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PART 1

In questions 1 to 40 of this part of the paper, an answer is given by indicating the choice A, B, Cor D
by a stroke made in INK in the appropriate place in Part 1 of the answer sheet—see the sample
question below.

For each question there is only ONE correct answer.

This part of the paper is worth 40 marks.

SAMPLE QUESTION
To show that the ink in a ball-pen consists of a mixture of dyes, the method of separation would be
A fractional distillation
B chromatography
C fractional crystallisation
D filtration.
The correct answer is B—chromatography. A heavy vertical line should be drawn joining the two dots in
the appropriate box in the column headed B as shown in the example on the answer sheet.

If after you have recorded your answer you decide that you have made an error and wish to make a change,
you should cancel the original answer and put a vertical stroke in the box you now consider to be correct.
Thus, if you want to change an answer D to an answer B, your answer sheet would look like this:

A B C
If you want to change back to an answer which has already been scored out, you should enter a tick (v') to
the RIGHT of the box of your choice, thus:

D

=

B D

0E00-0B4
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Which compound contains both a halide ion
and a transition metal ion?

A Ironoxide
Potassium permanganate

B
C Nickel bromide
D Copper iodate

A part of the molecular structure for PTFE is
shown.

F F F F
o
—C—C —-Cc—C—
[
F F F F
This is classed as a
A synthetic addition polymer
synthetic condensation polymer

B
C natural condensation polymer
D

natural addition polymer.

Four metals W, X, Y and Z and their

compounds were tested as described.

(i) Only X, Y and Z reacted with dilute
hydrochloric acid.

(i) The oxides of W, X and Y were reduced
to the metal when heated with carbon
powder. The oxide of Z did not react.

(111} A displacement reaction occurred when X
was added to an aqueous solution of the
nitrate of Y.

The correct order of reactivity of these metals
(most reactive first) is

A WYX, Z
B W,XY,Z
C Z,X,Y,W
D Z,Y,X W.

What is the amount of iron(II) ions in 40 cm®
of 0-1 mol 17" iron(II) sulphate solution?

A 01 mol
B 0-01 mol
C 0:04 mol
D 0-004 mol

Page three

The graph shows the volume of hydrogen
given off against time when an excess of
magnesium ribbon is added to 100 cm’ of
hydrochloric acid, concentration 1 mol 17, at

20°C.

Volume of H,

T L] L) L] L] 1
Time

Which graph would show the volume of
hydrogen given off when an excess of
magnesium ribbon is added to 50 cm® of
hydrochloric acid of the same concentration at
30°Cy

(The axes all have the same scales as the above
graph.)

A

[Turn over



[0500/301]

9.
>
&0
3
]
[=}
]
=
B
[=}
Q
=
o
¥
Reaction pathway
The activation energy for the reverse reaction
can be represented by
A x
B y
C x+y
D x-y.
The same reaction was carried out at four
different temperatures. The table shows the
times taken for the reaction to occur.
Temperature/°C | 20 30 40 50
10.
Time/s 60 30 14 5
The results show that
A a small rise in temperature results in a
large increase in reaction rate
B the activation energy increases with
increasing temperature
C the rate of the reaction is directly
proportional to the temperature
D the reaction is endothermic. 11.
Which pollutant, produced during internal
combustion in a car engine, is not the result of
incomplete combustion?
A Nitrogen dioxide
B Hydrocarbons
C Carbon
D Carbon monoxide
Page four

When copper carbonate is reacted with excess
acid, carbon dioxide is produced. The curves

shown were obtained under different
conditions.
P
) Q
O
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°
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g
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o
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Time

The change from P to Q could be brought
about by

A increasing the concentration of the acid
B decreasing the mass of copper carbonate

C decreasing the particle size of the copper
carbonate

D adding a catalyst.

Synthesis gas is a mixture of carbon monoxide
and hydrogen.

It can be made by

A fractional distillation of liquid air
B burning coal in excess air

C Dburning natural gas in excess air
D

reacting natural gas with steam.

Which is true of a compound with the
following formula?

CH,CH(OH)CH,

It is a primary alcohol.
It can be oxidised to an aldehyde.

It is a tertiary alcohol.

g o w »

It can be oxidised to a ketone.



12.

13.

14.

