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1 Shakudo is a Japanese alloy of copper and gold. The data in the tabie below was
obtained by mass spectrometry of a sample of Shakuda.

mass number 63 65 197

% abundance 65 29 6

Which A, value for copper is given by these figures?

A 59.8 B 63.5 c 63.6 D 71.8

2 In acid solution, dichromate(VI) ions oxidise hydrogen peroxide, H20.. In alkaline
solution, hydrogen peroxide oxidises chromium(III) ions.

Which conditions of oxidation produce oxygen gas?

A both acid and alkaline oxidations
B only the acid oxidation

c neither acid nor alkaline oxidation
D only the alkaline oxidation

3 The mineral tellurite, TeO2 (M; = 159.6), is often used in the manufacture of optic fibres.
It was found that 1.01 g of TeO; required exactly 60 cm® of 0.035 mol dm™ acidified
K2Cr207 for complete reaction. In this reaction, Cr.07~is converted into Cr*,

What is the oxidation state of Te in the final product?

A +2 B +3 C +5 D +6

4  Use of the Data Booklet is relevant to this question.

Calcium can react with nitrogen gas, under suitable conditions, to form the ionic
compound calcium nitride, which contains the N3 ion.

What is the percentage by mass of nitrogen in calcium nitride?

A 18.9% B 25.9% C 34.4% D 41.1%
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5 Some isotopes are unstable and undergo nuclear (radioactive) reactions. In one type
of reaction, an unstable nucleus assimilates an electron from an inner orbital of its -
electron cloud. The net effect is the conversion of a proton and an elecfron into a
neutron.

P+ je > n

Which of the following describes this type of reaction?

A 11C — 120

B 111| - *!‘111'e
c 76Br —» 7SBr
D 8Kr — 5Br

6 When passed through an electric field, the *H nucleus is deflected as shown below.

H nucleus

Which of the above beams represents the deflection for the ion 2X*-?

7 The electronegativity values of carbon, selenium and chlorine are all different. Chlorine
is more electronegative than both carbon and selenium.

Which molecules are polar?

1 CSe:
2 SeClh
3 CCL

A 2and3ony B 1and3only € 1,2and3 D 2Zonly
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8 The compound lithium aluminium hydride, LiA/H4, was discovered by Finholt, Bond and
Schlesinger in 1947.

Which types of bonding are found in the compound?

1
2
3

A

ionic

covalent

hydrogen bonding

2and3only B 1and3only

c

1 and 2 only

D

2 only

9 Ethanoic acid forms a double molecule, or dimer, with the molecular formula C4sHsOs.

This dimer contains two hydrogen bonds within a ring of eight atoms.

How many C, H and O atoms are present in this ring?

C H o

A 2 2 4

B 2 4 2

c 4 0 4

D 4 2 2

10  Some Period 3 and 4 elements are shown below.

Period 3 elements Al Si P S
Period 4 elements Ga Ge As Se

The properties of each Period 4 element resemble those of the Period 3 element directly
above it.

Which Period 4 elements form oxides that dissolve in water to give acidic solutions?

A

B
C
D

© ACJC 2020
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41 Which of the following statements is Incorrect about Group 1 and Group 17 elements?

A Group 1 element has smailer atomic radius as compared to Group 17 element in
the same Period.

B Group 1 siements are good reducing agents while Group 17 elements are good
oxidising agents.

c Reducing power of Group 1 elements increases down the group while oxidising
power of Group 17 elements decreases down the group.

D The ionisation energies of Group 1 and Group 17 elements decrease down the
groups.

12 Which statement explains why HCI has a higher thermal stability than HBr and HI?

A HC! has the strongest intermolecular forces of attraction.
B  The HC/bond has the highest bond energy.
C  Theionic bond formed between H* and CI- is the strongest.

D The HC! bond has the longest length.

13  Which reaction has an enthalpy change that is equal to the lattice energy of sodium

fuoride?

A Na(g) + F(g) — NaF(s)

B Na(s)+%F2(g) — NaF(s)
C  Na'(g)+F1(g) ~ NaF(g)

D Na*(g) + F(g) > NaF(s)
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14 What does AH:; of the following equation represent?

He(g) + %oz(g) — HO@) M

A sum of standard enthalpy change of formation of Hz{g} and the enthalpy change
of vaporisation of H:0(l)

B sum of standard enthalpy change of formation of H20(l) and the enthalpy change
of vaporisation of H2O(l)

C standard enthaipy change of combustion of Hz(g)
D  standard enthaipy change of formation of HO(l)

15 In oil refineries, an important process is the recovery of any sulfur from petroleum, as
shown by reaction 1.

2H2S(g) + O2(g) — 2H,0(g) + 25(s) reaction 1

The enthalpy changes of formation of H2S(g) and Hz0(g) are —20.5 kJ mol~* and
—243.0 kJ mol™ respectively.

What is the enthalpy change of reaction 1 in kJ mol~'?

A —445 B +445 c —222 D +222

16 Compound P reacts to give compounds Q and R as shown below.
P(g) — Q(g) + R(g)
The reaction is first order with respect to P and the rate constant, k, is 6.93 min—'.

What is the time taken for the concentration of P to decrease from 1.80 mol dm™3 to
0.225 mof dm=37?

A 0.1min
B 0.3 min
C 04min
D 0.8min
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17  For a reversible reaction, what is the effect of a catalyst on the

» rate constant for the forward reaction, ki,

« rate constant for the reverse reaction, k-4, and

» the equilibrium constant, K?

K1 K4 K
A increases decreases no effect
B increases increases .increases
c increases increases no effect
D no effect no effect increases
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18 The reaction of H>0; with I~ in an acidic solution is first order with respect to H20, first
order with respect to I, and zero order with respect to H*.

