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1)

2)

3)

4)

5)

Gold metal is electroplated onto sheets of iron using a gold anode and a well-stirred
solution containing Au* ions.

During this process

A. the anode increases in mass.

B. Au* ions move towards the cathode.

C. the concentration of Au* in the solution decreases.

D. the concentration of Au* in the solution increases.

The passage of 0.238 faradays of electricity through a molten chromium compound
yields 4.12 g of chromium metal.

The compound is likely to be:

A. CrO

B. Cr,03

C. Cr04

D. CrOs

Zinc metal is used as a sacrificial anode protecting an iron pipe from corrosion. A
constant current of 1.8 X 10 A flows between the zinc and iron metals. What is the
approximate amount, in grams, of zinc metal reacting every second?

A. 187 x101

B.1.22 x 10°°

C.6.09 x 1071°

D. 1.22

An aqueous solution containing a mixture of 1.0 M Nal and 1.0 M CaCl, was
electrolysed using unreactive electrodes.

Which one of the following reactions is most likely to occur at the anode?

A. 2H,0(l) — O2(g) + 4H*(aq) + 4e

B. 2CI(aq) — Clx(g) + 2e-

C. Ca?'(aq) + 2e- — Ca(s)

D. 2I7(aq) — lx(aq) + 2e~

Potassium metal is manufactured by electrolysis of potassium salts.
Which of the following would be the best choice for the electrolyte and the anode in a
commercial cell where the electrodes are not periodically replaced?
A. electrolyte = KCI solution, anode = iron rod

B. electrolyte = molten KCI, anode = iron rod

C. electrolyte = KCI solution, anode = carbon rod

D. electrolyte = molten KCI, anode = carbon rod



Use the following information to answer questions 6 — 8

The molecular formula of each biodiesel contains the same number of carbons and
no branching to the carbon chain occurs in any of the fuels.

Biodiesel lodine numberl Heat of Heat of
grams of 12/ 100g combustion combustion
(kJ/g) (kJ/mL)
A 190 45 37
B 70 45 37
C 136 45 37

Polyunsaturated hydrocarbons are more likely to react with atmospheric oxygen than
monounsaturated hydrocarbons during long periods of storage.

6) Which fuel is most likely to be stored for long periods of time before degrading via
oxidative reactions with atmospheric oxygen?
a A
b) B
c) C
d) A mixture of fuels Aand C

7) Which fuel is best suited to remote Northern hemisphere cold climates where fuel
must be stored for long periods of time due to geographic isolation.
a) Fuel A only.
b) Fuel B only
¢) A mixture of fuels A or B.
d) Most likely fuel C only.

8) Which one statement from the options below is true?
a) Fuels A and C are partly oxidised and contain less energy per mol than fuel B.
b) Fuels A and C formed from a hydrolysis reaction of saturated triglycerides.
c) Fuels A, B and C have intermolecular forces composed of van der Waals forces
only.
d) The use of fuels A, B and C represents a circular economy.



9)

Use the following information to answer questions 9-10
Hydrogen gas is produced via an endothermic process called steam reformation. The
chemical equation for this reaction is given below.
CHa(g) + H20(g) = 3H2(g) + CO(q)

What is the percent atom economy for this reaction?
a) 47.0%
b) 82.3 %
c) 176 %
d) 6.00%

10) 1.60 grams of methane was placed in the reaction vessel and allowed to react with

excess steam. A mass of 0.500 grams of hydrogen gas formed. The percentage yield
under the current reaction conditions is approximately:

a) 83 %

b) 62 %

c) 45 %

d) 18 %.

11) Which of the following statements best describes the importance of atom economy

and percentage yield in the context of green chemistry?

a) High atom economy and low percentage yield are equally desirable for efficient
chemical processes.

b) High atom economy indicates a reaction that produces fewer waste products,
while high percentage yield reflects the efficiency of the reaction in converting
starting materials to products.

c¢) Percentage yield is more important than atom economy because it only considers
the final product, ignoring waste materials.

d) Both atom economy and percentage yield are irrelevant to green chemistry, as the
focus is solely on renewable resources.