Copper(11) oxide (an oxidising agent)
/[ <

Mineral wool +
soaked in
Heat

liquid Q

pH indicator
solution

After heating for several minutes as shown in
the diagram, the pH indicator solution turned
red.

Liquid Q could be
A propanone

B paraffin

C propan—-1-ol
D propan—2-ol.

The gas C,H, is used on an industrial scale in
the manufacture of

A an addition polymer

B acondensation polymer
C bottled gas
D

diesel fuel.

Which process is used to convert methanol to
methanal?

A Ogxidation

B Condensation
C Hydration
D

Hydrogenation

15. What is the amount of oxygen atoms in 0-5 mol
of carbon dioxide?
A 025 mol
B 0:5mol
C 1mol
D 2mol
[0500/301]

16.

17.

18.

19.

20.

Page five

In which of these gaseous reactions is the
volume of products less than the volume of
reactants?

A CH,(g) + 20,(g) ~ CO,(g) + 2H,0(g)
B 2NH,(g) — N,(g) + 3H,(g)

C Hyg) +Cl(g) — 2HCI(g)

D 2CO(g) + O,(g) — 2CO,(g)

Avogadro’s Constant is the same as the

number of

A electrons in 0-5 mol of hydrogen atoms

B atoms in 0-5 mol of chlorine gas

C molecules in 0-5 mol of carbon monoxide
D

ions in 0-5 mol of sodium oxide.

Which statement cannot be true of two atoms
with the same mass number?

A They are isotopes of the same element.

B They have different numbers of protons.
C They have different numbers of neutrons.
D

They are atoms of two different elements.

N,(g) + 20,(g) > 2NO,(g)

How many litres of nitrogen dioxide gas could
theoretically be obtained by sparking 5 litres of
nitrogen gas with 2 litres of oxygen gas?

(All volumes are measured under the same
conditions of temperature and pressure.)

A 2

B
C 4
D

If a steady current of 0-4 A is passed through
silver nitrate solution, concentration 1 mol 17,
for 40 minutes, what amount of silver will be
liberated?

A 0-001 mol
B 0:01 mol
C 01 mol
D 1-0mol

[Turn over



21. Which process is represented by the following equation?

O
|
CH,—O0—C—C,,H, CH,—-OH
9 |
|
CH—-0—-C—-C,H, + 3HO ~» CH-—-OH + 3C,H,,COOH
8 |
|
CH,—O0—C—CH, CH,—OH
A Condensation
B Hydrolysis
C Oxidation
D Dehydration
22. Which of the following is an ester? 24. Which oxide would be a solid at room
temperature (298 K) and a gas at 600 K?
O You may wish to use page 9 of the data
| booklet.
C—H
A @ A Fluorine oxide
B Phosphorus oxide
o C Magnesium oxide
I D Boron oxide
C—CH,
O
o 25. Which compound contains hydride ions?
I A HCI
c C—0O—H B H,0
@ C NH,
D NaH
O
|
C—0—CH,
D
@ 26. Which element has the greatest attraction for
bonding electrons within a bond?
A Caesium
B Oxygen
23. Silicon carbide can be used as C TFluorine
A alubricant D Iodine
B atip for cutting/grinding tools
C a substitute for pencil “lead”
D an electrical conductor.
[0500/301] Page six



27. Which type of bonding can be described as
intermolecular?
A  Covalent
B Hydrogen
C Ionic
D Metallic

28. Which chloride is most likely to be soluble in
tetrachloromethane, CCl,?
A Barium chloride
B Caesium chloride
C Calcium chloride
D Phosphorus chloride

29. Which is the best term to describe aluminum
oxide?

A Acidic

B Amphoteric
C Basic

D Neutral

30. Which of these processes can be described as
an enthalpy of formation?

A CHy(g) +Hyg) — C,Hyg)
B 2C(s)+3H(g) — C,H(g)
C 2C(g) +6H(g) — C,H(g)
D C,Hyg)+ 2H(g) — C,H,(g)

31. The mean bond enthalpy of the N-H bond is
equal to one third of the value of AH for which
change?

A N(g) + 3H(g) — NH,(g)

B Ny(g) + 3H,(g) — 2NH,(g)

C IN,(g+1:H)(g) — NHy(g)

D 2NH,(g) + 110,(2) = Ny(g) + 3H,0(e)

[0500/301]

32.

