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The following diagrams show the arrangement of particles of a substance at
two different temperatures.

-190 °C -30 °C

O

SSts o

Which substance could the diagrams represent?

Substance | Melting point / °C | Boiling point /°C
A -210 -50
B -210 -10
C -100 -50
D -100 -10
When concentrated aqueous methylamine, CH3sNH2 (Mr = 31) and

concentrated hydrochloric acid, HCI (Mr = 36.5) are placed at opposite ends of
a tube, a white ring of solid, methyl ammonium chloride, CH3NH3Cl is formed.

At which position A, B, C or D, will the white ring be found?

. A B c D )
% R
% . %
cotton wool soaked in cotton wool soaked in
concentrated methylamine concentrated hydrochloric
solution ' acid

Which two gases each change the colour of damp red litmus paper?

ammonia and chlorine

ammonia and hydrogen chloride
carbon dioxide and chlorine
carbon dioxide and sulfur dioxide

ooOow>»
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4 Four students were asked to test a solution for the presence of a cation by
using various anions. The students obtained these results.

Student chlorides sulfates carbonates
A No precipitate No precipitate Precipitate
B Precipitate Precipitate No precipitate
C Precipitate Precipitate Precipitate
D No precipitate Precipitate No precipitate

Each student concluded that Pb?* was present.
Which student had results consistent with this conclusion?

5 Solid samples of ammonium chloride, silver chloride and sodium chloride were
accidentally mixed together. Which of the following sequences outlines the
best method to obtain the pure dry sample for each substance?

dissolving, filtration, sublimation, crystallisation
dissolving, fractional distillation, filtration, evaporation
sublimation, filtration, evaporation, crystallisation
sublimation, dissolving, filtration, evaporation

o0 mw>

6 The results of a paper chromatography experiment carried out on an ink
sample are shown below.

© solvent front

Dye Y [ I O *
- ®
Dye X ‘ i38cm
22cm
7 ink
sample

Given that the Rt value of Dye X is 0.40, what is the Rt value of Dye Y?

A 0.50
B 0.57
Cc 0.69
D 1.73
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7 An imaginary element Unitium (Um) has a proton number of 113 and a nucleon
number of 237. Which of the following indicates the number of sub-atomic
particles in the Unitium ion, Um3*?

Number of Number of Number of
electrons neutrons protons
A 110 124 110
B 110 124 113
C 113 237 113
D 113 124 110

8 The relative atomic mass of naturally occurring chlorine on planet Jupiter is

found to be exactly 36.0. What cannot be a reason for this?

A
B
Cc
D

All the chlorine atoms on Jupiter have 19 neutrons.
Half the chlorine atoms on Jupiter have 18 neutrons and the rest have 20
neutrons.

There is only one type of chlorine atom found on Jupiter.

The chlorine atoms on Jupiter have different number of protons but same

number of neutrons.

9 How many covalent bonds are there in the molecule with the formula

CH2CHCH3?
A 7

B 8

CcC 9

D 10

10 The proton numbers of elements, Q, R and Z are 4, 6 and 8 respectively.
Which of the following lists give the correct formulae of the compounds formed
between them?

A
B
C
D

QZ
QZ
Q2Z
Q2Z

RZ>
RZ>
RZ
RZ

Sec 4E Chemistry P1

QRZ3
QRZ4
QRZ3
QRZ4
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11 J, K and L are three different elements in the Periodic Table. The electronic
diagram (showing only the valence electrons) of the compound formed
between J, K and L is shown below:

2+ / \ 2-

- _/

Which of the following statements are correct?

I Element K could be nitrogen.

Il Element J belongs to Group Il of the Periodic Table.

[l Element K and element L are bonded together by covalent bond.
v Element L is a metal.

A | llandlll
B I lland IV
C Lllland IV
D I, Illand IV

12 A pure compound contains 24 g of carbon, 4 g of hydrogen and 32 g of
oxygen. What is the empirical formula of the compound?

A CHO

B CH20
C CH4O
D C2H20

13  When solid sodium hydrogencarbonate (Mr = 84) is heated strongly, the
following reaction occurs.

2NaHCO3 (s) — Na2COs (s) + H20 (g) + CO2 (g)

What is the loss in mass when 25.2 g of solid sodium hydrogencarbonate is

heated?

