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1

Answer ALL questions.

The diagram represents an atom of an element.

<3
o0 L Key:
(3]
® 8 electron
O proton
e
@ neutron

Use numbers from the box to complete the table.

You may use each number once, more than once or not at all.

1 2 3 4 5 6 7

atomic number of the atom 3
number of shells shown P
mass number of the atom 7
number of protons in an isotope of this element 2

group where the element is found in the Periodic Table |

(Total for Question 1 = 5 marks)
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2 Substances can be classified as elements, compounds or mixtures.

(@) Which of these is the formula for a molecule of an element?

O A H
s K,
O ¢ HO
O D HO,

(b) Which of these is a mixture?

[l A sodium
[0 B chlorine
[0 € sodium chloride

(3. D sodium chloride solution

(c) Which method can be used to separate the dyes in a food colouring?

M_ A chromatography
[J B crystallisation
0 C evaporation

[0 D filtration

P 4 8 0 8 4 R A 0 4 3 8
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(d) A student adds a large crystal of sodium chloride to some water in a beaker and
leaves the beaker for a day.

The diagram shows the beaker immediately after adding the crystal, and after one day.

3 r w r
\. (\f >, ., r— >
immediately after after a day

adding crystal

After a day, the student takes a sample from the top of the liquid and tests it to
see if it contains chloride ions.

The test is positive.
(i) Describe how the student should do the test.

Include the observation for a positive test in your answer.

(i) Name the process by which chloride ions move from the crystal to the top of
the liquid.

P 4 8 0 8 4 R A 0 5 3 6
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(e) This apparatus is used in a laboratory to separate a mixture of liquids with similar
boiling points.

§ / water out
1

/

mixture of

liquids water in

(i) The passage describes what happens when the apparatus is used.
Use words from the box to complete the passage.

You may use each word once, more than once or not at all.

(3
beaker burette column
condenser flask thermometer
The mixture of liquids is placed in the ............. l —laSkK
During heating, part of the mixture boils and passes up the ..... column

- Yy . - . ~
Water is used to cool the vapour in the LC’M’L‘”\S\* i

A
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(ii) Which of these changes of state occurs in the separation?

A (s — (aq)
OB () — (s

_IY(C @ - O

O D (@ag) — (s)

(Total for Question 2 = 11 marks)

P 4 8 0 8 4 R A 0 7 3 6

7

Turn over '

—

|11 e
(ENG]



. 3 The diagram shows three pieces of iron.

. iron iror|1 /zin]c irrn ~_ /zirlwc

A B €

A'is a piece of iron.
'- B is a piece of iron with a thin coating of zinc.

Cis a piece of iron with some of the zinc coating missing.

f- (a) Name the process used to coat iron with zinc.
(B | Goal van SatiOn
| (b) The three pieces of iron are left in separate troughs of water and exposed to the
1‘ atmosphere for several weeks.
1; The table shows the appearance of the pieces of iron after several weeks.
|) Appearance
A covered in a brown solid
‘ B shiny and unchanged in appearance
| C shiny and unchanged in appearance
| | - -
E' (i) The brown solid contains hydrated iron(lll) oxide.
' What is the common name for this brown solid?
218 Rvst
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(iii) Explain, with reference to the symbols in the box, why the brown solid does
not form on C.

Fe Fe?* Zn Zn e

(Total for Question 3 = 7 marks)

9
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4 The table shows the formulae of some positive and negative ions.

It also shows the formulae of some compounds containing these ions.

Cu® Fe* NH;
ar | CuCly FeCl, NH,Cl
o> Cuso, Fe,(SO,), (VHY), Sou
cox Cuco, Fe, (¢©3), (NH,),CO,

(a) Complete the table by giving the formulae of the three missing compounds.

(b) The correct name of the compound with the formula CuSO, is

0 A copper(l) sulfate
[0 B copper(l) sulfite
R/ C copper(ll) sulfate
OO0 D copper(ll) sulfite

(c) Which of these descriptions is correct for NH Cl(s) and for NH,Cl(aq)?

