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Year 12 Chemistry
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General
Instructions

Reading time — 5 minutes

Working time — 3 hours

Write using black pen.

Draw diagrams using pencil.

Show all relevant working in questions involving calculations.
NESA approved calculators may be used.
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Total marks: 100 Section 1 — Multiple Choice 20 marks
e Attempt Questions 1-20

Section 2A — Written Response 53 marks
e Attempt Questions 1-10

Section 2B — Written Response 20 marks
+ Attempt Questions 1=4

Section 2C — Written Response 7 marks
o Attempt Question 1
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Section 1
20 marks

e Attempt Questions 1-20. S 1

e Use the multiple<choice answer sheet at the back of section 2A to answer
the multiple-choice questions for Section 1.

Question 1 (1 mark)

Which of the following correctly identifies the number of isomer(s) that butan-1-ol has?

Position isomer Chain isomer
(A) 1 1
(B) 1 2
(C) 2 1
(D) 2 2

Question 2 (1 mark)

The structure of a molecule is given below.

Br
\CH CH
HaG \CZ/ sk
3 |/ \
CH,CH
\\

O
What is the IUPAC name for the structure?
(A) 5-bromo-3-iodo-3-methylhexanal
(B) 3-iodo-3-methyl-5-bromohexanal
(C) 2-bromo-4-iodo-4-methylhexanal

(D) 5-bromo-3-iodo-3-methylhexan-1-one
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Question 3 (1 mark)

Consider the following structural formulae.

| H H v H H H
) =C/ o) (|: cl*, o/
/ \ 7
Br H H H H
! H v
\c H
Ko H
H—C—C /
| \ /c:c\
H H H 4
m H H
\
N N
\
H H

Which of the following options contains compounds that can form addition polymers?
(A) land V.

(8) Nlandlil.

(C) I and IV.

(D) Il andV.

Question 4 (1 mark)
A chemist found two unlabelled bottles and deduced that they were propan-1-ol and butan-1-ol.

Without the use of reference spectra, which of the following instrumental techniques would be LEAST useful
in distinguishing the two compounds?

(A) "H NMR spectroscopy
(B) "C NMR spectroscopy
(C) Infrared spectroscopy

(D) Mass spectrometry
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Question § (1 mark)

The structures of four organic compounds are shown as follows.

H HH H H
Ao e g 1
H—C—C—C—C—C—H N
[ [ H,C
B

|
HH HL H A
A

Cl s
/\)\ HSC_?_CHB
CH,
C )]

What of the following is most likely to be correct?

(A) Compounds A and C are functional group isomers.
(8) Compound D has a lower melting point than A.

(C) Compound D is more reactive than compound B.

(D) Compound C is less soluble in water than compound A.

Question 6 (1 mark)
Consider the following reaction:
Fe203(s) + 3CO(g) = 2Fe(s) + 3COz(s)

Which of the following row best describes the system at static equilibrium and dynamic equilibrium for the
above reaction, respectively?

Static equilibrium Dynamic equilibrium
(A) 1 mole CO and 1 mole CO2 1 mole CO and 1 mole CO2
(B) 1 mole Fe203 and 2 moles Fe 1 mole Fez03 and 2 moles CO:2
©) 3 moles Fe203 and 9 moles CO 2 moles Fe203 and 1 mole Fe
(D) 1 mole Fez03 and 4 moles CO 2 moles Fe and 3 moles COz
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Question 7 (1 mark)

The Ka values of some weak acids are shown below.

Acid Ka
HOBr 2.3x10°°
HOCI 3.5x 10
HF 7.2%x 10
HCOOH 1.8x 10

Which of the following acids would produce the strongest conjugate base?
(A) HOBr

(B) HOCI

(C) HF

(D) HCOOH

Question 8 (1 mark)

Which of the following changes takes place when 500 mL of water is added to 500 mL of 1.00 mol L™ acetic
acid?

(A) pH increases and percentage ionisation increases.
(B) pH increases and percentage ionisation does not change.
(C) pH decreases and percentage ionisation does not change.

(D) pH decreases and percentage ionisation decreases.

Question 9 (1 mark)

A spirit burner used 26.6 g of ethanol to change 1.00 L of water at 23.5°C to 100.0°C. The molar heat of
combustion of ethanol is 1367 kJ mot'.

What percentage of heat produced from the burner was lost to the environment?
(A) 1.1%
(B) 40.5%
(C) 59.5%
(D) 98.9%
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The following reaction is used in some industries to produce hydrogen gas.
CO(g) + H20(g) = CO2(g) + Hz(g)

In trials, the reaction is carried out with a catalyst (shown by
ling) in the sealed container. All other conditions are unchanged.

OH = —41 kJ mot-!

line) and without a catalyst (shown by

Choose the graph representing the change in hydrogen gas concentration with time between an uncatalysed
and a catalysed reaction.

(A)

(C)

Concentration

Concentration

of Hz

of Hz

Time

Time

(B)

(D)
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Question 11 (1 mark)

- ?
Fe**(aq) + SCN-(aq)
(yellow) (colourless)

Fe

NESA STUDENT NUMBER

(SCN)Y*(aq)
(red)

Which one of the following best represents the changes in concentration of the above iron(lll) chloride and
potassium thiocyanate equilibrium mixture, when water was added to the equilibrium mixture at time £?

(A)

Fe(SCN)2*

Fe3*

SCN

. —

ts

Concentration

» Time

(C)

Fe(SCN)?*

—

Concentration
M
(0]
w
+

» Time
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Use the following information to answer Questions 12 and 13.

The diagram below represents the titration curve between a particular acid and a particular base.

14

12 /_-_

10

0 5 10 1 20 25 30 35 40 45 50
Volume of base added {mL)

Question 12 (1 mark)

Which indicator would be best suited for this titration?

Indicator Colour change range (pH)
(A) Bromophenol blue 6.2-7.6
(B) Magdala red 3.0-4.0
(C) Phenolphthalein 8.2-10.0
(D) Chlorophenol red 5.2-6.8

Question 13 (1 mark)

The buffer region for this titration curve may contain:
(A) NaCl and NaOH.

{B) CHsCOOH and CHsCOONa.

{C) NHs and NH.CI.

(D) NHs and CH3COONH..
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Question 14 (1 mark)

The graph below contains two sets of data to show the variation of the percentage of gaseous products
present at equilibrium, with temperature and pressure for a reversible chemical reaction.

r'y

(T +10)°C

at equilibrium

TC

Percentage of products

v

Pressure

Which one of the following chemical reactions could be represented by the data plotted on the graph?

(A) Na(g) + 3H2(g) = 2NHs(g) AH = —92 kJ mol™’
(B) 302(g) + 4NHs(g) = 2Nz(g) + 6H20(g) AH = =1248 kJ mol-'
(C) 2N2(g) + O2(g) = 2N20(g) AH = +82 kJ mot-!
(D) COa(g) + C(s) = 2CO(g) AH = +173 kJ mol’

Question 15 (1 mark)

Colourless nitrous oxide (N20) reacts with oxygen gas to form brown nitrogen dioxide gas, according to the
following equilibrium:

2N20(g) + 302(g) = 4NO2(g) AH = =32 kJ mot-!

0.27 mol of N20O was placed in a 4.00 L vessel with 0.42 mol of oxygen. The system was allowed to reach
equilibrium. At equilibrium 0.15 mol of N2O remained. The temperature of the vessel was monitored over this
time.

Calculate a value for the equilibrium constant at a given temperature.
(A) 10.40
(B) 41.61
(C) 42.67
(D) 53.38
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Question 16 (1 mark)

In a titration of a strong base with strong acid, the following procedure was used:

A burette was rinsed with water and then filled with the standard acid.

A pipette was rinsed with some base solution.

1
2

3. Aconical flask was rinsed with some base solution.

4, A pipette was used to transfer a measured volume of base solution into the conical flask.
5

Indicator was added to the base solution, and it was titrated to the endpoint with the acid.

Which of the following statements is correct?

(A) The calculated base concentration will be lower than the actual base concentration.
(B) The calculated base concentration will be the same as the actual base concentration.
(C) The calculated base concentration will be higher than the actual base concentration.

(D) No definite conclusion can be drawn about the calculated base concentration.

Question 17 (1 mark)

The Ksp of strontium hydroxide is 2.0 X 103,

What is the pH of a saturated solution of strontium hydroxide?
(A) 0.80

(B) 1.35

(C) 12.65

(D) 13.20
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Question 18 (1 mark)

A 3C NMR spectrum is shown.

J | y | J | J | J [ ! [ ! [ ! [ y | Y |
200 180 160 140 120 100 80 60 40 20 0

6 (ppm)

Which compound gives rise to this spectrum?
(A) Hex-1-ene

(B) 2-methylpent-2-ene

(C) 2,3-dimethylbut-1-ene

(D) 2,3-dimethylbut-2-ene
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An analytical chemist was provided with a compound X. He tested this compound and obtained the following

results.

Analysis

Evidence

Infrared spectroscopy

Broad absorption at 3385 cm-

Percentage composition by mass

C =70.53%, H=13.81%, O = 15.66%

Mass spectrometry

Molecular ion peak: m/z = 102

Test with acidified potassium dichromate

Orange colour remains upon heating compound X
with acidified potassium dichromate in a water bath.

Which of the following is a possible structure for the compound X?

(A) Hexan-1-ol

(B) 2-methylpentan-3-ol

(C) 3-methylbutanoic acid
(D} 3-methylpentan-3-ol

Question 20 (1 mark)

A sample of 1,2,3,4-tetrachlorobutane was analysed using a mass spectrometer,

The only isotopes present in the compound are hydrogen-1, carbon-12, chlorine-35 and chlorine-37.

Using the above information, determine the number of molecular ion peaks in the mass spectrum of

1,2,3,4-tetrachlorobutane.
(A) 2
(8) 3
(C) 4
(D) 5

END OF SECTION 1

NBHS YEAR 12 CHEMISTRY TRIAL EXAMINATION — SECTION 1

12



NESA STUDENT NUMBER

S2A

2022
Year 12 Chemistry

Trial Examination

Section 2A (53 marks)

Questions 1-10

Write using a black pen.

Draw diagrams using pencil.

Show all relevant working in questions involving calculations.
NESA approved calculators may be used.
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Section 2A

53 marks
¢ Attempt Questions 1-10.

e If you use the extra space provided at the back of this exam, clearly indicate which question you are
answering.

Marks
Question 1 (6 marks)

Methane and steam can react to form carbon monoxide and hydrogen according to the equation.
CHa(g) + H20(g) = CO(g) + 3H2(g) AH = +131 kJ mot!

4.0 moles of methane and 5.0 moles of steam are placed into a sealed 2.0 litre container which is
heated to 450°C and allowed to react until equilibrium is reached.

Measurements show that there are 1.5 moles of methane in the container at equilibrium.

(a) Determine the number of moles of the other gases at equilibrium. 3

(b) Write the expression for the equilibrium constant for this reaction. 1
(c) Determine the numerical value for the equilibrium constant at 450°C. 2
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Question 2 (3 marks)

Maintenance of any swimming pool requires regular monitoring of the pH level of the water. A 3
suitable indicator may be used to ensure that the pH of the pool water is nearly neutral and lies in a
very narrow range close to pH = 7.

Methyl orange _.&d._. Yf”OW E
Bromothymol blue _ ye[lowi - blue
Phenolphthalein el X pink

f 2 3 4 5 & 7 8 0 10 11 12 13
pH

Ben tested the water in his pool, then used the indicator chart above to make relevant
observations.

With reference to each of the indicators in the chart, explain which indicator(s) would be best suited
to determine the safety of the pool water.
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Question 3 (4 marks)

Calculate the pH of the resulting solution when 25.0 mL of 0.010 M KOH is mixed with 50.0 mL of 4
0.20 M HzS04, assuming that sulfuric acid undergoes complete ionisation.

Question 4 (3 marks)

Explain the use of KH2PO4 to neutralise strong acid and base spills with reference to its chemical 3
properties.