A 27¢g
B 93g¢g
C 159g¢
D 186¢g
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14 In an experiment, 4.0 cm? of 1.0 mol/dm?3 copper(ll) sulfate solution are mixed
with 8.0 cm? of 1.0 mol/dm?3 sodium carbonate solution.

What does the reaction vessel contain?

A
B
Cc
D

a green precipitate and a blue solution

a colourless solution only

a white precipitate and a colourless solution
a green precipitate and a colourless solution

15 Concentrated aqueous iron (Il) iodide is electrolysed using platinum electrode.
Which of the following correctly describes the reactions at each electrode?

lons attracted to cathode Observations at anode
A I~ and OH"~ Colourless gas evolved
B I~ and OH"- Grey deposit formed
C Fe?* and H* Brown solution formed
D Fe?* and H* Colourless gas evolved

16  Four electrolytes are listed. Each is electrolysed using inert electrodes.

AOWON -

aqueous copper(ll) chloride
concentrated aqueous sodium chloride
dilute aqueous sodium chloride

molten aluminium oxide

Which two of the electrolytes will result in a metal forming at the cathode?

A
B
C
D

1and 2
1and 4
2and 3
3and4

17  Which statement describes what happens when hydrogen and oxygen are
used in a fuel cell?

o0 mw>
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Electricity is generated directly.

Electricity is used to produce water.
Hydrogen is burned to form steam.
Hydrogen reacts to form a hydrocarbon fuel.
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18

19

The energy profile diagram of a certain reaction is shown below. X is a
catalyst.

without X

energy reactants with X

products

reaction pathway

Which one of the following statements is correct?

A More heat is absorbed in bond-breaking than is released in bond-making.
B The addition of X increases the yield of the products.

C The enthalpy change is decreased by the addition of X.

D The frequency of effective collisions is increased by the addition of X.

Gaseous phosphorus pentachloride can be decomposed into gaseous
phosphorus trichloride and chlorine by heating.

Ci cl

cf—Pf"“cI
' \“cr — (] P—CI + C]——CI

Ci

Given that the bond energy of P-Cl is 330 kd/mol and CI-Cl is 240 kJ/mol,
calculate the enthalpy change for the reaction.

-420 kJ/mol
-90 kJ/mol
+90 kd/mol
+420 kJ/mol

o0 mw>
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20 When excess calcium carbonate pieces are added to dilute hydrochloric acid,
the reaction gradually becomes slower and finally stops.

Which statement best explains why the rate of reaction becomes slower?

A Aninsoluble layer of calcium chloride is formed on calcium carbonate.
B The concentration of hydrochloric acid gradually reduces to zero.

C The mass of calcium carbonate decreases throughout the reaction.

D The pieces of calcium carbonate gradually become smaller.

21 Which of the following graphs shows the correct change with time when nitric
acid reacts with excess iron filings?

B
Mass of iron Concentration of nitric acid
» Time » Time
o D
Volume of hydrogen gas Concentration of iron (ll) nitrate
> Time *» Time

22  Atextbook writes ‘Nitric acid, HNOs, is a strong oxidising agent’.

Which of the following cannot be a product of nitric acid in its reaction with a
reducing agent?

A N20s
B N2

C NO
D NO2

23  Which of the following pairs of reactants will not give a neutral solution when
they are mixed together in equal number of moles?

A Sodium hydroxide and nitric acid

B Calcium hydroxide and sulfuric acid

C Potassium hydroxide and hydrochloric acid
D Barium hydroxide and nitric acid
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24 Solid R is gradually added to aqueous solution S. The changes in pH are
shown on the graph.

pH

141

12

10

0 » mass of solid R (g)

>

What are substances R and S?

Substance R Substance S
A insoluble metal oxide nitric acid
B soluble metal oxide hydrochloric acid
C soluble non-metal oxide agueous ammonia
D soluble non-metal oxide sodium hydroxide

25 A new indicator has just been produced in the laboratory. It changes colour
according to the table below:

pH Colour
0-3 Red
4-7 Green
8-14 Dark blue

This indicator will be suitable to distinguish between

aqueous ammonia and sodium hydroxide.
aqueous sodium chloride and water.

aqueous sodium nitrate and sodium hydroxide.
dilute hydrochloric acid and dilute sulfuric acid.

o0 mw>
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26

27

28

29

Which of these statements are true in Haber Process?

|  The hydrogen needed can be obtained by cracking of petroleum.
Il The reaction chamber is pressurized to speed up the reaction.
[l The ammonia formed is removed by condensation.

| and Il

| and Il
Iland I
[, I 'and Il

o0 wW>

Many properties of an element and its compounds can be predicted from the
position of the element in the Periodic Table.

