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2

1 (a) Atoms are made of smaller particles called electrons, neutrons and protons.

Complete the table.

particle relative charge relative mass Note: You will be able
to answer this
-1 1 question if and only
electron 1840 if you have learnt by
heart your concepts-
neutron 0 1 really well!
proton +1 1
[2]
(b) The table gives information about atoms and ions A, B and C.
Complete the table.
number of number of number of svmbol
electrons neutrons protons y
A 13 14 13 2TAL
B 10 13 12 SMg*
c 10 10 9 BE
9
Explanation [6]
For row A; [Total: 8]

© UCLES 2019

27-14=13 electrons
Forrow B :

If there are 12 protons then there should have been 12 electrons. But the symbol of
the ion shows +2. Hence it indicates the loss of 2 electrons
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2 The table shows the melting points, boiling points and electrical conductivities of six substances

substance melting point | boiling point | electrical cond_uctivity electrical co_nd_uctivity
/°C /°C when solid when liquid
D 1610 2230 non-conductor non-conductor
E 801 1413 non-conductor good conductor
F -119 43 non-conductor non-conductor
G 1535 2750 good conductor good conductor
H 114 184 non-conductor non-conductor
I -210 -196 non-conductor non-conductor

Choose substances from the table which match the following descriptions. Each substance may be
used once, more than once or not at all.

(@) Which substance is a liquid at 25°C? F ........................................................................... [1]
(b) Which substance is a gas at 25°C? ...... I ............................................................................. [1]
(c) Which three substances contain simple molecules?
B and L 3]
(d) Which substance could be a metal? Give a reason for your answer.
SUDSEANCE Ittt
reason 1tis 2 good conductor when in the solid state.
(e) Which substance has a macromolecular structure? Give two reasons for your answer.
SUBSEANCE D e,
reason 1 . I t has ahlgh meltlng p 01nt ettt
reason 2 .. 1t is @ non-conductor of elecricity when itis a solid or aliquid.
3]
(f)  Which substance is an ionic solid? Give one reason for your answer.
substance E ................................................................................................................................
reason Lt 01y conducts electricity when itisaliquid =~~~ .
............. It.only conducts electricity when it is a liquid but.not when it is .a.soli[(;i
[Total: 12]
© UCLES 2019 0620/43/0/N/19 [Turn over
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3 (a) Name the ore of aluminium which mainly consists of aluminium oxide.

Bauxite

(b) Aluminium is produced by the electrolysis of aluminium oxide dissolved in molten cryolite.

waste gases

-

| | positive electrode
negative electrode —\ Y\ ] ] ___/7é; molten mixture of

\ o B Py e ____%/ aluminium oxide and cryolite
/

7
J ™~ aluminium

(i) Give two reasons why the electrolysis is done using a molten mixture of aluminium oxide
and cryolite instead of molten aluminium oxide only.

4 Itimproves conductivity or Itis a better conductor

(2]
(i) Write ionic half-equations for the reactions occurring at the electrodes.
2- . -
positive electrode 20 ........ >02+4e ...............................................................................
: AP + 3e --> Al
NEGAtiVe ElECIr O . e
(2]

(iii) The anodes are made of carbon and have to be replaced regularly.

Explain why the carbon anodes have to be replaced regularly.

© UCLES 2019 0620/43/0/N/19
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(c) The positions of some common metals in the reactivity series are shown.

most reactive magnesium
aluminium
least reactive copper

(i) When magnesium is placed in aqueous copper(Il) sulfate a displacement reaction occurs
immediately. weeoobtY ou lose one mark if you do not write the state symbols* e

Write an ionic equation for the reaction. Include state symbols.
Mg(s) + Cu?** (aq) --> Cu (s) + Mg?* (aq)
[1]mark->Writing correct ionis equation and another [1] mark for writing the state symbols.
(ii) State two observations you would make when magnesium is placed in aqueous
copper(Il) sulfate.

The solid dissolves [ or] The solid disappears

1

Other accepted options: 1)Solution becomes colourless 2) Pink/Orange/Brown solid is formed [2]

(iii) When aluminium foil is added to aqueous copper(Il) sulfate no immediate reaction takes
place.

Explain why.
Beacuse an unreactive coating of aluminium oxide is formed.

(d) Aluminium powder reacts with iron(I1I) oxide to produce aluminium oxide and iron.

. . \ ] _ Note: As per the marking scheme, even if your
Write a chemical equation for this reaction. complete equation is not correct, still you get [1]

2Al + Fe,0; -->2Fe + AlL,O; mark for simply mentioning Fe203 and Al203

[Total: 14]
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4 This question is about phosphorus and compounds of phosphorus.
(a) A phosphorus molecule contains four phosphorus atoms only.

What is the formula of a phosphorus molecule?

(b) Phosphorus reacts with chlorine gas to produce phosphorus(III) chloride, PCL,.

