





Part A-20 may
Attempt Questions 1-20
Allow about 35 minutes for this part

Use the multiple-choice answer sheet provided for Questions 1-20

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

Sample 2+4= (A)2 (B) 6 ()8 (D)9
AO B cO DO

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

»

A B | cO DO

If you have changed 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:
cotrect

A B co  poO

1 The models represent compounds of carbon, hydrogen and oxygen.

These coml;(?unds can be described as
(A) isomers.

(B) alkanols.

(C) polar.

(D) all of the above.
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2 n 1¢ ~ when bromi 1 reacts with hex-2-ene is
The compound forme * when bromine wate ts with hex-2-en

(A)  2-br 10hexane,
(B)  2.,3-dibromohexane.
(C)  3-bromohexane.
(D)  1,2-dibromohexane.

3 The concentration of ozone in the atmosphere above Antarctica has been closely
monitored over the last twenty years. At times, measurements have shown a ‘hole
that has developed in the ozone layer.

The reason that this ‘ozone hole’ is cause for serious concern is that it :

3

(A)  Allows oxygen to leak from the stratosphere.
(B)  Means that humans will be exposed to more HCFCs,
(C) Increases the greenhouse effect and hence the Earth’s temperature.

(D)  Exposes humans to increased levels of harmful ultraviolet radiation.

4 Which two ions might cause eutrophication of waterways ?
(A} H" and OH".
(B)  NOs and PO,
(C)  Ca™ and Mg™.

(D) Na'and CI.
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A hydrocarbon unde: es addition polymerisation to for _ the polymer s

The hydrocarbon is

(A) ethylene.

(B)  propane.

(C)  propene.

(D)  1-methylethane.
6. Consider the structural formula shown below.
S B A
H {IZ C -."i‘ C Cl

H H F H

Which of the following is the systematic name for this compound?

(A)
(B)
©
(D)

YEAR 12 MID-?

1-bromo-~1,3-dichloro-2,2-difluorobutane.

2,4-dichloro-4-bromo-3,3-difluorobutane.
1,3-dichloro-1-bromo-2,2-difluorobutane.

1-chlofobromo-Z-diﬂuoro-B-chlorobutane.
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ests reveal that the water in the lake own ™ the diagram ! ¢ 1s “hard’ water.
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gardens
lake
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[y e ~T~
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V ich is the most likely source of contaminants that would cause this problem?

(A) town.
(B)  Power station.

(C)  Market gardens.

(D)  Limestone quarry.

8 A model of a compound consisting of carbon, hydrogen and oxygen atoms is shown.

Which of the following statements relating to the compound is INCORRECT?
(A)  The compound is formed by a condensation reaction of glucose.

(B)  The compound dissolves readily in water.

(C)  The compound is an important example of biomass.

(D)  The compound can be fermented in acidic conditions, using suitable enzymes,
to form ethanol.
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The wavelengths recommended for some elements, whose concentrations were
measured using atomic absorption spectroscopy, are shown in the tab  below.

FElement :conimended w  elength (nm)
Caleium 4227
Copper 324.8
Gold 2428
lead 217.0

Absorption measurements for standard solutions of these elements at the
recommended wavelengths produced the following calibration curves.

0.400 " 0250 g
lgcim % co, e/
4 0.200 B
L, 0300 V4 o /
2 / £ 0.150 /
£ 0200 | £ /
Z )4 2 0100 |— /
0.100 // 0.050 |-
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3 3 y
o 2 0300 va
€ 0400 5 Vi
A / 3 0200 7
= o /
0.200
0.100 7
¢ 50 10.0 150 200 " 0 1.0 2.0 3.0 4.0 5.0’
concentration (ppu) concentration (ppnn}

The solid waste from a gold mine was analysed and the following results were

obtained:
Absorbance wavelength (nm)
0.30 217.0
-10.20 324.8
F0.10 4227
0.05 242.8

The element present in the highest concentration is:

(A)  Calcium.

(B)  Copper.
(C)  Gold.
(D)  Lead.

YEAR 12 MID-YEAR CHEMISTRY - 2014 7



Anunknov  solid compound X was dissolved in  water and the resulting colourless
solution was divided between tlwee test-tubes. The tak” shows the results of three
tests performed on this solution containing compound X.

