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Section I
20 marks
Attempt Questions 1 — 20

Allow about 35 minutes for this section

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

Sample 2 +4 = A 2 B 6 c 8 D 9
A O B O cC O D O

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

answer.
A ® B )o( c O D O

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

Y
A ® B % Cc O D O




1.  The following diagrams represent samples of four acids

Key: @=H" O = acid anion @O = undissociated (unionised) acid
O ® o @ o e
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Which beaker contains a concentrated, weak acid?

o0 w »
£ < c -

2. What type of reaction is the conversion of ethene into ethane?

A.  condensation
hydrogenation
hydrohalogenation

o aw

hydration

3.  What is the name of the compound shown

Cl

s
h—Q—@
hn—Q—"

-
:

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

1,2-difluoro-1-chloropropane

Caw >

1-chloro-1,2-difluoropentane



Which of the following are isomers?

A.  Propanal and butanal

B.  Pentane and cyclopentane

C.  Methyl ethanoate and propanoic acid
D. Butanone and butan-1-ol

Iron (III) ions can react with thiocyanate (SCN") ions to form the complex ion, iron
thiocyanate (Fe(SCN)?"), according to equation 1.

The addition of excess thiocyanate ions results in further reaction of the Fe(SCN)?* ion to
form another complex ion, Fe(SCN):", according to equation 2.

The presence of Fe(SCN)," ion produces a deeper blood red solution.
1. Fe**ag + SCNag = Fe(SCN)*"(aq) Keq = 890
2. Fe(SCN)*'ag + SCN-(aq) = Fe(SCN)2"(aq) Keq = 2.6
Calculate the K¢q for the reaction below:

Fe3+(aq) + 2SCN_(aq) \_—\ Fe(SCN)2+(aq)

A. 8926
B. 29x10%
C. 23x10°
D. 3423

Consider the system:
HF(ag) + H20() = F(ag) + H30" ag)
Which of the following represents a conjugate acid-base pair present in this system?

A. H F(aq)/F-(aq)

B H F(aq)/ H30+(aq)
C.  HF@y/H20()
D.  Fag/H30" )



Which of the following fragments could give rise to an ion peak in the mass spectrum of
1-chloro-2-methylpropane?

A. [CsHo]*

B. [CH.]*
C. [CsHq]*
D. [CHsCI]*

Indicator Colour & pH Colour & pH
Phenol Red Yellow <6.8 Red > 8.4
Methyl Orange Red <3.1 Yellow >4.4

A small quantity of soil was added to 5 mL of pure water, stirred for 5 minutes, allowed to
settle and filtered. When one sample of the filtrate was tested with phenol red, the colour
turned yellow. When another sample was tested with methyl orange, the colour turned yellow.

What is the best conclusion about the soil?

A. Thatitis slightly acidic and has a pH less than 8.4.
B. Thatit is slightly acidic and has a pH less than 6.8.
C. Thatitis slightly alkaline and has a pH less than 6.8.
D. Thatitis very acidic and has a pH less than 4.4.



9.  Anexperiment to test buffers was carried out in class. Below is a screenshot of the pH curves
obtained when buffered and unbuffered solutions were tested by adding drops of acid or base.

I3)
[}

i o8
Q

0,

Identify the correct label for each of the graphs.

1

2

3

4

buffered solution
with base added

unbuffered
solution with base
added

unbuffered
solution with acid
added

buffered solution
with acid added

unbuffered
solution with base
added

buffered solution
with base added

buffered solution
with acid added

unbuffered
solution with acid
added

unbuffered
solution with base
added

buffered solution
with acid added

buffered solution
with base added

unbuffered
solution with acid
added

buffered solution
with acid added

unbuffered
solution with acid
added

unbuffered
solution with base
added

buffered solution
with base added




10.

11.

12.

Which sequence of reagents would be most suitable to convert 1-chloro-2-methylpropane
to 2-methylpropene?

Concentrated H>SO4, then acidified MnO4

Water with an acid catalyst then hydrogen with a platinum catalyst
Acidified MnOy, then water with an acid catalyst

NaOH (aq), then concentrated H>SO4

S 0w >

At a certain temperature, the equilibrium constant, K, for the following reaction is 75.
203(g) = 302(9)

0.3 mol of Oz and 1.5 mol of O, were introduced into a 5L reaction vessel. Which is the
direction of the equilibrium shift and the reason for the shift?

Direction Favoured Reason
A. Left Q>K
B. Left Q<K
C. Right Q>K
D. Right Q<K

Consider the equilibrium process:
CH2CH2(g) + Hz(g) = CH3CHj3(g) AH = - 136 kJ/mol

Which of the following changes would increase the rate of the forward reaction AND cause
the equilibrium to shift in the forward direction?

A.  The temperature is decreased

B.  The pressure is decreased

C.  The concentration of Hy in the equilibrium mixture is increased

D

The concentration of CH3CHjs in the equilibrium mixture is increased



13. The concentration of species in an equilibrium reaction are shown in the graph below.

¥

Concentration

Time

A reaction that matches the changes shown in the graph is:

A.  Hyg + I = 2HI(g)
2502(g) + Oz(g) = 2S03(g)
N204(g) = 2NO2(g)
PCl(g) + Clyg) = PCls(g)

o 0w

14. Deuterium (symbol D) is an isotope of hydrogen. Water made from deuterium has the symbol
D0 and has similar properties to normal water.

D20 ionises according to the equilibrium:

D20g) = D*ag) + OD (ag)  Keq=1.82 x 108 at 25 °C

In a neutral solution of pure D20 at 25°C, [D"], in mol/L, is:

A. 1.00x107
B 1.35x 108
C. 091x107
D. 1.82x107%



15.

16.

A saturated solution of magnesium sulfate was placed in a beaker. Solid magnesium sulfate
containing radioactive sulfur-35 was added to the solution. The beaker was left overnight and
then the mixture was filtered.

Radioactive sulfur-35 would be expected to be found in which of the following?

A.

B
C.
D

the residue only

the filtrate only

Neither the residue nor the filtrate
Both the residue and filtrate

Which of the following statements best describes the primary differences between the
Arrhenius and Brensted-Lowry acid theories?

il.

