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Turn over
111111/ P 5 6 4 2 3 A 0 1 2 8 PeaI'SOH



Answer ALL questions. Write your answers in the spaces provided.

Some questions must be answered with a cross in a box [X. If you change your mind about an
answer, put a line through the box $¢ and then mark your new answer with a cross X.

1 (a) (i) Titanium(lV) oxide is an ionic solid.
Many ionic solids are soluble in water.

Titanium(lV) oxide is not soluble in water.
Its other physical properties are typical of ionic solids.

Predict one other physical property of titanium(IV) oxide that would be
typical of ionic solids.

high melting point / high boiling point /
............................ Cenducts(e|ectr|C|ty)Whean|ten
(ii) The formula of titanium(lV) oxide is TiO.,.

Deduce the charge of the titanium ion in titanium(IV) oxide.

(b) Nanoparticles are very small particles that have unusual properties.
(i) Particles less than 100 nanometres in size are classified as nanoparticles.

100 nanometres is

0 A 1x10*metres

[0 B 1x107° metres

C 1x107 metres

[0 D 1x10°metres
2
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high melting point / high boiling point /
conducts (electricity) when molten
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4 )
(ii) Nanoparticles of titanium(IV) oxide are used in some sunscreens.
Describe a reason why nanoparticles of titanium(IV) oxide are used in some sunscreens.
(2)
particles.are Very.SMAll.......
(therefore) appear invisible / cannot be seen on
the skin
(iii) Some people are concerned that there is a risk when sunscreens containing
nanoparticles are used.
Explain a possible risk associated with using nanoparticles in sunscreens.
(2)
.do.not know.the.risks.fully./long.term.risks.not.yet...
known because they have not been used for a long enough
B T
(Total for Question 1 = 7 marks)
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particles are very small 
(therefore) appear invisible / cannot be seen on
the skin 


Mobile User
do not know the risks fully / long term risks not yet
known because they have not been used for a long enough
time 



2 Most of the fuels used today are obtained from crude oil.
(@) Which statement about crude oil is correct?
L[] A crude oil is a compound of different hydrocarbons
] B crude oil is a mixture of hydrocarbons
[J € crude oil contains different hydrocarbons, all with the same molecular formula

[J D crude oil is an unlimited supply of hydrocarbons

(b) Crude oil is separated into several fractions by fractional distillation.
Two of these fractions are kerosene and diesel oil.

(i) State a use for each of these fractions.

ke I‘OSEHe”.fuel,..fgr.)..aj.r(;paft ................................................................................................................................................................................................................

diesel Oi|.4.fue|..for)4cars ........................................................................................................................................................................................................................

(i) Figure 1 shows where the fractions kerosene and diesel oil are produced in
the fractionating column.

fractions
=

J

——
——» kerosene

——=» diesel oil

crude oil —»—— ’

(

Figure 1

Kerosene is obtained higher up the column than diesel oil.
Kerosene and diesel oil fractions have slightly different properties.

Choose a property.
State how this property for kerosene compares with the property for diesel oil.

property BO|||nng|nt ....................................................................................................................................................................................................................

comparison ... 101,17 =Y oo oSO
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fuel for) aircraft
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fuel for) cars
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(c) Figure 2 shows the formulae of a molecule of butane and of a molecule of pentane.
Butane and pentane are neighbouring members of the same homologous series.

H H H H HHHHH
T D 0 I
Fh Fh b
butane pentane
Figure 2

(i) Explain, using these formulae, why butane and pentane are neighbouring
members of the same homologous series.
(2)

they differ by CH2 / differ by one carbon atom / pentane has
one more carbon

(ii) Butane has the formula C,H,,.
Calculate the mass of carbon in 100 g of butane.
Give your answer to three significant figures.

(relative atomic masses: H=1.00, C = 12.0;
relative formula mass: C,H,, = 58.0)

You must show your working.
(3)

AXA2 (= A8)

00 (o 72
48 x 100 (= 82759) mass of carbon = ... g
8

=82.81(0)

)]

(Total for Question 2 = 9 marks)
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they differ by CH2 / differ by one carbon atom / pentane has
one more carbon 
• they have the same general formula / CnH2n+2 / both alkanes


Mobile User
4 x 12   (= 48)
OR
58
100 ( = 1.724…) 
48 x 100   (= 82.759)
58
= 82.8 (g)


Mobile User
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(@) An aluminium atom has the atomic number 13 and the mass number 27.

