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1 The electronic structures of some atoms and ions are shown.

A B Cc D

5 [0 _

(a) Write the letters, A, B, C, D, E, F, G or H, of the electronic structures which show:

(i) atoms of two different noble gases ............ccccviiieiiiiiiiinnn, AN e
[2]
(ii) anion of @ Group | €lEMENT .........oiuiiiiiiiiiiiiiiie e aeeeeeeeeeeees 1
(iii) anion of @ Group V €lemMENt ........eiiiiiiiii e [1
(iv) a pair of ions that could form a compound with the formula XY, ............ and ............. [
(b) State which electronic structure, A, B, C, D, E, F, G or H, is incorrect.
Explain why.
incorrect electroniC SITUCIUIE ...
L= (0] F= T =1 ) o
(2]
(c) State how many protons are found in the nucleus of ioN C. .........cccccciiiiiiiiiiiiiiis [1
(d) Use the Periodic Table to deduce:
(i) the chemical Symbol fOrion G ............oviiiiiiiiiiiiiiiiiiiiiieee e e e e eeeeeaereeeeeeeeeeeees [1

(ii) the element which forms an ion with a 3+ charge and the same electronic structure as H.

[Total: 10]
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2 Soluble salts can be made by adding a metal carbonate to a dilute acid.

(a) Give the formula of the dilute acid which reacts with a metal carbonate to form a nitrate salt.

(b) A student wanted to make hydrated iron(II) sulfate crystals, FeSO,*xH,O, by adding excess
iron(II) carbonate to dilute sulfuric acid. The student followed the procedure shown.

step 1 Add dilute sulfuric acid to a beaker.

step 2 Add small amounts of iron(IT) carbonate to the dilute sulfuric acid in the beaker until
the iron(Il) carbonate is in excess.

step 3 Filter the mixture formed in step 2.
step 4 Heat the yltrate until it is a saturated solution. Allow to cool.
step 5 Once cold, pour away the remaining solution. Dry the crystals between ylter papers.

(i) Why must the iron(Il) carbonate be added in excess in step 2?

(i) State two observations in step 2 that would show that iron(II) carbonate was in excess.

(iii) Describe what should be done during step 3 to ensure there is a maximum yield of crystals.

(iv) A saturated solution is formed in step 4.

Describe what a saturated solution is.

(v) Name a different compound that could be used instead of iron(Il) carbonate to produce
hydrated iron(Il) sulfate crystals from dilute sulfuric acid.
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(c) On analysing the crystals, the student found that one mole of the hydrated iron(Il) sulfate
crystals, FeSO,*xH20, had a mass of 278g.

Determine the value of x using the following steps:

0 calculate the mass of one mole of FeSO,
MASS = oo g
0 calculate the mass of H,O present in one mole of FeSO,*xH,O
mass of H,O = ... g
0 determine the value of x.
X = e
[3]

(d) Insoluble salts can be made by mixing solutions of two soluble salts.
A student followed the procedure shown to make silver bromide, an insoluble salt.

step1 Add aqueous silver nitrate to a beaker. Then add aqueous potassium bromide and
stir.

step 2 Filter the mixture formed in step 1.
step 3 Dry the residue.

(i) State the term used to describe this method of making salts.

(ii) Give the observation the student would make during step 1.

(iii) Write the ionic equation for the reaction between aqueous silver nitrate and aqueous
potassium bromide.

Include state symbols.
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(e) Sodium chloride is an ionic salt. It can be made by reacting sodium with chlorine gas.
The equation for this reaction is shown.
2Na(s) + Cl,(g) — 2NaCl(s)
Calculate the volume of chlorine gas, in cm?, that reacts to form 2.34 g of NaCl.

The reaction takes place at room temperature and pressure.

volume of chlorine gas = ......ccccccvvvvvveeveennen. cm? [3]
(f) Sodium chloride does not conduct electricity when solid, but does conduct electricity when
molten.

(i) Explain why, in terms of structure and bonding.

(ii) Name the product formed at the positive electrode when electricity is passed through
molten sodium chloride.

....................................................................................................................................... [1]
(iii) State the type of change that occurs at the positive electrode in (ii).

Explain your answer in terms of electron transfer.

187 ST oLl 1 =1 e 1= PP

L= (0] £=T =1 1o ] o I

[2]

(iv) Describe what else can be done to sodium chloride to allow it to conduct electricity.

