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Section |

20 marks

Attempt Questions 1-20

Allow about 35 minutes for this part

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

1 Which equation would represent the greatest decrease in entropy?

A. 203 — 302

Cs + Ozg — COzq
2H2025) — 2H20() + Oz
HClg + NHsg — NHaCl)

O o w

2 Consider the two reactions at equilibrium shown below:

2NO2q) = N20sq AH= -60 kJ mol*

N2 + 3H2@) = 2NHsg AH= -92 kJ 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 (Keq) 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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4 Which alternative most correctly represents the equilibrium expression for the following

reaction?
Fe203 ) + 3CO(g) = 2Fe) + 3CO02()
A [CO°
[COP®
B. [CO;J°

[FeZOs] [ CO]3

C.  [Fe0s] [COP
[Fe]* [COP?

D. [Fe]? [CO,]®
[FeZOs] [ CO]3

5  Which of the following reactions at equilibrium is closest to completion?
A 203 = 302 Keqg=2.0x10°
B. 2502() + O2g) = 2SOz Keq= 4.3
C. N2 + 3Hzg = 2NHj3() Keqg = 9.0

D. NH3(aq) + HZO 0] = NH4+(aq) + OH-(aq) Keq: 1.8X1O-5

6 What is the concentration of silver ions in a saturated solution of silver iodide?

A, 426x10%mol L?
9.23x 10°mol L*
8.52 x 10" mol L1
9.23x 10 mol L™

O 0w
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Use the following information for Questions 7 and 8.

Titration Curve

14
12 —

10

pH

o N B OO

0 10 20 30 40
Volume of base added (mL)

7 Which statement about this titration is correct?

O 0O w

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

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.

B
C.
D

Acetic acid and ammonia solution
Citric acid and sodium hydroxide
Sulfuric acid and ammonia solution

Hydrochloric acid and sodium hydroxide

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

A.

B
C.
D

0.38 mol L

11.62 mol L™!

417 x 103 mol L
2.40 x 102 mol L
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10  Which alternative contains only amphiprotic substances?

A SiO2, SO, SnO
H,CO3, HCOs, CO3*
HS", H3POs, HPO*
HCOs", HSO4, H20

O 0w

11  25.00 mL of 0.02 M potassium hydroxide solution in a conical flask is neutralized by the
gradual addition of 33.20 mL of nitric acid.

What is the concentration of the nitric acid?

A. 0.015 mol L*

B 0.0265 mol L*

C. 5x10%mol L

D 1.66 x 10° mol L*

12 When a student added 25 mL of 0.10 mol L™t NaOH to 25 mL of 0.10 mol Lt HNOs the
temperature increased by 0.66°C.

What is the enthalpy of neutralisation for this reaction?

A. -55.2 k mol
B -0.137 kJ mol*
C. 27.59 kJ mol*?
D 55.2 k mol*?

13 Which equation represents esterification?

A, CoHiOsag — 2C2HsOH@g + 2COzq

CeH1206(ag) + CsHi1206(aq) — Ci12H22011aq) + H20q)
CHsCOOH) + KOH@y — CHsCOONa@my + H20q)
CH3COOH() + CzHsOHg — CHsCOO CaHsgy + H20q)

o w
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14 Which condensed formula represents a chain isomer for CsHsF>?

A.  (CHas):CHFCHF

CH3CHFCHFCHs
CH3CH2CHFCHF
CH2F CHCHFCHg

O O w

15 Consider the following structure.

H H H H

I
H—c—C—C —N —H

H Cl 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 Butanol

B. Butanal

C. Butanone

D. Butanoic acid

© Total Education Centre 2019 —-6-—
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17 Which anion will produce a precipitate when added to a barium nitrate solution?

O O

Cl
Ag*
Cu?*

S04+

18 A colourless organic liquid compound is tested for the presence of functional groups. 2
mLs of the liquid are 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
2 3_drops of acidified potassium Yellowish-orange coloured solution
dichromate
3 1 gram of sodium hydrogen Colourless solution, small bubbles of
carbonate colourless gas

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

A.

B
C.
D

Double bonds
Carboxylic acid
Double bonds and hydroxyl group

Hydroxyl group bonded to a secondary carbon

19 A student analysed the sodium chloride present in a 40.0 g sample of noodle soup. The
chloride ion was precipitated by adding an excess of silver nitrate solution. The silver
chloride was extracted, washed and dried. The mass of silver chloride was 0.752 g.

What percentage of sodium chloride was present in the soup?

A

B
C.
D

0.217%
0.465%
0.767%

1.89%
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20  Soil from a playground was collected and a sample prepared for analysis using atomic
absorption spectroscopy (AAS).

Five standard solutions of were also prepared. The sample and the standard solutions were
tested, and the absorbance recorded. The calibration curve is shown below.

Concentration of Lead in Solution

Concentration ppm

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Absorbance
The soil sample had an absorbance of 0.56.
What is the concentration of lead in the sample?

