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Food dyes, 1 and 2 are known to contaln one or more of three substances X, Y and
Z. Two chromatograms are developed, one used water as the solvent, and the other
used ethanol The resullts are shawn in the diagram below

solvent front—>> < solvent front
e - L4 - . .
3 N - -
a L]
a - [ ] [ ]
[ ] a
L ]
L ] [ ]
L ] L ]
tart line-3| o > tat |
gl Ne-e| o -
taxvz]| [TaxXvz oome
In water In ethanol

Which of the following statement(s) is/are correct?

1 There is a component in Sample 1 that is Insoluble In water but soluble in

ethanof
Il The component In Z Is more soluble in water than In sthano!

Il Substance Z Is likely to be pure

A lonly B ll only
C landill only B 11 and 1 only

[n & porous pot experiment, the porous pot was placed in a beaker of carbon dioxide
The porous pot was jolned to a U tuba fllled with mercury as shown

Which of the gases, | to IV when used to fill the porous pot would cause level Ato
move up?

! chlorine Ubba
1 hydrogen Em
Il ammania
W nitrogen atm ey
doode
vl A
Aloenly B [and lil only
C Il and Il only D i, i1l and IV only
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Lead(II) sulfate is soluble In hot water, but not in cold water Lead(II) sulfate boils off
al 2870 °C while sodium sulfate bolls at 1430 °C

Which method Is most suitable for obtalning a pure, dry sample of igad(Il) suffate
from a hot solution of lead{II) sulfate and sodlum sulfate?

- " -

A Cool themlxture, filler and collect the residue
B  Cool the mixture, filter and evaporate the filtrate.

C  Heat the mixture gently and collect fhe substance which bolls off
D

Heat the mixture gently and collect the substance which Is left In the bolling
flasic.

A glant molecule is made up of a large amount of carbon, malnly Isotopes '2C and
¢ 1t was found that the average relative atomic mass of carbon [n the moleculs Is
122
What is the ratio by mass of ?C to *C?

Ad 1 B 1.4

c3.4 D 3-1

The diagram below show the electron arrangement In the outer shells of four
elements, labelted (1) to (IV)

@@ ®&®
@ 0
| /
@-® ®
m m m m

Which two elements will form an {onic compound with formula of the typa YZ;?
Aland il Bllland IV

Clland (Il Dlland IV

Carbon monoxida Is an alr pollutant which Is included In our PSI Index and Is
generated by Incomplate combustion of carbon contalning fuels.

Which Is the electronlc structure, showing the outermost electrons of carbon
monoxide?

X0 @
A xCX02
B ¥C¥03

D 000
¥Cise0s

386
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Silicon carbide has a similar structure to diamond
Which one of the following are advantages of using a sllicon carblde ceramic
compound Instead of steel?

! Sillcon carbide has a higher melfing point.
_n Sllicon carbide Is more resistant to oxidation
n Silicon carbide is less likely to deform under compression

A LI and il B landllonly
C Il and il only D Nlenly

A flame cauldron Is speclally designed and created for every Olymplc games One of
the materfals commonly used Is soda-lime glass as it can withstand high
temperatures of over 2000°C when the cauldron is It during each opening ceremony
The structure of soda-ime glass Is shown below

Sodaime glass 1s prepared by melting calelum carbonate, sodlum carbonate and
silicon dloxide in a furnace

What bond(s) Is/are present in soda-lime glass?

A covalent only B covalent and lonlc only
¢ lontc and metallic only D metallic and covalent only

Chlofinegasis a sevéra Irritant to the eyes and respiratog{ gystem The maximum
safe toleration level of chiorine gas in airis 0 005 mg dm
How many molecties of chlorine gas are present in 1 dm’ of alr at this toferation

level? (Nots 1g =1000 mg)

A 0005/6x102 x 71

B 000571 x 6x10%

C 00051000 x 1171 x 6x10%
D 00051000 x71 x6x 102

A mixdure of 10 cm® of oxygen and 50 em® of hydrogen Is sparked continuously
What Is the maximum theoretical decrease in volume at room temperature pressure?

A10cm® B15om®

L] CW. LY q
LounCiTY

A
LU WU
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{n a pathology laboratory, a sample of urine contalning 0 120 g of urea, NH;CONH,
{Mr = 60) was treated with an excess of nitrous acld The urea reacted according lo
the following equation

NH:CONHj + 2HNO; = CO; + 2N; +3H,0

The gas produced was passed through aguescus sodium hydroxide and the final
volume measured
What was this final volume of gas left behund at room temperature and pressure?

A96cm® B144cm® C 48 0cm® b 96 0 cm®

A cheap carbon monoxide detector for a gas heater consists of a patch containing
palladium chloride crystals When carbon monoxide Is present, the crystals turn from
orange to black as tha following reaction takes place,

CO(g) + PdChs) + Hy0 () > COzg) + Pd(s) +2HClaq)
Which Is the element whose oxidation number decreases in this reaction?

