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10 cm? of a pure hydrocarbon was completely burned in 80 cm?® of excess oxygen at 425 K.
After cooling to room temperature, the volume of the gaseous mixture was found to be 55 cm?3.
A reduction of 40 cm?® was observed when the residual gases were passed through calcium
hydroxide. All gas volumes were measured at the same temperature and pressure.

What is the formula of the hydrocarbon?
A CsH1o B CsHs o C2Hs D C2H4
Sodium hydrogen carbonate, NaHCOs3, can be prepared from sodium sulfate by a three-step
process as shown.
NaxSOs4(s) + 4C(s) — NazS(s) + 4C0O(g)
NaxS(s) + CaCOs(s) — CaS(s) + NaxCOs(s)
Na2COs(s) + HxO(l) + CO2(g) — 2NaHCOs(s)

Assuming a yield of 90% in each step, determine the mass of sodium hydrogen carbonate, to
the nearest kg, that could be obtained from 100 kg of sodium sulfate.

A 146 kg B 122 kg Cc 86 kg D 43 kg

lons of the two common isotopes of nickel are shown below.
58Ni2+ & 60Ni2+
Which statements about these ions are correct?
1 %8Ni2* ion has a greater number of nucleons in its nucleus than the Ni?* ion.
2 Both ions have the same number of protons.
3 Both ions have more neutrons than electrons.
4 A beam of %Ni?* ion is deflected to a larger extent than that of °Ni2* ion in an electric field.

A 1,2,3and 4

B 1,2and 3
C 2and 3
D 2,3and 4
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4 Two bulbs R and S are connected to a 9 dm? vacuum chamber as shown.

R s
Ne chamber
4.0 dm3 (Vacuum)
9.0 dm’
Py = 200 kPa P, =400 kPa
What will be the total pressure in the vessel when the valves are opened at constant
temperature?
A 600kPa
B 286 kPa
C 222kPa
D 125kPa

5 Which graph incorrectly describes the behaviour of a fixed mass of an ideal gas?

A B
vt density 1
constant P constant P
T T
c D
density 4 A
’ \Y
constant T constant T

Uy
o)
<
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6 Allotropes of carbon include diamond, graphite and fullerene. A spherical fullerene, known as
buckminsterfullerene, has the formula Cso with the following structure.

Which statement is correct?
A All the bond angles in buckminsterfullerene are 120°.
B There are delocalised electrons within buckminsterfullerene.
C Buckminsterfullerene sublimes at a higher temperature than graphite.
D On complete combustion, buckminsterfullerene forms carbon dioxide and water.
7 The enthalpy change of solution of magnesium fluoride is found to be negative while that of
barium fluoride is positive.
Which statement best explains this observation?
A Magnesium fluoride is soluble in water, but barium fluoride is insoluble.

B The hydration energy of the barium ion is bigger in magnitude than that of the magnesium
ion.

C Thelattice energy of barium fluoride is bigger in magnitude than that of magnesium fluoride.

D The lattice energy of barium fluoride is bigger in magnitude than the sum of the hydration
energies of the barium and fluoride ions.

9729 /YJC /2018 / Preliminary Examination / Paper 1
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8 Which sketch shows the incorrect trend for the stated property for elements in the third period
of the Periodic Table?

A B
Atomic radius Melting point
A A
R T T T T 1T T T *
Na Mg Al Si P S Cl Na Mg Al Si P S Cl
C D

Electrical conductivity

A Electronegativity

A

»
»

T 1 1 T T T T T 1
Na MgAl Si P S CI Na Mg Al si P S Cl

9 The table shows the results of experiments in which the halogens X, Y, and Z, are added to
aqueous solutions containing X~, Y-, and Z" ions.

X(aq) Y (aq) Z (aq)
Xz no reaction no reaction no reaction
Y2 X, formed no reaction Z, formed
Z Xz formed no reaction no reaction

Which row shows the correct order of the reducing strength of the halide ions?

strongest
A X
B Y-
Cc Z
D X

weakest
z Y-
z X
Y- X
Y- zZ

9729 /YJC /2018 / Preliminary Examination / Paper 1
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10 The diagram below shows the positions of four elements W, X, Y and Z in periods 2 and 3.

w
X Y | Z

Element Y has the following successive ionisation energies(IE).

| IE/kJmol' | 1011 | 1907 | 2914 | 4963 | 6273 | 21268 | 29872 |

Which statement about elements W, X, Y and Z and their compounds is incorrect?

A The oxide of X is insoluble in water.

B The first ionisation energy of Z is lower than that of Y.

C When HCl(aq) is added to a sample containing oxide of X, the solid dissolves.

D W, Y and Z form chlorides which will react with water to produce acidic solutions.

11 Use of Data Booklet is relevant to this question.
The lattice energy of beryllium nitride can be determined via the following energy cycle.

BesNy(s) AH, > 3Be(s) + Ny(g)
AHZ AH3

3Be(g) + 2N(g)

AHg
AH4 AH5
3Be®*(g) + 2N*(g)
Enthalpy Change AH / kJ mol™
AH2 +324
AHs +1404
AHg +11300

Which statements are correct?
1 The enthalpy change of formation, AH¢, of BesN2is +648 kJ mol™".
2 AHsis always endothermic.

3 The average energy of the electrostatic forces of attraction present in BesN: is
11300 kJ mol".

A 1only
B 2and3only
C 1and2only

D 1,2and3

9729 /YJC /2018 / Preliminary Examination / Paper 1



12 In which processes will AS be negative?
1 The burning of sulfur in oxygen to produce sulfur dioxide gas.

2 The dissolution of solute in solvent.

3  The synthesis of an ionic compound from its constituent gaseous ions.
A 3only

B 1and3only

C 1and2only

D 1,2and3

13 A bomb calorimeter contains 225 dm3 of hydrazine, N:Hs as fuel. After combustion, the

temperature change in the calorimeter was found to be w °C.

The heat capacity of the calorimeter is z kJ K™'. The density of liquid hydrazine is 1.02 g cm=2and

its enthalpy change of combustion, AH., is —622.2 kJ mol™’
Which of the following represents the percentage efficiency of the bomb calorimeter?

o 225 %1000 x1.02 x z x w
A Percentage efficiency = 6222 x 100%

225 x 1000 x 1.02 x z x (w + 273)

B Percentage efficiency = 6222 x 100%
(w+273)x z
C  Percentage efficiency = 225 % 1000 X 1.02 x 100%
- X
Molar mass (NoHy) 622.2
W Xz
D Percentage efficiency = 225 x 1000 x 1.02 x 100%

X 622.2

Molar mass (NoHy)

9729 /YJC /2018 / Preliminary Examination / Paper 1
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14 Consider the following reaction: X(aq) + Y(g) = Z(g) AH <0
The graph shows the number of moles of gases in a reaction mixture as it changes with time.

15

Number of moles 4

Z(9)

X(aq), Y(9)

t time

The reaction mixture is initially at equilibrium until time, t, when a disturbance is intraduced to the
system. Which of the disturbances at time, t, can account for the observed charige in the graph
above?

1

2

w

o O W >

An increase in pressure

Addition of water into the aqueous solution
Increase in temperature

1 only

2 only

1,2and 3

None of the above

Given that the K, for the following equilibrium is 64,

P(s) + 2Q(g) = 2R(g)

What is the mole ratio of Q : R at equilibrium?

A

B

Cc

D

1:1

1:8

8:1

64 : 1

9729 /YJC /2018 / Preliminary Examination / Paper 1
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16 The graph below shows how the pH changes when 0.1 mol dm=3 solution of Y(aq) was gradually
added to 10 cm?® of 0.1 mol dm™2 solution of X(aq).

What could X and Y be?

pH
!5 Volume of Y/cm?
X Y
A NaOH HCI
B HCI NaOH + KOH
C HCI Na>CO3
D HCI NaHCOs

17 The diagram below represents the Boltzmann distribution of molecular energies at a given
temperature.

Fraction of {
molecules

f * Energy, E
Emax

With an increase in temperature, which statements are correct?
1  Atall energies, the proportion of molecules increases.

2  The peak of the graph decreases.

3  The value of the rate constant, k, increases.
A 1only

B 1and3only

C 2and3only

D 1,2and3

9729 /YJC /2018 / Preliminary Examination / Paper 1
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18 Use of Data Booklet is relevant to this question.
Solid compound J has the following structure. It undergoes complete combustion in air to produce
carbon dioxide, water and nitrogen dioxide only.

\

HO

Compound J

Which statement about compound J is correct?
A On complete combustion, 0.10 g of compound J produces 0.230 g of CO..

B  On complete combustion, 0.10 g of compound J produces 22.4 cm?® of NO, measured under
room conditions.

C 0.10 g of compound J reacts with excess bromine in organic solvent to produce 0.380 g of
product.

D 0.10 g of compound J reacts with hydrogen gas and platinum catalyst to produce 0.100 g of
product.

19 Which reaction will produce a mixture which is optically inactive?

0]

1
+ HCN
2 + NaOH (aq)
Br
+ ethanolic KCN

A 1,2and3
B 1and2only
C 1only
D 2and3only

9729 /YJC /2018 / Preliminary Examination / Paper 1



11

20 How many constitutional isomers are possible for a substituted benzene, CgH1?

A 3
B 4
C 5
D 6

21 How many chiral carbons are formed in the major product of the following reaction?

+ IC!/

o O w >
w

22 Which statement best explains why benzene undergoes substitution reaction while ethene
undergoes addition reaction?

A Benzene provides steric hindrance to repel reactive species.

B The C=C bonds in benzene are shorter and stronger than the C=C bonds in ethene.
C There is delocalisation of &t electrons in benzene which is absent in ethene.
D

Benzene contains more C=C bonds than ethene, hence it is more electron rich.

9729 /YJC /2018 / Preliminary Examination / Paper 1
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23 Benzoic acid can be obtained using either a one-step or two-step synthesis.

24

Which of the following cannot be used as the starting material?

OH O

A catalytic converter is a device used to reduce the toxicity of emissions from an internal
combustion engine. It works by using a catalyst (platinum, palladium or rhodium) to stimulate a
chemical reaction in which toxic by-products of combustion are converted to less toxic
substances.

Identify the chemical reactions occurring.

1 2C0O + Oz — 2CO2

2 2NO — 02 + N2

3 NO + %202, — NO>

4 SOz + NO2 — SO3 + NO

A 1 and 2 only

B 2 and 3 only

C 1, 2 and 3 only

D 3 and 4 only

9729 /YJC /2018 / Preliminary Examination / Paper 1



25 The following compound is heated with dilute sodium hydroxide.

26

13

C/ Cl/

\ C/

Which of the following product is obtained?

O

\ 07)

\ OH

Consider the following four compounds.

1

2

3

4

What is the relative order of decreasing acidity of these compounds?

A

B
Cc
D

propanol
phenol
propanoic acid

water

1243
3214
3241

1423

9729 /YJC /2018 / Preliminary Examination / Paper 1
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Compound X decolourises aqueous bromine. Compound X reacts with hot acidified potassium
manganate(VIl) to form compound Y. The following table shows some tests and observations
carried out on compound Y.

compound Tests Observations
N2.CO Effervescence observed. Gas evolved
v 23 forms white precipitate with limewater
2,4-dinitrophenylhydrazine Orange precipitate

What could compound X be?
’ /j\
B ‘ ——0
ﬁ/\CN
OH

5 /\”/\

9729 /YJC /2018 / Preliminary Examination / Paper 1
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29

15

Glyphosate is a herbicide used to kill weeds.

glyphosate

Glyphosate has pK, values of 0.8, 2.3, 6.0 and 11.0.
What is the structure of the major species in a solution of glyphosate at pH 77?

0 H H o) 0 H o)
A u \N/\)k B !3| IL\)J\
'O// \/+ o -0~ \/ o
G d
0 H 0 0 o)
. | |\)k i I \/
o//P\/N o Ho/P\/'ll o
HO HO

Use of Data Booklet is relevant to this question.
Which of the following reactions of transition metals is incorrect?

A Addition of H>O2(aq) to acidified Ko.Cr.O7(aq) produces a green solution.
B V3 is a suitable catalyst for the reaction: 21~ + S;0g%” — 1 + 2S04,

C Addition of concentrated HCI to CuSQOs(aq) produces a yellow solution.

D Addition of Na,COs(aq) to Cr¥*(aq) produces a gas that gives a white precipitate when

bubbled through limewater.

9729 /YJC /2018 / Preliminary Examination / Paper 1
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30 The following energy level diagram represents the dissolving of anhydrous magnesium
chloride in a large volume of water.

energy } Mg®*(g) + 2C1(g)

+2526
MgCl(s)

~1890 + 2(-384)

MgCl,(aq)

Which statements about the process are correct?
1 The lattice energy of magnesium chloride is —2526 kJ mol-".
2 The enthalpy change of hydration of the chloride ion is =384 kJ mol-".

3 The enthalpy change of solution of anhydrous magnesium chloride is —132 kJ mol-".

4 Mg?*(g) and CI~(g) are less thermally stable than MgCl.(aq).
A 1,2,3and4

B 1, 2 and 3 only

C 2and3only

D 2and4only

9729 /YJC /2018 / Preliminary Examination / Paper 1
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Paper 1 Worked Solutions

1
6
11
16
21
26

A 2 C 3 D 4 D 5 C
B 7 D 8 B A 10 D
B 12 A 13 D 14 D 15 B
Cc 17 C 18 B 19 A 20 B
C 22 c 23 D 24 A 25 A
C 27 D 28 A 29 B 30 A

CxHy + (x+y/4)O2 — xCOz2 + y/2H20

VOZ(excess) + Vcoz =55
Since VCOZ =40 Cms’ VOZ(excess) =55-40=15cm?®
VOz(reacted): 80-15=65cm3

Mole ratio of CxHy : CO2=1:x =10:40 —=x=4
Mole ratio of CxHy : O2 = 1:(x+y/4) = 10:65 =y =10
Formula of the hydrocarbon is C4H1o.

Ans: A

Given 90% in each of the three steps,

1 mol of Na2S0a(s) yields 0.9 mol of Naz2S(s).

In turn, 0.9 mol of Naz2S(s) yields 0.81 mol of Na2COs(s).

In turn, 0.81 mol of Na2COs(s) yields 1.458 mol of NaHCOs(s).

= Mole ratio of Na2S0O4(s) : NaHCOs(s) = 1:1.458

100000

Mass of NaHCOs(s) = (“- x 1.458) x 84.0 = 86248 g = 86.2 kg
Ans: C

Option 1 is incorrect. 58Ni?* ion has 58 nucleons while ®Ni?* ion has 60
nucleons.

Option 2 is correct. Both Ni isotopes have 28 protons.

Option 3 is correct. 58Ni?* ion has 30 neutrons and 26 electrons while
%0Ni2* jon has 32 neutrons and 26 electrons.

Option 4 is correct. Angle of deflection is directly proportional to -
ratio. Since Ni?* ion has a smaller mass than that of ®Ni?* ion, it has a

charge

Page 1 of 7

bigger angle of deflection.

Ans: D

V1P1 + V2P2 = V1Pt
(4)(200) + (3)(400) = P1(16)
Pr =125 kPa

Ans: D

Option C is incorrect.

pV = nRT
__RT
P—P-Mr
_ Mr
P—P-RT

A plot of density against pressure, at constant temperature, would give a
linear graph of a positive gradient.
density

Ans: C

Option A is incorrect. From the given diagram, the presence of
hexagons and pentagons imply different bond angles within
buckminsterfullerene.

Option B is correct. From the given diagram, all the carbon in
buckminsterfullerene is sp? hybridised hence the 4™ electron of each
carbon is delocalised within the sphere.

Option C is incorrect. The sublimation point of buckminsterfullerene
should be lower than that of graphite, as it has a simple molecular
structure with instantaneous dipole-induced dipole interactions
between molecules whereas graphite has a giant molecular structure
with strong covalent bonds between atoms.
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Option D is incorrect. The absence of hydrogen in buckminsterfullerene
implies the absence of water during combustion.
Ans: B

Option A is incorrect. Compounds can dissolve endothermically hence
it is possible that barium fluoride can dissolve in water.

Option B is incorrect. Ba?* is bigger in size than Mg?* hence Ba?* has a
lower charge density and therefore less polarising. The hydration
energy of Ba?* will be smaller in magnitude than that of Mg?*.

Option C is incorrect. LE depends on the charge and size of the ions.
Since Ba®* is bigger in size than Mg?*, LE of BaF2 will be smaller in
magnitude than MgF.

Option D is correct. Both AHLE and AHnydration are negative and AHsolution =
SAHhydration — AHLE. For AHsouton(BaF2) to be negative, AHLe must be
bigger in magnitude than ZAHhydration.

Ans: D

Option A is correct: Atomic radius decreases across the period. Nuclear
charge increases as number of protons increases across the period.
Electrons are added to the same valence shell hence shielding effect
remains almost constant. Effective nuclear charge increases and thus,
the valence electrons are more strongly attracted to the nucleus.

Option B is incorrect: Melting point trend should be as shown instead,
where the melting point of Si is the highest.

melting point/°C
1500 4

1000

proton number

Option C is correct: The ability to conduct electricity depends on the
presence of mobile charge carriers. Electrical conductivity increases

Page 2 of 7

10

from Na to Al due to the increase in number of valence electrons
available in “sea” of delocalised electrons. Si is a semiconductor, while
P, S and CI are non-conductors.

Option D is correct: Electronegativity increases across the period.
Nuclear charge increases. Shielding effect remains relatively constant
as the number of inner shell electrons remains the same. There is a
larger effective nuclear charge, and thus a stronger net attraction for a
bond pair of electrons in a covalent bond.

Ans: B

A halogen that is a stronger oxidising agent can oxidise a halide below it
in the group. From the results of the table, it can be deduced that the
oxidising power of the halogens: Y2 > Z2 > X»

Thus the reducing power of the halide ions is: X™>2Z" > Y~

Ans: A

From the successive |E, there is a big jump between the 5" IE and 6%
IE. Hence, the 6" electron must have been removed from an inner
principal quantum shell. Hence there are 5 electrons in the outermost
shell and element Y is from Group 15.

It can be inferred therefore that X: Group 13; W: Group 14; Z: Group 16

Option A is correct: The oxide of X (i.e. Al203) is insoluble in water. The
small and highly charged AI** ion results in highly exothermic lattice
energy. Hence, the energy that is released during hydration cannot
compensate for the larger amount of energy that is required to overcome
the strong ionic bonds in the giant lattice.

Option B is correct. The first IE of Z (i.e. sulfur) is lower than that of Y
(i.e. phosphorous). This is one of the two exceptions in the 1%t IE trends -
for Z, electron is removed from a paired electron occupying the same 3p
orbital. Thus, the electron experiences inter-electronic repulsion and
lesser energy is required to remove it.

Option C is correct. Oxide of X (i.e. Al203) is amphoteric, and will react
with both acids and bases. Al203(s) + 6HCl(aq) — 2AICls(aq) + 3H20(1)
Option D is incorrect. The chloride of W (i.e. CCls) does not undergo
hydrolysis in water as it does not have energetically accessible vacant
3d orbitals (unlike the chlorides of Y and Z) which can accommodate
lone pair of electrons from oxygen atoms of water during hydrolysis.
Ans: D
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Option 1 is incorrect.
—-AH1 = The enthalpy change of formation ,AHs, of BesN2
Since 3 Be(s) + 3 N2 (g) > BesN:
-AH1 = AH2+ AHs + AH4 + AHs- AHs
= +324 + 944 (BE of N=N) + 3(900+1760) + 1404 - 11300
= -648 kJ mol™
Option 2 is correct. Enthalpy change of atomisation is always
endothermic. In this question, energy is absorbed to break N=N to
produce 2 N atoms.
Option 3 is correct. AHs represents —|Lattice Energy of BesN2|. Lattice
energy is a measure of the ionic bond strength.
Ans: B

15

Option 1 is incorrect. S(s) + O2(g) = SO2(g)
There is no change in the number of moles of gaseous reactants and
products.
Option 2 is incorrect. When a solute dissolves in solvent, there is an
increase in the disorderliness of the system.
Option 3 is correct. Formation of a solid ionic compound from its
constituent gaseous ions results in a decrease in disorderliness of the
system as the ions are now held in fixed positions. 16
Ans: A
Percentage efficiency
B heat transferred to calorimeter
heat released due to the combustion of hydrazine
= _ ATxC — x100%
amount of hydrazine used x enthalpy change of combustion
W X 7z
= 225 x 1000 x 1.02
Molar mass (NoHy)

x100%

x 100%

X 622.2

Ans: D 17

Option 1 is incorrect. An increase in pressure will not result in a shift in
position of equilibrium since the number of moles of gaseous reactants =
number of moles of gaseous products.

Page 3 of 7

Option 2 is incorrect. Addition of water results in a decrease in
concentration of X. Hence, position of equilibrium will shift to the left in
order to increase the concentration of X. Hence, concentration of Z
should decrease.

Option 3 is incorrect. An increase in temperature will result in the
position of equilibrium shifting left in order to absorb heat energy since
the backward reaction is endothermic. Hence, concentration of Z should
decrease.
Answer: D

and P = £ x P,

i = e
Since Py = o X Pr o

- (P2 _ (p)? _
P (P2 (ng)?

3:8

nqQ
Na:nr=1:8
Ans: B

Option A is incorrect.

From the graph (increasing pH as volume of Y added increases), it can
be inferred that a base (Y) was added to an acid (X). Y cannot be HCI.
Option B is incorrect. Even though Y contains 2 strong bases, the total
[OH is still 0.1 mol dm™3, hence 10 cm® of Y is needed to neutralise X.
Option C is correct. Na2COs is dibasic. A simple balanced chemical
equation (carbonates react with acids to give salt, water and carbon
dioxide) will prove that Na2COs : HCI is 2 : 1 and thus only 5 cm3 of
Na2COs is needed to react with HCI.

Option D is incorrect. NaHCOs is monobasic and 10 cm? of NaHCOz is
required to neutralise HCI.

Ans: C

Option 1 is incorrect. When temperature increases, the curve is
displaced right and the peak is lowered as the total number of molecules
remains constant. Proportion of molecules does not increase at all
energies.

Option 2 is correct. When temperature increases, the curve is displaced
right and peak of graph is lowered as the total number of molecules
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remains constant.
Option 3 is correct. When temperature is increased, the value of rate

constant k increases.
Ans: C

CgHsNO

M, : 107

/ N
HO = 0o,
— = 6CO,+2H,0 + NO,

A: Mass of CO, formed : 6 x 9.3458 x 10 x 44 = 0.247 g
B: Volume of NO, formed : 9.3458 x 10 x 24000 = 22.4 cm®

C:

Br
Br
N S
HO
HO Br, X
—_—
Mass : 0.10 g Br Br

. (an easy way to get this M,
M, : 107 M;:426.6  ist0add4x A, (Br) to 107)
n =9.3458 x 10 mol

Mass :nx M, =0.399 g

A\

N

D:
/
HO = HO
Ha, Pt NH,
—_—

Mass : 0.10 g
M, : 107

n =9.3458 x 10 mol
Ans: B

M.: 115 (an easy way to get this M,
r is to add 8 x A, (H) to 107)

Mass:nxM,=0.107 g

Option 1: CN™ can approach the planar carbonyl carbon from top and
bottom with equal probability to give enantiomers (with chiral carbon).
Option 2: Even though a tertiary carbocation is formed as intermediate

via the Sn1 mechanism, the final product does not have a chiral carbon,
hence no enantiomers are formed.

Option 3: Sn2 mechanism has occurred as the reactant is a primary
halogenoalkane. The product formed does not have a chiral centre, thus
it is optically inactive.

b &
5 &

Ans: B

Page 4 of 7
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I 23 oH
C/ oH
Cl!
+ Ici —>
o]
1
Cl I o)

major product
I cl
OH
~ LiAH4 dilute H,SO,,
in dry ether KMnO, OH
—
E— heat
Applying Markovnikov’s rule, there are 4 chiral carbons in the major
product.

(0]
0. . OH
Ans: C w H* (aq)
| —
Benzene prefers to undergo substitution reactions rather than addition 0

reactions due to delocalisation of m—electrons, which leads to resonance

stability. Addition reaction destroys this stability. Options A, B and D are

true but does not explain why benzene undergoes substitution instead of

addition. Ans: D
Ans: C

dilute H,SO,, KMnO,

dilute H,SO4, KMnO,4
heat

Cl/

Cl
minor product

24 The following reactions occur:

e Reduction of nitrogen oxides to nitrogen and oxygen with rhodium
catalyst: 2NOx — xO2 + N2

e Oxidation of carbon monoxide to carbon dioxide with platinum and
palladium catalyst: 2CO + Oz — 2COz2

e Oxidation of unburnt hydrocarbons to carbon dioxide and water with
platinum and palladium catalyst.

Ans: A

Page 5 of 7
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25 Ease of nucleophilic substitution with water:

™ > Z g

reacts after heating little to no reaction after
with NaOH prolonged heating with NaOH

HO OH
NaOH (aq)
—_—
\ cl heat \ cl

Elimination of water

[07] Cl

(This reaction occurs for
gem diol, i.e. 2 -OH group
attached to the same carbon atom)

o}
)J\)\/C/

26 To discuss the strength of the acids, compare the stability of the
conjugate base of the acids.

e.g.

Ans: A

i i
HC—C—O +H-

l
HC—C—0—H

When the conjugate base is more stable, the acid has a greater
tendency to dissociate to form the conjugate base and H* ions

e The forward reaction occurs to a greater extent

e The equilibrium position lies more to the right.

Page 6 of 7
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propanol phenol propanoic acid
ROH + H20 = CsHs0H + H2O = RCOOH + H20 =
RO~ + H30* CeHsO~ + H30* RCOO- + H30*

Alkyl groups are
electron donating.
Hence negative
charge on the
oxygen atom in RO-
is intensified
compared to OH".
RO~ is destabilised
and hence alcohols
are weaker acids
than water.

Lone pair of electrons
on the oxygen atom
delocalised into the
benzene ring. The
negative charge on
the oxygen atom in
CsHsO™ is delocalised
into the ring. This
dispersion of charge
stabilises CsHsO™,
hence phenol is more
acidic than water.

The negative charge
on the oxygen atom
in RCOO™ is
delocalised between
the 2 electronegative
oxygen atoms and it
is resonance
stabilised. Hence
carboxylic acids are
more acidic than
phenol.

Ans: C

Information

Deduction

X, is found
aqueous bromine.

to decolourise

electrophilic addition
= Presence of alkene

X reacts with hot

acidified

potassium manganate(VIl) to

form compound Y.

Oxidative cleavage of alkene

Y reacts with Na2COs.

Neutralisation
= presence of carboxylic acid

Y reacts
dinitrophenylhyrazine.

with

2,4-

Condensation

= Presence of ketone (oxidative
cleavage of alkene gives either
carbon dioxide gas, carboxylic
acid or ketone only)

Compound X /\{(\
Compound Y OH OH
o} o
o}
Ans: D
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Both phosphonic acid and carboxylic acid moieties can be ionised and
the amine group can be protonated and the substance exists as a series
of zwitterions.

o) H o)
/Fl \N/ PKa< 0.8
HO \/+ oH
HO 4}
0 H H o)
Fl \N/ pKy= 2.3
'O// \/ + OH
HO 4}
o) H o)
| \/ pK,= 6.0
o/P\/'ll 5
" 4}
ﬁ T 0 pK,= 11.0
N\)k
o

Ans: A

Option A is correct: addition of H202(aq) to acidified K2Cr207(aq)

produces a green solution of Cr3*.

From Data Booklet: Oz + 2H* + 2e™ = H202 +0.68V
Cr207%7 + 14H* + 6e™ = 2Cr¥* + TH20  +1.33V

Ecen = 1.33 — (+0.68) = +0.65V >0, thus reaction is spontaneous.

Option B is incorrect:

Page 7 of 7
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From Data Booklet: I2 + 2e™ = 21~ +0.54V

S208% + 2e = S042" +2.01V
A suitable catalyst will have an E® value in between +0.54V and +2.01V.
Since V3* +e = V2t -0.26V
It is not a suitable catalyst.
Option C is correct: Ligand exchange reaction occurred. Water
molecules in [Cu(H20)s]?* are replaced by CI- ions to form [CuCl4]*
accounting for the yellow solution.
[Cu(H20)6]?* + 4ClI- = [CuCl4)* + 6H20
Option D is correct: Hydrolysis reaction occurs for ions with acidic
properties such as highly polarising Cr®*(aq) due to its high charge
density.
[Cr(H20)6]** + H20 = [Cr(H20)s0HJ?* + H3O*
When Naz2COs is added: CO32™ + 2H30* - CO2 + 3H20
The COz2 evolved gives a white ppt with limewater.
Ans: B

Option 1 is correct. Lattice energy is the heat released when 1 mole of
MgCl: is formed from its constituent gaseous ions i.e —2526 kJ mol™".

Option 2 is correct. As seen from the diagram, AHhydration Of Cl~ is —384
kJ mol".

Option 3 is correct.
AHsolution = 2526 + [-1890 + 2(-384)] = -132 kJ mol™.

Option 4 is correct. The higher energy level, the less thermally stable a
species is.

Ans: A
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Section A: Structured Questions

Answer all the questions in the spaces provided.

1 (a) Fig. 1.1 shows the second ionisation energies of eight elements with consecutive proton
numbers and one of the elements is aluminium.

3500
3000
2500
2000

1500

1000

second ionisation energy / kJmol-"'

500

proton number

Fig.1.1

(i) Define, with the aid of an equation, what is meant by the second ionisation energy of
aluminium.

(i) Explain why the second ionisation energy of aluminium is usually more endothermic than
the first ionisation energy.

9729 /YJC /2018 / JC2 Preliminary examination / Paper 2



(b)

3

(iii) ldentify the element which represents aluminium. Explain the reasoning.

Hard water is high in dissolved minerals, specifically calcium ions. Although hard water does
not pose a health risk, it causes poor soap performance. The soap used in hard water combines
with the dissolved minerals to form a sticky soap curd which consists of insoluble salts.

(i) Ethylenediaminetetraacetate or EDTA is a component in laundry detergent.

i i
:0—C—CHa__ __CH,—C—0s
] N—CHp—CH—R( ]
:o—ﬁ,—CH/ CH,—C—O:

o) o

EDTA

Suggest how EDTA could improve the soap performance in hard water.
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4

(i) Soap has effective cleaning properties because it contains one or more surfactants.

A surfactant is a molecule with a non-polar tail and a polar head. An example is sodium
stearate, as shown below.

WWW{ON8+

o]
A simplified representation of stearate ion is RCOO".

Complete the diagram by drawing the relevant dipoles and indicate the type of
intermolecular forces of attraction between stearate ion, an oil molecule and a water
molecule. Hence explain how stearate ion helps to remove oil from surface during
washing.

You may use R’ to represent an oil molecule.

O

stearate ion

[Total: 10]
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5

The table below shows the melting points of some of the chlorides of the elements in period 3 of the
periodic table.

Chlorides Melting points/ °C
Magnesium chloride, , MgCl» 714
Aluminium chloride, AICl; 192
Phosphorus pentachloride, PCls 161
Sulfur dichloride, SCl, -121

(@ Account, in terms of structure and bonding, the difference in the melting points between

(i) magnesium chloride and aluminium chloride

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

__________________________________________________________________________________________________________________________________________________

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

(b) When PCIs is added to water, liquid phosphorus oxychloride, POCI; is formed as an
intermediate compound.

(i) Reactions of covalent chlorides with water can be rationalised as step—wise replacement
of —Cl with —OH. Deduce a three—step reaction sequence for the formation of POCI; from
PCls.

9729 /YJC /2018 / JC2 Preliminary examination / Paper 2
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POCI; can also acts as a Lewis base to remove the AlICl; at the end of a Friedel—Crafts reaction,
resulting in the formation of a covalent product.

(ii) Define the term ‘Lewis base’.

(iii) Draw a diagram to illustrate the shape of the product which results in the removal of AICls,
stating the type of bonding present and the bond angles around the central atoms.

Type of bonding:

[Total: 10]
When steam is passed over hot coke (a form of carbon obtained from coal), water gas is
produced. Water gas, consists of a mixture of carbon monoxide and hydrogen, is an important
industrial fuel.

C(s) + H20(g) = CO(g) + H(g)

When 0.100 mol of steam was reacted with coke in a vessel of 1.00 dm? and allowed to reach
equilibrium at 800 °C, the partial pressure of steam was found to be 2.67 atm.

(i)  Calculate the initial pressure of steam, in atm, introduced into the vessel.

[2]
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(i) Using your answer in a(i), calculate a value for Ky, in atm, at 800 °C.

[2]

(iii)  Calculate the minimum mass of carbon required in the vessel.

[2]

(iv) State and explain whether high or low pressure would favour a higher yield of water
gas.

(v) The reaction was repeated at a lower temperature and the numerical value of K, was
found to have decreased.

State and explain whether the forward reaction is endothermic or exothermic.

9729 /YJC /2018 / JC2 Preliminary examination / Paper 2
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(b) () The relationship between AG® and K, for the reaction between carbon and steam is
AG® = —-RT In Kp
where AG® is the standard Gibbs free energy change in J mol-', R is the gas constant,
T is the temperature in Kelvin at which the equilibrium is established and K, is the

equilibrium constant.

Given that the K, of the reaction at 298 K is 2.97 x 10-'® atm, calculate the AG® of the
reaction.

[1]
(i)  Comment on the sign of AG® with reference to the position of equilibrium of the reaction.

[Total: 13]
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4. (a) Ethers have the general formula, R-O-R’ (where R and R’ are alkyl or aryl groups).

The most useful method of preparing ethers is by the Williamson ether synthesis, in which an
alkoxide ion (RO") reacts with an alkyl halide (R’X) in an Sn2 mechanism.

A reaction scheme is shown below:

NaH R'X (alkyl halide)
ROH » RO'Na* » ROR!'

step 1 step 2

(i)  Suggest why step 1 is necessary in the Williamson ether synthesis.

(i)  Using 1-chloropropane as the alkyl halide and CH3sCH>O~ as the alkoxide ion, outline
the mechanism for step 2 of the Williamson ether synthesis. Show all charges and
relevant lone pairs of electrons and show the movement of electron pairs by using curly

arrows.

3]
(iii) The same reaction in a(ii) was repeated using iodopropane instead of chloropropane.

Using relevant data from the Data Booklet, state and explain the effect on the rate of
reaction.
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(iv) Suggest why the product obtained in a(ii) shows no optical activity.

Fig. 4.1 shows two separate reactions to synthesise ethers using the Williamson ether
synthesis method.

Cl OCH,CHs

reaction 1
CH3CH,O" + CH3CHCHy; ————> CH3CHCH;

. CHCH
t 2 3 2
CHsCH,O" + CHsCH,0l ——2ons

OCH,CHj
Fig 4.1

(v) State and explain which reaction will give a higher yield.

(vi) Suggest the structure of the product when 5-bromopentan-1-ol undergoes the
Williamson ether reaction.

NN
Br OH -

5-bromopentan-1-ol

[1]

9729 /YJC /2018 / JC2 Preliminary examination / Paper 2
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(b) Halogenated organic compounds can be synthesised from various functional groups.

Chlorofluorocarbons (CFCs) have been widely used in aerosol sprays, refrigerants, but are
now known to destroy ozone in the upper atmosphere through a free radical chain reaction.

(i) A student wrongly proposed that a propagation step for the formation of 1—chlorobutane
from butane to be:

CH3CH>CH>CH3 + Cle — CH3CH>CH>CH»,CI + He
Write the correct propagation step. Hence use relevant data from the Data Booklet,

calculate the enthalpy change of reaction to explain why the propagation step proposed
by the student is incorrect.

(i) 2,5-dimethylhexane is reacted with chlorine in the presence of UV light to form 3
monochlorinated alkanes.

It has been found experimentally that in free radical substitution of alkanes, the primary,
secondary and tertiary hydrogen atoms are replaced by chlorine atoms at different
rates, as shown in the following table.

type of hydrogen atom reaction relative rate
primary RCH; — RCHCI 1
secondary R.CH2 — R,CHCI 7
tertiary RsCH — R3CCl 21

Draw the structural formula of the 3 possible monochlorinated products of
2,5-dimethylhexane and using the information in the table, suggest the relative ratios in
which they are formed.

Ratio:

9729 /YJC /2018 / JC2 Preliminary examination / Paper 2




12

(c) Another method of preparing alkyl halides from alkenes is by the reaction with
N-bromosuccinimide (NBS) in the presence of light to give products which are substituted at
the allylic position i.e. the position next to the double bond. NBS is used as a source of bromine.

The process is similar to the free radical substitution mechanism of alkanes.

O
N—-Br
\O (NBS)
CH,=CHCH3 CH,=CHCH,Br
light
(i) However, a mixture of 2 products (W and X) is formed when but-2-ene undergoes this
reaction.
@)
N—-Br
o (NBS)
CH3CH=CHCH3 CH3CH=CHCH,Br + CH3CHBrCH=CH,
light

compound W compound X

Suggest a reason for the formation of compound X.

(i)  State the type of isomerism shown by compound W and compound X.

[Total: 19]
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Infra—red(IR) absorptions can be used to identify functional groups in organic compounds.

14

example, ethyl ethanoate shows absorption at 100 - 1300 cm™' and 1680 — 1750 cm™.

For

A student used infra—red spectrometer to obtain an infra-red(IR) spectrum of benzyl alcohol
CeHsCH>OH as shown in Fig. 5.1.

0.8+

TRANSMITTANCE
o o
< 3

<
(]
1

0.4

0.3

(a)

(b)

(c)

3500

3000 2500 2000 1500 1000

Wavenumber (cm-1)

Fig. 5.1

(8) Usethe table of characteristic infra-red absorption frequencies in the Data Booklet to
identify the infra—red absorption range shown by benzyl alcohol.

IR region

Wavenumbers/ cm™' Functional groups present

(@)

(b)

(c)
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(b) The student carried out reflux of benzyl alcohol with acidified potassium dichromate and the
product A obtained was analysed using IR spectrometer. Fig. 5.2 shows the IR spectrum

obtained.
INFRARED SPECTRUM
B W T TN A I YT Na
W v AT U [ ¥ TN
L ".li |1:| | !Ir"i l' | .I! | | [
w 0.8r '_| | || ] |
(] J l | |
2 ' [
- !
E b
% [
2 | 1]
Z L]
= 0.4F
|_
L " M M M 3 = 1 N N } , . ) ) . ) : L l l ‘ l J J J o l l
3000 2000 1000

Wavenumber (cm-1)
Fig. 5.2

By comparing the two infra-red spectra, suggest two differences from the infra—red spectra and
draw the structure of the product A obtained.

Product A:

..........................................................................................................................................................

(c) Suggest a simple chemical test that could be used to confirm benzyl alcohol CsHsCH>OH has
been completely converted into product A in (b).

Test

Observations:

9729 /YJC /2018 / JC2 Preliminary examination / Paper 2
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(d) Astudent wishes to determine the concentration of product A obtained. The student prepares
5 solutions of known concentrations, 0.0100, 0.0200, 0.0400, 0.0800 and 0.100 mol dm= of
product A. 10 uL of each solution with the sample was used and a high performance liquid
chromatogram was obtained. The peak areas of the chromatographs are given in the table
below and a graph of concentration against peak area was obtained in Fig.5.3.

Solution concentration / 0.0100 | 0.0200 | 0.0400 | 0.0800 0.100 sample
mol dm
Peak area / cm? 0.50 0.83 1.39 2.63 3.18 2.53

concentration vs peak area

y = 0.0304x

Concentration
o
o
()

0.04
0.02
0
0 0.5 1 1.5 2 2.5 3 3.5
Peak area
Fig. 5.3

(i) Using the peak area of the sample from the table and information from the graph, determine
the concentration of product A in the sample.

(1]

(if) Suggest what the student can do to ensure high yield of product A from the reaction of
benzyl alcohol with acidified potassium dichromate in (b). Use Le Chatelier’'s Principle to
explain your suggestion.

....................................................................................................................................................
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(e) Fig. 5.4 shows a Ritter reaction.

The Ritter reaction transforms a nitrile to amide using a strong acid and water as follows.
O

\ strong acid
— OH -

R———N +
/ H,0

Fig. 5.4

R N

(i) Side products will be formed from the Ritter reaction if heating was carried out.

Suggest the type of reaction which occurs and draw the structures of two side products
formed.

Type of reaction:

[3]

(ii) Benzyl alcohol, CeHsCH>OH undergoes Ritter reaction with CH,CHCN as shown in Fig. 5.4.
Draw the structure of the amide formed.

(1]

9729 /YJC /2018 / JC2 Preliminary examination / Paper 2
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(f)  Fig. 5.5 shows a possible process in the human body where benzyl alcohol is oxidised to benzoic
acid, conjugated with amino acid, glycine in the liver, and excreted as benzoylaminoethanoic
acid, as shown.

O
OH
HO @) OH (@) NH
Step 1 Step 2
[ . —_—
glycine
benzyl alcohol benzoic acid benzoylaminoethanoic acid
Fig 5.5

(i) Write an equation for the oxidation of benzyl alcohol to form benzoic acid. Use [O] to
represent the formula of the oxidising agent.

(1]
(i) What type of reaction takes place in step 27

(1]
(iii) Draw the displayed formula of a tripeptide consisting of glycine only.

(1]

9729 /YJC /2018 / JC2 Preliminary examination / Paper 2
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(iv) Benzoylaminoethanoic acid can be reduced by LiAlH4 in dry ether at room temperature and
hydrogen gas with nickel catalyst under high heat and pressure. The organic products
formed in the two reactions are different. Compound B has a molecular mass of 151 and
compound C has a molecular mass of 185.

Deduce the structures of B and C.

compound B compound C

(2]
The synthesis of glycine in the liver is catalysed specifically by glycine synthase enzyme.

(v) Describe, with the aid of a sketch how the rate of synthesis of glycine is affected by the
concentration of the substrate.

rate
A

v

[substrate]

[Total: 23]
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Section A: Structured Questions

Answer all the questions in the spaces provided.

1 (a) Fig. 1.1 shows the second ionisation energies of eight elements with consecutive proton
numbers and one of the elements is aluminium.

3500
3000
2500
2000

1500

1000

second ionisation energy / kjmol!

500

proton number

Fig.1.1

(i) Define, with the aid of an equation, what is meant by the second ionisation energy of
aluminium.

Al*(g) > Al?*(g) + e

(i) Explain why the second ionisation energy of aluminium is usually more endothermic than
the first ionisation energy.
1stIE: Al () > Al* (g) + e
2" |E: Al*(g) — Al?*(g) + e

The general increase is due the increasing positive charge on the cation.
As successive electrons are being removed, the same number of protons is attracting
fewer electrons.

Consequently, there is an increase in the effective nuclear charge of the cation and
requires more energy to remove the next electron.
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3

(iii) ldentify the element which represents aluminium. Explain the reasoning.

The sharp drop in 2" |E value from G to H indicates the removal of the second electron
from the inner shell, thus G is an element in Group 1. [any other logical deduction]

Element A is in Group 13 and is aluminium.

[2]

Hard water is high in dissolved minerals, specifically calcium ions. Although hard water does
not pose a health risk, it causes poor soap performance. The soap used in hard water combines
with the dissolved minerals to form a sticky soap curd which consists of insoluble salts.

(i)

(ii)

Ethylenediaminetetraacetate or EDTA is a component in laundry detergent.

i 0
:0—C—CHp.__ _ CHp,—C—0s
] N—CHp—CH— N ]
:O—|C|3—CH2/ CH,—C—O:

o) o

EDTA
Suggest how EDTA could improve the soap performance in hard water.