H20:z{aq) + 2H*(aq) + 21 -(aq) —» 2H;0O(l) + Ix(aq)

Two experiments were carmied out separately. Which pair of diagrams correctly
represents the variation of {H-0:] and [H*] with time?

experiment 1: in the presence of a | experiment 2: in the presence of a
large excess of I and H* large excess of I~ and H20-
H-0 *
[Hz0:] 7 H]
A
0 »time 0 »time
ol [
B
0 -+ time L
0 > time
[H204]
F 3 [H‘*}
A
c
0 » time
_ 0 »time
[HjiOz] [H4
D
0 > time 0 + time
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19 Compound P decomposes on heating according to the following equation.

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

3 mo! of P was introduced into a 1 dm?® container and heated. The equilibrium
mixture contained 1.2 mol of R.

What is the value of the equilibrium constant, K.?

2 2

A (0.6) 2><0.3 g (08 2><1.2
5 5

c 0-6x(0.3) p  06x(1.2)
1.82 182

20 Which statement is always correct about a system in dynamic equilibrium?

The addition of a catalyst can affect the position of the equilibrium.

A
B The rate of forward reaction is the same as the rate of backward reaction.
C The concentration of products is constantly changing.

D

The concentration of products is equal to the concentration of reactants.
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21 The graph for the reversible reaction involving X, Y and Z is shown below.

2X(g) + 2Y(s)

3Z{g) AH>0

yield of Z Graph 1

-

Graph 2

Y

progress of reaction

Which of the following changes could account for the change from Graph 1 to

Graph 2?

A addition of catalyst

B addition of more X

C increase in pressure

D increase in temperature

22  Which of the following acids have pH = 1.07

0.10 mol dm nitric acid
2 0.10 mol dm™ sulfuric acid

3 0.10 mol dm™ ethanoic acid

A 1only B 1and3only C 1,2and3 D 2only
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23  The dissociation constants, K, for the ionisation of water, 2H,O === H;0" + OH",
at different temperatures are given below.

temperature / °C K ! mol? dm®
0 1.15 x 10~
25 _ 1.00 x 10
50 5.50 x 10~*

Which of the following can be deduced from this information?

A The pH of water at 50 °C is 6.6.
The forward reaction is exothermic.

The equilibrium lies more to the left as temperature increases.

v 2 I

The [Hs0"]} increases while the [OH] decreases as temperature increases.

24 Carbonic acid, H:CO3, and hydrogen carbonate ion, HCOs™, are the agents of the buffer
systems in blood. Which of the following will take place when the level of acidity in blood
increases?

1 HCOs: = H* + CO#&~
HCOs + H* & H.COs
3 HoCOa & CO: + HO

A 1only B 1and3only € 2and3 D 2only

25 Which type of formula is the same for butanoic acid and ethyl ethancate?

A  displayed C skeletal
B  structural D empirical
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26  Which of the following molecules are planar?

2  H,C=—CH,

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

27 During the production of ethyl ethanoate, a trace amount of concentrated sulfuric acid is
used. Why is concentrated sulfuric acid used?

fo prevent overheating of the reaction mixture
2 fo catalyse the reaction

3 to remove water

A 1,2and 3 B tand2only C 2and3only D 2 only

28 Which reaction wil not vyield an organic product incorporating
deuterium, D?  [D = 3H]

A CH3COQH heated with CD3ND: in the presence of dicyclohexylcarbodiimide,
bCcC

CH:CHO with LIA/D4 in dry ether at room temperature
CH3CH2Br heated with ethanolic NaOD
D CHo=CH: with Dz, Pt catalyst at room temperature
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29 An ester, D, with an odour of bananas has the following formuia.
CHaCO.CH2CH{CH3)CH2CHa
What are the products formed when D is heated with aqueous hydrochloric acid?

A CHsCOOH and CHsCH,CH(CH3)CH:C/
B CH:CH:OH and CHsCH2CH(CH;)COOH
C  CH:COOH and CHsCH>CH(CHs)CH:OH
D  CHs:CH:-Cl and CHsCH:CH(CH3)COOH

30 Which statement does not comrectly describe the polymer poly(vinyl chloride), PVC?
A Combustion of PVC waste produces a highly acidic gas.
B PVC molecules are saturated.
C  The empirical formula of PVC is the same as the empirical formula of its monomer.
D

The repeat unit of PVC is {CHCICHCI)-,
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Section A
Answer all the questions in this section in the spaces provided.
1 (a) lonic compounds consist of cations whose total positive charge is balanced by the

negative charge of anions. A new class of compounds called efectrides has been
synthesised, with ‘trapped’ and localised electrons taking on the role of anions.

Electrides have the general formula M*(L).e", where:
M*is an alkali metal cation,
L is a compound that binds M* in a ‘cage’, and
e represents the trapped electrons.

The step where the alkali metal, M, forms M* determines whether the formation of
the electride would be feasible.

The electride Cs*(C222)e(s) is formed from the alkali metal caesium, Cs, and the
solid organic compound, C222.

(i) Define the first ionisation energy of caesium, Cs.

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

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

(li) State and explain which alkali metal, sodium or caesium, forms electrides
more readily.

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

........................................................................................................
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(iii) The energy cycle shows the electride, Cs*(C222)e", being formed from Cs
and C222.

) -1
SOBKImMA erc222)0(s)
A

C222 (s) + Cs ()

standard enthalpy
change of atomisation,

AHP atom

+54.3 kJ mol Cs {g) -292.3 kd mol™*

X

Y 2765 kimort |
C222(g) + Cs* (g +e —> Cs7(C222)(g)+e

Use of Data Booklet is relevant to this question.

State the enthapy change value that is given by x and hence, calculate the
standard enthalpy change of atomisation of caesium, AH®aiom.

2]
(iv) Explain why electrides are electrical insulators in the solid state.
................................................................................................... [1]
® ACJC 2020 8873/02/Prelim/2020 {Turm over
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(v) Dimethyl ether, CH30CHa, and trimethylamine, (CHa):N, are two solvents that
are often used to prepare electrides.

