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e Reading time — 5 minutes
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Section |
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e Attempt Questions 1-20
e Allow about 35 minutes for this section
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e Attempt Questions 21-39
e Allow about 2 hour and 25 minutes for this section
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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

1  Which equation would represent the greatest decrease in entropy?

A, 203 — 302

B. Co + Ozg — COypy
C. 2H2029 — 2H200) + Oz
D. HCl, + NHi3g — NH4Clgy
2 Consider the two reactions at equilibrium shown below:

2NO2) = N20se AH= - 60 kJ mol’!

No@) + 3Hae) = 2NHszg AH= - 92 k] mol™!

Which action will drive BOTH reactions to form more product?

A. Reducing the overall pressure

B Increasing the reaction temperature

C. Increasing the volume of the reaction vessel

D Removing the product from the reaction vessel

3  Under what reaction conditions will the value of an equilibrium constant (Ke;) be
changed?
A. Addition of a catalyst
B Increased temperature
C. Increased concentration of reactants
D

Increased concentration of reactants and products
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Which alternative most correctly represents the equilibrium expression for the following

reaction?
Fe203 ) +3COy = 2Fer) +3CO02q)
A. CO,J?
[COT®
B. CO,P?

[Fe-05] [ COYP?

F6203 | CO |3
[Fe]* [COT®

Fe]* [CO,J?
[F6203] [ CO]3

Which of the following reactions at equilibrium is closest to completion?

A.

B.

2802 + Oz = 2803 Keg= 4.3
NZ(g) + 3H2(g) ;\ 2NH3(g) Keq = 9.0

Which of the following is a Brensted—Lowry reaction?

o 0w >

CO, + OH = HCO;~
NH, "+ NH, = 2NH,

HClO, + CH;COOH = CH;COOH," +Cl0,"
CH,CH,O + CH;NH;" = CH;CH,OH + CH;NH,
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Use the following information for Questions 7 and 8.

Titration Curve

14

12 —
10
:g- 8
6
4
2
0

0 10 20 30 40

Volume of base added (mL)

7 Which statement about this titration is correct?

A. The acid was placed in the burette and the equivalence point was at pH 7.

B. The base was placed in the burette and the equivalence point was at pH 12.

C. The acid was placed in the conical flask and the equivalence point was at pH 7.
D. The acid was placed in the conical flask and the equivalence point was at pH 12.

8  Which pair of solutions would be most likely to produce this titration curve?

A. Acetic acid and ammonia solution

B. Citric acid and sodium hydroxide

C. Sulfuric acid and ammonia solution

D. Hydrochloric acid and sodium hydroxide

9  What is the concentration of H3O" in a solution with a pH of 2.38?

A. 0.38 mol L!

11.62 mol L!
4.17x 103 mol L™!
2.40x 10" mol L™!

O O w



10 Which alternative contains only amphiprotic substances?

11

O 0w

Si02, SO2, SnO
H>COs, HCOs,, COs>
HS", H;POs, HPO4>
HCOs", HSOs, H,O
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25.00 mL of 0.02 M potassium hydroxide solution in a conical flask is neutralised by the
gradual addition of 33.20 mL of nitric acid.

What is the concentration of the nitric acid?

A.

B
C.
D

0.015 mol L!
0.0265 mol L
5x10* mol L'!
1.66 x 10 mol L!

12 The formula of potassium hydrogen iodate is:

13

©S 0w >

HK(I03),
KH(IO3),
H,K(103),
KoH(I03),

Which of the following is the conjugate base of the dihydrogen phosphate ion

(H,PO,)?
A. OH
B. PO4*
C. H3;PO4
D. HPO4*
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14  Which condensed formula represents a chain isomer for C4HgF>?

A.  (CH3),CHFCHF
CH;CHFCHFCH;
CH3CH,CHFCHF
CH,F CHCHFCH;

O 0w

15 Consider the following structure.

H H H H

b
H—c—C—C —N —H

H CI H

What is the IUPAC name for this molecule?

