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Part A

Total marks (20)

Attempt Questions 1-20

Allow about 30 minutesfor thisPart

Use the multiple-choice Answer Sheet.

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

Sample 2+ 4=

@ ® © ®

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

@ | © ®

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

o
= X © ©
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1 Which of the following isotopes is radioactive?
(a) 3B
(B)  37Co
© 5P
(D)  *3Hg
2 Which of the following statements is true about unstable isotopes?
(A)  They all have an atomic number greater than 82.
(B)  They all have an atomic number greater than 92.
(C)  They all have more neutrons than protons.
(D)  They all decay emitting a small particle or energy.
3 Given the following half equation and E® value:
Oz(g) + 2H+(aq) +2¢ — HzOz(aq) E®=+0.70V
What is the voltage produced under standard conditions for the following
reaction?
2MnOy (aq) + 5H,0,(aq) + 6H (aq) — 2Mn*"(aq) + 50,(g) + 8H,0(1)
(A) 070V
(B) 081V
<© 151V
(D) 221V
4 Reactions of metals in dilute acids can be described as redox reactions for which
of the following reasons?
(A)  There is a transfer of electrons from the hydrogen ions to the metal.
(B)  There is a transfer of electrons from the metal to the hydrogen ions.
(C)  There is a transfer of electrons from the anions to the cations.
(D)  There is a transfer of electrons from the cations to the anions.
5 Which of the following is true about ethanol?
(A) It has the formula CH;COOH.
(B)  Itcan act as a solvent of both polar and non-polar substances.
(C)  Itis the smallest possible alkanol.
(D)  Itis the monomer from which cellulose is produced.
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6 What is the defining principle common to all condensation polymerisations?

(A)  They all produce water.

(B)  They are all formed by reactions across double bonds.
(C)  They all involve the addition of small molecules.

(D)  They all involve the ejection of small molecules.

7 What is the major industrial source of ethylene?

(A)  Dehydration of ethanol.
(B)  Cracking of petroleum

(C)  Fermentation of sugars

(D)  Lysis of polyethylene

8 How many isomers are there for C;H3;BrCIF?
A 2
B 3
< 4
D) 5
9 Waste water from a factory is contaminated with a significant concentration of

dissolved calcium ions. Which of the following ions could also be dissolved at
the highest concentration in the waste water?

(A)  chloride
(B)  carbonate
(C)  phosphate
(D)  sulfate

10 What is the correct [UPAC name for the following compound?

L
T
H Cl H

(A)  2-chloro-1-fluoropropane
(B)  1-fluoro-2-chloropropane
(C)  2-chloro-3-fluoropropane
(D)  3-fluoro-2-chloropropane
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11

12

Which of the following is a balanced chemical equation representing the
incomplete combustion of an alkane?

(A)
(B)
©
(D)

C3Hsg) + 5025 — 3CO5) + 4H20()
CoHyg) +205) — 2CO(g) + 2H,0y)
C4Higg) T 502(g) = COxg) + 3CO + 5H20q)

Below is a calibration curve generated when using an atomic absorption
spectrometer (AAS) to detect mercury.

Mercury Calibration Curve
0.700

0.600

0.500

0.400

0.300

Absorbance

0.200

0.100

0.00 0.05 0.10 0.15 0.20 025 0.30 0.35 0.40 045

Hg concentration (mg L™")

A 500 mL sample of unknown mercury concentration gives an absorbance of
0.500 on the same instrument.

What is the concentration of mercury in the unknown sample?

(A)
(B)
©
(D)

3.00x 10" M
1.50 x 10° M
1.50x 10° M
1.50x 10° M
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13

14

15

16

All the strontium ions present in a 250 mL solution were precipitated by reaction
with excess sulfate ions. The mass of the dried strontium sulfate obtained after
filtration, washing and drying was 0.353 g.

What was the concentration of strontium ions in the original solution?

(A) 168mgL’
(B) 477mgL™
(C) 673mgL’
(D) 1412mgL™’

Which of the following indicators would best identify the equivalence point of
the titration of 0.1 M ammonia with 0.1 M hydrochloric acid?

(A)  methyl orange

(B)  phenolphthalein
(C)  bromothymol blue
(D)  litmus

The structural formula of an ester with a strawberry fragrance is shown below:

0
Y
H—C—C—C—C
7 7 =
H H H O—(|3—<|3—H
H H

Which alkanoic acid and alkanol could be used to synthesise this ester?

alkanol alkanoic acid
(A) | ethanol propanoic acid
(B) | ethanol butanoic acid
(C) | 1-butanol ethanoic acid
(D) | 1-propanol ethanoic acid

Which equation below best represents hydrogen chloride gas acting as a
Bronsted-Lowry acid?

(A) HCl(g) =5 HCl(aq)
Hzo + _
(B) HCl(g) = H'(ag) + Cl(aq)
(C)  HCl(g) + Hy0(1) — H50"(aq) + CI (aq)
(D)  2HCI(g) + Sn(s) — Ha(g) + SnClx(s)
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17 Which of the following solutions contains the highest molar concentration of
acid?

(A)  An acetic acid solution with a pH of 3.

(B) A hydrochloric acid solution with a pH of 3.
(C) A sulfuric acid solution with a pH of 3.

(D) A citric acid solution with a pH of 3.

