AQA Chemistry GCSE - Chemical Bonds - lonic, Covalent and Metallic

Questions are for both separate science and combined science students unless indicated
in the question

Q1.

This question is about carbon and its compounds.

Fullerenes are molecules of carbon atoms.

The first fullerene to be discovered was Buckminsterfullerene (Ceo).
(@) What shape is a Buckminsterfullerene molecule?

— Susical

(b) Give one use of a fullerene.

(1)

(1)
Propanone is a compound of carbon, hydrogen and oxygen.

Figure 1 shows the dot and cross for a propanone molecule.

Figure 1

(c) Complete Figure 2 to show a propanone molecule.

Use a line to represent each single bond. 6
WSQ CONOIMN :

Use Figure 1. . 6\w . Pw o‘[ -
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| |

H=C —C— C-H
ooy

O \”0.

Hoo- : C
(d) Determine the molecular formula of propanone. o -~ -
Use Figure 1.
Molecular formula = C'?»HGO
CH,COCH, 1)

(e) Propanone is a liquid with a low boiling point.

Why does propanone have a low boiling point? W
Tick (v) one b S~ A= etuno\aodar londs
ic one box.

ot weale, dant oo

Bakiyy wuh ey b
The covalent bonds are strong. )
Covalauk bieak, ety

an M{: W The covalent bonds are weak. elecals G vofmus
‘oto\‘.!m (o’n \ooikoﬁ)

The intermolecular forces are strong.
\h\ex«aluulu 9

o are !
S

The intermolecular forces are weak.

(1)
(f) Figure 3 represents the structure of graphite.

Figure 3

===
$2SET

== eéﬁa

Explain why graphite is:
. a good electrical conductor
. soft and slippery.
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Q2.

You should answer in terms of structure and bonding.

(6)

wﬂb ‘NUAU UXQ @ a \(’JD(\CQML (Total 11 marks)

This question is about Group 1 elements.

(a)

(b)

(c)

Give two observations you could make when a small piece of potassium is
added to water.

MM&M
2 O\_&dy,q a Lg‘!m ‘Lnugo

(2)
Complete the equation for the reaction of potassium with water.

You should balance the equation.

2K + 2H.O0— 2KOH+ H,
(2)

Explain why the reactivity of elements changes going down Group 1.
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(4)
Sodium reacts with oxygen to produce the ionic compound sodium oxide.

Oxygen is a Group 6 element.

(d) Draw a dot and cross diagram to show what happens when atoms of
sodium and oxygen react to produce sodium oxide.

Diagram

Jd
@& © @

(e) Why is oxygen described as being reduced in the reaction between sodium
and oxygen?

Bw_cl;amm elook s,

Ol RIG

(4)

(1)

(f)  Explain why sodium oxide has a high melting point.

o0 s o ?\_mxl shiadhare  Ceanie (afl ‘a\ wJ’n
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L\my_omﬂz_d_e%_m_mﬂj_
awcons Qg ol beak Ho bado.

(3)
(Total 16 marks)

Q3.

This question is about citric acid.
Figure 1 represents one molecule of citric acid.
Figure 1

H o) H O—H H o) H
| | | I | I |

0—¢C <|: C C—C—0
W | y
=0
| W akws - B
O—H O 7

(@) Complete the molecular formula of citric acid.

Use Figure 1.

CH3 O 7
™

(b) What type of bonding is shown in Figure 17?

Tick (v') one box.

Covalent \/

lonic

Metallic

(1)

(c) Figure 2 shows two representations of one molecule of citric acid, A and B.

Figure 2
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H O H O—H H (0] H
[ | R |
O—C—C—C cC—C—©0
A l | |
H =0 H
|
O—H
B

Give two advantages of representation A compared with representation B.

Advantages of A:

1 Shawe &&3\0 M&MMML
2 5 i

ey

A student investigated the temperature change during the reaction between citric
acid and sodium hydrogencarbonate solution.