A 0.0032 gL*

B 34mglL?
C. 3.4x10%gL"
D 0.9 ppm

© Total Education Centre 2019 -8-—
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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.

N2Osq) = 2NOzg)

Changes in concentration of gases over time
0.12
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(@) 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.

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

© Total Education Centre 2019 -10-



Chemistry HSC Trial 2019
Question 22 (4 marks)

A student was provided with a beaker containing a violet coloured solution of cobalt (1)
chloride and was asked to investigate the following equilibrium reaction:

Co(H20)6**aq) + 4Cl@ag = CoCls¥ (g +6H00) AH=+

(@ 5 mLs of cobalt (II) chloride solution were poured into a test tube with 5 drops of
4M HCI.

Use Le Chatelier’s principle to predict the impact on this reaction and describe its
appearance.

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

© Total Education Centre 2019 -11-
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Question 23 (3 marks)

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

© Total Education Centre 2019 -12 -
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Question 24 (4 marks)

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

COg + Clyy = COClyg AH =-5kJmol?

A 10 litre 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.

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

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

© Total Education Centre 2019 -13-
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Question 25 (3 marks)

Determine the solubility of copper (I1) hydroxide at 25°C and state the concentration of
the copper and hydroxide ions. Show all working.

© Total Education Centre 2019 -14 -
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Question 26 (3 marks)

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

HoCOs@ag) + H200) = HCO3 @) + H3O*qy

(@ 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.

© Total Education Centre 2019 -15-
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Question 27 (4 marks)

Discuss how theories about acids and bases have developed over time as new 4
observations were made and existing ideas were shown to be too limited.

© Total Education Centre 2019 -16 -
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Question 28 (7 marks)

A student was asked to determine the mass of CaCO3 present in a 2.25 gram 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 mLs.

(@) Calculate the number of moles of sodium hydroxide which reacted with the excess
HCI.

(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.

© Total Education Centre 2019 -17 -
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Question 29 (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.

(@ Write a balanced equation for the reaction between acetic acid and sodium 1
hydroxide.
(b) Account for the difference between the reactions taking place in the two beakers. 2

Question 30 (3 marks)

Calculate the pH of a 0.10 M acetic acid solution given Ka = 1.8 x 10®°. Show all 3
working.

© Total Education Centre 2019 —-18 -
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Question 31 (4 marks)

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

(@) ldentify 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 grams 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.

© Total Education Centre 2019 -19-
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Question 32 (4 marks)

Hydrocarbons undergo a variety of reactions.

(@) The structural equation shown below represents a reaction between a saturated 1
hydrocarbon and a halogen.

H H H H
|| |
H— ?— C—H +Cl—/Cl>H—¢—¢—¢Cl + H— ¢l
| |
H H H H
Ethane + Chlorine -  Chloroethane + Hydrogen chloride

Draw a structural equation to show the reaction between an unsaturated hydrocarbon
and a halogen.

(b) Explain why saturated and unsaturated hydrocarbons react differently with halogens. 3

© Total Education Centre 2019 —-20-
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Question 33 (4 marks)

Polymers are long chained molecules consisting of repeating monomers.

(a) State a property and a use of a named addition polymer.

(b) Name a condensation polymer and draw its monomer molecule.

Question 34 (3 marks)

Draw and name THREE isomers with the molecular formula C4HsO.

© Total Education Centre 2019 21—



Question 35 (7 marks)

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

(a)

Chemistry HSC Trial 2019

Compound Car:;éyllc Primary Amine Amide
Example CH3COOH CH3CH2CH2NH> CH3CONH:2
Name X Y z
Molecular weight | - ¢ 5 59.112 59.068
(g mol-)
Boiling Point
° 118 48 221
(C)
pKa 4.756 10.71 0.63

Name the three compounds shown:

X

Y

Z

(b) Write TWO equations to compare the reactions which occur when compound X is
added to water, with compound Y added to water.

© Total Education Centre 2019
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Question 35 (continued)

(c) Explain the variation in boiling points between the carboxylic acid and the amine or 2
the amide given that all three compounds have very similar molecular weights.

End of Question 35

© Total Education Centre 2019 —-23 -
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Question 36 (5 marks)

A series of standard solutions of iron thiocyanate are prepared then placed in 1 cm sample
tubes. The percent transmittance was measured at 505 nm in a colourimeter. The results

were then converted to absorbance as shown below.

Solution Blank | Standard 1 | Standard 2 | Standard 3 | Standard 4
Concentration mol L* | 0.00 0.15 0.30 0.45 0.60
Absorbance 0.00 0.24 0.50 0.72 0.99
(@) Plot the data on the grid below.

(b) Calculate the molar absorptivity of this solution.

© Total Education Centre 2019 —24 -
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Question 37 (5 marks)
River water is monitored to detect changes in the concentrations of various inorganic ions

to assess water quality. Elevated concentrations of some ions can indicate a water
pollution problem.

(@ Name ONE inorganic cation AND ONE inorganic anion which can cause a
reduction in water quality.