18 Two drops (0.1 mL) of 0.01 M HCI solution is added to 10 mL of a HCI solution
with a pH of 5. The pH of the resulting solution will be closest to:

(A) 3
B) 4
© S
D) 6

19 Two drops (0.1 mL) of 0.01 M HCI solution is added to 10 mL of a concentrated
solution of pH 5 containing acetic acid and sodium acetate. The pH of the
resulting solution will be closest to:

Ay 2
®) 3
© 5
D 7

20 What mass of sodium hydrogen carbonate is required for complete reaction with
50.0 mL of 0.100 M sulfuric acid solution?

(A) 0210g
(B) 0420g
(C) 0840g
(D) 420g
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Masters’ Initials Candidate Number

Part B

Total marks (55)

Attempt ALL Questions

Allow about 1 hour and 45 minutesfor thisPart

Answer the questions in the spaces provided
Show all relevant working in questions involving calculations

Question 21 (3 marks) Marks

Polymerisation is the process of creating large molecules by reacting together many
smaller molecules.

(a) Draw the molecular structure of styrene.

(b) Draw a segment of polystyrene that would result from the reaction of
styrene monomers. Include at least three repeating units.
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Question 22 (5 marks) Marks

Justify the need to monitor the conditions involved in the production of pure ethanol
from glucose.

5
Question 23 (2 marks)
Ethylene, because of the instability of its double bond, is highly reactive. Write
balanced chemical equations for two reactions of ethylene.

2

10
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Question 24 (2 marks) Marks

Identify an instrument used to detect radiation and outline the manner in which it
works.

2
Question 25 (4 marks)
Name a specific enzyme or organism used to produce a biopolymer and account for
its use in the production of this polymer.

4

11



Form VI Chemistry 2015 Trial Examination

Question 26 (3 marks) Marks

The molar heat of combustion for 1-butanol is —2670 kJ mol™'. Calculate the mass
of 1-butanol that would be needed to raise 0.024 kg of water from 10.0 °C to
23.7 °C.

12
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Masters’ Initials Candidate Number
Question 27 (3 marks) Marks

Draw a labelled diagram of a simple galvanic cell made from copper and zinc half-
cells. Your diagram should include a label to indicate the direction of electron flow,
a label to indicate the cathode and a label to indicate the site of reduction.

3
Question 28 (2 marks)
The industrial synthesis of ammonia typically takes place in the presence of a
magnetite catalyst. Justify the use of a catalyst in this process.

2

13
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Question 29 (5 marks) Marks

A solution is known to contain significant concentrations of chloride, phosphate and
sulfate ions.

Describe a sequence of tests that could be used to confirm the presence of each of
these ions. Include one relevant chemical equation.

14
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Question 30 (5 marks) Marks

Sulfur dioxide is commonly used as a preservative in food and drink. The sulfur
dioxide content in dried apple was determined using the following procedure:

1. 50.0 g of dried apple was blended to a fine powder.

2. The powdered dried apple was added to a conical flask containing 100 mL
of water.

3. 10 mL of acidified 10%(v/v) hydrogen peroxide was added and the mixture
agitated in order to extract all the sulfur dioxide from the apple and oxidise it
to sulfate.

4. The resulting mixture was filtered and the residue washed with deionised
water.

5. The filtrate was then treated with 5%(w/v) barium chloride solution until no
further precipitation occurred.

6. The resulting mixture was filtered through a pre-weighed sintered glass
crucible.

7. The residue was washed with deionised water and dried to constant mass.

The following results were recorded:

Mass of sintered glass crucible (g) 52.064 g
Mass of sintered glass crucible + precipitate (g) | 52.252 g

(a) Calculate the mass of precipitate formed.

(b) Calculate the percentage by mass of sulfur dioxide in the dried apple.

15
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Question 31 (4 marks) Marks

The industrial production of hydrogen by steam reforming involves the following
two reactions:

1. CHa(g) + HxO(g) = CO(g) + 3Hx(g) AH = +206 kJ mol ™
2. CO(g) + H,0(g) = COx(g) + Ha(g) AH =41 kJ mol™*

Explain the likely conditions of temperature and pressure required in each step of
this process in order to maximise the yield and rate of production of hydrogen.

16
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Masters’ Initials Candidate Number

Question 32 (2 marks) Marks

Potassium hydrogen oxalate (KHC,04) is an amphiprotic compound. Construct an
equation that describes its behaviour in each of the following solutions.

(a) Reaction with dilute sulfuric acid.

(b) Reaction with aqueous sodium hydroxide.

17
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Question 33 (4 marks) Marks

Describe how you could produce a pure sample of the ester ethyl benzoate from
ethanol and benzoic acid. Relevant properties of the starting materials and products
are listed below; ethyl benzoate is less dense than water.

material Melting point (°C) | Boiling point (°C) | Soluble in:
ethanol —114 78 water, ethanol
benzoic acid 122 249 only ethanol
ethyl benzoate | —35 212 only ethanol

18
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Question 34 (3 marks) Marks

Explain why 0.1 M solutions of acetic acid and hydrochloric acid have different
concentrations of H'(aq) and yet require the same amount of NaOH(aq) to
neutralise them.

3
Question 35 (4 marks)
Sulfur dioxide fumes can be removed from the exhaust gases resulting from the
smelting of sulfide ores by passing the exhaust gasses through a basic solution such
as calcium hydroxide.
2S0,(g) + Ca(OH)»x(aq) — Ca(HSOs3)2(aq)
If 1000 L (measured at 0 °C and 100 kPa) of exhaust gases contain 5.00% sulfur
dioxide by volume, calculate the mass of calcium hydroxide required to remove the
SO; from the exhaust gases.
4

19
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Question 36 (4 marks) Marks

When a drop of Universal Indicator is placed in a bottle of freshly opened
carbonated water the resulting mix turns an orange colour. If this solution is then
poured into a shallow petri dish, the solution turns a green colour over a period of
an hour.

