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Answer ALL questions. Write your answers in the spaces provided.

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 (a) (i) Titanium(lV) oxide is an ionic solid.
Many ionic solids are soluble in water.

Titanium(lV) oxide is not soluble in water.
Its other physical properties are typical of ionic solids.

Predict one other physical property of titanium(IV) oxide that would be
typical of ionic solids.
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(ii) The formula of titanium(lV) oxide is TiO.,.
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Deduce the charge of the titanium ion in titanium(IV) oxide.
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(b) Nanoparticles are very small particles that have unusual properties.
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(i) Particles less than 100 nanometres in size are classified as nanoparticles.
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(i) Nanoparticles of titanium(IV) oxide are used in some sunscreens.

Describe a reason why nanoparticles of titanium(IV) oxide are used in some sunscreens.
(2)

K

(iii) Some people are concerned that there is a risk when sunscreens containing
nanoparticles are used.

Explain a possible risk associated with using nanoparticles in sunscreens.

(2)

(Total for Question 1 = 7 marks)
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2 Most of the fuels used today are obtained from crude oil.
(@) Which statement about crude oil is correct? N
L[] A crude oil is a compound of different hydrocarbons
[] B crude oil is a mixture of hydrocarbons
[J € crude oil contains different hydrocarbons, all with the same molecular formula

[ D crude oil is an unlimited supply of hydrocarbons

(b) Crude oil is separated into several fractions by fractional distillation.
Two of these fractions are kerosene and diesel oil.
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(i) State a use for each of these fractions.
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(i) Figure 1 shows where the fractions kerosene and diesel oil are produced in
the fractionating column.
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(c) Figure 2 shows the formulae of a molecule of butane and of a molecule of pentane.
Butane and pentane are neighbouring members of the same homologous series.

T T
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Figure 2

(i) Explain, using these formulae, why butane and pentane are neighbouring
members of the same homologous series.

(ii) Butane has the formula C,H,,.

Calculate the mass of carbon in 100 g of butane.
Give your answer to three significant figures.

SKS (relative atomic masses: H = 1.00, C = 12.0;
relative formula mass: C,H,, = 58.0)
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(Total for Question 2 = 9 marks)
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3 (a) Analuminium atom has the atomic number 13 and the mass number 27.

Which row shows the numbers of subatomic particles present in an
aluminium ion, AIP*?

protons neutrons electrons
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(b) Magnesium burns in excess oxygen to form magnesium oxide.
The balanced equation for this reaction is

2Mg + O, —» 2MgO

Starting with 1.35g of magnesium, calculate the maximum mass of
magnesium oxide that could be formed in this reaction.
(relative atomic masses: O = 16.0, Mg = 24.0)
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(c) Chlorine reacts with hydrogen to form hydrogen chloride.
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Write the balanced equation for this reaction.
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(d) Sodium reacts with chlorine to form sodium chloride.

The electronic configuration of the sodium atom is 2.8.1 and the electronic
configuration of the chlorine atom is 2.8.7.

gl Give the electronic configurations of the ions formed.
- (2)
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4 (a) Ethanolis made by fermentation of a carbohydrate dissolved in water, in the
presence of yeast.

The reaction is carried out at 30°C.

Explain why the reaction is carried out at a temperature of 30 °C rather than at a
temperature of 80 °C.

(b) Ethanol, C,Hs;OH, can be converted into ethanoic acid, CH;COOH.

(i) In this reaction ethanol is

(1)
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SIS

SE [J B oxidised
s

0007100 SN 9008
SOSRRIRN RS
<
X X

[J € polymerised

o

SEE [0 D reduced
SRS
S

’f‘»:i‘ (ii) Draw the structure of a molecule of ethanoic acid, CH;COOH, showing all
B covalent bonds.