Test HClz led Na,S0, added Ba(OH), added

Observations White precipitate White precipitate White precipitate

Based on these observations, compound X could be:

(A)Lead(Il) nitrate
(B)Barium nitrate
(C)Tron(IT) carbonate
(D) Calcium hydroxide

11 The heat of combustion of ethanol is 1346 kJ mol”. A 2.16 g sample of ethanol was
burnt to heat a 300 mL sample of water. 75% of the heat released was absorbed by the
water. The change in temperature of the water was closest to

(A) 2°C
(B) 13°C
(C)  38°C
(D) 5t°C

12 A solution of acetic acid was titrated with standardised sodium hydroxide solution in
order to determine the concentration of the acetic acid solution. The CORRECT
information about the equivalence point of the titration and the most suitable indicator to
use for the titration is

Equivalence point Suitable indicator
(A) . pH <7 methyl orange
(B) ‘ pH <7 phenolphthalein
(C) pH>7 methyl orange
(D) pH>7 phent >hthalein
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3 In1 following equation

HCO;3 (ag) + H20 (1) == H,CO; (ag) + OH (ag)

(A} | H,O is acting as an acid OH' is acting as its conjugate base

(B} | HCOj is acting as an acid OH' is acting as its conjugate base

(C) | HCOy is acting as a base H,0 is acting as its conjugate acid

(D} | H20 is acting as a base HCO;5'is ac g as its conjugate acid

14 A student reacted solid anhydrous sodivm carbonate with excess hydrochloric acid. The
balanced equation is shown below.

NayCO; (5) + 2HCl (ag) > 2NaCl (ag) + HyO (1) + CO, (g)
The student collected 3.04 L of gas from the reaction at 25°C and 100 kPa.

What mass of anhydrous sodium carbonate had reacted?

(A) 130¢g
®) 142
©) 260g
@) 3l2g

15 In which row of the following table are the listed oxides CORRECTLY classified?

Acidic Basic Neutral Amphoteric
@ |30, G0 BaO Zn0
(B) | NaO MgO NO NO,
©) | CO; SO, NO ZnO
(D) | CLO; K20 H,0 ALO;
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] Definitic s of acids have changed over the past two centuric  as chemical knowle 2

_develo
in wat
(A)
(B)
(C)
(D)

d. Which scientist(s) d' ned an acid as a compound producing hydrogen ions

Davy
Lavoisier
Arrhenius

Lowry and Broénsted

16  When carbon dioxide gas dissolves in water, an equilibrium is established and heat is
released. ‘

CO; (gg = COj (ag)

The solubility of carbon dioxide gas in water is increased by

(A)
(B)
(€)
(D)

decreasing the temperature.
making the water slightly acidic.
decreasing the pressure.

adding more water.

17 A student diluted a solution of an acid by mixing 10 mL with 90 mL of water. If the
original solution had a pH of 3.1, the final solution will have a pH of

(A)
(B)
(©
(D)

2.1

3.1

4.1

5.1
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1 A s stance was tested with the following indicators. The resuits are shown clow.

‘or o

Methyl orange Yellow

Bromothymol blue | Blue

Phenolphthalein Pink

The substance tested could be

(A)  water.
(B) 0.1 mol L ethanoic acid.
(C) 0.1 mol L™ hydrochloric acid.

(D) 0.1 mol L sodium carbonate solution.

19 A student pipetted 25.0 mL of a sodium hydroxide solution into a conical flask, added
a few drops of litmus indicator and titrated this with a 0.015 mol L' solution of
hydrochloric acid. The volume of hydrochloric acid required was 11.55 mL.

What is the concentration of sodium hydroxide, expressed to the correct number of
significant figures?

(A)  7x10°mol L™
(B) 6.9x10° molL"
(C)  693x 107 mol L}

(D)  6.930x 10° mol L
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The table b~ lists the boilii  points of some alkanols and their cotre;  nding

all oic ac.__.
Alkanols A i  Acids
isfance BP Substance BP
(Kelvin) (Kelvin)
propan-1-ol 370 prop: dic acid 414
butan-1-ol 390 butanoic acid 434
pentan-1-ol 411 pentanoic acid 459

What is the principal reason for the higher boiling points of the alkanoic acids
compared with their corresponding alkanols?