Explain, using Le Chatelier’s Principle, the changes that are happening to the
solution over the hour and explain why the colour of the Universal Indicator
solution changes during this time.

20
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Section 11

25 marks

2015 Trial Examination

Attempt question 37 in this section.
Allow about 45 minutesfor this section.

Answer the question in a writing booklet. Extra writing booklets are available.
Show all relevant working in questions involving calculations.

Question 37
Question 38
Question 39
Question 40
Question 41

Pages
Industrial Chemistry.........ccoooiiii i, 21-25
Elective 2
Elective 3
Elective4
Elective 5
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Question 37

2015 Trial Examination

(25 marks) Marks

(a)

A chemist performed three separate experiments to analyse the following
equilibrium.

Hy + AH =+ 52 kJ mol ™

(colourless)

2HI g
(colourless)

61 =
(purple)

All three experiments were carried out at the same pressure. Two of the
experiments were carried out at the same temperature, while the other was
carried out at a different temperature.

The results of the experiments are shown in the table below.

Concentration (mol™)

Experiment I nitial At equilibrium

Ho)

D)

Hl,)

Dg)

Hl,)

[um—

1.000

1.000

0.000

0.228

1.544

1.000

0.727

3.000

0.253

3.953

0.000

0.625

0.750

0.637

0.715

(i)

(iii)

Identify which experiment was carried out at the DIFFERENT 2
temperature. Explain whether this experiment was at a higher or
lower temperature than that of the other two experiments.

Describe how the chemist could monitor when Experiment 1 reached
equilibrium. 1

After Experiment 1 reached equilibrium, the chemist carried out a

fourth experiment by doubling the concentration of H, while

maintaining a constant temperature. Explain what would happen in

the reaction vessel in response to this change and the effect this

would have on the value of the equilibrium constant. 2

Question 37 continued on next page.

22
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(b)

Molten sodium chloride is electrolysed in a cell using inert
electrodes.

(1) Identify the product that would form at the negative electrode
(cathode).

(1) State the half-equation for the reaction taking place at the positive
electrode (anode).

(iii))  Identify a chemical test that would confirm the presence of the
product produced at the positive electrode (anode).

(iv)  Given that molten sodium chloride has a density of 1.556 g cm >,
calculate the volume of gas that would be formed when 1.00 L of

molten sodium chloride is electrolysed and the gas is collected and
cooled to 25 °C and 100 kPa.

Question 37 continued on next page.

23

2015 Trial Examination

Marks



Form VI Chemistry 2015 Trial Examination

Marks
(©) The diagram below shows the structure of two typical synthetic detergent
compounds.
Structure of anionic detergent
; -+
\/\/V\/\/\/QO_SOE_O Na
— i - - |
Structure of nonionic detergent |
NN 0——(CH,CH,—0),— CH,CH,—OH
1) Define saponification. 1
(i1) Distinguish between common soaps and these types of synthetic 4

detergents in terms of their chemical composition, environmental
impact, uses and their action as cleaning agents.

Question 37 continued on next page.

24
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Complete parts(d) and (e) in
a new Answer Booklet.

(d) One step in the industrial production of sulfuric acid is the conversion of 3
sulfur dioxide into sulfur trioxide. Describe and justify the conditions used in
this process.

(e) In order to find a suitable location for any industrial plant, a chemist must
consider a number of fundamental criteria, including:

Access to raw materials

The Production process
Environmental concerns

Any waste product disposal

Use and transport of the product

For each of these criteria, explain their significance in determining a
suitable location for an industrial plant for the manufacture of sodium
carbonate.

25
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Chemistry

Avogadro’s constant, Na .......cocooviiiiiiiiiininn...

Volume of 1 mole ideal gas: at 100 kPa and

at0°C 273K) ........
at 25 °C (298K) ..o

Ionisation constant for water at 25°C (298.15 K), K,

Specific heat capacity of Water ...........ocooviiiiiiiiiiiiii

Some useful formulae

pH=—- loglo[H+]

Standard Potentials

I(Jr +e =
Ba®' +2¢ N
Ca2+ +2e =
Na“+e N
Mg +2¢ N
AP +3¢ -
Mn*" + 2¢” =
H,O+e N
Zn* +2¢ N
Fe®* +2¢ N
NiZ" +2¢” N
Sn* +2¢” N
Pb* +2¢” -
H +e N
SOZ +4H" +2¢ -
Cu* +2¢ N
Y Oy + HyO + 26 -
Cu'+e N
by te =
2 bag T e -
Fet+e =
Ag'+e =
V2 Brygy + e =
Ya Brz(aq) +e =
%0, +2H + 2¢” N
% Cr0,” +TH + 3¢ =
Ya Clz(g) +e =
Vi Clygg + € -
MnO, + 8H" + 5¢ -
Z2Fyg e =

27

6.022 x10% mol™

22.71L

2479 L

1.0x10™

4.18 x 10° Jkg 'K

gq= mCAT
K 294V
Ba 291V
Ca(s) 287V
Na(s) =271V
Mg(s) 236V
Al -1.68V
Mn(s) -1.18V
V5 Hyg + OH -0.83V
Zn(s) -0.76 V
Fe( 044V
Nig 024V
Sng) -0.14V
Pby, -0.13V
Y5 Hyg) 0.00 V
SOy +2H,0 0.16 V
CU(S) 034V
20H 040V
CU(S) 052V
I 0.54V
I 0.62V
Fe®* 0.77V
Br 1.08V
Br .10V
H,0 123V
crt+ 1 H,0 136V
cr 136V
cr 140V
Mn?" + 4H,0 151V
F 289V
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Which of the following isotopes is radioactive?

