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Instructions

® Use black ink or ball-point pen.

® Fill in the boxes at the top of this page with your name,
centre number and candidate number.

® Answer all questions.

® Answer the questions in the spaces provided
— there may be more space than you need.

® Show all the steps in any calculations and state the units.

® Some questions must be answered with a cross in a box K. If you change
your mind about an answer, put a line through the box §8 and then mark
your new answer with a cross [X.

Information

® The total mark for this paper is 120.
® The marks for each question are shown in brackets
— use this as a guide as to how much time to spend on each question.

Advice

Read each question carefully before you start to answer it.
® Write your answers neatly and in good English.

® Try to answer every question.

® Check your answers if you have time at the end.
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Answer ALL questions.
1 Substances can be elements, compounds or mixtures.

(@) Which of these is a correct symbol for an element?

ixjA He

OB H,
OC HO
0D HO,

(b) Which of these substances is a compound?
O] A air

0 B hydrogen

] € oxygen

LXj\D water

(c) Which of these methods is used to obtain water from a mixture containing
salt and water?

[0 A crystallisation
[0 B filtration
E\_C simple distillation

[1 D titration

P 4 8 3 9 3 A 0 3 3 2
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113

(d) Paper chromatography is used to separate the dyes present in some inks.
A sample of ink, P, is spotted on to some chromatography paper.
Four known inks, A, B, C and D, are also spotted on to the same paper.

The diagram shows how the experiment is set up and the paper at the end of the experiment.

]
lid N

\_solvent

front

base line

solv>

base line
E /

0609 EEEE—
[P ABCD PABCD
at beginning at end

(i) State why the solvent level should not be above the base line at the start of
the experiment.

(i) Explain which dye, present in one of the inks A, B, C or D, is also present in ink P.

(iii) State why ink D does not move during the experiment.

TaSoluble n the  Solvest

P 4 8 3 9 3 A 0 4 3 2
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(iv) Dyes have an R value that can be calculated using this expression.

_ distance moved by dye
distance moved by solvent

f

Complete the table for the dye in ink A.
distance moved by dye inink Ainmm = ) () ({ g-2 1} -1
distance moved by solvent in mm 49
R, value of dye inink A 0. 4 I
(e) The diagram shows an experiment to demonstrate diffusion.

cotton wool soaked in
concentrated hydrochloric acid

cotton wool soaked in
concentrated ammonia solution

£ \
(Y

ammonium chloride

(i) The word equation for the reaction that occurs in this experiment is
ammonia + hydrogen chloride — ammonium chloride

Complete the chemical equation for this reaction.

[.25
NH, + HCl - . NHu CC
(i) Draw a circle around each of the two state symbols that could be included in
the chemical equation in part (e)(i).
Jodt

— oy

® (9 =

(Total for Question 1 = 11 marks)

5
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2 The diagram shows the arrangement of the molecules in two of the three states of water.

Each circle represents a molecule of water.

C(I ®, 8 ¢ QLL%
c(fot‘ O

solid

(a) Complete the diagram to show how the molecules of water are arranged in the

solid state.

(b) Which row of the table correctly describes the arrangement and movement of

SRR

liquid

molecules of water in the solid state?

Arrangement
1A regular
L] B random
I.EI C regular
0D random

Movement
moving freely
moving freely

vibrating

vibrating

(c) Which word describes water changing from a liquid to a solid?

[0 A boiling

[0 B condensing

IS\ C freezing

[0 D melting

O

gas

V3dY SIHL NI 311HM LON Od

V3IYV SIHL NI 3LIHM LON OQ

V3HY SIHL NI LM LON 00



2 DO NOT WRITEIN THIS-AREA .. DO NOT WRITE IN THIS AREA

DO NOT WRITE iN_THIS AREA . s :' LA

(d) Give the word used to describe the change of state represented by this equation.

Hzo(s) — HIO(g)
|.02

(e) Water is the name used for H,O(l).

Give the two names used for H,0(g).
(.0
Jater va I our

S f*(‘iu M

(Total for Question 2 = 6 marks)

7
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The diagram shows formulae for six organic compounds.

U Vv H W

CH H—C—Br CH,=CH,

CH CH,Cl, C,H.0

(@) Which letter represents a compound shown as a displayed formula?

(b) Which two letters represent compounds that are members of the same
homologous series?

() Which letter represents a compound that is formed from methane by a
substitution reaction?