Support your answer with relevant equations.
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Question 5 (6 marks)

The Chemistry class of 2022 NBHS conducted an experiment to demonstrate diffusion of gases.
The students set up the apparatus as shown below.

| ]

hydrochloric acid ammonia

wwhite ring

Hydrochloric acid Ammonia molecules
molecules diffusing diffusing

Two plugs of cotton wool are put into the ends of a horizontal glass tube. One was soaked with
concentrated hydrochloric acid and the other with concentrated ammonia.

After a few minutes, a white ring formed in the tube and the ring was closer to the end of the tube
where the hydrochloric acid plug was.

(a) Write a balanced chemical equation that occurs in the above experiment and assess the 2
suitability of Arrhenius’ theory to classify it as an acid-base reaction.

Question 5 continues on the next page
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Marks

Question 5 continued...

(b) The Chemistry Class of 2022 NBHS conducted an experiment where some metallic iron 4
surfaces were cleaned using a process known as pickling. The surfaces had some brown
rings due to the formation of rust.

Iron(lll) oxide (Fe203) is a base and the main component of rust. It is insoluble in water but
highly soluble in HCI. During pickling the students dipped the steel surfaces in a liquid mixture

called pickling liquor containing HCI.

This led to the dissolution of the iron(lll) oxide in HCI. The reaction can be shown as:
Fe20s(s) + 6HCl(aq) — 2FeCl(ag) + 3H20(/)

They were then able to clean off all the brown rings and make the surfaces lustrous.

State whether iron(lll) oxide Fe203(s), can be classified as a Bronsted-Lowry acid/base or an
Arrhenius acid/base. Justify your response.
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Marks
Question 6 (6 marks)
A sample of 25.0 mL of 0.120 mol L~ of standardized solution of ammonium hydroxide was titrated
against nitric acid, obtained from an unlabelled bottle. The results were recorded in the table below.
Titration Volume of nitric acid (mL)

1 18.2

2 18.1

3 21.4

4 18.1

(a) Calculate the concentration of nitric acid solution.

(b) Using a chemical equation, explain the pH of the resultant salt solution.
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Question 7 (6 marks)

A special red wine manufacturer from the Hunter region claims its alcohol content as 40.0%(v/v).

Bobby decides to test this claim and conducts a volumetric titration using a sample of the red wine
against a standard solution of potassium permanganate, KMnOa, to determine the ethanol content
in the red wine.

He transfers a 50.00 mL sample of the above red wine into a 500.0 ml. volumetric flask and makes
up to the mark with distilled water. He then transfers 20.00 mL. aliquot from the volumetric flask into
a conical flask, adds an appropriate indicator and titrates against a 0.5022 mol L.~ solution of
KMnQOs.

The reaction is recorded as:
4MnOs(aq) + 5C2HsOH(aq) + 12H*(aq) —» 4Mn?*(aq) + 5CHsCOOH(aq) + 11H20(/)

The (MnO4-) ion has an intense purple colour while the Mn2* ion is colourless. The average of the
concordant titres is recorded as 23.22 mL.

(a) The density of ethanol is 0.789 g mL-'. 4

Calculate the concentration of ethanol in %(v/v) in the red wine that Bobby titrated.

Question 7 continues on the next page
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Question 7 continued...

(b) Bobby performed some research and found some interesting information about this titration: 2
¢ Mn2* can act as a catalyst for the reduction of MnO4- ions.

+ Abrown solid, most likely MnO: forms during this titration, which may have been
produced from the incomplete reduction of MnO4- ions.

e These MnO4 ions would therefore oxidise a smaller amount of ethanol.

Using your explanation, assess the manufacturer’s claim.
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Question 8 (6 marks)
Darren conducted a titration between a strong acid HZ and a strong base MOH for investigating
titration curves to study characteristic reaction profiles.
He used 0.10 mol L-! of each solution. He added 50 mL of the acid HZ in a clean conical flask and
inserted a pH probe to measure the pH of the solution in the conical flask during the titration. He
recorded observed values of his experiment in the following table.
# Volume of MOH added (mL) pH of HZ
1 0 1.0
2 25
3 49
4 50 7.0
5 51
6 75 12.3
(a) Show relevant calculations in the space given below and complete the pH values in the 3

above table.

Question 8 continues on the next page
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Marks
Question 8 continued...

(b) Draw an appropriately labelled titration curve using the above completed table and identify 3
any TWO key characteristics of the curve.

13

12

11

10
pH

0 20 40 60 80
Volume of MOH added (mL)
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Question 9 (9 marks)

Enioid Chamber 2 Chamber 3
= loo®°C = o
1= oo T,= 500°C
— 4 Reactants £ AT
— /W__. AAANNAA 'ﬂ
T =looC ' Va8 s ava'a’sar
AL VY
AL L P W P WV, e

The above diagram represents a section of an industrial process for the manufacture of a chemical
present in fertilisers. The optimal condition for the above process is generally represented by:

4R(g) = 2P(g) AH<0atT =500°C
All the required reactants are added to chamber 1 at 100°C and a pressure of 200 atm. The
reaction mixture is then allowed to reach equilibrium.

The resultant gas mixture is moved to chamber 2 after 4 hours and the gas mixture is passed over
multiple layers of catalyst.

After 8 hours, the gas mixture is then moved to Chamber 3 with same number of catalyst layers
and but the temperature is raised to 500°C.

After 12 hours, the gas mixture is finally moved to Chamber 4 where the gas mixture is treated for
purification, liquefaction and removal.

(a) On the axes below, draw a sketch of the rate of reaction-time graph, depicting the rate for
both forward and backward reactions in each chamber.

Key
Forward reaction
Backward reaction @ -------

Rate of reaction

Time (hours)

Question 9 continues on the next page
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Question 9 continued...

(b) Using collision theory and Le Chatelier's Principle, explain the changes in the rate of reaction 5
and concentration of the reaction mixture in chambers 1, 2 and 3 only.
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Question 10 (4 marks)

HsAsOs is a weak triprotic acid that releases its hydrogen ions in three steps as shown below:
Step 1. H3AsOs(aq) + H20(/) = H:0*(aq) + H2AsO4(aq) PKar =2.24

Step 2: H2AsO4(aq) + H20(/) = H30*(aq) + HAsO4%-(aq) pKaz = 6.96

Step 3. HAsO42-(aq) + H20(/) 2 H30*(aq) + AsO4*(aq) PKaz = 11.50

Derive the expression for the equilibrium constant (K,q) for the following reaction and calculate its
value.

HsAsQa(aq) + 3H20(/) = 3H30*(aq) + AsO+*+(aq)

END OF SECTION 2A
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Year 12 Chemistry

Trial Examination

Section 2B (20 marks)
Questions 14

Write using a black pen.

e Draw diagrams using pencil.

Show all relevant working in questions involving calculations.
NESA approved calculators may be used.
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Section 2B

20 marks
e Attempt Questions 1—4.

e If you use the extra space provided at the back of this exam, clearly indicate which question you are
answering.

Marks

Question 1 (3 marks)

James placed 100 g of glucose (CsH120s) into a conical flask, dissolved it in water and added some 3
yeast. He then weighed the conical flask, warmed the mixture to 32°C and left the flask for about 2
days until the reaction has completed.

Afterwards, he re-weighed the flask, and recorded his results as shown below.
* Initial mass of conical flask with mixture = 335.2 g

¢ Final mass of conical flask with mixture =319.4 g

Calculate the mass of glucose consumed in the reaction.
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Question 2 (5 marks)
Charlie wanted to make methyl salicylate, a minty smelling flavour. He followed the procedure 5
below.
Method

1. Dissolve 3.0 g of salicylic acid (2-hydroxybenzoic acid) in 20 mL of methanol in a conical
flask.

2. Add 1 mL of concentrated sulfuric acid to the reaction mixture and place the conical flask in
a hot water bath set up above a Bunsen bumer.

3. Monitor the flask by continuously moving it out of the water bath when it is close to boiling,
then moving it back in the water bath to heat the mixture up again.

4. Remove the conical flask from the water bath after 10 minutes.

5. Add dilute sodium carbonate solution to the reaction mixture and swirl the flask until it stops
reacting.

6. Pour the reaction mixture into a separating funnel and wait until two separate layers form.

7. Discard the bottom layer and keep the top layer as the product, methyl salicylate.

Suggest madifications that could be made to the procedure to improve the production and
extraction of pure methyl salicylate. Justify your suggestions.
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Question 3 (5 marks)

The graph below shows the boiling points for two different homologous series of organic
compounds, straight chained aldehydes and primary alcohols.

160 +

140 ¢

120 +

100 +

80 +

60 +

Boiling point (°C)

40 +

20 +

20 1

Molar mass (g mol-')

Question 3 continued on the next page
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Question 3 continued...
(a) Identify the data of X and W as either aldehydes or alcohols. 1
(b) Explain the trends in the data provided. 4

NBHS YEAR 12 CHEMISTRY TRIAL EXAMINATION - SECTION 2B 5
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The flowchart below shows reactions involving six different organic compounds (A to F). 7
Compound A has the molecular formula, CsH1o.

Compound B |-=

H* / KMnOg4

No reaction

Compound A
CsHio
dilute HBr
H2S0, >
 J
Compound D
¢ NaOH /
heat
Compound C
H* / KMnOy4

\

i

Compound F

Question 4 continued on the next page
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Question 4 continued...

Draw the structural formulae and state the IUPAC names of compounds A to F, justifying your
structures with reference to the information provided in the flow chart.

END OF SECTION 28

NBHS YEAR 12 CHEMISTRY TRIAL EXAMINATION - SECTION 2B 7



L1

NESA STUDENT NUMBER

| NORMANHURS, | |

S2C

=2

2022
Year 12 Chemistry

Trial Examination

Section 2C (7 marks)

Question 1

e Write using a black pen.

e Draw diagrams using pencil.

e Show all relevant working in questions involving calculations.
e NESA approved calculators may be used.
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Section 2C

7 marks
e Attempt Question 1.

e [f you use the extra space provided at the back of this exam, clearly indicate which question you are
answering.

Marks

Question 1 (7 marks)

A chemist discovered a bottle simply labelled ‘CH1402’. To confirm the molecular structure of the 7
contents of the bottle, a sample was submitted for analysis by infrared spectroscopy and 'H and
3C NMR spectroscopy. The resulting spectra are shown.

Infrared spectrum

801
g i
g eof
c .
o
= i
£
w B
c
S a0
P -
20+
-I L '} 1 'l L L L L I L '} L 'l L 1 1 I 1 . L L L L 1 L 1 L 'l ‘ L 1 ' L L

3000 2000 1000

Wavenumber (cm™')

Question 1 continues on the next page
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Question 1 continued...

13C NMR spectrum

A A A A N SR SR
180 160 140 120 100 80 60 40 20 0

é (ppm)
H NMR spectrum

é (ppm)

Question 1 continues on the next page
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Question 1 continued...

Data from the 'TH NMR spectrum

Chemical shift Relative peak area Splitting pattern
5.011 1 septet (7)
2.238 2 triplet (3)
1.645 2 sextet (6)
1.229 6 doublet (2)
0.951 3 triplet (3)

H NMR chemical shift data

Type of proton & (ppm)
Si(CHa)s (TMS) 0
R—CHs 0.7-1.3
R—CH—R 1.2-1.5
R—CHR: 1.5-2.0
H:C—CO— (aldehydes, ketones or esters) 2.0-2.5
—CH—CO— (aldehydes, ketones or esters) 2.1-2.6
H:C—O— (alcohols or esters) 3.2-4.0
—CH—0O— (alcohols or esters) 3.3-51
R2—CHz2—0O— (alcohols or esters) 3.5-5.0
R—OH 1-6
R:C=CHR (alkene) 4.5-7.0
R—CHO (aldehyde) 9.4-10.0
R—COOH 9.0-13.0

Question 1 continues on the next page
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Marks
Question 1 continued...

In the space provided, draw a structural formula for the unknown compound in the space below
that is consistent with all the information provided.

Justify your answer with reference to the information provided.

Note: The IUPAC name of the unknown compound is not required.

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

Question 1 continues on the next page
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Marks

Question 1 continued...

