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SECTIONA
Answer ALL the questions in this section.
You should aim to spend no more than 20 minutes on this section.

For each question, select one answer from A to D and put a cross in the box X.
If you change your mind, put a line through the box $¢ and then mark your new answer with
a cross X.

1 What is the empirical formula of butane?
0 A CHy
[ B GCHs
[J € CH,s
[J D GHasz

(Total for Question 1 = 1 mark)

2 When zinc is added to copper(ll) sulfate solution, copper is formed.

(@) Which of these is the best name for this type of reaction?

addition

displacement

O O o o

A
B
C neutralisation
D

substitution

(b) Which is the ionic half-equation for a process that takes place during this reaction?
Cu+e > Cu*
Cu"+e > Cu

A
B
C ZIn—>Zn"+e
D

O O o o

Zn — Zn*" + 2e”

(Total for Question 2 = 2 marks)
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3 How many molecules are there in 44.0 g of carbon monoxide?

LTA
[IB
tlc
LID

4 A compound has M, = 84 and its composition by mass is 71.4 % carbon, 9.6 % hydrogen
and 19.0% oxygen.

3.83 x 10%
6.02 x 10*
9.46 x 10%

1.89 x 10*

Avogadro constant L =6.02 x 10”°mol™
A/ values: C=12.0 0=16.0

(Total for Question 3 = 1 mark)

What is the molecular formula of this compound?

LTA
1B
Jc
LID

C4Hs0,
C4H,0,
GHgO

CeH100

[A values: H=1.0 C=120 0=16.0]

(Total for Question 4 = 1 mark)

5 The formula of barium chloride is BaCl..

Which is correct for barium chloride?

LTA
LB
tlc
LID

[A, values: Ba=137.3 Cl=355]

barium chloride exists as a molecule

barium chloride is a compound

the empirical formula of barium chloride is BaCl

the M, of barium chloride is 172.8

(Total for Question 5 = 1 mark)
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7

6 The mass spectrum of a sample of an element is shown.

Relative
abundance

50

40

30

20

10

20

30 40 50
m/z

(@) What is the A, of the element?

O 0O O O
O N @ >

42.0
48.0
63.6
64.0

60 70

(1

(b) Which species could be responsible for the peak at m/z = 32.5?

O 0o o o

A
B
C
D

3ZS+
63Cu2+

65Cu2+

98TC3+

(1

(Total for Question 6 = 2 marks)
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7 What is the molecular formula of the compound shown?

@ OH

1A GHO,
1B CH0,
Jc CH,.O,
0D CHO,

(Total for Question 7 = 1 mark)

8 A sequence of four molecules is shown.

HO HO HO HO

K AEIR KRN 00
NN NN
<X 3 J
o <)
5%

<
o
Y
508
%

X (@) What is the molecular formula for the fifth molecule in this sequence?
(1)
J A CH,O
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S

e (1)
Sas [0 A functional group

oy [ B homologous series

SE [1 € homolytic series

% [] D skeletal formulae

S (Total for Question 8 = 2 marks)
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r

9 Which ion does not have the electronic configuration shown?

NN NN NN NN
1s 2s 2p 3s 3p

0 A K
0 B Ca*
0 C T
0 D Sc*

(Total for Question 9 = 1 mark)

10 What is the electronic configuration of the nitride ion, N*"?
O A 15°2s°
[0 B 1s°2s°2p°
0 C 1s°2s°2p*
[0 D 1s°2s°2p°

(Total for Question 10 = 1 mark)

11 Which of these ions has the smallest ionic radius?
O A AP
O B Ga**
0 € Mg*
0 DF

(Total for Question 11 = 1 mark)
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12 What is the percentage atom economy, by mass, for the production of hydrogen in
the reaction shown?