EDTA forms a complex with metal ion Ca?*, thus removing Ca?*.

Soap has effective cleaning properties because it contains one or more surfactants.

A surfactant is a molecule with a non-polar tail and a polar head. An example is sodium
stearate, as shown below.

WWW{ONa+

o]
A simplified representation of stearate ion is RCOO".

Complete the diagram by drawing the relevant dipoles and indicate the type of
intermolecular forces of attraction between stearate ion, an oil molecule and a water
molecule. Hence explain how stearate ion helps to remove oil from surface during
washing.

You may use R’ to represent an oil molecule.

O

R O

stearate ion
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o- O+ JJ\ 0
8+/ \
t.-h"iali Oig w m » = =H H

instantaneous stearate lon ion-dipole

dipole-induced
dipole

The surfactant/ stearate ion is able to interact with both water and oil - the negatively
charged COO™ of the surfactant forms ion-dipole interactions with water, and the non-polar
tail forms instantaneous dipole-induced dipole (id-id) interactions with oil (non-polar). Thus

[Total: 10]

2 The table below shows the melting points of some of the chlorides of the elements in period 3 of the
periodic table.

Chlorides Melting points/ °C
Magnesium chloride, , MgCl» 714
Aluminium chloride, AICl3 192
Phosphorus pentachloride, PCls 161
Sulfur dichloride, SCl, -121

(@) Account, in terms of structure and bonding, the difference in the melting points between

(i)

(ii)

magnesium chloride and aluminium chloride
MgCl. has a giant ionic structure while AICls; has a simple molecular structure.
More energy is required to overcome the electrostatic forces of attraction between Mg?* and

Cl- compared to instantaneous dipole-induced dipole attraction between AlCI; molecules.
Hence MgCl, should have a higher melting point.

phosphorus pentachloride and sulfur dichloride
Both PCls and SCI; have simple molecular structure.

PCls has larger and more polarisable electron cloud than SCl,. More energy is required to
overcome the stronger instantaneous dipole-induced dipole attraction between molecules
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When PCls is added to water, liquid phosphorus oxychloride, POCIs; is formed as an intermediate
compound.

(i) Reactions of covalent chlorides with water can be rationalised as step—wise replacement
of —CI with —OH. Deduce a three—step reaction sequence for the formation of POCI; from
PCls.

Step1: PCls + H.O — PCI4,OH + HCI

Step 2: PCI,OH + H,O — PCl3(OH). + HCI

Step 3: PCls(OH)z — POCI3; + H,0

POCI; can also acts as a Lewis base to remove the AICI; at the end of a Friedel-Crafts reaction,
resulting in the formation of a covalent product.

(ii) Define the term ‘Lewis base’.

A Lewis base is an electron—pair donor.

(iii) Draw a diagram to illustrate the shape of the product which results in the removal of
AICls, stating the type of bonding present and the bond angles around the central atoms.

C;
cl
' CJ‘I
11::9.531,:!4““

.}

0. 10504

N /}.Ce’
109.5':'[\:}3 dative covalent bond

o

! ()

Type of bonding: Dative covalent bond , (accept if student draw O to Al.)

[Total: 10]
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When steam is passed over hot coke (a form of carbon obtained from coal), water gas is
produced. Water gas, consists of a mixture of carbon monoxide and hydrogen, is an important
industrial fuel.

C(s) + H20(g) = CO(g) + H2(g)

When 0.100 mol of steam was reacted with coke in a vessel of 1.00 dm? and allowed to reach
equilibrium at 800 °C, the partial pressure of steam was found to be 2.67 atm.

(i)

(ii)

(iii)

(iv)

(v)

Calculate the initial pressure of steam, in atm, introduced into the vessel.

Using pV = nRT
_ (0.1x8.31x(800 + 273)
- (1x10-3)

=8.9166 x 10° Pa = 8.80 atm (1 atm = 101325 Pa)

[2]

Using your answer in a(i), calculate a value for Ky, in atm, at 800 °C.

C(s) H20(g) CO(9) Hz(9)
Initial P/atm - 8.80 0 0
Change/atm - -6.13 +6.13 +6.13
Equilibrium P/atm - 2.67 6.13 6.13
K, = PPtz = 61D° _ 4 9 e

pHZO 2.67

[2]

Calculate the minimum mass of carbon required in the vessel.

Since 6.13 atm of steam was reacted,

-3
pV _ (613x101325x107%) _ 0.06966mol
RT 8.31 X(800+273)

Mass of C = 0.06966 x 12.0 = 0.836 g

number of moles of steam =

[2]
State and explain whether high or low pressure would favour a higher yield of water gas.

To obtain higher yield, the position of equilibrium must shift to the right.
Since the forward reaction produces greater number of moles of gaseous molecules, low

The reaction was repeated at a lower temperature and the numerical value of K, was
found to have decreased.

State and explain whether the forward reaction is endothermic or exothermic.
At low temperature, K, value decreased. This shows that the equilibrium position shifts

to the left which produces heat (exothermic).
Hence forward reaction is endothermic.
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(a)

(i)

(ii)

7

The relationship between AG® and K, for the reaction between carbon and steam is
AG® = -RT In Kp

where AG® is the standard Gibbs free energy change in J mol-', R is the gas constant, T
is the temperature in Kelvin at which the equilibrium is established and K, is the
equilibrium constant.

Given that the K, of the reaction at 298K is 2.97 x 10-'8 atm, calculate the AG® of the
reaction under standard conditions.

AG® = -8.31 (298) In (2.97 x 1018 x 101325)
= +7.14 x 10 J mol!
[1]

Comment on the sign of AG® with reference to the position of equilibrium of the reaction
under standard condition.

The sign of AG®is positive, the reaction is not spontaneous under standard conditions
and position of equilibrium lies to the left.

[Total: 13]

Ethers have the general formula, R-O-R’ (where R and R’ are alkyl or aryl groups).

The most useful method of preparing ethers is by the Williamson ether synthesis, in which an
alkoxide ion (RO") reacts with an alkyl halide (R’X) in an Sn2 mechanism.

A reaction scheme is shown below:

(i)

(ii)

NaH R'X (alkyl halide)
ROH » RO'Na* > ROR!'

step 1 step 2

Suggest why step 1 is necessary in the Williamson ether synthesis.

Using 1-chloropropane as the alkyl halide and CH3CH2O~ as the alkoxide ion, outline
the mechanism for step 2 of the Williamson ether synthesis. Show all charges and
relevant lone pairs of electrons and show the movement of electron pairs by using curly
arrows.

CH,CH,
CH,CH, CH,CH
P\ | 2Cts
c—g!
CH3CH,0:" H/- CH3CH,0 ----- C----Cl | — cpcH, Cmagyy * CF

I/IIII
I\
o\

2

2
z

H

[3]
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(iii) The same reaction in a(ii) was repeated using iodopropane instead of chloropropane.
Using relevant data from the Data Booklet, state and explain the effect on the rate of
reaction.

From the Data Booklet,

Bond Energy (C-Cl) = 340 kJmol;

Bond energy (C-1) = 240 kJmol-'.

The C-I bond is weaker, thus less energy is needed to break the bond.

(iv)  Suggest why the product obtained in a(ii) shows no optical activity.

There is absence of chiral carbon, thus it is unable to form enantiomers.

Fig. 4.1 shows two possible reaction sequence to synthesise compound P.

Cl OCH,CHs
reaction 1
CHsCH,O© +  CHsCHCHs >  CH4CHCHS
. CH4CH
t 2 3 2
CHsCH,O  + CHsCH,CI ———2on
OCH,CHs
Fig 4.1

(v) State and explain which reaction will give a higher yield.
Reaction 2 will give higher yield.

The Williamson ether synthesis method proceeds via Sn2 mechanism which is favoured
by primary halogenoalkane as there is less steric hindrance posed to the attacking

(vi) Suggest the structure of the product when 5-bromo-pentan-1-ol undergoes the
Williamson ether reaction.

NN
Br OH -

5-bromopentan-1-ol

[1]
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(b) Halogenated organic compounds can be synthesised from various functional groups.

Chlorofluorocarbons (CFCs) have been widely used in aerosol sprays, refrigerants, but are
now known to destroy ozone in the upper atmosphere through a free radical chain reaction.

(i) A student wrongly proposed that a propagation step for the formation of 1-chlorobutane
from butane to be:
CH3;CH>CH>CH3 + Cle > CH3CH>CH>CH,CI + He

Write the correct propagation step. Hence use relevant data from the Data Booklet,
calculate the enthalpy change of reaction to explain why the propagation step proposed
by the student is incorrect.
‘The correct propagation stepis: .,
CH3CH20H2CH3 + Cle > CH3CHQCH2CH2+ HCI

AH; for the incorrect propagation step is 410 — 340 = = +70 kJ mol™’
AH;, for the correct propagation step is 410 — 431 = -21 kJ mol™’

Since the AH;, for the correct propagation step is more exothermic, the reaction is more
spontaneous.

(i)  2,5-dimethylhexane is reacted with chlorine in the presence of UV light to form 3
monochlorinated alkanes.

It has been found experimentally that in free radical substitution of alkanes, the primary,
secondary and tertiary hydrogen atoms are replaced by chlorine atoms at different rates,
as shown in the following table.

type of hydrogen atom reaction relative rate
primary RCH3; > RCH,CI 1
secondary R2CH,; 2 R,CHCI 7
tertiary R3CH > R3CClI 21

Draw the structural formula of the 3 possible monochlorinated products of
2,5-dimethylhexane and using the information in the table, suggest the relative ratios in
which they are formed.

Cl

Cl
Cl

Ratio (12x1)=12 (4x7) =28 (2x21) =42
6 14 21

[3]
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(c)

10

Another method of preparing alkyl halides from alkenes is by the reaction with
N-bromosuccinimide (NBS) in the presence of light to give products which are substituted at
the allylic position i.e. the position next to the double bond. NBS is used as a source of bromine.

The process is similar to the free radical substitution mechanism of alkanes.

(i)

(ii)

0O
N—Br
AN
o (NBS)

CH,=CHCHj o CH,=CHCH,Br

However, a mixture of 2 products (W and X) is formed when but-2-ene undergoes this
reaction.

0]
N—Br
AN
0 (NBS)

CH3CH=CHCH; — CH3CH=CHCH,Br + CH3CHBrCH=CH,
ig

compound W compound X

Suggest a reason for the formation of compound X.

Another resonance structure can be obtained due to the delocalisation of the
electron.

secondary radical is more stable than primary radical as it has more electron-donating
groupor .
CH3CH=CHCH; «»> CHiCH-CH=CH:

[2]

State the type of isomerism shown by compound W and compound X.

They are constitutional / positional isomers.

[Total: 19]
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Infra-red(IR) absorptions can be used to identify functional groups in organic compounds. For
example, ethyl ethanoate shows absorption at 100 — 1300 cm™ and 1680 — 1750 cm™".

A student used infra-red spectrometer to obtain an infra-red(IR) spectrum of benzyl alcohol
CsHsCH2OH as shown in Fig. 5.1.

0.8+

0.7

0.6

TRAMNSMITTANCE

0.5+

0.4

(b)

0.3 (a) (c)

3500 3000 2500 2000 1500 1000

Wavenumber (cm-1)
Fig. 5.1

(a) Use the table of characteristic infra-red absorption frequencies in the Data Booklet to
identify the infra-red absorption range shown by benzyl alcohol.

IR region Wavenumbers/ cm™" Functional groups present
(a) 3200 — 3600 (Primary) alcohol
(b) 1475 - 1625 Benzene
(c) 970 - 1260 (Primary) alcohol
[3]
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(b)

(c)
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The student carried out reflux of benzyl alcohol with acidified potassium dichromate and the
product A obtained was analysed using spectrometer. Fig. 5.2 shows the IR spectrum obtained.

INFRARED SPECTRUM

N \/ﬂﬁf”w r{ IR T i | g W\

ﬁ[ I(r\ f

d

s

- | |

L

=
@™

TRANSMITTANCE
o
-
1

-1 - i L 1 - PR T W TR R T | T—1 1 1 i P PR R TR 1

3000 2000 1000
Wavenumber (cm-1)

Fig. 5.2

By comparing the two infra-red spectra, suggest two differences from the infra-red spectra and
draw the structure of the product A obtained.

Product A:

1. Peak (a) from Fig 5.1 is missing compared to Fig 5.2., indicating loss of —OH group
2. Presence of C=0 at 1670-1740 cm™ in Fig 5.2 compared to Fig 5.1, could be due to
aldehyde group

Note: RCOOH is not acceptable as there is no O—H absorption from 2500-3000 cm™ in
Fig 5.2

Suggest a simple chemical test that could be used to confirm benzyl alcohol CsHsCH2OH has
been completely converted into product A in (b).

Test : Add anhydrous SOCI,, PCls or Na(s)
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(d)
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A student wishes to determine the concentration of product A obtained. The student prepares
5 solutions of known concentrations, 0.0100, 0.0200, 0.0400, 0.0800 and 0.100 mol dm= of
product A. 10 uL of each solution with the sample was used and a high performance liquid
chromatogram was obtained. The peak areas of the chromatographs are given in the table
below and a graph of concentration against peak area was obtained in Fig.5.3.

Solution concentration / 0.0100 0.0200 0.0400 0.0800 0.100 sample
mol dm=3
Peak area / cm? 0.50 0.83 1.39 2.63 3.18 2.53

concentration vs peak area
0.12

01 y = 0.0304x 9

0.08

0.06

0.04

Concentration

0.02

0 0.5 1 1.5 2 2.5 3 3.5
Peak area
Fig. 5.3

(i) Using the peak area of the sample from the table and information from the graph, determine
the concentration of product A in the sample.

Concentration of product A = 0.0304(2.53) = 0.0769 mol dm™
(1]

(if) Suggest what the student can do to ensure high yield of product A from the reaction of
benzyl alcohol with acidified potassium dichromate in (b). Use Le Chatelier’s Principle to
explain your suggestion.

CsHsCH>OH + [O] & C¢HsCHO (product A) + H.O
Carry out immediate distillation of product A.
As product A is being removed, position of equilibrium shifts right to increase the
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(e) Fig. 5.4 shows a Ritter reaction.

The Ritter reaction transforms a nitrile to amide using a strong acid and water as follows.

0
\ strong acid
R———N + OH > R N
/ H,O
H
Fig. 5.4

(i) Side products will be formed from the Ritter reaction if heating was carried out.

Suggest the type of reaction which occurs and draw the structures of two side products
formed.

Type of reaction:

*HaN RCOOH

[3]

(ii) Benzyl alcohol, CeHsCH2OH undergoes Ritter reaction with CH,CHCN as shown in Fig. 5.4.
Draw the structure of the amide formed.

ZT
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(f) Fig. 5.5 shows a possible process in the human body where benzyl alcohol is oxidised to benzoic

acid, conjugated with amino acid, glycine in the liver, and excreted as benzoylaminoethanoic
acid, as shown.

0]
OH
HO O OH o NH
Step 1 Step 2
_— _—
glycine
benzyl alcohol benzoic acid benzoylaminoethanoic acid
Fig 5.5

(i) Write an equation for the oxidation of benzyl alcohol to form benzoic acid. Use [O] to
represent the formula of the oxidising agent.

CeHsCH>OH + 2[0] - CgH5COOH + H,O

[1]
(i) What type of reaction takes place in step 27
Condensation/Nucleophilic substitution
[1]
(iii) Draw the displayed formula of a tripeptide consisting of glycine only.
H
NEEEEEE
H N C|) Cc T C|3 C T (|3 C @] H
H H H H H
(1]
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(iv) Benzoylaminoethanoic acid can be reduced by LiAlH4 in dry ether at room temperature and
hydrogen gas with nickel catalyst under high heat and pressure. The organic products
formed in the two reactions are different. Compound B has a molecular mass of 151 and
compound C has a molecular mass of 185.

Deduce the structures of B and C.

compound B compound C

(2]
The synthesis of glycine in the liver is catalysed specifically by glycine synthase enzyme.

(v) Describe,with the aid of a sketch how the rate of synthesis of glycine is affected by the
concentration of the substrate.

rate

A

Region
A

Region
B

» [substrate]

At low [substrate], the active sites are not filled and rate = k [substrate]; i.e. rate is

proportional to [substrate] and the reaction is first order wrt [substrate] (region A).

At high [substrate], increasing its concentration has no effect at all on the rate of reaction;

as all the active sites are occupied. i.e. reaction is zero order with respect to [substrate]

(region B).
(3]
[Total: 23]
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(a)

2
Section A (60 marks)

Answer all the questions in this section on the writing papers provided.

A student designed an ion-specific probe to determine the concentration of H* ions in
solution. He connected a hydrogen electrode to a calomel reference electrode, which
comprises a paste of mercury(l) chloride, Hg-Cl», and mercury in a saturated chloride
electrolyte. The reference electrode is inserted into a glass tube with a porous base.

(v)
measuring electrode U reference electrode
1 bar, Ha(g) —»| |
Pt wire
_ _//paste of Hg2Clz in Hg
test solution of turated CI- electrolvt
- Pt (?Ie_zctrod I | unknown pH _sa urate . electrolyte
coated with finely divided Pt glass tube with porous base

The hydrogen electrode, which is sensitive to H* ion concentration, is the measuring
electrode. Therefore, this galvanic cell acts as a pH meter.

When both electrodes are in contact with the test solution, an electric current flows
through the wire and mercury(l) chloride reacts to form liquid mercury and chloride ion
at the reference electrode.

Under standard conditions, the E®¢ of the pH meter is +0.28 V.

(i) Suggest the use of the glass tube with a porous base in this experimental set-up.

[1]

(if) Identify the half-cell containing the anode.

[1]

(ifi) Construct the half equation for the reaction occurring at the reference electrode.

[1]

(iv) Hence write an overall balanced equation for the pH meter.

[1]

(v) Determine the AG® of this reaction and state the units.

[2]

(vi) Explain why the cell potential would increase when the pH meter is placed in a
solution of a higher pH.

[1]
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(b)

(c)

3

The student used his probe in (a) to analyse a sample of mandelic acid, a bitter almond
extract that is used as an antibacterial treatment.

The student obtained a cell potential reading, Ecen, of +0.41 V.

The Nernst equation can be used to calculate the concentration of H* ions detected by
the probe:

+12 -12
- 0'0:92|ogm£[“ F[CI] ]

cell cell P
H,

where n is the number of moles of electrons transferred in the overall reaction,
[H*] is the concentration of hydrogen ions detected,

[CI7] is the concentration of Cl~ ions,

Py, is the pressure, in bar, of hydrogen gas passed into the probe.

Assuming that the concentration of Cl~ is constant at 1 mol dm™, use the Nernst
equation to calculate the concentration of H* ions in the solution and the pH of the
solution.

(2]

A current is passed through three cells connected in series as shown below.

Cell 1 Cell 2 Cell 3

Cell 1 contains lead electrodes, A, B and electrolyte Pb(NO3)2(aq).

Cell 2 contains platinum electrodes, C, D and electrolyte NaBr(aq).

Cell 3 contains platinum electrodes, E, F and electrolyte containing MnClx(aq).

(i) On closing the switch, write equations, including state symbols, for the reactions

occurring at electrodes A and D.
[2]

(i) A current of 0.36 A was passed through the circuit for 30 minutes. 0.183 g of
manganese was deposited in Cell 3. Determine the value of x in MnCl.
[3]
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(d)

4

Identify the structures of compounds A, B, C and D and suggest the reagents and

conditions for each numbered steps I, |1 and |11 where possible.
(i) CN

° | I i

O:< — > A(CH,0,) — HOOC —CH,—C—COOH
o)
[3]
(ii)
B (C,H,,) _ % clomey M o
r
127 inert solvent ( e 2) ethanol, heat

only 1 product formed

[2]

(iii) el o
COOH  excess I H
HooC . .
NH D O COOH
(@) 3
(2]

[Total: 21]
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(a)

(b)

5

Ethiopia is severely impacted by inadequate safe drinking water, where halogen
contaminants such as chloride in drinking water, are the root cause of many common
ailments such as low immunity and hypertension.

The Mohr’s method is used to determine the chloride ion concentration of water samples
from various sources such as seawater and stream.

A researcher retrieved a water sample from a stream and carried out Mohr’'s method,
where the chloride ions present in the water sample is titrated against aqueous silver
nitrate solution. As the aqueous silver nitrate is slowly added, a sparingly soluble white
precipitate is formed. The indicator used in the titration is aqueous potassium
chromate(VI), K.CrO4. The end-point of the titration is reached when any excess silver
nitrate added results in the formation of a red-brown precipitate of Ag2CrOa..

The following are relevant K, values at 298 K:

silver salt solubility product, Ksp
AgCl 2.00 x 10710
AQ2CrO4 1.10 x10%?

(i) Determine the concentration of Cl-(aq) ions at the end-point of the titration.

[1]

(i) Explain, with the aid of relevant equations, what would be observed if excess
agueous ammonia is added to the reaction mixture containing the white
precipitate.

[2]

(iii) Determine the minimum concentration of CrO,%(aq) ions in the titration mixture
that is required to precipitate Ag.CrO4 immediately after the end-point.
[2]

Oxygen gas, Oy, reacts with various period 3 elements to produce compounds for
numerous uses. For example, aluminium oxide, Al,Os, is often used as a refractory
material.

Element X forms a white oxide that is soluble in cold water. Its chloride dissolves in
water to give a neutral solution.

Element Y forms an oxide which has the shape of trigonal planar around the central
atom.

1 mole of the oxide of element X is added to an aqueous solution containing the same
amount of the oxide of element Y to form a neutral solution.

Given that X and Y are period 3 elements, identify element X and the oxide of element
Y. Give an equation to show the formation of the neutral solution.

[2]
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(c)

6

Reduction of ozone, O3, produces the ozonide anion, Oz™. Derivatives of this anion are
explosive and must be stored at very low temperatures.

Potassium hydroxide reacts with ozone to produce the corresponding metal ozonide,
oxygen gas and water.

(i) Suggest an equation for the reaction between potassium hydroxide and ozone.

[1]

(if) Draw a dot-and-cross diagram for ozone. Using VSEPR theory, explain the shape
and bond angle of ozone.
[3]

(iii)  All the O-O bonds in ozone are found to have identical bond lengths.

Suggest an explanation for this observation.

[1]
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(d)

7

Hydrogen reacts with nitrogen monoxide to give nitrogen and steam as shown.

2Ha(9) + 2NO(g) — N2(9) + 2H:0(g)

In order to determine the rate equation for this reaction, an investigation was carried out
at a constant temperature and with the same concentration of NO for each experiment.
The following results were obtained.

experiment | initial [Hz] / mol dm= | initial rate of production of N> / mol dm=3 st

1 1x10°3 3x103
2 2x10°3 6 x 103
3 3x103 9x103

(i)

(ii)

(iii)

(iv)

(v)

Using the above data, deduce the order of reaction with respect to [H2]. Hence
sketch a graph of initial rate against [H2].
[2]

The concentration of NO was halved and a new series of experiments were carried
out at the same temperature. When a similar graph was plotted, the magnitude of
the gradient decreases by 4 times compared to that obtained from the graph in

(d)(i).

Deduce the order of reaction with respect to [NO].

[1]

Hence write the rate equation for the reaction between H> and NO. Include the
units for the rate constant.

[1]

The following mechanism was proposed for the reaction of hydrogen with nitrogen
monoxide.

step1: 2NO = N0
step2: N2O2 + H; - NO + HO
step3: NO + H, —» N2 + HO

Identify the slow step which is consistent with the rate equation in (d)(iii).

[1]

Assuming that the reaction in (d) is exothermic, sketch a labelled energy profile
diagram for the proposed mechanism in (d)(iv). Indicate clearly the activation
energy for each step.

[3]

[Total: 20]
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(a)

(b)
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The protein, somatostatin has been used mainly for its anti-secretory effects in
gastrointestinal disorders. Recently, its effects in the treatment of cancer have also been
reported.

(i) Complete hydrolysis of a protein produces individual amino acids, but partial
hydrolysis can break the protein down into dipeptide or tripeptide fragments.

State the reagents and conditions for the hydrolysis of a somatostatin molecule.

[1]

(i) A somatostatin polypeptide, containing fourteen amino acids, produced the
following fragments on hydrolysis.

Ser- Cys

Phe — Trp — Lys
Cys —Lys — Asn
Ala — Gly — Cys
Asn — Phe — Phe
Lys — Thr — Phe
Phe — Thr — Ser

Using the same 3-letter abbreviations as above, deduce the amino acid sequence
of the polypeptide.
[2]

(ifi) The complete hydrolysis of somatostatin is found to occur spontaneously at high
temperature.

Suggest an explanation for this observation, taking into account the
thermodynamic considerations of the reaction.
[2]

Organophosphates, like carbon monoxide, are toxic to humans. When ingested,
organophosphates inhibit the enzyme acetylcholinesterase, resulting in neuro
poisoning. Carbon monoxide, on the other hand, inhibits the protein haemoglobin.

One possible treatment of neuro poisoning includes the use of a solution containing
carbamates, with the general formula ROCONR. The carbamate administered can
stabilise the enzyme by forming an enzyme—carbamate complex, which stops the
organophosphates from binding to the enzyme’s active site.

Explain, in terms of ligand strength and the type of reaction occurring, why carbamate
can be used to treat neuro poisoning.
[2]
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(c) Glutamic acid is used as a flavour enhancer and is responsible for umami, one of the
five basic tastes of human sense of taste. It has the structure of

|
H,N—C—COOH
CH,CH,COOH

The pKa values and titration curve of 1 mole of the protonated form of glutamic acid are

as shown.
pKal = 2.10
pKa2 = 4.07
pKa3 =9.47
pH F 3
C
B
A
| | | .
| | | "
1.0 2.0 3.0 Amount of OH~ added / mol

(i)  Suggest the structures of A, B and C.
[2]

(ii) State the pH of the resultant solution when 1.5 moles of OH" is added to the
protonated glutamic acid.

[1]
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(d) In the Koch reaction, carboxylic acids are formed from the acid catalysed reaction
between alkenes and carbon monoxide.

R OH

R H* CO R
/\7;%2 - s
-H,0

R HaC o)

R = alkyl group

(i)

(ii)

Compound A has molecular formula CgH100. It undergoes the Koch reaction to
produce compound B.

Compound A also decolourises aqueous bromine to produce a white precipitate.
When reacted with sodium metal, it produces a gas that extinguishes a lighted
splint. It also reacts with acidified potassium manganate (VI1), KMnOy, to produce
compound C, CsHgO,. When treated with alkaline iodine, compound C produces a
yellow precipitate. No precipitate was observed when Tollens’ reagent was added
to compound C.

Suggest the structures of compounds A, B and C. Explain all the reactions
involved.
[6]

Carboxylic acids, D and E could be formed using the Koch reaction.

CH3 //() C|:H2CH3 O
/
HsC—C—C HsC—C——C
\ \
CH3 OH CH2CH3 OH
carboxylic acid D carboxylic acid E

Carboxylic acid D has a lower pKa value than carboxylic acid E. Explain the
difference in their pKa values.
[3]

[Total: 19]
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1
Section B (20 marks)

Answer one question from this section on the writing papers provided.

Organic molecules such as ethyne, C;H>, and ethylenediamine can function as ligands to
transition metal ions.

(a)

(b)

—_— /\/NHE
HC==CH HN

ethyne ethylenediamine

A blue complex salt A has the molecular formula NiNsH17OCl> (M, = 232.7).
1.00 g of A reacts completely with 25.00 cm? of 0.344 mol dm~3 silver nitrate solution.

When excess ethylenediamine was added to the blue solid A, a violet solution
containing complex B was produced. A and B have the same coordination number.

(i) Calculate the amount of free chloride ions per mole of A.
[1]
(if)  State the full electronic configuration of the nickel ion. Draw fully-labelled diagrams

of the orbitals which experience the greatest repulsion between the d electrons
and the lone pair of electrons on the ligands.
[2]

(iii) With reference to your answer in (a)(i) and (a)(ii), draw a three dimensional
diagram to illustrate the shape of the complex ion in A.
[1]

(iv) Suggest a possible formula of the complex ion in B.

[1]

State the hybridisation of the carbon atoms present in ethyne. Hence, in terms of orbital
overlap, justify why ethyne can function as a ligand.

HC=——=CH

ethyne
[3]
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(c) Alkynes are reduced to alkenes, using the Lindlar’s catalyst, which are finely divided
palladium metal precipitated onto a calcium carbonate support.

An example is in the synthesis of 7-cis-retinol.

HOHLC

/k/\/l\/ g g
. NN ‘

—

AN

Lindlar’'s catalyst ‘

7-cis-retinol

(i) State the number of cis-trans isomers present in a molecule of 7-cis-retinol.

[1]

(if) Describe the mode of action by the Lindlar’s catalyst.

[3]

(d) Alkyne can also undergo hydration to form an enol which rapidly rearranges itself into a
ketone. Such a rearrangement is known as ketone tautomerisation. An example is that
of 2,4-pentanedione.

H
o~ o o] 0
| _— J'\ Keq = 0315
/L‘“\x/l\
enol ketone

Using the data given, deduce if the tautomerisation reaction is spontaneous.

[2]
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(e) Carbonyl compounds, like 2,4-pentanedione contains acidic o hydrogen atoms.

Esters, like ketones and aldehydes, can also contain acidic o hydrogen atoms. When
deprotonated by a suitable base, a carbonyl condensation reaction can occur.

An example is the formation of ethyl acetoacetate from ethyl ethanoate.
(Et : —CH2CH3)

I

(0] (0] + -

+ 1. Na™ "OEt, ethanol c C
/|c,l\ u 2 HO" > H30/ \C/ \OEt
HaC OBt He | ot o ° H/ \H

ethyl ethanoate ethyl acetoacetate

Part of the mechanism is described as follows:

Step 1:
A base, ethoxide ion ("OEt), abstracts an acidic alpha hydrogen atom from the ethyl
ethanoate molecule, yielding a RCHz™ nucleophile.

Step 2:
The resultant RCH,™ nucleophile adds to a second ester molecule, giving a tetrahedral
alkoxide intermediate:

O

C
H3C// e g
o/ \
H H

O—0

Et

Step 3:
The tetrahedral intermediate expels the ethoxide ion to yield the new carbonyl
compound, ethyl acetoacetate.

(i) Suggest the role of ethanol.

[1]

(i) Suggest, with a reason, why the alpha hydrogen of the ester, ethyl ethanoate in
Step 1 is acidic.
[1]
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(ifi) Using the information given, suggest the mechanism for the reaction. Show
relevant lone pairs, dipoles and charges, and indicate the movement of electron

pairs with curly arrows.
[3]

(iv) Compound X can be synthesised from diethyl heptanedioate via the carbonyl
condensation reaction.

E10. o~ N N _UEl 1.Na*~OEt, ethanol
N N N X + EtO:r-
ﬂ 2. H3O*

diethyl heptanedioate

Suggest the structure of compound X.

[1]

[Total: 20]

9729 /YJC /2018 /JC2 Preliminary Examination / Paper 3



15

(@) The following shows a series of reactions involving titanium compounds.

conc HCI

Ticl, —— [TiCle]> —— [Ti(H20)e]** ——» [TiCle*"

(i)

(ii)

(iii)

(iv)

colourless I violet orange
solution solution solution

Suggest the type of reaction for || and I 11.

[2]

Explain why a solution of [TiClg]?" is colourless while that of [TiClg]*™ is orange.

[2]

White light contains all the colours in the visible spectrum, and each of these
colours is associated with a certain wavelength A. The figure below shows a colour
wheel with approximate wavelength values in nanometres for different colour light.

The formula relating energy gap between d orbitals, AE and wavelength A is given
as AE = % where h is the Planck’s constant and c is the speed of light. As
wavelength decreases, the energy gap increases.

750 nm 400 nm

Violet

630 nm.- 430 nm

Blue

590 nm’ 7 480 nim

Yellow =" (ireen

560 nm
Using the information given and those in (a), deduce whether [Ti(H.O)s]** or

[TiClg]* has a bigger energy gap between the d orbitals.
[1]

Explain why titanium forms complexes with different oxidation states while calcium
is unable to do so.

[1]
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Organotitanium compounds such as CHsTiCls can function as nucleophiles. The methyl
group, CHs, acts as a nucleophile.

The reduction reaction of an ester, methyl propanoate, C;HsCOOCH; with CH3TiCls,
followed by acidification produces a tertiary alcohol, C,HsC(CH3).OH, as shown.

C2HsCOOCH3z + 2CH3TiCls — C;HsC(CHs).OH
(i) The mechanism is proposed as follows.

Step 1:
The nucleophile CH3™ from CHsTiCls adds to the carbonyl carbon of the ester to
form a tetrahedral alkoxide intermediate.

Step 2:
A ketone and a methoxide ion, CHsO~ are produced from the alkoxide
intermediate.

Step 3:
Another CHs™ from CH3TiCl; adds to the carbonyl carbon of the ketone to form
another tetrahedral alkoxide intermediate.

Step 4:
Protonation of the alkoxide intermediate forms the product C,HsC(CH3).OH.

Using the information given, suggest the mechanism for the reaction. Show
relevant lone pairs, dipoles and charges, and indicate the movement of electron
pairs with curly arrows.

[4]

(ii) Amides can also be reduced by organotitanium compounds to form the
corresponding alcohol and amine. However, this reaction occurs at a slower rate
as compared to that of an ester.

Suggest an explanation for this observation.

[1]

(ifi) Suggest a simple chemical test to distinguish between C,HsCOOCH; and
C2HsC(CH3)20H.
[2]
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(c) The following amino acids are some of the amino acids present in the primary sequence
of haemoglobin.

amino acid formula of side chain isoelectric point
(R in R'CH(NH2)CO.H)
valine -CH(CHs): 6.00
glutamic acid -CH,CH,COOH 3.15
asparagine -CH2CONH;> 5.41

At an intermediate pH, called the isoelectric point (pl), the amino acids will be
zwitterionic and have no net charge.

An electrophoresis experiment is run on a solution containing the above three amino
acids at pH 5.00. The relative positions of the amino acids are shown in the diagram
below.

The rate at which the amino acids move through the gel is inversely proportional to its
mass.

Anode ; Cathode

Original position of sample

Identify the structures A, B and C. Hence, explain the position of B relative to C.

[2]
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(d) Soy beans, and especially the dofu made from them, are a good source of dietary
isoflavenoids, which are claimed to help in the prevention of some cancers. The major
isoflavenoid in soy is diadzein.

diazein

When diadzein is treated with H, and Ni, compound D, Ci5H1404, is formed. One mole
of compound D reacts with three moles of sodium metal. D also dissolves in NaOH(aq).
D reacts with acidified K-Cr.O7 to give compound E, Ci5H1204, which gives an orange
precipitate with 2,4-dinitrophenylhydrazine reagent.

Suggest a structural formula for D and for E, identifying any chiral carbon atoms. Explain
the reactions which occur.

[5]

[Total: 20]

END OF PAPER
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Section A (60 marks)

Answer all the questions in this section on the writing papers provided.

A student designed an ion-specific probe to determine the concentration of H* ions in
solution. He connected a hydrogen electrode to a calomel reference electrode, which
comprises a paste of mercury(l) chloride, Hg-Cl», and mercury in a saturated chloride
electrolyte. The reference electrode is inserted into a glass tube with a porous base.

(V)
measuring electrode v reference electrode
1 bar, Ha(g) —»| |
Pt wire
_ |_L-paste of Hg2Cl in Hg
test solution of turated CI- electrolvt
o Pt (?Ie_:ctrod I | unknown pH _sa urate _ electrolyte
coated with finely divided Pt glass tube with porous base

The hydrogen electrode, which is sensitive to H* ion concentration, is the measuring
electrode. Therefore, this galvanic cell acts as a pH meter.

When both electrodes are in contact with the test solution, an electric current flows
through the wire and mercury(l) chloride reacts to form liquid mercury and chloride ion
at the reference electrode.

Under standard conditions, the E®¢ of the pH meter is +0.28 V.

(i)  Suggest the use of the glass tube with a porous base in this experimental set-up.

[1]

| To act as a salt bridge. |

(ii)  Identify the half-cell containing the anode.

[1]

The half-cell with the hydrogen electrode contains the anode.

In the half-cell containing the calomel reference electrode, Hg* undergoes
reduction to form Hg. Hence it contains the cathode.

(iii) Construct the half equation for the reaction occurring at the reference electrode.

[1]

| HgzCla(s) + 2e — 2Hg(l) + 2Cl-(aq) \

(iv) Hence write an overall balanced equation for the pH meter.

[1]

| Hg2Cla(s) + Ha(g) — 2Hg(l) + 2CI-(ag) + 2H" (aq) |
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(v) Determine the AG® of this reaction and state the units.

[2]

AG® = —nFES
AG = —(2)(96500)(+0.28) = ~54000 J mol* or —54.0 kJ mol:

(vi) Explain why the cell potential would increase when the pH meter is placed in a
solution of a higher pH.
[1]

At a higher pH, there is lower [H],

e equilibrium position in 2H* (aq) + 2e = Hx(g) shifts to the left (OR egm shifts
to favour oxidation of H,) and thus

e E(H*/H.) becomes (more) negative.

Thus Ec.i becomes more positive.

The student used his probe in (a) to analyse a sample of mandelic acid, a bitter almond
extract that is used as an antibacterial treatment.

The student obtained a cell potential reading, Ecen, of +0.41 V.

The Nernst equation can be used to calculate the concentration of H* ions detected by
the probe:
o 0.0592 HJ’[CI' T
e L
n

cell — =cell —
HZ

where n is the number of moles of electrons transferred in the overall reaction,
[H*] is the concentration of hydrogen ions detected,

[CI7] is the concentration of Cl~ ions,

Py, is the pressure, in bar, of hydrogen gas passed into the probe.

Assuming that the concentration of Cl~ is constant at 1 mol dm=, use the Nernst
equation to calculate the concentration of H* ions in the solution and the pH of the
solution.

[2]

+12 -12
E_g° —0'0592Iog[[H [CI7] ]
n P

H2

0.41=0.28-

0.0;392 log <[H+]2 )

0.41=0.28- 0.0592

x 2log[H"]

013
0.0592

[H*] = 6.37 x 102 mol dm™3

pH = -log(6.37 x 10%) = 2.20

log[H"] =
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A current is passed through three cells connected in series as shown below.

Cell 1 Cell 2 Cell 3

Cell 1 contains lead electrodes, A, B and electrolyte Pb(NOs)2(aq).

Cell 2 contains platinum electrodes, C, D and electrolyte NaBr(aq).

Cell 3 contains platinum electrodes, E, F and electrolyte containing MnClx(aq).

(i)

(i)

On closing the switch, write equations, including state symbols, for the reactions
occurring at electrodes A and D.
[2]

A: Pb(s) — Pb?'(aq) + 2e

D: 2H.0(l) + 2e — Ha(g) + 20H(aq)

A current of 0.36 A was passed through the circuit for 30 minutes. 0.183 g of
manganese was deposited in Cell 3. Determine the value of x in MnCl.

[3]

Q =0.36 x 30 x 60 = 648C

Amount of electrons transferred = 648/96500 = 0.0067150 mol
Amount of Mn deposited = 0.183/54.9 = 0.0033333 mol

Mn** + xe — Mn

n,  0.0067150
Nyn  0.0033333

X=2
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(d) Identify the structures of compounds A, B, C and D and suggest the reagents and
conditions for each numbered steps I, |1 and |11 where possible.

(i)

CN
° | I i
o:< —— A(C,H,O0,) — > HOOC —CH,—C—COOCH
o

[3]

I: aqueous H,SO4, heat

[1: KMnOs (or K2Cr.07), aqueous H,SO4, heat

A: HOCH,CH,CHOH(COOH)

(i)
B (C.H,.) ot C(C.H,B NaoH o
—_— r —_—
127 inert solvent (C7H,.Br) ethanol, heat

only 1 product formed

[2]

CHj

B:

Br: : _CH3
C: Br

(iii)

3

cl
Ho0C WCOOH excess "I H i
(2]

2

NH
COOH
HOOC
D: o

['11: anhydrous PCls (limited)

[Total: 21]
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Ethiopia is severely impacted by inadequate safe drinking water, where halogen
contaminants such as chloride in drinking water, are the root cause of many common
ailments such as low immunity and hypertension.

The Mohr’s method is used to determine the chloride ion concentration of water samples
from various sources such as seawater and stream.

A researcher retrieved a water sample from a stream and carried out Mohr’'s method,
where the chloride ions present in the water sample is titrated against aqueous silver
nitrate solution. As the aqueous silver nitrate is slowly added, a sparingly soluble white
precipitate is formed. The indicator used in the titration is aqueous potassium
chromate(VI), K.CrO4. The end-point of the titration is reached when any excess silver
nitrate added results in the formation of a red-brown precipitate of Ag2CrOa..

The following are relevant K, values at 298 K:

silver salt solubility product, Ksp
AgCl 2.00 x 10710
AQ2CrO4 1.10 x10%?

(i)  Determine the concentration of Cl~(aq) ions at the end-point of the titration.

[1]

At the end point, all the CI~ in the solution would be precipitated out as AgCl.

Let x be the solubility of AgCI.
Ksp = [AG7][CI "]

2.00 x 1010 = x?

X =1.41 x10° mol dm-3

(ii) Explain, with the aid of relevant equations, what would be observed if excess
agueous ammonia is added to the reaction mixture containing the white
precipitate.

[2]

Ag*(aq) + Cl™(aq) = AgCI(s) ------ 1)
Ag*(aq) + 2NHs(aq) = Ag(NHs)2*(aq)
For AgCl, when ammonia is added, formation of soluble complex Ag(NHs).*

lowers the concentration of Ag* and causes position of equilibrium (1) to shift to
the left. The ionic product [Ag*][Cl] < Ksp value and hence AgCI dissolves.

(iii) Determine the minimum concentration of CrO.?(aq) ions in the titration mixture
that is required to precipitate Ag.CrO4 immediately after the end-point.

[2]

Ksp = [Ag'T[CrO?]

For precipitation of Ag2CrO4 just after end-point, ionic product = Ksp
(1.41 x 10°)? [CrO4?] =1.10 x 10*?
[CrO4%] =5.53 x 10 mol dm3
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Oxygen gas, O, reacts with various period 3 elements to produce compounds for
numerous uses. For example, aluminium oxide, Al,Os, is often used as a refractory
material.

Element X forms a white oxide that is soluble in cold water. Its chloride dissolves in
water to give a neutral solution.

Element Y forms an oxide which has the shape of trigonal planar around the central
atom.

1 mole of the oxide of element X is added to an aqueous solution containing the same
amount of the oxide of element Y to form a neutral solution.

Given that X and Y are period 3 elements, identify element X and the oxide of element
Y. Give an equation to show the formation of the neutral solution.

[2]

X: Na Oxide of Y: SO3

H.SO; + Na,O — Na,S0O, + 2H,0

Reduction of ozone, O3, produces the ozonide anion, Oz™. Derivatives of this anion are
explosive and must be stored at very low temperatures.

Potassium hydroxide reacts with ozone to produce the corresponding metal ozonide,
oxygen gas and water.

(i)  Suggest an equation for the reaction between potassium hydroxide and ozone.

[1]

4KOH + 403 — 4KO3z + O, + 2H,0

Other balanced equations are also acceptable.

(i) Draw a dot-and-cross diagram for ozone. Using VSEPR theory, explain the shape
and bond angle of ozone.
[3]

' KX (Y}

30 50 »03

There is 1 lone pair and 2 bond pairs of electrons on the central atom. Electron
pairs are arranged as far apart as possible to minimize repulsion Hence it adopts
a bent shape.