33.

34.

35.
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For which of these processes does the enthalpy
change have a negative sign?

A K@ -Kigte
B K(s) — K(g)

C Cl(g)+e - Cl(g)

D Cl(g) —2Cl(g)

The table shows the enthalpies of combustion
(AH)) and formation (AH,) for ethene and
ethane.

Compound AH, AH,
Ethene AH, AH,
Ethane AH, AH,

The enthalpy change for the reaction
C,H (g) + Hy(g) > C,H(g) is

A AH,-AH,
B AH,-AH,
C AH,-AH,
D AH,-AH,.

The enthalpy of solution of an ionic salt is
numerically equal to the difference between
the enthalpies of

A hydration and lattice-breaking

B neutralisation and hydration

C lattice-breaking and electron gain
D

electron gain and neutralisation.

2NO(g) + 0,(g) == 2NO\(g)
AH = -560 k] mol™

Which two conditions favour the formation of
NO,?

A High temperature, high pressure
B High temperature, low pressure

C Low temperature, high pressure
D

Low temperature, low pressure

[Turn over



36.

37.

38.

39.
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A fully dissociated acid is progressively diluted
by the addition of water.

Which of the following will increase with
increasing dilution?

A The pH value

B The electrical conductivity

C The rate of its reaction with chalk
D

The volume of alkali which it will
neutralise

The concentration of OH7(aq) ions in a
solution is 01 mol17".

What is the pH of the solution?

A 8
B 13
C 14
D 15

When some zinc pellets containing radioactive
zinc are placed in a solution of zinc chloride,
radioactivity soon appears in the solution.
Compared with that of the pellets, the half-life
of the radioactive solution will be

A shorter

B the same

C longer

D dependent upon how long the zinc is in

contact with the solution.

Which of the following particles will be formed
when an atom of zggBi loses an alpha particle
and the decay product then loses a beta
particle?

A MAu
B ‘gHg
c
D ‘UPb

40. The chart below was obtained from an 8-day
old sample of an a-emitting radioisotope.

100
90
80
70
60
50
40
30
20
10

0

abundance (%)

196 200

mass number

What is the half-life of the radioisotope?

A 2days
B 4 days
‘C  8days
D 12 days

Page eight
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PART 2
In questions 41 to 48 of this part of the paper, an answer is given by circling the appropriate letter (or
letters) in the answer grids provided on Part 2 of the answer sheet.
In some questions, two or more letters are required for full marks.
If more than the correct number of answers is given, marks will be deducted.
In some cases the number of correct responses is NOT identified in the question.
This part of the paper is worth 20 marks.

SAMPLE QUESTION
A B C
CH, H, CO;
' D | E F
CO C,Hs N,

(a) Identify the diatomic compound(s).

A B C

| E | F

The one correct answer to part (@) is D. This should be circled.

() Ildentify the two substances which burn to produce both carbon dioxide and water.

@%B C
D%@ F

As indicated in this question, there are two correct answers to part (b). These are A and E.

Both answers are circled.

(¢) Identify the substance(s) which can not be used as a fuel.

Al B ©
I |

D E ®

There are two correct answers to part (¢). These are C and F.

—

Both answers are circled.

If, after you have recorded your answer, you decide that you have made an error and wish to make a change,
you should cancel the original answer and circle the answer you now consider to be correct. Thus, in part (a), if
you want to change an answer D to an answer A, your answer sheet would look like this:

@ B | C

% E F

If you want to change back to an answer which has already been scored out, you should enter a tick (v) in the
box of the answer of your choice, thus:
AREE

