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The Periodic Table of the Elements
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* The lanthanoids (atomic numbers 58—71) and the actinoids (atomic numbers 90-103) have been omitted.

The relative atomic masses of copper and chlorine have not been rounded to the nearest whole number.
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Answer ALL questions.
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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 This question is about the three states of matter, solid, liquid and gas.

(@) The diagram shows how particles of a substance are arranged in two of
these states.

'S
S5

%
R
SRS
SIS
25

353
RS

25

0>
S
bose%s

X8
2

<535
9%
KRR
KKK

0
KR
SRS
odesede!
S

solid liquid gas
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S
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CERE,
S
RS

S

A
% 30k

K
0o
0%
718
2
XK

(i) Complete the diagram to show how particles are arranged in the liquid state.

(i) Identify the state of matter that contains particles with the least energy.

QG
RRELEES,
ffd; g

B ABKE
R

S5

(b) The table shows two changes of state.
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SRR
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NG
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55
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Complete the table by giving the name of each change of state.
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Change of state Name

%
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o00)
SEIER

AR
K LCAR
KA R
LR

G0

KKLERS

258
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%
X

dotessletet

solid to liquid

<
S5
SN
CRIIIIRLLKS
KX

006K

solid to gas

(c) Explain why hot water evaporates more quickly than cold water.
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(Total for Question 1 = 6 marks)
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4 )
2 This question is about elements, mixtures and compounds.
(@) Which of these is the formula of a molecule of an element?
(1)
J A O
LI B Cl
] € Ha
] D H0
(b) Which method can be used to separate an insoluble solid from a liquid?
(1)
L] A crystallisation
[ B evaporation
[J C filtration
[0 D simple distillation
(c) Give the name of a method used to separate a mixture of liquids with different
boiling points.
(1)
(d) A student adds a crystal of substance X to some water in a beaker and leaves the
beaker for one day.
The diagram shows the beaker immediately after adding the crystal, and after
one day.
3 s 3 s
<D ) -
immediately after after one day
adding crystal
. J
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(i) Which equation gives the correct state symbols for a process that occurs in
the beaker?
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X(s) — X()

<

X
K
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X(s) — X(9)
X(aq) — X(s)

O o oo
O N w »

X(s) — X(aq)

(ii) Which other process occurs in the beaker?
(1)

O

(0 O I O
O N w »

boiling

%
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25

535
S
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KR

condensing
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S
O000%0,
X8
R
RS

X
IR,
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SRKR

<55

diffusion
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SR
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N
S
SR
RN
ORERRKS

o
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RS

sublimation

(iii) After one day the student does two tests on the liquid in the beaker.

The table shows the student’s results.

Test Result

flame test lilac flame

KB
S Ssvitusta otuotel
RRRIRRLRK

addition of acidified barium chloride solution | white precipitate

<
KK
29305
55
poiols
bttt
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Identify substance X.
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(Total for Question 2 = 7 marks)
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4 A
3 This question is about gases.
(@) (i) Name the gas that is about 1% of dry air by volume.
(1)
(ii) Which is the most abundant gas in dry air by volume?
(1)
[J A carbon dioxide
[J B methane
[] € nitrogen
[J D oxygen
(b) A student uses this apparatus to find the percentage by volume of oxygen in a
mixture of oxygen and neon.
@/ wet iron wool
N e
L — mixture of oxygen
] and neon
| water
— 7 N J
This is the student's method.
« measure the initial length of the column of gas in the inverted test tube
+ leave the test tube in the beaker for a week
« measure the final length of the column of gas in the test tube
. J
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(i) Some of the iron wool rusts.

Give the chemical name for rust.

(ii) Give a reason why neon does not react with the iron wool.

(i

ii) The table shows the student’s results.

03059
SIS
CRXRKLLRKL.
ERRRES

%
SRR

a0
LXK

<
2
S
X8
100
5

<X

3

initial length of column of gas 75mm

%%
B
<
RS
8
XK

<
2
S
X8
120!
5

Q0K
295%%
S

o~
5
L

S

Steteteds

final length of column of gas 30mm

18550
%%
LKL

Use the results to calculate the percentage of oxygen in the mixture of
oxygen and neon.