Draw the structures of the molecules and state the shapes about all the
central atoms.

[4]

(b) The structures of electrides are similar to those of ionic compounds. The sodium
chloride lattice is cubic with four sodium ions at four comers and four chloride ions
at the other four comers. The co-ordination number of each ion is 6. In the crystal
lattice of caesium chloride, CsC!, the co-ordination number has a different value.
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(i) Suggest an explanation for the co-ordination number in CsCl lattice being
different from that in NaCl.

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

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

(i)  Unlike Na which forms the electride [Na*(NHa)sJe, lithium forms the electride
[Li*(N Ha)g]e_.

" By considering the electronic configurations of Na* and Li* and their relative
positions in the Periodic Table, suggest a reason for the difference in the vaiue
of n.

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

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

[Total: 14]
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2 Polylactic acid (PLA) is a thermoplastic polymer produced from renewable resources such
as corn starch or sugar cane and has a range of applications such as piastic films and
medical devices.

(a) The raw material for the polymer, lactic acid (2-hydroxypropanoic acid), is formed
by the fermentation of corn starch using enzymes from bacteria.

(I} Calcium hydroxide is added to the fermentation tanks to prevent the

production of iactic acid from slowing down. Why does high acidity reduce the
effectiveness of the enzymes?

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

................................................................................................... [1]
(ii) The structure of lactic acid is shown below.
COOH
G~
H O/ H
CH,
State the type of reaction when lactic acid is polymerised to form PLA.
................................................................................................... 1]
(iii) Draw a repeat unit of PLA.
1

(b) One of the reasons that PLA has atfracted so much attention is that it is
biodegradeable. The simple polymer has a melting point of around 175 °C, but
softens between 60-80 °C. Its thermoplastic properties make it suited for use in
fibres and food packaging.

(il  Explain why PLA would not be a suitable packaging material for foods that
are pickled in vinegar.

........................................................................................................
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(i) PLA containers are not used to contain hot drinks. Suggest a reason for this.

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

(i) Three-dimensicnal (3D) printing or additive manufacturing is the process of
making 3D solid objects from a digital file. The 3D objects are usually fused
layer by layer together in the liquid state, then solidified.

An example of a 3D printed object:

- Suggest why PLA would be suitable as a polymer for 3D printing.

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

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

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

(v) Suggest two reasons why the confinued production of non-biodegradable
polymers is a cause for environmental concemn.

........................................................................................................
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{¢} Lactic acid can alsc be co-polymerised with glycolic acid.
A repeat unit of the co-polymer is shown below:

0

| [
O T C—o0C C|3
H H

Q=0

(i} Draw the displayed formula of glycolic acid.

[

(ii) Suggest what type(s) of bonding will occur between chains of this co-polymer,
indicating the groups that are involved.

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

[Total: 13]
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3 {a) Catalysts can be described as homogeneous or heterogeneous.

()  What is meant by the term heterogeneous catalyst?

(i) Give an exampie of a heterogeneous catalyst and write an equation for the
reaction that it catalyses.

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

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

(i)  Outline the mode of action of how the catalyst that you have chosen in (a){i)
works to decrease the activation energy of the reaction.

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

........................................................................................................
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{b) An ammonium iron alum has the formula (NH4)sFe{SO4)s.xH20.

A 1.00 g sample of the sait was dissolved in 100 cm? of water and the solution was
divided into two equal portions.

To one portion, an excess of NaOH(aq) was added and the mixture was boiled. The
ammonia that was evolved exactly neutralised 10.40 cm? of 0.100 mol dm™ HC/{(aq).

NHs* + OH- = NHs + HO
To the other portion, an excess of zinc was added which reduced the Fe'(aq) to
Fe*(aq). The mixture was filtered and the filtrate required 20.8 cm® of
0.0100 mol dm~ KMnO4(aq) to oxidise the Fe?*(aq) back to Fe**(aq).
Zn + 2Fe® - Zn?* + 2Fe®*

(i)  Construct an ionic equation to show the reaction of Fe?* and MnO,(aq) in
acidic solution.

................................................................................................... [1]
(ii) Calculate the value of a.
(3]
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(i) Find the value of b.

[l

{(iv) Calculate the M, of the ammonium iron alum and the value of x.

1]
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(c) A student went to a chemical store and realised that five chemical bottles have
missing labels. The labels are “Aluminium Oxide”, “Magnesium Oxide”, “Silicon
Dioxide”, “Phosphorous(V) Oxide” and “Phosphorous Pentachloride”. He decided
to perform some tests to deduce the identities of the chemicals in the unlabelied
bottles, so that they can be re-labelled correctly.

The student named the five bottles A to E. The following tests were conducted and
the observations were recorded:

« Samples from bottles A, B and C were insoluble in water. However, sample
A dissolved readily in hydrochloric acid, while sample B dissolved in aqueous
sodium hydroxide. Compound C dissclved in both hydrochloric acid and
aqueous sodium hydroxide.

o The sample from bottle D was soluble in aqueous sodium hydroxide.

« Samples from botties D and E meited at relatively low temperatures compared
to A, B and C. Both of them reacted vigorously with water to form acidic
solutions. Furthermore, sample E gave off thick white fumes when it reacted
with water.

Suggest idenfities of A to E, writing balanced equations to support your answers
where necessary.

............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
............................................................................................................
------------------------------------------------------------------------------------------------------------
............................................................................................................
............................................................................................................
............................................................................................................

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

......................................................................................................... (6]
[Total: 18)
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4 In organic chemistry, hydrocarbons are organic compounds consisting entirely of
hydrogen and carbon. Examples of these include propene and butane.

{a) Propene, CH=CHCHj, is a gaseous alkene.

Describe, in terms of orbital overlap, the bonding between the two carbon atoms of
the C=C bond in propene. A labelled diagram may be drawn to clarify your answer,

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

............................................................................................................
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(b) Under suitable conditions, butane forms two monobrominated products, compounds
A and B. Compounds A and B react with hot aqueocus NaOH to produce compounds
C and D respectively.