Repulsion between lone pair-bond pair electrons is greater than the bond pair-
bond pair electrons. Hence the bond angle is 117° (or 118°).
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(iii)  All the O-O bonds in ozone are found to have identical bond lengths.

Suggest an explanation for this observation.

[1]

The pi electrons are delocalised over the 3 electronegative oxygen atoms.

(Any other phrasing related to resonance is acceptable.)

(d) Hydrogen reacts with nitrogen monoxide to give nitrogen and steam as shown.
2Ha(9) + 2NO(g) — N2(9) + 2H:0(g)
In order to determine the rate equation for this reaction, an investigation was carried out

at a constant temperature and with the same concentration of NO for each experiment.
The following results were obtained.

experiment | initial [Hz] / mol dm= | initial rate of production of N> / mol dm=3 st

1 1x10°3 3x103
2 2x10°3 6x 103
3 3x103 9x103

(i)  Using the above data, deduce the order of reaction with respect to [H2]. Hence
sketch a graph of initial rate against [H2].
[2]

Let the rate equation be rate = k [Hz]* [NO}Y

Comparing experiment 1 and 2,

1x107% 3 x 1073
(2 X 10—3) B (6 X 10—3)
x=1

initial rate 4

[He]
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(V)
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The concentration of NO was halved and a new series of experiments were carried
out at the same temperature. When a similar graph was plotted, the magnitude of
the gradient decreases by 4 times compared to that obtained from the graph in

(d)(@).

Deduce the order of reaction with respect to [NO].

[1]

When [NO] decreases by 2 times, rate decreases by 4 times.

Hence order of reaction wrt [NO]J is 2.

Hence write the rate equation for the reaction between H, and NO. Include the
units for the rate constant.

[1]

rate = k [NOJ? [Hz]

units of k = mol2 dmé s

The following mechanism was proposed for the reaction of hydrogen with nitrogen
monoxide.

step1: 2NO = N0,
step 2. NO, + H» - NO + H>O
step3: N2O + H, —» N2 + HO

Identify the slow step which is consistent with the rate equation in (d)(iii).

[1]

| The second step is the slow step.

Assuming that the reaction in (d) is exothermic, sketch a labelled energy profile
diagram for the proposed mechanism in (d)(iv). Indicate clearly the activation
energy for each step.

[3]

A

Enthalpy

AH=-ve N> + 2H,0

[
>

Reaction pathway
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NN NENAN

Axes correctly labelled

3 humps

Ea(2) highest hump

AH correctly shown

All correct reactants, intermediates and products

(@)

[Total: 20]

The protein, somatostatin has been used mainly for its anti-secretory effects in
gastrointestinal disorders. Recently, its effects in the treatment of cancer have also been
reported.

(i)

Complete hydrolysis of a protein produces individual amino acids, but partial
hydrolysis can break the protein down into dipeptide or tripeptide fragments.

State the reagents and conditions for the hydrolysis of a somatostatin molecule.

[1]

aqueous H>SO, (or NaOH), heat under reflux

(i)

A somatostatin polypeptide, containing fourteen amino acids, produced the
following fragments on hydrolysis.

Ser- Cys

Phe — Trp — Lys
Cys — Lys — Asn
Ala — Gly — Cys
Asn — Phe — Phe
Lys — Thr — Phe
Phe — Thr — Ser

Using the same 3-letter abbreviations as above, deduce the amino acid sequence
of the polypeptide.

[2]

Ala- Gly —Cys
Cys — Lys — Asn
Asn — Phe — Phe
Phe — Trp — Lys
Lys — Thr — Phe
Phe — Thr — Ser
Ser — Cys

Ala — Gly — Cys — Lys — Asn — Phe — Phe — Trp — Lys — Thr — Phe — Thr — Ser — Cys

9729 /YJC /2018 /JC2 Preliminary Examination / Paper 3 / Suggested Solutions




(b)

(c)

11

(iii) The complete hydrolysis of somatostatin is found to occur spontaneously at high
temperature.

Suggest an explanation for this observation, taking into account the
thermodynamic considerations of the reaction.
[2]

e Both AS and AH are positive
e Athigher T, AG <0 as |TAS| > |AH|

Organophosphates, like carbon monoxide, are toxic to humans. When ingested,
organophosphates inhibit the enzyme acetylcholinesterase, resulting in nheuro
poisoning. Carbon monoxide, on the other hand, inhibits the protein haemoglobin.

One possible treatment of neuro poisoning includes the use of a solution containing
carbamates, with the general formula ROCONR;. The carbamate administered can
stabilise the enzyme by forming an enzyme-carbamate complex, which stops the
organophosphates from binding to the enzyme’s active site.

Explain, in terms of ligand strength and the type of reaction occurring, why carbamate
can be used to treat neuro poisoning.
[2]

e Carbamate is a stronger ligand than organophosphate.

e |t undergoes ligand exchange reaction and binds more strongly via dative bond to
the enzyme to form a more stable complex.

e Hence, it stops the organophosphates from binding to the enzyme’s active site.

Glutamic acid is used as a flavour enhancer and is responsible for umami, one of the
five basic tastes of human sense of taste. It has the structure of

|
H,N—C—COOH
CH,CH,COOH

The pKa values and titration curve of 1 mole of the protonated form of glutamic acid are
as shown.

pKal = 2.10
pK.2 = 4.07
pKa3 = 9.47
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>
[ [ ! "

1.0 2.0 3.0 Amount of OH- added / mol

Suggest the structures of A, B and C.
[2]

H
o | ]
HsN—C—CO00
A CH,CH,COOH

H
o )
HsN—C—COO
B CH,CH,COO"
H

H,N—C—COO
C: CH,CH,COO

State the pH of the resultant solution when 1.5 moles of OH™ is added to the
protonated glutamic acid.
[1]

Equimolar quantities of A and B are present.

pH = pKa2 = 4.07
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In the Koch reaction, carboxylic acids are formed from the acid catalysed reaction
between alkenes and carbon monoxide.

R OH
R H*, CO R
/\7;%2 _ >
R -H,0 HsC o)
R = alkyl group
(i) Compound A has molecular formula CgH100. It undergoes the Koch reaction to

produce compound B.

Compound A also decolourises agueous bromine to produce a white precipitate.
When reacted with sodium metal, it produces a gas that extinguishes a lighted
splint. It also reacts with acidified potassium manganate (VII), KMnOs, to produce
compound C, CgHgO, When treated with alkaline iodine, compound C produces a
yellow precipitate. No precipitate was observed when Tollens’ reagent was added
to compound C.

Suggest the structures of compounds A, B and C. Explain all the reactions
involved.

[6]

AN

High C:H ratio — suggest the presence of an aromatic ring

Compound A undergoes Koch reaction — suggest presence of a —C=C- in
compound A and a carboxylic acid functional group in compound B
Compound A undergoes electrophilic substitution with agueous bromine to
produce a white precipitate — suggest the presence of phenol functional group
Compound A undergoes electrophilic addition with aqueous bromine which
gets decolourised — suggest the presence of —-C=C- functional group
Compound A undergoes redox reaction with Na(s) to produce hydrogen gas
— suggest presence of phenol functional group

Compound A undergoes oxidation with acidified KMnO4 — suggest presence
of an alkene

Compound C undergoes oxidation with alkaline iodine — suggest presence
of —=CH3CO group

Compound C does not undergo oxidation with Tollens’ reagent — absence
of aldehyde FG /presence of a ketone functional group

OH
OH OH

OH
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Carboxylic acids, D and E could be formed using the Koch reaction.

(|3H3 //0 C|3H2CH3 0
//
HyC—C—C Hy,C—C———C
L. “oH \
CHs CH,CH5 OH
carboxylic acid D carboxylic acid E

Carboxylic acid D has a lower pKa value than carboxylic acid E. Explain the
difference in their pKa values.

[3]

Carboxylic acid E has a bigger alkyl group which is a stronger electron
donating group

which intensifies the negative charge of the conjugate base to a greater extent
and destabilises it

Carboxylic acid E dissociates to a less extent and produces less H* ions

[Total: 19]

Section B (20 marks)

Answer one question from this section on the writing paper provided.

Organic molecules such as ethyne, C;H,, and ethylenediamine can function as ligands to
transition metal ions.

(@)

—_— /\//NHE

ethyne ethylenediamine

A blue complex salt A has the molecular formula NiNsH17OCl, (M, = 232.7).

1.00 g of A reacts completely with 25.00 cm? of 0.344 mol dm~3 silver nitrate solution.

When excess ethylenediamine was added to the blue solid A, a violet solution
containing complex B was produced. A and B have the same coordination number.

(i)

Calculate the amount of free chloride ions per mole of A.

[1]

Amount of A = L

232.7
=4.2974 x 103 mol

Amount of Ag* = %ﬁo x 0.344

=8.60 x 103 mol
= Amount of free CI~
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(iii)

(iv)
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Amount of A 4.2974x 1073

Amount of CI=  8.60 x 1073
1

~
=~

2
Hence, 1 mol of A contains 2 mol of free chloride ions.

State the full electronic configuration of the nickel ion. Draw fully-labelled diagrams
of the orbitals which experience the greatest repulsion between the d electrons
and the lone pair of electrons on the ligands.

[2]

Ni?* = 1522522p®3s23p63d?

With reference to your answer in (a)(i) and (a)(ii), draw a three dimensional
diagram to illustrate the shape of the complex ion in A.
[1]

_ - 2+
OH,

H3N///"'Ni"‘\\\NH3

HN" | NH,

NH;

Suggest a possible formula of the complex ion in B.

[1]

Any of the following :

*  [Ni(NH2CH2CH2NH2)(NH3)4]?*
Ni(NH2CH>CH2NH,)(H20)(NH3)3]?*
[Ni((NH2CH2CH2NH2)2(NHs3)2]?
Ni(NH2CH>CH2NH>)2(H20)(NH3)]?*
Ni(NH,CH,CH,NH)3]?*

— — ——

(b) State the hybridisation of the carbon atoms present in ethyne. Hence, in terms of orbital
overlap, justify why ethyne can function as a ligand.

HC=—CH

ethyne
[3]

1.

In ethyne, each of the carbon atom is sp hybridised.
2. The 2 unhybridised p orbital of the two carbon atoms, which is perpendicular to the

plane of sp? hybrid orbitals, overlaps laterally or sideways to form 2 ©t bonds.
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3. The electron density around the © bond is high, which allows ethyne to function as
a ligand (or the pi electrons are not directly involved in holding the 2 carbon nuclei
in place and since they are loosely held by the 2 carbon nuclei, they are available
for reaction).

Alkynes are reduced to alkenes, using the Lindlar’s catalyst, which are finely divided
palladium metal precipitated onto a calcium carbonate support.

An example is in the synthesis of 7-cis-retinol.

HOH,C

w g :
. NN CHIOH H, ‘

— >

A

Lindlar’'s catalyst ‘

7-cis-retinol

(i)  State the number of cis-trans isomers present in a molecule of 7-cis-retinol.

[1]

| 24=16

(i)  Describe the mode of action by the Lindlar’s catalyst.

[3]

v Palladium functions as a heterogeneous catalyst.

v'Availability of partially filled d orbitals in palladium metal allows reactant
molecules to adsorb onto metal surface.

v This weakens the bonds within the reactants.

v' Reactant molecules are also brought closer together, increasing surface
concentration on the catalyst.

v' As such, activation energy is lowered.

v" Once the products are formed, the product molecules are desorbed from the
metal surface.
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(d) Alkyne can also undergo hydration to form an enol which rapidly rearranges itself into a
ketone. Such a rearrangement is known as ketone tautomerisation. An example is that
of 2,4-pentanedione.

H
o~ o o] 0
| —_— J“\ Keq = 0315
/L‘“\x/l\
enol ketone

Using the data given, deduce if the tautomerisation reaction is spontaneous.

[2]

K <1, suggest that position of equilibrium lies to the left.
AG>0, Not spontaneous

(e) Carbonyl compounds, like 2,4-pentanedione contains acidic o hydrogen atoms.

Esters, like ketones and aldehydes, can also contain acidic o hydrogen atoms. When
deprotonated by a suitable base, a carbonyl condensation reaction can occur.

An example is the formation of ethyl acetoacetate from ethyl ethanoate.
(Et . —CHzCH3)

0] (0]
0 (.
|| + 9 1. Na* "OEt, ethanol c c
P C > Ho" HsC C OFEt
HsC OEt H3C/ Nogr TS H/ \H
ethyl ethanoate ethyl acetoacetate

Part of the mechanism is described as follows:

Step 1:
A base, ethoxide ion ("OEt), abstracts an acidic alpha hydrogen atom from the ethyl
ethanoate molecule, yielding a RCH;™ nucleophile.

Step 2:

The resultant RCH,™ nucleophile adds to a second ester molecule, giving a tetrahedral
alkoxide intermediate:
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Step 3:
The tetrahedral intermediate expels the ethoxide ion to yield the new carbonyl
compound, ethyl acetoacetate.

(i)  Suggest the role of ethanol.
[1]

| Organic solvent

(i)  Suggest, with a reason, why the alpha hydrogen of the ester, ethyl ethanoate in
Step 1 is acidic.
[1]

The conjugate base produced is stabilised by the electron withdrawing ester
functional group (or by resonance)

(iii) Using the information given, suggest the mechanism for the reaction. Show
relevant lone pairs, dipoles and charges, and indicate the movement of electron
pairs with curly arrows.

[3]

A base, ethoxide ion ("OEt), abstracts an acidic alpha hydrogen atom from the ethyl
ethanoate molecule, yielding a RCH;™ nucleophile.

+ EtOH

Step 2:
The resultant RCH»™ nucleophile adds to a second ester molecule, giving a tetrahedral
alkoxide intermediate:
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Step 3:

The tetrahedral intermediate expels the ethoxide ion to yield the new carbonyl
compound, ethyl acetoacetate.

I

C
OEt HAC c OEt

H H

(iv) Compound X can be synthesised from diethyl heptanedioate via the carbonyl

condensation reaction.

Et0 p CEl 1.Na*~OEt, ethanol
~ ™ - N : *
\)f/ N "‘\\1’_‘_,' -

‘ \HJ 2. HsO* T =7

o}
diethyl heptanedioate

Iy

=

Suggest the structure of compound X.

[1]

[Total: 20 m]

(&) The following shows a series of reactions involving titanium compounds.

(i)

conc HCI

TiCl, —— [TiCl> —— [Ti(H20)e]®* ——> [TiCle]*

colourless 3 violet orange
solution solution solution

Suggest the type of reaction for |1 and I11.
[2]

I'l: reduction or redox

I11: ligand exchange
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Explain why a solution of [TiClg]?>" is colourless while that of [TiClg]®™ is orange.

[2]

Ti** in [TiClg]>” has empty d orbitals while Ti®* in [TiClg]*~ contains partially filled d
orbitals.

Hence electron can be promoted from lower energy d orbital to the higher energy
d orbital (d—d transition) for [TiCl¢]*~ but not for [TiClg]*".

White light contains all the colours in the visible spectrum, and each of these
colours is associated with a certain wavelength A. The figure below shows a colour
wheel with approximate wavelength values in nanometres for different colour light.

The formula relating energy gap between d orbitals, AE and wavelength A is given
as AE = % where h is the Planck’s constant and c is the speed of light. As
wavelength decreases, the energy gap increases.

750 nm 400 nm

Blue

590 nnf V480 nm

Yellow

560 nm

Using the information given and those in (a), deduce whether [Ti(H.O)g]** or
[TiClg]* has a bigger energy gap between the d orbitals.
[1]

Violet [Ti(H20)s]** absorbs in the yellow region while orange [TiCl¢]®>™ absorbs in
the blue region. Blue colour has a shorter wavelength than yellow and thus
indicates a bigger energy gap between the 2 sets of orbitals.

Explain why titanium forms complexes with different oxidation states while calcium
is unable to do so.

[1]

Ti can show variable oxidation states as the energy difference between the 3d and
4s orbitals of titanium is relatively small. With sufficient energy, the 4s and inner
3d electrons can be removed.
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Organotitanium compounds such as CHsTiCls can function as nucleophiles. The methyl
group, CHs, acts as a nucleophile.

The reduction reaction of an ester, methyl propanoate, C;HsCOOCH; with CH3TiCls,
followed by acidification produces a tertiary alcohol, C,HsC(CH3).OH, as shown.

C2HsCOOCH3z + 2CH3TiCls — C;HsC(CHs).OH
(i)  The mechanism is proposed as follows.

Step 1:
The nucleophile CH3™ from CHsTiCls adds to the carbonyl carbon of the ester to
form a tetrahedral alkoxide intermediate.

Step 2:
A ketone and a methoxide ion, CHsO~ are produced from the alkoxide
intermediate.

Step 3:
Another CHs™ from CH3TiCl; adds to the carbonyl carbon of the ketone to form
another tetrahedral alkoxide intermediate.

Step 4:
Protonation of the alkoxide intermediate forms the product C,HsC(CH3).OH.

Using the information given, suggest the mechanism for the reaction. Show
relevant lone pairs, dipoles and charges, and indicate the movement of electron
pairs with curly arrows.

[4]

o
O -
H,C OCQ CH,CH > (|)
3 &+ 2=3 H3C—O—(|3—CH2CH3
g
$CHy
(X
LS
H3C_$?_CH2CH3 > Cl:_CHZCH3 + CHso'
CHs CH,
C o% )
||8+ O
C—CH,CHj,4 |
| H3C_C_CH2CH3
CHy |
CHg
$CH,4
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oo R OH
0 H |
| _ HaC—C—CH,CHg
HaC—C—CH,CHg = |
| CHj
CHs

(i) Amides can also be reduced by organotitanium compounds to form the
corresponding alcohol and amine. However, this reaction occurs at a slower rate
as compared to that of an ester.

Suggest an explanation for this observation.

[1]

Oxygen is more electronegative than nitrogen, hence the carbonyl carbon of the
ester is more electron deficient compared to that of the amide. Hence the ester is
more susceptible to nucleophilic attack by the reducing agent.

(iii) Suggest a simple chemical test to distinguish between C,HsCOOCH; and
C2HsC(CH3)20H.
[2]

test: anhydrous PCls

observations: white fumes of HCI observed for CoHsC(CH3).OH and no fumes
observed for C2HsCOOCH;3

Other alternatives are acceptable eg Na test.

The following amino acids are some of the amino acids present in the primary sequence
of haemoglobin.

amino acid formula of side chain isoelectric point
(R in R'CH(NH2)CO2H)
valine -CH(CHs)2 6.00
glutamic acid -CH,CH,COOH 3.15
asparagine -CH2CONH;> 5.41

At an intermediate pH, called the isoelectric point (pl), the amino acids will be
zwitterionic and have no net charge.

An electrophoresis experiment is run on a solution containing the above three amino
acids at pH 5.00. The relative positions of the amino acids are shown in the diagram
below.

The rate at which the amino acids move through the gel is inversely proportional to its
mass.
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Anode ; Cathode

Original position of sample

Identify the structures A, B and C. Hence, explain the position of B relative to C.

[2]

A: Glutamic acid; B: Asparagine ; C : Valine

Asparagine has a larger molecular mass than valine. Since, the rate in which the amino
acids move through the gel is inversely proportional to its mass, asparagine will migrate
to the cathode at a slower rate.

Soy beans, and especially the dofu made from them, are a good source of dietary
isoflavenoids, which are claimed to help in the prevention of some cancers. The major
isoflavenoid in soy is diadzein.

HO

diadzein

When diadzein is treated with H2 and Ni, compound D, C15H1404, is formed. One mole
of compound D reacts with three moles of sodium metal. D also dissolves in NaOH(aq).
D reacts with acidified K>Cr.O7 to give compound E, C1sH1204, which gives an orange
precipitate with 2,4-dinitrophenylhydrazine reagent.

Suggest a structural formula for D and for E, identifying any chiral carbon atoms. Explain
the reactions which occur.
[5]
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S | el

Structures of D and E with chiral carbon correctly identified

The alkene and ketone in diadzein undergoes reduction with H, and Ni to form D.

1 mole of D undergoes redox with 3 moles of Na as it has 3 —OH groups.

D dissolves in NaOH(aq) as it contains acidic phenol and undergoes acid-base reaction.
The secondary alcohol in D is oxidised to ketone.

E contains a ketone group thus it gives an orange precipitate with 2,4-DNPH via
condensation reaction.

[Total: 20]

END OF PAPER
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Answer all the questions in the spaces provided.
Determination of concentration of sulfuric acid

Both group 1 carbonates and hydroxides are bases which neutralise sulfuric acid as shown
by the equations below.

M.CO3 + H,SO4 — M2SO4 + HO + CO2
2MOH + H2S0O4 — M2SQO4 + 2H0

FA 1 is dilute solution of sulfuric acid, H2SO4
FA 2 is 0.550 mol dm= sodium hydroxide, NaOH
FA 3 is anhydrous powder of an unknown group 1 carbonate

In this question, you will perform an experiment to determine the concentration of the
sulfuric acid solution by means of a graphical method and hence, determine the relative
atomic mass of an unknown group 1 element.

You will first prepare a standard solution of the group 1 carbonate, FA 4, using its
anhydrous powder, FA 3.

You will then add different volumes of FA 4 to identical samples of dilute sulfuric acid,
FA 1. In each case, the amount of the group 1 carbonate solution you add will only partially
neutralise the sulfuric acid.

You will then complete the neutralisation of each mixture by titration with sodium hydroxide,
FA 2.

In 1(c), you will use your volumes of FA 2 and FA 4 to plot a graph which will enable you
to determine the concentration of the sulfuric acid solution and hence, determine the
relative atomic mass of the unknown group 1 element.

(@) Preparation of FA 4

1. Weigh accurately about 10.0g of FA 3 into an empty weighing bottle. Record all
weighings in the space provided. Make certain that your recorded results show
the precision of your working.

2. Transfer the contents of the weighing bottle into a 250 cm?®beaker and rinse the

weighing bottle with deionised water and transfer the rinsing into the beaker.

Repeat the rinsing to ensure all FA 3 has been transferred.

Add 100 cm? of deionised water to dissolve FA 3.

4.  Transfer all of the solution to a graduated flask and make up the solution to 250
cm? with deionised water and mix thoroughly.

o

Results

[1]
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(b) Preparation and titration of the reaction mixture

Notes: You will perform each titration once only. Great care must be taken that

No Gk WN=

Results

you do not overshoot the end-point.

You should aim not to exceed 25 minutes for this experiment.

Fill the burette labelled ‘FA 2’ with FA 2.

Fill the burette labelled ‘FA 4’ with FA 4.

Pipette 25.0 cm? of FA 1 into a 250 cm? conical flask.

Add 6.00 cm? of FA 4 into the same conical flask from step 3.

Thoroughly swirl the mixture.

Add 2 to 3 drops of methyl orange indicator to the conical flask.

Titrate the mixture in the conical flask with FA 2 until an orange colour is
obtained.

Repeat steps 3 to 7 until four more aliquots using the following volumes of
9.50 cm3, 13.00 cm?, 17.00 cm?® and 20.00 cm?® of FA 4 have been titrated.
Record your results in the space provided. Make certain that your recorded
results show the precision of your working.

[2]
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(c) Plot a graph of the volumes of FA 2 added, on the y-axis, against the volumes of
FA 4 added on the x-axis on the grid in Fig 1.1.

You should choose scales for the axes which allow you to determine by extrapolation

e the volume of FA 4 required, Vmax(FA 4), to completely react with 25.0 cm? of
FA 1 if no FA 2 is added;

e the volume of FA 2 required, Vmax(FA 2), to completely react with 25.0 cm? of
FA 1if no FA 4 is added.

Draw the line of best fit, taking into account all your plotted points. Hence obtain values
for Vmax(FA 4) and Vmax(FA 2).

Fig 1.1

Vinax(FA 4) =i Vinax(FA 2) = oo,
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(d) Suggest an explanation on the direction of the slope of your graph.

Calculations
(e) (i) Using appropriate data from your graph in (c), calculate the concentration of
sulfuric acid in FA 1.

(2]

(i)  Using your answer in (e)(i) and appropriate data from your graph in (c), calculate
the concentration of group 1 carbonate in FA 4.

[2]
(iii) Hence, calculate the relative atomic mass of M.
[Ar: O =16.0; C=12.0]

[2]
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(f) A student performs this experiment. Unknowingly, he uses a sample of FA 3 which is
slightly damp. State and explain the effect on the relative atomic mass of M calculated
in e(iii).

Turn over
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(g) Determination of concentration of sulfuric acid using gravimetric analysis

A student performed an experiment to determine the concentration of sulfuric acid
using its density. The student weighed the mass of an empty 250 cm3 volumetric flask
and recorded the mass Table 1.1. He used a pipette to transfer 25.0 cm? of sulfuric
acid, FA 1 into the flask and then re-weigh it. He then recorded the mass of the flask
and FA 1in Table 1.1.

Table1.1
Mass of flask and FA 1/g 122.22
Mass of flask / g 96.62
Mass of FA 1/ g

(i) Calculate the mass and hence the density of sulfuric acid in FA 1 in g cm™.
Leave your calculated density to 3 decimal places.

[2]

(i)  Use Fig. 1.2 and your answer in g(i), deduce the concentration of sulfuric acid
in FA 1 in mol dm™.

RIT

| ya = ] | 1 } B

b i i /

= | i | ! {4 /
Diensity | 5 :
gem' ' | '
E | 08— | 4 | | : / : A {
| .0ty — M / bt ! s et o W ;
| i

Lo4 = ! o
t”:—/
1.00- |

¢

(.98 “‘““'1: T T  E— ey I T T 1 =3
6n 02 04 05 0B 10 13 | & 1.6 18 20 22 24 26

Concentration / mal dm

Fig. 1.2

concentration of sulfuricacidin FA 1= ....c.coviiiiiiiiiiiiiiinnn.
[1]
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(h) Determination of concentration of sulfuric acid using thermochemistry

The neutralisation between a base and sulfuric acid is exothermic. Heat released is
sufficient to allow the maximum temperature, ATmax, to be determined within a few
minutes.

In this question, you are to perform an experiment to determine a value, ATmax. YOu
will then use your value, ATmax to determine the concentration of sulfuric acid.

You will carry out the following instructions to obtain a value of ATmax.

1. Use a 25.0 cm? pipette, transfer FA 1 into a polystyrene cup held securely in a
beaker. Record the temperature to 1 decimal place in the table provided.

2. Use a measuring cylinder, measure 100 cm? of FA 2. Record the temperature
to 1 decimal place. Calculate the weighted average temperature, Tave Of Tras and
Traz to 1 decimal place.

3. Add FA 2 carefully and quickly to FA 1 in the cup, stir and record the maximum
temperature reached, again to 1 decimal place.

(Vra1 X Tra1) + (Vraz X Traz)
Vrar + VEa2

Weighted average temperature, Tave =

Temperature of FA 1 before mixing, Tra1/°C

Temperature of FA 2 before mixing, Tra2 / °C

Weighted average temperature, Tavwe / °C

Maximum temperature reached, Tmax / °C

ATmax / °C

[2]

(i)  Use the equation below to find the concentration of the acid:
Concentration = 0.161 X ATmax

Concentration = .....oooiiiii i

[1]
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(i) Instead of adding FA 2 to FA 1 to determine ATmax, the student added barium

hydroxide, Ba(OH), of the same concentration and volume. Explain the impact
on the value of ATmax.

Turn over
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(i) Planning

The exothermic reaction between an acid and metal hydroxide can be used to
determine the equivalence-point of a neutralisation reaction without the use of an
indicator. This process is known as thermometric titration and can be used to calculate
the concentration of an acid solution.

The procedure from 1(h) could be further improved to obtain a more accurate value
for the concentration of sulfuric acid in FA 1.

Plotting ATmax against volumes of FA 2 gives two best-fit lines. One line is drawn using
data before the equivalence-point and the second line using the remaining data.
These lines are then extrapolated until they intersect.

(i) Plan an investigation, based on the information above, to determine the
equivalence-point for the neutralisation between FA 1 and FA 2 and hence the
concentration of sulfuric acid in FA 1.

You may assume you are provided with

e 250 cm? solution of dilute sulfuric acid, FA 1,

250 cm? of 0.550 mol dm= sodium hydroxide, NaOH, FA 2,
graph paper,

the equipment normally found in the school or college laboratory.

In your plan you should include brief details of

e the apparatus you would use, bearing in mind the levels of precision they
offer,

the procedure that you would follow and the measurements that you would
take,

how you would recognise the equivalence-point had been passed,

provide a sketch of the graph that you expect to obtain,

how you would determine the concentration of sulfuric acid,

state a safety precaution and suggest how do you minimise the risks involved.

-------------------------------------------------------------------------------------------------------------------------------------

9729 /YJC /2018 / JC2 Preliminary Examination / Paper 4



9729 /YJC /2018 / JC2 Preliminary Examination / Paper 4



12

(i) State and explain one consideration to be taken when deciding the minimum
volume of FA 1 to be used.

(iii) Describe how you would use your graph in 1li(i) to determine the enthalpy
change of neutralisation between FA 1 and FA 2.

(iv) How, if at all, will ATmax vary if you use half the volumes of the original FA 1 and
FA 2. Explain your answer.

...........................................................................................................................
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(v) Provide a reason why this method is preferred to that in 1(h).

[Total: 41]

Turn over
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Investigation of some chemical reactions involving metal ions

FA 5 is a solid metal carbonate with the formula, XCOs.
FA 6 is an aqueous solution containing one cation and one anion.

(@) Perform the tests described in Table 2.1, and record your observations in the table.
Test and identify any gases evolved.

Table 2.1

tests observations

Place a spatula of solid FA 5 in a test-tube.
Hold the test-tube in a holder.

Heat the test-tube strongly until no further
changes are seen.

Keep the residue for test 2.

To the residue from test 1, add sufficient
amount of FA 1 to dissolve the residue
completely.

Filter the mixture if necessary.

Keep the filtrate for tests 3 and 4.

Add ten drops of the solution obtained from
test 2 to a test-tube.

Add aqueous NHs to this test-tube, until no
further change.
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Add ten drops of the solution from test 2 to a
test-tube.

Then add 5 drops of aqueous potassium
iodide and shake the mixture thoroughly.

To the mixture, add 5 drops of aqueous
sodium thiosulfate.

Add a drop of FA 6 solution onto a universal
indicator paper.

Add 1cm depth of FA 6 to a test tube.

Then add a spatula of FA 3 to the test tube.

To 1 cm depth of FA 6, add 10 drops of nitric
acid followed by 10 drops of aqueous barium
chloride.

[5]
(b) Consider your observation in Table 2.1.
(i) Suggest the identities of the cations in FA 5 and FA 6 and the anion in FA 6.
Cation IN FA B 1 e
Cation IN FA B & oo
ANION TN FA B o e e
[2]
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(ii) A student carried out test 1 using FA 3, it is unlikely for the same observation to be
observed for this test. Suggest an explanation to account for this difference.

(iii) Test4 in Table 2.1 shows a redox reaction to take place.

Some relevant redox half-equations are given in Table 2.2.

Table 2.2
half equation E?/V
X*+e = X' +0.15
o+ 2e =21 +0.54

Using the information in Table 2.2, calculate E%e for the reaction shown in your
observation in test 4. Suggest a reason for the deviation from the prediction of E%e
value calculated.

[2]

(iv) Write an equation to account for the observation to test 5 in Table 2.1.

[1]
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(v) Use your answer to (iv) to account for the observations to test 6 in Table 2.1.

[Total: 14]

Turn over
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Qualitative Analysis Notes

[ppt. = precipitate]

(@) Reactions of aqueous cations

reaction with

cation
NaOH(aq) NHs(aq)
aluminium, white ppt. white ppt.
Al**(aq) soluble in excess insoluble in excess
ammonium, ammonia produced on heatin -
NH4*(aq) P 9
barium, no ppt. (if reagents are pure) no ppt
Ba?*(aq) ' '
calcium, , s o4
Ca?(aq) white ppt. with high [Ca?*(aq)] no ppt.

chromium(lll),

grey-green ppt.
soluble in excess

grey-green ppt.

3+ h .
Cr*(aq) giving dark green solution insoluble in excess
blue ppt.
copper(ll), pale blue ppt. solub?g in excess
Cu?*(aq), insoluble in excess o .
giving dark blue solution
iron(l1), green ppt. green ppt.
Fe?*(aq) insoluble in excess insoluble in excess
iron(l11), red-brown ppt. red-brown ppt.
Fe®*(aq) insoluble in excess insoluble in excess
magnesium, white ppt. white ppt.
Mg?*(aq) insoluble in excess insoluble in excess
manganese(ll), off-white ppt. off-white ppt.
Mn?*(aq) insoluble in excess insoluble in excess
zinc, white ppt. white ppt.
Zn?*(aq) soluble in excess soluble in excess
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(b) Reactions of anions

ions reaction
carbonate, . . .
COs2 CO; liberated by dilute acids
chlorlde, gives white ppt. with Ag*(aq) (soluble in NHs(aq))
Cl~(aq)
térr?(rgad)e, gives pale cream ppt. with Ag*(aq) (partially soluble in NH3(aq))
:9(22;3, gives yellow ppt. with Ag*(aq) (insoluble in NH3(aq))
nitrate, . . . _ .
NOs-(aq) NHjs liberated on heating with OH~(aq) and Al foil
nitrite NHs liberated on heating with OH~(aq) and Al foil;
NIOI - NO liberated by dilute acids
2aq (colourless NO — (pale) brown NO- in air)
sulfate, gives white ppt. with Ba?*(aq) (insoluble in excess dilute strong
S04?7(aq) acids)
sulfite, SO; liberated with dilute acids;
S05?7(aq) gives white ppt. with Ba?*(aq) (soluble in dilute strong acids)

(c) Test for gases

ions

reaction

ammonia, NH3

turns damp red litmus paper blue

carbon dioxide, CO:

gives a white ppt. with limewater
(ppt. dissolves with excess COy)

chlorine, Cl,

bleaches damp litmus paper

hydrogen, H-

“pops” with a lighted splint

oxygen, Oz

relights a glowing splint

sulfur dioxide, SO,

turns aqueous acidified potassium manganate(VI1) from purple to
colourless

(d) Colour of halogens

halogen colour of element colour in aqueous solution | colour in hexane
chlorine, Cl, greenish yellow gas pale yellow pale yellow
bromine, Br. | reddish brown gas / liquid orange orange-red
iodine, |2 black solid / purple gas brown purple

END OF PAPER 4
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Answer all the questions in the spaces provided.
Determination of concentration of sulfuric acid

Both group 1 carbonates and hydroxides are bases which neutralise sulfuric acid as shown
by the equations below.

M2.CO3 + H,SO4 — M2S0O4 + HO + CO2
2MOH + H>S0O4 — M2SQO4 + 2H,0

FA 1 is dilute solution of sulfuric acid, H2SO4
FA 2 is 0.550 mol dm= sodium hydroxide, NaOH
FA 3 is anhydrous powder of an unknown group 1 carbonate

In this question, you will perform an experiment to determine the concentration of the sulfuric
acid solution by means of a graphical method and hence, determine the relative atomic mass
of an unknown group 1 element.

You will first prepare a standard solution of the group 1 carbonate, FA 4, using its anhydrous
powder, FA 3.

You will then add different volumes of FA 4 to identical samples of dilute sulfuric acid, FA
1. In each case, the amount of the group 1 carbonate solution you add will only partially
neutralise the sulfuric acid.

You will then complete the neutralisation of each mixture by titration with sodium hydroxide,
FA 2.

In 1(c), you will use your volumes of FA 2 and FA 4 to plot a graph which will enable you to
determine the concentration of the sulfuric acid solution and hence, determine the relative
atomic mass of the element in the unknown group 1 carbonate, FA 3.

(@) Preparation of FA 4

1. Weigh accurately about 10.0g of FA 3 into an empty weighing bottle. Record all
weighings in the space provided. Make certain that your recorded results show
the precision of your working.

2. Transfer the contents of the weighing bottle into a 250 cm?® beaker and rinse the

weighing bottle with deionised water and transfer the rinsing into the beaker.

Repeat the rinsing to ensure all FA 3 has been transferred.

Add 100 cm? of deionised water to dissolve FA 3.

4.  Transfer all of the solution to a graduated flask and make up the solution to 250
cm?3 with deionised water and mix thoroughly.

w

Results
Mass of weighing bottle and FA 3 /g
Mass of empty weighing bottle / g
Mass of FA3/g 9.990

OR

mass of FA3 used (with Tare function) = 10.049 g

mass recorded to 3 dp + header + units + mass reading ranges from 9.950 to 10.049 g:
1 mark

[1]
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(b) Preparation and titration of the reaction mixture

Notes:

Noobhowbd=

You will perform each titration once only. Great care must be taken that
you do not overshoot the end-point.

You should aim not to exceed 25 minutes for this experiment.

Fill the burette labelled ‘FA 2’ with FA 2.

Fill the burette labelled ‘FA 4’ with FA 4.

Pipette 25.0 cm? of FA 1 into a 250 cm? conical flask.

Add 6.00 cm? of FA 4 into the same conical flask from step 3.
Thoroughly swirl the mixture.

Add 2 to 3 drops of methyl orange indicator to the conical flask.

Titrate the mixture in the conical flask with FA 2 until an orange colour is
obtained.

8. Repeat steps 3 to 7 until four more aliquots using the following volumes of
9.50 cm?, 13.00 cm?, 17.00 cm3 and 20.00 cm? of FA 4 have been titrated. Record
your results in the space provided. Make certain that your recorded results show
the precision of your working.

Results
volume of FA 4 used / cm3 6.00 9.50 13.00 17.00 20.00
final burette reading / cm3 27.90 23.00 40.90 12.50 20.70
initial burette reading / cm? 0.00 0.00 23.30 0.00 12.40
volume of FA 2 used / cm? 27.90 23.00 17.60 12.50 8.30

9729 /YJC /2018 / JC2 Preliminary Examination / Paper 4
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(c) Plota graph of the volumes of FA 2 added, on the y-axis, against the volumes of  FA
4 added on the x-axis on the grid in Fig 1.1.

You should choose scales for the axes which allow you to determine by extrapolation

¢ the volume of FA 4 required, Vmax(FA 4), to completely react with 25.0 cm?3 of FA
1if no FA 2 is added:;

¢ the volume of FA 2 required, Vmax(FA 2), to completely react with 25.0 cm?3 of FA
1if no FA 4 is added.

Draw the line of best fit, taking into account all your plotted points. Hence obtain values
for Vmax(FA 4) and Vmax(FA 2).

Volume of FA2/cm?

Volume of FA4/cm?

Fig 1.1

26.00 cm3 36.00 cm?
Vinax(FA 4) = Vinax(FA 2) = ool

9729 /YJC /2018 / JC2 Preliminary Examination / Paper 4
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(d) Suggest an explanation on the direction of the slope of your graph.

Negative gradient or downward sloping line as when volume of M;COs; increases,

------------------------------------------------------------------------------------------------------------------------------------------------

_______________________________________________________________________________________________________________________________________

Calculations
(e) (i) Using appropriate data from your graph in (c), calculate the concentration of
sulfuric acid in FA 1.

2NaOH + H,S0O4 — Na,SO4 + 2H,0
Chyps04 * VHps0,4 _ 1
CNaOH * VNaoH 2

7% 0.550 x36.00

_ _ -3
Criys0,= e ——=0.396 mol dm
Or

M\a0H=0.550 x 22%=0 0198 mol
: 1000 .

Mit,50, =3 X NNaoH = 5 X 0.0198 = 0.009900 mol

0.00900 _
Ch,50,= 255~ =0.396 mol dm™>

1000

(2]

(i)  Using your answer in (e)(i) and appropriate data from your graph in (c), calculate
the concentration of group 1 carbonate in FA 4.

M.CO3 + H,SO4 — M2SO4+ CO, + HO

Cmp05 X VMp05 _

1
ChHys04 * VHyso, 1

_ 0.396 x25.0

Chy0,=— a9~ =0.38076 moldm > = 0.381 moldm>

OR

Ni,s0,=0.009900 mol

M0, = Ni,s0,= 0.009900 mol

Ci,0, = s = 0.38076 moldm ® = 0.381 moldm ™

1000

[2]
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(iii) Hence, calculate the relative atomic mass of M.
[Ar: O =16.0; C=12.0]

M0, = 038076 X == = 0.095190 mol

M; of M03 = —>— = 107.091 = 107.1
Ar of M = 107.091 — (12.0 +16.0 x3) =23 55 =236

2

[2]

(f) A student performs this experiment. Unknowingly, he uses a sample of FA 3 which is
slightly damp. State and explain the effect on the relative atomic mass of M calculated
in e(iii).
_ Presence of moisture makes actual mass of M,COs added lower than expected.

Calculated concentration of MoCO3 or HsSOsis higher and hence the A: of M calculated
is lower.

________________________________________________________________________________________________________________________________________________

(g) Determination of concentration of sulfuric acid using gravimeteric analysis

A student performed an experiment to determine the concentration of sulfuric acid using
its density. The student weighed the mass of an empty 250 cm? volumetric flask and
recorded the mass Table 1.1. He used a pipette to transfer 25.0 cm? of sulfuric acid, FA
1 into the flask and then re-weigh it. He then recorded the mass of the flask and FA 1

in Table 1.1.
Table 1.1
Mass of flask and FA 1/g 122.22
Mass of flask / g 96.62
Massof FA1l/g 25.60

(i) Calculate the mass and hence the density of sulfuric acid in FA 1ingcm™3. Leave
your calculated density to 3 decimal places.

mass = 25.60 g
density = % = 1.024 gcm3

[2]
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(if)
FA 1 in mol dm.

116~

| pe etk : .

[ J2-4=t - ! I H ,/’/

-
Density

@ em'’
|08

| [ty =
T
.02 -

00 r/

(.98 = T T T I
0.0 N4 06 OB

Concentration / mal dm

Fig. 1.2

concentration of sulfuric acid in FA 1 = 0.400 mol dm=
(0.38 — 0.42, within %2 square )

Use Fig. 1.2 and your answer in g(i), deduce the concentration of sulfuric acid in

[1]

(h) Determination of concentration of sulfuric acid using thermochemistry

The neutralisation between a base and sulfuric acid is exothermic. Heat released is

sufficient to allow the maximum temperature, ATmax, to be determined
minutes.

within a few

In this question, you are to perform an experiment to determine a value, ATmax. You will

then use your value, ATnaxto determine the concentration of sulfuric acid.

You will carry out the following instructions to obtain a value of ATmax.

1. Use a 25.0 cm? pipette, transfer FA 1 into a polystyrene cup held securely in a
beaker. Record the temperature to 1 decimal place in the table provided.

2. Use a measuring cylinder, measure 100 cm3 of FA 2. Record the temperature to
1 decimal place. Calculate the weighted average temperature, Tae Of Tra1 and
Traz to 1 decimal place.

3. Add FA 2 carefully and quickly to FA 1 in the cup, stir and record the maximum

temperature reached, again to 1 decimal place.

(Vra1 X Tra1) + (Vraz X Tra2)
VEa1r + VEa2

Weighted average temperature, Tae =

9729 /YJC /2018 / JC2 Preliminary Examination / Paper 4
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Temperature of FA 1 before mixing, Tra1/ °C 31.0
Temperature of FA 2 before mixing, Traz / °C 29.0
Weighted average temperature, Tave / °C 29.4
Maximum temperature reached, Tmax / °C 32.0
ATmax / °C 2.6

[2]
()  Use the equation below to find the concentration of the acid:
Concentration = 0.161 x ATmax
Concentration = ....0:419 moldm™ "

(i) Instead of adding FA 2 to FA 1 to determine ATmax, the student added barium
hydroxide, Ba(OH). of the same concentration and volume. Explain the impact on
the value of ATmax.