(i) Write a chemical equation for the reaction between phosphorus and chlorine to produce

phosphorus(IlI) chloride, PCl,.  Even if you do incorrect balancing, you still score a mark for
P,+ 6Cl, --> 4 PCl, writing correct symbols of reactants and products.

(ii) Complete the dot-and-cross diagram to show the electron arrangement in a molecule of
phosphorus(III) chloride, PCl,. Show outer shell electrons only.

X

[2]

© UCLES 2019 0620/43/0/N/19
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(c) Gaseous phosphorus(Ill) chloride, PCl,, reacts with gaseous chlorine to form gaseous
phosphorus(V) chloride, PCL,.

PCl,(g) + Cl,(g) — PCl(9)

The chemical equation for this reaction can be represented as shown.

Cl Cl
ci|
cl—p—Ct + CI—CI ~— P—ClI
cr” |
BOND BREAKING Cl
BOND MAKING
(i) Use the bond energies in the table to calculate the energy change, in kd/mol, of the
reaction.
bond bond energy in kd/mol
P-Cl 326
Cl-Cl 243

(ii)

© UCLES 2019

e Energy needed to break bonds.

Bond breaking=3(P-Cl) + 1(CI-Cl)= (3 x 326) + (243)=1221

1221
e Energy released when bonds are formed.
Bond forming = 5(P-Cl)=5 X (326) = 1630
1630
e Energy change of reaction.
Energy Chnage=-409 kJ
-409

energy change = ........cccceevevvvvnnnnnn.

kd/mol

Note: Negative sign in the final answer is essential  [3]

Deduce whether the energy change for this reaction is exothermic or endothermic. Explain

your answer.

Exothermic and the energy released when bonds are formed is greater than the

0620/43/0/N/19
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(d) Under certain conditions the reaction reaches equilibrium.
PCly(g) + Cl(g) = PCIy(9)

State and explain the effect, if any, on the position of equilibrium if the pressure is increased.
All other conditions are unchanged.

There are fewer moles on the right. Hence the equilibrium shifts to the right.

.............................................................................................................................................. [2]
(e) Phosphine, PH,, is produced by the reaction between water and calcium phosphide, Ca,P,.

Balance the chemical equation for this reaction.

Ca,P, + .6.H,O — ... 3...Ca(OH), + .Z..PH, [2]
(f) The phosphonium ion, PH,’, is similar to the ammonium ion.
+

(i) State the formula of the ammonium ion. ...................... N H4 ..... 1

; o PH,I PH, '

(ii) Suggest the formula of phosphonium iodide. ..........ccovvveuirn.... >< 1]

1 1

(g) Calcium phosphate contains the phosphate ion, PO,*.

What is the formula of calcium phosphate?

Hence the formula is :Ca;(PO,),

(h) Phosphorus forms another compound with hydrogen with the following composition by mass:
P, 93.94%; H, 6.06%.

P H
(i) Calculate the empirical formula of the compound. ‘ )
P H 1 2

93.94 /31=3.03 6.06/1=6.06 )
Moles=Mass/My=> 3.03/3.03=1 6.06/3.03=2 Hence the formula is :PH,
empirical formula = ....... P 2]
(ii) The compound has a relative molecular mass of 66.

Deduce the molecular formula of the compound.

A, of hydrogen = 1;

Hence: 66 = x (M, of PH,)

66 = x(31+2(1)
X= 66/33=2

Hence Molecular formula = 2 x (PH,)=P2H4

molecular formula = .....P2Hz . [1

[Total: 19]

© UCLES 2019 0620/43/0/N/19
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5 Nitrates such as ammonium nitrate are used as fertilisers.
The final stage in the production of ammonium nitrate is shown in the equation.
Ca(NO,), + 2NH, + CO, + H,O — 2NH,NO, + CaCO,

Calculate the maximum mass of ammonium nitrate that can be produced from 820g of
calcium nitrate, Ca(NO,),, using the following steps.

The relative formula mass, M,, of calcium nitrate, Ca(NO,),, = 164.

e Calculate the number of moles of Ca(NO,), in 820g.

Moles= Mass/M,
=820/ 164 =5

5
.............................. mol
e Deduce the number of moles of NH,NO, produced.
Ca(NO,), + 2NH, + CO, + H,0 — 2NH,NO, + CaCO,
According to the above ideal equation:
For every 1 mole of Ca(NQ3), thereexist 2 moles of NH;NO;
Hence for5 " " " " " " 2x5=10moles " "
10
.............................. mol
e Calculate the M, of NH,NO,.
M, of NH,;NO;= 14+ 4(1) + 14 + 3(16)=80
80
M, of NH,NO; = ..o,
e Calculate the maximum mass of ammonium nitrate produced.
Mass= Moles X M,
= 10X 80
= 800g
............ 800.. .. .g
[4]

© UCLES 2019 0620/43/0/N/19 [Turn over



6 This question is about sulfuric acid and substances that can be made from sulfuric acid.
(a) Sulfuric acid is a strong acid.