Which property could not be predicted in this way?

the acidic or basic nature of its oxide
the formula of its oxide

the number of isotopes it has

its metallic or non-metallic properties

o0 mw>

A large volume of copper(ll) sulfate solution is left in an iron container
overnight.

Which statement describes what happens?

A  The solution evaporates completely and some copper(ll) sulfate crystals
are left behind.

B The part of the container in contact with the solution is coated with
copper.

C Some fine iron particles are formed in the solution.

D Atmospheric oxygen reacts with the copper(ll) sulfate to give black
copper(ll) oxide.

The Apple® Watch (Sport) is made up of an alloy comprising aluminium and
tightly controlled amounts of magnesium and zinc.

Which of the following is not a good reason for alloying metals?

It is cheaper to use alloys than pure metals.

The use of alloys enhances the appearances of the product.

The use of alloys enhances the strength of the product.

The use of alloys makes the product less susceptible to corrosion.

ooOow>»
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30

31

32

The haemoglobin molecule in our blood contains 0.33% by mass of iron. If the
molar mass of haemoglobin is 68 000 g, how many iron atoms are there in one

mole of haemoglobin?

A 4
B 8
C 224
D 401

Petrol and diesel are two common fuels used by cars and buses respectively.
The combustion of these fuels produces air pollutants.

The table shows the mass of pollutants found in exhaust fumes when 1 kg of

each fuel is burnt.

pollutant produced

mass of pollutant after
petrol is burnt/ g

mass of pollutant after
diesel is burnt/ g

carbon monoxide
oxides of nitrogen
sulfur dioxide

unburnt
hydrocarbons

240
30
1

25

10
60
4

20

Which of the following statements can be inferred using the data in the table?

A All the pollutants listed can be removed by installing a catalytic converter.
B Carbon monoxide is produced by complete combustion of the fuels.

C Petrol contributes more towards the formation of acid rain.

D The temperature in petrol engine is lower than that in diesel engine.

Which of the following changes does not happen in a catalytic converter?

o0 mw>
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carbon monoxide - carbon dioxide
nitrogen dioxide - nitrogen

nitrogen monoxide - nitrogen dioxide
unburnt hydrocarbons - carbon dioxide and water
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33

34

35

36

Four alkanes, H, I, J and K were extracted from a fractional distillation sample
of crude oil.

K is more viscous compared to I.
J burns with a less sooty flame compared to | and K.
H is less flammable than K.

Which of the following shows the sequence in which the alkanes were
collected, in order of increasing boiling point?

A J,HKI
B HILKJ
C KHJI
D JLKH

A molecule of Ci7Hss undergoes catalytic cracking. The products of the
reaction are one butane molecule, one propene molecule and some ethene
molecules. How many ethene molecules are produced during the reaction?

A
B
Cc
D

0 ~NO O

200 cm? of methane is burned in 300 cm? of oxygen.

When cooled to room temperature, what could be the resulting mixture of
gases?

A CHs4, CO, CO2
B CHs4, CO, H20
C CH4, CO2, O2
D CO2, H2 O2

Some cooking oils contain a mixture of water with molecules of saturated and
unsaturated fats. A pure fat molecule has a relative molecular mass of 300.

75 g of the fat reacts with 120 g aqueous bromine.

How many double bonds are there in each molecule of the fat?

ooOow>»
oORrWN
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37 A compound X has all of the following properties:

e Itis aliquid at room temperature and atmospheric pressure.
e It does not mix completely with water.
e It does not decolourise acidified potassium manganate (VII).

What could X be?

A ethane
B ethanoic acid
C ethanol

D ethyl ethanoate

38 Which prediction about the compound below is not likely to be true?

T
HO H H OH

It forms salts with bases.

It reacts with ethanol.

It reacts with hydrogen to form a saturated compound.