9729 /YJC /2018 / JC2 Preliminary Examination / Paper 4



(i) Planning

The exothermic reaction between an acid and metal hydroxide can be used to
determine the equivalence-point of a neutralisation reaction without the use of an
indicator. This process is known as thermometric titration and can be used to calculate
the concentration of an acid solution.

The procedure from 1(h) could be further improved to obtain a more accurate value for
the concentration of sulfuric acid in FA 1.

Plotting ATmax against volumes of FA 2 gives two best-fit lines. One line is drawn using
data before the equivalence-point and the second line using the remaining data. These
lines are then extrapolated until they intersect.

(i) Plan an investigation, based on the information above, to determine the
equivalence-point for the neutralisation between FA 1 and FA 2 and hence the
concentration of sulfuric acid in FA 1.

You may assume you are provided with

e 250 cm? solution of dilute sulfuric acid, FA 1,

250 cm? of 0.550 mol dm= sodium hydroxide, NaOH, FA 2,
graph paper,

the equipment normally found in the school or college laboratory.

In your plan you should include brief details of

the apparatus you would use, bearing in mind the levels of precision they offer,
the procedure that you would follow and the measurements that you would
take,

how you would recognise the equivalence-point had been passed,

provide a sketch of the graph that you expect to obtain,

how you would determine the concentration of sulfuric acid,

state a safety precaution and suggest how do you minimise the risks involved.

1. Use a burette, transfer 30.00 cm? of FA 1 into a styrofoam cup placed
in a beaker.

6. Add FA 2 into the Styrofoam cup containing FA 1. Cover the Styrofoam
cup with the lid.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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10. Repeat steps 1 to 8 using 10 cm?® of FA 1 and 60 cm?® of FA 2, 20 cm? of
FA 1 and 50 cm3 of FA 2, 40 cm® of FA 1 and 30 cm3 of FA 2, 50 cm?
of FA 1 and 20 cm?® of FA 2.

13. From the graph, the volume of FA 2, V which gives the highest ATnax is
the exact volume of NaOH which is required to neutralise with H,SO4 from
FA 1.The intersection of the two straight lines will be the neutralisation
______________ volume of HaS 0. e
14. From the plot, when the ATmax begins to decrease, the neutralisation has
passed.

_ 1 % VFA2 X 0.550
2  Vtotal- VFA2 at equivalence

16. The H.SO4 or NaOH of high concentration is corrosive. Wear gloves to
avoid skin contact.

ATmax 1

Vv Volume of FA2 /cm?

(8]
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(i) State and explain one consideration to be taken when deciding the minimum
volume of FA 1 to be used.

(iii) Describe how you would use your graph in 1i(i) to determine the enthalpy change
of neutralisation between FA 1 and FA 2.

[2]
(iv) How, if at all, will ATmax vary if you use half the volumes of the original FA 1 and
FA 2. Explain your answer.

AH of neutralisation is constant. Half the volumes of original FA 1 and FA 2 will
half the number of moles of water.

1

VX CXAT . .

AHneutralisation = - 12— , W|th Constant AHneutralisation, ATmax W|” be the same.
__________________________ O W eT
............................................................................................................................. [2]

(v) Provide a reason why this method is preferred to that in 1(h).
_This method makes use of more data points and is more accurate. .
[1]

[Total: 41]
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Investigation of some chemical reactions involving metal ions

FA 5 is a solid metal carbonate with the formula, XCOs.
FA 6 is an aqueous solution containing one cation and one anion.

(@)

and identify any gases evolved.

Perform the tests described in Table 2.1, and record your observations in the table. Test

Table 2.1

tests

observations

Place a spatula of solid FA 5 in a test-tube.
Hold the test-tube in a holder.

Heat the test-tube strongly until no further
changes are seen.

Keep the residue for test 2.

Green solid turned black upon heating.

Gas evolved formed white ppt with
limewater.

Water condensed at upper part of test tube

To the residue from test 1, add sufficient
amount of FA 1 to dissolve the residue
completely.

Keep this solution for tests 3 and 4.

Black solid dissolved to give a pale blue
solution.

(If solid from test 1 is not completely
decomposed, effervescence will be seen
here but not a marking point for this.)

Add ten drops of the solution obtained from
test 2 to a test-tube.

Add aqueous NHs; to this test-tube, until no
further change.

Blue ppt formed.
Soluble in excess NH3 to give a dark blue
solution.

Add ten drops of the solution from test 2 to a
test-tube.

Then add about 1 cm depth of aqueous
potassium iodide and shake the mixture
thoroughly.

To the mixture, add 1 cm depth of aqueous
sodium thiosulfate.

White (off white) ppt formed in brown
solution or brown ppt.

White (off white) ppt in colourless solution
(brown solution decolourised, white ppt
seen).

Test the FA 6 solution with the universal
indicator paper.

Universal indicator turned orange, pH = 3.

Add 1cm depth of FA 6 to a test tube.

Then add a spatula of FA 3 to the test tube.

Effervescence observed and gas evolved
formed white ppt with limewater.

White ppt seen.

To 1 cm depth of FA 6, add 10 drops of nitric
acid followed by 10 drops of aqueous barium
chloride.

White ppt formed.

[5]
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(b) Consider your observation in Table 2.1.

(i)  Suggest the identities of the cations in FA 5 and FA 6 and the anion in
FA 6.

Cation in FA 5 : Cu?
Cation in FA 6 : Al**

Anion in FA 6 : SO4*
[2]
(i)  Astudent carried out test 1 using FA 3, it is unlikely for the same observation
to be observed for this test. Suggest an explanation to account for this
difference.

FA 3is a group 1 carbonate.

(iii) Test4in Table 2.1 shows a redox reaction to take place.
Some relevant redox half-equations are given in Table 2.2.

Table 2.2
half equation E?/V
Xt +e =2 X* +0.15
o+ 2e =21 +0.54

Using the information in Table 2.2, calculate E% for the reaction shown in
your observation in test 4. Suggest a reason for the deviation from the
prediction of E%e value calculated.
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(iv) Write an equation to account for the observation to test 5 in Table 2.1.

[Al(H20)g]** + H20 = [Al(H20)sOHJ?* + H30*

(2]
[Total: 14]
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Qualitative Analysis Notes
[ppt. = precipitate]

(&) Reactions of aqueous cations

reaction with

cation
NaOH(aq) NHs(aq)
aluminium, white ppt. white ppt.
Al**(aq) soluble in excess insoluble in excess
ammonium, ammonia produced on heatin -
NH*(aq) P d
barium, no ppt. (if reagents are pure) no ppt
Ba2*(aq) ppt. g p ppt.
calcium, , s -
Ca?*(aq) white ppt. with high [Ca%*(aq)] no ppt.

chromium(lll),

grey-green ppt.
soluble in excess

grey-green ppt.

3+ . .
Cr(aq) giving dark green solution insoluble in excess
blue ppt.
copper(ll), pale blue ppt. .
Cu?*(aq), insoluble in excess sglyble In excess
giving dark blue solution
iron(l1), green ppt. green ppt.
Fe?*(aq) insoluble in excess insoluble in excess
iron(l11), red-brown ppt. red-brown ppt.
Fe®*(aq) insoluble in excess insoluble in excess
magnesium, white ppt. white ppt.
Mg?*(aq) insoluble in excess insoluble in excess
manganese(ll), off-white ppt. off-white ppt.
Mn2?*(aq) insoluble in excess insoluble in excess
zinc, white ppt. white ppt.
Zn?*(aq) soluble in excess soluble in excess
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(b) Reactions of anions

ions reaction
carbonate, . . .
COs2 CO; liberated by dilute acids
chlorlde, gives white ppt. with Ag*(aq) (soluble in NHs(aq))
Cl~(aq)
térr?(rgad)e, gives pale cream ppt. with Ag*(aq) (partially soluble in NH3(aq))
:9(22;3, gives yellow ppt. with Ag*(aq) (insoluble in NH3(aq))
nitrate, . . . _ .
NOs-(aq) NHjs liberated on heating with OH~(aq) and Al foil
nitrite NHs liberated on heating with OH~(aq) and Al foil;
NIOI - NO liberated by dilute acids
2aq (colourless NO — (pale) brown NO- in air)
sulfate, gives white ppt. with Ba?*(aq) (insoluble in excess dilute strong
S04?7(aq) acids)
sulfite, SO; liberated with dilute acids;
S05?7(aq) gives white ppt. with Ba?*(aq) (soluble in dilute strong acids)

(c) Test for gases

ions

reaction

ammonia, NH3

turns damp red litmus paper blue

carbon dioxide, CO:

gives a white ppt. with limewater
(ppt. dissolves with excess COy)

chlorine, Cl,

bleaches damp litmus paper

hydrogen, H-

“pops” with a lighted splint

oxygen, Oz

relights a glowing splint

sulfur dioxide, SO,

turns aqueous acidified potassium manganate(VI1) from purple to
colourless

(d) Colour of halogens

halogen colour of element colour in aqueous solution | colour in hexane
chlorine, Cl, greenish yellow gas pale yellow pale yellow
bromine, Br. | reddish brown gas / liquid orange orange-red
iodine, |2 black solid / purple gas brown purple

END OF PAPER 4
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Yishun Junior College

JC2 Preliminary Examinations 2018
H2 Chemistry Practical P4 Preparation List

FA 1 —0.400 mol dm=3H,S0, ; each student 200 cm? in labelled bottle
FA 2 — 0.550 mol dm=NaOH ; each student 250 cm? in labelled bottle

FA 3 — solid Na,COs3; each student around 12g. Solid to be placed in clean dry bottle with
spatula for student to scoop. Total mass to purchase 5000g. ( bought as CuCO:s.

FA 4 — student to prepare own standard solution of FA 3

FA 5 — 2 g of solid Copper(ll) carbonate per student labelled in plastic bottle.

FA 6 — 8 cm?® of aqueous aluminium sulfate labelled in stoppered plastic bottle
(16.6619/250 cm?; or 333.33g in 5 litre= 0.20M)

21 students in each lab —6 weighing balances
8 students in each lab — 2 weighing balances

Access arrangement — 1 weighing balance

Cu(OH)z2)

(Total mass for all 10009)

QA reagents

~NOoO ok WDN PR

. limewater

. agueous ammonia

. potassium iodide

. aqueous sodium thiosulfate
. aqueous barium chloride

. Wash bottle filled with deionised water
. Dilute nitric acid

Apparatus list
Q1. For each student

1 empty plastic weighing bottle
2 X 250 cm?® beaker

250 cm? volumetric flask

1 X 50 ml burette labelled FA 2
1 X 50 ml burette labelled FA 4
1 X 25 ml pipette and filler

2 X 250 ml conical flask

1 thermometer, gradation 0.2°C
1 X 100 ml measuring cylinder

1 styrofoam cup (200 cm?)

1 small bottle of methyl orange



Q2. For each student

e 6 hard glass test tubes

e 2 small test tubes for limewater test
o 1 test tube holder

o 1 test tube rack

e 1 test tube cleaning brush

e 1 bunsen burner

e 1 bunsen burner lighter

o 1 safety goggles

e 1 heat proof mat

e 6 plastic droppers

e 2 spatula

e 1glassrod

¢ 1 plastic bottle containing filter paper strips, blue and red litmus papers
e 2 strips of universal indicator paper
¢ 1 universal indicator paper chart

e 2 pieces of paper towels
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1 The Avogadro constant is L. How many neutrons are present in 24 dm?3 of chlorine gas,
measured at r.t.p?

A 17L B 185L C 37L D 7iL

2 A carbon sample contains a mixture of *2C and 4C isotopes. When 1.000 g of this sample

is burned completely in 60, The mass of CO, formed is 3.629 g.
What is the percentage by mass of the 12C isotope in this sample?
A 85.0% B 88.6% C 90.0% D 91.4%

3 When phosphoryl chloride, POCI3, dissolves in water, it gives a mixture of phosphoric
acid and hydrochloric acid. How many moles of sodium hydroxide would be needed to
neutralise the solution formed by adding one mole of POCI; to excess water?

A 3 B 4 cC 5 D 6
4 Which of the following pairs have similar shapes and the first species has a smaller bond
angle than the second species?
1 SiClas, PF4*
2 PHs, NH3
3 3032_, C032_
A 1 only B 2 only
C 1 and 2 only D 2 and 3 only

5 But-2-enedioic acid, HC(CO2H)=C(CO2H)H, exists as a pair of cis-trans isomers. The cis
isomer has a lower melting point than the trans isomer.

Which of the following statements is correct about but-2-enedioic acid?

1 In the solid state, both the cis and trans isomers have the same density.
2 Intramolecular hydrogen bonding is present in the cis isomer.

3 The cis isomer is less polar than the trans isomer.
A 2 only B 1 and 2 only

C 1 and 3 only D 2 and 3 only

6 Which of the following statements about prop-1,2-diene, H.C=C=CHy, is not correct?

A  The C=C in prop-1,2-diene is stronger than the C=C in ethene.

B The two n-bonds in prop-1,2-diene are perpendicular to each other.

C There are only two sp? hybridised carbon atoms in a prop-1,2-diene molecule.
D

Prop-1,2-diene is a planar molecule.
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7 Which of the following statements is not correct?

A Under very high pressure, HCI gas behaves more ideally than Cl; gas.

B Ideal gas molecules have zero size.

C Real gas molecules behave more ideally under low pressure and high temperature.
D

There are no collisions between ideal gas molecules.

8 The lattice energies of the compounds, magnesium oxide, magnesium bromide, sodium
oxide and sodium bromide are given below.

Which of the following values corresponds to the lattice energy of magnesium bromide?

A —752 kJ mol? B —2440 kJ mol?
C —2481 kJ mol! D —3790 kJ mol?

9 The enthalpy changes of formation of gaseous ethene and ethane are +52 kJ mol- and
-85 kJ mol! respectively at 298 K.

Consider the following reaction.
C2Ha(9) + Hz(g) — C2He(9)
Which of the following statements is correct?

A ASreaction |S pOS|t|Ve
B The enthalpy change of the reaction is =137 kJ mol.

C If ethene is converted to ethane via four stages instead of one as shown above,
the enthalpy change of the reaction will be less exothermic.

D The addition of a catalyst will cause the enthalpy change of reaction to be more
exothermic.

10 Ammonium chloride readily dissolves in water at room temperature. During the process,
the temperature of the solution decreases.
Which of the following statements is correct?

1 Dissolution of ammonium chloride is favoured due to the entropy change.
2 Dissolution of ammonium chloride is not spontaneous at very low
temperature.

3 The sum of the hydration energies of ammonium ion and chloride ion is less
exothermic than the lattice energy of ammonium chloride.

A 1,2and 3 B 1 and 2 only

2 and 3 only D 1 only

© VJC 2018 9729/01/PRELIM/18 [Turn over



11

12

13

14

15

4

Three experiments are conducted to determine the rate equation for a reaction between
sulfuric acid and sodium thiosulfate. The volumes used and the time taken for the
precipitate to form are shown below.

Experiment | Volume of H,SO4 | Volume of Na»S>0s | Volume of water Time
/cm? / cm? /cm? /s
1 20 20 20 30
2 40 20 0 15
3 X 20 0 15

What could be a suitable value for x?

A 5 B 10 cC 20 D 30

Lead is the final product formed by a series of changes in which the rate-determining
stage is the radioactive decay of uranium-238. This radioactive decay is a first-order
reaction with a half-life of 4.5 x 10° years.

What would be the age of a rock sample, originally lead-free, in which the molar ratio of
uranium to lead is now 1:7?

A 1.5 x 10° years B 2.25 x 10° years
C 9.0 x 10° years D 1.35 x 10%° years

A reversible reaction is catalysed.
Which of the following statements about this reaction are correct?

1 The catalyst alters the mechanism of the reaction.
2 The catalyst reduces the activation energy for both the forward and the
backward reaction.

3 The catalyst alters the composition of the equilibrium mixture.

A 1,2and 3 B 1 and 2 only
C 2 and 3 only D 1 only

Pure nitrosyl chloride gas, NOCI, was heated at 320 °C in a 2.0 dm3 vessel. At
equilibrium, 30% of the NOCI gas has dissociated according to the equation below and
the total pressure was p atm.

2NOCI(g) = 2NO(g) + Cl2(g)

What is the numerical value of the equilibrium constant, K, at 320 °C?

A 179 B 417 C  0.0240p D 0.0276p
p

What is the pH of the resultant solution when 100 cm?® of 0.10 mol dm~2 aqueous NH4CI
and 40 cm? of 0.15 mol dm~3aqueous NaOH are mixed at 25 °C? (pKp of NH3 = 4.75)

A 457 B 4.93 Cc 9.07 D 9.43
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5
The value of the solubility product, Ksp, of silver chromate(VI), Ag2CrQOa, is 2.5 x 10-?? at
25 °C.

Which statement about silver chromate(VI) is correct?

A The units for Ksp of silver chromate(VI) are mol?> dm=.

B Addition of nitric acid will cause Ks, value of silver chromate(VI) to increase.

C Addition of nitric acid will cause the solubility of silver chromate(VI) to increase.
D

The solubility of silver chromate(VI) in water is 1.58 x 10~ mol dm=3,

Which of the following changes does not alter the reduction potential measured for a
Cl,/CI- half-cell?

A Adding water into the half-cell.

B Placing the half-cell in an ice-water bath.

C Adding silver ions into the half-cell.

D Introducing an additional 1 bar of inert gas into the half-cell.

When a large current was passed through an aqueous copper(II) sulfate solution with
two inert electrodes, there was liberation of x mol of copper and y dm?® of oxygen,
measured at r.t.p.

How many moles of electrons passed through the circuit?

A x+l B x+% C 2x+l D 2X+=

12 12

Which of the following statements concerning the chlorine-containing compounds of
period 3 elements is correct?
A PCl; and Cl,0Oy are both acidic in nature due to their reactions with water.

B NaCl dissolves easily in water due to the favourable ion-dipole interactions and the
compounds with the highest electrical conductivity in molten state is AlCls.

C The low boiling points of PCl; and Cl,O- are due to the weak P—-Cl and CI-O bond
energies.

D Both CCl, and SiCls can dissolve in excess water completely to give an acidic
solution.

When aqueous ammonia is added to a solution containing hexaaquairon(Ill) ions,
[Fe(H20)¢]**, a red-brown precipitate is formed which does not dissolve in excess
ammonia.

What is the role of the ammonia molecule in this reaction?

A Bronsted-Lowry base
B Lewis acid
C Ligand
D

Reducing agent
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21  Which types of sterecisomerism are shown by 2,4-dimethylhex-2-ene?

A enantiomerism only

B cis-trans isomerism only

C both cis-trans isomerism and enantiomerism
D

neither cis-trans isomerism nor enantiomerism
22 Asample of ethene was added to a solution containing both Brz(aq) and NaCl(aq). Which
of the following products is not likely to be found in the reaction mixture?
A CHz(OH)CH2Br B CH2BrCHCI
C CH2(OH)CHCI D CH2BrCH-Br
23  Organic compound X gives a precipitate when warmed with aqueous silver nitrate. This
precipitate dissolves when concentrated agueous ammonia is added.
What could X be?

1 1-bromopropane
2 1-chloropropane

3 chlorobenzene
A 1,2and 3 B 1 and 2 only
2 and 3 only D 1 only

24  Deuterium, D, is an isotope of hydrogen. Which of the following is the product formed
when the compound Y is distilled with K2Cr,O7 in aqueous D>,S04?

HO PH OH
HO OH
Compound Y
Do oD o OH cHO
bo oD © OH
o OH HO OH
© OH HO OH

© VJC 2018 9729/01/PRELIM/18
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25 Starting with CeéHsCOCHS3, which two-stage process does not involve a condensation

reaction?
stage 1 stage 2
A HCN with trace NaCN NaOH
B NH2NH, NaOH
C I, with NaOH C,HsOH with conc. H2SO4
D NaBH4 CH3COCI

26 Catechinis an antioxidant found in tea leaves, chocolates and red wine. It is often studied
for its function as an inhibitor to the growth of cancer cells, amongst other health benefits.

OH
e
oo
OH

OH
catechin

Which of the following statements about catechin is correct?

A 1 mol of catechin reacts with 5 mol of NaOH.

B It can undergo electrophilic substitution with 2.5 mol of Brz(aq).
C It can undergo oxidation with hot alkaline KMnOa(aq).
D

1 mol of catechin reacts with 2 mol of Na,COs.

27 The diagram below shows a reaction scheme for the formation of compound Z.

H O
NH N
3 PCls
Compound X —— > CompoundY ——»
heat
Compound Z

Which combination could be X and Y?
X Y

A BrOCOZH HQN—QCOZH

e o y-con e

CH,CO,H CH,CO,H

CH,CO,H C

© VJC 2018 9729/01/PRELIM/18 [Turn over
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28 Equal amounts of two organic compounds, P and Q, were separately added to 100 cm?
of water and the pH values of both solutions were determined. It was found that the pH
of the aqueous solution of P is higher.

Which pairs of compounds could be P and Q?

P Q
1 CH3CH-OH CH3COzH
2 CH3CH2NH: CeHsNH>
3 CsHsONa CsHsCOsNa
A 1,2and 3 B 1 and 2 only
C 2 and 3 only D 1 only

29 An amide, M, has the empirical formula C;HisON. When M is hydrolysed by heating
under reflux with dilute hydrochloric acid, a carboxylic acid with empirical formula C2H4O
is obtained as one of the products.

What could be the skeletal formula of M?

O

1 AN/\/\/
H

0]

2 /\)LN/\/\

H
O J\
3 N
H
A 1,2and 3 B 1 only

C 2 and 3 only D 3only

30  Which ester might be formed when lactic acid, CHsCH(OH)CO:H, is heated?

1 CHsCH(OH)CO,CH(CH3)CO,H

3 CH3CH(OH)CO,CH(OH)CHs3
A 1,2and 3 B 1 and 2 only

C 2 and 3 only D 1 only

© VJC 2018 9729/01/PRELIM/18
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Answer all the questions in the spaces provided.
1 (a) Bromine exists naturally as a mixture of two stable isotopes, 7°Br and 8'Br, in a 1:1
ratio.

(i)  Write down the full electronic configuration of 7°Br?*.

(i) Define the term relative isotopic mass.

(b) Chlorine atom exists naturally as two isotopes, °Cl and %Cl, in a 3:1 ratio. When
equimolar amounts of bromine and chlorine were mixed together, an interhalogen
compound, BrCl, is formed. The product mixture contains four species with three
different mass numbers 114, 116 and 118. 7°Br3Cl is one of the four species.

(i)  With the help of the information given in (a), state the species that corresponds
to each mass number. Hence, calculate the relative abundance for each mass

number.
mass number species relative abundance
114 9Br35Cl
116
118
[3]
(ii) Explain whether BrCl or Cl; has a greater enthalpy change of vaporisation.
................................................................................................... [1]
(iii) Suggest with a reason how the first ionisation energy of "°Br is compared to
81Br.
................................................................................................... 1]
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(c) Bromine reacts with an element A to form a compound with empirical formula ABrs.

The percentage by mass of A in ABr3 is 4.31%. Calculate the relative atomic mass
of A.

[1]

(d) Bromine and fluorine react to form the pale yellow liquid, bromine trifluoride, as
shown in Reaction 1.

Reaction 1 Bra(l) + 3F2(g) — 2BrFs(l)

Some thermochemical data are given below.

Standard enthalpy change of formation of BrFs(l) / kJ mol™ -301
Standard Gibbs free energy change of formation of BrFs(l) / kJ mol™ —241
Standard entropy of Bry(l), S°(Brz) / J mol~' K™ 152
Standard entropy of BrFs(l), Se(BrFs) / J mol~ K- 178

(i) The above reaction is spontaneous at 298 K even though AS® is negative.
Explain qualitatively why AHe is the predominant factor that causes the reaction
to be spontaneous.

(i) Sketch a graph to show how AG® varies with temperature in K for Reaction 1.
Label the y—intercept.

[1]
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(iii) Given that AS® = 2 x S°(BrF3) — [S®(Brz) + 3 x S°(F2)] for Reaction 1, calculate
the standard entropy of F»(g), S°(F-), at 298 K.

[2]

(e) Similar to water, liquid BrFs can be used as a solvent and it undergoes minimal
self—ionisation.

2H;0 = H30* + OH~
2BrFs; = BrF>* + BrF4

When (BrF2*)2(SnFs?") and Ag*(BrF47) react in BrFs, an insoluble Ag>SnFs is formed.

(i) Construct an equation for the reaction between (BrFz*)2(SnFe?>) and
Ag*(BrF4+).

(i) State and draw the shapes of BrF," and BrF4, including lone pairs of electrons.

BrFzy* BrF4

[2]

© VJC 2018 9729/02/PRELIM/18
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(f) One of the most readily prepared sulfur nitrides is SsN4, which can be made by
passing dry NHs(g) into a solution of SCI, in an organic solvent. A proposed
structure of the molecule of S4sN4 is shown below.

S——S
N\ N
N\S/S/N

(i) Using the data given below, construct a suitable energy level diagram to
calculate the S—N bond energy in S4Na.

AHP [SaN4(g)] = +460 kJ mol™

AHa [S(s)] = +279 kd mol™

AHa [nitrogen] = +497 kJ mol™’

Bond energy of (S-S) in S4sN4 = +204 kJ mol™’

ﬂk
Energy /
kJ mol™"

[3]
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(ii) The nitrogen atoms in S4N4 show their usual valency of 3. All four sulfur atoms
have the same oxidation number. Add to the structure below to show which
sulfur—nitrogen bonds are single bonds and which are double bonds.

S——S
(N
AN
N\S/S/N
[1]

(iii) Hence, explain why the calculated bond energy of sulfur—nitrogen bond in
S4N4 from (f)(i) is between that of a S—-N bond and a S=N bond.

................................................................................................... ]
[Total: 20]
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Dinitrogen tetraoxide, N2O4, and nitrogen dioxide, NO2, exist in dynamic equilibrium
with each other as shown below.

N204(g) = 2NO2(g)

(i) The diagram below shows the variation of the average molecular mass of the
equilibrium mixture with pressure.

average M;
A

»
>

pressure

Predict a value for y and account for the shape of the graph.

0.0100 mol of inert N> with a partial pressure of 0.27 bar and 0.0500 mol of
N204 were placed in a sealed vessel of volume 1.00 dm?® and temperature of
50 °C. When equilibrium was established, the total pressure of all gases was
1.95 bar.

(i)  With reference to the Data Booklet, calculate the average molecular mass, M;,

of the N204/NO; equilibrium mixture. Give your answer to three significant
figures.

[2]

© VJC 2018 9729/02/PRELIM/18 [Turn over



8

(iii) Use your answer in (a)(ii) to calculate the mole fraction of NO; in the N2O4/NO,
equilibrium mixture.

[1]

(iv) Write an expression for the equilibrium constant, K., for this N2O4/NO;
equilibrium. Calculate the value of K¢ and give its units.

[2]

(v) Sketch and label on the same axes, a graph of variation of pV against 1/V at
constant temperature for 1 mol of

(1)  N204, and
(1) NO..

pV

ideal

> 1/\V
[1]
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(b) 2-bromobutane, CH3CHBrCH,CHs, is hydrolysed by aqueous sodium hydroxide.
The kinetics of the reaction was determined by monitoring the change in
concentration of sodium hydroxide with time.

Two sets of experiments were performed using different initial concentrations of
2-bromobutane while the initial concentration of sodium hydroxide was kept at 0.100
mol dm™3.

The following graphs are obtained.

[NaOH] / mol dm™

0100 rmrtrmtrd e e
i i i fifi e

0.080 i : : SEsR R
R 331 53853 BB a3 FEREY BRBREER . i
0.060 S B e e A o Rl SR R
" INU/| | [CH:CHBrCH.CHj] PR Am o i
' ' 1 =0.1 mol dm=3 i ' ' 1 ' i ' L

0.040

S HRE [CHCHBICH,CHy) e L
~ =2.0 mol dm3 |

i O 6 R DI s 0 B T O O

SEsEREIE iii!.H.i:gr,iii];i,:“.; | RS B HEs F

:
50 100 150 200 250 300 t/s

(i) Explain the terms order of reaction and half-life.

(i)  Use the graphs to determine the order of reaction with respect to

(1) NaOH, and

© VJC 2018 9729/02/PRELIM/18 [Turn over



(iii)

(iv)

(v)

© VJC 2018

10

(I1) CHsCHBrCH,CHs

By determining the half-life for the graph of [CH3CHBrCH,CH;] = 0.1 mol dm™3,
calculate the initial rate at t = 0 min, including its units.

[2]

Write two elementary equations to show how CH3;CHBrCH,CH; and NaOH
react.

CeHsCH2Br reacts with NaOH(aq) via an Sny1 mechanism. Suggest why this
may be so.

9729/02/PRELIM/18
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(c) 2-iodobutane, CH3CHICH.CHs3;, exists as two enantiomers, A and B, which rotate
plane—polarised light in opposite directions.

An optically pure sample containing only isomer A rotates plane—polarised light by
an angle of +15.0°. It reacts with a solution of radioactive iodide, *'I-, dissolved in a
mixture of ethanol and water. The product mixture is found to rotate plane—polarised
light by an angle of —6.4°. The reaction is found to proceed by both the Sy1 and Sn2
mechanisms. If Sy1 and Sn2 mechanisms proceed in a ratio of 1:1, the percentage
composition of B is 75%.

(i) Determine the percentage composition of B in the product mixture. Hence,
deduce the predominant mechanism for the above reaction.

[2]

(i) Describe the Sy2 mechanism for the reaction of CH3;CHICH,CHs with 31~

[2]
[Total: 20]
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3 Nickel is widely used as components of fuel cells and batteries. It often occurs in ores
along with iron as metal oxides. After the initial reduction of the ore with carbon, a nickel—
iron alloy is formed. It can then be purified by an electrolysis technique.
(@ Onthe other hand, Group 2 metal oxides such as magnesium oxide, are not reduced

by carbon. Use relevant data from the Data Booklet to explain why carbon can reduce
oxides of nickel and iron but not magnesium oxide.

(b) Nickel and nickel(ll) oxide are used as electrodes in molten carbonate fuel cells
(MCFCQC).

MCFC operates at temperatures above 650 °C to ensure ionic conductivity of its
electrolyte, which is a mixture of lithium carbonate and potassium carbonate.

The high temperature also allows fuel reforming which produces hydrogen gas at the
anode for the electrochemical reaction. Fuel gases, such as natural gas and other
higher hydrocarbons derived from biomass, could be used with MCFC. The CO.
generated at the anode is recycled to the cathode where it is consumed as shown in
the schematic diagram of MCFC below.

electrical load

r@\%

fuel gasin = {3 oxygen in

2—
Co,f:’:' COs™ | € co,
water and carbon
heat out ﬂ dioxide in

| &

&
, | ,
Ni NiO
ﬂ anode electrolyte cathode ﬂ
CO, mm)

(i)  When a hydrocarbon CxHyis used as the fuel gas, it undergoes fuel reforming
with H,O at the anode to produce hydrogen gas and carbon monoxide.

Write a balanced equation for the fuel reforming of the hydrocarbon, CxHy.

© VJC 2018 9729/02/PRELIM/18



(i)

(iii)

(iv)

© VJC 2018
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The fuel reforming is catalysed by the nickel. Explain the mode of action of the
nickel catalyst.

Carbonates are generated at the cathode by the reaction between oxygen and
carbon dioxide. The carbonate ions then diffuse across the electrolyte to the
anode and react with hydrogen gas, generating steam and carbon dioxide.

Write the half—-equations at both electrodes and hence give the overall equation
for the MCFC.

CathOde: oo
2 7o Yo [

(01772 =1 | T

The temperature of MCFC is kept constant.

With reference to your answer from (b)(iii), state and explain the effect of
increasing the partial pressure of oxygen on the cell potential of this MCFC.

9729/02/PRELIM/18 [Turn over



14

(c) Biomass from farms could be used to produce fuel gases for MCFC to power an
ammonia—making plant for the farming community. The ammonia is manufactured in
the following three—step process.

Step 1: Electrolysis of molten lithium hydroxide at 750 K to form lithium metal.
4LiOH — 4Li + 2H,0 + O,

Step 2: Reaction of lithium metal with nitrogen to form lithium nitride.
3Li + %2N2 — LisN

Step 3: Reaction of lithium nitride with water to re—form lithium hydroxide and
ammonia.

LisN + 3H20 — 3LiOH + NH3

Thus, the lithium hydroxide formed in Step 3 can be re—used in Step 1 and the
process can be repeated.

(i) The electrolysis will only proceed at an appreciable rate when the applied
potential exceeds the cell potential by 0.60 V.

Use appropriate E® values from the Data Booklet to calculate the minimum
potential that should be applied in Step 1.

[2]

(i) State the ratio between the lithium produced in Step 1 and the ammonia
produced in Step 3.

(iti) A farm requires 0.0770 tonnes of ammonia per acre annually.
If the lithium hydroxide was not recycled at the end of the process, calculate
the total mass of lithium (in tonnes) that would have to be produced to generate
the required mass of ammonia for a farm of 100 acres in a year.

[1 tonne = 10° g]

[2]
© VJC 2018 9729/02/PRELIM/18
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(d) Unlike lithium carbonate and potassium carbonate, a mixture of Group 2 carbonates
consisting of magnesium carbonate and barium carbonate is not a suitable
electrolyte for the molten carbonate fuel cell (MCFC) in (b). For each of the
carbonates, suggest a reason why it is not a suitable electrolyte.

Magnesium carbonate:

(e) A solution contains 0.100 mol dm= magnesium nitrate and 0.100 mol dm= barium
nitrate. Solid sodium carbonate is added slowly to 100 cm? of this solution.
[Ksp(MgCO3) = 3.5 x 1078 mol? dm™¢; Ksp(BaCO3) = 5.1 x 10™° mol? dm9]

(i) State which metal ion is first precipitated. Calculate the concentration of
carbonate ions in the solution needed for the first trace of precipitate to be seen.

[1]

(ii) Determine the concentration of the metal ion stated in (e)(i) when the other
metal ion just begins to precipitate.

[2]
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(iii) The separation is considered effective when less than 1% of the metal ion
remains in the solution. Hence, deduce if the above separation is effective.

[1]
[Total: 20]
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17

Pyridine is an aromatic planar molecule similar to benzene. Unlike benzene, pyridine
can act as a Bronsted—Lowry base and a nucleophile.

(i)

(iii)

© VJC 2018

@

N
pyridine

State the type of hybridisation of the nitrogen atom in pyridine.

................................................................................................... [1]
Write a balanced equation to show that pyridine is acting as
a Bronsted—Lowry base
a Lewis base but not a Bronsted—Lowry base
[2]
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(b) Phenylamine and subsituted phenylamines are used to make dyes and food
colourants. The first step in this process is the production of a diazonium ion as
shown.

(i) State the type of reaction.

The diazonium ion is then reacted with a phenol or an arylamine in alkaline solution.

OH

N @N:N@NRZ

+ NaOH(aq)

+
O

(i) Suggest the starting compounds needed to synthesise the following dyes.
Draw their full structural formulae in the boxes provided.

CO,H

oD o

alizarin yellow R

—>(CH3)2N4@>7N=N4@>7803Na

methyl orange

[4]
© VJC 2018 9729/02/PRELIM/18
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(itf) The benzene ring containing the NaOsS- group in methyl orange is less
reactive towards bromine than the other benzene ring. Suggest two reasons.

(iv) Alizarin yellow R exhibits stereoisomerism and is a common indicator for
acid—base titrations.

Draw the stereoisomers of alizarin yellow R.

[1]
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(c) Tartaric acid is present in many plants.

OH O

HO
OH

@] OH
tartaric acid

(i) Tartaric acid has two acid dissociation constants, Ka1 and Kaz, for which the pKa
values are 2.99 and 4.40. Draw the species present at pH 4.40.

[1]

(i) One stereoisomer of tartaric acid is shown below.

OH

CO,H

o
OH

Complete the diagrams below to show two other stereoisomers of tartaric acid.

[2]
[Total: 15]

End of Paper
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Answer all the questions in the spaces provided.

1 (a) Bromine exists naturally as a mixture of two stable isotopes, "°Br and 8'Br, in a 1:1

ratio.

(i)

(ii)

Write down the full electronic configuration of 7°Br?*.

1s? 2s? 2p°® 3s? 3p® 3d'0 4s2 4p3
[1]

Define the term relative isotopic mass.

Mass of an atom of isotope relative to 11—2 the mass of an atom of carbon-—
12 isotope.

[1]

(b) Chlorine atom exists naturally as two isotopes, 3°Cl and *’Cl, in a 3:1 ratio. When
equimolar amounts of bromine and chlorine were mixed together, an interhalogen
compound, BrCl, is formed. The product mixture contains four species with three
different mass numbers 114, 116 and 118. "°Br3°Cl is one of the four species.

(i)

(ii)

(iii)

© VJC 2018

With the help of the information given in (a), state the species that corresponds
to each mass number. Hence, calculate the relative abundance for each mass
number.

mass number species relative abundance
114 79Br35Cl Vox Ya=2
116 ®Br¥’Cl and *'Bri*C| (V2 x Va) + (V2 x %a) =%
118 MB7C Vox Va=z

[3]
Explain whether BrClI or Cl; has a greater enthalpy change of vaporisation.

BrCl has a greater enthalpy change of vaporisation as it has stronger
instantaneous dipole—induced dipole interactions due to the greater
number of electrons in the larger BrCl molecule.

OR
BrCl has a greater enthalpy change of vaporisation as it is polar with
stronger permanent dipole—permanent dipole interactions than the
instantaneous dipole-induced dipole interactions in Cl..

[1]

Suggest with a reason how the first ionisation energy of 7°Br is compared to
81Br.

First ionisation energy of °Br is the same as that of 8'Br because they
have the same number of protons.
[1]
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(c) Bromine reacts with an element A to form a compound with empirical formula ABrs.
The percentage by mass of A in ABr3 is 4.31%. Calculate the relative atomic mass

of A.

Let Arof Abey.
Element A Br
No. of moles/mol 4yﬁ %

. 431 100-4.31
Mole ratioof A:Br=1:3=—: ———
y 79.9

No. of moles of Br atoms = 3 x no. of moles of A atoms

100431 _ 5 431
799 y
y =10.8

[1]

(d) Bromine and fluorine react to form the pale yellow liquid, bromine ftrifluoride, as
shown in Reaction 1.

Reaction 1 Bra(l) + 3F2(g) — 2BrFs(l)

Some thermochemical data are given below.

Standard enthalpy change of formation of BrFs(l) / kJ mol™ =301
Standard Gibbs free energy change of formation of BrFs(l) / kJ mol™ —241
Standard entropy of Bry(l), Se(Brz) / J mol~' K™ 152
Standard entropy of BrFs(l), S°(BrFs) / J mol™ K™ 178

(i) The above reaction is spontaneous at 298 K even though AS° is negative.
Explain qualitatively why AH?® is the predominant factor that causes the reaction
to be spontaneous.

AG® = AH®° - TAS®° <0 at 298 K
AH® is the predominant factor as it is exothermic (or negative) and drives
the reaction.

[1]

(ii) Sketch a graph to show how AG?® varies with temperature in K for Reaction 1.
Label the y—intercept.

A
AG® | kJ mol™!

» T/K

[1]
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(iii) Given that AS® = 2 x S°(BrF3) — [S®(Brz2) + 3 x S°(F2)] for Reaction 1, calculate
the standard entropy of F»(g), S°(F-), at 298 K.

AG® = AH® — TAS®

AS® = (AH® = AG®) I T
= 2(-301 + 241) x 10° / 298
=-403 J mol' K

~403 = 2(178) — [152 + 3S°(F)]

S°(F2) = 202 J mol~' K-
(2]

(e) Similar to water, liquid BrFs; can be used as a solvent and it undergoes minimal
self—ionisation.

2H,0 = H30* + OH~
2BrFs; = BrF>* + BrF4

When (BrF2*)2(SnFs?") and Ag*(BrF4") react in BrFs, an insoluble Ag>SnFs is formed.

(i) Construct an equation for the reaction between (BrFz*)z(SnFe?>) and
Ag*(BrF4+).

(BrF2*)2(SnFe¢?") + 2Ag*(BrFs) — 4BrF; + Ag.SnFs
[1]

(i) State and draw the shapes of BrF>* and BrF,4~, including lone pairs of electrons.

bent

square planar
BrF,* BrF4

[2]

(f) One of the most readily prepared sulfur nitrides is S4sNa4, which can be made by
passing dry NHs(g) into a solution of SCI, in an organic solvent. A proposed
structure of the molecule of S4N4 is shown below.

S——S
// )\

N\ N
N2
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(i) Using the data given below, construct a suitable energy level diagram to
calculate the S—N bond energy in S4Na.

AHP [S4N4(g)] = +460 kJ mol™

AHaP [S(s)] = +279 kJ mol™

AHa [nitrogen] = +497 kJ mol™

Bond energy of (S-S) in S4N4 = +204 kJ mol™’

ﬂ‘
4S(g) + 4N
Energy / _ (9) (9) ‘
kJ mol~1
8BE(S-N) +
4(+279) + 4(+497) 2(+204)
=+3104
SaN4(g)
+460
4S(s) + 2N2(9g)

By Hess’s Law,
8BE(S-N) + 2(+204) = —(+460) + 3104
BE(S-N) = +279.5 kJ mol™
3]

(ii) The nitrogen atoms in S4N4 show their usual valency of 3. All four sulfur atoms
have the same oxidation number. Add to the structure below to show which
sulfur—nitrogen bonds are single bonds and which are double bonds.

T

(iii) Hence, explain why the calculated bond energy of sulfur—nitrogen bond in
S4N4 from (f)(i) is between that of a S—N bond and a S=N bond.

[1]

This is due to the delocalisation of pi electrons / formation of resonance
structures between the two sulfur—-nitrogen bonds in S—N-S / N-S—N.
(1]

[Total: 20]
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2 (a) Dinitrogen tetraoxide, N2O4, and nitrogen dioxide, NO,, exist in dynamic equilibrium
with each other as shown below.

(i)

(ii)

(iii)

© VJC 2018

N204(g) = 2NO2(g)

The diagram below shows the variation of the average molecular mass of the
equilibrium mixture with pressure.

average M;
A

n
>

pressure

Predict a value for y and account for the shape of the graph.

y =2(14.0) + 4(16.0) = 92.0

By Le Chatelier’s Principle, as pressure increases, the position of
equilibrium would shift left to decrease the amount of gaseous
molecules. Hence, more N2O4 will be produced and average M, increases.

[2]

0.0100 mol of inert N2 with a partial pressure of 0.27 bar and 0.0500 mol of
N204 were placed in a sealed vessel of volume 1.00 dm?® and temperature of
50 °C. When equilibrium was established, the total pressure of all gases was
1.95 bar.

With reference to the Data Booklet, calculate the average molecular mass, M;,
of the N204/NO2 equilibrium mixture. Give your answer to three significant
figures.

Mass of N.O; initially = Total mass of N.O4 and NO; at equilibrium
=0.0500 x 92.0
=4.60g

Total pressure of N.Os and NO- at equilibrium
=1.95-0.27
=1.68 bar

pV = nRT = MﬂRT
1.68 x 10° x 1.00 x 10 = 222 8.31 x (273 + 50)

A
M, = 73.5
[2]

Use your answer in (a)(ii) to calculate the mole fraction of NO; in the N2O4/NO;
equilibrium mixture.

