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Answer ALL questions.
1 When a liquid evaporates at room temperature, it changes into a gas.

The diagram shows the arrangement of the particles in a liquid.

T [

evaporation
O o

-

O

liquid gas

(a) Complete the diagram to show the arrangement of four particles in a gas.

(b) Describe the movement of particles in a gas.

(2)

~ (Total for Question 1 = 4 marks)
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:l 2 The diagram shows the separation of crude oil into fractions.

i
| Fraction

/fi—”‘ l

BN R W B 5-10

_/’_‘\_/’_\\_r’_‘\_/’_‘\___—ﬂ"‘ C | 11-16

) Exi el m i " E 21-30
crude oil —»
vapour X o ' B o
— F more than 30

(a) What is the name of this method of separation?

(b) Complete the table by giving the correct fraction, A, B, C, D, E or F, for each
description.

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

Fraction Description

i | |

: A [ contains only gases |

| | |

| F | is the most viscous l_
] |

_ ! f

| | |

F | contains bitumen |

A 0

Typical number of carbon
atoms per molecule

——————




(c) State the relationship between the number of carbon atoms per molecule and

the boiling point of the fraction.
(1)

Ay tha  nwmber ok coarbon  oXoms

—_—

ohawesaes oo M TI Tacreade S
. ['otalfor Question 2=5marks)
f;
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Illegal drugs are sometimes used to affect the performance of racehorses.
These drugs can be detected in horse urine using chromatography.

e aconcentrated sample of urine from each horse is spotted onto the start line of a
sheet of chromatography paper

* known illegal drugs are also spotted onto the same paper
» ethanol is used as the solvent

The chromatogram shows urine samples, A, B, C and D, and the two illegal drugs lasix
and bute.

- solvent front
] [ ]
[ ]
° ]
@
4
0 0
[ ]
"¢ R <+— start line
lasix bute A B C D
(@) Explain which urine sample contains an illegal drug.

—

0 0 S

(2)




(b) What is the meaning of the term solvent?

Flo b Missoluey

—— e |

(1)

(c) The results for known drugs are given as R, values.

distance travelled by the drug

R, value =
distance travelled by the solvent

Calculate the R value for lasix.

k-0 — 62

$'0 - €L

Rfvalue for lasix = .ol

(d) Suggest how the solubility of the drug in the solvent affects the distance travelled
by the substance.

Eke baebher o 3k wnl] brave

~ (Total for Question 3 = 6 marks)

N

7
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formula ... [—'OH

4 Lithium, potassium and caesium are three metals in Group 1 of the Periodic Table.

(@) A small piece of each metal is placed on water in separate large troughs.

Complete the table by giving the correct metal, lithium, potassium or caesium, for
each description.

(2)
| Description of reaction | Metal
| i e -
| explodes on contact with water ‘ CS
, _ : = _ :
| fizzes gently i > I
reacts violently and forms a lilac flame ' [ ;
(b) (i) Give the name and formula of the ga_s._f_ormed when potassium reacts with water.
(2)
E (1| h 3‘}‘4—“32"’/\ ..................................................................................................................................
formula ... Hl T i A
(ii) Give the name and formula of the compound formed when lithium reacts
with water.
(2)

name ... L‘\—L“w\'\‘jﬁ)“'@?\é\& |

Nov  chawalcah e g vdi n

2L: +« 2H,0 —> 2Li0W & Ho

P 00 00



(iii) Describe how you could show that an alkaline solution is formed when
caesium reacts with water.
(2)

(Total for Question 4 = 8 marks)

9
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5 The graph shows the volumes of carbon dioxide given off when marble chips are

i
|
i
1
|

| Volume of
| carbon dioxide

| incm?
; 60
|I:

40
i 20 -
!
!
i

reacted with hydrochloric acid in five different experiments.

120 ~pr

100 -+t §

80 -+t

Time in seconds

(a) Curve A shows the volume of carbon dioxide given off when some marble chips
are reacted with an excess of 1.0 mol/dm? hydrochloric acid.

(i) Explain which curve, B, C, D or E, could represent the results obtained if half
the mass of marble chips is used with excess of the acid.

VA R S




R = curvs o levely oft eardier

(ii) Explain which curve, B, C, D or E, could represent the results obtained if the reaction
is performed at a lower temperature, with the same mass of marble chips
and excess of the acid.

