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Chemistry 

General Instructions 

• Reading time - 5 minutes 
• Working time - 1.5 hours 
• Write using blue or black pen 
• Draw diagrams using pencil 
• Board-approved calculators may be 

used 
• A Data Sheet and a Periodic Table are 

provided at the back of this paper 
• Write your Student Number at the top 

of pages to be marked. 
• No extra paper/booklets are required 

in addition to the written examination 
booklet 

86 marks 

This section has two parts, Part A and 
Part B 

Pmi A - 20 marks 
• Attempt Questions 1 - 20 

Part B - 66 marks 
• Attempt Questions 21 - 33 



Part A - 20 marks 
Attempt Questions 1 - 20 

Use the multiple-choice answer sheet. 

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

Sample 2+4= (A) 2 
AO 

(B) 
B 

6 (C) 8 

- c 0 

(D) 9 
DO 

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

A• s)( co DO 

If you change your mind and have crossed out what you consider to be the con·ect answer, then indicate 
the correct answer by writing the word correct and drawing an arrow as follows. 

A~ s)( 
~ 

correct 

co 

2 

DO 



Student Number: 

PART A (10 MARKS) MULTIPLE CHOICE ANSWER SHEET 

SHADE IN PENCIL the best response in the grid below. 

1. CD@@@ 11. CD@@@ 

2. CD@@@ 12. CD@@@ 

3. CD@@@ 13. CD@@@ 

4. CD@@@ 14. CD@@@ 

5. CD@@@ 15. CD@@@ 

6. CD@@@ 16. CD@@@ 

7. CD@@@ 17. CD@@@ 

8. CD@@@ 18. CD@@@ 

9. CD@@@ 19. CD@@@ 

10. CD@@@ 20. CD@@@ 
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1. The diagram shows the structure of a small molecule, which undergoes polymeri sation. 

H H 
I I 
C==C-C- H 
I I I 
H H H 

Which structure below best represents a portion of the polymer chain formed from the 
polymerisation? 

(A) H CH 3 H CH3 
I I I I 

-c-c-c-c-
1 I I I 
H H H H 

(B) 
CH3 CH 3 CH 3 CH3 
I I I I -c-c-c-c-
1 I I I 

H H H H 

(C) 

7 7 ?H3 7 
-c-c-c-c-

1 I I I 
CH3 H H H 

(D) 

H CH 3 H CH 3 
I I I I - c-c-c-c-
1 I I I 

H CH3 H CH3 
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2. A radioisotope undergoes 2 alpha decays, followed by a beta decay, forming actinium-230 as 
a result. 

Which of the following is the original radioisotope? 

(A) plutonium-244 

(B) uranium-238 

(C) thorium-232 

(D) neptuni urn-23 7 

3. A student is required to prepare some 0.100 M HCl from 1.00 M HCL 

What apparatus do they need to do this? 

(A) pipette and burette 

(B) burette and measuring cylinder 

(C) pipette and volumetric flask 

(D) measuring cylinder and volumetric flask 

4. A 0.045M solution of HCl has a pH of 1.35. A student takes 10 mL of this 
solution and dilutes it to 1 L. What is the pH of the diluted solution? 

(A) 0.35 

(B) 1.35 

(C) 2.35 

(D) 3.35 

5. The molar heats of combustion of ethanol, 1-propanol and 1-butanol are 
1367 kJ mor1

, 2010 kJ mor1 and 2882 kJ mor 1 respectively. 

Which of the following best explains this trend in molar heats of combustion of the 
alkanols as the length of the carbon chain increases? 

(A) The dispersion forces increase. 

(B) More covalent bonds need to be broken. 

(C) The polarity increases. 

(D) More moles of carbon dioxide and water are formed. 
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6. A sports player buys a bottle of soft drink from a shop on her way to a match. 
She drinks a small amount, and leaves the lid off the bottle while playing. 

Which of the following gi·aphs represents the concentration of dissolved C02 in 
the bottle over time? 