AR

[0500/301] Page nine [Turn over




41.
Al o om B ] c ]
N O H
C N /
HOCH,CH,OH C—C—N
/ | AN
HO CH, H
D COOH E F o CH,
N\
C,H,NH, C
COOH ©
(a) Identify the molecule which could be produced when a protein is hydrolysed.
(b) Identify the two molecules which contain the carboxyl group.
(¢) Identify the two molecules which could be used to make polyester.
42. I‘|I I‘|I process 1 H\ H process 2 III I_|I
H—-—C—C—H —> C=C —> H—C—C—OH
| / AN b
H H H H H H
A | B | c |
condensation cracking dehydration
D | _E | E
hydration hydrolysis oxidation
(a) Identify process 1.
(b) Identify process 2.
43.
A B €
H H 0] H H O H H H
7 ol |
H—-—C—-C—-C H—-—C—-—C—C—H H—-—C—C—C—OH
| AN I I
H H OH H H H H H
D | E | | F |
' Py [ Trwe wwy
| | |
H—-C—-—C—C—H Hﬁ(|3—(|J—CI—H H—C—(IJ—C—O—(|J—$—(|Z—H
| |
O H H OH H H H H H H
(a) Identify the two compounds which would react to produce the compound shown in box F.
(b) Identify the alkanone.
(¢) Identify the two compounds which can be oxidised to produce the compound shown in box A.
[0500/301] Page ten




44, 'The results of three reactions are plotted on the graph.

A

Volume of
hydrogen/cm®

111

Time/min

Curve I shows the results for the reaction of excess zinc with 100 cm® of 0-2 moll™ sulphuric acid.

A

Excess copper

KN

Excess magnesium

¢ ]

Excess iron

D]

50 cm® of 0-2 moll™

sulphuric acid

|

100cm® of 0-2 moll™
sulphuric acid

F |

200 cm® of 0-2 moll™

sulphuric acid

(a) Identify the two chemicals which would react to give the results shown by curve II.

(b) Identify the two chemicals which would react to give the results shown by curve I11.

45.

A |

CH,NH,(g)

B |

CH,(g)

c |

PCL, (2)

D |

Na,O (s)

£

NaCl (s)

7]

Si 0, (s)

(a) Identify the compound which reacts with water to form an acidic gas.

(b) Identify the compound which exists as a covalent network.

(¢} Identify the compound(s) which would form an alkaline solution in water.

[0500/301]
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46. Identify the statement(s) which would describe a trend in the Periodic Table.

The metallic bond strengths decrease down Group 1.

The first ionisation energies decrease from sodium to argon.

The numbers of electrons in the outer energy levels increase from lithium to neon.

The covalent radii increase from lithium to fluorine.

ml|lola|w|»

The strengths of the Van der Waal’s forces decrease down Group 0.

47. 0-2 mol of CuSO, and 0-1 mol of Na,SO, were dissolved in water and the solution made up to 500 cm’.

Identify the true statement(s).

The solution contained 0-1 mol of sodium 1ons.

The solution contained equal numbers of copper(11) and sodium ions.

The solution contained equal numbers of positive and negative ions.

The concentration of copper(11) ions in the solution is 0-4 mol I™".

m|lOo|la|lw|»

The concentration of sulphate ions in the solution is 0-8 mol I'".

48. Benzene is an important feedstock.

Identify the statement(s) which can not be applied to benzene.

It is the simplest aromatic hydrocarbon.

It can be obtained by the distillation of coal tar.

It quickly decolourises bromine solution.

It can be obtained from naphtha.

It has the same empirical (simplest) formula as ethene.

Mmoo |O|la|w |»

It contains delocalised electrons.

[END OF QUESTION PAPER]
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1. 'The graph below shows how the concentration of a reactant and product change

during the course of a reaction.
0 T i '
= 07
£
-
S 06
B
3 £
a T mER
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1S
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< 0-4 aa=
‘g Product 5
g &
w 03 =
Q T
g R T =
2 02 / eactant H
o}
L]
S
§
o 01
5 ~
o i i e

0 10 20 30 40 50 60
Time/s
(a) Calculate the average rate of reaction over the first 15 s.
|
1
(6) After time T, the concentrations of reactant and product remain constant.
What does this indicate about the reaction?
1
(2)
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2. Fats and oils are naturally occurring esters of fatty acids and glycerol.
(@) (1) Why do oils tend to have lower melting points than fats?
1
(11) Draw the full structural formula for glycerol.
1
(6) The full structural formula for an ester found in pineapples is shown.
H H H O H H
I o
H-C—C—C—C—0—C—C—H
o .
_ H H H H H
(1) Name the ester.
1
(1) What would be observed if this ester was added to water?
1
“4)

[0500/302] Page three [Turn over



3.