A carbon B chloride
G hydrogen D palladium

Which of the following Is an example of a redox reaction?

A Na;COj + 2HC! > 2NaCl + H0 + COz
B Mg +2HCI <> MgCl; + H;

C ZnCly + 2NaOH -> Zn(OH), + 2NaCi

D CaO + Si0, >CaSiO;

In an acid — hasa titration, a 0 10 mol/dm? solution of a base Is added to 20 cm® of &
0.10 mol/dm® solutlon of an acld
The pH value of the solution Is plotted agalnst the volume of base, V, added as
shown [n the dlagram.

n

N

o

o 10 20 30 40 Viem'

Thils dragram could represent a titration between

A CH;COOH {aq) and NHs{aq) B CH3;COO0H(aq) and KOH (aq)

€Er{aqrand KEH{ag————BnGr{agiand iHsizg)
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The tabla below refers to four metals and some of their compounds

metal [ action of dilute sulfuric | effect of hydrogen action of metal on a
acld on metal an heated oxide solution of the sulfate of J
G hygdrogen evolved reduced no reaction
H no reaction reduced no reaction
| hydrogen evolved no reaction J formed
J hydrogen evolved no reaction no reaction

Which one of the following Is the order of thermal stabiiity of thelr carbonate
towards healing?

more slable lowards heallng -> lass stable towards heating
A H G J 1

H
1
I

B J G ]
Cc J G H
D H G J

The equation shows the reaction between a halogen and aquecus bromide lons,
Xz +2Br~ (aq) — 2X ~(aq) + Brz (aq)
Which of the following sets Is true for the above reaction?

Identity of X; colour change observed explanation
A chlorina reddish brown to colourless Xz Is an oxidising agenL
B chiorine colouriess to reddish brawn Br~is oxidized.
c fodine brown to colourless Xzis reduced
D chlorine colourfess to brown Br ~Is a reducing agent.

Solld X has the following properties

1 Itls scluble In water
Il When warmed with sodium hydroxide solution, a gas Is given off,
Il It gives off a gas when added to dilute sulfurle acid

Which of the following Is X7

A ammonlum carbonale B sodium nitrate
C calcium chloride D magnesium sulfata

Many properties of an element and its compounds can be predicted from the position
of the element in the Periodlc Table What property could not be predicted In this
way?

A the acidic or baslc nature of Its oxide

B the formula of its oxide

C the number of isctopes it has

Ditsetaticornon-metaticproperties

[Turn over
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Which of the following statements are true about the elements in Group | of the
Perlodic Table?

1 They are reducing agents
2 The lonic radius increases down the group
3 Thelr reactivitles decrease an descending down the group

A1,2and3 B 1and 2 only
C2and 3 only D 1 only

1n an experiment 4 0 cm® of 1.0 mot/dm® of copper{ll) sulfate solution are mixed with
8,0 cm®of 1 0 mol/dm® potasslum carbonate solution

What does the reaction vasse! now contain?

A a green precipitate and a blue solution

B a colourfess solutton only

C a while precipitate and a colouress solution
D a green precipitate and a colourtless solution

Approximately 40% of all iron and steel is produced by recyciing
Which statements are correct reasons for recycling iron?

1. Iron, when obtained by a recydiing process preduces less carbon dioxide
than the blast furnace process

2. Scrap stee! contains a higher percentsge of iron than kron ore

3. Scrap metal, If not recycled, would cause environmental problems due fo
disposal by landfill

A1,2and3 B 1 and 2 only
£ 1and 3only D 2 and 3 only

Which reaction Is not a step In the production of iron from haematite In the blast
fumaca?

A Carbon buning in alr to produce carbon dioxide

B Carbon reacting with carbon dioxide to produce carbon monoxide

G !ron (JII) oxide reacting with carbon menoxide to form iron

D Iron reacting with Tmestone to produce slag

388
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The reaction In the Haber process Is represented as
N2(g) + 3th(g) ===2NHia(g)  &H=-92kJ
Which of the following statements about the Haber process Is incorrect?

A 9%k ;f heat Is given off when 2 mol of ammanla are formed

B Iron catalyst has the same effect on both forward and backward reaction
C The process Is carrled out at a high pressure of 250 atmospheres

D When 2 mol of Nz and 6 mol of H; are used, 4 mol of NH, are collected

In the converslon of compound P into compound R, It was found that the reaction
procseded by way of compound Q, The following graph shows the energy profile
diagram for the reactions.

