~----A.<~.!i .. M~---d.t.~.shOn ... ~ ............. . 

... o~ .. IA ... po.l.<H-7 .... o.c_.y~ .. .t::, __ Mnt-:f{).l~............ _ 
--~---h..t.l .. 94±·ta. ... d:tf~.le.::dif;.ole~ .. b.e:i~ , r; 

·-~~;;~····-~~~~?~ :. ~.:Foo~""' po·~ r o-f~~ O)p'fr· 

-16-
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Question 27 ( 6 marks) 

In class you analysed, by means of titration. a sample of fertiliser to detennine the 
percentage of sulfate it contained. Below is a typical table of results. 

Titre Volume(mL) 

1 29.50 

2 29.35 

3 29.42 

9.32 g of the original fertiliser were dissolved in 250 mLofdeionised water. lOmLofthis 
solution were pipetted into a conicalflask. The burette contained 0.051 M barium chloride. 

Calculate the percentage of sulfate in the fertiliser. Show an your working as a means of 
explaining the chemistry involved. 6 

Av<.N-Cl2r- -\-\k o-f b ~ t~<Jf\\ chlt.J+t.clt :=.:2.'l,,f'i...-..L. 

&; + :5o;- ---7 &t so<f 

o.uaJt0 Bc:t';l-f- - o,o.?..q~t"' o.os-1 ,.o I 

~If) sor = o. O'l.Q 41. ~o.o ... l .-.o I . 

~01 1Ht.s wiYS ONLY 1 N 10 It\ L of -f-o..;. Tt/('3 Of- so lvli on 
L 0~ _r +-t· hs.Ooi i~ : l~ .;l s-o """' r r-s--1 ., -

::: ::t s-Q 0. Ot q ~2- ><- 0. 0}} tt-0 j S 0 9-__ .,...,_-
10 I . 

IV~\ct:_ cdl c.~ f'-~am i-k.~ q, 3l.J ~Tt'lt's.&.~ 

Mtts.s 0~ so~- ·- ~ Ko:_~4l.. :<o.ost >< (U.o{, ct. 
to I I CJ 

= ~ ~o-ot.qa1. >(Q.Ol7 ~q(o6 x.IOO 

to 'f.3(. 

- 3 ~ .7% 

-17. 
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Question 28 (3 marks) 

Human activity impacts on waterways and so it is important to monitor our waterways. 

(a) Water quaiity .can be determined by considering factOrs like turbidity. 
Identify FOUR other factors that help detennine water quality. 

·:ss.:llle<I.:C¥J·~ ....... ······::·· ·~·········-····················· . . .. 
•••••• YJ.C ••• n:tt~ .. ~On ... a .... .CC.I.I':\.~)1..1.0!\ .•.•.•••••••••.•••.•..••.•....•.•......•... 
,.·hH.dnt.s.$ ............................................................................... . 
... eu:.tdil~ .. (.e.v ........................ ::t~ .......................................... . 

(b) Define the term eutrophication. 

Tk~ ... kf?.f.\~.W.!'I ... ()f .. (.(~~r-·J.cAk~.s ... t~.£11-m..l~trd ......... . 
.J>.y. .. ~ ... cy.t.l£~ .. .a~l.'.b.I.OOMS .. ~JeLtK .. :ft1litlj; .. 
.. v,~.:tit. .. la.k.e..o.g-J.~y. .. ±t..& .. .sM.IloNJ..Ift.k~.s. ......... . 
.c&~~ .. :sm.~J~ .. 'i:.~~~---~.::fiMtUJ!.:f.tt~ .. l~_. 
............................................................................................................................ ~ ...... ~ ................................... .. 

End of Section I 

- 18 . 
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. Section II 
lOmarks · . 
Attempt EITUER Question 29. OR questiOn 30 
Allow abot!t 30 mit!t!tes for th1s sectJo11 

Use the spaces pwvided on the paper. 

EJTIIER 

Shipwrecks,. Corrosion ancl Conservation 

Question 29 (10 marks) 

(a) Identify the ion which bas the highest concentration in seawater. 

....... c.~l..a:t.l~.-R-......................................................................... . 

(b) Account for the origins ofdissolved minerals in the oceans. . 

.:-r.h~ ... dJ.s-s.oJ.uTt.OY.\ .. of ... ~H.s. ... by .. w.gFt.-... ho.~5.L~ .... . 
±k:-ra~;r.( .... :rl .. ~-~~.-:~...v.~~n .... i~ ..... ~~ .. .-:f.~.e:t:: ........... . 
.. r4 .... Y.~t1.~.~: .. rd~ ... so~b ... b.':f.,t(t.lh .. ~ .. ~-... . 
.. v.J.fit~.J.nfu ... ~.-::.o.i?f .. J.r:tTY:. .. o.c.t?.~A-.ns ......................... . 