[0500/302]

(@) The table shows the abundances of the naturally occurring isotopes of

strontium.

Isotope | Abundance/%
#Sr 0-5
%Sr 9-9
¥Sr 7:0
%¥Sr | 82-6

Calculate the relative atomic mass of strontium.

(Show your working clearly.)

(b) Strontium-90 is a radioisotope which decays by beta emission, It can be used
in thickness gauges to measure steel up to a thickness of 0-2 cm.

(i) Write a balanced nuclear equation for the decay of strontium-90.

(i1) Name the type of radiation which could be used to measure steel up to

5 cm thick.

Page four
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4. Titanium(IV) oxide is used as a white pigment in paint. It is extracted from the
ore ilmenite by reaction with sulphuric acid.
(@) Write the formula for titanium(I'V) oxide.
1
(6) Titanium(IV) oxide is an amphoteric oxide.
What is meant by an amphoteric oxide?
1
(¢) The effluent from the factory which makes the oxide was found to have an
H*(aq) concentration of 0-001 mol I"!.
State the pH of the effluent.
1
3)
5. Some of the molecules in water are dissociated, giving the equilibrium:
H,0(¢) == H'(aq) + OH(aq)
(@) State the concentration of hydrogen ions in pure water.
1
() When sodium carbonate dissolves in water, the pH increases.
Explain this change.
2
3)

[0500/302] Page five [Turn over



6.

Part of a workcard 1s shown.

WORKCARD

To find the number of coulombs required to deposit one mole of nickel
from a solution containing Ni?*(aq)

D.C. supply
®

Variable resistor

Nickel Copper

Solution containing Ni?*(aq)

. Assemble the apparatus as shown. (DO NOT SWITCH ON.)

. Set the voltage to 6V D.C.

. Switch on and adjust the variable resistor to give a current of 0-5 A.
. Switch off.

PrWN =

[0500/302]

/\/-—\’\/\/\/‘

(a) Describe fully what should be done before switching the current back on
again.
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6. (continued)
(b)) Why must a D.C. supply be used?
1
(¢) A pupil carrying out this experiment found that 0-23 g of nickel was deposited
on the copper electrode.
For how long did the pupil pass the current through the solution?
3
(6)
[Turn over
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7. The graph shows the boiling points of the Group 6 hydrides.
500
y = Ho |
S 400 HeeE -
=
5 £ J: H2Te
Q [T T |
'é” 300 $H T H,S H H,Se
m? 200 1]
100
0 ""‘ e i L %1:
Period
(a) Explain why the boiling points increase from H,S to H, Te. ~
2
(b)) Why does H,O have an unusually high boiling point compared to the other
Group 6 hydrides?
—
1
(3)

[0500/302] Page eight
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8. A simplified diagram of a portable hair curler is shown.
Catalyst spread out
on silica wool
MINEE=——e
....... — ‘
10 |
Gas flows into Pressurised butane gas
combustion area in handle
The catalyst is heated electrically. Butane gas then passes over the catalyst where it
reacts with oxygen from the air. The tongs remain hot until the gas is switched off.
(a) Although the catalyst has to be kept hot, the electrical heater can be switched
off after the reaction has started.
Suggest why this is possible.
1
() Name the type of catalysis taking place.
1
{(¢) Why is the catalyst spread out?
1
(d) Balance the equation for the combustion of butane.
CH, (g) + 0O,(g) — CO,(g) + H,O()
1
4)

[0500/302] Page nine [Turn over
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9. (a) Dilute hydrochloric acid reacts with sodium thiosulphate solution producing

[0500/302]

sulphur.

Na,5,0,(aq) + 2HCl(aq) — 2NaCl(aq) + SO,(g) + S(s) + H,O(f)

5 cm? acid

200 cm? sodium thiosulphate solution

The sulphur produced slowly
obscures the cross on the card
beneath the beaker.

Card

You are given
0-2 mol I'! sodium thiosulphate solution,
0-1 mol I'* hydrochloric acid,
any laboratory equipment you require.

Describe fully how you would investigate the effect on the reaction rate of
varying the concentration of sodium thiosulphate solution.