(iii) Explain which curve, B, C, D or E, could represent the results obtained if the
marble chips are replaced by the same mass of powdered marble chips and
excess of the acid.

(2)

(1)

(Total for Question 5=7 marks)

11
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6 Solutions of lead(ll) nitrate and sodium chloride react together to form a precipitate
of lead(ll) chloride.

The equation for the reaction is

Pb(NO,),(aq) + 2NaCl(aq) — PbCl,(s) + 2NaNO,(aq)

A student carries out a series of experiments to find how much precipitate is formed
when different volumes of lead(ll) nitrate are added.

She uses this method.

place 15 cm? of sodium chloride solution into a boiling tube
add 2.0 cm? of lead(ll) nitrate solution

allow the precipitate to settle

measure the height of the precipitate

repeat the experiment using different volumes of lead(ll) nitrate solution

The table shows the student’s results.

Volume in cm?

of lead(ll) nitrate ~ 1i€ight of precipitate

added in cm

2.0 | 0.6 |

: a0 [ 45 ':
| 60 | s

T

‘ 100 ‘ “ - ||

{ 12,0 !' 5 |

| 14.0 T |

(@) Suggest why the height of the precipitate eventually stops increasing as more
lead(ll) nitrate solution is added.

e MNat\  has  ceached oo

00 0 0



(b) (i) Plot the student’s results on the grid.

Draw a straight line of best fit through the origin and the first three points,
and another straight line of best fit through the last four points.
Make sure that the two lines cross.

(4)
T
Height of | Ok
precipitate 5 | AESZe4 O e Jmmr
in cm ' S ]
1
0 | | — 1

T
0 2 A 6 8 10 12 14

Volume in cm? of lead(ll) nitrate solution added

(i) Draw a circle on the grid around the point that represents the anomalous result.

(v) Use your graph to estimate the volume of lead(ll) nitrate solution that would
be required to react completely with 15 cm? of the sodium chloride solution.

volume=_ . 7 ——

(Total for Question 6 = 9 marks)

T .

(1)
(iii) Which statement is a possible explanation for this anomalous result?
E/ A the precipitate was not allowed to settle before its height was measured
[] B only 1 cm?®of sodium chloride solution was added instead of 2 cm?
[] € 20cm?of lead(ll) nitrate solution was used
[[] D the reaction was carried out at a higher temperature
(iv) Why should the graph line pass through the origin?
No  precipitaXe IS ere MAs N wNen  neo

Llead () u)r\*ﬁ«k‘a— is added |



7 Alkanes are saturated hydrocarbons that can be obtained from crude oil.
The general formula of the homologous series of alkanes is EML..,

(@) (i) What is the meaning of the term saturated?

(i) What is the meaning of the term hydrocarbons?

Lar \o Q.0 O'\\B

(iii) Pentane is an alkane with five carbon atoms in its molecule.

What is the molecular formula of pentane?

0 A CH,
O B CH,
X € CH,
O b cH,

1

F-Y

00 O

centaanin % h 5 LUQ':)U\




(b) (i) Octane (C_H ) is an alkane that is present in petrol.

8 18

When octane burns completely in oxygen it forms carbon dioxide and water.

Write a chemical equation for the complete combustion of octane.

CeHig ~ 12400 —> BCO, F ARLO0

(i) Give the name of a toxic gas that may be produced by the incomplete combustion

of octane.
(1)

(c) Dodecane (C, H, ) is another alkane. When heated and passed over a suitable catalyst,

it decomposes to form octane and one other hydrocarbon.

(i) State how a catalyst increases the rate of this decomposition.
(1)

(i) Give the name of a suitable catalyst for this process.

(iii) Complete the equation that represents the reaction

C.H, — CH

127 26 8 18

+2 G\

(iv) Name the other hydrocarbon produced in this reaction.

i Nower s XiyaRen -ﬂ-ﬂ*’-—fakj

ORI ssm———————— R |

(Total for Question 7 = 11 marks)

N s



|
| 8 Aflame test is carried out on three metal compounds, X, Y and Z.
The diagram shows the apparatus used.
|
Bunsen flame
platinum wire
with loop
f metal compound
' being tested
.'
(@) (i) Suggest two reasons why platinum is a suitable metal to use as the wire in
this test.
(2)

P high . me\biag eesaNo
[ ... R e o e T
| 20 Inerk o

____________ or....0o0es not  colows Flw"\&
; (ii) Why should the platinum wire be cleaned between each test?
.' (1)
|
i
| Rermpor  subsfunes ot rmnj ___________________ aH@—d‘ ...........
i

o e ————————————————

AR O




(b) The three metal compounds are also tested separately with three reagents.
The reagents used are
e aqueous acidified silver nitrate
e aqueous acidified barium chloride
e aqueous sodium hydroxide

The table shows the results of all the tests.