Citric acid is a solid.

This is the method used.

o0k wh =

Pour 25 cm3 of sodium hydrogencarbonate solution into a polystyrene cup.
Measure the temperature of the sodium hydrogencarbonate solution.

Add 0.25 g of citric acid to the cup.

Stir the solution.

Measure the temperature of the solution.

Repeat steps 3 to 5 until a total of 2.00 g of citric acid has been added.

The table below shows some of the student’s results.
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Mass of citric acid | Temperature of
added ing solution in °C
0.00 22.6
0.25 22.2
0.50 21.8
0.75 214
1.00 21.0
1.25 20.6

(d) How do the results in table above show that the reaction is endothermic?

Tﬂ‘!ﬁ@!—u& dooass dusits, Bie  teaek o

(1)
(e) Three of the student’s results are plotted on the graph below.
A line of best fit for these points is drawn.

Complete the graph below.

You should:

. plot the data from table above on the graph below

. draw a line of best fit through the points you have plotted

. extend your line of best fit to meet the line of best fit already drawn

on the graph below.

22-6

22.01

Temperature of
solution in °C

21.01

202 |
20.0 . - L ﬁ
0.00 0.50 1.00 1.50 2.00

Mass of citric acid added in g

(4)
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(f) Determine the overall temperature change for the reaction.

Use the graph above.

236 — 20-2 = 24

Overall temperature change = 2 Ll' °C

(2)
(9) What is the dependent variable in this investigation?

Tick (v') one box.

Mass of citric acid

Temperature of solution /

Volume of solution

(1)
(Total 12 marks)

Q4.

This question is about structure and bonding.

(a) Which two substances have intermolecular forces between particles?

Tick (v') two boxes.

Diamond

Magnesium

Poly(ethene) ,/

Sodium chloride

Water \/

(2)

(b) The table below shows the structures of three compounds.

Page 8 of 26



AQA Chemistry GCSE -

Chemical Bonds - lonic, Covalent and Metallic

Compound Structure
Key
Carbon dioxide e——9 @ o
(0, @ c
Key
9.
Magnesium . 0
oxide O ) Mg2*
My0
Key
@ o
Silicon dioxide O Si
6(02

Compare the structure and bonding of the three compounds:

carbon dioxide U.6. NOT b?“ m_e_ !

magnesium oxide
silicon dioxide.

©; aud 50, ore wadh ap o} akows, M0 o (avs

510, qud M0 ase g wh  chickares

0, ; ¢ wekh W s

. [ O\

Mﬁ}(bO. (M3_>M§++2e’ OQe"Oa-)

(6)
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(Total 8 marks)
Q5.
This question is about compounds of oxygen and hydrogen.
Figure 1 represents the structure of hydrogen peroxide.
Figure 1
H—0—0—H
(@) What is the correct formula of hydrogen peroxide?

Tick (v') one box.

H202

HO:

H202

J° U s = 2
J° 0 das = 2
waitton 05 sub-sedpt (1)

(b)  Which type of bonding is shown in Figure 1?

H20- \/

Tick (v') one box.

Covalent /

lonic

Metallic

(1)

(c) Hydrogen peroxide decomposes in the presence of a catalyst.

Which elements are often used as catalysts?

Tick (v') one box. (separate only)
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Alkali metals

Halogens

Transition metals /

(M
Figure 2 shows the reaction profile for the decomposition of hydrogen peroxide.
The word equation for this reaction is:
hydrogen peroxide — water + oxygen

Figure 2

€, < Ockivakion Euayy
DN = Eokialpsy clawse of
(oaekion

Energy A

Progress of reaction

Labels A, B, C and D each represent a different part of the reaction profile.
Use Figure 2 to answer parts (d) and (e).
(d)  Which label shows the activation energy?

Tick (v') one box.

A B | c D

(1)

(e) Which label shows the energy of hydrogen peroxide?