Page ten
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9. (continued)
(b) The graph shows the effect of temperature on the rate of reaction when 5 cm’
of 0-1 mol I'! hydrochloric acid is added to 200 cm® of 0-2 mol 1" sodium
thiosulphate solution.
0-08
0-07
_ 006 g
= 005
5]
I
X004
0-03 $535ci i
"
0-02 3
0-01 c5c: e
0 10 20 30 40 50 60
Temperature/°C
(i) For how long was the reaction at 37 °C timed?
(Show your working clearly.)
1
(i1)) Continue the graph to predict the rate at 52 °C.
1
“4)
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10. (a) The table shows the enthalpies of lattice breaking for some alkali metal
halides in kilojoules per mole.

Ions F~ Cl- Br~
Li* 1022 846 800
Na* 902 771 733
K* 801 701 670

Write a general statement linking enthalpy of lattice breaking to ion size.

(6) Hess’s Law can be used to calculate the enthalpy of lattice breaking.

Enthalpy change AH/k] mol™
1 | RbCI(s) - Rb*(aq) + Cl'(aq) +17
| 2 | Rb'(g) » Rb(aq) -301
3 | Cl(g) —» Cl(aq) -364

(i) Name enthalpy change 1.

(i) Calculate the enthalpy of lattice breaking for rubidium chloride.

[0500/302] Page twelve
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11. Diamond and graphite are well known forms of the element carbon. New forms of
pure carbon have recently been made. They exist as individual molecules of
different sizes and are called fullerenes. The main fullerene has the formula C,.
(a) How does the structure of a fullerene differ from that of diamond?
1
(b) Fullerenes were first made by passing a high current of electricity through a
graphite rod in an atmosphere of helium. This caused the graphite to
vaporise.
Suggest why helium gas was used.
1
(¢) Fullerenes can be made into hydrocarbons. One such hydrocarbon has the
formula C, H,,.
Describe a chemical test which could be carried out on a solution of C( H,, to
show whether the hydrocarbon is saturated or unsaturated.
1
3
[Turn over
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12. The following results are taken from the notebook of a pupil who was trying to
confirm Hess’s Law.

E:c?m«xmmc 1 —AM&G\,l-bﬂq, bmmhﬂdmm Aol
Yo B0 em? oL 1 v L-.\'\ﬁdxb‘mm

Na OH (s) ¥ H—Ce—(ac.l? —> NCLCQ(Q[\) * HZO (Q)—\

ﬁWm :503

IMMLWW & RCd(aqy=21-7°C

\QMWMWW 29-9°¢
AT = 8-2C°

Expoumak 2 — Agdition d\,ZScmao\,Zm 1) s
hﬁm DowGon Yo 25%30\72»«.\:&{-' \'\ACXNWW—M

NoLOH(Qq,)a— HCE(%)——* NaCQ(oq/)-\- H20 )

MW"J = 603

IWWWG&,HCQ(W -T, - 21-7°%

Tioar wzrmas\.l\(u()r\(%) T2 =221°C

HVS\HMEWWWM*W = 23-6°C
AT -

(@) (i) Inexperiment 1, calculate which reactant is in excess. Marks

(You must show your working clearly.)
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12. (a) (continued)
(ii) In experiment 1, calculate the enthalpy change during the reaction.
You may wish to use page 7 of the data booklet to help you.
2
() Calculate AT for experiment 2.
1
(¢) Outline a third experiment which would have to be carried out in order to
confirm Hess’s Law.
1
(d) Describe a precaution which should be taken to minimise heat loss during the
experiments.
1
)

[0500/302] Page fifteen [Turn over



Candidate

must not
write in th
margin
Marks
13. The graph below relates the ionic radii of some elements to their atomic numbers.
0-35 5asE] Sasaes: . e
0-30
go-zs -
E H
= 0-20 ;
Il 37,_,_ I
o i
§ 0-15 LO* Hp ‘
0-10 : Na’
Li* s Mg?**
0-05 Be2*
B3
5 10 15 ‘
Atomic number ~T
(@) On the graph, plot the ionic radii you would predict for the ions of the
elements with atomic numbers 13 and 15.
You may wish to refer to a Periodic T'able in the data booklet to help you. 2
(6) 'The value quoted for hydrogen is for the hydride ion (H).
(1) Why is no value quoted for the H* ion?
1
(11) Why is the H ion larger than the Li* ion?
1
(¢) Why is there a large increase in ion size from boron to nitrogen?
1
&)
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14. Aspirin can be made by reacting 2-hydroxybenzenecarboxylic acid with ethanoic
anhydride.
@)
|
C—CH,
COOH CH,C COOH + CH,COOH
+ o —
e
CH,C
A
@)
2-hydroxybenzene— ethanoic aspirin ethanoic
carboxylic acid anhydride acid

(@) Write the molecular formula for aspirin.

