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Introductory notes for Chemistry Stage 3 Standards Guide 2011

What are the ‘standards’ and how were they developed?

Standards describe the kinds of qualities seen in candidate responses in WACE examination conditions. In late
2011, WACE (written) examination scripts for Chemistry Stage 3 were analysed by teacher expert panels who
identified the qualities of candidates’ scripts at each of five performance bands: ‘excellent achievement’, ‘high
achievement’, ‘satisfactory achievement’, ‘limited achievement’ and ‘inadequate achievement’. WACE Course
scores were reported against these performance bands.

The band descriptions for Chemistry Stage 3 are provided in Appendix 1.

What do standards tell us?

The standards described through the band descriptions tell us, in general terms, how students need to be
performing if they wish to achieve a particular ‘standard’. To get a clearer picture of what each standard means,
teachers and students can refer to the candidate responses provided. This will help students see what they need to
do to improve and help them understand how their work compares with the standards. Standards can also assist
teachers in providing students with feedback about their work and see how they might need to modify their
teaching.

What is provided in this Standards Guide?

There are five main components in this standards guide:

1 questions from the examination paper

2 the marking key for each question

3 candidate responses and annotated marker notes

4 keywords and examination statistics such as the highest and lowest marks achieved, mean, standard
deviation, etc

5 examiner comments.

What standards have been exemplified in this guide?

Sample candidate responses which illustrate ‘excellent’ and ‘satisfactory’ performance have been included in this
guide, along with marker annotations. In most cases, ‘excellent’ responses received full marks or close to full
marks. If there were no responses judged to be ‘excellent’, a ‘high achievement’ response sample may be provided.
Judgements about the standard illustrated in a candidate response must also take into account the difficulty of the
guestion. It should also be remembered that overall judgements about standards are best made with reference to a
range of performances across a range of assessment types and conditions.

How well did this examination ‘target’ the ability of candidates?

Rasch analysis of raw examination marks achieved by candidates enables us to provide estimates of question
difficulty and student ability, on the same scale. From this relationship, we are able to evaluate how well the
questions in this examination were broadly targeted to candidates’ abilities.

Table 1 in Appendix 2 provides estimates of the difficulty of each question. Graph 2 (where provided) in Appendix
2 shows the distribution of the student ability and question difficulty. Graph 3 (where provided) shows the
distribution of the student ability and item thresholds. Explanatory notes for these graphs are also provided in
Appendix 2.

Other points to consider when viewing this guide

Use of half marks
Examination items are marked in whole numbers. Half marks occurring in this guide are a result of averaging the
whole number marks from each of two markers.

Section statistics and marks weightings

Section statistics for the highest mark achieved, lowest mark achieved, mean and standard deviation are based on
weighted section total marks. Raw mark totals are provided for each section. The raw marks distribution and the
weighted total marks distribution is provided on the following page.

Examination standards for 2011 WACE examinations
The analysis of written examination scripts was used to determine performance band descriptions for 2011.
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Marks distribution for this examination

Chemistry: Stage 3 Standards Guide

. Numb_er of Numper of Sug_gest_e d Marks Percentage of
Section guestions guestions to working time .
; . available exam
available be answered (minutes)

Section One:

Multiple-choice 25 25 50 25 25

Section Two:

Short answer 10 10 60 70 35

Section Three:

Extended answer 6 6 70 80 40
Total 100




. Section One: Multiple-choice
Government of Western Australia

School Curriculum and Standards Authority

Chemistry
Stage 3

Section One: Multiple-choice

25 marks Weighted section statistics
Note: Statistics ID = CHE3-S01
; — Number of attempts = 4753
Raw section to.tal marks =25 _ Highest mark achieved = 25.00
Weighted section total marks = 25 Lowest mark achieved = 0.00
Mean = 17.48

Standard deviation = 4.19
Correlation between section and exam = 0.86

This section has 25 questions

Suggested working time: 50 minutes

Examiners’ comments for this section

This section was rather easy for candidates, while the questions requiring explanation or mastery of calculations
proved more challenging, but were probably pitched at about the right level. Question 5 and Question 8 were the
least difficult.

Chemistry: Stage 3 Standards Guide
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Questions

Questions 1 -3

(a)
(b)
(©)
(d)

Consider the ion below.
115 3+
4olN

Which one of the following lists the number of protons,
neutrons and electrons for this ion correctly?

Protons Neutrons Electrons
115 49 49
49 66 49
49 66 52
49 66 46

Refer to the following table to answer Questions 2 and 3.

The table shows the approximate successive molar
ionisation energies (in kJ mol‘l) of five elements
denoted | to V.

lonisation energy
Element Ist 2nd 3rd 4th
I 502 4570 6919 9550
Il 580 1820 2750 11600
1 590 1145 4910 6490
Vv 744 1460 7740 10550
V 1250 2300 3820 5160
2. Which two elements are most likely to be Group 2
(alkaline earth) metals?
@ landlll
(b) Nland IV
(c) llandV
(d landV
3. Which element would react with chlorine to form a
compound with the general formula AC{;, where A
represents one of the five elements (I to V) listed in the
table above?
@ |1
(b)
(c)
@ v
8

School Curriculum and Standards Authority

Section One: Multiple-choice

Question statistics

Statistics ID = CHE3-MC-1

Number of attempts = 4753

Correct answer = (d)

(@) =39 (0.82%)

(b) = 271 (5.70%)

(c) = 243 (5.11%)

(d) = 4197 (88.30%)

Question difficulty = Very easy

Correlation between question and section = 0.34

Statistics ID = CHE3-MC-2

Number of attempts = 4753

Correct answer = (b)

(a) =277 (5.83%)

(b) = 4120 (86.68%)

(c) = 159 (3.35%)

(d) = 194 (4.08%)

Question difficulty = Easy

Correlation between question and section = 0.44

Statistics ID = CHE3-MC-3

Number of attempts = 4753

Correct answer = (b)

(a) = 251 (5.28%)

(b) = 3956 (83.23%)

(c) = 220 (4.63%)

(d) =322 (6.77%)

Question difficulty = Easy

Correlation between question and section = 0.45
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Questions

Questions 4 -7

(a)
(b)
(c)
(d)

(a)
(b)
(c)
(d)

(a)
(b)
(c)
(d)

(a)
(b)
(c)
(d)

Which of the following statements about the Group 2
metals are true?

0] Their first ionisation energy decreases with
increasing atomic number.

(i)  Two electrons are present in the valence shell of
the metal.

(i)  Their chemical reactivity increases with
increasing atomic number.

(iv)  Their +2 (positive) ions have noble gas
configurations.

(v)  They are likely to form covalent compounds with
Group 17 elements.

(i) and (iii) only

(iv) and (v) only

(M), (i), (iii) and (iv)
(), (i), iii), (iv) and (v)

Which one of the following best explains the decrease in
atomic radius as the atomic number increases across
Period 3 of the Periodic Table?

increasing nuclear charge

decreasing number of neutrons

decreasing number of protons

the elements becoming more noble gas-like

Which one of the following trends occurs as the atomic
number increases for the Group 17 elements?

atomic radii decrease

melting points decrease

the tendency to gain electrons decreases
the elements become more reactive

What is the formula of an ionic compound consisting of
positive ions with a configuration 2,8 and negative ions
with the same configuration?

LiF
MgS
NaF
KC!

School Curriculum and Standards Authority

Section One: Multiple-choice

Question statistics

Statistics ID = CHE3-MC-4

Number of attempts = 4753

Correct answer = (c)

(a) =471 (9.91%)

(b) = 157 (3.30%)

(c) = 3418 (71.91%)

(d) =700 (14.73%)

Question difficulty = Easy

Correlation between question and section = 0.40

Statistics ID = CHE3-MC-5

Number of attempts = 4753

Correct answer = (a)

(a) = 4219 (88.76%)

(b) = 62 (1.30%)

(c) = 145 (3.05%)

(d) = 323 (6.80%)

Question difficulty = Very easy

Correlation between question and section = 0.38

Statistics ID = CHE3-MC-6
Number of attempts = 4753
Correct answer = (c)

(a) =516 (10.86%)

(b) = 514 (10.81%)

(c) = 3009 (63.31%)

(d) =709 (14.92%)
Question difficulty =
Moderate

Correlation between
question and section = 0.44

Statistics ID = CHE3-MC-7

Number of attempts = 4753

Correct answer = (c)

(a) = 403 (8.48%)

(b) = 825 (17.36%)

(c) = 3307 (69.58%)

(d) = 209 (4.40%)

Question difficulty = Easy

Correlation between question and section = 0.43

Chemistry: Stage 3 Standards Guide
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Questions
Questions 8 -9
Question statistics

Questions 8 and 9 refer to the compounds shown below.

i i
O O
8. Which one of the following lists places these Statistics ID = CHE3-MC-8
compounds in their correct class? ('\:'“mber of attempts = 4753
orrect answer = (d)
(a) = 119 (2.50%)
| I M v (b) = 65 (1.37%)
: (c) = 187 (3.93%)
(a) Ester Aldehyde Ketone Carbo_xyllc (d) = 4381 (92.17%)
_ acid Question difficulty = Very easy
(b)  Carboxylic Ketone Aldehyde Ester Correlation between question and section = 0.40
acid
(c) Ketone Carboxylic Ester Aldehyde
acid
(d) Ester Carboxylic Ketone Aldehyde
acid
9. Which of these compounds can be prepared by ﬁtatisk,)tics |th=t CHltzs-I\/l407-593
H H _ umber or attempts =
oxidation of 1-propanol, CH;CH,CH,OH? Correct answer = (d)
(a) = 162 (3.41%)
(@ lonly (b) = 254 (5.34%)
O P
= . 0
O Il'and 111 Question difficulty = Easy
(d) Il'and IV Correlation between question and section = 0.41
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Questions
Questions 10-11

10.

(@)
(b)
(€)
(d)

11.

(a)
(b)
(c)

(d)

An enzyme is a biological catalyst. Esters can be
hydrolysed, as represented below by an esterase
enzyme.

esterase

ester + water

carboxylic acid + alcohol

In the presence of esterase which one of the following
statements is true for this process?

The position of the equilibrium for this reaction is shifted
to the right.

The rate of forward reaction and rate of reverse
reaction both increase equally.

The rate of forward reaction increases more than the
rate of reverse reaction.

The rate of forward reaction increases and rate of
reverse reaction decreases.

Hydrogen can be produced by the reaction

CHa(g) + H20(9)

CO(g) + 3Hx(g) AH>O0

Which one of the following will increase the equilibrium
yield of hydrogen?

increasing the total pressure of the reaction system
decreasing the partial pressure of the water vapour
removing carbon monoxide from the system as it is
produced

decreasing the temperature of the system

School Curriculum and Standards Authority

Section One: Multiple-choice

Question statistics

Statistics ID = CHE3-MC-10

Number of attempts = 4753

Correct answer = (b)

(@) =272 (5.72%)

(b) = 3430 (72.16%)

(c) = 858 (18.05%)

(d) =187 (3.93%)

Question difficulty = Easy

Correlation between question and section = 0.36

Statistics ID = CHE3-MC-11

Number of attempts = 4753

Correct answer = (c)

(a) = 437 (9.19%)

(b) = 312 (6.56%)

(c) = 3580 (75.32%)

(d) = 422 (8.88%)

Question difficulty = Easy

Correlation between question and section = 0.49

Chemistry: Stage 3 Standards Guide
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Questions
Questions 12 - 14

12.

(a)
(b)
(c)
(d)

13.

(a)
(b)
(c)
(d)

14.

(a)
(b)
(c)
(d)

12

Which of the properties listed below are characteristic of
a gaseous system in dynamic equilibrium?

0] The concentrations of reactants are equal to the
concentrations of products.

(i)  The concentrations of reactants and products are
constant.

(i)  The rate of the forward reaction is equal to the
rate of the reverse reaction.

(iv)  The pressure of the system is constant.

(i), (ii) and (iii)
(), (ii) and (iv)
(i), (iii) and (iv)
(iii) only

In which one of the following will a precipitate be formed
when 0.1 mol L™ solutions of the compounds listed are
mixed at 25°C?

K,S0O,, NiCf, and NaC{

BaC'ez, H,SO, and HNO;
Zn(NO3),, NaBr and H,SO,
K3PQOy, (NH4),CO3 and CH;COOH

Assuming the substances below dissociate to the same
extent, a 500 mL sample of which one of the following
0.01 mol L™ solutions will contain the greatest number
of ions?

(NH,)2CO4
K5Cr,04
Ca(OH),
NaszPO,

School Curriculum and Standards Authority

Section One: Multiple-choice

Question statistics

Statistics ID = CHE3-MC-12

Number of attempts = 4753

Correct answer = (c)

(a) =469 (9.87%)

(b) = 223 (4.69%)

(c) = 3164 (66.57%)

(d) =893 (18.79%)

Question difficulty = Easy

Correlation between question and section = 0.42

Statistics ID = CHE3-MC-13

Number of attempts = 4753

Correct answer = (b)

(a) =175 (3.68%)

(b) = 3966 (83.44%)

(c) = 206 (4.33%)

(d) = 400 (8.42%)

Question difficulty = Easy

Correlation between question and section = 0.47

Statistics ID = CHE3-MC-14

Number of attempts = 4753

Correct answer = (d)

(a) =900 (18.94%)

(b) = 626 (13.17%)

(c) =367 (7.72%)

(d) = 2852 (60.00%)

Question difficulty = Moderate

Correlation between question and section = 0.55

Chemistry: Stage 3 Standards Guide
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Questions
Questions 15-17

15.

(i)

(iii)

(a)
(b)
(c)
(d)

16.

(a)
(b)
(c)
(d)

17.

(@)
(b)
(©)
(d)

Consider the following substances.

BaSO, (i) CH3CH,CH,CH,OH

CH,CH,COCH; (V) 0

HEN_CHz_C_OH

Which one of the following lists the substances in order
of decreasing solubility in water?

(i) Gv) () (i)
(@M (i) () (i)
(v) i) i) ()
i Gv) i) ()

Which one of the following is the strongest electrolyte?

NH,Ce
HszPO,
Hzo
CH;COOH

Which one of the following describes the acidity/basicity
of a solution of the following compounds when dissolved
in distilled water?

Ammonium Potassium Sodium Sodium
chloride carbonate nitrate ethanoate
acidic basic neutral basic
acidic basic acidic basic
basic acidic neutral acidic
basic basic basic acidic

School Curriculum and Standards Authority

Section One: Multiple-choice

Question statistics

Statistics ID = CHE3-MC-15

Number of attempts = 4753

Correct answer = (c)

(a) =954 (20.07%)

(b) =478 (10.06%)

(c) = 2501 (52.62%)

(d) =816 (17.17%)

Question difficulty = Moderate

Correlation between question and section = 0.32

Statistics ID = CHE3-MC-16

Number of attempts = 4753

Correct answer = (a)

(a) = 2471 (51.99%)

(b) = 1787 (37.60%)

(c) = 346 (7.28%)

(d) = 143 (3.01%)

Question difficulty = Moderate

Correlation between question and section = 0.33

Statistics ID = CHE3-MC-17

Number of attempts = 4753

Correct answer = (a)

(a) = 3284 (69.09%)

(b) = 428 (9.00%)

(c) =595 (12.52%)

(d) = 435 (9.15%)

Question difficulty = Easy

Correlation between question and section = 0.48

Chemistry: Stage 3 Standards Guide
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Questions
Questions 18 - 20

18.

(@)
(b)
(c)
(d)

19.

(a)
(b)
(c)
(d)

20.

(a)
(b)
(c)
(d)

14

In which one of the following is the reactant in bold
reacting as an acid?

2Na(s) + 2H,0 — 2NaOH + H,

NH; + H,O — NH," + OH~

Fe(H,0)s>" + H,0 — Fe(H,0)s(OH)** + H;0"
C02 + Hzo - HzCOg

Which one of the following gives the correct formula for
sodium chlorite?

NaCtO

NaCeO,
NaCtO;
NaCtO,

Four water samples were found to be contaminated with
an arsenic chloride compound. The samples were
analysed and the arsenic and chloride content of each
sample was reported, as shown below.

School Curriculum and Standards Authority

Sample As content (Q) Ce content (g)
(i) 0.68 0.97
(i) 0.38 0.55
(iii) 0.48 0.68
(iv) 0.41 0.96

Which one of the samples contains a different arsenic
chloride contaminant from that in the other three
samples?

