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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 g dm™ at s.t.p.]

A neon

B nitrogen

C oxygen

D carbon dioxide

2  Sodium thiosulfate (Na2S20s3) 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 SO: C HSO4 D HS

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 VBnr: C VBr; D VBrs
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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:
2BrF3 = BrF>* + BrFs

Which of the following statements is correct?

A BrFsis planar while BrF4~ is non-planar.

B  BrF.*is linear while BrF4~ is tetrahedral in shape.

C  The F-Br-F bond angle in BrF3 is smaller than that in BrF*.
D

There are more lone pairs of electrons around the Br atom in BrF3 than that in
BrF»*.

7 Dimerisation is described as a process in which two identical molecules combine to
give a single product. Some examples include Al>Cls, N2O4 and (CH3CO2H)a.

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 N2O4 are of equal length.

3 The bond angle around each aluminium atom in Al>Cls is 109.5°.

A 1only B 1and2only C 2and3only D 1,2and3
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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 +109J K™
B -109JK™
C +219JK™
D -219JK™

9 AtT °C and a total pressure of 6.00 atm, N2O4 is 60.0% dissociated into NO.
What is the K, value at T °C?

A 30 B 54 C 135 D 216

10 H2A is a weak acid which undergoes partial dissociation.
H2A(aq) = 2H*(aq) + A%“(aq)
Given that the pH of 1.00 mol dm=2 H2A(aq) solution is 2.3, what is the degree of
dissociation of HA?

A 250x1073 B 501x103 C 126x10° D 1.26x10”7

11 The auto-ionisation of water is an endothermic process.
H-O(l) = 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 4728 B 544 C 9.60 D 972
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13 The energy profile diagram of the reversible reaction between M and N is shown
below.

enerqgy
A

M+ 2N

v

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 [MN2] 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 Y: in aqueous solution has been
investigated.

+
X + Yz(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

oc conc. of Ya(aq)

Graph A
(0.1 mol dm= 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 CuSO4(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

B
C
D

Less time is needed if [CuSO4] is increased.
Anodic sludge containing silver would be formed.
The maximum mass of copper that can be purified is 1.30 g.

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 Cr.07%"(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 Mn?2* Pt Fos Pt +0.75
MnO4~
2+
B Mn2* Mn Fe Pt +1.95
Fe®
C Mn2* Mn Fe2* Fe +0.74
Mn?2*
D Fe2* F Pt +1.98
e e M+

20 The following molecule is a derivative of linalool.
OH

Ci 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 (CH3CH>O"Na*)?

1 BrCH>CH>OH
2 BFCH2CHQOCH2CH3
3 CH3;CH2,0OCH,CH,OCH,CH35

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 2and 3only D 1,2and3

25 The two-stage reaction given below shows a possible mechanism for the reaction
between hydroxide ions and ethanoyl chloride.

HaC CH; HsC

/\*\CQ —_ Ho—(::t(/pf - - >c=o + Cr

b o cl, G
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 > 111 CH3CH2O0H Ci CO2CH2CHa3

Which of the following molecules is a possible identity of I?

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 HoSO4(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 CgHs0COCH2CH3 B CsH5CH2OCOCHS;
C CeHsCOOCH2CHs3 D CgH5CH2COOCHS;

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?

HO, \\\\CH?,

OH (0] OH (0] o

Add 2,4-dinitrophenylhydrazine at room temperature.
Add aqueous bromine at room temperature.

Add silver(I) diammine solution and warm.

o o w »

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 KMnOas(aq) to give a tribasic carboxylic acid
as one of the products.
3 When heated, 1 mol of Y reacts with 4 mol of Hx(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.

(a) 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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(ii) 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 BaCO3 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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2

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
AN .
N%*
7 I
N H
pyridine pyridinium

Pyridinium chloride has a pKa value of 5.25.

(a) 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:

NO-CI(g) + NO(g) = NOCI(g) + NO2(g) AH is negative

(@) A 3:1 molar ratio mixture of NO2CIl(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 NO>Cl was found to be
2.90 atm.

Calculate the value of the equilibrium constant, K,, of the reaction at 800 K.

[2]
(b) At time t2, more NO2CI gas was introduced into the vessel at 800 K, causing

the partial pressure of NO2CIl to increase to 3.25 atm. The system was

allowed to reach equilibrium before the temperature was increased to

1000 K at ts. 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 NO.Cl at time = 0, t1 and t2.

Pno,ct / 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=CH2 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 AgNO3(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=CHo..

[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 + HHO — > CeH1206 + 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™2 hydrochloric acid.

Expt | Volume of | Volume of | Volume of | Initial rate of reaction
sucrose/ | HCIl/cm?3 | water/cm?3 / mol dm=3 min~"
cm3
1 20 30 0 1.77 x 1073
2 20 20 10 1.18 x 1073
3 10 30 10 8.85 x 10™
4 40 20 10 ?

(i) Using the data given above, determine the order of reaction

respect to sucrose and HCI.

with
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(ii) 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.

(i) 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.

]
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10

(ii) 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.
L
H2N—CH—C—N—(|3H—C—OCH3
(|3H2 CH,
[
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 15t 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)s]* ion. [Mn(CN)g]*~ ion reacts with 3% solution of
hydrogen peroxide to form red [Mn(CN)s]®~ 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)s]*~ and
[Mn(CN)g]*~ ions.
...................................................................................................... [2]
(c) Given that:
[MN(CN)s]?~ + e = [Mn(CN)g]*- E®=-0.24V
Use the Data Booklet to suggest why Mn(III) ion exhibits stronger oxidising
power in aqueous solution than in concentrated cyanide solution in terms of
e E®and
e 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.

(i) Using this information, and compare the colour of the cyanido-

complexes of manganese, deduce and draw the electronic
configuration of the [Mn(CN)g]*>~ on the splitting diagram.

energy

[1]
(ii)  Explain the spin-state of [Mn(CN)g]®~ 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 - 220Y vno, 219 wno,

| t

+1.67V

(i) 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(II) in deaerated solution
as Mn(II) 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(II) to Mn(III) in
aerated solutions at pH = 0 and pH = 14.
Comment on what the signs of E® . indicate about the stability of Mn(1l) in
acidic and alkaline aerated solutions.
Mn(OH)s(s) + e~ = Mn(OH)(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 —431

The total energy evolved from the combustion of biogas can be determined using
a calorimeter as shown in Figure 6.1.

Figure 6.1

Flue gas

— =

stirrer

copper spiral —

water —

OXygen gas ——
+ biogas

9729/02
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(@) (i) 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]
(ii)  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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(iii) 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 10* g cm™
Volume of water heated = 200 cm?
Density of water = 1.00 g cm3

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
anhydrous 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) A student carried out a series of tests on 3-oxo-3-phenylpropanal.

(0] (0] (0] (0] (0] (0]
H*/ K2Cr207
—_— —_—
heat OH I Br
B c
3-ox0-3-phenylpropanal
Iv | NaBH,in 11l | FeBry
|
methanol
Y o
N—N E
V | Heated Al,O3 O
\ o]
(0]
+2 H,0 D
N OH
F
cold alkaline
Vi KMnOy4
G

(i) Suggest the reagents and conditions required for reactions | and Il.