NH,CI(s) NH Ci(aq)
O A colourless | colourless
O B -colourless | white
'Ei C white coiouries§
O DI white white

10

OO0 O
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(d) These tests are carried out on two separate samples of iron(lll) sulfate solution.
test 1 add sodium hydroxide solution
test2  add dilute hydrochloric acid, then add barium chloride solution

(i) Which observation is correct for test 1?

Iﬁ\ A brown precipitate
[0 B brown solution
[J € green precipitate

[J D green solution

(i) Give the names of the two products formed in test 1.

(iii) In test 2, there is no visible change after adding dilute hydrochloric acid.

State why the acid is added.

(iv) In test 2, barium sulfate is formed after adding barium chloride solution.

State the observation that is made.

24§
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(e) Describe a test to show that a sample of CuCO, contains the COj‘ ion.

(Total for Question 4 = 13 marks)
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5 The diagram shows a blast furnace used to extract iron from its ore.

waste gases

raw materials: coke
iron ore
limestone

hot air —»
molten slag H:_,
molten iron | ]

(a) State the purpose of these reactions in the blast furnace.

@) C+0, > CO,

Produce. pweat oo

(i) C + CO, = 2C0O

”mﬁﬂﬁﬁa&%;mwﬁyﬁﬁgfjmgs”%ﬁfmmwwwmmmmmemm
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[ —
(b) Iron ore contains the impurity silicon dioxide. The purpose of the limestone is to
remove this impurity.
The word equations for the reactions that occur are
reaction 1  calcium carbonate — calcium oxide + carbon dioxide
reaction2  calcium oxide + silicon dioxide — calcium silicate |
Write a chemical equation for each of these reactions.
) |25
reaction 1 .......... L“CU 3 2 Ce Ot C Oy
reaction 2 ... CaO + Si0, -7 Cas 03 ..................................................
(c) The equation for a reaction that occurs in the blast furnace is
2Fe,0, + 3C —» 4Fe + 3CO,
Explain, with reference to the reactants in this equation, why this is a redox reaction.
2] Z2-20

- Fe (oges O > ek & acan O ¥4 Ge :
(Total for Question 5 = 6 marks) I

15
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6 Poly(ethene) is a common polymer. It is obtained from crude oil by fractional distillation,
cracking and polymerisation.

(a) The passage is about the fractional distillation of crude oil.
Use words from the box to complete the passage.

You may use each word once, more than once or not at all.

boiling point condensation melting point
sublimation temperature vaporisation
ME The crude oil is heated so that . VP Ori Sabon occurs. The column
hasa.... t&m P eratvrc .. gradient. The compounds in the crude oil pass
up the columnand ... condenScchon occurs at different heights
depending on the WO - = 1\ drhs WO . 4— of each fraction.
(b) The table lists some statements about cracking.
Place ticks (v') in the boxes to show the three correct statements.
|+ 3 the molecules that are cracked are hydrocarbons /
+ catalytic cracking uses iron as the catalyst
Ll A 8 cracking is used because of different demands for hydrocarbons /

cracking reactions are examples of addition reactions
cracking produces molecules with shorter chains /

CH, + 20, —» CO, + 2H,0 is an equation for a cracking reaction

16
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(c) When one molecule of butane is cracked, there are three possible reactions.

The equations for these reactions are
reaction1 CH 6 — CH, + CH,
reacton2 CH, — CH, + CH,

reaction 3 C4H10 — C4Ha + H2

() One product in each of these reactions is an alkene.

What is the general formula for the homologous series of alkenes?

(i) What are the names of the products of reaction 1?

,V\L |LL‘\ (.‘\f\t‘;

}"{ H
H~C - Llf’ -

|

H H

(iv) The hydrocarbon formed in reaction 3 has three isomers.

The displayed formula for one of the isomers is I-l| H
7
H—C—C=C
| N
H H
H—C—H
|
H
Draw the displayed formula for each of the two other isomers.
isomer 1 isomer 2
W H u oy W M HH
| | i | | | i )
- =C ~C =C-H Y -~C == =C~—Nn
| | .
Hoop i H

P 4 8 0 8 4 R A 01 7 3 6
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(d) The reaction used to make poly(ethene) can be represented by this equation.

(i "
R B
H H H H,

Describe the differences between the reactant and product in this reaction.