(B) 33Co
© 5P
(D)  *3Hg

Which of the following statements is true about unstable isotopes?

(A)  They all have an atomic number greater than 82.
(B)  They all have an atomic number greater than 92.
l”hey all have more neutrons than protons.

mitiinge a sn r l particle or encrgy

Given the following half equation and E® value:

Ong) + 2H (ag) + 2¢” — H2000aq) E®=+0.70V

What is the voltage produced under standard conditions for the following
reaction?

2MnO4 (aq) + SH,04(aq) + 6H'(aq) — 2Mn*"(aq) + 504(g) + 8H,O()

A) 070V
(C) 151V
(D) 221V

Reactions of metals in dilute acids can be described as redox reactions for which
of the following reasons?

0

There isa transfer of electrons from the hydrogen ions to the metal

ansfer H ctr T_}n from |ht - met: "“. [0 '-u( vdrogen iox
© There isa transfer of electrons from the anions to the catrons
(D)  There is a transfer of electrons from the cations to the anjons.

Which of the following is true about ethanol?

A} It has the fonnulaCH3COOH

( It is the smallest poss1blealkan01 o
(D)  Itis the monomer from which cellulose is produced.
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What is the defining principle common to all condensation polymerisations?

(A)  They all produce water.
(B)  They are all formed by reactions across double bonds.
¢y 1 hey all involve the add1t1on of small molecules

They all involve the ejec

What is the major industrial source of ethylene?

(A) Dchydratmn of ethanol

C) Fermentatlon of sugars
(D)  Lysis of polyethylene

How many isomers are there for C,H;BrCIF?

A 2
B) 3
D®) 5

Waste water from a factory is contaminated with a significant concentration of
dissolved calcium ions. Which of the following ions could also be dissolved at
the highest concentration in the waste water?

(B)  carbonate
(C)  phosphate
(D)  sulfate

What is the correct IUPAC name for the following compound?

T
L
H Cl H

h 1-fluoro-2- chloropropane )
(C)  2-chloro-3-fluoropropane
(D)  3-fluoro-2-chloropropane
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12

Which of the following is a balanced chemical equation representing the
incomplete combustion of an alkane?

(A)  CsHgg + 502 — 3COxg + 4H20q)
(B) C2H5OH(|) o ZOQ(g) — CO(g) + C(S) + 3H20(1)

Below is a calibration curve generated when using an atomic absorption
spectrometer (AAS) to detect mercury.

Mercury Calibration Curve
0.700

0.600 - ”

0.500 |-

0_400 ] ST
? S

' pd
0.300
' /

Absorbance

0.200

BN

0.100 : °E

0.000 [ A e TT 17T TR L PR LT AL i} TTrT L L
0.00 0.05 010 0.i5 0.20 0.25 0.30 0.35 040 045

Hg concentration (mg L")

A 500 mL sample of unknown mercury concentration gives an absorbance of

0.500 on the same instrument.

What is the concentration of mercury in the unknown sample?

(A)  3.00x107"'M
(B) 1.50x107°M
(C) 150x10°M
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14

15

16

All the strontium ions present in a 250 mL solution were precipitated by reaction
with excess sulfate ions. The mass of the dried strontium sulfate obtained after
filtration, washing and drying was 0.353 g.

What was the concentration of strontium ions in the original solution?

(A) 168 mgL™

(Bi 477 mg L™

D) 1412mglL”

Which of the following indicators would best identify the equivalence point of
the titration of 0.1 M ammonia with 0.1 M hydrochloric acid?

(B)  phenolphthalein
(C)  bromothymol blue
(D)  litmus

The structural formula of an ester with a strawberry fragrance is shown below:

H HH o
—g—g—e—d W
H HH O—C—C—H
i

Which alkanoic acid and alkanol could be used to synthesise this ester?

alkanol alkanoic acid
(A) | ethanol propanoic acid
(C) | 1-butanol ethanoic acid
(D) | 1-propanol ethanoic acid

Which equation below best represents hydrogen chloride gas acting as a Brensted-

Lowry acid?

(A)  HCl() 23 HCl(aq)
(B) =2 H'(ag) +

(D)  2HCI(g) + Sn(s) — Hy(g) + SnCly(s)
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18

19

20

Which of the following solutions contains the highest molar concentration of
acid?

k) ) A hydrochloric acndsolutlon w1thapH of 3.
(C) A sulfuric acid solution with a pH of 3.
(D) A citric acid solution with a pH of 3.

Two drops (0.1 mL) of 0.01 M HCl solution is added to 10 mL of a HCI solution
with a pH of 5. The pH of the resulting solution will be closest to:

Two drops (0.1 mL) of 0.01 M HCI solution is added to 10 mL of a concentrated
solution of pH 5 containing acetic acid and sodium acetate. The pH of the
resulting solution will be closest to:

(A) 2

What mass of sodium hydrogen carbonate is required for complete reaction with

50.0 mL of 0.100 M sulfuric acid solution?

(A) 0210g
(B) o 420 £

D) 420g
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Part B

Total marks (55)

Attempt ALL Questions

Allow about 1 hour and 45 minutes for this Part

Answer the questions in the spaces provided
Show all relevant working in questions involving calculations

Question 21 (3 marks) Marks

Polymerisation is the process of creating large molecules by reacting together many
smaller molecules.

(a) Draw the molecular structure of styrene.