A. 2-chloropropanamide

B 2-chloropropan-1-amine
C. 2-chloropropan-3-amine
D

3-amino-2-chloropropane

16 Acidified potassium permanganate solution is a powerful oxidising agent. It is added to
a substance with the following structural formula;

What is the name of the organic product of this reaction?

A. Butan-2-ol
Butanal

Butan-2-one

O aw

Butanoic acid
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Three separate colourless solutions each contain one cation, Na*, Pb?" or Ca®". Which of
the following would be an appropriate reagent to unambiguously identify the solution
containing Pb**?

A. KI

B K>COs3

C. K3POg4

D AgNO;3

A colourless organic liquid compound is being tested for the presence of functional
groups. 2 mL of the liquid is poured into three separate tests tubes. A reagent is added to
each test tube then shaken.

Test Reagent added Observation made after shaking

1 2 drops of bromine water Yellowish-brown coloured solution

3 drops of acidified potassium

2 ) Yellowish-orange coloured solution
dichromate

3 1 g of sodium hydrogen Colourless solution, small bubbles of
carbonate colourless gas

What functional group(s) may be present in this compound?

A. Double bonds
Carboxylic acid
Double bonds and hydroxyl group

O 0w

Hydroxyl group bonded to a secondary carbon

Which of the following is a correct statement about primary and tertiary alcohols?

A. Primary alcohols can be oxidised to aldehydes while tertiary alcohols cannot be
oxidised.
B. Primary alcohols can be oxidised to aldehydes while tertiary alcohols are

oxidised to ketones.

C. Primary alcohols have one hydroxyl functional group while tertiary alcohols
have three hydroxyl functional groups.

D. Primary alcohols always have a hydroxyl functional group on the terminal
carbon of the parent chain while tertiary alcohols have their functional group on

the third carbon of the parent chain.
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20 The formula of an ester is shown below.

H H

| /7 H
R
H H

AN

O—C—H
H
Which alkanol and alkanoic acid were used to make this ester?
A. Propanol and methanoic acid
B. Methanol and ethanoic acid
C. Methanol and propanoic acid
D. Ethanol and methanoic acid
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Question 21 (4 marks)
A sealed glass flask originally contained colourless dinitrogen tetroxide gas with a

concentration of 0.100 mol L' at a temperature of 100°C. The dinitrogen tetroxide
decomposed to form a dark brown gas.

NoOsg =  2NOgygy

Changes in concentration of gases over time

0.1
0.08

0.06

CONCENTRATION (MOL/L)

80 100

TIME (S)

(a) Describe the macroscopic appearance of the contents of the flask after 80 seconds.

(b) Describe what happened at the molecular level to the contents of the flask after 80
seconds.

(¢) Explain the changes in reaction rate from 0 to 80 seconds.

— 10—
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Question 22 (4 marks)

A student was provided with a beaker containing a violet coloured solution of cobalt (I)
chloride and was asked to investigate the following equilibrium reaction:

Co(H20)6*" ag) + 4Clugy = CoCls* g +6H0p AH >0

(a) 5 mL of cobalt (I) chloride solution was poured into a test tube with 5 drops of 4 M
HCL

Use Le Chatelier’s principle to predict the impact on this reaction.

(b) Outline a procedure the student could follow to investigate the impact of temperature
changes on this reaction.

—11 -
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Question 23 (3 marks)

Outline the processes used by Aboriginal and Torres Strait Islander Peoples to remove toxic 3
chemicals from food through an example.

Question 24 (4 marks)
Draw models to show the difference between the following scenarios. 4
Strong Acid Weak Acid
Concentrated strong Acid Dilute strong Acid

—12 -
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Question 25 (4 marks)

Carbon monoxide reacts with chlorine to produce carbon oxychloride as shown by the
following equation.

COg + Clyy = COClg AH=-5k]mol!

A 10 L reaction vessel initially contained 2.0 moles carbon monoxide and 5.0 moles
chlorine gas at 200°C. When the reaction reached equilibrium, there was 1.0 mole of carbon
monoxide remaining.

(a) Calculate the equilibrium concentration of carbon monoxide, chlorine and carbon
oxychloride.