Time (mins) Time (mins) 

(A) (B) 

Time (mins) Time (mins) 

(C) (D) 

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

Redox couple E o 
Ag+/Ag 0.80 v 
Ni1+/Ni -0.24 v 

. Pd1+/Pd 0.92V 
Fe1+1Fe -0.44 v 

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

(A) Ni > Fe > Ag > Pd 

(B) Fe > Ni > Ag > Pd 

(C) Pd > Ag > Ni > Fe 

(D) Ni > Fe > Pd > Ag 
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8 Which of the following can be described as a monomer of a natural biopolymer? . 

(A) Cellulose 

(B) Ethylene 

(C) Glucose 

(D) Ethane 

9 An isotope is required to be injected into a patient suspected of suffering from cancer 
of the bones. What would be a suitable half-life for the chosen isotope? 

(A) 8 days and emit alpha particles. 

(B) 5 years and emit gamma rays. 

(C) 8 days. and emit gamma rays. 

(D) 5 hours and emit gamma rays. 

10 All of the carbon dioxide in a soft drink of initial mass 356.05 g was carefully extracted 
and collected as a gas. The final mass of the drink was 355.42 g. 

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

(A) 0.33 L 

(B) 0.35 L . 

(C) 0.56 L 

(D) 0.63 L 

11 When carbon dioxide dissolves in water, heat is released. 

C02 (g) ~ C02 (aq) 

When carbon dioxide reacts with water, hydronium ions and hydrogen carbonate ions 
are formed. 

C02 (aq) + 2H20 (/) ~ H30+ (aq) + HC03- (aq) 

The solubility of carbon dioxide in water can be increased by 

(A) increasing the pressure. 

(B) decreasing the temperature. 

(C) making the water slightly alkaline. 

(D) all of the above. 
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12 Consider the following reaction at equilibrium: 

N2 (g) + 3H2 (g) ~ 2NH3 (g) !1H = -92 kJ mol"1 

What would be the effect on the equilibrium of an increase in temperature of the 
reaction container? 

(A) The concentrations of nitrogen and hydrogen will both increase. 

(B) The equilibrium will shift to the right. 

(C) The concentration ofNH3(g) will increase. 

(D) The rate of the reverse reaction will be less than the rate of the forward 
reaction. 

13 What are the prefe11'ed and systematic names for the monomer used in 
the formation ofthe polymer represented below? 

Cl J t CJ H Cl H 
I I I I I I 

- ·C ··- C--C - C -~C -~ C - -
1 I I I I I 
H H H H II II 

Preferred name Systematic name 

(A) Chloroethane Vinyl chloride 

(B) Vinyl chloride Chloroethane 

(C) Vinyl chloride Chloroethene 

(D) Chloroethene Vinyl chloride 

14 In which of the following changes does the metal atom show the greatest decrease in 
oxidation state? 

(A) CuO to Cu20 

(B) Cr20l to Cr3
+ 

(C) Mg to MgO 

(D) Fe2+ to Fe3+ 
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15 Bromine water is added to the hydrocarbon represented below. 

H H 
I I 

H C-C-H 
\ I \ \ 

H C=C H H 
\ I \ 

H-C H 
I 
H 

The product formed is 

(A) 3-bromopentane 

(B) 1 ,2-dibromopentene 

(C) 3,4-dibromopentane 

(D) 2,3-dibromopentane 

16 During an experiment to monitor the fermentation of glucose, 1.6 g of glucose was 
completely converted to ethanol and carbon dioxide. 

What mass of carbon dioxide was produced? 

(A) 0.31 g 

(B) 0.78 g 

(C) 1.6 g 

(D) 2.4 g 

17 Ethanoic acid and ethanoate ions form an equilibrium as shown below. 

CH3COOH (aq) + H20 (1) ~ CH3COO- (aq) + H30+ (aq) 

Which solution would increase the concentration of the ethanoate ions when added to 
the equilibrium mixture? 

(A) Sodium chloride 

(B) Hydrochloric acid 

(C) Sodium hydroxide 

(D) Sodium nitrate 

10 



18 Phosphorus pentoxide is classified as 

(A) an acidic oxide, because it reacts with acids to form salts. 

