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1 The rate of diffusion of two gases, T and U, was investigated using the

experimental setup shown below.

POrous

gas T

gas U

coloured water

Which pair of gases will produce the fastest movement in the water level?

gas T gas U
A H. NH:
B CO; H2
C NH; H:
D CO, NH3

2 A series of tests was carried out on gas A.

BP~331

test

observations

damp blue litmus paper

turns red

bubbled through acidified silver nitrate

a white precipitate is formed

bubbled through acidified potassium
manganate(Vil) solution

no visible change is observed

What is gas A?

A ammonia
carbon monoxide

hydrogen chioride

o0 W

suifur dioxide
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3 A forensic scientist, investigating some paint fragments found near the site of a fatal
car accident, suspects that it contains two blue dyes, X and Y.

On crushing the paint and making a chromatogram using ethanol as the solvent,
he found a single ring of dye X. When he repeated the process using benzene as
solvent, he obtained a single ring of dye Y. However, with acetone as the solvent,
two rings of dyes are observed.

Which statement is correct?

A Y is soluble in ethanol but X is not.

B X is soluble in both ethanol and acetone.

C Y is soluble in benzene but insoluble in acetone.
D

X is insoluble in both ethanol and benzene.

4  Which of the following correctly lists the particles with the same number of electrons
and the same number of neutrons as }Ne respectively?

same number of electrons same number of neutrons
20 22 +
B 2iNe* ZNa*
20— 23
20— 19
D OF off

5  The positions of the elements W, X, Y and Z are shown in the outline of part of the
Periodic Table.

W X

Which staterment is correct?

A W is ametal but X, Y and Z are non-metals.
W and X are solids but Y and Z are gases at room temperature.
W and X are in the same group while Y and Z are in another group.

1 electron is involved in bonding for W and Y, but 2 electrons are involved for
Xand Z.

o OoOm
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6 Rubidium and bromine react together to form the ionic compound rubidium
bromide.

Which statement is correct when rubidium bromide is being formed?

A Each atom of rubidium receives an electron from a bromine atom.

B Each atom of rubidium shares a pair of electrons with a bromine atom.
C Each atom of rubidium shares an electron with a bromine atom.
]

Each atom of rubidium gives an electron to a bromine atom.

7  The table below shows four different particles.

particle
number of
w X Y z
protons 6 8 8 "
neutrons 6 8 10 12
electrons 6 10 8 10

Which particles will form a covalent compound when chemically combined?

A W and X B WandyY C Xand¥Y D Xand Z

8 Which substance could be diamond?

metting point / °C | boiling point / °C electricalh(;?\ngglgivity
A ~52 -2 poor
B 08 883 good
c 1084 2560 good
D 3550 4830 poor

9 7 g of a gaseous hydrocarbon occupies 8 dm3 at room temperature and pressure.

What is the relative molecular mass of the hydrocarbon?

A 7

B 24
c 28
D 42

ZJ TutorRoll Browse our database of home tutors www.tutorroll.com




BP-~334

10 The fertilizer, ammonium nitrate (NH:NO3, M. = 80) is manufactured from ammonia
{NH;, M, = 17} by a two-stage process.

Stage 1: NH3 + 202 — HNO3; + H20

Stage 2: HNO3 + NH; — NHsNOs

What is the mass of ammonium nitrate produced from 17 kg of ammonia?

A

B
Cc
D

40 kg
80 kg
120 kg
160 kg

11 in an electrolysis experiment, the same quantity of electrons deposited 1 mole of
copper and 2 mol of metal X. The charge on copper ion was 2+.

What was the charge on the metal X?

A

B
Cc
D

1+
2+
3+
a+

12 Three electrolytes are listed. Each is electrolysed using inert electrodes.

1
2
3

agueous sodium chloride
concentrated hydrochioric acid
moiten lead(IT} bromide

For which electrolyte is a gas formed at both electrodes?

A Zonly B 3only C 1and2 D 1and3
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13 The dissolving of ammonium chioride in water is an endothermic process.

Which graph shows how the temperature alters as ammonium chloride is added to
water and then the resulting solution is left to stand?

A B
temperature / °C temperature / °C

room
temperature | T

foom
temperature [\ 7

time/fs g time / ;‘ :
C D
temperature / °C temperature / °C
room /— roocm
temperature | temperature TS T

time/s tme/s
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14 Hydrogen and oxygen react to form steam as shown in the equation below.

2 Hz(g) + O2(g) — 2 H:0 (g)

The following energy level diagram represents the reaction between hydrogen and
oxygen to form steam:

A 4H+20
F
AH:
eﬂergy 2 H2 + 02
(kJ/mol) AH;
AHy
v 2 H0

Which of the following correctly represents the energy change for bond breaking and
bond formation?

bond breaking bond formation
A AMH4 AHo
B AH3 AH;
C AH: AH,
D AHy AH3

15 The energy profile diagram for a chemical reaction is shown below.

4

energy (kJ/mol)

progress of reaction

Which statement about the energy profile diagram is correct?

A

B
Cc
D

The overall enthalpy change is equal to x +y.
The reaction is exothermic.
The value of x would decrease in the presence of catalyst.

The value of y would increase in the presence of catalyst.
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16 The graph shows how the volume of hydrogen gas produced by the reaction between
25 cm? of 1.0 mol/dm® hydrochioric acid and an excess of magnesium varied with
time.

ore

volume/em? X

0 i
0 timafs

Which statement is correct?
A The reaction is faster at point Y than point X.
All the magnesium has reacted at point Z.

B
C  The volume of gas produced is doubled if 50 cm® of 1 mol/dm? of acid is used.
D  Therate of reaction is the highest at point Z.

17 The reaction between copper and concentrated nitric acid is shown below.

Cu + 4HNO; — Cu{NO3): + 2H:0 + 2NO:»
Which statement about this reaction is correct?

A Nitric acid is a reducing agent.