Reaction I ..o s
Reaction ll: ... . [2]
(ii)  Draw the structures of E and G.
E G
[2]
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(iii) 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:s;i

SiCl, + 2H20 — SiO, + 4HCI

X: P

PCls + CHsCOOH — POCI; + CH3COCI

OR
3CH3COOH + PCl; —> 3CH3COCI + H3POs [4]

gg) Al,Os(s) + 2NaOH(aq) — 2Na[Al(OH)4](aq) + H20(l)
OR
Al,O3(s) + 20H-(aq) — 2[AI(OH)]"(aq) + H20()) 3]

(P) On addition of HCI(aq), a white ppt is formed. Ppt would dissolve in excess
(ii) HCIl(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?*/Mg?*), and the C—O 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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(a)

ForpH=3.5

[H*]=10"35=3.16 x 10~* moldm—

Let the number of moles of CsHsNHCI be Y mol
Since pKa=5.25,Ka=105%=5.62 x 105

(3.16 x 104)2/ Y - (3.16 x 10%) = 5.62 x 106
Y= [(3.16 x 10#)?/ 5.62 x 1078 ] + (3.16 x 10™%)
=0.0181 mol

Or

(3.16 x 10%)?/ Y =5.62 x 10°°

Y = [(3.16 x 1074)2/ 5.62 x 107 ]

=0.0178 mol

Mass to be added = (0.0181 x (12.0 x 5 + 1.0 x 6 + 14.0 + 35.5)) + 0.98
=2.13g(or2.109)

[3]

(b)

[CsHsN] = [(0.100 x 0.025) — (0.0125 x 0.005)] / 0.03 = 0.0813 mol dm~3
[pyridinium chloride] = (0.0125 x 0.005) / 0.03 = 2.08 x 10-2 mol dm~3

pKp =14 — pKs = 8.75

pOH = pKy + Ig [salt)/[base]

pOH =8.75 +1g (2.08 x 103/ 0.0813) = 7.16
pH=14-7.16=6.84

[3]

(c)

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, nearly all
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)

[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
NO-Cl | + 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) _ :
Kp = 50)(0A0) 0.623 (no units) 2]
(b) Pno,ci / atm
A
3.75
3.254
2.90 |
0 t|1 t' tl = » time / min
? ’ ) [2]
(c)
XX (X} XX
X OxtNxC/x
XX
1]
(d) | Electrophilic addition
HaC m slow HH fast il
c=c crf?u:o ——————> HC-C-C-H — = HC-C-C-H
H H o+ O— b:N:O OI'N Cl
[3]
[Total: 8]
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(a)

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]

(ii)

Rate = k [sucrose] [HCI]

From Experiment 1,
20 _

[sucrose] = 0.850 x =— = 0.340 mol dm™3

50
[HCI] = 1.23 % g =0.738 mol dm™3
1.77 x1073

=——""—"— _=7.05x%x10"3 mol™" dm3 min~!
(0.340)(0.738)

[2]

(iii)

[sucrose] = 0.850 x % = 0.486 mol dm™

20

[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™ min~’

[2]

(b)

(i)

Initial rate

[sucrose]

[1]

River Valley High School
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(ii) | 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) | (i) | T \I
+H3N—(|3H—C—N—CH—C—OCH3
<|3H2 CH,
<|3:o
> O
[1]
(ii) | The zwitterions of aspartame form ion-dipole interactions with water. [1]
(iii) H (ﬁ ”
H—N—EI:H—C— ONa H2N—E|:H—c—owa CH,OH
CH, (|:|-|2
[ °
O
[3]
[Total: 14]
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(a)

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 energy 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 enerqgy orbital to the vacant/partially filled higher energy
orbital/ d-d transition, different complementary colour is observed.

[2]

(c)

E®(Mn3*/Mn2*) is more positive than E€(IMn(CN)s]3/[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)

() Figure 1.1

energy

w11

[1]

(ii) | Since [Mn(CN)g]*" ions are red, the energy gap between the 2 sets of
d-orbitals in [Mn(CN)e]*” is bigger. This suggests that [Mn(CN)s]*~ is
the low spin complex, as its energy gap, AE, is greater than the
pairing energy/ Coulombic repulsion/ repulsion energy, electrons in
[MNn(CN)g]*~ would pair up.

[1]

(e)

(i) [O]HMNnOs~ — MnO4 + H* + e
[R] 3H* + 2e + HMnO4~ — MnO2 + 2H20
Overall equation: 3HMnO4™ + H* — MnO2 + 2 MnO4~ +2H20

[1]

(i) | Econ = +2.10 — (+0.90) = +1.20 V
AG = —nFEce = —(2)(96500)(1.20) = =232 kJ mol~"

[2]

(f) | In acidic condition,
Oz + 4H* + 4e = 2H,0 E® =+1.23V
Mn®* + e = Mn?* E® =+154V
ECcen= +1.23 — (+1.54) = -0.31 V
[2]
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In alkaline solution,
O, + 2H20 + 4e = 40H" E® =+0.40V
E€cen= +0.40 — (+0.18) = +0.22 V

Since the Eece” > 0 in alkaline environment and Eece” < 0 in acidic
environment, Mn(II) is more stable in _acidic environment than in alkaline
environment.

[Total: 12]

River Valley High School 9729/02 [Turn over

2018 Preliminary Examinations




(a) | (i)

CO2: Carbon in CO; has attained maximum oxidation state.

N2: N=N is very strong resulting high activation energy.

[2]

(ii)

Methane:

CHa(g) + 202 (g) —> CO2(g) + 2H20(l)
Hydrogen sulfide:

H2S (g) + 172 O2 (g) — SO2(g) + H20(1)
Hydrogen:

H2(g) + %2 O2 (g) > H20(I)

[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 104 =0.644 ¢
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 Hz in 1 dm? biogas = 0.644 x 0.027 + 2.0
= 0.00869 mol
Energy evolved = 29.34 kJ

= (0.0291 x |AH(CHa)|) + (0.000227 x 482) + (0.00869 x 386)

AH+(CHa) = — 890 kJ mol-'

[2]

(c)

Longer time for hot flue gas to pass through spiral copper coll
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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(@) | (i) Reaction I: HoN-NH>
Reaction Il: PBr3 [2]

(ii) OH (0]
@MQH
E:
OH O
@)\(\ko
G: OH

[2]

(iii) | Electrophilic substitution

+ FeBrsy

(o] o
@j)k/“@ + FeBry”

o

(o] o]
@L/“\Br
o] (o] O
|@ slow fast
— + FeBr; + HBr
FeBr,
H 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 0 o

+2Cu?t + 504 _Warm __ _+ Cu0 +3H,0
°© brick red ppt

[2]

[Total: 13]

- End of Paper -
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Section A
Answer all the questions in this section.

1 (@) (i) Phosphorus reacts with
e F>to produce PFsas the only product.
e ClI to give both PClsand PCls.
e Brz and Iz to give PBr3 and PI3 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 pK, values. [2]
(b) The following reaction scheme shows the formation of an alcohol via the
Grignard reaction.
o MgBr
)J\ o r
R—MgBr — R R R dlueadd | R.+R.. + MgBr(OH)
Grignard Step | R Step l
reagent R
(i) Suggest the type of reaction undergone in Step . [1]
(i) Suggest the identities of a suitable carbonyl compound and
Grignard reagent to form 1-methylcyclohexan-1-ol. [2]
(iii) 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
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(c) Calcium phosphate, Caz(POas)2, is a sparingly soluble salt. ..