Which row shows the numbers of subatomic particles present in an
aluminium ion, AG*?
(1)

protons neutrons electrons

13 14 13

13 14 10

14 13 10

14 13 17

(b) Magnesium burns in excess oxygen to form magnesium oxide.
The balanced equation for this reaction is

2Mg + O, —» 2MgO

Starting with 1.35g of magnesium, calculate the maximum mass of
magnesium oxide that could be formed in this reaction.
(relative atomic masses: O = 16.0, Mg = 24.0)

You must show your working.

1 g Mg forms 40 = 1.67 (g) MgO

-t Bt itk
......1..,3.5...9...]\/]g._..f.o.r.mS._.4.0__.x....1.._,.35.._.M.gO .......................................................................................................................................

24

mass of magnesium oxide = ... g

(c) Chlorine reacts with hydrogen to form hydrogen chloride.

Write the balanced equation for this reaction.
(3)

I 2 Ho 2 2H G oo
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MgO = 24 + 16 = 40 
THEN
1 g Mg forms 40 = 1.67 (g) MgO
                                      24
1.35 g Mg forms 40 x 1.35 MgO
                                  24
= 2.25 (g)


Mobile User
Cl2 + H2 → 2HCl


Mobile User


4 )
(d) Sodium reacts with chlorine to form sodium chloride.
o < The electronic configuration of the sodium atom is 2.8.1 and the electronic
=} = configuration of the chlorine atom is 2.8.7.
< <
2 v Give the electronic configurations of the ions formed.
£ P (2)
= 2
M ow .
293 b= Na 28
< =
- = )
B = Cl .2.8.8
W
> 2
2 P (Total for Question 3 = 9 marks)
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presence of yeast.

temperature of 80 °C.

[0 A hydrated
X B oxidised
[J € polymerised
[0 D reduced

covalent bonds.

-

H—C—C
|
H

4 (a) Ethanolis made by fermentation of a carbohydrate dissolved in water, in the

The reaction is carried out at 30°C.

Explain why the reaction is carried out at a temperature of 30 °C rather than at a

-2 YeaSt. ProVIAES €NZYIMES o
- (at 80°C) the enzymes {not effective /

(b) Ethanol, C,Hs;OH, can be converted into ethanoic acid, CH;COOH.

(i) In this reaction ethanol is

(ii) Draw the structure of a molecule of ethanoic acid, CH;COOH, showing all

O

l /y

\OJH
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• yeast provides enzymes 
• (at 80°C) the enzymes {not effective /
denatured}
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-
(c) (i) The apparatus in Figure 3 can be used to investigate the temperature rise
produced in a known mass of water when a sample of ethanol is burned.
thermometer
beaker ~|
| —100cm’ of water
— 9
wick
thanol
ethano \g burner
Figure 3
The first steps of the method are
1. put 100cm’ of water into a beaker
2. determine the mass of the burner containing ethanol
3. measure the initial temperature of the water
4. place the burner under the beaker of water
5. light the wick
Describe the remaining steps of the method that are needed to determine the
mass of ethanol required to raise the temperature of the water by 30 °C.

(3)
heat.water.to.increase.temperature.by.30°C......c
AND any two from
« extinguish flame

....... (.re )determlne mass-of-burner: Contamlng e LA A 10—
.+ subtract final from initial mass./ calculate the change.in.........
Mass
\
10
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heat water to increase temperature by 30°C 
AND any two from
• extinguish flame 
• (re-)determine mass of burner containing ethanol 
• subtract final from initial mass / calculate the change in
mass 
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(i) In a different experiment, separate samples of the alcohols methanol, ethanol,
propanol, butanol and pentanol were burned to determine the mass of each
alcohol that needs to be burned to raise the temperature of 100 cm’ water by 10°C.