What can be deduced from the diagram?

step 1*
step 2

D
T
ap

R

-
L

Progress of reaction

A Both steps are endothermle

B The overall reaction to convert P to R Is exathermic

C Step 2 Involves breaking ¢f stronger bonds than step 1 because Q is at higher
energy level,

D Step 1 Is harder to take place than step 2 because more energy Is needed for
bond breaking

[Tum over
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Dliute hydrochloric acld reacts with an aqueous solution of sodium
thlosulfate, NazS20s,
according to the chemical gquation below - - -

Naz2520:(aq) + 2HCHaq)> 2Nac! (ad)+ H:0l + Si9) + SO:0Q)

10 0 cm® portions of 2 00 mol/dm® dilute hydrochloric acld were added to
four separate

conical flasks. Each flask contalns 90 0 cm®sodium thlosulfate solution which
was prepared by difution with different volumes of water as shown 1n the
table.

conlcal flask sodlum thiosulfata solution volume of water
3 c added/cm®
inival concentration/ mol/dm volume/fcm
w 100 80D 100
X 150 600 300
Y 250 300 600
Zz 300 200 700

In which one of the above conlcal flasks would the reaction proceed at the
fastest rate?

AW B X
cYy DZ

[Tum over
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26 The result of an experiment Involving the decomposition of 20 0 cm? of hydrogen
peroxida of 1.5 molfdm?® is represented by graph X below

Total volume
of oxygen X
= °  evolved fom® -
Y

Time/ min

Which one of the following produces graph Y?

volume of hydrogen peroxide concentration of hydrogen peroxide
used (cm?) used {molfdm®)
A 100 15
B 50 25
c 200 075
D 7.5 20

27  Toreduce atmospherc pollution, the following waste gases from a coal bumning
power statlon are passed through wet powdered calcium carbonate

How many waste gases will not be removed by the wet powdered calcium

carbonate?
carbon monoxide carbon dloxide
nitragen monoxide nitrogen dioxide
sulfur dioxide phosphorus(V) oxide
A1 B2 c3 D4

28  In the past, CFC {chiorofluorocarbon eg CFsCH;Cf) compounds were used as aerosol
propellants
Which element in the compound can cause a depletion of ozone?
A carbon B fluorine C chlorine D hydrogen
29 Element X Is extracted by the electrolysis of a molten compound of elements X and
Y The electrode reactions are shown befow

cathode * X** + 28- > X

[Turn over
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anode 2Y* D> Yy+de
Which of the following could be the compound?

A aluminium oxide B calcium chloride

C magnesium oxide -- D potassium chloride

Three electrolytic cells are sot up with inert electrodes
The electrolytes used are listed below

cell 1 concentrated aqueous rubidlum chloride

cell 2 dilute nitric acld

cell 3 molten zinc bromide
In which of these cell(s) Is/are gases formed at both electrodes?
A 2only B 3only

C 1and 2 only D 1 and 3 only

In the electrolysis of molten aluminium oxide, 4 moles of aluminium lons (AP were
discharged at the cathode

Which one of the following would be discharged by the same amount of electricity?

A 4 moles copper (Il) Tons (Cu?") in the electrolysls of aqueous copper (I} sulfats
B 6 moles of lead fons {Pb') In the electrotysis of maiten lead (It} bromide

C 6 moles of silver lons (Ag®) in the electrolysis of aqueous sliver nitrate

D 12 moles of zinc lons (Zn*") in the electrolysls of molten zine sulfate

Four metals tin, X, y and z were connecled in pairs and the voltages were recorded

o HHT=THE

The results obtalned are shown In the table below

[ regatvete lel\ﬂ!}\fﬂﬂ‘i@“ﬂl
e

390
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tin y 110

x tin 090

z tin 280
What Is the order of reactivity the four metafs with the mostTeactive first? -
A xtinyz B ytinxz
C ztin yx D zxtny

The compound CgHyg Is a member of a hydrocarbon homelogous serles
Which of the following can be the first possible member of thls serias?

A C:Hs B CyH,
C CiHy D CoH;

Metal X reacts rapldly with hydrochlorie acld I can be used for the sacrificial
prolection of underwater pipas

Metal Y does not corrode easlly It can be used for jewellery
Metal Z reacts rapldly with water to form hydrogen
Which method of extraction of the metals from their ores is most likely to be used?

electrolysis of molten ore heating with carbon
A XandY Z
B XandZ Y
c Y XandZ
D Z Xand¥

Which ester contains five carbon atoms In one molecule of the ester?
A butyl propanoate
8 ethyl ethanoate

C ethyl propanoate

{Turn over
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D propyl methanoate

The diagram shows the structural formula of chloromalele acld
HO ci OH
Oub-GacHoG-0
Which of the following statements 1s incorrect?

