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Chemistry

General Instructions

Reading time — 5 minutes

Working time — 3 hours

Write using black pen

Draw diagrams using pencil

NESA-approved calculators may be used

Three data sheets and a Periodic Table are provided at the
back of this paper

Total marks: 100
Section I — 20 marks
e  Attempt Questions 1-20
° Allow about 35 minutes for this section

Section II — 80 marks
e Attempt Questions 21-35
e Allow about 2 hours and 25 minutes for this section




Section I — 20 marks
Attempt Questions 1-20
Allow about 35 minutes for this section

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 (C) 8 (D) 9
A B @ cO DO

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

new answer.
r @D B W c O 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:
correct

A BEYT cO pO

1 Which of the following statements about acids and bases is FALSE?
A. Acids are able to produce hydrogen ions in aqueous solution.
B. A hydrogen ion attached to water forms a hydronium ion.
C. Bases are able to produce hydroxide ions in aqueous solution.
D. All oxides are basic.

2 Which one of the following compounds can be derived both from fossil fuels and
from biomass materials?

A. Ethanol
B. Octane
C. Glucose
D. Cellulose
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3 Three solutions of acids, HX, HY and HZ, are represented by the following diagrams.
For clarity, water molecules have not been shown.

® | e @ ®
€ o e .: .. Q
@® &) * e ©
O e ® .
O - . e (@
('3. ® o &
HX HY HZ

The acids, in order of increasing acid strength, are

A. HX, HY, HZ
B. HZ, HX, HY
C. HX, HZ, HY
D. HY, HZ, HX
4 Consider the following organic compounds:

I - CH;CH,COOH
II - CH3COCHj3

I - CH3CH2CHO

Which of the following statements is correct?

A. Compounds I, IT and III belong to the same homologous series.
B. Compounds II and III have the same molecular formula.

C. Compound I has the lowest boiling point.

D. Compounds I and III would combine to form an ester and water in the presence
of concentrated sulfuric acid.
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5 Which of the following shows the product(s) of reaction of but-1-ene with water, in
the presence of an acid catalyst?

A. Butan-1-ol only.
B. Butan-2-ol only.
C. A mixture of butan-1-ol and butan-2-ol.
D. A mixture of butan-1-ol and butan-4-ol.
6 The pH of a 0.0001 mol L™! solution of a monoprotic acid was measured by a student
and found to be 4.

What proportion of the acid molecules has been converted to ions?

A 0%
B. 4%
C.  96%
D.  100%
7 H H H
| [
B
R

The compound shown above is

2-chloro-3,3-difluoropropane
3-chloro-1-fluoropropane

1-chloro-3,3-difluoropropane

S 0w »

3-chloro-1,1-difluoropropane
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8 In which of the following pairs are the substances isomers of each other?

A. I-pentene and cyclopentane
B. Pentane and 2,3-dimethylbutane
C. Butanoic acid and 1,2-butanediol
D. Dichloromethane and trichloromethane
9 At 100°C, the equilibrium constant for the reaction below is 0.48.

N2Os (g) = 2NO2(g)  Keq=0.48

In an experiment it was found that the equilibrium concentration of N>O4 (g) was 0.20
mol/L. Calculate the concentration of NO2 (g) in this equilibrium mixture, in mol/L.

A. 0.096
B. 0.31
C. 0.24
D. 0.48

10 Which is the INCORRECT statement about the reaction when liquid ethanol burns in

air?

A The enthalpy and entropy changes for the reaction are both negative.

B. The reaction is described as combustion.

C The reaction does not reach equilibrium and the system is classified as open.
D The enthalpy change is negative and gases form.
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11 The low boiling point of liquid hydrocarbons are often classified as being volatile.

This means that:

A. they can ignite, even without an ignition source.

B they can easily change into gas at room temperature.

C. their products of combustion are toxic.

D they all give out the same amount of energy when combusted.