1il.

1v.

S 0w p

The Arrhenius theory defines acids as proton donors, while the Bronsted-Lowry theory
defines acids as proton acceptors.

The Arrhenius theory defines acids as substances that contain hydrogen and increase the
concentration of hydrogen ions (H*) in aqueous solutions, while the Bronsted-Lowry
theory defines acids as proton donors.

The Arrhenius theory applies only to reactions in aqueous solutions, while the Bronsted-
Lowry theory applies to reactions in both aqueous and non-aqueous solutions.

The Arrhenius theory defines acids and bases in terms of electron pair acceptors and
donors, while the Bronsted-Lowry theory defines them in terms of proton donors and
acceptors.

ii only
1 and 1ii
i1 and 1ii

111 and 1v



17. The diagram below shows equilibrium mixtures of Az, B> and AB at two different
temperatures where T2 > Ty,

oo >
i1
Ce

Which of the following is true for the reaction A> + B> = 2AB?

A. ltis exothermic

B. Itis endothermic

C. ltis neither exothermic or endothermic
D.

There is not enough information to determine whether it is exothermic or endothermic.

10



18. The shape around the numbered atoms in the molecule below are best described by which of
the following options?

H
-
H—c|:—c|::C C=C—H

H H

C1 linear, C2 trigonal planar, C3 tetrahedral
C1 tetrahedral, C2 trigonal planar, C3 linear
C1 trigonal planar, C2 linear, C3 tetrahedral

o 0w p»

C1 tetrahedral, C2 linear, C3 trigonal planar

19. A student prepared an indicator from red cabbage by boiling red cabbage leaves in water for
twenty minutes. They recorded the colour of the red cabbage indicator to obtain pH values at
intervals of 2, and produced the following table.

pH 2 4 6 8 10 12 14
Colour of red red pink violet blue blue- green yellow-
cabbage indicator green green

The student used their prepared indicator to measure the pH of four different solutions of unknown
concentration and recorded the following results.

HCI — pink CH3COOH - pink NaHCO:s - blue NaOH — blue-green

Which of the following conclusions is consistent with the observed results?

A. The concentrations of the HCI and the NaOH were both 0.0001 M.
B. The concentrations of the HCI and CH3COOH were both 0.01 M.
C. The concentrations of the NaOH and NaHCO3 were both 0.01 M.
D. The concentrations of the HCI and NaHCO3 were both 0.01 M.

11



20.

The '*C NMR spectrum of an organic compound is shown below.

T 1 T T 1 T 1 T 1T T T 1T N R B

| 1
200 180 160 140 120 100 8O 60 40 20 0

Data: SDBS Web, <https://sdbs.db.aist. go,)p>,
National Institute of Advanced Industrial Science and Technology

The organic compound could be:

A B

\)\/OH \/\/\/OH

OH

End of Section I

12
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Question 21 (3 marks)

Complete the table below.

Name Structural Diagram
A | 2-chloro-3-methylpentanoic acid
B 3-ethylhexan-2-amine
H H
0
-l Z H H H H
H—C—C—C | | | ‘
¢ . \D—C—C—C—C—H
H
; ol
H H H H

14




Student Number

Question 22 (7 marks)
Formic acid, a weak acid, has the formula HCOOH and its pKa is 3.75.

(a) Calculate the pH of a 0.25 M solution of formic acid at 25 °C.

(b) Formic acid can react with potassium hydroxide to produce a salt and water. Write an
equation for this reaction.

(c) State whether you would expect the salt formed in part (b) to be acidic, neutral or basic.
Explain your answer including an appropriate chemical equation.

15



Question 23 (4 marks)

50.0 mL of a solution of HCI with a pH of 3.0 was mixed with 30.0 mL of a solution of
HNOs with a pH of 5.0.

Calculate the pH of the resultant solution.

16



Student Number

Question 24 (4 marks)

Ethanoic acid and ethanamide have similar molar masses but significantly different boiling points,
as shown in the table below.

Ethanoic acid Ethanamide
MM (g/mol) 60 59
Boiling point (°C) 118 222

Explain the difference in the boiling points of these two compounds. Include a diagram in your
response. 4

17



Question 25 (6 marks)

A chemist needed to check the composition of Nurofen tablets which contain the active ingredient,
ibuprofen, a monoprotic acid.

A Nurofen tablet, with a mass of 256 mg, was crushed to a fine powder and then dissolved in water
and transferred to a 125.0 mL volumetric flask, adding water accurately up to the mark. Four 25.0
mL aliquots of this solution were then titrated against a 0.00502 M standard solution of sodium
hydroxide to a phenolphthalein end point. The sodium hydroxide titre values are shown below.

H;C

Titration Run Titre (mL) e}
1 39.65 CH
3
2 38.60 OH
3 38.55 CH 3
4 38.65 Ibuprofen
C4o,H47COOH

Molar Mass: 206.27 g/mol

(a) Write a balanced chemical equation for the reaction between ibuprofen and sodium
hydroxide. 1

(b) Determine the percentage composition by mass of ibuprofen in the Nurofen tablet. 5

18



Question 26 (7 marks)

Student Number

Ammonia is manufactured industrially by the Haber process, the reaction equation being:

(a)

No(g) + 3Hag) = 2NHj(g)

Write the equilibrium constant expression for this reaction.

AH =-92 kJ/mol

Some hydrogen, nitrogen and ammonia were sealed in a reaction vessel and the forward and
reverse reaction rates were monitored for a period of time, as shown in the following graph:

reaction rate

A

A

\
1
1

Forward reaction
Reverse reaction

i
2 4 6 8 10 12
time (min)

Question 26 continues on page 20

19



Question 26 (continued)

(b) A change was made to the system at 5 minutes. Identify this change and use
collision theory to explain the shapes of the curves between 5 and 8 minutes.

Question 26 continues on page 21

20



Student Number

Question 26 (continued)
(c) At 9 minutes, a temperature OR pressure change was applied to the system.

With reference to the graph above, and Le Chatelier’s principle, justify which change
was applied to the system at this time.

End of Question 26

21



Question 27 (9 marks)

Esters are the basis of many naturally occurring odours and are therefore widely used in the
creation of artificial flavours. Methyl butanoate is a component in pineapple flavouring.

