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Multiple Choice Questions [40 marks]

Answer all questions and shade your answers on the OMR sheet provided.

1 The graphs (not drawn to scale) show the heating curves of oxygen and nitrogen
over a period of time.

temperature / °C T
» time / minutes

-183
196 e
210 4

218 4ty

Which of the following statements about a mixture of oxygen and nitrogen is
correct?

A At -190°C, both oxygen and nitrogen exist as a liquid.

B At -200°C, both oxygen and nitrogen exist in the same state.

C At -215°C, both nitrogen and oxygen molecules are vibrating about fixed
positions.

D At-185°C, both oxygen and nitrogen molecules move rapidly in all directions.

2  Refer to the following setup.

filter funnel

mixture
evaporating
dish

T

heat

Which of the following mixtures can be separated into its components using this
setup?

A ammonium chloride and iodine

B  copper(ll) sulfate and sodium chloride

C potassium iodide and copper(ll) sulfate
D sodium chloride and ammonium chloride

3 Which of the following substances does not contain atoms bonded to other atoms
by four covalent bonds?

graphite
polypropene
silicon dioxide
terylene

ooOow>»



4  The diagram shows the start of experiment 1 and 2 using gas jars of carbon
monoxide and oxygen arranged in two different orientations.
All other conditions are kept constant.

carbon

monoxide

lid

AN
carbon lid
monoxide ////r oxygen
’ v oxygen .
experiment 1 experiment 2

The lids are removed and the gases are allowed to mix.
Which of the following observations would you expect for the experiments?

A

B
Cc
D

The rate of oxygen diffusing is much faster than rate of carbon monoxide
diffusing in both experiments.

The rate of carbon monoxide diffusing is much faster in experiment 1 than in
experiment 2.

In experiment 2, the final concentration of carbon monoxide in the top jar will
be less than its original concentration.

The final concentration of carbon monoxide in the left jar in experiment 1 is
the same as the final concentration of carbon monoxide in the top jar in
experiment 2.

5 Asalt, P, on warming with aqueous sodium hydroxide, showed no visible reaction.
When aluminium powder was added, a gas that turned damp red litmus paper blue
evolved. What is salt P?

A
B
Cc
D

Ca(NO3)2
KNO3
NH4ClI
NH4NO3

6  Tritium is an isotope of hydrogen and has the symbol T.
Which formula is incorrect for a tritium compound?

ooOw>»

CaoT
NT3s
TNO3
T20



Compound X contains two elements, metal Y and non-metal, Z.

X consists of a lattice of positive and negative ions. Each positive ion is surrounded
by eight anions and each negative ion is surrounded by four cations.

What ions are present in, and what is the formula of, compound X?

ions present formula
A Y*Z% Y2Z
B Y2+ Z- YZ2
C Z* Y% 22Y
D Z2* Y- VAY:

8 Which of the following substances contain delocalised electrons?

10

1 iron

2 steel

3 diamond
4  graphite

1and 2
2and 4
1,2and 4
2,3and 4

ooOw>

Aqueous lead(ll) nitrate can be distinguished from aqueous zinc nitrate by adding
any of the following solution except

A aqueous potassium chloride.
B aqueous sodium sulfate.

C  dilute sulfuric acid.

D sodium hydroxide solution.

5 g of element X reacted completely with 8 g of element Y to form a compound with
the formula XY2.

Given that the relative atomic mass of Y is 80, what is the relative atomic mass of
X?

A %X8OXZ

. %*80*5
8

¢ >*80%72

D SX%XZ



11 In an experiment, 8.0 cm? of 1.00 mol/dm?aqueous barium chloride was mixed with
8.0 cm?3 of 1.00 mol/dm? of aqueous silver nitrate.
Which of the following ions are present in the solution produced?

1 Ba%
2 CI

3 Ag'
4 NOs-
1and 4
1,2and 4

2,3and 4
1,3and 4

ooOw>»

12 Solutions P and Q were tested with a few drops of Universal Indicator.
Solution P turned the indicator red while solution Q turned the indicator yellow.
It can be deduced that

Solution P has a higher pH than solution Q.

Solution Q is more alkaline than solution P.

Solution Q reacts with calcium carbonate to give carbon dioxide gas.