(i)
(ii)
(iii)
(iv)

Section One: Multiple-choice

Question statistics

Statistics ID = CHE3-MC-18

Number of attempts = 4753

Correct answer = (c)

(a) = 212 (4.46%)

(b) = 422 (8.88%)

(c) = 3955 (83.21%)

(d) = 159 (3.35%)

Question difficulty = Easy

Correlation between question and section = 0.39

Statistics ID = CHE3-MC-19

Number of attempts = 4753

Correct answer = (b)

(a) = 1940 (40.82%)

(b) = 1305 (27.46%)

(c) = 1127 (23.71%)

(d) =379 (7.97%)

Question difficulty = Difficult

Correlation between question and section = 0.09

Statistics ID = CHE3-MC-20

Number of attempts = 4753

Correct answer = (d)

(a) = 639 (13.44%)

(b) = 464 (9.76%)

(c) = 107 (2.25%)

(d) = 3532 (74.31%)

Question difficulty = Easy

Correlation between question and section = 0.40

Chemistry: Stage 3 Standards Guide



. Section One: Multiple-choice
Government of Western Australia
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Questions
Questions 21 - 24
Question statistics

21. How many moles of electrons must be exchanged to Statistics ID = CHE3-MC-21
oxidise 1 mole of hypophosphorous acid, HsPO,, to Number of attempts = 4753
. . Correct answer = (c)
phosphoric acid, HzPO,? (a) = 1249 (26.28%)
(b) = 299 (6.29%)

@ 2 (c) = 3103 (65.29%)
(b) 3 (d) =88 (1.85%)
Question difficulty = Easy
(C) 4 Correlation between question and section = 0.48
(@) !
5
22.  In which one of the following compounds is rhenium Statistics ID = CHE3-MC-22
(Re) in the highest oxidation state? Number of attempts = 4753
Correct answer = (a)
@ NaReO (a) = 4006 (84.28%)
a aReO, (b) = 155 (3.26%)
(b ReCo (- 1r1 oo
= . 0
(€)  Re;Os Question difficulty = Easy
(d) ReCts Correlation between question and section = 0.40
23. Corrosion is a redox process. Which one of the following Statistics ID = CHE3-MC-23
explains why coating iron with nickel protects the iron Number of attempts = 4753
from COrrosion? Correct answer = (d)
r / (a) = 186 (3.91%)
(b) = 250 (5.26%)
(&) Nickel accepts electrons from iron. (c) = 1601 (33-68‘(’]&)
(b)  Iron and nickel form an alloy that is particularly resistant (d) = 2699 (56.79%)
Question difficulty = Moderate
to redox processes. Correlation between question and section = 0.33

(c) Nickel is a stronger oxidising agent than iron.
(d) The thin coating of nickel prevents iron from
reacting.

24.  Which one of the species below is not commonly used Statistics ID = CHE3-MC-24

as a reducing agent? Number of attempts = 4753
' Correct answer = (c)

(a) = 552 (11.61%)

@ C,04” (b) = 569 (11.97%)
(b) H, (c) = 1358 (28.57%)
(c) ce, (d) = 2261 (47.57%)
Question difficulty = Difficult
(d) C Correlation between question and section = 0.34

Chemistry: Stage 3 Standards Guide
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Questions
Question 25

Question statistics
25.  Which one of the following is a polar molecule? Statistics ID = CHE3-MC-25

Number of attempts = 4753
Correct answer = (a)
(a) = 3194 (67.20%)
@ co (b) = 1217 (25.60%)
(c) =179 (3.77%)
(b) BCl; (d) = 155 (3.26%)
Question difficulty = Easy
Correlation between question and section = 0.42

F. F
©) F/c:c\F
(d CFq
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Keywords

Keywords: Questions 1 — 25

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Atomic theory
Periodic table

lonic bonding
Periodic table
Periodic table
Periodic table

lonic bonding
Organic compounds
Redox reactions
Equilibrium
Equilibrium
Equilibrium
Precipitation (Chemistry), Chemical reactions
Chemical reactions
Solubility
Electrolytes
Hydrolysis

Acids

Chemical formula
Chemical formula
Stoichiometry, Chemical reactions
Redox reactions
Corrosion

Redox reactions

Molecular structure, Chemical formula
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. Section Two: Short answer
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Chemistry
Stage 3

Section Two: Short answer

70 marks Weighted section statistics
Note: Statistics ID = CHE3-S02
Raw section total marks = 70 Number of attempts = 4751

Highest mark achieved = 35.00

Lowest mark achieved = 0.00

Mean = 20.80

Standard deviation = 6.86

Correlation between section and exam = 0.94

Weighted section total marks = 35

This section has 10 questions. Answer all questions.

Suggested working time: 60 minutes

Examiners’ comments for this section

Questions 29, 30 and 35 were the most difficult questions, while Question 26 was the least difficult. Although the
mean for this section was lower relative to 2010, there was an apparent improvement in the structure and
coherence of sentences in questions requiring an explanatory answer.

Chemistry: Stage 3 Standards Guide 19



. Section Two: Short answer
Government of Western Australia

School Curriculum and Standards Authority

Question

Question 26

Complete the table below by drawing the Lewis structures of the molecules listed and either drawing or naming the
shape of the molecule.

All valence shell electron pairs should be represented either as : oras —.

The first row has been completed as an example.

(4 marks)
Molecule Lewis structure Sketch or name of shape
. — e
H,0O Oneof H:O:H orH-O-Hor H-O-H One of bent,or / "\
H H
Ct,0
PCl;

20 Chemistry: Stage 3 Standards Guide



. Section Two: Short answer
Government of Western Australia

School Curriculum and Standards Authority

Marking key
Molecule Lewis structure Sketch or name of shape
. — o)
H,0 Oneof H:O:H orH-O-Hor H-O-H One of bent, or / "\
H H
i V-shaped or bent
CLO /

Gt —0

.
.

Triangular pyramidal
2ClL:

P
R
et Gt —p —Ct: PN
Ct Ct Ct

Description Marks
1 mark for each Lewis structure; dashes or dots acceptable for representing electron 1-2
pairs. Award 1 mark if bonding pairs are correct but lone pairs are missing.
1 mark for each shape; accept pyramidal 1-2
Question incorrectly answered 0
Question not attempted -
Total 4
NB No follow-through marks. Answers must conform to marking key e.g. each cell must be correct.
Keywords Question statistics
Molecular structure Statistics ID = CHE3-26

Number of attempts = 4748
Highest mark achieved = 4.00
Lowest mark achieved = 0.00
Mean = 3.27

Standard deviation = 0.88
Question difficulty = Easy
Correlation between guestion
and section = 0.45

Chemistry: Stage 3 Standards Guide 21




. Section Two: Short answer
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School Curriculum and Standards Authority

Candidate responses

Question 26

Complete the table below by drawing the Lewis structures of the molecules listed and either drawing or naming the
shape of the molecule.

All valence shell electron pairs should be represented either as : oras —.

The first row has been completed as an example.

(4 marks)
Notes
Molecule Lewls structure Sketch or name of shape Excellent response
4/4 marks
" = 0 Completes the table with

HO Oneof H:Q*HorH-O-Hor H-0-H One of bent, or Hf \H Lewis structures and
names of shapes.

105‘ ¥y iy X

(A= 0 - %

c&0 < - o Leny

the '{.:"' ) ¥ 10w dla)

PCh TORSR I
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Candidate responses (continued)

Government of Western Australia
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Molecule Lewis structure Sketch or name of shape
H.0 Oneof H:(:Hor H-0-H or H-0-H Dnaufbant.orH/O\H
FA)
SeN. 2 Lineay
L] E: . [
cto G Cis i
s Tt i
v e e ¢riar13u110w
PGI& :C.E p?:, E_“[': P‘av\mv
L

Examiners’ comments

Section Two: Short answer

Notes

Satisfactory response
2/4 marks

Completes the table with
correct Lewis structures.

Names of shapes are
incorrect.

Although this was the least difficult question incorrect responses were disappointing. Candidates must be
encouraged to make the connection between number of electron domains (i.e. VSEPR) and molecular shape.

Chemistry: Stage 3 Standards Guide
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. Section Two: Short answer
Government of Western Australia

School Curriculum and Standards Authority

Question

Question 27
(10 marks)

Question statistics

Statistics ID = CHE3-27
Number of attempts = 4735
Highest mark achieved = 10.00
Lowest mark achieved = 0.00
Mean = 5.80

Standard deviation = 3.02
Question difficulty = N/A
Correlation between question
and section = 0.80

27(a)

Complete the table by writing the formula or drawing the structure for the conjugate base, species X or conjugate
acid in the blank spaces as appropriate. Species X is the species that is able to form both a conjugate base and a
conjugate acid.

(6 marks)
Conjugate base Species X Conjugate acid
CH3NH;"
C,0,”

T

H
HO, C. |
) II/ | \?/ o”

H

OH
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Section Two: Short answer

Marking key
Conjugate base Species X Conjugate acid
CH3NH™ CH3NH, CH3NH5"
N HC,0O, H,C,0,
C,0,”
CI)H Il (I)H Il
— H OH O H
(0] C.l [ HO C.l
Nedh i om HO o H I No@ R oo
Iy | SNCT e o Iy I
OH I H I OH
0] OH
Description Marks
1 mark for each cell. 1-6
Question incorrectly answered 0
Question not attempted -
Total 6

Keywords

Acids

Chemistry: Stage 3 Standards Guide

Question statistics

Statistics ID = CHE3-28
Number of attempts = 4517
Highest mark achieved = 6.00
Lowest mark achieved = 0.00
Mean = 3.20

Standard deviation = 2.28
Question difficulty = Moderate
Correlation between question
and section = 0.71
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Candidate responses

27(a)

Government of Western Australia
School Curriculum and Standards Authority

Section Two: Short answer

Complete the table by writing the formula or drawing the structure for the conjugate base, species X or conjugate
acid in the blank spaces as appropriate. Species X is the species that is able to form both a conjugate base and a
conjugate acid.

(6 marks)
Conjugate base Species X Conjugate acid
CHsNH3"
C,0,”~
5
H
HO C 1
H
OH
Notes
Excellent response
Conjugate base Species X Conjugate acid 6/6 marks
- CH3NH;'

(R NW,, (H’s NH2 s Correctly completes the
table with conjugate base
and conjugate acid.

[
CO& H,G:O,
W (0,
od
OH Q
O VM 0 HH O HO L "":' i\
g 1=t e e u ; o4
A New H H
o oM O O OH o o4
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Candidate responses (continued)

Conjugate base Specles X Conjugate acid
CH, ™NH CH Ny CH,NH;"
bt +
C0& H, (204 3 2%
ﬂl”"I ] ; o U:-{H ‘i:(::
- ) OH [0 0 &t~ C
NP6 N | o LW e e
h ¥ ooy ﬁfl_"\? L o ol
o O ' OH

Chemistry: Stage 3 Standards Guide

Section Two: Short answer

Notes

Satisfactory response
4/6 marks

Correctly completes the
table for two species of
conjugate base and
conjugate acid.

The C,0,” examples are
incorrect.
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. Section Two: Short answer
Government of Western Australia

School Curriculum and Standards Authority

Question

Lactic acid produced by muscles during exercise, is found in many milk products and is used in the brewing of beer.
It is also added to a number of canned food items as a buffer.

The equation for the reaction of lactic acid with water is shown below.

e .
T OR R == SCTN0T + O AH = —60 kJ mol!
OH OH
The value of the equilibrium constant for the above reaction, at 25°C, is approximately
7.9 x 10,
27(b)

State whether the ratio of organic products to organic reactants will be equal to one, less than one (< 1) or greater
than one (> 1) for this system at equilibrium at 25°C.

(1 mark)
Marking key
Description Marks

Ratio of P to R less than one <1; OR there are less P than R 1
Question incorrectly answered 0
Question not attempted -

Total 1
Keywords Question statistics
Equilibrium Statistics ID = CHE3-29

Number of attempts = 4624
Highest mark achieved = 1.00
Lowest mark achieved = 0.00
Mean = 0.59

Standard deviation = 0.49
Question difficulty = Moderate
Correlation between guestion
and section = 0.31
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. Section Two: Short answer
Government of Western Australia

School Curriculum and Standards Authority

Candidate responses

27(b)

State whether the ratio of organic products to organic reactants will be equal to one, less than one (< 1) or greater
than one (> 1) for this system at equilibrium at 25°C.

(2 mark)
Notes
Excellent response
21 (o) fan oke) - 1/1 mark

Correctly states the ratio of
organic products to organic
reactants.
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Question

27(c)

School Curriculum and Standards Authority

Section Two: Short answer

Predict the direction in which the equilibrium will shift immediately after the changes indicated in the table below.

Write ‘left’, ‘right’ or ‘no change’.
(3 marks)

Change

Direction of initial equilibrium shift

Decreasing the temperature

Adding hydrochloric acid

Adding sodium hydroxide

Marking key
Change Direction of initial equilibrium shift

Decreasing the temperature Right

Adding hydrochloric acid Left

Adding sodium hydroxide Right

Description Marks
1 mark for each cell 1-3
Question incorrectly answered 0
Question not attempted -
Total 3

Keywords

Equilibrium
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Question statistics

Statistics ID = CHE3-30
Number of attempts = 4726
Highest mark achieved = 3.00
Lowest mark achieved = 0.00
Mean = 2.18

Standard deviation = 1.00
Question difficulty = Easy
Correlation between question
and section = 0.56




. Section Two: Short answer
Government of Western Australia

School Curriculum and Standards Authority

Candidate responses

27(c)

Predict the direction in which the equilibrium will shift immediately after the changes indicated in the table below.
Write ‘left’, ‘right’ or ‘no change’.

(3 marks)
Change Direction of initial equilibrium shift
Decreasing the temperature
Adding hydrochloric acid
Adding sodium hydroxide
Notes
: Excellent response
Change Direction of initial equilibrium shift 3/3 marks
Decreasing the temperature vigla
Adding hydrochloric acid \ely Predicts the direction of the
: : : initial equilibrium shift
Adding sodium hydroxide Yiglt correctly.
Satisfactory response
Change Direction of Initlal equilibrium shift 2/3 marks
Decreasing the temperature ﬁﬂ\ﬂ\'
Adding hydrochloric acid A5 (O c.‘v‘anc\SL Predicts the direction of the
- h - - 1 initial equilibrium shift
Adding sodium hydroxide "‘?}'\‘-!\' correctly, for two of the

three changes.

Examiners’ comments

In Part (a), this question was not particularly well done. Candidates had difficulty drawing structures for conjugate
acids/bases of what might be considered more ‘complex’ molecules, and identifying the acidic protons (hydrogens)
in such structures. Candidates should be encouraged to draw structural diagrams where necessary. Care should
also be taken in determining charge. In Part (b), there was some evidence that candidates are not able to interpret
the magnitude of the equilibrium constant, in terms of concentration of reactants relative to that of products.
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. Section Two: Short answer
Government of Western Australia

School Curriculum and Standards Authority

Question

Question 28

Chloromethane can be produced industrially by the reaction of methanol and hydrogen chloride at high
temperature in the presence of a catalyst. The equation for this reaction is shown below.

CH3;OH + HC?

CH;Ct + H,O

The boiling points and melting points for each of the species involved in the reaction are shown below.

Species Boiling point (°C) Melting point (°C)
CH3;0H 65 -98
HCt -85 -114
CH3Ct -24 -98
H,O 100 0

Write the phase, i.e., solid (s), liquid (£) or gas (g), of each species in this system at the temperatures shown in the
table below, and predict the effect of an increase in total pressure on this equilibrium at each of the temperatures.

Temperature Phase
(°C) (s,€org) Shift in equilbrium

CH4OH HCE CHLCE H,O (right, left or no change)

-50

40

70

110

(8 marks)
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. Section Two: Short answer
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Marking key
Tem‘?fé;‘t“re (Sprlfi‘jeg) Shift in equilbrium
CH.OH Het CH.CI H,0 (right, left or no change)

-50 Y g Y S right

40 ¢ g g ¢ no change

70 g g g ¢ right

110 g g g g no change

Description Marks

1 mark for correctly identifying phases at each temperature for each substance (All 1-4
four at each temperature must be correct.)
1 mark for correct shift in equilibrium; award the mark if the phases are incorrect but 1-a

the shift is correct based on incorrect phases **

Question incorrectly answered 0

Question not attempted -

Total 8
** Shift in equilibrium must correspond with phases identified.
Keywords Question statistics
Equilibrium Statistics ID = CHE3-31

Number of attempts = 4742
Highest mark achieved = 8.00
Lowest mark achieved = 0.00
Mean = 6.04

Standard deviation = 2.10
Question difficulty = Moderate
Correlation between question
and section = 0.61
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. Section Two: Short answer
Government of Western Australia

School Curriculum and Standards Authority

Candidate responses

Question 28

Chloromethane can be produced industrially by the reaction of methanol and hydrogen chloride at high temperature
in the presence of a catalyst. The equation for this reaction is shown below.

CH3;0OH + HC! CH;Ct + H,0

The boiling points and melting points for each of the species involved in the reaction are shown below.