_____________ and ><

P 4 8 3 9 3 A 0 8 3 2

V3dY SIHL NI 3114M LON Od

- W3YY SIHL NI 3LIHM LON O

YIHY SIHL NI 3 LM LON 00



DO NOT WRITE IN THIS AREA

2 DO NOT WRITEIN THIS AREA

. DONOT WRITE IN-THIS AREA -

(d) Compounds U and W are burned in air.
Compound U undergoes complete combustion and compound W undergoes
incomplete combustion.
(i) Balance the chemical equations for these reactions.
V2.8
CH, + v Oy = O, # il HiP
CH, + nde0, = ol €O+ . L HO
(i) State why the carbon monoxide formed from compound W is poisonous.
b.1°

.......................................................... N'#ﬁuyf}aﬁ and U{\L’)f‘)e—/\

(e) Burning compound X in a car engine can cause an environmental problem.
These steps show how the environmental problem occurs.
step 1 two gases react to form nitrogen oxides
step 2 nitrogen oxides react with water in the atmosphere to form an acid

step3  this acid damages some building materials

() Name the two gases that react to form nitrogen oxides.

(i) Give the formula of the acid formed in step 2.

(iii) Name a building material that is damaged by this acid.

(Total for Question 3 = 9 marks)

9

T



4 (a) The term species is sometimes used to refer to neutral atoms and to positive and
negative ions.

The table shows the numbers of subatomic particles in eight different species.

Number of Number of Number of

Species protons neutrons electrons
A 5 E | 3
B 5 f .
C 6 7 ?
D 6 7 A
E 7 7 Z
F 7 7 10
G 8 8 10
H 8 10 10

(i) Explain which two letters represent neutral atoms of the same element.

— 9

> Numbers Ok _protonS  aad elechos  are eguad

g M e Some. N0, & protong

= RO O O
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(iii) Explain which letter represents the atom with the lowest mass number.

(b) The table shows the percentage composition of a sample of magnesium.

Isotope Mg BMg Mg
Percentage (%) 78.6 10.1 11.3

Calculate the relative atomic mass of magnesium.

Give your answer to one decimal place.

_ (2 x79.6) + (zsx100) +(26¢11.3)
|00
= 2K.3
relative atomic mass = Zlk.3

(Total for Question 4 = 12 marks)
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5 The diagram shows the positions of some elements in four periods of the Periodic Table.

Li

Na

Ar

K

Rb

Ag

(@) (i) What numbers are used to identify the periods shown in this diagram?

131k ol S

12

Same .

: nC, 0F electroas

(ii) Explain which element in the diagram is the least reactive.

XS..not easily Se  or geu

(iii) State the similarity in the electronic configurations of Na and Ar.

1,22

(iv) State the similarity in the electronic configurations of Na and Rb.

concluctor

(v) State a physical property of Na that shows it is a metal.

O R

LLOF eleckon ShellS
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(b) The diagram shows the addition of two of these elements to troughs containing water.

Li K

| | water | ‘

B e S

trough A trough B

(i) State two observations that could be made in both troughs when the elements are
added to water.

Effervescence

O.o

- DO NOT WRITE IN THIS:AREA

SE] M B i AN s SN, SR

(iv) After the reaction in trough A is complete, a few drops of phenolphthalein are added.
The phenolphthalein changes colour.

State the final colour of the phenolphthalein. 2.2

(v) Give the formula of the ion formed during the reaction in trough A that causes __
phenolphthalein to change colour. Iz 28

OH ~

13
RN DA R0 0 O RO 100 .
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(c) Silver (Ag) can be obtained from silver oxide by heating.

In an experiment, 32.4 g of silver is obtained by completely decomposing 34.8 g
of silver oxide.

(i) Calculate the mass of oxygen formed in this decomposition.

_."'./\([_)-\,’)': 36 ¥ -32.4
AN G e
-

| 1 E
mass of oxygen= ... ... i AN g

(i) Determine the empirical formula of silver oxide by calculating the amounts, in moles,
of silver atoms (Ag) and oxygen atoms (O) obtained in this experiment.

A cj O
(-33 "
32 -4 7:_'-7
{OF (6
b 0-I§
015 0.5
ﬁ{}\"'u —L z |

Aq, O

empirical formula of silver oxide = ...\ A

(Total for Question 5 = 17 marks)

14
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6 Chlorine gas is bubbled through an aqueous solution of potassium bromide until a
change in colour is seen.

(a) Write a chemical equation for this reaction.

(b) Explain the reaction that occurs.
In your answer, refer to

the final colour

the substance that causes the final colour

the type of reaction

the relative reactivities of the two Group 7 elements involved

(Total for Question 6 = 6 marks)

15
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7 This question is about the formation and reactions of some oxides.

(@) The diagram shows the apparatus that can be used to make hydrogen, which
then reduces copper(ll) oxide to copper.