B Nitrogen is oxidised as it loses 1 oxygen atom.
C Copper is oxidised as it loses 2 electrons.

D The oxidation state of oxygen has changed.

18 The oxide of titanium, TiO., is used as a ‘whitener’ in toothpaste. It is obtained from
the ore iron(ll) titanate, FeTiOs.

What is the oxidation state of Ti in iron(ll} titanate, FeTiO3?

A+
B 42
C 43
D +4
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19 Some statements about sulfuric acid are given.

1 A white precipitate is formed when aqueous barium nitrate is added.

The solution turns anhydrous copper(ll} sulfate from white to blue.

3 The addition of Universal Indicator shows that the solution has a pH value of
less than 7.0.

4  The solution reacts with copper(ll) oxide, forming a blue solution.

av]

Which two statements confirm the acidic nature of the solution?

1and2
1and 3
2and4
3and 4

oG @ >

20 The diagram shows the fractional distiflation of petroleum.

—~a  fraction M

». fraction N
heated -

petroleum

Which row about fraction M and N are cormrect?

M burns more M has a higher boiling point M is more viscous
easily than N than N than N

A frue false false

B true true false

c false true true

D false faise true
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21 A student has five reagents.

dilute hydrochloric acid
dilute sulfuric acid

dilute nitric acid

solid calcium carbonate
solid copper(ll} carbonate

* 0

How many soiuble salts can be prepared from these reagents?

o 0O mw >
(o IS T S

22 X, Y and Z are elements in the third pericd of the Periodic Table.
The oxide of X, Y and Z are basic, amphoteric, and acidic respectively.

Which of the following correctly show X, Y and 27?7

X Y Z
A Mg Al S
B Ca Zn Se
c Be Al N
D Ca Se Zn

23  Which statement is correct about the elements in Group | of the Periodic Table?

A They are equally reactive.

B They oceur ungombined in nature.

C  They form chlorides of similar formulae.
D

They become less metallic as the relative proton(atomic) number increases.
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24 Element R has the following properties.

e low melting and boiling point
+ forms ionic compound when react with sodium
* has coloured vapour

Which part of the Periodic Table does R belong to?
Group |

Group 1l
Group VI

o O m P

transition elements

25 Which element is least likely to form an oxide?

A sodium
B iron

C carbon
D neon

26 The diagram below shows the reactions of solution X.

solution X
Ki(aq} excass NaOH(aq), NH:(s9)
, heat
colouriess gas tums moist red Whﬂ:o mﬁﬁﬂh.
solution litmus paper blue excess NHb{ac)

What are the ions present in solution X?

zinc ions and nitrate ions

A

B lead(ll) ions and nitrate ions

C ammonium ions and chloride ions
D

aluminium ions and nitrate ions
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27 The first member of a homologous series is CgHs.

What is the formula of the next member?

CiHy
CrHe
CeH7
CsHs

cC O W P

28 Which statement is not correct for all metals?

They are good conductors of electricity.
They lose slectrons to form positive ions.

They have high melting and boiling points.

cC O W »

They are good conductors of heat.

29  Which pair of elements cannot be used to form an alloy?

copper and zinc
magnesium and aluminium

iron and carbon

o O w >

sodium and oxygen

30 Hydrogen is produced by the reaction of a metal A and a dilute acid B.
When the same gas is passed over an oxide of metal C, it reduced the metal oxide to
its metal in the presence of heat.

Which row of substances would give these results?

metal A dilute acid B metal C oxide
1 calcium hydrochloric acid lead(lf) oxide
2 copper hydrochloric acid silver oxide
3 iron sulfuric acid copper{ll} oxide
4 zinc sulfuric acid calcium oxide
A 1and3only
B 1and4only
C 2and3only
D 2and4only
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31 Which pair of substances is correct?
substance added to blast furnace main impurily in the iron ore
A calcium oxide iron{lll) oxide
B coke sand
Cc limestone carbon
D iron(Ill) oxide coke

32 1 g of four different metals are reacted with excess sulfuric acid separately.

Which metal wilt produce the greatest volume of gas upon completion of the reaction?

A magnesium
B iron

C zinc

D copper

33 The diagram below shows a section of a catalytic converter in the exhaust system of
a car.

The harmful gases are converted into carbon dioxide, nitrogen and water vapour.

4 AN
co evs s . CO:
unburmt - be
—_— NZ
hydrocarbons —_ P ——  H,0
NOX MP-I *HH{ J 2

y
platinum and rhodium catalyst

Which reactions take place in this catalytic converter?

| Platinum and rhodium catalyse redox reactions.
il Carbon monoxide and unburnt hydrocarbons react together.

i Carbon monoxide and oxides of nitrogen react together.

A landlionly

B iandill only
C landlilonly
D Lllandlli
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34 The diagram below shows an experimental set-up used to determine the rate of
reaction.
cotton wool

conical flask

Which of the following reaction is not suitable for using the above experimental
set-up to determine the rate of reaction?

CaCO; + 2HNO; > Ca(NOs); + CO; + Hz0
Mg + H2S04 > MgSOs + H,

AgNO; + HCI > AgC! + HNOs

Ca + 2H;0 -> Ca(OH). + H,

o0 m >

35 Stearic acid is a solid at room temperature. The cooling curve of stearic acid is as
shown.

temperature / °C 4

N

28388334

e
rd

time / min

1 2 ts I

Which statement can be inferred from the graph?

A Attime interval {; to {5, heat is absorbed from the surroundings.

B At time interval {; to t3, all stearic acid exists as solid.

C Attime interval t; to ts, crystals of stearic acid start to form.

D Attime interval {; to 4, all the stearic acid molecules are irregularly arranged.
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36 To reduce atmospheric pollution, the following gases from a coal-burning power
station are treated with powdered calcium carbonate.
4 carbon monoxide, CO
2 nitrogen dioxide, NO,
3 sulfur dioxide, 802

Which gases can be removed by the powdered calcium carbonate?