The concentration of hydrogen ions in Q is higher than the concentration of
hydrogen ions in solution P.

oo w>»

13 Substance Y was added bit by bit, with stirring, to aqueous solution Z.
The changes in pH of the mixture are shown in the graph.

13

-

0 amount of substance Y added

What could Y and Z be?

Y Z
A aluminium oxide hydrochloric acid
B calcium oxide nitric acid
C sodium oxide ethanoic acid
D zinc oxide propanoic acid

14 An element burns in air to form a compound which does not react with both acids
and alkalis.
Which element could it be?

A aluminium
B carbon

C iron

D phosphorus



15

16

17

18

19

Which of the following properties shows that a certain substance, M, is alkaline?

A  Solution M dissolves copper(ll) oxide.

B On adding dilute hydrochloric acid to solution M, carbon dioxide is given off.

C Solution M when warmed with aqueous ammonium chloride gives off
ammonia gas.

D Solution M forms brown precipitate when reacted with iron(lll) chloride
solution.

In which of the following experiments will a redox reaction occur?

A Adding nitric acid to aqueous ammonia.

B  Adding copper turnings to aqueous silver nitrate.

C Adding chlorine water to aqueous potassium fluoride.

D Adding aqueous sodium hydroxide to aqueous copper(ll) nitrate.

In which of the following does vanadium have the lowest oxidation number?

A V3

B VO%

C NH4VOs3
D V205

In an experiment, two different metal rods, X and Y, were dipped in dilute sulfuric
acid, with their top ends touching. A gas was collected around rod Y.

rod X rodY

gas

sulfuric acid

Which of the following can you conclude about this experiment?

A  Electrons flow from rod Y to X.

B Rod Xis more reactive than rod Y.

C RodY reacts with acid to produce hydrogen gas.

D lons of Y can be found in the solution but not ions of X.

Which of the following reactions is not involved in the manufacture of iron from
the blast furnace?

A  Coke burns in air to form carbon dioxide.

B Acidic impurities are removed by calcium oxide.

C Limestone is decomposed to form calcium oxide.

D Haematite is reduced by carbon dioxide to form iron.



20

21

22

23

W, X, Y and Z are four metals which form cations W*, X2*, Y*and Z2*.
The following are information on some of the reactions that the metals undergo.

X?*(aq) + W(s) — no reaction
Z%*(aq) + 2W(s) — 2W*(aq) + Z(s)

h
Y2COs3(s) e no reaction
Z(s) + 2H"(aq) — Z*(aq) + Hz(9)

The order of decreasing reactivity of the metals are

A
B
C
D

X, W, Z,Y.
X, Y, Z, W.
Y, X, W, Z
Z,W, X, Y.

Which of the following method is most likely used to extract an element with an
electronic structure of 2.8.8.2?

A
B
Cc
D

electrolysis of its aqueous chloride
electrolysis of its molten ore
reduction with carbon

reduction with hydrogen

Part of the Periodic Table is shown below.

Elements W, X and Y have high melting points.
Y is less reactive than W.

Z can form both ionic and covalent compounds.
X and Y form compounds that are coloured.

A OWON-=-

Which of the following statements are correct?

A
B
C
D

NN
N WN W
>~ bW

Which statement is most likely to be true for astatine, which is in Group VII of the
Periodic Table?

A
B
Cc
D

Astatine is a stronger oxidising agent than chlorine.

Astatine reacts with hydrogen to form a compound with formula HAtz.
Aqueous potassium astatide reacts with aqueous silver nitrate to form
aqueous silver astatide.

Sodium astatide is less stable than sodium chloride.

7



24 Which of the following reactions is endothermic?

A 2H->H2

B H20(l) » H20(g)

C 2H2+ 02— 2H20

D CeH1206 + 602 - 6CO2 + 6H20

25 What are the effects of temperature of reactants and use of a catalyst on the
activation energy and enthalpy change of a reaction?

effect of temperature effect of catalyst
activation energy | enthalpy change | activation energy | enthalpy change
A decreases no change decreases no change
B decreases decreases no change no change
C no change no change decreases no change
D no change no change no change no change

26 Inthe reaction between calcium carbonate and ethanoic acid, the following changes
could be made to the conditions.

1 Increase the concentration of ethanoic acid

2 Increase the particle size of calcium carbonate.
3 Increase the temperature of the system.

4 Increase the pressure of the system.

What changes would increase the rate of reaction?