(a) Draw the structural formula equation for the formation of methyl butanoate from an
alcohol and a carboxylic acid. Include all relevant reaction conditions.

(b) Justify the need to reflux the reaction mixture to produce the ester product.

Question 27 continues on page 23

22
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Question 27 (continued)

(c) A chemist prepared methyl butanoate by combining 3.50 g of alcohol with 5.75 g of carboxylic
acid. The mass of the product was found to be only 24% of the expected result.

What was the mass of the product extracted? 4

End of Question 27

23



Question 28 (7 marks)
Ionic compounds can form saturated solutions in water.

(a) Explain the processes involved when an ionic compound dissolves in water. Use
diagrams to support your explanation.

(b) Lead(Il) sulfate is an ionic compound used in lead-acid batteries. Write the equilibrium
expression, Ksp, for a saturated solution of lead(Il) sulfate.

Question 28 continues on page 25

24



Student Number

Question 28 (continued)

(c) Calculate the solubility of lead(II) sulfate at 25°C, in grams per 100 mL.

End of Question 28

25



Question 29 (5 marks)

Draw the structural formula and name each of the molecules A to E in the reaction

sequence below.

26

CsHio
HBr
A B
NaOH NaOH
C D
H*/MnOg/heat H/MnOy/heat
E
No reaction
Na2C03
No bubbles produced



Student Number

Question 30 (9 marks)

A group of students conducted an experiment using the calorimeter shown to determine the heat of
neutralisation for an acid/base reaction.

thermometer

/ — lid

polystyrene cup — J

acid and base mixture \

The students added 200.0 mL of 1.00 mol L! nitric acid (HNO3) to 200.0 mL of 1.00 mol L™
potassium hydroxide (KOH) and stirred the mixture. An initial temperature of 22.7°C and a
final temperature of 26.4°C were recorded.

(a) Calculate the molar enthalpy of neutralisation between nitric acid and potassium
hydroxide. 3

Question 30 continues on page 28

27



Question 30 (continued)
(b) The theoretical enthalpy of neutralisation of any strong acid and strong base is -57 kJ/mol.

Explain the effect of ONE source of error on the calculated enthalpy of neutralisation. 3

(c) Describe an application of neutralisation reactions in everyday life. Include a balanced
chemical equation in your answer. 3

End of Question 30

28
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Question 31 (4 marks)

Determine whether a precipitate will form when 50.0 mL of 0.052 M Ba(OH). is mixed
with 50.0 mL of 0.049 M Na,SOq.

29



Question 32 (8 marks)

A range of analysis techniques were performed on a sample of a substance found in wine.
% composition analysis revealed C: 62.0%, H:10.4%, 0:27.6%.

The spectra obtained from this analysis are presented below, along with "H NMR chemical shift
data:

Infra-red:
1004

fransmittance (7

I e L

4000 3000 2000 1%00 1000 =00
wavenurmber (om )

Mass Spectrum:

1000 o>

7™

Intensity

12

N

0 37.5 75 112.5 150

m/z

Question 32 continues on page 31

30



Question 32 (continued)

Student Number

13C NMR:
180 160 140 120 100 80 60 40 20
PPM
'H NMR:
expansion
5 4 3 | 2 1
PPM
Data from "H NMR spectrum
Chemical Shift Relative peak area Splitting pattern
1.1 6 doublet
1.2 3 triplet
2.6 1 septet
4.2 2 quartet

31

Question 32 continues on page 32




Question 32 (continued)

TH NMR chemical shift data

Type of proton 8/ppm
Si(CH,), (TMS) 0
R—CH, 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—0— (alcohols or esters) 3.2-4.0
—CH—0— (alcohols or esters) 3.3-5.1
R,—CH,—O— (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

(a)  With reference to the percentage composition and the mass spectrum, determine the molecular
formula of the compound. 1

Question 32 continues on page 33

32
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Question 32 (continued)

(b) Draw the structural formula of the compound and justify your decision by referring to
data in all the spectra provided. 7

End of Question 32

33



Question 33 (7 marks)

The labels and most of the information for five organic compounds in the laboratory store cupboard
have been lost. The compounds are known to be pentane, pentan-1-ol, pentan-3-ol, pentan-3-one
and pentanoic acid.

Use the clues below and the boiling point data in the table to identify the five compounds. Draw the
structural formula of each compound (in the table below) and justify your identifications with

reference to specific data, structural formulae and/or relevant chemical equations. 7
Clues Compound | Boiling Point
I. The C-NMR of B has three peaks. a G
. B 102°C
2. The C-NMR of C has three peaks.
C 36.1°C
3. A forms D by reaction with acidified MnO4".
D 186°C
4. E forms B by reaction with acidified MnO4". E 116°C
A B C
D E

Question 33 continues on page 35

34
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Question 33 (continued)

End of Question 33

End of Paper

35
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the egulibrum v shutl e be luewend diceclion?

A Lhe wemperulure 15 decrensed
Lb lhe pressure s decrensed
O The conceatsalion ol TE S e equilibiiom misioes: is inocasal

T The concaatoation ol CFET in e cgail

i s s ineicased



13

Lad

I3

The cnncenmarion of apeces in an equilibeinm reastion ae hoea in e geaph kelnm.

Time

Acrention tal elches the shanges shown in e graph is:
Hear = I = 2Hlg

B 2505 — O - 28

O W= INChyye

e, Wik iwade Trom denleriv biss (e syribol

Tk sl Tas sinnilar preopertics i noenal wal

DY innises aceneding to the equilileinm:

Ly = D | 0L g hes — LEZ 5 10 M 2540

In s neueral solution ot pure DaC et 2390 [ 07] inmal!

14 10T

e

L Lasx ot
[T T R
RN (R

A setwreted soducion of maenesivm sulfatz was placed in o beaker. Solid magnesinm sultate
containing radinacti r-3% was added te the sahatian. The heaker wag 1eft avernighe and
then the mixtare was filered.

Radicactive suliir-35 would be expected 1o e loend mowhick o the tellewine?