A 1and 2
B 1and3
c 2and 3
D 1,2and 3

37 Buffer solutions are mixtures that contain either

+ aweak acid and its salt, or
s aweak base and its salt.

Which of the following pair of solutions can be used to prepare a buffer solution?

A NaOH and MgC#k

B HNQ3; and NaNO;3

C NH:OH and NHsNO3
D HC/ and NH4C/

38 In the polymerisation of ethene to form poly(ethene), which does not change?

A boiling point

B density

C empirical formula
D

molecular mass
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38  The apparatus shown is set up and left for a week.

damp iron wool

air

water—— J L
Where would the water level be at the end of the week?

A B C (3]

B A 8 8

original leve!

40  Which of the following contains salts that are best prepared by titration?

A copper(ll} chloride, potassium nitrate, sitver sulfate

B magnesium chloride, silver chloride, lithium sulfate

€ sodium chloride, ammonium nifrate, potassium sulfate
D sodium chioride, copper(ll) nitrate, barium sulfate

~ End of Paper ~
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Section A [50 marks]

Answer all questions In this section in the spaces provided.

A1 The equations A, B, C, D, E F, G and H shows various chemical reactions.

CHs + Oz - CO2 + H20

2Ki+ Clz 2 2KCl + 12

2HCI +Ca0 ->CaCl; + H;0

2Na + CuClz > 2NaCl + Cu

Ba{NQO3)2 + H2804 > BaS0, + ZHNO;
CzoHaz > CaHio + C1s Haz

Fe:03 + 3C0O = 2Fe + 3CO2

CoHa + H2 > CoHs

T moowr

Use the lefters A, B, C, D, E, F, G and H to answer the following questions.

(a) (i) Which equation shows neutralisation?
(ii) Which equation shows addition?
{iii} Which equation shows cracking?
{iv} Which equation shows combustion?
(v} Which equation shows displacement?

{vi} Which equation shows precipitation?

{b) Ironis a transition metal produced from the reaction in equation G.

Which of these statements about transition metals are true and which are false?

Put a tick (v) in one box in each row.
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true false
They form coloured compounds.
They form compounds with only one oxidation state.
They have low meliing and boiling point.
They conduct electricity.
[Total: 8]
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A2 Table 2.1 shows some potassium oxyhalides and their themmal decomposition

temperatures.
Table 2.1
potassium oxyhalide formula thermal decomposition temperature!
potassium chlorate KaClO above 400 °C
potassium bromate KsBrO at 370 °C
potassium iodate above 100 °C

' source from hitps://pubchem.ncbi.nim.nih.gov/

(a) (i) Complete Table 2.1 to show the chemical formula of potassium iodate. (1]

(ii) What conclusion can you make from Table 2.1 about the relationship between
reactivity of the halogen and the thermal decomposition temperature of the
potassium oxyhalides?

{b) An aqueous sclution of potassium chlorate is a good oxidising agent.

Describe a chemical test to confirm the oxidising properties of potassium chiorate and
state the resuit.

= 1= N

=TT e 2]

(¢} When potassium chlorate reacts as an oxidising agent, the chlorate ions are reduced to
chloride ions, as shown in the equation below.

ClOy +6H* +6e — CH+3HO
Use ideas about oxidation state to explain why the chlorate ion, C/O4~ is reduced.

[Total: 6]
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A3 Methyl methacrylate (MMA) is an ingredient used widely in the preparation of artificial
acrylic nails. It is a volatile liquid that has been described as fragrant and fruity.

Fig. 3.1 shows the structural formula of MMA.
)

l

HAC H.
3 “ /C\ /LH.&
G O

k

C
N
H H

Fig. 3.1
(a) Name the functional group that is responsible for the fragrant and fruity smell.

(b} Draw the full structural formulae of the two organic compounds that are used to make
MMA.

[2]

(c) Methy! methacrylate can undergo addition polymerisation to form plastic, that has high
optical clarity, high transparency, and UV stability.

(i) Describe two differences between addition polymerisation and condensation
polymerisation.

.................................................................................................... [2]
(ii} Name the polymer.
..................................................................................................... 1]
(ifiy  Draw part of the structure of the polymer containing three repeating units.
1
[Total:7]

ZJ TutorRoll Browse our database of home tutors www.tutorroll.com




BP~352

A4 Fig. 4.1 shows some of the processes in the carbon cycle.

) {: The Carbon Cycle } VR

Carbon
dioxide in the

Fig. 4.1

{a) {iy Complete Fig. 4.1 by naming process 1 and process 2.
Process 10 ... PrOCESS 2: ovnrieiieee e [2}

(iij) Describe, with the help of chemical equations, how the amount of carbon
dioxide is regulated in the atmosphere through process 1 and process 27
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{b) When fossil fuels undergo combustion, it increases the amount of carbon dioxide in the
air.

Suggest an altemative source of clean fuel to replace fossil fuel.

Explain your reasoning.
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A5 The following are 2 isomers of an alcohol, X and Y.

CHs; - CHz — CHz — CH, ~ OH (CHz)2 CH — CH>2~ OH
X Y

{a) (i) Define isomer.

.......................................................................................................... 1]
(ii} Name isomer X.
.......................................................................................................... [1]
{b) Draw the full structural formula for isomer Y.
[
(e) Isomer X can be manufactured in the lab from an alkene.
(i) State the conditions needed to make isomer X from alkene.
......................................................................................................... [2}
(i) Name the alkene that can be used to make isomer X.
......................................................................................................... [1
(i) The reaction is exothermic. Draw a labelled energy profile diagram of this
reaction, indicating the activation energy and enthalpy change.
3
energy
» progress of reaction
3]
[Total:91
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A6 To prepare a pure sample of magnesium nitrate salt, a student carried out a reaction using
magnesium carbonate powder and dilute nitric acid as shown in the equation below.