(6) Cellulose ethanoate fibres can be made from cellulose in a similar way.

Complete the structure for the unit of cellulose ethanoate.

H O
| 7
H—C—OH CH3C\
O + 3 O
v
CH,C
H o
~ O H 0w
ethanoic
anhydride
OH H
HO H
One glucose unit J(
in cellulose
O
A0 O + 3CH,COOH
One unit of cellulose
ethanoate
1
(2)
[0500/302]
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15. Petrol is a mixture of chemicals.

(@) 'The structural formula for a hydrocarbon found in petrol is:

H H H
N
C=C—C—C—C—H
/ I

H H H H

— T

State the systematic name for this hydrocarbon.

(b) A possible route to another compound found in petrol is:

catalyst
product
X

(i) Name product X.

(i1)) Name the process taking place.

(¢) 2-methylpropan—2-ol is used as an anti-knocking agent in petrol.

Draw the full structural formula for 2-methylpropan—2—ol.
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15. (continued)
(d) Nitrogen oxides are polluting gases which are present in the exhaust mixture
from petrol engines. The production of these gases is not such a problem
with diesel engines.
(1) Explain why this is the case.
2
(i) In a catalytic converter, nitrogen oxides can react with carbon monoxide
to form two non-toxic gases.
Name the two gases.
1
7
[Turn over
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16. Ozone (O,) is formed in the upper atmosphere as described in reactions 1 and 2.
Reaction 1: Diatomic oxygen molecules are split into atoms.
Reaction 2: An oxygen atom reacts with more diatomic oxygen to form ozone.

CFC 12 (CCLF)) is one of a group of chemicals known as CFCs which are thought
to be destroying the ozone layer. A possible sequence of reactions leading to the
breakdown of ozone is outlined in reactions 3 to 6.

Reaction 3: A chlorine atom breaks off from a CFC 12 molecule.

Reaction 4: The chlorine atom reacts with ozone to form diatomic oxygen and a
very reactive species called chlorine oxide (ClO).

Reaction 5: The chlorine oxide reacts with an oxygen atom to form a chlorine
atom and a diatomic oxygen molecule.

Reaction 6: The chlorine atom reacts with more ozone.

(@) Using symbols and formulae, write equations for reactions 2 to 5.
(Reactions 1 and 6 have been done for you.)

Reaction 1: 0,
Reaction 2;
Reaction 3:
Reaction 4:
Reaction 5:
Reaction 6: Cl + O, — ClO + 6]

2

(b) Suggest why it is more likely that a chlorine atom will break off from CCLF,
than a fluorine atom.
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16. (continued)
(¢) HFAs are seen as possible substitutes for CFCs. One such HFA is CF,CH,F.
'The last step in its manufacture is:
F H F H
| |
F—C—C—H(g + H—F@g—F—C—C—H(g) + H—Clg)
] b
F Ci F F
Using the information on page 11 of the data booklet, calculate the total
enthalpy change for the reaction.
(Show your working clearly.)
2
()

[Turn over
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17. The simplified flow diagram shows how methanol can be manufactured from
methane.
methane reactant A
pure synthesis synthesis
methane gas gas
o catalytic catalytic
! ——————| .
purifier reformer compressor converter
methanol
(a) Name a source of methane.
1 |
(b) Suggest why sulphur compounds have to be removed in the purifier.
1
(¢) Name reactant A.
1
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17. (continued)
(d) In the converter, one of the reactions taking place is:
CO(g) + 2H,(g) = CH,OH(g)
methanol
Explain why the gas pressure is increased before the synthesis gas enters the
catalytic converter.
2
(¢) Methanol is a feedstock for the production of methanal.
State an industrial use for methanal.
1
(6)
[Turn over
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18. Fermenting glucose can give different products, depending on the conditions.