(2)

LR
SRKLKR
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(Total for Question 3 = 6 marks)
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4 A student uses this apparatus to investigate the dyes in a food colouring A.

N 4
— chromatography paper

baseline drawn in ink
\

> e

water

-

-

(@) Explain two mistakes that the student makes when setting up the apparatus.
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(b) The student repeats the experiment, but with no mistakes.
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The table shows the R; values for the two dyes in food colouring A.
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K
30200
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203,
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Dye R value

blue 0.50

yellow 0.25

<

X
5%
938

665
0922

TaX
x
R

¢
2L
&
S
0

(i) Complete the chromatogram for food colouring A by adding and labelling
the dyes.
(2)
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R
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(i) Give areason why the blue dye has a larger R value than the yellow dye.
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(Total for Question 4 = 7 marks)
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5 A student investigates the reactivities of four metals, aluminium, magnesium, copper

and metal X.

(@) The student adds pieces of magnesium ribbon to aqueous solutions of the

sulfates of each metal.

After a few minutes the student removes the pieces of magnesium ribbon and

records the appearance of each piece of magnesium.

Table 1 shows the student’s results.

Solution

Appearance

aluminium sulfate

grey coating on magnesium

magnesium sulfate

no change

copper(ll) sulfate

brown coating on magnesium

sulfate of metal X

grey coating on magnesium

(i) Name the substance that causes the brown coating on the magnesium.

Table 1

a&gga
a&&%&
CRAEKK

(939 0008
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(b) The student repeats the experiment with pieces of metal X instead of pieces
of magnesium.

<5< 9%
K

SRS
SRR

k-
0%
o

Table 2 shows the student’s results.

Solution Appearance
aluminium sulfate no change
magnesium sulfate no change
copper(ll) sulfate brown coating on metal X
sulfate of metal X no change
;322 Table 2

<535
K
Soisasesesoses
LRSS

(i) Use the information from both tables to deduce the order of reactivity of
aluminium, magnesium, copper and metal X.

K
XX
X
S

XX
oo

%
XK
é%&

S

5
7458

ZRRLRKLL

(2)
MOSE r€ACEIVE ..o

least reactive ...

QR
KKK
AR P

AN 1

, (i) Give a possible identity for metal X.
KR
g:§g$:~:~ (1)

0.0 0.0
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(0L 0.0. 000
(O 00,000
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(c) This ionic equation represents the reaction between magnesium and
aluminium nitrate.

s; %%
LA
SSRGS

IR

3Mg(s) + 2AP*(aq) — 3Mg*(aq) + 2AI(s)

TR
Pe%e%e%

Explain, in terms of electrons, which species acts as a reducing agent in
this reaction.

(2)

%
%

RRUKRKEK,

QRLEIZRLX
%

(Total for Question 5 = 7 marks)
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6 This question is about polymers. 58

(@) This is the structure of a monomer. e

(030 = 0
/ AN i
Q<
i
H H K

What is the name of this monomer?
(1)
]

chloroethane

P
chloroethene KK
o085

XK
chloropropane SR

O Nn W >

]
]
L] chloropropene RS

(b) Complete the equation to show the repeat unit of the polymer that forms from N
this monomer. K

SR
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o %
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S

(c) A typical molecule of the polymer has a relative molecular mass (M,) of 2490000 55

Show that the number of monomer molecules needed to make this typical
molecule is about 40000

[forC,A, =12  forCl, A = 35.5]
(2)

12
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(d) These are two methods used to dispose of the polymer.
« burying in landfill sites

« burning

ORAAAG

%ﬁ%%goo
]

%

5

X5
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o Discuss the environmental problems caused by these two methods of disposal.
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(e) A different polymer molecule contains 10600 atoms of carbon, 10600 atoms of
hydrogen and 31800 atoms of chlorine.
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Determine the empirical formula of this polymer.
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(Total for Question 6 = 10 marks)
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7 The table shows the displayed formulae of some organic compounds.

Vv

w

(b) Give the letter of the compound that is a saturated hydrocarbon with the
empirical formula CH,

(c) Give the letter of the compound that produces nine moles of water when
one mole undergoes complete combustion.

