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The Periodic Table of the Elements

£ c g - c ~ c
Qs OLsEO | Ox=50 | YES20 OS5 < c 5w
NIfYN | NZE8a | I<E | 0XEm | X5 &n:‘@oo =
2
g
@ o __¢2 2 ~ 2 (S 3
oL £ CSEN | OQ5EN | Q—S® | gE2EEW a2
- OLQJU%H oomgm 738w .ﬁ.<§°° =
€
o
5
c N £ £ = £ c
© & NpsO0 | ovEg | Roin | Qo2 o
o n = g N Qg o S§
Hog mPZA | ~OEO | G20 | §A L0 2
g
[
0 = E
c 2 o 2 5 g 8
< > S A2 | LVEm | VNasa | D =Zm i
2N | mlEs | <80 | YNEDL [ QOE® L5
5 e S € 2 N O
< @ — C
0T
N (y S =it | mVEN | DQcco | Kazsa
—0OfC I Qs | FOEm | D0EL [ QA iw 2
[0} o
“ =
8
— 5 I\—ém oG5 | W e | X =5u £
5 O = = — 5 o =
— M3 NLES | FO§m | D=8 | QFEw 2
© <
[
£
£ > o
weceo | Yoo | D O30
O NTM — (@) E < I T % [0e}
5
0 53 0 o5 N~ N ;E
- 33 D3~ = =Ne)) O 5
= —
BOEN | S<ay | 3Ler~ | QxeT
g
3 © 55 w5 T pio
o =% TZ© = 20 o
= [ ~ASEd
WZ2N | gass ‘_,fl%v\ ~NOES
a 3
o 0OF~ 8£.§m S5~ §~§8
g E
wOgN | JEESY [ FTE~ | §=2£3
g N
g o 55 o nE N
I3 © U5 © SE 0 s © 0 3
— TS ® ~
TE OLEN | Qaes | Q0E~ | RITES
S =] [=] —_— =
2 £
4] —_— S E = £
LWESsL | DoEm | YQosiw [ g3l
WSeN | oFEs | s~ | BES
£ g
. g 05 < _ & T 50
N =2 | ©Osw Z< o))
@ 2 WO | S8« 23%1\ Qnsg
S S 2 — [
gg g S g 8
Q £
'QE’C\ E £ £
c —
3 5785 2>3i0 | 827 | 80| 888
¥| §ofQ WTEN|QZEY a0 5S
voE &
20 o
= o
s E g fe | owia | Tuix
S 0i—2N | d =20 =5~ Evi]
= T SHEEN | oNEST | SIS &mgg
N =3
ey
LOO'—§H oy 5o c"’éggl\ INRIEE
2 M © 8 N QEF
<rU)§N ©TE® H_|-§,m NIE®
£ . o E Ew | ™ cEw | Tk
o3 +tDiN | O®850 | © ~2m® S© e}
mmgv NSEd | SOEN |0 0E™ SoFw | J@XEeo
£
£ I3 £ —_— £
£ £ = ™ ™ =
— M S o)) 200 | D Q3~ 0 20 = 2N
~NJEM | NZEA | oXEAH | 0xEm [ Q08w | YULiw
= @ 9o E] S — =
o
P 7 0 7 0 3 A 0 2 3 6

* 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.

ELEm

SLRRK
KKK
SRS

19090
Gl
[0, 9,0:0,

.0
X

iH
1Ty
S

%
o
«.‘

“
255

X
3
%0
:"A‘
S0
K85

O
s
a
X
é

0%
oot
e X
= fa
RS

S
oK
%
X
28
55

b93s%eS
SRR

CRRK,

90X

55

o5

OO
dSotedes
REHLKS
’00
55

X \J
SIS
S <
PRSI
P
SRERLS,
i
I
S

(90090 %
SRR
(90950509
Gk



X355
K M0 \

@g&%

SRS

S

%5

QLK
RIS
000&0%0

RS

<
888
R
2R
RS
238}
SStetotetets

%
%%

o0

XL
< SRRIKIIGIKRA

RARRAKARKARA KN

05X

lototele
ETHHS
1)

1%

G
4%

4

KL
QLK
R

&
255
8

O O
s
X XXX
S
&0
X

X

K5
X5
SRR

<535
S
RO
LRER

¢
X
555
L5

<
S
bose%s
KK
KL
QLR

S
R
ool

<
X
5
k‘kgﬁ
o ete%et
ZRRKS

BLANK PAGE

X
X
o
g

oS

SRS
hateogtes
AN
Lo oo
KR

X
2
o)
%
XX

<
Yo
R

05
3
92
<

S5
KX
PO
S
ptetete!