12 Which of the following most correctly represents X, A,B in the flow chart?
A B
X2 | GHe | 7 | pOLYMER

X A B
A. Glucose dehydration addition polymerisation
B. Ethanol oxidation condensation polymerisation
C. Glucose addition condensation polymerisation
D. Ethanol dehydration addition polymerisation
13 The table gives heat of combustion kJ g™! for a number of different fuels.
Fuel Heat of combustion kJ g’!
Butanol 30.8
Pentanol 36.5
Hexanol 41.2
Petrol (Octane) 47.8

The heat of combustion in kJ mol™ for one of the fuels was calculated as 3218 kJ
mol™'. What was the fuel?

A. Hexanol
B. Octane

C. Butanol
D. Pentanol
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14 The table below shows pKing, the pH range, and the colour changes of three indicators.

Indicator PKing pH range colour at lower pH| colour at higher
pH
bromophenol blue 4.0 3.0-4.6 yellow blue
methyl red 5.1 42-6.3 red yellow
phenolphthalein 9:3 8.3-10.0 colourless red

At a pH of 4 which option below correctly identifies the colour of the solution:

Bromophenol blue Methyl red Phenolphthalein
(a) | yellow red colourless
(b) | Yellow yellow colourless
(c) | Green orange colourless
(d) | Green red colourless

15

What is the pOH of the solution formed when 20.00 mL of 0.250 mol/L HCI is mixed
with 80.00 mL of 0.350 mol/L. NaOH solution at 25°C?

A 0.638
B. 1.638
C 12.362
D 13.362
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16 In a titration, a 25.00 mL titre of 1.00 mol L' hydrochloric acid neutralised a 20.00
mL aliquot of sodium hydroxide solution which was in a conical flask. If, in
repeating the titration, a student failed to rinse one of the pieces of glassware with the
appropriate solution, the titre would be:

A.

greater than 25.00 mL, if the final rinsing of the 20.00 mL pipette was with
water rather than the base.

less than 25.00 mL, if the final rinsing of the burette was with water rather
than the acid.

equal to 25.00 mL, if water was left in the conical flask after final rinsing.

greater than 25.00 mL, if the conical flask was rinsed with the acid prior to the
addition of the aliquot.

17 Which of the following will cause the greatest change in pH to a 100 mL sample of
0.1 mol L' HCI1?

A. adding 1.0g of calcium carbonate powder
B. adding 10.0 mL of 0.1 mol L"! NaOH
C. adding 100.0 mL of 0.1 mol L"! HCI
D. diluting the sample to 1000.0 mL
18 The equilibrium constant for the reaction below has an equilibrium constant K.

Ha(g) + L(g < 2HI(g) K;=159at500K

At the same conditions of temperature and pressure, what is the equilibrium constant
for the reaction:

Hl(g) == 2Hx(g) + %l (g)

oS Q0w »
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19 When a sample of NO2 (g) is placed in a container, the following equilibrium is rapidly
established:

2NO2(g) ~— N204(g)

If this equilibrium mixture is a darker colour at high temperatures and at low pressures,
which of these statements about the reaction is correct?

The reaction is exothermic and NO3 is darker in colour than N;O4.
The reaction is exothermic and N»>Oy4 is darker in colour than NOs».

The reaction is endothermic and NO3 is darker in colour than N>Os.

O 0w »

The reaction is endothermic and N>Oy is darker in colour than NO;.

20 The Ky of Ca(OH), at 25°C is 5.02 x 107,

What is the molar solubility of calcium hydroxide at this temperature?

A. 1.71 x 107
B. 1.08 x 107
C. 2.24x 1073
D. 5.06x 10
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Chemistry

Section II — 80 marks
Attempt Questions 21-35
Allow about 2 hours and 25 minutes for this section.

Answer the questions in the spaces provided. These spaces provide guidance for the expected
length of response.

Show all relevant working in questions involving calculations.