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

END OF SECTION 2C
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2022
Year 12 Chemistry

Trial Examination

General s Reading time — 5 minutes
Instructions e Working time — 3 hours
e  Write using black pen.
o Draw diagrams using pencil.
e Show all relevant working in questions involving calculations.
» NESA approved calculators may be used.

Total marks: 100 Section 1 = Multiple Choice 20 marks
o Attempt Questions 1-20

Section 2A — Written Response 53 marks
o Attempt Questions 1-10

Section 2B — Written Response 20 marks
o Attempt Questions 14

Section 2C = Written Response 7 marks
o Attempt Question 1
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Section 1
20 marks

e Attempt Questions 1-20.

e Use the multiple-choice answer sheet at the back of section 2A to answer
the multiple-choice questions for Section 1.

Question 1 (1 mark)

Which of the following correctly identifies the number of isomer(s) that butan-1-ol has?

Position isomer Chain isomer
(A) 1 1
(B) 1 2
(C) 2 1
(D) 2 2

Notes from the Marker

A position isomer is differing positions of the same functional group in the molecule. Butan-1-ol has only one other
position isomer: butan=2-ol.

A chain isomer is the different arrangement of a molecule’s carbon skeleton. Butan-1-ol has only two other chain
isomers: 2-methylpropan-1-ol and 2-methylpropan-2-ol.

Question 2 (1 mark)

The structure of a molecule is given below.

Br
CH-CH
HoC \02/ e
3 I/ \
CH,CH
\\
(0]

What is the IUPAC name for the structure?
(A) 5-bromo-3-iodo-3-methylhexanal

(8) 3-iodo-3-methyl-5-bromohexanal

(C) 2-bromo-4-iodo-4-methylhexanal

(D) 5-bromo-3-iodo-3-methylhexan-1-one
Notes from the Marker

Start with finding the longest carbon chain that includes the highest priority functional group (aldehyde). Number the
carbons, where the aldehyde group has the lowest locant.

Finally, identify any branches and halogens. These should be named in alphabetical order.
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Question 3 (1 mark)

Consider the following structural formulae.

l H H v H H H
N/ I
C=—C 0O—C—C—0
/N /1]
Br H H H H

n H v

\
H C—H
|y H
H—C—C 7
| \ / -C\
H H H H

m H H
\

N N
/
H H

Which of the following options contains compounds that can form addition polymers?
(A) landIV.

(8) Wandlil.

(C) MandIV.

(D) Mand V.

Notes from the Marker
Il and V forms an addition polymer, where both monomers have double bonds, allowing them to join together.

The other options do not work, as both monomers either do not both have double bonds or cannot eliminate a small
molecule such as water (condensation polymer).
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Question 4 (1 mark)
A chemist found two unlabelled bottles and deduced that they were propan-1-ol and butan-1-ol.

Without the use of reference spectra, which of the following instrumental techniques would be LEA ST useful
in distinguishing the two compounds?

(A) 'H NMR spectroscopy
(B) 13C NMR spectroscopy
(C) Infrared spectroscopy

(D) Mass spectrometry

Notes from the Marker

The least useful technique would be infrared spectroscopy as both propan-1-ol and butan-1-ol would a
broad absorption between 3230-3550 cm~! due to the O—H bond. The other techniques could be used to
distinguish based on the number of peaks, splitting patterns or the masses of fragments produced.

Question 5 (1 mark)

The structures of four organic compounds are shown as follows.

H H

T CH
H—CIJ—C—

H
o _
o Z
C—C—H
7 T ] HZCN
B

H
|

H H H H H
A

cl ?H3
CHs
C 2]

What of the following is most likely to be correct?

(A) Compounds A and C are functional group isomers.
(B) Compound D has a lower melting point than A.

(C) Compound D is more reactive than compound B.

(D) Compound C is less soluble in water than compound A.
Notes from the Marker

Compound D has a lower melting point than A because it is more compact and can pack together as a solid
efficiently. Compound A is also an odd numbered carbon chain and does not pack together as efficiently.
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Question 7 (1 mark)

The Ka values of some weak acids are shown below.

Acid K.
HOBr 2.3 X 10"
HOCI 3.5 X 10-8
HF 7.2Xx10%
HCOOH 1.8 X 104

Which of the following acids would produce the strongest conjugate base?
(A) HOBr

(B) HOCI

(C) HF

(D) HCOOH

Notes from the Marker

HOBr The acid with the most reactive (strong) conjugate base will be the weakest acid, or the acid with the lowest
Ka value.

Question 8 (1 mark)

Which of the following changes takes place when 500 mL of water is added to 500 mL of 1.00 mol L-! acetic
acid?

(A) pH increases and percentage ionisation increases.
(B) pH increases and percentage ionisation does not change.
(C) pH decreases and percentage ionisation does not change.

(D) pHdecreases and percentage ionisation decreases.

Notes from the Marker
pH increases, percentage ionisation increases

When water is added to a weak acid like ethanoic acid, the number of ethanoic acid molecules that dissociate
increases, however, pH increases

CH;COOH + H,O — CH3C00 + H30"

However, the acetate ion undergoes hydrolysis with water which now instead acts as an acid, reforming acetic acid
as well has hydroxide ions:

CH3COO~ +H>0 = CH3COOH + OH™

OH- will be neutralised by the extra hydronium ions dissociated due to dilution, so as concentration of hydronium
reduces, pH increases.
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Question 9 (1 mark)

A spirit burner used 26.6 g of ethanol to change 1.00 L of water at 23,5°C to 100.0°C. The molar heat of
combustion of ethanol is 1367 kJ mol-'.

What percentage of heat produced from the burner was lost to the environment?
(A) 1.1%

(B) 40.5%

(C) 59.5%

(D) 98.9%

Notes from the Marker
q =mCAT
= (1000 mL) x (4.18 J g~' K-") x (100.0 — 23.5 K)
=319770J
= 319.770 kJ (heat absorbed by the water)
n(C2HsOH) =m/MM
=26.6/(2(12.01) + 6(1.006) + 16.00)
=0.5774073109 mol
1 mole of ethanol produces 1367 kJ of energy.
In 0.5774073109 moles of ethanol = 1367 x 0.5774073109
= 789.316 kJ of energy is released

319.770
Percentage of heat absorbed by the water = 789.316

=40.5 %
Percentage of heat lost to the environment = 100% — 40.5%
= 59.5%

x 100
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Question 10 (1 mark)

NESASTUDENT NUMBER

The following reaction is used in some industries to produce hydrogen gas.

CO(g) + H0(g) = CO2(g) + Hz(g)

In trials, the reaction is carried out with a catalyst (shown by

AH =-41 kJ mol™!

------- line) and without a catalyst (shown by

line) in the sealed container. All other conditions are unchanged.

Choose the graph representing the change in hydrogen gas concentration with time between an uncatalysed

and a catalysed reaction,
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Question 11 (1 mark)

Fe*(aq) + SCN+agq)

(yellow)

(colourless)

NESASTUDENT NUMBER

Fe(SCN)#*(aq)
(red)

Which one of the following best represents the changes in concentration of the above iron(lll) chloride and
potassium thiocyanate equilibrium mixture, when water was added to the equilibrium mixture attime t2?

(A)

Fe(SCN)z*

Ll

—{

Concentration

» Time
(C)

Fe(SCN)2*

Fe3*

SCN-

| .
R

Concentration

» Time

ty

Notes from the Marker

(B)

D)

Concentration

Concentration

h

Fe(SCN)?*

Fed* e

SCN‘H
I/,—

& Time

b

o
Fe(SCN)?*

Fe3*

SC N‘Iﬁ

| —

» Time

t

Reduction in concentration due to dilution, followed by shift to the left to increase number of ag moles in solution.
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Use the following information to answer Questions 12 and 13.

The diagram below represents the titration curve between a particular acid and a particular base.

14

12 i
f/‘

10

pH6 J

0 5 10 15 20 25 30 35 40 45 50
Volume of base added (mL)

Question 12 (1 mark)

Which indicator would be best suited for this titration?

Indicator Colour change range (pH)
(A) Bromophenol blue 6.2-7.6
(B) Magdala red 3.0-4.0
(C) Phenolphthalein 8.2-10.0
(D) Chlorophenol red 5.2-6.8

Notes from the Marker
Look for BEST suited.
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Question 13 (1 mark)

The buffer region for this titration curve may contain:
(A) NaCl and NaOH,

(B) CHsCOOH and CH3;COONa.

(C) NHs and NH4CI.

(D) NH3 and CH3COONH..

Question 14 (1 mark)

NESASTUDENT NUMBER

The graph below contains two sets of data to show the variation of the percentage of gaseous products
present at equilibrium, with temperature and pressure for a reversible chemical reaction.

Y

=

at equilibrium

%

Percentage of products

(T +10)°C

T°C

v

Pressure

Which one of the following chemical reactions could be represented by the data plotted on the graph?

(A) Na(g) + 3Hx(g) = 2NHs(g)
(B) 302(9) + 4NH3(9)_; 2Nz(g) + 6H20(9)
(©) 2Nio) 4, 049) = 2M:0(0)
(D) CO(g) + C(s) = 2CO(g)
\ ~ oL

Notes from the Marker

AH =-92 kJ mol-"
AH = =1248 kJ mol-*
AH = +82 kJ mol~
AH = +173 kJ mot-!

The graph shows that (T+10)°C has greater % of products than T°C, so forward reaction favoured (supports

endothermic reactions), so option A and B is out. For higher pressure at (T+10)°C, increase in concentration occurs

so according to LCP, reaction will shift to side with less gas moles (to reduce concentration).

Option C product side is favoured but graph shows reduction in % of products. D is the correct option because
reactants are favoured hence % of products reduce which aligns with the explanation.

NBHS YEAR 12 CHEMISTRY TRIAL EXAMINATION — SECTION 1
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Question 15 (1 mark)

Colourless nitrous oxide (N20) reacts with oxygen gas to form brown nitrogen dioxide gas, according to the
following equilibrium:

2N20(g) + 302(g) = 4NOx(g) AH = =32 kJ moH'

0.27 mol of N2O was placed in a 4.00 L vessel with 0.42 mol of oxygen. The system was allowed to reach
equilibrium. At equilibrium 0.15 mol of N2O remained. The temperature of the vessel was monitored over this
time.

Calculate a value for the equilibrium constant at a given temperature.
(A) 10.40
(B) 41.61
(C) 42.67
(D) 53.38

Notes from the Marker:
L N0 + 30, = 4NO,

/ 0-a7 042 o
— Il —_ 3 " []
C 0112 X0 12 +%x012,
- =04% ~0/8 +0-dY4
E Orl5 02,17' Q- 2/{
4 9 4
}{‘&2 = [Nﬂ:] [d"?é/moi] O 04
2 = 4L _ 0:0375 X 006065
[Ny0] [0,]3 = X 0:04

[MJZ 024 13
7 )

i

1)
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Question 16 (1 mark)

In a titration of a strong base with strong acid, the following procedure was used:

A burette was rinsed with water and then filled with the standard acid.

A pipette was rinsed with some base solution.

1
2

3. A conical flask was rinsed with some base solution.

4. A pipette was used to transfer a measured volume of base solution into the conical flask.
5

Indicator was added to the base solution, and it was titrated to the endpoint with the acid.

Which of the following statements is correct?

(A) The calculated base concentration will be lower than the actual base concentration.
(B) The calculated base concentration will be the same as the actual base concentration.
(C) The calculated base concentration will be higher than the actual base concentration.

(D) No definite conclusion can be drawn about the calculated base concentration.

Question 17 (1 mark)
The Ks; of strontium hydroxide is 2.0 X 10-3.

What is the pH of a saturated solution of strontium hydroxide?

(A) 0.80

(B) 1.35 S‘Y(GH)EJS){: frfta%} + J&#;q_% kg‘p: .;?-ax,'o'3m¢f/_-;
(C) 12.65 x 2x

(D) 13.20 Ksp = =« (am)”

-3
VAN ] = x.,rz,a

-3
WT X = 0.079 ~0.08

[QH'] = Qx = Ax o008 =016
€ pot- ﬂ@w(a:m): 0795

‘310 IPH: 14 = g 795 :'
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Question 18 (1 mark)

A 3C NMR spectrum is shown.