(b) For each named ion, explain what can cause increased concentrations in river water.

(b) Describe the impact of elevated concentrations of each named ion.

© Total Education Centre 2019 —-25-



Question 38 (5 marks)

The mass spectrum of an alkane is shown below.

100
90
80
70
60
50
40
30
20
10

Relative Intensity

Mass Spectrum

Chemistry HSC Trial 2019

1 3 5 7 9 111315171921 2325272931333537394143454749

m/z

Typical m/z values for alkane fragments

CHs" 15
CoHs* 29
CsH7/" 43
C4Ho* 57
CsH11* 71

(@ Outline how mass spectroscopy is used to analyse organic substances.

(b) Use the information provided to identify the alkane which could produce the mass
spectrum shown and justify your choice.

© Total Education Centre 2019 - 26—
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Question 39 (5 marks)
Chemists must consider many factors when designing a chemical synthesis process.

Evaluate the need to consider environmental, social and economic issues for a named chemical
synthesis you have studied.

End of paper
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Section Il extra writing space

If you use this space, clearly indicate which question you are answering.
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Section Il 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 c= % PV = nRT
g = mcAT AG° = AH® — TAS® pH = -log,[H']
pK, = —logm[Ka] A=Eglc= logmL;
Avogadrorconstantly sswsassnmsamnmsmmmesmmamms 6.022 x 10?* mol™!
Volume of 1 mole ideal gas: at 100 kPa and

at 0°C (273.15K) .ooovvvvevcerrrrnne 2271L

L el 0 BT ¢ R——— 2479 L
(3S COMSLAIL .c.ocuereereeireireiicicnernereeiassasssssnssssssssessassasssssersessessassannes 8.314 Jmol 1 K1
Ionisation constant for water at 25°C (298.15 K), K, ...occccurerecee 1.0x 1074
Specific heat capacity of Waler s 418 x10%) kg‘1 K

DATA SHEET
Solubility constants at 25°C
Compound Ksp Compound Ksp
Barium carbonate 2.58 x 107 Lead(Il) bromide 6.60 x 1075
Barium hydroxide 2.55 x 107 Lead(II) chloride 1.70 x 107
Barium phosphate 13x1072% 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 1077 Lead(II) hydroxide 143 x 1071
Calcium hydroxide 5.02 x 1078 Lead(Il) phosphate 8.0x 1074
Calcium phosphate 2.07 x 1072 Lead(ll) sulfate 253 x 1078
Calcium sulfate 493 x 107 Magnesium carbonate  6.82 X 1076
Copper(Il) carbonate 1.4 x 10710 Magnesium hydroxide  5.61 x 10712
Copper(Il) hydroxide 2.2 %1072 Magnesium phosphate  1.04 x g
Copper(Il) phosphate ~ 1.40 x 1077 Silver bromide 535x 10713
Iron(II) carbonate 3.13 x 1071 Silver chloride 177 x 10710
Iron(Il) hydroxide 4.87 x 10717 Silver carbonate 8.46 x 10712
Tron(III) hydroxide 2.79 x 107%° Silver hydroxide 2.0x 1078
Tron(IIT) phosphate 9.91 x 10716 Silver iodide 8.52 x 10717
Silver phosphate 8.89 x 1077
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.
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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—C—
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 = (’J — O — ethersor 5090
esters
\ f
c—cC 90-150
CcC=0 1680-1750 / %
R—C=N 110-125
C—C 1620-1680
110-160
R—C—
c—o0 1000-1300 I Calerar 160185
0 acids
R —iC—
c—C 750-1100 i aldehydes 154 5o9
o or ketones
UV absorption
(This is not a definitive list and is approximate.)
Chromophore A nax (0M) Chromophore A nax (M)
173 178
C—H 122 cC=C
196 222
c—e 135 c—€l 173
C—=C 162 C—Br 208

© Total Education Centre 2019 -31-



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) + € = I
Fet + ¢ = PRt
Agt+e” =  Ag(s)
IBr()+¢ = Br
%Brz(aq) g = Br
10,(g) + 2H" + 2¢” = HO0
CL(g) +€ = Cr
1C,0,7 +7TH  +3e = Cr'*+IH0
3Cly(ag) + € = Cr
MnO, +8H*+5¢~ = Mn* +4H0
E(g) +e = F

© Total Education Centre 2019
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294V
291V
287V
271V
236V
-1.68V
-1.18 V
0383V
-0.76 V
04V
-024V
—0.14V
013V
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
289V
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STUDENT ID:
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2019 Chemistry HSC Trial Examination
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 BO cO DO
13 AO BO cO DO
14 AO BO cO DO
15 AO BO cO DO
16 AO BO cO DO
17 AO BO cO DO
18 AO BO cO DO
19 AO BO cO DO
20 AO BO cO DO

Chemistry HSC Trial
Section 1- Multiple Choice Answer Sheet
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Section Il

Question 21 (4 marks)

(a)

Criteria Marks
e Correctly describes appearance of gas mixture at equilibrium 1

Sample answer:
The gas mixture inside the flask stays a light brown colour after 80 s.