It can be oxidised by acidified potassium manganate (VII).

o0 mw>

39 The reaction between a carboxylic acid, CxHyCO2H, and an alcohol,
CnH2n+1OH, produces an ester.

How many hydrogen atoms does one molecule of the ester contain?

y +2n

y+2n+1
y+2n+2
y+2n+3

o0 mw>

Sec 4E Chemistry P1 Page 13 of 15 USS PRELIM 2019



40 Which of the following shows the repeating unit of terylene?

Ao o © 9 9w

—CDC—I\'J‘-—I\'J_ —O0—C{_FC—N{_FO—
H H

® 0 0 > 9o 0

—C{_Fc—OoR-0— —o—c—[:l—c—o—-—rTl—

H

End of Paper 1
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Section A

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

A1 The diagram shows part of the Periodic Table. Only some of the elements are

shown.
H
C|N F
Si|P|S]|Ci
Ti Fe Cu| Zn As Br

(@) Answer each of the following questions using only the elements shown in
the diagram.
Each element may be used once, more than once or not at all.
State one element which

(i) has a melting point below room temperature but a boiling point [1]
above room temperature

(i) has an atom with three occupied electron shells, the outer of which [1]
has only five electrons.

(iii) is colourless, diatomic gas [1]

(b) Chlorine was passed through a tube as shown below. After some time,
coloured substances were seen at P, Q and R.

potassium potassium iodide
bromide

VY W, -
--OOO0.0:n

) ’
.'.;’:’:..‘.‘.'.

bt

gentle heat

State the observations seen at each of the region.
[3]
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Region Observations

(c) Arsenic reacts with oxygen to form arsenic(lll) oxide, As20s3.

Arsenic(lll) oxide is slightly soluble in water. A weak acid, arsenous acid,
H3AsOs, is formed.

Use the kinetic particle theory to explain why a 0.05 mol/dm? solution of [2]

arsenous acid reacts much more slowly with magnesium ribbon than a 0.05
mol/dm?3 solution of hydrochloric acid.

A2 The chemical equation for the thermal decomposition of calcium nitrate is shown
below.

2 Ca(NOa3)2(s) > 2CaO (s) +4 NO2(g) + O2(9)
(@) What is the total volume of gases produced at room temperature and [2]

pressure when 492 g of calcium nitrate undergoes thermal
decomposition?
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(b) State the oxidation state of nitrogen in calcium nitrate. [1]

(c) Explain, using oxidation state, whether the nitrogen in calcium nitrate is [2]
oxidized or reduced during the reaction.

A3 The graph below shows the first ionisation energy of the atoms of elements in
the Periodic Table. The first ionisation energy is the amount of energy needed
to remove the most loosely held electron in the atom to form a positive ion.

Example of the first two elements is given as follows:

H—> H +e First ionisation energy = 1250 kJ/mol
He > He* +e First ionisation energy = 2300 kJ/mol
| *He
Ne
2000 ?

1000 C/ ’ P..(Z/\
| B'e/a | y /'/Si 1
500 h "

— U Na

"

P ’._"/.\/./ oY

Energy (kJ/mol)
o
[ =}
o
+
r——
=
~

10 20 30 40

Proton number
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(a) Based on the graph,

(i) which element is the least reactive between the proton number of 10 [1]
to 207?

(i) estimate the first ionization energy of Krypton. [1]

(iii) suggest an explanation for the difference in the first ionization energy
between beryllium and magnesium. [2]

(b) Oxygen contains two isotopes, O-16 and O-18. Do you think that the first [1]
ionization energy of both the isotopes is the same? Give a reason for your
answer.

A4 Sodium phosphate is a soluble salt used as a water softener in detergents. It
can be prepared by reacting phosphoric acid, HsPO4' with sodium hydroxide in
a neutralization reaction.
(a) Give the formula of sodium phosphate. [1]

(b) Write a chemical equation for the reaction between phosphoric acid and [1]
sodium hydroxide.
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(c) 50.0 cm?® of 1.0 mol/dm?® phosphoric acid reacted completely with sodium
hydroxide to form sodium phosphate solution.

(i) Calculate the mass of sodium phosphate formed. [2]

(ii) Describe how you would obtain pure, dry crystals of sodium [3]
phosphate from the salt solution.

Sec 4E Chemistry P2 Page 6 of 21 USS PRELIM 2019



A5 Experiments were carried out on the rate of reaction of zinc with dilute sulfuric
acid. In each experiment, excess sulfuric acid was used. The results are shown
in the following graphs.