(A)
(B)
(©)
D)

The greater dispersion forces between the molecules of the alkanoic acids
The ionic bonding that occurs in the alkanoic acids when they becomne ionised
The stronger acidic properties of the alkanoic acids

The greater extent of hydrogen bonding between the alkanoic acid molecules
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Student Number
I -3, ks
2 it 1estions 21-28
Allc  about 1 hour and 2 . minutes for this part

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

Question 21 (6 marks)
A student carried out a first-hand investigation to distinguish between saturated and
unsaturated hydrocarbons. The teacher provided the stude with cyclohexane and

cyclohexene.

(a) Draw structural formulae and molecular formulae for both compounds.

(b) Discuss TWO reasons why this pair of compounds was chosen for the investigation.

...................................................................................................
...................................................................................................
R L L R R R N N R R T
...................................................................................................
...................................................................................................
...................................................................................................

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

Question 21 continues on the next| ze
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Question 21 (continued)

(c) Outline TWO risks and the safety precautions taken when carrying out this
invest” ation.

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

..................................................................................................
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¢ 1 (3 marks)

With reference to the incom :te timeline shown below, describe the impact

at human activity
and technology have had on the chemistry of the stratosphe

1973: Lovelock detects CFCs in Arctic
| and Antarctic atmospherie samples, but

he concludes that CFCs are not harmful
to the environment.

192_85 The use of CFCs as 1974: Rowland and Molina suggest
refrigerants is explored.

|— how CFC's could alter the chemistry

of the stratosphere.

‘-—
1940s: CFC production 1987: The United Nations
rapidly increases. adopts the Moutreal Protocol.
1890s: CFC-11 and
— | CFC-12 are synthesised.

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

I N I O e

YEAR 12 MID-YEAR CHEMISTRY - 2014 15



Fm

2 arks)

Explain how microscopic membrane filters can be used to purify contaminated water of
bacteria and viruses.

L N N LR N R R I I R Naasasisan e D i L L Cesrabananenann
----------- R R R R L R R N I I L A L R
----------- taean It st nraserarasrarsnasaararssarsr bd e nrerarataianes o natnnaseanciaasnantrsyan
......................... R ' . R R R R T
........................................ ‘s I N R R R R R T
........................................................... RN KRR detanrrrarraraa
R R R R R O T T TR R R R R IER

Question 24 (4 marks)

Justify the use of atomic absorption spectroscopy in the mining industry, and in
safeguarding the environment.

............................................................. RN R R A I I R A I I B

-------------------------------------------------------------------------------------------------
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y ( marks)

The percentage of ammonia in the equilibrium mixtures resulting from the synthesis of
ammonia from its elements is shown in the graph below.

300°C

)

- 60

40 . 4006°C

vield of NH,
{percentage of reacting

20 /GOO"C

ases converted into NH.,

o
=

100 200 300 400

pressure (attnospheres)

With reference to the above graph and a suitable balanced chemical equation, explain the
effects of temperature and pressure on the percentage yield of ammonia at equilibrium,

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

.................................................................................................
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¢ m. (3 marks)
You have studied the fermentation of carbohydrates to form eth  ol.

(a) " ite a balanced juation for the reaction you have studied.

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

(b) Describe the conditions needed for this reaction to produce an adequate yield of
ethanol.

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

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

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

.................................................................................................
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1 ion 27 (dma 3)
(a) L™ atify a synthetic biopolymer you have studied.

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

.................................................................................................
.................................................................................................
.................................................................................................
.................................................................................................
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(3 marks)
| rite an equ  ion for the formation of an acidic oxide.

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

(c) A solution of an acidic oxide was found to have a hydrogen ion concentration of
43 % 10° mol 1", Calculate the pH of this solution.

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

.................................................................................................
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ic M4 )

A student determined the concentration of an unknown solution of sulfuric acid using the
following method.

Step 1 He weighed out 4.00 g of sodium hydroxide.

Step 2 He dissolved the sodium hydroxide in a little de-ionised water
and made it up to 1000 ml. in a volumetric flask.

Step 3 He carried out a titration using 25.0 mL of the 0.10 mol L™
sodium hydroxide solution with the unknown sulfuric acid,
using bromothymol blue indicator. He recorded the results, as
in the table below.,

Titration Volume of sulfuric acid used
1 8.5 mL
2 8.2 mL
3 7.9 mL

(a) Calculate the concentration of the sulfuric acid.