(b) Write the equilibrium expression for this reaction then calculate the value for Ke,.
Show relevant working.

13—
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Question 26 (3 marks)

100.0 mL of a standard solution of sodium hydroxide (NaOH) was added to 100.0 mL of a
1.20 mol L! solution of sulfuric acid in a solution calorimeter. The temperature of the
solution rose from 18.6°C to 34.4°C.

Determine the heat of neutralisation for this reaction. (Assume the density of the solution
is 1.00 g mL ™). Show all working.

— 14—
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Question 27 (4 marks)

An equimolar solution of carbonic acid and hydrogen carbonate ions has reached
equilibrium with a pH of 6.4.

HxCO3ug + H2Op = HCO3 g + H3Op

(a) What would happen if a small volume of dilute acid or base was added to this
solution?

(b) Identify a buffer in a natural system and describe its importance in the identified
system.

— 15—
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Question 28 (4 marks)

Discuss how theories about acids and bases have developed over time as new observations
were made and existing ideas were shown to be too limited.

—16—
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Question 29 (7 marks)

A student was asked to determine the mass of CaCOs present in a 2.25 g sample of chalk.
The chalk reacted with 100 mL of a 1.00 M HCI solution. After the bubbling stopped,
excess HCI remained. The excess HCI was titrated with 1.0 M NaOH. The average titre
was 17.15 mL.

(a) Calculate the number of moles of sodium hydroxide which reacted with the excess
HCl.

(b) Determine the number of moles of HCI added to the chalk sample and use this to
calculate the actual number of moles of calcium carbonate present in the sample.

(c) Calculate the mass of calcium carbonate present in the 2.25 g chalk sample.

17—
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Question 30 (3 marks)

Acetic acid is placed in two beakers. In the first beaker, an equal volume of water is added.
In the second beaker, sodium hydroxide solution is added.

(a) Write a balanced equation for the reaction between acetic acid and sodium hydroxide.

(b) Account for the difference between the reactions taking place in the two beakers.

Question 31 (3 marks)

The intermolecular bonding that forms in alkanes, alcohols and carboxylic acids
determines physical properties of the substances.

(a) Identify the type of intermolecular forces that form between alkanes.

(b) Compare the strength of the intermolecular bonding of alkanes to alcohols with the
help of a diagram.

— 18—

1
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Question 32 (4 marks)

During your course of study, you carried out a first-hand investigation to compare the
enthalpy of combustion of alcohols.

(a) Identify a risk present in this investigation and outline the safety precaution required
to minimise this risk.

(b) A student recorded a temperature increase of 9.5°C when 1.4 g of methanol was
combusted to heat 200 mL of water.

Given that the theoretical enthalpy of combustion of methanol is 726 kJ mol™,
calculate the efficiency of the apparatus at absorbing the heat released during the
combustion.

~—19—
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Question 33 (4 marks)

(a) A volatile halogenated hydrocarbon needs to be disposed of safely. Describe the
necessary precautions to safely handle and dispose of the hydrocarbon.

(b) Hydrocarbons obtained from the Earth can be used to make plastic bags. Examine
the environmental impact of sourcing and using hydrocarbons for this purpose.

~20—
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Question 34 (5 marks)

The information in the table shows how the solubility of lead chloride is affected by
temperature.

Temperature (°C) Solubility (g/100 g water)
0 0.25
20 0.35
40 0.55
60 0.90
80 1.75
100 3.20

Using a graph, calculate the solubility product (Ksp) of the dissolution of lead chloride at
50°C. Include a fully labelled graph and a relevant chemical equation in your answer.

21 -
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Question 35 (3 marks)

Calculate the pH of a 0.10 M acetic acid solution given K, = 1.8 x 10~. Show all working. 3

Question 36 (4 marks)
72.1 g of glucose is fermented anaerobically.

(a) Identify the organism used to ferment the glucose. 1

(b) Calculate the volume of carbon dioxide produced at 25°C and 100 kPa, given that one 3

mole of gas occupies 24.79 L at these conditions.