1
e N\
C=—
i \
H H styrene
(b) Draw a segment of polystyrene that would result from the reaction of
styrene monomers. Include at least three repeating units.
2

Must include
e Minimum of 3 units
e No double bonds
e Benzene ring every second carbon

e No hydrogens at the end



Question 22 (5 marks) Marks

Justify the need to monitor the conditions involved in the production of pure
ethanol from glucose.

5 Marks Justifies need to monitor 4 of the following parameters PLUS
fermentation equation.

(Temp, anaerobic, yeast/zymase) of fermentation.
Temperature of distillation.
4 Marks Justifies need to monitor 3 of the parameters PLUS tdentifies
Iparameter OR fermentation equation
Justifies need to monitor 2 of the following patameters PLUS
tdentrfies 2, parameter PLUS fermentation equation
3 Marks Justifies need-to monstor 2 of the parameters PLUS zdentsfzes
Iparameter OR fermentation equation

OR Justifies need to monitor 1 of the following parameters
PLUS zdentifies 2 parameters PLUS fermentation equation
OR Justifies need to monstor 1 of the following parameters
PLUS identifies 3 parameters
Identifies 4 parameters PLUS fermentation equation
| Identifies 5 parameters

2 Marks Justifies need to monitor 1 of the parameters PLUS tdentsfies 1
parameter OR fermentation equation
Identifies 2 patameters PLUS fermentation equation
ldentifies 3 parameters
1 Mark Identifies 2 parameters OR identifies 1 parameter plus equatioa
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Question 22 (5 marks) 5 Marks

Justify the need to monitor the conditions involved in the produotlon of pure ethanol
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Question 23 (2 marks)

Ethylene, because of the instability of its double bond, is highly reactive. Write
balanced chemical equations for two reactions of ethylene.

Any 2 equations, corvectly written and balanced, for reactions of ethylene.

Question 24 (2 marks)

Identify an instrument used to detect radiation and outline the manner in which
it works.

e Name -1

e Brief description — 1

K4
*Geiger Counter — (Argon) gas in chamber is ionised ... :

LI A X, Y

*Cloud chamber —radiation ionises (ethanol which causes) alr
(to/which) condense(s), forming cloud/vapour trails..... - <&

*Film Badges — radiation blackens silver halide emulsion ...

*Scintillation counter — radiation makes material fluoresce..... .
(photons converted to electric impulse by photo electric effect).



Question 25 (4 marks)

Name a specific enzyme or organism used to produce a biopolymer and account
for its use in the production of this polymer.

[ 4 Marks Ldentifies biopolymer AND name of organism/ enzyme, AND
provides some explanation of the production process AND
includes some chemistry (eg equation or chemical structure)

3 Marks Ldentifies biopolymer AND name of organism/ enzyme, AND
| provides some explanation of the production process
2 Marks Identifies biopolymer AND name of organism/ enzyme OR
provides some explanation of the production process'
1 Mark Ldentifies biopolymer
4
‘Question 26 (3 marks) Marks

The molar heat of combustion for 1-butanol is —2670 kJ mol™’. Calculate the
mass of 1-butanol that would be needed to raise 0.024 kg of water from 10.0 °C
to 23.7 °C.

4
2670x 10°= (24 x 4.18x 13.7) /n - 1 Mark

n=>5.1475x 10* - 1 Mark

mass = 5.1475 x 10 x (16 + 4 x 12.01 + 10.08)
=0.038(15)g - 1 Mark
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Question 24 (2 marks) Marks

Identify an instrument used to detect radlallon and outlme the manner in which it
works.

~%@r@ﬁmng%w’f:{ymzk%wémﬁ 2
it of go tpert gar dligs g (o6 A2)

A

: r— [ —or rampliic,
s Iy c[‘:;lﬁ@
o
0 ¢/ o
;_____/_——-—'

= \/h% m@%{mw’mﬁ W-/d- W@ﬁm —%I @%.&M

Qucstm/ﬁ 25 (4 marks) Cé/W/ g:me,f el led by e
dda/&/y Thrs 13
mrzzmﬁ/%ff Wawgow# %mortm
T2 licking $I0I,
d/ Name a specific enzyme or organism used to produce a biopolymer ang account for He.
its use in the productlon of this polymer — fddtd\/:omﬁmf
_ , i3 .
— D2, are _&M Pﬂfa/ddz/ ,46”1 7% -

-~ flealigores Siaphas_produces duoul b o Hedmpblirots ééﬁy”éf”é/
_ Metligines & daphus o ereiti b Ko pundicttr of iy’ o0
WM @Mpw/mﬂ XMM/O/%WW W/m/
-—fW MJ%’ 7 el M@@Wo
a %4 WW/@% W?M@ﬂ%r&/%@
= 7/3"’ Wﬂffgm Wﬁﬁ%ﬂm‘(
_ Wt v e e W
% Wﬁﬁ”{ /or Lo hle B Ma/aé /B/Wéfé
Yo B procctar oot B ECl 4l 4
e ooe g Wﬂ@r M@M/‘”’”M’" o
A ol vprd ave - o '

'*Wi/m %ﬁfmw”’/ f
ol o 20

\Wﬁ




.o

.




Zn (Mwo{q)

2,
(ophiond))

Form VI Chemistry 2015 Trial Examination

]

“Masters’ Initials Candidate Number
Question 27 (3 marks) Marks

Draw a labelled diagram of a simple galvanic cell made from copper and zinc half-
cells. Your diagram should include a label to indicate the direction of electron flow,
a label to indicate the cathode and a label to indicate the site of reduction.