(2)

KBS
SIS

e
55
958 o=t
UL
KIS,
IR
SRS
D04 1098
SERIKS
SBPRKSs
o et
S
O
SRS
S WA .
0
3% 2
5 s
k< <
TEXS X3
o ’:" :‘:‘ - ‘:‘.
RS LXK
S I
9055 SRRRRS
KK CRRKKS
HECORK KNS
SLLRR LR
RLLRRS RLLRRS
SRELRS SRLLRS
KLLRS KLLRS
CORELRS 0K
CRRRKS CRRRKS
HECROKK HENK
LXK LR
SRHS SEHEL
RKLLRS RKLLRS
SRR KRRKXR
CRRRE RRRLS
SLIRKES LK
SRS SRS\ )
RoSeSeloto R0 tototote]

9
R 0 O 0 R Turn over »
P 5 6 4 2 3 A 0 9 2 8

PMT



(c) (i) The apparatus in Figure 3 can be used to investigate the temperature rise
produced in a known mass of water when a sample of ethanol is burned.

thermometer

beaker
™~

| —100cm’ of water

wick

ethanol
burner

Figure 3

The first steps of the method are

1. put 100cm’ of water into a beaker

2. determine the mass of the burner containing ethanol
3. measure the initial temperature of the water

4. place the burner under the beaker of water

5. light the wick

Describe the remaining steps of the method that are needed to determine the
mass of ethanol required to raise the temperature of the water by 30 °C.
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(i) In a different experiment, separate samples of the alcohols methanol, ethanol,
propanol, butanol and pentanol were burned to determine the mass of each
alcohol that needs to be burned to raise the temperature of 100 cm’ water by 10°C.

number of carbon atoms | mass of alcohol burned

alcohol . .
in one molecule of alcohol ing

methanol 1 0.37

SRRDIE K
o2
<5

ethanol 2 0.28

propanol 3 0.25

butanol 4 0.23

pentanol 5 0.22

Draw a graph of the mass of each alcohol required to raise the temperature of 100cm’
of water by 10°C against the number of carbon atoms in one molecule of that alcohol.
(3)
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5 (a) Carbon dioxide is one of the gases in the Earth’s atmosphere.
The percentage of carbon dioxide in the Earth’s atmosphere has changed over time.

(i) Which row of the table shows the approximate percentage of carbon dioxide
thought to be in the Earth’s early atmosphere and how this percentage
changed to form the Earth’s atmosphere today?

(1)
approximate percentage change in percentage
of carbon dioxide in the carbon dioxide to form the
Earth’s early atmosphere Earth’s atmosphere today.
] A 5 increased
] B 5 decreased if&’é?ofo
0 C 95 increased §§§§§§.
] D 95 decreased S5
(ii) The actual percentage of carbon dioxide in the Earth’s atmosphere today varies.
Explain two factors that cause the percentage of carbon dioxide in today’s
atmosphere to vary.
(4)
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(b) Carbon dioxide is a simple molecular, covalent compound.
It has a low boiling point of —78.5 °C.

T Explain why carbon dioxide has a low boiling point.
et (2)

(c) Calculate the number of molecules in 0.11 g of carbon dioxide.

{ Give your answer to two significant figures.

(relative formula mass : CO, = 44
Avogadro constant = 6.02 x 10%)
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6 Some of the elements in the periodic table are metals.
(@) The electronic configuration of a metal is 2.8.3

Which row shows the group and period of the periodic table where this metal is found?
(1)

group period
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(b) Lithium, potassium and rubidium are alkali metals.

(i) Describe what you would see when a small piece of rubidium is dropped on
to water.

0
S
i

(ii) The electronic configuration of lithium is 2.1
The electronic configuration of potassium is 2.8.8.1
Lithium is less reactive than potassium.

Explain, in terms of their electronic configurations, why lithium is less reactive
than potassium.

(3)
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(c) Lithium has two naturally occurring isotopes, lithium-6 and lithium-7.

A sample of lithium contains
7.59% of lithium-6
92.41% of lithium-7.

Calculate the relative atomic mass of lithium in this sample.

Give your answer to two decimal places.
You must show your working.

relative atomic mass of lithium =

(Total for Question 6 = 10 marks)
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7 Ethene, CH,, is an unsaturated hydrocarbon.

(@) Explain why ethene is an unsaturated hydrocarbon.

(b) A sample of ethene is burned completely in oxygen.

Write the balanced equation for this reaction.

(c) Ethene can be polymerised to form poly(ethene).