A 1and 2
B 1and 3
C 2and3

D 1,2,3and 4

27 Refer to the following bond energy table.

bond bond energy / kJ mol’
F-F 158
H-H 436
H-F 556

It can be deduced that

the bonds in fluorine is the strongest.

fluorine gas is more reactive than hydrogen gas.

hydrogen fluoride molecules are the least stable.

the energy produced when forming 1 mole of hydrogen fluoride molecules
from its elements is 518 kJ.

ooOw>»



28

29

30

Which statement is true for both simple and electrolytic cells.

simple cell electrolytic cell
A It converts electrical energy into It converts chemical energy into
chemical energy. electrical energy.
B | Oxidation occurs at negative electrode. Oxidation occurs at positive
electrode
C Electrons flow from the cathode to the | Electrons flow from the cathode to
anode. the anode.
D Mass of the anode will decrease. Mass of the anode may increase.

Refer to the following electrolytic setup. All electrodes used are graphite.

I

molten zinc bromide dilute sulfuric acid

What could be observed after a few minutes?

A Asilvery solid is formed at electrode W.

B Ared brown liquid is formed at electrode X.

C A pale yellow gas is formed at electrode Y.

D A colourless and odourless gas is formed at electrode Z.

In electroplating a silver spoon with copper, which combination of anode, cathode
and electrolyte is the most suitable?

anode cathode electrolyte
A copper silver spoon copper(ll) nitrate solution
B copper silver spoon silver nitrate solution
C silver spoon copper copper(ll) nitrate solution
D silver spoon copper silver nitrate solution
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32

33

34

Some properties of substances P, Q, R and S are given in the table below.

substance percentage electrical effect of heat
composition by conductivity when
mass solid
P constant yes solid burns in air to form
an oxide.
Q varies no liquid burns to form carbon
dioxide and water.
R constant no solid decomposes to form
two products.
S varies yes solid melts

Which classification of the substances as an element, a mixture or a compound is

correct?

element mixture compound
A P S Q,R
B S Q P,R
C R S P, Q
D P Q,S R

Ammonium nitrate, NH4NO3, ammonium sulfate, (NH4)2SO4, urea, (NH2)2CO and

ammonium phosphate, (NH4)3POu4 are all fertilisers that can be produced from
ammonia.

Which of these contains the most nitrogen per kilogram of fertiliser?

A
B
Cc
D

ammonium nitrate
ammonium sulfate
ammonium phosphate

urea

The Haber process is a reversible reaction as some of the ammonia formed is
unstable as it decomposes readily back into its reactants.
Which of the following method is used to prevent this from happening?

A
B
Cc
D

Adding water to dissolve ammonia.
Cooling the mixture to liquefy ammonia.
Filter the mixture to remove ammonia.
Fractional distil the mixture to separate ammonia gas.

What is the volume of air required for a mixture of 20 cm? of methane and 40 cm?
of carbon monoxide to burn completely?

ooOow>»

60 cm?3
80 cm?

300 cm?
400 cm?3

10




35

36

37

38

Which of the following reagents could be used to distinguish between samples of
ethanol and ethanoic acid?

aqueous bromine
sodium carbonate
aqueous sodium chloride
litmus solution

ArOWON -

1and 2
2and 3
2and 4
1,2and 4

ooOow>»

How does the number of carbon, hydrogen and oxygen atoms in an ester differ
from the total number of carbon, hydrogen and oxygen atoms in the alcohol and
carboxylic acid from which the ester was derived?

carbon atoms hydrogen atoms oxygen atoms
A same same same
B less same less
Cc same less less
D less less less
Which of the following tests can be used to distinguish the following organic
compounds, |, Il and Ill separately from each other.
HO H OH
N Ty | TP
C"?“C\ H— =c-(i3—ﬁ—o—(|:—H H—?—?_?"C\ T |
© H O H O H H H H 0_?“‘?“H
H H

1 Adding aqueous bromine.
test | 2 | Adding powdered magnesium.
3 | Warming with acidified potassium manganate(VII).

1 only

2 only
1and 2
1,2 and 3

ooOow>»

The chemical equation for a reaction is shown below.
CH3COOH + Brz2 5 CH2BrCOOH + HBr

This reaction is an example of a/an

addition reaction.

condensation reaction.

esterification reaction.
substitution reaction.

oo w>»
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39 A section of a polymer is shown below.