12) A mixture of solid sodium azide and potassium nitrate decomposes upon heating to

produce nitrogen according to the equation below.
10NaNs(s) + 2KNOs(s) => 5Naz0O(s) + K20(s) + 16N2(Q)

A particular air bag inflates to a volume of 45.0 L at a pressure of 100 kPa and
temperature of 25.0 °C. If the molar mass of sodium azide is 65.0 g/mol calculate the
mass of NaNs present in the mixture?

a) 741g
b) 86.4¢g
c) 8.64 kg
d) 0.074 kg



13) An unknown hydrocarbon with a formula mass of 86 g/mol is analysed using NMR.
This hydrocarbon shows 2 separate peaks in a low resolution *H NMR spectrum and
2 separate peaks in a *C NMR spectrum. The hydrocarbon is most likely
a) 2,2-dimethylbutane
b) 2,3-dimethylbutane
c) 2-methylpentane
d) None of the above is a possible candidate for the unknown hydrocarbon.

14) Consider the rate vs time graph for the system

AN
N forward .’
Ag) +B(g) = 2C(g). AN
What can be concluded from the graph? backwarg

time tl

a) The reaction is endothermic and the volume of the system was double at t1.
b) The reaction is exothermic and volume of the system was double at t1.

c) The reaction is exothermic and the temperature was decreased at t1.

d) The reaction is an endothermic and the temperature was increased at t1.

15) A tripeptide is formed containing, alanine (89 g/mol), cysteine(121 g/mol)
and glycine (75 g/mol). Its molecular mass is closest to:

a) 269 g/mol
b) 233 g/mol
c) 249 g/mol
d) 200 g/mol

16) Consider the structure of lysine shown on the right. How H\Nizic,,o
many optical isomers exist for lysine? WL, ToH
a) 4 fl‘:H
b) 8 e
c) 0 i
d) 2 | f

ysine

17) A pure sample of 9.9 grams of phosgene gas (COCI,) is placed in a 2.00 litre
container and allowed to come to equilibrium according to the equation below.

COClz(g) = CO(g) + Clz(9).
If at equilibrium the concentration of Cl is found to be 0.042 M, what is the
equilibrium constant at this temperature?
a) 1.0X10* M
b) 1.84 X 103M
c) 0.22 M
d) 7.7 X102 M



Use the following information to answer questions 18-20.
A mixture containing 1.00 mole of H; and 1.00 mole of |, gas is placed in a 1.00 L container
and allowed to reach equilibrium. The equilibrium constant at this temperature for the
reaction below is 49.

H2(g) + I2(g) = 2HI(g) AH = negative value

18) What is the concentration of Hz gas at equilibrium?
a) 0.875M
b) 0.252 M
c) 0.220 M
d) 0.748 M

19) The volume of the reaction vessel was decreased. Which of the following best

explains how the equilibrium position responded?

a) The equilibrium position shifted to the right to partly counteract the increase in
pressure.

b) The equilibrium position shifted to the right to fully counteract the increase in
pressure and restore the system to its original pressure.

¢) The equilibrium position shifted to the left to partly counteract the increase in
pressure.

d) There was no shift in the equilibrium position.

20) After a few hours, it was observed that the amount, in grams, of I, gas in the reaction
vessel had decreased. What could possibly have caused this to happen?
a) A substance was added that reacted with HI to form a stable solid compound.
b) The volume of the vessel was slowly decreasing by an external force.
c) Bromine gas (Br2) was introduced into the reaction vessel increasing the pressure
but did not react with reactants or products present at equilibrium.
d) The vessel was heated.