Chloromalelc acld

A will turn acidifled potassium dichromate (V1) from orange to green
B decolourises aqueous bromine rapldly

€ can undergo addition polymerisation

D wall react with zinc carbonate to produce a gas

Which statement about fractional distillation of pefroleum Is corect?

A At each level In the column, only one compound is collected
B The higher up the column, the greater the temperature
C The molecules collectad at the bottom of the column are the most flammable

D The molacules reaching the top of the column have the smallest relative molecular

mass

- [Tum over
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The formulae of four covalent molecules are shown

CO,

H:0

CzH:OH

C;HsCOOH-~ ~ -

PN 2L S B

In which paw of molecules does oxygen atom form at least one double bond in both
molecules?

Atland2 Bland4
C2and 3 D3and 4
Tha diagram below shows how pure titanium can be used to catalyse the reduction of

unsalurated oils to saturated fats Squalene [s naturally ocourring unsaturated oil
present in sharks

saturated fat | —
Emga T T 0115 = caunens

—
f

fitanlum gauze hydrogen

A 0100 mol sample of squalena reacled with 144 dm® of hydrogen at room
temperature and pressure to form a saturated hydrocarbon CagHsa
What Is the molecular fomula of squalene?

A CyHso B CagHs2
C CyHgy D CxoHyg

[Turn over
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Polyhydroxyalkanoates are biodegradable plastles  The structure of ona type of
these plastics Is shown below

CHy H
e[
N

Which of tha follewing molecules could be its monomer?

]

A cH; H
u—o—J:—c—c—H

H
B CHy H O
H—-—o-—clz—clz—c———u—n
Pk
c Hy H ©
H—o —l—ﬂ—o——u
Aol
> T

Cf—c——T——c—O——H

H H

-— end of paper —
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Table 1 1 shows information about six substances

2 - -
Section A

Answer all the questions in this section in the spaces provided.
The total mark for this section 1s 50.

Table 1.1
substances state at room pH in water
temperature

A gas 1

B gas 4

C gas 11

D gas No reaction

E liquid 7

F solid 14

G solid No reaction

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

(@)

(b)

(c)

(d)

(e)

Which substance whose solution when added to the solld G, produces an
effervesoence'?

PR TARL SR RE Serere s » LI R Y ALY e D et .t

(L1 [1 1

Which substance, whose solution, when added to aluminum nitrate solution
produces a precipitate soluble in excess?

.................................................. N L
Which substance can be found in fizzy dnnks?
........... ]
Which two substances when reacted together produced a fertilizer that is used
in the agriculture industry?
[
Which substance is formed when there is incomplete combus_tion of fuel?
(1]

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

[Turn over
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Rock salt (NaCl) is an ionic compound that occurs naturally as white crystals.

It is extracted from the mineral form halite or evaporation of seawater.

The flowchart outlines the steps used to determine the percentage of sodium
chloride present in a sample of rock salt of mass 2.5 g.

Step1l

Step 2

Step 3

rock salt weighed

l dissolved and

filtered
filtrate — | residue discarded
addition of
AgNOs(aq) /HNO;
and filtered
filtrate discarded

precipitate E—

rinsed, dried and
weighed

dried precipitate

(a) Give the ionic equation for the formation of the predpitaie formed in Step 2.

L

(b) Explain what precautions must be taken in steps 2 and 3 to ensure accuracy of

results. -

- L

2]

395
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A3

4

(¢) Atthe end of the experiment the mass of the precipitate was found to be
5.74 g. Calculate the percentage of sodium chloride in the rock salt sample.

{d) Suggest another test to show that the rock salt i1s impure.

i3

2]

A student performed three experiments using the metals iron, manganese and

chromium.

In the first experiment he added the metals separately into dilute sulfunc acid.
In the second experiment he heated the'istals in air and in the Iast experiment

he put strips of the metals in metal salt solutions. -

Table 3.1 below shows the results of the first two experiments.

Table 31 -
metal reaction with sulfuric acid reaction with air
iron metal dissolves slowly burns in air to form dark
with effervescence, a brown iron (IIl) oxide
pale green solution is
formed
manganese metal dissolves quickly burns in air with an intense
with effervescence, a pale | white light forming a red
pink solution, manganese | solid, manganese(l1,1ll)
(1) sulfate, 1s formed oxide, Mnz0O,
chromium metal dissolves readily burns in air to form green
with effervescence, a chromiurn{lll) oxide, Cr.0,
violet solution, chromium
(1) sulfate, is formed

[Turn over
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5 - .-

(a) From the information above, state two properties of iron, manganese and
chromium that show them to be transition metals.

