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2023
Year 12 Chemistry

Trial Examination

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

Total marks: 100 Section 1 — Multiple Choice 20 marks

s Attempt Questions 1-20

Section 2A - Written Response 20 marks
s« Attempt Questions 1-4

Section 2B - Written Response 40 marks
s Atternpt Questions 1-8

Section 2C — Written Response 20 marks
*  Atternpt Questions 14
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Select the alternative A, B, C or D that best answers the question. Fill In the response oval
completely.

Sample 2+4= (A) 2 (B)6 (c)se (D}9
AO B & cCO DO

Iif you think you have made a mistake, put 2 cross through the incorrect answer and fill in thé new answer,
A@ B x coO DO

If you change your mind and have crossed out what you consider to be the correct answer, then indicate
this by writing the word correct and drawing an armow as follows:
correct

A BX‘/ cO DO

1 A O BCO c O DO
2 AO BO c O DO
3 AO BO cO o O
4 AO BO c O oD C
5 AO B O c O D O
6 A O B O c O DO
7 A O B O c O D O
8 AO BO ¢cO pO
g A O BO cO DO
10 AO BO O DO
1M1 AO B O cO O
12 A O B O cO DO
13 AO BCO cO b O
14 A O B c O DO
15 A O B O cO D O
6 A O B O cO DO
17 A O B O cO DO
18 AQO B O cO DO
19 A O BO cO DO
20 AO B8 O cO D O

2023 NBHS YEAR 12 CHEMISTRY TRIAL EXAMINATION - SECTION 24 - 16




HEEEEEEEE

NESA STUDENT NUMBER

Section 1
20 marks

e Attempt Questions 1-20.

¢ 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)

An organic compound shown below.

0 H H H H H
N
C—C—C—C—C—N
2 T I N A
H—O H H H H H

Which are the TWO functional groups present in this molecule?
(A) Amide and ester.

(B) Amide and carbonyl.

(C) Carboxyl and amine.

(D) Alkene and amine.

Question 2 (1 mark)

Which of the following conditions would be appropriate to carry out the following synthesis?

_H
H OOH H H Fli El?r *‘4 T T
e e e S
J* ,L J, }L ,L H H H H H

(A) Brzand UV light.

(B) Brzdissolved in water.
(C) HBrand heat.

(D) HBr and ZnCl: catalyst.
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Question 3 (1 mark)

The! structure ofa compound is shown below.
CHs

H3C-HG
/CHHC{%Z/CHQ
HaC |‘ K
Cl

What is the IUPAC name of this compound?

(A) 2:-chloro-2-iodo-4,5-dimethyihexane

(B) 2-iodo-2-chloro-4;5-dimethythexane

(C) 2,3-dimethyl-5-chloro-5-iodohexane

(D) 5-chloro-5-i0do-2,3-dimethylhexane -

Question 4 (1 mark)

The heat of combustion of butan-1-ol is 2676 kJ mol™'.
What is the value of the heat of combustion in kd g='?
(A) 30.41

(B) 36.10

(C) 44.60

(D) 47.79

" Question 5 (1 mark)

Ethanoic acid (CHsCOOH) is a'weak acid with K= = 1.74 X 10-%at 25°C. 1.00 L of a solution is prepared by
dissolving 0.100 mol of ethanoic acid in distilled water.

What is the pH of the resulting soluﬁoﬁ?
(A) 2:00
(B) 2.10
(©) 2.80
(D) 2.88
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Question 6 (1 mark) - )
The table lists some properties of the straight-chained carbon compounds W, X, Y -and Z.

Compound Reactivity in bromine water Solubility in water
w Rapidly decolourises Insoluble
X Unreactive _ Insoluble
Y Unreactive Soluble
Z Unreactive Partially soluble

Which row below best identifies the compounds W, X, Y and Z?

W X Y ¥4
(A) CsHs CsHs - CH30H ‘CsHsOH
B) CaHs CaHs CH:OH | CsHeOH
{C) . CsHe CsHs C4HoOH ~ CH30H
(D) CsHs CsHs C4aHsOH CH30H

Question 7 (1 mark)

The table below shows some data on four acid-base indicators.

Indicator name pH range Colour range
methyl orange - 3.1-44 red-yellow
bromophenol red 3.8-5.4 - yellow-blue.
methyl red 4.2-6.3 red-yellow
phenol red 6.8-8.4 ' yeliow-red

A solution, labelled X, is made by mixing equal volumes of 0.0002 mol L™* sodium hydroxide and
0.0004 mol L nitric acid.

Which indicator shown would turn pure yellow when added to a sample of X?
(A) Methyl orange

(B} Bromophenol red

(C) Methyl red

(D) Phenol red
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Question 8 (1 mark)

The following organic compounds all have five carbons:

A: 2,2-dimethylbutane

B: 2-methylpentane

C: 4-methylpent-2-ene

Whidh of the following is most likely to be correct?

(A) Compound A has a lower melting_point than compound B.

(B) Compound A has a higher melting point.than compound B.

(C). Compound B and compound € are functional group isomers.

(D) Compound A and compound B are positional isomers.

Question 9 (1 mark)

L
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A342g samp!e‘ of solid Mg(OH)g is added to a 200.0 mL solution of 0.600 mol L-" HCI.

What is the final pH of the final mixture?

(A) 0.51
(B) 1.2
() 1.9
(D) 26

Question 10 (1 mark)

A 50.0'mL sample of 4.0 X 10 M AgNOs solution is added to 50.0 mL of 1.0 X 10-% M KIOs solution at 25°C.

The Ksp value for AglOs at-25°C is 3.2 X 1078,

Which row of the following table correctly predicts if AgiOs will form a precipitate and the reason for this?

Will a precipitate form? Reason
(A) Yes Qsp < Ksp
(B) Yes Qsp > Ksp
(©) No Qo < Kep
(D) No Qsp > Ksp
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Question 11 (1 mark)

2-methylcyclohexanol is an-alcohol and undergoes a dehydration reaction with sulfuric acid as shown.

H
o~

conc. Hz804
- _ a

What is the major organic product of this reaction?

(A) | )

(©) (D}

Question 12 (1 mark)
‘Consider the following equilibrium for a weak base NaHs.
Nz2Hs(aq) + H20()) = NzHs*(ag) + OH(aq).

A.0.75 mol sample of NaHs is placed in a 1.00 L flask: After the system comes to equilibrium, the flask contains
0.45 mol NaHs*. :

The value of K5 for weak base NoHq is:
(A) 0.27
(B) 0.68
(C) 148
(D) 3.70
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Question 13 (1 mark)
The diagram shows theinfr'are'd spectrum of a Cc)mpoﬂhd.

100

50

Transmittance (%)

4000 3000 2000 1500 1000 500

Wavenumber (cm™)

Which compound was analysed?
(A) Propane

(B) Prppah-"l-ol

(C) Propanal

(D} Propan-2-one

Question 14 (1 mark)

A food critic noticed their specialty chicken dish was extremely bland and requested that analysis be carried
~ out to measure the sodium chloride concentration. This was achieved by dissolving the food sample in water

and the chloride ion being precipitated by adding an excess of silver nitrate solution. The precipitate was
washed ‘and dried. '

If the mass of the food sample was 10.0 g and the final precipitate had:a mass of 0.188 g, what is the
percentage of sodium chloride in the food?

(A) 1:88%
(B) 0.766%
(C) 0.465%
(D) 0.220%
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Question 15 (1 mark)

A simplified mass spectrum of butanoic acid is shown.

73
100 -] 28 45

80+

60
57

40+

Relative intensity

204 : ‘

oL l !I v R - l : L
10 20 30 40 50 60 70 80
miz

] L) > H

The peak with the mass-to-charge ratio, m/z,.of 73:

(A) has the greatest mass-to-charge ratio.
(B) represents the species CH2CH2.COOH".
(C) represents the species CH2CH2COOH.
(D) represents the species CH2CH2COOH*.

Question 16 (1 mark)

Silver chromate (Ag2CrOxs) is a yellow solid that dissolves in water to produce a yellow saturated solution
containing 2.34 X 1072 g L™ of silver chromate. The molar mass of silver chromate is 331.8.g mol*. The
chromate ions react with hydrogen ions as shown below:

2CrO4*(aq) + 2H*(aq) — 2HCrOa(aq) + H20(/)
yellow orange

The molar concentration of chromate ions in a saturated solution of silver chromate in 0.183 mol L silver
nitrate is:

(A) 1.40x102gL"
(B) 4.19 X 10-¥1 gLt
C) 7.05% 103 gL

C)
D) 2.34 x 102g L
(
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Use the following information to answer questions 17-18.

A student was required to construct a model to help others visualise the composition of a solution of 0.1 M
hydrofluoric acid. They were told this acid had a K, value of 6.7 X 10~*. The student had access to children's
building blocks of various colours, like those shown in the image. The student counted out 25 dark blocks and
25 light blocks and created the following key.

Fluoride ion Hydrogen ion Hydrogen fluoride molecule

=

- wmw

ot

The student used the K value provided to determine, via calculation, the appropriate number of dark and light
blocks to join to make the number of ‘HF molecules’ in the model consistent with the Ka value for the acid.

After joining the calculated number of blocks, they finally placed all single and joined blocks into a large beaker.
This was presented as the final model.

Question 17 (1 mark)

How many separate dark blocks should the student have placed into the beaker to make the model show the
correct percent ionisation for the acid?

(A) 2
(B) 6
) 12
(D) 23

Question 18 (1 mark)
Other students assessed the model and were asked to state some of its limitations based on the aim of the
modelling exercise. Four statements made are shown below.
I.  The model should have included some different coloured blocks to represent the proportion of
hydroxide ions also present in the solution.
ll.  The building blocks used were too big to represent actual ions and molecules.
ll.  Itdid notinclude the most common chemical present in the 0.1 M HF being modelled.

IV.  The true nature of the hydrogen ion in aqueous solution is not shown by the model.

Given the aim of the exercise, which of the above statements are significant limitations of the final model
presented?

(A) land i

(B) land IV
(C) land Il
(D) Mand IV

2023 NBHS YEAR 12 CHEMISTRY TRIAL EXAMINATION - SECTION 1
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Question 19 (1 mark)

A pH probe is used to measure the pH of several buffers of known pH values to determine if the meter required
calibration. The graph below shows the pH readings given by the probe for each of the known (real) pH values
of each buffer. ‘

Calibration graph for a pH probe
16

14

’K

12 4 - e e

10 It 'Xf‘;,

pH reading given by probe
[o 2]
3

0 2 4 6 8 © 10 12 14
Real pH of buffer solution tested

Which of the following statemerits is true, based on the data provided in the calibration graph shown?
(A) Using the probe without calibration will affect the reliability of data it gathers.
(B) If the probe were to be placed in a solution with [OH-] = [H*] it would read 6.