Species Boiling point (°C) Melting point (°C)
CH30H 65 -98
HCt -85 -114
CH,Ct -24 -98
H,O 100 0

Write the phase, i.e., solid (s), liquid (£) or gas (g), of each species in this system at the temperatures shown in the
table below, and predict the effect of an increase in total pressure on this equilibrium at each of the temperatures.
(8 marks)

Notes
Excellent response
Temperature Phase ’
r°C) (s, & or g) Shift in equilbrium 8/8 marks
{right, left or na change)
CH,OH HCt | CHiCt Hz0 Correctly identifies the
50 ‘f 9 .f s f‘l‘lq ;Ut- phase of the species.
i
40 If 3 h! L Ao G(Qk.f_)‘- Using the equation, predicts
70 3 j 3 / ﬁql b\'. the shifts in equilibrium.
10 s 1313 139 o changs
Temperature Phase Satisfactory response
(°c) (s, € or g) Shift in equilbrium 5/8 marks
CH,OH | HCt | CHt | Ho | (Mahtleftornochangs). o
Correctly identifies the
-50 g L] & g L s -AChomat. doertied phase of the species.
40 L 2 3 v L v Predicts the shifts in
70 2) 9 9 L 1neréng equilibrium of one out of
110 9 g 9 5 N rensg four correctly.

34 Chemistry: Stage 3 Standards Guide



. Section Two: Short answer
Government of Western Australia

School Curriculum and Standards Authority

Examiners’ comments

This question was reasonably well done; most candidates, if they did not identify the phase of each species
correctly, nevertheless could predict the direction of the shift in equilibrium (based on the phases they had
identified), demonstrating a good understanding of equilibrium concepts. A large number of candidates were
unable to identify correctly states/phases from the temperature and other data supplied in the question.

Chemistry: Stage 3 Standards Guide
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Question

Question 29

Section Two: Short answer

Government of Western Australia
School Curriculum and Standards Authority

Write a relevant equation or equations to explain each of the observations shown in the table below.

(4 marks)

Observation

Explanatory equation/s

The pH of a NaHSO,
solutionis 5

A solution of Mg(OH),
is basic

A solution of Na,HPQ, is
basic, while a solution of
KH,PQO, is acidic

Marking key

Observation

Explanatory equation/s

The pH of a NaHSO,

HSO, (ag) + H,O()) S0, (aq) + H3;0'(aq) or

solution is 5 HSO,(aq) =——= H+(aq)+SO42'(aq)
. . Mg(OH), - Mg*’(ag) + 2 OH (aq) or
QSQ'UUOH of Mg(OH), is 2H,0() === Hs;0'(ag) + OH(aq) [OHT>{H] therefore basic
asic
A solution of Na,HPO, is HPO,”(aq) + H,O() =~ H,PO, (ag) + OH (aq)
basic, while a solution of HPO, (aq) + HO() =—= HPO,"(aq) + H30 (aq)or
KH,PO, is acidic H,PO4(agq) == HPO,(ag) + H30'(aq)
Description Marks
1 mark for each equation 1-4
Question incorrectly answered 0
Question not attempted -
Total 4

NB Double arrows not required i.e. no penalty for single arrows.

36
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Keywords

Hydrolysis

Government of Western Australia
School Curriculum and Standards Authority

Chemistry: Stage 3 Standards Guide

Section Two: Short answer

Question statistics

Statistics ID = CHE3-32
Number of attempts = 4490
Highest mark achieved = 4.00
Lowest mark achieved = 0.00
Mean =1.77

Standard deviation = 1.51
Question difficulty = Moderate
Correlation between guestion
and section = 0.67

37



Candidate responses

Question 29

Section Two: Short answer

Government of Western Australia
School Curriculum and Standards Authority

Write a relevant equation or equations to explain each of the observations shown in the table below.

(4 marks)

Observation

Explanatory equation/s

The pH of a NaHSO,
solution is 5

A solution of Mg(OH)»
is basic

A solution of Na,HPOy, is
basic, while a solution of
KH,PO, is acidic

Notes
Observation Explanatory equation/s AEf/)ilcri”aerE:[s response
- t .
The pH of a NaHSO, S(f,
solution is 5 H SO+ eq) - H ‘j} t aql Writes equations to show

how solutions become

A sluon of M(OF %(g_ul ” o, ﬂﬂﬂ..ﬂ } ZOHL}\

acidic or basic.

H PO, ot 100y - y -
S, ot S0 Ry i
of KHPO, is acidic Hz m‘th“f} S H‘Lm } i "‘1- |
— A

38

Observation Explanatory equation’s Satisfactory response
" 5 Aot H40L— " 2/4 marks
The pHofanaso, | A0y o) et MMy - avelic
solution is 5 0 ] a— . + Writes two out of four
Ao B + H‘{Q.ﬁ S0 jog) T M0 correct equations.

—s + 9 0H7,
A solution of Mg(OH)z A "j@H)t @g) = Molagy ¥ LOH a) HPO, and H,PO, should
is basic _ }Ujfj':rﬁm Tons &‘0' M, :‘.bﬂ&ﬁ{} be HPO,” and H,PO, .
A solution of Na;HPO, -H?”f@ﬂ F By~ HLP”_‘]@ [}H-@@ & bu‘\%ﬁ; .
is basic, while a solution . !
of KH:PO, is acidic H'Lﬂl {,MB t Hzﬂm — nPﬂL[;ﬁ"“ &%ﬁqu) e m&k |

A A
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. Section Two: Short answer
Government of Western Australia

School Curriculum and Standards Authority

Examiners’ comments

This question was poorly done. Many candidates did not write a chemical equation, but rather a mathematical
equation of some sort. Where chemical equations were given, they were very often not balanced, or were
molecular rather than ionic. Although the aim was not to examine directly whether a student can balance an
equation, the examiners still expected that the equations be balanced. Full marks were not awarded for incorrectly
balanced equations, or equations that were slightly incorrect in some other way. Attention to detail is important.
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. Section Two: Short answer
Government of Western Australia

School Curriculum and Standards Authority

Question
Question 30
(12 marks)

Complete the table below by giving a brief description of a chemical test that could be used to distinguish between
the substances listed. List the observations relating to the test for each of Substance 1 and Substance 2.

Substances to be distinguished o . . Observation
Description Observation with with Substance
Substance 1 Substance 2 of chemical test Substance 1 5
butan-2-ol 2-methylpropan-2-ol
zinc nitrate . :
. zinc sulfate solution
solution
solid

magnesium solid lead sulfate

hydroxide

methanol methanal
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Section Two: Short answer

Marking key
Substances to be distinguished Description of | Observation with Obs\clavri\t/r?tlon
Substance 1 Substance 2 chemical test Substance 1 Substance 2
When shaken with
When shakenthe | "~ 5. 2 remains
Cr,0O;" mixture
orange (no
Shake a small changes from
; observable change
guantity of each | orange to green
X acceptable)
substance with OR
butan-2-ol 2-methylpropan-2-ol o o . OR
acidified Cr,0O5 When shaken with .
o R When shaken with
or acidified MnO,4 will go from MNO. remains
MnO, purple to purpl4e (no
E:grloglleessink) observable change
paie p acceptable)
- Reacts slower
':ggiﬁlr%n(ﬁ;) Reacts faster (do not accept no
visible reaction)
Add a little
Ba(NO3), or
Pb(NO3),
zinc nitrate . . solut!on to each No observable A precipitate forms
. zinc sulfate solution solution ) .
solution 2+ reaction [white]
Accept Ba™ or
Pb2+
Accept anything
that gives ppt
Add a little of
solid each solid to Solid does not
magnesium solid lead sulfate dilute HNO; or Solid dissolves dissolve
hydroxide H,SO, or HCl or
CH3;COOH
Addition of - . [colourless] gas
H,C,O, No visible reaction evolved
Shake each with No fruity smell
a little acidified | Fruity smell dovelo ys_ fodour of
methanol methanal acetic acid develops; [(acetic) (aceticgg a,ci d
Any carboxylic acid odour goes] ersists]
acid okay P
Add.'tlon of Gas evolved No visible reaction
sodium (Na)

Chemistry: Stage 3 Standards Guide
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. Section Two: Short answer
Government of Western Australia

School Curriculum and Standards Authority

Marking key (continued)

Description Marks
1 mark for description of each test — must be acidified Cr,0,° or MnO,"; any suitable
precipitation reaction acceptable for zinc solutions. 1-4
(Any suitable chemical test — that adequately distinguishes one substance from the
other — is acceptable.)
1 mark for each observation 1-8
Question incorrectly answered 0
Question not attempted -
Total 12
NB 0] If Cr,O,> or MnO,™ not acidified, correct observations should be awarded
(i.e. 2 out of 3 for the row).
(i) If Cr2072‘ or MnO,4 not acidified, but butan-2-ol solution turns brown, award marks (for test and
observation).
(iii) Look out for any acceptable chemical test that is not listed here.
Keywords Question statistics
Alcohols, Redox reactions, Precipitation (Chemistry) Statistics ID = CHE3-33

Number of attempts = 4526
Highest mark achieved = 12.00
Lowest mark achieved = 0.00
Mean = 5.32

Standard deviation = 3.18
Question difficulty = Moderate
Correlation between guestion
and section = 0.78

42 Chemistry: Stage 3 Standards Guide




. Section Two: Short answer
Government of Western Australia

School Curriculum and Standards Authority

Candidate responses

Question 30
(12 marks)

Complete the table below by giving a brief description of a chemical test that could be used to distinguish between
the substances listed. List the observations relating to the test for each of Substance 1 and Substance 2.

Chemistry: Stage 3 Standards Guide

Notes
Excellent response
Obsarvation Observation
Substances to be distinguished E::ﬁrni;tii:; 5;";.1 o with 12/12 marks
Substance 1 Substance 2 test Substance 1 Substance 2
. : Describes chemical tests to
aps U :m ' Vg m
o) add ag ditied &;:QFW e it distinguish between
s il ke | addedt ¥0 substances.
(olovlesy whation. sl \ess
butan-2-0l | 2-methylpropan-2-0l |  tawtion . Sehadion s | solgtign .
(Hy peeh. Solaion
L L
WO Oy Bhnl g
| Uf&\f\ae .
o
o (Omunlegg | CO\OURSS
hdd, W added | SO addes
hﬁ“‘“ Wy | kf;ﬁﬁ:\
zt:;l.r:tlltor?‘te zinc sulfate solution | Witoe Stioh. No \hde
IO veibe veaion - | weciivose
foywaed
.| Colenphen (nlour s
dad .
RS IO i on added | ion
agd . 1o whip gid . | added Yo
solid : id -
magnesium | solid lead sulfats uhite (oid Hhtke @
hydroxide diGdves . Ho viible
o, -
ndd Sl | S0 wiid Giluer (oid
added 10 adetedd 10
et - LML, (e
methanol methanal SN - il solation. Wo
Arsones. visde
Wiklivg - (PO -
(donley
oduar ey aow,
C\NNPq .
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Section Two: Short answer

Candidate responses (continued) Notes
Satisfactory response
Substances to be distinguished Description Observation Observation 7/12 marks
of chemical with with
Substance 1 Substance 2
ta?t Substance 1 Substance 2 Describes three chemical
on o ﬂdj:;@ i oot tests and one physical test.
y 1
el c-C-c acicified | C e g N One chemical test has
vz ?daggtum it \ = incorrect observations.
butan-2-ol | 2-methylpropan-2-ol Pe,fm“‘lj"‘m v ?4\_:,{? € ¢ I~ ‘.:,.p -.’3(‘
elo TG (deran
=g cor j L2 \j
¢ mbuq\ﬁfjg R elta
pddition siNev
C‘r‘f “":ﬁ;ﬁ?\a&”e ?yeciP\l ol
Zine nitrats zinc sulfate solution v
solution P ,Dz. x
o AAN R on . =a
'E {of fosaahn | 52 (5\’)
%] '
solid P alas il fort med.
nesium solid lead sulfate
“nydrovide (re) celovties
o hd
Mg (o), SO4. @gx &
+ Carrotion
om o Al Most clisc o\
c LI watl. | caoble ot M
! ranal - dicsowve | Slouwrld
methano meinana -FIP\E.-"-QJE + . fedt

Examiners’ comments

This was perhaps the most difficult question in Section Two, and was not well done. A common error was to not
include acidified permanganate or dichromate in distinguishing between the two alcohols. In cases where no
acidification was noted, marks were awarded if correct associated observations were given. Most candidates were
able to describe a test to distinguish between zinc nitrate and zinc sulfate, although it is important to note that
candidates must explicitly state addition of ions (e.g. barium ions or lead ions) in such questions (rather than simply
‘barium’ or ‘lead’) to be awarded full marks. It is only through the use of such detail that markers can be sure of a
candidate’s understanding of the chemistry. The second half of the table in this question was, overall, rather poorly

completed.
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. Section Two: Short answer
Government of Western Australia

School Curriculum and Standards Authority

Question

Question 31
(2 marks)

Polyvinylpyrrolidone is a polymer with a wide range of applications including as a binder in tablets and hair styling
agents. It is made from the monomer shown below.

c—cC

Question statistics

Statistics ID = CHE3-34
Number of attempts = 4468
Highest mark achieved = 2.00
Lowest mark achieved = 0.00
Mean =1.29

Standard deviation = 0.78
Question difficulty = N/A
Correlation between question
and section = 0.58

31(a)

Draw three units in the polymer formed from this monomer.
(1 mark)

Marking key

I—O——>I

Description Marks

3 units correctly combined required to gain mark. (“n” and brackets not needed)

Question incorrectly answered e.g. Hs on the ends

Question not attempted

IR =l

Total
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. Section Two: Short answer
Government of Western Australia

School Curriculum and Standards Authority

Keywords Question statistics

Polymerisation Statistics ID = CHE3-35
Number of attempts = 4240

Highest mark achieved = 1.00
Lowest mark achieved = 0.00
Mean = 0.56

Standard deviation = 0.50
Question difficulty = Moderate
Correlation between guestion
and section = 0.52
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Candidate responses

31(a)

Draw three units in the polymer formed from this monomer.
(2 mark)

Chemistry: Stage 3 Standards Guide

Section Two: Short answer

Notes

Excellent response
1/1 mark

Correctly breaks the double
bond to form the polymer.
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. Section Two: Short answer
Government of Western Australia

School Curriculum and Standards Authority

Question

31(b)

What type of polymerisation reaction occurs to form the polymer from the above monomer?
(2 mark)

Marking key
Description Marks

Addition 1
Question incorrectly answered 0
Question not attempted -

Total 1
Keywords Question statistics
Polymerisation Statistics ID = CHE3-36

Number of attempts = 4266
Highest mark achieved = 1.00
Lowest mark achieved = 0.00
Mean = 0.79

Standard deviation = 0.40
Question difficulty = Easy
Correlation between question
and section = 0.38
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. Section Two: Short answer
Government of Western Australia

School Curriculum and Standards Authority

Candidate responses

31(b)

What type of polymerisation reaction occurs to form the polymer from the above monomer?
(2 mark)

Notes

Excellent response

ﬂd(ll#;b“ ga{qw ;'{4{;.6‘{1 1/1 mark
7 J

Recognises that question

31(a) is an example of
addition polymerisation.

Chemistry: Stage 3 Standards Guide
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. Section Two: Short answer
Government of Western Australia

School Curriculum and Standards Authority

Question

Question 32
(13 marks)

Question statistics

Statistics ID = CHE3-37
Number of attempts = 4734
Highest mark achieved = 13.00
Lowest mark achieved = 0.00
Mean = 8.75

Standard deviation = 3.26
Question difficulty = N/A
Correlation between question
and section = 0.79

32(a)
Draw the structure for, and write the name of, any five straight chain isomers for the compounds with the molecular

formula CsH1o. Show all atoms in the structures.
(10 marks)
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—H OR/\/\

O
|
(@)
|
I—O—T
I—O—I
I—O—I

Name: pent-1-ene or 1-pentene

H H
\C/—C/—H H,C——CHj,4
N_/ N\ _
cC—=cC H H OR H,C=—=C OR
/ N/
H C—H CHs

H  CH, H
| | T

H_T_ _T_T_H OR  me—c==¢—on, OR
H H o H

HsC H
/ HsC /H
c=—c¢ H
/ N\ OR c==¢ R
C——C—H \
| | H H,C——CHj
H H

Name: trans-pent-2-ene OR trans-2-pentene

H H
HsC H,C——CHs
HaC, \C/—C|)—H \ /
\ / | OR c—c OR
/ \ H H
H H

Name: cis-pent-2-ene OR cis-2-pentene
H H CHy H
| |

OR

H—C=C— —H

|
—C

||

H H

Name: 3-methyl-but-1-ene

Chemistry: Stage 3 Standards Guide
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Marking key (continued)

Section Two: Short answer

Description Marks
1 mark for each correct structure. Condensed structures acceptable. Award 4 marks 1-5
for structures if H atoms consistently left off but structure is otherwise correct.
1 mark for each correct name 1-5
Question incorrectly answered or not attempted 0
Total 10
NB () If structure is incorrect (e.g. — cyclic structure), but name is correct, award one mark. Must be
C5H10.
(i) If there is some systematic error in naming, deduct one mark.