Tick (V) one box.
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Al B c D

(1)

(f)  The decomposition of hydrogen peroxide gives out energy to the
surroundings.

What type of reaction is this?

Tick (v') one box.

Displacement

st Le e

W0, = W0 + 0, +HEAT:

¢ ¢ ¢ 4

Endothermic

Exothermic v

Neutralisation

(1)
(9) Hydrogen and oxygen form water.
A hydrogen atom contains one electron.

An oxygen atom contains six electrons in the outer shell.

Complete Figure 3 to show a dot and cross diagram for a water molecule.

Show the outer electrons only.

Figure 3

OIS

(2)
(Total 8 marks)

Q6.

Figure 1 shows the structure of five substances.
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Figure 1
08060
, 7] | FE+] <
O LYo :) I ‘.\ AN o » o
C = ) A v"‘-‘roﬁr -
o ¢ -~ R N \ X d 0Ot A
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o Delocalised N S Nsosous
electrons

(@) Which diagram shows a gas?

Tick (v') one box.

Al/| B c D E

(b)  Which diagram shows the structure of diamond?

Tick (V') one box.

A B c p|./| E

(c) Which diagram shows a metallic structure?

Tick (v') one box.

A B cl,/| D E

(d)  Which diagram shows a polymer?

Tick (v') one box.

A B C D E| ]

(e) A chlorine atom has 7 electrons in the outer shell.
Two chlorine atoms covalently bond to form a chlorine molecule, Cl2

Figure 2 is a dot and cross diagram showing the outer shells and some
electrons in a chlorine molecule.
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Complete the dot and cross diagram.
Show only the electrons in the outer shell.

Gadsvg, paix of
Figure 2 eﬁulma

- ’“\i
o

(1)

(f)  What is the reason for chlorine’s low boiling point?

Tick (V') one box.

Strong covalent bonds

Strong forces between molecules

Weak covalent bonds ¥

Weak forces between molecules ./

(1)
Figure 3 represents the structure of manganese oxide.

Manganese oxide is an ionic compound.

Figure 3
‘\"\\. ‘ Key
[ @® Mn?*
¢ o 02-

(g) Determine the empirical formula of manganese oxide.
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Use Figure 3.

Mot O . MaO

ldlice conkaius ANa+ 10 2 N\anq = 0
Empirical formula = ‘MV\O

(1)

(h)  Why does manganese oxide conduct electricity as a liquid?

Tick (v') one box.

Atoms move around in the liquid

Electrons move around in the liquid

lons move around in the liquid /

Molecules move around in the liquid

(1)
(Total 8 marks)

Q7.
This question is about metal compounds.
(a) Lithium reacts with chlorine to produce lithium chloride.

When lithium atoms and chlorine atoms react to produce lithium chloride,
lithium ions and chloride ions are formed.

The diagram shows the electronic structures of the atoms and ions.
The symbols o and x are used to represent electrons.
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Lithium atom Chlorine atom

Lithium ion Chloride ion

Describe what happens when a lithium atom reacts with a chlorine atom.

Answer in terms of electrons.

L¢ alom [ﬂ% N e,szJ:rm

(L akom So.t}ua o\ eﬂul‘.rm

Dun y y e U

(;rom Li G CC G f(om oo

L. Sem?; a gasakﬂ can (i = LT+ e

U!m%o\\\aﬁa.’cwdm N+ e« o W

(4)

Zinc sulfate can be made by two methods.
The equations for the two methods are:

Method 1: ZnO + H.SOs — 2ZnSOs + H0
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Method 2: ZnCOs; + H:SOs — 2ZnS0Os + H.O0 + CO:

(b) Calculate the percentage atom economy for making zinc sulfate in Method

1,
° ﬂ-lom - Mess of degried ptoJucL
Ny T o e of icadkants

Use the equation:

percentage atom economy =

relative formula mass of ZnSO,
relative formula mass of ZnO + relative formula mass of H,SO,

x100

Give your answer to 3 significant figures.