ﬂwm‘w(uﬁm |

(| A

2{.-
Requirements: u
o Salt bridge &M\
o Cathode indicated (electrode submerged in catholyte, commonly Cu)

e Site of reduction indicated (interface between the cathode and the catholyte). The label =~

needs to point at this, not just vaguely into the solution or at the beaker.

o Cu’" (4 in catholyte

e ¢ flow from anode to cathode

Question 28 (2 marks).

The industrial synthesis of ammonia typically takes place in the presence of a
magnetite catalyst. Justify the use of a catalyst in this process.

2 marks: catalyst increases rate of reaction without increasing temperature;
enables a lower temperature to be used for a given reaction rate, which increases

yield.

1 mark for general statement about increasing rate of reaction due to decreased
activation energy.



Question 29 (5 marks) Marks

A solution is known to contain significant concentrations of chloride, phosphate and
sulfate ions.

Describe a sequence of tests that could be used to confirm the presence of each of
these ions. Include one relevant chemical equation.

5 marks:

* 3 tests in correct sequence + equation + excess/filtration details
4 marks: either

* 3 tests in correct sequence + equation

* 2 1ésts in correct sequence + equation + excess/filtration details
3 marks:

& "2 testsincorrect Sequence + equation
2 marks: either

e 2 tests (if no differentiation

e | test + equation
1 mark: either

o [fest
* equation
e.g
1. Add excess zinc nitrate’ solution, Jorming a white precipitate of zinc phosphate.
2. Filter out the zinc phosphate.
3. To the filtrate add excess barium nitrate solution, Jorming a white precipitate of barium
sulfate.
4. Filter out the barium sulfate.

5. To the filirate, add silver nitrate, forming a white precipitate of silver chloride.

Alternatively:
1. Acidify the mixture with dilute nitric acid (to prevent formation of insoluble
phosphates).
2. Add excess barium nitrate solution, forming a white precipitate of barium sulfate.
Filter out the barium sulfate.
4. To the filtrate add ammonia until the solution is slightly alkaline. A white precipitate of
barium phosphate will form.

“

5. Add more barium nitrate solution to ensure complete precipitation of phosphate.

6. Filter out the barium phosphate.

7. To the filtrate, add silver nitrate, forming a white precipitate of silver chloride.
Notes:

1. Must not add a counterion that would interfere with the subsequent tests (e.g. chloride or
sulfate). Nitrate is always safe!



Question 30 (5 marks) Marks

Sulfur dioxide is commonly used as a preservative in food and drink. The sulfur
dioxide content in dried apple was determined using the following procedure:

1.

50.0 g of dried apple was blended to a fine powder.

2. The powdered dried apple was added to a conical flask containing 100 mL

of water.
10 mL of acidified 10%(v/v) hydrogen peroxide was added and the mixture
agitated in order to extract all the sulfur dioxide from the apple and oxidise it

to sulfate.
The resulting mixture was filtered and the residue washed with deionised

water.

The filtrate was then treated with 5%(w/v) barium chloride solution until no
further precipitation occurred.

The resulting mixture was filtered through a pre-weighed sintered glass

crucible.
The residue was washed with deionised water and dried to constant mass.

The following results were recorded:

(a)

(b)

Mass of sintered glass crucible (g) 52.064 g
Mass of sintered glass crucible + precipitate (g) | 52.252 g

Calculate the mass of precipitate formed.

0.188 g 1

Calculate the percentage by mass of sulfur dioxide in the dried apple.

m(BaSO,) = 0.188 g 4

_ 64.07
m(S0,) = 0.188 g x - =0.0516 ¢

%(S0,) = u':[?;ﬁqg X 12—0 = 0.103% (to 3 significant figures)

1 mark for each step, 1 mark for answer to 3 significant figures.

Some boys gave their answer to 1 or 2 significant figures due to the
hydrogen peroxide or barium chloride data, but these are present in
excess and are not used in the calculations!



Question 31 (4 marks) Marks

The industrial production of hydrogen by steam reforming involves the following
two reactions:

1. CHy(g) + H,0(g) = CO(g) + 3Ha(g) AH = +206 kJ mol™
2. CO(g) + H,0(g) = COq(g) + Hy(g) AH =41 kJ mol™

Explain the likely conditions of temperature and pressure required in each step of
this process in order to maximise the yield and rate of production of hydrogen.

4
4 marks:
* Explains likely conditions of temperature on yield and reaction rate for both
- reactions R ‘ S
AND
* Explains likely conditions of pressure on yield and reaction rate Jor both
reactions
3 marks:

o As for 4 marks. but missing one point (most commonly the relationship
between pressure and reaction rate).

2 marks: either
* Identifies likely conditions of temperature and pressure

AND
* Explains effect of temperature or pressure on yield or reaction rate for both
reactions
OR
* Explains effect of temperature and pressure on yield or reaction rate for one
reaction
1 mark:

o Identifies likely conditions of temperature and pressure.
* Explains effect of temperature or pressure on yield or reaction rate.

e.g.
Reaction rate: both high pressure and high temperature favour high reaction rate.

Yield: High yields of hydrogen are favoured by high temperature and low pressure in reaction 1
and only by low temperature in reaction 2 (pressure has no effect on yield).

Reaction 1: High temperature favours high yield and reaction rate; pressure is a compromise
and should be kept as low as practical (for high yield) without sacrificing reaction rate.