Keywords

Isomerism, Organic compounds
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Question statistics

Statistics ID = CHE3-38
Number of attempts = 4730
Highest mark achieved = 10.00
Lowest mark achieved = 0.00
Mean = 6.73

Standard deviation = 2.56
Question difficulty = Moderate
Correlation between question
and section = 0.70




. Section Two: Short answer
Government of Western Australia
School Curriculum and Standards Authority

Candidate responses

32(a)

Draw the structure for, and write the name of, any five straight chain isomers for the compounds with the molecular
formula CsHq. Show all atoms in the structures.
(10 marks)

Notes

Excellent response
10/10 marks

Draws and names five
straight chained isomers of

I+ L S AT CsHio.
| | )

1 I
c=C-C~-C~-c~1t
I
(4 it «+

Name: __ [y’ ?;n“l' - |-ent

c= ¢ - -
{
1..: |‘i A

Name: "2_-;"-6{'11,71 bt - 1-tne -
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i
-
ol el
U B
C—C—¢ ~cCc-H
’, ' { \
y (< L

Name: A~ Mb‘H‘\j' bt -1-eare
7
7 N L7 '
H C-H
W Ne=¢C 7,
/ A (4
H 14
Name: ([ S = f’mf‘ -2~ eat -
Ho .
C-.
H\ - /C./ 1
i _— Y &
) / \H
H-C
|
K
Name: ffﬂA:S"‘ Fc_n-{'- ~-1l-ene
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Candidate responses (continued)

CH,— cfffd
/ \
rat CHy

t
N, /

Name: (aclp paniare
V) v
H H H
{ t ..-—f‘\,____l_
{-—-(L C— C- lC*:-:nI f
{ {
R
Name: p{’ﬂ‘l:"’ [~ e
¢ L

Name: Ciy @fﬂ‘f‘ -2-¢nre

Chemistry: Stage 3 Standards Guide

Section Two: Short answer

Notes

Satisfactory response
7/10 marks

Draws and names three
straight chained isomers of
C5H10.

One CsH,q isomer is cyclic,

but correctly named. The
other is a four carbon chain.

55



Government of Western Australia
School Curriculum and Standards Authority

Question

32(b)

An organic compound is known to be an ester. Its molar mass is 74 g mol™.

32(b)(i)

Draw the structural formula for the compound. Show all atoms in the structure.
(1 mark)

Section Two: Short answer

Question statistics

Statistics ID = CHE3-39
Number of attempts = 4426
Highest mark achieved = 3.00
Lowest mark achieved = 0.00
Mean = 2.17

Standard deviation = 1.06
Question difficulty = N/A
Correlation between guestion
and section = 0.62

Marking key

0] 0]

[ or | :

C CHj; C C

H3C/ \O/ H/ \O/ \CH3
Description Marks
1 mark for a correct structure. Condensed structure acceptable. 1
Question incorrectly answered 0
Question not attempted -
Total 1

Keywords

Molecular structure
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Question statistics

Statistics ID = CHE3-40
Number of attempts = 4412
Highest mark achieved = 1.00
Lowest mark achieved = 0.00
Mean = 0.81

Standard deviation = 0.40
Question difficulty = Easy
Correlation between guestion
and section = 0.51
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Candidate responses

32(b)(i)

Draw the structural formula for the compound. Show all atoms in the structure.
(2 mark)

Notes

Excellent response

Ty gl = G Hy O

Uses the molar mass to
calculate the number of

wéh! - ( ,_,( carbon atoms and draws a
(_f '?_, ﬁf = =X } three carbon ester.
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Section Two: Short answer

Question

32(b)(ii)

Write the name for the compound you have drawn.

(2 mark)

Marking key

Description Marks

methyl ethanoate OR ethyl methanoate 1

Question incorrectly answered 0

Question not attempted -
Total 1

NB Accept methyl acetate

Keywords

Organic compounds
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Question statistics

Statistics ID = CHE3-41
Number of attempts = 4203
Highest mark achieved = 1.00
Lowest mark achieved = 0.00
Mean = 0.72

Standard deviation = 0.45
Question difficulty = Moderate
Correlation between guestion
and section = 0.48
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Candidate responses

32(b)(ii)

Write the name for the compound you have drawn.
(1 mark)

Mgt etanaate

Chemistry: Stage 3 Standards Guide

Section Two: Short answer

Notes

Excellent response
1/1 mark

Correctly names the ester
from question 32(b)(i).
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Question

32(b)(iii)

What is the IUPAC name for a carboxylic acid that has the same molecular formula as the ester above?
(2 mark)

Marking key
Description Marks

propanoic acid 1
Question incorrectly answered 0
Question not attempted -

Total 1
Keywords Question statistics
Organic compounds Statistics ID = CHE3-42

Number of attempts = 4132
Highest mark achieved = 1.00
Lowest mark achieved = 0.00
Mean =0.73

Standard deviation = 0.45
Question difficulty = Moderate
Correlation between question
and section = 0.39
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Candidate responses

32(b)(iii)

What is the IUPAC name for a carboxylic acid that has the same molecular formula as the ester above?
(2 mark)

Notes

Excellent response

Progum-w aud 1/1 mark

Names the carboxylic acid
with the same molecular
formula (C3HgO,) as the
ester.

Examiners’ comments

A number of candidates presented cyclic structures in Part (a); candidates should be reminded to read the
guestion carefully and thoroughly. Some had difficulty in applying rules of nomenclature to correctly drawn
structures.
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Question

Question 33

Below are the structures for the amino acid valine under different pH conditions. In the spaces provided, give the

approximate pH range (acidic, basic or neutral) under which each valine structure would exist.
(3 marks)

Valine structure pH range
HsC H o)
N | 7
CH—C—C
/] N\
H4C NH, OH
+
N 1/
CH—C—C/
/] N\
HsC NH, o)
1/
CH—C—C/
/] N\
H5C NH; o)
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Section Two: Short answer

Marking key
Valine structure pH range
HsC H 0
\ | // acidic
CH—C——C (PH<7)
/ \ Or any range of acidic values
H5C NH OH
3
HsC H o)
\ | // basic
CH—C——0~C (pH>7)
/ | \ Or any range of basic values
H5C NH, 6)
H,C T /o
\CH—C—C/ neutral
/ \ (PH~T7)
HsC NH, o~
+
Description Marks
1 mark each 1-3
Question incorrectly answered 0
Question not attempted -
Total 3

NB Either words or pH range acceptable.

Keywords

Acids

Chemistry: Stage 3 Standards Guide

Question statistics

Statistics ID = CHE3-43
Number of attempts = 4667
Highest mark achieved = 3.00
Lowest mark achieved = 0.00
Mean = 2.13

Standard deviation = 1.11
Question difficulty = Easy
Correlation between question
and section = 0.41
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Candidate responses

Question 33

Below are the structures for the amino acid valine under different pH conditions. In the spaces provided, give the
approximate pH range (acidic, basic or neutral) under which each valine structure would exist.
(3 marks)

Notes

Excellent response

Valine structure pH range 3/3 marks
HC H o Acd. ¢ Understands that an acidic
3 p . L
/ (lose H") solution will give a
\:H.- -—C/ H" to Valine and a basic

H* from Valine.

H,c/ ILHa xl-l C F H< 7) : (gain H") solution will take a

/ Bﬁa}c_
'HsC/' JJH, \3' LFH >7)

N Newtral Cpit =7)
%

64 Chemistry: Stage 3 Standards Guide



. Section Two: Short answer
Government of Western Australia

School Curriculum and Standards Authority

Candidate responses (continued) Notes
Satisfactory response
Valine structure pH range 1/3 marks
HaC H 0 Correctly predicts the
\: l / neutral solution.
H=C— Hasit
+
"/
/ o ’L_ \)_ Acrdic
H H,
ol d
i e utral
HsJ le \)-
o+
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Question

Question 34

Examine the following data for some Group 16 hydrides.

Government of Western Australia
School Curriculum and Standards Authority

Section Two: Short answer

Group number Hydride Period Melting point (°C)
H,O 2 0
H,S 3 —86
16 H,Se 4 —66
H,Te 5 —49

Complete the table below by identifying which one or more of these Group 16 hydrides matches each of the

descriptions given.
(7 marks)

Note that all hydrides are assumed to be pure samples.

Description

Hydride/hydrides
(formula or name)

Hydride with the strongest intramolecular forces

Hydride with the strongest intermolecular forces

Hydride/hydrides with hydrogen bonding

Hydride/hydrides with dipole-dipole bonding

Hydride/hydrides with dispersion forces

Hydride with strongest dispersion forces

Hydride with weakest dispersion forces

66
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Marking key

Section Two: Short answer

Hydride/hydrides

Description (formula or name)
Hydride with the strongest intramolecular forces H,O
Hydride with the strongest intermolecular forces H,O
Hydride/hydrides with hydrogen bonding H,O

Hydride/hydrides with dipole-dipole bonding

H,0, H,S, H,Se, H,Te or ALL

Hydride/hydrides with dispersion forces

H,0, H,S, H,Se, H,Te or ALL

Hydride with strongest dispersion forces H,Te
Hydride with weakest dispersion forces H,O
Description Marks
1 mark for each cell 1-7
Question incorrectly answered 0
Question not attempted -
Total 7

Keywords

Molecular forces

Chemistry: Stage 3 Standards Guide

Question statistics

Statistics ID = CHE3-44
Number of attempts = 4720
Highest mark achieved = 7.00
Lowest mark achieved = 0.00
Mean = 4.74

Standard deviation = 1.60
Question difficulty = Easy
Correlation between guestion
and section = 0.62
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Candidate responses

Question 34

Examine the following data for some Group 16 hydrides.

School Curriculum and Standards Authority

Section Two: Short answer

Group number Hydride Period Melting point (°C)
H,O 2 0
H,S 3 —86
16 H,Se 4 —66
H,Te 5 —49

Complete the table below by identifying which one or more of these Group 16 hydrides matches each of the

descriptions given.
(7 marks)

Note that all hydrides are assumed to be pure samples.

Hydride/hydrides
Description (formula or name)
e
Hydride with the simrgast@nolacular forces .0
Hydride with the strongest intermolecular forces Ha 0
Hydride/hydrides with hydrogen bonding Ha 0

Hydride/hydrides with dipole-dipole bonding

Hal, WS, Ha5€, HiTe

Hydride/hydrides with dispersion forces

“1—0) H‘I-'SJ ?*1-54, 1'i‘l.-'.r'e

Hydride with strongest dispersion forces W, Te
Hydride with weakest dispersion forces M, 0
L
\ p Ht'
0 o ]
st 8 Y. AN
e /‘ % g

68
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Notes

Excellent response
7/7 marks

Gives correct examples of
intermolecular forces and
their relative strengths.
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Candidate responses (continued) Notes
Hvdride/hvdrides Satisfactory response
Description {fggnula oﬁamn] 4/7 marks
Hydride with the strongest intramolecular forces H 6 Provides four correct
¥ examples of intermolecular
forces and their relative
Hydride with the strongest intermolecular forces ng strengths.
Hydride/hydrides with hydrogen bonding H 10
rida/hydrides with dipole-dipole bondi T
Hydride/hydrides with dipole-dipole bonding “36} H’Lﬂf ﬁ;yﬂl HLH-’/
Hydride/hydrides with dispersion forces H /}
1
Hydride with strongest dispersion forces H],T.QJ
Hydride with weakest dispersicn forces Hlf)
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Question

Question 35
(7 marks)

A nickel-cadmium cell consists of a positive nickel(lll) oxide-hydroxide, NiO(OH), electrode and a negative metallic
cadmium electrode plate. The following processes occur during discharge:

0] metallic cadmium reacts in the presence of hydroxide ions to produce cadmium(ll) hydroxide; and

(ii) nickel(ll) oxide-hydroxide reacts in the presence of water to produce nickel(Il) hydroxide and
hydroxide ions.

Question statistics

Statistics ID = CHE3-45
Number of attempts = 4681
Highest mark achieved = 7.00
Lowest mark achieved = 0.00
Mean = 3.11

Standard deviation = 1.81
Question difficulty = N/A
Correlation between guestion
and section = 0.70

35(a)

Write the half-equations for the reactions occurring at the anode and cathode and the overall redox equation for the
Ni-Cd cell.
(3 marks)

Anode half-equation

Cathode half-equation

Overall redox equation
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Marking key
Anode half-equation Cd + 20H — Cd(OH), + 2e
Cathode half-equation NiOOH) + H,O + e — Ni(OH), + OH
Overall redox equation Cd + 2NiO(OH) + 2H,O — Cd(OH), + 2 Ni(OH),
Description Marks
1 mark for anode reaction 1
1 mark for cathode reaction 1
1 mark for overall equation (i.e. correct with reference to anode and cathode) 1
Question incorrectly answered 0
Question not attempted -
Total 3

If anode and cathode equations are reversed but otherwise correct award 1 mark out of the possible 2 marks for
the half- equations.

Keywords Question statistics

Redox reactions, Electrochemical reactions, Electrolytic cells Statistics ID = CHE3-46
Number of attempts = 4630

Highest mark achieved = 3.00
Lowest mark achieved = 0.00
Mean = 1.26

Standard deviation = 0.91
Question difficulty = Moderate
Correlation between question
and section = 0.52
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Candidate responses

35(a)

Write the half-equations for the reactions occurring at the anode and cathode and the overall redox equation for the
Ni-Cd cell.

(3 marks)
Notes
- - Excellent response
Oxidadiom | Anode hali-equation Cdyy + 20K ) C4(ok), ,, + . 2e I‘J_ - 3/3marks

Ruduckion | Cethode hatfequation | NidloW) , + K0, + e — Ni(oW), o, + 0k, Constructs half-equations
and combines them to give

Overall recox equation | Cebgy + 2NiOloHl,, + o, 5 ca(o¥), o INI(OW, o erall redox equation.

=

Satisfactory response

Anode half-equation o ey Cd”™ 42e” . 2/3 marks
! A olol) 40 v € = 4ibH, rol” Constructs one correct half-
Cethodle hall-equation Aé;f:_,.._}e:——-i#,“;g- equation and combines the

half-equations to give an
Overall redox equation Cdyy F2:0(08) + 2 Hy 0 — Cof Y2t (o4), +AOH overall redox equation.
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Question

35(b)

Section Two: Short answer

The electrolyte in the Ni-Cd cell is usually a solution of potassium hydroxide. State the role of an electrolyte in an

electrochemical cell.

(2 mark)
Marking key
Description Marks
To enable flow of ions/complete the cell circuit allowing charge flow 1
Question incorrectly answered 0
Question not attempted -
Total 1

Keywords

Electrolytic cells, Electrolytes

Chemistry: Stage 3 Standards Guide

Question statistics

Statistics ID = CHE3-47
Number of attempts = 4474
Highest mark achieved = 1.00
Lowest mark achieved = 0.00
Mean = 0.57

Standard deviation = 0.49
Question difficulty = Moderate
Correlation between question
and section = 0.29
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Candidate responses

35(b)
The electrolyte in the Ni-Cd cell is usually a solution of potassium hydroxide. State the role of an electrolyte in an

electrochemical cell.
(2 mark)

Notes

Excellent response
1/1 mark

Tr  allow  ion  tromefer  [etuten the eletmmdes. . Correctly states the role of

the electrolyte in an
electrochemical cell.
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Question

35(c)

Section Two: Short answer

The standard reduction potential for cadmium metal is -0.4 V. Explain the role of the hydrogen half-cell in
determining this value. Comment on the significance of the negative value. You may use diagrams to aid your

explanation.

(3 marks)

Marking key

Description Marks

1 mark for recognition that the hydrogen half-cell is assigned an E° of O V or reference 1

cell (or similar)

1 mark for recognition that cadmium half-cell E° is determined relative to the hydrogen 1

half-cell.

1 mark for recognition that the negative value means that the cadmium half-cell is

anodic relative to the hydrogen half-cell (OR electrons flow from the cadmium to the 1

hydrogen cell or some other version)

Question incorrectly answered 0

Question not attempted -
Total 3

An example of a possible diagram

i 1

Keywords

Redox reactions

Chemistry: Stage 3 Standards Guide

Question statistics

Statistics ID = CHE3-48
Number of attempts = 4036
Highest mark achieved = 3.00
Lowest mark achieved = 0.00
Mean = 1.53

Standard deviation = 0.99
Question difficulty = Moderate
Correlation between question
and section = 0.56
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Candidate responses

35(c)

The standard reduction potential for cadmium metal is -0.4 V. Explain the role of the hydrogen half-cell in
determining this value. Comment on the significance of the negative value. You may use diagrams to aid your

explanation.
(3 marks)
Notes
— Excellent response
[he "_"j"h’?‘ helt cell N A rlebie 3/3 marks

beehrerk Cor ol gtopd  peducbin, potefuly,

Explains the standard and

We  ieasere fle @b ot o phdeileicel ol comparative roles of the
T, e | i hydrogen half-cell and the
wath B IM\ rin laal £ el ol d gl @ significance of negative

L ved ks |'n 4k values in the standard
Lok wet Lo l't‘w ihe fia il bebinl ot b Ahis reduction potential table.

case e (o halt ﬁ?"). Tt W-I#F"‘*ﬁ S'l]whf ‘i_,‘_,f-
e T . y 7 —

W

Preng thet &l o 5{-m43y pechaed® ?,.f-
f H‘L. Ko oo it & o ¢ el bW
o hal t-‘c‘ff tw

dne ;.33,3“ halt: el zat I
Gt hele ail il be o ook

. Satisfactory response
Md’mﬁ&ﬂ _ Ad:,:;é_ _‘T‘fﬁ_i’. a W’{-ﬁ/& al/ 2/3 marks
_i'lf_ S5. R. potetfyels - € ﬁﬂ-;-c.g/ N, A hegelt e _ o
7 T Explains the significance of
value pade cafes ;-_L,,J- ﬁ:y!r?}.df.l nwe S ,g?/'yf-:.g’g negative values.
,}% elechrons (o hh’?‘s‘-e-d),_ The standard and

comparative roles of the
hydrogen half-cell require
more detail.