(i) Write the expression for the solubility product of calcium
phosphate. [1]

(ii) Given that the solubility of calcium phosphate in water is
1.14 x 10~ 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=2 of potassium phosphate. [2]

(iv) A saturated solution was prepared by dissolving two sparingly
soluble salts, calcium phosphate and calcium sulfate, CaSQOs, 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 (o]

OH

amylmetacresol /@/\/\/
(=)-menthol Evj\
: OH
PN

non-active
ingredients o OH
. . OH
tartaric acid HO)‘\H\’(
OH o)
OH
propylene glycol )\/OH
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(a) 2,4-dichlorobenzyl alcohol can be prepared from 2,4-dichlorobenzyl chloride
(shown below) via a one-step synthesis.

Ci

07

o]
(i) 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
—_— —_—
AICl3, HCI heat at high P
OH step 1 OH step 2 OH

crude menthol

step 3
0
by-product +
g OH step 4 . o
PN P
(=)-menthol
(i) Suggest the types of reactions occurring in steps 1 and 2. [2]

(ii)  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) (i) A 25.0 cm? solution of 0.0100 mol dm-2 tartaric acid in a conical flask is
titrated with 0.0100 mol dm~3 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 0.00cm?d
e 1250cm?3
e 50.00 cm? [4]

(ii)  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.

(i) State the reagent and condition required for propene to form propylene
glycol. [1]
(ii)  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]
(iii)  The inorganic gas is collected in an evacuated glass bulb at 30 °C. Itis
found that the mass of the 500 cm? 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 (V20s) is used in the manufacture of sulfuric acid.

(a) 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
VO2?* +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™3 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™2 of

KMnO4 for complete reaction under acidic conditions.

(i) There are 2 different vanadium containing ions in this blue-green
solution, of which one of them is VO?2*.

State the identity of the other ion.

[1]

(ii)  Write a balanced chemical equation between VO?* and MnQO4~ under

acidic conditions.

(iii)  Calculate the amount of KMnOg4 that has undergone reaction.

River Valley High School
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(iv) Given that:

. 5 mol of the ion identified in (c)(i) reacts exactly with 2 mol of
KMnO4

. xmol of VO?* is present in 25.0 cm? of the blue-green solution
Show that the total amount of KMnO4 reacted = 2(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, CgHsO2 undergoes oxidative esterification in the presence of
V205 catalyst to form a neutral compound B, CgHsO2. On heating B under
reflux with NaOH(aq), the sodium salt of compound C, CgHgOs3, was formed.
Compounds A, B and C reacts with LiAlH4 in dry ether to form compound D,
CgH1002, 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 > HC= —_— —

2, /_<:> 2. A, H,0
Br

Step 3 Na, NH;

1. HCN, with a small
amt of NaCN(aq)

Step 4
Y - / - /
2. H,SOy4(aq), heat o HO
(i) Given that HC=C- is formed, state the role of NaNHzin Step 1. [1]

(ii) 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,
NaNHg, 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=0O but not with C=C in the same
compound. [3]
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(b) Sodium borohydride, NaBH4, 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) — NaBO2(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]

(ii) 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 H2O(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(9)

standard enthalpy change of vapourisation of | +40.8 kJ mol™

H20(1)

standard enthalpy change of formation of | =1059 kJ mol™

NaBOa(s) [5]
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(c) A breathalyzer 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 + 2Cr,072"+ 16H* —3CH3COOH + 4Cr3* + 11H.0

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?3 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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(a)

(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 soil
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.

(ii) The loss in mass for sample 1 heated at 949 K is three times that of

2018 Preliminary Examinations

[3]

[1]

sample 2 heated at 575 K. Account for this observation. [3]
(c) Isoamyl cinnamate extracted from several types of trees from the
genus Cinnamomum has a balsamic odour, reminiscent of cinnamon with an
amber note.
O /\)\

\ 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
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(i) State the function of the apparatus A. [1]

(ii) 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]

(iii) 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(VII) 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 CH;0 C
SoH So—cH, NoH
HO HO CHiO
OH OH
OCH,3
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 aCid] 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=3 sodium hydroxide for complete neutralisation.

Calculate the amount of gallic acid in each layer, and hence the partition
coefficient. [3]
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(ii) 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 [(a) | (i) Element EC IV
VeaFo+e =F +2.87
%Clo +e™ = CI” +1.36
V2Br, + e” = Br- +1.07
Valote =2l +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 F», the oxidation number of
Phosphorus +5 in PFs, +5 and +3 in PCls and PCls, +3 in PBr3 and

P13 respectively. [3]
(ii) | The smaller the pKs, 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) | (i) (Acidic) hydrolysis [1]
(i) O
and CHszMgBr [2]
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(iii) /\S-‘OD H,C OZ/\ H,C OH
o+
{CHy~ H*
slow fast
[3]
(c) | (i) | Ksp=[Ca®P[POs>]? [1]
(i) [Ca?1=1.14 x 107 x 3=3.42 x 10~ mol dm=3
[PO4*1=1.14 x107" x2=2.28 x 10~ mol dm3
Ksp = (3.42 x 1077)3(2.28 x 1077)? = 2.08 x 10733 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=1.51x10"" mol dm— [2]
(iv) | An increase in [SO4%7] causes the equilibrium position of
CaS0s = Ca?* + S04% to shift left, decreasing the solubility of
CaS0s.
Since the solubility of CaSOs is lowered, there will be less Ca?*
from  dissolution of CaSOa. Equilibrium  position  of
Ca3(PO4)2 = 3Ca?* + 2P043 shifts right, increasing the solubility of
Casz(PO4)s. [2]
[Total: 18]
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(a) | (i)

NaOH(aq), heat under reflux

[1]

(ii)

The C—CI 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-CIl bond,
making it more difficult to break.

[1]

(iii)

OCH,CHs

Ci

(07)

[1]

(iv)

Add PCls / SOCI2

2,4-dichlorobenzyl alcohol: white fumes (of HCI) observed
amylmetacresol: no white fumes observed

or

Add Brz(aq)

2,4-dichlorobenzyl alcohol: Bro(aq) remains orange
amylmetacresol: orange Brz(aq) decolourises

or

Add neutral FeCl3

2,4-dichlorobenzyl alcohol: no violet complex formed

amylmetacresol: violet complex formed

[2]

River Valley High School 9729/03 [Turn over

2018 Preliminary Examinations




(b)

Menthol < amylmetacresol < tartaric acid

o

Menthol is the weakest acid. ~ > s the least stable anion as the
electron-donating alkyl group intensifies the neqgative charge on the oxygen
atom in the anion.

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.
MO'
HO

OH O

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
o

anion.

[3]

(c)

(i) Step 1: electrophilic substitution / electrophilic addition
Step 2: reduction

(Note: for step 1, the catalyst aids in the formation of CH3CHCH3*
electrophile)

[2]

(ii) | 8 enantiomers
Proportion = 0.125/12.5%/ 1/8

[2]
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(iif)

(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 =—g(3.59 x 1073) = 2.45

When 1250 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

2% 0. 0100) + = =0.00333 mol dm3

[Tartrate di-anion] = (

1.00x10™

[OH]—\/(000333)( o L0010 = 9.15 x 107 mol dm-3

pOH = —1g(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]

(e)

Cold dilute acidified / alkaline KMnO4(aq)

[1]

(i)

H H
/
C—H
/
0=¢
\
0—H

[1]
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(iii) | The gas is CO..
pV = nRT
p(500 x 1076) = (%)(8.31 )(30 + 273)
p=4.12 x 10* Pa [2]
[Total: 23]
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(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

VO37/ VO?* half-cell E© = +1.00 V
VO?*/ V3 half-cell E© = +0.34 V
V3*/V2* half-cell E© = -0.26

(VO3 / VO?*// Zn/Zn?**) EC cen = +1.76 V

Zn is able to reduce VO3~ to VO?'/ reduction of VO3~ to VO?*by Zn is
spontaneous.