Describe what you would see when a sample of ethene and a sample of
poly(ethene) are shaken with separate, small volumes of bromine water.
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(d) A different hydrocarbon has a relative formula mass of 84.
It has an empirical formula of CH,.

Deduce the molecular formula of this hydrocarbon.

p "»‘:
= L You must show your working.
xS

(relative atomic masses : H=1, C=12)

molecularformula= ... ...

(Total for Question 7 = 11 marks)

IEAEARKAAS
&%ﬁ%ﬁ&ﬁﬁﬁ <
-

AR %

AR
IR
R
KN
AL

000000000000000000000000‘01

QIR IASRIIIIRIICKRIIRX

L

S
LR

EL0RKs

455
CRRLES
X
53955
foe

<

9%
o

o
<

203007020
RRRIRRKSS
10020505
SRS
K
RS

KCRRGEAERRELEARRKY
00500050 %% %% %

%%
K
I IR

XKLL RIREL IR IIRSLA

doSote!

S00eseses
odeseses
SIS,
5K

S
p9ss
055

RS

B
o N N S

R SRR
KRR ARRIHIRIHRRIAR

ZRIKLRRILLERRKLRLKK:
i

X e ot ota St atetetetetotetetetetetetotete!

©
2938
%
1
5
55
2%

IO
KKK
ARER

XX ]

55

X
%

%
o

R
3%
4%
X5

RIXS

OEERK
RRRILRRE
=

2
>
]

CEERKIARK
SRS

¢
Sates

0K
éﬁg

05

IR
S5

SR

'l %

%
K%
D
W
SAAS
KRS

0%
0o
%%

KA

5

292
55
5

292
5
5
255
5

XS
KK
CRIIKL.
SUERHLS
OIS
SRR
RILEREE
IRBE
KK

S
<

X =Py
QR HHHSK I

%4
%

%

So%ode!

oSS
RRIIRKLIEK
OO

XS
‘0‘0‘0‘0‘00000000
O IEIIEELSS
RRIIRLLLRS

.0
X
%
R
KRS
A
&
X
A

J

ol
<

<

X
S’
<

<

XA

17

L
AR O 000 O Turn over »
P 5 6 4 2 3 A 01 7 2 8



PMT

0%
v

5>
355
$558. ™
oot
XRLIRKLR

SRS

SLRRLS

CLLLLKS
St

25
25
RRLRS

o0
SO
S

<X

BLANK PAGE

9%
%
LY
KL
008 v
00‘:‘4 K]

CRIRRRLR

SRR

%

%

SRR
<SRRI AA
’%&%%%’

)
ZKKK
REREKKK

ORKY
S
%

b 1039

L5 50

S
:

QR

R
XA

SRR

'
ISR
SORRKR

0%,
R

%
%
o

o
otolst
%

¢
o208
bl M
LR

&
=
N
o

<
<

<X
0%
5%

%
X
0%

<X

=
e
Sotatololete
SRR
00:‘:’:‘0‘0‘0’0‘0’0"

X

000
2
SRR

5
20K
5

00

%
0924

s
"

X

00008

X
ol
<
<

P 5 6 4 2 3 A 0 1 8 2 8



PMT

.
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S35 8 Calcium carbonate reacts with dilute hydrochloric acid to produce calcium chloride,
SRSLS ..
§§§§§§§ water and carbon dioxide.
0% o )08
B
S CaCO; + 2HCl — CaCl, + H,0 + CO,
SO
=
§§§‘Ei‘j§ (@) A student wanted to measure the amount of gas produced in two minutes.
ot . .
e The student suggested that this could be done by counting the number of
SSEILH o3
Z E%gg:? bubbles formed.

i However, the bubbles are produced too quickly to count them.

SRR

S
e o2 Figure 4 shows a conical flask in which the calcium carbonate and
§§§§3}§§ ‘o dilute hydrochloric acid are reacting.
UM PSS
= 8 .
S S Complete Figure 4 to show the apparatus that could be used to measure accurately
B B8 the volume of gas given off in two minutes.
SR S5
s o (2)
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dilute hydrochloric acid

calcium carbonate

Figure 4

(b) The reaction between calcium carbonate and dilute hydrochloric acid is exothermic.