CH, + H,0 — CO + 3H,

[A values: H=1.00 C=12.0 O=16.0]
[JA 88%

1B 17.6%

[JC 214%

1D 824%

(Total for Question 12 = 1 mark)

13 How many lone pairs of electrons are there in the outer shell of the sulfur atom in a
molecule of H,S?

[LJA zero
1B one
[JC two
[ D four

(Total for Question 13 = 1 mark)

14 Which equation represents the third ionisation energy for element J?
OA Jg) =g +e
OB g —J*(g) +e
OC Jg) — g +e
O D Jg) — F(g) +3e

(Total for Question 14 = 1 mark)

15 In which sequence are the molecules in order of decreasing bond angle?
[J A BeCl,>BCl; > CH,
[1 B BeCl, > NH; > CH,
[J C CH,> BCl; > BeCl,
[J D CH,> NH; > BeCl,

(Total for Question 15 = 1 mark)
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16 Which pair of ions will form the compound with the most covalent character?
[J A Lifand I
[J B Na"andBr
[J € KandCI®
[J D Rb"andF~

(Total for Question 16 = 1 mark)

17 Which diagram best represents the electron density in a molecule of hydrogen chloride?

DA@Q

1] C

(Total for Question 17 = 1 mark)

TOTAL FOR SECTION A =20 MARKS
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SECTION B
Answer ALL the questions. Write your answers in the spaces provided.

18 This question is about the structure of atoms.

(a) State what is meant by the term orbital.

(b) State the shape of an s orbital and the shape of a p orbital.

(c) Describe what can be deduced about the electronic structure of sodium from its
successive ionisation energies.
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(d) (i

) The log of the fourth ionisation energy for six elements is shown in the table.

Element

log,, (fourth ionisation energy / kJmol™)

3.87

3.92

Ne

3.97

Na

Mg

4.02

Al

4.06

Plot a graph of these data.

(3)

10
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(ii) Use your graph to estimate the fourth ionisation energy for sodium, in kJmol™.
(1)

(iii) Suggest why the fourth ionisation energies of neon and sodium are similar
in magnitude even though the elements are in different periods of the
Periodic Table.

(Total for Question 18 = 11 marks)
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19 This question is about the compound ammonium dichromate(VI), (NH,),Cr,0,.

(@) (NH,),Cr,0; breaks down at around 180 °C, producing an oxide of chromium,
nitrogen and water as the only products.

(i) Write an equation for the reaction.
State symbols are not required.

(2)
(i) Give a name for this type of reaction.
(1)
(b) When 0.00100 mol of ammonium dichromate(VI) was heated, 25.2cm’ of
nitrogen gas, measured at laboratory temperature, was formed.
Calculate the temperature in the laboratory, in degrees Celsius, using the ideal gas
equation. Use atmospheric pressure = 101 kPa.
[pV=nRT R=8.31Jmol" K]
(4)
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(c) (i) Draw a dot-and-cross diagram of the ammonium ion.

Use dots () for the nitrogen electrons and crosses (x) for the hydrogen electrons.
(2)

(i) Explain the shape of the ammonium ion using electron-pair repulsion theory.
(2)

13
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(d) Ammonium dichromate(VI) comes with several warnings on its packaging.

This compound is toxic when inhaled and by passing through the skin.
Handle with extreme caution.

Contact can irritate and burn the skin and eyes, with possible eye damage.
Inhaling can irritate the nose and throat.

Ammonium dichromate(VI) is a strong oxidiser that enhances the combustion
of other substances.

(i) Some of the symbols shown are used for ammonium dichromate(VI).

Identify the symbols for ammonium dichromate(VI) by placing a tick (v/) in
the box under each relevant symbol.
(2)

(i) Suggest why ammonium dichromate(VI) is not stored in the same cupboard
as alkanes.
(1)

(Total for Question 19 = 14 marks)
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20 This question is about polymers.

(a) Plastic bags can be made from poly(lactic acid) (PLA), which is biodegradable.
Lactic acid is obtained from corn.
An equation for the polymerisation of lactic acid is shown.