(VO?*/ ¥/ Zn/Zn?*) ES ce = +1.10 V

Zn is able to reduce VO?* to V3'/ reduction of VO?* to V3* by Zn is
spontaneous.

(V3*/ V2*/] Zn/Zn?*) EO cen = +0.50 V

Zn is able to reduce V3* to V?*/ reduction of V** to VV?* by Zn is spontaneous.

Hence, the solution changes from yellow to blue to green to violet. [3]
(c) | () |V*(aq) [1]
(ii) | 5VO?** + MnO4™ + 6H20 — 5V03™ + Mn?* + 12H*
OR
5V0?* + MnO4~ + H,0 — 5VO2* + Mn?* + 2H* [1]
i 20.65 X 0.02 = 0.000413 mol
n = .02 =0. mo
KMnos ™ 1000 [1]
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W) | nyas + nyger = —=x 0.05 = 0.00125 mol
nys+ = 0.00125 — x

1
Nkmno, reacted with VO = oX

Ngmno, reacted with V3* = %(0.00125 —X)

%(0.00125 —x) + gx = 0.000413

0.0025 — 2x + x = 0.002063
x = 0.000437 mol
In 100 cm3 of solution:

nys+ = 4(0.00125 — 0.000437) = 0.003252 mol
Ny2+ = 4x = 0.001748 mol

myzn = 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

- Bis acyclic ester
- € 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.

>

B and D can undergo electrophilic substitution with Br2(aq)

- A, B and D contains a phenol

[7]
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HO

OH

[Total: 20]
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Section B

Answer one question from this section.

(@) | (i) | Base [1]
(ii) | Sn2 nucleophilic substitution
H
- H
HC==C: \/ C— HO==CrmmQr HC=C— ;
Br- [3]
(iii) | Phenylamine is a weaker base. The lone pairs of electrons on the —NH>
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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(ii)

NaBH4(s) + 2H,0(1) 210, NaBO2(s) + 4H2(g)
I LE | 2+408)
Na*(g) + BHs(g) 2H20(g)
+ 494 - 1059
Na(g) -78.2 | 2(-241)
T +107

Na(s) + B(s) + 4H2(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)

Q=1It=nF
n="5%=212X0_ 74611 x 10~ mol
F 96500

1
Nethanot = 7 X 74611 X 107° = 1.87 X 10° mol

Mass of alcohol per breath = 1.87 x 107> X 46.0 = 8.58 x 107* g

[3]

(ii)

Amount of ethanol per cm? of blood = % x 1.87 X 107>

= 6.04 X 10~* mol

[1]

[Total: 20]
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(a)

MgO(s) reacts with acid to form neutral salt and water.
MgO(s) + 2H"(aq) — Mg?*(aq) + H20(l)

P4Oe(s) (or P4O10(s)) react violently/vigorously with alkali to form salt and
water.

P4O10(s) + 120H-(aq) — 4P0O4*(aq) + 6H20(1)
P406(s) + 80H-(aq) — 4HPO32(aq) + 2H20())

P40e(s) (or P4O1o(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(NOQs)a(s) = MgO(s) + 2NO2(g) + 7202(9)
Ca(NOs)z(s) —» CaO(s) + 2NOz(g) + %202(g) [1]
(ii) | Mg(NO3). decomposed at 575 K but not Ca(NO3)s.
Both Mg(NO3)2 and Ca(NO3)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 NOs?> and weaken the covalent bonds in NOs? to larger extent.
Since the mole ratio of Mg(NO3)2 and Ca(NOs)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(NO3)2 and 2x g from Ca(NOs3)2 (3x g
in total). [3]
(¢) | (i) | Tocondense the product formed so that it can be collected. [1]

(ii)

Hydrolysis:
o O
@/\)‘\O/\)\ —_— @/\)‘\OH + /\)\
HO
Oxidation:

/\)\ oL /\)\ o
HO o”

[2]

(iii)

3-methylbutanal (lowest b.p. compared to the isoamyl cinnamate,
cinnamic acid and 3-methylbutanol, deduce using chem bonding
knowledge)

[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
Amount of GA in 100 cm? aqueous layer = % % 0.180 x i x5

=4.556 x 10~3 mol
Amount of GA in 50 cm? organic layer = 0.005882 — 4.556 x 1073
=1.326 x 103 mol
4.556 x 1073
( 55()6.1000 )

K = ———=>t=172

partition 1.326 x 103
0.050

[3]

(ii)

Add (100 cm?® of / an excess of) aqueous NaOH and the (50 cm?® 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(III) ions and iodide Exar';?;er,s
ions Use
You will investigate the rate of oxidation of iodide by iron(Ill) ions in reaction 2.
The chemical changes in this experiment can be presented by the following
equations:

Reaction 1: Fe3*(aq) + S:05%7(aq) = [Fe(S20s)]"(aq)
Reaction 2: 2Fe*'(aq) + 217(aq) — 2Fe?*(aq) + I»(aq)
Reaction 3: Ix(aq) + 2S,03%7(aq) — 21 (aq) + S40s*(aq)
The reaction is started by mixing acidic solution of iron(III) chloride with sodium
thiosulfate, potassium iodide, and starch.
The iodine, Iz, 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=2 iron(I1I) chloride, FeCls.
FA 2 is 0.060 mol dm™ 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.
(a) Method
Experiment 1
1. Use the measuring cylinders to place the following in a 100 cm?®
beaker.
e 10cmiof FA 2
e 20cm®of 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.
Stir the mixture and place the beaker on a white tile.
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.
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Experiment 2 £ For
Xaminer's
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 Fe®(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
Fe®, A[Fe®'], which occurred when the blue-black colour appeared was
2.00 x 107 mol dm3.
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 = —oe % 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 FA1 =0 cm?®.
You should also identify any points you consider anomalous by
drawing a circle around it.

6

7

8
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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 Fe®*. 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 cm? of FA 1 had been used. Show your working clearly.
time = . "
(i) Calculate the initial concentration of iron(IIl) ions and the initial
concentration of iodide ions if 4.0 cm?® of FA 1 had been used.
initial [Fe®* 1 = ..o
initial [I7] = .o,
12
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(e) (iii) Given that the reaction is second order with respect to iodide, For

calculate the rate constant. Exabns'ger's

rate constant = ......cccceeeeeeeeeeeeen 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) — CaCla(aq) + H20(l) + 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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Identify the anomalous data point by drawing a circle around it. Draw the For
most appropriate best-fit line taking into account all of the plotted points, ExalTsigers
except for the anomaly. Extrapolate (extend) this line to the mass of
FA 4 used = 0.00 g.
Fig 2.1.
Loss in mass/ g
N
1.20
1.00
0.80
0.60
0.40
0.20
o A
0.00 ) I >
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50
mass of FA 4 used/ g
16
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Calculations For
Examiner’s

U
(b) (i) Determine the gradient of this line, showing clearly how you did s

this.