(b)

Criteria Marks
e Describes dynamic equilibrium 1

Sample answer:
Molecules of N2Os4 decompose into NO, molecules at the same rate that NO; molecules
collide to form N;Oa.

(c)

Criteria Marks
e Uses collision theory to explain changes in reaction rates 2
e Provides some relevant information 1

Sample answer:

At the start the concentration of reactant molecules (N20a4) is high but as the reactant
molecules get used up, the forward reaction slows down. This is because fewer successful
collisions will occur as the concentration of reactants decreases. The rate of the reverse
reaction is very low at the start as there are few product molecules (NO2). As more product
is formed, the reverse reaction speeds up. This continues until dynamic equilibrium is
established.

Question 22 (4 marks)

(a)

Criteria Marks
e Uses le Chatelier’s principle to predict impact of adding HCI 5
e Correctly describes appearance of solution
e Uses le Chatelier’s principle to predict impact of adding HCI OR 1

e Correctly describes appearance of solution

Sample answer:

The addition of HCl raises the concentration of chloride ions causing the equilibrium to shift
to the right to reduce the concentration of the additional chloride ions as predicted by Le
Chatelier’s principle. This solution would change from purple to blue in colour as more
CoCls? forms.
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(b)

Criteria Marks
e  Outlines a valid procedure 2
e Provides some simple steps 1

Sample answer:

1. Pour 5 mL of violet coloured solution into three separate test tubes.
2. Label test tube 1 and keep at room temperature as a control.

3. Label test tube 2 and place in a hot water bath.

4. Label test tube 3 and place in an ice/water bath

5. Wait 5 minutes and record colour changes.

Question 23 (3 marks)

Criteria Marks
e Demonstrates a comprehensive knowledge of the processes used by
Aboriginal and Torres Strait Islander Peoples to remove toxic 3

chemicals from food

e Demonstrates a sound knowledge of a process used by Aboriginal and
Torres Strait Islander Peoples to remove toxic chemicals from food

e Demonstrates a basic knowledge of a process used by Aboriginal and
Torres Strait Islander Peoples to remove toxic chemicals from food

Sample answer:

Aboriginal and Torres Strait Islander peoples used a variety of processes to prepare plant
materials for food. Some of these foods contain toxic substances such as cycasin in cycad
seeds. Processes which reduced the concentration of the toxic substances include leeching
and fermentation. Cycad seeds were cracked open to extract the kernel. The kernels were
ground into a paste then placed in a dilly-bag. The bag was then secured between rocks in a
flowing stream. The soluble cycasin was leeched out of the paste over several days. Then the
paste was dried and used as a flour.

Alternatively, the cycad seeds were dropped into a lined pit and covered with soil. Over a

period of months, the seeds fermented in the anerobic conditions changing the chemical
makeup of the kernels. The seeds are then dug-up and consumed.

Question 24 (4 marks)

(a)

Criteria Marks
e Calculates correctly all initial concentrations and equilibrium )
concentrations of each species
e Calculates initial concentrations correctly with one error in 1

equilibrium concentrations

Sample answer over page
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Sample answer:
Volume of reaction vessel = 10 litres

species | Moles initial conc. equilibrium conc.
mol L1 mol L
co 2.0 0.20 0.10
Cly 5.0 0.50 [Cl2] - [COCIy]
0.50-0.10=0.40
COCl, 1.0 0 0.20-0.10 =0.10
(b)
Criteria Marks
e Shows correct equilibrium expression and working out showing )
correct equilibrium constant
e Shows correct equilibrium expression shown OR equilibrium constant 1
Sample answer:
k=[COCl)] = 0.1 =25
[CO] [Cl2] 0.1x0.40
Question 25 (3 marks)
Criteria Marks
e Writes correct equilibrium expression
e C(Calculates concentration of solution correctly 3
e States concentration of copper and hydroxide ions correctly with unit
e Writes correct equilibrium expression )
e C(Calculates concentration of solution correctly
e Provides some relevant information 1

Sample answer:
CU(OH)Z(s) 9 CU2+(aq) +20H-(aq)

From data sheet Ksp = 2.2 x 1020
Equilibrium expression Ksp = [Cu?*] [OH]?

Let X = concentration of Cu?* then concentration of OH™ = 2X

2.2x1020= X x2X?
2.2x10%0= 4%3
5.5x1021=x3
X=1.8x107 mol L*

Concentration of copper (Il) hydroxide is 1.8 x 107 mol L*

Concentration of copper ion is 1.8 x 10 mol L*
Concentration of hydroxide ion is 3.6 x 10 mol L
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Question 26 (3 marks)
(a)

Criteria Marks
e |dentifies the solution H,CO3/HCOs as a buffer
e States that the addition of a small amount of acid or base causes the 2
equilibrium position to shift so that the pH remains the same
¢ Identifies the solution H,CO3/HCO3" as a buffer 1

Sample answer:

An equimolar solution of H,CO3/HCOs" is a buffer. This is a solution consisting of a weak acid
and its conjugate base.