number of carbon atoms = mass of alcohol burned
alcohol

in one molecule of alcohol ing
methanol 1 0.37
ethanol 2 0.28
propanol 3 0.25
butanol 4 0.23
pentanol 5 0.22

Draw a graph of the mass of each alcohol required to raise the temperature of 100cm’
of water by 10°C against the number of carbon atoms in one molecule of that alcohol.

mass of alcohol
burneding

vertical axis with linear scale that uses more thannuma (r?P{tharbon atoms in
) one molecule of alcohol
edge of the grid

all points correctly plotted to +/- ¥ small square
single line of best fit drawn (Total for Question 4 = 11 marks)

11
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vertical axis with linear scale that uses more than half of the
edge of the grid 
all points correctly plotted to +/- ½ small square 
single line of best fit drawn 



5 (a) Carbon dioxide is one of the gases in the Earth’s atmosphere.
The percentage of carbon dioxide in the Earth’s atmosphere has changed over time.

(i) Which row of the table shows the approximate percentage of carbon dioxide
thought to be in the Earth’s early atmosphere and how this percentage
changed to form the Earth’s atmosphere today?

approximate percentage change in percentage
of carbon dioxide in the carbon dioxide to form the
Earth’s early atmosphere Earth’s atmosphere today.

—— 1 A 5 increased
— ] B 5 decreased
— 0 C 95 increased
—— Xl D 95 decreased
(ii) The actual percentage of carbon dioxide in the Earth’s atmosphere today varies.
Explain two factors that cause the percentage of carbon dioxide in today’s
atmosphere to vary.
factor 1 combustion/ burning of fossit-fuglg s
44444444444444444444444 {increases/.gives.out}.carbon.dioXide. ...
factor 2., respiration .........................................................................................................................................................................................................

increases carbon dioxide

12
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combustion/ burning of fossil fuels 
{increases/ gives out} carbon dioxide 


Mobile User
    respiration 
   increases carbon dioxide
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(Total for Question 5 = 10 marks)

( )
(b) Carbon dioxide is a simple molecular, covalent compound.
It has a low boiling point of —78.5 °C.
Explain why carbon dioxide has a low boiling point.
(2)
~weak {forces between molecules / intermolecular...._________ .
forces}
(intermolecular forces need) little {heat/energy}
required .............................................................................................................................................................................................................................................
(c) Calculate the number of molecules in 0.11 g of carbon dioxide.
Give your answer to two significant figures.
(relative formula mass : CO, = 44
Avogadro constant = 6.02 x 10%)
(3)

J

13
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weak {forces between molecules / intermolecular
forces} 
(intermolecular forces need) little {heat/energy}
required


Mobile User
0.11 (= 0.0025)
44
0.0025 x 6.02 x 1023 
= 1.5 x 1021
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6 Some of the elements in the periodic table are metals.

(@) The electronic configuration of a metal is 2.8.3

Which row shows the group and period of the periodic table where this metal is found?
(1)

group period

A 2 3
B 2 8

D 3 3

L]
L]
L c 3 2
B4

(b) Lithium, potassium and rubidium are alkali metals.

(i) Describe what you would see when a small piece of rubidium is dropped on
to water.
(2)

-effervescence /- bubbles /L fizz .

(ii) The electronic configuration of lithium is 2.1
The electronic configuration of potassium is 2.8.8.1
Lithium is less reactive than potassium.

Explain, in terms of their electronic configurations, why lithium is less reactive
than potassium.

14
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effervescence / bubbles / fizz 
• disappears / gets smaller


Mobile User
outer {electron /shell} closer to nucleus 
so more attraction for {electron/shell} 
(therefore) electron is harder to lose 
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(c) Lithium has two naturally occurring isotopes, lithium-6 and lithium-7.

A sample of lithium contains
7.59% of lithium-6
92.41% of lithium-7.

Calculate the relative atomic mass of lithium in this sample.

Give your answer to two decimal places.
You must show your working.

7B9 X6 (=45.54)
92.41 X 7 (= 646.87)
BB BABLBT (2 B GDA)

............................ 8 1

relative atomic mass of lithium = ...