Hence, determine the mass of carbon dioxide evolved for per gram
of FA 4 used.

17
mass of carbon dioxide evolved =..................c........ 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 = ..........ccccceeiiinnnnnnn. 19

() 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) + HCl(aq) — NaCl(aq) + H>O(l)
FA 6 is 0.140 mol dm~ sodium hydroxide, NaOH.

Thymolphthalein indicator
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Procedure: For
1. Pipette 25.0 cm?® 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 EX""LT;;‘”S
this value.

Volume of FAGused=................... 2

Calculations

(e) (i) Calculate the number of moles of sodium hydroxide, NaOH, present
in volume of FA 6 calculated in (d).

amount of NaOH = ... 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 = ........ccccoviiiiinenn. 28
(iii) Calculate the number of moles of hydrochloric acid that reacted with
the FA 4 used.
amount of HClreacted = ............cccccceeiiiis 29
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(iv) Calculate the mass of CaCOs in the sample of FA 4 used, and For
hence the percentage purity of the industrial grade CaCQOs. ExaLTs'gers
[Ar: Ca, 40.1; C, 12.0; O,16.0]
. . . 30
percentage purity of the industrial grade CaCOs = ..........cccceeenns
(f) The two different methods were used to find the percentage purity of
industrial grade calcium carbonate.
It is found that the samples of FA 4 used contain calcium oxide which
reacts with dilute hydrochloric acid.
How would this affect the percentage purity calculated for each method?
Explain your answers.
Method 1:
Method 2:
31
32
(g) Explain why sulfuric acid cannot be used in both methods.
33
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(h) Planning For
Examiner’s
Unlike the acid-base titration in Part (c) that uses acid-base indicator to Use
mark the end-point, thermometric titration uses heat evolved or
temperature change of solution. In thermometric titration, the titre value
can be determined from the graph of energy evolved against volume of
titrant (solution from the burette) added.
Since neutralisation reaction is exothermic, thermometric titration can be
used to determine the amount of excess hydrochloric acid in flask X from
Part (c).
(i) Given that the concentration of undiluted excess hydrochloric acid in
flask X is about 1.7 mol dm=, and the desired titre is around
24 cm3, calculate the concentration of sodium hydroxide required for
the thermometric titration.
Concentration of NaOH = ... 34
(ii) You are to plan a thermometric titration to determine the
concentration of hydrochloric acid. The results obtained should allow
the titre value to be determined graphically.
You may assume that you are provided with
e 50 cm® of hydrochloric acid, HCI, of concentration around
1.7 mol dm™3
e standard solution of sodium hydroxide solution, NaOH, of the
same concentration calculated in (h)(i)
e apparatus commonly found in a school or college laboratory
In your plan you should include the following:
e adiagram of the apparatus set-up that may be used
e the procedure that you would follow and the measurements you
would take
e the precautions and measures that you would take to minimise
heat loss to the surroundings
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For
Examiner’s
Use
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For
Examiner’s
Use
35
36
37
38
39
40
(h)  (iii) Your procedure in (h)(ii) should allow the graph of total energy
evolved against volume of titrant to be plotted. Briefly describe how
you would use the results obtained to determine the total energy
evolved from the start of the experiment for each data point.
41
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(h) (iv) Sketch, on the axes in Fig. 2.2, the graph you would expect to For
obtain and show how you would use this graph to determine the ExaLTégers
titre value.

Explain the shape of your graph.
Fig. 2.2
Energy evolved/ J
0 Volume of NaOH added/ cm®
Explanation:
42
43
(v)  Sketch, on the same axes in Fig. 2.2, the graph you would expect to
obtain if agueous ammonia of the same concentration as aqueous
NaOH is used as the titrant instead.
Label this graph clearly as Graph B.
Explain the shape of Graph B.
44
45
[Total: 30]
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3 Inorganic qualitative analysis

In this experiment you are to explore the chemistry of some compounds of an
unknown transition element W. You are provided with 4 samples, FA 8, FA 9,

FA 10 and FA 11.

FA 8

FA9
FA 10
FA 11

Carry out the following experiments. Carefully record your observations. Test for

is a solid sample of a common dioxide of the unknown transition

element W.
is a dilute sulfuric acid, HoSO4.

is a solid sample of sodium ethanedioate, NaxC,04.

is a solution of pure compound X, which is the product formed

in (a)(i).

any gases produced.

For
Examiner’s
Use

Test

Observations

(a)()

Transfer all of the solid sample
of FA 10 into a 100 cm? beaker.
Add 25 cm3 of FA 9 to this beaker.

Gently heat the beaker until the
temperature of the mixture
reaches about 60°C.

Stir the mixture carefully. Place the
beaker on the white tile.

Add 2-3 spatulas of FA 8 to the
mixture, stir the mixture carefully
with a thermometer and observe
any changes in the temperature
of the mixture.

Filter the mixture into a boiling
tube when you think the reaction
is complete. Leave the filtrate to
stand. The filtrate contains
compound X.

Retain this filtrate for use in

(a)(ii).

46

47
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(@) (ii) You are to investigate the effect of the addition of aqueous sodium For
hydroxide, and the addition of aqueous ammonia, to separate ExaLTs'gers
portions of the filtrate from (a)(i) and FA 11.

In the space below, record the details of the tests performed and the
observations made in a suitable table.

48
49
50
(b) Explain how you determined when the reaction is completed in 4(a)(i). You
should support your answer by referring to your observations.
51
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(c) (i) Consider your observations in (a)(ii). For
Examiner’s
Identify the transition metal ion formed in (a)(i). Justify your choice Use
by making reference to your observations in (a)(ii).
ion present is
justification
52
(i) In (a)(i), the reaction between FA 8 and FA 10 occurs under acidic
conditions.
Write a balanced equation for this reaction.
53
(iii)  State the role of FA 8 in the reaction and support your answer by
referring to your observations.
54
(d) Deduce the nature of reaction, other than the type of reaction identified in
(c), occurring in (a)(i).
Justify by referring to your observations.
55
[Total: 10]
END OF PAPER
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9729 H2 CHEMISTRY (2017)

9 Qualitative Analysis Notes

[ppt. = precipitate]

9(a) Reactions of aqueous cations

reaction with

cation

NaOH(aq)
aluminium, white ppt. white ppt.
Af‘(aq} soluble in excess insoluble in excess
zﬂ?ﬁg:qu)m' ammonia produced on heating -
barium, no ppt. p—
BaQ+(aq) (if reagents are pure) PPE.
calcium, white. ppt. with high
Ca”(aq) [Ca* (aq)] -

grey-green ppt.

chromium(IIL),

grey-green ppt.