....................................................................................................................................... [1]

[Total: 26]
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3 Group | metals are very reactive. Transition elements are also metals but are less reactive than
Group | metals.

(a) State two physical properties of Group | metals which are similar to those of transition metals.

(b) Describe two ways in which the physical properties of Group | metals are different from those
of transition metals.

LSS
2 oot eaee et oaee e et ettt Ee e Rt e ettt R et e Eeeen et e Rt e ente e neeen et e Rt e enee e neeenteeaneeenneenneean
(c) When Group | metals are added to water they yzz and an alkaline solution forms.
(i) Name the gas given off.
....................................................................................................................................... [1]
(ii) Identify the ion present in the solution which makes the solution alkaline.
....................................................................................................................................... [1]
(iii) Write the chemical equation for the reaction between sodium and water.
....................................................................................................................................... [2]
(d) When the transition element iron is added to water the iron rusts.
When an iron object is coated with a layer of zinc, rusting is prevented.
(i) Name this process of coating iron objects with a layer of zinc.
....................................................................................................................................... [1]
(ii) Explain how completely coating an iron object with a layer of zinc prevents rusting.
....................................................................................................................................... [1]
(iii) Rusting of iron ships can be prevented by attaching zinc blocks to the hull of the ship.
Explain how this prevents rusting.
....................................................................................................................................... [2]

[Total: 12]
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4 Alkenes and alkanes are homologous series of compounds containing carbon and hydrogen atoms.

(a) State the name of the type of compound made from carbon and hydrogen atoms only.

(b) Alkenes take part in addition reactions.

(i) Describe what is meant by the term addition reaction.

(ii) Draw the structure of the product made in the addition reaction between propene and
bromine. Show all of the atoms and all of the bonds.

[2]

(iii) Describe the colour change seen when propene is added to aqueous bromine.

(iv) Draw the structures of molecules of two different alkenes which both undergo an addition
reaction with steam to form butan-2-ol. Show all of the atoms and all of the bonds.

[2]

(c) Propane undergoes a substitution reaction with chlorine.

Write the chemical equation for the reaction between one molecule of propane and one
molecule of chlorine.

[Total: 10]
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5 This question is about alcohols, carboxylic acids and esters.

(a) Ethanol will react with hot aqueous potassium manganate(VII) to form ethanoic acid.

(i)

(ii)

(iii)

© UCLES 2020

State the other condition needed for this reaction to take place.

H

A
H—C—C

|\

H O—H

Complete the dot-and-cross diagram to show the electron arrangement in a molecule of

ethanoic acid.
‘|
<>

NN
0

S
) (O

[3]
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(b) Ethanoic acid is a weak acid and hydrochloric acid is a strong acid.

Complete the table to show the similarities and differences in the properties of samples of
these two acids of equal concentration.

dilute ethanoic acid dilute hydrochloric acid

extent of dissociation

colour after adding
universal indicator solution

observation when
magnesium ribbon is added

[6]

(c) Ethanoic acid will react with an alcohol to form the ester shown.

H
H O H—(|3—H
T
U

!

(i) Name the other product formed when ethanoic acid reacts with an alcohol to make this
ester.

(i) Give one condition needed when ethanoic acid reacts with the alcohol to make this ester.

(iii) Draw the structure of the alcohol which was added to ethanoic acid to make this ester.
Show all of the atoms and all of the bonds.

[2]
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(d) Polyesters can be manufactured from carboxylic acids and alcohols.
Hexanedioic acid has the structure: HOOC-CH,-CH,—CH,—CH,—COOH.

This structure can be simpliyed as shown.
O O
H—O—(": (ll—O—H
Ethanediol has the structure: HO—-CH,—CH_—OH.
This structure can be simpliyed as shown.
H—o— }-o—H
The functional groups are found at the end of each molecule.

(i) State what is meant by the term functional group.

....................................................................................................................................... [1]
(ii) Determine the empirical formula of hexanedioic acid.
....................................................................................................................................... [1]
(iii) Calculate the percentage by mass of oxygen present in ethanediol.
Give your answer to the nearest whole number.
.............................. % [2]

(iv) Complete the diagram to show a section of polyester manufactured from hexanedioic acid
and ethanediol. Include all of the atoms and all of the bonds in the linkages.

-1 = I

[2]

(v) State the name of a polyester.

[Total: 22]
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