(Total for Question 6 = 10 marks)

15
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7.59 x 6 (= 45.54)
92.41 x 7 (= 646.87) 
45.54 + 646.87 (= 6.9241)
         100
6.92 
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7 Ethene, CH,, is an unsaturated hydrocarbon.

(@) Explain why ethene is an unsaturated hydrocarbon.
(2)

4....c.on.ta.i.ns...hyd.rog.en...and...carbo.n...o.n.ly .......................................................................................................................
contains a {double / multiple} bond (between two carbon atoms

(b) A sample of ethene is burned completely in oxygen.

Write the balanced equation for this reaction.
(3)

C2HA 4302.722.2C02.9.2H20. . e

(c) Ethene can be polymerised to form poly(ethene).

Describe what you would see when a sample of ethene and a sample of
poly(ethene) are shaken with separate, small volumes of bromine water.

KLU
becomes colourless /decolourises
poly(ethene): ........................................................................................................................................................................................................................

-(remains) {yellow./.orange./.red-brown}./.no.colour.change.........

16

P 5 6 4 2 3 A 0 1 6 2 8

dM 10N Od

HL NI 3L

V3yy Si

SIHL NI ILIMM ION Od

-~ yagy

YIUY SIHLNI LM ION OG-

- DO NOT WRITE IN THIS AREA DO NOT WRITE IN THIS AREA

‘DONOTWRITEINTHISAREA


Mobile User
contains hydrogen and carbon only 
contains a {double / multiple} bond (between two carbon atoms


Mobile User
C2H4 + 3O2 → 2CO2 + 2H2O


Mobile User
bromine water is {yellow / orange / red-brown} 
ethene:
becomes colourless /decolourises 
poly(ethene):
(remains) {yellow / orange / red-brown} / no colour change 
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( A
(d) A different hydrocarbon has a relative formula mass of 84.
It has an empirical formula of CH..
Deduce the molecular formula of this hydrocarbon.
You must show your working.
(relative atomic masses : H=1, C=12)
(3)
........... CeH12 with or without working gains3marks
relative mass CH2=12 + (2x1) (= 14)
........... CqunitSinhydrocarbon=84(=6)
................................................................................................................................... 3 2 S
........... molecular formula is CeH12
molecular formula = ...
(Total for Question 7 = 11 marks)
_ J
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C6H12 with or without working gains 3 marks
relative mass CH2 = 12 + (2x1) (= 14)
CH2 units in hydrocarbon = 84 (=6)
                                            14
molecular formula is C6H12


Mobile User


BLANK PAGE

18

P 5 6 4 2 3 A 01 8 2 8

:3'01-'
:.'O::'
2
SO
S
=)
B8 3 4 409
:3'21-:
<
:-'El_::-:
s
S
FTY
>

" %
Lod
%

W5
v
M

,

1!
%5

RRX

v b
SRS

RRRRS
5

8%
X

58
XX
55

2
K

SR
'§§

3555

SR

<

o

R

o
oot

<>
ool
%
2%,
&
XX

558
0.0
55

RS
X2
S
5

SRR
o
‘@*&*

SR

L

5
3

S
o
S0 %
1
k=
=
SO
S
o

X
R %

Ry

RRRSER

2SRRI IR
o202 &S

098
4%,
o
Sotototet

020!
o
35

XX

RS

R
QK

3%
5
2
020

K

XX XX

5

%&ﬂ%f%
0. 9%

<

LXK
oo et
2% rw o
P00% %%

B



VIUY SIHENEILRIM IONOQ Y3dY SIHL NEILIHM 10N Od

YIUY SIHENEIL-M TON-Od

DO NOT WRITE IN - THIS AREA

DONOTWRITE IN-THIS AREA

IN THIS AREA

DO:NOT WRITE

8 Calcium carbonate reacts with dilute hydrochloric acid to produce calcium chloride,
water and carbon dioxide.

CaCO; + 2HCl —» CaCl, + H,0 + CO,

(@) A student wanted to measure the amount of gas produced in two minutes.

The student suggested that this could be done by counting the number of
bubbles formed.
However, the bubbles are produced too quickly to count them.

Figure 4 shows a conical flask in which the calcium carbonate and
dilute hydrochloric acid are reacting.

