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Instructions

® Use black ink or ball-point pen.

® Fillin the boxes at the top of this page with your name,
centre number and learner registration number.

® Answer all questions.

® Answer the questions in the spaces provided
— there may be more space than you need.

Information

® The exam comprises three papers worth 40 marks each:
- Section A: Organs and systems (Biology)
— Section B: Properties and uses of substances (Chemistry)
- Section C: Thermal physics, materials and fluids (Physics).
® The total mark for this exam is 120.
® The marks for each question are shown in brackets
— use this as a guide as to how much time to spend on each question.
® The periodic table of elements can be found at the back of this paper.

Advice

® Read each question carefully before you start to answer it.
® Try to answer every question.
® Check your answers if you have time at the end.
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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 Titanium can be manufactured from titanium(lV) oxide in two main stages.

The stages in the process are shown in Figure 1.
TiO,

@ — Rea:tor
cl, )

NaCl
Figure 1
(a) Identify substance Q shown entering Reactor 1.
(1)
— [J] A argon
— [J B carbon
— [J € chlorine
—— [ D oxygen
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( )
(b) The reaction that takes place in Reactor 2 is:
TiCl, + 4Na — 4NaCl + Ti
Identify the role of sodium in this reaction.
(1)
L[] A It catalyses the reaction.
[l B It neutralises the titanium(IV) chloride.
[J € Itreduces the titanium(lV) chloride.
[J D Itstops reactions with gases in the air.
(c) Sodium chloride is produced in Reactor 2.
Electrolysis of sodium chloride produces chlorine.
(i) Describe how the electrolysis of sodium chloride produces chlorine.
(4)
\ y,
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( )
(ii) Electrolysis can also be used to extract sodium from sodium chloride.
Using electrolysis to obtain titanium from titanium chloride is more difficult. o <
o sk
Figure 2a shows the reaction profile diagram for the extraction of titanium Z: 'é
by electrolysis. 3 S.’f’
= CF
Figure 2b shows the reaction profile diagram for the extraction of sodium 5 2 Sz
by electrolysis. Mmoo
= E
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Tt Q
enthalpy enthalpy B2 20
progress of reaction progress of reaction _
Figure 2a Figure 2b %
Explain, using Figures 2a and 2b, why extracting titanium by electrolysis is 290
orre . . . z <
more difficult than extracting sodium by electrolysis. SO :
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2 Alearner investigated the temperature change when hydrochloric acid was added to
a solution of sodium hydroxide.

(@) The initial temperature recorded was 15.0°C.
The temperature change recorded was 3.4°C.
The learner found that the reaction was exothermic.

(i) Calculate the final temperature.
(1)

final temperature = ...

(ii) On the Kelvin scale of temperature, 0.0K is —273.2°C.

Give the final temperature in Kelvin (K), using your answer to 2(a)(i).
(1)

final temperature = ...

J
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(b) (i) The learner added 25cm® of hydrochloric acid to 25 cm’ of sodium
hydroxide solution.

The temperature change was 3.4°C.

The equation for enthalpy change (Q) is:
Q=mcAT

c=4.18Jg'°C"

(assume 1cm’=1q)

Calculate the enthalpy change for this reaction.
(3)
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(i) The value calculated in (b)(i) is not a standard enthalpy change.

Give two reasons why.
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(Total for Question 2 = 7 marks)
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3 (a) Alkanes are hydrocarbons that have the general formula C H,, .,

Write the molecular formula for an alkane with 16 carbon atoms.

(b) One alkane has the molecular formula C,H,,
Table 1 shows the two isomers of C,H,,

Complete Table 1 with the name of isomer V and the structural formula of
isomer W.
(2)

"DONOTWRITEINTHISAREA

isomer name structural formula

W methylpropane
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Table 1
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(c) C,H,,molecules react with halogens.
This type of reaction is called a free radical substitution.

(i) Complete Sentence 1 to give a definition of a free radical.
(1)

A free radical is a species with an unpaired ... .

Sentence 1
(i) The free radical substitution of C,H,,with bromine begins with an initiation step.
The initiation step for the reaction is:
Br-Br — Br- + Bre

Identify the type of bond fission shown in the initiation step.
(1)
L]

A
[0 B electrophilic
0 c
[J D homolytic

asymmetric

heterolytic

(i) The two propagation steps for the reaction are shown in Table 2.

Bre + C4Hm—> X + Y

propagation steps

Y + Z- C4HgBr + Bre

Table 2

Give the formula of X, Y and Z shown in Table 2.

p 6 7 5 0 7 R A 0 8 1 6

VIV SIHL NI SLIHM LON 0G

//

- VAUV SIHINIILEIM ION OG-

<
d
<L
=
ks
=
=
O
=
-

N THIS

OO

O

S
=
§
5
=
5
e




X/

Ko

&

KK

f SIHL NI 31I8M LON O
DO NOTWRITE IN THIS AREA

QXK

S

R R R R R R R R LR R RREERRRRRLERREE

 DONOTWRITEINTHISAREA

-~ DONOTWRITE

(iv) The reaction ends with a termination step.

State what happens to the free radicals in a termination step.

(d) C,H,, is a gas at room temperature.
CgH,s is another alkane but is a liquid at room temperature.

Explain why C,H,, is a gas but C;H,, is a liquid at room temperature.

(Total for Question 3 = 12 marks)
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e ) B
4 A carbon atom must hybridise its outer s and p orbitals before the atom can form :
covalent bonds. S
(a) Table 3 shows diagrams of the orbitals for sp and sp’ hybridisation. i = S~
S e
Draw a diagram in Table 3 to show the orbitals in sp? hybridisation, including the 3/3 i
bond angle. :%i \;:E\
(2) S &
s ig\
o g q Q q \E\ S
hybridisation diagram of orbitals S % g 5
\qQ g
180° il

sp g ? § 3
C . X :

sp’ C

109.5°
sp’ C
Table 3
L
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(b) Table 4 shows the number of electrons in the orbitals for sp* and sp? hybridised
carbon atoms.

() Complete Table 4 to show the number of electrons in an sp hybridised
carbon atom.

(1)

number of electrons  number of electrons
in 2p orbitals in hybrid orbitals

sp> hybridised carbon 0 4

sp” hybridised carbon 1 3

DO NOTWRITE IN THIS AREA

sp hybridised carbon

Table 4
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(ii) Hybridisation can also be shown using electron-in-box diagrams.

Figure 3 shows the electron-in-box diagrams for sp* and sp? hybridisation.

sp? hybridisation sp? hybridisation

2 T
hybrid orbitals (I P

Figure 3
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Explain why sp? hybridisation can only form single bonds but sp? hybridisation o s
can form double bonds and single bonds. 0SS s

You should refer to Figure 3 to support your answer.
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5 Figure 4 shows how C, H,, can be cracked to form two products.

CH,CH,CH,CH_CH,CH,CH.CH.CH.CH,

CH,CH,CH_CH,CH,CH_CH CH, CH,=CH

2

Figure 4
Discuss the commercial importance of this reaction and of the two products.
Your answer should include the:
« purpose of the reaction shown in Figure 4
uses of the two products

equations that show the use of the two products.
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