CH;

OH — + nH,0

n HO

0]
o n

(i) Write a balanced equation for the polymerisation of propene using
displayed formulae.
(2)

K AEIR KRN 00
NN NN
<X 3 J
o <)
5%

= (i) Give one difference between the polymerisation of propene and that of lactic acid.
(1)
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iii) State the meaning of the term biodegradable.
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(iv) Give three advantages of biodegradable polymers.

(b) Isoprene is used to make synthetic rubber. The skeletal formula for isoprene is shown.

7 N

(i) State why isoprene does not have geometric isomers.

(ii) A related molecule does show geometric isomerism.

Z N

Draw the geometric isomer of this molecule.

(1)
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oo . . . .. .
s (iii) Give a reason why a double bond may result in geometric isomerism.
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(Total for Question 20 = 10 marks)
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21 This question is about the liquids cyclohexene, C¢H,,, and bromine, Br,.

cyclohexene

(a) Calculate the volume, in cm?, of 0.0300 mol of cyclohexene.
Give your answer to an appropriate number of significant figures.
You must show your working.

Data A, values: H=10 C=12.0
Density of cyclohexene = 0.811gcm™
(2)

(b) Bromine reacts with cyclohexene.

(i) State the colour change when an excess of cyclohexene is added to liquid bromine.
(2)
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PMT

(i) This reaction is very similar to the reaction of ethene with bromine.

Draw the mechanism for this reaction of cyclohexene with bromine.
Include curly arrows, and any relevant dipoles and lone pairs.
(4)

a5

:&a&&.

SRR
e

L q &’0‘0

=
bevint

%%
L

000.000
XXX
SN

%
s

<
4

14
< X ¥ >
XS
Q&

KX

58

ORI
CRRIHRAAREKLRRS
e SN,
K<Y §
0%
<

K55

AR
fotaretetete
o
va
%
ot

<
32
9¢!
N
0t

J¢
LRI
RREK

O

X
)N
AN

SRS

%

<
N
RRLAR
KRS
OSSR
RRRERRKERRS

QRIS

S t0eele!
K
QRS

HRERRKRRERKKS

o%
RS
RS

550
CELRRS

KK
L

S0X
8RS

%

(0%~ %
00 o%%
SRR
.:.0&0.0
SOMRES,
L@ 3¢

XK
SHRRIGLRK
AN
KN
N AN
RS

X KK
%%
K
S

0 o0 0%
g@@%&
LXK
R
&5&&&
SRRES

19

T



(c) Bromine vapour in the atmosphere can cause irritation to the eyes at a
concentration of 1.1 ppm and to the lungs at a concentration of 10 ppm.

(i) State the meaning of ppm.

(ii) A sample of 3.25cm’ of bromine vapour leaks into a laboratory.

Calculate the minimum volume, in dm?, of the laboratory for the resulting
concentration of bromine to be at a safe level.

(3)

(d) Because bromine is so hazardous it is usually used in the laboratory in
aqueous solution.
A sample of bromine reacts with exactly 0.0300 mol of cyclohexene.

Calculate the minimum volume of water needed to completely dissolve this
sample of bromine at room temperature.

Data A, value: Br=799
Concentration of bromine in water at room temperature = 35gdm™

(3)

(Total for Question 21 = 15 marks)
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22 In the upper atmosphere, ozone can react with halogens and with
halogen-containing compounds, such as molecule X.

H dl
i
i a
molecule X

(@) Name molecule X.

(1)
(b) The C—Cl bond undergoes homolytic fission in the upper atmosphere.
(i) State the essential condition necessary for this process.
(1)
(i) Write an equation for this fission in molecule X.
Include curly half-arrows.
(2)

(i) Write an equation for the reaction of a chlorine free radical with a molecule of X.
Curly half-arrows are not required.

(2)
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(iv) Write an equation, using displayed formulae, for a free radical formed in this
sequence to give a molecule with the formula C,H,Cl,.

(2)

(v) State the type of reaction occurring in (b)(iv) and the name of the product
with the formula C,H,Cl;.

(2)

(Total for Question 22 = 10 marks)

TOTAL FOR SECTION B = 60 MARKS
TOTAL FOR PAPER = 80 MARKS
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