Heating compound D with acidified aqueous potassium dichromate(VI) produces
compound F. A solution of F tums blue litrnus paper red.

Reduction of compound E using NaBH, produces compound C.

Identify the structures of compounds A, B, C, D, E and F and explain the reactions
described.

(8]
[Total: 10]
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5 Use of the Data Booklet will be relevant to this question.

Iron ore from different mines contain different percentages by mass of iron. The
percentage of iron in a sample of ore can be estimated by converting all of the iron present

into Fe?*(aq) ions and then using a redox titration.

A sample of iron ore weighing 11.05 g was converted to Fe?*(aq) ions using the method
described above. The resultant solution was then made up to a volume of 250 cm?® in a

voiumetric flask.

25.0 ¢cm® portions of this solution were then titated with 0.100 mol dm™ of agueous
potassium dichromate(V1), K.Cr20-(aq) using a suitable indicator. The results are shown

helow.
titration number 1 2 3
initiat burette reading / cm?® 0.00 19.95 2.10
final burette reading / cm® 21.10 39.95 22.10
titre / cm® 21.10

(a) Complete the table above and use the results to determine the number of moles of

potassium dichromate(VI) required to react with the Fe?* ions in 25.0 cm?® of the

solution.

2]

(b} Given the following reaction of Fe?*(aq) with acidified Cr207-(aq), calculate the

percentage by mass of iron in the iron ore.

6Fe?*(aq) + Cr,072(aq) + 14H*(aq) —> 6Fe®(aq) + 2Cr*(aq) + 7TH20()

® ACJC 2020 8873/02/Prelim/2020
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Section B
Answer one question from this section in the spaces provided.

6 (a) 2-bromobutane reacts with CH3CHz:0"Na* in the solvent ethanol according to the
following equation.

Br
\)\ + CH3CH,O& —» A~ + Br + CH3CH,OH

{i) Name the type of reaction that occurred.

................................................................................................ {1]
(i) The product, but-2-ene, exists as a pair of cis-trans isomers.
« State the two criteria that give rise to cis-trans isomerism.
* Draw and label the isomers.
Isomers:
................................................................................................ [3]

(iii) Other than but-2-ene, another alkene can also be formed from the above
reaction.

Draw the skeletal formula of this alkene.

g
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(iv) Another organic compound, which does not contain a halogen, can aiso be
converted to but-2-ene. State the functional group it contains and draw its
displayed formula.

FUNCHONE GIOUP: .o.eeeererecriiimrmrinarerr e e baenes
(2]
Blr
- NN
(V) Compare the boiling points of ™~ and in terms of their
structures and bonding.
................................................................................................ [31
{(vi} But-2-ene undergoes compiete combustion according to the following

equation.
CHsCH=CHCHs + 602 > 4C02 + 4H,0

With reference to relevant information in the Data Bookletf, calculate the
enthalpy change of the above reaction.

(2]
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{b) The kinetics of the reaction between 2-bromobutane and CHsCH-ONa* was
studied and resuits are shown in Table 6.1.

Table 6.1
. [2—bromobutane] / [CH;CH20 Na*] / .
experiment mol dm-3 mol dm=3 relative initial rate
1 0.060 0.060 1.00
2 0.050 0.060 0.833
3 0.040 0.050 0.667

(i) Use the data given above to deduce the rate equation.

(3]

(i) Explain how the rate of reaction will be affected when 2—chlorobutane is used
instead of 2-bromobutane.

...................................................................................................
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{iii) With the aid of a Boltzmann Distribution curve, explain how increasing
temperature affects the rate of the reaction.

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

{Total: 20}
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7 (a) NO:can exist in equilibrium with dinitrogen tetroxide, N2Qy:

An experiment was conducted at 25 °C by varying initial concentrations of N2Os and
NO: contained in a closed reaction vessel. The initial and equilibrium concentrations

20

N204(g)
colourless

of the two gases are shown in Table 7.1.

2  2NO(g)

brown

Table 7.1
expt | initial concentration / mol dm= | equilibrium concentration / mol dm=
number
[N204) {NOZ] [N204] [NC2]
1 0.000 0.200 0.0898 0.0204
2 0.600 0.040 0.594 0.0523
3 0.500 0.030 0.491 0.0475
4 0.446 0.050 0.448 0.0457
5 0.670 0.000 0.643 0.0547
(f) State Le Chatelier's Principle.
................................................................................................... [1]

(i) State and explain what will be observed when the pressure in the reaction

vessel is decreased.

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

(iii} identify the experiment that gives the initial concentrations of N2O4: NOz in the

ratio 15: 1.

...................................................................................................
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(iv) Use the experiment identified in (a)(ili) to calculate the equilibrium constant, K,
of the reaction, stating its units.

[2]
(b) Nitric acid, HNOs, is formed by the reaction of NO. with water. This is an example of
an inorganic strong acid. Ethanoic acid, CHsCOOH, an example of an organic acid,

is considered a weak acid.
() Explain and write equations to Hllustrate what is meant by the terms in italics.

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

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

(i) Given that the K value of ethanoic acid is 1.75 x 1075, calculate the pH of a
0.2 mol dm2 of ethanoic acid solution.

(2]

() Ethanoic acid is titrated with aqueous sodium hydroxide. Suggest a suitable
indicator and expiain your choice.

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

......................................................................................................
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(iv) A solution Z was prepared by mixing excess ethanoic acid solution with sodium
hydroxide.

When a smalil amount of strong acid is added to solution Z, its pH remained
relatively constant. With the aid of an equation, explain why this is so.

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

(¢} In an experiment, 20 cm?® of 1.00 moi dm=* sodium hydroxide is added to 30 cm?® of
1.00 mol dm aqueous nitric acid. The temperature of the mixture rises by 5.4 °C.