Examiners’ comments

This question was rather poorly done. Candidates should be encouraged to thoroughly and carefully read the
guestion. The reactants and products for each of the half equations in Part (a) are clearly given in the explanatory
information for this question, yet many candidates apparently attempted to find half equations that ‘matched’ in the
Standard Reduction Potential table given in the data sheet.
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Chemistry
Stage 3

Section Three: Extended answer

80 marks Weighted section statistics
Note: Statistics ID = CHE3-S03

; - Number of attempts = 4731
Raw section to.tal marks = 80 _ Highest mark achieved = 40.00
Weighted section total marks = 40 Lowest mark achieved = 0.00

Mean = 24.46
Standard deviation = 9.05
Correlation between section and exam = 0.95

This section contains six (6) questions. You must answer all questions.

Where questions require an explanation and/or description, marks are awarded for the relevant chemical content
and also for coherence and clarity of expression.

Final answers to calculations should be expressed to three (3) significant figures and include appropriate units.
For numerical answers, a 1% tolerance in answers is acceptable.

Suggested working time: 70 minutes

Examiners’ comments for this section

Question 36 was the least difficult, while Question 41 was the most difficult.
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Question

Question 36

Sevoflurane is a gaseous compound (at room temperature) used for inducing and maintaining general anaesthesia.
It contains carbon, hydrogen, oxygen and fluorine.

Analysis of a 1.6328 g sample of sevoflurane yielded, on combustion, 866.0 mL of carbon dioxide at 50°C and
101.3 kPa and 0.220 g of water. The fluorine was released as hydrogen fluoride and absorbed by alkaline solution,
revealing 5.71 x 107> mole of hydrogen fluoride. Determine the empirical formula of sevoflurane.

(10 marks)

Marking key
Description Marks
n(C)=n(C02)=&=w=3.266x10‘2mol 1
RT 8.315x 323
m(C) = 12.01 x 3.266 x 10~ = 0.3923 g 1
n(H) =2 x n(H,0) = 2x 0.220 =2.44x102mol 1
18.016
m(H) = 1.008 x 2.44 x 107° = 2.462 x 10~ g 1
m(F) =19.00 x 5.71 x 10~ = 1.085 g 1
m(O) = 1.6328 — (0.3923 + 2.462 x 10 ° + 1.085) = 0.13099 g 1
n(O) = 013099 _ 4 167x103mol 1
16.00
C H o F
0.03266 0.0244  0.008187 0.0571
. 0.03266 0.0244 0.0571
+ by smallest 1 —
0.008187  0.008187 0.008187 1-2
3.99 2.98 1 6.97
4 3 1 7

1 mark for + by smallest; 1 mark for rounding

Thus EF is C4,H;0F,

1
Question incorrectly answered 0
Question not attempted -

Total 10

NB: Any appropriate logic leading to the correct answer is acceptable.
NB: C;H;5 OF 1, = rounding error (9 marks)
If reasonable attempt to produce whole numbers from EF developed from H from water and HF then full marks
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Keywords

Chemical formula
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Chemistry: Stage 3 Standards Guide

Section Three: Extended answer

Question statistics

Statistics ID = CHE3-49
Number of attempts = 4675
Highest mark achieved = 10.00
Lowest mark achieved = 0.00
Mean = 7.90

Standard deviation = 2.70
Question difficulty = Moderate
Correlation between guestion
and section = 0.64
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Candidate responses

Question 36

Sevoflurane is a gaseous compound (at room temperature) used for inducing and maintaining general anaesthesia.
It contains carbon, hydrogen, oxygen and fluorine.

Analysis of a 1.6328 g sample of sevoflurane yielded, on combustion, 866.0 mL of carbon dioxide at 50°C and 101.3
kPa and 0.220 g of water. The fluorine was released as hydrogen fluoride and absorbed by alkaline solution,
revealing 5.71 x 107> mole of hydrogen fluoride. Determine the empirical formula of sevoflurane.

(10 marks)

Notes
; Excellent response
«,CC) = '\-(Cog,) (r\«vt Sy PV = ’\.rﬂT, 10/10 marks

= (Pv)(RT) . g

% Determines the empirical

= (101.3%0.866)/ (8.315x(272.1450)) formula by calculating

= O moles, masses and mole

2 32¢58 ratios of carbon, hydrogen,
fluorine and oxygen atoms.
n = =2 mll) = n M

4.
M = 0,037-65x /1.0]
= 0: 392 q.

= T [

—

M
T Lu owi .
Zslov§+16
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Notes

Candidate responses (continued)

ntU) = 0.0244z
n?ue =D mCH) > 4 M
M 2 0. 0LY42 = /008
= O. {_\1%1}
ppfﬁ} = n (HF) = 5.7/ :.fO‘L
n = ha =2 m(FJ’ H.;-/u: ‘.q’jﬁfﬁ-‘;}?: a’o?fi_
M A
i C0) 2 py (Seamude ) =0 C) —ml M) ~s (F)
= ) 6319 - 0. 3922~ 0.0 ¥er — - 088
= 0. 1413 103__
a9 T 54 = 0.13/} = 0.00 $186
M 16
C I 9] -
pmoles 0. 036§ 0. 01¥YL  0.00818( 0.0 $7)
I—t? 2. ook 2. 989 7. 733 /. oo £ 975
A > 3 ~_ 2 7
E’W j‘n-rrmiﬂ “a Cy Hq 0':?.

Chemistry: Stage 3 Standards Guide
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Candidate responses (continued)

Notes

_ a2 Satisfactory response
CHOF YOp v £O7 + U 4 HF w(c:ﬁ?_.ga!g 6/10 marks
. b 1 £ .
L6325 St CZZs  O.0VF7! mel “0.0122 1 Uses the correct method,
@ sec but the number of moles of
P ) oxygen is incorrect.
n(c): vF w(H): 20 T2E w(F)z0.0671 .1 &
z Sluakit - O.8Zutr ol Needs to calculate the
masses of carbon,
00366 —al hydrogen and fluorine to
find the mass of oxygen
and then the number of
C H (&) = moles of oxygen.
C.OE O.Clwz ool CeSac
= BN 0.5[722) :ﬂgz( o.0221
: 267 : 7 : | -4 67
X 2 = &8 : € 3 = lu

Examiners’ comments

Some candidates misinterpreted this question, with a number concluding that the hydrogen component of
hydrogen fluoride originated in the sevoflurane. Given that the wording of the question perhaps lent itself to this
misinterpretation, candidates were not penalised. The question was generally well done.
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Question

Question 37
(13 marks)

The percentage of manganese in steel needs to be monitored carefully. To determine this, a 5.31 g sample of steel
was dissolved in concentrated acid and the manganese oxidised to permanganate ion, MnO, . The volume of this
solution was made up to 100.0 mL in a volumetric flask.

The concentration of permanganate ion was determined by titration against a standard solution of oxalic acid. The
oxalic acid solution was prepared by dissolving 2.42 g of oxalic acid dihydrate (H,C,0,4. 2H,0) in a small volume of
water, which was then made up to a final volume of 250.0 mL in a volumetric flask.

A 20.00 mL aliquot of the standard oxalic acid solution was transferred into a conical flask and acidified with some
sulfuric acid. The permanganate solution was then titrated against this 20.00 mL aliquot of oxalic acid solution. This
was repeated three times. The results are shown in the table below.

The balanced equation for the reaction between oxalic acid and permanganate ion is as below.

6H" + 2MnO, + 5H,C,0, — 2Mn* + 10CO, + 8H,0

1 2 3 4
Final reading (mL) 9.54 17.59 25.57 33.64
Initial reading (mL) 0.97 9.54 17.59 25.57
Titre volume (mL)

Question statistics

Statistics ID = CHE3-50
Number of attempts = 4661
Highest mark achieved = 13.00
Lowest mark achieved = 0.00
Mean = 7.51

Standard deviation = 3.69
Question difficulty = N/A
Correlation between guestion
and section = 0.79

37(a)

Calculate the concentration of the standard oxalic acid solution.
(3 marks)
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Section Three: Extended answer

Marking key
Description Marks
M(H,C,0,4-2H,0) = 126.068 g mol™" 1
242
n(H.C20,) = ———— =1.9196x10*mol 1
126.068
-2
c(H,C,0,) = 19196x107 _ 7 65,102 molL™ 1
0.250

Question incorrectly answered 0

Question not attempted -
Total 3

Keywords

Titration
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Question statistics

Statistics ID = CHE3-51
Number of attempts = 4606
Highest mark achieved = 3.00
Lowest mark achieved = 0.00
Mean = 2.34

Standard deviation = 0.91
Question difficulty = Easy
Correlation between question
and section = 0.51
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Candidate responses

37(a)
Calculate the concentration of the standard oxalic acid solution.
(3 marks)
Notes
™ A Excellent response
ﬂ(“\-(loh' 2M0% = H “{'ﬁ;h&.- 1“:'33-' 'l}.bl?bgj 'I\-\Qll 3/3 marks
1M1
© BLoes - Calculates the number of
= 0.0VARG wol moles and then the
: — concentration, using the
N GOLY = n(H GO - 2H0) x ) correct chemical

relationships.
= 0.0W% we) °

C(mGOw=§
~ 0.01916
0.25

= 0.0%6R wol 1! (354)

247 Satisfactory response

ﬂCH for s '2“_&) - % 2/3 marks

Calculates the number of
moles, using the incorrect

7 .~ ﬂ',,_ﬁ? ]Qj molar mass.
‘o 5‘ 02193 Uses the correct method to
ro= _Qr___i_ calculate the concentration.
= 0,25

c= 390" "l L
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Question

37(b)

Determine the percentage of manganese in the original sample of steel.
(8 marks)

Section Three: Extended answer

Marking key
Description Marks
n(H,C,0,) = 7.68 x 10 x 0.02 = 1.536 x 10~ mol 1
2
n(MnO,) = 5 x N(H,C,0,) = 6.144 x 10™* mol 1
V(MnO, ) = 8.033 mL 1
4
*n(MnO,") in 100 mL = ML“OS x0.100 = 7.648 x10*mol 1-2
8.033x10"
Thus n(Mn) in sample = 7.648 x 10~ mol 1
m(Mn) = 7.648 x 10~ x 54.94 = 0.4202 g 1
%Mn = 0'42(1)2 <100 = 7.91% 1
Question incorrectly answered 0
Question not attempted -
Total 8

*Calculation of the concentration of the MnO, solution and then calculation of n(MnO,") in 100 mL is also

acceptable.

Keywords

Titration
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Question statistics

Statistics ID = CHE3-52
Number of attempts = 4380
Highest mark achieved = 8.00
Lowest mark achieved = 0.00
Mean = 5.04

Standard deviation = 2.65
Question difficulty = Moderate
Correlation between question
and section = 0.74
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Candidate responses

37(b)

Determine the percentage of manganese in the original sample of steel.
(8 marks)
18 4 A 360
5319 ONRXOSE TiHYe WOldene = 3
S
o = 303wl
W0 el

203wl
v

\ i EOW inDmL = Y

ag:at = 0.0%3 (20 X 10°3)
' -\
f 5 0.0FR woll = 0.0013 3% wao)

2
wiunOu) iv 803wl 3 % v 2(00)

= LML X0 el

\
r (M0 ) in Wowml = &}3 R b lby g O™

= 1AL X W0 wa

v (Mw) = wiMndy ) x )
T 165 AW wol
M(Mn) = "M
= A6S K07 oy o)
= 04209
I M = 0‘“:? X100

5.3\
= 3.9 4. (334)
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Section Three: Extended answer

Notes

Excellent response
8/8 marks

Correctly completes each

step to determine the
percentage of manganese.
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Candidate responses (continued)

88

Mw_
W 'Z’/f-? x| QMM\L@MLM

= = "le 633\(3'@()\

al MO0 ) in 2oms = N ﬂq_"f)m_lamlsgiéiﬂﬂpb

0O (MaOa)in \0OW\s = 'O/ <168 x\O3

..E.__o;m e

M (M) =0.0384x B4 AU = 2.\3q

o = 2,01 % \00 - 347
B>
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Section Three: Extended answer

Notes

Satisfactory response
5/8 marks

Uses the equation ratio
correctly with an incorrect
number of moles of oxalic
acid.

Calculates the titre volume,
but incorrectly calculates
the number of moles of
manganese.

Uses the correct method to
calculate the mass and
percentage of manganese.
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Question

37(c)

Section Three: Extended answer

Suggest the most suitable indicator for this titration and describe the colour change that would be observed during

the titration.
(2 marks)

Indicator

Description of colour change

Marking key

Indicator No indicator needs to be added; MnO, " acts as indicator

Description of colour change Solution will turn from colourless to pale pink

Description Marks
Recognition that no indicator needs to be added 1
Solution will turn from colourless to pale pink (i.e., that is the end point) 1
Question incorrectly answered 0
Question not attempted -
Total 2

NB: “Self indicating” is acceptable

Keywords

Indicator chemicals
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Question statistics

Statistics ID = CHE3-53
Number of attempts = 4307
Highest mark achieved = 2.00
Lowest mark achieved = 0.00
Mean = 0.49

Standard deviation = 0.71
Question difficulty = Difficult
Correlation between question
and section = 0.36
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Candidate responses

37(c)

Suggest the most suitable indicator for this titration and describe the colour change that would be observed during
the titration.

(2 marks)
Notes
it Excellent response
Indicator Mo vdiatr nsresled (Mn d’\,".-,.jg@f@ 2/2 marks
Description of colour change | /fopten srlvdton Homs patl pcnf Recognises that no

indicator is needed; MnO,
will act as the indicator.

Correctly notes the
observed colour change in
the flask.

Satisfactory response
Indicator ro tnalucalor 1/2 marks

Description of colour change | Mrds - ( pueple) = [Wn 2" /ogl gk ) Recognises that no
i ¥ v/ indicator is needed; MnO,~
will act as the indicator.

Incorrectly notes the
observed colour change in
the flask.

Examiners’ comments

Errors were commonly made with dilutions, and to use a titration equation involving manganese rather than the
one provided involving the permanganate ion. Again, careful reading of the question would have reduced the risk
of this error.
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Question

Question 38
(20 marks)

The sandy soils of Western Australia are deficient in several elements essential to the growth of plant life. One of
these elements is nitrogen, and there are a number of nitrogen-containing fertilisers available on the market. Urea,
CO(NHy,),, is a commonly-used fertiliser that contains nitrogen. Urea is produced as crystals by the reaction of
ammonia with carbon dioxide. Water is also produced in the reaction. The equation for this reaction is shown below.

2 NH3 + C02 e d CO(NH2)2 + Hzo

A reaction vessel designed for the synthesis of urea is operated at 200°C and 148 atmospheres. It has a total
volume capacity of 5000 L, and ammonia and carbon dioxide are fed into it in batches so that ammonia occupies
62.0% of the volume and carbon dioxide occupies the remainder.

Question statistics

Statistics ID = CHE3-54
Number of attempts = 4663
Highest mark achieved = 20.00
Lowest mark achieved = 0.00
Mean = 14.03

Standard deviation = 5.10
Question difficulty = N/A
Correlation between guestion
and section = 0.83

38(a)

Determine the limiting reagent for the reaction under the above operating conditions. Show all your workings.
(5 marks)
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Marking key

Description Marks

P =148 x 101.3 = 1.49924 x 10" kPa (conversion of atm to kPa; alternatively students

may use R = 0.08206 in the next step and be awarded 1 mark for remembering it) !
Calculation of total number of moles:
4
N _ PV _1.49924x10" x5000 —1.906x10* mol 1
RT 8.315x 473
n(NH;) = 0.62x1.906x10* =1.182x10*mol 1-3

n(CO,) = 0.38 x 1.906 x10" = 7.243 x 10° mol

From balanced eq'n:

2 mol NH; reacts with 1 mol CO,

Thus 1.182 x 10* mol NH; needs 5.909 x 10° mol CO,

Hence NHj is the limiting reagent.

Any acceptable method for finding LR may be used as long as it is supported
with correct working.

Question incorrectly answered 0

Question not attempted

Total 5

NB: the 62% may be “applied” in any logical way

Students may choose to get the moles of NH; and CO, by finding the volume occupied by each of these gases and
using the Ideal gas law twice. Gay-Lussac’s law may also be used. Any valid method should be accepted. Use of a
correct method for LR calculation based on incorrectly calculated moles of reagents should be rewarded.