MQCO:; + ZHNQO; — MQ(N03)2 +C0O2 + H0O

The student wants to obtain 20 g of pure magnesium nitrate crystals, Mg(NO;).-6H:0, at
the end of the experiment.

(a) The student needs to add excess magnesium carbonate to the dilute nitric acid.

Explain why excess magnesium carbonate was added.

(b) Briefly state the steps required to obtain pure magnesium nitrate crystals after excess
magnesium carbonate is added to nitric acid.
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(c} The percentage yield for this method of salt preparation is typically around 80% to 90%.
The student manged to obtain 80% yield for his experiment.

(i) Calculate the theoretical mass of magnesium nitrate crystals he needs to
produce 20 g of the crystals,

theoretical mass of magnesium nitrate crystals: .............. g1l

(i) Calculate the volume of 1 mol/dm? nitric acid needed to produce 20 g of pure
magnesium nitrate crystal.

[M: of Mg(NO3)-6H,0: 256]

volume of nitric acid needed=................... drm?® {3]
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AT Fig. 7.1 shows two important industrial processes that produce substances used as starting
reactants, for many other reactions used to manufacture compounds found in agricultural
materials and explosives.

o T k
Haber E Hydrogen | Gases cooled to i
Process ! Catalyst » liquefy ammionia !
< : I
: Nitrogen l
' Unreacted | j
| gases |
| J
s !
Ostwald | | A ;
Process | 1 | Water Air Liquid !
! I
< !
! |

F
: Nitric acid l
N T T :

Fig. 7.1
(a) State the source of each gas used in the Haber Process.
Yo 150 T o O PO
31150 T 1= o P PP SO 2]

(b) State the conditions required for Haber process.

................................................................................................................... [1]
(c) Suggest why air is not used as a raw material in the Haber Process.

.................................................................................................................... [1]
(d) When the products of Haber and Ostwald processes react together, a new compound

is formed.

Suggest one use of the compound.

................................................................................................................. M

[Total: 5]
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Section B
Answer all three questions in this section.
The last question is in the form of an either/or and only one of the altermatives should be
attempted.

B8 How an air-conditioner system works in 2 home
Air-Conditioner

Air conditioners contain a refrigerant inside copper coils. As the refrigerant absorbs heat from
the indoor air, it changes from a low-pressure gas to a high-pressure vapour in the compressor.
The air conditioning components then send the refrigerant outside where a fan blows hot air
over the coils and expels it to the exterior of the air-conditioner system.

The refrigerant is then expelled through expansion valves to be cooled down and turns back
into a low-pressure gas. Another fan located inside the home blows air over the cool coils to
distribute the resulting cold air throughout the home.

Fig. 8.1 shows how the refrigerant moves through the four components (compressor,
condenser, expansion valve and evaporator) in an air conditioner system to produce cool air.

COMPRESSOR

ey = L w—p
Z oo -2 wp =
< - -5 »
g = - 2 g

<4uum o Ly wm—

EXPANSION VALVE
source: CEN.ACS.ORG Aug 14/21,2017
Fig. 8.1
Refrigerants

A refrigerant is a compound typically found in either a liquid or gaseous state. It readily absorbs
heat from the environment and can provide refrigeration or air conditioning when combined

with other components such as compressors and evaporators.

Refrigerant play an important role in air conditioning, refrigeration, and freezing technology.

Despite their important role, refrigerants have been known to cause air pollution, and
scientists have been working on greener options to replace refrigerants.
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Fig. 8.2 shows the different refrigerants used and possible replacements.

CURRENT REFRIGERANTS

Chlorefluorccarbons (CFCsiwere
discovered ln 1928 and reprlaced more
toxic refrigerants such as ammwonia,
methyt chioride, end propane,

Rcsc.r. -0 0
HCFCs=»= O 0 0 O
HFCs = O O O

I the upper atmosphere, ultraviclet
racil ation triggers reactions with CFCs that
produce chiorine atoms, which destroy
ozone. A 1987 international agreament, the
Montreal protocol, required CFC producticn
to stop. Hydrochlorofiuorocarbons (MCFCs),
used as CFC replacermnents. will e phased
out in cormning years.

 Hydrofiuorocarbons (HFCs) have replaced
CFCs and HCFCS, These replacements do
not contain ciiorine atorns, 50 they pose

no harm to the oxone laver.
gy
fc'mq ,C W/ .rc “eld 3
FF e [ F© %
F F F
oUpz LD onP 2 0.05 app =i
GWP=10,300  GWPFS 1,830  GWP = 14800

. DOP s syons depletionpotential [scale 0-1.4]
T WP e global warmibeg potestinl (€0, %) 0

HFCs have a higher global warming
potential than CFCs and HCFCs. As a
result, 8 2016 amendment to the Montreal
protocol plans a phaseoutof HFCs,

THE NEXT GENERATION ‘

Rydtofluoroolefin (HFO) refrigerarts
could replace HFCs They have & lower
global warming potential, but they are

also more expensive,

A
F
F

F

 HFD.1234vf
CoP =g
GWP =« &

0=C=0

Gop=t
GWRRL

Somwe car afr-condRioning units use HFO-
Y234yf But scientlsts are corcerned that
¢ jtis flammabile, 30 some manufacturers
are using carbon dioxide instead. Some
sxpetimentad systems in deveiopment do
notuse any refrigerant gases to cool air

source: CEN.ACS.ORG Aug 14/21,2017
Fig. 8.2
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{a) With reference to Fig. 8.1, complete the table below.

component process
Refrigerant vapour gets pressurized and increased in
compressor its temperature.

The cold mist trave! through coils. Air blown over the
coils gets cooled. Heat from the air vaporise the
refrigerant.

The liquid refrigerant is forced through this
component. This turns the liquid into a mist and
rapidly cools it.

The hot high-pressure vapour moves through coils
and lose heat which gets vented outside by a fan.