The unreacted hydrogen is burned.

ice
copper(ll) oxide
dilute G

sulfuric acid \____—hydrogen burning

0

0
anhydrous

0 ‘/ copper(ll) sulfate

(i) Explain one safety precaution that should be taken after adding the dilute
sulfuric acid and before lighting the unreacted hydrogen gas.

magnesium

e Woat vakI al He oair h S heen FluShed

»  Prevents pOsSihie.  etfloAdk  exploSion

(ii) State two observations that could be made when the dilute sulfuric acid
reacts with the magnesium.

1 s Eddervescence
2 MagnesSium — dSappeqrs

(iii) State one observation that could be made when the hydrogen is passed over
the heated copper(ll) oxide.

Goes

P 4 8 3 9 3 A0 1 6 3 2
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(iv) State the final colour of the copper(ll) sulfate. JI 2.4
| CZ@}

_________ Blue |

(v) Complete the word equations for the reactions that occur. :

[-23
magnesiumn + sulfuric acid — 'ﬂu\“()ﬂ"“bt‘ﬂs“"[jt‘+¢ + ““}ih“( b3 LR |
copper(ll) oxide + hydrogen — ... .. Sl i R + o Water
anhydrous copper(ll) sulfate + lJ aTer . - H\l}“lfw“tt("{’{‘{(“)5""3“"‘1

(b) A sample of sulfur is burned in a gas jar of oxygen.
A piece of damp litmus paper is placed in the gas jar. The litmus paper changes colour.
Explain what this colour change shows about the acid-base character of the oxide
of sulfur formed. |
\2 12.28
LoRed L oacidic
(c) The formulae of two oxides are MgO and SO,
Suggest the formula of the salt formed when these two oxides neutralise each other. |

') 11-39

_ (Total for Question 7 = 12 marks)

P 4 8 3 9 3 A 0 1 7 3 2

17
L= s

Turn over »



8 Dilute sulfuric acid can be used to make soluble and insoluble salts.

(a) A student plans an experiment to obtain a pure, dry sample of the soluble salt,

sodium sulfate, from dilute sulfuric acid.

(i) The student does a titration to find the volume of sulfuric acid needed for

complete reaction with the other reactant.

Describe the steps she should take in her titration.
Refer to these pieces of apparatus in your answer.

® pipette
e burette
e conical flask

» NaOH  Soluh'on

SoPlace  aud  ian burete

» Adel  indicator 40 Conced  Hosk

e Add  acidh  pnaklindicodo”  claemges  Colowrs

18
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(i) The diagram shows the burette readings in one titration.

23

Wl ot

before after

Use these readings to complete the table, giving all values to the nearest 0.05cm?.

3

burette reading in cm? after adding solution 22.20
burette reading in cm’ before adding solution 2. 55
volume of solution added in cm? (4.65

(b) The student plans a different experiment to obtain a pure, dry sample of the
insoluble salt, barium sulfate, from dilute sulfuric acid.

Describe the steps she should take in her experiment.

Wi

= Badum  chlonde [nitrake / hydvorde

LoooWash  Solid gt olskled  water

(Total for Question 8 = 13 marks)

19
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9 A student prepares a sample of copper(ll) sulfate crystals using this reaction.
CuO(s) + H,50,(aq) - CuSO,(aq) + H,0()
He obtains the crystals from the solution formed.
(a) He records this information about the reactants he uses.
mass of copper(ll) oxide =6.3g
volume of sulfuric acid = 52cm?
concentration of sulfuric acid = 1.1 mol/dm?
(i) Calculate the amount, in moles, of copper(ll) oxide used.
M ((v0)= §3.5+16
= 79.5

nfewo) = €3

(ii) Calculate the amount, in moles, of sulfuric acid used.
n (M So) =  S2x)
(cOC

= 0. 087

. "
amount of copper(ll) oxide = ...... 0.071

amount of sulfuric acid = OUS’E? mol

(iii) Why is it important for the amount of copper(ll) oxide to be greater than the
amount of sulfuric acid?

(iv) Draw a diagram of the apparatus that the student should use to remove the
excess copper(ll) oxide from the reaction mixture.

VIV SIHL NI 3L18M ION.OQ V3IHY SIHL NI 3LI¥M LON Od

YIYY SIHL NI TLEM LON 04
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(b) In a similar preparation the student uses 0.12 mol of copper(ll) oxide to obtain
crystals of copper(ll) sulfate, CuSO,.5H,0

Calculate the maximum mass of CuSO,.5H,0 that he could obtain using this preparation.
Mr (CwSoy -SH,0)=  244.§ .29
m(CaSoy . 5H,0)= 249.5 %012

— ? '.C

maximum mass = ...

(Total for Question 9 = 8 marks)

21
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10 A student does an experiment to investigate how the temperature changes as
different masses of solid potassium nitrate are dissolved in water.

She looks at this graph to help her decide the masses of water and potassium nitrate
to use in her experiment.