Complete Figure 4 to show the apparatus that could be used to measure accurately
the volume of gas given off in two minutes.

delivery tube, not in liquid, connected to flask sealed with a
bung/cork

gas syringe / measuring cylinder or burette inverted over
water

dilute hydrochloric acid

calcium carbonate

Figure 4

(b) The reaction between calcium carbonate and dilute hydrochloric acid is exothermic.

Explain, in terms of bond breaking and bond making, why some reactions are exothermic.

19
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delivery tube, not in liquid, connected to flask sealed with a
bung/cork 
gas syringe / measuring cylinder or burette inverted over
water


Mobile User
breaking bonds {needs energy/ endothermic} 
making bonds {releases energy/ exothermic} 
more energy is given out than is taken in



*(c) An investigation was carried out into the rate of reaction of calcium carbonate
with dilute hydrochloric acid.

5.0g of small lumps of calcium carbonate were reacted with 50cm’ of

0.50 moldm™ hydrochloric acid.

Another 5.0g of the same sized lumps of calcium carbonate were reacted with
50cm’ of 1.0mol dm~ hydrochloric acid.

The volume of gas collected in two minutes was recorded for each experiment.

The two experiments were then repeated, each using 5.0g of large lumps of
calcium carbonate.

Figure 5 shows the results.

concentration of volume of gas collected in cm®

hydrochloric acid

in moldm® small lumps of large lumps of

calcium carbonate | calcium carbonate

0.50 17.2 3.1
1.0 35.1 5.6
Figure 5

Explain, in terms of collision of particles, how these results show the effect of the
size of the lumps of calcium carbonate and the effect of the concentration of the
acid on the rate of this reaction.

.‘..‘|.ess‘.g.as.‘.p.r.od‘u.(;ed.‘.W‘it,h..‘.l.arg.e..‘lu,m.ps.‘.i‘n‘..sa.me...amo.un.t...Qf..‘.t.im.e.‘..‘..........
..... ‘therefore, reaction slowerORA
- larger lumps have smaller surface area ORA
'feWGrpartICiesavaliabiefOrreaCtIOn ...............................................................................................................
-2 fewer collisioNs.in.QIVEN TIME. ...
* more gas produced at higher concentration in all experiments
..... + higher concentration there aré more particlés in same volume
“-"-'m-ore~--pa-r-t-iC'I-es"--avai-labl-e--to“-re-act .................................................................................................................................
..... *MOre. freqUEeNt COIISIONS...eeeeeeeeeeeeeeee
* most gas produced in same time with small lumps and
.therefore,fastestreactlenISW|thsma”|umpsandh|ghest ...................
concentration ORA
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less gas produced with large lumps in same amount of time
• therefore, reaction slower ORA
• larger lumps have smaller surface area ORA
• fewer particles available for reaction
• fewer collisions in given time
• more gas produced at higher concentration in all experiments
• higher concentration there are more particles in same volume
• more particles available to react
• more frequent collisions
• most gas produced in same time with small lumps and
highest concentration ORA
• therefore, fastest reaction is with small lumps and highest 
concentration ORA
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9 Fluorine, chlorine, bromine, iodine and astatine are elements in group 7.

(a) Describe the test to show that a gas is chlorine.

(2)
(damp) litmus / indicator paper
bleaches/goeswhite ................................................................................................................................................................................
(b) Bromine reacts with hydrogen to form hydrogen bromide.
Hydrogen bromide dissolves in water to form a solution.
State the name of the solution formed.
(1)
LYArORrOmMIC ACId e
(c) Thereis a trend in the colour and the state of the halogens at room temperature.
Predict the colour and state of astatine at room temperature.
(2)
colour grey-
state .solid........
\ J

22
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(damp) litmus / indicator paper
bleaches / goes white


Mobile User
hydrobromic acid


Mobile User
grey 
solid 
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(d) Bromine, chlorine and iodine are dissolved in water to make aqueous solutions.
Potassium iodide solution is added to each of these solutions.
Figure 6 shows the observations.
initial colour of final colour of
halogen . .
aqueous solution mixture

bromine | orange brown

chlorine pale green brown

iodine brown brown

Figure 6

Explain the observations shown in the table.