{C) The equivalent poiht in a titration, as determined using this probe, will occur approximately one pH unit
lower the actual equivalence point.

(D) The [H'] of a solution, as determined from its pH measured using this probe, will be 10 times lower than
the actual [H*] in the same solution.

Question 20 (1 mark)
A student performed an experiment to determine Keq for the folloWinQ reaction:
Co?*(aq) + 4Cl(ag).= CoCls*{(aq)
The student adds a 0.253 g sample of CoClz to a solution of 6.0 M NaCl. The value of Keg is 4.8 X 10,

Which of the f_(_)llowing is the closest to the percentage of cobalt—contéihing species that is present as the blue
CoCls* ion? '

(A) 38%

(B) 46%

(C) 54%

(D) 62%
END OF SECTION 1
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Section 2A

20 marks

o Attempt Questions 1-4.

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

answering.

Question 1 {3 marks)

Cycad fruits have been part of the staple diet of many Indigenous Australian peoples. However, these
fruits contain toxins. such as cycasin and macrozamin, which are known to cause long-term
neurological damage.

macrozamin cycasin

For safe consumption, the crushed powder from the cycad seeds was placed inside a woven bag. It
was noted that running water was more efficient than still water in removing the toxins.

With reference to structural formulae and relevant chemical principies, justify the above observation
used to remove the toxins. '

2023 NBHS YEAR 12 CHEMISTRY TRIAL EXAMINATION —~ SECTION 2A
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Question 2 (5 marks)

The graph below shows the boiling points for two different homologous series of organic
compounds, straight chained alkanes and straight chained alkane nitriles (R-C=N).

The two homologous series are labelled on the graph as A and B.

200 o : T EE————

180 o

100 + . i___ S _ L DU S

80 4 ,,m,,%,,,,,, I ,,,jf,f e S MW R

Boiling peint (°C)

0 — h W ]
50 4. = S S — ,* S
T 2 R A—— R - _‘_ e

-150 — i i
1 2 3 4 5 6 7
Number of carbon atoms per molecule

Question 2 continued on the next page
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Question 2 continued...

Identify the label of A and B as either alkanes or alkane nitriles and explain the patterns of the
boiling points shown in the graph.

.................................................................................................................................
....................................................................................................................................
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Question 3 (5 marks)

A 0.375 g sample of butan-1-ol is burnt to raise the temperature of 150 g of an unknown liquid, using
the apparatus shown in Figure 1.

//—-—_——— Thermometer
/ : —————=_ Beaker containing an unknown liquid
%zxxxwxm%_\. Wire gauze
Tripod
5 : Spirit burner containing S
1 % butan-1-ol

Figure 1 — Apparatus used for the investigation

The temperature changes in the investigation are graphed in Figure 2.

\

45.0 -

£ 400 - :
2 E
g 350 |
[T

o

g 30.0 i
= :
B

e 250

jo

§

F. 20.0 4 :

15.0 _ .
Heating Heating  Measurements
commenced completed stopped

Time

Figure 2 — Changes in the temperature of the unknown liquid during the investigation

Question 3 continues on the next page
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Question 3 continued...
(8) The studerit noted that there was some soot on the base of the beaker. 1
Outline a reason for this observation.
(b) Based on prior testing, it was determined that 35.0% of the heat produced by the combustion of 4

butan-1-ol is lost to the surroundings.

Using the information provided, calculate the specific heat capacity of the liquid, given that the
heat of combustion of butan-1-ol is 2676 kJ mol™.

..............................................................................................................................
B L T T R L L R R LT L TR T R R L L L Ty
exmumsuiiisansihensasrstesnriesiauinnacisnsanasatartananr i isanenantresaatanansiaavaisdiieaniannhansinatonenaaranrsescrinan
DR L R L T T Ll T A S
S e e h e e e Naa s EasEemen N AR A e Ae M EAN R A Eac AN iaid A a S aaAsaieansa e arenankauNrriara bR s n kA N s A e e s

P R L L T A N L I I I I oy

.............................................................................................................................
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Two different compounds A and B are isomers with the molecular formula, C;Ha.

The flowchart below shows reactions involving six different compounds-(A to'l).

Eu

H,0 ditute HSO4./ H,0 ditute H2SO, /
‘ heat heat
{ |
i
[Cj | @
H*/ KMnQ, / H* / KMnQOy /
heat heat
Y ki
Bl
NaHCO; NaHCO3
; y ¥
no reaction t G ] ( H } l i ]

Question 4 continued on the next page
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Question 3 continued... 7
{a) The student noted that there was some soot on the base of the beaker. 1
Outline a reason for this observation.
(b) Based on prior testing, it was determined that 35.0% of the heat produced by the combustion of 4

butan-1-ol is lost to the surroundings.

Using the information provided, calculate the specific heat capacity of the liquid, given that the
heat of combustion of butan-1-of is 2678 kJ mol-'. '

.............................................................................................................................
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Section 2B

40 marks
o  Attempt Questions 1-8.

o 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)
Phenolphthalein is a common acid-base indicator with a Kz of 3.0 X 10-'% at 25°C.
When dissolved in water, it undergoes dissociation as shown. in the equaﬁon below.
phenolphthalein conjugate base'of
(colourless) phenolphthalein
© (pink)

(a) " Distinct colour change for phenolphthalein occurs when half of the indicator is phenolphthalein, 1

and the other half is its conjugate base.

Given that:

[a7]

pH=pK, +Iog10m '

calculate the pH at which phenolphthalein shows distinct colour change.

Question 1 continues on the next page
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Question 1 continued...
(b) The change of colour for phenolphthalein occurs over a limited range of pH and falls within 2

+1.00 of the pKa value.

_ In an experiment, a solution of a weak:acid was titrated against a solution of strong base. It was
found that the equivalence point occurred at a pH of 9.30.

Explain if phenclphthalein is a suitable indicator for this titration.

................................................................................................................................
..............................................................................................................................
E R L T T P g A O
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Question 2 (4 marks)
The Haber Process is a method by which ammonia is produced commercially. 4

Nz(g) + 3Hz(g) = 2NHs(g) AH = —92kJ mol™’

A vessel contains all three gases at equilibrium.

The vessel is at equilibrium initially, then after 1 minute, the temperature of the vessel is increased.
The system re-establishes equilibrium at the 2-minute mark:

Draw a labelled diagram showing the reaction rate-time graph for the above conditions described.
‘Explain with reference to collision theory and Le Chatelier's Principle.

¥

a

Reaction rate (mol L-' s-1)

>
>
Time (min)

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

2023 NBHS YEAR 12 CHEMISTRY TRIAL EXAMIATION - SECTION 2B 4




HEEEEEEER

NESA STUDENT NUMBER
‘Marks

Question 3 (5 marks)
Hydrogen gas (Hz) reacts with.iodine gas (I2) in. the following reversible reaction: _ 5

Ha(g) + l2(g) = 2HKg)

Joseph adds 0.200 mol of Hz and 0.200 mol of Iz to a 1.00 L closed container at 400°C. After
2 -minutes, the system reaches equilibrium, and 0.316 mol of Hi are found in the container.

At the 6-minute mark, how many moles of H> gas must be added to the container to-increase the
amount of HI by 0.050 moles? The system re-establishes equilibrium after 7-minute mark.

B T T Ll Ll l T E L T T KA
B D L L LT A L L L LT T A PR
......................................................................................................................................
L L L LT R S I T
......................................................................................................................................
........................................................................................................................................
.......................................................................................................................................
........................................................................................................................................
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2023 NBHS YEAR 12 CHEMISTRY TRIAL EXAMINATION - SECTION 2B



HEEEEEREES

NESA STUDENT NUMBER
Marks

Question 4 (4 marks)
The molar enthalpy of neutralisation of two reactions are given: ' 4
Reaction 1: ' :
NaOH(ag) + HCl(agq) — NaCl(aq) + H0()) AH ==57.6 kJ mol!
Reaction 2: ’
KOH(aq) + HNOs(ag) — KNOs(ag) + Hz20(/) AH = -57.6 kJ mol!

Determine if the reaction between solutions bf ammonia and hydrochloric acid will produce the same
molar-enthalpy of neutralisation value as Reactions 1 and 2.

Justify your response using your knowledge of acid-base chemistry and include an appropriate
chemical equation.

B T T O A I R T
I I I N I T I N I I I O I O Y ooy
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............................................................................................................................................

.............................................................................................................................................
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-Question 5 (5 marks)

The diagrarn below shows a closed system with vessels A and B connected with a small pipe with a
valve at the centre, When the valve is closed gases of the two vessels cannot mix with each other.
The volume of the small pipe with the valve is assumed to be negligible.

S0z, 8303, Oz 2 moles of

at equilibrium Oz

1L 2L
Vessel A Vessel B

When the valve is clbsed. vessel A is at equilibrium denoted by Keq. When the valve is opened,
changes occur to the system in vesset A.

(@) Show a relationship between the reaction quotient, Q, and Keq when the valve is closed. 1

{b) Explain what happens to the equilibrium position when the valve is opened, using the most 4
appropriate of the following principles.

¢ Le Chatelier's principle
+ Relative raies of the forward and back reactions
s  Comparison of Qand K

2023 NBHS YEAR 12 CHEMISTRY TRIAL EXAMINATION - SECTION 28 7



Question 6 (3 marks)

Consider the following equilibrium system shown.

2NO2(g) = N204(9)

An experiment is conducted to understand the relationship between reversibility, temperature and
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entropy.
Temperature (°C) AG (kJ) Keq
100 8.4 0.067
0 -9.2 58
-196 —43.7 3.8 X 10%
It is known that when AG = 0, the reaction is at equilibrium (Keqg = 1).
Explain the changes that occur when the sealed tube containing the brown NO2 gas is immersed in 3

liquid nitrogen —196°C, in terms of reversibility, enthalpy and entropy.
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Question 7 (5 marks)
A student prepared two solutions by mixing aqueous sodium hydroxide and-ethanoic acid. . 5

o Solution A was made by mixing together 25 mL 0.010 mol L™* agueous sodium hydroxide with
50 mL 0.010 mol L' ethanoic acid.

o Solution B was made by mixing together 25 mL 0.020 mol L™ aqueous sodium hydroxide with
50 mL 0.010 mol L~ ethanoic acid.