40

| nR T8
anasaWaks
H

Which of the following shows a monomer involved in the formation of the above
polymer?

I—O—I
O=0

I—O—-T
0O=0
Z—2

[é;l
|

A ﬁ T [l
HO—C——?——C—OH
H
B [ ﬂ I
HO—{>—?——C——C——C——OH
H H
¢ i R
HO—C——N—%<::>F—N—H
D R H O

Three metal oxides each have the formula G20s3.
Which statements about these oxides are correct?

1 If the relative molecular mass for the oxide is 152, metal G is a
transition element.

2 If the relative molecular mass for the oxide is 160, the oxide of
metal G can react with both acid and alkali.

3 If the relative molecular mass for the oxide is 102, the oxide of G
is formed when metal G reacts with steam.

1and 2
2and 3
1and 3
1,2and 3

oo w>»

End of Paper
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A1

Section A [ 50 marks ]

Answer all the questions in the spaces provided.

Table A1.1 shows sub-atomic particles found in particles, L to S. The letters are not the
symbols of the elements.

particle electrons protons neutrons

L 6 6 6
M 10 8 8
N 8 8 10
O 12 12 12
P 10 12 12
Q 13 13 13
R 1 1 1

S 13 13 14

Table A1.1

Use the letter(s) to answer the following questions.

(a)

(b)

(c)

(d)

Which particle is an atom of oxygen?

[1]

Which particle will combine with oxygen atoms to form a compound that does not
react with alkali and acid?

[1]

Which pair of particles are isotopes?

[1]

(i)  Which pair of particles are found in a compound that can conduct electricity
in agueous and molten states?

[1]

(i) Draw a ‘dot-and-cross’ diagram for the compound in (d)(i).
Show outer electrons only.

[2]



(e) Which particle is an atom of an element that can have oxidation states +1, 0 and
-1? Explain your answer.

[2]
[Total: 8]

A2  Both phosphoric acid and tartaric acid are weak acids. The formulae of both acids are
given as follows:

OH OH
H3PO4 HO,C — (:3 — (:3 —CO;H
H H
phosphoric acid tartaric acid

(@) Describe a simple test that can be used to show that tartaric acid or phosphoric
acid is a weak acid.

[1]

(b) Describe a chemical test to distinguish phosphoric acid from tartaric acid
respectively.

[2]

(c) A solution of 0.200 mol/dm? potassium hydroxide was titrated against phosphoric
acid and tartaric acid separately.
Deduce the ratio of the volume of potassium hydroxide used in titrating fixed
volumes and concentrations of phosphoric acid and tartaric acid respectively.

[1]




(d) Tartaric acid and its salts have many applications. One such salt is copper(ll)
tartarate which is insoluble in water.
Describe how you will prepare a pure and dry sample of this salt in the laboratory,

[2]

(e) A 2.0 cm length of magnesium ribbon was added to 100 cm? of 2.00 mol/dm3
phosphoric acid. All the magnesium reacted and the temperature of the acid
increased by 6.0°C.

(i) Predict the temperature change when 1.0 cm length of magnesium ribbon
was reacted with 100 cm? of 2.00 mol/dm? phosphoric acid.

[1]

(ii) Predict the temperature change when 2.0 cm length of magnesium ribbon
was reacted with 100 cm® of 2.00 mol/dm3 tartaric acid. Again, all the
magnesium reacted. Explain your answer.

3]




(iii) Complete the energy profile diagram for the reaction between magnesium
ribbon and phosphoric acid.
Your diagram should include:
e the formulae of the products,
¢ the activation energy and
e alabel for the enthalpy change of reaction.

A
energy

HsPO4 (aq) + Mg (s)

B
»

progress of reaction

[2]
[Total: 12]



A3

(@) Table A3.1 shows information about some organic compounds.