1 l I l T l I l I I r I I I I I 1 l 1 l
200 180 160 140 120 100 80 60 40 20 0

8 (ppm)

Which compound gives rise to this spectrum?
(A) Hex-1-ene

(B) 2-methylpent-2-ene

(C) 2,3-dimethylbut-1-ene

(D) 2,3-dimethylbut-2-ene

NBHS YEAR 12 CHEMISTRY TRIAL EXAMINATION — SECTION 1 13
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Notes from the Marker

Based on the '3C spectrum, there are five carbon environments. The other options produce:
(A) 6 carbon environments

(B) 6 carbon environments

(C) 5 carbon environments

(D) 2 carbon environments

For 2,3-dimethylbut-1-ene, the carbon environments are shown below:

NBHS YEAR 12 CHEMISTRY TRIAL EXAMINATION — SECTION 1 14



Question 19 (1 mark)

NESA STUDENT NUMBER

An analytical chemist was provided with a compound X. He tested this compound and obtained the following

results.

Analysis

Evidence

Infrared spectroscopy

Broad absorption at 3385 cm-?

Percentage composition by mass

C =70.53%, H = 13.81%, O = 15.66%

Mass spectrometry

Molecular ion peak: m/z = 102

Test with acidified potassium dichromate

Orange colour remains upon heating compound X
with acidified potassium dichromate in a water bath.

Which of the following is a possible structure for the compound X?

(A) Hexan-1-ol

(B) 2-methylpentan-3-ol

(C) 3-methylbutanoic acid
(D} 3-methylpentan-3-ol

Notes from the Marker

Based on the information, the following can be deduced:

o The infrared spectra shows a broad absorption at 3385 cm~! which suggests the presence of an O-H
bond in an alcohol due to absorption location being between 3230-3550 cm~'.

o The test with acidified potassium dichromate suggests that the substance is either a tertiary alcohol
or is an alkanoic acid. This is not consistent with hexan-1-ol and 2-methylpentan-3-ol as they are
primary and secondary alcohols respectively.

o All the above compounds can produce a molecular ion peak at m/z = 102.

o Based on the percentage composition:

Cc H (0]
Mass (g) 70.53 13.81 15.66
Moles (mol) 70.53/12.01 13.81/1.008 15.66/16.00
= 5.87261... =13.70039... = 0.97875
Mole ratio 6 14 1

Therefore, the empirical formula is CeH14O and this is not consistent with 3-methylbutanoic acid as its
empirical formula is CsH1002. Hence, the answer must be 3-methylpentan-3-ol.
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Question 20 (1 mark)
A sample of 1,2,3,4-tetrachlorobutane was analysed using a mass spectrometer.
The only isotopes present in the compound are hydrogen-1, carbon-12, chlorine-35 and chlorine-37,

Using the above information, determine the number of molecular ion peaks in the mass spectrum of
1.2,3,4-tetrachlorobutane.

(A) 2
(B) 3
(C) 4
©) 5

Notes from the Marker

The differing number of molecular ion peaks will depend on the combination of chlorine isotopes in the
molecule. Since there are four chlorine atoms in the molecule, the possible m/z ratios are:

miz of 1,2,3,4-tetrachlorobutane (4 x CI-35) = 194
m/z of 1,2,3,4-tetrachlorobutane (3 x CI-35 + 1 x CI-37) = 196
m/z of 1,2,3,4-tetrachlorobutane (2 x CI-35 + 2 x CI-37) = 198
m/z of 1,2,3,4-tetrachlorobutane (1 x CI-35 + 3 x CI-37) = 200
m/z of 1,2,3,4-tetrachlorobutane (4 x CI-37) = 202

® o o o

END OF SECTION 1
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Question 1 (6 marks)
Methane and steam can react to form carbon monoxide and hydrogen according to the equation.
CHa(g) + H20(g) = CO(g) + 3H:(g) AH =+131 k) mol™

4.0 moles of methane and 5.0 moles of steam are placed into a sealed 2.0 litre container which is
heated to 450C and allowed to react until equilibrium is reached.

Measurements show that there are 1.5 moles of methane in the container at equilibrium.

(a) Determine the number of moles of the other gases at equilibrium.
Marking criteria Marks
Identifies the number of moles using ICE table or other clearly stated method: 3

moles H20(g) = 2.5 mol
moles CO = 2.5 mol
moles Hz =. 7.5 mol

Identifies the number of moles of other gases without water 2
moles CO = 2.5 mol
moles Hz =. 7.5 mol

Determines the number of moles of ONE of the three gases (as above) 1
Inilal 4-0 e, o O
Chancje O35 o35 @25 |@® 3x25=T5
Equilibrivm & 25 a-5 7-5
e ] = 2 . 5 r} = 7‘5.
(@) I Haoc%) 5 - coty) "29)



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

Marking criteria

Marks

Provides a correct equilibrium constant expression.

[”213)] ’ [0 ¢q)]
L iy () 1 H20¢5)]

Kfacv=

(c) Determine the numerical value for the equilibrium constant at 450C.
Marking criteria Marks
Show relevant calculations for the concentration of each of the four gases 2
AND
Substitute values into equilibrium constant expression
AND
Determines the value of K = 70.13 OR 70 with appropriate working
OR
Determines a value of K that is correct for an incorrect answer in b
Determines the value of K = 281.25 with values substituted as moles rather than 1
concentrations
OR
Incorrect calculation
[y ]z 075 ml  [Hzol= 255 - j.2smol
— 2= =
[ co]= 2.5 moles . 135 m [wa]= TOmoled . gasm
o I 2L

Keq, = L%-TS)ax(_ﬁ;,ﬁé) = To-3)
~ 70 (23 814 ?ﬂ{})

( 018 ) (1.45)




Question 2 (3 marks)

Maintenance of any swimming pool requires regular monitoring of the pH level of the water. A 3
suitable indicator may be used to ensure that the pH of the pool water is nearly neutral and lies
in a very narrow range close to pH = 7.

Methy! orange i ' yegllowi :
Bromothymol blue _ yelilow: L] b“’fe ;
Phenolphthalein ! | colourless — : f . pink ;

1234567891'0111213
pH

Ben tested the water in his pool, then used the indicator chart above to make relevant
observations.

With reference to each of the indicators in the chart, explain which indicator(s) would be best
suited to determine the safety of the pool water.

Criteria Marks
Identify the appropriate indicator chosen- bromothymol blue 3
AND

Justify the choice-bromothymol blue changes to an intermediate colour in the range is
pH = 6.0-7.7 so pH = 7 neutral water lies within this range.

AND

Justify why the other two indicators were not chosen using the pH range for colour
change and the limitation for each.

Identify the appropriate indicator chosen- bromothymol blue 2
AND

Justify the choice-bromothymol blue colour change range is pH = 6.0-7.7 so pH = 7 lies

within this range.

OR

Justify why the other two indicators were not chosen using the pH range, colour change

and the limitation for each,

Identify the appropriate indicator chosen- bromothymol blue 1
OR

Justify the choice-bromothymol blue colour change range is pH = 6.0-7.7 so pH = 7 lies

within this range.

OR

Justify why the other two indicators were not chosen using the pH range, colour change

and the limitation for each.

Ben used BB

Neutral water pH = 7 lies closest to the colour change range of bromothymol blue of
pH=6.0-7.7

He would not have used Phenolphthalein as it stays colourless in the pH = 7 range
and as well as for highly acidic solution where pH < 7.0.

Methyl orange stays yellow as well for pH = 7 range as well as highly basic values
for pH >7.7.
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Question 3 (4 marks)

Calculate the pH of the resulting solution when 25.0 mL of 0.010 M KOH is mixed with
50.0 mL of 0.20 M H2S04, assuming that sulfuric acid undergoes complete ionisation.

Criteria

Marks

Shows all relevant working, in a clear and logical manner (as shown in sample answer)
AND
Correct pH value of the resultant solution written to appropriate sig fig/dec places

Shows all relevant working, in a clear and logical manner (as shown in sample answer)

AND

Correct pH value of the resultant solution written to appropriate sig fig/dec places

AND

One error of some type

(Incorrect pH value/ unreasonable sig fig/1 relevant step missing leading to break in the logical
flow of working out)

Shows most relevant working,

AND

Correct pH value of the resultant solution written to appropriate sig fig/dec places

AND

More than One error of some type

(Incorrect pH value / unreasonable sig fig/1 relevant step missing leading to break in the logical
flow of working out)

Shows some relevant steps only

AND

Multiple errors as stated below

(Incorrect pH value/ unreasonable sig fig/1 relevant step missing leading to break in the logical

_flow of working out)

Hq S0y caq,) t 2KOH {,194[,”_)_% K250, (ag.) + QH_QDUJ

l ﬂH230 = 0:20 mol x O 05K = O:0lmoles
L{ .=
- b
Nkod = O010 ml x 0:025L = A5xi1o™
e = 0 00025
Pxoa—= Excess ALaﬂenf Ha 80,

dmoles of KoOH  feack wilk | mole Ha2804

% 610 Q060035 moles " " A A s 0:0002S
ol

= 1'a5% lOﬂq meles 1‘4_2&.‘9,,

|
|
| Exwss 804 kM in 8ol = 0:0l— 135x107"
| = 9.815 x 10”2




| mole H&&g,q = 2 moles HzO" ov H*
So 9815x16° meles H.Qéoq = ( 3= 0O O'C?SH

Total volume = 00 075 L

[H'T = 0-0198 moks - p.2633.-...
0 0TS L
He -log, (0:28.-) = 0:53 (adp)
. C'?‘-“Jf‘ﬁ

Student sample

Quastion 3 (4 marks)

Calculate the pH of the resulting solution when 25.0 mL of 0.010 M KOH is mixed with §0.0 ml of
0.20 M H:S04 assuming that sulfuric acid undergoes complete ionisation.
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Question 4 (3 marks)

Explain the use of KH2PO4 to neutralise strong acid base spills with reference to its chemical
properties.
Support your answer with relevant equations.

Criteria Marks
Identify H,PO." as amphiprotic substance 3
AND

Using relevant equation show H,PO, as BL acid in strong base spill and explain its role
AND

Using relevant equation show H,PO4 as BL base in strong acid spill and explain its role

Identify H,PO," as amphiprotic substance 2
AND

Using relevant equation show H,PO4 as BL acid in strong base spill and explain its role
AND/ OR

Using relevant equation show H.PO4 as BL base in strong acid spill and explain its role
OR

Some errors in equations or sound explanation with no link to role as BL acid or BL
base

Incorrect equations and multiple errors OR general explanation 1

fam/nfe answer - KHy €0, Golulion dissociatts oo bolows
Kig 00y cag) —> K" ag) + Hy fo, cag)

Ha P08 an amphiombic o 1t can oet oo @ prolon dovor
(Blodd) whin feadtd wilh o bosic gubglne . # tn ack ao
a {Ui—eﬁo;\ aeceptor (BL boee) whin $eaded walh an awdic
qubslance. .

Dunﬁ,\f a 8?—»»; aud Spllh, e Hy o, leads with fe Hz0"
foloceed  foon- /3(;,{5_’12\0\? ack 8 fraskion dccurns  an fellguws:

Hgfa)f_f;%) + Hao+ =5 Hg,,aaqw) % HRO(!J

[rion a_cce,fJHY

95 Ho & 1 Mol oexd 18 reschalised  complidel, wlen
exuss K Hq Ay is added. F%

During & Shorg base épil (Waout) , HaPd~ Ieacks wutk
Ro 0K Aule aasd 5:‘7 Ko baar o 710«5(0,1,&
B0y myy F OWesgy —> KO ap t 2%

Bzi- aceol
Pw ton. olonon

Marker’ comment: Most students could not score full marks although they knew the concept due to
lack of skill in writing scientific explanations. They did not link the equations to specific BL acid’s
characteristics as a proton donor. Instead, gave general recall-based explanation.