Extra writing space is provided on
pages 32 to 35. If you use this space, clearly indicate which question you are answering.
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Question 21 (6 marks)
A class has been asked to conduct a chemical analysis of a common household substance for

acidity or basicity.
Assess TWO different methods of how this analysis could be conducted.
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Question 22 (4 marks)
For the salt silver chloride, Ksp = 1.77 x 1071% at 298 K.
A mixture is formed from 0.25 moles of AgNO3 and 1.0 mole of NaCl in water.

(a) Explain the meaning of K for silver chloride.

b) Calculate the concentration of silver ions, Ag", at equilibrium in this mixture.
g q

CHEMTR19_EXAM
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Question 23 (5 marks)

Nitrogen monoxide, chlorine and NOCI form an equilibrium gaseous mixture:

Clh(g) + 2NO (g9 = 2NOCl (g)

The graph below shows the changes in concentration of the three species over time.

Cl (g) + 2NO (g) = 2NOCI

A
i
g a8
= —
= S
;

(a)  On the graph above, identify A, B and C as Cl,, NO and NOCI.

(b) Describe the change that was made to the reaction conditions at time t = 8.5 min.

Question 23 continues on the next page
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Question 23 (continued)

(c) Will the equilibrium constant at t = 12 min be the same as at t = 6 min?
Explain your response.

(d) Will the presence of a catalyst impact on the equilibrium in any way?
Explain your response.

CHEMTR19_EXAM
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Question 24 (6 marks)

(@) When an aqueous solution of iron (III) nitrate is added to an aqueous sodium phosphate
solution, insoluble iron (III) phosphate is formed as one of the products.

Write an equation that represents this reaction.

(b) If aqueous thiocyanate ions are added to an aqueous solution of iron (III) ions a red
colour is produced as an iron (III) thiocyanate complex establishes an equilibrium,
releasing heat.

Fe*(ug+ SCN'(ag) = [FeSCNT*' oy
Yellow Red

i.  Explain why this equilibrium mixture appears red at room temperature.

ii.  Explain what would happen if a solution containing phosphate ions was added to
the mixture.
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Question 25 (5 marks)

Carbon dioxide gas reacts with carbon tetrafluoride gas to form an equilibrium with carbonyl
fluoride gas (COF2). The equilibrium constant for this reaction is 0.5.

(a) Write the equation that represents this equilibrium reaction.

(b)  Write the equilibrium constant expression for this reaction.

(c) A sample of 5.00 g of carbon dioxide gas and 29.00 g carbon tetrafluoride gas was
injected into a sealed 5.00 L vessel. After a period of time the concentration of carbon
tetrafluoride gas was measured again and found to be 4 g.L'.

Determine if this mixture is in equilibrium.
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Question 26 (7 marks)

(a) Using [IUPAC nomenclature, name the compounds shown below.

H H
(l‘n; {l‘n; . c|: .
H H O H i
CH;— CH — C — CH; _|_(|:_c/ﬁ°
H c c C (o H | I I \O—H

H H H H CH; H H
Compound 1 Compound 2 Compound 3
Compound 1 ... e
ComPOUNA 2 ..
ComPOUNA 3 ... e e

(b)  Compare the intermolecular forces in the above 3 molecules and predict the order of
boiling points (lowest to highest) of these molecules. Explain your prediction.
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Question 27 (5 marks)

A student was asked to distinguish between colourless organic liquids known to be

e butan-1-ol
e Dbutan-2-ol
e 2-methylpropan-2-ol

(a)  Explain how the 3 isomers differ in their structures and how these differences allow
them to be distinguished using a chemical test. Include a chemical equation in your

answer.

(b)  Outline the observations which would be made to allow the 3 liquids to be identified.

3

2

18
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Question 28 (2 marks)

Explain how Aboriginal and Torres Strait Islander Peoples have used the principles of
solubility equilibria, when removing toxicity from foods such as cycad fruit.
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Question 29 ( 7 marks)
Various models of acids and bases have been used over time. Compare the Arrhenius theory, the 7

Bronsted-Lowry theory and one other theory you have explored in your studies and explain the
limitations of each model.
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Question 30 (6 marks)

The table shows the acid dissociation constants at 25°C.