(i) Deduce, with appropriate working, which reagent is limiting.

1
(if) Calculate the enthalpy change of the reaction.

[2]
(iii) A student repeated the experiment using 20 cm?® of 1.00 mol dm= sodium

hydroxide and 3¢ cm® of 1.00 mol dm= aqueous ethanoic acid. All other
conditions were kept constant.

Suggest whether the temperature increase will be more or less than 5.4 °C and
give an explanation for your answer.

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

[Total: 20]
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Additional Materlals:  Multiple Choice Answer Sheet
Data Booklet

READ THESE INSTRUCTIONS FIRST
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There are thirty questions on this paper, Answer all quastions. For sach question there are four
possible answers A, B, C and D.
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Sheet.

Read the instructions on the >___usi., Sheet vary carsfully.
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Some lsotopes are unstable and undergo nuclear (radioactive) reactions. In one type
of reaction, an unstable nucleus assimilates an electron from an inner orbital of its
eleciron cloud, The nat effect is the conversion of a proten and an electron into a

neutron.

i+ Se¥ in

Which of the following describes this type of reaction?

The electronegativity values of carbon, selenium and chiorine are all different. Chiorine
is more eiectronegative than both carbon and sefenfum.

Which motecules ara polar?

1 CSe;

2 | 8eCh

3 |CCL

A ["Co "G

B ._:p - ._.I.ﬂa

A |Zand3only |[B [1and3only [C [1,2and3 ID [2only

c 8y - "Br

3] ToKr > B¢

Answer: B
The conversion resufts in the loss of a proton. So proton no decraense by 1.
Since the proton is converted into a neutron, mass no (nucleon no do not change)

1M 111
n > @l®

Answer: D

Explanation:

CSey Is linear (2 bond pairs) and nen-polar

SeCh is bent {2 lone palrs & 2 bond pairs) and polar
CCl, s tatrahedral (4 bond pairs} and non-polar

Whan passed through an slectric fisld, the TH nucleus is defiected as shown below.

A

H nucleus

source

Which of the above beams represents the deflection for the ion b '

The no:._uocaﬁzca aluminium hydride, LIAIH., was discovered by Finholt, Bond and
Schilesinger in 1947,

Which types of bonding are found in the compound?

1 | lonic

2 covalent

3 | hydrogen bonding

A [Zand3onty |B Jlanddonly |C |1andZonly [D [2only

Answer: C
LiAM, has both ionic and covalent banding and not hydrogen banding.

H
Lit @
Al

=\/:

Answer: D

angle of deflection a charge

mass

for 'H*, Z. +.._
m 1
for 2X*, z..2
m 2
Hence, angle of deflection for 2X* = —4°
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8
14 | What doas AH, of the following equation represent?”
ig) + ZOdg) — ¥ W@ MM
A | sum of standard enthaipy change of formation of Hz{g) and the enthalpy change
of vapatisation of H20(1) . :
B | sum of siandard enthalpy change of formation of HzO(i} and the enthalpy change
of vaporisation of H2O{l} :
© | standard enthalpy change of combustion of Ha(g)
D | standard enthalpy change of formation of H20{l)
Answer: B
standard enthalpy changa of farmation of H:O{)) Is when 1 mole of H20 {1} is formed
from Ho{g) and Oz(g) _
1
Hz{g) + 3 Ox{g) — HO[)
Enthalpy change of vaporisation of Hz0(7} is when H0{) <> H0(g)
Hence 1 Is the sum of both enthalpy chenges of formation HyO(N and the vaporisation
of H0(1)
15 In oil refineries, an important process is the recovery of any sulfur from petroleum, as
shown by reaction 1. ,
2H,5(g) + Ox{g) — 2H:0(g) + 28(s) reaction 1
The enthalpy changes of formation of H2S(g) and H:O(g) are —20.5 kJ mof™ and
—243,0 kJ mol™! respectively.
What Is the enthalpy change of reaction 1 in kJ mol™'?
A _Lsu _w _txm _o _1mn~ _c _+»nm
Angswer: A
Enthalpy change of reaction, AH, = TmAH# (Products) - YnaHP {Reactants)
AH: = 2(-243) — (2)(-20.5) = -486 + 41 = 445 kJ mol™
© ACJC 2020 8B73/01/Prelim/2020 [Turn over
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9
16 | Compound P reacts to give compounds Q and R as shown below.
P(g) —— Q{g) + R(g)

The reaction is first arder with respect to P and the rate constant, k, is 6.93 min~.
What is the time taken for the concentration of P to decrease from 1.80 mol dm™3to |.
0.225 mol dm™37
A | 0.1 min
B | 0.3 min
C | 0.4 min
D | 0.8 min

Answer: B

In2 _ In2
by m— = —= 0100 mi

e T m Fmin

To decroasa the concentration from 1.80 mol dm* to 0.225 mol dm™

raquiras 3 hali-lives

(1.8 > 0.8 >0.45 50.228)

Total time taken =3 x 0.1 = 0.3 min

17 | For a reversible reaction, what Is the effect of a catalyst on the
» rate constant for the forward reaction, &y,
+ rate constant for the reverse reaction, k.1, and
« the equillbrium constant, K7?
Kt [ £} K
A increasas decraasas no effect
B Increases increases Increases
c increases increasas no effect
D no effect no effect increases
Answer; C '
Eqm constant K Is only affected by temp.
When catalyst is added, both rate constant for forward (k.) and
backward (k.1) will Increase.
© ACJC 2020 8873/01/Prelim/2020 [Turn over
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Compound P decomposes on heating according o the following equation.

2P(g)= oaTm.Ee

4 mal of P was introduced into a 1 dm® container and heated. The equiiibrium
mixture contained 1.2 mol of R.

What is the value of the equiiibrium constant, K?