Complete the table by filling in the missing name, formulae and by completing the
description of the processes.

name of structural formula process(es) used to produce
compound the compound
|‘|| |‘|| B Warming of
I
Hec—e—c. T 7 1 and
H oH 97575757577 | with concentrated sulfuric acid.
H H H H
propane Catalytic
to propene.
polybutene
of butene
nylon-6,6
of monomers
@]
A\Y A
C—(CHy)4-C
/ X
HO OH
and
H, M
N—(CHp)s—N
H H
Table A3.1

[4]




(b) Alkyl halides are a homologous series of organic compounds. They are formed
when one halogen atom (X = ClI, Br, |) bonds with carbon atoms.
Table A3.2 shows the condensed formulae and boiling points of some alkyl

halides.
condensed boiling point / °C
formula X
Cl Br |
CHsX -24.2 3.6 42.4
CH3CH2X 12.3 38.4 72.3
CH3CH2CH2X 46.6 71.0 102.5
CH3CH2CH2CH2X 78.4 101.6 130.5
Table A3.2

(i) Besides having the same functional group, use the information in the table to
give two other pieces of evidence that suggest that alkyl halides are a
homologous series.

[2]

(ii) Describe and explain the trend in boiling points of alky halides when the
halogen atom changes from Cl to |.

3]




A4

(iii) Alkyl halides can be prepared by the reaction of halogen acids with alcohols.
For example, hydrochloric acid reacts with methanol to produce methyl
chloride and water.

Write an equation for the preparation ethyl iodide, showing the displayed
formulae of all organic compounds.

(2]
[Total: 11]

Three reactions take place in the catalytic converter installed in car exhaust systems.
1. Conversion of nitrogen oxides (NO, NO2) into nitrogen.
2. Conversion of carbon monoxide into carbon dioxide.
3. Conversion of hydrocarbons into carbon dioxide and water.

The air/fuel ratio in the car engine affects the conversion efficiency of the catalytic
converter. A 'lean’ air/fuel mixture to the engine has a higher ratio of air to fuel while a
‘rich’ air/fuel mixture has a lower ratio of air to fuel.

Figure A4.1 gives the conversion efficiency of a converter based on air/fuel ratio.

W0 T
x 8O 7
>
o
C
.0
é &0 - —
ﬁ HC: hydrocarbon
2 NOx : oxides of nitrogen
o) _ CO: carbon monoxide
2 4o
(@]
(&
20 —
Rich Lean
o1 L | 1 |
0.96 ass 1.0 1.02 .04
air/fuel ratio
Figure A4.1



(@) Use oxidation states to explain whether reaction 1 and 2 involves oxidation and
reduction.

[2]

(b) Describe and explain how does changing the air/fuel ratio from ‘rich’ to ‘lean’ affect
the conversion efficiency of carbon monoxide, nitrogen monoxide and
hydrocarbons in the catalytic converter.

[4]

(c) The exhaust gas from vehicles without catalytic converters cause more harm to
human health than those from vehicles fitted with catalytic converters.
Explain why this is true.

(2]
[Total: 8]




A5  Figure A5.1 shows the structures of four solids, A to D.

Figure A5.1

Solid C and D are both allotropes of carbon.

(a) State one similarity and one difference in the structure and bonding of solids B and
C.

[2]

(b) Compare the electrical conductivity of solids C and D.
Explain in terms of bonding and structure.

[2]

10



(c) Both copper(ll) oxide and potassium chloride have similar structure as solid A.
Explain why the melting point of copper(ll) oxide is much higher than that of
potassium chloride.

[2]
[Total: 6]

A6  Some samples of carbonates are heated strongly until there is no further change in
mass. Table A6.1 shows the mass of solid remaining at the end of the heating.

carbonate mass before heating / g | mass after heating / g
copper(ll) carbonate 2.00 1.29
magnesium carbonate 2.00 0.95
sodium carbonate 2.00 ?
zinc carbonate 2.00 1.30

Table A6.1

(a) Although each carbonate is fixed at 2.00 g, the mass of solid remaining is different.
Explain why.

[2]

(b) State the mass of solid remaining when sodium carbonate is heated strongly.

[1]

(c) Pure metal can be extracted by further heating the mass of the solid remaining at
the end of the reaction in Table A6.1 with dry hydrogen.
State the metal(s) that can be extracted. Write the chemical equation for one such
reaction.

[2]
[Total: 5]
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Section B: Free Response Questions [ 30 marks ]

Answer all three questions in this section.

The last question is in the form of an either/or and only one of the alternatives should be

attempted.