Question 5 (6 marks)

The Chemistry class of 2022 NBHS conducted an experiment to demonstrate diffusion of gases. The
students set up the apparatus as shown below.

Two plugs of cotton wool are put into the ends of a horizontal glass tube. One was soaked with
concentrated hydrochloric acid and the other with concentrated ammonia.

After a few minutes, a white ring formed in the tube and the ring was closer to the end of the tube
where the hydrochloric acid plug was.

(a) Write a balanced chemical equation that occurs in the above experiment and assess the 2
suitability of Arrhenius’ theory to classify it as an acid-base reaction.

e_Criteria Marks

Correct reaction with states 2
'AND

Identifies ARH not suitable

'AND

provides one justification linking to ARH definition of acid and base

AND

linking to the stimulus provided.

Correct reaction with states | 1
'OR

' Identifies ARH not suitable

AND

 provides one justification linking to ARH definition of acid and base

HCI(g) + NHs(g) = NH4CI(s) 1 mark for correct reaction with states

According to Arrhenius theory, acids release H* ions in solution and bases release OH" in
solution,

Arrhenius not suitable because acid-base reaction occurring in non-aqueous environment.

where the hydrochloric acid plug was.
(a) Write a balanced chemical equation that occurs in the above experiment and assess the
suitability of Arrhenius’ theory to classily it as an acid-base reaction. /

g
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Question 5 (4 marks)
(b) The Chemistry Class of 2022 NBHS conducted an experiment where some metallic iron surfaces were
cleaned using a process known as pickling. The surfaces had some brown rings due to the formation of rust.

Iron(lll) oxide (Fe203) is a base and - the main component of rust. It is insoluble in
water but highly soluble in HCI. During pickling the students dipped the steel surfaces in a liquid mixture
called pickling liquor containing HCI.

This led to the dissolution of the iron (lll) oxide in HCI. The reaction can be shown as:
Fe20s(s) + BHCl(aq) — 2FeCls(aq) + 3H20(/)
They were then able to clean off all the brown rings and make the surfaces lustrous.
State whether iron (Ill) oxide Fe203(s), can be classified as a Bronsted-Lowry acid/base or an Arrhenius

_ acid/base. Justify your response. __

Criteria | Marks |

 Provides a comprehensive explanation given while maintaining a chronological order as to why the ' |

' Bronsted/Lowry definition of acids and bases is more applicable than the Arrhenius theory for Fe203 4

by:

| Linking Arrhenius theory to the given reaction

AND

| Linking Bronsted/Lowry theory to the given reaction

AND

' Concluding iron (1ll) oxide Fe203(s) as a BL base

'No chemicallionic reaction needs to be written

. Shows a sound understanding (Key terminology and understanding of each theory shown at

' superficial level only) as to why the Bronsted/Lowry definition is more applicable than the Arrhenius 3
' theory

| Outlining Arrhenius theory to given stimulus

'AND

Linking Bronsted/Lowry theory to the given reaction

' AND/or

' Concluding iron (1) oxide Fe203(s) as a BL base

' No chemical/ionic reaction needs to be written

i”Shows understanding of the difference between the Bronsted/Lowry and Arrhenius theories and
 shows a basic understanding of how they relate to Fe203 _ 2

" Provides some relevant information about the Bronsted/Lowry definition of acids and bases and the
Arrhenius theory 1

Sample answer:

The Arrhenius theory states that acids are chemicals that donates a H* ion into solution, and bases
donate OH~ions into solution.

Iron (lll) oxide (Fe203) is composed of Fe3* and O% ions, neither of which would dissociate into
solution because jron (lll) oxide is insoluble in water.

Therefore, the Arrhenius theory, which narrows the definition of “base” to compounds that donate OH™
ions into solution, would not cover the basic properties of iron (Ill) oxide.

The Bronsted/Lowry theory states that acids are proton donors and bases are proton acceptors.
The Bronsted/Lowry theory satisfactorily explains the basic nature of Fe20s3, in that the O%"ions are
shown to accept protons from HCI in the dissolution of Fe20s3 in a solution of HCI.

The 02 ion accepts 2 protons (H*) from HCI to form H20.

Fe20s (s) + 6H* (aq) — 2 Fe®** (aq) + 3 H20 (1)

A Brensted-Lowry base is any species that is capable of accepting a proton, which requires a lone pair of
electrons to bond to the H*,
https://www.khanacademy.ora/science/chemistry/acids-and-bases-Lowry%20base.

Conclusion: Hence, the Bronsted/Lowry theory is more suitable in explaining the basic
properties of iron (III) oxide.


https://www.khanacademy.org/science/chemistry/acids-and-bases-Lowry%20base
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Question 6 (6 marks)

A sample of 25.0 mL of 0.120 mol L™ of standardized solution of ammonium hydroxide was
titrated against nitric acid, obtained from an unlabelled bottle. The results were recorded in
the table below.

(a) Calculate the concentration of nitric acid solution. 3

Criteria ~ Marks
'Balanced reaction | 3
'AND

Correct titre = 18.13 mL calculated

AND

Correct calculation and all relevant steps to calculate concentration of
‘nitric acid = 0.33M
;_Sig fig not considered here

All steps correctly shown but one error from the following: 2
‘Balanced reaction

AND

Correct titre = 18.13 mL calculated

AND

Correct calculation and all relevant steps to calculate concentration of

nitric acid =

' Sig fig not considered here

|Incorrect equations and multiple errors _ 1
Sample answer

Titration Volume of nitric acid (mL)
1 18.2
2 18.1
3 214
4 18.1

NHAOH cag)) *+ HKNOgcagy =7 NHyNOg3 cagy * Ha0 (1)
(o

- 48 | x 0012 mok = 0003 moles
n’””uDH 1000 E L
nNH,,‘.gH ' ?LHNGS = 1] = 01003 moles

average felre = 180+ €2+ 8 o Spu - 1gsd mé.@
3 3 B
= 0:018)3L
C . n s 00003 moles | |
HNDy V 0r0i813 L



(b) Using a chemical equation, explain the pH of the resultant salt solution.

Criteria Marks

Identify the pH of the salt solution 3
AND

Detailed scientific explanation for hydrolysis
AND

1 or more correct equations linked to the explanations

Correct scientific explanation for hydrolysis with reference to pH of salt 2
solution
AND

Equation/s not linked to explanation

Outlined explanation for hydrolysis 1
AND/OR
Correct equation with some errors

NHyNOy  discocialts i Soluhon during Jihadion an
NHy Nog (ag) —> m.«q*(’%\ + NOg 1ag)
Nitrale ions are mwfred bub NH? isn umolergets

h{jdwfgé’i‘@ Fu.\(f'fv,r i wae a0 f&%owﬁ:
i, (W 0 — N 5
4 (a4,) 2%y ~— 3 (2g)
LBL&M
proton, dm) ph L7

Tha_ H:,BO‘r makts The Selulion, acdi, s };.H Z7.

(b) Using a chemical equation, explain the pH of the resultant salt solution, @
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Using a chemical equation, explain the pH of the resultant salt solution. G
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Marker’s comment: Most students did part a well. A lot of misconceptions about pH of salt solutions
and the effect of hydrolysis of salts. Revise BL theory well.




Question 7 (6 marks)

A special red wine manufacturer from the Hunter region claims its alcohol content as 40.0%(v/v).
Bobby decides to test this claim and conducts a volumetric titration using a sample of the red wine
against a standard solution of potassium permanganate, KMnOs, to determine the ethanol content
in the red wine.

He transfers a 50.00 mL sample of the above red wine into a 500.0 mL volumetric flask and makes
up to the mark with distilled water. He then transfers 20.00 mL aliquot from the volumetric flask into
a conical flask, adds an appropriate indicator and titrates against a 0.5022 mol L-" solution of
KMnOa.

The reaction is recorded as:

4MnOs(aq) + 5C2HsOH(aq) + 12H*(ag) — 4Mn2*(aq) + 5CHsCOOH(aq) + 11H20(/)

The (MnO4") ion has an intense purple colour while the Mn2* ion is colourless. The average of the
concordant titres is recorded as 23.22 mL.

(@) The density of ethanol is 0.789 g mL-".

Calculate the concentration of ethanol in %(v/v) in the red wine that Bobby titrated.

Criteria

Correctly calculates the moles of Ethanol = 0.014576355

AND

|Relevant steps to calculate the original concentration of Ethanol = 7.2881775M

' AND

' Relevant steps to calculate Ethanol content in % (v/v) = 42.55%9(v/v) or 42.6% (v/v)
|AND

| Appropriate significant figures

| Any one error resulting in final wrong value in the following:
Correctly calculates the moles of Ethanol = 0.014576355
And/or
Relevant steps to calculate the original concentration of Ethanol = 7.2881775M
' And/or
Relevant steps to calculate Ethanol content in % (v/v) = 42.55%9(v/v) or 42.6% (v/v)
| AND /or
| Appropriate significant figures

‘Two or more errors or relevant steps missing but correct answer in the following:
Correctly calculates the moles of Ethanol = 0.014576355

‘And/or

Relevant steps to calculate the original concentration of Ethanol = 7.2881775M
| And/or

Relevant steps to calculate Ethanol content in % (v/v) = 42.55%9(v/v) or 42.6% (v/v)
|AND /or
| Appropriate significant figures

| Any one step correct only
OR
Multiple errors with incorrect answer

4
Marks _
4
3
2
1






| 1] | |

NESA STUDENT NUMBER

Marks

Question 7 (6 marks)

A special red wine manufacturer from the Hunter region claims its alcohol content as 40.0%(v/v),

Bobby decides to test this claim and conducts a volumetric titration using a sample of the red wine
against a standard solution of potassium permanganate, KMnOy, to determine the ethanol content
in the red wine.

He transfers a 50.00 mL sample of the above red wine into a 500.0 mL volumetric flask and makes
up to the mark with distilled water. He then transfers 20.00 mL aliquot from the volumetric flask into
a conical flask, adds an appropriate indicator and titrates against a 0.5022 mol L~ solution of
KMnQs,

The reaction is recorded as:
4MnOa4~(aq) + 5C2HsOH(aq) + 12H*(aq) — 4Mn?*(aq) + 5CHsCOOH(aq) + 11H20(/)

The (MnOx+") ion has an intense purple colour while the Mn2* ion is colourless. The average of the
concordant titres is recorded as 23.22 mL. v (kM) =0 023220

(@) The density of ethanol is 0.789 g mL-". 4

Calculate the concentration of ethanol in %(viv) in the red wine that Bobby titrated.
nEMsoy ) = (xv= 0.5021 x 2-02332 T o .0llbbiogH ol
o [Pn0,) »\/ﬂf“'—o")*— O-04(166 10§ 4 nsl (131 ole pups |
o flahof)z AP0y )x T T 201681084 x S = o 014574355 0 |

L L & /4 *S onole

1 Gk dorver el

.05, z 0.70L881775 mol L™

SR e L R L R S P i R e L B e W

.[C'J.HSOE mﬁl‘fu]‘c‘:[z;yfoﬁ x (O

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

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

| 000 ~L
——

s
- v
/) QIS 33{7{{76] ...................................................................... ..:[rl 5-5 n.‘)

"W\gﬁﬁilg.g&o%ﬁé ml (%4/)

Question 7 continues on the next page
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(b) Bobby performed some research and found some interesting information about this
titration:

e Mn?* can act as a catalyst for the reduction of MnO4- ions.

e A brown solid, most likely MnO2 forms during this titration, which may have been
produced from the incomplete reduction of MnO4- ions.

e These MnO4- ions would therefore oxidise a smaller amount of ethanol.

Using your explanation, assess the manufacturer’s claim.

iCriteria Satic
f_._Correct assessment supported with correct justification ‘ ‘
|Correct assessment OR correct justification

A brown solid MnO>was formed during titration from the incomplete reduction of MnO4~
ions. A smaller amount of ethanol would have been oxidised by these MnO4~ ions.

This means a greater amount of MnO4- ions would have been required to react with all the
ethanol, which would lead to higher titre volume obtained. So the calculated value is higher
than the actual ethanol content.