3+ soluble in excess : ;
Cr(aq) giving dark green solution insoluble in excess
blue ppt.
“089"'““)' pale blue .ppt. solub?g in excess
Cu“'(aq), insoluble in excess giving dark blue solution
iron(1I) green ppt., turning brown on green ppt., turning brown on
Fe?' (@ ‘) contact with air contact with air
q insoluble in excess insoluble in excess
iron(I1I), red-brown ppt. red-brown ppt.
Fe¥'(aq) insoluble in excess insoluble in excess
mag nesium, white ppt. white ppt.
Mg~'(aq) insoluble in excess insoluble in excess
off-white ppt., rapidly turning off-white ppt., rapidly turning
ﬁﬁggg:n;ese{ll), brown on contact with air brown on contact with air
q insoluble in excess insoluble in excess
zinc, white ppt. white ppt.
Zn*(aq) soluble in excess soluble in excess
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9(b) Reactions of anions

anion reaction

coonaes,; CO; liberated by dilute acids
CO;
chloride; gives white ppt. with Ag*(aq) (soluble in NHs(aq))
Cl(aq)
g:?{g'c?)e' gives pale cream ppt. with Ag“(aq) (partially soluble in NH;(aq))
'Ic_)?;z?‘ gives yellow ppt. with Ag*(aq) (insoluble in NHa(aq))
nitrate : ; : 2 :
ik NH; liberated on heating with OH™(aq) and Al foil
NO," (aq) 3 g (aq)
nitrite NH; liberated on heating with OH (aq) and Al foil;
s (2q) NO liberated by dilute acids
2 (aq (colourless NO — (pale) brown NO; in air)
sulfate, ; : > + ; : : ;
S0.> (aq) gives white ppt. with Ba’ (aq) (insoluble in excess dilute strong acids)
sulfite, SO; liberated with dilute acids;
S0O;7 (aq) gives white ppt. with Ba'(aq) (soluble in dilute strong acids)

9(c) Tests for gases

gas

ammonia, NH;

test and test result

turns damp red litmus paper blue

carbon dioxide, CO,

gives a white ppt. with limewater
(ppt. dissolves with excess CO;)

chlorine, CL

bleaches damp litmus paper

hydrogen, H,

“pops” with a lighted splint

oxygen, O,

relights a glowing splint

sulfur dioxide, SO,

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

9(d) Colour of halogens

halogen colour of element colour in aqueous solution colour in hexane
chlorine, Ci, greenish yellow gas pale yellow pale yellow
bromine, Br; reddish brown gas / liquid orange orange-red
iodine, I, black solid / purple gas brown purple
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1 To investigate the kinetics of the reaction between iron(IIl) ions and Exa;(i)rzer's
iodide ions Use
You will investigate rate of oxidation of iodide by iron(Ill) ions in reaction 2.
The chemical changes in this experiment can be presented by the following
equations:

Reaction 1: Fe**(aq) + S:0:*(aq) = [Fe(S20:)]*(aq)
Reaction 2: 2Fe*'(aq) + 2I7(aq) — 2Fe?'(aq) + I»(aq)
Reaction 3: Ix(aq) + 2S,03%"(aq) — 2I7(aq) + S406*(aq)
The reaction is started by mixing acidic solution of iron(III) chloride with sodium
thiosulfate, potassium iodide, and starch. The iodine, I, 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=2 iron(IlI) chloride, FeCls.
FA 2 is 0.060 mol dm~ 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.
(a) Method

Experiment 1

1. Use the measuring cylinders to place the following in a 100 cm?

beaker.
e 10cmiof FA 2
e 20cm®of 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.

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.
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Experiment 2
6. Repeat step 1 in Experiment 1.

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 N For
Xaminers

Fe®*, A[Fe*], which occurred when the blue-black colour appeared was Use
2.00 x 107 mol dm™3.

Amount of $,05°” = —5-x 0.006 = 1.20 X 10~* mol

—4
A[Fe®] = 2222% — 2.00 x 10~3 mol dm™

1000
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(c) Results

The rate of the reaction can be calculated as shown.

rate =

A[Fe37]

reaction time

Calculate the rate of reaction for each experiment and complete your

x 109

table.
2
Reaction Rate/ 3
3 3

=L Veal/ cm Vh,0 /oM time, t /s mol dm=3s~" .
1 20.00 0.00 12.9 155 5

2 12.00 8.00 28.8 69.4

3 14.00 6.00 20.7 96.6

4 16.00 4.00 17.3 115

5 18.00 2.00 14.7 136

(d) (i) Plot the rate (y-axis) against the volume of FA 1 (x-axis) on the

grid. Draw a line of best fit through the points.

Your chosen scales should allow you to extrapolate this line to

volume of FA1 =0 cm?.

You should also identify any points you consider anomalous by

drawing a circle around it.

River Valley High School
Practical Examination 2018

Pg 4 of 20

Year 6 H2 Chemistry 9729



(ii)

(iii)

River Valley High School

i) ERRR0 B

@

+
( Q0 Eio 8. ¢y I5. 4

Explain why the volume of FA 1 in each experiment can be used

as the [Fe®"].

Since total volume is kept constant by adding deionised water,

volume of FA 1 used is proportional to [Fe3'].

Deduce the order of reaction with respect to Fe**. Use evidence

from your graph to support your deduction.

v' Observe from the graph, any one of the following:

>
VEA em®

e the rate increase by xxx for every additional xxx cm?® of

FA 1 used

e when volume of FA 1 double, rate double (or other

multiples)

o the graph is linear/gradient is a constant, showing that rate
o« volume/ concentration of FA 1 / state that it is a graph of

rate against [Fe®]

v' Therefore, the reaction is first order with respect to Fe®*.

Pg 5 of 20
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(e) (i) Use your graph to calculate the time that the reaction would have
taken if 4.0 cm® of FA 1 had been used. Show your working
clearly.

If 4.0 cm® of FA 1 is used, rate = xxx mol dm=3 s
Time = A[Fe®] x 10% rate = xxx s (to 3 sf or nearest seconds).

time = ..o 11

(i) Calculate the initial concentration of iron(Ill) ions and the initial
concentration of iodide ions if 4.0 cm?® of FA 1 had been used.

_ 0.030x4.0

T 600

0.060%10.0
60.0

[Fe®] = 0.00200 mol dm

[ = = 0.0100 mol dm™2

initial [FE3] = oo

initial [I7] = oo 12

(iii)  Given that the reaction is second order with respect to iodide,
calculate the rate constant.

rate = k[Fe3*|[I']?

rate

=__*° = -2 6 -1
TECTTEERAL mol™ dm°®s

rateconstant = ..........coooiiiiinns 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 sequence of colour change in terms of the
chemistry involved.

The brown solution is due to a mixture of purple complex [Fe(S203)]* and
orange-brown Fe3*(aq).

Since the 1, formed reacted immediately with thiosulfate, [S;O3%~(aq)]
decreased, and the position of equilibrium in (1) shifts left.

Thus, concentration of [Fe(S.03)]’decreased. Hence, the colour of the
solution gradually fades/ until the solution became pale yellow due to

Fe®. 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, CaCOs3, by two different methods.

(a) 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.

CaCOs4(s) + 2HCI(aqg) — CaClz(aq) + H20(l) + CO2(g)

FA 4 s 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. Weigh accurately 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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Identify the anomalous data point by drawing a circle around it. Draw the For

most appropriate best-fit line taking into account all of the plotted points, Exalznsigers

except for the anomaly. Extrapolate (extend) this line to the mass of

FA 4 used = 0.00 g.