If a small amount of acid such as HCl is added to this buffer then the equilibrium will shift to
the left as the increase in hydrogen ions will cause the reaction to shift in such a way as to
counteract the change and the pH will remain constant.

If a small amount of base such as NaOH is added to this buffer then the equilibrium will shift
to the right as the increase in hydroxide will cause the reaction to shift in such a way as to
counteract the change and the pH will remain constant.

(b)

Criteria Mark
e |dentifies a buffer in a natural system 1

Sample answer: (Answers will vary)
Haemoglobin (a weak base) can act as a buffer in blood

Question 27 (4 marks)

Criteria Marks

e Demonstrates thorough knowledge and understanding of changing
theories about acids and bases

o |dentifies observations which lead to multiple modifications to 4
theories

e Names numerous chemists who proposed theories

e Demonstrates sound knowledge and understanding of changing
theories about acids and bases

e |dentifies observations which lead to multiple to theories 3
e Names numerous chemists who proposed theories
e Demonstrates some knowledge and understanding of changing

theories about acids and bases 5
¢ |dentifies observations which lead to modifications to theories
e Names chemists who proposed theories
e Provides some information about a theory of acids and bases 1

e Names a chemist who proposed theory

Sample answer over page
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Sample answer:
An early definition of acids was made by Lavosiser who said that acids were compounds
which contained the element oxygen. When acids were discovered such as hydrochloric acid
that did not contain oxygen the definition was adjusted by Davy to acids were compounds
that contained the element hydrogen. It was then observed that both acids and bases
conducted electricity.

Arrhenius improved on Davy’s ideas by theorising that acids were compounds that produced
hydrogen ions in water and bases produced hydroxide ions however it was shown that
substances such as ammonia could behave like a base but did not contain hydroxide ions.
The concept of acids and bases was further developed by two chemists, Bronsted and
Lowry, who said that acids are chemical species that transfer a proton to another species
while bases were substances that received a proton.

Question 28 (7 marks)
(a)

Criteria Marks
e Calculates the moles of sodium hydroxide which reacted with the 1
excess HCI
Sample answer:
Moles of NaOH which react with excess HCI
n=CxV
n=1.0x0.01715
n=0.01715 moles of NaOH
(b)
Criteria Marks
e Calculates the moles of HCl added to the chalk sample
e Determines the actual number of moles of HCI which reacted with the
CaCOs
. . . 4
e Uses a balanced equation to determine the molar ratio for each
reaction
e Calculates the number of moles of CaCOs in the chalk sample
e Three of the above correct 3
e Two of the above correct
e One of the above correct 1

Sample answer:

Moles of HCl added to the chalk

n=CxV

n=1.00 x 0.100

n=0.10

Since NaOH reacts with HCl in a 1: 1 molar ratio number of moles of excess HCl = 0.01715
Therefore number of moles of HCl which reacted with CaCOs; = 0.10-0.01715 = 0.08285

CaCOs3(aq) + 2HCl (aq) = CaClyaq) + H20q) + CO2

Since CaCOs reacts with HCl in a 1: 2 molar ratio
number of moles of CaCOs in chalk sample is 0.08285/2 = 0.0207125
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(a)

(b)

Criteria Marks
e Calculates molar mass of CaCOs 5
e Calculates mass of CaCOs in chalk sample
e Calculates molar mass of CaCOs3 1
Sample answer
Molar mass of CaCOs3 = 100.09g
Mass of CaCOs in chalk sample
m=nxM
m = 0.0207125 x100.09 = 2.07g
Question 29 (3 marks)
Criteria Marks
e Provides correct equation 1
Sample answers: (Answers will vary)
CH3COOH(aq) + NaOH (aq) 9 CH3COO-Na+ (aq) + HZO(I)
Criteria Marks
e Accounts for the difference between two reactions 2
e Provides some relevant information 1

Sample answer: (Answers will vary)
Acetic acid is a weak acid, it ionises in water to a slight extent. The acetic acid molecules
donate a proton to water molecules. As this is a reversible reaction the acetate ions receive
the protons back from the hydronium ions. When acetic acid is mixed with sodium hydroxide
a neutralisation reaction takes place. This reaction goes almost to completion. The products
are sodium acetate and water.
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Question 30 (3 marks)

Criteria Marks
e Correctly calculates pH of a weak acid using Ka 3
e Provides an equation
e Provides the main steps of the calculation 2
e Provides some relevant information 1
Sample answer:
CH3COOHaq) + H20 () = CH3COO (ag) + H30%(aq)
CH3COOH(aq) CH3COO_ (aq) H30+(aq)
initial 0.10
change -X
equilibrium 0.10-x
Ka = [CH;COO7] [ H30*] =1.8x 107
[CH3COOH]
Since acetic acid is a weak acid, x is very small compared with 0.10 so (0.10 —x) is
insignificant.
1.8x10°= x?
0.10
x=1.3x103
pH =-log 1.3 x 103 =2.89
Question 31 (4 marks)
(a)
Criteria Marks
e Identifies one risk/hazard associated with investigation and provides a 1
safety precaution

Sample answers: (Answers will vary)
Alkanols are highly flammable so long hair needs to be tied back.