(B) a basic oxide, because it produces hydroxide ions in aqueous solution. 

(C) an acidic oxide, because it reacts with bases to form salts. 

(D) a basic oxide, because it is neutralised by acids. 

19 The conjugate acid of the molecule NH3 is 

(A) NH3-

(B) NH2-

(C) Nlit+ 

(D) NH4 

20 A 1.0 x 10-5 mol L-1 solution of an acid HX was found to have a pH of 5.00. This 
solution would best be described as a 

(A) concent_rated solution of a weak acid . 

(B) dilute solution of a strong acid. 

(C) dilute solution of a weak acid. 

(D) concentrated solution of a strong acid. 

End of part A 
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Student Number: ________ _ 

Chemistry 

Part B - 66 marks 

Attempt Questions 21 - 33 

Answer the questions in the spaces provided. 

Show all relevant working in questions involving calculations. 

Question 21 (5marks) 

The structure below shows one example of a polymer classified as a type of nylon. 

~ ~ ?! ~ ~ ~ 
- N- {CH

2
)
6

- N ---C- (CH2)"~ ~c ---N-(CH2)8 -N -

(a) Draw structural formulae of the monomers which produced the nylon polymer 
shown above. 

(b) 'Identify the other product formed when the monomers in (a) react to fonn 
the polymer. 

(c) Describe key differences between the type of reaction which would produce 
the nylon polymer shown, and the type which would produce polyethylene. 

13 
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Student Number: ________ _ 

Question 22 (5 marks) 

On the 11th of March 2011 , a tsunami off the coast of Japan resulted in a significant accident 
at the Fukushima Nuclear facility. 

In the days following the accident, levels of radioactive iodine-131 and caesium-13 7 have 
increased in the atmosphere and rain water collected around the facility. 

(a) Identify one instrument which could be used to detect the presence of 
radioactive materials on the clothing of a clean-up worker after the accident. 

(b) Evaluate the need for careful monitoring of levels of radioactivity in extended 
areas around the facility for a long period of time following this accident. 

····························· ·· ·································· ······································································ 

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

··································!··································································································· 

14 
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Student Number: ________ _ 

Question 23 (5 marks) 

In order to calculate the concentration of a sample of HCl, a student titrated a 
.25.0 mL sample ofthe acid against 0.075 M Ca(OH)2 (the titrant). 

She used a pH probe connected to a data logger to monitor the reaction, and her results are 
shown in the graph below. · 

pH 

14.0 

12.0 

10.0 

8.0 

6.0 

4.0 

2.0 

0.0 
0.0 

....,/ 

10.0 20.0 30.0 

ml titrant 

r 

40.0 50.0 

(a) Write a balanced chemical equation for the reaction that occurs during the 
titration. 

(b) Use the graph to calculate the concentration of the hydrochloric acid. 

(c) Outline another method the student could have used to estimate the 
equivalence point of the titration, identifying any specific chemical required 
and observations made. 

15 
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1 
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Student Number: ________ _ 

Question 24 (9 marks) 

Polyethylene is manufactured in two forms, HDPE and LDPE. 

(a) Using appropriate diagrams or equations, outline the steps in the manufacture of 
. ONE of these forms from its monomer, ethylene. 

·· ···· ·· ··· ·· ····· ·· ··· ··· ·· ·· ······ ·· ···· ···· ····· ··· ·· ······· ··· ··········· ···· ·· ·········· ·· 

(b) 

' . 

Use a table to compare the structures, properties and uses of the TWO forms of 
polyethylene. 

····· ·· ····· ····· ···· ··· ·· ················ ··· ··· ····· ······· ·· ··· ················ .. ........ ... . 
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3 
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Student Number: ________ _ 

Question 25 (3 marks) 

The table shows properties of octane and ethanol. 

(a) 

(b) 

Fuel Heat of combustion (kJ g"1
) Boiling point 

Octane 47.9 125.7 
Ethanol 29.7 78.3 

Which of octane and ethanol releases more energy per mole when burnt completely 
in oxygen? Show your working or reasoning. 