Use the following information to answer questions 21-22

A sample of compound X is analysed in a mass spectrometer where it is ionised to form X.
Some X" further breaks apart to produce fragments Y and G* according to the equation
below
X" 2Y+G’

21) Which equation best outlines the initial ionisation of compound X?
a) X(g) +e=>X"(g) +2e
b) X(s) =>X'(s) +e
c) X(g) =>2e + X*'(g)
d) X(I) + heat energy => 2e + X2*(g)

22) Which fragments will appear on the spectrum?
a) X' only
b) G* only
c) Y,G"and X*
d) G"and X" only



23) An aqueous mixture of methanol, propanol, ethanol and propanal was separated into
its components using normal phase (polar stationary phase) HPLC. The
chromatogram is shown on the right.
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Which statement best represents an accurate analysis of the chromatogram?

a) Methanol has the highest concentration of the four components in the mixture.
b) Propanal has the highest concentration of the four components in the mixture.
c) Ethanol is represented by spike B of the chromatogram.

d) Both options C and B are correct.

The following information relates to questions 24 and 25.
Ethanal was prepared from ethanol brewed from red grapes. The MS spectrum for
ethanal is shown below.
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24) The base peak is most likely formed by which of the following fragment/s?

a) [CHs]"

b) [CHOJ

c) [CH20H]*
d) [CH3CHy]

25) When analysing the MS spectrum, shown above, what feature can conclusively
show that this sample of ethanal contains unreacted ethanol?

a) Significant signal peaks at 45 m/z and 15 m/z

b) Significant signal peak at 15 m/z

c) No signal peak at 15 m/z

d) Significant signal peaks at 46 m/z and 29 m/z



26) Which of the following analytical techniques does not involve the use or production
of high-energy particles or excitation of subatomic particles?

i. Mass Spectrometry (MS)
ii. Nuclear Magnetic Resonance (NMR)
iii. Infrared Spectroscopy (IR)

a) i and ii only

b) ii and iii only
c¢) i and iii only
d) iii only

27) Given the overall lead-acid battery reaction during discharge
Pb(s) + PbO; (s)+ H2SO4(aq) > 2PbSO. (s)+ 2H20(l)

Which species is oxidized during battery discharge and recharge?

a) During discharge Pb is oxidised and during recharge PbO: is oxidised

b) During discharge PbO. is oxidised and during recharge PbSQ, is oxidised
¢) During discharge Pb is oxidised and during recharge PbSO. is oxidised
d) During discharge Pb is oxidised and during recharge H-O is oxidised

The following information relates to questions 28-29
The overall reaction when discharging for the nickel-cadmium battery is given below
NiO; + Cd +2H,0 2 Ni(OH); + Cd(OH)-
The electrolyte is potassium hydroxide KOH

28) Which of the following reactions occur at the anode and cathode of the battery when

discharging?

a) Cathode e+ H'+NiO, > Ni(OH)2
Anode 2H,O+Cd ->  Cd(OH); +2H* + 2e
Cathode NiOz + H,O +2e = Ni(OH).+ O?
Anode 20H +Cd -> Cd(OH); + 2e

b) Cathode 2e + 2HO + NiO, - Ni(OH), + 20H"
Anode 20H +Cd —> Cd(OH); + 2e

c) Cathode e+ H*+H,O +NiO, - Ni(OH)2
Anode Cd > Cd(OH), + 2H* + 2e

d)

29) If the battery delivers a current of 1.5 mA for 30.0 hours, what mass of Cd is used
up?
a) 1.6 grams
b) 1.2 grams
c) 0.094 grams
d) 0.93 grams



30) Consider the acidic-ethanol fuel cell shown below .

Which one of the following statements is correct..

«— CH,CH,OH

CRCOss

CH,CH,OH

Electrode “A” is the anode and it is positive during recharging of the fuel cell.
Electrode “B” is the cathode and its mass is diminished during discharge.
Positive ions travel through the membrane towards electrode “A”.

The reaction taking place at electrode “A” is given below.

CH3CH20H + 3H20 > 2CO; + 12H* + 12e”
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1. An organic compound is analysed and found to contain the following percentage
composition by mass.58.8% C, 9.8% H, 31.4% O.

The relevant spectra are shown below.
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a) Calculate the empirical formula of the compound.