" Fiame test
|

| |
X ‘ yellow . white precipitate ‘I
|
| . ! 1, 1 -
| |
|

Y | red ' no precipitate

(i) Give the name of compound X and of compound Y.

(ii) Identify the cation present in compound Z.

X

(c) Describe a chemical test, other than heating, that could be used to show that
compound Z contains carbonate ions.

test ‘&-&b\ ) 0*‘-’*&\ s

W0 rre——

oYest  aas o wei¥h B

Metal | : Aqueous acidified Aqueou.is acidified Aqueous

no precipitate ‘ no precipitate

white precipitate |  no precipitate

(Total for Question 8 = 12 marks)

D O

Turn over

|
|| compound silver nitrate barium chloride sodium hydroxide
|

: | ¥ ‘ no colour | no precipitate " no precipitate | green precipitate

compound X NO\ L\

| compound Y ... L\q_goé\- e st S A S B A A E

T immeker baensdede |




|
!
|
!

|
|
|
|
f

&\\0“\130\5\"0

iron open tube
powder

dry

chlorine §
N
gas &

(@) (i) State the colour of chlorine gas.

(i) Suggest why it is necessary to have an open tube fitted to the apparatus.

(iii) For safety reasons, this reaction should be carried out in a fume cupboard.

Explain why this is necessary.

00 0

| 9 The diagram shows the apparatus used to form a compound containing iron and chlorine.

compound

ﬂSL&?&

................................................................................................................................................................................
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(b) A mass of 2.800 g of iron reacts with 5.325 g of chlorine.

(i) Calculate the empirical formula of the compound formed.

(3)
Fe C\
28 5.325
56 35S
005 0-1S
0:-05 005
\ 3
empirical formula = re_C\S
(i) Suggest a name for this compound.
(1)
\fm(@t WO N
(c) When chlorine gas is bubbled into aqueous sodium hydroxide, a mixture of
bleach (NaClQ), sodium chloride and water is formed.
Write a chemical equation for this reaction.
(2)

|
Cly+ 200 —> Nall + NaQ 0 + Ho O
|
~ (Total for Question 9 = 9 marks)
L
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10 This apparatus can be used to prepare a sample of hydrogen.
|

dilute
hydrochloric acid

hydrogen
i ydrog

//

water

/

(a) Write a chemical equation for the reaction between zinc and hydrochloric acid.

Include state symbols.

;' (2)

i

|

l

'_ Za + 2R\ Znll + My

| () i (a,r.o — L (a?) (5)

| E

i

-

| (b) State two observations you would make when hydrochloric acid reacts with zinc l

{ in the conical flask. [

i (2) |

i 1 é‘u.‘ "

21
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(c) A student carries out two experiments to find the volume of dilute hydrochloric acid
required to completely react with 0.5 g of zinc powder.

Experiment 1
She fills a burette to the 0.00cm?® mark with dilute hydrochloric acid.

She places 0.5 g of zinc powder into a conical flask and then slowly adds the acid
to the zinc until the reaction is complete.

The diagram shows the final reading on the burette.

(el

HIIIIIII‘IJ]I

—
o

11

II[I‘IIIII 11

Experiment 2

She then repeats the experiment with 0.5 g of zinc powder from the same source,
but with a different sample of dilute hydrochloric acid.

The diagram shows the initial and final burette readings for this experiment.

=1 S
R =
— 3 =— 24

= =

initial reading final reading

22
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(i) Use the burette readings to complete the table, recording the volumes to the
nearest 0.05 cm’.