Compare the change in pH in Solutions A an_d B when a:small amount of acid is:added to the mixture
usirig equilibrium principles and the Brensted-Lowry theory.
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.............................................. DT L T N L T S LR P R E R R
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.......................................................... B T L L L L e E R LR
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‘Question 8 (11 marks)

A manufacturer claims to have 30—-32%(v/v) ethanol in most popular brand of red wine. The claim
can be verified by determining the concentration of a sample of ethanol from the above red wine,
using redox back titration method. The method is given below:

A sample of the red wine is diluted and then oxidised to ethanal using an excess of acidified
potassium dichromate solution.

<

Pipette 10.0 mL of wine into a 250.0 mL volumetric flask and add distilled water to make up to
250.0 mL and mix thoroughly.

. Pipette 20.0 mL of diluted wine into a conical flask.

Add 20.0 mL aliquot of 0.040 mol L™ potassium dichromate solution, then add 10 mL of
concentrated sulfuric acid (40%).

Place stopper in flask loosely. and heat in a 45°C water bath for 10 minutes then-remove from
heat.

All of the ethanc;!-(CzH'sOH) in the wine samp;e is oxidised to ethanal (CHsE)HO.).
The flask is stoppered to prevent the ethanoi being lost and the overall redox reaction is:

3C2H50H(aq) + Crz07%(ag) + 8H*(aq) — 3CH:;CHO(ag) + 2Cr¥*(aq) + 7H:0()
Add 2 g of potassium iodide to the flask.
The excess dichromate ions will oxidise iodide ions:

2I-(aq) — lx(aq) + 2e-
While the iodide ions reduce the dichromate ions:to chromium (lll) ions:
Cr:07%(aq) + 14H*(aq) + e~ — 2Cr¥*(aq) + 7Hz0())

The overall redox reaction equation and the solution will ook rather brown due to _thé presence
of Iz

Cr:072-(aq) + 14H*(aq) + Bl (ag) — 2Cr**(ag)+ TH20()) + 3la(aq)

Titrate the above solution containing iodine with 0.010 mol L' sodium thiosulfate solution until
the solution.clears: :

l(ag) + 25:05*(aqg) — 2i(aq) + S:0e-(aq)

Thiosulfate ions act as a reducing agent, reducing |2 to colourless I- and thereby removing the
brown.colour from the solution. '

Record the volume of sodium thiosulfate (the titre).

Repeat procedure on'several samples of the diluted wine until concordant titres are achieved.

Question 8 continued on:the next page
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Question 8 continued...
The resuits of the experiment are shown below.
Sample | Volume of sodium thiosulfate (mL)
A 31 92
B 2963
c 29.61
D 29.62
(a) Given the denSity of ethanol is 0.789 g mL-", does the sample verified meet the manufacturer’s 7

iclaim?

‘Support your answer at least one relevant equation and all relevant calculations.
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Question 8 continued on the next page
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Question 8:continued...
(b) A NBHS group of students performed some research after the previous volumetric analysis and
has found the following pieces of information. They used the findings.to alter the volumetric
titration.
An extract from the students’ logbook is shown below:
Careful research into the above observations led to the following findings.
o [nthe presence of a very powerful oxidising agent, ethanoic acid oxidises to carbon dioxide,
thus inhibiting the reaction of KMnQO4 with ethanol. -
o Mn? may be present as well and it acts as a ‘catalyst, thus can cause an incomplete
reduction of MnO4~ ions and the reduction product is MnOz, a brown suspension.
Question 8 continued on the 'ne);ct page
12
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‘Question 8 continued...

Using the observations on the previous page, suggest reasons as to why the data collected 4
may or may not be accurate. '

In your response, include improvements to the experimental design.
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END OF SECTION 2B
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20 marks
o Attempt Questions 1-4.

o If you use the extra space provided at the back of this section,.clearly indicate which question youi are
answering. -

Marks
Question 1 (6 marks)

An g’nknown compound, X, is analysed and shown to have a composition of 69.7% carbon,
18.6% oxygen and the remainder is hydrogen. The following incomplete mass spectrometry, infrared
spectroscopy data and chemical test data was collected.

Spectral data

Mass spectrum ’ Infrared spectrum
o M+1 peakatm/z=87.0 o  Sharp peak at 1705 cm™*
¢ Fragment ion peak at m/z =28 o No broad peak around 3200 cm!

Chemical test_ data

o When Fehling’s reagent (contains Cu? ions) is added to @ sample of X in a test tube, no colour
change is observed when the test tube is placed in a warm water bath.

o When Tollen's reagent (contains Ag* ions) is added to a sample of X in a test tube, no silver
mirror is produced. :

Question 1 continues on the next page
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Question 1 continued...
(a) Calculate the molecular formula of compound X. 2
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(b) Using the data above, identify two possible isomers for compound X. Justify your response by

4
including an explanation proving your two possible isomers and disproving one other isomer.
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Question 2 (4 marks)
The flow chart summarises an industrial pracess for the synthesis.of nitric acid.
Catalytic chamber
700°-800°C, Pt catalyst, high pressures
4NHy(g) + 50,(g) = 4NO(g) + 4H,0(g)  AH =950 kJ mol-"
Heat exchanger
’ ’ (For cooling purposes) '
Oxidation chamber
> 50°C
2NO(g) + Os(g) = 2NOx(g)  AH =114 kJ mot-!
Absorption chamber
50°C, high pressures :
3NO3(g) + H0() = 2HNOg(ag) + NO(g)  AH =—117 kJ mol-!
Further purification of nitric l , it Recycled
-acid i higher concentrations < Rl > back into the
are required or purified and _ oxidation

transported to market cham‘ber

Question 2 continues on the next page
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Question 2 continued...

Explain THREE factors that may have been considered in the design of this industrial process. Make
specific reference to the flow chart.
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Question 3 (7 marks)
A chemist discovered a bottle simply labelled ‘CsH1aNO'. - T

To confirm the molecular structure of the contents of the botile, a sample was submitted for-analysis
by infrared spectroscopy and "H and *C NMR spectroscopy. The resulting spectra are shown.

Infrared spectrum

100

50 A

Transmittance (%)

Y

4000 3000 2000 1500 1000 500

Wavenumber (cm™}

Question 3 continues on the next page
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3C NMR spectrum
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l ‘ ,
200 -180 160 140 120 100 80 60
' ¢ (ppm)
1H NMRlspéctrum

8 (ppm)

Quiestion 3 continues on the next page
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Question 3 continued...
Data from the 'H NMR spectrum
Chemical shift Relative peak area. Splitting pattern
5.45 1 singlet (1)
375 2 triplet (3)
2.50 2 triplet (3)
2.25 ‘ 6. singlet (1)
1.70 2 quintet (5)
H NMR chemical shift data ' ’
Type of proton 8 (ppm)
Si(CHa): (TMS) 0
R—CHs 0.7-1.3
R—CH—R : 1.2-15
R—CHR2 ) 1‘.5}-2;0
HsC—CO— (aldehydes, ketones or esters) 2.0-25
—CH—CO— (aldehydes, ketones or esters) 21-26
H:C—O— (alcohols or esters) . 3.2-4.0
—CH—0— (alcohols or esters) 3.3-5.1
R2—CHz—0O—- (alcohols or esters) 3.5-5.0
R—OH 1-6
R2C=CHR (alkene) . 4.5-7.0
R—CHO (aldehyde) 9.4-10.0
R~-COCH 9.0-13.0

Question 3 continues on the next page
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Question 3 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.
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'Question 3 continued...
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Question 4 (3 marks)

Calcium tdmpo'unds such as calcium fluoride and calcium hydroxide are sparingly soluble in water. 3

To investigate the solubility of calcium fluoride in calcium hydroxide, a stident prepared a saturated - |
solution consisting of calcium fluoride; calcium hydroxide and water. It had a pH of 12.0. o

The student noted that the Ks, of calcium fluoride at 25°C is 3.45 % 10-*1. %

Calculate-the molar solubility of calcium fluoride in the' above solution at 25°C.
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Normanhurst Boys High School
2023 Year 12 Chemistry Trial Examination
Sample Answers & Notes from the Marker

<4 || Sestion 1(20 marks)
~ b |l Written Response

‘Question 1'(1 mark)

An orgaric compound shown below.

o H H HH H
'\ Y
—C—C—C—C—N

L f/ 1 1\
H—O0- W4 H H H H

Which are the TWO functional groups presentin this molecule?

(A) Amide-and ester: | | |

(B) Amidé-and carbonyl.

(C) Carboxyl'and-amine:

(DY Alkene-and amine.
‘Notes from the Marker
The twa fiinctional groups aré on the ends-of this.molectile, the carboxyl group (~<COOH).and:the-aminé group.
'(=NHz).

Question. 2:(1 mark).

Which of the following conditions would be.appropriate to.carry out the.following:synthesis?

H
LR
H‘—(l3—"C|)—’CIi—LC|3—;’CI3—H — 'H»—:'tl:—ﬂ:—c'::—cls-—?—H
IR

(A) Brzand UV, light.

(B) Bradissolved:in water..
(C). ‘HBr and heat.

(D) ‘HBrand ZnCl catalyst..

Notes from the Marker-
'Substitution reaction of sécoridary.alcohols with‘HBr-and heat:.
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Question 3 (1 mark)
The structure of a compound is'shown below..
CHs
HaC-HC
CH=CH
e N 2/CH?:
HsC I/c\
Ci
What is the IUPAC name of this compound?
(A). 2-chloro-2<iodo-4,5-dimethylhexane
(B). 2-i6de-2-chloro-4,5-dimethylhéxane
(C) 2,3-dimethyl-5-ctiloro-5-iodohexane
(D) 5-chloro-5-iodo-2;3-dimethylhexane
Notes from the Marker
'Start with fi inding the. Iongest carbon chain, in thls ¢asé is hexane: Number the carbon:chain-56'that.each
‘substituent is glven alocant.

Theré:are two possible ways to number the carbon' chain:

= Fromlefttoright:2, 3, 5,5

»  Fromright o left: 2, 2,4, 5

‘First.point of dlfference rule will then apply; where the: aSS|gned locants will be chosen based on-the fi rst'substituent
locant that hias the lowest locant; hence::2; 2, 4, 5..