Acetic acid CH,COOH 1.8x10%
Chlorous acid HCIO0, 1.1x 102
Formic acid HCOOH 1.8 x 10
Hydrocyanic acid HCN 6.2 x 1010
Hydrofluoric acid HF 6.6 x 104
Water H,0 1.0x 10
Lactic acid CH,CHOHCOOH 1.4 x 101
Nitrous acid HNO, 7.2 x 10+
Phenol C:H.OH 1: 3 1010

(a) Identify the strongest acid in the table and determine the pK. value for this acid.
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Question 31 (4 marks)

A titration is carried out to determine the citric acid content of 1 L of orange juice.
Citric acid, C¢HgO7, has the following structural formula and is a triprotic weak acid.

HO OH

First, a solution of sodium hydroxide was standardised by titration against potassium hydrogen
phthalate (a weak acid) and found to have a concentration of exactly 0.0540
mol L1,

Next, the orange juice was diluted by taking 10 mL of juice and making it up to 50 mL with
distilled water. 25 mL samples of the diluted orange juice were placed in clean conical flasks
and titrated against the standardised sodium hydroxide. The average amount of sodium
hydroxide needed to reach equivalence was 17.3 mL.

Question 31 continues on the next page
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Question 31 (continued)

titration. Indicate the equivalence point on each graph.

Complete the graphs to show the change in pH and the change in conductivity during the

14

12

10

pH

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

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

Volume of titrant (mL)

Conductance (mS)

Volume of base added (mL)

4
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Question 32 (4 marks)

To determine the percentage by mass of calcium carbonate (CaCO3) in an antacid tablet
which had a mass of 0.250 g, the following procedure was used:

e The tablet was crushed and then placed in a beaker.

e A pipette was used to add 25.0 mL of 0.120 mol L' hydrochloric acid to the crushed
tablet in the beaker.

e Once the reaction between the calcium carbonate and hydrochloric acid had stopped,
phenolphthalein indicator was added to the reaction mixture.

e A burette was then used to add 0.0560 mol L! sodium hydroxide to the beaker to
neutralise the excess hydrochloric acid.

e The phenolphthalein changed from colourless to pink after 27.4 mL of the sodium
hydroxide solution had been added.

(@ Write a balanced equation for the reaction between calcium carbonate and
hydrochloric acid.
() Determine the percentage by mass of calcium carbonate in the tablet.

Show all working and reasoning.
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Question 33 (4 marks)

A green solution was made containing a weak acid, H4 (which is a yellow molecule) and its
conjugate base, 4" (which is blue).

(a) Write an equation for the reaction which occurs when a strong base such as sodium 1
hydroxide is added to this solution.

(b) Write an equation for the reaction which occurs when a strong acid such as hydrochloric 1
acid is added to this solution.

(¢) Use your equations from part (a) and (b) to explain why this solution can act as an 2
indicator.
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Question 34 (10 marks)
(a) Complete the diagram below by inserting: 8

e structural formulae for compounds A, C, D, E and F
e the [IUPAC names for compounds B, D and F

Compounds B and F may be synthesized as follows.

Compound A Compound C
Structural formula: Structural formula:
H.O | catalyst HC1
h ¥
H Compound B
H\ f‘l.:___,.-H N N Mixture formed.
L +
H ‘-.\ Use only
I—( 0—H 1-chloropropane
Cr,0; NaDH
H 4 ¥
Compound D Compound E
Structural formula: Structural formula:
¢ H.50,
Mame:
Compoumnd F
" Structural formula:
Mame:
(b) Identify the types of reactions which occur when: 2

e Compound C is converted to 1-chloropropane ..............cccooviiiiiiiiiiiiiiinnnnnnn.

e I-chloropropane is converted to Compound E ...
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Question 35 (5 marks)

(a) In the space below, draw the structural formula for each reactant required to produce 2
pentyl acetate in the laboratory. Name each reactant.