(0.6) x0.3 p | (06Fx12

A 52 5

¢ | 06x(03) o | 08x(12)

1,8 1.8*

Answar: D

2P(g) = Q@+ 2R{g)

| f moldra™ 3 0 0
C / moldm™ -1.2 +.6 +1.2
E / maoldm™ 18 0.8 1.2

= [QIRE 06 122
TPR 1.8%

20

Which statement Is always cormect about a system in dynamic equilibrium’?

A The addition of a catalyst can affect the position of the equitibrium.

B The rate of forward reaction s the same as the rate of backward reaction.

c The concentration of products is constantly changing.

] The concentration of products is equal to the concentration of reactants.

Answer: B

Dynamic equilibrium refers to a reversible process at equillbrium in which the rate
of the forward reaction equals to the rate of backward reaction.

& ACJSC 2020
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‘Which of the following changes could account for the changa from Graph 1 to Graph

The graph for the raversible reaction Involving X, Y and Z is shown below.

2(g) + 2¥(s) AZg) AH>O

yleld of Z Graph 1

Graph 2

. g

progress of reaction

addition of catalyst

increase In pressure

27

A

B | addition of more X
[+

D

increase in temperature

Answer: C

From graph 110 graph 2, two changes occurred:
1. Rate of reaction Increasad as the gradient Is getting larger.
2. Equilibrium position has shifted to the left as less product, Z is formed.

Option A: catalyst would increase the. rate of reaction but has no effact on
equilibrium position

Cption B: Addltion of X would increase the rate of reaction but it will cause the
equilibrium position to shift to the right due to greater concentration of X upon
addition of X.

Option C: increase the pressure will lead to & higher rate of reaction. It also
favours the reactant as it has less number of moles of gaseous particles (2 moles)
as compared to the number of moles of gaseous particles in the product (3
moles). Hence, the equilbrium position will shift to the left.

Option D: incraass the temperature will lead to a higher rate of reaction. A higher
temperature also favours endothermic reaction to remave excess heat. Since the
forward reaction s endothermic, the equillbrium position will shift to the right.
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Which of the following molecules are planar?

Which _reaclion _will mot veld an arganlc product  incorporating
deuterlum, D7 [D= §H]

A CH:COOH heated with CDyND: in the presence of dicyciohexylcarbodiimide,
DCC.

B CHaCHO with LiAID: in dry ether at room temperature

2 INOHOI&

[+ CHyCH:Br heatad with ethanolic NaOD

D CHz=CHa with Dz, Pt catalyst at room temperature

Answer: C

A: Condensation occurs and CHsCONDCD: will be formed
B: Reduction occurs and CHaCHD{OD) is formed
C: Ellmination of HBr occurs and CHz=CH; is formed, no deuterium incorporated

D: Reduction occurs and CHDCHD Is formed

A [2and3only [B |1and2only [¢ [1,2and3 ~_[D 12 only

Answar: A
Benzene and ethene are planar with sp? tybridised carbon atom but cyciohexene is
non planar as It contains sp® hybridised carbion atoms.

27

During the production of ethyl ethanoate, a trace amount of concentrated sulfuric acid is
used. Why is concentrated sulfuric acid used?

An aster, D, with an odour of bananas has the following formula.
CH3COzCHCH(CH3)CH2CHs
What are the products formed when D is heated with agueous hydrochloric acid?

A | CHsCOOH and OIuOInOIADI&ﬂIno__

1 to prevent overheating of the reaction mixture

B | GHaCH:OH and CHsCH2CH(CHs)COOH

2 1o catalyse the reaction

€ [ CH:CO0H and CHaCH2CH(CHa)CHzOH

3 fo remove water

D | CHsCH:Cl and CHaCH:CH(CH5)COOH

A 1,2and 3 B 1and2only |C 2and3only |D 2 only

Answer: C
Role of concentrated sulfuric acid: acld t apd deh ing agent. It removes

the water formed by shifting the aquilibrium to the right.
4 Trace amount of

=]

Cone Hy80,

+Hy0

———n CH.

+ C 2
\o:u/o.lz :.u\ /.d:u heat with reflux .._un\\ /O\\ //n:u
ethyl ethanoate

2}

HyC

ethano! ethanoic acld

Answer: C

dilute HzS0;
CH{00,CHyCH(CHg)OH,CHy —— ———> CH,GOOH + HOCH,CH(CH3)CH;CHy
(-0
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(i} The energy cycle shows the electride, Cs*(C222)e-, being formed from Cs

0]

® ACJC 2020

and £222,
sedkdmol! _ | .
C222 (s) + Cs(s) ———> Cs'(C222)e’(s)
4
snthalpy change
of atomisation
-292.3 kJ mol
© +54.3 kJ mal! Cs(m
X
Y

| ._
222 (g) + Cs* (@) + 276.5 ki mol" o ovicon2y (g) +

State the enthapy change valuse that Is given by x and hencs, calculate the
standard enthalpy changa of atomisation of caasium, AHwor®. (2]

First lonisation energy of Cs = + 376 kJ mol*

.58.8 = +54.3 + AHyom® + 376 -276.5 -282.3
AHatom® = # 76,7 kJ mot

Standard enthalpy change of atomisation of alkali metsl, Cs =+ 78.7 kJ mot!

Explain why electrides are electrical insulators in tha solld state. [1]

There is an absenge of charge carriers (delocalised electrons and free mobile
ions). OR the fons are held in fixed positions.

Dimathyl ether (CH:OCHs) and fimethylamine {CHa):N are two solvents that
are oftan used to prepare elactrides.

Draw the structures of the molecules and state the shapes about all the
ceniral atoms.  [4]

Answers: .
Hoe” gt
rANA"

H

Structure of dimsthyl ether: H

Shape: tetrahedral about ¢ atom and bent about O atom

8873/02/Praflim/2020 [Turn over
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3
I.lllllﬂ\-\.—“_lrrrlO\I
w7 \L_u _/m
H H \//I H
H

Structure of timethylamine:
Shape: tetrahedral about C atom and trigonal pyramidal about N atom

{b) Tha structures of electrides are similar 1o those of jonic compounds, The sodium
. chloride lattice is cublc with four sodium lons at four corners and four chioride fons

at the cther four corners. The co-ordination nurnber of each ion is 6. In the crystal -

|attice of cassium chioride, CsCl, the co-ordination number hes a different value.