Let the mole fraction of NO2 be z. Then the mole fraction of N2O4 is (1 — z).

46z +92(1-2)=73.5
z = 0.402
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[1]
(iv) Write an expression for the equilibrium constant, K., for this N2O4/NO;
equilibrium. Calculate the value of K¢ and give its units.

_ [NO,J?

K. =
€ " INyO4]

Total number of moles of N.O4 and NO; at equilibrium
=4.60+73.5
= 0.0626 mol

Nno,
=0.402 x 0.0626
= 0.0252 mol

Nn,yo,
= 0.0626 — 0.0252
=0.0374 mol

_ (0.0252)2
Ke = 0.0374
=0.0170 mol dm™

[2]

(v) Sketch and label on the same axes, a graph of variation of pV against 1/V at
constant temperature for 1 mol of

(|) N204, and
(I1) NO:a..

pV

ideal

)

(1)

> 1/V
[1]
(b) 2-bromobutane, CH3CHBrCH.CHs, is hydrolysed by aqueous sodium hydroxide.
The kinetics of the reaction was determined by monitoring the change in
concentration of sodium hydroxide with time.
Two sets of experiments were performed using different initial concentrations of
2-bromobutane while the initial concentration of sodium hydroxide was kept at 0.100

mol dm3.

The following graphs are obtained.
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Explain the terms order of reaction and halflife.

The order of reaction with respect to a given reactant is the power to
which the concentration of that reactant is raised to in the rate equation.

The half-life (t12) of a reaction is the time taken for the concentration of a
reactant to decrease to half its initial value.
[2]
Use the graphs to determine the order of reaction with respect to
(I) NaOH, and
When [CH3CHBrCH.CHs] = 2.0 mol dm=3, CH3;CHBrCH.CH; is in
excess and has pseudo zeroth order. From the graph of
[CH3CHBrCH,CHjs] = 2.0 mol dm™3, rate is a constant as seen from the
constant gradient.
Thus, order of reaction wrt NaOH is zero.
(1) CHsCHBrCH2CHs
From the graph of [CH3;CHBrCH,CHs] = 0.1 mol dm=3, t4 is constant.

Thus, order of reaction wrt CH;CHBrCH.CHjs is one.
[2]
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(iii) By determining the half-life for the graph of [CH3CHBrCH,CHs] = 0.1 mol dm3,
calculate the initial rate at t = 0 min, including its units.

t1/2 =100s
k=In2+100
k=6.93x103s"

Rate =k [CH3CHBrCH.CH;]
=6.93x103x%x0.1
=6.93 x10* mol dm=3s™’

[2]
(iv) Write two elementary equations to show how CH3CHBrCH>CHsz and NaOH
react.
CH3;CHBrCH:CH; — CHsaHCHchs + Br- slow
CH35H0H2CH3 + OH~ —» CH3CH(OH)CH:CHs fast

[1]

(v) CeHsCH2Br reacts with NaOH(aq) via an Sy1 mechanism. Suggest why this
may be so.

The carbocation from C¢HsCH2Br is resonance—stabilised as the positive
charge can delocalise into the benzene ring.
[1]

(c) 2-iodobutane, CH3;CHICH,CHs, exists as two enantiomers, A and B, which rotate
plane—polarised light in opposite directions.

An optically pure sample containing only isomer A rotates plane—polarised light by
an angle of +15.0°. It reacts with a solution of radioactive iodide, 3'I-, dissolved in a
mixture of ethanol and water. The product mixture is found to rotate plane—polarised
light by an angle of —6.4°. The reaction is found to proceed by both the Sy1 and Sn2
mechanisms. If Sy1 and Sny2 mechanisms proceed in a ratio of 1:1, the percentage
composition of B is 75%.

(i) Determine the percentage composition of B in the product mixture. Hence,
deduce the predominant mechanism for the above reaction.

Let the percentage composition of B be z% and the percentage
composition of A be (100 — z)%.

oy Z_ oyy100 -2
(-15.0°)(;5) + (+15.0°) (<o

z=71.3%

) = -6.4°

Since percenatge composition of B is less than 75 %, the predominant
mechanism is Sy1.
[2]
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(ii) Describe the Sx2 mechanism for the reaction of CHsCHICH,CHs with 131~

S &

o+ o-—

o N1 M ¢ ]
H

H,CH3

=
=
=
=
=
=
=
=

(2]
[Total: 20]

3 Nickel is widely used as components of fuel cells and batteries. It often occurs in ores
along with iron as metal oxides. After the initial reduction of the ore with carbon, a nickel—
iron alloy is formed. It can then be purified by an electrolysis technique.

(@) On the other hand, Group 2 metal oxides such as magnesium oxide, are not reduced
by carbon. Use relevant data from the Data Booklet to explain why carbon can reduce
oxides of nickel and iron but not magnesium oxide.

From Data Booklet,
E°(Mg?* | Mg) = -2.38 V
E°(Ni2* | Ni) = -0.25 V
E°(Fe?*|Fe) =-0.44 V
E°(Fe®*|Fe) =-0.04 V

Standard reduction potential, E°, for nickel and iron are both much less
negative than that of magnesium.

[2]

(b) Nickel and nickel(ll) oxide are used as electrodes in molten carbonate fuel cells
(MCFCQC).

MCFC operates at temperatures above 650 °C to ensure ionic conductivity of its
electrolyte, which is a mixture of lithium carbonate and potassium carbonate.

The high temperature also allows fuel reforming which produces hydrogen gas at the
anode for the electrochemical reaction. Fuel gases, such as natural gas and other
higher hydrocarbons derived from biomass, could be used with MCFC. The CO;
generated at the anode is recycled to the cathode where it is consumed as shown in
the schematic diagram of MCFC below.

© VJC 2018 9729/02/PRELIM/18



(i)

(ii)

(iii)

© VJC 2018

11

electrical load

T@%

fuel gasin =) {3 oxygen in
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When a hydrocarbon CyHy is used as the fuel gas, it undergoes fuel reforming
with H,O at the anode to produce hydrogen gas and carbon monoxide.

Write a balanced equation for the fuel reforming of the hydrocarbon, CxHy.

CH, + xH20 — (x + y/2)H2 + XxCO
[1]

The fuel reforming is catalysed by the nickel. Explain the mode of action of the
nickel catalyst.

Nickel is a heterogeneous catalyst.

Gaseous reactants are adsorbed on the Ni surface through forming weak
bonds with the active sites of the catalyst.

This weakens the covalent bonds within the reactant molecules.

High concentration of reactants on the catalyst surface come into close
contact with proper orientation for reaction to occur.

Products desorb from the surface of the catalyst.

[2]

Carbonates are generated at the cathode by the reaction between oxygen and
carbon dioxide. The carbonate ions then diffuse across the electrolyte to the
anode and react with hydrogen gas, generating steam and carbon dioxide.

Write the half-equations at both electrodes and hence give the overall equation
for the MCFC.

Cathode: 0(g) + 2CO,(g) + 4e~ — 2C0;2(1)
Anode: H2(g) + CO:*7(l) - H20(g) + CO2(g) + 2e"
Overall:  2H,(g) + O2(g) — 2H.0(g)
[2]
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(iv) The temperature of MCFC is kept constant.

With reference to your answer from (b)(iii), state and explain the effect of
increasing the partial pressure of oxygen on the cell potential of this MCFC.

Higher partial pressure of O, would cause the position of equilibrium of
the overall reaction to shift to the right to decrease the amount of gaseous
oxygen.

The cell potential becomes more positive. [2]

(c) Biomass from farms could be used to produce fuel gases for MCFC to power an
ammonia—making plant for the farming community. The ammonia is manufactured in
the following three—step process.

Step 1: Electrolysis of molten lithium hydroxide at 750 K to form lithium metal.
4LiOH — 4Li + 2H,0 + O3
Step 2: Reaction of lithium metal with nitrogen to form lithium nitride.
3Li + 72N> — LisN

Step 3: Reaction of lithium nitride with water to re—form lithium hydroxide and
ammonia.
LisN + 3H20O — 3LiOH + NHs

Thus, the lithium hydroxide formed in Step 3 can be re—used in Step 1 and the
process can be repeated.

(i) The electrolysis will only proceed at an appreciable rate when the applied
potential exceeds the cell potential by 0.60 V.

Use appropriate E° values from the Data Booklet to calculate the minimum
potential that should be applied in Step 1.

E°(Li* | Li) = -3.04 V
E°(O2| OH") = +0.40 V

Eecell
= |-3.04 — (+0.40)|
=3.44V

Minimum potential
=3.44 + 0.60
=4.04V

[2]

(ii) State the ratio between the lithium produced in Step 1 and the ammonia
produced in Step 3.

Ratioof Li: NH;=3:1
[1]
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(iii) A farm requires 0.0770 tonnes of ammonia per acre annually.

If the lithium hydroxide was not recycled at the end of the process, calculate
the total mass of lithium (in tonnes) that would have to be produced to generate
the required mass of ammonia for a farm of 100 acres in a year.

[1 tonne = 10° g]

Mass of NH3 needed for 100 acres in a year
=0.0770 x 10° x 100
=7.70x10%g

Amount of NH;
=7.70x105+17.0
=4.53 x 105 mol

Amount of Li required
=3 x4.53 x10°
=1.36 x 10 mol

Mass of Li required
=1.36 x 106 x 6.9
=9.38x10%g

= 9.38 tonnes

[2]

(d) Unlike lithium carbonate and potassium carbonate, a mixture of Group 2 carbonates
consisting of magnesium carbonate and barium carbonate is not a suitable
electrolyte for the molten carbonate fuel cell (MCFC) in (b). For each of the
carbonates, suggest a reason why it is not a suitable electrolyte.

Magnesium carbonate:

Mg?* ion has greater charge density than Group 1 ion and hence polarising the
electron cloud of COs? to a greater extent. This causes lower thermal stability.

MgCO; may undergo thermal decomposition at the high operating temperature
of the fuel cell, forming CO>, depleting the source of CO;%".

Barium carbonate:
BaCO; may have a higher melting point than the operating temperature.

There will be no charge carriers in the electrolyte if the carbonate does not
melt.
[2]
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(e) A solution contains 0.100 mol dm= magnesium nitrate and 0.100 mol dm= barium
nitrate. Solid sodium carbonate is added slowly to 100 cm? of this solution.
[Ksp(MgCO3) = 3.5 x 1078 mol? dm¢; Ks,(BaCO3) = 5.1 x 107 mol? dm™]

(i)

(ii)

(iii)

State which metal ion is first precipitated. Calculate the concentration of
carbonate ions in the solution needed for the first trace of precipitate to be seen.

Since K, of BaCOs is smaller (lower solubility), Ba* is precipitated first.

Ksp = [Ba?*][CO52] = 5.1 x 10°°
0.100 x [CO32] = 5.1 x 10~°
[CO:%] = 5.1 x 10~ mol dm™
[1]

Determine the concentration of the metal ion stated in (e)(i) when the other
metal ion just begins to precipitate.

[CO;2] when Mg?* starts to precipitate
=3.5%x10"%+0.100
=3.5x 107 mol dm™

Using K of BaCOs,
[Ba#*] x 3.5x 107 =5.1x107°
[Ba?*] = 0.0146 mol dm=

[2]

The separation is considered effective when less than 1% of the metal ion
remains in the solution. Hence, deduce if the above separation is effective.

Percentage of Ba?* ions remained

0.0146
= 2100 % 100% (ecf)

=14.6% >> 1%

The above separation is not effective.

[1]
[Total: 20]

4 (a) Pyridineis an aromatic planar molecule similar to benzene. Unlike benzene, pyridine
can act as a Bronsted—Lowry base and a nucleophile.

(i)

© VJC 2018

@

N
pyridine

State the type of hybridisation of the nitrogen atom in pyridine.

sp? hybridisation
[1]
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(ii) Hence, explain why pyridine has a higher pK, than ethylamine, CH3CH2NH>.
The nitrogen atom in pyridine is sp? hybridised while that in ethylamine
is sp? hybridised.
Hence, the lone pair of electrons in pyridine is less available for donation
as it is more strongly attracted by / closer to the nucleus.
[1]

(iii) Write a balanced equation to show that pyridine is acting as

a Bronsted—Lowry base

el

+N
|
H

a Lewis base but not a Bronsted—Lowry base

el

+N
|
R

[2]

(b) Phenylamine and subsituted phenylamines are used to make dyes and food
colourants. The first step in this process is the production of a diazonium ion as

shown.
+
O — O

(i) State the type of reaction.

Oxidation

[1]
The diazonium ion is then reacted with a phenol or an arylamine in alkaline solution.

OH

— @N:N@NRZ

+ NaOH(aq)

+
O-ie
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(ii) Suggest the starting compounds needed to synthesise the following dyes.
Draw their full structural formulae in the boxes provided.

O\\ /H
V's N N_ ]
0 H CO,H
- O
(0}

Cc alizarin yellow R

|
H
—>(CH3).N < :>—N:N—<: :>—SO3Na

methyl orange

[4]

(iii) The benzene ring containing the NaOsS- group in methyl orange is less
reactive towards bromine than the other benzene ring. Suggest two reasons.

NaOsS- group is an electron withdrawing group, making the benzene ring
less electron-rich and less susceptible to electrophilic attack.

Lone pair of electrons on —N(CH3). can delocalise into the benzene ring,
making the benzene ring more electron-rich and more susceptible to
electrophilic attack.

[2]

(iv) Alizarin yellow R exhibits stereocisomerism and is a common indicator for
acid-base titrations.

Draw the stereoisomers of alizarin yellow R.

CO,H

Let A be om@—. Let B be @ow

B
.o ., .o /
N=N_ N=N.
A B A
[1]

(c) Tartaric acid is present in many plants.
© VJC 2018 9729/02/PRELIM/18



(ii)

© VJC 2018

17

OH O

HO
OH

O OH
tartaric acid

Tartaric acid has two acid dissociation constants, Ka1 and Kaz, for which the pK,
values are 2.99 and 4.40. Draw the species present at pH 4.40.

OH O OH O
HO _ 0 -
o 0O
O OH O OH
[1]

One stereoisomer of tartaric acid is shown below.

OH

CO,H

oy
OH

Complete the diagrams below to show two other stereoisomers of tartaric acid.

H

CO,H
-

[2]
[Total: 15]
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Section A
Answer all the questions in this section.

All the elements in the third period of the Periodic Table, sodium to sulfur, form
chlorides by direct combination with chlorine. Aluminium chloride may be produced
by passing a stream of chlorine over heated aluminium metal in a long hard—glass
tube.

(i)  With the aid of equations, explain the following observations when different
amounts of water were added to solid aluminium chloride.

(1) When a limited amount of water was added, a white solid was formed
together with steamy fumes.

(1) When excess water was added, a solution of pH 3 was obtained. 2]
(i) Both aluminium chloride and copper(l) complex solutions are colourless
whereas a solution of copper(ll) sulfate appears blue.

Explain these observations. [3]

(iii) Briefly describe the process of anodisation of aluminium. Write ion-electron
equations for the reactions occurring at the anode and the cathode. [2]

Compound A can be synthesised from benzene using aluminium chloride via a
simple Friedel-Crafts alkylation as shown in Reaction 1. In addition, compound B,
an isomer of compound A is also formed.

Reaction 1: @ _ m + compound B
AICI

compound A

(i) Compound B rotates plane-polarised light. It is formed after the carbocation
intermediate undergoes rearrangement through the movement of an alkyl
group to an adjacent carbon atom bearing the positive charge.

Draw the structure of compound B. Explain why the rearrangement of the
carbocation is favoured. [2]

(i)  Explain why multi-substituted product is more favoured over mono-substituted
product in Reaction 1. [1]
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Compound A can be formed via compound C as shown in Reaction 2 below. Step 1
involves Friedel-Crafts acylation, which have similar reaction conditions and
mechanism as Friedel-Crafts alkylation.

)\H/CZ O
o @)K( HoNNH, @/Y
Reaction 2: @ T%> KOH / reflux

compound C compound A
step 1 step 2
(i) Draw the mechanism for step 1. In your answer, show relevant charges, lone
pairs of electrons and movement of electrons. [3]
(i) Hence, suggest reagents and conditions for steps | to Il in the following

synthesis of benzophenone from 1-hydroxyethylbenzene. Give the structural
formulae of J and K.

OH O
step 1 step 11 step 111
Qo
1-hydroxyethylbenzene benzophenone

[4]

A student wants to synthesise benzophenone using the reaction pathway illustrated
in (c)(ii). However, the solid sample of 1-hydroxyethylbenzene is contaminated with
phenylamine. Briefly explain how you can separate 1-hydroxyethylbenzene from
phenylamine via extraction. You are provided with

e ethanol, hexane, HCI(aq), NaOH(aq),
e separating funnel, and
e apparatus commonly found in a college laboratory.

(3]
[Total: 20]
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Borane, BHjs, is used to synthesise alcohols from alkenes as shown in the reaction
sequence below.

In reaction 1, the BH; group from BHs is bonded to the less substituted carbon atom
of the double bond. The remaining H atom from BH3 is bonded to the other carbon
atom.

C\H3 /H C|;H3 ||-| [O] (I:H3 ||-|
c=c + BHy ———= H—C—C—BH, ———= H—C—C—OH

/ AN reaction 1 | I reaction 2 | |

CH; CHj CHs CHs CHs3 CHs

(i) Name and show the mechanism of reaction 1. In your answer, show relevant
charges, lone pairs of electrons and movement of electrons. [3]

(i)  The product formed in reaction 1 contains a chiral centre. Explain whether the
product formed rotates plane-polarised light. [2]

(iii) The diol W can be prepared by the same method as shown above.

OH

o

OH
w

Draw the skeletal structure of the diene which could be used to prepare diol W.

[1]

A carbonyl compound, Y, CsHi 0O, can be synthesised from aminoalcohol, X,
CeH13ON, in the presence of nitrous acid, HNO,, via Tiffeneau-Demjanov
Rearrangement.

The simplified illustration of the rearrangement is shown below.

OH H O H
| HNO, T
R—Cl:—(l:—R' —_— R—C—?—R'
R NH; R

Y produces a yellow precipitate with iodine in alkaline solution. Treatment of Y with
hot acidified solution of potassium manganate(VIl) produces Z, CsHgO3, along with a
gas that forms a white precipitate in limewater. Y was also observed to decolourise
bromine in tetrachloromethane readily.

()  Explain the chemistry of the reactions described and deduce the structural
formulae of X, Y and Z. [5]

(i)  With reference to the Data Booklet, identify an infra-red absorption range that
will be shown by the functional group in Y but not in X. [1]
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Devise a three—step synthesis to obtain compound V from the carbonyl compound,
CICH2CHO.

OH O
O OH
O
Vv
Give the reagents and conditions for each step. Draw the structural formulae of all
the intermediates. [4]

By either adjusting the reaction temperature or using a stronger base, ethanal can
undergo Aldol Condensation reaction to form but-2-enal as shown below.

strong base

0 0
2 0 — e N 0+ H00)

ethanal  temperature but-2-enal

(i)  With reference to the Data Booklet, calculate the enthalpy change for this Aldol
Condensation reaction. [2]

(i) Explain why the actual enthalpy change for the Aldol Condensation reaction is

different from that calculated in (d)(i). [1]

(iii) Suggest a simple chemical test to confirm the presence of but-2-enal in the
product mixture. [1]
[Total: 20]
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Glycolic acid and thioglycolic acid have very similar structures as shown below.

0 0
Ho N OH Ho o SH

glycolic acid thioglycolic acid

Glycolic acid has only one measurable pKa value of 3.38. Thioglycolic acid has two
measurable pK, values of 3.67 and 10.31 respectively.

(i)

(i)

(iii)

(iv)

(v)

Both oxygen and sulfur are Group 16 elements. Hence, suggest why the
alcohol functional group of glycolic acid is a weaker acid than the —SH group of
thioglycolic acid. [1]

Compare the first pK, values of glycolic acid and thioglycolic acid. Explain its
significance. [2]

Suggest the major species present in solutions of thioglycolic acid with the
following pH values.

e pHO

e pHY

e pH 14 [2]

Assuming thioglycolic acid to be HA, calculate the percentage of each of the
ionic species of thioglycolic acid present at pH 9.0. [3]

Hence, calculate the volume of 0.100 mol dm=3 aqueous sodium hydroxide
needed to form the solution in (iv) when added to 25.0 cm? of 0.100 mol dm3
thioglycolic acid. 2]

The hydroxide ion is the strongest possible base in aqueous solution, but in organic
solvents it is possible to have other stronger bases. In 2016, Australian researchers
announced the formation of an organic gas-phase di-anion, DEB?~. It is the strongest
base known.

DEB? is produced from compound A which is a disubstituted benzene, CsH4R>,
where R- is the same substituent.

(i)
(i)

Draw all the possible structures of CeHsR:. 1]

Compound A has the molecular formula C12HsO4 and effervesces on addition
of sodium hydrogen carbonate.

Suggest the functional group present in the substituent R- that is responsible
for the effervescence. Hence, deduce a structure for R-. [1
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3C nuclear magnetic resonance (NMR) spectroscopy is an analytical method. In
simplistic use, it allows different types of carbon atoms to be deduced from the
corresponding signals in the spectrum.

For example, the *C NMR spectra for the ethanoic acid and 2,3-dimethylbutane
would both show two distinct signals since each molecule has only two different
carbon environments. This is shown in the diagram below where equivalent carbon
environments are labelled with the same letter.

@] ¢ C
b
)J\ d d
a OH c o
ethanoic acid 2,3-dimethylbutane

(iii) Compound A is found to have six signals in its "*C NMR spectrum. Using your
answers to (b)(i), (b)(ii) and the information provided above, deduce the
structure of compound A. [1]

(iv) Compound A forms DEB?- via intermediates B?~ and C2- through the removal
of positive ions or neutral molecule from the substituent R-.

Compound A B%- C* DEB?-
C12Hs04 M= 212 M, = 168 M, =124
Determine the skeletal structures of B2, C>~ and DEB?-. [2]

An organic acid D, C/H100, is refluxed with acidified KMnO4 to produce only one
organic compound E, CsHsOs. Compound D decolourises bromine water. Gentle
heating of the anhydrous crystals of compound E produces a neutral compound F,
C4H403, which does not react with sodium metal or give a precipitate with 2,4—
dinitrophenylhydrazine.

Compound F reacts with ethanol in the presence of a catalyst to form compound G,
CsH1004.

Compound F also reacts with methylamine, CHsNH,, to give a compound H,
CsHoNOs3, which gives a salt on reaction with NaOH but not with HCl. Compound H
does not display enantiomerism.

Both compounds, G and H, produce E on heating with dilute sulfuric acid.

Suggest the structures of D, E, F, G and H. [5]

[Total: 20]
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Section B
Answer one question from this section.

Chlorine dioxide, ClOg, is a reddish-yellow gas that does not occur naturally in the
environment. When added to aqueous hydroxide, chlorine dioxide undergoes the
following reaction producing chlorate(l11) and chlorate(V) ions.

2CIO2 + 20H™ — CIO2™ + CIO3™ + H20

Unlike ClIO2, bromine dioxide is less stable and react with aqueous hydroxide to
produce bromide and bromate(V) ions. Bromate(V) ion is formed more readily than
chlorate(V) ion.

(i) Write a balanced equation for the reaction of bromine dioxide with sodium
hydroxide. Hence, state the type of reaction. [2]

(i)  Explain why bromate(V) ion is formed more readily than the chlorate(V) ion in
aqueous hydroxide. [1]

Lawsone is a dye that is extracted from the henna plant, Lawsonia inermis. Although
its natural colour is yellow, lawsone reacts with the proteins in hair and skin to
produce the characteristic brown henna colour.

Lawsone can be readily reduced to a colourless compound A, 1,24-
trihydroxynaphthalene. However, the hair dye containing lawsone is relatively
resistant to the decolourisation by chlorine water in swimming pools.

0 OH
OH OH
QU™ rar e — QO
E°=+0.36V
0] OH
lawsone compound A,

1,2,4-trihydroxynaphthalene

(iii) With reference to the Data Booklet, explain why chlorine water cannot
spontaneously decolourise lawsone. [2]

(iv) The Gibb’s free energy change, AGS, is related to the equilibrium constant, K,
through the following equation:
AG® = -RT In K¢
where AG® is in J mol™.

Using the answer from (a)(iii) and the Data Booklet, calculate K.. Hence,
deduce whether the position of equilibrium lies more on the left or right hand
side of the equilibrium under standard conditions. [2]

(v) Suggest a reagent that could be used to convert lawsone into compound A in
the laboratory. [1]
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(vi) When lawsone is reacted with Brz(aq), compound B with molecular formula,
C10H503Br, is formed. B reacts with 3 mol of 2,4-DNPH. Reaction of B with
NaOH(aq) gives C. Compound C reacts with HCI and ZnCl, to produce D. The
reaction of D with methylamine gives E with molecular formula, C11HeO3N,
which further reacts with CH3COCI to give a neutral compound F.

Suggest the skeletal formulae of compounds B, C, D, E and F. [5]

Chloroacetophenone was formerly the most widely used tear gas, under the
codename CN. It was used in warfare and in riot control. Residues of CN can be
destroyed by the hydrolysis of alkali.

@COCHzCl + OH — @COCHZOH + CI~

chloroacetophenone

G and H are isomers of chloroacetophenone.

@CHzcocl CZ@COCH3

G H

) Arrange the isomers, chloroacetophenone, G and H, in increasing ease of
hydrolysis. Explain your choice. [3]

(i) lodoacetophenone is even more reactive than chloroacetophenone towards
alkaline hydrolysis. Briefly explain why it is so. [1]

(iii) Suggest a suitable experimental technique for studying the rate of hydrolysis.

[1]

(iv) Compound H reacts with alkaline aqueous iodine to give a yellow solid, CHIs.
Similar reaction occurs between compound H and alkaline aqueous chlorine.

Write a balanced equation for the reaction of compound H with alkaline
aqueous chlorine. State the observation. 2]

[Total: 20]
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Copper can be extracted from a double salt, CuFeS. by reacting it with oxygen and
silicon dioxide. In this reaction, copper, iron(ll) silicate, FeSiOs, and an oxide of sulfur
are produced. The oxide of sulfur does not decolourise acidified potassium
manganate(VII).

(i)
(i)

(iii)

(iv)

(V)

(vi)

Draw a dot-and-cross diagram for CuFeS,. [1]

Write a balanced equation for the overall reaction. Deduce the reducing agent
in the reaction. [2]

Copper(l) sulfide is one of the reaction intermediate. Write the full electronic
configuration of copper(l). [1]

The crude copper obtained contains trace amount of silver and nickel. With
relevant data from the Data Booklet and a labelled diagram, describe how the
crude copper can be purified through electrolysis. [4]

5.0 g of crude copper containing 0.1 g of silver and 0.1 g of nickel is purified
through electrolysis as in (a)(iv). During electrolysis, 80% of the current is used
to oxidise the metals. With reference to the Data Booklet, determine the time
needed to purify the copper completely using a current of 2 A. [2]

A student accidentally added some iron(ll1) nitrate into a solution of copper(ll)
nitrate. You are provided with

¢ NHas(aq), NaOH(aq), HNOs(aq) and
e apparatus commonly found in a college laboratory.

Describe how the student could separate these two metal ions in the mixture.
Give relevant equations and state the types of reactions that have occurred. [3]
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Compounds W, X, Y and Z are constitutional isomers with molecular formula
CoH1002 and none of them shows cis-trans isomerism. All four isomers can form
intra-molecular hydrogen bonding. The results of seven tests carried out on the four
isomers are shown below.

Test W X Y Z
1 | Rotate plane- Yes No Yes Yes
polarised light
o [Adddilute NaOH at | g, e Soluble Soluble Insoluble
room temperature
Heat with acidified Orange Orange Orange Orange
3 solution solution did solution solution
K2Cr207
turned green | not turn green | turned green | turned green
4 | Add 2,4-DNPH Orange Orange No orange Orange
precipitate precipitate precipitate precipitate
5 Warm with Fehling’s Brick-red No brick-red | No brick-red | No brick-red
solution precipitate precipitate precipitate precipitate
Warm with Tollens’
6 reagent Grey ppt No grey ppt No grey ppt Grey ppt
Warm with 12(aq) No pale Pale yellow No pale Pale yellow
! and NaOH(aq) yellow precipitate yellow precipitate
precipitate precipitate

©VJC2018

()  Use the information in the table above to suggest a skeletal formula for each of

these four isomers. [4]

(i)  Write a balanced equation for the reaction between W and 2,4-DNPH. [
(iii) Explain why W is soluble in NaOH(aq) at room temperature. [2]
[Total: 20]

End of Paper
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Section A
Answer all the questions in this section.

All the elements in the third period of the Periodic Table, sodium to sulfur, form
chlorides by direct combination with chlorine. Aluminium chloride may be produced
by passing a stream of chlorine over heated aluminium metal in a long hard—glass
tube.

(i)  With the aid of equations, explain the following observations when different
amounts of water were added to solid aluminium chloride.

(1) When a limited amount of water was added, a white solid was formed
together with steamy fumes.

(1) When excess water was added, a solution of pH 3 was obtained. [2]

For (1): AICIs reacts with a limited amount of water to give Al(OH)s(s) and
HCI(g):
AICI3(s) + 3H20(I)— Al(OH)s(s) + 3HCI(g)

For (11):

AICl; undergoes hydrolysis as Al** has high charge density / strong polarising
power. Polarisation of H.O molecules favours the loss of H*, and hence, acidity
of the solution increases (pH = 3).

AICl3(s) + 6H20(1) — [Al(H20)6]**(aq) + 3Cl-(aq)

[Al(H20)6]**(aq) + H20(l) = [Al(H20)s0H]?**(aq) + H30*(aq)

(i) Both aluminium chloride and copper(l) complex solutions are colourless
whereas a solution of copper(ll) sulfate appears blue. Explain these
observations. [3]

AICl3 solution is colourless because the energy gap between the n=2 and n=3
electronic shells is not within the visible light region. Hence, visible light is not
absorbed.

Cu(l) complex is colourless because the 3d subshell is fully filled. Hence, no d-
d /electronic transition can occur.

CuSO0q solution appears blue because partially-filled 3d subshell is split into
two different energy levels in the presence of ligands.

Electron from the lower energy level absorb a wavelength of light
complementary to the observed colour and get promoted to the higher energy
level. Thus, d-d transition can take place.

(iii) Briefly describe the process of anodisation of aluminium. Write ion-electron
equations for the reactions occurring at the anode and the cathode. 2]

The aluminium is made the anode in the electrolysis of dilute sulfuric acid.
The oxygen released at the anode reacts with the aluminium surface to build
up a thicker layer of aluminium oxide.

Anode: 2H,0(l) — Ox(g) + 4H*(aq) + 4e-
Cathode: 2H*(aq) + 2e~ — Ha(qg)
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Compound A can be synthesised from benzene using aluminium chloride via a
simple Friedel-Crafts alkylation as shown in Reaction 1. In addition, compound B,
an isomer of compound A is also formed.

)\/Cl
Reaction 1: @ > m + compound B
AICl;

compound A

(i) Compound B rotates plane-polarised light. It is formed after the carbocation
intermediate undergoes rearrangement through the movement of an alkyl
group to an adjacent carbon atom bearing the positive charge.

Draw the structure of compound B. Explain why the rearrangement of the
carbocation is favoured. [2]

B:

A primary carbocation rearranges into a secondary carbocation that is more
stable because more electron-donating alkyl groups help dispersed the positive
charge and stabilised the carbocation:

(@*—>\/®\

(i)  Explain why multi-substituted product is more favoured over mono-substituted
product in Reaction 1. [

The alkyl group that is bonded to the benzene ring exerts electron—donating
inductive effect.

This activates the benzene ring, making it even more susceptible towards
electrophilic attack / reactive with respect to electrophilic substitution, thus
forming multi-substituted product.

Compound A can be formed via compound C as shown in Reaction 2 below. Step 1
involves Friedel-Crafts acylation, which have similar reaction conditions and
mechanism as Friedel-Crafts alkylation.

)\[(CZ O
o @)J\( HZNNHZ m
Reaction 2: @ AlCL KOH / reflux

compound C compound A
step 1 step 2

(i) Draw the mechanism for step 1. In your answer, show relevant charges, lone
pairs of electrons and movement of electrons. [3]
Mechanism: Electrophilic substitution
Let R be (CH3),CH-

RCOCI + AICI3 — RCO* + AICI4~
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+
+ R—C=0 —*
H rco
+ ACl, —= @ + HCI + AICs
RCO

(i) Hence, suggest reagents and conditions for steps | to Il in the following
synthesis of benzophenone from 1-hydroxyethylbenzene. Give the structural
formulae of J and K.

H rco

OH O
step I step 11 step 111
@)\CH;;, — = J — = K I
1-hydroxyethylbenzene benzophenone

[4]

O O
J: K:
OH Cl

step |: KMnOyg, H2SOy4, reflux
step I1: PCls, room temperature OR PCls, reflux OR SOCIj, reflux
step I11: CsHs, anhydrous AICls, room temperature

(d) A student wants to synthesise benzophenone using the reaction pathway illustrated
in (c)(ii). However, the solid sample of 1-hydroxyethylbenzene is contaminated with
phenylamine. Briefly explain how you can separate 1-hydroxyethylbenzene from
phenylamine via extraction. You are provided with

eethanol, hexane, HCl(aq), NaOH(aq),

eseparating funnel and

eapparatus commonly found in a college laboratory.

(3]
(i) Dissolve the solid sample in hexane.
(i) Transfer the mixture to a separating funnel.
(iif) Add HCl(aq) to the mixture to convert phenylamine to the salt.
(iv) Shake the separating funnel and then drain off the bottom aqueous layer to get
the organic layer.

(v) Evaporate the organic layer to obtain 1-hydroxyethylbenzene.

[Total: 20]

2 (@) Borane, BHs, is used to synthesise alcohols from alkenes as shown in the reaction
sequence below.

In reaction 1, the BH, group from BHs is bonded to the less substituted carbon atom

of the double bond. The remaining H atom from BH3 is bonded to the other carbon
atom.
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GH; M et [0] et
c=c¢/  +BH; ——— H—C—C—BH, ~——» H—C—C—OH
/ AN reaction 1 | | reaction 2 | |
CHs  CH, CHs3 CHs CHa CHs

(i) Name and show the mechanism of reaction 1. In your answer, show relevant
charges, lone pairs of electrons and movement of electrons. [3]

Mechanism: Electrophilic addition

Step 1:
CHs H
NV, B U0 Sl G
= -B—H — +C—C—BH, :
/7 \ON\ g [
CH; CH; CHs3 CH3
Step 2:
CH; H CH3 H
| | _ fast L
+CC—BHz + H — = H—C—C—BH,
CH3CHj CHs CHj

(i)  The product formed in reaction 1 contains a chiral centre. Explain whether the
product formed rotates plane-polarised light. [2]

The product does not rotate plane-polarised light.
The alkene carbon atom is sp? hybridised (or trigonal planar).
Electrophile can attack from either the top or bottom plane of the C=C with
equal probability. Hence, a racemic mixture is formed.
(iii) The diol W can be prepared by the same method as shown above.

OH

o

OH
w

Draw the skeletal structure of the diene which could be used to prepare diol W.

[1]
\)ﬁ/\

A carbonyl compound, Y, CsH10O, can be synthesised from aminoalcohol, X,
CeH13ON, in the presence of nitrous acid, HNO,, via Tiffeneau-Demjanov
Rearrangement.

The simplified illustration of the rearrangement is shown below.
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OH H O H
L HNO, |
R-C—C—R ——— > R-C—C—R
R NH, R

Y produces a yellow precipitate with iodine in alkaline solution. Treatment of Y with
hot acidified solution of potassium manganate(VIl) produces Z, CsHgO3, along with a
gas that forms a white precipitate in limewater. Y was also observed to decolourise
bromine in tetrachloromethane readily.

(i)

(i)

Explain the chemistry of the reactions described and deduce the structural

formulae of X, Y and Z. [5]
or 1
CH3—C|)—C|)—CH:CH2
X is CH3 NH,
o0
CH3—C—(|3—CH=CH2
Y is CH;s
20
CH3—C—(|3—COZH
Zis CHs

Y undergoes oxidative cleavage with iodine in alkaline solution to give yellow
ppt., CHIs. Y has CH3;CO- group.

Y undergoes oxidative cleavage with hot acidified KMnOas(aq) to produce
CO2(g) which forms white ppt. in limewater. Y is a terminal alkene (OR has
=CH, group).

Y undergoes electrophilic addition with Brz in CCls. Y is an alkene.

With reference to the Data Booklet, identify an infra-red absorption range that

will be shown by the functional group in Y but not in X. [

1670 — 1740 cm™" due to ketone functional group.
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Devise a three—step synthesis to obtain compound V from the carbonyl compound,
CICH2CHO.

OH O
O OH
O
Vv
Give the reagents and conditions for each step. Draw the structural formulae of all
the intermediates. [4]
HCN, NaCN catalyst }
o/ (or trace NaOH) CN NaOH(aq) o CO,Na”
~"o room temperature - Cl\)\oH reflux OH
(or cold)
H>SO4(aq),
KMnO4
reflux
OH O
oA oo
o

By either adjusting the reaction temperature or using a stronger base, ethanal can
undergo Aldol Condensation reaction to form but-2-enal as shown below.

strong base

0 0
2 0 — oorate ~ N 0+ H00)

ethanal  temperature but-2-enal

(i)  With reference to the Data Booklet, calculate the enthalpy change for this Aldol

Condensation reaction. [2]
bonds broken bonds formed
one C=0 +740 one C=C +610
two C—H 2(+410) two O-H 2(+460)
Total +1560 Total +1530

AH = +1560 — (+1530) = +30 kJ mol™

(i) Explain why the actual enthalpy change for the Aldol Condensation reaction is
different from that calculated in (d)(i). 1

Bond energies quoted from Data Booklet are average values derived from a full
range of molecules that contain the particular bonds.

OR

The bond energies quoted are for gaseous molecules but the reactants and
products are in liquid state. Hence, the enthalpy changes of vapourisation are
not accounted for.

(iii) Suggest a simple chemical test to confirm the presence of but-2-enal in the
product mixture. [1]
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Test: Add Brz(aq) (at room temperature) to a small sample of the mixture.
Observation: If but-2-enal is formed, orange Brz(aq) decolourise.

OR

Test: Add Brz in CCl4 (at room temperature) to a small sample of the mixture.
Observation: If but-2-enal is formed, orange-red Br, decolourise.

[Total: 20]

3 This question is about acids, bases and their derivatives.

(@)
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Glycolic acid and thioglycolic acid have very similar structures as shown below.

O )
glycolic acid thioglycolic acid

Glycolic acid has only one measurable pKa value of 3.38. Thioglycolic acid has two
measurable pK, values of 3.67 and 10.31 respectively.

(i) Both oxygen and sulfur are Group 16 elements. Hence, suggest why the
alcohol functional group of glycolic acid is a weaker acid than the —SH group of
thioglycolic acid. [1]

The S—H bond is easier to break since S atom is bigger. Hence, less effective
overlap of orbitals for the S—H bond.

(i) Compare the first pK, values of glycolic acid and thioglycolic acid. Explain its
significance. 2]

Glycolic acid is the stronger acid since it has a lower pK, value.
O atom is more electronegative than S,
O

I _on

hence the anion formed,
(0]

- SH
acid, O)K/ . This is due to the stronger electron withdrawing effect of O
atom, dispersing the negative charge.

is more stable than that of thioglycolic

(iii) Suggest the major species present in solutions of thioglycolic acid with the
following pH values.
e pHO
e pH7
e pH 14 [2]

pHO pH7 pH 14
O

0 o 5
Ho S SH O SH O S

(iv) Assuming thioglycolic acid to be H>A, calculate the percentage of each of the
ionic species of thioglycolic acid present at pH 9.0. [3]
Let the thioglycolic acid be H2A. As pH 9 is after the 15t end-point, we shall use
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pKa = 10.31 for calculation.
- 147]

_ ]
10.31 =9 - logro 172z
1)

|Og10 m =-1.31

B _
i = 0.0490

or k¢, = KU

_ [H&]
ﬂ: Hi :1.}-.;.5 =
[55]+ [HAT] = 100%
0.049[HA-] + [HA"] = 100%
— [45] = 4.67% ; [HAT] = 95.3%

(v) Hence, calculate the volume of 0.100 mol dm-3 aqueous sodium hydroxide
needed to form the solution in (iv) when added to 25.0 cm? of 0.100 mol dm-3
thioglycolic acid. [2]

H2A + NaOH — HA- + H,O

HA- + NaOH — A%~ + H.0O

Amount of H2A used = 25/1000 x 0.100 = 2.50 x 10-3 mol
Amount of NaOH required

= amount of NaOH to form HA- from H.A + amount of NaOH to form 4.67% A%
=2.50x 102 + (4.67% x 2.50 x 1073)

=2.62 x 103 mol

Volume of NaOH

= amount of NaOH / [NaOH]

=2.62x102+0.100

=0.0262 dm?® = 26.2 cm?

The hydroxide ion is the strongest possible base in aqueous solution, but in organic
solvents it is possible to have other stronger bases. In 2016, Australian researchers
announced the formation of an organic gas-phase di-anion, DEB?-. It is the strongest
base known.

DEB?- is produced from compound A which is a disubstituted benzene, CsH4R>,
where R- is the same substituent.

(i) Draw all the possible structures of CeHsRo. 1

(i) Compound A has the molecular formula C12HeO4 and effervesces on addition
of sodium hydrogen carbonate.

Suggest the functional group present in the substituent R- that is responsible
for the effervescence. Hence, deduce a structure for R-. [1]

Carboxylic acid
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4R = -§-Czc—c{/\o
OH

3C nuclear magnetic resonance (NMR) spectroscopy is an analytical method. In
simplistic use, it allows different types of carbon atoms to be deduced from the
corresponding signals in the spectrum.

For example, the '3C NMR spectra for the ethanoic acid and 2,3-dimethylbutane
would both show two distinct signals since each molecule has only two different
carbon environments. This is shown in the diagram below where equivalent carbon
environments are labelled with the same letter.

0 c c
b
)k d d
a OH c A
ethanoic acid 2,3-dimethylbutane

(iii) Compound A is found to have six signals in its "3C NMR spectrum. Using your
answers to (b)(i), (b)(ii) and the information provided above, deduce the
structure of compound A. [1]

O
X _OH
O

(iv) Compound A forms DEB?- via intermediates B?~ and C2- through the removal
of positive ions or neutral molecule from the substituent R-.

Compound A B2 C* DEB?*
C12Hs04 M= 212 M, = 168 M, =124
Determine the skeletal structures of B%-, C>~ and DEB?-. [2]
@) o @) o o o
N\ N\ N\ /7
B2 cZ DEB*

An organic acid D, C7H100-, is refluxed with acidified KMnO4 to produce only one
organic compound E, CsHsOs. Compound D decolourises bromine water. Gentle
heating of the anhydrous crystals of compound E produces a neutral compound F,
C4H403, which does not react with sodium metal or give a precipitate with 2,4—
dinitrophenylhydrazine.
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Compound F reacts with ethanol in the presence of a catalyst to form compound G,
CsH1004.

Compound F also reacts with methylamine, CHsNH,, to give a compound H,
CsHoNOs3, which gives a salt on reaction with NaOH but not with HCl. Compound H
does not display enantiomerism.

Both compounds, G and H, produce E on heating with dilute sulfuric acid.

Suggest the structures of D, E, F, G and H. [5]
0]
OH 0]
D E
o O O
O O NHCH
V HOM(OCHZCH:S HO)J\/\H/ 3
0] (@)
F G H
[Total: 20]
Section B

Answer one question from this section.