Relative formula masses (M;): ZnO =81 H.SOs =98 ZnSO4 = 161 (separate only)

VA alam eCALINIA = 161 100
J
6 +9%

= 6l 100
179

$9- 14y
Percentage atom economy = %“ 9 (.5 5(‘» %

W

()

(c) Method 1 gives a higher percentage atom economy for making zinc sulfate
than Method 2.

Give a reason why it is important to use a reaction with a high atom
economy. (separate only)

falion & wone  sustasialle
(Bare will Yo Qoo wioels)

(d) A student uses 50 cm? of a zinc sulfate solution of 80 g/dm3

(1)

What mass of zinc sulfate is dissolved in 50 cm? of this zinc sulfate
solution?

50" cahaps  %0s o dut

Convede 50 o o dud = o5 = 0:05dw

Mo o} 2050, in S0’ =0-054ad x 309
e

Mass = a g

(2)
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Q8.

(Total 10 marks)

This question is about structure and bonding.

(a)

(b)

(c)

Complete the dot and cross diagram to show the covalent bonding in a

it lecule, N ..
nitrogen molecule, N2 (” i ; 5 B 6e unouhuéd‘
Show only the electrons in the outer shell.

Weds 3-S5 = 3 o

ol il
Tnp(, w

it €. dad, 5 bty o

Explain why nitrogen is a gas at room temperature.

Answer in terms of nitrogen’s structure.

Jo & o om ol am towpolie duw te weak
_{&@thmma\muh\
(weak  efocaecclor  (oian

(3)

Graphite and fullerenes are forms of carbon.
Graphite is soft and is a good conductor of electricity. el

P 9 . é% == =
Explain why graphite has these properties. 5 E 'g

Answer in terms of structure and bonding.

Comuus ConGmoLr\\ga mﬂzu ﬁdl o 5@1

mbmmm%whg&m

Cﬂld CAIN Cmdwzl. dﬂvlno\(.to °
R
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(d)

(4)

Figure 1 shows a model of a Buckminsterfullerene molecule.

Figure 1

A lubricant is a substance that allows materials to move over each other
easily.

Suggest why Buckminsterfullerene is a good lubricant.

Use Figure 1.

T % sphon "l
e @ Wy -

(2)

Silver can form cubic nanocrystals.

Figure 2 represents a silver nanocrystal.

Figure 2

N ® N
2000

20.

mm
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(e) Asilver nanocrystal is a cube of side 20 nm
Calculate the surface area to volume ratio of the nanocrystal. (separate only)
50&&@ (oear (iea Qt | sido= 0am * 200w = 400 o™
J)’. ol sy, = 6
Thad 5.0 = 6 %<400 p? =200 o
Volust: 2Wam * Vo Ve =(20am)” = 3000 aw

SQ.:\ 2400 : 9000

%00 00 .
31&00 ?{?too Surface area to volume ratio = ] 333

| 1238 y3 ot 3 : IO (3)
: (o

(f)  Silver nanoparticles are sometimes used in socks to prevent foot odour.

Suggest why it is cheaper to use nanoparticles of silver rather than coarse
particles of silver. (separate only)

' ‘ haw a (my S.0. s Uduwe
iako, (o slw © oud ;}z( tle  come

ellook. .
w

(2)
(Total 16 marks)

Q9.

Figure 1 shows the outer electrons in an atom of the Group 1 element potassium
and in an atom of the Group 6 element sulfur.

Figure 1

(@) Potassium forms an ionic compound with sulfur.

Describe what happens when two atoms of potassium react with one atom
of sulfur.

Give your answer in terms of electron transfer.

Give the formulae of the ions formed.

Page 20 of 26



AQA Chemistry GCSE - Chemical Bonds - lonic, Covalent and Metallic

Q—QJ(MID_\CM_‘\_OQLM eﬂuﬁml\

fg hm S“M mﬂh{ égggh Q;,WM K-‘ +]

()

(b)  The structure of potassium sulfide can be represented using the ball and
stick model in Figure 2.