GLUCOSE

|

ETHANOL MONOSODIUM GLUTAMATE BIOPOL

(@) (1) Why do alcoholic beverages produced by the fermentation of glucose
have an alcohol content of less than 15%?

(i1)) To meet market demand, ethanol is also produced directly from ethene.

State how this process is carried out industrially.

(b)) Monosodium glutamate is a salt of glutamic acid.

@) H H H @)

N7
c—Cc—C—C—C
/ I A
H—O H H N 0—H

RN
H H

glutamic acid

(i) On the formula for glutamic acid, circle a hydrogen atom which can be
replaced by a sodium ion to form monosodium glutamate.

(11)) Which functional group, other than the acid group, does glutamic acid
contain?
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18. (continued)
(¢) BIOPOL-PHBYV is a recently launched biodegradable polyester.
CH, 0] C,H, 0] CH, 0]
| | | | |
—0—CH—CH,—C—-~0—CH—CH,—C—0—CH—CH,— C—
(1) Suggest why BIOPOL-PHBY can be used for polyester fibres but not
polyester resins.
1
(i1)) The first step in the biodegradation of BIOPOL -PHBYV involves
hydrolysis of the ester linkages giving two similar compounds.
Draw the structure for one of these compounds.
1
(6)

[Turn over
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19.
ISOMERS
|
| |
STRUCTURAL ISOMERS STEREOISOMERS
different shortened same shortened
structural formulae structural formula
|
examples
|
| |
CH,— CH—CH, CH,— CH,—CH, — CH,
|
CH, | |
GEOMETRIC ISOMERS OPTICAL ISOMERS
different geometrical mirror image
arrangement of atoms due molecules due to the
to the presence of a double presence of a chiral
bond carbon atom (an atom
| with four different
atoms or groups
exanl'lples attached)
Br | H H | H
\ / \ /
C—C C=¢C examples
/ \ / \
H Br Br Br
| |
H H
| |
C__ . C
/ N> CH, H,C -/ N\
HOOC OH HO COOH
(a) Draw a structural isomer of 1,2-dibromoethane.
1
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19. (continued)
() Draw the geometric isomers of but-2-ene.
1
(c) Complete the diagram below to show the lightest alkane molecule containing
a chiral carbon atom.
C s
S N
1
3
20. Radon is a radioactive gas found in the air. It contributes to the level of
background radiation.
The volume of radon in a breath of air was calculated to be 1-05 x 10°!° litres.
Calculate the number of radon atoms in this breath.
(Take the volume of one mole of radon gas to be 24-2 litres.)
(Show your working clearly.)
(2)
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21. A pupil calculated the mass of alcohol in a bottle of wine.

Step 1 The alcohol in a 1 cm® sample of the wine was oxidised using acidified

potassium dichromate solution.
21 cm® wine from a pipette

20 em® of 0+1 mol I ) k

acidified potassium ‘
dichromate solution\H —— Water bath
Equation T

16H"(aq) + 2Cr,0,% (aq) + 3C,H,OH(aq) —» 3CH,COOH(aq) + 4Cr’*(aq) + 11H,0(¢) ‘

Step 2 The excess dichromate was then determined by titration. From this,
the amount of dichromate needed to oxidise the alcohol in the 1 cm®
sample of wine was found.

Iron(11) ammonium sulphate

| __— solution, concentration 0-3 mol I

Reaction mixture

Equations

Fe* (aq) — Fe'*(aq) +e

14H*(aq) + Cr,07(aqg) + 6 — 2Cr**(aq) + TH,0()

(@) Why is the potassium dichromate solution acidified before use in step 1?

() Write the balanced ionic equation for step 2.
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21. (continued)

(¢) To make 250 cm® of 0-3 mol I'! iron(11) ammonium sulphate solution
requires 29-4 g of iron(II) ammonium sulphate.

Given this mass of solute, describe fully how to prepare 250 cm® of 0-3 mo] 1!
solution.

(d) It was found that 12-5 em® of 0-1 mol I'"" acidified potassium dichromate
solution was required to oxidise the alcohol in the 1 cm® sample of wine.

Calculate the mass of alcohol in the 1 cm® sample of wine.

(Show your working clearly.)

)

[END OF QUESTION PAPER]
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