2 marks

b) What is the molecular formula of the compound?

1 mark

¢) What information can be deduced from the trough in the IR spectrum at 1750 cm"?

1 mark



d) What information can be deduced from the singlet at 3.7 ppm on the *H NMR

2 marks

e) Draw the structural formula of the compound given as the answer to question b)
above.

1 mark

f) What are the names of two possible raw materials for the production of this
compound?

i 1 mark

ii. 1 mark

g) What type of reaction forms this compound?

1 mark

h) What is the relevance of the signal peak at 0 ppm on the *H NMR spectrum?

1 mark




i) Given the following two molecular compounds
(CH3)2CHCOOCH(CH3)2 and CH3CH2COOCH(CH3)2
Outline the key features of the IR, *H NMR and *C NMR spectra of each molecule by

completing the table below.

The row for ethanol is filled in for you.

Compound IR spectrum H NMR 13C NMR
CH3CH>,COOCH(CHs3)2
(CH3),CHCOOCH(CHs)-
Strong absorption at: | Three sets of peaks. Two single peaks
Ethanol 2850-3300 (due to C-H) A singlet representing the OH
3200-3550 (due to O-H) A quartet representing the CH,
A triplet representing the CHs

4 marks




2. A chemistry student was tasked with determining the concentration of FeSOs in a liquid
fertiliser.

A 20.0 mL aliquot was taken from the original bottle and placed in a 200mL volumetric flask
and made to the mark with distilled water. Four 20 mL aliquots were then taken from the
volumetric flask and placed in 4 separate conical flasks.

Each conical flask was titrated against a standard 0.0135 M KMnQ. in an acidified solution.
The titres achieved are given below.

21.10 mL, 19.24 mL, 19.14 mL, 19.18 mL

The balanced chemical equation for the reaction is given below.
MnOg4(aq) + 8H*(aqg) + 5Fe?*(aq) - Mn?*(aq) + 5Fe®**(aq) + 4H20(l)

a) Since no indicator was used in the titration, explain how the student would identify
when the end point has been reached.

1 mark

b) Calculate the average titre.

1 mark

c) Calculate the amount, in mol, of MnO4 in an average titre.

1 mark



d) Calculate the concentration, in mol/L, of Fe in the original bottle of liquid fertiliser.

3 marks

e) Given the density of the liquid fertiliser is 1.10 g/mL give the concentration of Fe in
the fertiliser in %ow/w.

2 marks



f)  Another student was tasked with determining the concentration of acetic acid in a
commercial brand of vinegar using a standard 0.100 M NaOH solution.

i. NaOH is not considered to be a primary standard. Explain why?

1 mark

ii. Explain how a standard 0.100 M NaOH solution can be made when NaOH is not
a primary standard?

1 mark
iii. The pH curve for the titration is given on the o ot et o
right. Select an appropriate indicator. ol
12
1
1 mark 10~
9
8
iv. Give an approximate value for the equivalence RS
point and justify your answer. 5
3
2
1
0 T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50
Volume of 0.100 M NaOH added (mL)
2 marks
V. The student consistently introduced parallax by reading the burette from the

same incorrect position each time. Would this be classified as a human error
(mistake), systematic or random error?

1 mark

i. How would this error impact the average titre achieved?

1 mark




3. Consider the reaction pathway shown in figure 5 and the IR spectrum of compound Y.

Hydrocarbon “X"

HCl (aq)
OH —M D \

N
‘/ \Z s N\
W \ CrzOﬁ'V{(aq)
N
/éH‘(aQ) B
T (\, C’%aq)

CrzOrN/-I‘(aq) Y + N
A l

M + H>,0O
Figure 5

IR spectrum of compound Y

Consider the information provided below when answering questions that relate to this

pathway.

- The parent ion in the MS spectrum for D is at 60 m/z
- No reaction occurs when acidified Cr.O-%is added to A.