What is meant by the term strong acid?

(b) Dilute sulfuric acid and aqueous sodium hydroxide are used to make aqueous sodium sulfate,
Na,SO,(aq), or aqueous sodium hydrogen sulfate, NaHSO,(aq). The method includes use of
the following apparatus.

dilute sulfuric acid
/

M\\M\\M\\\\\\M\\\\\M\M\\Mh\l\h\

conical flask

25.0cm? of aqueous
sodium hydroxide

[{/\fﬁ(

25.0cm? of aqueous sodium hydroxide of concentration 0.100mol/dm?® was neutralised by
25.0cm? of dilute sulfuric acid of concentration 0.0500 mol/dm3. The equation for the reaction
is shown. This is reaction 1.

2NaOH(aq) + H,SO,(aq) — Na,SO,(aq) + 2H,0(l) reaction 1

The same technique and the same solutions can be used to make aqueous
sodium hydrogen sulfate. The equation for the reaction is shown. This is reaction 2.

NaOH(aq) + H,SO,(aq) —» NaHSO,(aq) + H,O(l) reaction 2

Complete the table to calculate the volume of dilute sulfuric acid that reacts with 25.0 cm? of
aqueous sodium hydroxide in reaction 2.

volume of 0.0500 mol/dm? volume of 0.100 mol/dm?
dilute sulfuric acid in cm? aqueous sodium hydroxide in cm?®
reaction 1 25.0 25.0
reaction 2 50.0 25.0

[1]

© UCLES 2019 0620/43/0/N/19
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(c) Aqueous sodium hydrogen sulfate, NaHSO,(aq), contains the ions Na‘*(aq), H*(aq)
and SO,*(aq).

Describe what you would see if the following experiments were done.

(i) Aflame test was done on aqueous sodium hydrogen sulfate.
Yellow flame

(ii) Solid copper(II) oxide was added to aqueous sodium hydrogen sulfate and the mixture
was warmed.

The solid dissolves and a blue colour solution is obtained

(d) Atestcanbe done toshow the presence of SO,2(aq) by adding acidified aqueous barium chloride
or acidified aqueous barium nitrate.

(i) State the observation that would show that SO,* is present.
White precipitate

(ii) Write an ionic equation for the reaction that occurs if SO,* is present. Include state
symbols.

BaZ?*(aq) + SOi_(aq) --->BaSOy (s)

Note: Halide ion test [Total: 9]

Halide ions in solutions are detected using silver nitrate
solutions. The test solution is acidified using a few drops of dilute
nitric acid, and then a few drops of silver nitrate solution are
added. Different coloured silver halide precipitates form,
depending on the halide ions present:

m chloride ions give a white precipitate of silver chloride

m bromide ions give a cream precipitate of silver bromide

m jodide ions give a yellow precipitate of silver iodide

Note: Flame test results:

lon present Flame test colour
Lithium, Lit Crimson
Sodium, Nat Yellow
Potassium, KT Lilac
Calcium, Ca2t Orange-red
Copper, Cu2t Green

© UCLES 2019 0620/43/0/N/19 [Turn over
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7 Addition polymerisation and condensation polymerisation are two types of polymerisation.

(@) Which functional group is present in all the monomers which are used to make addition

polymers? C= C

crrrrr
T
H H H H H H

(ii) Draw the structure of the monomer that is used to make this addition polymer. Show all of
the atoms and all of the bonds

Name the monomer. T T
H H H H
but-2-ene
1L 11 0P
(2]
(iii) State the empirical formula of: Empirical formula is the same as it is the
CH, reduced formula
10 a T o] aToT 1 41T R
CH,
TNE POIYIMET. et e oot e e e e e e e e e e e e e as
(2]

© UCLES 2019 0620/43/0/N/19
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(c) Complex carbohydrates are natural condensation polymers. They can be broken down into
colourless monomers which can then be separated and identified.

X is a complex carbohydrate.

Starting with a sample of X, describe how to produce, separate, detect and identify the
monomers which make it up.

Your answer should include:

e the name of the process used to break down X into its monomers

e two types of substance that can be used to break down X

e the name of the process used to separate the monomers

e the method used to detect the monomers after they have been separated

e the method used to identify the monomers after they have been separated and detected.

The complex carbohydrates are broken down by the hydrolysis reaction.Acid
and enzymes are used in the process of breaking doen the carbohydrate.The
complex carbohydrates get broken down into colourless monomers. The
monomers are separated through chromatography. As the monomers are
colourless,a suitable locating agent is used to make them visible. The Rf values
of the monomers are calculated and compared against standard Rf values to

identify the mom=nomers.

(d) Synthetic polyamides are condensation polymers.

(i) Name a synthetic polyamide.

(i) Synthetic polyamides can be made by reacting carboxylic acids with amines.

Name the other substance that is produced in this reaction.
water

[Total: 14]
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