Keywords Question statistics

Stoichiometry, Chemical reactions Statistics ID = CHE3-55
Number of attempts = 4644

Highest mark achieved = 5.00
Lowest mark achieved = 0.00
Mean = 4.18

Standard deviation = 1.33
Question difficulty = Easy
Correlation between question
and section = 0.59
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Candidate responses

38(a)

Determine the limiting reagent for the reaction under the above operating conditions. Show all your workings.
(5 marks)

Notes

Excellent response
Te a0 42331 = 433 K let oC0.) be Liwiim leased. 5/5 marks

P=1adx10)-3 = 14992-4 kPq Thas Al 1osuied = Lxal(lo;) Calculates the number of
# " moles of each reactant.

mt‘!xo.bjxfﬂaﬂ: B0 L T |4482-ams

. . . Uses the equation ratio to
Vo) = Roo L, Bet (M) povided b WS bud determine the limiting

ality) s BV . 14492 d~dwo _ reagent.
TS w4 P30

> 81456 el
L. 14993 4w o

MU R Tyl Thes Nﬂ} & th-\rli.-:} Ezn?rri*

= J241-1€4 o |

TN S
St

V(EQ= SO00X 042 V()= 5000 -3(p 5 marks o
v =ML ve 19400
PV 148 X 3100 i L AT Calculates the number of

= "ﬂ_ moles of each reactant

_.__n,,:._U_(g é%md} = 71.482ma( incorrectly using

Ph: SE31Smal atmospheres.

L
LN, 5 Fe LR, Does not show the working
4 of how the limiting reagent
was calculated.

Chemistry: Stage 3 Standards Guide 93



Government of Western Australia
School Curriculum and Standards Authority

Question

38(b)

What mass of urea is theoretically produced in this reaction?
(3 marks)

Section Three: Extended answer

Marking key
Description Marks

n(NH,CONH,) = % x n(NH;)= 0.5 x 1.182 x 10* = 5.909 x 10° mol 1

M(NH,CONH,) = 60.062 g mol™" 1

m(NH,CONH,) = 60.062 x 5.909 x 10° = 3.55 x 10° g 1

Question incorrectly answered 0

Question not attempted -
Total 3

NB: Award marks for follow through if candidate has used incorrect LR
Award marks for correct method based on incorrect LR

Keywords

Chemical reactions, Stoichiometry
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Question statistics

Statistics ID = CHE3-56
Number of attempts = 4567
Highest mark achieved = 3.00
Lowest mark achieved = 0.00
Mean = 2.55

Standard deviation = 0.81
Question difficulty = Easy
Correlation between guestion
and section = 0.50
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Candidate responses

38(b)

What mass of urea is theoretically produced in this reaction?
(3 marks)

Notes

Excellent response
My o LR 3/3 marks

nlvel,) = N8 4-Sen,)

Starts with the limiting
reagent and uses the

1 equation to calculate the
N (Cotoky, ) = /2% (i) W= Rot+ie s 2( o) number of moles and mass
T S907F 22 wd- ' 40062 g d- of urea produced.
[ L e

nlueg) = S103F-29 ~ O 062
= My LS4gol .o0S g

o 355 k10 9 -

_ O Satisfactory response
m=nxnv = HAY. T6 x Lo 062 2/3 marks

hn = 109606.10 o
2 Calculates the molar mass

& 4]0 Ly and mass of urea, but did
o not use the equation ratio of
2 NH; produces 1
CO(NHy),.
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Question

38(c)

Calculate the mass of the excess reactant remaining after reaction.

(3 marks)

Marking key

Description Marks

n(CO,) used = % x N(NH;)=0.5 x 1.182 x 10* = 5.909 x 10° mol 1

n(CO,) remaining = 7.243 x 10° - 5.909 x 10° = 1.334 x 10° mol 1

m(CO,) remaining = 44.01 x 1.334 x 10° = 5.87 x 10" g 1

Question incorrectly answered 0

Question not attempted -
Total 3

Keywords Question statistics

Stoichiometry, Chemical reactions Statistics ID = CHE3-57

Number of attempts = 4434
Highest mark achieved = 3.00
Lowest mark achieved = 0.00
Mean = 2.33

Standard deviation = 1.03
Question difficulty = Moderate
Correlation between question
and section = 0.56
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Candidate responses

38(c)
Calculate the mass of the excess reactant remaining after reaction.
(3 marks)
Notes
. Excellent response
wttly) ey, * L. Ld wlo¥ s 581 x10? s, i 3/3 marks
= wloo) ey v ¥ x10* = §-41 x0* Subtracts the reacted
L L33 Xl . number of moles of CO,
s from the initial number of
o LWL) edr b VT3 x10 -ot f 2lle-voY moles of CO,to find the
remaining excess CO
i s A B .?"“""N 3. — reactant.g i

PE—

Calculates the mass of the
remaining excess CO,
reactant.

b 2 - Satisfactory response
_L(_CQA_H_LMH})“—__A_L(Q;__LWL__ >3 marks

_= a4 - 6£2308-5u
=463 b4 mof ,mm Subtracts the total number
d of moles of NH3 from the
M= 44.9 . initial number of moles of
m - n xw L, maos %,/ (0, CO,to incorrectly find the
0 i T remaining excess CO,
> Y1935 6864 = 41935614
= 4193 ks Uses the correct method to
03 = calculate the mass of the
Q\V § ] remaining excess CO,
reactant.
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Question

38(d)
Calculate the pressure of the remaining gas in the reactor after it is allowed to cool to room temperature (25°C).

(The volume occupied by the urea crystals and water formed can be ignored.)
(2 marks)

Marking key

Description Marks

3
_ nRT _ 1.334x10° x8.315% 298 — 6.61x 102kPa (or 6.53 atm)

v 5000 1-2
1 mark for correct rearrangement of eq’n; 1 mark for final answer

P

Question incorrectly answered 0

Question not attempted -

Total 2

Award marks for follow through for correct working when moles of CO, from (c) is incorrect.

Keywords Question statistics

Chemical reactions, Stoichiometry Etati?)tics IfD = CHE3—5§295
umbper o attempts =

Highest mark achieved = 2.00
Lowest mark achieved = 0.00
Mean =1.35

Standard deviation = 0.69
Question difficulty = Moderate
Correlation between question
and section = 0.38
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Candidate responses

38(d)

Calculate the pressure of the remaining gas in the reactor after it is allowed to cool to room temperature (25°C).
(The volume occupied by the urea crystals and water formed can be ignored.)

(2 marks)
Notes
=, Excellent response
_ vy el WL dpumnduil 212 marks
RV TA N — S AL E TS o P . o
N . e T Uses the number of moles
ey v of remaining excess CO,
. -3 0. g.3.7. o4 313% 1) reactant from question
3 %\ u_d._s_q . 04333 38(c) to calculate the

oo pressure of excess CO,
I reactant at 25°C.

* prbl X0 * P
-—-——'—'__-__"‘-

Satisfactory response
1/2 mark

== SV
V' = n/ Q T ; p Uses the incorrect number
5000 {; = (I 31'7 06t TR ‘{{;\’7) 4 i?, 2y {2341‘33) of moles of remaining

- ' excess CO, reactant, which
— = 4| 1 9.2 k Pg____ —_— should be the same as for
= LAl et . question 38(c).

Uses the correct method to
calculate the pressure of
excess CO, reactant at
25°C.
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Question

38(e)

Section Three: Extended answer

376 kg of impure crystals are formed in the above reaction and found, on analysis, to contain 83.0% urea.

Calculate the percentage yield of the above process.

(2 marks)
Marking key
Description Marks
m(NH,CONH,) = 3.76 x10° x 0.83 = 3.1208 x 10° g 1
5
Yield:Mxloozm.g% 1
3.55%10

Question incorrectly answered 0

Question not attempted -
Total 2

Keywords

Chemical reactions
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Question statistics

Statistics ID = CHE3-59
Number of attempts = 3924
Highest mark achieved = 2.00
Lowest mark achieved = 0.00
Mean =1.37

Standard deviation = 0.75
Question difficulty = Moderate
Correlation between question
and section = 0.50
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Candidate responses

38(e)

376 kg of impure crystals are formed in the above reaction and found, on analysis, to contain 83.0% urea. Calculate
the percentage vyield of the above process.
(2 marks)

Notes

Excellent response

Wl o tieg)y) ~ 0-83.970 "'w?- 2/2 marks

i 3.0 x\volg, ,
- Uses the percentage purity

B W 72 N A and the theoretical yield

from question 38(b) to

) Ly 312 "._W_Ih. X LT prave. Paax 1Y calculate the yield of the
5-¥§ xLo¥ process.

(528 XWO%R  Leerd

Satisfactory response
1/2 marks

376 X095 = 312.0%

Uses the percentage purity

% S2m . o and not the theoretical yield
e -tu":;?éu& (oa - from guestion 38(b) to
calculate the yield of the
% — '53“ process.
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Question

38(f)

Section Three: Extended answer

Urea is added to fertiliser preparations at about 45.0% by mass. Ammonium sulfate is an alternative source of

nitrogen often used in fertilisers.

Question statistics

Statistics ID = CHE3-60
Number of attempts = 4103
Highest mark achieved = 5.00
Lowest mark achieved = 0.00
Mean = 3.14

Standard deviation = 1.77
Question difficulty = N/A
Correlation between guestion
and section = 0.60

38(f)())
What mass of nitrogen is contained in 5.00 tonne of fertiliser that is 45.0% by mass urea? (1 tonne =1 x 10° 0)
(2 marks)
Marking key
Description Marks
m(NH,CONH,) in fertiliser batch = 0.45 x 5 x10° = 2.25 x10° g 1
) - 28.02
m(N) in fertiliser = ———x 2.25x10° =1.05x10°g 1
60.062
Question incorrectly answered 0
Question not attempted -
Total 2

Keywords

Chemical reactions
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Question statistics

Statistics ID = CHE3-61
Number of attempts = 4100
Highest mark achieved = 2.00
Lowest mark achieved = 0.00
Mean = 1.47

Standard deviation = 0.68
Question difficulty = Moderate
Correlation between question
and section = 0.48
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Candidate responses

38(f)(i)

What mass of nitrogen is contained in 5.00 tonne of fertiliser that is 45.0% by mass urea? (1 tonne =1 x 10° 0)
(2 marks)

Notes
b Excellent response
M(mj: 0. Yl x §5/0 = I_LSOMOL 2/2 marks
o
Uses the percentage purity,
= i 2 50 oese - when calculating the mass
n ( ) _;4’*'—"" 2z = 3 ?G‘E;D of nitrogen in the fertiliser.

FLo1 =16+ Tl 1Y Cfr il )

WCA/'.)= 'l‘a- PL(MW)‘: 1}3?(}'4'@: "JU‘:}'E-O

nzm => A2 M = FY¥Y20, 1401 = I.USO:-/O?.I
" &

m (M) = |.o5w /0% (3SF)

. Satisfactory response
Mé&{fzﬂif) - .f"xa"("_l"dqr (O (”H'}:I-':_ 1/2 marks
.ﬁ;rsa ) = 225X ¢ g . Employs the correct
- ) . method, but uses an
n { Uﬁ’f&f} A = 2 di-" fo° incorrect molar mass for
M 58.6 %6 urea.

= 38762 36nws.
a (N) = Ax 39762 3¢
* Fisay.ga
M = FISAY-FAw [§-C/
S 1684/ tant
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Question

38(f)(ii)

What mass of ammonium sulfate, (NH,4),SOy,, is needed to prepare 5.00 tonne of fertiliser with the same mass of
nitrogen as your answer in (i) above?

(3 marks)
Marking key
Description Marks
6
n(N) in fertiliser = 1.05x107 =7.492x10"mol 1
14.01

n((NH,),SO,) = 0.5 x 7.492 x 10" = 3.746 x 10 * mol 1

m((NH,),SO,) = 132.144 x 3.746 x 10 = 4.95 x 10° g 1

Question incorrectly answered 0

Question not attempted -
Total 3

Keywords Question statistics

Chemical reactions Statistics ID = CHE3-62

Number of attempts = 3485
Highest mark achieved = 3.00
Lowest mark achieved = 0.00
Mean = 1.96

Standard deviation = 1.19
Question difficulty = Moderate
Correlation between question
and section = 0.52
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Candidate responses

38(f)(ii)

What mass of ammonium sulfate, (NH,4),SOy,, is needed to prepare 5.00 tonne of fertiliser with the same mass of
nitrogen as your answer in (i) above?

(3 marks)
Notes
Excellent response
(N needed = FI¥ 920 3/3 marks
s C({U H‘*‘)-r&]*fj noeded = ""("UJ Tz = 37460 Uses the answer from 38f(i)
and the correct chemical
relationship to calculate the
n = e =2 sl WHY), S0, ) wopded wemerrt] mass of ammonium sulfate.
M = nM

- 3 2460 (lwff'i.mﬁfm'-wﬂ +§Z.0L4lﬁ-m’é)
£

o . q JO :».—;O }r

4. 4% =0 g (35F)

1)

I

Satisfactory response

ﬁ(fV)FnkQﬁH:J: = J‘?(M),‘w (;‘VH!J:‘ S(}!_) 2/3 marks

e ﬂ(fVJ-.; 7{@'2_59 Uses the correct method,
but fails to calculate the
= ?;M number of moles of
ammonium sulfate as half
B 7492. 53;( I 31 ' J?# the number of moles of

nitrogen.

= 9900949. 5,

Examiners’ comments

Part (a) was well done overall, but candidates should be strongly encouraged to show adequate reasoning for their
choice of limiting reagent.
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Section Three: Extended answer

Question
Question 39
(12 marks)
A student was given three bottles, A, B and C. Each bottle was labelled with its contents as shown in the table
below.
Bottle Contents
A 46.5 mL of 0.010 mol L™ HCt
B 65.7 mL of 0.0555 mol L™ HNO,
C 20.9 mL of 0.4161 mol L™ NaOH
Question statistics
Statistics ID = CHE3-63
Number of attempts = 4576
Highest mark achieved = 12.00
Lowest mark achieved = 0.00
Mean = 6.83
Standard deviation = 4.10
Question difficulty = N/A
Correlation between guestion
and section = 0.79
39(a)
Calculate the pH of the NaOH solution.
(2 marks)
Marking key
Description Marks
1x10*  1x107™™ } i
[H] == == =2.403x107* molL™ 1
[OH7] 0.4161
pH = -log™’[H'] = -log 2.403 x 107 = 13.6 (13.619) 1
Question incorrectly answered 0
Question not attempted -
Total 2
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Keywords Question statistics

Stoichiometry Statistics ID = CHE3-64
Number of attempts = 4565
Highest mark achieved = 2.00
Lowest mark achieved = 0.00
Mean = 1.55
Standard deviation = 0.76
Question difficulty = Easy
Correlation between guestion
and section = 0.52
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Candidate responses

39(a)
Calculate the pH of the NaOH solution.
(2 marks)
Notes
Y Excellent response
ph= W) Jou?) » [Mou) - 0. wist mell" 212 marks
& =1y
[w) = 1™ Jo.wer Using K., calculates the H*
~ 2.40% lo"™ concentration in the NaOH
- solution.

—loa (2.u032107"%) = 13.62

Uses the H* concentration
of the NaOH solution to
calculate the pH.

Satisfactory response

7?{(0#{}': ?}(!Vgrﬁﬁrj =LV V="0.0209L 1/2 marks
= 0. #16) xQ-0209

Uses the number of moles

= 8.69649%/0" 3., 0] and not the concentration to
calculate the pH from the
14 = (~log (x(0n))) pOH.
= 14 ~(~ley (8.646490107))

PH = ”iq"'
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Question

39(b)

The contents of all three bottles are placed in one beaker and mixed thoroughly. Calculate the pH of the final
mixture.

(10 marks)
Marking key
Description Marks
n(H") from HCI = ¢ xV = 0.010 x 0.0465 = 4.65 x 10~ mol 1
n(H") from HNOz = ¢ xV = 0.0555 x 0.0657 = 3.646 x 10" mol 1
N(H )it = 4.65 x 10 + 3.646 x 10 = 4.111 x 10~ mol 1
n(OH) = ¢ xV = 0.4161 x 0.0209 = 8.696 x 10 mol 1
Recognition that 1 mole of H" reacts with 1 mole of OH™; this may be by showing the 1
mole relationship n(H") = n(OH") or giving the balanced equation
n(OH") reacted = n(H" ) = 4.111 x 10~° mol 1
n(OH") excess = 8.696 x 10™° - 4.111 x 10~° = 4585 x 10" mol 1
n 4. 1073 4. 1073
C(OH ) =L = 585x10 _4.585x10 7 _ 4 444410 2mol L 1
V  (0.0465+0.0657 + 0.0209) 0.1331
1x107* 1x107*

o0~ 1x10 - =2.903x10° molL? 1

[OH™] 3.444x10
pH = -logyo[H'] = -log 2.903 x 107™™° = 12.5 (12.537) 1
Question incorrectly answered 0
Question not attempted -

Total 10

NB: Steps may be amalgamated
Students may also calculate pH using:
pOH = -log*°[OH] = -log 0.03444 = 1.46 (2 marks)
pH =14 —1.46 = 12.54 (1 mark)
Keywords Question statistics
Stoichiometry Statistics ID = CHE3-65

Number of attempts = 4227
Highest mark achieved = 10.00
Lowest mark achieved = 0.00
Mean =5.72

Standard deviation = 3.53
Question difficulty = Moderate
Correlation between guestion
and section = 0.74
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Candidate responses

39(b)

The contents of all three bottles are placed in one beaker and mixed thoroughly. Calculate the pH of the final
mixture.