Fig 2.1.
Loss in mass/ g
///l
(3.00, 1.12)
1.20
’/\
1,00
L/
0.80 ,/
0.60
0.40
0.20 pan
//
0.00 >
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50
mass of FA 4 used/g
16
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Calculations For
Examiner's
U
(b) (i) Determine the gradient of this line, showing clearly how you did s
this.
Hence, determine the mass of carbon dioxide evolved per gram of
FA 4 used.
gradient = 22272%0 -0 3733
3.00-0.00
mass lost = mass of carbon dioxide evolved
= 0.3733 g per gram of FA 4 used 17
mass of carbon dioxide evolved = 0.3733 g ....cccccceveeeeerinnnne 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.
[Ar: Ca, 40.1; C, 12.0; O0,16.0]
For every gram of FA 4 used:
Amount of CO; evolved = =222 = 0.008484 mol
= amount of CaCO3
Mass of CaCO3 = 0.008484 x 100.1 = 0.8492
percentage purity of FA 4 = 0'18:22 x 100% = 84.9 %
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) + HCl(aq) — NaCl(aq) + H>O(l)
FA 6 is 0.140 mol dm™ sodium hydroxide, NaOH.
Thymolphthalein indicator
Procedure:
1. Pipette 25.0 cm?® of FA 5 into flask X.
2. Weigh accurately about 0.6 g of FA 4 in a dry weighing bottle.
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.
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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

Mass of weighing bottle and FA 4/ g 4.433
Mass of weighing bottle and residual FA 4/g 3.823
Or

Mass of weighing bottle and residue/g

Mass of FA 4 used/ g 0.610
Titration number 1 2

Final burette reading /cm? 29.30 | 29.30

Initial burette reading /cm3 0.00 0.00
Volume of FA 6 (used) /cm?® 29.30 | 29.25

(d) From your accurate titration results, obtain a suitable value for the volume
of FA 6 to be used in your calculations. Show clearly how you obtained

this value.
29.30 + 29.25
——————=129.28cm?
2
Volume of FA 6 used =
River Valley High School Pg 10 of 20
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22

23

24

25

Supervisor
expected
titre

28.53

Student
expected
titre

Difference
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Calculations
For
(e) (i) Calculate the number of moles of sodium hydroxide, NaOH, present | Examiner’s
in volume of FA 6 calculated in (d). Use
amount of NaOH in titre = % X 0.140 = mol
amount of NaOH = ... 27
(ii) Calculate the number of moles of hydrochloric acid remaining in
flask X after the reaction with FA 4 has completed.
amount of NaOH in titre = amount of HCl in 25.0cm® FA 7
amount of HCI remaining in flask X
= amount of HCI in 250 cm® of FA 7
= 8¢ 5 0.140 x 222
1000 25.0
amount of HCI remaining in flask X = ........................ 28
(iii) Calculate the number of moles of hydrochloric acid that reacted with
the FA 4 used.
Total amount of HCI used = 2.00 x 0.0250 = 0.0500 mol
Amount of HCI reacted = 0.0500 — (22¢ x 0.140 x 222 )
1000 25.0
amount of HClreacted = ...........cccccceeieiie 29
(vi) Calculate the mass of CaCOs in the sample of FA 4 used, and
hence the percentage purity of the industrial grade CaCOs.
[Ar: Ca, 40.1; C, 12.0; 0,16.0]
Mass of CaCOs in the sample = M x 100.1
., _ massof CaCO3zin the sample
Percentage purity = mass of sample wsed X 100%
percentage purity of the industrial grade CaCO3z = ........cccccceeeeeeenneees 30
(f) The two different methods were used to find the percentage purity of
industrial grade calcium carbonate.
It is found that the samples of FA 4 used contain calcium oxide which
reacts with dilute hydrochloric acid.
How would this affect the percentage purity calculated for each method?
Explain your answers.
Method 1: Percentage purity of FA 4 calculated is not affected.
Reaction of calcium oxide with hydrochloric acid does not result in loss in
mass/ does not produce any gases.
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Method 2: Percentage purity of FA 4 calculated is higher than expected.

Less HCI is left after reaction with sample. Based on the lower titre ]

obtained/ less NaOH is needed to react with the remaining HCI , a greater 3

amount of CaCOs is calculated to be present. 32

(g) Explain why sulfuric acid cannot be used in both methods.

The insoluble CaS04/ salt formed coats the calcium carbonate particles,

which results in_incomplete reaction/ owtte.
33
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(h) Planning

Unlike the acid-base titration in Part (c) that uses acid-base indicator to
determine the end-point, thermometric titration uses heat evolved or
temperature change of solution to determine the end-point of the reaction.
In thermometric titration, the titre value can be determined from the graph
of energy evolved against volume of titrant (solution from the burette)
added.

Since a neutralisation reaction is exothermic, thermometric titration can be
used to determine the amount of excess hydrochloric acid in flask X from
Part (c).

(i) Given that the concentration of undiluted excess hydrochloric acid in
flask X is about 1.7 mol dm=, and the desired titre is around
24 cm3, calculate the concentration of sodium hydroxide required for
the thermometric titration.

[NaOH] = % 1.77 mol dm-3

24 34

(i) You are to plan a thermometric titration to determine the
concentration of hydrochloric acid. The experimental results
obtained should allow the titre value to be determined graphically.

You may assume that you are provided with

e 50 cm® of hydrochloric acid, HCI, of concentration around
1.7 mol dm3

e standard solution of sodium hydroxide solution, NaOH, of the
same concentration calculated in (h)(i)

e apparatus commonly found in a school or college laboratory

35

In your plan you should include the following:
36

e adiagram of the apparatus set-up that may be used
e the procedure that you would follow and the measurement you || 37

would take 38
e the precautions and measures that you would take to minimise
heat loss to the surroundings 39
40
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Clamped burette

thermometer ——— H
Styrofoam cup with lid
\U J 250 cm?® beaker

1. Set up the apparatus as shown in the diagram and fill the
burette with 1.77 mol dm= aqueous NaOH.

2. Using a burette/pipette, transfer 25.0 cm® of the HCI
solution into the styrofoam cup, and measure its initial
temperature.

3. Using the burette, add 5.00 cm® of NaOH solution to the
HC/ solution in the cup. Stir by swirling the cup/ stir using
the thermometer and measure the highest temperature
reached.

4. Immediately add another 5.00 cm?® of the NaOH solution,
stir, and again measure the highest temperature.

5. Repeat step 4 until the total volume of NaOH added is
45.00 cm®.

Precaution: This experiment should be carried out in a draught-
free room with the fans switched off.

Procedure

(iii)  Your procedure in (h)(ii) should allow the graph of total energy
evolved against volume of titrant to be plotted. Briefly describe how
you would use the results obtained to determine the total energy
evolved since the start of the experiment for each data point.

Energy evolved = mcAT

Where m = (Volume of HCI + total volume of NaOH added/ total
volume of reaction mixture) x density , ¢ = specific heat capacity of
the solution/ 4.18 Jg'K™", AT = highest temperature — initial
temperature of HCI in step x. 41
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(iv)  Sketch, on the axes in Fig. 2.2, the graph you would expect to
obtain and show how you would use this graph to determine the
titre value.

Explain the shape of your graph.
Fig. 2.2

Energy evolved/ J

\

Graph B

titre Volume of NaOH add%g/ cm?3

43

Explanation:

As NaOH is added, more neutralisation occurs which evolves more heat.
The total amount of heat evolved reaches maximum at the equivalence
point when all HC/ just reacted. Past equivalence point, the graph is
horizontal because no more heat is evolved/Graph is downward sloping
due to heat lost to the surroundings’.

(v) Sketch, on the same axes in Fig. 2.2, the graph you would expect
to obtain if agueous ammonia of the same concentration as
aqueous NaOH is used as the titrant instead.

Label this graph clearly as Graph B.
Explain the shape of Graph B.
Graph B

Ammonia is a weak base which dissociates partially to produce OH".