U]

(n

(i)

& ACJC 2020

- 1% , Koy @ or
—1—¥ { e S R o Hav
Grystal attics of sadlum chioride
Suggest what is meant by the tarm co-ordination number. M1

Co-ordinetion number ie the totat number of lons surrounding anothar ion
of opposite charge.

Suggest an. explanation for the co-ordination number in CsC/ lattice being
different from that in NaC/. 2

Co-ordination number depends on relative size & relative charge of the
cations & anions.

Cs* has a larger siza than Na™.
Thus, more CF could be packed around this larger Cs* ion.

Hence, the co-ordination number will be larger for Ca* lon compared to
Na*.

Unlike Na which forms the electride [Na*{NHa)k]e", lithium forms the aelectride
[LI*{NHs)d]e.

By considering the slectronic configurations of Na* and LI* and their relative
positions In the Periodic Table, suggest a reason for the difference in the value
ofn [1]
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Tenslle Low High
Strength

(v) Suggest two reasons why the continued production of non-biodegradable
polymers is a cause for environmental concem. [2]

Burning polymers releases greenhouses gases such as carbon dicxide
contribute to global warming.

OR
Buming PVC can also releass toxic gases like hydrogen chloride (palluting
the environment).
OR
There could be a possibility of leeching of toxic chemicals into our
environment.
OR
Plastic waste can end up as litter and reduce the amount of available oxygen
for aguatic life.
{c} Lactic acid can also be co-polymerised with glycolic acid.
A repeat unit of the co-polymer Is shown helow:
LT
|o|n_u|o!io.llﬂ_u.|..nl|
H H
{) Draw the displayed formula of glycolic acid.
I
1|o|1p_hllo||o.i|_._
H
(i} Suggest what type(s) of bonding will oceur between chains of this co-polymer,
indicating the groups that are Involved.
a intaractions due to the methyl group
due to the gster group
[Fotal: 13]
3 {a) Catalystscan be described as homogeneous or heterogeneous.
() Whatis meant by the term heferogeneous catalyst?
A heteroganeous cafalyst is a catalyst which is In differont phase as the
reactants.
@ ACJC 2020 8873/02/Prelim/2020 [Turn over
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(il Give an example of a heterogenecus catalyst and write an equation for the
reaction that it catalyses.  [2]

Haber process
Nz(g) + 3Hz(g) — 2NHa(g)
Solid Fe or Faz04

OR

Use of catalytic converters to remove oxides of nitrogen In the exhaust gases
from car engine .

2NO (g) — Nz (g) + O2 ()
2NO2 (g) — Nz (g) + 202 (g)
Catalyst: Rh {(s) & Pt (s)
OR
Contact process
.280¢(g) + Og{g) — 2504(g)
Catalyst: VaOs
@i} OQutline the mode of action of how the catalyst that you have chosen in (a){ii}
works 1o decrease the activation enargy of the reaction. [2]
Diffusion, adsorption, reaction, desorption and diffuslon
Reactants become gdsorbed on active sites on catalyst surface by means of

dipole forcas. This weakens the
intzamolecular bonds between atoms In reactant molecules. Adjacent
reactants on the catalyst surface react to form products at a lower E, than
uncatalysed reaction. The products eventually desorb from tha catalyst
surface. The products diffuse away from the surface. The vacant acilve

sites are now available for adsorption of other reactant molecules for the
whele process to repeat itself.

{b} Anammonium iron alum has the formula (NH.)aFe{S04)s.xHz0.

A 1.00 g sample of the salt was digsolved in 100 cm?® of water and the solution was
divided into two equal portions.

To one portion, an excess of NaOH(aq) was added and the mixture was bolled. The
ammonia that was evolved exactly neutralised 10.40 cm® of 0.100 mot dm® HCKaq).

_ NH¢* + OH - NH; + Ho0
To the other portion, an excess of zinc was added which reduced the Fe*'(aq) to
Fe?*(aq). The mixture was filtered and the filtrate required 20.8 cm® of 0.0100 mol
dm® KMnOu{aq) to oxidise the Fe*(aq) back to Fe*{aq).

Zn + 2Fe® > Zn?* + 2Fe?

(i)  Construct an lonic eguation to show the reaction of the Fe?* and MnO4{aq}
in acldic solution. [1]
[O]: Fe** > Fe**+ e
[R): 5™ + BH* + MnO4 = Mn®* + 4,0
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The unhybridised p othital of the adjacent carbon atoms gverlap sidewavs to § Use of the Data Booklet will be relevant to this question.
form a C-C  bond. lron ore w_”*:_ nﬁma_._ﬁ a_qow contain uns_!%a %Mﬂm:ﬁunma by ﬂ.“.www o_m fron. .:.m
ercentage of iron in a sample of ore can be estima conve ron
O e s A e i s NAOH 1 o o o o o . e BT
compounds G and respactively. A sample of lron ore weighing 11.05 g was converted to Fe?*(aq) ions using the method
Heating compound D with acidified aqueous patassium dichromate produces : mwﬂnhwﬂ_oﬂwmﬂm. The resultant solution was then mada up to a volume of 250 cm® in a

compound F. A solution of F umns blue litmus paper red. .
250 om?® portions of this solution were then titated with 0.100 mol dm™® of aqueous