Reaction 2: Compromise temperature (low temperature favours high yield but low reaction
rate); pressure should be increased in order to increase reaction rate.
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Question 32 (2 marks) Marks

Potassium hydrogen oxalate (KHC,04) is an amphiprotic compound. Construct an
equation that describes its behaviour in each of the following solutions.

(a) Reaction with dilute sulfuric acid.

KOy 8,50 oy > NGOt RIS, o4

o 2RO, O g v 0 SCagy > 2, L0ty kK, 30 ()

(b)* Reaction with aqueous sodium hydroxide.

WK CLO, (g & N0OK (g — WNAC, 0, (o) + 18,04

s P - B l\
or W3O,y + 0% &) > 0 @) * WO

17
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Question 33 (4 marks) Marks

Describe how you could produce a pure sample of the ester ethyl benzoate from
cthanol and benzoic acid. Relevant properties of the starting materials and products
are listed below; ethyl benzoate is less dense than water,

material Melting point (°C) | Boiling point (°C) | Soluble in:
ethanol -114 78 water, ethanol
benzoic acid 122 249 only ethanol
ethyl benzoate | -35 212 only ethanol

\.B(Ssd..m. &Mczdme;“\am( —odd 2 4
COnL g et ghe i, SO ua_knx(;
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Question 34 (3 marks) Marks

Explain why 0.1 M solutions of acetic acid and hydrochloric acid have different
concentrations of H'(aq) and yet require the same amount of NaOH(aq) to
neutralise them.

2 o - . (c;\cu-_ Al oS \:\m“éumli-w-c,' 3
e A w2 oon acf g A LSO?’. Ot
ol e 2@ ﬂr\jg’\ G Neok g A emodd \ess Lo mxged
M
— dises & agulirn Bssconsn o ek o
& haz o —OW feady oS &Y
of (“-) \QH, 4y gh\oj lagre and <M
pegeh e g dh ‘\\10\“3@0— Or—

Question 35 (4 marks) 0_0-0.:/3 ‘ QL#QR :

Sulfur dioxide fumes can be removed from the exhaust gases resulting from the
smelting of sulfide ores by passing the exhaust gasses through a basic solution such

as calcium hydroxide.
280,(g) + Ca(OH)y(aq) — Ca(HSOs)(aq) | | Q
~ 2.9

If 1000 L (measured at 0 °C and 100 kPa) of exhaust gases contain {Ifur
dioxide by volume, calculate the mass of calcium hydroxide required to temove the

SO, from the exhaust gases.

\ ~—Ox N\ cme\\\a}\’v_s:\. dg =0 L SD)_4

\ ok colehgdo- malas DO = SO 2,203
- 227N

0 0 al\e NGB nohat CCL\‘EHT\‘ 5 = 2.20% ~ L\O\S
pa

\ e n\9§$CQ- &L% ﬂk,‘irg
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Question 36 (4 marks) Marks

When a drop of Universal Indicator is placed in a bottle of freshly opened
carbonated water the resulting mix turns an orange colour. If this solution is then
poured into a shallow petri dish, the solution turns a green colour over a period of
an hour.

Explain, using Le Chatelier’s Principle, the changes that-are happening to the
solution over the hour and explain why the colour of the Universal Indicator -
~solution changes during thrs time. T -

£ UGJ“\.Dm — G‘me\uww

Mmﬁ ,_,\_chhz__ mu%—e.p\ “a\

M%\% ﬂﬂ-&ﬁd\\ A %a\m_- S
A, %mw s
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Question 37

(2)

(25 marks) Marks

A chemist performed three separate experiments to analyse the following
equilibrium.

Hyg) + AH =+ 52 kJ mol™

(colourless)

2Hlg)
(colourless)

Iog) =
(purple)

All three experiments were carried out at the same pressure. Two of the
experiments were carried out at the same temperature, while the other was
carried out at a different temperature.

The results of the experiments are shown in the table below.

Concentration (mol™) |
Experiment | Initial At equilibrium |
Hyg) Ioe) Hl) Hag) Log) Hl)
1 1.000 1.000 0.000 0.228 0.228 1.544
2 1.000 0.727 3.000 0.526 0.253 3.953
L 3 0.000 0.625 0.750 0.0175 0.637 0.715
(1) Identify which experiment was carried out at the DIFFERENT )

temperature. Explain whether this experiment was at a higher or lower
temperature than that of the other two experiments.. -

1 mark — identifies Experiment 2AND that it was done at a higher temperature OR
calculates correct K values (45.8 and 117)

1 mark — explanation that K2 > K1 and K3, therefore more product formed, and as
forward reaction is endothermic, this means higher temperature.

Too many boys picked Expt 3 since HI went down??
Some boys were lucky to get 1" mark as identified Expt 2 at higher temp for completely
wrong reason.

(i1) Describe how the chemist could monitor when Experiment 1 reached
equilibrium.

1 mark - When the colour stops changing.

Did not pay when temperature stops changing as question says temperaiure was

controlled and constant. Did not pay any sampling mechanisms that involved
opening the system.



(iii)  After Experiment 1 reached equilibrium, the chemist carried out a fourth
experiment by doubling the concentration of H, while maintaining a
constant temperature. Explain what would happen in the reaction vessel
in response to this change and the effect this would have on the value of
the equilibrium constant. 2

1 mark —uses LCP to explain the system shifts to RHS to counteract change, hence more HI
Jformed.

I mark — explains that since temperature is held constant, K will stay the same.

Too mdny boj/s said K.would increase and mixed up Q/K.

(b)  Molten sodium chloride is electrolysed in a cell using inert electrodes.
(i) . .Identify the pioduct that would form at the negative electrode 1
-(cathode).
Sodium metal

(ii) State the half-equation for the reaction taking place at the pbsitfvé
electrode (anode).