(10 marks)
Notes
Excellent response
wine) = (6.0160.0ues) = C.000ueS weol 10/10 marks
R = [o. 0.0651) = O 00VEMBU nol
-L( No3) (o.0sssY D i} Calculates the number of
w(NaOR) = (0.t1e )(0.0204) = ©. 00866 wol moles and concentration of

the excess OH'". Using K,,
calculates the
H* concentration and then

Tl w (v = 0.00umHd wmol  w(fon-) = C.008G%G wol oo
Result . wion-) = 0.004SBUE weol

“Tovral woluwe = 1230wl = 0.1W3L L

0.00usBaG
fow] = ‘g%& —B. 1aa] - O 03Uy poll-!
) = 107 /e0auuy = 2.a0% %1070

12.9Y4

il

= log (ansy

Satisfactory response

Total volowme is G46-5+65.7.20.9= 133.1 m( 5/10 marks

[—,l {{__[1) v - 2 Q,I'S'3.'A Calculates th ber of
(Al n(H)=CV : . moles of the . the (ota
( =0010(0.0U6S) =0 O004ES Mol of ¢ ’ volume and a pi—| value.
G ME
EB] L } (O Ignores the effect of the

E 7 [‘ = 0055*5(0 OG?J) = D-ﬁ:"}ﬁéqg wolof H - OH  reacting with the H”.
c 1:0] = 2403304 wagl L1

we haw 0 13311 ie 219l wof of H*

Total = O OOOUES + O HOPEUE6 + 319841077
= 0004l wmel of HY
C=N - p.ocull -0R0%Y

v 0.133|

S PH=-Lo (lo-'soafr)
=\
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Examiners’ comments

Part (b) presented challenges for a large number of candidates. Many did not recognise the chemical reaction that
would take place when the solutions are mixed, and therefore did not pay attention to the stoichiometric aspects of
the problem. Those who recognised the neutralisation reaction and the need to calculate excess reactants,
performed well in answering the question. A common error was simply to calculate the [H'] of all solutions
(including NaOH) and sum the hydrogen ion concentrations.
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Question

Question 40
(15 marks)

Biodiesel can be produced by a trans-esterification reaction between vegetable oil and an alcohol in the presence
of sodium hydroxide catalyst. A typical trans-esterification reaction is shown below. The products are glycerol and
three methyl esters.

g
H_C_O_C_CHz(CH2)130H3

|9

. H—C—0O—C—CH,(CH,)sCHCH(CH,),CH + 3 CH30H
Vegetable oil \ o 2ACHz)s (CH2lrChs ’
I}

H—C|)—O—C—CHZ(CHZ)BCHCHCHZCHCHCH2CHCHCHZCH3

H

NaOH
I

H H3C_O_C_CH2(CH2)13CH3 A

I
H—C|:—OH +
H—Cll—OH ﬁ

+

H—C—OH H3C—0—C—CH,(CH,)CHCH(CH,);CH; B

I

H

+

Glycerol

o)
[
H3C—0O—C—CHy,(CH,)sCHCHCH,CHCHCH,CHCHCH,CH; €

Methyl esters

Question statistics

Statistics ID = CHE3-66
Number of attempts = 4548
Highest mark achieved = 15.00
Lowest mark achieved = 0.00
Mean =9.76

Standard deviation = 3.76
Question difficulty = N/A
Correlation between question
and section = 0.82
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Question

40(a)

The vegetable oil in the reaction above has a molar mass of 855.334 g mol™. If 1.50 tonnes of vegetable oil is
reacted, what mass of methanol will be required to react with this amount of 0il? (1 tonne =1 x 10" g)
(3 marks)

Marking key
Description Marks
6
n(Veg oil) = 15107 4 754410%mol 1
855.334

n(CH3;OH) = 3 x n(Veg oil) = 5.261 x 10° mol 1
m(CH;OH) = 5.261 x 10° x 32.042 = 1.69 x10° g 1
Question incorrectly answered 0
Question not attempted -

Total 3
Keywords Question statistics
Stoichiometry Statistics ID = CHE3-67

Number of attempts = 4406
Highest mark achieved = 3.00
Lowest mark achieved = 0.00
Mean = 2.70

Standard deviation = 0.66
Question difficulty = Easy
Correlation between guestion
and section = 0.44
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Candidate responses

40(a)

The vegetable oil in the reaction above has a molar mass of 855.334 g mol™. If 1.50 tonnes of vegetable oil is
reacted, what mass of methanol will be required to react with this amount of 0il? (1 tonne =1 x 10" g)
(3 marks)

Notes

. _ [ Excellent response
n fol) P = LSdo” - 754 3/3 marks

M 958, 33
. . Uses the equation to find
n((H0H) needad = 37 n(od)=3. 1754 = 26/ the number of moles of oil
and then correctly
calculates the mass.

K1
nz ng = m (M 0M): n Mz ST (12.014Ysr0084/8)= | 69> 10 (35°)
. =g

Satisfactory response
[ Trw” T 2/3 marks
n fufftf ﬂ-'l"') N
Calculates the number of

% N 3
- i ';0 Mx moles and mass of oil
n (mq‘;hd)r [« 75107 ypip / without using the equation

tio.

m { e/ hand)) = 1- 7510’ x 32 042 ratio
- 5697 Sy
-
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Question

40(b)

Section Three: Extended answer

Three different methyl esters, denoted A, B and C, are produced from this reaction. What is the mass of Ester A

produced in this process if the reaction is 78% efficient in production of this ester?

(4 marks)
Marking key
Description Marks

For 100% efficient: n(A) = n(Veg oil) = 1.754 x 10° mol 1

78% efficient, thus n(A) = 0.78 x 1.754 x 10° = 1.368 x 10° mol 1

MF Ester A is C17H34,0, thus M(A) = 270.442 g mol ™ 1

m(A) = 1.368 x 10° x 270.442 = 3.70 x 10° g 1

Question incorrectly answered 0

Question not attempted -
Total 4

The 78% efficiency step can be done based on the theoretical 100% efficient mass of A rather than number of

moles of A.

Keywords

Chemical reactions

Chemistry: Stage 3 Standards Guide

Question statistics

Statistics ID = CHE3-68
Number of attempts = 3995
Highest mark achieved = 4.00
Lowest mark achieved = 0.00
Mean = 3.26

Standard deviation = 1.17
Question difficulty = Moderate
Correlation between guestion
and section = 0.46

115




. Section Three: Extended answer
Government of Western Australia

School Curriculum and Standards Authority

Candidate responses

40(b)
Three different methyl esters, denoted A, B and C, are produced from this reaction. What is the mass of Ester A

produced in this process if the reaction is 78% efficient in production of this ester?
(4 marks)

Notes

, - . - Excellent response
n (A teomibially pioduacd” nioid) = 175 4/4 marks
nwlA) "“’h“ﬂ}";mM: 0.8 > nlol)c 0.99:125%< ) 369

Uses percentage efficiency
to correctly calculate the

n= m //11 mass of ester produced.
m (A T A ,
= 12368 x(13:72.01+ Lotlr 3G /. 00%)
€ 3 Feoo00q

= 3.70 'y (35F)

: Satisfactory response

m(A) = N¥ M T1753.7 x 25 Qraua = USH1E3 4y
N Employs the correct

m (L A a - method, but uses an
S heuqg by x K7 . incorrect molar mass.
Lculg1'0%q
=164 QCIL?J e A
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Question

40(c)

Esters can also be produced by the reaction of a carboxylic acid with an alcohol. Draw the structure of the
carboxylic acid that would be needed to produce Ester A in the reaction above. Show H atoms.
(2 mark)

Marking key
O
CH3(CHy)13CH,C —OH
Description Marks

1 mark for structure; condensed or expanded acceptable. 1
Question incorrectly answered 0
Question not attempted -

Total 1
Keywords Question statistics
Carboxylic acid Statistics ID = CHE3-69

Number of attempts = 4090
Highest mark achieved = 1.00
Lowest mark achieved = 0.00
Mean = 0.73

Standard deviation = 0.45
Question difficulty = Moderate
Correlation between guestion
and section = 0.40
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Candidate responses

40(c)

Esters can also be produced by the reaction of a carboxylic acid with an alcohol. Draw the structure of the carboxylic
acid that would be needed to produce Ester A in the reaction above. Show H atoms.

(2 mark)

Notes
Excellent response
1/1 mark
Draws the carboxylic acid
and shows all H atoms.

H H H

i i I 7

p-c£C)=C-¢C
1 ! 13 1 N oA
H Oo-H
H H
o C:H-,'-{-c'u-h-}:1 h, = cool
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Question

40(d)

The glycerol produced from this process has a wide range of applications, including anti-freeze in the radiators of
engines. A factor that contributes to its use as anti-freeze is its high water solubility. Explain, with the aid of a
diagram, why glycerol has high water solubility.

(4 marks)

Marking key

Description Marks

1 mark for recognition that both water and glycerol have H-bonding as their
predominant type of IMF.

1 mark for showing that their similar IMFs leads to a high degree of interaction
between solvent and solute molecules/formation of H-bonding

I mark for recognising that solubility arises due to the strength of attraction between
solute and solvent molecules being sufficient to overcome attraction between solute- 1
solute and solvent-solvent molecules**

1 mark for a suitable labelled diagram representing H-bonding between water and
glycerol molecules.

1
Question incorrectly answered 0

Question not attempted. —

Total 4

**An explanation in terms of the competing forces of attraction between solute-solute molecules, solvent-solvent
molecules and between solvent-solute molecules is also acceptable. Students may also discuss the energy
released when solvent-solute molecules attract being sufficient to overcome the energy to separate solute-solute
molecules and solvent-solvent molecules.

‘Like dissolves like’, contains no chemistry and should not be awarded any marks.

Possible diagram

W OH
o H
HN O &
HoC” SO
H_Cl;/O\H /\
! o “O(H H-bonds between
:7 o solute and solvent
|
O—H
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Keywords Question statistics

Solubility, Hydrogen bonding Etuarii)tiecrsolf[:a t:teﬂytzssjglzo

Highest mark achieved = 4.00
Lowest mark achieved = 0.00
Mean = 2.12

Standard deviation = 1.19
Question difficulty = Moderate
Correlation between guestion
and section = 0.65
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Candidate responses

40(d)

The glycerol produced from this process has a wide range of applications, including anti-freeze in the radiators of
engines. A factor that contributes to its use as anti-freeze is its high water solubility. Explain, with the aid of a
diagram, why glycerol has high water solubility.

1

(4 marks)
Notes
Excellent response
Solubility deoods on wheths % Comed. beheen #/4 marks
M Solute ond sdverd ae. of’eﬂ,ut(. M fo WViose Exgl{aﬂnsr,1 u;ingaogagzjgm
\edu-m “u, colut Pﬂ"hd(b \w\ ML% T and the iy irog\zn on mrg
%o(uf/\hc \t»\ H\M&l«- (/\)qﬁr Ct;}ubll’s Wﬂﬁ ﬁggicﬂi:]ﬂusgiubti}i};ygilzce °
S0 € schilr Hat coy. form M-bodds ore h.c\l\%a’lu&m water.
water, This js tue DF' "J"\CU'OL ;J'wck has X
alcohol (OHY bnchowl o qm Hat cm echibn}
H-bovhia,  coith wates.
W e %S
‘ 10
NG g T i
n— o
? 3 'AH* - _' Hzf
H~-C—o0- U
|

4‘»

T
5 N
K S Helonds
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Candidate responses (continued)

&\dcse.ml has hﬁh Lol qol.-...bhtﬂ Ao
to e presency of 2 On ﬂmqu-s-‘mse

ave olde = form Hddﬂagen bands

wibth tle weder molecu l€S. This

aolouss 8 cevol = {‘Q«rm Al pales

beteon +lne H* ond o Ctone pmr&ﬁ

of a woded welee e o He glyeerol.
[

..---‘v?.\..e:EP h:!hds fbrmecl _ h;:frfh SO{UE{.“EI

W ’,f\—"-
18 -8
L& — ot AT
U v
4 ) \ 5 ,SO,..‘::
- -+ - — L’ .___O]__\H —_—
5 (;;-‘-c-H‘f.ﬁﬁ;g}--H W \
~
~ C“"Cﬁ*i-'z.i_-ﬁ-ﬁ = H— C —ow
M~ / 'O\—.H \ %rd
*C o~ =] H H
/ e ak ~ S
I~ -
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Notes

Satisfactory response
3/4 marks

Discusses the hydrogen
bonding of glycerol and
water, but does not mention
that solubility arises from
the strength of attraction
between solute and solvent
molecules.



. Section Three: Extended answer
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Question

40(e)

Use your understanding of the collision theory to explain the role of sodium hydroxide in the reaction.
(3 marks)

Marking key
Description Marks

1 mark for recognising that the NaOH speeds the reaction 1

1 mark for recognising the NaOH provides an alternative reaction pathway that has 1

lower E, than the uncatalysed pathway

1 mark for recognising a higher proportion of collisions will occur with energy above 1

the E, (cat) and so be successful in forming products

Question incorrectly answered 0

Question not attempted -
Total 3

NB: Must show some understanding of catalytic action of NaOH

An appropriately labelled energy profile diagram showing the catalysed and uncatalysed reaction pathways may be
drawn to aid explanation. For a correct diagram on its own with no supporting explanation award 2 marks.

o= Uncatalysed pathway

Catalysed pathway

Reaction progress

Keywords Question statistics

Catalysis, Kinetic theory itatiitics IfD = CHE3—7§971
umber of attempts =

Highest mark achieved = 3.00
Lowest mark achieved = 0.00
Mean = 1.95

Standard deviation = 1.10
Question difficulty = Moderate
Correlation between guestion
and section = 0.46
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Candidate responses

40(e)

Use your understanding of the collision theory to explain the role of sodium hydroxide in the reaction.
(3 marks)

Notes

Excellent response

ool auks of o (efedgst Ua nae Agachoon. A cataligtd 3/3 marks
T Uses the collision theory to

Mm_pm&%_. mm_um_mm;m:m_wzg explain the role of a
talyst.
LW VYN R m_pwf.n HNA ) ganathitAl  enAlaiows corays

An MM&W_MMM _A_iag W,
£ ¥ u},_’lh.tm-ﬁmg MUM

Satisfactory response
the — goctuum ZWXLQ?_LF/Z&W_’,F_A%— 2/3 marks
M@ W /8 Vil f States the role of a catalyst,
M & »4041/ without referring to collision

theory.

Examiners’ comments

This question was very well done, although most candidates were unable to adequately describe the processes
occurring during dissolution, and were equally unable to draw a diagram that suitably illustrates forces established
during dissolution. The relative strength of solute-solvent interactions and solute-solute, solvent-solvent
interactions during dissolution should be highlighted to candidates.
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Question

Question 41
(10 marks)

Soaps and detergents are common organic substances. Discuss the chemistry of these two classes of organic
substances, including their structure, manufacture and how they act as cleaning agents.

Your answer should

e include relevant chemical content.
(8 marks)

e display coherence and clarity of expression.
(2 marks)

A comprehensive answer should consist of at least three (3) paragraphs and be at least one page in length.
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Marking key
. Soaps are sodium (or potassium) salts of long chain fatty acids.
O
CH3(CH2)16y3—O'Na+
Typical soap molecule
. Soaps are manufactured by reaction of sodium (or potassium) hydroxide with an animal fat or vegetable oil.

Fats and oils are esters of glycerol (1,2,3-propantriol). Known as a saponification reaction. The hydroxide
hydrolyses the ester to give the sodium salt.