4 (@ Chlorine dioxide, ClO,, is a reddish-yellow gas that does not occur naturally in the
environment. When added to aqueous hydroxide, chlorine dioxide undergoes the
following reaction producing chlorate(l11) and chlorate(V) ions.

2CIO; + 20H™ — CIO,s + CIO3™ + H20
Unlike ClIO2, bromine dioxide is less stable and react with aqueous hydroxide to
produce bromide and bromate(V) ions. Bromate(V) ion is formed more readily than

chlorate(V) ion.

(i) Write a balanced equation for the reaction of bromine dioxide with sodium
hydroxide. Hence, state the type of reaction. 2]

6BrO, + 6NaOH — NaBr + 5NaBrO; + 3H,0
Disproportionation.

(i)  Explain why bromate(V) ion is formed more readily than the chlorate(V) ion in
aqueous hydroxide. [1]
Bromine element is a stronger reducing agent than chlorine, hence, it is more
likely to be oxidised to a higher oxidation state.

OR
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Bromine atom is bigger / less electronegative, hence, easier to lose electrons
to form the +5 oxidation state.

Lawsone is a dye that is extracted from the henna plant, Lawsonia inermis. Although
its natural colour is yellow, lawsone reacts with the proteins in hair and skin to
produce the characteristic brown henna colour.

Lawsone can be readily reduced to a colourless compound A, 1,2/4-

trihydroxynaphthalene. However, the hair dye containing lawsone is relatively
resistant to the decolourisation by chlorine water in swimming pools.

O OH
OH OH
QLY o = QO
E°=+0.36 V
OH

@)

lawsone compound A,
1,2,4-trihnydroxynaphthalene

(iii) With reference to the Data Booklet, explain why chlorine water cannot

spontaneously decolourise lawsone. [2]
2HOCI + 2H* + 2e- == Cl, + 2H,0 Ee=+164V

If lawsone undergoes decolourisation, it is reduced while chlorine water is
oxidised.

E®el = E®red = E®0x = +0.36 —(+1.64)=-1.28V
Since E°.i < 0, the reaction is thermodynamically non-spontaneous.

(iv) The Gibb’s free energy change, AGS, is related to the equilibrium constant, K,
through the following equation:
AG® = -RT In K¢
where AG® is in J mol™".

Using the answer from (a)(iii) and the Data Booklet, calculate K.. Hence,
deduce whether the position of equilibrium lies more on the left or right hand
side of the equilibrium under standard conditions. [2]

AG® = = NFE® = -2 x 96500 x (-1.28) = 2.47 x 10% J mol™"
AG® = - RT InK;=-8.31x 298 x In Kc = 2.47 x 10°
= K¢ =4.73 x 107% << 1 means position of equilibrium lies more to the left.

(v) Suggest a reagent that could be used to convert lawsone into compound A in
the laboratory. [1]

NaBHys (in ethanol) or LiAlH4 (in dry ether)

(vi) When lawsone is reacted with Brz(aq), compound B with molecular formula,
C10Hs03Br, is formed. B reacts with 3 mol of 2,4-DNPH. Reaction of B with
NaOH(aq) gives C. Compound C reacts with HCI and ZnCl, to produce D. The
reaction of D with methylamine gives E with molecular formula, C11HoOsN,
which further reacts with CH3COCI to give a neutral compound F.
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Suggest the skeletal formulae of compounds B, C, D, E and F. [5]
O (0] O
0 @) O
Br OH [
O (0] @)
B C D
o) O
O 0 o)
NH N
o | o |

E F

Chloroacetophenone was formerly the most widely used tear gas, under the
codename CN. It was used in warfare and in riot control. Residues of CN can be
destroyed by the hydrolysis of alkali.

@COCHZCI + OH —~ @COCHZOH + CI

chloroacetophenone

G and H are isomers of chloroacetophenone.

(i)

(iii)

@CHZCOCI Cl@COC%

G H

Arrange the isomers, chloroacetophenone, G and H, in increasing ease of
hydrolysis. Explain your choice. [3]

Increasing ease of hydrolysis: H < chloroacetophenone < G

H: The partial double bond character due to the overlapping of the p-orbitals
between the Cl and C atoms of benzene makes the C-Cl bond difficult to
break.

G: The carbonyl carbon is highly electron-deficient due to the presence of
electronegative O atom. Hence, more susceptible to nucleophilic attack by
water molecule.

lodoacetophenone is even more reactive than chloroacetophenone towards
alkaline hydrolysis. Briefly explain why it is so. [1]

The C-I bond is weaker than the C-CI bond because less effective overlap of
orbitals due to bigger | atom.

Suggest a suitable experimental technique for studying the rate of hydrolysis.

[1]

Monitor the concentration of OH™ by titration with acid at regular time intervals.
OR Monitor the change in pH using a pH probe at regular time intervals.
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(iv) Compound H reacts with alkaline aqueous iodine to give a yellow solid, CHIs.
Similar reaction occurs between compound H and alkaline aqueous chlorine.
Write a balanced equation for the reaction of compound H with alkaline
aqueous chlorine. State the observation. 2]

c;1{©>7cocr|3 + 3Cl, + 40H — C1@>—co; + CHCl3 + 3H,0 + 3CI

Pale greenish-yellow solution decolourised.
[Total: 20]

5 (@) Copper can be extracted from a double salt, CuFeS,, by reacting it with oxygen and
silicon dioxide. In this reaction, copper, iron(ll) silicate, FeSiOs, and an oxide of sulfur
are produced. The oxide of sulfur does not decolourise acidified potassium
manganate(VII).

() Draw a dot-and-cross diagram for CuFeS.. [1]

00
[CuP” [Fe]”" 2[xxSxx[*
XX

(i)  Write a balanced equation for the overall reaction. Deduce the reducing agent
in the reaction. [2]

CuFeS, + 502 + SiO; — Cu + FeSiOs + 2505

S?- or sulfide is the reducing agent as the oxidation number of S increases
from -2 to +6

(iii) Copper(l) sulfide is one of the reaction intermediate. Write the full electronic
configuration of copper(l). [1]

1s2 282 2p6 3s2 3pb 3d"°
(iv) The crude copper obtained contains trace amount of silver and nickel. With

relevant data from the Data Booklet and a labelled diagram, describe how the
crude copper can be purified through electrolysis. [4]

Impure Cu —==

——| PureCu

==+—Cu304(aq)

Set up an electrolytic cell with pure Cu connected to the negative terminal of
the power source whereas the crude Cu to the positive end. Aqueous
copper(ll) sulfate is the electrolyte used.

At the anode, both Ni and Cu are oxidised due to their more negative/less
positive E® value than Ag.

Cu is oxidized to form Cu?*.
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Ag will not be oxidised because of a more positive E® value. It will fall off.
Ni2* + 2= Ni -0.25V
Cu?* + 2 = Cu +0.34V
Agr+ e = Ag +080V

At the cathode, Cu?* is reduced to Cu because the E° value is more positive
than that of Ni2*.

(v) 5.0 g of crude copper containing 0.1 g of silver and 0.1 g of nickel is purified
through electrolysis as in (a)(iv). During electrolysis, 80% of the current is used
to oxidise the metals. With reference to the Data Booklet, determine the time
needed to purify the copper completely using a current of 2 A. [2]
Amount of Cu = 4.8/63.5 = 0.0756 mol
Amount of Ni = 0.1/58.7 = 0.00170 mol
Total amount of electrons needed = (0.0756 + 0.00170) x 2 = 0.1546 mol
Charge needed = 0.1546 x 96500 = 14918.9 C
Time =Q/I

14F.5F 110
= T X —
TEEAE _ 130
= X =— min
e i (]
=155.3 min or 155 min
(vi) A student accidentally added some iron(ll1) nitrate into a solution of copper(Il)

nitrate. You are provided with

e NHas(aq), NaOH(aq), HNOs(aq) and
e apparatus commonly found in a college laboratory.

Describe how the student could separate these two metal ions in the mixture.
Give relevant equations and state the types of reactions that have occurred. [3]

Add aqueous NHjs to the mixture. Cu?* undergoes precipitation to form Cu(OH);
when ionic product > Ksp. Then in excess NHs(aq), ligand exchange reaction
takes place with NHs.

NHs(aq) + H.O() == NH4*(aq) + OH (aq)

Cu®*(aq) + 20H(aq) = Cu(OH): (s)

[Cu(H20)6]?* + 4NHs = [Cu(H20)2(NHs3)4J** + 4H0

Fe3* will form insoluble Fe(OH)s through precipitation when ionic product > Ksp.
Fe3*(aq) + 30H(aq) = Fe(OH)s (s)

Filter the mixture.

Compounds W, X, Y and Z are constitutional isomers with molecular formula
CoH1002 and none of them shows cis-trans isomerism. All four isomers can form
intra-molecular hydrogen bonding. The results of seven tests carried out on the four
isomers are shown below.

Test W X Y Z
1 Rotat.e plape- Yes No Yes Yes
polarised light
o | Add dilute NaOH at Soluble Soluble Soluble Insoluble
room temperature
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Heat with acidified Orange Orange Orange Orange
3 solution solution did solution solution
K2Cr207
turned green | not turn green | turned green | turned green
4 | Add 2,4-DNPH Orange Orange No orange Orange
precipitate precipitate precipitate precipitate
5 Warm with Fehling’s Brick-red No brick-red No brick-red No brick-red
solution precipitate precipitate precipitate precipitate
Warm with Tollens’
6 reagent Grey ppt No grey ppt No grey ppt Grey ppt
Warm with I2(aq) No pale Pale yellow No pale Pale yellow
7 and NaOH(aq) yellow precipitate yellow precipitate
precipitate precipitate
(i)  Use the information in the table above to suggest a skeletal formula for each of
these four isomers. [4]
OH OH
* _O ©/\H/
W X o
OH OH ON  oH
* / *
Y z
(i)  Write a balanced equation for the reaction between W and 2,4-DNPH. [1]
OH NHNH, OH H
_o , NO, @&N—N@NOZ + H0
O,N
NO,
(iii) Explain why W is soluble in NaOH(aq) at room temperature. [2]
W contains phenol which undergo neutralization with NaOH to form ionic
sodium phenoxide.
The ion-dipole interactions formed between the ions and water release
sufficient energy to overcome the hydrogen bondings between water molecules
and ionic bonds in sodium phenoxide.
[Total: 20]
End of Paper
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1 You are to determine the concentration, in g dm3, of sodium ethanedioate in a mixture of sodium
ethanedioate and ethanedioic acid.

This experiment involves two titrations.
In titration one, you will carry out a titration to find the total amount of ethanedioate ion, C204%".
In titration two, you will use the information provided to find the amount of ethanedioic acid,

H2C20s.

Finally, you will use the values found in the two titrations to calculate the concentration, in g dm3,
of sodium ethanedioate in FA 1.

FA 1 is a mixture of aqueous sodium ethanedioate, Na>C.04, and ethanedioic acid, H2C204.
FA 2 is approximately 2 mol dm=3 sulfuric acid, H2SOsa.
FA 3is 0.0200 mol dm2 potassium manganate(VIl), KMnOs.

Titration One

@ 1.
2.

©NOOh

©

10.

11.
12.

© VJC 2018

By using a burette, measure 42.50 cm? of FA 1 into the 250 cm?® graduated (volumetric)
flask.

Record your burette readings and the volume of FA 1 added to the flask in the space
below.

[1]

Make up the contents of the flask to the 250 cm® mark with deionised water. Place the
stopper in the flask and mix the contents thoroughly by slowly inverting the flask a
number of times. Label this solution FA 4.

Fill a second burette with FA 3.

Pipette 25.0 cm? of FA 4 from the graduated flask into a conical flask.

Use a measuring cylinder to add 25 cm? of FA 2 to the conical flask.

Place the conical flask on a tripod and gauze and heat to about 65 °C.

If the neck of the flask is too hot to hold safely, use a folded paper towel to hold the
flask.

Titrate the mixture in the conical flask with FA 3 until a permanent pale pink colour is
obtained. This is the end-point.

If a brown colour appears during the titration, reheat the flask to 65 °C. The brown
colour should disappear and the titration can be completed as above. If the brown
colour does not disappear on reheating, discard the solution and start the titration
again.

Carry out as many titrations as you think necessary to obtain consistent results.
Record in an appropriate form below all of your burette readings and the volume of
FA 3 added in each titration.

[5]
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(b) From your titration results, obtain a suitable volume of FA 3 to be used in your calculations.
Show clearly how you obtained this volume.

25.0cm® of FA 4 required ..................... cm?d of FA 3. [1]

Titration Two

() When 25.0 cm3 of FA 4 used in (a) is titrated with 0.100 mol dm™ sodium hydroxide using

phenolphthalein as the indicator, 15.50 cm? of sodium hydroxide is needed for complete
reaction.

(i)  Write an equation for the reaction between sodium hydroxide and ethanedioic acid.

............................................................................................................ [1]
(i) Calculate the number of moles of sodium hydroxide required to react with 25.0 cm? of
FA 4.
moles of NaOH = ..................... mol [1]
(iii) Hence, calculate the number of moles of ethanedioic acid in 25.0 cm? of FA 4.
moles of H,C204in 25.0cmiof FA4 = ..................... mol [1]

(d) (i) Use your answer from (b) to calculate the number of moles of potassium
manganate(VI1), FA 3, required to react with 25.0 cm® of FA 4 in Titration One.

moles of KMNO4 = ..................... mol [1]
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(i) The equation for the reaction between acidified manganate(VIl) ions and
ethanedioate ions is shown below.

2MnO4 (aq) + 5C2042"(aq) + 16H*(aq) — 2Mn?*(aq) + 10CO(g) + 8H.O(l)

Use your answer from (d)(i) to calculate the total number of moles of ethanedioate
ions in 25.0 cm? of FA 4.

total moles of C2042"in 25.0cmPof FA4 = ..................... mol [1]

(iii) Use your answers from (c)(iii) and (d)(ii) to calculate the number of moles of
ethanedioate ions which came from the sodium ethanedioate in 25.0 cm? of FA 4.

moles of C2042~ from NazC,04in 25.0cm3of FA 4= ..................... mol [1]

(iv) Hence, calculate the concentration, in g dm=3, of sodium ethanedioate in FA 1.

Concentration of sodium ethanedioate in FA 1= ..................... gdm= [2]

(e) Explain why the decolourisation of FA 3 in Titration One is initially slow but becomes
faster as the reaction proceeds.

[Total: 16]
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This question concerns the solubility of FA 5, potassium bromate(V), KBrOs, in water.

The solubility of a substance in water is defined as:

the mass of substance that will dissolve in and just saturate 100 g of water at a particular
temperature.

When a solution is saturated, the dissolved solid is in equilibrium with undissolved solid.

When a solution of potassium bromate(V) is cooled, it becomes saturated when crystals form in
the solution.

You are to investigate how the solubility of FA 5 in water varies with temperature.

You are provided with the following materials
e weighing bottle labelled FA 5, containing potassium bromate(V), KBrOs, and
e deionised water.

Read through the instructions before starting any practical work.

(@) 1. Prepare a hot water bath by filling a 250 cm?® beaker half full of water and heat it over
the Bunsen burner until almost boiling. Turn off the Bunsen burner.

Weigh an empty boiling tube.

Add the contents of the weighing bottle labelled FA 5 to the boiling tube.

Reweigh the boiling tube and its contents.

Record, in an appropriate form below, your weighings and the mass of FA 5 used.

A

6. Use the 10 cm?® measuring cylinder to transfer 8.0 cm3 of deionised water to the
weighed boiling tube containing FA 5.

7. Use the clamp as a holder for the boiling-tube. Take care not to break the tube by
clamping it too tightly.

8. Warm the tube carefully in the water bath, while stirring the contents with a
thermometer, until all the solid has dissolved. (Take care that you do not break the
thermometer bulb or the tube while stirring.)

9. Remove the tube from the water bath and attach the clamp to a retort stand.

10. Let the tube cool and continue to stir gently with the thermometer.

11. Watch the solution carefully. Note and record (on the next page) the temperature at
which you first notice crystals forming in the solution.

12. If you are uncertain about the temperature when crystals first form, warm the tube
again for a few moments and repeat the cooling.

13. As soon as you have recorded the temperature, add a further 2.0 cm? of deionised
water to the tube using the 10 cm? measuring cylinder.

14. Warm the tube in the water bath to re-dissolve the solid and cool as before.

15. Note and record (on the next page) the temperature at which crystals now form in the
solution. This will be lower than the temperature obtained with 8.0 cm? of water.

16. Repeat the addition of 2.0 cm? of deionised water, the heating and the cooling, until
you have four readings in total.
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17. In an appropriate form in the space below, record the following.
e the total volume of deionised water in the boiling-tube,
o the temperature at which crystals first appeared for each solution,
o the solubility (in grams of solid per 100 g of water) which can be calculated using

the following formula
100

volume of water X Mass of FA 5 dissolved

solubility =

[6]

(b) On the grid, plot a graph of solubility against temperature and draw an appropriate line
through the points. Do not start at zero on either axis. You will need to be able to find the
solubility of FA 5 at 55 °C.
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(c) Use your solubility curve in (b) to answer the following.
(i) Explain if dissolving potassium bromate(V), KBrO3, is an exothermic or endothermic
process.

KBrOs(s) = K*(aq) + BrOs=(aq)

(i) Calculate the solubility of potassium bromate(V), KBrO3, at 55 °C in mol dm-3.
[Given that the M, of KBrOs is 167.0.]

[1]

(iii) Hence, calculate the Ksp of potassium bromate(V) at this temperature, giving the units.

[2]

(d) Student A claims that both the solubility and solubility product of potassium bromate(V) will
decrease with the addition of some solid potassium nitrate at a particular temperature.
Comment on this student’s claim.

(e) A literature value for the solubility of potassium bromate(V) is 13.1 g per 100 g of water at
40 °C. Student A followed the instructions in part (a) and obtained a solubility value for
KBrOs; to be 15.0 g per 100 g of water at the same temperature. Calculate the magnitude
of the percentage experimental error for student A’s measurement.

[1]

[Total:15]
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3 Planning

FA 6 is a powdered mixture of mica and iron(Il1) oxide, Fe;Os, which is used as ingredients in
mineral makeup such as eye shadow or blusher. Iron(l11) oxide adds a red colour to makeup
while mica gives makeup a light reflecting quality.

The reaction between Fe,Os3, and ethanedioic acid, H2C204, is exothermic as shown.
Fe0s(s) + 3H2C204(aq) — Fex(C204)3(aq) + 3H20(I) AH<O0

In a thermometric titration, the end—point is reached when the maximum temperature change
occurs. A thermometric titration between Fe,O3; and H2C,04 can be carried out to find out the
percentage by mass of iron(lll) oxide in FA 6. The temperature of the reaction mixture is
monitored when a certain mass of FA 6 is added into a fixed volume of aqueous H2C,0O4 solution.
The experiment is then repeated using different masses of FA 6. You may assume mica remains
unchanged in this experiment.

The data obtained is plotted and two best—fit graph lines are drawn. One line is drawn using data
before the end—point and the second line using the remaining data. These lines are then
extrapolated until they intersect.

(@) Using the information given above, you are required to write a plan for a thermometric
titration between FA 6 and aqueous H>C>O4 solution.

You are provided with

500 cm? of 1.00 mol dm-3 H,C,0u4,

30 g of solid FA 6 containing approximately 90% by mass of Fe,03,
styrofoam cup,

thermometer, and

apparatus commonly found in a college laboratory.

In your plan you should include details of

e justification of specific quantities of reactants that you would use,

¢ the apparatus you would use and the procedure you would follow,

e a sketch of the graph you would expect to obtain, with the end—point clearly labelled,
and

e how the data obtained from the graph would be used to calculate the actual percentage
by mass of Fe;Os in FA 6.
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(b) A student suggested that using a burette to measure the 25.0 cm?® of acid would give a
more accurate result than using a pipette. The percentage error of a 25.0 cm? pipette is
0.24%. Is the student correct? Explain your answer.

[Total: 12]
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4 Youa
FB 1
FB 2
FB 3
FB 4
FB5
FB 6
FB 7

You a

11
re given samples of eight aqueous solutions.

containing bromide ions, Br-
containing bromate(l) ions, BrO-
containing iron(l11) ions, Fe3*
containing hydrogen peroxide, H20;
containing aqueous iodine, |2
containing iodide ions, I~

containing potassium manganate(VIl), KMnO4

re also given hexane, sulfuric acid and starch solution.

You will perform a series of tests to investigate if any redox reaction has occurred.

You will make deductions about the relative oxidising powers of different substances.

For example, under appropriate conditions, chlorine water will oxidise iodide ions to iodine.

Clo+ 2T > 2ClI" + I,

Deduction would be that chlorine is a stronger oxidising agent than iodine. This is represented
by Clo > 1.

In another example, iodine will not oxidise bromide ions to bromine. So, the deduction would be
that bromine is a stronger oxidising agent than iodine. This is represented by Brz > 5.

(@)

© VJC 2018

Perform the tests described in Table 1. Record your observations in the spaces provided.
If there is no observable reaction, write ‘no reaction’ in the observations column.

Your observations should allow you to deduce the relative oxidising powers of the
substances involved.

State the relative oxidising power of the substances involved under the deductions column
of Table 1. They should be written in the form e.g. Cl> > Ia.

[10]
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Table 1

Tests

Observations

Deductions

Add 1 cm?® of FB 6to a
test—tube. Then add 8
drops of FB 3, followed
by 5 drops of starch
solution.

Add 1 cm® of FB 3 to a
test—tube. Then, add 1
cm? of FB 1 followed by
1 cm? of hexane.

Shake the mixture.

Add 1 cm3 of FB 4 to a
test—tube. Then add 8
drops of FB 5.

Add 1 cm® of FB 4 to a
test—tube. Now add 1
cm® of dilute sulfuric
acid. Then add 1 cm? of
FB 1 followed by 1 cm?
of hexane.

Shake the mixture.

Add 1 cm® of FB 1 to a
test-tube. Now add 4
drops of dilute sulfuric
acid. Then add 1 cm? of
FB 2.

Add 1 cm3 of FB 4 to a
test—tube. Then add 1
cm? of FB 3.

Make observations for
about 2 minutes before
recording your results.

© VJC 2018
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Tests Observations Deductions
7 Add1cmiof FB 1lina
test—tube followed by 1
cm? of dilute sulfuric
acid. Then add 8 drops
of FB 7 and 1 cm?3 of
hexane.
Shake the mixture.

(b) Using your answers in Table 1, arrange the following substances below in descending
order of their oxidising power.

Brz, BI’O_, Fe3+, |2, Oz

(c) What are the roles of FB 3 in tests 1 and 6 respectively?

[Total: 12]
End of paper
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Qualitative Analysis Notes

[ppt. = precipitate]

(a) Reactions of aqueous cations

14

reaction with

cation
NaOH(aq) NHs(aq)
aluminium, white ppt. white ppt.
APR*(aq) soluble in excess insoluble in excess
ZmH?(();]:J)m’ ammonia produced on heating -
barium, no ppt. p—
Ba?*(aq) (if reagents are pure) ppL.
calcium, . L o4
Ca?*(aq) white. ppt. with high [Ca?*(aq)] no ppt.

chromium(lll),

grey-green ppt.
soluble in excess

grey-green ppt.

3+ . .

Cr(aa) giving dark green solution insoluble in excess
blue ppt.

copper(ll), pale blue ppt solubrl)gin excess

e : ,
Cu?(aq) insoluble in excess giving dark blue solution
. green ppt., turning brown on contact green ppt., turning brown on contact
iron(I1), . s
Fe?*(aq) with air with air

insoluble in excess insoluble in excess

iron(l11), red-brown ppt. red-brown ppt.
Fe3*(aq) insoluble in excess insoluble in excess
magpesium, white ppt. white ppt.
Mg**(aq) insoluble in excess insoluble in excess

manganese(ll),

off-white ppt., rapidly turning brown on
contact with air

off-white ppt., rapidly turning brown on
contact with air

2+
Mn**(aq) insoluble in excess insoluble in excess
zinc, white ppt. white ppt.
Zn?*(aq) soluble in excess soluble in excess

© VJC 2018
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(b) Reactions of anions

anion reaction
f:a(;bi nate, CO; liberated by dilute acids
3
chloride, : : : R .
Craq) gives white ppt. with Ag*(aq) (soluble in NHz(aq))
gr;r:qd)a gives pale cream ppt. with Ag*(aq) (partially soluble in NHs(aq))
iodide, : : . . .
I-(aq) gives yellow ppt. with Ag*(aq) (insoluble in NH3(aq))
nitrate, . . . _ _
NOs(aq) NH; liberated on heating with OH (aq) and A/ foil
nitrite NH3 liberated on heating with OH~(aq) and Al foil;
NO ‘(,a ) NO liberated by dilute acids
2{aq (colourless NO — (pale) brown NO3 in air)
sulfate, , , , ot , , . .
SO.2(aq) gives white ppt. with Ba?*(aq) (insoluble in excess dilute strong acids)
sulfite, SO; liberated with dilute acids;
S0s?(aq) gives white ppt. with Ba?*(aq) (soluble in dilute strong acids)
(c) Tests for gases

gas

test and test result

ammonia, NH3

turns damp red litmus paper blue

carbon dioxide, CO;

gives a white ppt. with limewater
(ppt. dissolves with excess COy)

chlorine, C/,

bleaches damp litmus paper

hydrogen, Hz

“‘pops” with a lighted splint

oxygen, O3

relights a glowing splint

sulfur dioxide, SO,

turns aqueous acidified potassium manganate(VIl) from purple to colourless

(d) Colour of halogens
halogen colour of element colour in agueous solution | colourin hexane
chlorine, Cl» greenish yellow gas pale yellow pale yellow
bromine, Br, | reddish brown gas / liquid orange orange-red
iodine, Iz black solid / purple gas brown purple
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The Periodic Table of Elements
Group
1 | 2 | 13 14 15 | 16 | 17 18
1 2
H He
hydragen helium
Key 1.0 4.0
3 4 atomic number ] ] 7 8 2] 10
Li Be atomic symbol B c M o F Me
lithium berylium name baran carbon nitragen CHyDEN fluodine neon
89 8.0 relative atomic mass 10.8 12.0 14.0 16.0 19.0 202
11 12 13 14 15 16 17 18
Ma Mg Al Si P S cl Ar
IadLm MR BRI silmmnim slicon Ehosphoms suifur rhkeina arghn
230 24.3 3 4 ] & 7 g g 10 11 12 270 289 no 321 x5 9.9
18 20 ba | =2 23 24 a5 28 i 28 s 30 31 32 3 34 35 38
K Ca 8¢ Tl Y cr Mn Fe Co Mi Cu n Ga Ge A Se Br Kr
petanslum caléturin sEandium tEanium wvanadum | cheomum | mEnganese Iran tabalt sk anpper Ank gallum | peomanium | #menls selenium brdrreng Mryptian
369 a0 450 47 8 s0.8 52.0 549 o686 S84 567 G625 5.4 = 726 4.8 a0 sk 3.8
37 3a k"] 40 41 42 43 i 45 45 a7 48 48 50 51 52 63 54
Rb Sr Y Ir i/]¢] Mo Te ‘Ru ‘Rh Pd A0 Cd In Sn Sb Te | e
bl [ utrentyem Y Flresim nlpslum  [malybdenuer | techretum | ndhanium | mbdiem pulpdicm sibyer endmilm iz bn prilinany bl ridsm wdne wEnan
855 B7 8 BE 8 na 2le @59 - 1019 102-8 1064 1n7e 1124 1148 pal- N 121.8 127.6 12688 131.3
6 B 8- [t 73 74 i Fi-] W [} i) a0 29 2 83 &4 B85 Ba
Cs Ba  |tnfencds | Hf T= W Re Os Ir Pt Al Ha Ti P B Fioy fil Rri
casmiam harum frarfrricim fantstom | fungsten anim ammiem ndam platimum aold rsroLny thrafilm leaa M poloniim astafing raden
1328 1373 1785 1808 18348 188 2 19012 182 2 1551 1870 H0H 204 .4 K72 2080 = = =
&7 Ba BS103 104 105 108 a7 108 108 110 111 112 114 118
Fr Ra actingids Rf Ob Sg Bh Hs hit Ds Rg Cn F! Lv
francium radum rutherdfordium| dubnium | seaborgium | behrium hassium | meinesiem danmmnﬂun1 reentgenium | copemicium fleravium livermarium
a7 58 o8 60 &1 G2 63 64 i 66 &7 Ga 62 it} 71
iarithansids La Ce Pr MNd Pm sm Eu Gd Th Dy Ho Er ™m Yo Lu
lanthanum cenum  praseodymium| necdymium | promethium | samarium europiurn | gadalinium terbium dysprosium hodmium erbium thulium yiterbiurm lutetium
1388 1401 140.9 1442 - 150.4 152.0 157.3 158.8 162.5 164.9 167.3 168.9 173.1 175.0
as &0 a1 82 53 2 a5 o6 a7 28 2.2 100 101 102 103
actinoids Ac Th Pa L Mp Pu Am Cm Bk cf Es Fm Md Mo Lr
actinium thorium | protactinium | vranium | neptuniem | plutenium | amenssium curiurm berkelium | calfernium | einsteinium | fermium  |mendelevium| nobelium | lawrencium
- 2320 231.0 238.0 = - - e = - = — - - =
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Apparatus and Chemicals for each candidate

Apparatus list

SN RLON =

2 x 50.00 cm? burette (to invert burette and put on retort stand)
1 x 25.0 cm? pipette

2 x 250 cm? conical flask

2 x 150 cm?® beaker

1 x 250 cm? beaker

1 x 250 cm? graduated flask

1 x 10 cm?® measuring cylinder

1 x 50 cm?® measuring cylinder

1 x glass rod

Plastic bag: 6 x dropper, 1 x long wooden splint, 2 x paper towel, blue & red litmus papers, filter
paper strips

Plastic bag: 5 test tubes

1 x dry boiling tube (pack with 5 test tubes)

1 x pipette filler

1 x retort stand and burette clamp

1 x clamp — to hold a boiling tube (to mount on retort stand)
1 x white tile

2 x filter funnel

1 x Bunsen burner

1 x wire gauge (heat proof mat)

1 x tripod stand

1 x lighter

1 x alcohol thermometer (—10 °C to 110 °C at 1 °C)

1 x wash bottle containing distilled water

1 x test tube rack

1 x test tube holder

1 x visualiser per lab

electronic weighing balance (5 per lab)

synchronise all the clocks in the 8 labs

Chemical List

29.
30.
31.
32.
33.
34.

FA 1 is 0.250 mol dm= sodium ethanedioate, Na-C,04 (100 cm? in a vial labelled FA 1)

FA 2 is approximately 2 mol dm™ sulfuric acid, H.SO4 (100 cm? in a vial labelled FA 2)

FA 3 is 0.0200 mol dm2 potassium manganate(VIl), KMnO4 (120 cm? in a vial labelled FA 3)
FA 5 is solid potassium bromate(V), KBrOs (1.90-2.10 g in a weighing bottle labelled FA 5)
One rack of bench reagents (only for show, no need to prepare fresh solutions)

1 red tub per student for 3 shifts containing FB 1 to FB 8, sulfuric acid, hexane and starch
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Label Capacity per student in capped reagent bottle
10 cm? of 0.1 mol dm=3 potassium bromide, KBr, made by dissolving about 11.9 g
FB 1 . =
of KBr in 1 dm? of deionised water
FB 2 10 cm3of 10% aqueous potassium bromate(l), KBrO
FB 3 5 cm?3 of 0.2 mol dm= ammonium iron(I1l) sulfate, NHsFe(SOs)2-12H,0, made by
dissolving about 96.4 g of NHsFe(SO4)2-12H20 in 1 dm? of deionised water
FB 4 10 cm? of 20 volume hydrogen peroxide, H,O- (containing 200 cm? of freshly opened
100 volume hydrogen peroxide, made up to 1 dm? with deionised water)
FB 5 5 cm?of 0.01 mol dm=2 aqueous iodine, 12, made by dissolving about 2.5 g of iodine
and about 8 g of potassium, Kl, in 1 dm? of deionised water
5 cm?®of 0.1 mol dm=3 potassium iodide, KI, made by dissolving about 16.6 g of Kl
FB 6 . o
in 1 dm3 of deionised water
FB 7 5 cm? of 0.0200 mol dm=2 potassium manganate(VIl) (same solution as FA 3)
sulfuric one labelled reagent bottle containing 2 mol dm- H,SO4 (same solution as FA 2,
acid one full reagent bottle)
hexane hexane (one full reagent bottle)
starch starch (one full reagent bottle)

© VJC 2018
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1 You are to determine the concentration, in g dm=3, of sodium ethanedioate in a mixture of sodium
ethanedioate and ethanedioic acid.

This experiment involves two titrations.

In titration one, you will carry out a titration to find the total amount of ethanedioate ion, C204%".

In titration two, you will use the information provided to find the amount of ethanedioic acid, H2C204.
Finally, you will use the values found in the two titrations to calculate the concentration, in g dm™3,
of sodium ethanedioate in FA 1.

FA 1 is a mixture of aqueous sodium ethanedioate, Na>C,04, and ethanedioic acid, H2C20a4.
FA 2 is approximately 2 mol dm= sulfuric acid, H2SOsa.
FA 3is 0.0200 mol dm potassium manganate(VIl), KMnOs.

Titration One

@ 1.
2.

N O BA

©

10.

11.
12.

© VJC 2018

By using a burette, measure between 42.50 cm? of FA 1 into the 250 cm?® graduated
(volumetric) flask.

Record your burette readings and the volume of FA 1 added to the flask in the space
below.

Final burette reading / cm? 42.50

Initial burette reading / cm? 0.00

Volume of FA 1 used / cm?3 42 .50

[1]

Make up the contents of the flask to the 250 cm?® mark with deionised water. Place the
stopper in the flask and mix the contents thoroughly by slowly inverting the flask a
number of times. Label this solution FA 4.

Fill a second burette with FA 3.

Pipette 25.0 cm? of FA 4 from the graduated flask into a conical flask.

Use a measuring cylinder to add 25 cm? of FA 2 to the conical flask.

Place the conical flask on a tripod and gauze and heat to about 65 °C.

If the neck of the flask is too hot to hold safely, use a folded paper towel to hold the
flask.

Titrate the mixture in the conical flask with FA 3 until a permanent pale pink colour is
obtained. This is the end-point.

If a brown colour appears during the titration, reheat the flask to 65 °C. The brown
colour should disappear and the titration can be completed as above. If the brown
colour does not disappear on reheating, discard the solution and start the titration
again.

Carry out as many titrations as you think necessary to obtain consistent results.

Record in an appropriate form all of your burette readings and the volume of FA 3
added in each titration.

Final burette reading / cm?3 19.50 39.50

Initial burette reading / cm? 0.00 20.00

Volume of FA 3 used / cm3 19.50 19.50

[5]
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(b) From your titration results, obtain a suitable volume of FA 3 to be used in your calculations.
Show clearly how you obtained this volume.

Average volume of FA 3 used
=(19.50 + 19.50) + 2
=19.50 cm3

25.0 cm? of FA 4 required L1950 cm?d of FA 3. [1]

Titration Two

(c) When 25.0 cm? of FA 4 used in (a) is titrated with 0.100 mol dm= sodium hydroxide using
phenolphthalein as the indicator, 15.50 cm?® of sodium hydroxide is needed for complete
reaction.

(iii)

d O

(i)

© VJC 2018

Write an equation for the reaction between sodium hydroxide and ethanedioic acid.
H.C.04 + 2NaOH — NayC.04 + 2H.0

Calculate the number of moles of sodium hydroxide required to react with 25.0 cm? of
FA 4.

No. of moles of NaOH required
=0.100 x 15.50 x 103
=1.55x 10-% mol

Hence, calculate the number of moles of ethanedioic acid in 25.0 cm? of FA 4.

No. of moles of H,C2,04 present in 25.0 cm?3
= % x no. of moles of NaOH required

=% x155x 1073

=7.75x 10~ mol

Use your answer from (b) to calculate the number of moles of potassium
manganate(VIl), FA 3, required to react with 25.0 cm3 of FA 4 in Titration One.

No. of moles of KMnO4 required
=0.0200 x 19.50 x 103
=3.90 x 10 mol

The equation for the reaction between acidified manganate(V1l) ions and ethanedioate
ions is shown below.
2MnO4(aq) + 5C.0427(aq) + 16H*(aq) — 2Mn?*(aq) + 10CO(g) + 8H.O(I)

Use your answer from (d)(i) to calculate the total number of moles of ethanedioate ions
in 25.0 cm? of FA 4.

Total no. of moles of C,04%" present in 25.0 cm?
= 5/2 x no. of moles of MnO4 required
=5/2x3.90 x 10

=9.75 x 10~ mol

9729/04/Prelim/18



(iii)

(iv)

4

Use your answers from (c)(iii) and (d)(ii) to calculate the number of moles of
ethanedioate ions which came from the sodium ethanedioate in 25.0 cm? of FA 4.

No. of moles of C,042 from Na>C,04 in 25.0 cm?3
= (9.75 x 104) — (7.75 x 104)
=2.00 x 10 mol

Hence, calculate the concentration, in g dm3, of sodium ethanedioate in FA 1.

No. of moles of Na>C,04 in 250 cm? of solution of FA 4
=2.00 x 104 x %

=2.00 x 10-3 mol

Mass of NaxC»04 in 42.70 cm3 of FA 1
=2.00 x 103 x (2x23.0 + 2x12.0 + 4x16.0)
=0.268 g

Concentration, in g dm™3, of Na,C,04 in FA 1
_ . 42,50
=0.268 + =

=6.31gdm?

Concentration of sodium ethanedioate is 8:31............... gdm=3 [2]

(e) Explain why the decolourisation of FA 3 in Titration One is initially slow but becomes faster
as the reaction proceeds.

Sufficient auto-catalyst, Mn?*(aq) ions, will be formed to catalyse the reaction to occur

© VJC 2018

[Total: 16]
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2 This question concerns the solubility of FA 5, potassium bromate(V), KBrOs, in water.

The solubility of a substance in water is defined as:

the mass of substance that will dissolve in and just saturate 100 g of water at a particular
temperature.

When a solution is saturated, the dissolved solid is in equilibrium with undissolved solid.

When a solution of potassium bromate(V) is cooled, it becomes saturated when crystals form in
the solution.

You are to investigate how the solubility of FA 5 in water varies with temperature.

You are provided with the following materials
¢ weighing bottle labelled FA 5, containing potassium bromate(V), KBrOs, and
e deionised water.

Read through the instructions before starting any practical work.

(@) 1. Prepare a hot water bath by filling a 250 cm? beaker half full of water and heat it over
the Bunsen burner until almost boiling. Turn off the Bunsen burner.

2. Weigh an empty boiling tube.

3. Add the contents of the weighing bottle labelled FA 5 to the boiling tube.

4. Reweigh the boiling tube and its contents.

5. Record, in an appropriate form below, your weighings and the mass of FA 5 used.
Mass of boiling tube + FA 5 /g 32.360
Mass of boiling tube / g 30.299
Mass of FA 5 used /g 2.061

6. Use the 10 cm? measuring cylinder to transfer 8.0 cm?3 of deionised water to the weighed
boiling tube containing FA 5.

7. Use the clamp as a holder for the boiling-tube. Take care not to break the tube by
clamping it too tightly.

8. Warm the tube carefully in the water bath, while stirring the contents with a thermometer,
until all the solid has dissolved. (Take care that you do not break the thermometer bulb
or the tube while stirring.)

9. Remove the tube from the water bath and attach the clamp to a retort stand.

10. Let the tube cool and continue to stir gently with the thermometer.
11. Watch the solution carefully. Note and record (on the next page) the temperature at
which you first notice crystals forming in the solution.

12. If you are uncertain about the temperature when crystals first form, warm the tube again
for a few moments and repeat the cooling.

13. As soon as you have recorded the temperature, add a further 2.0 cm? of deionised water
to the tube using the 10 cm® measuring cylinder.

14. Warm the tube in the water bath to re-dissolve the solid and cool as before.

15. Note and record (on the next page) the temperature at which crystals now form in the
solution. This will be lower than the temperature obtained with 8.0 cm? of water.

16. Repeat the addition of 2.0 cm? of deionised water, the heating and the cooling, until you
have four readings in total.

17. In an appropriate form in the space below, record the following.
¢ the total volume of deionised water in the boiling-tube

¢ the temperature at which crystals first appeared for each solution
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o the solubility (in grams of solid per 100 g of water) which can be calculated using
the following formula

100

volume of water < mass of FA 5 dissolved

solubility =

Volume of | Temperature at first | Solubility/ g per
water/ cm3 appearance of crystals/ °C | 100 g H.O

8.0 65.5 25.8

10.0 55.5 20.6

12.0 49.0 17.2

14.0 43.0 14.7

(6]

(b) On the grid, plot a graph of solubility against temperature and draw an appropriate line
through the points. Do not start at zero on either axis. You will need to be able to find the
solubility of FA 5 at 55 °C.

Solubility/ g in 100 g H.0
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(c) Use your solubility curve in (b) to answer the following.
(i) Explain if dissolving potassium bromate(V), KBrOs3, is an exothermic or endothermic
process.
KBrOs(s) = K*(aq) + BrOs=(aq)
The graph has a positive gradient. Hence, solubility of KBrOs; increases with
temperature. Dissolving KBrOs is an endothermic process.
[1]
(i) Calculate the solubility of potassium bromate(V), KBrO3, at 55 °C in mol dm-3.
[Given that the M, of KBrOs is 167.0.]
From the graph, solubility of KBrOs is 20.2 g per 100 g of H»O.
. 3_ 202 1000 _ "
Solubiity in mol dm 670 % 700 1.21 mol dm
[1]
(iii) Hence, calculate the Ks, of potassium bromate(V) at this temperature, giving the units.
Ksp = [K*][BrOs7] = (1.21)? = 1.46 mol?> dm¢ (ecf)
[2]
(d) Student A claims that both the solubility and solubility product of potassium bromate(V) will
decrease with the addition of some solid potassium nitrate at a particular temperature.
Comment on the student’s claim.
On addition of potassium nitrate, concentration of K* increases and the position of
equilibrium shift left. Solubility of KBrO3; decreases.
However, solubility product is only dependent on temperature/independent of temperature
and hence remains unchanged.
[1]
(e) A literature value for the solubility of potassium bromate(V) is 13.1 g per 100 g of water at
40 °C. Student A followed the instructions in (a) and obtained a solubility value for KBrOs; to
be 15.0 g per 100 g of water at the same temperature. Calculate the magnitude of the
percentage experimental error for student A’s measurement.
Experimental error = | 1313;;50 | x 100% = 14.5%
[1]
[Total:15]
3 Planning
FA 6 is a powdered mixture of mica and iron(lll) oxide, Fe;Os, which is used as ingredients in

mineral makeup such as eye shadow or blusher. Iron(l11) oxide adds a red colour to makeup while
mica gives makeup a light reflecting quality.

The reaction between Fe,Os, and ethanedioic acid, H2C204, is exothermic as shown.

Fe 0s(s) + 3H2C204(aq) — Fex(C204)3(aq) + 3H20(1) AH <0

In a thermometric titration, the end—point is reached when the maximum temperature change
occurs. A thermometric titration between Fe;Os and H2C204 can be carried out to find out the

© VJC 2018
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percentage by mass of iron(l11) oxide in FA 6. The temperature of the reaction mixture is monitored
when a certain mass of FA 6 is added into a fixed volume of aqueous H2C>04 solution. The
experiment is then repeated using different masses of FA 6. You may assume mica remains
unchanged in this experiment.