Figure 2
L \\I
o~
¢ Key
Y @ Potassium ion
¢ ) p- L
g\ () sulfide ion
z "‘ ' e
Nige="0)
N

The ball and stick model is not a true representation of the structure of
potassium sulfide.

Give one reason why.

(1)

(c¢)  Sulfur can also form covalent bonds.

Complete the dot and cross diagram to show the covalent bonding in a
molecule of hydrogen sulfide.

Show the outer shell electrons only.
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(2)

(d) Calculate the relative formula mass (M) of aluminium sulfate Al2(SOa)3

Relative atomic masses (Ar): oxygen = 16; aluminium = 27; sulfur = 32

Mo of 0L 2 O alows, = 92x3) = 5%

Muss o} 50, 1S 4O alous = 324(i6) < 46

2 D, e W OL(0), = o +(96v3) = 247
Relative formula mass = 3"[‘2

(2)

(e) Covalent compounds such as hydrogen sulfide have low melting points
and do not conduct electricity when molten.

Draw one line from each property to the explanation of the property.

Explanation

Property of property

Electrons are free
to move

There are no
1 charged particles
free to move

Low melting point

lons are free
to move
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(f)

Weak intermolecular
forces of attraction

Does not conduct
electricity when
molten

Bonds are weak

Bonds are strong

()

lonic compounds such as potassium sulfide have high boiling points and
conduct electricity when dissolved in water.

Draw one line from each property to the explanation of the property.

Explanation

Property of property

Electrons are free
to move

There are no
charged particles
free to move

High boiling point

lons are free
to move

Weak intermolecular
forces of attraction

Conduct electricity
when molten

Bonds are weak
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) Bonds are strong

(2)
(Total 14 marks)

Q10.

This question is about fluorine.

(@) Figure 1 shows the arrangement of electrons in a fluorine atom.
Figure 1 W' € on ovker Sl 7
.»—"”xx T
: [ F ) %

o

(i)  In which group of the periodic table is fluorine?

Group 7

(1)

(i) Complete the table below to show the particles in an atom and their
relative masses.

Name of particle Relative mass
Proton J
Neutron 1

ool vy Very small

(2)

(iii) Use the correct answer from the box to complete the sentence.

alkalis alloys isotopes

Atoms of fluorine with different numbers of neutrons are

called (ﬂ'm‘g& . G Sam ClUM)LL»
diflronk wosps . )

(b)  Sodium reacts with fluorine to produce sodium fluoride.
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(i)

(ii)

(iif)

(iv)

Complete the word equation for this reaction.

sodium  + __[lciadne & sduwp uumdg.

(1)
Complete the sentence.

Substances in which atoms of two or more different elements are
chemically

combined are called Q&@muubb )

(1)

The relative formula mass (M:) of sodium fluoride is 42.

Use the correct answer from the box to complete the sentence.

ion mole molecule

The relative formula mass (M;), in grams, of sodium fluoride is one

Moo

of the substance.

(1)

Figure 2 shows what happens to the electrons in the outer shells
when a sodium atom reacts with a fluorine atom.

The dots (*) and crosses (x) represent electrons.

Figure 2
e _\ + e —
OROEON O
Use Figure 2 to help you answer this question.

Describe, as fully as you can, what happens when sodium reacts
with fluorine to produce sodium fluoride.

do alow lows & b [om Ao’ cm
Doek @0 hwxmga‘ te. oud gziud_\ijaLom
b fow €~ woal'e oo,

Na = Nm‘t* e~ Ex e > ¢
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(4)

(v)  Sodium fluoride is an ionic substance.

What are two properties of ionic substances?

Tick (V) two boxes.

Dissolve in water iy

Gas at room temperature

High melting point v

Low boiling point

(2)
(Total 13 marks)
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