Write a balanced equation for the complete combustion of I mole of ethanol. 
Include the ~H value. 

' . .. .... .. . .... ..... .......... .... ...... .... ............ ...... .. ......... ... ............. ....... . 

17 
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2 
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Student Number: ________ _ 

Question 26 (5 marks) 

The hydrogen carbonate ion (HC03-) and carbonate ion (CO{), when mixed "in appropriate 
concentrations, form a buffer solution. 

(a) 

(b) 

Explain, using an appropriate equation (either the carbonate ion or the hydrogen 
carbonate ion), why aqueous solutions of sodium hydrogen carbonate and sodium 
carbonate both have pH values greater than 7. · · 

Use the mixture of hydrogen carbonate ion (HC03-) and carbonate ion (CO{), to 
explain the propetties of a buffer solution. 

18 

Marks 

2 

3 



Student Number: _________ _ 

Question 27 (8 inarks) 

Fermentation of sugars is necessary to convert most natural polymers to useful liquid energy 
sources. 

(a) 

(b) 

(c) 

Write a balanced equation for the fermentation of glucose. 

Identify the optimum conditions for carrying out this fermentation reaction. 

"The inefficiency of the fermentation process limits the viability of carbohydrates as 
sources of other chemicals. However, carbohydrates are becoming increasingly 
impmiant as sources of carbon." 

Justify the increasing use of carbohydrates as sources of energy. 

······ ··· ······· ·············· ·· ·· ·· ········· ····················· ............. , .. .... ..... ... .. ..... .... . 

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

.... .. ......... .. · ...... ... ... ..... .... ..... ................... .... .. .... ... ... ·························· 
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Student Number:. _____ ___ _ 

Question 28 (7 marks) 

(a) 

(b) 

(c) 

Write a nett ionic equation for the reaction of hydrochloric and potassium hydroxide 
solutions. 

A solution of 0.00001 mol L'1 hydrochloric acid is classified as a dilute, strong acid. 
Explain this classification. 

Acetic acid is a monoprotic weak acid. Draw the structural formula for acetic acid 
and explain why it is classified as a monoprotic weak acid. 

......................... -.......... ........... ...... ....... .... ... ... .......... ...... ... ..... ... .... . . 

(d) Calculate the mass of sodium acetate formed when 5.0 g acetic acid is added to 
100.0 mL of 0.50 mol L"1 sodium hydroxide solution. Show all working. 

..... .......... ... ... ...... .. ...... ................................ · ... ...... .. .............. ....... .. . 

20 
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. 1 
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Student Number: ________ _ 

Question 29 (3 marks) 

Sodium oxide and sulfur dioxide are classified as basic and acidic oxides respectively. 

(a) 

(b) 

Write an equation for the reaction of sodium oxide with water and explain why 
sodium oxide is classified as basic. 

A solution of sulfur dioxide was found to have a hydrogen ion concentration of 6.12 
x 10·4 mol L·1

. Calculate the pH of this solution. 

21 

1 



Student Number: ________ _ 

Question 30 (3 marks) 

Titration is an important analytical technique. ~odium hydrogen carbonate (NaHC03) can 
be used as a primary standard in titrations. 

(a) 

(b) 

Calculate the concentration of a solution of sodium hydrogen carbonate if 1.053 g of 
the solid is dissolved completely in de-ionised water to form 100.0 mL of solution. 

Determine the concentration of a solution of hydrochloric acid if 18.7 mL of the 
hydrochloric acid reacts completely with 10.0 mL of this standard sodium hydrogen 
carbonate solution. 

22 
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Student Number: ______ __ _ 

Question 31 (4 marks) 

The dihydrogen phosphate ion (H2P04") is amphiprotic and a solution of the salt sodium 
dihydrogen phosphate in water has a pH close to 5. 

(a) 

(b) 

Explain why the dihydrogen phosphate ion is described as amphiprotic. Include 
TWO appropriate equations in your response. 

Explain why a solution of the salt sodium dihydrogen phosphate in water has a pH 
close to 5. Include an equation in your response . 