(b) The image below shows the equipment used for this reaction. 3

Space to answer Question 35 continues on the next page
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End of Paper
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Section II - Extra writing space

If you use this space, clearly indicate which question you are answering.
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Section II - Extra writing space

If you use this space, clearly indicate which question you are answering.
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Section II - Extra writing space

If you use this space, clearly indicate which question you are answering.
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Section II - Extra writing space

If you use this space, clearly indicate which question you are answering.
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CHEMISTRY — MULTIPLE-CHOICE ANSWER SHEET

ATTEMPT ALL QUESTIONS

Question 1 A O BO c O p O
2 A O BO cO D O
3 A O BO cO p O
4 A O BO cO D O
5 A O BO cO D O
6 A O BO cO D O
7 A O BO cO D O
8 A O BO cO D O
9 A O BO cO D O
10 A O BO cO D O
11 A O BO cO D O
12 A O BO cO p O
13 A O BO cO D O
14 A O BO cO D O
15 A O BO cO D O
16 A O BO cO p O
17 A O BO cO D O
18 A O BO cO D O
19 A O BO cO D O
20 A O BO cO D O
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Chemistry

FORMULAE SHEET

n=— C= i
MM oy
AG® = AH® = TAS®

PV = nRT

g = meAT pH = -]1'-g|”1i-i+]
/

pK, = ~logq[K | A = ele = mﬂmf

Avogadro constant, Ny .mmesamonmmmnsinmsssismiossne. 5022 % 10°* mol !
Volume of | mole ideal gas: at 100 kPa and

ey N G 9 TRe— ey O
at 25°C 298.15 K) .onnvisinniiniinn 2479 L
KT COMMUIIIE i ok A o S AR AN SO 8314 ) mol”' K
lonisation constant for water at 25°C (298,15 K), K, oo 1.0 % 10714
Specific heat capacity of WALEE .ooocvieovecrioeieemnmsnonenne 41835 100 T kg™ K
DATA SHEET

Solubility constants at 25°C

Compound KH_ Compound Htr'
Barium carbonate 2.58 % 10~ Lead(11) bromide 6.60 x 1070
Barium hydroxide 2.55% 1074 Lead(11) chloride 1,70 % 107
Barium phosphate 1.3 x 107 Lead(I1) iodide 9.8 x 107
Barium sulfate 1.08 x 107" Lead(I) carbonate 740 x 10714
Caleium carbonate 336 % 107 Lead(11) hydroxide 143 x 107
Calcium hydroxide 502 x 107° LeadiIl) phosphate 8.0x 107"
Calcium phosphate 2,07 % 1072 Lead(I1) sulfate 253 % 107
Caleinm sulfate 4.93 x 1078 Magnesium carbonate 6,82 x 107
Copper(Il) carbonate 1.4 x 1071 Magnesium hydroxide  5.61 x 1077

Copper(11) hydroxide
Copper(Il) phosphate
Iron( ) carhonate
Tron(Il) hydroxide
fron( 1) hydroxide
Iron(1) phosphate

22 % 107%

140 % 1077
313 % 107!
4.87 x 107
279 x 107"
9.91 x 1071

Magnesium phosphate
Silver bromide

Silver chloride

Silver carbonate
Silver hydroxide
Silver iodide

Silver phosphate
Silver sulfute

1.04 % 107
5.35 % 10714
177 % 10710
8.46 x 107
20x 107

8.52 % 1077
8.89 x 1077
1.20 % 107

Ay lward and Findlay, 8§ Chensivad Dasa (5th Edition) 1 the prancipal source of datw for
this examination paper, Some data may have been modificd for examination purposes,
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Infrared absorption data B¢ NMR chemieal shift dats
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Spmve standard potentinls
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