- - -

(2]

(b) Write a balanced equation for the reaction of manganese with dilute sulfuric

acid
(1
(c) Figure 3.1 below shows strips of manganese and chromium in iron(ll) sulfate
and manganese(ll) sulfate solutions.
experiment | experiment {| experiment il
manganese chromium chromium
jron(ll) sulfate iron(ll} sulfate manganese(ll)
solution solution sulfate solution
Fig 3.1
State the observations you would expect in Table 3 2 below.
Table 3.2
experniment | expenment || experiment |l
3]

[Turn over
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6 1 - - -
(d) Decomposition temperature of a substance is the temperature at which the

substance chemically decomposed. Carbonate of iron, manganese and
chromium decompose to give the metal oxide and carbon dioxide.

MCO; - MO + CO;

(1) Explain which of the three carbonates has a higher decomposition
temperature?

(2]

{(ii) When 2 3 g of a metal carbonate is decomposed completely by heating,
480 cm® of carbon dioxide Is produced at room temperature and pressure.
Calculate the relative formula mass of the metal carbanate and hence
identify the metal.

(31

[Turn over
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(a)

(b)

7 -

Figure 4.1 represents the elecirolysis of aqueous silver nitrate using
graphite electrodes.

\l graphite graphi
] M
silver nitrate solution

Fig 4.1

(i) What would you observe at each electrode and write the ionic half equation
for the reaction that occurred at each electrode

electrode X
(o0 EToT V= L o

{ONIC @UAtION: .o..ivvii it ettt e et e e e rennas [2]

electrode Y
ODSEIVAtION. oo s rerire crerrrerrenreren rreariaresrnnraane

jonic eqUatIoN: ... e+ e e ceeer eeeeeeeeene [2]

(i) Explain what happened to the electrolyte after some time.

[
Rust and corrosion are costing the industry billions of dollars a year. In fact,
rust has almost become part of our everyday life - with many industries
resigned to accepting rust as being inevitable and costly.
(i) Write the ionic half equation when tron rust.

(1]

399
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8 1

(ii) Figure 4.2 illustrates one method of protecting an underground steel pipe.

| (+) power source ()~ ground surface
grap‘hite steel pipe
anode .

Fig42

1. Indicate on the diagram the flow of electrons.

2. Explain how this method works.

(1]

]

{iii) Suggest an alternative way the underground pipe ¢an be protﬂecte’d
With the help of lonic half equation, explain your answer.

...........................................................

(2]

[Tum over
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A5 Fossil fuels are a major source of energy. To generate electricity, heat produced by
the burning of liquefied petroleum gas (LPG) is used to convert water to steam which
then drives a turbine that generates electnaity. LPG contains mainly propane. The
equation for the combustion of propane i1s shown below.

CiHz{g) + 50,(q) —> 3C0;{g) + 4H.0(g) AH=-2220 kJ/mol

{(a) Draw an energy profile diagram for the combustion of propane.
Your diagram should show and labe!
* reactants and products, )
» the activation ‘energy for the reaction,
» the enthalpy change of the reaction.

A
Energy

> [2]
Progress of reaction

-

(b) "'Sketch on the energy profile diagram you have drawn in (a) for the burning of
liquid propane. (1

(c) A propane - oxygen fuel cell uses oxygen and propane to produce electricity.
The followings are the two half equations for the reactions.

Equation 1: CgHa(g) + BH,0 () —> 3CO,{g) + 20H'(aq) + 20¢

Equation 2: 505{g) + 20H'(aq) + 208" —> 10 H,0()

(i) Which reaction takes place at the anode and which at the cathode?

CAthOdE! wererrrecerrennnreeeerrenaenas (1]
ek Ba v d e i 3 Spe s P S P R Y o R A Y T
(i) What is the overall equation for the propane - oxygen fuel cell?

401
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A6

(d)

(@)

10

(iii) Suggest with reason$ which is a more efficient way of producing electricity,
propane — oxygen fuel cell or the burning of LPG to drive the turbine in the

generator

Liquefied petroleum gas (LPG) and paraffin (kerosene) are used as househald
fuel. Paraffin 1s safer than LPG. Suggest a reason why.

i1

Group 1V elements show a trend from non-metallic to metallic behaviour with
increasing atomic number. This is shown by the acid base properties of carbon
dioxide, silicon dioxide and lead(ll) oxide.

group IV formula of oxide | acidic / basic / amphoteric
elements

c CO,

Si. Si0,

Pb PbO

(i) Complete the table by filling in the empty boxes.

(1

(i1) Support your answer with equations where possible to explain the acidic,
basic or amphoteric behaviour of CO,, Si0, and PbO.

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

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

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

{Turn over
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(b) PbO and PbO, differ strikingly in their properties. Both oxides react with acid
as given in the equations below.

equation 1: PbQ + 2HCI —_— ~PbCl, + 2H,0
equation 2: PbO, + 4HCI —p PbCl, + Cl;, + 2H0

-~ -
-

What is the role of lead oxide i each of the reaction with hydrochloric acid?
Explain your answer. '

PbO:;

{1

PbO,:

--------

---------

s [2]

[T VS s - o ww et b
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Section B

Answer three questions from this section.