Conclusion
The ethanol content in the vodka was determined to be 42.5% (v/v), higher than the
manufacturer’s quoted value of 40.0% (v/v).

Answers may vary but justification needs to support the claim.

Using your explanation, assess the manufacturer's claim. 4
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Using your explanation, assess the manufacturer's claim.
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Question 8 (6 marks)
Darren conducted a titration between a strong acid HZ and a strong base MOH for investigating titration
curves to study characteristic reaction profiles.

He used 0.10 mol L' of each solution. He added 50 mL of the acid HZ in a clean conical flask and inserted
a pH probe to measure the pH of the solution in the conical flask during the titration. He recorded observed
values of his experiment in the following table.

(a) Show relevant calculations in the space given below and complete the pH values in the

above table.
Criteria Marks
All pH values correctly filled in the table as 1.5,3.0 and 11.0 3
AND
Relevant calculations correctly shown for #2
AND

Relevant calculations correctly shown for #3
AND

Relevant calculations correctly shown for #5

All of above correct with ONE error or one calculation incomplete 2
OR

Most steps correctly done with incomplete relevant steps in all OR steps
difficult to follow

OR

All Relevant calculations correctly shown BUT pH values have some incorrect
values

Multiple errors in calculations with incorrect pH values in table 1




# Volume of MOH added (mL) pH of HZ

@ 25 15 (0+1M)

|

1 0 l 10 Mol
|
|

3 49 3.0

4 50 7.0 som

5 51 1.0 (o™

6 75 | 12.3

{a) Show relevant calculations in the space given below and complete the pH values in the 3

above table. |} ZLN‘() T MOH (0g) —> Mzw@ + H20(0)

@n(Hz,)lntkal'choxMSD-Mosbmolas
~..Basc odded n-(MOH) = 010 x 00250 = 0- 90350 MokS
__n(H) femaining = 0.0050 - 0:00350, =, 0:.00230 moles

Volume = 0-0756L

L Euf]=000250 . 5.033 ,.PH:-T__:!'Qg.Q:.Q?'a ¥ "5}
0- 0750 B e

(). (Mo added) = 0:10% 0- 0490 =.0;, 00490 moles.. |
n(H2) 2emaining = 0. (H}) = 0:009D:.0:00496.2.0:00010 miko

 Volome = 0- 09901 [H*]= 0:00010 = I+.0] XI5 0v 0-00l0!
0- 099
PRy = -lodo:00l0l = 3-0

Question 8 continues on the next e
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Question 8

(b) Draw an appropriately labelled titration curve using the above completed table and identify any
TWO key characteristics of the curve.

Criteria

Marks

AND

AND

Trendline similar to strong acid/base titration curve

Two characteristics stated based on drawn titration curve

All points plotted correctly according to calculations and table values.

AND

Most points plotted correctly

Curve described rather than characteristics stated

Trendline correct

OR some of the above correct
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NESA STUDENT NUMBER

Marks
Question 8 continued...
(b) Draw an appropriately labelled titration curve using the above completed table and identify
any TWO key characteristics of the curve.
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NESA STUDENT NUMBER

Marks
Question 8 continued
(b) Draw an appropriately labelled titration curve using the above completed table and identify @
any TWO key characteristics of the curve.
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Question 9 (9 marks)

Gnamber 2 Chamber 3
Ghamber 1
T= loo’C o e
1 T,= 500"C
—p| 4Reactants P Pan L i Pty
R = ] AAANNA AL Sy
T =looC L nnA AANAAAN
Anaannaiinn AL LA

The above diagram represenls a seclion of an industrial process for the manufacture of a chemical
present In fertilisers. The optimal condition for the above process is generally representsd by:

4R(g) = 2P(g) AH <0 at T =500°C

Criteria

Marks

Rate of reaction (ROR)

Sketch for chamber 1 correctly drawn

AND

Sketch for chamber 2 correctly drawn

(Straight line only accepted since volume of chamber not to scale)
AND

Sketch for chamber 3 correctly drawn

AND

Rate of reaction (ROR})1 < (ROR)2 < (ROR)s

All trendlines correct with One Error

w

All trendlines have some correct sections

AND

Rate of reaction (ROR) of at least TWO in order (ROR)1 < (ROR)2
OR

(ROR)z2 < (ROR)s

All trendlines have some correct section
AND
ROR of AT LEAST TWO in order

Key

Forward reaction —_—

Backward reaction @ -------
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Rate of reaction

Time (hours)

2




Rate of reaction
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(b) Using collision theory and Le Chatelier’s Principle, explain the changes in the rate of reaction
and concentration of the reaction mixture in chambers 1, 2 and 3 only.

Criteria Marks

1. Explains (ROR)1 in CH1 with reference to stimulus/graph drawn in terms of
LCP and/or Collision Theory
AND
2. Explains (ROR)z in CH2 with reference to stimulus/graph drawn in terms of
LCP and/or Collision Theory AND explaining the role of catalyst

AND
3. Explains (ROR)s in CH3 with reference to stimulus/graph drawn in terms of 5
LCP and/or Collision Theory AND explaining changes at t = 8 hours AND
T>8 hours
AND

4. Maintains good chronological order, uses scientific terminology, and displays
deep understanding of LCP AND collision theory and its impact on ROR w4
and ROR bwd

1, 2 and 3 all addressed correctly BUT 4 is limited, must have no errors 4

QOutline of 1 and/or 2 and/or 3
AND sound explanation in some areas and 4 is lacking in any one component or 3
some errors in 1 of the two components

Limited understanding of LCP and/or Collision Theory 2

Any one or two pieces of information correct in explaining LCP and/or Collision
Theory

Marker’s comment: part a was poorly done but part b was well answered by most students.
Students scoring full marks were able to:




Identify reaction conditions in each chamber, then explain the changes in rate of reaction for
forward and backward using either collision theory (chamber 1 and 3) and gas laws (PV=nRT) and
LCP mainly for chamber 2.

It was pleasing to see many students justify the increase in volume and its impact on rate of reaction
using LCP.

Students explained well increase in temperature favouring endothermic reaction and linked it well
to activation energy required and LCP as well.

Students are encouraged to re-attempt the question to get a perfect score if they have not received
full marks.

A sample of great explanation from Max Luo:
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Question 10 (4 marks)

H3AsOg is a weak triprotic acid that releases its hydrogen ions in three
steps as shown below:

Step 1: H3AsOs(aq) + H20(l) s H3O*(aq) + H2AsO4'(aq) pKai = 2.24
Step 2: H2As047"(aq) + H20(l) 5 H3O*(aq) + HAsOs?(aq) pKaz = 6.96
Step 3: HAsOs?(aq) + H20(l) = H30*(aq) + AsOs3(aq) pKas = 11.50

Derive the expression for the equilibrium constant (Keq) for the following

reaction and calculate its value.

H3AsO4 + 3H20(1) 5 3H30*(aq) + AsO4~(aq)
Criteria Marks

' Shows relevant working to derive the Keq expression for HsAsO4 + H,O(l) < #
3H3;0%(aq) + AsO43(aq)

AND

Prove the relationship: Keq = Ka; x Ka; x Kas

AND

Writes the correct expression for each Ka BNB Correctly calculates all Ka values

for step1,2and 3

AND

Correctly calculates Keq = 2.00 x 10

With any one error in the following steps 3
Shows relevant working to derive the Keq expression for HzAsO4 + H2O(l) <
3H30%*(aq) + AsO43(aq)
AND
Prove the relationship: Keq = Ka; x Kay x Kags
AND
Writes the correct expression for each Ka AND Correctly calculates all Ka values
for step1, 2and 3

AND

Correctly calculates Keq = 2.00 x 10 __
Uses the relationship: Keq = Ka; x Ka; x Kas 2
AND

Correctly calculates all Ka values for step1, 2 and 3

AND

Correctly calculates Keq = 2.00 x 10"

Shows some relevant working to derive the Keq expression
OR
'Uses the relationship: Keq = Kai x Kaz x Kas
AND

Correctly calculates @Ry one or two'Ka values for step1, 2 and 3
AND/OR

Some correct steps to calculate Keq with incorrect answer



Sample answer:
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Normanhurst Boys High School

2022 Year 12 Chemistry Trial Examination
Marking Responses, Sample Answers & Notes from the Marker

S2B | section 2B (20 marks)

Question 1 (3 marks)

James placed 100 g of glucose (CsH120s) into a conical flask, dissolved it in water and added some 3
yeast. He then weighed the conical flask, warmed the mixture to 32°C and left the flask for about 2
days until the reaction has completed.

Afterwards, he re-weighed the flask, and recorded his results as shown below.
¢ Initial mass of conical flask with mixture = 335.2 g
e Final mass of conical flask with mixture =319.4 g

Calculate the mass of glucose consumed in the reaction.

Question 1
Marking Criteria Marks
States the balanced chemical equation for the fermentation of glucose. 3
AND

Correctly calculates the mass of glucose consumed by:

¢ calculating the moles of CO, produced using the mass lost from the mixture.
e determining the moles of glucose using the stoichiometric mole ratio.

e calculates the mass of glucose consumed.

States the balanced chemical equation for the fermentation of glucose. 2
AND

Provides the main steps in calculations including the following:

¢ calculates the moles of CO; produced using the mass lost from the mixture.
e determining the moles of glucose using the stoichiometric mole ratio.

OR

Incorrect chemical equation.

AND

Correctly calculates the mass of glucose consumed by:

e calculating the moles of gas produced using the mass lost from the mixture.
e determining the moles of glucose using the stoichiometric mole ratio.

¢ calculates the mass of glucose consumed.

Provides some relevant information including at least ONE of the following: 1
e stating the balanced chemical equation for the fermentation of glucose AND determines the difference
in mass.

e determines the mass lost as CO2 and calculates the moles of CO, produced.




Sample Response
CsH1206(aq) — 2C2HsOH(aq) + 2C02(9g)
m(COz) =335.2-319.4

=16.8g
n(COz) __ M
M
15.8

" 12.01+2(16.00)
= 0.3590093161 mol
n(CsH1206)consumed = 0.3590093161 / 2 (due to 2:1 mole ratio)
= 0.179504658 mol
m(CsH1206)consumed =N X MM
= 0.179504658 x (6(12.01) + 12(1.008) + 6(16.00))
=323g

Notes from the Marker
e Better responses:

-  showed clear working out, indicating each step.
- were able to interpret the question in identifying the mass lost as CO: and use stoichiometric calculations to
determine the glucose consumed.

e Weaker responses:

- did not show clear working out or did not show all working out and as a result, marks for showing
understanding could not be awarded.

- stated the incorrect chemical equation, where an equilibrium armow was used or the wrong products were
produced.

- did not understand the question or did not interpret it in a logical, practical sense (e.g. determined the mass
remaining in the flask as only glucose left over which did not take into account the ethanol formed also in
the flask)



Question 2 (5 marks)

Charlie wanted to make methyl salicylate, a minty smelling flavour. He followed the procedure below.

Method

1.
2.

6.
7.

Dissolve 3.0 g of salicylic acid (2-hydroxybenzoic acid) in 20 mL of methanol in a conical flask.

Add 1 mL of concentrated sulfuric acid to the reaction mixture and place the conical flask in a hot
water bath set up above a Bunsen burner.

Monitor the flask by continuously moving it out of the water bath when it is close to boiling, then
moving it back in the water bath to heat the mixture up again.

Remove the conical flask from the water bath after 10 minutes.

Add dilute sodium carbonate solution to the reaction mixture and swirl the flask until it stops
reacting.

Pour the reaction mixture into a separating funnel and wait until two separate layers form.

Discard the bottom layer and keep the top layer as the product, methyl salicylate.

Suggest modifications that could be made to the procedure to improve the production and extraction of
pure methyl salicylate. Justify your suggestions.



Question 2

Marking Criteria

Marks

Production

Identifies at least TWO features from the given method that can be improved.

AND

Outlines appropriate modifications for EACH of the identified steps (including refluxing and any ONE
other).

AND

Justifies each modification by linking to each of the above identified steps and in how it improves the
production.

AND

Extraction

Identifies at least ONE feature from the given method that can be improved.