(d) Give the structural formula of compound Y.
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(e) Explain why compounds W and Y are isomers.
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(f) Compound Z reacts with bromine in the presence of ultraviolet radiation.

(i) Write a chemical equation for this reaction.

%
R
SRS
SIS
25

'S
S5

%

000
X
XK

KL
SRR
RS

%
9%
%
KRR
0300
<
K

5
SRR
LK
‘Qﬁ%%
0938

N
S
SR
RN
ORERRKS

(ii) What is the name for this type of reaction?

o
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addition
combustion

substitution

thermal decomposition

(g) Describe how the combustion of sulfur-free petrol in a car engine produces gases
that can cause acid rain.
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Do not refer to carbon dioxide in your answer.
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(Total for Question 7 = 12 marks)

OGO
IIORISIRK
BB
SESEY
A

<

&

%
&

%
K

R
0’0

\. J

15
[ | Turn over »
P 7 1 8 9 2 A0 1 5 2 8




r

8 This question is about ionic compounds.

(@) The table gives the formulae of some positive and negative ions, and the

formulae of some compounds containing these ions.

Na*

M92+

cr

o> Na,O

N3 Na;N

() Complete the table by giving the missing formulae.

(i) Give the name of the compound with the formula MgO

(3)

(iii) Calculate the relative formula mass (M,) of Na;N

[for Na, A, = 23 forN, A, = 14]

(1)
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(b) The diagram shows the arrangement of electrons in atoms of lithium and in an
atom of oxygen.
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lithium atom lithium atom oxygen atom

(i) Describe the changes in the electron configurations of lithium and oxygen
when these atoms form lithium oxide, Li,O
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(i) Lithium oxide has a giant ionic structure.

Explain why lithium oxide has a high melting point.
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(Total for Question 8 = 10 marks)
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9 This question is about substances that contain covalent bonds.

(a) The diagram represents a molecule of oxygen.

Describe the forces of attraction in a covalent bond.

(b) The table shows the boiling points of three Group 7 elements.

Boiling point in °C

fluorine -188
chlorine -34
bromine 59

Explain the trend in the boiling points.
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(c) Graphite is a naturally-occurring form of carbon.
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Explain why graphite is soft and conducts electricity.

Refer to structure and bonding in your answer.
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10 A student uses this apparatus to record the maximum temperature in the reaction
between solutions of hydrochloric acid and sodium hydroxide.

This is the student’s method.

+ add 25cm’ of hydrochloric acid to the beaker

add 25 cm’ of sodium hydroxide solution to the beaker

stir the mixture

record the maximum temperature reached

(a) Name a suitable piece of apparatus to add 25 cm’ of solution to the beaker. s
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(b) Before the reaction, both solutions have a temperature of 21.0°C.
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The heat energy change, Q, for the reaction is 2880 J.
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(i) Calculate the theoretical maximum temperature reached by the mixture,
which has a mass of 50g.

[specific heat capacity of mixture, c=4.2)/g/°C]
(4)

%
R
SRS
SIS
25

'S
S5

N
S
O000%0,
KL
SR
ERRRE

%% %
CREARRK
0:0’0

0
3”%
?ﬁ&ﬁ?

deteledes

<

SRS
GRS

0%l

0>
S
bose%s
X
093
0%

RV
ZRLLRRRRRRKL

temperature = ... °C

(i) Give a reason why the maximum temperature recorded by the student is
lower than the theoretical maximum temperature calculated.

(iii) In the reaction, 0.0500 mol of hydrochloric acid completely react.
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Calculate the molar enthalpy change, AH, in kilojoules per mole of
hydrochloric acid.
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11 This question is about the reaction between magnesium and dilute nitric acid. K88

(@) A student reacts dilute nitric acid with an excess of magnesium powder as a first O
step in the preparation of dry crystals of hydrated magnesium nitrate. X

This is the equation for the reaction. Kog?

Mg(s) + 2HNOs(ag) — Mg(NOs),(@q) + H(g)

(i) Explain why it is important that magnesium is in excess.
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(i) The student adds 0.75 g of magnesium to 0.025 mol of nitric acid. X9
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Calculate the mass of magnesium, in grams, that remains at the end of O
PooSaa 998

the reaction. §§3":§3

[for magnesium, A, = 24]
(3)
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(iii) Describe how the student can obtain dry crystals of hydrated
magnesium nitrate from the mixture at the end of the reaction.

o0
X
020!