An the mesdue ualy
T the filise anls

sidne nor the Ghials

Whizh of the follmering starzments hest deseribe the primary diffarences beparcen e
Arrhenius and Bronsed- Loy acid theorizs?!

i. The drrhening theers detines acids a3 proon donars, while te Bronsred-Lesers: tha
defines acids 8= promon acezpo

ti. The Arthening thaeye detines acids g2 substanccs thar eontain hedrogen and increwse the

eongeniratics
thew:
i, The Arrhenis theery applies only o reacliens i sgusous solutions. while the Brensted -

of kvdrogen jens (H' inagqueous solutions, while the Bransied-Lowry
e

s us proton doners.

Luwery theory applies 1o rsaclivns iobull sguecws aod nen-agueous soluloos

iv,TheArrhenivg eory defines acids ol bises i leros ol elscin paiv aceepiors aoml
s, whik: T Thnsteil Tassry ooy s e in e ol pn o ansd

A,

i nly
R, Qandiii
. diand il

I difand iv



The diagram helows sheass zquilibeium mistures of 4y, B and AR ar twn differant

temperainres where T Ty

Il

Which of the tollowdng is true tor the reaction A: + Bz = 2ABY

AL lvis exothenmie

B Lvis emdothermie

L. L0 netlher enothernue or endothenmie
L

“Ihere 15 not encweh inlommulion w deleroine @ aeher s sxelthermee or endulhermie,

The alage: arcnnd the aunhered aroms i the maolzene kel are best desevibed by wlich ot

IR.
the Following nptinns?
H H
o2 | s
H—T—T—C—C_—C—H
H
A O Vnear, U2 rigona’ planar, €3 wnahadral
B, 1 wetrahadral, 2 wigonal planar. linzar
o O wigomul planar. C2 linzar, €3 netrahodral
L. 1 etraledral, 2 lonear, 3 weomal planac
1%, A student prepirsd wmindicaor fum red cobbage by boiling red cabbage leives m

twenily mintes, They recurded the culuar of e el cabbage indicator iobtain pU sales .
el al %, and prondacrsd e falliwing bl

o 4 i H it & 14
[ s
e vk wulet bl e e Fo

ur differant snhasions of anknneen

The smdene wzzd their prepared indicacor o measars the pH
concentration and recorded the following resules,

LI = pinis. SR - pink Mal I, - blue Halil - by

‘Whizh ol the Lollowing conclusions s consisient with the observed resulls?
A Lhe coocenirtivns of the LC]and e Mot vwers bel UU0DL M.
B. The enncentraticns of the HOTand CHAO0HIH warz hath 01 M.
. Lhe coneniriticns of e NaQLLaod MallOUr were bull U0 M.
Tr. The erncentraticns of the HOTand NaHU0;: wers heth (101 3




.

The V'COMR s pectnom of an erganic com poand is showsn helos.

L e e e R A B e B e S B
200 IR0 Ie0 140 1200 100 (] 40 20 [
Matsanal lastsiute af 3
The: cugatiie comprund sl e
A 1]
\)\/OH e |
c 1>
OH
e _AOH S
End of Seetion 1
1z
Student Mumber

Barker

College

TRIAL HIGHER SCHOOL
CERTIFICATE EXAMINATION

Chemistry

Section 11

B0 marks
Atternpt Questi

Answer Booklet

ions 21-33

Allow about 2 hours and 26 minutes for thls section.

Instructions

Wrile your Sludenl Number on all answar pages.

Answer the questions in the spaces pravided. Thesa spares
provide guidance lor lhe axpacied lenglh of respoenss.

Showe all relevant working in questiens invalving calculations,
Ezxtras writing spacea is pravided at the back of this booklet. If

wou use this space, clearly indicate which question you arc
answering.



Ouestion X3 marks)

Caomplere the tahle belne. i
Name Structural Diagram
H W H cl
IR
o H-C-C-C-C-C
A Z-chloro-3-methylpentanoic acid ‘l: é o ~o-H
H H WO vH
H
H\ M
¢ v oo NTH
I B T T
B J-ethyinexan-2-amine H-C —C—{L'C‘:‘C“ C=d
N owHeoy MR
‘
H-C-H
H
K H o
# H H H H
H—C— - c\ Col o
J;del ?mlmuaiz. LIS o ‘T c C C—H
H H H H
14
Student Mumber
CQuestlon 22 (7 marks)
Formie weid, a weals weid, has the formula HOUHOH and ite pkla s 375,
and Chleulile e plLofa 0.0% 3 seluliun ol R avic an 25 40, 3
e L = = -+
Ko Z 00 OO T el £ 0
Kq_ =138
= gLl
Koz 1338280 c 10 T, a a0
&
3"*$Lf>'D B i TR
de bt o/ (Heoohd = 038 —x  tenctis
=9 _ | 32Epel = b —
X o=l xie M
My Froemic aeid can resetwith pacassivm Wedieside moproduce 2 salt and water, Wrirz an
cquation for this reaction. 1
HepoH 4 Kol —> ICHeoD 1 ]
fo1 Stare whether won wonld sxpeer the zal farmad i pa {19 e he acidic, aoonal o hasiz.
Fanlain your anseear incheding an appropriacz chemizal equarian. 3

. HE60. s, "’Lb"mljugﬁufv brse. 4.t weeh, ot piid -
If..?s_._mm.w.._s.’rm% and 5. ol . adstioet o
_pefon fowm ieler  Weod #1502 HeooH + OH

exars, OW fons. rebe, the sslufon,  eaStC

¥ .

marks  Question 21

3 All structural formulae and the naming correct
2
1

Some students forgot to number from the
functional group in A

mark | Question 22 A

3 correct answer and working out.

States the assumption that x << 0.25 so
can be ignored

2 One mistake
1 Two mistakes

Some students still forgetting to state the assumption.

Question 22b - had to include states.

mark  Question 22 ¢

3 States salt is basic,
has correct equation showing hydroxide ions
produced
describes how the formate ion is a relatively strong
conjugate base of the weak formic acid.

2 Two of the above

1 One of the above

They did not need to comment on potassium ion this time but
it is encouraged they do.