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

B7 (a) The ionization energy of an atom describes the minimum amount of energy
required to remove an electron (to infinity) from an atom.

The data below shows a plot of ionisation energy against the number of the
electron removed for sodium,

&
Logw ] .
lontsation 14 .
energy f—

3

»
2
|

gt gnd g gth gt gth gt gt gth gt 4
Nurnber of electron removed

Fig 7.1

Use the infarmation above to explain the trend in ionisation energy for sodium
with reference to its electronic structure.

3]

[Turn over
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(b) Table 7.1 shows the first 1onization energy (energy required to remove the first
electron from the atom) of elements in Period 3.

Table 7.1
element Na Mg Al Si P S ci Ar

first - - - -
ionisation
energy/kJ (496 | 738 677 | 786 | 1060 |[1000 |1256 | 1520
fmol

formula of
the hydride | NaH | MgH; | AlH; H;S HCI /
of the /

element

(i} Complete the table by filling in the formulae of the hydrides. 1]

(if) Explain why there is a great difference in the first ionization energy of
sodium and argon.

(2]
(iif) Draw a ‘dot and cross’ diagram to show the bonding in sodium hydride. 2]
You need to show all the electrons.
(iv) Suggest one similarity and one difference in physical property between
sodium hydride and hydrogen chloride.
similarity:  ..ooeereeiennen et eeeeeteeetaeteneerens oot oo oo
QIffETENCES .o e attrrennnrreeeeresabererens [2]

[Tum over
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B8 A student carried out an experiment to investigate the relationship between the mass
of zinc used in a reaction and the volume hydrogen gas liberated.
In the experiment he added pieces of zinc to 50 em® of hydrochlioric acid and
recorded the volume of the gas collected. Table 3.1 shows the student’s results.

Table 3.1
. mass of zinc /g volume of hydrogen | _ .
collected / em®
0.1 33
02 66
0.3 99
0.4 132
0.5 165
0.6 198
0.7 225
08 225

The reaction of zinc and hydrochloric acid s

Zn + 2HC —> InCl, + H.

(@) (i) Calculate the volume of hydrogen liberated when 0.5 g of zinc was used.

2]
(if} Using information from Table 3.1 suggest why the answer in a (i) is
ditferent from the one obtained in the experiment.
................ g
(b) Suggest why the volume of the hydrogen collected is different for 0.1 g fo 06g
of zinc but remains the same for 0.7 gand 0.8 g.
(2]

[Turn over
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(c) Using information from the Table 3.1 calculate the concentration of the acid
used in this experiment.

(3]
(d) The experiment was repeated using hydrochloric acid which was warmed to
60°C. Using the collision theory explain why a shorter time was observed to
collect the hydrogen gas.
........... . 2]

[Turn over



408

Either

B9 (a) Ethanol can be manufactured by two processes. The flowcharts outline the
sequence of steps for producing ethanol

- _ - Process 1 . Process 2

petroleum glucose

Stepl

fractional fermentation
distillation

petroleum
fractions

1 step 2

ethene

l step 3

ethanol

ethano)

(i} Name the process in step 2

i1
{ii) State the conditions for step 3.
f1]
(iii) Briefly explain which process 1 or 2 is sustainable in the production of
ethanol in the industry
{1l
(iv) Suggest two reasons to show that Process 2 is more environmentally
friendly than Process 1.
(2

[Tumn over
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(b) (i) Ethyl ethanoate, a sweet smelling compound, has many uses It can be
used in perfumes or as flavouring.
Outline with the help of condensed or full structural formula equations, how a
sample of ethyl ethanoate can be prepared in the [aboratory You can only
use ethanol as the starting ‘material. Other inorganic reagents where
appropnate can be used in the preparatlon -

[4]

(i) Draw the full structural formula of an isomer of ethyl ethanoate which
belongs to the same homologous series.

(11

409
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B9  Today, a significant number of personal care products such as scrubs and
toothpastes are known to contain thousands of minuscule balls of plastic called
microplastics, or more specifically, microbeads. Over the years, microbeads have

' replaced fraditional, alternatives such as ground nut shells, and salt crystals,

The microbeads used in personal care products are almost always smaller than

» 1 mm, the width of a pencil tip. They are mainly made of polyethene {PE), but can
be also be made of polypropene (PP), polyethylene terephthalate (PET),
polymethyl methacrylate (PMMA) and nylon.

; Microbeads are washed down the drain after use and flow through sewer systems
i around the world before making their way into rivers and canals and uitimately,

' straight into the seas and oceans. Now, fish have a gut full of them. Researchers

- around the world have detected them in marine mussels and shore crabs. Their

_synthetic molecules bind to chemicals to become “a pathway for pollutants to enter
 the food chain”.