%
<

<K
<X
5

955

L

205
e

3058

RS

%
;g;v
2%

<
X5
-
N

O

5

Q5
355

<
X
KX
NETR
P

4

KL
QLK
R

SRR,
000000
‘5é§‘%$'

2

o
K5
55
CKKS

<535
S
Sogoteseset
RREEKLS

¢
X
5
L5

.::’

%’
5

X

RHK
Steteteds

o5
QLR
CANERL
804
o%

e

N\
W

20

ZRRLRKLL

>
\

0%
(5

X KA AR
22
\l
LN

\-

%
S
J ’dt

X

RogetoN
)

LR
RRLRKS

%%
ol 2
D
KL

CRSLIKIRELIAR

ooq%g

ORISR

O
02020,
5

(X
55
So%ss
%

00000 0%

%
SRS

CEIILES,
CRLLRLZRRLRLRRRS

2%
XS
g%
‘0”‘::

<5

%
¢S
2K

6K
230500030
Sodetetetele!
2L
258

KRS
RXR
B!
LK

K

<
o

<
%
25
e
5
&5

o
s
X
45
Yoo’

<

0 00
5%
LXK
55

<
%
25
So%s
555
s

<2

BTN
o%
QL

%

SO
555
CRGKS
A‘%“.
S8

06K
RRERKS
QLS
dasosele:
o
KR

o%
%3

RRERS
fotetetotets
SREXXKS

<
LXK KLK

000K
020!

0992

R
RS

0505240524952

K

O

%

28
55
95

\. J

23
[ | Turn over »
P 7 1 8 9 2 A 0 2 3 2 8

%
0%
o%
X2
%
<




~\
(b) The student repeats the experiment and records the volume of

hydrogen gas collected.
The graph shows the student’s results.

300

250

200

Volume of hydrogen
incm’
150
100
50
O | | | | | | | | | | | |
0O 10 20 30 40 50 60 70 80 90 100 110 120
Timeins
Use the graph to calculate the rate of reaction, in cm?/s, at t = 40s.
Show your working on the graph.
(3)
rate of reaction = ... cm’/s
(Total for Question 11 = 13 marks)
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12 This question is about hydrated compounds. KB
Crystals of hydrated barium chloride (BaCl,.xH,0) contain water of crystallisation. B

A student uses this apparatus to remove and collect the water from some crystals. K&

barium chloride tube A 8%
crystals i

tube B o

heat

:‘:.4 ?’:’
QR

water

ice and salt
mixture at -=10°C

This is the student’s method.
Step 1 record mass of tube A when empty

Step 2 place a sample of hydrated barium chloride crystals in tube A and record
new mass
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Step 3 heat tube A &
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Step 4 allow tube A to cool and record mass =
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Repeat steps 3 and 4 until the mass recorded in step 4 is constant. &8
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These are the student’s results.

mass of tube A 10.55¢g
mass of tube A and BaCl,.xH,0 =16.65¢g

final mass of tube A and BaCl, =15.75¢g

(@) (i) Give areason why the student repeats steps 3 and 4 until the mass
is constant.
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(ii) Calculate the mass of BaCl, that forms in tube A.

(i

ii) Calculate the mass of water lost.

(iv) Determine the value of x in BaCl,.xH,O
Show your working.

[for BaCl,, M, =208  for H,0, M, = 18]

(3)
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4 A
(c) A sample containing 0.02 mol of hydrated copper(ll) sulfate is heated using the
same apparatus.
The products of the reaction are anhydrous copper(ll) sulfate and water.
This is the equation for the reaction.
CuS0,.5H,0(s) = CuSO,(s) + 5H,0(l)
() Give the meaning of the symbol =
(1)
(ii) Describe how the reaction can be used to show that a liquid contains water.
(2)
(i) Calculate the maximum number of water molecules in tube B after the sample
of hydrated copper(ll) sulfate has completely reacted.
One mole of any substance contains 6 x 10 particles.
(2)
maximum number of molecules = ...
(Total for Question 12 = 13 marks)
TOTAL FOR PAPER = 110 MARKS
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