- The IR spectrum for Y shows strong absorption at wavenumber 3300 -3500
- The high resolution *H NMR for W contains only a septet and a doublet whose areas

are in the ratio 1:6 respectively.

- A brown Br; solution turns clear when added, drop by drop, to X.

a) Give the name for the hydrocarbon X.

1 mark
b) What type of reaction
i) formed Z
i) formed T
i) formed N
iv) formed M
4 marks

c) Identify reactant K and justify your answer

2 marks




d) Draw the structural formula for W and M 2 marks

e) Give the IUPAC name for A and identify the class of compounds that it belongs to.

f)

2 marks

Below is a graph showing the mass of compound M formed over time in the absence
of a catalyst. On the axes below draw the expected mass of M vs time graph with a
suitable catalyst present, assuming no change in the conditions under which the
current graph was drawn and give an explanation.

(mg)

mass of M

Initial mass of catalyst

time (sec)

2 marks

g) On the same graph above draw how the mass of the catalyst changes over the
course of the reaction. 1 mark



4. Below is the chemical structure of the anticancer drug methotrexate (MTX) and
dihydrofolate(DHF). Dihydrofolate is the natural substrate of the enzyme
dihydrofolate reductase (DHFR). Dihydrofolate is converted to tetrahydrofolate (THF),
which is necessary for DNA synthesis. This mechanism is particularly useful in
cancer treatment, as it inhibits the rapid proliferation of cancer cells.

COOH
|
0 A "N COOH
N \\J b
HNJLw/ SN
Ao H
H,N” NN

H
Dihydrofolate (DHF)

COOH
o
”\ N\
NH, jj/ N "COooH
|
N/*‘ N\V/\N,»\
[l ) |
H;N/\N/ =z

Methotrexate (MTX)

Figure 1

a) How many chiral centres are present in:

- methotrexate

- dihydrofolate? 1 mark

b) Using the diagram in Figure 1, clearly name and circle three distinct functional
groups present in MTX and DHF. 2 marks

c) Given that DHF and MTX form very weak bonds with DHFR, suggest how
methotrexate acts to reduce the production of tetrahydrofolate (THF) with
reference to bonding and structure.

2 marks

d) Suggest how the effects of methotrexate can be overcome and explain why.

1 mark




e) Figure 3 shows the activity of dihydrofolate reductase at different temperatures
and pH. Four regions are shown in the two graphs. Explain why the decline in
activity is taking place in each region with reference to structure and bonding or

available energy.

Enzyme activit

Enzyme activity—s

10 1‘5 z'u "...'; ;I-D 35 -1.0 4‘5 50

Temperature (*C)

Figure 3

Region A

1 mark
Region B

2 marks
Region C

2 marks
Region D

2 marks



f) The active site of Lysozyme found in the digestive tract has many glutamic acid
residues. The isoelectric point of glutamic acid is 3.2, this is the pH at which
glutamic acid exists as a zwitterion.

Draw the molecule at the pH shown in each box below. 3 marks

COOH

|
H:N—C—H

?Hz
CH:

|
COOH

Glutamic acid

pH 2.1 pH 3.2 pH 7




g) Consider the image of a polypeptide chain shown in fig. 4

+ £
H:M.  -NH; HM
o ( 5
I'II :.:‘—D

NH @ /
- o S
h,
.

JMI'i

8] polypeptide chain

Figure 4

i. What linear protein structure is represented by the segment labelled
“polypeptide chain”?

1 mark

ii. Give the name of the type of bond formed between the two amino acid
residues shown in the figure 4?
1 mark

iii. What structure of the protein contains the bond referred to in question i,
above?

1 mark

iv. Name the amino acids involved in the bond shown in figure 4.

2 marks

h) Consider the protein structure shown in

figure 5.
i)  What type of bonding forms structure A

1 mark

i) What type of bonds form structure C

1 mark

i) Name the structure labelled B

Figure 5

1 mark




5. A bomb calorimeter, shown below, is used to determine, experimentally, the AH of the
reaction below. 11.6 grams of butane are burnt in excess oxygen to raise the temperature of
the water by 2.18 °C

2C4Hio(l) + 1305(g) => 8CO4(g) + 10H,0(g) AH = ?