The substituents should also be named in a_lphab,eﬁtlca’l order.

-Question 4 (1 mark).

The heat of combustion of butan-1-ol is 2676 kJ mol-..
What is the value of the heat of combustion inkJ g-1?
(A) 30.41

(B) 36.10
(C). 44:60
(DY 4779

Notes from thie:Marker.

To convert-AH-= 2676 kJd.molinto kJ:g™, divide AH.by.the molar mass: of butan-1=ol; (C4HgOH), since.molar.mass:
has units of g mokt:.

AH 2676

MM T 4(12.01)* 10(:1:008) + 16.00

= 36.10 kl.g*"
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Question 5 (1 mark)

Ethanoic:acid (CHsCOOH) is:a weak acid with Kz = 1:74 X 10~ at 25°C..1.00 L of a solution is prepared by

‘dissolving 0.100 mol of ethanoic.acid in distilled water..
‘What is the pH of the resulting solution?

(A) 2.00

(B) 210

(C) 2:80
(Dy 2.88

Notes from the Marker:

CH;CO0H(aq) +HzO(l)'= CHyCOO0(ag) +Hy0'(ad)

[GHSCO0H] = 0.100:M |

k.= [CH3COOH][H3 0]
"7 [CH3COOH]

_HOTE

= Sicoon (Since [CHICO0T = [H:Ol)

174x 107 =5 100

[H:0'] = 1319'x16° M

Question 6:(1 mark)

\pH ==10gi(1:319.x 10°2)
=2.88

The table lists some properties of the straight-chained carbon compounds W, X, Y and'Z.

LFQ"!PPL-!""L B } [RE?thi,VjtY in bromine water \ fScf:IgbirIityr in water
| w ‘ Rgpidly‘decolouﬁses y Insoluble:

i X ‘ ‘Unreactive: \ ‘Insoluble:

[ Y 1 'Unreactive \ S_olubief;

| Z ‘ 'Unreactive ’ - Partially soluble-

Which fow below.best identifies the compounds. W, X, Y and Z?"

oW x ‘ ¥ z
@ | CaHs. ] CaHa | CH3OH C4HsOH
® | Catls. | Cals 1 CHIOH CiHsOH
© | CiHe | CaHa | cawon CHsOH.
o | CaHa | CiHe. | CaHsOH CH3OH
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Notes from:the Marker

o W i_s':an:élkené,-'CgHa (propene), which decolourisés bromine water.dué:to the présence of a.doublé bond: Itis:
-also non-polar and.insoluble’in water.

o Xisanalkane, CaHB (propane), $0i8 unréactive in'bromine watér; -as it is saturatéd: Itis.also-non-palar and
insolublé'in; water

s Yis.asmall alcohol, CH;OH (methanol) $0iis unréactiveiin bromine water,:as.it is saturated: It also contains.a
polar hydroxyl group with a very-shoit hydrocarbon ¢hain, so'is soluble in water, since the' hydroxyl group can
farm: hydrogen bonds with'water..

e Zisa Ionger chamed alcohol C4H90H so is:unreactive in. bromrne water, as it is'saturated..It also: contalns a
polar hydroxyl group, which.can form’ hydrogen bonds:with: ‘water, However the hydrocarbon charn is:longer
.andis non-polar, hence: decreasmg the solublhty i the alcohol maklng it partially soluble.

Question 7'(1 mark).

The table below shows some.data on four acid-base indicators.

' Indicator name pH range Colour range.
methyl orange.  31-44  red-yellow

l bromophenol red 792—5&} yej[qw—blue

1 methyl red’ 4.2-6.3 red-yellow

I :phenol red: 6.8-8.4 \ yellow-red

A Solution, labelled X, is made. by mixing -equal  volumes. of 00002 mol L™ ‘sedium- hydroxide. and
'0:0004 mol L= nitric:acid..

Which indicator-shown would turn pure yellow when added toe"sample;of‘x?'
'('A) Methymrange‘

(B) qumqphenol red.

(C). Methyl red

(D) Phendl red

Notes from the Marker.
'NaOH(aq) + HNOs(ag) — H:0({l)+ NaNOs(aq)

I 1 L of each reactanit were added together: [HsO" = nfV.,
n(NaOH) = 0:0002 x 1 =0.0002:/2
=0.0002'mal =0.0001 M
A(HNO3) = 0.0004% 1 pH=Joiu(0.0001)
=0.0004 mol =4
Dué fo.1:1. mole ratio, the' left-ovér moles-after the.
reaction:'
n(Hs0*) = A(OH-) = 0.0004 =0.0002"
= 0;00‘02 mol?of<HqO*
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Question 8 (1 mark)

The;fol[ovsjing organic-compounds all‘have-ﬁvetcarbons.,

A: 2,2-dimethylbutane:

B: 2-methylpentane

.C: 4-methylpent-2-ene-

Which of the following is most likely to be correct?

(A) -Compound.A has alower melting point.than:compound B.
(B) Compound A has a higher melting point than-compound B:
(C). Compound B:and compound C are functional group isomers.
(

D). Compound.A and compound B are positional isomers:

Notes from the Marker
The surface area.of compound A is [ower than the surface area of compound B, due to more branches: Compound
Ais therefore easierto pack together-and has a highermelting point compared to compound B.

Question 9 (1 mark)

A 3.42 g.sample of solid: Mg(OH)z is-added to a:200.0 ML solution of 0.600-mol L=+ HCI..
What is the final pH of the final mixture?

(A) 0.51

(B) 1.2

(C) 1.9

(D) 2:6

Notes from the Marker

N(Mg(OH)2) = -1 “n(HOI) =exV
5 ='0.600x0.200
_ 3:42 T
" 24,31 +2(16,00) + 2(1.008) =0:1200 mol
=.0.0586359428 mal | Hence, H* will be.in excess:
' Mg(OR)2(aq) — Mg? (aq) +20H(aq) (H*Yoxcess = 0:4200 = 0:1172718856
n(OH") = 0,0586359428 x 2'(due to 1:2'mole ratio) =0.0027281144-mol
=:0.1472718856 mol [H] =RV
_ 0.0027281144
T .0:200
=0,01364 M

;pH'==10g1(0.01364)
= 19



Daniel Pritchard
Highlight

Daniel Pritchard
Highlight


Question 1 0.(1 mark)-
A 50.0 mL sample of 4.0'% 10-* M AgNOs-solution is added to 50.0' mL of 1:0°X 10 M KIO3 solution at 25°C..
The-Ksp value for AglOs at 25°C is 3.2.X 1078,

Which row of the following table correctly.predicts if AglOs will form:a precipitate and the réason for this?

Wil a precipitate form? ~ Reason
w|  Yes -
® |  Yes  QuKe
(©) No Qi <Ky
o No Qsp > Ksp )

Notes from the Marker:
AgNOs(ag) —>'Ag*(aq) + NO;(aq)
N(AGNO3) =4.0 X104 .0.050

=0,0002 mol

[Ag'] _.0.0002
.[qu.‘]fr]ix_eq = m

KIOx(aq) —»K¥(aa) +104(aq)
r(KIOs) = 1,0 x.16°'x.0,050
= 0.00005 mol

[1Os7Trea = TN 0

=0,0005 M

1AgI0s(s) = Ag*(ag) +1057(aq),
Qe =[AglllOs]
= (0:002)(0:0005)
=1.0x10° M
Qs> Ksp.
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Question 41'(1 mark)

2-methylcyclohexanol is an alcohol.and-undergoes a dehydration regction with sulfuric acid as shown..

H
o~

conc. HzS0;

>

‘What is the-major-organic product of this reaction’:

(A) (B).

Notes from the Marker:

iIn-a dehydration reaction, the hydroxyligroup-and a hydrogen-atom from an adjacent'carbon Is removed to form an:
alkene and water. This results.in the products of option (A):and:(B) that can be produced..

The major: product, however;is the: alkene with most carbons directly attached {i.e. most highly substituted alkene);
ihence option (A) is the major product.

Question 12 (1 ‘'mark)
Consider the following equilibrium for a weak base NaHa.

NzHi(aq) + Hz0()) = NeHs'(aq) + OH-=(aq)
A 0.75 mol samjle of NaHa is placed in‘a 1:00 L flask. After the system comes to equilibrium, the flask contains
.0.45 mol NzHs*..
The value of Kx for weak base NzHa is:
(A) 027
(B)- 0,68
(C), 148
(D). 3:70


Daniel Pritchard
Highlight

Daniel Pritchard
Highlight


Notes from.the Marker

N = 52
=0.75M
[NzH] IN:H5T [OH]
Initial. 0.75 0,00 0.00
'.Change -0,45 +0.45 +0.45
V'Equilibrium 0:30 0:45 0:45

16 = INaHE"OHTT
Ko == NaHal
_ (0.45)(0.45)

T 030

=0.68

Question 13 (1 mark)

The diagram shows the infrared spectrum of a compound.

100

50

Transmittance (%)

0

4000

Which compound was anialysed?

(A) .Propane.

(B) Propan-1-ol
(C) Propanal
(

(D) Propan-2-one:

‘Notes from the Marker

The C=H bond is'détected at ~3000 ¢m="-and the C=0rbond is.détected at ~1700 cm='. These bonds.are present in

propanal and propan-2-one:

3000

2000

15000 1000  500°

Wavenumber (cm')
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Question 14 (1 mark)

A food critic.noticed their: specualty chicken dish was, extremely bland and requested that analysis be carried
.out to.measure the’sodium: chloride: concentratlon This was achieved by dissolving the food sample in water
and the. chloride ion being precipitated by adding. an: excess of silver nitrate solution.. The precipitate was.
washed and dried.

If the mass: of the food sample was 10.0 g :and the final précipitate had a mass of 0.188 g, what'is the
percentage of sodium chloride in.the food?

(A) 1.88%
(B) 0.766%
(C) 0.465%
(D) 0.220%

Notes from the Marker:

m(AgCl) = 0,188.g “m(NaCly:=n x MM
n(AgC) = /MM =.0,00131147541 x.(22.99 # 35.45).
o 0188 =0.07664 g
“107.9 +:35:45;
=0.00131147541 mol. et = £ 100
n(CF) = 0,00131147541 mol | =.0.766%
In NaCl::
n(NaCl)= 0.00131147541 ol

Question 15 (1 mark)

A simplified mass spectrum of butanoic-acid i§ shown:.