OR
Alkanols are toxic so wipe up spills and wash hands promptly.
OR

Glassware and thermometers are brittle so set up away from edge of work space.
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(b)

Criteria Marks
e Correctly calculates the molar heat of combustion of methanol using
experimental data
- ) 3
e Calculates the efficiency of the apparatus by comparing the
experimental and theoretical values
e Correctly calculates the molar heat of combustion of methanol using 5
experimental data
e Calculates the energy released or the number of moles using the 1
experimental data
Sample answer:
q=-mxCxAT
=-200x4.18x9.5
=-7942 Joules
n=1.40/32.042
=0.04369
AHcom =-7942 / 0.04369
=181769.6886Joules per mole or -261.34 kJ mol™*?
Efficiency = 181.769/ 726 x 100
=25.037
=25%
(=0.25)
Question 32 (4 marks)
(a)
Criteria Marks
e Draws a structural equation showing an addition reaction 1

Sample answer:

+ Cl-C -5 (- -Cl

T — 0 —T
]

T —60O —=T

I —O— T

I —O— T
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(b)

Criteria Marks

e Provides a detailed comparison of a substitution reaction with an
addition reaction 3

e Provides equations showing reactions and names products

e Provides a sound explanation of why saturated hydrocarbons react
differently to unsaturated hydrocarbons

e Provides some relevant information 1

Sample answer:
Alkanes are saturated hydrocarbons. Alkanes will not readily react with halogens in normal
laboratory conditions. However, in the presence of UV light a substitution reaction may
occur.

uv
For example: ethane + bromine - bromoethane + hydrogen bromide

In this substitution a bromine atom takes the place of a hydrogen atom. Further substitution
can take place.

Alkenes and alkynes are unsaturated hydrocarbons. These hydrocarbons will react with
halogens in an addition reaction.

For example: ethene + bromine - 1,2-dibromoethane

In this addition reaction the halogen is added across the double bond producing only a
dihaloalkane product.

Question 33 (4 marks)

(a)

Criteria Marks
e Names an addition polymer and correctly states a property and a use 2
e Names an addition polymer and correctly states a property OR a use 1

Sample answer: (Answers will vary)
Polyethylene (LDPE) is semi-rigid and is used to make plastic bottles.

(b)

Criteria Marks
e Names a condensation polymer and correctly draws its monomer 2
e Names a condensation polymer or correctly draws its monomer 1

Sample answer: (Answers will vary)
A polyester [CO(CH2).CO-OCH.CH:Q]»
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Question 34 (3 marks)

Criteria Marks
e Correctly names and gives the formula (condensed or structural) of 3
three isomers of C4HgO
e Correctly names and gives the formula (condensed or structural) of )
two isomers of C4HgO
e Correctly names and gives the formula (condensed or structural) of 1
one isomer of C4HsO
Sample answer: (possible isomers)
CH3CH,CH, CHO Butanal
CH3CH>COCH3 Butanone
CH2=CHCH,CH,0H But-1-en-4-ol
CH3CH; CH=CHOH But-1-en-1-ol
CH3CH=CHCH, OH But-2-en-1-ol
CH3CH= COHCH3s But-2-en-2-ol
Note: an ether is possible but beyond the range of the syllabus
Question 35 (7 marks)
(a)
Criteria Marks
e Correctly names 3 compounds 3
e Correctly names 2 compounds 2
e Correctly names 1 compound 1

NB: NESA has said answers will be accepted in both formats - while may prefer IUPAC naming
they accept marking centres will need to acknowledge both methods as they are still used in
industry

Sample answer:

X = Ethanoic acid X = Acetic acid
Y = Propan -1 - amine OR Y = Propylamine or n-Propylamine
Z = Ethanamide Z = Aceta
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(b)

Criteria Marks
e Gives two correct equations showing acidic behaviour of X and basic )
behaviour of Y
e Gives one correct equation showing acidic behaviour of X OR basic 1
behaviour of Y
Sample answer:
Acetic acid donates a proton to water
CH3COOH() + H20() = CH3COO (aq) + H30%(aq)
Propylamine receives a proton from water
CH3CH2CONHy() + H20() = CH3CH2CONHsz*(aq) + OH7(aq)
(c)
Criteria Marks
e Explains the variation in boiling points between carboxylic acid and
amine or amide in terms of the strength of the intra-molecular forces 2
involved due to different functional groups present
e Provides some relevant information 1

Sample answer:

The boiling points of the carboxylic acid (acetic acid) is higher than the amine (propylamine)
due to the very polar -COOH functional group compared with the less polar -NH;. While both
functional groups produce hydrogen bonding the N-H bond is not as polar as the O-H bond.
This is because nitrogen is less electronegative than oxygen.