SSoetetetodetes
PRIZRKLLRRS

=

0098t
boo%
%
&
%o

SR

SOV
<]
CLLRKS

0%
000
XK
5

G

X

4
LRRK

2905
S5

o%
%

X
<X
%o

OG0
RS
Q55
o
55
!

%
58
090
X
%
2K
S

XXX
Rasesess
S
dedodels
8K

<
ool
S5

KL

55
el

&
RRE

SR
%3

5

2o

N
SRR
5008
k<o
R
58

0
<
=R
2
il

45

K
KRS
2L
S
5
8K,

G
o
%o
X8
%
0%t

55

SIRIKIK,
SRS
XS
COREKS
IR

CSRRKAL
K

<
‘é
<X
d&
KK
R

. J

3
acom R0 0 0 Tum over v
p 7 0 7 0 3 A 0O 3 3 6

%
0%
o%
o%s
%
<




1

Answer ALL questions.

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.

This question is about acids, alkalis and indicators.

(@) Which of these is the colour of litmus indicator in an acidic solution?

N

0
(|
(|

O N w >

blue
orange
red

yellow

(b) Which of these is the pH value of a neutral solution?

N

0
(|
(|

A
B
C
D

0
4
7

14

(c) Which of these describes a solution with a pH value of 9?

N

0
(|
(|

O N w >

strongly acidic
strongly alkaline
weakly acidic

weakly alkaline
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(d) Which of these is the chemical formula of an acid?
(1)

HNO,
H,O
NaCl

O o oo
O N @ »

NaOH

(e) Name the type of reaction that occurs when an acid reacts with an alkali.
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(f) Name the two products of the reaction between hydrochloric acid and
potassium hydroxide.
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(ii) State the meaning of the term solvent.
(1)

(2)
(c) Adark purple liquid is diluted by adding water.
The diluted liquid becomes a pale purple colour.
Explain the process that causes this change.
Refer to particles in your answer.
(2)

(Total for Question 2 = 6 marks)
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3 This question is about chromatography.

Two students carry out separate chromatography experiments to find the R; values

for five different food dyes, A, B, C, D and E.

(a) State two things that should be the same in both experiments so that the

students can compare their results fairly.

(b) After doing the experiments the students calculate the R; value for each food dye.

The table shows their results.

Dye

Student 1
R; value

Student 2
R value

0.45

0.45

0.63

0.64

0.00

0.00

0.83

1.20

0.30

0.30

(i) State what can be concluded about dye C.
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(c) The diagram shows a chromatogram for a different food dye.

Some distances are shown on the diagram.

top of paper

| solvent front
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Calculate the R; value for this food dye.

Give your answer to two significant figures.
(3)
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4 (a) State the meaning of the term atomic number.

(b) An atom of element X contains 14 protons, 14 electrons and 15 neutrons.

(i) Which of these is the mass number of this atom?
(1)

L] 14

A
] B 15
] C 28
[J D 29

(i) Explain which group of the Periodic Table element X belongs to.
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(c) The table shows the composition of a sample of a different element, Y, containing
three isotopes.

Mass number of isotope Percentage of isotope in sample

32 95.0

33 0.75

34 4.25

Using information from the table, calculate the relative atomic mass (A,) of this
sample of element Y.
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Give your answer to one decimal place.
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(Total for Question 4 = 7 marks)
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-
5 Thisis a question about metals and their compounds.

(a) State one property of metals.

(b) Mercury is the only metal that is liquid at room temperature.

Describe the difference in the movement of particles in liquid mercury and in a
solid metal.

(c) Magnesium is a metal that burns in air.

(i) State one observation made during the combustion of magnesium metal.

(ii) State one chemical property of the product of combustion that can be used to
classify magnesium as a metal.

(1)

(d) In the absence of air, magnesium reacts with sulfur to form the ionic compound
magnesium sulfide, MgS

(i) Give a reason why the reaction needs to be done in the absence of air.
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(ii) Describe, in terms of electrons, the formation of the ions in
magnesium sulfide.

Give the charges on the ions.

(3)
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ii) Explain why magnesium sulfide has a very high melting point.
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(iv) Magnesium sulfide reacts with hydrochloric acid to form magnesium chloride
and hydrogen sulfide gas, H,S
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Give the chemical equation for this reaction.
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6 Ocimene is an organic compound that gives some plants their particular smell.
The molecular formula of ocimene is C;,Hq¢

(@) Calculate the relative formula mass (M,) of ocimene.

(1)

(b) Using ocimene as an example, explain what is meant by the term
empirical formula.

(2)
(c) The displayed formula of ocimene is
| |
H—C—H H—C—H
H H H H
| | |
H—C—C—C—C—C—C—C=
| | “H
H H
Explain why ocimene is described as an unsaturated hydrocarbon.