In your answer, you should refer to carbon chain length, type of bond and state of matter.

« Produtt Kas  lonaer choun
)

__________ © ONly . product s Solik (reactant (S geS

(Total for Question 6 = 16 marks)

e

YWY SIHLNIALMMIONOG

. V3YY SIHL NI 3LIYM LON Od

. Y3YY SIHL NI 3LI8M LON OQ



5 Db NOTWRITE IN THIS AREA DO NOT WRITE IN THIS AREA

DO NOT WRITE INTHIS AREA

7 A student uses the reaction between iron and oxygen in an experiment to find the
percentage by volume of oxygen in air.

The diagram shows his apparatus.

0 10 |20 30 40 50 60 70 80 90 100

/[

cm

air

iron powder
and water

% 4

(a) State the advantage of using iron powder rather than pieces of iron.

(b) Why is it necessary for the student to mix the iron powder with water?

~ Reachor 400 Slow without e ter

19
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(c) The student records the reading on the syringe at the start of the experiment.
He then records the reading every day until there is no further change.

The diagram shows the syringe at the start and at the end of the experiment.

at start

E 10 20 30 40 50 60 7p 80 90 100 e’
||||||||E|||||||||I|||||||III

atend

_J

10 120 30 40 50 60 70 80 90 100 cm?

Use the readings to complete the table, entering all values to the nearest 1 cm®.

volume reading at start in cm’ T

©.00 volume reading at end in cm’ | 6

change in volume in cm® -5%

(d) The student repeats the experiment but obtains a much smaller change in volume.

Which of these could be a reason for the smaller change in volume?

2
o
o

[0 A heuses 10 cm’ of water instead of 5 cm’
[1 B heleaves the apparatus for a longer time

[J € he leaves the apparatus in a warmer place

@'\ D he uses a smaller mass of iron powder

N0 O
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(e) During another experiment, the student writes down these values.

volume of air in conical flask and glass tubé | 250 cm?
syringé reading at start “ | 90

| syringe reading at end 20

| volume of oxygen reacting 70 cm?

The student incorrectly calculates the percentage by volume of oxygen in air.
This is his working.

70100

=78%
|
(i) Identify the mistake in his working. '
| 2-10
_Diveled TV Benae, el ab e Sl QE ... ..
Shouwld  divide: by  poted  voWume it
(i) Use values from the table to correctly calculate the percentage by volume of ,!
oxygen in air. -:
2 2.0
, 70 % |00
/7, 0 7 - i
340 .
1
=215 |
percentage = 2' % |
) i - ~ (Total for Question 7 = 9 marks) |
.l

21
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8 Hydrogen iodide can be manufactured from its elements using this reaction.

H,(g) + L,(g) = 2HI(g) AH = -9 kJ/mol

A temperature of 500°C, a pressure of 4 atm and a platinum catalyst are used in this
manufacturing process.

(a) The diagram shows the reaction profile if a catalyst is not used.

M

H,(g) + 1,(g)

energy

2HI(g)

(i) On the diagram, draw the reaction profile when a platinum catalyst is used.

(i) Label the diagram to show the enthalpy change (AH) and the activation
energy (E_) for the reaction with the catalyst.

(b) A manufacturer carries out this reaction using the same catalyst, a pressure of 4 atm,

but a temperature of 400°C.

(i) State the effect of this change in temperature on the rate of the reaction.

(i) Explain the effect of this change on the yield of hydrogen iodide.

* Forwardh prealhion  Qlothera ¢

LAY lower  temp |, equilibiwm | Swtks | fo cight

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

rield o  Hydrogen lodude-  neases
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(c) The manufacturer then carries out this reaction using the same catalyst,
a temperature of 500°C, but a pressure of 2 atm.

(i) Suggest what effect this change in pressure would have on the rate of the reaction.

De_creansSe S

(Total for Question 8 = 9 marks)

23
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9 Bromine, chlorine and iodine are elements in Group 7 of the Periodic Table.

(a) Place ticks (v) in the boxes to show the three correct statements about the
elements in Group 7.