OR

The boiling points of the amide (acetamide) is higher than the carboxylic acid (acetic acid) as
the carbonyl functional group in the amide has two lone pairs of electrons giving a total of 4
locations where hydrogen bonds can form between neighboring molecules. Carboxylic acids
have two locations where hydrogen bonding can occur.
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Question 36 (5 marks)

(a)

Criteria Marks
e Plots absorbance (vertical axis) against concentration (horizontal axis)
accurately
e Labels both axes including relevant units 3

e Places even scale on each axis

e Gives graph a title

e Provides a substantially correct graph
e Provides some basic features of the graph 1

Sample answer:

Iron thiocyannate Solution

1.2
1
0.8
3
£ 0.6
2
2 04
<
0.2
0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
0.2
Concentration (mol/L)
(b)
Criteria Marks
e Correctly calculates molar absorptivity of iron thiocyanate solution 2
e Provides main steps of calculation 1

Sample answer:
(Molar absorptivity or molar extinction coefficient, can be calculated from the slope of the
line on the graph or by using formula from data sheet)

UsingA=Elc
Since the sample length was 1 cm then € = A/c

using any pair of measurements from the table,

£€=0.24/0.15
=16LMlcm?
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Question 37 (5 marks)
(a)

Criteria Marks
e Provides both an inorganic cation and an anion which can reduce 1
water quality
Sample answer: (Answers will vary)
Anion = Chloride ion
Cation = Phosphate ion
(b)
Criteria Marks
e Explains how the concentration both ions can increase in river water 2
e Provides some relevant information on two ions 1

Sample answer:

The concentration of chloride ions can increase in river water due to irrigation. The water
that is added to crops dissolves the natural salts present in the soil and raises the water table
over time. The water will make its way back to the river carrying the dissolved ions. This is
referred to as salinity.

The concentration of phosphate ions can increase in river water due to the addition of

fertilisers such as super phosphate to crops. Excess fertiliser is washed into rivers through
runoff or irrigation.

(c)

Criteria Marks
e Describes the impact of elevated concentrations of both ions 2
e Provides some relevant information on two ions 1

Sample answer:

When chloride ion concentrations increase the water can no longer support freshwater
organisms. River water can become so saline it cannot be used for human consumption or
agriculture. When phosphate ion concentrations increase, algal blooms can block the light
and cause other aquatic plants to die. The algal bloom eventually dies and decays,
consuming the oxygen in the water thus killing aquatic animals.

Question 38 (5 marks)
(a)

Criteria Marks
e OQutlines how mass spectroscopy is used to analyse organic )
substances
e Provides some relevant information 1

Sample answer over page
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Sample answer:
Firstly, a vaporized organic sample passes into the ionization chamber of a mass
spectrometer where it is bombarded by a stream of electrons. These electrons have a high
enough energy to knock an electron off an organic molecule to form a positive ion. The
molecular ions are energetically unstable, and some of them will break up into smaller
pieces or fragments. Positively charged fragments are then accelerated, deflected and
detected by the mass spectrometer. Each fragment produces a line on the stick diagram. The
pattern produced is interpreted to deduce the structure of the organic molecule.

(b)

Criteria Marks
e |dentifies alkane with correct justifications 3
e |dentifies alkane with a correct justification 2
e Provides some relevant information 1

Sample answer:

The highest peak at 44 amu represents the cation of the molecule and its molecular mass.
An alkane with a mass of 44 amu is propane CsHs. The base peak (highest intensity) occurs at
29 amu which fits an ethyl cation. This would form when a methyl radical is lost. The peak at
15 represents the methyl cation. Other peaks represent the loss of additional hydrogen
radicals from the fragments.

Question 39 (5 marks)

Criteria Marks

e Demonstrates thorough knowledge and understanding of a named
chemical synthesis process

e Makes a judgement about the need to consider environmental, social >
and economic issues

e Demonstrates a sound knowledge and understanding of a named
chemical synthesis process 4

e Makes a judgement about the need to consider environmental or
social or economic issues

e Demonstrates some knowledge and understanding of a named
chemical synthesis process 3

o |dentifies at least two issues that need to be considered

e Demonstrates a basic knowledge and understanding of a named

chemical synthesis process 2
e |dentifies an issue that need to be considered
e Provides some information about a chemical synthesis process 1

Sample answer over page
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Sample answer: (Answers will vary based on the chemical synthesis process studied)

Chemists must consider many factors when designing a chemical synthesis process. The
product must be fit for purpose and meet a societal need at a reasonable price. Chemists
must design safer chemicals that are neither toxic nor harmful to the environment. The
chemical synthesis process should where ever possible use renewable biodegradable
resources that do not pollute the environment. Also, chemists should design chemical
synthesis processes that are energy efficient.