[2]

(b} Describe the change in movement and arrangement of refrigerant particles in the
COMpressor.

{c) In the upper atmosphere, uitraviolet rays trigger the hydrochlorofluorccarbon,
HCFC-22, found in reftigerants, to produce chlorine atoms

The chlorine atoms produced from HCFC-22 then destroy the ozone layer in several
equations as shown below.

CHF.C/-> CHF2+ C/

ClI+0:2CIO+ (O

CIO+ 03> 202+ Cf

Use the above equations to write an overall eguation for the reaction.

(d) HFC-23 is a powerful greenhouse gas that can be produced from methane.

(i) Draw a dot-and-cross diagram to show the bonding in HFC-23.
Show ail electrons.

[2]
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(ii) Describe how HFC-23 may be produced from methane.

{e) During the 3rd Intemational Symposium on Engineering and Earth Sciences held last
year, a perfect refrigerant is defined to be environmentally friendly with zero Ozone
Depletion Potential (ODP) and low Global Warming Potential (GWP). It should also be
non-toxic and non-flammable.

Using data from Fig. 8.2, suggest a perfect refrigerant that can be used.

Explain your reasoning.

[Total: 12]

ZJ TutorRoll Browse our database of home tutors www.tutorroll.com




BP~362

15

B9 Fig. 9.1 shows the experimental set-up for the electrolysis of concentrated aqueous sodium
chloride. A few drops of Universal Indicator is added to the sodium chloride solution before
the start of the experiment.

The actual electric cell used in the this set-up is shown in Diagram B.

----------------------------------

electric - T,
cell s
. / y
+.. : :
L Cu Zn !
b [} h
e ' e
Diagram B .
\‘*. .
|‘|'| 2
)-l M

1
77N\

carbon concentrated agueous
electrodes sodium chioride
Fig. 9.1

(a) Write the ionic half equations for the reaction that happens at cathode and anode
during electrolysis of concentrated aqueous sodium chloride.

(b) As the electrolysis proceeds, some changes are observed in the concentrated aqueous
sodium chloride.

State the changes observed.

Explain why the changes were observed.
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{c) (i} Show the direction of electron flow in Diagram B of Fig. 8.1. f11

(if) With reference to your answer in (¢)(i), which of the carbon electrodes, 1 or 2,
used in the experiment is the ancde?

{d) The eiectrolyte in the electric cell as shown in Diagram B is agueous copper(ll) sulfate
solution.

(i) Describe the observation at copper electrode in Diagram B.

{iiy Suggest how the voltage for this electrolysis experiment can be increased.

[Total:8]
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EITHER

B10 In the early 19th century, a chemist, Frederich Wéhler, isolated aluminium metal by
reacting potassium with aluminium chloride at high temperature as shown below.

3K + AICls = 3KCIl + Al
(a) Would the enthalpy change for the reaction be positive or negative?

Explain your answer.

.................................................................................................................. 2]
(b) Suggest why it was essential that Frederich Wohler kept water away from his reacting
chemicals.
.................................................................................................................... il
(¢) Explain why he used the dangerous and expensive potassium to prepare aluminium
rather than the safe and cheaper copper.
................................................................................................................... [2]
(d) A modemn scientist recommended performing Frederich Wohler's experiment in an
atmosphere filled with inert argon.
Explain, with reference to electronic structure, why argon can provide an inert
environment for the reaction.
................................................................................................................... [1]
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{e) After the successful isolation of aluminium by Frederich Wéhler, aluminium was widely

used to manufacture other useful substances such as Magnox. Magnox is used in
nuclear reactors.

The aluminium atoms in Magnox form a metallic structure with magnesium. Fig. 10.1
represents a simple illustration of the bonding in Magnox.

{i} Use your knowledge of atomic structure and metallic bonding to label the
boxes.

Fig. 10.1

[2]

(ii) Explain why Magnox is harder than pure magnesium.

[Total: 10]
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OR
B10 A student carried out some experiments to investigate the reactivity of four metals, iron, X,

calciumand Y.

Tables 10.1 and 10.2 show the results of the experiments.

Table 10.1
metal iron X calcium Y
observations when iron is
metal is added to | no visible deposited, | iron is deposited and no visible
aqueous reaction no gas a gas is evolved reaction
iron(Il} nitrate evolved
Table 10.2
metal oxides Fe:0s X0 Ca0 Y20
observation when no visible no visible no visible reaction metal Y is
metal oxide is reaction reaction formed
heated strongly

{a) What is the order of reactivity for the four metals, X, Y, iron, and caicium?

mostreactive ...

jeastreactive ... 1]

(b) Write an ionic equation for the reaction when metal X is added to aqueous
iron{l1) nitrate.

(c) When calcium is placed in a beaker of aqueous iron(il) nitrate, iron is deposited and a
gas is evolved.

(i) Name the gas evolved in this reaction.

{ii} Explain how the gas named in {c}(i} is formed when calcium is added to aqueous
iron(It) nitrate.
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(d) Suggest the identity of metal X and explain your answer.

1o =Y (1 O
Loy 3] = 1T 1[0 1o L PP OIRURN
.................................................................................................................... i3]
{e} Metal Y oxide has a formula Y.0. It has another oxide with the formula of Y,04. its
oxides are coloured. Y is often used as a catalyst in a few reactions.
(i) State the oxidation state of Y in Y20.
......................................................................................................... [1]
(i) Suggest the identity of Y and explain your answer.
......................................................................................................... 21

[Total: 10]
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Secondary 4E Pure Chemistry Marking Scheme
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East Spring Secondary School
Science Depariment

Secondary 4E Pure Chemistry Marking Scheme
Preliminary Examination 2021

A1l The following show eight chemical reactions.
A CHs+ 022 CO2+H0

2K + Clz 2 2KCI + 2

Z2HC| +Ca0 >CaCl; + H:0

ZNa + CuClz < 2NaCl + Cu

Ba({NOa) + H504 2 BaSO4 + ZHNOa

CaoMaz 2 CaMio + Cie Haz

Fe&:04 + 3CC - 2Fe + 3C0O;