B7

The Electrochemical Series

When electrodes of metallic and non-metallic elements in contact with their ions are
arranged on the basis of the values of their standard reduction potentials, E°, the
resulting series is called the electrochemical series of the elements.

The standard reduction potential of an element is the measure of the tendency of the
element to get reduced by gaining electrons. All reduction potentials are measured
against the standard hydrogen electrode which is the reference electrode.

The standard potential of any metal or non-metal is measured when in contact with
aqueous solutions of their ions at a concentration of 1 mol/dm? and temperature of
25 °C. Any gases involved are maintained at a pressure of 1 atmosphere.

Figure B7.1 shows the setup to measure the standard reduction potential of copper.
The Cu/Cu?* half-cell is connected to the hydrogen half-cell.

voltmeter
hydrogen gas at / w
1 atm pressure
M
; copper
) t electrode
salt bridge
S y
| n
( ] ™S permeable = |
T plug
| I
1 mol/dm? of hydrochloric acid 1 mol/dm? copper(ll) sulfate solution
Figure B7.1

[Source: https://derekcarrsavvy-chemist.blogspot.com/]
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By international convention, the standard potentials of electrodes are tabulated for
reduction half reactions. Electrodes with positive E° values indicate the tendencies of
the electrodes to gain electrons more readily and behave as cathodes.

Table B7.2 gives the standard reduction potential, E° of some elements.

element electrode reaction standard reduction
potential, E°/V

Li Li*+e — Li -3.05

K Kr+e > K -2.93

Na -2.71

Zn -0.76

Cr Cr¥* +3e — Cr -0.74

Fe Fe?* + 2e — Fe -0.44

Ni Ni2* + 2e- — Ni -0.25

Sn Sn?* + 2" — Sn -0.14

H2 2H" + 2e- —> H2 0.00

Cu +0.34

l2 +0.54

Ag +0.80
Cl2 +1.36

F2 +2.87

Table B7.2

Predicting Displacement Reactions
The electrochemical series help us to predict whether displacement reactions can
occur.

Metallic elements having lower reduction potential will lose electrons more readily and
will displace elements having higher reduction potential from its salt solution. For
example, zinc will displace copper from its salt solution because it has E° value of
-0.76V while copper has E° value of +0.34V

On the contrary, non-metallic elements with higher reduction potential will displace other
non-metallic elements with lower reduction potential.

For displacement of hydrogen from dilute acids by metals, the metal which can provide
electrons to H* ions present in dilute acids for reduction, evolve hydrogen from dilute
acids. Metals having negative values of reduction potential possess the property of
losing electron(s).

13



Determining the Products of Electrolysis

In the event that two or more positive ions are present in the solution during electrolysis,
the ion which is the stronger oxidising agent or has the higher value of standard
reduction potential is discharged first at the cathode. For example, in a solution
containing potassium and silver ions, silver ions are discharged first.

(a) Itis difficult to set up the Na/Na* and K/K* half cells to measure their E° value and
hence sometimes scientists have to conduct indirect experimental methods and
perform calculations to estimate these values.

Explain why it is difficult to set up these half cells.

[1]

(b) (i) With reference to Table B7.2, construct the electrode equation for I2.

[1]

(i) Using the reaction between chlorine and aqueous solution containing iodide
ions as an example, explain why ‘non-metallic elements with higher reduction
potential displace other non-metallic elements with lower reduction potential’.

[1]

(c) Which of the following displacement reactions is likely to occur?
Put a tick (V) if a reaction is likely to occur.

chromium tin

aqueous solution of
nickel(ll) ions
aqueous solution of
iron(ll) ions

dilute nitric acid

[2]
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(d) Describe how the trend in reactivity of Group | and Group VIl elements
compare to their trends in standard reduction potentials as shown in Table
B7.2.

[3]

(e) Complete the following table for the electrolysis of different aqueous solutions
using platinum electrodes.

solutions name of products of ionic equation for the
electrolysis that would be reaction at each electrode
produced first
at negative
concentrated electrode
magnesium
chloride at positive
electrode
mixture of .
. at negative
aqueous silver
, electrode
nitrate and
aqueous "
at positive
copper(ll)
) electrode
chloride

[4]
[Total:12]
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B8  Nitrogen monoxide and hydrogen reacts at 400 °C according to the following equation.
2NO (g) + 2H2 (g) — N2 (g) + 2H20 (g)

Different initial concentrations of nitrogen monoxide and hydrogen were used to

investigate the rate of reaction. In each experiment, the initial rate of reaction was

measured.

