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The element aluminium and its compounds have some properties characteristic of
metals, and some of non-metals. Aluminium hydroxide, for example, is known to be
amphoteric.

() Explain the meaning of the word “amphoteric”. [1]

Aluminium sulfate and calcium oxide are sometimes added to water supplies to co-
precipitate suspended solids and bacteria. A small amount of aluminium-containing
ions remains in solution and its presence in drinking water may contribute to the mental
illness known as Alzheimer’s disease.

(i) Write a balanced equation for the reaction that occurs when aluminium sulfate
and calcium oxide are added to water, given that aluminium hydroxide is one
of the products formed. [1]

(iii) By considering the nature of calcium oxide, explain why adding too much of it
would increase the risk of contracting Alzheimer’s disease.

Write an equation to illustrate how “aluminium-containing ions remains in
(drinking water)” as a result of adding too much calcium oxide. [2]
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Beryllium oxide (BeO) is amphoteric, just like AI(OH)s.

() Beryllium oxide reacts with sodium hydroxide according to the equation,

2NaOH + BeO — NazBeO; + H.0O

Given the position of beryllium in the Periodic Table, explain how this reaction
illustrates the amphoteric nature of beryllium oxide.

[2]

(i) To further illustrate its amphoteric nature, at 500 °C, BeO reacts with Na,O to
form compound F as the sole product. The molar masses of all three

compounds are tabulated below.

compound molar mass / g mol™
BeO 25
Na.O 62
F 149

Write a balanced equation of the above reaction.

[1]
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2 (@) Inthe laboratory, there are three bottles labelled X, Y and Z. Each bottle contains one
of the following reagents:

KI(aq), Clx(aq), and NaBr(aq)

Three tests were carried out using the reagents in the bottles. The results are
summarised in the table below:

test procedure observations

1 mix reagent in bottle X with reagent in bottle Z no change in colour

2 mix reagent in bottle Y with reagent in bottle Z | mixture turns brown

mixture turns reddish-

3 mix reagent in bottle Y with reagent in bottle X
brown

0] By comparing relevant standard reduction potential values from the Data
Booklet, explain how it can be deduced that Y is aqueous chlorine. There is no
need for calculations. [1]

(i) Tests 2 and 3 were executed to determine the reagents in bottles X and Z.

Hexane was added to the resulting reaction mixture after the tests were
conducted. The bottles were then shaken and allowed to stand.

State the observations that will indicate whether the bottles contained KI(aq)
or NaBr(aq) initially. [2]
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2 (b)  Sulfur dichloride, SCls, is a cherry-red liquid at room temperature and pressure.
SCl; is formed from Sg and Cl..

0] Explain why Sg exists as a solid while Cl; exists as a gas at room temperature.

[2]

(i) The formation of SCl, from Sg and Cl, takes place in two steps.
The first step involves disulfur dichloride, S2Cl», as an intermediate.
Sg + 4Cl, 2> 4S,Cl,

Write the equation of the second step. [1]

Some chemists speculate that the intermediate is not disulfur dichloride but K.
K shares the same elemental mass percentages as sulfur dichloride and has a molar
mass of 206.2 g mol™.

(iii) State the molecular formula of K. [1]

(iv) All the chlorine atoms in K are terminal.
There are only two central atoms in K.
The bond angles about each central atom are different.

State the shape around each central atom and the respective bond angles. [2]
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Sulfuryl chloride, SO2Cl,, is commonly confused with thionyl chloride, SOCl».

The properties of these two sulfur oxychlorides are quite different. SO.Cl is a source
of chlorine while SOCI, is a source of chloride ions for various organic reactions.

When heated, sulfuryl chloride decomposes endothermically as follows:

SO:Cl2(g) = SO2(g) + Cl2(9)
In an experiment, 1.00 mol of SO,Cl, vapour was heated in a closed 4.00 dm? flask at
500 K until equilibrium was established. The flask was then rapidly cooled to liquefy

SOClz.

After removing gaseous SO; and Cl,, excess water was then carefully added to the
liquid SO-ClI,, causing the following reaction to occur.

SO.Cl (1) + 2H20 (1) — H2S04 (aq) + 2HCI (aq)

The resulting solution was made up to 250 cm? in a standard graduated flask.

20.0 cm?® of this solution was titrated with 1.00 mol dm= NaOH. 40.00 cm? of NaOH
was required for complete neutralisation.