The data obtained is plotted and two best—fit graph lines are drawn. One line is drawn using data
before the end—point and the second line using the remaining data. These lines are then
extrapolated until they intersect.

(&) Using the information given above, you are required to write a plan for a thermometric titration
between FA 6 and aqueous H2C>04 solution.

You are provided with

500 cm? of 1.00 mol dm-2 of H,C20s4,

30 g of solid FA 6 containing approximately 90% by mass of Fe,0s,
styrofoam cup,

thermometer, and

apparatus commonly found in a college laboratory

In your plan you should include details of

justification of specific quantities of reactants that you would use,

the apparatus you would use and the procedure you would follow,

a sketch of the graph you would expect to obtain, with the end—point clearly labelled, and
how the data obtained from the graph would be used to calculate the actual percentage
by mass of Fe;O3 in FA 6

(i) Justification of quantities of reactants used for the experiments

Assume 50 cm?® of 1.00 mol dm=3 H2C.04 is used.
Amount of H,C,04 used in 50 cm?® of H,C204 = (50/1000) x 1.00
= 0.0500 mol

Mass of Fe,O3 required to react completely with 50 cm? of H,C,04
= (0.05/3) x (55.8x2 + 16.0x3)
=2.66g

Approximate mass of FA 6 required to react with 50 cm? of H,C,04
= (2.66/90) x 100

=296¢g
Experiment Volume of H2C,04/cm? Mass of FA 6 /g AT /°C

1 50.0 1.000
2 50.0 1.500
3 50.0 2.000
4 50.0 2.500
5 50.0 3.000
6 50.0 3.500
7 50.0 4.000
8 50.0 4.500
9 50.0 5.000

(i) Procedure

1. Use a 50 cm? burette to introduce 50.00 cm? of 1 mol dm= of H,C,O4 into a dry
styrofoam cup.
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2. Place the thermometer into the solution and record initial temperature of the solution.

3. Weigh accurately 1.000 g of FA 6 and put it into the Styrofoam cup.

4. Stir gently with the thermometer. Record the highest temperature rise.

5. Reweigh the emptied weighing bottle to get the actual mass of FA 6 that has been
used.

6. Repeat steps 1 to 5 for experiment 2 to experiment 9.

(iii) Sketch of graph

1. Plot a graph of AT versus actual mass of FA 6 added.

2. Correct shape and indicate the intersection point will give us the mass of FA 6 needed
to completely react with H.C,04. This is when end—point has been reached.

AT I°C

Mass of FA 6 used / g
(iv) Calculations

Percentage mass of Fe;Ozin FA 6
= (2.66/Mass of FA 6 obtained from the graph) x 100%

[10]

(b) A student suggested that using a burette to measure the 25.0 cm?3 of acid would give a more
accurate result than using a pipette. The percentage error of a 25.0 cm? pipette is 0.24%. Is
the student correct? Explain your answer.

Percentage error for burette = 2)2(:';)5 x 100 =0.40 %

No, the pipette is more accurate. This is because the percentage error of using the burette to
measure the 25.0 cm? of acid is greater than the pipette.

[2]
[Total: 12]
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4  You are given samples of eight aqueous solutions.

FB 1 containing bromide ions, Br-
FB 2 containing bromate(l) ions, BrO-
FB 3 containing iron(l11) ions, Fe3*

FB 4 containing hydrogen peroxide, H20;

FB 5 containing aqueous iodine, |2
FB 6 containing iodide ions, I~
FB 7 containing potassium manganate(VIl), KMnO4

You are also given hexane, sulfuric acid and starch solution.

You will perform a series of tests to investigate if any redox reaction has occurred.

You will make deductions about the relative oxidising powers of different substances.

For example, under appropriate conditions, chlorine water will oxidise iodide ions to iodine.
Cl2+21" - 2ClI" + I2

Deduction would be that chlorine is a stronger oxidising agent than iodine. This is represented by
Cls > 1.

In another example, iodine will not oxidise bromide ions to bromine. So, the deduction would be
that bromine is a stronger oxidising agent than iodine. This is represented by Brz > 5.

(a) Perform the tests described in Table 1. Record your observations in the spaces provided. If
there is no observable reaction, write ‘no reaction’ in the observations column.

Your observations should allow you to deduce the relative oxidising powers of the substances
involved.

State the relative oxidising power of the substances involved under the deductions column of
Table 1. They should be written in the form e.g. Cl> > 1.

[10]

© VJC 2018 9729/04/Prelim/18
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Table 1

Tests Observations Deductions

1 Add 1 cm?® of FB 6to a
test—-tube. Then add 8

drops of FB 3, followed | ¢  Solution turned brown.
by & drops of starch |, gsoution turned blue-black e Fed*> 1,
solution. with starch.

2 Add 1 cm?® of FB 3 to a
test—tube. Then, add 1 |e No reaction. * Bry > Fed*
cm?3of FB 1 followed by 1
cm? of hexane.

Shake the mixture.

3 Add 1 cmd of FB 4 to a | ¢ No reaction. c02> 1,
test—tube. Then add 8
drops of FB 5.

4 Add 1 cm? of FB 4 to a Aqueous layer turned * H202> Br2
test—tube. Now add 1 yellow/orange.
cm?3 of dilute sulfuric acid.
Then add 1 cm® of FB 1

Organic layer turned

orange/red/brown
followed by 1 cm3 of
hexane.
Shake the mixture.
5 Add 1 cm® of FB 1 to a
test—tube. Now add 4 | ¢ Solution turned * BrO->Bn;

drops of dilute sulfuric | orange/red/yellow.
acid. Then add 1 cm? of

FB 2.

6 Add 1 cm® of FB 4 to a | ¢ Solution turned brown.

test-tube. Then add 1 |e Effervescence (or bubbles)
cm? of FB 3. observed.
e Ozgas

Make observations for e relighted a alowing splint e Fe3* >0,
about 2 minutes before 9 9 9 spiint.

_ . . :
recording your results. Solution remained
yellow/brown.

© VJC 2018 9729/04/Prelim/18
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[1]

[1]

7 Add1cmiof FB 1ina
test—tube followed by 1 e Aqueous layer turned
cm? of dilute sulfuric ye”ow/orange/red_ * MnO4 > Brn>
acid. Then add 8 Srops e Organic layer turned
of FB 7 and 1 cm of orange/brown/red.
hexane.
Shake the mixture.
(b) Using your answers in Table 1, arrange the following substances below in descending order
of their oxidising power.
Bl'z, BrO-, Fe3+, |2, 02
BrO-> Br, > Fe¥* > 0, > |,
(c) What are the roles of FB 3 in tests 1 and 6 respectively?
In test 1, it is acting as an oxidising agent (as it is reduced) while in test 6, it is a catalyst.
[Total: 12]
© VJC 2018 9729/04/Prelim/18
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Qualitative Analysis Notes

[ppt. = precipitate]

(a) Reactions of aqueous cations

reaction with

cation
NaOH(aq) NHs(aq)
aluminium, white ppt. white ppt.
APR*(aq) soluble in excess insoluble in excess
ZmH?(();]:J)m’ ammonia produced on heating -
barium, no ppt. p—
Ba?*(aq) (if reagents are pure) ppL.
calcium, . L o4
Ca?*(aq) white. ppt. with high [Ca?*(aq)] no ppt.

chromium(lll),

grey-green ppt.
soluble in excess

grey-green ppt.

3+ . .

Cr(aa) giving dark green solution insoluble in excess
blue ppt.

copper(ll), pale blue ppt solubﬁgin excess

ot : ,
Cu*(aq) insoluble in excess giving dark blue solution
. green ppt., turning brown on contact green ppt., turning brown on contact
iron(ll), o L
Fe?*(aq) with air with air

insoluble in excess insoluble in excess

iron(l11), red-brown ppt. red-brown ppt.
Fe3*(aq) insoluble in excess insoluble in excess
magpesium, white ppt. white ppt.
Mg*"(aq) insoluble in excess insoluble in excess

manganese(ll),

off-white ppt., rapidly turning brown on
contact with air

off-white ppt., rapidly turning brown on
contact with air

2+
Mn*(aq) insoluble in excess insoluble in excess
zinc, white ppt. white ppt.
Zn?*(aq) soluble in excess soluble in excess

© VJC 2018
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(b) Reactions of anions

anion reaction
carbonate, . : :
CO2 COz, liberated by dilute acids
chloride, : : : R .
Craq) gives white ppt. with Ag*(aq) (soluble in NHz(aq))
bromide, gives pale cream ppt. with Ag*(aq) (partially soluble in NHs(aq))
Br(aq)
:O((;Iz;a’ gives yellow ppt. with Ag*(aq) (insoluble in NHs(aq))
nitrate, . . . _ _
NOs(aq) NH; liberated on heating with OH (aq) and A/ foil
nitrite NH3 liberated on heating with OH~(aq) and Al foil;
NO ‘(,a ) NO liberated by dilute acids
2{aq (colourless NO — (pale) brown NO3 in air)
sulfate, , , , ot , , . .
SO.2(aq) gives white ppt. with Ba?*(aq) (insoluble in excess dilute strong acids)
sulfite, SO:; liberated with dilute acids;
S0s?(aq) gives white ppt. with Ba?*(aq) (soluble in dilute strong acids)

(c) Tests for gases

gas

test and test result

ammonia, NH3

turns damp red litmus paper blue

carbon dioxide, CO;

gives a white ppt. with limewater
(ppt. dissolves with excess COy)

chlorine, C/,

bleaches damp litmus paper

hydrogen, Hz

“‘pops” with a lighted splint

oxygen, O3

relights a glowing splint

sulfur dioxide, SO,

turns aqueous acidified potassium manganate(VIl) from purple to colourless

(d) Colour ofhalogens

halogen colour of element colour in agueous solution | colourin hexane
chlorine, Cl» greenish yellow gas pale yellow pale yellow
bromine, Br, | reddish brown gas / liquid orange orange-red
iodine, Iz black solid / purple gas brown purple

© VJC 2018
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The Periodic Table of Elements
Group
1 | 2 | 13 14 15 | 16 | 17 18
1 2
H He
hydragen helium
Key 1.0 4.0
3 4 atomic number ] ] 7 8 2] 10
Li Be atomic symbol B c M o F Me
lithium berylium name baran carbon nitragen CHyDEN fluodine neon
89 8.0 relative atomic mass 10.8 12.0 14.0 16.0 19.0 202
11 12 13 14 15 16 17 18
Ma Mg Al Si P S cl Ar
IadLm MR BRI silmmnim slicon Ehosphoms suifur rhkeina arghn
230 24.3 3 4 ] & 7 g g 10 11 12 270 289 no 321 x5 9.9
18 20 ba | =2 23 24 a5 28 i 28 s 30 31 32 3 34 35 38
K Ca 8¢ Tl Y cr Mn Fe Co Mi Cu n Ga Ge A Se Br Kr
petanslum caléturin sEandium tEanium wvanadum | cheomum | mEnganese Iran tabalt sk anpper Ank gallum | peomanium | #menls selenium brdrreng Mryptian
369 a0 450 47 8 s0.8 52.0 549 o686 S84 567 G625 5.4 = 726 4.8 a0 sk 3.8
37 3a k"] 40 41 42 43 i 45 45 a7 48 48 50 51 52 63 54
Rb Sr Y Ir i/]¢] Mo Te ‘Ru ‘Rh Pd A0 Cd In Sn Sb Te | e
bl [ utrentyem Y Flresim nlpslum  [malybdenuer | techretum | ndhanium | mbdiem pulpdicm sibyer endmilm iz bn prilinany bl ridsm wdne wEnan
855 B7 8 BE 8 na 2le @59 - 1019 102-8 1064 1n7e 1124 1148 pal- N 121.8 127.6 12688 131.3
6 B 8- [t 73 74 i Fi-] W [} i) a0 29 2 83 &4 B85 Ba
Cs Ba  |tnfencds | Hf T= W Re Os Ir Pt Al Ha Ti P B Fioy fil Rri
casmiam harum frarfrricim fantstom | fungsten anim ammiem ndam platimum aold rsroLny thrafilm leaa M poloniim astafing raden
1328 1373 1785 1808 18348 188 2 19012 182 2 1551 1870 H0H 204 .4 K72 2080 = = =
&7 Ba BS103 104 105 108 a7 108 108 110 111 112 114 118
Fr Ra actingids Rf Ob Sg Bh Hs hit Ds Rg Cn F! Lv
francium radum rutherdfordium| dubnium | seaborgium | behrium hassium | meinesiem danmmnﬂun1 reentgenium | copemicium fleravium livermarium
a7 58 o8 60 &1 G2 63 64 i 66 &7 Ga 62 it} 71
iarithansids La Ce Pr MNd Pm sm Eu Gd Th Dy Ho Er ™m Yo Lu
lanthanum cenum  praseodymium| necdymium | promethium | samarium europiurn | gadalinium terbium dysprosium hodmium erbium thulium yiterbiurm lutetium
1388 1401 140.9 1442 - 150.4 152.0 157.3 158.8 162.5 164.9 167.3 168.9 173.1 175.0
as &0 a1 82 53 2 a5 o6 a7 28 2.2 100 101 102 103
actinoids Ac Th Pa L Mp Pu Am Cm Bk cf Es Fm Md Mo Lr
actinium thorium | protactinium | vranium | neptuniem | plutenium | amenssium curiurm berkelium | calfernium | einsteinium | fermium  |mendelevium| nobelium | lawrencium
- 2320 231.0 238.0 = - - e = - = — - - =
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Apparatus and Chemicals for each candidate

Apparatus list

SN RLON =

2 x 50.00 cm? burette (to invert burette and put on retort stand)
1 x 25.0 cm? pipette

2 x 250 cm? conical flask

2 x 150 cm?® beaker

1 x 250 cm? beaker

1 x 250 cm? graduated flask

1 x 10 cm?® measuring cylinder

1 x 50 cm?® measuring cylinder

1 x glass rod

Plastic bag: 6 x dropper, 1 x long wooden splint, 2 x paper towel, blue & red litmus papers, filter
paper strips

Plastic bag: 5 test tubes

1 x dry boiling tube (pack with 5 test tubes)

1 x pipette filler

1 x retort stand and burette clamp

1 x clamp — to hold a boiling tube (to mount on retort stand)
1 x white tile

2 x filter funnel

1 x Bunsen burner

1 x wire gauge (heat proof mat)

1 x tripod stand

1 x lighter

1 x alcohol thermometer (—10 °C to 110 °C at 1 °C)

1 x wash bottle containing distilled water

1 x test tube rack

1 x test tube holder

1 x visualiser per lab

electronic weighing balance (5 per lab)

synchronise all the clocks in the 8 labs

Chemical List

29.
30.
31.
32.
33.
34.

FA 1 is 0.250 mol dm= sodium ethanedioate, Na-C,04 (100 cm? in a vial labelled FA 1)

FA 2 is approximately 2 mol dm™ sulfuric acid, H.SO4 (100 cm? in a vial labelled FA 2)

FA 3 is 0.0200 mol dm2 potassium manganate(VIl), KMnO4 (120 cm? in a vial labelled FA 3)
FA 5 is solid potassium bromate(V), KBrOs (1.90-2.10 g in a weighing bottle labelled FA 5)
One rack of bench reagents (only for show, no need to prepare fresh solutions)

1 red tub per student for 3 shifts containing FB 1 to FB 8, sulfuric acid, hexane and starch

©VJC 2018 9729/04/Prelim/18
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Label Capacity per student in capped reagent bottle
10 cm? of 0.1 mol dm=3 potassium bromide, KBr, made by dissolving about 11.9 g
FB 1 . =
of KBr in 1 dm? of deionised water
FB 2 10 cm3of 10% aqueous potassium bromate(l), KBrO
FB 3 5 cm?3 of 0.2 mol dm= ammonium iron(I1l) sulfate, NHsFe(SOs)2-12H,0, made by
dissolving about 96.4 g of NHsFe(SO4)2-12H20 in 1 dm? of deionised water
FB 4 10 cm? of 20 volume hydrogen peroxide, H,O- (containing 200 cm? of freshly opened
100 volume hydrogen peroxide, made up to 1 dm? with deionised water)
FB 5 5 cm?of 0.01 mol dm=2 aqueous iodine, 12, made by dissolving about 2.5 g of iodine
and about 8 g of potassium, Kl, in 1 dm? of deionised water
5 cm?®of 0.1 mol dm=3 potassium iodide, KI, made by dissolving about 16.6 g of Kl
FB 6 . o
in 1 dm3 of deionised water
FB 7 5 cm? of 0.0200 mol dm=2 potassium manganate(VIl) (same solution as FA 3)
sulfuric one labelled reagent bottle containing 2 mol dm- H,SO4 (same solution as FA 2,
acid one full reagent bottle)
hexane hexane (one full reagent bottle)
starch starch (one full reagent bottle)

© VJC 2018
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For each question there are four possible answers, A, B, C and D.

Choose the one you consider to be correct.

1 A mixture of argon and another gas is commonly used during welding. At s.t.p, the
density of the gaseous mixture is 1.82 g dm™3.

What is the identity of the other gas in the mixture?
[Density of argon = 1.78 gdm™3 at s.t.p.]

A neon

B nitrogen

C oxygen

D carbon dioxide

2  Sodium thiosulfate (Na2S203) is used in the textile industry to remove an excess of
chlorine from bleaching processes by reducing it to chloride ions.

If 10 cm® of 0.20 mol dm= of sodium thiosulfate requires 192 cm? of chlorine for
complete reaction at r.t.p., which of the following is a possible formula of the sulfur-
containing product?

A S B SO2 C HSO4” D H2S

3 Which of the following ions would undergo the smallest deflection in an electric field?

A 1602+ B 160180+ C 1601802+ D 1802+

4  The table below shows the fourth ionisation energies of five consecutive elements in
the Periodic Table.

Element V W X Y Z

Fourth ionisation 10450 11710 4350 5030 4580
energy / kJ mol™

What is the formula of the bromide of V?

A VBr B VBr C VBr3 D VBrs

River Valley High School 9729/01 [Turn over
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5 Two identical bulbs at the same temperature contain ideal gases P and Q separately.
The density of gas P is half that of gas Q while the molecular mass of gas P is twice
that of gas Q.

What is the ratio of the pressure of gas P to that of gas Q?

A 1:1 B 1:2 C 1:4 D 2:1

6 The auto-ionisation of bromine trifluoride is represented by the equation:
2BrFs = BrF2* + BrFa~
Which of the following statements is correct?

A BrFsis planar while BrF4~ is non-planar.
B BrF2* is linear while BrF4~ is tetrahedral in shape.
C  The F-Br-F bond angle in BrFs is smaller than that in BrFz*.

D  There are more lone pairs of electrons around the Br atom in BrF3 than that in
BrF2*.

7  Dimerisation is described as a process in which two identical molecules combine to
give a single product. Some examples include Al2Cls, N20O4 and (CH3CO2zH)-.

Which of the following statements about the above dimers are correct?
1 Hydrogen bonds hold the CH3CO2H molecules together in the dimer.

2 All the nitrogen-oxygen bonds in N204 are of equal length.

3 The bond angle around each aluminium atom in Al2Cls is 109.5°.

A 1only B 1and2only C 2and3only D 1,2and3
River Valley High School 9729/01 [Turn over
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8  Vaporisation is the process when a liquid is converted to a gas.

Given that the enthalpy change of vaporisation of water is +40.8 kJ mol™', what is the
entropy change when 36.0 g of water boil to form water vapour?

A  +109 JK™
B -109JK™
C +219JK™
D

-219 JK™'

9 AtT °C and a total pressure of 6.00 atm, N2O4 is 60.0% dissociated into NO2.
What is the Kp value at T °C?

A 3.0 B 54 CcC 135 D 216

10 H2Ais a weak acid which undergoes partial dissociation.
H2A(aq) = 2H*(aq) + A>"(aq)
Given that the pH of 1.00 mol dm=3 H2A(aq) solution is 2.3, what is the degree of
dissociation of H2A?

A  250x1073 B 5.01x103 C 1.26x10° D 1.26x107

11 The auto-ionisation of water is an endothermic process.
H20(1) = H*(aq) + OH-(aq) AH = +6.5 kJ mol™"
Which of the following statements are correct?

1 Kw increases as temperature increases.
2 pH of solution decreases as temperature increases.
3 Acidity of water increases as temperature increases.

A 1and2only B 1and3only C 2and3only D 1,2and3

12 What is the pH of a saturated solution of aluminium hydroxide, Al(OH)s, if its solubility
product is 2.53 x 10~'® mol* dm~12?

A 428 B 544 C 9.60 D 9.72

River Valley High School 9729/01 [Turn over
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13 The energy profile diagram of the reversible reaction between M and N is shown
below.

energy
A
A
=
N
A
MN + N \ ........ YE,
MN2
M + 2N

[
Lgd

progress of reaction

Which of the following statements are correct?

1 The activation energy of the reverse reaction is E1 + Eo.

2 Rate equation of the reaction is rate = K[M][N]?.

3 The equilibrium [MNz2] increases as temperature increases.

A 1and2only B 1and3only C 2and3only D 1,2and3
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14 The acid-catalysed reaction between X and Y2 in aqueous solution has been
investigated.

+
X + Y2z(aq) H—> XY(aq) + HY (aq)
It has been found that rate equation is rate = k[X][Y2]"[H"]".

The change in concentration of Y2 remaining for this reaction is measured by using a
photoelectric colorimeter. Graph A is obtained when the concentration of hydrogen
ions used is 0.1 mol dm=3.

Colorimeter reading A

o< conc. of Yz(aq)

Graph A
(0.1 mol dm=2 H*)

slope = ma

Graph B
(0.2 mol dm~3 H*)

slope = mg=2ma

v

0 t/s

What is the overall order of reaction?

A 0 B 1 c 2 D 3
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15 W and X are 2 different elements in Period 3. The following are some of their
properties:

- The oxide of W is insoluble in water, but is soluble in both NaOH(aq) and
HCl(aq).

- The chloride of X dissolves completely in water to give a colourless solution
of pH = 2.

Which of the following is the likely identity of element W and X?

W X
A Al P
B Al Si
C Mg P
D Mg Si

16 Y and Z are two different elements from the same Group. The chlorides of both Y and
Z have giant ionic lattice structure.

Which of the following statements is inconsistent with the other options?
A The first ionisation energy of Y is less endothermic compared to Z.
B The oxide of Y is less soluble in water compared to the oxide of Z.

C The magnitude of the lattice energy of chloride of Y is higher compared to the
chloride of Z.

D The carbonate of Y decomposes at a lower temperature compared to the
carbonate of Z.
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17 Purification of copper involves placing the impure copper at the anode of an
electrolytic cell of CuSOs(aq) and running a current though the setup. Over time, pure
copper will be deposited on the cathode.

In a particular setup, a copper sample with zinc and silver impurities was placed at
the anode and a current of 6.00 A was passed through the circuit for 11 min. The
cathode was then found to have an increase of mass of 1.12 g.

Which of the following statement is likely to be incorrect?

A Less time is needed if [CuSO4] is increased.

B  Anodic sludge containing silver would be formed.

C The maximum mass of copper that can be purified is 1.30 g.

D There would be Zn?* ions found in the solution after the purification process.

18 Use of the Data Booklet is relevant to this question.

Patterns or designs can be etched on copper objects as a way to improve its
aesthetics. Etching of copper objects are can be done chemically, where a solution of
etching chemical is poured over copper surface to dissolve part of the copper.

Which of the following solution cannot be used as an etching chemical?

A Fe?(aq)
B Fe®(aq)
C Mn®*(aq)

D acidified Cr207%"(aq)
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19 Which of the following galvanic cell information is incorrect?

You may assume that all ions stated are at 1.00 mol dm™ and all measurements are

made at standard conditions.

Half-cell 1 Half-cell 2
Electrode Electrode EScen/ V
Electrolyte Electrolyte
(Anode) (Cathode)
H+
Fe2*
A Mn2* Pt Fod* Pt +0.75
MnO4~
Fe2*
B Mn?* Mn °. Pt +1.95
Fe
C Mn2* Mn Fe2* Fe +0.74
Mn2*
Fe2+ F P +1.
D e e Mn3* t 98

20 The following molecule is a derivative of linalool.
OH

C/ C/

How many isomers may be formed when the molecule is heated under reflux with
excess ethanolic potassium hydroxide?

A 2 B 4 C 6 D 8

21 Ethane reacts with chlorine gas in the presence of ultraviolet light to form a mixture
via free radical substitution.

Which statement about this reaction is true?

A Homolytic fission occurs only in the initiation step.

B Bond formation occurs only in the termination step.
C Chloroethane is formed only in the propagation step.
D

Small quantities of butane is formed only in the termination step.
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22 Which of the following compounds are formed in the reaction between ethene and
aqueous bromine in the present of sodium ethoxide (CH3CH20"Na™*)?

1 BrCH2CH20H
2 BrCH,CH,OCH,CHj5
3 CH3;CH>OCH2>CH,OCH,CH3

A 1and2only B 2and3only C 1and3only D 1only

23 Which of the following sequence of steps is expected to give the best yield for the
synthesis of 3-bromo-4-methylphenylamine from benzene?

A alkylation, nitration, bromination, reduction
B alkylation, nitration, reduction, bromination
C bromination, alkylation, nitration, reduction
D

nitration, alkylation, reduction, bromination

24 In which of the following pairs of compounds is the compound on the left more volatile
than that on the right?

1 propylamine and propan-1-ol

2 pentan-2-one and pentan-2-ol

3 cyclohexylamine and aminoethanoic acid

A 1only B 1and2only C 2and3only D 1,2and3

25 The two-stage reaction given below shows a possible mechanism for the reaction
between hydroxide ions and ethanoyl chloride.

HsC CHs H,C
/\\\CL\B —_— Ho—<|:—o' . \C:O + CI~
OH™ ¢ Cl HO

Which of the following best describes the overall reaction mechanism?
A electrophilic substitution

B electrophilic addition

C nucleophilic substitution
D

nucleophilic addition
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26 Consider the reaction scheme below:

acidified KMnO4
heat under reflux I SOCl2 N CHsCH:OH _ CI COz2CH2CHs

Which of the following molecules is a possible identity of [?

A B

27 A compound X, with molecular formula CoH1002, is heated under reflux with NaOH(aq)
and the resulting mixture then cooled and acidified with H2SO4(aq). The final products
include a compound that turns blue litmus solution red, and another which gives a
violet colouration when tested with neutral FeCls(aq).

What is a possible identity of X?
A  CeHsOCOCH2CHS3 B CsHsCH20COCHs
C CsHsCOOCH2CHs D CsHsCH2COOCHs3

28 Ascorbic acid, commonly known as vitamin C, is a water-soluble molecule that traps
radicals formed in the aqueous environments of the cell and in the blood plasma.

Which of the following statements is correct?

A Ascorbic acid molecule is planar.

B  Ascorbic acid can exhibit cis-trans isomerism.

C Ascorbic acid can react with hot hydrochloric acid.
D

Ascorbic acid can react with 2,4-dinitrophenylhydrazine.
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29 Which of the following procedures can be used to distinguish between the two
molecules below?

Add 2,4-dinitrophenylhydrazine at room temperature.

Add aqueous bromine at room temperature.

Add silver(l) diammine solution and warm.

o O W r

Add dilute sodium hydroxide and warm.

30 Which of the following statements are true about molecule Y below?

OH
o)
1 1 mol of Y reacts with excess HBr(g) to yield a major product with 7 chiral
centres.
2 1 mol of Y reacts with hot acidified KMnOs(aq) to give a tribasic carboxylic acid
as one of the products.
3 When heated, 1 mol of Y reacts with 4 mol of Hz(g) in the presence of Ni

catalyst to yield a saturated compound.

A 1,2and3 B 1and2only C 2and3only D 3only

- End of Paper -
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Answer all questions in the spaces provided.

Magnesium, aluminium, W and X are 4 different elements in the 3™ Period. The
following are some of their properties:

The chloride of W dissolves in water to give a strongly acidic solution and the
oxide of W.

The chloride of X reacts with ethanoic acid to form ethanoyl chloride as one of
the products.

(@) Identify the elements, W and X, and write the balanced equations for the
reactions described above.

W
Chloride of W dissolved in water (equation):

[2]
(b) Aluminium oxide is a white solid that is soluble in NaOH(aq) to give a
colourless solution.
i) Write a balanced equation, with state symbols, to describe the
reaction of aluminium oxide with NaOH(aq).
................................................................................................... [1]
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(i)  Describe the observations made when HCl(aq) is carefully added to
this colourless solution, until HCI(aq) is in excess.

................................................................................................... [2]
(c) State and explain how the decomposition temperature of BaCOs compares

with that of MgCOs.

...................................................................................................... [3]
(d) Explain why the 15t ionisation energy of aluminium is of lower magnitude

compared to that of magnesium.

...................................................................................................... [1]

[Total: 9]
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Pyridine CsHsN is a weak alkali with a distinctive, unpleasant fish-like smell.
Pyridine reacts readily with hydrochloric acid to form pyridinium chloride only.
Pyridinium chloride is commercially available in a form of 98.0% purity by mass.

X
N =
N+
7 l
N H
pyridine pyridinium

Pyridinium chloride has a pKa value of 5.25.

(@) Calculate the mass of 98.0% pyridinium chloride that must be added to
1.00 dm? of water to give a solution of pH 3.5.

(You may assume no change in volume of solution upon addition of the salt.)

[3]
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(b) Calculate the pH of the reaction mixture when 5.00 cm? of 0.0125 mol dm=3
hydrochloric acid is added to 25.00 cm? of 0.100 mol dm~2 of pyridine.

[3]

(c) With the aid of two equations, explain how a solution of pyridinium chloride
and pyridine can control pH.

...................................................................................................... [3]
[Total: 9]
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Nitrosoyl chloride, NOCI, is a yellow gas that can be formed between nitryl
chloride and nitric oxide in the following reversible reaction:

NO2Cl(g) + NO(g) = NOCI(g) + NO2(g) AH is negative

(@) A 3:1 molar ratio mixture of NO2Cl(g) and NO(g), at a total initial pressure of
5 atm, was allowed to react in a closed vessel at 800 K. When equilibrium
was reached at time ti1, the partial pressure of NO2Cl was found to be
2.90 atm.

Calculate the value of the equilibrium constant, Kp, of the reaction at 800 K.

[2]

(b) Attime t2, more NO2Cl gas was introduced into the vessel at 800 K, causing
the partial pressure of NO2Cl to increase to 3.25 atm. The system was
allowed to reach equilibrium before the temperature was increased to
1000 K at t3. A new equilibrium was established at ta.

In the pressure-time axes below, sketch the graph that would be observed
from time = 0 to time = t4, clearly indicating the values of the partial pressure
of NO2Cl at time = 0, t1 and t2.

Pno,cl / atm
A
0 > time / min
[2]
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(c) Given that nitrogen is the central atom, draw the dot-and-cross diagram for
NOCI.

[1]

(d) NOCI reacts with CH3CH=CH: to give a product as predicted by
Markovnikov’s rule. When the organic product is heated with NaOH(aq),
followed by acidification and addition of AgNOs(aq), a white precipitate is
obtained.

Given that the oxidation state of chlorine in NOCI is +1, state and draw the
mechanism for the reaction between NOCI and CH3zCH=CHa.

[3]
[Total: 8]
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(@)

Sucrose, or table sugar, is the most common natural food sweetener. In

acidic medium, sucrose is readily hydrolysed to a mixture of glucose and
fructose. The reaction is also acid-catalysed.

H*(a

q)

C12H22011 + H2O — > CeH120s + CsH1206

(sucrose)

(fructose)

A series of experiments was carried out at room temperature to investigate
the kinetics of this reaction, using 0.850 mol dm™ sucrose solution and
1.23 mol dm~3 hydrochloric acid.

Expt | Volume of | Volume of | Volume of | Initial rate of reaction
sucrose / | HCl/cm® | water/cm? / mol dm™3 min™"
cm?
1 20 30 0 1.77 x 1073
2 20 20 10 1.18 x 1073
3 10 30 10 8.85x 10
4 40 20 10 ?

(i)

Using the data given above, determine
respect to sucrose and HCI.

the order of reaction with
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(i)  Hence, write the rate equation and deduce the rate constant of the
reaction, stating its units.

............................................................................................. [2]

(iii)  Using your answer in (a)(ii), calculate the initial rate of reaction for
Experiment 4.
............................................................................................. [2]

(b) In bacteria, sucrose is broken down into glucose and fructose by the
enzyme, invertase. Experiments were done to measure the rate of the
enzyme-catalysed hydrolysis reaction for different concentrations of sucrose.

() Sketch a graph to show how the rate of this enzyme-catalysed
hydrolysis reaction varies with the concentration of sucrose until
sucrose is in large excess.

[1]
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(i) Explain the shape of the graph in (b)(i). In your answer, make
reference to the order of reaction with respect to sucrose.

............................................................................................. [2]
(c) Aspartame, an artificial sweetener, is 200 times sweeter than sucrose.
The structure of aspartame is as follows.
0
H2N—C|:H—C—N—CH—C—OCH3
CH, CH,
C=—0
OH
(i) Draw the structure in which aspartame exists in water.
[1]
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(i)  Hence, explain why aspartame is soluble in water.

............................................................................................. [1]
(iii)  Draw the structural formulae of all the organic products formed when
aspartame is heated with aqueous NaOH.
Label any chiral carbon in each product with an asterisk.
[3]
[Total: 14]
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Manganese exhibits the widest range of oxidation states among the 1t set of
transition elements from titanium to copper.

In deaerated aqueous solution and in the presence of excess CN~ ions, pale pink
Mn?*(aq) forms blue [Mn(CN)e]*~ ion. [Mn(CN)e]*~ ion reacts with 3% solution of
hydrogen peroxide to form red [Mn(CN)e]>" ion.

In the visible spectrum, red is the lowest energy light while violet is the highest
energy light.

(@) Explain why transition elements exhibit variable oxidation states.

...................................................................................................... [1]
(b) Explain why there is a difference in the colour observed for [Mn(CN)e]*~ and
[Mn(CN)e]3" ions.
...................................................................................................... [2]
(c) Given that:
[Mn(CN)e]®~ + e = [Mn(CN)s]*- E®=-0.24V
Use the Data Booklet to suggest why Mn(l1l) ion exhibits stronger oxidising
power in aqueous solution than in concentrated cyanide solution in terms of
e E®and
o effect of ligand exchange on E®.
...................................................................................................... [2]
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(d) The figure below gives the splitting diagram of the d-orbitals in the presence
of an octahedral ligand field.

A transition metal complex can exist in a ‘high spin’ state or in a ‘low spin’
state.

In a ‘high spin’ state, the electrons occupy all the d-orbtials singly, before
starting to pair up in the lower energy d-orbitals.

In a ‘low-spin’ state, the lower energy d-orbitals are filled first, by pairing up if
necessary, before the higher energy d-orbitals are used.

Electrons usually prefer to occupy orbitals singly, rather than in pairs, to
minimise coulombic repulsion, also known as the pairing energy.

In this question, only one of the cyanido-complexes of manganese is high-
spin.

(1) Using this information, and compare the colour of the cyanido-

complexes of manganese, deduce and draw the electronic
configuration of the [Mn(CN)s]*~ on the splitting diagram.

energy

[1]
(i)  Explain the spin-state of [Mn(CN)e]®>~ in (d)(i) in terms of the energy
gap between the d-orbitals in both manganese cyanido-complexes
and pairing energy.
............................................................................................. [1]
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(e) Standard reduction potentials are often presented in the form of a potential
diagram. The figure below gives the potential diagram of manganese under
the condition of [H*] = 1 mol dm™3.

MnOs - 090V Lvinoes 219 wino,

| t

+1.67V

() Given that HMnOs4~ undergoes disproportionation, construct a
balanced equation for the reaction.

............................................................................................. [1]
(i) calculate AG® for the reaction.

............................................................................................. [2]

(f) It is necessary to carry out reactions involving Mn(l1) in deaerated solution
as Mn(ll) may react with aerated solutions.
Consider the data given below and appropriate values from the Data
Booklet, calculate the E®cei values for the oxidation of Mn(Il) to Mn(lIl) in
aerated solutions at pH = 0 and pH = 14.
Comment on what the signs of E®ceiindicate about the stability of Mn(ll) in
acidic and alkaline aerated solutions.
Mn(OH)a(s) + ™ = Mn(OH)2(s) + OH"(aq) E® =+0.18V

...................................................................................................... [2]

[Total: 12]
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Anaerobic digestion is a natural form of waste-to-energy that uses the process of
fermentation to break down organic matter in the absence of oxygen. Typically,
50 to 75% of biogas can be combusted, therefore it produces a deep blue flame
and can be used as an energy source.

Biogas is primarily made up of methane, along with carbon dioxide. Depending on
the type of biodegradable material involved, hydrogen sulphide (H2S), hydrogen

and nitrogen may be produced.

The composition of a sample of biogas by mass is given in the following table,
along with the enthalpy change of combustion for each gas.

Biogas component | Percentage mass | AHc/ kJ mol™’
methane 72.2 ?
carbon dioxide 21.6 0.00
hydrogen sulfide 1.2 — 482
hydrogen 2.7 — 386
nitrogen 2.3 —-43.1

The total energy evolved from the combustion of biogas can be determined using
a calorimeter as shown in Figure 6.1.

OXYQEen gas ——
+ biogas
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@ The cooled flue gas contains carbon dioxide, sulfur dioxide and
nitrogen gas.

Two gases present in the sample of biogas do not react with oxygen.
Identify the two gases and explain why they do not react.

Identity of gases: ..., and

............................................................................................. [2]
(i)  Write balanced equations to show the reaction for 1 mole of each
component of biogas that reacted under standard conditions.
............................................................................................. [2]
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(i)  An experiment was carried out to determine the fuel value of a
sample of biogas using a calorimeter as shown in Figure 6.1. Fuel
value is defined as the amount of energy generated by complete
combustion of one gram of the fuel.

In this experiment, biogas was mixed with excess oxygen at room
temperature and pressure before it was passed into the calorimeter.

Assuming that the efficiency of heat transferred to water is 100%, use
the Data Booklet and the following information to determine the
energy evolved. Hence determine the fuel value of biogas.

Volume of biogas used = 1.00 dm?3
Density of biogas is 6.44 x 104 g cm™3
Volume of water heated = 200 cm?
Density of water = 1.00 g cm=

Initial temperature of water = 29.6 °C

Maximum temperature of water reached = 64.7 °C

[2]

(iv)  Use the information provided, calculate the amount of each gas that
combusted. Hence, determine the enthalpy change of combustion of
methane.

[2]
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(c) To determine the fuel values of biogas, the apparatus in Figure 6.1 can
simply be replaced with a beaker of water with lid and a thermometer.

Suggest how the design of the apparatus in Figure 6.1 improves the
efficiency of heat transfer to the water.

...................................................................................................... [1]
(d) Cooled flue gas was passed through a tube containing anhydrous calcium

oxide, as shown in Figure 6.2, before being discharged into the atmosphere.

Figure 6.2
anhvydrous calcium oxide

Explain why it is important for the cooled flue gas to be passed through

anhydrous calcium oxide.

...................................................................................................... [1]

[Total: 10]
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(@) A student carried out a series of tests on 3-oxo-3-phenylpropanal.

(0] O (0] (e} (o} (¢}
H*/ K20r207
—_— —_—
heat OH 1 Br
B c
3-0x0-3-phenylpropanal
Iv | NaBHgin Il | FeBrs
methanol
(0]
N—N E
V | Heated Al,O3 Q
Y (0]
(0]
+2H,0 D
N OH
F
cold alkaline
VI KMnOQOy4
G

(1) Suggest the reagents and conditions required for reactions | and II.

Reaction |: ..o
Reaction I1: ... [2]
(i)  Draw the structures of E and G.
E G
[2]
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(i)  Describe the mechanism for reaction Ill, and provide the name of the
mechanism.

[3]

(b) Suggest simple laboratory tests to distinguish between compounds B, C and
F. State the expected observations for each compound.

(c) Describe what the student will observe when 3-oxo-3-phenylpropanal is
warmed with Fehling’s solution. Write an equation for this reaction.

[Total: 13]

- End of Paper -
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MARK SCHEME

@ | w: si

SiCls + 2H20 — SiOz + 4HCI

X: P

PCls + CHsCOOH — POCI3 + CHaCOCI

OR

3CH3;COOH + PCls —— 3CH3COCI + HsPO3 [4]
gg) Al20s(s) + 2NaOH(aq) — 2Na[Al(OH)4](aq) + H20())

OR

Al203(s) + 20H-(aq) — 2[Al(OH)4]-(aq) + H20(1) 3]

(.b) On addition of HCI(aq), a white ppt is formed. Ppt would dissolve in excess
(i) HCl(aq) to give a colourless solution.

(c) | BaCOs has a higher thermal decomposition temperature.

Ba?* has a larger ionic radius compared to Z?*/Mg?*. Ba?* hence has a lower
charge density, and polarise the CO3?~ anion to a lower extent (compared to
Z?*IMg?*), and the C—0 bonds are weakened to a smaller extent, resulting in
a higher thermal decomposition temperature.

(d) | The 3p electron to be removed from Al is at a higher energy level compared
to the 3s electron to be removed from Mg, hence the p electron is less
strongly attracted to the nucleus and require less energy to remove. [1]

[Total: 9]
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(@)

For pH =3.5

[H*]=1035=3.16 x 10* moldm—3

Let the number of moles of CsHsNHCI be Y mol
Since pKa =5.25 , Ka =102 =5.62 x 10-8

(3.16 x 107#)? /Y -(3.16 x 104) =5.62 x 107°

Y = [(3.16 x 1074)?/5.62 x 1076 ] + (3.16 x 107%)
=0.0181 mol

Or

(3.16 x 102/ Y =5.62 x 1076

Y =[(3.16 x 10#)2/5.62 x 107°]

=0.0178 mol

Mass to be added = (0.0181 x (12.0 x5+ 1.0 x6 + 14.0 + 35.5)) +~ 0.98
=2.139g(or2.109)

[3]

(b)

[CsHsN] = [(0.100 x 0.025) — (0.0125 x 0.005)] / 0.03 = 0.0813 mol dm3
[pyridinium chloride] = (0.0125 x 0.005) / 0.03 = 2.08 x 10~3 mol dm~3

pKb =14 — pKa = 8.75

pOH = pKp + Ig [salt]/[base]

pOH =8.75 +1g (2.08 x 103/ 0.0813) = 7.16
pH=14-7.16=6.84

[3]

()

On addition of a small amount of acid (H*) to the buffer solution, nearly all
the added H" ions are neutralised by the large amount of CsHsN. Hence [H]
does not increase appreciably and the pH is kept approximately constant.

CsHsN (aq) + H*(aq) — CsHsNH*(aq)

On addition of a small amount of base (OH") to the buffer solution, nea

the added OH" ions are neutralised by the large amount of CsHsNH*. Hence
[OH"] does not increase appreciably and the pH is kept approximately

constant.
CsHsNH* (aq) + OH(aq) — CsHsNH (aq) + H20(1)

rly all

[3]

[Total: 9]
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(@) | Initial P of NO(g) = = x 5 = 1.25 atm
Initial P of NO2CI(g) = 5 — 1.25 = 3.75 atm
NO2CI | + NO = NOCI + NO2
Initial P / atm 3.75 1.25 0 0
Ain P/ atm -0.85 -0.85 +0.85 +0.85
Egm P/ atm 2.90 0.40 0.85 0.85
_ (0.85)(0.85) _ )
= m =0.623 (no UnItS) [2]
(b) Pno,ci / atm
A
3.75 1
3.25+ M
2.90+ 5 | g
0 til t:i tl t » time / min
? i ‘ [2]
(c)
XX (Y} XX
xOx:NxC/x
XX
[1]
(d) | Electrophilic addition
HiC H Y show AN tan! o i
c=c cith=0 > HC-C-C-H = HiC-C-C-H
H H by b= " N0 N ©
! GI
= [3]
[Total: 8]
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(@)

(i)

Comparing Experiments 1 and 2,

When the volume/concentration of HCI increases to 1.5 times, rate

increases to 1.5 times.
Hence, reaction is first order with respect to HCI.