Ouestion X3 |1 marks)

SN0 mT. ot a solurion of HE wih 2 pH of 3.0 was mied with 300 mT.afa solition of
H™{0: with 2 oH of 5.0

Calowlare the pH of the resulunt '.c\lmc\r 4

wer- THFl = 1630 o el e mark  Question 23
J

4 works out [] from pH
Uses n=cV to work cut moles
Adds moles of acid together
Divides by total volume to find concentration
Finds pH

3 One mistake
s

T . 2 Two mistakes

gzseg Kw rl{ ) 1 3 mistakes

B sz/

Some students got the correct pH but had thought it was &
limiting reagent problem so subtracted small value from
large value - so lost a mark.

Student Murnber

Questinn 24 14 murks)

Litkaneds el and ethanamide bave sumilar el mosses bul simificonily dilferen: bouling pumnis.
45 shuwn 10 the whle below,

Ethanuie aeid Ethanamide
WM el () 59
Railing, paoint (™07 118 23z
mark | Question 23
i..;]}:ljluu:_:ehz dils rm&nﬁ EIJ:; builmyr puinls ol thess tew cotnpernds. lnclude o Jiseram in your . 4 « Correct type of bonding between molecules (H-bond, dipole-
7 ok r[ f’f ie.uaj dipole and dispersion)
{,TH‘HEJ(C I I R (_v,.__ . . HHTEA M) ot &{%WZ"; . » Discussion of H-bonds providing the strongest IMF and most
[ e e 2 ._HF’..’........ Lo DUSPERSION £ BIP2E [BuPoLE affecting boiling point
J_"f DH (‘? L £ b » Discussion of the greater amount of H-bonding possible with
......;p.v.otw.. “NBJN&S amide than carboxylic acid resulting meaning more energy
% y ot 30- required to break IMF and therefore having a in higher BP
- ppE ] [I,H \\H_[‘ﬂ - » Diagram has to show H-bonds between at least one class of
Eﬂd M- CHC’H—NL’HZ‘{M;M malecules.
~ SE-ERS
H 15,[{; B 3 One mistake
2 Two mistakes
Ef{m,mwmnfz J&ﬁe‘“'m‘{mmv_ o,
3 mistakes

; 013' \%}?\M g mr‘ﬂgg{ issigr 1 A
M‘&S g Rt Ry H g ML
rpoupa e gy e o e A o
___ﬁ.,r\-ﬂ-’M,J.G{LL [JMMJG-_ Lgafo.f VorteS ase @,P_’po_ brsﬁ.«:rra.ru f
éuf os there are 2 (s
it e "‘fm?{mﬂm ond ol | H T \
ﬂtgé{/méf 460 { oHonme aud Tt moans othanaml
¢ ol ‘ﬁ? were  HtbRocEN BosdnS . Hence mere
one gy « naodod to Gvercome (Race alermole abos
e {-e)cp&um the Mjﬂu bp of e for donomab-
é""ﬂfm""{ i f,{S ¢ fér ohansic aedl.




Question X5 & marks)

A chemiat needad tcheck the compraition o ureten t2hlcts which sonrain the setive ingrediont.
ibaLpreten. & mnneprotic acid.

A Murofen tablet, with wmess of 236 mg. hed o a fine pewder und then dissolved in woner
and rangtarred tooa 1250 mL salumeric flask. ng watar aceurately wpote the mark. Foar 23.0
mL aliquots of this salution were then titruted agatns: a 000502 rundurd solucon of sodium
hydroxids w g phenolplibalein end pomt. The sudium hycreside iz valuss wre shown belos.

Tliration Ruw Tive fmLi

[ ﬁ

1 W53 - =

CHy S o= -

3 wan * TR T e
3 | 1R.53 CHy

4 .65 Ibuprefen

CqzH.7COOH
Molar Mass: 206.27 gémol

o Wil
Tdrnxide. 1

Falaneed chemizal cywainon T e waction hebween iboprafen and sodicm

Balanced equation was generally well done.

e N e

=(P'mm13ﬁ LoXe ] mark Question 23
__123; 2 E. ‘:... 5 Correct titre and moles of NaOH
Ibuprofen calc is 5x NaOH
’> Mass of ibuprofen
— scomposition of tablet

3 sigfig
: . WC@H‘?DZ . erens
2 3 Two mistakes
& J}.ut[Lz)+Q-Dﬁ$Xﬂj+'(lb'ﬂ7’) -
e lesbaz e 4 32 ) 2 Three mistakes
- ML= 28627 1 Any relevant info
= ( 9 .LERs Ko ‘IQDL .2?1{;)
M= o.099¢ ‘Eg irly well done. Students either knew it or they did not.
M= 139,45 n i Main issue was not gdltiplying mol in 25ml by 5 to get the moles in
j 125mif
l ;5 p;)_;sible to get ¥iegvg titre incorrect and still get 4 marks.
] | €
\

Student Mumnbear
Queston 26 (7 marks)
Aummonia i mantactured indostrially by de Heber proeess. the resetion cqnation being:
Nz + FHz 7 IMHyg, AH = -u2 lelimel

fu) Write the cquilibrium constunt expression for this resction. 1

Snme hdrogen, nirogen and armmonia were sealed ina reaction vossel and the formeard and
reverse raaction vates were menitored for g peried of time. ay shown in the following grush:

reaction rate

time (min)

(yuestlon 26 continues on page 20



Question 26 (continued)

(b) A change was made to the system at 5 minutes. Identify this change and use
collision theory to explain the shapes of the curves between 5 and 8 minutes. 3

Folwhtp 2AcToN RATE DECAERGED MAMACAULY IMMCADNG

Question 26 continues on page 21

20

HEERRREN

Student Number

Question 26 (continued)
(c)  At9 minutes, a temperature OR pressure change was applied to the system.

With reference to the graph above, and Le Chatelier’s principle, justify which change
was applied to the system at this time.

..o mtes to. wte 3. btk Mo Jonsce....

By Lep...uhach... states. that 4. He.
Yo e yiom. shi i

[ ‘.