AND

Outlines an appropriate modification to the identified step.

AND

Justifies the modification by linking to the above identified step and in how it improves the extraction.
AND

Response is coherent, uses correct terminology, multiple links to the stimulus provided and
justifications demonstrate a deep understanding of the practical methodology involved in refluxing
and safety.

OR

All of the above, but with ONE feature for production and TWO features for extraction.

Production

Identifies at least TWO features from the given method that can be improved.

AND

Outlines appropriate maodifications for the identified step (including refluxing).

AND

Justifies the modification to the identified step.

AND

Extraction

Identifies at least ONE feature from the given method that can be improved.

AND

Outlines an appropriate modification to the identified step.

AND

Justifies the modification to the identified step.

AND

Response is coherent, uses correct terminology, some links to the stimulus provided and
justifications demonstrate a good understanding of the practical methodology involved in
refluxing.

OR

All of the above, but with ONE feature for production and TWO features for extraction.

Production

Identifies at least ONE feature from the given method that can be improved.
AND

Outlines an appropriate modification for the identified step.

AND

Justifies the modification.

AND

Extraction

Identifies at least ONE feature from the given method that can be improved.




AND

Outlines an appropriate madification to the identified step.

AND

Justifies the modification.

AND

Response uses correct terminology, few links to the stimulus provided and justifications
demonstrate a sound understanding of the practical methodology involved.

OR

Production

Identifies at least TWO features from the given method that can be improved.
AND

Outlines appropriate madifications for the identified step.

AND

Justifies the modification.

OR

Extraction

Identifies at least TWO features from the given method that can be improved.
AND

Outlines appropriate maodifications to the identified step.

AND

Justifies the maodification.

AND

Response uses correct terminology, few links to the stimulus provided and justifications
demonstrate a sound understanding of the practical methodology involved.

Production

Outlines an appropriate modification.

AND

Justifies the modification to improve the production of the ester.
AND/OR

Extraction

Outlines an appropriate modification.

AND

Justifies the modification to improve the extraction of the ester.
AND

Response demonstrates a basic understanding of the practical methodology involved.

Outlines an appropriate modification for the production of the ester.
AND/OR
Outlines an appropriate maodification for the extraction of the ester.
AND/OR
Identifies how the madification improves the production/extraction.

Response demonstrates a limited understanding of the practical methodology involved.




Sample Response

Production

Instead of using a water bath over a Bunsen burner, a heating mantle can be used. By removing the
presence of a naked flame, it would minimise risks of combustion of organic substances, as they are
volatile and flammable.

Since the substances in the reaction mixture are volatile, they can escape from the flask very easily,
when moving the flask in and out of the water bath to heat it up. Instead, a condenser can be used to
allow for refluxing. This ensures the substances do not escape the vessel when heated, as the
vapours are continuously cooled down. (This would also help with safety and minimising risks of
escaped volatile organic substances while heating.)

The reaction is reversible and a slow process, so 10 minutes of heating it may not produce much yield
of methyl salicylate. Instead, the reaction mixture should be heated for several hours under reflux.
This not only increases the kinetic energy of the molecules (and hence improves the rate of reaction),
as it is heated for longer at higher temperatures, but also maintains the forward reaction, as the
reactante are kept in the vessel, increasing the yield. Boiling chips should then also be used so that
it can be heated for long periods of time, which prevents the mixture from superheating.

Extraction

After adding enough dilute sodium carbonate to the flask until it has neutralised any acid remaining
(salicylic acid and sulfuric acid), more water can be added to wash the organic layer several times
to ensure any remaining water-soluble species (sulfuric acid, methanol, salicylic acid) are dissolved
and separated from the organic layer.

A drying agent such as anhydrous magnesium sulfate can be added after the organic layer has been
separated from the aqueous layer to further remove any water remaining in the mixture.

The resulting product would be impure and should then be purified through distillation, where the
methyl salicylate can be collected at its boiling point.

Notes from the Marker

e Better responses:

were able to link their suggested modifications to the stimulus in order to justify why it improves production
and extraction.
showed depth to their understanding by providing relevant and specific detail to their justifications.

e Weaker responses:

did not link back to the stimulus to justify why the suggested modification is better than the given method.
identified what the modification will improve (e.g. yield) or only providing an outline (e.g. condenser prevents
vapours from escaping).

needed more and specific detail when justifying to demonstrate how the modification improves the
production/extraction (e.g. needed more detail on what refluxing helps with and why it improves the yield).
provided incorrect justifications and purposes to the features, such as boiling chips.

stated modifications that did not relate to their justifications.



Student sample (student scored 4/5 marks)

Charlie wanted to make methyl salicylate, a minty smelling flavour. He followed the procedure ‘{'@
below.

ot : AR

1. Dissolve 3.0 g of salicylic acid (2-hydroxybenzoic acid) in 20 mL of methanol in a conical
flask.

a hot water bath set up above a Bunsen bumer.
I ——
3. Monitor the flask by continuously moving it out of the water bath when it is close to boiling, .
then moving it back in the water bath to heat the mixture up again. t;r'tb's_ -

4. Remove the conical flask from the water bath after 10 minutes—— \oq. b Longee
5. Add dilute sodium carbonate solution to the reaction mixture and swirl the flask until it stops
* reacting. _ m?ed - )
6. Pour the reaction mixture into a separating funnel and wait until two separate layers form.
7. Discard the bottom layer and keep the top layer as the product, methyl salicylate. =%l -

Suggest ifications that could be made to the procedure to i roduction and

extraction of pure methyl salicylate. Justify your suggestions.
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2. Add 1 mL of concentrated sulfuric acid to the reaction mixture and place the conical flask inj




Student sample (student scored 4/5 marks)

Suggest modifications that could be made to the procedure to improve the production and
extraction of pure methyl salicylate. Justify your suggestions.

.........

o 00 Yerte.. Mo....ate... oK. coebn . il o2 By ardn g . e,
Arpasdun.. of.. .. ety 000k oo, e codmlled, e etdin ... .. products. r....
Ot0ntd b, M et midae. 20 1 s cindingd . P inte. sohbisn. . od.........

S Bridd ... uton... 0. corfondly.. pogersiy . dae. To... 2. Cosla. .. ool dicdien. . of. (it
T e, 0 U B RIS of podeds. e iy, 6. e, brrh. sy

Awdmte.. ..., waper...an. e solm, o so@. L B e predpi g B,
Lm e remokd. fom.. solutio..... t{j ...{:Hen«a...ﬁ&.....539..ﬁzi.‘iw}.j..'&....‘ﬁfm‘x-..ﬂhm}i’.5

Procectn ol he e o ey moy) Saleyht . MR A
re ‘O b i h . 9 . l J' b
S gl b Padind WS b
onvip -, P can w  (hled 4 incge Wﬁd oF W odmeon ob pue rmdh)
NBHS YEAR 12 CHEMISTRY TRIAL EXAMINATION — SECTION 2B ) i(-?H-P Jdap v~ Hw JE‘EI'B‘D“‘) (2

b-sil:j oyt



Question 3 (7 marks)

The graph below shows the boiling points for two different homologous series of organic compounds,
straight chained aldehydes and primary alcohols.
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(a) Identify the data of X and W as either aldehydes or alcohols. 1
(b) Explain the trends in the data provided. 4
Question 3(a)
Marking Criteria Marks
e Correctly identifies that X is alcohols and W is aldehydes. 1

Sample Response

The data X shows alcohols and W shows aldehydes.

Notes from the Marker

e Better responses were able to identify the group with the higher boiling point (X) as alcohols and the overall
lower boiling point (W) as aldehydes.

e Weaker responses were not able to determine which homologous group had the higher boiling point and hence
identified it incorrectly using the graph.



Question 3(b)

Marking Criteria Marks
Identifies the THREE trends in the graph. 4
AND
Relates the structure of alcohols and aldehydes to their intermolecular forces.
AND
Explains each of the trends by relating to how intermolecular forces influence boiling point.
AND
Relates the strength of the intermolecular forces to boiling point.
AND
Explains what effects dispersion forces have on boiling point (when increasing molar mass).
AND
Relates the effect of different contributions of the intermolecular forces to the trends shown.
AND
Response is coherent, uses correct terminology, links to the stimulus provided and explanations
demonstrate a deep understanding of how intermolecular forces influence boiling point.
Identifies at least TWO trends in the graph. 3
AND
Relates alcohols and aldehydes to their intermolecular forces.
AND
Explains each of the trends by relating to how intermolecular forces influence boiling point.
AND
Relates the strength of the intermolecular forces to boiling point.
AND/OR
Explains what effects dispersion forces have on boiling point (when increasing molar mass).
AND/OR
Relates the effect of different contributions of the intermolecular forces to the trends shown.
Response uses correct terminology and explanations demonstrate a good understanding of how
intermolecular forces influence boiling point.
Identifies at least ONE trend in the graph. 2

AND

Relates the relevant molecules to their intermolecular forces.

AND

Sound explanation of each of the trends by relating to how intermolecular forces influence boiling point by
using correct terminology to identify the intermolecular forces that caused the trend.

AND/OR

Relates the strength of the intermolecular forces to boiling point.

Identifies at least ONE trend from the graph.

AND

Relates the structure of the molecules to their intermolecular forces.

AND

Uses correct terminology to show a limited understanding of the intermolecular forces that caused the
trend.




Sample Response

Alcohols have a higher boiling point than aldehydes because they can form hydrogen bonds between
molecules (due to O-H group), while aldehydes mainly form dipole-dipole forces (due to C=0 group). Since
hydrogen bonds are stronger, alcohol molecules would therefore require more energy to break these
intermolecular forces, resulting in a higher boiling point.

For example:

Alconol Ataenydt

H
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[,: “ 5*—_ ' { \ [; & 50
w v

hydwgen bond( dipole~dliprle focieg

As the chain length increases for both alcohols and aldehydes (increasing molar mass), the boiling points for
both groups also increase. This results in stronger dispersion forces between the carbon chain length due to
a greater surface are between molecules and greater instantaneous induced dipoles (or more dispersion
forces), therefore a higher boiling point.

As chain length increases, the difference in boiling points between the two groups also decreases, as shown
with the shortest chain alcohol and aldehyde with a difference in boiling point of around 80°C, while the longest
chain alcohol and aldehyde with molar masses of around 100 g mol™! have a difference of around 25°C, This is
due to both, the hydrogen bonding between alcohol molecules and the dipole-dipole forces between
aldehyde molecules having a smaller contribution to the total intermolecular forces and is outweighed
by the contribution of dispersion forces from the longer carbon chains,

Notes from the Marker
e Better responses:

- were able to interpret the graph to explain the three trends shown and made references to the data in the
graph.
- provided explicit and specific details using key terminology to explain the trends.

e \Weaker responses:

- did not explicitly relate the strength of intermolecular forces to boiling point (i.e. linking back to the energy
required to break those forces).

- were not explicit in certain aspects, such as not stating that hydrogen bonds are the strongest
intermolecular forces (remember that details such as these should not be implied by the marker).

-  provided incorrect information, such as describing “rate” when interpreting the graph or incorrect diagrams
in showing the intermolecular forces between molecules.

- did not provide relevant information to explain the trends e.g. described the ‘packing’ of molecules (this is
more relevant for melting point).

- used abbreviations without first defining it (this does not show that the response can communicate using
scientific literacy with key terminology to explain).
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Identify the data of X and W as either aldehydes or alcohols.
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Question 4 (7 marks)

The flowchart below shows reactions involving six different organic compounds (A to F). Compound A 7
has the molecular formula, CsH1o.
Compound A
CsHag
dilute HBr
H,S04 »| Compound E
Compound B |«
\d
H* / KMNO4 [ Compound D
v NaOH /
No reaction heat
Compound C
H* / KMnO,4
Y
l Compound F
Draw the structural formulae and state the JIUPAC names of compounds A to F, justifying your
structures with reference to the information provided in the flow chart.
Question 4
Marking Criteria Marks
All correct structures and correct IUPAC names for compounds A, B, C, D, E and F. 7
AND
Correct justifications for all compounds A to F, including:
e how compound A is determined to be branched and the locant of the double bond.
* the type of alcohol identified from the oxidation tests (for compounds B and C).
e identifying compound D from the substitution reaction to form compound C.
AND
Key terms used in justification.
AND
Makes references to most of the information provided in the flowchart.
All correct structures and correct IUPAC names for compounds A, B, C, D, E and F. 6

AND

Correct justifications for all compounds A to F, including:

* how compound A is determined to be branched and the locant of the double bond.
e the type of alcohol identified from the oxidation tests (for compounds B and C).

e identifying compound D from the substitution reaction to form compound C.