{a) Draw the full structural formula of polypropene showing two repeat units.

Foe - % e s E -

L I TS S )
L s

. L ) .

(1]
'(b) Polyethylene terephthalate (PET) is made from two monomers, terephthalic
acid and ethane-1,2-diol (HO CH,CH,OH).
The structural formula of terephthalic acid is:
1 i}
—)—
H-0 B-H

Draw the repeat unit of PET.

(1

[Tum over
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(d)

19 )

Methyl methacrylate (MMA) i1s an organic compound with the formula
CH2=C(CH3)COOCH; This colouriess liquid, (MMA), is the methyl ester of
methacrylic acid.

MMA is a monomer produced on a large scale for the production of polymethyl
methacrylate (PMMA).

- -

(i) Draw the full structural formula of methacrylic acid. B 1]

(ii) Draw the structure of polymethyl methacrylate (PMMA) showing two repeat
units.

1
(iii) The common name for polymethyl methacrylate (PMMA,) is perspex and
has the appearance of glass. it is used in aeroplane windows.
Suggest one advantage of perspex over the use of glass.
[1]
(i} Microbeads are cheap. Give one reason why they might become expensive in
the future.
(1]
(ii) Suggest a reason why the traditional use of ground nut shells is better than
the use of microbeads.
(1

411
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(e) Polypropene can be disposed of by combustion.

(i) Using its empirical formula construct an equaton for the complete
combustion of polypropene.

t)

(ii) Calculate the volume of carbon dioxide produced when 1.tonne of
polypropene is burned

QOOENDLOO

2
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2015 Preliminary 2 Chemistry

Marking Scheme
Al _[(a) [AorB 11 |
(b) | F 1
(e |B - - - -« |-11
{d) |A/BandC 1
(ORI i
AZ |(a) |Agieq) + Ci(aq) —> AgCI(s) &I}
(b) { In step 2 there must be excess of sliver nitrate solution and nltrlc acld to
ensure all chloride lons are precipitated 1]
In step 3 the precipltate must bo dried and welghed a number of time until
a constant welght is obtalned to ensure all water has evaporated from 1]
silver chloride
[C)] 574
Moles of AgCl = ——
oles of Ag 1435 1
= 004
Mass of NaCl =004x585 {
=234g ||
%ofNaCl = 22—354 x 100
= 936 1
(d} | Carry out chromatography on the rock sample If there is one spot itis
pure More than one spot it is Impure
Or Check the melting point of the rock sample If it melts at a fixed 121
temperatura itIs pure If it melts over a range of temperatura 1t Is mpure
A3 | (a) { They form coloured compounds 6]
They have variable oxidation states [1]
(b) Mn_ + H;SC4 —> MnSO; + H; 0]
(c)
Expetiment | Experimant 1 Experiment 1|
pale green pale green
solution turns pale solution tums no reacton 3]
pink wiolet
agrey depositis | agrey depositis
formed formed
(d) | () MnCOy has tha highest decomposition temperature 1
Mn Is the most reactive metal among the three metals, its compounds are
the most stable and need mere energy to decompose 1]
)]
480
Moles of C = —
O = 2000 m
=002

416




Relative Formula mass = 23
002

=116

Relative atomlc mass of M =55
The metal Is manganese

]

{} Electrode X. effervescence
40H (aq) —> 2H0f) + Oifg) + de
Electrode Y. a silvery grey deposit
Agtlag) + e —> Agls)
(Ii) AgNO, solution slowly turns Inte acidic HNO, solution as OH lons are
being discherged from the solution leaving behind H* lons.

i) Fo —> Fe” + 3e
{ii) 1 The electrons from the power source {-} travels to the steel pipe
2. Excass electrons on the steef pipe prevents the oxidation of Iron
(il Attached a hlock of Mg to the steel plpe
Mg being more reactive than Iron will corrode instead of fron
Mg —> Mg¥ + 2e

M —
H

activatior] ene

CsHs{g) + 504
CaHs(l) 450

Energy

AH = -2220 kd/mol 4H,0 + 3CO;

2y
Cal

Progress of reaction

Comect diagram with labelling [2] (b) Correct positon of liquid propane
]

(2]

1

() Anode Equation? -

Cathode Equation 2
() CyHa(g) + 502(5) —> 3CO:(g) + 4HO(g)
(il) Fuel cell Is a more efficlent way Using the generator a lot of heat s
lost to the surroundings when fuel Is burnt to generate steam to turn the
turbine

4l
)

)

Paralfin is safer to use as it Is a liquid and has a higher bolling point and is
not as flammable as LPG

L)