).08 the elements can be obtained by electrolysing molten metal halides /
| the elements with paler colours are lower down the group
the boiling points decrease down the group
the elements form covalent compounds with other non-metals

their molecules contain two atoms /

all are gases at room temperature

(b) Group 7 elements are called halogens because they react with metals to form salts.

l. 15 Write a chemical equation to show the formation of the salt potassium iodide

V3IHY SIHL NI 3LIHM LON Od

from a metal and a halogen.

2 5 T, > Lkl

(c) The equation for the reaction between hydrogen and chlorine is
H, + Cl, - 2HC

_ At room temperature, hydrogen chloride and hydrochloric acid can both be
AR represented by the formula HCI.

Insert the state symbol after each formula.

hydrogen chloride, HCI( ... 3 .............. )

1 0

hydrochloric acid, HCI(........ % 0z....)

24
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(d) Hydrogen chloride is dissolved in methylbenzene.

When a piece of magnesium ribbon is then added to this solution there is no reaction.

When water is added to this mixture and it is shaken, a reaction occurs.

Explain the observation in this reaction.

> Effervesence M"’f)"“““"" |

HSa ppeess

D MO 1 h M Ogen . Chlonde ... * I weke

qorms HTAOS nn QR ShIoade fms oA

o Jorm Moy gne S ium !
L R R TP T T TP T PP PP PP T P T v i

(e) Halogens can take part in displacement reactions with halides.

The table gives information about the addition of halogen solutions to
halide solutions.
Halogen solution

rest acided

Halide solution Result

|

{ - - ||

1 bromine sodium iodide displacement reaction occurs i
| . 1 - = § . . . ! |

|

1

2 | chlorine sodium chloride no reaction

3 iodine . sodium chloride no reaction

(i) Explain which test gives a result that cannot be used to compare the
reactivities of halogens.

10N S

Test2 , Chlonne  doeS pot  react  with  Chlpade |

P 4 8 0 8 4 R A 0 2 5 3 6
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(i) Which observation shows that a displacement reaction occurs in test 1?

9

o [0 A effervescence is seen
e— [J B purple fumes appear
o & C the solution becomes darker
R— [0 D awhite precipitate forms
(f) Astatine is an element in Group 7 that could also be involved in displacement reactions.
The ionic half-equations for one of these reactions would be
€L+ 28"~ 2CT
2At — At, + 2e”
'l , Sxf‘c (i) Write an ionic equation for this displacement reaction.
_______________________________ g + B 2AL > A + 200
(i) Explain, with reference to the appropriate species and to electrons, why this
reaction is described as a redox reaction.

2.10 _
| Cly s ..reduced = At IS HMSCU e |

L, qeinS eleckrons, At (oses  elechoas

(Total for Question 9 = 15 marks)

26
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10 This question is about magnesium and its compounds.
(a) A student draws this labelled diagram to show the particles in magnesium metal.

delocalised

N0 00000
906000

He makes two mistakes.

State the two corrections he should make to his labelled diagram.

11.82¢

(YT

- pelocalisedd  electong cen move i ]

27
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(c) Magnesium is a reactive metal. Its reactivity can be seen in its reactions with
oxygen and dilute sulfuric acid.

The chemical equations for these reactions are
reaction 1 2Mg + O, —» 2MgO
reaction 2 Mg + HSO, —» MgSO, + H,

(i) Inreaction 1, some magnesium is ignited and then placed in a jar of oxygen gas.

State two observations that would be made.

(i) Which of these is a correct statement about the gas formed in reaction 2?

jﬂ/ A it makes a squeaky pop with a lighted splint
[0 B itrelights a glowing splint
0 € itturns damp blue litmus paper red

[0 D itturns limewater milky

28

P 4 8 0 8 4 R A 0 2 8 3 6
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(d) The student used this method to obtain a sample of magnesium sulfate crystals
from the solution formed in reaction 2.
* heat the solution in a beaker for several minutes
» dip a glass rod into the hot solution for a few seconds and then remove it
* allow the solution to cool to room temperature
» filter off the crystals and then dry them
(i) Why does the student heat the solution? _
| A i.lo
. TO evopldruit Some of the water ...
s A AR,
(i) Explain why the student dips a glass rod into the heated solution. '
. .1o
B oSee  whea  crustads  Joam
| G e s
— LIndicake s CryStallysction . £ i ]
I
st e S A
s P R S S s e R B S B I .
(iii) Give the formulae of the two compounds that pass through the filter paper. |
ANY 2 11.3]
[ 1.. ’Mjgoi-r ........
[ ——— Moo O e
H, S0, |
| |
|
|
I 1
2