..................................................... .... ...... .... ... ........ .. .. .... .. ... .. ... .. 
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Student Number: ________ _ 

Question 32 (3 marks) Marks 

Draw up a table to compare the chemistry and uses of TWO commercial electrochemical 3 
cells you have studied. Include equations for the half-cell reactions you describe. 

' . ······ ····· ······ ··········· ·········· ·· ········· ··· ······ ·· ····· ·· ··· ···· ·· ················ ···· ··· ····· 

24 



Student Number: ________ _ 

Question 33 (6 marks) 

Draw a detailed diagram of a galvanic cell for: Ag + I Ag I I Pb I Pb2
+ 4 

(a) List TWO observations (apart from the voltage reading) that you would make 1 
after the cell had been operating for 20 minutes. 

(b) Calculate the EMF ofthe cell. 1 

ENDOFTEST 
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Student Number: ________ _ 

HA'I)\ SHEET 

Avogadro constant, NA ......... .. ...................... ......... ..... ................. .. 6.022 x 1023 mol- 1 

Volume of 1 mole ideal gas: at I 00 kPa and 
at 0°C (273.15 K) ... ................... 22.71 L 
nt 25"C (298.15 K) .. ........ ......... . 24.79 L 

IonLation constant for watei· at 25°C (298.1 5 K), Kw ............... .. 1.0 x J0-14 

Specltk hent capacity of water ... .. ........ ..... ... ............. ......... ..... .... . 4.18 x 103 J kg- 1 K- 1 

SonH' US('ful formul:u~ 

pH = - log10[H+] !J.H = - m C !J.T 

Some s tandard pot en Uals 

K++ o- -->. ...-- K (s) -2.94V 

Ba2+ + 2e- Brt(s) -2.91 v 
Ca2+ + 2e- .....:. .. -- Cn(s) -2.87V 

Na+ + c- ·-' Na(s) - 2.71 v ,-

1vlg2+ + 2c- -' ... ~ ..... ?\·lg(s) - 2.36\' 

Al3+ + Jc- _ , ,- AH.n - 1.68 v 
JVIn~+ + 2e- ~ Mn(s) - l.lS V 

-H20 + 1.~ ~ tH2(gl + OW - 0.83 v 
Z n2+ + 2e- ~ Z n(s) - 0.76 v 
Fi+ + 2e- ~ Fe(.f.) - 0.44 v 
N{l+ + 2~- .,a Ni(sl -0.24 v 
Sn2+ + 2c- ~ Sn(s) - O. l4 V 

Pb2+ + 2e- -' , . Pb(s) -0.1?-V 

H++ e- ->. 
4H2(g) O.OOY ...--

so,/-+4H+ +2._.- S0 2(aq) + 2H/J 0 .. 16 V 

C 112+ + 2c- F Cu(s) 0.34V 

t02(g) + Hp + 2c- ~- 20W 0.40\' 

cu+ + e- ->. ,...- Cu(s) 052 Y 

{12(s) H- y- 0.54 v 
! 12(aq) + c -

_,. .....- ~- 0 .62 v 
Fe3+ + c- ~' ,- F.;-'2+ 0.77\' 

Ag+ + c- --" ,- Ag(s) o . .sov 
4-Br2(/) + e- "..2 Br- I.OSV 

j-Br2{aq) + ~- - -'· ..... nr- 1.10 v 
jo2(g) + :m+ + 2-J- F Hp 1.23V 

tCli.~J + f!.- -" .,_ C'l- U6V 

1 c o ~- m+ ~ -'! .r'2 7 + . + ..)(.\ ~ Cr~+ + i H20 1.36\' 

4C.1 2(aq) + e- \~ C'l- 1.40V 

l\·1n0 4- + SH+ + 5e- ,=. .Mn'2+ + .:m~o 1.51Y 

j-Fi g) + ~- F- 2.S9 V 

Aylward and Findl~y. Sf Chemical Data (Sth Edition) i s the principnl source of data for 
!hi~ examination paper. Som\~ daln may han• lx•t>n modified for t•.xaminatioll purpm-<.·~ . 
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