AND

Key terms used in justification.




AND
Makes limited references to the information provided in the flowchart.

All of the above but contains ONE type of error (such as incorrect locants used when naming, incorrect
commas and dashes used when naming, a few key terms missing).

All of the above, but contains 2-3 types of errors.

AND/OR

All [IUPAC names and structures mentioned but key terms missing in justification.

AND/OR

All of the above but missing some names.

OR

1 missing structure but correct IUPAC name and correct justification for all other compounds.
OR

No structures but correct IUPAC names and correct justifications for all compounds.

Response contains 2-4 errors.

AND/OR

Correct structures with no names and some justifications.

OR

1-2 incorrect or missing structures or names and justifications incomplete.

Response contains at least 5 errors.

AND/OR

All correct names and structures but no justifications.

OR

Some structures or names are incorrect but some correct justifications.
OR

1-2 incorrect or missing structures or names, with limited justifications.

Response contains 5 or more errors.

OR

Most structures or names are incorrect and limited justifications.

OR

Structures are incorrect AND/OR have some correct IUPAC names AND shows some understanding in
following the reactions in the flowchart and no justification (shows understanding in at least two pathways
in flowchart).

Some correct/relevant information, such as showing limited understanding in following the reactions in the
flowchart.




Sample Response

T
H——g oA
H H H

Compound Structure and Name Justification
A 2-methylbut-1-ene Compound A undergoes hydration with dilute H2SO4 to
H produce alcohol products. Since compound B does not oxidise
H H \C 19 when acidified KMnOa is added, it is a tertiary alcohol.
. |_ | . / Compound A is therefore an unsaturated, branched
H (|; (|; C\ H hydrocarbon with molecular formula CsH1o (2-methylbut-1-ene).
H H /C/ The double bond is on the same carbon as the branched
H \H methyl group to allow the formation of a tertiary alcohol, when
it reacts.
B 2-methylbutan-2-ol The reaction of compound A with dilute H2SO4 produces two
H H possible alcohol products.
H H \C//H Since compound B does not oxidise, it is the tertiary alcohol
\ Y H formed.
H__-C-__'C_C\ 4
H/ / ! ({\H
H ? N
H
C 2-methylbutan-1-ol Compound C is the other product from the reaction of
H H H H H compound A with dilute H2SOa.,
H— (I:_ é_ (|:_ (|)_ O/ Since it can oxidise when acidified KMnQO4 is added, this
| | | further confirms that it is the primary alcohol.
H H H
H—(IJ—H
H
D 1-bromo-2-methylbutane Compound A undergoes hydrohalogenation with HBr to
H H H H produce two products, D and E.
. | . | . | o | Since compound D undergoes substitution reaction with NaOH
H ? ? C ?—H and heat to produce C (2-methylbutan-1-ol), compound D is
H H Br therefore 1-bromo-2-methylbutane, where the Br is replaced
by an OH on the first carbon.
H—(I)* H
H
E 2-bromo-2-methylbutane Compound E is therefore the other product of the

hydrohalogenation of compound A, 2-bromo-2-methylbutane.




2-methylbutanoic acid

Since compound C is the primary alcohol, it oxidises to produce

a carboxylic acid (compound F) when acidified KMnOj4 is
added.

Note: Two different set of answers were possible in this question

Set 1
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Set 2
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Notes from the Marker

e Better responses constructed correct structural formulae for all compounds with correct IUPAC names and were
able to justify each structure with sufficient detail using the information in the flowchart and knowledge on
organic reactions.

e \Weaker responses:

incorrectly constructed their structural formulae, such as:
o not fully expanding out the structure (i.e. did not show all bond lines).
o some structures had missing hydrogen atoms.
o some carbons were shown to have five bonds.
- provided the incorrect IUPAC name, such as incorrect commas and dashes or incorrect locant numbers
(remember to name the compound using the lowest locant numbers, accounting for the functional group).
- did not justify the structures of each compound and only constructed the structures with [IUPAC names (it is
recommended to read and highlight key aspects of the question to remember to address it).
- required more detail in their justifications in order to explicitly relate the structure of each compound to
organic reactions and the information in the flowchart.



Student sample (student scored 7/7)

Draw the structural formulae and state the IUPAC names of compounds A to F, justifying your
structures with reference to the information provided in the flow chart.
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Normanhurst Boys High School

2022 Year 12 Chemistry Trial Examination (Section 2C)
Marking Responses, Sample Answers & Notes from the Marker

Question 1
Marking Criteria Marks
e Writes the correct structural formula of propan-2-yl butanoate (naming not required). T
e Justifies the correct structure showing an extensive understanding of the interpretation of spectroscopic
data and refers explicitly to the relevant spectroscopic data.

e Infrared spectrum

o Two peaks shown are addressed in terms of bonds.

o Lack of a very broad peak due to the O—H bond addressed to rule out alcohol and carboxylic

acid.

e '3C NMR spectrum

o Number of carbon environments addressed in felation to the molecular formula and symmetry.

o  All peaks addressed.
e 'H NMR spectrum

o Number of hydrogen environments addressed in relation to the molecular formula.

o All peaks addressed in relation to data, (n+1) rule and relative peak area with sufficient detail.
e  Writes the correct structural formula for an isomer of propan=2-yl butanoate (naming not required). 6
e Justifies the structure showing a thorough understanding of the interpretation of spectroscopic data.
e Refers to relevant spectroscopic data.

OR

e Deduces the correct molecule and provides thorough analysis of the spectroscopic data.
e Shows a sound understanding of the interpretation of spectroscopic data. 4-5
e Uses relevant information presenied in the guestion to justify the struciure of the chemical.
e Provides a structural formula consisient with analysis.
e Shows some understanding of the interpretation of speciroscopic data. 2-3

e Provides some relevant information.




Sample Answer

Infrared spectrum

From the infrared spectrum, the:

Transmittance (%)

100

N '
raaalll
H B B O~i—d—H
[\
H—C
/\
Y H

propan-2-yl butyrate

Infrared spectrum

Wavenumber (cm-')

e strong peak at 2981 cm™ suggests that there is a C=H bond in the structure,

e strong peak at 1733 cm™ suggests that there is a

in the structure.

e absence of a strong and broad peak between 3230-3550 cm~' suggests that the organic molecule does not
contain an O-H bond in the structure due to an alcohol functional group.

e absence of a strong and very broad peak between 2500-3000 cm™" suggests that the organic molecule does
not contain an O-H bond in the structure due to an carboxylic acid functional group.

e fingerprint region (less than 1500 cm™) cannot be conclusively analysed due to the overlapping of peaks due to
different bonds.



3C NMR spectrum

3C NMR spectrum

H H H o
L 2t B
paas NP,
i \
H=e
H H

T T
120 100 80 60 40 20 O

& (ppm)

TR T
180 160 140

From the '3C spectrum, there are six unique carbon environments. As there are 7 C atoms, this suggests that two C
atoms are in the same environment due to symmetry. The peak(s) at:

173 ppm corresponds to a C atom double bonded to an O atom on the ester group which is consistent with
chemical shift between 160—185 ppm. This is due to the deshielding of the carbon next to the O atom resulting
in the peak being downfield.

67 ppm corresponds to a C atom singly bonded to an O atom in an ester group which is consistent with
chemical shift between 50—90 ppm. This is due to the deshielding of the carbon next to the O atom resulting in
the peak being downfield.

37 ppm corresponds to a which is consistent
with chemical shift between 20-50 ppm.

22 ppm, 19 ppm and 17 ppm correspond to C atoms bonded to the C in an alkyl group which is consistent with
chemical shift between 540 ppm.



"H NMR spectrum

"H NMR spectrum

11 10 9
H H H 0
A
B-Cc—Cc—c—C @
& i [ |
/
H—C
/\
H H

Data from the 'H NMR spectrum

Chemical shift Relative peak area Splitting pattern
5.011 1 septet (7)
2.238 2 triplet (3)
1.645 2 sextet (6)
1.229 6 doublet (2)
0.951 2 triplet (3)

From the 'H spectrum, there are five unique hydrogen environments. By considering the molecular formula, the number
of H atoms in each environment corresponds to the relative peak area in a 1:1 ratio.

Through the use of the n+1 rule to analyse the splitting patterns and based on the relative peak area, the:

e septet peak at 5.011 ppm indicates that there are six H neighbouring atoms, indicating that there are two
neighbouring —CH, groups. The relative peak area of 1 corresponds to one H atom in the following environment
as the shift occurs between 3.3-5.1 ppm. It is highly deshielded due to the neighbouring O atom.

e iriplet peak at 2.238 ppm indicates that there are two H neighbouring atoms, most likely in a neighbouring —CH,

—CH—O—

group. The relative peak area of 2 corresponds to 2 H atoms in the following environment as the shift occurs
between 2.1-2.6 ppm. It is deshielded due to the nearby O atom.

° at 1.645 ppm indicates that there are five H neighbouring atoms, most likely in a neighbouring —CH,

—CH—CO—

group and —CH; group. The relative peak area of 2 also corresponds to 2 H atoms in this environment and is

slightly downfield of the range of 1.2-1.5 ppm due to the deshielding effect of nearby O atoms.

R—CH,—R

° at 1.229 ppm indicates that there is one H neighbouring atom, most likely in a neighbouring —CH
group. The relative peak area of 6 corresponds to 6 H atoms in this environment. The septet and doublet
combination is consistent with the presence of a —CH(CHj;), group and is consistent with the chemical shift of

0.7-1.3 ppm.

e friplet peak at 0.951 ppm indicates that there are two H neighbouring atoms, most likely in a neighbouring —CH,

group. The relative peak area of 3 corresponds to 3 H atoms in the following environment and is consistent with

the chemical shift of 0.7—-1.3 ppm.

R—CH;




NOTE

For responses which interpreted the 'H NMR incorrectly and generated the isomer:

0
HIo cHE !|: 0—CHs—CHI—CHE
cHD
)
b e s 4 .
— algg
Chemical shift Relative peak area Splitting pattern

4.025 2 triplet (3)

2529 1 septet (7)

1.646 2 sextet (6)

1.169 6 doublet (2)

0.950 3 triplet (3)

From the 'H spectrum, there are five unique hydrogen environments. By considering the molecular formula, the number
of H atoms in each environment corresponds to the relative peak area in a 1:1 ratio.
Through the use of the n+1 rule to analyse the splitting patterns and based on the relative peak area, the:

e friplet peak at 4.025 ppm indicates that there are two H neighbouring atoms, most likely in a neighbouring —CH,
group. The relative peak area of 2 corresponds to two H atom in the following environment as the shift occurs
between 3.3-5.0 ppm. It is highly deshielded due to the neighbouring O atom.

R,—CH,—0O—

e septe I at 2,529 ppm indicates that there are six H neighbouring atoms, indicating that there are two
nelghbourlng —CH, groups. The relative peak area of 1 corresponds to one H atom in the following environment
as the shift occurs between 2.1=2.6 ppm. It is deshielded due to the neighbouring O atom.

—CH—CO—

Notes from the Marker

e Better responses had used and explicily referred to the spectroscopic data to put together the pieces of the puzzle,
clearly showed their thinking processes and annotated the spectroscopic data. These responses showed evidence
of analysing each peak thoroughly and provided reasoning and explanation for each of the peaks given.

e Weaker responses did not show care when drawing organic molecules and did not show good annotations to the
spectra to clearly link this data to H and C environments in the molecule. These responses also did not explain the
significance of each peak or explain the relevance of the number of environments clearly. These responses often
were not cohesive or relied on partial analysis of the data.
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