20 & Clz(g) + 2e¢”
Imark CE given if (i) and (ii) reversed
Too many boys gave equations for aqueous sodium chloride. 1

(i)  Identify a chemical test that would confirm the presence of the
product produced at the positive electrode (anode).

Bleaching of moist litmus paper, starch/lodide test.

Did not pay chloride test e.g. ppt of AgClI as chloride is not the product.
Imark CE given if answer is correct for product given in (ii)



(iv)  Given that molten sodium chloride has a density of 1.556 g cm™,

calculate the volume of gas that would be formed when 1.00 L of
molten sodium chloride is electrolysed and the gas is collected and
cooled to 25 °C and 100 kPa. 3

Sample answer
2NaClgy — 2Nag) + Clyg

Density = m/ V
m(NaCl) = density x V = 1.556 * 1000 = 1556g

n(NaCl) = m / FW = 1556 / 58.44 = 26.625 moles
n(Cly) = ¥% n (NaCl)

V(CL) =Y * 26.625 * 2479 =330 L

Marks | Marking guidelines

3 e  Calculates volume of Cl, gas to be 330 L.
2 e "Makes one error in calculation
1 e  With working shown, either calculates volume of gas, mass of NaCl OR

moles of chlorine or sodium chloride.

Many boys calculated volume to be 660L as they did not write equation.
Many boys converted em 1o L incorrectly.
Marks given when wrong equation used if working could be Sfollowed.

(c) The diagram below shows the structure of two typical synthetic detergent
compounds.’

1) Define saponification. 1

1 mark - Any 3 underlined points required: Alkaline hydrolysis of fats/oils
to make soap and glycerol.




(11) Distinguish between common soaps and these types of synthetic 4
detergents in terms of their chemical composition, environmental
impact, uses and their action as cleaning agents.

Sample answer

Soap

Anionic

Non-ionic

Similar to anionic

Different head

Has hydrophilic

toothpaste; used in
hard water (ppts as
scum) or low pH as

Chemical shown except the head (benzene sulfonate linkages mid chain
composition is carboxylate ion. shown) to soap. and no charged heads.
B Petroleum product.
Little impact as Initial branched chain | Detergents tend (o use
Environmental biodegradable. detergents caused builders and
impact ‘rivers of feam’ but | phosphates leading to
now non-branched eutrophication issues.
used. |
Dishwashing liquids; Applications that
Uses Personal hygiene laundry detergents;

require little to no
foaming e.g.
dishwashers; front
loading washing

-grease/fats as emulsion |

in water, which are then
rinsed away. '

soap will not lather. machines
Cleans by forming Do not form micelles
Cleaning action | micelles which stabilise Identical to soap — mostly work by

enhancing other
cleaning detergents —
this info was not
required in answer. |

Provides any relevant comparison.

Marks | Marking guidelines N
4 e  Provides a thorough comparison of soap and two types detergents in
terms of:
o Chemical composition
o Environmental impact
o Uses
o Cleaning action
*  Refers to diagrams given. ]
3 *  Missing one point from 4 mark list — see codes below
2 *  Provides two relevant explicit comparisons. |
1 .

Missing or insufficient detail
CC — chemical composition (mostly missing structure of soap)
E — Environmental impact

U — Uses

CA — cleaning action

D — did not distinguish between them (usually just brain-dumped info)



(d)  One step in the industrial production of sulfuric acid is the 3
conversion of sulfur dioxide into sulfur trioxide. Describe and
justify the conditions used in this process.

3 marks

o Needs to include full equation,

e Discuss the compromise for temperature: reaction rate vs yield regarding the forward
reaction being exothermic/LCP, with detail of how temperature affects reaction rate

o Discuss catalyst and HOW it effects the reaction rate by lowering activation energy
required

e Pressure not as important as an increase favours SOs production but not too much
required as expensive so only 1-2 atm

o  Full marks also given if catalyst not discussed but excess oxygen and removal of SO;

2 marks

o Fquation
e Only temperature and pressure discussed

1 mark

o General statements and an equation

(e) In order to find a suitable location for any industrial plant, a chemist must
consider a number of fundamental criteria, including:

e Access to raw materials

e The Production process
 Environmental concerns

e Any waste product disposal

e Use and transport of the product

For each of these criteria, explain their significance in determining a
suitable location for an industrial plant for the manufacture of sodium
carbonate.

Note: Holistically marked
6 marls

e Needs an equation

o Clearly laid out with each criteria individually discussed or statement as to why some where combined

e Complete discussion of each criterion rather than statements and a clear decision as to which is more
important particularly with reference to access to raw materials.



5 marks
o Either a good discussion on all topics but missing the equation, or
o Includes equation but missing some important detail in discussion like CaCOj in raw materials or
power source in production process
o Generally well laid out

4 marks
¢ Generally a good discussion but missing a few bits and pieces throughout or has some general
statements
e Or 5 marks but no equation
o Messy layout

3 Marks
o Statements rather than discussion or,
e Not well laid out, or
e Missing multiple important points through out
e Ora4 mark discussion but no equation

2 Mavrks
e  Fquation
o Statements
e  Messy

1 Mark

e Egquation and some attempt
Generally boys covered most ideas but made statements rather than pinpointing some key areas in the
environmental, raw materials and production process criteria, so full marks could not be given.

Many forgot the overall equation which would have gained them I mark.

Using clear titles for each criterion would have helped many boys, and their hand writing at times was illegible
making it hard to follow any of their discussion.