22—
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Question 37 (5 marks)

The structure of a triglyceride present in naturally occurring fat is:

H o
| I
H—C—0O0— C*(CH:) 16 —CH:}
‘ e}
I
H—C—0—C—(CHy);, —CH;
‘ o}
[
H—C—0—C—(CH,) |, —CH,
|
H

This triglyceride was hydrolysed by heating with concentrated sodium hydroxide.

(a) Write the equation of saponification of this triglyceride.

(b) Outline the method used for the saponification process in the laboratory.

(c) Draw a simple schematic structure of a soap molecule. Label the hydrophobic and

hydrophilic ends of this molecule

—-23 -



Question 38 (7 marks)

The properties of three compounds, X, Y and Z are given in the table.

(a)

Chemistry HSC Trial 2019

Compound Carquy lic Primary Amine Amide
acid
Example CH3;COOH CH3CH2CH2NH> CH3CONH:»
Name X Y Z
Molecular weight | ¢, s 59.112 59.068
(g mol™)
Boiling Point
° 118 48 221
(O
pKa 4.756 10.71 0.63

Name the three compounds shown:

X
Y
Y4

(b)  Write TWO equations to compare the reactions which occur when:
(1) compound X is added to water

(i)

compound Y is added to water

(c) Explain the variation in boiling points between the carboxylic acid and the amine or
the amide given that all three compounds have very similar molecular weights.

— 24—
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Question 39 (5 marks)
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The reaction pathway below leads to the organic compound G (N-propylethanamide)

compound A

H,0|H*

H*/MnO;
compound B ]

heat

NH
compound E

compound C

Cl

2

UV light

compound D

compound F
H H

Nl

|+ I e (e —— (el ]

A

H H

heat

=
L

/

\
H

Draw and justify the structures of compounds A to E

compound G
H H H H H
N
H—(t —t——(C ——t —LI
/ |\
N-propylethanamide

End of paper

_25_
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Section II extra writing space

If you use this space, clearly indicate which question you are answering.

—26—
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Section II extra writing space

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

If you use this space, clearly indicate which question you are answering.
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2019 HSC TRIAL EXAMINATION

Chemistry
FORMULAE SHEET
n= ﬁ o = % PV = nRT
g = mcAT AG® = AH® — TAS® pH = —logIO[H+]
I
pK, = -log, [ K ] A=¢glc= long"
Avogadro constant, R 6.022 x 10% mol™!
Volume of 1 mole ideal gas: at 100 kPa and
at 0°C 273.15K) coovvvevvrrerrrennnn. 2271L
at 25°C Q9815 K sesssssossussenss 2479 L
(58S CONSLANL ....ueeueeeeeeenereereeseernesnnsnesnnsnssnsssssnsssssnssnssnssnssnssnssnssassnsnnn 8.314 I mol ! K1
Ionisation constant for water at 25°C (298.15 K), K, .................. 1.0x 1074
Specific heat capacity Of Waler «osusnsnuusnssasiss s 418 x10°J kg‘1 K!
DATA SHEET
Solubility constants at 25°C
Compound K, Compound K,
Barium carbonate 2.58 x 107° Lead(1I) bromide 6.60 x 107°
Barium hydroxide 2.55 x 107 Lead(II) chloride 1.70 x 107
Barium phosphate 13x10% Lead(II) iodide 9.8 x 107
Barium sulfate 1.08 x 10710 Lead(II) carbonate 7.40 x 10714
Calcium carbonate 3.36 x 1070 Lead(Il) hydroxide 143 x 10713
Calcium hydroxide 5.02 x 1078 Lead(II) phosphate 8.0 x 1073
Calcium phosphate 2.07 x 1072 Lead(1l) sulfate 2.53 x 1078
Calcium sulfate 4.93 x 107 Magnesium carbonate  6.82 x 107
Copper(Il) carbonate 1.4 x 10710 Magnesium hydroxide  5.61 X 10712
Copper(IT) hydroxide 2.2 x 10720 Magnesium phosphate  1.04 X g2
Copper(Il) phosphate ~ 1.40 x 1077 Silver bromide 535 x 10713
Tron(II) carbonate 3.13 x 10711 Silver chloride 1.77 x 10710
Iron(Il) hydroxide 4.87 x 1077 Silver carbonate 8.46 x 10712
Tron(III) hydroxide 2.79 x 107 Silver hydroxide 2.0 x 1078
Tron(TIT) phosphate 9.91 x 10716 Silver iodide 8.52 x 10717
Silver phosphate 8.89 x 10717
Silver sulfate 1.20 x 107