H@.zrw{e’ﬂurm‘tzmdim .................................................

be o number A wilowales docrenses, the
Cﬂmtquor(eﬂxc&mc docieatee arcl (o pate b
Wb mae escfant E%@n&ﬁon%“’"‘zﬁ q 23 )
foradd s Pl o o epibibio
K sadod and (o ade § forad - 2%
Tﬁa SeLvee _A@La?ﬂf\yl__

21

i cuke Me})nj o Fer
timae (sl f

mark | Question 23

3 Changes was decrease in reactant/s with reasoning about initial
changes in rate and favouring of one direction over other
States points of collision theory in answer

Described how changing amounts of reactants and products
AFTER initial change resulted in a return to equilib with
reference to collision theory.

2 Incorrect attribution of change agent or favouring of reaction
direction or incomplete use of collision theory to explain return
to equilib after initial change.

1 Incorrect attribution of change agent and/or favouring of
reaction direction and/or incomplete use of collision theory to
explain return to equilib after initial change.

Main issue was poor description of changes in reactant and product concs and how collision theory
could explain the return to equilib.

Many students couldn't identify that the smaller change in initial rate indicated which direction was
favoured, instead looking at which line increased rate after the initial change.

mark | Question 23

3 Changes was increase in temp

Correct reasoning about initial changes in rate and favouring of
one direction over other

Referred to Le Chat theory

Sicws -~

2 Incorrect attribution of change agent or incorrect reasoning or
incomplete reference to Le Chat

1 Incorrect attribution of change agent and/or incorrect
reasoning and/or incomplete reference to Le Chat

Like the previous question, many students couldn't correctly interpret the initial changes
to identify which direction had been favoured.



Ouestion 27 5 marks)

Farers ane the Tazis of many nanuwally seenrrng ndoos and ane therefone widely osed in the
arcation of atifizial flavonrs. Mathyl huanoats i3 a cempancnt in pincaple favosing.

i) Dimw the structural tormla eqoution for the formation of methyl butancate from an
alenhal and a carbacelic acid. Include all rzlevant reaction condivions.

L

Criteria {DLM) Mark
» Correct structural formula for reactants and products 2
o o « Correct arrow style
H k k F LOE e I k [t ? * Correct reaction conditions
C c c.- c-H Hashe i ! ot
H- cfo H + N H-(-&-c~L-C
® REAUX ' vt 2 of the above 1
H H- o H H W How v
+ b Marker comments: Mixed response. Very common for student to use a single arrow, forget to show
H' ~H water as a product, or not include any, or correct reaction conditions. Only a handful of student
could not correctly draw the ester correctly. Great to see people showing all bonds and all
hydrogens in their molecular structures.
ihy Jusmfy the necd te reflux the reaction mixtune toe produec the esoer produes. 3
Esterfy 5. ety Slow ot rzom. fespeatuit so

Criteria {DLM) Mark
Mumﬁwfﬁ?mm*ﬂe Volotile..... s —
» [dentifies 3 features of reflux and justifies their use 3
Mmt and, pmﬁ(a‘; ' wﬂﬁ '6& ﬁog‘r "(““"8“ &MW * Identifies 2 features of reflux and justifies their use
S th.. Lru{.,g tonclencar Ak _uced 5o that. flo. Lﬁ‘af}& « Identifies 3 features of reflux
Q‘l&ﬁn@ W I&&.Dé m Mfa the.. M(ﬂm Dﬁﬂgﬂf » Identifies 1 of reflux and justifies its use 1
""" » 2 pieces of relevant information
ﬂd .f,nmam._.ﬁa.._g. L ... Mo esfec. anal.. Fm,\(s

aeé]ﬂmmai& Mt’-é‘cf #ﬂ'cfedf u’&gﬁdn Ao . f‘ﬂ Marker comments: Mixed response. Many students were able to identify features but did not justify
aﬁegm an a J{mﬂm der ,a,gga( . the specific reason. Most people described the velatility of reactants and products and the need to
Qllt!'mﬂ 27 codlinues vn page I3 y‘ condense with an open condenser. Very few referred to the use of conc. H,50, as a dehydrating

agent and its ability to shift equilibrium to the right.

2

| | | | | | Criteria (DLM) Mark

Student Mumber All major steps completed correctly with the correct yield obtained 4
Question 27 {enninaed] All major steps completed with 1 minor error 3
2 major steps completed correctly 2
el A chemist prepered methyl butaroute by combining 330 ¢ of aleahol with 375 7 of carboxylic
acid. Tha mass of the product was foand . he anly 24%. of fic expectad resualt, Some relevant information 1
What weay the muss of the prodect exiruend? 4
m mf & 35 ;) 'fh, a{ Marker comments: Generally well done. Most students were able to determine the number of
B B B W M’C‘ Lt moles however a common error was incorrect determination of limiting reagent, with many
Nﬂi}gﬂ‘l Er) .0‘{‘15/"5{ MM ' Hg o] = 28 [0’-{‘3 tv‘l“{ students subtracting moles of butanoic acid from moles of methanel to determine meles of ester
n ' i ﬂ" e _/?-s,_ 3 formed. If incorrect moles of ester determined, this was regarded as an incorrect major step.
HBLW‘""""’“:',“'" - Deghegton ©. TEAN..
...... B e T0CETESE Mafor steps induded:
ol hf-a, ) o » Determining the number of moles of both reactants
Coavfaslbmet Bdonsic aid (s e Lmpu e, * Determining limiting reagent and moles of ester

K a f'fm::#m -Jaﬁ'

0.0652437 .mf s; th W Pw!umi Ml 0,
Theoetieat. s, ot = M 6008 o084 32

652 r,z?-x 2. 12)
={.eL53917 &

£ %ﬁﬁ;?lﬁs Mags of Plzz*l-cf = f.LD?,

Fnd of Questdon 27

» Determining mass of ester
» Determining experimental yield of ester

Pl



Ouestion X8 |7 marks)
Tanic comporda can fon saniared selutions in soamr,

Exnlain tha processes involvad w
IR 10 SUPTTT Your explang

a1

an inmiz eomprund disaalves inwater sz

-]
T P.;{g.;mﬁqk: eLETE

Hapreloar so the §7 prymn 1

atbefad fo He cohin ( Ton-bims Fooe)
and §* | an aftecied to fho AMISM

ENERLY 1S HelbZb T cVERCHME THE LG BordE (LAl Emnay)