The calorimeter was first calibrated by burning 6.840 g of liquid pentane in excess oxygen.
The temperature of the water in the calorimeter was measured over time and plotted on the
graph shown in figure 6..

ignition coil,, stirring rod

water —

0 L« outer wall

insulation —] &

Temperature vs time
* o
L 2
ocC * ¥ ¢ * & .
26 »_
4
L
25¢—¢
0.0 2.0 4.0 6.0 8.0 10.0 12.0
Time (min)

Figure 6




a) Given that the molar heat of combustion of pentane, at SLC, is 3509 kJ/mol calculate
the calibration factor for this calorimeter. Give the answer to the right number of
significant figures. 2 marks

b) Why must a calorimeter be calibrated before use?

1 mark

c) Calculate the AH for the combustion reaction of butane, shown below at SLC.
2C4H10(l) + 1302(g) => 8CO2(g) + 10H.0(g)
2 marks

d) Write the balanced thermochemical equation for the complete combustion of
methane (CH.) in oxygen gas (O;) at 25°C, using average bond enthalpies. Show all
calculations in the space provided below.

3 marks



e) 1) C(s) + O2(g) — CO2(g); AH = -393.5 kJ/mol

f)

2) S(s) + O2(g) — SO2(g); AH =-296.8 kJ/mol

3) C(s) + 2 S(s) — CS(l); AH = 87.9 kJ/mol

Given the thermochemical equations above, calculate the value of the AH for the
reaction

CSy(l) + 2 O2(g) — CO2(g) + 2 SO2(g) AH =

3 marks

A camper has 0.360 grams of propane left in his bottle and needs to boil 50.0 mL of
water for tea.

Write a balanced chemical equation for the complete combustion of propane
at SLC.

1 mark

Assuming that the cooking utensil uses all the remaining propane and is 60%
efficient in transferring heat energy into the water, calculate the maximum
temperature that the 50.0 mL of water will reach if its initial temperature is
18.0 °C.

3 marks



6. An iron kettle is to be copper plated using an electrolytic cell, as shown below. A total
surface area of 55.8 cm? is to be copper plated to a depth of 2.00 mm.
Density of copper metal is 8.933 g/cm?.

Copper Plating

Solution of copper sulfate

a) Write the equation for the reaction occurring at the:

i) anode
i) cathode
2 marks
b) What is the polarity of terminal:
i) A B ___
1 mark
¢) How long, in hours, should a current of 1.80 A flow.
3 marks

d) What will happen to the concentration of Cu?* ions in the solution? Explain why.

2 marks




7. Consider the Cu-Ni galvanic cell shown below.

a)

b)

Voltmeter

| | Lemf= —

T salt bridge —
- . - _\‘ -
Ni di ‘ Cu
\ | { ,

On the diagram above indicate the following
i) direction of electron flow

i) direction of negative ion movement

i) the anode

iv) the cathode

v) polarity of each electrode

vi) the EMF of the cell

3 marks
Give the half-cell equation occurring at the
i) anode
i) cathode

2 marks

The copper half-cell contains 100.0 mL of a 0.100 M CuSO4 solution. A small
current of 2.02 X 102 A is produced and allowed to run for 48 hours. What is the
concentration of the CuSOs solution, in mol per litre, after the 48 hour discharge?

3 marks



8. At a given temperature a 3.44 g sample of phosphorus pentachloride (208.5 gmol) is
placed in a 2.34 litre vessel where it decomposes according to the equation below.

PCls (g) = PCl; (g) + Cl, (g)

The decomposition reaction is allowed to come to equilibrium. It was found that the

equilibrium mixture contained 1.03 grams of chlorine gas.

a) What percentage of the original PCls decomposed?

3 marks
b) Calculate the value of the reaction quotient Q for this reaction, at equilibrium, given

the temperature at which the reaction occurred. Units are not required.

c) Consider the four equilibrium systems shown below. Predict the outcomes after the

2 marks

stated change by filling the table below. Circle the correct response.