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

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

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

.......................................................................................................
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st 3 marks)

Explain, using two equations, why the dihydrogen phosphate ion can be used as a 3
component of a bufter solution.

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

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

Question 31 (2 marks)

The ester, ethyl methanoate, can be represented by a structural diagram or by a line
diagram, as shown below.

O H H

n 1 1 Line Diagram
H-C-0- (;J - (;J -H
H H
.. Btructural /\
Diagram

Another ester, X, is represented by the line diagram below.
0 Compound X

o >N

Draw the structural formulae and name the organic compounds which are used in 2
the preparation of Compound X.
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Allow abc 11 it for 1 secti

Answer question 31 in a writing booklet, Extra writing booklets are available.
Show all relevant working in questions involving calculations

Marks
Question 32 — Industrial Chemistry (10 marks)

a) Nitric oxide gas (NO) reacts with hydrogen gas to produce nitrogen gas and
water vapour. This is a reversible reaction.

(i) Write a balanced  emical equation for this reaction. 1

(i)  Initially a mixture of 0.2M nitric oxide, 0.03M hydrogen and
0.75M water vapour was allowed to reach equilibrium (initially
there was no nitrogen). At equilibrium, the concentration of nitric

oxide was
0.087M. Determine the value of K. 3

.« b) Write a chemical equation to show concentrated sulfuric acid acting as a
dehydrating agent.

c¢) A flask that initially contained only 0.45M NO,(g) was found to contain
0.15M
N20O4(g) after equilibrium had been reached.
(iif)  Calculate the equilibrium constant for the reaction. 2
2NO;z (g) 5 N204 (g)
(iv)  The production of SO; g from SOy is also an equilibrium

reaction. Explain how the conditions used in the industrial process
maximise the rate and yield of SO;. 3

End of Paper
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DAl

Avogadro constant, Ny cooeeenenn.

Volume of I mole ideal gas: at 1 kPa and

at 0°C (273.15 K) ...........
at 25°C (298,153 ) v

e 6022 % 107 e !
e 2271 L
24..}L

Ionisation constant for water at 25°C (298.15 K), K, ....c.o.ovvviers 1O X 1074

Specific heat capacity of water .......ccoceivvvvinineens

Some useful formulae

pH =-log,, H"] AH
Some standard potentials
Kt+ e = Kis)
Ba®* 4 2™ = Bais)
Ca* + 2e” = Cas)
Na*+e” = Na(s)
Mgt +2¢” = Mp(s)
AP 43 2 AW
Mn?* + 2¢" = M)
HO+¢ = IHyg)+OH™
Zod* + Ze” = Zn(s)
Fe®* + 2 2 Fes)
Ni%* + 2¢~ = N
St + 2e” = Snin
h Pb2t 4 2¢” = Pbis)
H*+ e = Hyp)
S0 +4HY +2¢° = S0,(ag) + 2H,0
Cu* + 267 = Culs)
10,(g) + H0 +2¢ = 20H-
Cu* 4+ ¢~ = Cuis)
Js) +e” Lol
%I,(aq) +e” - I
Fet + ¢ = Fe*
- Agt+e” = Ag®)
1Bo() +¢ ®  Br
. %Brz(aq) +e” = Be"
© lofg)+2H*+2e" = HO
g+ e = cr
o0+ H v 36 2 P4 lHO
% lag)+e” < Cr
MnO, +8H' +5° < Mn™ +4H,0
4F(g) +e¢” = F-

ceervememeenennnnns 218 x 107 T kg™ K7

=—-mCAT

-294V
-291V
-2.87V
=271V
-2.36V
-163Y
-1.18V
-0.83¥
-0.76V
044V
024V
0,14V
-0.13V
0.00V
0.16V
034V
040V
052V
0.54V
0.62V
0.77V
0.530V
1.08V
LIOY
123V
136V
1.36V
140V
L1y
289V

Aytward and Findlay, ST Chemical Data (5th Edition) is the principal source of data for
this examination paper. Some dala may have been modified for examination purposes.
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C IMIST V-1

ATTEN T ALL QUESTIONS

Question 1
2

3

10
11
12
13
14

15

-.16
17
18
19

20
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