0] Write an expression for K. for the equilibrium above and state its units. [2]

(i) Calculate the equilibrium amount of SO,Cl,, SO,, and Cl; in the original
equilibrium at 500 K. Hence calculate a value for the K. for the equilibrium. [4]
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2 (c) (i) A student suggested to carry out the decomposition process at a higher
temperature and high pressure to decrease the time required for the process.
Discuss the effects of the proposed changes on the rate and the yield. [2]
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SO.Cl; is widely used as a reagent in chlorination of the hydrocarbons. Such reactions
occur under free radical conditions using H-O> as an initiator.

For example, methylbenzene undergoes free radical substitution with SO,Cl, to give
benzyl chloride, CeHsCH-CI.

The mechanism of this reaction involves three stages:
I. Initiation

Il. Propagation
IIl. Termination

e The initiation stage is unique as it involves two successive steps.

) In the first step, there is an initial homolytic breaking of the peroxide bond in
hydrogen peroxide forming two hydroxyl radicals.

Using curly arrows, show the mechanism for this step.

[1]

The second initiation step involves the reaction between the hydroxyl radical and
SOCl; to give SO, HOCI and a chlorine radical. It has been drawn for you below.
(6]

N\
Howg\/ %CI —— HOCI + SO, + CI-

After these two initiation steps,

e The chlorine radical then reacts with methylbenzene in two propagation steps to
form benzyl chloride and regenerating the hydroxyl radicals.

e The chain reaction terminates when two radicals combine to give stable
compounds.
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2 (d) (i) Complete the mechanism by writing the steps for the propagation and
termination stages.
[3]

Propagation

Termination

[Total: 21]
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3 Malonic acid is an important precursor to some polyesters.

(@)

© ACJC2019

O O

HOMOH

Malonic acid can be synthesised in more than one way.

(i)

(i)

Suggest a three-step synthetic route from ethene to malonic acid. [5]

Malonic acid can be made by reacting two moles of L with a mole of carbon
suboxide.

[1]

O C C C @)

carbon suboxide
Identify L.
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Malonic acid behaves as a diprotic acid. The values of its Ka; and K2 are 1.51 x 1073
mol dm~=and 2.00 x 10~ mol dm= respectively.

In an experiment, 15.0 cm?® of a 0.100 mol dm= solution of malonic acid was titrated
against 0.100 mol dm= NaOH.

() Calculate the initial pH. [1]

(i) Calculate the volume of NaOH required for the first equivalence point. [1]

(iii) Write an equation to explain why the second equivalence point is above 7. [1]

(iv) Calculate the second equivalence pH. [2]
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A buffer is obtained after the addition of 12.00 cm? of NaOH solution.

3 (b) (v) Write an equation for the reaction that occurs when a drop of HNO3 is added
to this buffer. [1]

(vi) Calculate the pH of this buffer. [2]

(vii)  Another buffer is obtained after the addition of 22.50 cm?® of NaOH solution.
Calculate its pH. [1]

[Total: 15]
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4 V is a mono-brominated derivative of ortho-vanillin. Ortho-vanillins are used in the study of
mutagenesis and as a synthetic precursor for pharmaceuticals.

(@)

(b)

© ACJC2019

OCH;

Define the term “constitutional isomerism”.

[1]

U is a constitutional isomer of V.

Br

HO

HO U

State a simple chemical test to distinguish between U and V. State the observations.

[2]
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The structures you draw from 4(c) to 4(e) must contain one benzene ring.

4 (c) Draw the structural formula of a constitutional isomer of V which can be distinguished
from V itself by cold AgNOs solution. State the observations. [2]

(d) Draw the structural formula of a constitutional isomer of V which can be distinguished
from V itself by warm alkaline iodine. [1]

(e) Draw the structural formula of a constitutional isomer of V which can be distinguished
from V itself via 2,4-dinitrophenylhydrazine but not neutral iron(lll) chloride solution
nor sodium metal. [1]

[Total: 7]
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Space-suits need to be designed in such a way to supply oxygen to astronauts and to
remove the carbon dioxide exhaled by them.

(@) Metal oxides like silver oxide, Ag-0O, are used to get rid of the carbon dioxide.

Ag-0 reacts reversibly with carbon dioxide, as described in the equilibrium equation,

Agz0 (s) + COz (g) = Ag2COs (S)

The van’t Hoff plot shows how the equilibrium constant, K, of this reaction varies with
temperature.