(3)
"E;xperi.men-t 1 | Expc-!riment‘ 2-
fralbuetiereadinginem | 10-40 | 2270 |
% initial bqre#e readiﬂg incm? _ _ ;) _o_b _ _ j‘i“: \_HCl —(‘3_—_-!
ivolumeincm%facidadded | 10 - 40 : 20-80 |
(i) The concentration of the acid in experiment 1 was 0.74 mol/dm?.
Explain how the concentration of the acid in experiment 2 can be calculated.
(2)

Concﬂw\'\m\\l%c}\ e

(Total for Question 10 =9 marks)

A 0 0

23




11 Tetrafluoroethene (C,F,) is a gas that is stored in cylinders.

A chemist opened the valve on a new cylinder of tetrafluoroethene. He was surprised
when no gas came out.

He decided to check the contents of the cylinder. He found it contained a white powder.
The tetrafluoroethene had formed a polymer.

(a) The displayed formula for the repeat unit of the addition polymer formed is

FF
]
-
FF

(1)

(iii) Suggest the name of this polymer.

| go\s\‘t\"‘wﬁworo&\‘\\awf&

24
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|
!

(b) The displayed formula for a section of another addition polymer is

SRR
—c—cl—cﬁﬁ—c—-:]:—c—c—c—c—
l | I | ]
HHHHHHHIHHH

Give the name and molecular formula of the monomer used to form this polymer.
(2)

name ... ... Q)‘"WJ'\-Q—- VTV e

molecular formula ... Cz_, H‘-\——

(c) Explain why addition polymers that are buried in landfill sites remain chemically
unchanged for many years.

_ (Total for Question 11 = 8 marks)

LT L BR——

25



| 12 A student carries out an investigation to compare the reactivities of four metals,

aluminium, copper, zinc and M.

He adds strips of zinc to the aqueous solutions of the nitrates of each metal.
After a few minutes he removes the strips of zinc and examines them.

The table shows his results.

I

,i Solution Result

[ aluminium nitrate ' no change

t cﬁpper{ll) nitrate l brown coating on zgﬁc

' zZinc ni;rate ;. no cha:;gé |

. .nitrate of metal M-. : g;ey c_oating on zlnc -

(a) Name the substance that causes the brown coating on the zinc.

YT T

(b) State why there is no change in the experiment with zinc nitrate solution.

lae X .. (&f\ﬂo\‘&-@?\au\&m\{‘

A . OO

S —— e —— r——— .

M —
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(c) The student repeats the experiment with strips of metal M instead of strips of zinc.

The table shows his results.

Solution Result

' no change

alummlum nitrate

copper(ll) nitrate brown coatlng on M

! zinc nitrate no change

|
- nitrate of metal M no change

Using information from both tables of results, place the metals aluminium, copper,

zinc and M in order of decreasing reactivity.

most reactive ... A\
____________________ A, W
least reactive CV\

AP0 0 0 00 O 0

27
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(d) Magnesium reacts with an aqueous solution of silver nitrate.

The reaction can be represented by the ionic equation
Mg(s) + 2Ag*(aq) — Mg*(ag) + 2Ag(s)

(i) State why this reaction is described as a redox reaction.

(ii) Explain, in terms of electrons, which species is behaving as an oxidising agent in
this reaction.
(2)

LSi\es ien o ag JVBaxasa\e-u\‘FMS

(Total for Question 12 = 7 marks)

28
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step 1 put 25 cm? of dilute nitric acid into a beaker
step 2 add zinc carbonate until it is in excess
step 3 separate the dilute solution of zinc nitrate from the mixture

The student then obtains crystals from the dilute solution of zinc nitrate.

(a) Name the piece of apparatus used to measure the nitric acid in step 1.

(b) How would the student know when she has added an excess of zinc carbonate?

(c) Name the separation method used in step 3.

(d) The student wants to obtain a pure, dry sample of hydrated zinc nitrate crystals
from the dilute solution.

| One method is to leave the solution so that all the water evaporates.

Describe another method, involving crystallisation, that the student could use.

____________________________ (foren o saNuraced se\mm)

o+ \eowa. Yo (eo\ C CoA® S m)

O

(Total for Question 13 = 7 marks)

13 A student uses the following method to prepare a sample of hydrated zinc nitrate crystals.

29
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] 14 Sodium chloride (NaCl) and silicon dioxide (Si0,) both have giant lattice structures.

»

Sodium chloride is an ionic compound.

Silicon dioxide is a covalent compound.