73
100 28 a5

80
60- ,
57
40-

Reélative.intensity

ol I ” Ly

10 20 30 40 50 60 70 80
miz

The peak with the mass-to-charge ratio, .im/z; of 73;
(A) has the greatest mass-to-charge ratio..

(B) represerits the species CH2CH:COOH-.
(C) represents:the species:CHzCHz‘COOH
(
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Notes from.the Marker

The CH2CH:COOH* speciés has a-mass-of 73and only positively charged species can‘be detected in amass:

spectrometer,

Question 16 (1. mark).

‘Silver chromate. (Ag2Cr0s) is a yellow solid that dissolves in water to produce.a yellow saturated solution
containing 2.34 X 1072 g L™ of silver.chromate. The molar mass of silver-chromate is 331.8,g mol- The.

chromate ions react with hydrogén ions as shown below:

2CrOs*(aq) + 2H*(ag) => 2HCrOs(ag). + Hz20())

yellow

-orange

The' molar ¢oncentration ‘of chromate ions in aisaturated solution -of silver chiromate iri 0.183: mol L= silver

nitrate is:
(A) 1:40% 1072 mol L
(B): 4.19 X 10-M mol L=
(€). 7.05.% 10 mol L~
(D) 2:34% 10-2mol L+
‘Notes:from the Marker:
AG:CrO4(s) =:2Ag*(aq)* CrO(ad)
Solubility of AgsCrO4 = 2.34:x 102 g L
' MM(AG:CrO;) = (107:9 x 2) +(52,00) +(16:00 x4)
;—3331;8;9 molr*
238 %1072g L1
331.8 Qjmol;1-'
= 7.05x 10" mol L~
Kip = [Ag'P[CrO4*]
=(2%7:05% 1097 (7:05 % 107%)
=1.40 X102 (3's.f.).

[Ag2CrO4] =:

“To détermineé miolar concentration of chromaté'ions in
‘asafurated solution of silver chromaté/in 0:183 molL-~"
-silver nitrate.

{[AgNGy] = 0183 M

Ag"1 = [NOg7] =0.183'M

Let[CiO2 =8

1.4%10712=(0.183)2X s

'§ = 449 10 mol:L™
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Use the following information to answer questions.17-18,

-Astudent was required to construct .a model to-help: others visualise: the: composition. of a solution of 0.1 M.
hydrofluoric acld. They were told this acid had a Ka value of 6.7 X 107 The student had -access to children’s.
building blocks of various colours, like those:shown in.the.image. The student counted out 25 dark blocks-and
25 light blocks and.created the :following;ké.{y; '

Fluoride- ion Hydrogen ion Hydrogen fluoride molecule
T TS T T
T S, T, TR ! L e e S
e aITZe (4= ey -

The student used the Kz value provided to determine, via calculation, the appropriate number of dark and light.
blocks to join to make the number of ‘HF molecules’ in the model consistent with the Ka value: for the acid.

After joining the calculated number.of blacks, they finally placed all single and joined blocks into a large beaker..
This was presented asthe final. model.

Question 17 (1 mark)-

How many separate dark blocks should the student have placed into the beaker to make the model show the
correct percent.ionisation for the acid?

(A) 2

(B) -6

(C), 12

(D) 23
‘Notes from the Marker-
‘HF(ag)+H:0(l) = Hi0"(aq) + F~(aq)

42 ' 3 .

ik, = O Pércent ionisation:-(mqg#-xwo
[HF] 0.
s = 8%
g A2 -

67w o= B0 e f ae e e
— ' 0.4 25 blacks of HF x 8% = 2 blocks:
[H:0"] = 000818535 M
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Question 18 (1 mark)-
‘Other students assessed the model:and were asked to state some of its limitations based on the-aim.of the
‘modelling exercise: Four statements made are shown below:
1. The inodel should have-included:some different. coloured blocks: to représent:the- proportion of
hydroxide-ions also present in the:solution..
. I The building blocks:used were too big to represent actual ions and molecules..
ML ledid not include the most.common chemical present in'the, 0:1-M HF being modelled.
| IV.  The true nature of the hydrogen ioniin-agueous solution is.not shiown by the madel.
Given the aim of-the exercise, which of the-above statements are significant limitations: of the final model
‘presented?:
(A) landll
(B) l'and IV
(€) Wand Il
(D) MandIV

Notes from the Marker.

s lIkis & limitation, as the mode! did not include chiemicals such.as Ha0; which is & relévant in showing the
composition:of the acid solution as well as the behaviour of the acid..

s IVi$ alirritation, as the true nature of the Rydrogen ion, being the hydroniuriion (H:0*) was not shown by the
model:
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Question 19.(1 mark)

A pH probe'is used.to:-measure the pH of several buffers of known pH values to determine if the meter required
calibration. The graph below shows the pH.readings given by the probe for each of the known (real} pH values.
of each buffer..

Calibration graph for-a pH probe

16 ; 7=
14 [ P — _ - — EER D — - K
S ] ISR I ISR U ,,,f\(?,,,d,;
| .- ,,7
2 12 : TP
[+) bl il bl bt e N At itk lbel S
a ~ v - - - ~ - \’ - b
o> 10 - — o Si— - N7 St i — —
0 e =l e S e
c **71”* — | ST ‘a;c'*’*f*:* e A —
@ g bV Rl ;
> -~ i )
5 1 X )
o . [ N I i
£ e T
<.,'.,"(..- '
= o \/?" N ; !
T 5 C : !
1 I )
[ R I IR A R A B
0 S P b - - *V - - H T
0 2 4 6 8 10 12 14

Real pH of buffer solution tested
Whichof the following statements-is true, based on the data provided in the calibration graph shown?
(A) Using the probe without calibration will affect the reliability of data it gathers.
(B) If the probe were to be placed in-a solution with [OH] = [H'] it would read 6.

(C) The:equivalent point in-a titration, as determined"using this probe, will occur approximately one pH unit
lower the actual equivalence point..

(D) The [H] of a solution, as determined from its pH measured using this probe, will'be 10 times lower than
the actual [H*]'in the same solution.

‘Notes from the Marker

A difference in a'pH:of 1 represents.a:10-fold.change in the acidity/basicity of a'solution,

The pH readings given by the proﬂl‘)e‘is;al‘ways:ipH higherthan-the real pH of th,e;bUffe,r.so'IutiOnitESt_ed. ThepH
‘probe‘therefore measures the [H*] as 10 times lower than the actual [H*] in:the same solution.
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Question 20 (1 mark)-
A studerit performed an experiment to determine Kaq for the following reaction:
Co?*(aq) + 4C(ag) = CoCl*(aq)
The student adds a 0.253 g.sample 6f.CoClz to.a solution-of 6.0 M NaCl. The value of Keq is 4.8:X 107,
Which of the following is the closest to the percentage of cobalt:containing species that is present-as:the
‘blue. CoCls*~ jon?
(A) 38%
(B) 46%
(C) 54%

(D) 62%

Notes from the Marker

 aCli %) | 'Use an ICE table to determine fiow misch of Co?*
= eote Tt initially becomes CoCli*:
=48 %107 1 | [co* | fer | 1ceci]
In'the. 6.0 M:solution of NaCl; [CH = 6.0 M R T rraaes — — |
B o . | |Initial: 0.003897 6.0 0.0
10.253 g'of CoCly is-added to this; introducing both Co?* | 1. o
and .CI". To deternmine how. much of each ioh is added:: | | .Charge =x 4 ¥
n(CoCls) = mi/MM: P B Eo - :
(CoCl)=m | "Equilibrium | 0.003897=x | :6.0=4x %
_ . 0253 Y O § RS Y S
" 58.93+2(35145)
= 6;001949,‘m6|[, :Since X <<60, [Cl_] ~ 6.0, M (éﬁéurﬂihgfXﬁS\ﬂéQﬁQiblG:
e A -compared {0:6.0:M).
n(Co?*) = 0:001949 mal ‘ ‘ . 2
Y S A1 , o o ICoCl 2]
HER 040k 12 oo
=0.003897 mol o
' o v ana _ [COCI2T
Hence.v before equilibrium is established: 48%10 Tico? %607
[Co*}=n/V e o
07, CoC]
_ 0001849 TRy ABx10TxeL
0.500. T
o =0.62
=0.003897'M

[CoCli#] =0.62% [Co*]

To find total|[CK] in solution initially: N o
o This-means thatfor.évery 100 CoCls*, we have only

N{Clotat = n{(CYitat+ (G g 62 Co?iions: Thus, outof a'total of 162 cobalt-
- (6.0 x 6,500) + 0,003897 \Gontaining:species, 62 of these would be Coiions,
=3.0.+ 0003697 The:percentagé would therefore be:
:__‘ ' . r 6 ). » )
3.0 mol ;1%&100:‘38%'
ery=ni
_.30,
~.0:500.
= 6;'0 M.

"Noté that the-amount of CFF added from'the CoCl; i§
neglgile:
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T 2022

NBHS Year 12 Chemistry Trial Examination

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

Sample 2+4= (A)2 (B)6 (C)8 (D)9
A O B @ cCO DO

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

A @ Bx NS DO

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

Ax B!‘/ cCO DO

1 A O B O cC® D3
2 AO BO C® DO
3 A@® BO cO D O
4 AO B @ c O D O
5 AO B O c O D @
6 A@® BO cO D O
7 AO BO c O D @
8 AO B @ c O D O
9 AO BO cC® D O
10 AO B @ c O O
1 A@® B O c O D O
12 A O B @ cO DO
13 A O BO cC ® D @
14 A O B @ c O D O
15 A O B O c O D @
16 A O B @ c O D O
17 A @ BO cO D O
188 A O B O c O D @
19 A O B O c O D @
20 A@® B O c O D O




Normanhurst Boys High School
2023 Year 12 Chemistry Trial Examination
Marking Responses, Sample Answers & Notes from the Marker.

82 A Il Section 2A (10 marks)

- Question 1

Marking Criteria

! Marlgs

Identifies that macrozamin and cycasin can form bonds with water, with reference to the relevant struclural
group (hydroxyl).
AND
States the equilibrium reaction that can occur with the toxins in water (either described in words or written
as an equation).
AN D
Justaf“es the observation ta remove toxins by:
*Describing the difference between run ning water (open system) and still water (closed system,

‘ eqLuI:bnum forms) OR states why still water would not be efficient by relatmg to equilibriumn.