P 4 8 0 8 4 R A 0 2 9 3 &6
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- 33

(e) After drying the crystals, the student weighs them and then heats them until they

30

reach a constant mass.
This equation represents the change that occurs during heating.
MgSO,xH,0 — MgSO, + xH,0
These are the student’s results.
mass of dry crystals before heating = 17.2g
mass of crystals after heating to a constant mass = 8.3g

Use these results to find the value of x in the formula of MgSO,.xH,0
[M values: MgSO, =120, H,0 = 18]

(}‘ Mo = @ra 0. 44
y (e -
m(H0)= |#.2-8%.3 0.069
— 9e
%% = ¥
N ('n}é}.s"c-qj;: €.
120 . =
- 0.0{amol
An(H0) = -9
18
value of x = ;L

= o.u9mol
(Total for Question 10 = 18 marks)

P 4 8 0 B 4 R A 0 3 0 3 6
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f 11 This question is about calcium compounds.

(a) The diagram gives information about the reactions of some calcium compounds
used to make mortar.

Mortar contains calcium hydroxide and is used to join bricks together when building walls.

calcium oxide

M

calcium carbonate calcium hydroxide

These reactions occur when the calcium hydroxide in mortar is obtained from
calcium carbonate.

« calcium carbonate is strongly heated to form calcium oxide
« water is added to calcium oxide to form calcium hydroxide

The calcium hydroxide in mortar reacts with carbon dioxide from the atmosphere

8 | to form calcium carbonate.

(i) The equation for one of these reactions is

CaO + H,0 — Ca(OH),

4 | Calculate the mass of water needed to react exactly with 28 kg of calcium oxide.

| . - - N 3
| " - 2%xlooo R S w—
E {\(f_uo) T . M(HLQ)_ SOy ¥

. — MuS , —= A4 :
| [MoleS= r%}) - Epomo ! = 90004
| - {Tkj
\' n(H0) = Soomol
|

mass of water = 1 It} ..............

(i) Explain why the reaction between carbon dioxide and calcium hydroxide can
be described as neutralisation.

» Corbon  dioside g acidiC

* Colcium I:f@c“w-'fdt i§ » a6 O
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(b) Calcium carbide is a reactive solid. When water is added to it, a gas (ethyne) is formed.

A teacher uses this apparatus to investigate the rate of reaction between
calcium carbide and water.

water

( o

This is the teacher’s method.

« record the temperature of the water in the flask
» add a known mass of calcium carbide and replace the bung in the flask
» record the time taken to collect 100cm’ of gas in the syringe

The teacher repeats the experiment using the same volume of water and the
same mass of calcium carbide, but with the water at different temperatures.
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The table shows the results for six different temperatures.

Temperature of water in °C 21 32 40 49 56

Time to collect 100 cm’ of gas in seconds 100 @ 59 38 24 14

Plot these results on the grid and draw a curve of best fit.

100 1%
_‘\-
\
80 - \
\
\.
Time to collect 99 ‘<\
100cm’ of gas
in seconds _ A
\;
40 1 Tk __
20 |
T
Ny
0 ] | ] - |
20 30 40 50 60

Temperature in °C
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10
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(c) The teacher plots this graph to show how the rate of reaction varies with temperature.

10

Rate of reaction
incm®/s

1 I I 1

20 30 40 50 60
Temperature in °C

Her graph shows that the rate of reaction is not directly proportional to temperature.
There are two reasons why the rate of reaction increases as the temperature increases.

One reason is that the water molecules move more quickly and collide more
frequently with calcium carbide particles.

Explain the other reason for the increase in the rate of reaction.

s Parkicles have. more c‘*,f\tf/qu

o

* More collisiong I owre ey greerr  Han he_

Achvahoen — en U“)j
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(Total for Question 11 = 11 marks)
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