Aylward and Findlay, ST Chemical Data (5th Edition) is the principal source of data for
this examination paper. Some data may have been modified for examination purposes.

—29_
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Infrared absorption data 13C NMR chemical shift data
Bond Wavenumber/cm™ Type of carbon 3/ppm
I
N—H 3300-3500 —C—C— 5-40
(amines) | |
|
O—H 3230-3550 R—C—ClorBr 10-70
(alcohols) (broad) |
|
R —C—g—
C—H 2850-3300 T 20-50
0]
| /
O—H 2500-3000 R—C—N 25-60
(acids) (very broad) | \
| alcohols,
C=N 2220-2260 — ? — O — ethers or 50-90
esters
\ 4
cC—C 90-150
C—0 1680-1750 / \
R—C=N 110-125
c—C 1620-1680
110-160
R —C—
c—O 1000-1300 I ESlers o 160185
0 acids
R —C—
c—C 750-1100 I aldehydes 196 570
0 or ketones
UV absorption
(This is not a definitive list and is approximate.)
Chromophore Apax (0111) Chromophore Anax (000)
173 178
C—H 122 C=C
196 222
c—C 135 c—Cl 173
—=C 162 C—Br 208

—30-—



Some standard potentials
Kt+e = K@)
Ba?" + 2¢” = Ba@)
CaZ* +2¢” = Ca(s)
Nat + e = Nas)
Mg*t + 2¢” = Mg®)
AP 4 3¢ = Al(s)
Mn?* + 2e” =  Mn(s)
H,0 + ¢ = JHyg) +OH"
Zn* +2¢” =  Zn(s)
Fe?* + 2¢” =  Fe(s)
Ni%* + 2¢” = Ni(s)
Sn?* + 2¢” = Sn(s)
Pb?* + 2e” =  Pb(s)
H'+e = 1H\g)
SO, +4H* + 2¢ =  SO,(ag) + 2H,0
Cu?* +2¢” = Cu(s)
30,(8) + H,0 +2¢ = 20H"
Cut+e = Cu)
L) +e = I
1L(ag) + e = I
Fet + ¢ = PRt
Agt+e” =  Ag(s)
IBr,()+e = Br
%Brz(aq) g = Br
10,(g) + 2H" + 2¢” = HO0
CL(g) +¢€ = CI
1c,0,7 +7TH  +3¢” = Cr*+IH0
3Cly(ag) + € = Cr
MnO,” +8H*+5¢~ = Mn** +4H0
E(g) +e = F

—-31 -
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294V
291V
-2.87V
271V
236V
-1.68 V
-1.18 V
0383V
-0.76 V
04V
-024V
—0.14V
-0.13V
0.00 V
0.16 V
034V
040V
052V
054V
062V
077V
080V
1.08 V
1.10V
123V
136 V
136 V
140V
151V
2.89V
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STUDENT ID:
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Section | —Multiple Choice Answer Sheet

20 marks

Attempt Questions 1 -20

Allow about 35 minutes for this section

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

completely.
1 AO BO cO DO
2 AO BO cO DO
3 AO BO cO DO
4 AO BO cO DO
5 AO BO cO DO
6 AO BO cO DO
7 AO BO cO DO
8 AO BO cO DO
9 AO BO cO DO
10 AO BO cO DO
11 AO BO cO DO
12 AO B O cO DO
13 AO BO cO DO
14 AO BO cO DO
15 AO BO cO DO
16 AO BO coO DO
17 AO BO cO DO
18 AO BO cO DO
19 AO BO coO DO
20 AO BO cO DO
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