. Relatlng to the effi mency of running waterin removmg toxins through LCP...

Response shows a goad understanding of principles involving dissolving and equilibrium..

Ident[f‘ ies that macrozamln and cycasm can form bonds wnth water

AND"

Justifies the observation to remove toxins by:

« - Relating to the efficiency of running water in removing toxins through LCP.

OR:

Juatif'es the observation to remove toxins by:: '
Descnblng the difference between running water (open system, no eqwllbnum) and still water (closed

| -system, equ1librium forms)

. Relatmg to the efficiency of runn:ng water in removing toxins through LCP. .

oR
Siates the equmbnum reaction that can occur with the toxms in water.

AND

Justifies the observation to remove toxins by

. Relatlng o the effi mency of runnmg water In removmg toxins through LCP

Besbonse shows a sound i.indersta_nding of prinoiple's in_volving  dissolving and equilibrium,

Prowdes some relevant mformatlon such as ONE of the fol]owmg

. Identifies that the toxins can form hydrogen bonds with water.

s States the equmbrlum reactlon that can occur with the toxins i in water.

. F’rowdes a reason for why runnmg water i is more efficient than still water

o /Stated a reason for the crushed powder =to increase surface area to be more eff cient at dissolwng




‘Sample Response

The toxins macrozamin and cycasin have multiple polar hydroxyl groups, which allow for multiple hydrogen
bonding to occur with water. This allows the.toxins to dissolve in water, forming.an equilibrium, for example:

cycasin(s) ='cycasin(aq)

Still water would form an‘equi'libvrium asitis a closed system, while running wateris an open system:so the
dissolved toxins do not reach equilibrium. As a result, running water is:more efficient than still water in
removing the toxins, as it'allows the dissolved toxins fo-be.flushed out. It ensures that the equiilibrium is-shifted
to thé-right, as per Lé Chatelier’s principle, as the dissolved toxins-are constantly removed, This results in'more
toxins being. dissolved and continually. flushed-away, eventually removing'the. toxins.

Notes from the Marker
o Better responses.
- showed:a good understanding in the concept of dissolving and specified the intermolecular forces formed
with:the toxins-and water.
- wergfcl'e"ar when relating the above observation to equilibrium principles, s,pecifying,how running water
would -affect the equilibrium..
o Weaker responses:
- did not show a good:understanding in the concept of dissolving; stating that a:chemical reaction is.occurring
instead of the:intermolecular forces formed with water.
- did not address the comparison-of running water to still water. These responses need.to be-éxplicit to show.
‘whyrunning water is more efficiént.

Student sample (student scored-3/3)

With reference to structural formulae and relevant chemical principles, justify the above abservation
used to remove the toxins..
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Question 2

AND-

Identifies at least ONE trend from'‘the graph.

AND.

Relates the structure of the:molecules to their intermolecular forces.-

ANDIOR

Relates the strength of the intermolscular forces to boiling point.

AND

Responses shows a limited understanding of the intermolecular forces that caused the trend.

Marking Criteria Marks
Correctly identifies group.A and B. 5
AND: '
Identifies the THREE trenids in the graph.
Expliciﬂy:relates_-the structure of alkanes and alkane nitriles to their intermolecular forces (i.e. non=
polar, polar, specific-bonds). '
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.
Explains what effects dispersion forces have onboiling point {when increasing molar mass).
AND : \ )
Relates the effect of differént contribuitioris of the intermiolecular forces fo the trends shiowr.
Response is coherent, uses correct terminology, links to the stimulus provided and explanations
demonstrate a deep understanding of how intermolecular forces influence boiling point.
Correctly identifies grolip-A and B. 4.
Identifies at least TWO-THREE trends in the graph.
AND:
Relates the structure of alkanes and alkane nitriles to their'intermolecular forces.
AND. | | | )
Explains at least TWO . of the trends by relating to how intermolecular forces influence boiling point.
AND '
Relates the strength of the intermolecular forces-to boiling point.
Explains what effects dispersion forces have on boiling point {(when increasing molar mass}.
ANDIOR e |
Relates the effect of different contributions of the intermolecular forces to the frends shown.
Response uses correct terminology and explanations demonstrate a good understanding of how
intermolecular forces influence boiling point, ' '
Cortrectly identifies group A and B. 8
AND
Identifies at least ONE-TWO trends in the graph.
AND | | o
Relates the relevant molecules to their intermolecular forces.
Sound explanation of at least ONE of thetrends by relating to how intermolecular forces influence boiling
point by using correct terminology to identify the intermolecular forces that caused the trend..
AND/OR o | -
Relates the strength. of the intermolecular forces to boiling point.
.CorrECtly identifies group A and B. 2




Provides some relevantinformation, such as ONE of the following: 1
o Identifies at least ONE trend from the graph AND outlines a reason for the trend..

¢ Identifies the intermolectlar forces present in-alkares and-alkane: nitriles:

.Sample Résponse
A shows the data points for alkane ritriles and.B;s’hOws the data points for alkanes.
Alkane nitriles-would have a higher boiling: pomt than-alkanes because they can form dipole-dipole forces betweén

‘moléculés due to:the C=N. bond, as shown. There.is also greater electron density. atthe triple bond, making this
‘portion of the molecule- polar.

H
(7 S‘- ar- e \e
A —C =0 ?_Nb mpp\e ’df po
N e
£l
: :' % H(
el — o

H‘

Alkanes however, only form dispersion forces between molecules, as the molecules are. non-polar. Since. dipole--
dipole forces are stronger. than dlsperslon forces, alkane nitrile maleculés: require more energy to break these
intermolecular forces, resultmg in.a higher bmlmg point..

As the chain [éngth-increases for both-alkanes and alkane nitriles, the boiling point for both-groups-also increase. This
is due to stronger.dispersion forces between the carbon chaln length, due to'a greater electron clouds and
greater. surface area between molectiles, therefore resulting in.a higher boiling point..

Aschain length increases; the difference in’ bOiIihg'points between the two groups al'so decreases, as shown with the
.2 carbon chain lerigth alkane and alkane nitrile with a difference i in boiling point of around 170°C, while the 6. carbon
chain length molecules have a difference in boiling point of around 100°C between the two. .groups. This is due to the

dipole-dipole forces bet_ween_a'lkane nitrile molecules having a smaller contribution: 10: the overall mtermplecular
forces and is:outweighed by the contribution.of dispersion forces from the longer.carbon chains:

Notes from the Marker-
.6 Betterresponses:
= were explicit and provrded specn' G detalls suchas’ Imklng the stréngth of intermolgcular forces 16 boiling
pomt and related the two. structures:to'its- mtermolecular forces..
= made specific references to the-stimulus by. providing specific values:.
= were coherént-and'sHowed a deep understanding in their explanations of the trends.and:application of their
& Weaker résponses:

< did riot: exphcltly relate the strength of mtermolecular forces. to bailing point.(i.e. linking back to the: energy
reqmred to break those. forces)

- incorrectly showed where:the intermolecular forcés aré between alkané nitrilés; where'the, dipole-dipole
forces<were mcorrectly shown as:N bonded to the:H of the non-polar partof the. alkane: nitrile.

- ?lncorrectlystated that alkane nitriles can form hydro_gen-bqnds instead.of dxpole—dlpole»forces;

- piovided incorrect information; such as.describing “rate™ when interpreting the graph..



Student sample 1

Identify the label of A and B as either alkanes or aikane nitriles and éxplain the patterns.of the (\_5/)
boiling points shown in the graph. )
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Student sample 2
Identify the label of A and B as either alkanes or alkane nitriles and explain the patterns of the

boiling points shown in the graph. s )
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Question 3(a)

Marking Criteria

Marks

P‘rovides an ‘a_ppropr'iate_. reason_for 'the_-;obser_vation of_ soot.

S'ample 'Response_
Incomplete: combustion may have occurred from the burner flame, which produces soot,

‘Notesfrom the Marker

‘e Better responses.were specific. in being able to idertify that incomplete combustion resulfed in.theformation of.

soot..
o Weaker responses:.
- restated the information from the question; such ais stating that soot was formed:

- were not-specific in the reason for soct, instead stating “insufficient oxygen”.

Question.3(b)

Marking Criteria

Marks

Correctly calculates the moles of butan-1-ol.

AND:

Relevant steps to calculate the total quantity of heat released.

Ao e o

Relevant steps to calculate the quantity of heat measured after heat loss.

AND:

Correctly calculates the specific heat capacity of the liquid; including units, to appropriate significant
figures.

Response shows a thorough understanding of heat of combustion:

All correct steps with.any ONE error..

Correct steps with incorrect answer and multiple errors.

Any.ONE step correct only.

Sample Response:
N(GaHIOH) == 35% heat loss, s0 65% heat absorbed:
Qmeasired = '.1_'3538;86:)(:0.65
= 8800.256.J.

N 0.375
~4(12.01) + 10(1.008) + 16.00
= 0.00505936319 'mol q=mCAT

g C=391Jg" K
= 1dg

Getal = AH x N
=2676.x0.00505236319
= 13,53885591 kJ
=13538.86 J




Notes from the Marker

o Better responses:

- showed clear working out by showing each step and-c¢alculating their answers at each step.

= were able to'interpret the stimulus: correctly and determined the change;in temperature using the graph and
applled the heat loss correctly.

o Weaker.responses:

- did niot apply the percentage of heat loss correctly, where they did not multiply the -heat by- 65. 0%, which
was the heat méasured: (smce the question stated that 35.0% of heatwas lost to the environment):

% showed-an.incorrect conceptual understanding of the heat loss. To account for the: heat 16ss, it should be
applied: to éither q or AH; however; somé responses applied it to the temperature change, which is
congceptually and practlcally incorrect.

= did.not:show clear working out and took: many shortcuts. These responses resulted in incorrect answers
and-not enough steps shown'in: the: working out. Each: step should be: clearly shown and calculated.

- rounded up:numbers on the périodic table when.calculating molar mass, which resulted in-an incorrect final
answer.

Student sample

(8) The student noted that there was some soot on the base of the beaker. ."' ; '
Outline a reason for this observation. -
‘..,.rﬁ"e(/.'...\.Y‘.?S?.M.E\.?.Jf.(.".....C.Q?YT.L?.‘."..S..{T.‘.Q oot butap- oteurred due
S Limibett oxagen supply e 2. forming, SKL or tho
........ bq'c"‘&‘gf ereeees - .