QqestiQn 29 continues on page 20 

·19. 
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(c) Outline and analyse the impact of the work of Galvani, Volta, Davy and Faraday in 
understanding electron transfer reactions. 

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

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

Marks 

7 

The work of scientists mcluding Lwg1 Galvam,AIIesandro Volta, Humphry Davy and Michael Faraday, m the h 
eighteenth and then nmeteenth centuries Improved our understanding of OXIdation - reduction reactions and 
role m generating electncity. The Importance of electrolytes m these processes was also mcreasingly undersi 

Luigi Galvani (1737- 1798) 

Galvani investigated the effect of static charges on the nerves and muscles of frog's legs. He showed that th~ 
muscles twitched when a charge was applied. Followmg further expenmentation, he discovered that the mus, 
would twitch without the application of a static charge as iong as two different metals formed the c1rcuit with tl 
muscle tissue. He wrongly concluded that the tissues themselves produced an electnc flwd that moved betw~ 
the nerves and the muscles. He called this ammal electricity. 

Allesandro Volta (1745-1827) 

Volta was a friend of Gaivam who disagreed with h1s mterpretation of the frog expenments. He demonstrated 
electnc currents could be produced, by alternating two different metals( copper and zmc disks) m a stack. and 
separating them with cardboard, soaked in bnne. Th1s stack of conductors and an electrolyte was called Volta 
Pile. Volta thought (incorrectly) that it was the contact bef!Neen the metals that generated the electncai curren 

Humphrey Davy (1778- 1829) 

Davy expenmented with Improved vers1ons of Volta's Pile to pass electnc currents mto water and other electrc 
mcluding molten salts. The electncal energy caused the decomposition (electrolysis) of the electrolytes throug 
which it passed. He produced the first samples of sodium, potass1um and calciUm by th1s method. Davy com 
reasoned that the electnc currents were generated by chern1cal reactions . 

Michael Faraday (1791- 1867) 

Faraday mitially.worked with Davy as his ass1stant. Later, he extended Davy's expenments and developed 
quantitative laws relating to the quantity of electrical charge transferred and the mass of products formed dunr 
electrolytic decomposition reactions. He measured the amount of charge m h1s experimental electrolytic cells 1 
terms of the volume of oxygen released from a second sulfunc acid electrolytic cell connected in senes with hr 
cell. 

The complete understanding of the redox reactions m terms of electron and ion transfer was not fully understo 
until the end of the nineteenth century. The theory of ions as proposed by Arrhemus and the discovery of the 
electron by Thomson allowed chem1sts to fully understand the processes involved. 

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

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

End of Question 29 
l 

OR 

. 20-
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Forensic Chemistry 

Question 30 (10 marks) 

(a) (i) Define inorganic compounds . 

(ii) 

.................................................................................................................................................. -------·--·--···,-·•· 

Describe tests you COI.ild do in the laboratory to distinguish between two 
colourless liquids -ethanol and ethanoic acid (acetic acid) . 

............................................................................ _ .. _ .................................... __ .. _ ........... -... .......... ---·-----·-· 

··-·····-···················-·······-··-· ....................................... -------·-·--·-----·--·-· 

..................................................................................................................................................................... --------------········· 

········-·········-·-···-·-····················-··············--·····-·---······-·----
.................................................................................................................................................... ..._ ................................ ___ ._ ........ . 
.................................................................................................................. _ ............................................. _ .... _ _.._ __ .............. . 
••••••••••••••••••••••••••••'"""'""'"'""•••••••••••••••••••••••••••••••••••••-••••••••••••••••••••••••-•••••••---••••••••U· 

Question 30 continues on page 22 

. 21 . 

Marks 

l 

2 

Student No. 

(b) Forensic chemists identify materials and trace their origins. Outline precautions 
that may be necessary to prevent contamination of samples for analysis and discuss 
ethical issues that may need to be addressed during an analytical investigation. 

End of Question 30 

End of Paper 

-22-
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Question 29 (contmued) 

Student No. 3 C 5 
----~=-=--------

Marks 

(c) Outline and analyse the impact of the work of Galvaru, Volta, Davy and Faraday m 
un~erstanding electron transfer reactions. / 

(-rr. \. •~-~ .,.. rr--" . .\=.1 ,,·>1 1-t~ f'.,,.• Q~r-l.v-l.~ ~f> ~ 
··'-~·~·"-'•0··h ... ,•···"·""-•··~-Cl...)(. .. ~ .. \..-Y.-.'.IC-•• l.n-.•. .t:• .• -i.t ... V.n ..... ~~.,-vJ)..~ •• Cl{\.,e.~ ... A.t!( •. 