CaHs + Ha 2 CoHe

T oammogo®

Which reaction is

(a) {i) Which equation shows neutralisation? c
E"] !uq . | ! I I.l. 2‘ -H_
Eu.}!“' ' i l, I Q‘ E
{iv) Yhich equation shows combustion? A
(v) Which equation shows displacement? BorD [1] each
{vi) Which equation shows precipitation? E
(b} Which states about transition metals are true and which are false?
Put a tick (¥) in one box in each row.
true false
They form coloured compound. ¥
They only have one oxidation state. ¥
They have low melting and boiling peint. ' 1c-3c [1]
They conduct electricity. v 4c [2]
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A2 The table show some potassium oxyhalide and the temperature they undergo thermal

decomposition.
petassium oxyhalide formula thermal decomposition temperature !
potassium chiorate KClO above 400 °C
potassium bromate KsBrC at 370 °C
potassium iodate HalO above 100 °C

1 gource from hitpsiy/pubchem.nchi.nim.nih.gov/

(a) (i) Complete the table above with the chemical formula of petassium iodate. [1]

{if} What conclusion can you make from the table about the relationship between
reactivity of halogen and the temperature the potassium oxyhalide decompose
on heating?

The less reactive the halogen, the lower is the thermal decomposition
iemperature.

(1)

accepl any other reasonable conclusion
(b} An aquecus solution of pctassium chiorate{V}) is a good oxidising agent.

Describe a chemical test ta confirm the oxidising properties of potassium chiorate{V)
and state the resuit.

test: Add aqueous potassium iodide | Kl to a solution to potassium chlorate(V).

result:colourless solution turns brown solution 2]

(c) When potassium chlorate{V) reacts as an oxidising agent, the chlorate(V} ions are
reduced to chloride ions.

CliOa +B6H" +6e — Cl +3HD

Explain, in terms of oxidation state, why the chlorate(V} ion, ClOs is reduced.

Chiorine in chiorate(V) is reduced because oxidation state of chloring decrease 1]
from +5 in Cl1Q %o -1 in Gk [1]

12
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A3 Methyl methacrylate (MMA) is an ingredient used widely in the preparation of artificial
acrylic nails. Itis a volatile liquid that has been described as fragrant and fruity.

The structural formula of MMA is

o

HAC CH
N AU S
¢’ o
]

AN

H o H

o

k]

{a) Name the functional group that is responsible for the fragrant and fruity smell.
esfer [1]

{b) Draw the full structural formulae of the two organic compounds that are used to make
MMA.

(2]

{c} Methyt methacryiate can undergo addition polymerisation to form plastic, that has high
optical clarity, high transparency, and UV stability.

(i) Describe two differences between addition polymerisation and condensation
polymerisation.

addition polymerisation involves alkene / one functional group but
condensation polymerisation involves 2 different functional groups [1}

addition polymerisation does not lose any atom or molecule during
formation but condensation polymerisation will eliminate/lose a small
molecule like water or hydrogen chloride for example. [1] [2]

(it) Name the polymer.

polvimethvl methacrylate} / polymethyl methacrylate |1l (1]

(iii)  Draw part of the structure of the polymer containing three repeating unit.
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{iv)  Suggest a use for this polymer.
1
conlact lens. glaze, window, lamp fixture, shield, acrylic sheet. denture. 1
aquarum,
accept any suitable answer in ling with the properties and commercial usage A}

{v) A sample of the polymer was analysed and found to have an average
relative molecular mass of 25 200,

What is the number of monomer units that are used to form the polymer?

Mr of Methyl methacrylate: 5{12} + 8 -+ 2(16} =100

number of monomer: 25200/100 = 252
2]

[Total: 1¢]
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A4 The diagram shows the possible processes in the carbon cycle.

— ( The Carbon Cycle j)

Carbon
dioxide in the
air

Fousil fusls
fopmed over
millions of years

(a) (i} Complele the diagram above by stating the process 1 and process 2.
process 1: photosynthesis process 1: respiration 2]

(i} Describe, with the help of chemical equations, how carbon dioxide is reguiated
in the atmosphere by the carbon cycle by process 1 and process 27
CeH120s + 60, = 6CO; + 6H20 [1]

6C0, + 6H20 = CgH4206 + 602 [1]

Process 2! respiration increase{ add the carbon dioxide in the atmosphere

Process 1 /photosynthesis remove carbop dioxide frem the atmospnere

(3]
This cycle continues to regulate the amount of carbon dioxide in the atmosphere

(b) When fossil fuel undergo combustion, it increases the carbon dioxide in the air.

Name an zliernative source of clean fuel to replace fossil fuel and support with reason.

hydrogen / electricity { fuel cell / geothermal [ hydroelectricity / nuciear

ghergy [ wind energy
Ha + Oz = H0

When hydrogen burns, it produces on water only, no carbon dioxide is il
preduced so it is an allemative source of clean fuel. / Does not produce

any harmful substance.
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A8 The following are 2 isomers of an alcohol, X and Y.

CHz — CHy - CH2 — CHz — OH (CHa)2 CH — CHz- CH
X Y
{a) {iii} Define isomer.
isomets have the same imeolecular formulae but different molecutlar [1]
suucture

{iv) Name isomer X.

butanol
(b) Draw the full structural formula for isomer Y.
H
H——C-—H

H H

HmC-——n—-{'_.‘.-————C—OfH

! ; I

H H H {1}

{c) Isomer X can be manufacture in the lab from an alkene.
{i) State the condition needed to make isomer X.
High temperature, catalyst, high pressure / 2]
600 2C, phosphoric acid 85 atm

(it} Name the alkene can be used to make isomer X.
butene { methyipropene / 2 methylpropiene [13

{iii) The reaction is exothermic. Draw a labelled energy profite diagram of this
reaction, indicating the activation energy and enthaipy change.