Table B8.1 shows the results obtained in each experiment.

experiment |initial concentration finitial concentration of| initial rate of reaction /
of NO / mol dm™ H2 / mol dm? mol dm3 s
1 0.0060 0.0010 1.8 x 10+
2 0.0060 0.0020 3.6 x 10
3 0.0010 0.0060 0.3 x 104
4 0.0020 0.0060 1.2 x 10*
5 0.0040 0.0030 ?
Table B8.1

(@) A student makes the following statement.

Increasing the concentration of NO increases the rate of reaction to a
greater extent than increasing the concentration of Ho.

Does the information in the table support the statement made by the student?
Explain your reasoning.

[3]

(b) Experiment 5 was conducted using 0.0040 mol dm of NO and 0.0030 mol dm-3
of H2. Predict the initial rate of formation of No2.

[1]
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(c) Calculate the final volume of gases remaining in the reaction vessel when 20 cm?
of NO reacted with 15 cm?® of H2 at 400 °C.
Show all working clearly.

[2]

(d) Explain, in terms of collisions between (reacting) particles, how operating at a lower
temperature of 250 °C affects the rate of reaction in the reactor.

[2]
[Total: 8]
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B9 Either

The structures of two polymers X and Y are shown below.

'Il ?EHE |]| ?2“5 "f* I'1-72"'5
—C—C—C— _
polymer X ! ? (f ‘? (|3 ?
H COOCH; H COOCH; H COOCH;
0 0
Ii I
polymer Y =0~ CH,=CH=0~C=CHp~CH,~C~0~CH ~CH,-0-
CHs, CHg

(a) A potential customer requires the chain length of the polymer X to be controlled so
that the polymer molecules have an average relative molecular mass in the range
of 20 000 to 50 000.

What is the range of the average number of repeat units in the polymer molecules?
Show your working.

[2]

(b) (i) Draw the structural formulae of the monomers where polymer Y could be
made from.

[2]
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(ii) Calculate the mass of polymer Y produced when 1 kg of each of the
monomers reacted.

[3]

(c) Describe three differences between polymer X and polymer Y.

[3]
[Total: 10]
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B9 OR
Figure B9.1 shows the Haber process.

Nmngen—l {—Hydmgen

> Pump
' At450°C and
|- 200 atmospheres pressure
Reactor

Unreacted nitrogen | containing iron
and hydrogen gases

Ammonia, nitrogen and

hydrogen gases
+ Condenser
L—————+LbMdammoMa
Figure B9.1

Figure B9.2 shows the yield of ammonia that is made under different conditions.

70+ 350°C
604 400°C
501

450°C
500°C
550°C

% vyield of 40-
ammonia 44 _

0 100 200 300 400
pressure (atmospheres)

Figure B9.2

(@) In present times, the Haber process has been adapted to work at a lower
temperature of 250 °C. Predict and explain how a lower temperature affects the
relative amounts of ammonia, nitrogen and hydrogen that leaves the reactor.

[2]
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(b)

(c)

(d)

(e)

(f)

In the condenser, ammonia is separated out as a liquid. Explain how this is
achieved.

[1]

The percentage yield for the production of ammonia is typically low. Explain why.

[1]

60 dm? of nitrogen and 60 dm? of hydrogen were each pumped into the reactor
The volume of ammonia produced was found to be 6 dm?.
Calculate the percentage yield of ammonia for the reaction.

[2]

Aqueous ammonia is formed when ammonia gas is dissolved in water. When
aqueous ammonia is added dropwise until excess to a sample of contaminated
water, a mixture of white and blue precipitate was formed initially. The resulting
mixture was a dark blue solution.

State the formula(e) of the possible cations present in the water sample.

[2]

Ammonium nitrate is a common fertiliser used by farmers. Rain water can wash
ammonium nitrate off the farmland and into rivers and lakes. Ammonium nitrate in
drinking water supplies is harmful to health.

Describe tests to identify the presence of ammonium nitrate in drinking water.

[2]

[Total: 10]
End of Paper
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