Reaction at equilibrium Change Equilibrium | Equilibrium
constant position
2H(g) + 0x(g) = 2 Ho0(g) AHm = — kJ mol-* Volume of Increase Shifts to the left
the reaction | Decrease Shifts to the right
vessel is Unchanged No change
halved
CH(g) + 205(g) = COA(g) + 2H,0(g) AHn = —kJ mol* | Temperature | Increase Shifts to the left
isincreased | Decrease Shifts to the right
Unchanged No change
2A(aq) + B(ag) = C(aq) + 2D(aq) AHy = + kJ mol: Volume is Increase Shifts to the left
doubled by Decrease Shifts to the right
the addition Unchanged No change
of distilled
water
2G(ag) + H@ag) = E(ag) + D(ag) AH = + kJ mol- Volume is Increase Shifts to the left
doubled by Decrease Shifts to the right
the addition | ynchanged | No change
of distilled
water

4 marks




d) An acidified solution of chromate ions (CrO.?) is allowed to come to equilibrium
according to the equation shown below.

2CI’O42'(aq) + 2H @) = Cr2072'(aq) + H2O() AH = positive

Chromate ions are yellow while dichromate ions appear red in solution.
The graph below shows the concentration of each species over time.

Concentration (mol = )

0.14

0.12

0.10 i
0.08 e . —

0.06

0.04 . Lrritei )
CnO,, '
0.02 ?

0.00 i A S—
0 8 10 12 14 16 18
Time (min)

What event could have happened at 4 minutes to shift the equilibrium as
indicated in the graph?

(§
S
o)

1 mark
Assuming the temperature of the solution remained unchanged what
possible stress was applied to the system at 14 minutes?

1 mark
What event resulted in the equilibrium responding as shown at the 10
minute mark?

1 mark
At the 16 minute mark a catalyst was added. Describe how the
equilibrium responds..

1 mark



temp 1

temp 2

[HI]

t1 time t2

Figure 7

e) Into a 2 litre sealed vessel was placed 2.0 mol of H, gas and 2.0 mol of I, gas and
allowed to reach equilibrium. The graph of HI concentration is shown above in
figure 7 at two different temperatures.

i. Which temperature is the greatest? Give an explanation

2 marks

ii. Decide whether the reaction is exothermic or endothermic and give a
reason.

2 marks

iii. “At t2 the forward reaction has stopped.”
Is this comment true or false? 1 mark
Give a clear explanation as to why.

1 mark

iv. On the set of axes shown above, draw the graph of [HI] at a temperature
higher than both temp-1 and temp-2.

1 mark



9. A molten carbonate fuel cell is an example of a highly efficient fuel cell. This fuel cell
operates at temperatures above 600 °C. As shown below, it uses carbon dioxide, hydrogen
and oxygen gases as inputs.

a)

b)

d)

MOLTEN CARBONATE FUEL CELL

Electrical Current

- -
Hydrogen In = Cieygen In
HE - 1‘ g= _:'I OE
E_
| '
- &
coZ
cogflm| =3 | <70
FE",:;- *l-cr_%

Water and e- ot Carbon
Heat Out J - Dioxide In
] . | e
d= = == CO, <

! . \\
.ﬂ-.rmu::léIF | Cathode
‘ Electrolyte t
e COp  mme =

Give the half equation that occurs at the anode (no states necessary)

1 mark

Give the half equation that occurs at the cathode (no states necessary)
1 mark

Molten carbonate fuel cells, burning hydrogen gas, do not produce the green-
house gas CO; and are therefore more environmentally friendly than fossil fuels,
however, carbon dioxide is expelled at the anode. Explain.

1 mark

Describe two differences between the electrodes of a primary cell and the molten
carbonate fuel cell.

2 marks




e) Apart from the electrodes, when considering the operation of a secondary cell
and a fuel cell what are two differences between them?.