The process of synthesising soap starts with a supply of fats and oils. Often vegetable oils
such as palm, coconut and soybean oil are used. The oils are hydrolysed under high
temperature and pressure in the presence of steam and a zinc oxide catalyst. These
conditions allow the triglyceride molecules to split to form fatty acids and glycerol. The
waste glycerol produced is collected as a valuable by-product. The fatty acids are dried and
mixed with a base to form soap.

Soap is a valuable product allowing better hygiene and reducing the spread of disease, which
is of great benefit to society. However, poorly made soap can contain residual base which is
too harsh on skin. This can lead to skin problems such as dermatitis and eczema.

While vegetable oils are both biodegradable and renewable raw materials, the use of palm
oil can cause great pressure to clear rainforest habitat to increase its production. This has led
to threatened species being pushed towards extinction. Vegetable oils are available in large
guantities at a consistent price which allows soap to be economically produced.

Soap manufacturing does not produce any toxic by-products, but the energy required to
make the soap adds to the greenhouse gases that are causing global warming.
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Section |
Question | Marks | Module Content Syllabus outcomes
1 1 5 Static and Dynamic Equilibrium CH12-12, CH11-11
2 1 5 Factors that Affect Equilibrium CH12-12, CH-4
3 1 5 Calculating the Equilibrium constant CH12-12
(Keq)
4 1 5 Calculating the Equilibrium constant CH12-12, CH-4
(Keq)
5 1 5 Calculating the Equilibrium constant CH12-12, CH-6
(Keq)
6 1 5 Solution Equilibria CH12-12, CH12-6
7 1 6 Quantitative Analysis CH12-13, CH-5
8 1 6 Quantitative Analysis CH12-13
9 1 6 Using Brgnsted-Lowry Theory CH12-13, CH-6
10 1 6 Using Brgnsted-Lowry Theory CH12-13
11 1 6 Quantitative Analysis CH12-13, CH-6
12 1 6 Properties of Acids and Bases CH12-13, CH-6
13 1 7 Reactions of Organic Acids and Bases CH12-13
14 1 7 Nomenclature CH12-14
15 1 7 Nomenclature CH12-14
16 1 7 Alcohols CH12-14
17 1 8 Analysis of Inorganic Substances CH12-15
18 1 8 Analysis of Organic Substances CH12-15
19 1 8 Analysis of Inorganic Substances CH12-15, CH-6
20 1 8 Analysis of Inorganic Substances CH12-15, CH-5
Section Il
Question | Marks | Module Content Syllabus outcomes
21 (a) 1 5 Static and Dynamic Equilibrium CH12-12
21 (b) 1 5 Factors that Affect Equilibrium CH12-12
21 (c) 2 5 Factors that Affect Equilibrium CH12-12, CH12-5
22 (a) 2 5 Factors that Affect Equilibrium CH12-12
22 (b) 2 5 Factors that Affect Equilibrium CH12-2
23 3 5 Solution Equilibria CH12-12
24 (a) 2 5 Calculating the Equilibrium constant CH12-12, 12CH-6
(Keg)
24 (b) 2 5 Calculating the Equilibrium constant CH12-12, CH12-6
(Keg)
25 3 5 Solution Equilibria CH12-12, CH12-6
26 3 6 Quantitative Analysis CH12-13
27 4 6 Properties of Acids and Bases CH12-13
28 (a) 1 6 Quantitative Analysis CH12-13, CH12-6
28 (b) 4 6 Quantitative Analysis CH12-13, CH-12-6
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Question | Marks | Module Content Syllabus outcomes
28 (c) 2 6 Quantitative Analysis CH12-13, CH12-6
29 (a) 2 6 Using Brgnsted-Lowry Theory CH12-13
29 (b) 1 6 Using Brgnsted-Lowry Theory CH12-13

30 3 6 Using Brgnsted-Lowry Theory CH12-13, CH12-6
31 (a) 1 7 Alcohols CH12-2
31 (b) 3 7 Alcohols CH12-14, CH12-6
32 (a) 1 7 Hydrocarbons CH12-14, CH12-7
32 (b) 3 7 Hydrocarbons CH12-14
33 (a) 2 7 Polymers CH12-14
33 (b) 2 7 Polymers CH12-14
34 3 7 Nomenclature CH12-14, CH12-7
35 (a) 2 7 Reactions of Organic Acids and Bases CH12-5
35 (b) 2 7 Reactions of Organic Acids and Bases CH12-14
35 (c) 3 7 Reactions of Organic Acids and Bases CH12-14
36 (a) 3 8 Analysis of Inorganic Substances CH12-14
36 (b) 2 8 Analysis of Inorganic Substances 12CH-15, 12CH-4
37 (a) 1 8 Analysis of Inorganic Substances 12CH-15, 12CH-6
37 (b) 2 8 Analysis of Inorganic Substances 12CH-15
37 (c) 2 8 Analysis of Inorganic Substances 12CH-15
38 (a) 2 8 Analysis of Organic Substances 12CH-15
38 (b) 3 8 Analysis of Organic Substances 12CH-15, 12CH-5
39 5 8 Chemical Synthesis and Design 12CH-15
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