-

[1} Eacorrectly labelled

energy (11 - aH correctiy lzbelled

[1] draw exc energy profile
{reactant higher than product}

= Progress of reaction (3]
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A6 To prepare a pure sarmple of magnesium nitrate sall, a student carried out reaction using
magnesium carbonate powder and dilute nitric acid.

MgCO; + 2HNO; — M(NOg), +CO; + H20

The student wants to obtain 20 g of the pure magnesium nitrate crystals,
Mg(NQ3sjz6H20, at the end of the experiment.

{a) The student needs to add excess magnesium carbonate lo the dilute nitric acid.
Explain how will doing so ensure the purity of the product obtained.
i
This is to ensure all the acid has reacted and not contaminate the salt crystal. il
{b) Briefty state the steps required to obtained pure magnesium nitrate crystals after
adding excess magnesium carbonate to nifric acid.

Filter out the excess unreacted magnesium carbenate solid

Heat ihe filtrate to 1/3 ils volume to obtain kot saturaled solution
Cogl ihe flirate to allow magnesium nitrate crystals to form gradually
Filter to collect the salt crystals

Wash with a liltle distitled water

rv between filler paper

2

{1c-2¢ [1), 3¢-5¢c{2]. 6¢3]) [3]
{¢) The percentage yield for this method of salt preparation is typically around 80%.
Assuming the same percentage yield for this experiment, calculate,
(i) the theoretical mass of magnesium nitrate crystal needed 1o yield 20 g of the
crystal,
20g/08=25¢9{1]

thecretical mass of magnesium nitrate crystal: .............. g

{ii) the volume of 1M nitric acid needed to produce 20 g of pure magnesium nitrate
crystal. {(Mg(NO3)28H,0, 256)

to produce 20g we need theoretical mass of 25g to 80% yield.
we are to calculate based on theoretical mass 25g

1. convert to mole 25 g of Mg{NO3); 6120 1o mole: 25/

(24+2{14+3{10)}+6(18))=25/256 = D.0977 mole [1]
2. Male ratio

Mg{NQ3)z : HNO;3 [4]

1 L2 (from eqgn}

0.0377 : (0.0977x2 = 0.1254 mol}{1]
3. convert to the quantity needed (vol of acid)

mola/ vol = concentration

molef cong = vol

0.1954/ 1M = (.1954 dm?

=0.195 dm? {3 dp) [1]

Volume of nitric acid needed= ................... cmd
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A7 The diagram below shows two important indusirial processes producing compounds
for many other industries to manufacture compounds such as plastics, agricultural
materials and explogives.

/1 |
1
Haber 1] Hydrogen | Gases cooled to | |
Process | I Catalyst |»| fiquefyammonia |
.< . Y |
1 | Nitrogen |
: Unreacted |¢ |
i gases |
. i
’ \
Ostwald | 3 ;
Process | 1| Water Air Liquid !
1 {
< |
: Y |
; Nitric acid j
1 ;

{a} State the source for each gas used for Haber Process.

hydrogen: cracking of long chain hydrocarbon [1]

nitrogen:_fractional distillation of liguefied air{1] [2]

{b) State the conditions required for Haber process.
250 atm, 400- 459 °C, iron catatylst i

{c) Suggest why air is not used as a raw material in the Haber Process.

oxygen in the air will react with the hydrogen /and nitrogen to form other products  [1]
! Air consists of impurities that will contaiminate the catatyst / product.

{d) When the products of Haber and Ostwald processes reacted together, a new
compound is formed.
Suggest one use of the compound.
Fertiliser 1]
accept any other suitable answers: herbicides. and insecticides; and in the manufacture
of nitrous oxide, an absorbent for nitrogen oxides, an ingredient of freezing mixtures,
explosives, an oxidizer in rocket propellants, and a nutrient for yeast and antibiotics.
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B8 {a) With reference to Fig 8.1, complete the table below.

companents process

Refrigerant vapour gats pressurized and increased in
Comprassor its lemperature.

The cold mist travel through coils, Air biown gver the
evaporator coils gsts cooled. Heat from the air vaporise the
refrigerant.

: The liquid refrigerant is forced through component.
gxpansion This turns the liquid into a mist and rapid cools it.
valves

The hot high-pressure vapour moves through coils
condenser and lose heat which gets vented outside by fan. 2]

{b} Describe the change in movement and amangement of refrigerant particles in the
COMpressor,

pressurized: particles become ¢loser together [1]
increase in temperature: particles moving at higher speed[1]

[2]
(c) Inthe upper atmosphere, the ultraviolet trigger chlorofluorocarbon, CFC, to produce
chiorine atom and destroy czene in several steps:

CF:Clz > CF2Cl + Cl
Cl+0C:—>ClO+ 0O,
ClO+ 03> 20, + Cl

Suggest, with the help of an overall equation, how hydrochlerofluorocarbon, HCFC-22,
may pose harm to the ozone layer in the upper atmosphere.

CHF2Cl = CHF, + Ci

Cl+032>ClO+0:

ClO+0; =20+

CHF:Cl + 20; > CHF2 + 30, + &1 1]

(1]

{d) Powerful greenhouse gas, HFC-23, can be produced from methane.
{i¥ Draw a dot-and-cross diagram of HFC-23, show all the electron arrangements.

f1] correct pair of electron shared
£1] correction electronic configuration

(2}
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(it} Describe how HFC-23 may be manufacture from methane. 2]

by substitusion [1] of fucrine gas under UV light [1]

(e} During 3r¢ International Symposium on Engineering and Earth Sciences held last year,
a perfect refrigerant is defined © be environment friendly with zero CDP (Ozene
Depletion Potential} and low GWP {Globa! Warming Potential), it should be safe {non-
toxic, non-flammabhle).