Comparing Experiments 1 and 3,

When the volume/concentration of sucrose doubles, rate doubles.

Hence, reaction is first order with respect to sucrose.

[2]

(i)

Rate = k [sucrose] [HCI]
From Experiment 1,

[sucrose] = 0.850 x % = 0.340 mol dm™3
[HCI] = 1.23 x 2 = 0.738 mol dm"3

-3
= _L77X10 7 _ 705 x 10-3 mol~! dm3 min~"
(0.340)(0.738)

[2]

(iii)

[sucrose] = 0.850 x — = 0.486 mol dm™

[HCI] = 1.23 x % = 0.351 mol dm=3

Both concentrations for
Initial rate of reaction = 7.05 x 1073 x 0.486 x 0.351
=1.20 x 1073 mol dm=2 min™"

[2]

(b)

(i)

Initial rate

G. -
[sucrose]

[1]

9729/02
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(i) | When [sucrose] is low, reaction is first order with respect to sucrose
due to the availability of active sites on the enzyme molecules for
binding.
When [sucrose] is high, all active sites on the enzyme molecules are
occupied. The rate of reaction then is independent of [sucrose] and
the reaction is zero order with respect to sucrose. [2]
(c) | () 0 i 0
*H?,N—CH—C—M—GH—(lZl:—DCH-;
?Hf CH,
C=0
| Y
e
“““‘ff [1]
(i) | The zwitterions of aspartame form ion-dipole interactions with water. [1]
(iii) H ﬁ 0
H—N—CH—C—ONa H;N—:I:H— ([l—owa CH,OH
CHg ?Hz
;:.Zl-.:h fi::D
E—""EJ ONa
[3]
[Total: 14]
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(@)

Due to the similar energy/ close proximity of the 3d and 4s electrons in the
transition elements, transtion element can form ions of approximately the
similar stability by losing different number of electrons.

[1]

(b)

In the presence of octahedral ligand field, the degenerate d-orbitals in the
metal complex were spilt into two enerqgy levels. The colour observed is due
to the difference in energy levels, AE. The difference in electronic
configuration due to different oxidation state affect AE. Light of different
energies/ different wavelengths are absorbed for the promoion of electrons
from the lower energy orbital to the vacant/partially filled higher energy
orbital/ d-d transition, different complementary colour is observed.

[2]

(©)

E®(Mn®*/Mn2*) is more positive than E®([Mn(CN)e]*/[Mn(CN)s]*"), which
shows that Mn3* is more readily reduced, hence a weaker oxidising agent in
cynaide solution than in water. More energy is required to add an electron to
the negatively charged [Mn(CN)e]®>~ due to repulsion.

[2]

(d)

(i) Figure 1.1

energy

w1 1

[1]

(ii) | Since [Mn(CN)e]®> ions are red, the energy gap between the 2 sets of
d-orbitals in [Mn(CN)e]*" is bigger. This suggests that [Mn(CN)e]*" is
the low spin complex, as its energy gap, AE, is greater than the
pairing energy/ Coulombic repulsion/ repulsion_energy, electrons in
[Mn(CN)e]3>~ would pair up.

[1]

()

() [O] HMNO4™ — MnO4™+ H* + €
[R] 3H* + 2e + HMnO4~ — MnO2 + 2H20
Overall equation: 3HMnO4™ + H* — MnO2 + 2 MnO4~ +2H20

[1]

(i) | Ecen = +2.10 — (+0.90) = +1.20 V
AG = —nFEceil = —(2)(96500)(1.20) = =232 kJ mol~"

[2]

(f)

In acidic condition,

O2 + 4H* + 4e = 2H20 E® =+1.23V
Mn3* + e = Mn?* E® =+1.54V
E€el= +1.23 — (+1.54) = -0.31 V

[2]
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In alkaline solution,
O2 + 2H20 + 4e = 40H" EC =+040V
E®cen = +0.40 — (+0.18) = +0.22 V

Since the ESc > 0 in alkaline environment and EPc.i < 0 in acidic
environment, Mn(ll) is more stable in acidic environment than in alkaline
environment.

[Total: 12]
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@ | ()

CO2: Carbon in CO2 has attained maximum oxidation state.

N2: N=N is very strong resulting high activation energy.

[2]

(i)

Methane:

CHa(g) + 202 (g) = CO2(g) + 2H20(1)
Hydrogen sulfide:

H2S (g) + 172 O2 (g) — SO2(g) + H20(l)
Hydrogen:

H2(g) + %2 Oz (g) = H20(l)

[2]

(iii)

Energy evolved = 200 x 4.18 x (64.7 — 29.6) = 29.34 kJ
mass of biogas used = 1000 x 6.44 x 1074 =0.644 g
Fuel value of biogas = 29.34 + 0.644 = 45.6 kJ g™

[2]

(iv)

Amount of methane in 1 dm? biogas = 0.644 x 0.722 + (12.0 + 4.0)

= 0.0291 mol

Amount of H2S in 1 dm?3 biogas = 0.644 x 0.012 + (2.0 + 32.1)

= 0.000227 mol
Amount of Hz2 in 1 dm?3 biogas = 0.644 x 0.027 + 2.0
= 0.00869 mol
Energy evolved = 29.34 kJ

= (0.0291 x |AHc(CHa)|) + (0.000227 x 482) + (0.00869 x 386)

AHc(CHa) = — 890 kJ mol-"

[2]

()

Longer time for hot flue gas to pass through spiral copper coil
Spiral copper coil increase the surface area for energy transfer
copper is a good conductor of heat

the combustion takes place inside the apparatus, not affected by
draught.

[1]

(d) | To remove sulfur_dioxide gas as low concentration of this gas can also

irritates the respiratory system.

[1]

[Total: 10]
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@ | () Reaction I: H2N-NH:2
Reaction II: PBrs3 [2]
(i) OH o}
@)\/koH
E:
OH (0]
(iii) | Electrophilic substitution
o o 4
)\/ﬁ\ ¢ el —— Ig o Felr,
o '
O lil N{J o
@ il ferst
# | - | + Faby HEr
o TaR Oy
; v o o [3]
(b) | 1) Test: Add Brz(aq).
Compound F: Orange Brz(aq) decolourises.
Compounds B and C: Brz(aq) remains orange.
2) Test: Add AgNOs(aq)
Compound B: No ppt forms.
Compound C: Cream ppt (AgBr) forms. [4]
(c) | Brick-red precipitate forms.
0 0
+2Cu?* + 50H- _Warm _ 4+ Cu0 +3H0
o brick red ppt
[2]
[Total: 13]
- End of Paper -
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Section A
Answer all the questions in this section.

1 @ () Phosphorus reacts with
e F2to produce PFsas the only product.
e Cl2 to give both PClsand PCls.
e Br2 and I2to give PBrs and Pls respectively.
With reference to the Data Booklet, explain the difference in
oxidation states of phosphorus in the phosphorus-containing
compounds formed. [3]
(i)  The table below gives the pKa values of the hydrogen halides.
hydrogen halide pKa
HF 3.17
HCI -7
HBr -9
HI -10
Explain the trend in the pKa values. [2]
(b) The following reaction scheme shows the formation of an alcohol via the
Grignard reaction.
" MgBr
)j\ o~ OH
R—MgBr —. R R R dwteadd o R"  +MgBr(OH)
Grignard Step | R Step R
reagent
0) Suggest the type of reaction undergone in Step Il [1]
(i)  Suggest the identities of a suitable carbonyl compound and
Grignard reagent to form 1-methylcyclohexan-1-ol. [2]
(i)  The reaction between the carbonyl compound and the Grignard
reagent suggested in (b)(ii) is a nucleophilic addition.
Propose the mechanism for this reaction, assuming that the
Grignard reagent (R-MgBr) produces the :R™, as the reacting
species to form 1-methylcyclohexan-1-ol. [3]
River Valley High School 9729/03 [Turn over

2018 Preliminary Examinations



(c) Calcium phosphate, Cas(POas)z, is a sparingly soluble salt. ..

() Write the expression for the solubility product of calcium
phosphate. [1]

(i)  Given that the solubility of calcium phosphate in water is
1.14 x 1077 mol dm=3, calculate the solubility product of calcium
phosphate, stating its units. [2]

(iii)  Calculate the solubility of calcium phosphate in the presence of
0.150 mol dm~ of potassium phosphate. [2]

(iv) A saturated solution was prepared by dissolving two sparingly
soluble salts, calcium phosphate and calcium sulfate, CaSOs4, in
tap water. The tap water used was found to be contaminated with
trace amounts of SO4%~.

Explain the impact of the contamination on the solubilities of

calcium phosphate and calcium sulfate. [2]
[Total: 18]
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Strepsils® is a line of throat lozenges used to relieve discomfort caused by mouth
and throat infections.

The table below shows the main active and non-active ingredients found in one
lozenge.

OH

Ci
2,4-dichlorobenzyl alcohol

O~

primary active
ingredients Ci

OH

amylmetacresol

1

(=)-menthol
H

non-active
ingredients

b

. . OH
tartaric acid HO

OH o}

OH

propylene glycol oH

%
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(@) 2,4-dichlorobenzyl alcohol can be prepared from 2,4-dichlorobenzyl chloride
(shown below) via a one-step synthesis.
o]
Ci
Ci
() State the reagent and condition for the reaction. [1]
(i)  Explain why the molecule below will not be obtained as a by-product.
OH
OH
OH [1]
(iii) A student carries out the synthesis using the reagent in (a)(i) that has
been contaminated with sodium ethoxide.
Draw the structure of the possible by-product that may result. [1]
(iv) Describe a simple chemical test that can distinguish between
2,4-dichlorobenzyl alcohol and amylmetacresol.
State the expected observations for each compound. [2]
(b) Arrange amylmetacresol, menthol and tartaric acid in increasing order of
acidity.
Explain your answer.
You only need to consider the first acid dissociation of tartaric acid. [3]
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(c) Menthol is produced commercially via the Haarmann-Reimer process. A
modified version of the process is shown below.

H, / Pd
_—
heat at high P
OH step 2 OH

crude menthol

X

_—

AICl3, HCI

OH step 1

-0

step 3
0
by-product +
g OH step 4 S 0
P PN
(=)-menthol
(1) Suggest the types of reactions occurring in steps 1 and 2. [2]

(i)  Given that crude menthol does not exhibit optical activity, determine
the number of enantiomers crude menthol has.

Hence, calculate the proportion of each enantiomer formed. [2]
(iii)  Draw the structure of the by-product formed. [1]

d) @ A 25.0 cm? solution of 0.0100 mol dm~3 tartaric acid in a conical flask is
titrated with 0.0100 mol dm~= NaOH(aq) from a burette.

Given that pKa1 = 2.89 and pKa2 = 4.40, and ignoring the auto-
ionisation of water, determine the pH of the solution when the following
volumes of NaOH(aq) are added:

e 0.00cmd
e 1250cm?3
e 50.00 cm?3 [4]

(i)  When the second equivalence point is reached, the solution is heated
to dryness. The residue left is a white solid.

Explain, using structure and bonding, why the boiling point of the solid
residue is higher than that of tartaric acid. [2]
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(e) Propylene glycol can be produced from gaseous propene.
() State the reagent and condition required for propene to form propylene
glycol. [1]
(i)  When propene is reacted with the reagent in (e)(i) under a different set
of condition, an organic liquid and an inorganic gas are formed.
Draw the displayed formula of the organic liquid. [1]
(i)  The inorganic gas is collected in an evacuated glass bulb at 30 °C. It is
found that the mass of the 500 cm?3 glass bulb increased by 0.36 g.
Identify the inorganic gas and determine the pressure of the gas

collected. [2]
[Total:23]
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Transition elements and their compounds have found many applications in
industries as both homogeneous and heterogeneous catalysts.

For example, nickel is used as a catalyst for hydrogenation of alkenes and
vanadium pentoxide (V205) is used in the manufacture of sulfuric acid.

(@) Explain what is meant by the term heterogeneous catalyst. [2]
(b) The following table list the colours of various vanadium ions in aqueous
solution:

ion oxidation state colour

V2* +2 violet

V3 +3 green

VO?* +4 blue

VO3~ +5 yellow

When a sample of yellow VO3~ solution is mixed with an excess of zinc
powder, the solution undergo a series of colour changes over time.

Using relevant E© values from the Data Booklet, account for all the observed
colour changes. There is no need to write any balanced chemical equation. [3]
(c) A similar process as (b) was carried out as follows:

100 cm?® of 0.0500 mol dm™ of NaVOs is reacted completely with zinc powder.
The final colour of the solution is blue-green.

25.0 cm? of this blue-green solution requires 20.63 cm?® of 0.0200 mol dm™3 of
KMnOg4 for complete reaction under acidic conditions.

(1) There are 2 different vanadium containing ions in this blue-green
solution, of which one of them is VO?*.

State the identity of the other ion. [1]
(i)  Write a balanced chemical equation between VO?* and MnO4~ under
acidic conditions. [1]
(iii)  Calculate the amount of KMnO4 that has undergone reaction. [1]
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(iv)  Given that:

. 5 mol of the ion identified in (c)(i) reacts exactly with 2 mol of
KMnOs4

. x mol of VO?* is present in 25.0 cm? of the blue-green solution
Show that the total amount of KMnO4 reacted = %(0.00125 —x)+ %x.

Hence, calculate the mass of zinc powder added to the original
mixture. [4]

(d) Vanadium pentoxide can be used as a catalyst in a reaction known as
oxidative esterification. In this reaction, an aldehyde can react with an alcohol
or phenol to form an ester:

R1—-CHO + HO-R2 —» R1-COO-R2 + 2[H]

Compound A, CsHsO2 undergoes oxidative esterification in the presence of
V205 catalyst to form a neutral compound B, CsHeO2. On heating B under
reflux with NaOH(aq), the sodium salt of compound C, CsHsOs, was formed.
Compounds A, B and C reacts with LiAlH4 in dry ether to form compound D,
CsH1002, while compounds A, C and D are able to decolourise aqueous

bromine.
Draw the structures of A, B, C and D, and explain your reasoning. [7]
[Total: 19]
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Section B
Answer one question from this section.

(@ Compound Y can be obtained from ethyne using the following synthesis

pathway:
Step 1 Step 2
1. NaNH, 1. NaNH,
HC=CH > HCe= EE— =

2. /_<:> 2. A, H,0
Br

Step 3 Na, NH3

1. HCN, with a small
amt of NaCN(aq)

Step 4
% - / - /
2. H,SO4(aq), heat O HO
(i) Given that HC=C- is formed, state the role of NaNHz2in Step 1. [1]

(i)  Name and outline the mechanism for the reaction in Step 1 Part 2. Show
relevant lone pairs and dipoles, using curly arrows to indicate the
movement of electron pairs. [3]

(iii) NH,

phenylamine

Suggest why phenylamine is unable to carry out the role of sodium amide,
NaNH2, in Step 1. [1]

(iv) Suggest the reagent A in Step 2, and reagents and conditions for
Step 4. [2]

(v) Draw the structure of Compound Y.

Explain why HCN reacts with C=0 but not with C=C in the same
compound. [3]

River Valley High School 9729/03 [Turn over

2018 Preliminary Examinations



11

(b) Sodium borohydride, NaBHa4, is another inorganic sodium compound that is
often used in organic synthesis. It is also used to make the prototypes of direct
borohydride fuel cell. Aqueous sodium borohydride undergoes catalytic
decomposition to produce the hydrogen needed for the fuel cell.

NaBHa(s) + 2H20(l) — NaBOz(s) + 4H2(g) AH®= =210 kJ mol™!
Boron is similar to carbon in its ability to form stable covalently bonded
molecular network.
(i)  What do you understand by the term lattice energy? [1]

(i)  With the aid of an energy cycle, use the following data and appropriate
data from the Data Booklet to calculate the lattice energy of sodium
borohydride.

enthalpy change of formation of H20(g) -241 kJ mol™’

standard enthalpy change of atomisation of Na | +107 kJ mol™’

standard enthalpy change of formation of | -78.2 kJ mol™’

BH47(g)

standard enthalpy change of vapourisation of | +40.8 kJ mol™’

H20(1)

standard enthalpy change of formation of | =1059 kJ mol™

NaBO2(s) [5]
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(c) A Dbreathalyzer does not directly measure blood alcohol content or
concentration, which involves the analysis of blood sample. It measures the
blood alcohol content by measuring the amount of alcohol in the exhaled breath
instead.

Ethanol is a volatile compound. In lungs, the ethanol dissolved in blood can
change its state from liquid to gaseous and it is exhaled with air. When a user
breathes into the breathlyzer, the ethanol in the exhaled air is passed through a
solution of potassium dichromate. The ethanol is oxidised to ethanoic acid.

3CH3CH20H + 2Cr2072"+ 16H* -3CH3COOH + 4Cr®* + 11H20

The direct oxidation of ethanol by potassium dichromate is carried out in an
electrochemical cell and the current generated can be used to estimate the
alcohol content of blood.

(i) When a user breathes into the breathlyzer which contains potassium
dichromate, a current of 0.12 A is recorded for 1 min.
Determine the mass of ethanol per breath. [3]
(i) A partition ratio of “2100:1” is used to estimate the blood alcohol content

in blood from the amount of alcohol in a breath. This partition ratio implies
that 2100 cm? of breath contains the same amount of ethanol as 1 cm? of

blood.
Given that the volume of exhaled air in (c)(i) is 65 cm3, calculate the
amount of ethanol per cm?® of blood. [1]
[Total: 20]
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(@)

(b)

(€)

13

Most plants do not thrive in highly acid or highly alkaline soil, though a few
have adapted to such extremes. Soil pH may be adjusted using suitable
chemicals.

Describe, with the aid of balanced equations, the actions of acid and/or base
on the oxides of magnesium and phosphorus, if any.

Hence, suggest why oxides of phosphorus should not be used to adjust soll
pH.

RVCM®Calmag is a solid fertiliser containing calcium nitrate and magnesium
nitrate in a fixed mole ratio of 2:1.

Two equal masses of fertiliser samples were heated at 575 K and 949 K
respectively until there is no more change to their masses. For both samples,
brown fumes were observed and a gas that rekindled a glowing splint was
evolved.

(i)  Write a balanced equation to represent any one reaction that occurred.

(i) The loss in mass for sample 1 heated at 949 K is three times that of
sample 2 heated at 575 K. Account for this observation.

Isoamyl cinnamate extracted from several types of trees from the
genus Cinnamomum has a balsamic odour, reminiscent of cinnamon with an

amber note.
[ /\)\
\ O

isoamyl cinnamate

Isoamyl cinnamate can be oxidised to give different products depending on
the choice of oxidising agents and the reaction conditions. A pure sample of
isoamyl cinnamate was heated with acidified potassium dichromate using the
apparatus setup as shown in Figure 5.1.

Figure 5.1

manometer

2-neck round-
bottom flask

[3]

[1]

[3]
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(i)  State the function of the apparatus A. [1]

(i) Name and write balanced equations for two major reactions that occur
in the 2-neck round-bottom flask.

You may use [O] or [H] to balance the equations. [2]

(i) Identify the first organic compound that is likely to be collected in
flask B. [1]

(iv) Draw the skeletal structures of all the organic products formed if
acidified potassium manganate(VIlI) is used instead of acidified
potassium dichromate. [2]

(d) Pu’erh (Chinese: i%iH) is a variety of fermented tea produced in Yunnan
province, China. Black Pu’erh tea is known to contain more gallic acid than
green Pu’erh tea. Gallic acid and its derivatives have been reported to elicit
antioxidant, anti-cancer and anti-diabetic activities.

The structures of gallic acid and its derivatives are given below:

] ] I
HO C HO C CH30 C
oH S0—CH, oH
HO HO CHO
OH OH
OCH,
gallic acid methyl gallate 3,4,5-trimethylgallic acid

(i) Gallic acid can dissolve in water and diethyl ether. The partition
coefficient for the separation of gallic acid in the two immiscible phases
is given below:

[gallic acid]aqueous
[gallic aad]diethyl ether

In an experiment, 1.00 g sample of pure gallic acid was dissolved in
100 cm? of water. This aqueous solution of gallic acid and 50.0 cm?® of
diethyl ether were placed in a separatory funnel which is shaken to mix
well. The mixture was then allowed to stand for 30 minutes before the
two immiscible layers were separated.

Kpartition =

It was found that 20.0 cm? of the aqueous layer required 20.25 cm?® of
0.180 mol dm~ sodium hydroxide for complete neutralisation.

Calculate the amount of gallic acid in each layer, and hence the partition
coefficient. [3]
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(i) A sample containing both gallic acid and 3,4,5-trimethylgallic acid are
dissolved in 50 cm? of diethyl ether.

Describe and explain how would you modify the solvent extraction
method in d(i) such that mainly 3,4,5-trimethylgallic acid is left in the

diethyl ether layer. [2]
(iii) Suggest a chemical test to distinguish methyl gallate from gallic acid. [2]
[Total: 20]

- End of Paper -
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Section A

1 | () | @) Element EC/V
VoF2 +e" = F~ +2.87

¥2Cl2 + e~ =2 CI” +1.36

V2Br2 + e = Br~ +1.07

Valote =21" +0.54

The order of oxidising strength of the halogens, as observed from
the E® values above, decreases down the Group.

Due to the strong oxidising power of F2, the oxidation number of
Phosphorus +5 in PFs, +5 and +3 in PCls and PCls, +3 in PBrs and
Pls respectively. [3]

(i) | The smaller the pKa, the stronger the acid, indicating HI is the
strongest acid, followed by HBr, HCI and HF. Down the group from
F to Cl to Br to |, atomic radius increases, effectiveness of orbital
overlap between H and X decreases. The H-X bond becomes

increasingly weaker, making it easier to lose the H". [2]
(b) | (1) (Acidic) hydrolysis [1]
(i) O
and CHsMgBr [2]
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(iii) D) HC. o HC.  OH
/\ & /_\
:CH3~ . H*
slow fast
[3]
(©) | () |Ksp=[Ca*P[POs*] [1]
(i) |[Ca?*]1=1.14x107x 3 =3.42x 10" mol dm=3
[PO4*]=1.14x 107 x 2 =2.28 x 10" mol dm=3
Ksp = (3.42 x 1077)3(2.28 x 1077)? = 2.08 x 1072 mol®> dm~"° [2]
(iii) | Let the solubility of calcium phosphate in the presence of
potassium phosphate be y.
2.08 x 10733 = (3y)3(0.15 + y)?
Assume that y is small such that 0.15 +y = 0.15
2.08 x 10733 = (3y)3(0.15)?
y =1.51 x 10" mol dm—3 [2]
(iv) | An increase in [SO4?] causes the equilibrium position of
CaS04 = Ca?* + S04* to shift left, decreasing the solubility of
CaSO0eas.
Since the solubility of CaSOa is lowered, there will be less Ca?*
from  dissolution of CaSOs4. Equilibrium  position  of
Cas(P0O4)2 = 3Ca?* + 2P043- shifts right, increasing the solubility of
Casz(POa)2. [2]
[Total: 18]
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2,4-dichlorobenzyl alcohol: white fumes (of HCI) observed
amylmetacresol: no white fumes observed

or

Add Brz(aq)

2,4-dichlorobenzyl alcohol: Brz(aq) remains orange
amylmetacresol: orange Brz(aq) decolourises

or

Add neutral FeCls

2,4-dichlorobenzyl alcohol: no violet complex formed
amylmetacresol: violet complex formed

(@ | (i) | NaOH(aq), heat under reflux [1]
(i) | The C=Cl bond has a partial double bond character as the lone pair of
electrons in _the p orbital of the Cl atom can delocalise into the =«
electron cloud of the benzene ring. This strengthens the C—CI bond,
making it more difficult to break. [1]
(iii) OCH,CHj3
o]
CI [1]
(iv) | Add PCls/ SOCI2

[2]
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(b) | Menthol < amylmetacresol < tartaric acid
Menthol is the weakest acid. =~ > is the least stable anion as the
electron-donating alkyl group intensifies the negative charge on the oxygen
atom in the anion.
9]
(@)
N
Amylmetacresol is more acidic than menthol as the
anion is more stable. The negative charge on the oxygen atom can be
delocalised into the benzene ring.
8 HH
!
oYY
] EZ!
Tartaric acid is the most acidic as the anion is the most
stable. The negative charge on the oxygen atom is delocalised over the COO-
roup, and the delocalisation is more effective than that in the
0]
AN e
(@)
e e e
anion. [3]
) | () Step 1: electrophilic substitution / electrophilic addition
Step 2: reduction
(Note: for step 1, the catalyst aids in the formation of CH3CHCH3s*
electrophile) [2]
(i) | 8 enantiomers
Proportion = 0.125/ 12.5%/ 1/8 [2]
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(iii)

(Accept: benzoate salt)

[1]

(d)

(i)

When 0.00 cm?® of NaOH is added, solution contains only tartaric acid.
[H*] = /(0.0100)(10-289) = 3.59 x 10~% mol dm~3
pH = -1g(3.59 x 103) = 2.45

When 12.50 cm® of NaOH is added, solution contains equal
concentration of unreacted tartaric acid and tartrate mono-anion, giving
rise to a buffer at its maximum buffering capacity.

Hence, pH = pKa1 = 2.89.

When 50.00 cm?® of NaOH is added, solution only contains tartrate
di-anion which undergoes hydrolysis to form OH".

75.00

[Tartrate di-anion] = (— % 0.0100) + =— = 0.00333 mol dm3

1.00X10™
—4.40 )

[OH] = \/(0 00333)(= = 9.15 x 107 mol dm-3

pOH = —Ig(9.15 x 10—7) = 6.04
pH = 14 — 6.04 = 7.96

[4]

(i)

The solid has a giant ionic lattice structure while tartaric acid has a
simple covalent structure. More energy is needed to overcome the
stronger_electrostatic attraction between the cations and anions than
the weak hydrogen bonds between tartaric acid molecules.

[2]

(€)

(i)

Cold dilute acidified / alkaline KMnOa4(aq)

[1]

(i1)

[1]
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(iii) | The gas is COa2.
pV = nRT
p(500 x 1076) = (%)(8.31)(30 +273)
p=4.12 x 10* Pa [2]
[Total: 23]
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VO37/ VO?* half-cell E© = +1.00 V
VO?*/ \3* half-cell E© = +0.34 V
V3*/V2* half-cell E© = -0.26

(VOs3™/ VO?// Zn/Zn?*) ES cen = +1.76 V

Zn is able to reduce VO3~ to VO?/ reduction of VO3~ to VO?'by Zn is
spontaneous.

(VO?*/ V3] Zn/Zn?*) E© cen = +1.10 V

Zn is able to reduce VO?* to V3'/ reduction of VO?* to V3** by Zn is
spontaneous.

(V3*/ V2*[] Zn/Zn?*) E© cen = +0.50 V
Zn is able to reduce V3* to VV?*/ reduction of V3* to V?* by Zn is spontaneous.

Hence, the solution changes from yellow to blue to green to violet.

(a) | Itis a substance that is at a different phase as the reactants, and it speeds up
the rate of the reaction by providing an alternative reaction pathway with a
lower activation energy. [2]
(b) | Zn/Zn?* half-cell E© = -0.76 V

[3]

5V0O?* + MnO4~ + H20 — 5V0O2* + Mn?* + 2H*

€ | () |V**(aq) [1]
(i) | 5VO?* + MnO4~ + 6H20 — 5V03™ + Mn2* + 12H*
OR

[1]

(iii) 20.63

Mo, = Tooo X 0.02 = 0.000413 mol

[1]
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V) I nyar 4+ nyger = =% 0.05 = 0.00125 mol

nys+ = 0.00125 — x

: 1
Nkmno, reacted with VO?* = oX

Ngumno, feacted with V3* = %(0.00125 —X)

2(0.00125 —x) + %x — 0.000413

0.0025 — 2x + x = 0.002063
x = 0.000437 mol
In 100 cm?3 of solution:

nys+ = 4(0.00125 — 0.000437) = 0.003252 mol
Nyoz2+ = 4x = 0.001748 mol

my, = 0.5[(65.4)(0.001748) + (65.4)(2)(0.003252)]
= 0.270 g

[4]

(d) |C:Hratioof A,B,Cand D = 1:1
- Contains a benzene ring
Compound A undergo oxidative esterification:
- A has an aldehyde group / phenol / alcohol group.
- B has an ester group (also accept B being ester due to neutral nature)
Compound B undergo (alkaline) hydrolysis to form the sodium salt of C
- B s a cyclic ester
- C has a carboxylic acid and alcohol / phenol group.
A, B and C undergo reduction to form D
- D contains 2 —OH group, of which one is a primary alcohol.
A, B and D can undergo electrophilic substitution with Brz2(aq)
- A, B and D contains a phenol
[7]
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©)
I

A
OH
O
HO HO
C
[Total: 20]
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Section B
Answer one question from this section.

(@ | (i) |Base [1]
(i1) | SN2 nucleophilic substitution
H - H H _ H
P H\\C . HCEC---\C-/---Br HCEC_C//H
— \/’ o+ 5-
— —
Br- [3]
(iii) | Phenylamine is a weaker base. The lone pairs of electrons on the —NH2
group is delocalised into the benzene ring, this makes the lone pair less
available for protonation. [1]
(iv) | Step 2: ethanal
Step 4: Acidified K2Cr207, heat (under reflux) [2]
(v)
HO /
COOH
The C=C is electron rich hence C=C does not attract CN~ nucleophiles.
The carbonyl C in C=0 is electron-deficient (or electrophilic) as it is
bonded to highly electronegative O atom, attracting CN~ nucleophiles. [3]
(b) | (i) | Lattice energy is the enthalpy change when one mole of the solid ionic
compound is formed from its constituent gaseous ions under standard
conditions. [1]
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(i1)

NaBHs(s) + 2H20(1) J» NaBO2(s) + 4H2(g)
tLe , 2(+408)
Na*(g) + BHa7(g)  2H20(g)
+ 494 - 1059

Na(g) -78.2 | 2(-241)

t 4107 ya

Na(s) + B(s) + 4Hz(g) + O2(g)

By Hess’ Law,
- L.E. - (+494) — (+107) — (-78.2) — 2(—241) + 2(+40.8) — 1059 = -210
L.E. = - 808 kJ mol™

[5]

(c)

(i)

Q =1It =nF

=L = 212X00 _ 7 4611 x 10~° mol
F 96500

1
Nethanot = 7 X 74611 X 1075 = 1.87 x 10° mol

Mass of alcohol per breath = 1.87 X 107> x 46.0 = 8.58 x 10™* g

[3]

(i1)

Amount of ethanol per cm? of blood = % x 1.87 x 1075

= 6.04 X 10~* mol

[1]

[Total: 20]
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(@)

MgO(s) reacts with acid to form neutral salt and water.
MgO(s) + 2H*(aq) — Mg?*(aq) + H20(l)

P40s(s) (or P4O10(s)) react violently/vigorously with alkali to form salt and
water.

P4O10(s) + 120H-(aq) — 4P043(aq) + 6H20(l)
P4Os(s) + 80H (aq) — 4HPO3?~(aq) + 2H20(1)

P40s(s) (or P4O10(s)) reactions with alkali is too exothermic (could burn the
roots of the plant), OR produces conjugate base which makes the soil
alkaline.

[3]

(b)

(i)

Mg(NO3)2(s) - MgO(s) + 2NO2(g) + ¥202(g)
Ca(NOs3)2(s) » CaO(s) + 2NO2(g) + 202(g)

[1]

(i)

Mg(NOs)2 decomposed at 575 K but not Ca(NOs3)z2.
Both Mg(NOs)2 and Ca(NOs)2 decomposed at 949 K.

Mg?* has a smaller ionic radius than Ca?* while their ionic charges are
the same. Charge density of Mg?* is higher and hence has higher
polarising power than Ca?*. Mg?* is able to polarise / distort the electron
cloud of NO3?% and weaken the covalent bonds in NOs? to larger extent.

Since the mole ratio of Mg(NO3s)2 and Ca(NOs3)2 in the samples is 2:1,
Sample at 575 K lost x g from Mg(NO3):

Sample at 949 K lost x g from Mg(NOs)2 and 2x g from Ca(NOs)2 (3x g
in total).

[3]

cinnamic acid and 3-methylbutanol, deduce using chem bonding
knowledge)

(c) | (i) | To condense the product formed so that it can be collected. [1]
(ii) | Hydrolysis:
O O
©/\)‘\O/\)\—> @/\)I\OH + /\)\
HO
Oxidation:
/\)\ +[0] — /\)\ chal
HO O/ [2]
(iii) | 3-methylbutanal (lowest b.p. compared to the isoamyl cinnamate,

[1]
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(iv)

OH OH

[2]

(d)

(i)

1.00

Total amount of gallic acid (GA) = Do 0.005882 mol
GA = 4NaOH

20.25
— X
1000

= 4.556 x 10~3 mol
Amount of GA in 50 cm? organic layer = 0.005882 — 4.556 x 103
=1.326 x 10~3 mol

Amount of GA in 100 cm? aqueous layer = 0.180 x i x 5

. _ (4—.5506.1><0:(l)0_3) 17

partition 1326 x1073\
0.050

[3]

(i)

Add (100 cm? of / an excess of) aqueous NaOH and the (50 cm?3 of)

diethyl ether containing both gallic acid and 3,4 ,5-trimethylgallic acid to

a separatory funnel. Shake the two layers to ensure all the gallic acid
are neutralised by NaOH. Vent the separatory funnel periodically to
prevent pressure build up. Salt of gallic acid much more soluble in

aqueous layer than diethyl ether layer as it can form more ion-dipole

interaction with water molecules. Thus, mainly 3,4,5-trimethylgallic acid
is left in the diethyl ether layer.

modification: use of aqueous NaOH to neutralise the gallic acid and its
derivatives

explanation: explain why mainly 3,4,5-trimethoxygallic acid is left in
diethyl ether layer

gallic acid forms anion with more charge (+4) than anion from 3,4,5-
trimethoxygallic acid, therefore more ion-dipole interaction

bulky 3,4,5-trimethoxybenzyl group hinders the formation of ion-dipole,
thus anion from 3,4,5-trimethoxygallic acid form significant pd-pd with
diethyl ether

[2]

(iii)

Test: Add acidified KMnOs, heat. Bubble gaseous product into
limewater.

For methyl gallate, purple KMnOs is decolourised and a colourless,
odourless gas evolved gives white ppt in limewater.

For gallic acid, KMnO4 remained purple.

[2]

[Total: 20]
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Answer all the questions in the spaces provided.

1 To investigate the kinetics of the reaction between iron(l11) ions and iodide Exa;?;er,s
ions Use
You will investigate the rate of oxidation of iodide by iron(lIl) ions in reaction 2.
The chemical changes in this experiment can be presented by the following
equations:

Reaction 1: Fe3*(aq) + S20:2(aq) = [Fe(S20:)]*(aq)
Reaction 2: 2Fe?®*'(aq) + 2I-(aq) — 2Fe?*(aq) + l»(aq)
Reaction 3: Ix(aq) + 25,032 (aq) — 21-(aq) + S406*(aq)
The reaction is started by mixing acidic solution of iron(l1l) chloride with sodium
thiosulfate, potassium iodide, and starch.
The iodine, |2, produced in reaction 2 reacts immediately with thiosulfate ions,
S,03% in reaction 3.
When all the thiosulfate has been used, the iodine produced will turn starch
indicator blue-black. The rate of the reaction can therefore be determined by
finding the time for the blue-black colour to appear.
FA 1 is 0.030 mol dm=3iron(l1l) chloride, FeCls.
FA 2 is 0.060 mol dm=3 potassium iodide, KI.
FA 3 is 0.0060 mol dm= sodium thiosulfate, Na>S,0s.
starch indicator
You are advised to read the instructions before starting any practical work and
draw a table, in an appropriate format, for your results in the space on page 4.
You will need to include volume of FA 1, volume of water, reaction time and
calculated rate of reaction for each of the five experiments. Record all calculated
values to 3 significant figures.
(@) Method
Experiment 1
1. Use the measuring cylinders to place the following in a 100 cm?
beaker.
e 10cm3of FA2
e 20cm3of FA3
e 10 cm?® of starch indicator
2. Using a measuring cylinder, transfer 20 cm?® of FA 1 rapidly into the
same 100 cm? beaker. Start the stopwatch during this addition.
3. Stir the mixture and place the beaker on a white tile.
4. The mixture turns brown and then yellow before turning a
blue-black colour. Stop timing when this blue-black colour appears.
Record the time to the nearest 0.1 second.
5. Wash the beaker thoroughly with water and carefully dry the
beaker.
River Valley High School Pg 2 of 22 Year 6 H2 Chemistry 9729
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Experiment 2 £ For
xaminers
6. Repeat step 1 in Experiment 1. Use
7. Using a measuring cylinder, add 12 cm?® of FA 1, and make up the
volume to 20 cm?® using deionised water. Transfer the solution
rapidly into the same 100 cm?® beaker. Start the stopwatch during
this addition.
Stir the mixture and place the beaker on the white tile.
. Stop timing when a blue-black colour appears.
10. Wash the beaker thoroughly with water and carefully dry the
beaker.
Experiments 3-5
Carry out three further experiments to investigate the effect of changing
the concentration of Fe3*(aq) by altering the volume of aqueous FeCls,
FA 1, used.
You should use a volume of FA 1 that is at least 12 cm® and the total
volume of the reaction mixture must always be 60 cm?.
(b) Show, by means of calculation, that the change in the concentration of
Fe3*, A[Fe®*], which occurred when the blue-black colour appeared was
2.00 x 1072 mol dm™3.
1
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(c) Results For
Examiner’s
. Use
The rate of the reaction can be calculated as shown.
A[F 3+
rate = —2¢ 1 5 106
reaction time
Calculate the rate of reaction for each experiment and complete your
table.
2
3
4
5
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For
(d) (i) Plot the rate (y-axis) against the volume of FA 1 (x-axis) on the | Examiners
grid. Draw a line of best fit through the points. Use
Your chosen scales should allow you to extrapolate this line to
volume of FA 1 =0 cm?.
You should also identify any points you consider anomalous by
drawing a circle around it.
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For
(i) Explain why the volume of FA 1 in each experiment can be used | Examiner's
as [Fe®]. Use
9
(iii)  Deduce the order of reaction with respect to Fe3*. Use evidence
from your graph to support your deduction.
10
(e) (i) Use your graph to calculate the time that the reaction would have
taken if 4.0 cm3 of FA 1 had been used. Show your working clearly.
time= ... "
(ii) Calculate the initial concentration of iron(lll) ions and the initial
concentration of iodide ions if 4.0 cm3 of FA 1 had been used.
initial [Fe3*]1 = ..o
initial [17] = e,
12
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(e) (iii) Given that the reaction is second order with respect to iodide, For

calculate the rate constant. Exabnsizer's

rate constant = .......cccceeeeeeveeeeeen 13

(f) The complex [Fe(S203)]* formed in reaction 1 is purple.

Consider the colour change observed when FA 1 was added to the
solution prepared in Step 1 before the blue-black colour appeared.
Suggest an explanation for the colour change in terms of the chemistry

involved.
14
15
[Total: 15]
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2 Determining the percentage purity of calcium carbonate For
Examiner’s

In this question, you will determine the percentage purity of an industrial grade Use
calcium carbonate, CaCOs, by two different methods.

(@) Method 1

The percentage purity of calcium carbonate can be determined by
measuring the change in mass when the sample of calcium carbonate
reacts with hydrochloric acid.

CaCOs(s) + 2HCI(aq) — CaCly(aq) + H20(1) + COx(g)

FA 4 is industrial grade calcium carbonate, CaCOs.
FA 5 is 2.00 mol dm dilute hydrochloric acid.

You do not need to carry out Method 1.

Procedure:
1. Weigh accurately about 2.0 g of FA 4 in a small weighing bottle.
2. Measure about 25 cm? of FA 5 in a small conical flask.

3. Add FA 4 to FA 5 and swirl the mixture continuously until no more
bubbles is observed.

4. Reweigh the weighing bottle with its residual FA 4.
5. Reweigh the conical flask and its content.

A student performed a series of experiments by repeating the above
procedure with different masses of FA 4.

The results from her series of experiment are plotted on the grid in Fig 2.1.
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For
Examiner’s

Use

Identify the anomalous data point by drawing a circle around it. Draw the

most appropriate best-fit line taking into account all of the plotted points,

except for the anomaly. Extrapolate (extend) this line to the mass of

FA 4 used

0.00 g.

Fig 2.1.
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Calculations For
Examiner’s

U
(b) (i) Determine the gradient of this line, showing clearly how you did >

this.

Hence, determine the mass of carbon dioxide evolved for per gram
of FA 4 used.

17

mass of carbon dioxide evolved =...........ccoccevvenen. 18

(ii) Using your answer in b(i), calculate a value for the percentage
purity of the sample of industrial grade calcium carbonate, FA 4.

[A: Ca, 40.1; C, 12.0; 0,16.0]

percentage purity of FA4 = ............................. 19

(c) Method 2

You will determine the amount of hydrochloric acid remaining in flask X
after the reaction with another sample of industrial grade calcium
carbonate. You will do this by titration with sodium hydroxide of known
concentration.

NaOH(aq) + HCI(aq) — NaCl(aq) + H20(l)
FA 6 is 0.140 mol dm= sodium hydroxide, NaOH.

Thymolphthalein indicator

River Valley High School Pg 10 of 22 Year 6 H2 Chemistry 9729
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Procedure: For
1. Pipette 25.0 cm?3 of FA 5 into flask X. Examiner’s
2. Weigh accurately about 0.6 g of FA 4 in a weighing bottle. Use
3. Add the FA 4 into flask X.
4. Reweigh the weighing bottle with its residual FA 4.
5. Swirl the mixture until no more bubbles are observed.
6. Transfer all the contents of flask X and the washings into a 250 cm?
volumetric flask.
7. Add deionised water up to the mark, stopper the volumetric flask and
mix the contents thoroughly. Label this solution FA 7.
8. Fill the burette with FA 6.
9. Wash and rinse the pipette then use it to transfer 25.0 cm? of FA 7 into
a conical flask.
10. Add about 5 drops of thymolphthalein indicator.
11. Titrate FA 7 with FA 6.
12. Repeat the titration as many times as you think necessary to obtain
consistent results.
13. Record in the space below, all of your mass readings, burette readings
and the volume of FA 6 added.
Results
20
21
22
23
24
25
Supervisor
expected
titre
Student
expected
titre
Difference
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(d) From your accurate titration results, obtain a suitable value for the volume For
of FA 6 to be used in your calculations. Show clearly how you obtained Exabns'zers
this value.

Volume of FAGused=................... 26

Calculations

(e) (i) Calculate the number of moles of sodium hydroxide, NaOH, present
in volume of FA 6 calculated in (d).

amountof NaOH = ........cccovviiiiin, 27

(ii) Calculate the number of moles of hydrochloric acid remaining in
flask X after the reaction with FA 4 has completed.

amount of HCI remaining in flask X = ..........