Reduction of compound E using NaBHs produces compound C. potassiurm dichromata(V1} , K2Gr207 (aq) using  suitable indicator. The results are shown
Identify the structures of compounds A, B, €, D, Eand F and explain the reactions betow.
described. [E]
> u.._:f_ H H H H H H titration numbar 1 2 3
P | | | | | A_u ﬁ_“ 4 inltial burstte reading /cm® | 0.00 19.95 210
— (e O — Hrmmm G G O — =
H _ n_" .._.,. A_u H _ _ ﬂ _ final burette reading / cm?® 21.10 39.95 2210
H Br H H Br H H H titre 5Q=m 21,10
A B
{a) Complete the table above and use the results to determine the number of moles of
potassium dichromate(Vl) required fo react with the Fe® fons in 25.0 em® of the
solution.
H H H H H H H H i
. | 1 | | ttration number 1 2 3
He— GG e C——G——H :lnﬂll_u‘.lﬂ_".la_ull: nitlal burette reading / cm® 0.00 19.95 210
__* n_s._ _H ___ OH H H H final burette reading / cm® 21.10 39.05 2210
D titre / cm® 21.10 2000 20.00
C
average volume of KzCr:07 Used = Wﬁobo + 20.00)
= 3
H o] H H H H H 20.00 cm
_ __ _ _ _ _ _ \o. 20.00
H—C=——C—==C——C—H e e C—— G n(KzCraOr) required = x 0,100
_ ] H—e—C N 1000
_ _ _ OH = (.00200 m
H H H H H H
E . ¥
Butans undergoes substitution reaction with bromine to form A and B.
A and B undergoses substitution reaction with hot aqueous NaDH fo form C and D.
D undergees_oxidation when heated with acidified potassium dichromate to form
F. Solution F turns blua litmus paper red implles solution F is acldic.
[Tatal: 10]
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{vl} But-2-ene undergoes complete omsccmao: according to the following

equation.
CHsCH=CHCH; + 6Q2 ¥ 4C02 + 4H:0

With reference to refevant information in the Data Booklet, calculate the
enthalpy change of the above reaction. 121

Bonds Broken

C=C (810 kJ mol™)

2x C —~ C (2x350 = 700 kJ mol™)
8x C — H (8x410 m 3280 kJ mol) |
8% O =0 (Bx496 = 2876 kJ mol™)

Bongs formed

8x O — H (8460 = 3680 kJ mol™)

8 C=0 {Bx805 = 6440 kJ mal'}

Bonds broken + Bonds formed quoted correctly [1]

AH = 610 + 700 + 3280 + 2076 — 3680 — 6440 = -2650 kJ mot 2 (to 3 8.£) [1]

(b) The kinetics of the reaction between 2 bromobutane and CHiCHONa*® was
studied and results are shown in Table 6.1,

Table 6.1
experiment =m|uﬂ_o._m_w_ﬂ_.d_‘~.w=m“_ / Hozuqmnanﬂ.ﬂmé / refative initial rate
1 0.060 0.060 1.00
2 0.050 0.080 0.833
3 .040 0.050 0.667

© ACJC 2020

(I} Use the data given above to deduce the rate equation [3]

Br
Let the order of reaction with respect to ~A bex.

Comparing expariments 1 & 2 in which {CHaCH0] is kept constant,
{0.060)* _ 1.00

{0,050y 0833
(FF=3 x=1
OR

Br
whan H/\_/_ increases 1.2 times, the relative initial rate also decreages
1.00/0.833 =~ 1.2 imes.

Rate of reaction s directly proportional to H/M./_.

8873/02/Prelim/2020 [Turn over
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Br
Hence, order of reaction with respect to /\F is 1.
Let the order of reaction with respect to CHsCH:O~be v.

Comparing experiments 2 & 3,
{0.060)(0.050) _ 0.833
(0.050)(0.040) 0.667

@, =0.999 =1

x=0
(0.060)(0.050) _ 0.833
{0.050)(0.040)  0.667

Am%nobwwl‘_ y=0

Br
Hence, rate = Ru/\—/w

Explain how the rate of reaction will be affectsd when 2—chlorobutane is used
instead of 2-bromobutane. [2]

The rate of reaction will be slowsr when 2-chlorobutane Is used instead of
2-bromobutane.

This Is because G—-Ci bond Is stropger than C—Br bond. More energy required
to break the C—CI bond (higher £,) and reaction is slower.

(ili) Wih the aid of a Boltzmann Distribution curve, explain how increasing

temperature affects the rate of the reaction. [J]

Fraction of Ty
particles
T, T,> Ty

E, Kinetic Enwrgy
E No. of particles with energy zE, at T,

When tempsrature increases, thare are more particles with kinetlc energy
2 E,. This leads fo an increase In th uency of effe liisions

between reactant particles. Hence, the rate of reaction incrgages with
increasing temperature.

[Total: 20]
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{c) In an experiment, 20 cm® of 1.00 mol dm-® sodium hydroxide is added fo 30 cm® of
1.00 mol ¢m* aquecus nitric acid, The temperature of the mixture rises by 54 °C.

)

n

(i

© ACJC 2020

Deduce, with appropriate working, which Is limiting. [1]

HNO3 + NaOH = NaNOs + H:0

no. of moles of HNO; = 0.030 mol

no. of moles of NaOH = 0.020 mol

since NaOH : HNO3 = 1 1 1, NaOH Is the limlting reagent.

Calculate the enthalpy change of the reaction.
[2

q = mcAT
q = (50)(4.18)(5.4) = 1128.6 J
AH = -1128.6/0.02 = -56430 Jmol™ = -56.4 kJ mot

A student repeated the experiment using 20 cm?® of 1.00 mol dm= sodium
hydroxide and 30 cm® of 1.00 mol dm™ aqueous ethanoic acld. All other condiions
were kept constant.

Suggest whether the temperature Increasa will be more or less than 5.4 °C and
giva an explanation for your answer, [2]

Tempersture rise will ba below 5.4°C.
Ethanoic acld is a weak acid that partiafly lonises in water. Additional amount
of ene uired mpletely jonisas cid nto it ions and thus

overalt anthalpy change of reaction between ethanolc acid and sodium
hydroxide will be less exathermic.

[Total: 20]
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