Explain, in terms of bond breaking and bond making, why some reactions are exothermic.
(3)
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*(c) An investigation was carried out into the rate of reaction of calcium carbonate
with dilute hydrochloric acid.

5.0g of small lumps of calcium carbonate were reacted with 50 cm’ of

0.50 moldm™ hydrochloric acid.

Another 5.0g of the same sized lumps of calcium carbonate were reacted with
50cm’ of 1.0mol dm~ hydrochloric acid.

The volume of gas collected in two minutes was recorded for each experiment.

The two experiments were then repeated, each using 5.0g of large lumps of
calcium carbonate.

Figure 5 shows the results.

hydrochloric acid
in moldm™

small lumps of large lumps of
calcium carbonate | calcium carbonate

0.50 17.2 3.1
1.0 35.1 5.6
Figure 5

Explain, in terms of collision of particles, how these results show the effect of the
size of the lumps of calcium carbonate and the effect of the concentration of the
acid on the rate of this reaction.
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(

9 Fluorine, chlorine, bromine, iodine and astatine are elements in group 7.

(a) Describe the test to show that a gas is chlorine.

(b) Bromine reacts with hydrogen to form hydrogen bromide.
Hydrogen bromide dissolves in water to form a solution.

State the name of the solution formed.
(1)

(c) Thereis a trend in the colour and the state of the halogens at room temperature.

QR
0%

Predict the colour and state of astatine at room temperature.
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( )

10 (a) A sample of potassium carbonate is contaminated with a small amount of
sodium carbonate.
When a flame test is carried out on the sample, a bright yellow flame is seen.

Describe how you could show that potassium and sodium ions are present in this sample.
<

(b) Hydrochloric acid reacts with a solution of sodium carbonate.
2HCl(aq) + Na,COs(aq) — 2NaCl(aq) + CO,(g) + H,O(l)

(3)
Write the ionic equation for this reaction.

J
X

o
RSKE S

% &
N AMKK
SARKEGAERRS

Y

3

OO
':0":0‘ ’0’0{0}02:2 Sotete?
J

Bo%] % %
oo mee%s
0K
RS
G Degaeteset
500K 500K
SRGLRRS SRR
590K KK
SRGLRRS SRR
590K KR
SRR SRS
ELERKK EIZRXK
SRR SRR
LKL LR
0 e 1 S
RIS S
J v
il 3
P e
& ’
SRS,
-4
KR
SO
S -
o 2%
G0
0%
SIS
SIS
&
&5
<
K
Josot
bose!
&5
bosst
.:.‘
KL
&
pose
&K
0,
‘:’t
Bo%ele"
<
&5
K
XX K=
SIS &
osatatel &
> %
Y
0&
=
g )
3
s % S70%%
TRRS LIRS
SRR Jossssssases
LEIRKK LIERXK
SRR R
32':3:3: 32':3:3:
KKK SRS

25

L
AR 0O 000 A 0 Turn over »
P 5 6 4 2 3 A 0 2 5 2 8



PMT

$50K

*(c) A student tests solutions of three ionic substances, K, L and M.
The student carries out the same two tests on each of the three solutions.
Test 1 add dilute nitric acid and then silver nitrate solution.
Test 2 add a few drops of sodium hydroxide solution and warm the mixture.

Figure 7 shows the results of the tests and the student’s conclusions about the
identity of each substance.

XXX
g&ﬁﬁggdf !
ST

ionic substance test 1 test 2 student’s conclusion
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e e
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R85

K white precipitate | colourless solution | ammonium chloride

%
5

s
Rototoses
Jogese

1%
&

L white precipitate | white precipitate aluminium chloride

M no precipitate green precipitate iron(ll) sulfate

Figure 7

0
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None of the student’s conclusions are fully justified.

Explain which part of each conclusion is justified and what further work can be
carried out to fully justify each conclusion.
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The periodic table of the elements
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* The elements with atomic numbers from 58 to 71 are omitted from this part of the periodic table.

The relative atomic masses of copper and chlorine have not been rounded to the nearest whole number.
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