(3)
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(d) Ocimene is an alkene.

(i) Which of these types of reaction occurs between ocimene and bromine?
(1)

L] addition
polymerisation

precipitation

O n @ >

]
]
] substitution

(ii) Many alkenes have the general formula C,H,,

Suggest why ocimene does not have this general formula.

(e) Ocimene can take part in combustion reactions.

Complete the equation for the complete combustion of ocimene.
(2)

CioHis +

.
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(f) Two different products can form during the incomplete combustion of ocimene.
One product is a solid and the other is a poisonous gas.

(i) Identify these two products.

(2)

(ii) State why the gas produced is poisonous.

(Total for Question 6 = 13 marks)
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( )

7 (a) Explain the meaning of the term thermal decomposition.

(b) The equation for the thermal decomposition of potassium hydrogencarbonate is

2KHCO; — K,CO; + H,O0 + CO,
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Calculate the maximum mass of K,CO; that could be produced from the thermal
decomposition of 2.50g of KHCO,
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between zinc and dilute sulfuric acid.

zinc granules dilute sulfuric acid

SO o

175.624¢ j

balance

— |-

This is the student’s method.
« add afew zinc granules to a conical flask on a balance

- add 100cm’ of dilute sulfuric acid to the flask, start a timer and immediately
record the mass of the flask and contents

« record the mass of the flask and contents every minute until the mass
remains constant

The mass of the flask and contents decreases because hydrogen gas is produced and
leaves the flask.

The student uses the mass readings to calculate the total mass of
hydrogen produced.

(a) Complete the equation for the reaction by adding the state symbols.
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(b) The table shows the student’s results.

(i

(i

(i

Time in minutes

Total mass of hydrogen produced

0

80

110

130

148

162

165

184

192

198

10

204

11

209

12

214

13

218

14

220

15

220

) Plot the student’s results. The first three have been done for you.

i) Draw a circle around the anomalous result.

ii) Draw a curve of best fit.

(1)

(1

(1)

20

p 7 0 7 0 3A 0 2 0 3 6

SHRK
KRS,
SRR
SR

[939~e:
LB
[95950.0 04
G

SRS
<
3
GRS
090%090%%
SOREL
SR
XY

<3

10 c %%
(Ot 0
KB
Beteseteieds

oo
QL
SIS
Dogetet
S
Josorercio%
plOtaTas %!

(90090 %
SRR
(90950509
Gk



<

R
RSB
000

N
Sosesesed
QKKK
KK

90000

<X

%
SERRRKR

%%
<

X

240

0
SRR

o
p0ds
2%

<5
%

SRS
KKK

QK5

e
o XX
IR
SRS
SRELIS

X

SRR
RN
£

%
5

(060
ogeSetels
\RE/
4%
KR

0%
(K

=
>

Y

220

200

180

ZRRRRS

o
.ﬁsf'
S Soeteel

%

ot
255
8

0
boses
00

K

05508
%!

160

¢
X

5
K

K5
55
CKKS

<535
S
Sogoteseset
totetetets

¢
X
5
L5

% O

SO 000

RS

! A Weletelels

RV
XXX

09
o%

0
CRS
2K

SR
otetes

140

O
4%&&%%? SRS

.A%A

= &

120

0%
%%

Qa9
NP
DTV
RS
fogo0y

\\
% b
BN
IR IR
QLK.

L4
99%!

OO
{®

SRR
3’
X
<

100

EARK

Rogetone
K
<3
A
X
IR

e
B
e

X

%

o

99

XK
e
CR
55

5
o

CRRLRAKKL

%%

Total mass of hydrogen produced in mg

O Esesntesstatetetototeteloot
R
K

<5

%
¢S
2K

55,

oot
Sotetete!

SR

0%

80 X

RLRRLRRIRES,

o%
%

G0
%55

fotes
055
ho%s

<
SRR
25

KRS
RXR
B!
LK

K

<
o

<
%
25
e
5
&5

o
s
X
45
Yoo’

<

0 00
5%
LXK
55

RECKS 60
RS
Ba
05 3%
SRS

40

20

<
58
%
500
S
oSote%

OO %

020!

00K
IR
sosototets

0 2 4 6 8 10 12 14 16

Time in minutes

R
JoSoSeseses
bototoseses

0992

SHERES

CSRRKAL
CRRX
CREALRXKL
ORARRARKAKA

K

O

%

28
55
95

%
0%
o%
X2
%
<

21

acom R0 0 A Turn over »
p 7 0 7 0 3A 0 2 1 3 6



(iv) Give a possible reason for the anomalous result.

(v) Determine a more likely value for this result.

(1)

(c) (i) Explain how the shape of the curve shows how the rate of the reaction
changes as time increases.