—

()CO; - acidic,  Si0z - acidie, PbO - amphoteric

(1




(i) CO, Is acidic dissclves In water to form HzCOa
810, 1s acidic. It reacts with Ca0 (a base) to form a salt,calcium silicate
S0, + Ca0 —> CaSi0,
PbO Is amphoteric It reacts with acld to form a salt and water
PbO + 2HCl —> PbCl; + H0
PbO reacts with NaOH to from a salt, sodium plumbate, apd water

1]
[

()

Equation1 PbO s acling as a base
It reacts with acid to form salt and water

Equation2 PbO; is an oxidising agent.
PbO, oxidlses CI'in HCI to Cl; There Is an increase in
oxidation state od chlorine frem -1 to 0

0]
M

1

B7

(@)

The first lonisation energy is removing one electron from the third shell
which 1s furthest away from tha nucleus hence lowest energy required.
There Is only a slight Increase from the 2 to 9% lonlsation energy as this
invalves the removal of 8 electrons from the same second shell

10" and 11" jonisation energy are the highest as It Involves removal from
the first shell closest fa the nucleus.

11
M

()

(i) First lorusation energy of Na and Ar both involves removal of one
electron from the third shell

Howwover the comletely-filled shell of Ar has extra stability It 1s more
difficult to remave electron from this stable configuration and henca the
lonlsatlon energy s very high

Formula of the
hydride of the SiHy | PHa —
element

If all correct [1]

(1
]

[

[{)

sodium hydride

(2

(iv) Similarity NaH and HCl are both soluble In water
Oifferesnce NaH has high melting point and bolling polnt.
HCI has low melting and boiling point

M
)

B8

(@)

() Molesof 05gofzinc = %

= 0007692
Moles of Hz =0 007692
Valume of H; =0007692 x 24000
=184 6 cm®

[

|




(1)) The zinc samples are impure

(b)

In the experiments when 0 1 g to 0 6 g of zinc were used , zinc s the
limiting reagent.
In excess of 0 7 g of zinc, HCI Is the limiting reagent

-C—C—C—C—
S
H H B _H

| © Moles of Hy = -—ZA
== " 24000 1
= 0009375 i
Moles of HCl = 0 009167 x 2 1
= 001875 1
Concentration of HCI = % x 001875 tl
= 0375 molidm®
(d) | At a higher temperature the particles galn energy and move faster [1]
There are more parlicles that possess the minimum activation energy M1
hence Increass In effective collislons, Increase In rate of reaction
Either | (a) | {1} cracking [11
B9 (li) heat, 60 atmospheric pressure and phosphoric (V) acid M
(i) Process 2 Is more viable as the source of glucose which comes from
plants [s renewablo whereas petraleum in Process 1 Is non-renewable 1]
(Iv) Process 1 Involves processes that requlre energy end at the same
time produce a lot of waste products like CO; [1]
In Process 2 the carbon footprint Is zero as the CO; produced during
fermentation Is absorbed by plants during photosynthesls [1]
(b) | (i) Ethanol 1s oxidized to ethanolc acld using acidifled K;Crz0; or KMnOg 1
and heat
CHCH,OH + 0, —> CHCOOH + H;0 (1]
Ethanol is thon heated with ethnolc acld in the presence of concentrated 1]
HzS0, to praduce ethyl ethanoate
CH;COOH + CHJCH;OH —> CH,COOCH,CHy + HO 1
()] H O HH
| [
H-C~0-C-C-C-H 11
I I 1
H H H
Or
H HH (o]
I 1 1 I
H-C-C-C-0-C-H
[N |
H H H
OR [(a}
B9 CHyH CH; H
1 1 | | [

Ly



(b)

o '] 3
=171 x 103%[!1
#2
OR 2CH; + 90, ~—> 6CO; + 6H.0O T
1tonne CyHy = 31—2- x10* moles

=0023809 x 10°
Moles of CO, = 0023809 x 10°x3
Volume of CO, =007142 x 10° x 24 dm’
=171 x10°dm®

1]\\ -
¥ ¥ —.
s NO—CHp~CH-0~ | [
@] O
0
[l
C-0-H
H 1
1
Cc=C-C-H
1 |
H H
]
H COOCHy, H COOCH,
N - "
& P I
H CHa H CHs
(iii) Perspex does not break as easlly as glass / Parspex when shattered
does not injure as serfously as glass
(11
(d) | () The raw materia! of microbeads [s crude oil and In future, ofl will be very
expensive ag it Is running low [1]
(i} Ground nut shells occur naturally hence it Is blodegradable and
environmental friendly. 1
{e)
()] 2CH, + 30, —>» 200, + 2H,0 1]
{m itonneCH, = le x10° moles
Moles of CO; = 007142 x 10° m
Volume of CO, =007142 x 10° x 24 dw® o
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