(4)
~{chlorine./ bromine}are.more reactive.than.iodine./.iodine.is.th
least reaCtive
- (in the reaction of chlorine with potassium iodide) chlorine
+.(in.the reaction.of bromine with potassium.iodide).bromine.......
displaces iodine / iodine formed / iodide ions oxidised
* brown colour of final mixture is due to iodine
Fromts COMPOUNG.

(e) Fluorine reacts vigorously with iron to produce iron(lll) fluoride, FeF.
Write the balanced equation for this reaction.

(2)

REE A+ 32 72 2 € oo
(Total for Question 9 = 11 marks)
\_ J
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• {chlorine / bromine} are more reactive than iodine / iodine is the
least reactive 
• (in the reaction of chlorine with potassium iodide) chlorine
displaces iodine / iodine formed / iodide ions oxidised 
• (in the reaction of bromine with potassium iodide) bromine
displaces iodine / iodine formed / iodide ions oxidised
• brown colour of final mixture is due to iodine 
• iodine with KI has no reaction / iodine cannot displace iodine
from its compound


Mobile User
2Fe + 3F2 → 2FeF3 
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10 (a) A sample of potassium carbonate is contaminated with a small amount of

sodium carbonate.
When a flame test is carried out on the sample, a bright yellow flame is seen.

(2)

(b) Hydrochloric acid reacts with a solution of sodium carbonate.

2HCl(ag) + Na,COs(agq) — 2NaCl(aq) + CO,(g) + H,O(l)
(3)
Write the ionic equation for this reaction.

Describe how you could show that potassium and sodium ions are present in this sample.

2H++COs32—H0O0+CO2

J

AR 0O 000 A 0 Turn over »
P 5 6 4 2 3 A 0 2 5 2 8
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flame photometer 
two (sets of) emissions
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2H+ + CO3 2-→ H2O + CO2 



*(c) A student tests solutions of three ionic substances, K, L and M.
The student carries out the same two tests on each of the three solutions.
Test 1 add dilute nitric acid and then silver nitrate solution.
Test 2 add a few drops of sodium hydroxide solution and warm the mixture.

Figure 7 shows the results of the tests and the student’s conclusions about the
identity of each substance.

ionic substance test 1 test 2 student’s conclusion
K white precipitate | colourless solution | ammonium chloride
L white precipitate | white precipitate aluminium chloride
M no precipitate green precipitate iron(ll) sulfate
Figure 7

None of the student’s conclusions are fully justified.

Explain which part of each conclusion is justified and what further work can be
carried out to fully justify each conclusion.
(6)
the.chloride.ion.is.justified.as.it. produces.a.white.precipitate.......
with nitric acid and silver nitrate solution in K .and L

«Fe.. ion is justified because it forms green precipitate with
SodlumhydrOX|desqut|on|nI\/I ............................................................................................................................................
~in K.ammonium.ion.is.justified by adding more sodium............

hydroxide solution and heating

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

- and barium {chloride / nitrate} solution
.Whiteprecipitat ...........................................................................................................................................................................................................

P 5 6 4 2 3 A 0 2 6 2 8

V33UV SIHLNIZLIHM LON.OQ
DO NOT WRITE IN THIS AREA

Va8V SIHLNI 3114M 10N'0Od
‘DO NOT WRITE IN THIS AREA

N-OQ

‘DO NOT WRITE INTHIS AREA

YIUY SIHLNEILIIM 1O



Mobile User
the chloride ion is justified as it produces a white precipitate
 with nitric acid and silver nitrate solution in K and L
• Fe2+ ion is justified because it forms green precipitate with
sodium hydroxide solution in M
• in K ammonium ion is justified by adding more sodium
hydroxide solution and heating
• gas evolved turns damp red litmus paper blue
• in L aluminium ion is justified by adding more sodium
hydroxide solution
• until in excess
• precipitate dissolves
• to give colourless solution
• in M sulfate ion is justified by adding dilute hydrochloric acid
• and barium {chloride / nitrate} solution
• white precipitat
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(Total for Question 10 = 11 marks)

TOTAL FOR PAPER = 100 MARKS
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