Heat is absorbed to complete the dissociation/ break the O-H in
water to produce OH~. Thus, the reaction is less exothermic/ less || 44
enerqy is evolved.

45
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3 Inorganic qualitative analysis

In this experiment you are to explore the chemistry of some compounds of an
unknown transition element W. You are provided with 4 samples, FA 8, FA 9,
FA 10 and FA 11.

FA 8 is a solid sample of a common dioxide of the unknown transition
element W.

FA9 is a dilute sulfuric acid, H2SOa.
FA 10 s a solid sample of sodium ethanedioate, NaxC,0..

FA 11 is a solution of pure compound X, which is the product formed

in (a)(i).

Carry out the following experiments. Carefully record your observations. Test
any gases produced.

test observations

(a)(i) | Transfer all of the solid sample White solid (Na2C204) dissolves
of FA 10 into a 100 cm3 beaker. | to give a colourless solution.

Add 25 cm?® of FA 9 to this
beaker.

[accept: partially dissolves]

Gently heat the beaker until the
temperature of the mixture
reaches about 60°C.

Stir the mixture carefully. Place
the beaker on the white tile.

Add 2 — 3 spatula of FA 8 to the Effervescence/ bubbles after
mixture, stir the mixture carefully | 2ddition (not gas evolved)

with thermometer and observe C0|our|essy odourless gas gave

any changes in the temperature | white ppt with limewater
of the mixture.

Temperature of mixture rises

Filter the mixture into a b0|I|ng (even though no heat is app“ed)
tube when you think that the

reaction is completed. Leave the | Temperature rise stops/
filtrate to stand. The filtrate temperature falls/ mixture starts

contains compound X. to cool as the effervescence

much less vigorous
Retain this filtrate for use (a)(ii). ; i
(Pale pink) filtrate turns yellow-

green/pale yellow/pale orange

46

47
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(@ (i)

You are to investigate the effect of the addition of aqueous sodium
hydroxide, and the addition of aqueous ammonia, to separate

portions of the filtrate from (a)(i) and FA 11.

In the space below, record the details of the tests performed and

the observations made in a suitable table.

Add sodium hydroxide,
dropwise with shaking,
followed by in excess,
to separate samples.

Add aqueous ammonia,
dropwise with shaking,
followed by in excess,
to separate samples.

Filtrate (Light)_ brown (Light)_brown
from precipitates insoluble in | precipitates insoluble in
(a)(ii) excess excess
*ppt darken (on *ppt darken (on
standing) standing)
FA 11 Off-white/ very light Off-white/  very light
brown precipitates brown precipitates
insoluble in excess insoluble in excess
*ppt darken (on *ppt darken (on
standing) standing) 48
49
50
(b) Explain how you determined when the reaction is completed in 4(a)(i).
You should support your answer by referring to your observations.
Cessation of effervescence/ bubbles (on addition of more FA 8)
or
temperature stops rising/ starts to fall (on addition of more FA 8) 51
(c) (i) Consider your observations in (a)(ii).
Identify the transition metal ion formed in (a)(i). Justify your choice
by reference to your observations in (a)(ii).
ion presentis  Mn?*
justification off-white ppt, Mn(OH),, formed with both NaOH
and NHsz which are insoluble in excess and
darkens/turned darker brown on standing.
52
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(i) In (a)(i), the reaction between FA 8 and FA 10 occurs under
acidic conditions.
Write a balanced equation for this reaction.
MnO;, + 4H* + C2042_ — Mn?%* + 2H>0 + 2C0O»
53
(ili)  State the role of FA 8 in the reaction and support your answer by
referring to your observations.
FA 8 is an oxidising agent. Colourless, odourless gas evolved
gave white ppt in limewater showed that CO, was evolved
because C,04%~ was oxidised/ Dark grey/ black MnO, solid is
reduced to pale pink Mn?* ions. 54
(d) Deduce the nature of reaction, other than the type of reaction identified
in (c), occurring in (a)(i).
Justify by referring to your observations.
The reaction is exothermic. The temperature increased, without further
heating, as FA 8 was added.
Accept neutralisation between MnO, and H»,SO4 with correct evidence
and conclusion.
55
END OF PAPER
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9729 H2 CHEMISTRY (2017)

9 Qualitative Analysis Notes

[ppt. = precipitate]

9(a) Reactions of aqueous cations

reaction with

cation
NaOH(aq)
aluminium, white ppt. white ppt.
Af‘(aq} soluble in excess insoluble in excess
ammonium, . .
NH," (aq) ammonia produced on heating -
barium, no ppt. p—
BaQ+(aq) (if reagents are pure) PPE.
calcium, white. ppt. with high
Ca®'(aq) [Ca? (aq)] o ppL
chromium(IIL), grey-gresn ppt. grey-green ppt.
CrS*(aq) saluble Iy excass insoluble in excess
giving dark green solution
blue ppt.

“089"'““)' pale blue .ppt. solub?g in excess
Cu“'(aq), insoluble in excess giving dark blue solution
iron(1I) green ppt., turning brown on green ppt., turning brown on
Fe?' (@ ‘) contact with air contact with air

q insoluble in excess insoluble in excess
iron(I1I), red-brown ppt. red-brown ppt.
Fea*(aq) insoluble in excess insoluble in excess
mag nesium, white ppt. white ppt.
Mg~'(aq) insoluble in excess insoluble in excess

off-white ppt., rapidly turning off-white ppt., rapidly turning

magganese{ll), brown on contact with air brown on contact with air
Mn“’(aq)

q insoluble in excess insoluble in excess
zing, white ppt. white ppt.
Zn*(aq) soluble in excess soluble in excess
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9(b) Reactions of anions

anion reaction

i, CO; liberated by dilute acids
CO;
chioride; gives white ppt. with Ag’(aq) (soluble in NHa(aq))
Cl(aq)
g:?{g'c?)e' gives pale cream ppt. with Ag“(aq) (partially soluble in NH;(aq))
'Ic_)?;z?‘ gives yellow ppt. with Ag*(aq) (insoluble in NHa(aq))
nitrate : ; : 2 ;
ik NH; liberated on heating with OH™(aq) and Al foil
NO," (aq) 3 9 (aq)
nitrite NH; liberated on heating with OH™(aq) and Al foil;
s (2q) NO liberated by dilute acids
2 (aq (colourless NO — (pale) brown NO; in air)
sulfate, ; . ; + : 2 : 2
S0.> (aq) gives white ppt. with Ba’ (aq) (insoluble in excess dilute strong acids)
sulfite, SO; liberated with dilute acids;
S0O;7 (aq) gives white ppt. with Ba'(aq) (soluble in dilute strong acids)

9(c) Tests for gases

gas

ammonia, NH;

test and test result

turns damp red litmus paper blue

carbon dioxide, CO;

gives a white ppt. with limewater
(ppt. dissolves with excess CO;)

chlorine, CL

bleaches damp litmus paper

hydrogen, H,

“pops” with a lighted splint

oxygen, O,

relights a glowing splint

sulfur dioxide, SO,

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

9(d) Colour of halogens

Practical Examination 2018

halogen colour of element colour in aqueous solution colour in hexane
chlorine, Ci, greenish yellow gas pale yellow pale yellow
bromine, Br; reddish brown gas / liquid orange orange-red
iodine, I, black solid / purple gas brown purple
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