2 marks
f) A fuel cell can be made carbon neutral by using bioethanol.
i. What is meant by the term carbon neutral?
1 mark
ii. Which Green Chemistry Principle is applied when using
bioethanol.
1 mark

ii. Justify your answer to question ii. above using two chemical
equations, states included, of photosynthesis and anaerobic
fermentation.

2 marks




g) In a different fuel cell, bioethanol is used to generate electrical energy, and the
carbon dioxide (CO,) produced is recycled into greenhouses, where it is
absorbed by plants. What should happen next for this to be an example of a
circular economy?

2 marks

h) Cars capable of running on hydrogen fuel cells are been developed.
i. Discuss two advantages of hydrogen fuel over fossil fuel.

2 marks

ii. Discuss two disadvantages of using hydrogen as a fuel source.

2 marks




10. Pictured in Figure 1 are two medicinal OH NH N
compounds: propofol, an intravenous anaesthetic, PP
~

and metformin, an oral medication used to manage ITI N “NH;

Propofol metformin

type-2 diabetes. Propofol is a liquid at room
temperature with a boiling point of 256°C, while
metformin is a solid, with a boiling point of 226°C. Figure 1

Ethyl ethanoate, the solvent, has a boiling point of
77°C. Propofol, being lipophilic, easily penetrates
cell membranes, whereas metformin, being more hydrophilic, cannot.

A laboratory accidentally mixed these two compounds into one formulation, and they now
need to be separated and purified due to their high cost. A senior chemist suggested using
solvent extraction with ethyl ethanoate to purify the mixture.

a) With reference to molecular structure and intermolecular bonding identify which
compound will dissolve in ethyl ethanoate and explain why.

2 marks

b) Given that propofol is unstable at high temperatures and may decompose if heated
above 80°C, give a clear explanation as to why ethyl ethanoate is the solvent of
choice and not water.

2 marks




c) Outline a logical and sequential set of steps to separate and obtain pure propofol and
metformin from the mixture as quickly as possible, ensuring no side reactions occur.

4 marks




d) High-Performance Liquid Chromatography (HPLC) was put forward as an
appropriate method for purifying a mixture of propofol and ethyl ethanoate using a
water-methanol mobile phase.

i. What type of stationary phase would you expect to find in the column?
Explain how each component will interact with the stationary phase.

2 marks

ii. Describe how the retention time of each component of the mixture will be
impacted if the temperature at which the column operates is increased.
Explain why.

2 marks

iil. Which compound is expected to elute first from the column? Explain why.

2 marks




e) The HPLC chromatogram produced by the mixture when run through the column is
shown in figure 2. It contains overlapping peaks.
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Figure 2

Without modifying the mobile or stationary phases, suggest two changes to the column
conditions that will increase the separation of the peaks. Provide an explanation for each.

2 marks

2 marks




11. A student conducted an investigation to show that a brand of fertiliser, that stated it had
0% phosphate, did indeed have phosphate and was contaminating the local lake. She
allowed farmers to use the fertiliser on a Monday and later measured the phosphate levels
of the lake on Tuesday 9 am, Wednesday 4 pm, Thursday 1 pm, Friday 6 am and

Saturday 7 pm. Each day she sampled a different location of the lake. The lake is also a
source of drainage water from a local residential area where Saturday is a hon-working day.

On each sampling day the student took a 150.0 mL sample of lake water from which she
took three 20.0 mL samples and added excess 0.01M Ca(NO:s). solution. She then filtered,
washed and dried the Casz(PO.), precipitate before weighing it. Below are her results.

Day Tuesday Wednesday | Thursday Friday Saturday
Amount of 88 85 78 92 160
F’O4'3

(ppm)

From her results the student concluded the fertiliser definitely contained phosphate which
was washing into the lake.

a) Give two reasons why her experimental technique will not enable her to reach a valid
conclusion.

2 marks




b) Give three ways in which the investigation could be improved and the reason for the

change.

Change

Reason

End of Examination

3 marks