) General equation for saponification
)

H,C—O—C—C(CH CH
P (CH)16CH3 H,C-OH
(0] (0]

I
HC—O—ICIJ—C(CH2)1GCH3 + 3NaOH  ——> 3CH3(CHy);EC—ONa* +  HC-OH

Q H,C-OH

H2C_O_C_C(CH2)1GCH3

. Detergents are sodium (or potassium) salts of an alkylbenzene sulfonate.
R SOz Na*
R = long chain alkyl group

. Detergents are manufactured by reaction of alkylbenzenes with concentrated sulfuric acid to give the

alkylbenzene sulfonate which is then reacted with sodium hydroxide to give the detergent.
o General equation
. Soaps and detergents are surfactant molecules comprised of a large non-polar part and a small polar part.
. The non-polar section of the soap/detergent molecule will dissolve in the (usually) non-polar dirt or grease

with the polar section dissolved in the polar water.
. Agitation can then enable the soap/detergent molecule to lift the dirt/grease from the object to be cleaned.
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Marking key (continued)

Section Three: Extended answer

Description

Marks

Coherent sentences and clarity of expression

Structure for general soap molecule or specific example (can be part of the
saponification equation) (ion or salt)

Comparison of effectiveness of detergents vs. soaps
or manufacture of either (soap or detergent)
This would include reference to reaction of soap with Mg2+ and Ca”" ions to form scum

Structure for general detergent molecule or specific example acceptable (can be part
of the detergent equation) (ion or salt)

Recognition of non-polar and polar nature of soap/detergent molecules

Recognition that the non-polar part of the molecule dissolves in the dirt/grease and the
polar part of the molecule dissolves in the water

Question incorrectly answered

Question not attempted

Total

Keywords

Soaps, Detergents

Chemistry: Stage 3 Standards Guide

Question statistics

Statistics ID = CHE3-72
Number of attempts = 4217
Highest mark achieved = 10.00
Lowest mark achieved = 0.00
Mean = 4.36

Standard deviation = 2.52
Question difficulty = Moderate
Correlation between question
and section = 0.68
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Candidate responses

Question 41
(10 marks)

Soaps and detergents are common organic substances. Discuss the chemistry of these two classes of organic
substances, including their structure, manufacture and how they act as cleaning agents.

Your answer should

¢ include relevant chemical content.
(8 marks)

o display coherence and clarity of expression.
(2 marks)

A comprehensive answer should consist of at least three (3) paragraphs and be at least one page in length.

Notes

STeulivie i - - - Excellent response
10/10 marks

Cfeap w on Al and  cowhadnt farlORYl 0 el db while  dpsrgerety ore aiky) hengene

fuMovertel - ) - S Discusses, with the use of
equations and diagrams,
Soap wnsisks v o polavend and 4 wor polar end — the chemistry of soaps and
ERUNCH S . ot (ayldsdw t"\b . o detergents.
L] [+
- Ry~ S— _— The discussion includes the
- ersh ey e structure, manufacture and
S how they act as cleaning

’(rs LR i g d{qﬁw _‘!‘Lﬁ‘g i i(‘_.h? ok a w"?uml w_ﬁhi i}_'“"ﬁ_-_\d:‘;_

agents.
Tydistoron dhaie_and o pplar ed due o e ovlogic aud god:

_ Tk o evd iy dueio dwe 0037 qroup and
W3 ﬂ*ﬁmma - e lovg bydo@lon dhaim & verpoRe.
505‘ '
. ~
L_"‘hf———-’ A

Tmene o 1o

MAMUE ALTV RE

Yap gy lw_wﬁ;.hs.__w_ﬂﬁw__i&ﬁ_ﬂﬂ;_ it oy tevol awdl Yean terivy
e prochithv i s,gjl_up;_}ﬂdmgde- b Papapte o e @ oion uWih fpodiumn

\ydadde « W= 0- Ticha)y, Wy Wl - OM
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Candidate responses (continued) Notes

Delerderd Turetie by tedbed an alby) Lewpore wite tolewrobed  Gulfark agiel -

Ry (cv) 0. —{0) ¥ w04 msimah,.m;-@ y WO
.
Wakr

e yo ok O Feen otk Wit gdivea ooy dieside. 3o M'&}*“" :

e 8~y v S oy awo
N T
deseent

_KTOW
e ond dferqert qigmmiﬂivgﬁmm&wm&ﬂs‘
i 1 e s L AT LA T 1 A I AT A i
Linte loap has o ol ©OF end, ond defrget You o oy 0y erd,
bt oot Wb fot e divole - divol foriey Lédn woter wotendes (Which o yolow) .
o i SR
Teoty long Yy denwken Oratn 6 Wweved ey rene Pl d Wl £ 1ha, oy 5
i e VOB ORI ardk-Pivin Thele oy denorin thoivs forw divpergen fetey
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Candidate responses (continued) Notes

suumj will aareae ¥ee 1o b teamiy peiais oy Hely uill W enl apart
Wﬁj bt (G AVl Yoy ot ved apdl mireale. piaeion Lotueen  aefersent °F

Jonp oot ufh Ao div or areodl verkitle -

Soaps oxe Wogquadeale while dewmardy at - Wowier, ap teatinuibh tunsth
Vard waler o Brm swnn (prevpitaed . T exavples veoivg Ui Oia o -

Oz (o) COO™ Gof) & (2% Gq) =5 Ga (Cy (nada (00) s (3)
Yemgent o nor form guran bhoed wier .
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Candidate responses (continued) Notes
Rt i ; g Satisfactory response
gops are wode fowm de poxesc sapvification -3ty ured in 7/10 marksy P
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Examiners’ comments

This was the most difficult question of the section. It is not clear whether it is because this part of the syllabus is
challenging for candidates, or whether the nature of the question was inherently challenging or the type of question
not practiced routinely. The question required a very heavy emphasis on content. Few responses contained
diagrams and chemical equations; candidates should be reminded that an explanatory response still requires
equations and diagrams, even if the question does not explicitly ask for them.
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Appendix 1: Course achievement band descriptions

Excellent achievement (75 - 100)

e Recognises the limiting reagent aspect when determining the pH of a mixture of acids and bases.
Distinguishes between species by recognising chemical differences.

Uses logical reasoning and appropriate precision in calculations.

Transfers chemical concepts to unfamiliar situations.

Clearly communicates a range of concepts, including intermolecular forces, acid-base theory, catalysis,
electrochemical cells and the chemistry of cleaning agents.

e Uses correct terminology, annotated diagrams and relevant equations.

High achievement (65 - 74)

Completes multi-step calculations with minor errors or omissions.

Explains the solution process and the role of the hydrogen half-cell using relevant terminology.
Uses hydrolysis equations in explaining pH data.

Consistently applies Le Chatelier’s Principle.

Draws and names geometric isomers.

Satisfactory achievement (50 - 64)

Draws and names structural isomers and constructs an addition polymer.
Applies VSEPR Theory to determine shapes of simple molecules.
Represents hydrogen bonding diagrammatically.

Calculates the pH of a basic solution.

Applies a stoichiometric ratio to determine a limiting reagent.

Combines half-equations by balancing electrons.

Applies solubility rules to distinguish solutions.

Describes the hydrophobic and hydrophilic properties of surfactant ions.

Limited achievement (35 - 49)

Draws a Lewis structure and uses it to determine molecular shape without applying theory.
Converts units and correctly substitutes into the Ideal Gas Equation.

Inconsistently applies Le Chatelier’s Principle.

Provides simplistic explanation of catalysis.

Inadequate achievement (0 - 34)

e Applies the octet rule to drawing Lewis structures of simple molecules.

e May rearrange expressions, substitute data and calculate molar masses.
e May identify an alkene and draw simple isomers.

e Recalls only that water forms hydrogen bonds.

Cut points:

Excellent/High = 69.61
High/Satisfactory = 59.10
Satisfactory/Limited = 42.56
Limited/Inadequate = 24.88
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Appendix 2: Rasch analysis of examinations

Rasch analysis is used to test the reliability and validity of an examination. It produces numerical estimates of the
ability of the students who sat the examination and the difficulty of each item in the examination. An ‘item’ is a
scoring opportunity. It may be a whole question (e.g. a multiple-choice question) or, in the case of questions that
are broken down into discrete elements, a part of a question or a sub-part of a question.

In Rasch analysis, the estimates of student ability and item difficulty are placed on a common measurement scale,
like a ruler. Items are clustered into five bands: Very easy, Easy, Moderate, Difficult and Very difficult. Items that
are less difficult to answer correctly are located to the left and items that are more difficult to answer correctly are
located to the right. Similarly, using the same scale, less able students are located to the left and more able
students are located to the right.

The boundary of the Moderate difficulty band is determined by the difficulty of the middle 68% of items, i.e. the
difficulty is one standard deviation from the mean student location. The boundaries for the Very easy—Easy and the
Difficult—Very difficult band are determined by reference to student abilities.

Less able students More able students
Less difficult ~ O--mmmmmes O--mmmmmes O--mmmmmes Onmmmmmmes More difficult
questions questions
Very Easy Moderate Difficult Very
easy difficult

Table 1 on the following page provides the item difficulty analysis for the 2011 Stage 3 WACE examination for
Chemistry.

Notes

e N/A (in the Difficulty estimates in this Guide) indicates the item was not used in the Rasch analysis. This is
because one or more items had too few responses (or no responses).

e Asshown in Table 1, when a question consists of a number of items (e.g. in the case of questions 37-40),
the difficulty estimate is given for each item, not for the question as a whole.

¢ In the Rasch model, the higher a student’s ability, relative to the difficulty of an item, the greater the
chances are of that student scoring the correct answer. When a student’s ability location is equal to the
difficulty location of an item, there is a 50/50 (or 0.5) probability of that student scoring the correct answer.

e The Rasch model is used in the analysis of data for NAPLAN and PISA and is also used in disciplines such
as medicine and the social sciences.

e Location values for student difficulty and item ability are given as logits (a contraction of the phrase ‘log-
odds units’). Because logit values are based on probability, they are also referred to as estimates of item
difficulty and estimates of student ability.
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Section Question Location Difficulty
S01 1 -1.56 Very easy
S01 2 -1.44 Easy

S01 3 -1.13 Easy

S01 4 -0.36 Easy

S01 5 -1.66 Very easy
S01 6 0.09 Moderate
S01 7 -0.23 Easy

S01 8 -2.23 Very easy
S01 9 -1.34 Easy

S01 10 -0.38 Easy

S01 11 -0.58 Easy

S01 12 -0.08 Easy

S01 13 -1.19 Easy

S01 14 0.26 Moderate
S01 15 0.56 Moderate
S01 16 0.59 Moderate
S01 17 -0.22 Easy

S01 18 -1.13 Easy

S01 19 1.59 Difficult
S01 20 -0.50 Easy

S01 21 -0.02 Easy

S01 22 -1.22 Easy

S01 23 0.37 Moderate
S01 24 1.70 Difficult
S01 25 -0.11 Easy

S02 26 -0.80 Easy

S02 27 N/A

S02 27a 0.66 Moderate
S02 27b 0.37 Moderate
S02 27c -0.15 Easy

S02 28 0.00 Moderate
S02 29 0.95 Moderate
S02 30 0.94 Moderate
S02 31 N/A

S02 3la 0.77 Moderate
S02 31b -0.36 Easy

S02 32 N/A

S02 32a 0.24 Moderate
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Table 1: Item difficulty analysis for the 2011 Stage 3 Chemistry examination (continued)

Section Question Location Difficulty
S02 32b N/A

S02 32bi -0.59 Easy

S02 32bii 0.07 Moderate
S02 32biii 0.10 Moderate
S02 33 -0.06 Easy

S02 34 -0.20 Easy

S02 35 N/A

S02 35a 0.87 Moderate
S02 35b 0.52 Moderate
S02 35¢c 0.96 Moderate
S03 36 0.02 Moderate
S03 37 N/A

S03 37a -0.20 Easy

S03 37b 0.47 Moderate
S03 37c 1.79 Difficult
S03 38 N/A

S03 38a -0.26 Easy

S03 38b -0.45 Easy

S03 38c -0.01 Moderate
S03 38d 0.22 Moderate
S03 38e 0.46 Moderate
S03 38f N/A

S03 38fi 0.16 Moderate
S03 38fii 0.76 Moderate
S03 39 N/A

S03 39a -0.17 Easy
S03 39b 0.64 Moderate
S03 40 N/A

S03 40a -0.40 Easy

S03 40b 0.26 Moderate
S03 40c 0.12 Moderate
S03 40d 0.91 Moderate
S03 40e 0.56 Moderate
S03 41 1.05 Moderate
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A walk-through of a graph of student ability and item difficulty

Graph 1 (for a sample Stage 3 WACE examination with 450 candidates) provides an example of how data from a
Rasch analysis of student ability and item difficulty can be represented.

Graph 1
Relationship between student ability and item difficulty
Sample course - Stage 3 (number of candidates = 450)
PERSONS A Mean
raw mark
56.07%
E !
r 1 1
: | |
| |
g I [
n | |
c Minimum | | Maximum
y raw mark | | raw mark
9.4% | | 96.3% .
\| , / Ability
f i ; [ ‘ | | . .
2 | 21 I 0 | | 1 | 2 Location (logits)
ITEMS 1 . ‘ . t >
NZ/ N7/ .

f ANENNINONIN LS o
e | I : | I
q | | | |

¥ I I | |

Very easy Easy Moderate Difficult Very difficult

The frequency distribution of estimates of student abilities is shown in the top half of the graph.
The frequency distribution of estimates of item difficulties is shown in the bottom half of the graph.
These two measures share a common horizontal scale showing locations, expressed as logits.
Logit values do not relate directly to percentage marks; however, the percentage raw exam scores are
represented on the graph, e.g. the maximum raw mark, the minimum raw mark and the mean raw mark of
the examination.
e The relationship between the ability of students and the difficulty of items is such that
o a student with an ability estimate equal to the difficulty of an item has a 50% chance of achieving
the maximum available mark for the item
o a student with an ability estimate greater than the difficulty of an item has more than a 50% chance
of achieving the maximum available mark for the item
o a student with an ability estimate less than the difficulty of an item has less than a 50% chance of
achieving the maximum available mark for the item.
e Items of ‘average’ or ‘moderate’ difficulty are placed around the mean person ability; items of increasing
difficulty are placed to the right and items of decreasing difficulty are placed to the left.
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A good spread of student abilities and item difficulties — and some questions for discussion

Graph 1 presents one example of a good spread of student abilities and question difficulties resulting from a Rasch
analysis of a fictional examination:

e the mean raw mark (56.07) is considered appropriate, within general statistical terms and in terms of the
expectations for WACE examinations
o Discussion question: In terms of raw marks, has this been a difficult or easy examination?
e the minimum examination mark is close to zero and the maximum is close to 100%.
o Discussion questions: What are the implications of having a range of raw marks from 0% to 100%? For
example, is this useful for the purposes of discrimination?
e the range of marks (9.4% to 96.3%) is appropriate.
o Discussion question: In terms of raw marks, has this examination efficiently discriminated among
students, i.e. were some items too easy or too difficult for this cohort?
o the distribution of item difficulties is good in relation to the distribution of student abilities.
o Discussion question: What implications are suggested when there are items with difficulty estimates
greater than the maximum ability estimate and less than the minimum ability estimate?

Why are two graphs provided for some examinations?

When an item is worth just 1 mark, it is known as a dichotomous item. When an item is worth more than 1 mark, it
is known as a polytomous item.

For polytomous items, the item difficulty is the average of the difficulties of achieving each mark allocated to the
item. Misleading conclusions can sometimes be drawn from graphs of these data when there are gaps in the item
difficulty distribution, e.g. there may appear to be not enough difficult items or not enough easy items.

In these instances, it can be useful to check the distribution of the difficulty estimates for achieving each individual
mark (marks category). A Rasch analysis allows for graphing the difficulty in scoring each mark, or the threshold
for moving from one mark to the next.

Where possible, therefore, two graphs are provided in the Standards Guides 2011: Examples are Graphs 2 and 3
below for the 2011 Stage 3 Chemistry examination.

Graph 2 shows the item difficulty and the student abilities frequency distribution.

Chemistry: Stage 3 Standards Guide 139



. Appendices
Government of Western Australia

School Curriculum and Standards Authority

Graph 2 - Distribution between student ability and item difficulty

Relationship between student ability and item threshold
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Notes

As the graph shows, there were not enough ‘difficult’ and ‘very difficult’ items. However, although an item might
not be ‘difficult’ or ‘very difficult’, it is possible that it was difficult to achieve the higher marks for that item. The
difficulty of achieving each mark is called a ‘threshold’. Therefore, for a better understanding of item difficulty, we
need to analyse the distribution of person abilities and thresholds, as shown in Graph 3.

Graph 3 (opposite) shows the difficulty of achieving each category and the student abilities frequency distribution
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Graph 3 - Distribution between student ability and item thresholds difficulty

Relationship between student ability and item threshold
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Notes

From the spread of item thresholds in this graph, we can see that there were no items that had marks that were
‘very difficult’ to achieve. This indicates that to challenge and differentiate better among the best students there

would need to be more items with thresholds that were ‘difficult’ or ‘very difficult’ to achieve.

Some points to bear in mind for understanding examination analysis

Location (logits

When evaluating the range (spread) of examination marks, consider the size of the cohort sitting the
examination. A small cohort may involve a narrow range of student abilities.

When evaluating the mean examination mark, consider the nature of the cohort sitting the examination. The
examination difficulty may be appropriate for the cohort for which the course was designed, but the actual
cohort may be weaker or stronger than expected.

In these notes, the difficulty of the item refers to the average of the difficulties of acquiring each marks
category for the item. For example, it may be very difficult to obtain a high mark for an item rated as being of
‘moderate difficulty’, if that item is worth a large number of marks. Conversely it may be very easy to obtain a
low mark.

Recommendations to remove items of a certain level of difficulty or easiness do not imply that these are poor
items, but simply that there are too many items at the same level of difficulty.

Recommendations to add more difficult items may result in a better discrimination among students.
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