Suggest a perfect refrigerant and support with data in Fig 8.2

carbon dioxide [1]

It has zerc ODP, low GWP of 1 and il is non-loxic and non-flammable.

[11 describe

[1] quote data [3]

B3 Diagram A below shows the electrolysis of concentrated aqueocus sodium chloride
while Diagram B shows the actual electric cell used in the electrolysis. A few draps
of Universal Indicator is added to the sodium chloride solution before the start of the
experiment.

Electric
Celt

-~ P
------

i 2

gl
wi D

concentrated aqueous
electrodes sodium chloride
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{a) Write the half-equation for reaction at diagram A:

cathode:.2H*(aqg) + 2e° » Halg)
anode: 2Ck(ag) -> Ch, (g} + 2e [2]

(b} State and explain the observations made on the electrolyte in diagram A as the
experiment proceeds.

Observation: electrolyte will be turn from green to bluefindigo/vioiet solution [1]
reason: As more hydrogen ions and chloride ions are preferential discharge, more
sodium and hydraxide ions are left behind, electrolyte become more alkaline [1]. so
Universal indicator will turn blue

[2]
{c) (¥ Draw on Fig 9.1, the direction of electron flow in diagram B. (from Zn o Cu)
Accept if student draws on Fig. 8.1, but must be from cathode 1 to 2

{Ii) Hence, which electrode in diagram A is anode? 2]
Elgctrode 1
(d} The electroiyte in diagram A is agueous copper(ll} sulfate solution.
(iiiy  Describe the observation at copper electrode in diagram B.

increase in mass / size { reddish brown solid deposition

{ivi  Suggest how to increase the voltage in diagram A.

change Zn to Mg
Accept any suitable answers: change Cu to silver, have more glectric cell

2]
{Total:8]
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EITHER

B10 in the early 18th century, a chemist, Frederich Wohler, isoiated aluminium metal by
reacting potassium with aluminiurmn chioride at high temperature.

3K + AIGl; = 3KCI + Al

{a) (i) Would the enthalpy change for the reaction be positive or negative?
postive[l]

(i) Explain your answer in part (a) (i).
Heal is supplied &t high temperature suggest the reaction absorh energy [1]
from the surrounding, so it is endothermic reaction with positive enthalpy
change

(b} Suggest why it was essential that Frederich Wohler kept water away from his reacling
chemicals.

water will react with potassium vigorously groducing a iot of heat. (1]

{c) Explain why he used the dangerous and expensive polassium to prepare aluminium
rather than the safe and cheaper copper.

copper may be cheap and safe but it not more reactive than aluminium in the metal
reactivity series, it is unable to displace / reduce aluminium from its chloride.[1]

Potassium is more reactive than aluminium, it can displace / reduce the less reactive [2]
aluminium from its chicride. (1)

Potassium is more reactive than copper1 [1]

(d) A modern scientist recommended performing Frederich Wohler's experiment in an
atmosphere filled with inert argon.

Explain, in terms of electronic structure, why argon can provide an inert environment for
the reaction.

Argon has full outermost shell/ 2.8.8. It is unreactive 1 wili not react with the
potassium.

{1l

(need to refer to electronic structure and state it is urreactive)

ZJ TutorRoll Browse our database of home tutors www.tutorroll.com




BP~383

35

(A The aluminium atoms in Magnox form a metallic structure with magnesium. The figure
below represents a simple iliustration of the banding in Magnox.

{Iy Use your knowledge of atomic structure and metallic bonding 1o label the
boxes.

Magnesium @
erteseertnentstentanenas senanes 1OT]]

Aluminium

delocalized
electron / sea of

electron { electron e O (2]
{ii) Explain why Magnox is harder than pure magnesium.
1c-

There is Aluminium atom of different size disrupt the regular arrangement of pure 4,
magnresium metal atoms, preventing the fayers of magnesium atoms from sliding ]
past each other easily when force is applied. 4c

[2]
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OR
B10 The results of an expariment with iron, magnesium and two other metals X and Y and their
oxides are summarised in the following tables.

iron .4 caicium Y
action of metal on . . ‘ . . \ L
aqueous no visible iron is iron is degosited and ne visibte
. . reactian deposited. a gas is evolved reaction
iron(li} nitrate
Fe0: X0 CaQ Y.0
action of heat on no visible no visible no visible reaclion metal Y is
metal oxide reaction reaction formed

(@) What is the order of reactivity for the four metals, X, Y, iron, and calcium?
most reactive Calcium

A
A

ron

l-<|

1]

least reactive

{b) Write an ionic equation, with state symbol, for the reaction when X is placed in agueous
iron(l1} nitrate.

corr
X {s) + Fe2* {(ag)-> Fe (s) + X2(aq) eqn [1]
{c} When calcium is placed in a beaker of aqusous iron{li) nitrate, iron is deposited and a
gas is evolved.
{i) Name this gas.
Hydrogen (1]
{ii) Explain how the gas is formed
Reactive calcium react with the water in the agueous sait sofution to form [1]
hydrogen gas
{d)} Suggest the identity of metal X and expfain your answer.
Zing. (1]
It is less reactive than calcium, and more reactive than ison.
. 3c-2
The charge of the metal jon is 2+, 1-2¢ - 1

No gas is evolved when reacied with water, so cannot be magnesiur [/ must be
less reactive than magnesium,
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(e} Metal Y oxide has a formula Y20. It has another oxids with the formula of Y404, lis
oxides are coloured. Y is often used as a catalyst in 9 fow reactions,

(i} State the oxidation state of Y in Y,0.

+1 y

(i) Suggest the identity of ¥ and explain your answer,

Y can be silver [1] because Y does not displace iron{!!} nitrale so lower reactivity than
iron / metal oxide decompose to forms metal on healing suggest it is silver / from the
formula Y20 suggest metal Y has a +1 charge

Accept any reasonatle explanaticn that include low reactivity metal and + 1 charge
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