EHERLY 1S QeUfACED LHEN THE [ONS REfOME  HYDLATED

Y to onry mbased dunry Ryclmtin s gpesder tan
Ho radbd M‘m% Fen o snic tudeline dyselles

iby Lead{11 sulfaue 15 an wnic compond wsed in Lead-aend battenes, Write the equilibnum
expression, ke for o sulumted suludun of leadi L1 sullae,

Kooz DR S sob T
Ph o1, 6+ or”

Question 28 continues on pape I3

Student Mumber

Queston 28 [contined)

) Caloulile he sulubiliy of leead(U sullle a0 255, i grine per 106 ml 3

P S04 Phy S04l o
Kep = TAMIs02 0 A I T-050 T 2%
2 T
er e Mz MM
PEERR DT al ......_._.........M.;ﬁ..sﬁ.x.uif'x;a;m].
NNE.%._ W3 432006k .. ME DOYBLISS, ..f'..,...wﬂb“‘-
303. 275 /mat M= 000482 4 1n lOKL
=l B2 Xig a Ja (0Dl

End of Question 24

i

1]

i

Criteria {DLM) Mark

Provides a detailed explanation of the process of dissolution and includes a 3
relevant labelled diagram

Provides some explanation of the process of dissolution and a relevant 2
diagram

Some relevant informaticn 1

Marker comments: Very poorly done (and | mean very poorly donel). Students either knew the
process or were clutching at straws. Many students incorrectly interpreted the guestion and gave
irrelevant information about equilibrium in saturated solutions or reduced solubility in common ion
solutions. This is definitely an area that students will need to revise prior to the HSC examinations.

londc &]Wﬂ

lochosteh €
e Ty <
[
C[ — Na

¢

ks
O

jon-cltp &

“ 0

fb&/ucﬁam

Criteria {DLM)

Correct equilibrium expression 1

Marker comments: Very well done (yay!). A word of advice, if you have written the equilibrium
equation before writing your K expression, put a line through the equation. Having both may
indicate that you don't know which one is the correct answer.

Criteria {DLM)

All 3 major steps correct 3
2 major steps correct 2
Some relevant informaticn 1

Marker comments: Generally well done. Most students were able to correctly determine the molar
solubility of PbS0: and the number of moles (or mass) of PbS0: in 1L A common error was
multiplying by 10 instead of dividing by 10 to determine the mass in 100mL.

Major steps included:
* Determine the molar solubility of PbSO,
* Determine the moles (or mass) of PbSO, in 1L
* Determine the mass of Ph50, in 100mL



Ouestion 29 |5 marks)

Toraw the structural Banila and nams cach of he meleealzs A ks Foin the scaction
sequence helor,

W Mok
Colliy T
[ {
Ho oy
TR tJ
st el
S S &
o
L cl’_ P :-
= 5
[ Ly i
Wi LN HooH
I3 4
2-broms - -«Lﬂ\bﬂsdﬂe 2 rome - 3- a.{jm,g
| i Iaiarl
. M ) B
IS v ety n 0o, e .
b ) [
fefmtmg— goX W { =L-C—CrH
ol S0 Wy
[ W
ol Ly
Kow [ 7!
2 -l m-2-0 2+ rmetbys bhuchn - 20
| TRy heat 11 MnG et
"ok ? M
o ko
o seaetian ':/(_ —? - = ?
et H
2" M‘u‘&ufu- 2-ene
Wl

I bathlets prisclaces!

Student Murnber

uestinn 3014 murks)

A group ul stodents cund v led anexperiten using Uie celorimeter showo o delenning the e, ol

neytralisalion for Tt vesmction,

thermometer

S “r—lid
palystyrenc cup—

|
acid and base mixture —— |

“he stondents audsad 20000 L o0 1O mol L il acid {110
potisziunt hydnoside § KAL) and sorsd (e mixlore, An i
Tioal vernperinlure ol 264 were recenled,

i
Tadrnxide.

e o g 28

3l 2000 ml el Lo el L -
| letoperuiime of 22 70 aod o

Calealate T malar cathalpe ol neasalisation hetwcer airis acid and petsssiom

Criteria (KMT) Marks
» Draws correct structural formulae for all five compounds 5
« Draws correct structural formulae for four compounds 4
OR
« Draws five correct structural formulae with one minor error
« Draws substantially correct structural formulae demonstrating an understanding of 3
most reactions
« 4-5 substantially correct structures (can be isomers of the correct structures)
OR
3 correct structures
« Draws structural formulae demonstrating an understanding of some different 2
reactions
» 2-3 substantially correct structures (can be isomers of the correct structures)
OR
« 2 correct structures
« Draws a substantially correct structural formula, linked to the correct reactions 1

Markers comments:

This was relatively well done. There were a spread of marks, about 20% got 5/5.

- The most common error was starting with a linear compound and ending up with a carboxylic acid
at the end, or, starting with the branched compound which has the double bond at position 1
rather than position 2, giving a primary alcohol and hence an acid at the end. Both would receive a

mark of 3/5.

- There were some minor errors such as H's missing, or bonds missing, which would have received a

4/5 if all other aspects were correct.

Criteria (KMT) Marks
« Correctly calculates the enthalpy of neutralisation 3
» Includes all necessary steps
» Includes most steps 2
OR
» Correctly calculates the enthalpy of neutralisation, missing the negative sign, or units
1

» Provides some relevant information

2508 4Tt

Markers comments:

This was well done. The major difference between a 2 and 3 came down to one of these things:

- Mot including units, and/or the negative sign

- Mot including the step where the moles of water is calculated. It was not enough to calculate the
moles of acid or base, as enthalpy of neutralisation is per mole of water, this step was required to

get a mark of 3.