In Kp

(i)

(if)

© ACJC2019

From the above graph, deduce the relationship between K, and T. [1]

Hence, explain whether the reaction between silver oxide and carbon dioxide
is exothermic or endothermic. [2]
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Given that the straight line graph for In K, versus T is described by the

equation
—AH%\ 1 AS°
InK, = —+—

R /T R

Calculate the standard entropy change of this reaction and explain the
significance of its sign with respect to the reaction. [2]

After absorbing carbon dioxide for some time, most if not all of the silver oxide would

have been depleted. To recharge the system, heat is applied into the system to form

(iv)

Ag-0 again.

AG° and K, are mathematically related by the equation
AG°=—-RTInK,

Using the graph, estimate the minimum temperature at which the recharging
of this system becomes spontaneous. [1]
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Silver carbonate (relative formula mass = 275.8) is a sparingly soluble salt. At 25 °C,
its solubility is 0.032 g dm= of water.

(i) Show that the value of the K., of silver carbonate at 25 °C is
6.25 x 10712, [1]

(ii) Calculate the solubility of silver carbonate in 0.100 mol dm=2 silver nitrate at
25 °C. [1]

(iii) 1.00 cm® of a 1.20 x 10™° mol dm™ silver nitrate solution was mixed with
3.00 cm® of a 7.45 x 10~° mol dm sodium carbonate solution.

Determine whether there would be precipitation of silver carbonate. [2]

9729/02/Prelim Exam/2019 [Turn over



18

5 (c) Silver carbonate can be reacted with ammonia to form silver fulminate, AQCNO, a
powerful primary explosive.

4 Ag>CO3 + 4 NH; — 4 AgCNO + 6 H,O + 4 Ag + O

Draw the dot-and-cross diagram of the fulminate ion given that the N is the central
atom and the negative charge is on the carbon.
[1]

[Total: 11]
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6 The isocyanate functional group is a constitutional isomer of the fulminate, which was
mentioned in question 5(c). The isocyanate has the carbon atom instead of nitrogen atom
as the central atom.

Isocyanates are important industrial chemicals; they react with alcohols to produce
polyurethane polymers, which are components of polyurethane foams, thermoplastic

elastomers and polyurethane paints.

(@) This part is about the synthesis of a diisocyanate from methylbenzene.

NH,
step 1 M step II
_— -
conc. H,SO, + conc. HNO;  C/NoHeO4 (10 1/ + Zn, heat
heat followed by cold KOH (aq)
NH,
step 111
COCl,
NCO
a diisocyanate
NCO
0] State the type of reaction in step |I. [1]
(i) Draw the structure of M. [1]
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(iii)

(iv)

(v)

(vi)
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Draw the structure of the isomer of M which is formed as a side-product in
step . [1]

Explain the purpose of KOH in step I1. [1]

Write a balanced equation for the overall reaction in step 11. You are to use [H]
to balance the equation. [1]

State the type of reaction in step I11. [1]
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6 (b) Examine the synthetic route below.

o Q Q

R—N=——C—0 step | \ step Il
. " . (0] > R
isocyanate HC! / RNCO Cl N N/
RHN | |
R H
RCNO

+ HCI -———

cyclic trimer T Q
R3C3N30; R3C3N303HC/
0) Draw the skeletal formulae of Q and the cyclic trimer T in the boxes provided.

[2]

(i) Step | is an electrophilic addition reaction. Draw the mechanism of step I.  [3]

© ACJC2019 9729/02/Prelim Exam/2019 [Turn over



© ACJC2019

22

When heated with HCI (aq), organic isocyanates (RNCO) are hydrolysed to the amine
salt (RNHs*Cl7) and carbon dioxide.

RNCO + HCI + H20 - RNHs*CI- + CO:
A 1.13 g sample of an organic isocyanate was treated in this way, and the carbon
dioxide produced was absorbed in an excess of aqueous Ba(OH),, according to the
equation shown.

Ba(OH). (aq) + CO2(g) — H20 (I) + BaCOs3(s)

The mixture was filtered and the residue BaCOs; washed and dried thoroughly. The
mass of the residue was 1.97 g.

(i)  Show that the molecular mass of the organic isocyanate is 113 g mol=—. [1]

(i)  The R group in RNCO and RNHs"CI~ contains only carbon and hydrogen.

Use the molecular mass mentioned in (i) to suggest the molecular formula of the
organic isocyanate. [1]

(iii)  Given that a pure sample of this organic isocyanate rotates plane-polarised light,
draw a possible stereochemical formula of it. [1]

[Total: 14]
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