(b) Based on prior testing, it was determined that 35.0% of the heat produced by the combustion of /'Z .J
butan-1-ol is lost to the surroundings. ~
Using the information provided, calculate the spec;f ic heat capacity of the liquid, given that the
heat of combustion of butan-1-ol is 2676 kJ mol
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Question 4

Marking Criteria

Marks

All correct structures andﬂcorrect-.lU'&’-:;"‘1&'.(‘3',narmes‘-ﬂfor_._-::c:m[:munczlsAi B,C,D,E F, G Handl.
AND: '

Correct justifications for all compounds A'to I, including:

e _Aand B being isomers

= how compound A is determined to be symmeétrical with a.double bond.

3 hydraﬁbn reaction io;produce alcohols.

= oxidation of alcohol shows it is either primary or secondary

o the reaction with NaHCO; determines the presence of the acid F

s acid carbonate reaction to-produce G; Hand |

AND . :

Key terms used in justification.

AND’

Makes explicit references to most of the information provided in the flowchart..

All correct structures and correct [UPAC names for compounds A, B, C, D, E, F; G, Hand |
Correct justifications for all compounds Ato |, including:

= how compound A'is'determined to be symmetrical with'a double bond.

o hyd_raﬁon meact;ibnio_ produce alcohols

o oxidation of alcohol shows it is eithér primary or secondary

o the.reaction with NaHCO; determines the presence of the acid F

AND.

Key terms used in justification.

AND: J

Makes limited references to the information provided in the flowchart,

‘All of the above but contains ONE type,bf'ermr’(sucn as incorrect locants used when n'aming', incorrect-
‘commas’used when naming, afew key-terms missing) OR all of the above criteria but 1—2 minor types of
ErTors.

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 structtire but correct IUPAC name and correct justification for all other compounds.
OR

No structures but correct IUPAG:names and correct justifications for all compounds.

Response contains 2-4 errors. .

AND/OR

Correct structures with no names and some justifications.

OR

1-5'incorrect or missing ‘structures or names and justifications incomplete.
OR | -

4 correct structures with.-names and appropriate justifications

Response contains at least 5 errors..

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

1-6'incorrect or missi ng structures or names; with very limited justifications..
OR § _ . .




3 corréct structurés with names and appropriate justifications

flowchart, sstich as ONE of the following:
o .SHows'understanding in ONE of the reactions.
e Identifies the structure-of any ONE compound..

o Identifies‘a structure of the CsHa compound:

Response contains'5 or.more errors,. 2
OR. |

Most structurés or namés aré incorréct and limited justifications.

OR. A

Structures are incorrect AND/OR have some correct IUPAC names AND shows some undérstanding in

following the reactions in the flowchart and no justification (shows understanding in at least two
reactions/pathways in flowchart).

Some: correct/relevant information and shows limited understanding iri followmg the reactions.in the: 1

‘Sample Response:

‘ Compound \ Structure and. Name Justification
A, but—2"-9ng | Compound A undérgqes hydration with dilute H;SO4 to
H H produce:only one alcohol product. It is therefore a
o ‘ |; \ H symmetrical, unsaturated hydrocarbon with the douible’
\ G /C/ bond at the second carbon, with the formula CiHs.
¢ ~cT N
H™ \ 1 H
H H
B but-1-éne ‘ The hydration of compound B WIth dllute H2804 produces
H two. possxble alcohol products, so it is’ unsymmetrlcal
-/ ‘ ‘with the double bond on first carbaén, since one of thé
H—,C\\ T T product, C, is also produced by.A. Itis: therefore-a straight
C—C—C—H chained isomer-of A..
; S
| H W H
C: butan-2-ol. ! Compound C can oxidise when acidified KMn04 is
H added and since the double bond is at the second carbon,
H o H H it is.a'secondary. alcohol.
|
S O O
H H H H
D ‘bijtaniz;ﬁne_- :Compound D is the product of the:oxidation reaction;of
‘butan-2-0l. It also does:not react with NaHCOs so itis a
‘H | | H ketone, not'a carboxylic acid.
H/ / N /
HoOH TH
| H
| E butan-1-ol | Compound E is the other product (major product) of the

hy;_ira'tibn with dilute H2S0, reaction of compound B.




O H
‘H/
F butanoi¢ acid Since compound E is the primary alcohol; it oxidises to |.
H H H ‘ produce a carboxylic:acid (compound F) when-acidified
Y KMnO, is added.
H H H O—H
G sodium butanoate From the acid-carbonate reaction.between compound F
H H H o and NaHCO;, a salt; carbon dioxidé and water-aré
| | | // produced. '
H—C—C—C—C.
| N

H H H O~ Na

H .carbon dioxide

O0=C=0

I ‘water.
H _H
~ O'/

Notes:from the:Marker
o Betterresponses:
= made specific réferences to the stimulus information; included key terms-and provided:sufficiént detail to
justify thieir structures. ‘
- gorrectly provided the:lUPAC namé:for each structure-and correctly drew all the: structures:
o Weakerresponses:
- ‘needed-mor’e} vs_peciﬁc:reference,s:tg the stimulus-and required more key terms in their justification; They
‘also nesded more detail to justify their cornpounds.
= did not state the IUPACG names: of all of the compourids.or-incorrectly. stated the IUPAC riames.
= incorrectly drew their structural formulae and did not'éxpand out the bonds (stich as between: O=H}; did:not
include-all the:H's:on'the hydrocarbon:chain; or incorrectly- showed:a 5ibonded carbon,



Student sample

Draw the structural formulae and state the IUPAC names of compounds A to |, justifying your
compounds with reference to the information provided in the flow chart.
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Question 2

Marking Criteria Marks

» Draws a correct graph, neat, using most of the given space with appropriate key for reverse and
forward reaction pathway.

AND
+ Explains parts A, B C AND D using both collision theory and LCP where most appropriate

AND 4
+ Explanation written using all key terminology

AND

+« Explanation is succinct and maintains chronological manner

* All the above EXCEPT One key feature missing
OR 3

+ Section A or B not explained AND uses collision theory AND/OR LCP in detail and draws correct graph

* Incorrect graph AND Section B NOT explained
AND

* A, C, D outlined using collision theory AND/OR LCP 2
OR

+ Correct graph and any two sections not explained in detail

« Correct graph
OR

* Any one section explained correctly using Collision Theory AND/OR LCP 1
OR

* All sections outlined with limited detail










Question 4

Marking Criteria Marks
+ Uses B-L Theory labels such as proton donor (BL acid) and BL base (proton acceptor) (acid-base
chemistry) to explain reaction between strong acids and strong bases
AND
+ Shows equation for neutralization as H:O*(aq) + OH~(ag) = 2H2O(/) only for all above neutralisation
AND
+ Justifies above equation to support AH = =57.6 kJ mol™" for all strong acid/base neutralisations
AND
+ Identifies NH3 as weak base and explains its ionization in water using B-L theory 4
AND
e Shows ALL relevant equations OR writes all word equations
AND
+ Explains HCI reacting directly with ammonia instead of OH-
OR
» Explains correctly differently why NH; with HCI leads to a different AH value
+ Outlines or explains B-L Theory labels to explain reaction between strong acids and strong bases
AND
+ Outlines/explains the reaction between strong acids such as HCIl and NH3 3
AND
« Uses one/two relevant equations only related to any one of the above
* Provides detailed justification for strong acid/base neutralisation with appropriate equation as HzO*(aq)
+ OH~(aq) = 2H0(/)
AND/OR
* Provides correct equation for ammonia and HCl as NH3 + HCI = NH,* + CI but no explanation for 2
ammonia and HCl is provided
OR
* Incorrect justification ammonia and HCl is provided
« Explains any one of the above concepts well
OR
*  Outlines both concepts with NO chemical equation/incorrect equation with multiple errors in
understanding
OR 1
* No explanation but one correct equation only
OR
+ Outlines both concepts but no chemical equation







Question 5

Marking Criteria Marks

*» Shows correct relationship for Q = Keqg = 1 when valve is closed 1

* Uses stoichiometric relationship for the chemical equation to derive Q = Keq = 1 and/or writes a
balanced chemical equation

AND
+ Identifies TWO changes when valve is opened

+« AND uses correct analysis (principles of validity and lack of sufficient information) to and reject LCP
and collision theory 4

AND

« Choose the most appropriate principle as comparison of Q and K to derive
Qoetore= Qafter = Keq
AND

» Correct conclusion: Position of K. does not change

+ Uses stoichiometric relationship for the chemical equation to derive Q = Keq = 1 and/or writes a
balanced chemical equation

AND/OR
+ Identifies TWO changes when valve is opened

AND uses correct analysis (principles of validity and lack of sufficient information) to and reject LCP
and Collision Theory 3

AND

* Choose the most appropriate principle as comparison of Q and K fo derive
Q berore= Q atter = Keg
AND

* Correct conclusion: Position of Ksq does not change

* Uses stoichiometric relationship for the chemical equation to derive Q = Ksq = 7 and/or writes a
balanced chemical equation

AND/OR

+ Identifies TWO changes when valve is opened AND uses correct analysis (principles of validity and
lack of sufficient information) to and reject LCP and collision theory

AND/OR

* Choose the most appropriate principle as comparison of Q and K to derive
Q before= Q atter = Kegq
AND

+ Correct conclusion: Position of Ksq does not change

+ Two partial correct statements
OR 1
*  One complete correct statement































Question 8(b)

Marking Criteria Marks

* Two observations (01, O2) linked to inaccuracies in data and provides detailed improvement with
justification for both errors in methodology (Im) 4

» Succinct well explained (Ex), maintains chronological order.

* Any one of the two observations AND explains inaccurate data in detail and outlines one improvement. 3

* One relevant observation outlined with some justification and improvement 1-2

Sample Response
Observation 1

Bubbles were visible during the titrations, which may be attributed to the formation of CO; in the conical flask from the
oxidation of ethanoic acid to carbon dioxide, thus inhibiting the reaction of KMnO,s with ethanol. For the complete
neutralisation of ethanol to occur, greater amount of permanganate, and therefore a greater titre volume, would be required
to react with all the ethanol moles in the conical flask and reach the endpoint (slightly higher than equivalence point).

0-5LaM Mnly

a0 ml E+0H(P'lxaot mol&S)

Inaccurate data 1: Higher titre volume will lead to a higher calculated value of EtOH content thus overestimating the
manufacturer’s claim.