. (.C.A;:rR.c\~: •.. ~e.. .. J:.;n.ed .... kc.oo.cl;~c~d.rnelo\ .. w;!e-s.kt}~<: .. Y.~.-rl=i:: .. 
. . Pres\-..1!:> ex~ 
-~ .. .cAv-.p;.~~--~:s: ..• :<:-.k.. ... ./}.e~.ro.<lle.'e .. dt. .. ~~--~-~----~ 

.. OO.b:.ed ... J1.<::...fhQ>.<;-)~ .. ~c*-9>-d .. [J.9.~k .. Jh!.< .. ~-6'Z-..,9.~c!1W±:J.· 

.~\ . ..,~~---'-~c.or:rRCl~ .... c:cnci~d ... ~.<;d: .... <t. .. o..x<..~-~~.ml'.>~.e ..... 
• • • • • • .o.1 h.r-:. h, ... ~Ri'.~..t.<;'l.\cl. :th~ .. ~l.\.~f~!:>.f-... r:Q.m ;~ .•. 1\..~ . .ph~::c,ron-..~~~ 

I - ~ 1-r -1\ 
... -~'~s:?~.\ ... e!::<. :>.-.~---································································ 

··························································································-··········· 

. .\J.cAk... ... c.e..o..Ls~ ... -11.~ ... :.\: .. wr::;.:; .• nc.± .. fl...<...rn~~--M.:li~~Js 

.{.~ ... ..z;,.lu~ .. w.l,...-s::h • .s;.~!\emhd.~R.c.cx.re~ .. -.. ~ .. Vo.Lk .... .-.s .. aa:3.~~---

... w.;.J\g_ ... J\_,st: . .(P.r~<Jci-.">::~r-... ;:;g. __ ""··.S~~,~---·c::t?,\\,_JAe. .. g;,_~,~ 

... Q...~:i:-.};-.C-o.~ .. ~~---···~\>.E'!:~ ... cr;.,l.d.~~'l-A.C<:acd.b.0ru~<;:.e,.'e~ 

.. r.r;,. .. N."-s::..\\ ... .hJ.w.ee!\. .. D> ..• ~ .. c:cq-GH~t ... ~!d. .. <><~--~~e. 

. jf~ .L-1.<:... .. -~- $A\.i£... h. -GJn::d.o.c:£. 6>t~ .. cu.r.r..~<{ll:s .Jl:So .. #t=.•- -~~f..l)<>rJ 

.& ... fhe .. :(w.tk .. p;.le .. w.~-ch.u . .\·.h.d .. ..rk.d~ .•.. d! . .e.iedt.::: .. c:~lk· 

.V>:.-.U-~ ..... t-=-c.c.rfR'C.-t\s;. .. cuYrlo&d .. tt.oL.J-.. fY.,<>.s:.~(..¥)bcA-.. k<?.~-t 
--f0.-:1:'S ... c.--.C,.m.cis~s-... t»..J. .. s:..h .... sc,c-.,er;o,.i~ ... 11.e..Ql.ec.-k.,.c. __ w:.M~ 

::~~~:::::~::=;::~~~~~:::~~~~~~::~:::~:::~~::::::: 
... cr.cl€..c .. ~----~---~mf?'""'-"'e.m~r.~ .... srm.b~s.y-.~':05· 
... J:le .. e.k:c.\-~;.5; .. s:~ .. w.-..Jw..' ... O.c...\l'::l····W~¥-.A.e..J.:,r-s:l:.~~r.~ . .:, ... .-k:? 

c:cr-~ec:....f!:, l<'~e~\.~~ t1-e. c..u.rr~-1-~"er<:.>-W· l-ie~=\ -tl~ 1\.e 

Cv--•rell\{- c..vc.s So_,.,.IOfc..{d &v.e.. .J<. c.. cl-e"'-:<:.c.( reoc:...\..cr- c;.cqrr.-s 
End of Question 29 

I 
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PT·O 
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[r. <Jc.AvQ.G\ r\' \ 1. _n · 
'- u "'" 3 c..~~ ~ 'fv'-eo..~ -tc.. cxe..-\ Q("" · ·'"'€ 
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29 

Markers comments for Shipwrecks Question RJP 

(a) A lot of students said Na+ or NaCl but I only accepted chloride or cr-. 

(b) Needed leaching into groundwater (1 mark) and hydrothermal vents (1 mark) 

(c) Outline (sketch in general terms, indicate the main features of) 

Had to outline the work (say what they did) for each of Galvani, Volta, Davy and 
Faraday. (max four marks for this, 1 mark for each) 

Analyse (Identify components and the relationship between them; draw out and 
relate implications) 

Had to say something about the work in the context of understanding of electron 
transfer. 

Galvani -discovery of electricity (before that only static electricity) 

Volta - first battery etc. 

Davy - Chemical reactions responsible for the current 

Faraday- quantified electrolysis (electron transfer) 

A concluding paragraph that summed up the impact of the four of them on electron 
transfer reactions. 

Max of 3 marks for this section. 

To get a mark of 7, it also had to read well. 
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