250

200

150
Solubility of
potassium nitrate
in g per 100g of water

100

50
0 1 1 I I 1
0 20 40 60 80 100

Temperature in °C

(a) The student decides to use a mass of 50 g of water at a temperature of 25 °C.
From the graph, find the maximum mass of potassium nitrate that dissolves in
this experiment.

"'}C{

—

o

23
VA0 RO O 0 A =
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(b) The student prepares six samples of potassium nitrate, each with a mass of 2.0 g.

She pours 50 cm? of water into a 100 cm? beaker and records the temperature of

the water.

She then uses this method to find the change in temperature as she adds each

sample of potassium nitrate.

e add the first sample of potassium nitrate to the beaker and stir until the

sample dissolves
e record the temperature of the solution

e add the second sample of potassium nitrate to the solution in the beaker

and stir until the sample dissolves
e record the new temperature of the solution

e repeat until all six samples of potassium nitrate have been added

The table shows her results.

Mass of potassium

nitrate added in g 0.0 2.0 4.0 6.0 8.0 10.0 12.0
Temperature in °C 25.2 22.2 19.4 16.9 14.1 11.4 8.8
(i) Plot the student’s results on the grid.
Draw a straight line of best fit.
30
25 J‘\
\
B oS
20 \
Temperature L4
in°C \
'xk\\
\\

54— —_
FNE
i R oNE

.\1.\‘_

104 | NG
| £
|

5 - T T g T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0

24

Mass of potassium nitrate added in g

R 0 0
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(ii) From the graph, find the mass of potassium nitrate that would be needed to
produce a temperature change of 10.0°C.

O

(iii) Explain how the student’s results show the type of heat change that occurs
when potassium nitrate dissolves in water.

(iv) Complete the energy level diagram for this experiment.

d.08

V™

IIL PotaSsivm nmtrale ("\dt,)

potassium nitrate(s) + water(l) |
energy 4

25
MR R0 0
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(c) The student repeats the experiment and obtains these results.

mass of water (m)=50g
total mass of potassium nitrate added =15g
starting temperature = 32 °C

final temperature = 13 °C

Calculate the heat energy change (Q), in joules, using the expression

Q=mx 42 x AT

[AT is the temperature change]
Q= S04k % (32-13)

Q = LoooT

heat energy change (Q) = 4000

(Total for Question 10 = 10 marks)

26
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11 Synthetic polymers are often manufactured from crude oil.

The main stages in the manufacture of one of these polymers are shown in this sequence.

crude oil — fuel oil — propene — poly(propene)

(@) The diagram represents the fractionating column used in an oil refinery.

crude oil —>_—

=

Describe how fractional distillation produces fuel oil from crude oil.

<
o9
S

» Heoat c_.»jude, o A\N)/q.

DooColumn  cooler  of  top

s FErachons  condenSe when fenpeature  (ower  Hoa

. Fwel o) had hig h boi !-‘f"'(;‘
: \J w5

Ne Qs bottom

(b) Catalytic cracking at about 650 °C converts fuel oil into propene.

U.)F () Name a catalyst used in this process.

Alumina [ Silica

i 1S (i) One of the compounds in fuel oil has the formula C H,,

Complete the equation for the cracking of one molecule of C _H,, to form

two molecules of propene and one molecule of another compound.

CH, - 2cH, + .. Gty

Y- - o i R i s e b ea

28
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(iii) Explain why all the compounds in this cracking reaction are classified as hydrocarbons.

e contain h‘j‘*“ﬁi" aNA corbon oAl 4.0

s PO R e RO et \j

= G 2¢
_______________________________ CipHye e  CiMiu
e OO OONC | SO OONOE i s
(c) Some crude oil contains an impurity known as DMDS.
DMDS contains atoms of carbon, hydrogen and sulfur in a 1:3:1 ratio.
{.3%

The relative molecular mass of DMDS is 94.

Determine the molecular formula of DMDS.

t(\" yi '\|(1,:‘| ~ Be =
: SL:’W-ML- o CH3S

E:’\"- i ced —
PU = W7
;}Dfn- dn MGaSd
- 94
U7
-2 : |
molecular formula=_ 2. 165,

29
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(d) Propene reacts with bromine.

Which of these is the formula of the product of this reaction?

O A CHpBr

IH B CSHGBrE
0 € CHgBr,
0 D CHpBr

3 44
(e) The conversion of propene into poly(propene) can be represented by this equation.
nCH, = (CH))
() Draw the displayed formula of propene.
H

H Hl & |

K .. a7 el

=G

/ \

H
H

(i) Draw the repeat unit of poly(propene).

“U A
I I
—Cc-c-
| [
H . H'5

(Total for Question 11 = 16 marks)

TOTAL FOR PAPER = 120 MARKS
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