This document is available on stUdocu



Cnrestlon 30 | contimed)

MYy The thenretical safhalpy ot neoralization of a1y strong actd and soong basz is =537 Klannl

Explain the efteer of (IWE source of error on the calenlared anthalpy of neurralization.

ff—r CQ \mﬁ oiss i:e Qm&w thaw if Sil.,dk-ﬁ’@f
30 el as hH= e 1 (e '
oo & Smaﬂg_r Hum u." ﬁmu!qt &L

e} Diesenbe mnoapplicativn of neulzalisotien seactions ineversday lle. lnclode a balimeed
cletmcal syuaiun m your msver

: *
tg,r.».fﬁm I TN Y T

it plizee Mo exiece. . stomadl  avel

Pg(w)%?)uﬂc@»

fizmjr”’?f%

Fnd of (ueston 3t

Criteria (ETH) Marks

* |dentifies a valid source of error 3
» Explains effect of error on deltaT value
» Explain effect of deltaT value on deltaH value

» Missing one of the above 2

* Provides some relevant information 1

Markers comments:

Generally very well done. Most students were able to identify a valid source of error (most said heat loss

to surroundings).

Students lost marks by not explaining (i.e. giving cause and effect) the effect of the heat loss on the

calculation. Essentially, they did not read and answer the question in full.

Criteria (ETH) Marks

» [dentifies a relevant everyday life neutralisation reaction 3
» Describes the application of this reaction
» Correct and relevant chemical equation

» Missing one of the above 2

* Provides some relevant information 1

Student Murnber
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Markers comments:

This was not a well done question. Many students did not provide a relevant reaction, and many

described an industrial reaction and not an everyday one.

Even when students did identify a relevant everyday reaction, they often did not describe its application

and very often did not have a chemical equation to include.

Mot many students obtained full marks for this question.

Criteria (ETH)

» Correctly determines whether a precipitate forms, including all relevant steps
= Conc of ions
*Qsp
» Comparing Qsp with Ksp

[o-oua)s0) =G, x 0@

» As above, but with one error
*OR
» As above, but with incorrect final conclusion

.HC K{F{Qﬁp .a. ?;eu_a,od'ajé

» Correct process but incorrect calculations and/or incorrect final conclusion

* Some relevant informaticn

Markers Comments:
This guestion was generally well done.

Commaon errors included:
- Calculating the concentration of BaS04 and NaOH instead of Ba and 504
- Incorrect equations, leading to incorrect conclusions
- Mot using C1V1 = C2V2, leading to incorrect values
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Cnrestlon 32 continned)

"H MMR chemical shift dala
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Markers comments (KMT): For one mark, it

was necessary to reference the percentage

composition and mass spec data. Some

responses just provided the correct

3 formula, which didn't receive the 1 mark. It
is important to address the question, even
for 1 mark.

TN

Criteria (KMT)
« Writes the correct structural formula of the compound

« Justifies the correct structure showing an extensive understanding of the
interpretation of spectroscopic data

» Refers explicitly to the relevant spectroscopic data

« Writes the correct structural formula for the correct compound OR an isomer of the
correct compound

« Justifies the structure showing a thorough understanding of the interpretation of
spectroscopic data
«» Refers to relevant spectroscopic data

» Shows a sound understanding of the interpretation of spectroscopic data

« Uses relevant information presented in the question to justify the structure of the
chemical

« Provides a structural formula consistent with analysis
Shows some understanding of the interpretation of spectroscopic data
Provides some relevant information

Markers comments:

This was pretty well done. There were only 10-15 7/7 and otherwise a range of marks.

4-5

2-3

- Many students figured out it was an ester, but some chose an isomer of the correct structure.

‘With a thorough explanation of the data, an isomer may still have received 6/7.

- The most common issue was insufficient justification. The data needs to be explicitly referenced

and the splitting pattern in the 1H NMR needs to be explained and linked to the proposed

structure.

- The fragmentation in the mass spec was also not heavily referenced and this needs to be analysed

to get 7/7.

- Some students had the correct structure but lacked justification and may have gota 4-5/7 as a

result.



Question 33 (7 marks)

The labels and most of the information for five organic compounds in the laboratory store cupboard
have been lost. The compounds are known to be pentane, pentan-1-ol, pentan-3-ol, pentan-3-one

and pentanoic acid.

Use the clues below and the boiling point data in the table to identify the five compounds. Draw the
structural formula of each compound (in the table below) and justify your identifications with

reference to specific data, structural formulae and/or relevant chemical equations. 7
Clues Compound | Boiling Point (el
) . A 138°C_ |- pentan -
1. The C-NMR of B has three peaks. e -0
2°C

2. The C-NMR of C has three peaks. B j2C |~ 7

3. Afc D b; t ith acidified MnO4", < serc e 4

3. A forms a 2 .

forms D by reaction with acidified MnO+ 5 e | potanac &

4. E forms B by reaction with acidified MnO4". B T16°C | ot 3ol

pe
A B C

A S T S A B A
- C—C-C-C-CH hff’c"j}c\ fl-C-c-Cm
P { ¥ | T T ¢ |
R Hoewow K

1

D E
M
Cytwo e Uy
I

C—C-c—-C=CH

H~C—£»c—{£—c\w C-ememtm g
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Question 33 continues on page 35

Question 33 (continued)
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End of Question 33

End of Paper

Criteria (ETH) Marks
o All structures correctly identified and drawn in table 7
e Correct, relevant, and logical justifications given for each structure
o All structures correctly identified and drawn in table 6
 Correct, relevant, and logical justifications given for most structures
o All structures correctly identified and drawn in table 5
 Correct justifications given, but the justifications are not robust or are not always logical

conclusions
o All structures correctly identified and drawn in table 4

* Justification absent or incorrect

® 3-4 structures correctly identified and drawn in table 3
* Some relevant justifications present

 1-2 structures correctly identified and drawn in table 2
* Some relevant justifications present

* Some relevant information 1

Markers comments:

This was overall done well. A number of students obtained full marks, and there were some excellent
answers.

Students who did well:

- Were able to correctly answer the question and the verb 'justify' --> they provided their own
content knowledge to supplement the information given in the question to genuinely justify their
choices
Laid out their answer in a logical sequence (often using subheadings)

- Had neat and clear structural formula

Students who did not do well:
- Lacked justifications
o Unfortunately, a number of students received 4 or 5 marks despite getting all the structural
formula correct.
- Just repeated information from the question as their justification, but did not explain these any
further with their own content knowledge
- Often did not reference relevant IMFs in their justifications

will edthe r bR
pwv/—nvxé or pe/m/‘a/l/-—s—ohﬂ..
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