Observation 2

The wine may contain Mn?* which acts as a catalyst, thus can cause an incomplete reduction of MnO,~ ions. A brown
solid MnO; was formed in titration #3. This implies the Mn?* catalyst speeds up the reaction and reacts faster with the
permanganate ions. Since these MnOj4~ ions have been incompletely reduced, a smaller amount of ethanol would have
been oxidised by these MnO4~ ions.

Inaccurate data 2: This means a greater amount of MnO4~ ions would have been required to react with all the ethanol,
which would explain the very high titre volume obtained.

Observation 3

The reaction rate increased after addition of the first drop of titrant. The endpoint itself occurs when there is excess
permanganate in the conical flask, it would occur just after the equivalence point.

Inaccurate data 3: Using one full drop for each titration rather than use of half-drops in the methodology towards the
end of the titration, increases the risk of overshooting the endpoint.

Improvements to the methodology:

1. If CO, formation had occurred, this issue could be rectified by the use of a weaker oxidising agent than permanganate
ions, one that would not react with ethanoic acid (but would with ethanol) such as K2Cr207. This would remove the
systematic error caused by the presence of very strong oxidising agent.

By changing the oxidising agent, the catalyst effect and formation of brown solid can be avoided.
The use of half-drops (or even quarter-drops) would decrease the risk of overshooting the endpoint.



Normanhurst Boys High School

2023 Year 12 Chemistry Trial Examination
Marking Responses, Sample Answers & Notes from the Marker

Section 2C (20 marks)
Written Response

S2C

Question 1(a)

Marking Criteria Marks
e Determines the correct molecular formula WITH appropriate working and reasoning. 2
e Determines the correct molecular formula WITHOUT appropriate working and reasoning. 1

OR
e States the correct molecular formula without working.

Sample Response

The empirical formula of the compound is:

C H 0
Mass (g) 69.7 1.7 18.6

Ny 1.7 18.
= =5.8035... =11.6071... i =1.1625
1 1.008 0

Moles (mol)

5.8035... 11.6071... 1.1625
— i — 2510 =

Solaito 1.1625 11625 1.1625

Since the empirical formula has a molecular mass of 86, and the molecular ion peak has a charge to mass ratio
of 86, the molecular formula of the compound is CsH4,O.

Notes from the Marker

e Better responses were able to determine the empirical formula and demonstrated evidence of correctly using
the mass spectrum data to determine the molecular formula of the unknown compound.

o Weaker responses assumed that the m/z of the M+1 peak was the molar mass of the compound. It should be
noted that the M+1 peak is caused by the presence of the *C isotope in the molecule.




Question 1(b)

Marking Criteria

Marks

o

(o]

e Determines plausible TWO possible isomers and excludes ONE possible isomer with ALL of the
following features, with extensive detail:

interprets the mass spectrum data and proposes how this relates to the isomers

interprets the IR spectrum data and proposes how this correlates to the isomers AND/OR
excludes other isomers

interprets chemical tests and proposes how this correlates to the isomers AND excludes other
isomers

proposes TWO possible isomers and excludes ONE isomer based on ALL of the valid
interpretation of the proposed data

e Determines TWO possible isomers and excludes ONE possible isomer but makes ONE error.
OR

e Determines plausible TWO possible isomers and excludes ONE possible isomer with ALL of the
above features with a good level of detail.

e Determines ONE possible isomer and excludes ONE possible isomer but makes ONE error with
appropriate reasoning.
OR

e Determines plausible TWO possible isomers and excludes ONE possible isomer with TWO of the
above features with some reasoning.

e Provides some relevant information.

Sample Response

The three possible structures for the compound are pentanal, pentan-2-one and pentan-3-one. This is because

the:

e sharp IR peak at 1720 cm™ corresponds to a C=0 bond which suggests that the compound could be an
aldehyde or a ketone

e molecular ion peak has a m/z of 86 which corresponds to a molar mass of approximately 86 g mol™

e fragment ion peak at m/z = 28 has come from a fragment such as [C=0]"

However, based on the chemical tests using Fehling’s reagent and Tollen’s reagent, both of the negative results
suggest that the unknown compound is a ketone, as an aldehyde would lead to a positive result due to its
oxidation to pentanoic acid. Hence, the unknown compound could be pentan-2-one and pentan-3-one and not
pentanal.

Notes from the Marker

e Better responses were able to utilise all of the data in order to deduce potential isomers and to rule out one
possible isomer. Students are reminded

e Weaker responses assumed that the m/z of the M+1 peak was the molar mass of the compound. It should be
noted that the M+1 peak is caused by the presence of the *C isotope in the molecule.




Question 2

Marking Criteria Marks

e Extensively explains THREE relevant factors with reference to how that factor benefits the 4
production of nitric acid.

e Makes specific reference to the flow chart for EACH factor.

e Explains TWO relevant factors with some reference to the flow chart. 3
OR

e Explains ONE relevant factor and outlines TWO other relevant factors with some reference to the
flow chart.

OR
e Explains THREE relevant factors without specific reference to the flow chart.

e Explains ONE relevant factor. 2
OR
e Outlines TWO relevant factors.

e Provides some relevant information. 1

Sample Response

Use of a catalyst

The use of a Pt catalyst in the catalytic chamber allows the reaction to proceed at lower temperatures as it provides
an alternate pathway with a lower activation energy. Combined with the high temperature and high pressure, the rate
of reaction is increased to convert the ammonia and oxygen gas into nitric oxide and water vapour due to the
increased likelihood of successful collisions between reactant molecules. This maximises the efficiency of this step in
the production of nitric acid as the bulk of the reactants have been converted into produced, thus reducing the running
costs of this chamber as it is in operation for a shorter period of time.

Use of a heat exchanger

The use of a heat exchanger enables the reaction mixture to be cooled down as the reaction in the catalytic chamber
is very exothermic and poses a safety risk if it is not managed. In addition to this, the oxidation chamber utilises low
temperatures. By Le Chatelier's principle, when the closed system is disturbed through the use of low temperature
(50°C), this favours the forward reaction and the production of nitrogen dioxide in order to counteract this change,
thus maximising the yield for this step in the process.

Recycling

Unused reactant gases are recycled after being separated from the reaction mixture. This means that resources are
not wasted — making the process more economical as less reactant needs to be produced in the catalytic chamber
and the oxidation chamber. This also ensures that these gases are not released into the environment as they have the
potential to cause pollution (e.g. contribute to acid rain and photochemical smog).

Access to reactants

The plant would be located so that ammonia and oxygen gases would be easily accessible for use in the catalytic
chamber — perhaps near a Haber process plant or road/rail network so that these resources could be transported
easily and cheaply. This ensures that profits can be maximised to ensure that the production of nitric acid is
economically viable.

Notes from the Marker

e Better responses were able to make explicit reference to the flowchart and link the relevant chemical
principles, where appropriate, to the viability of the production of nitric acid in an industrial context.

e Weaker responses assumed links to chemical principles was sufficient and did not explain how their proposed
factors were necessary considerations to feasibly produce nitric acid.



Question 3

Marking Criteria Marks

e Writes the correct structural formula for the given compound (naming not required). 7

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 peak due to the C=0 bond addressed to rule out carboxylic acid.
e "*C NMR spectrum
o Number of carbon environments addressed in relation 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 the given compound (naming not required) or a 6
structure very close to the correct structure.

e Justifies the structure showing a thorough understanding of the interpretation of spectroscopic data.
e Refers to relevant spectroscopic data.

e Deduces the correct molecule and provides thorough analysis of the spectroscopic data BUT some
critical peak analysis missing.

e Shows a sound understanding of the interpretation of spectroscopic data with critical analysis of 4-5
data missing.

e Uses relevant information presented in the question to justify the structure of the chemical.
e Provides a structural formula consistent with analysis.

e Shows some understanding of the interpretation of spectroscopic data. 2-3

e Provides some relevant information. 1
















Question 3

Ma:rl'("ingl‘Criteria " Marks
s Uses [CE table 1 accuratefy AND sets up correct Keq expression-AND,calculates the value of Keq =57
AND
e.  Shows all relevant values for ICE table 2 at.6 minutes:
AND 5
o Sets up correct Kq expression for table 2:
AND
»  Solves algebraic équation and calculates the moles:of hydrogén-added (shown as ).
%=0.1223 OR 0.121.
o Allrelevant steps corréct with any ONE calculation error. 4
- Uses ICE table 1.accurately AND sets up:correct Kaq expression’AND calculates the value of Ko = 57
AND
+ Ermrorin ICE table 2 AND error in algebraic calculation leading to two significant errors 3
-AND
. Incorrect value for x.
o Uses ICE table 1 accurately AND:sets up.correct Keq expression AND calculates the value of Keq = 5
57, '
° Any one step of calculation or expression.correct, 1

Sample Response
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Question 4

Marking Criteria Marks

»  Uses ETL Theory Ia_béis such as proton donor'(BI_._Q,acidj_'and BL base (proton acceptor) (acid-base
‘chemistry) to explain reaction between strong acids and strong bases,
AND

°:  Shows equation for neutralization as HiO*(ag) + O'H'(éq): 9."2H£t_)_'(f}'only for all above neutralisation
AND

o Justifies above' equation fo support AH ==57.6 kJ mol-" for all strong acid/base neutralisations
-AND

o i'de_mtiﬁ'es__NHé' as weak base'_and"‘explainsfitéfionizaii_on_in wétg_r us'ing 'BLL'{heory
AND

»  Shows ALL relevant equations OR writes all word equations:
AND

= Explains HCI reacting directly with-ammonia instead of OH~
OR

o Explains correcily differently why NH; with-HCI leads to a different AH value

. OQutlines or explains B-L Theory labels to explain reaction between strong acids and strorig bases
AND

- Outlines/explains the reaction between strong acids such as HCl and NHz 3
AND

= Uses oneftwo relevant equations only related to any one of the above

. Provides deteiled justification for strong acid/base neutralisation with appropriate equation &s HsO*(aq)
+ OH~(ag) 2 2H:0())
AND/OR
o Provides coirect equation for ammonia and HCI as Nkl + HCI - NH,* + CHbut no explanation for 2
ammania and HCl is pravided.
OR:
»: Incorrect justification ammonia-and HCl is provided

|+ Explains any one of the above concepts well
OR
» Outlines both concepts with NO.chemical equation/incorrect.equation with multiple ertors in
understanding
OR
e No explanation but'one correct equation only
OR
e Outlings both ¢oncepts but no chemical équation
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