(i) Atthe end of the experiment there is no zinc left in the flask.

Give a conclusion the student could make from this observation.
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(d) The student does another experiment using
« the same amount of similarly sized magnesium granules instead of zinc

. the same volume of sulfuric acid, but of a lower concentration

Explain why it is difficult to predict how the rate of reaction in this experiment
compares with the rate of reaction in the first experiment.

(e) Explain, in terms of particle collision theory, how increasing the temperature
affects the rate of a reaction.

(Total for Question 8 = 15 marks)
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7

9 A student is given a mixture of two white solid compounds, and a colourless solution
containing the same two compounds.

The student is told that one of the compounds is a halide and that the other
compound is a carbonate.

(@) Give two reasons why the student should know, without doing any tests, that one
of the compounds cannot be copper(ll) carbonate.

(b) Describe tests the student could do to show that the mixture contains
potassium carbonate and potassium iodide.

(Total for Question 9 = 8 marks)
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7

10 (a) A studentis given a pure sample of sodium carbonate crystals and is told that the

formula of the crystals is Na,COs.xH,0

State what xH,0 in the formula shows about the sodium carbonate crystals.

(b) The student uses this apparatus to find the value of x in Na,CO;.xH,0

crucible

sodium carbonate
crystals

heat

This is the student’s method.

+ find the mass of an empty crucible without a lid

« add some sodium carbonate crystals Na,CO;.xH,O to the crucible
« find the total mass of the crucible and sodium carbonate crystals
« heat the crucible to remove water from the crystals

+ allow the crucible and contents to cool down

. find the mass of the cold crucible and contents

These are the student’s results.

Mass in grams

empty crucible 22.75

crucible and sodium carbonate crystals Na,COs;.xH,0 29.71

cold crucible and contents 25.93
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(i) Calculate the mass of sodium carbonate left after heating and cooling.
(1)

mass of sodium carbonate = ... g

(i) Calculate the mass of H,O lost from the sodium carbonate crystals
during heating.
(1)
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(iii) Show that the student’s results suggest that the formula of the
sodium carbonate crystals is Na,COs.7H,0

(3)
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(c) The student’s teacher says that the correct formula of the sodium carbonate
crystals is Na,CO;.10H,0

() The student did not make any mistakes in their measurements.

Explain what could have caused the student’s value for x to be too low.

(i) Describe how the student could improve the method to obtain a more
accurate value for x.

(Total for Question 10 = 10 marks)
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4 A
11 A student investigates the temperature change during the reaction between
zinc metal and copper(ll) sulfate solution.
The student considers two different methods.
Method 1
.« pour 50cm’ of copper(ll) sulfate
solution into the polystyrene cup
« record the temperature of
the solution
polystyrene cup « add 3g of zinc powder
 stir using the thermometer and
record the highest temperature
reached
Method 2
bung . record the temperature of 50cm® of
copper(ll) sulfate solution
- pour the 50cm’ of copper(ll) sulfate
solution into the glass bottle
|_—9lass bottle « add 3g of zinc powder
« push the bung and thermometer
into the bottle and record the
\ ) highest temperature reached
. J
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(a) Discuss the advantages and disadvantages of each method.
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~
(b) The equation for the reaction is
Zn(s) + CuSO,(aq) — ZnSO,(aq) + Cu(s)
50 cm’ of copper(ll) sulfate solution contains 0.025 mol CuSO,
A mass of 3g of zinc is used.
Show that the zinc is in excess.
[A, of zinc = 65]
(2)
(c) The student reacts a solution containing 0.025 mol CuSO, with an excess of zinc.
These are the student’s results.
temperature of 50 cm’ of copper(ll) sulfate solution = 21.1°C
highest temperature reached = 40.6°C
(i) Show that the energy change Q for this reaction is about 4000)J
[mass of 1cm’ of solution = 1.0g]
[for the solution, c=4.2)/g/°C]
(3)
J
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(i) Calculate the molar enthalpy change (AH), in kJ/mol, for the reaction.
(3)
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(d) The ionic equation for the reaction is

Zn(s) + Cu**(ag) — Zn’"(aq) + Cu(s)

25

R

KR
¢&aﬁﬁ%‘ 5
SR tototetetetet

K5
L8555

o~
X
5
LI
S

25

Explain what is oxidised and what is reduced in this reaction.

OO
SR
KL
X8
2
5

K5
355
(RS

=
<55
9%,
0
5

:%%

0
boses
X ¥
K
IR
—
N
'

555
2R

SR8
s
&
LIRS
S
25
Pox

OO
e

%
Q555
25
5
e
XS

%
%
’%
%

(Total for Question 11 = 16 marks)
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