=

B -
LS|

Structure of silicon dioxide

Structure of sodium chloride

%

S

@ Na* @ Cl- @si ®0

/

The table shows some properties of each compound.

30

Sodium chloride Silicon dioxide

! |
' melting point = 801°C ' melting point = 1610°C |

|
! soluble in water
: |

' conducts electricity | does not conduct electricity
| when molten . when molten

insoluble in water

A0 0 e



——

(a) (i) Explain why silicon dioxide has a high melting point.

+ Cron¥  CounNainX sHuacrul

(i) Suggest why the melting point of silicon dioxide is higher than the melting point
of sodium chloride.

 Basks ws S0, &\‘foﬂf:}ﬂf Fhoan  Na O\

doas ere beas b mees

(c) Carbon dioxide is described as a simple molecular substance.

State why carbon dioxide (CO,) is a gas at room temperature.

31
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1 15 The formula for hydrated iron(ll) sulfate is FeSO,.xH,O

|
l

|
|

The value of x is a whole number between 1 and 10. It can be determined by carrying out
a titration with 0.0200 mol/dm? potassium manganate(VIl) (KMnO,) solution as follows:

dissolve a sample of FeSO,.xH,0 in water to make 250 cm? of solution
measure out 25.0 cm? of this solution into a conical flask

add the KMnO, solution using a burette until the end point is reached
record the volume of solution added

repeat the titration three more times

The table shows the results.

|

titration number 1 _ 2 3
volume in cm?of KMnO, solution added 2280 | 2210 | 2250

| =
concordant titration results (v) il

(a) Concordant results are those within 0.20 cm®of each other.

Place ticks (v') in the table to show the concordant results.

(b) Using the concordant results, calculate the average (mean) volume of KMnO,

solution added. Give your answer to 2 decimal places.

22| + 2% &
ol g

g A2

average volume added = ...l T

() Which is the most suitable piece of apparatus to measure out 25.0 cm* of

FeSO, solution?

[0 A beaker
0 B gassyringe
[0 € measuring cylinder

E‘r D pipette

0

Z2<«|S om?
33
Turn over



(d) These results were obtained in another titration.

| mass of FeSO XH,0 in 250 cm® of the FeSO solutlon 5569

| average volume of KM n04 solutlon added to 25.0 cm? of solution 20.00 cm?

B
]
i

concentratlon of the KMnO, solutlon 0.0200 m(:aIde3

(i) Calculate the amount, in moles, of KM n0O, in 20.00 cm? of solution.
-
= XN dm- = 20
\00 O

— 0:0tx 00l -~ 0-02L

= 00004

amount of KMnO, = . 2200 <= mol

(i) In this reaction one mole of KMnO, reacts with five moles of FeSO,

Calculate the amount, in moles, of FeS0, in 25.0 cm’ of the FeSO, solution.

Bavo ~ 1S 00004 x S

amount of FeSO, in 25.0cm*=_. 0 -0 O < . mol

(iii) Calculate the amount, in moles, of FeSO, in 250 cm? of this FeSO, solution.
250
.S

= |0 O-00L x \0O

amount of FeSO, in 250 cm? = . - £ - i B mol

(iv) Using your answer from (d)(iii), calculate the mass, in grams, of FeSO, in the
5.56 g of FeSO,.xH,0.

[M, of FeSO, = 152]
m= n xMr a2 x \SL

G/

mass of FeSO, = DL 2 o S i

1 0 O




(e) In another experiment it is found that 24.2 g of FeS0O,.xH,0 contains

15.2 g of iron(ll) sulfate (FeSO,).

(i) Calculate the mass of water in 24.2 g of FeSO,.xH,O

262 = \5 L

mass of water = . "\Q R
(ii) Calculate the amount, in moles, of H,0 in this mass of water.
(1
= " i &,
™M K4
amount of H,0 = - -
(iii) Calculate the amount, in moles, of FeSO, in 15.2 g of iron(ll) sulfate.
[M_of FeSO, = 152]
(1)
(S 2
e s =
M 'S
o\

amount of FeS0, = ..ot

(iv) Using your answers to parts (i) and (iii), calculate the value of x in FeSO,.xH,0.

R akve oS5 " 0\

value of x = 5 R

(Total for Question 15 = 13 marks)

TOTAL FOR PAPER = 120 MARKS

A 0 0 A

mol

mol

35
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