In Experiment 1, 0.26 g of powdered zinc were used. All three experiments
were carried out at room temperature.

2 OBI- 200 2001

100

1c0

100+

—

0 0 0 :
Time/sec Time/sec Timefsec
Experiment 1 Experiment 2 Experiment 3
(@) The x-axis has been labelled for you. Suggest the label for the y-axis. [1]

(b) Suggest, with a reason, how the condition might have been altered to
produce the results for Experiment 2. [2]

(c) InExperiment 3, some copper(ll) sulfate was added. Suggest two reasons
for the results obtained for this experiment. [2]

(d) Explain why attaching a piece of zinc to an iron pipe prevents the pipe from
rusting. [1]
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A6 The diagram shows an electric cell.

M\
Copper U

/ Zinc

Dilute sulfuric acid

(@) (i) Draw an arrow on the diagram to show the direction of the flow of
electrons in the wire. [1]

(iif) Write a half-equation with state symbols for the reaction taking place
at the negative electrode. Explain why it happens that way. [2]

(b) The zinc electrode is now replaced by iron.

(i) State and explain the change in the ammeter reading obtained. [2]

(iif) State one other observation that will be different from the original
set-up. [1]
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A7 The table below shows the enthalpy of combustion of three fuels.

fuel enthalpy change of combustion
(kJ/mol)
ethanol -1370
hydrogen -256
octane -5510

(@) Using ideas about bond-breaking and bond-forming, explain why the [2]
enthalpy change of combustion for ethanol is negative.

(b) Ethanol and octane both undergo combustion to produce carbon dioxide.
The equation for the combustion of ethanol and octane are given below.

combustion of ethanol: C2Hs0OH + 302 - 2C0O2 + 3H20
combustion of octane: 2CgH1s + 2502 =2 16CO2 + 18H20

(i) Calculate the volume of carbon dioxide that will be produced when [2]
ethanol undergoes combustion to produce 200 kJ of energy.

(i) Calculate the volume of carbon dioxide that will be produced when [2]
octane undergoes combustion to produce 200 kJ of energy.
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(iii) Green fuel is a fuel that produces lesser carbon dioxide when burnt.

An example of green fuel is biogas.

Is ethanol “necessarily” a greener fuel? Explain.

A8 Acyl chlorides belong to a class of organic compounds that are analogous to
carboxylic acids. Methanoyl chloride and ethanoyl chloride are the first two
members of the acyl chloride homologous series.

| homologous
series

displayed formula of first member

displayed formula of second member

carboxylic acid

O
Il
C
2N
H OH

methanoic acid

H 0

\ &
He=A{g =

I AN

H CH

ethanoic acid

acyl chloride

H-C
%
CI

methanoyl chloride

H
I &
H-C-C
| N
H ClI
ethanoyl chloride

@ (i)

Define the term homologous series.

(ii) Describe and explain how the boiling point of ethanoyl chloride
compares with that of methanoyl chloride.

Sec 4E Chemistry P2
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(iii) Draw the full structural formula of the fourth member of the acyl [1]
chloride homologous series.

(b) Acyl chlorides undergo the same type of reaction with alcohols as their
carboxylic acid counterparts to form the same ester.

For example, methanoic acid and ethanol react to form ethyl methanoate.
Methanoyl chloride reacts with ethanol to also form ethyl methanoate.

Using your answer from (a)(iii), draw the full structural formula of the ester

formed between the fourth member of the acyl chloride homologous series
and methanol. Name this ester.

[2]

NamMeE Of @S eI ..o e

Full structural formula of ester:
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The last question is in the form of either/or and only one of the alternatives should be

attempted.

B9 Glass is a mixture of oxides, made up of three components: formers, fluxes and

stabilizers.

Section B

Answer all three questions in this section.

e Formers make up the largest percentage of the mixture to be melted to
produce the glass.

e Fluxes lower the temperature at which the formers will melt.

e Stabilizers make the glass strong and weather resistant.

The composition of a type of glass (percentage by mass of their components) is

shown in the table below.

chemical present

soda lime silica

glass

silica, SiO2 73.6%
soda, Na20 16.0%
potash, K20 0.6%
alumina, Al2O3 1.0%

Note: not all the components of glass are shown in the table above

(@) (i) Identify the chemical that serves as the former.

(i) Explain, based on structure and bonding, why the chemical in (a)(i)

can withstand high temperatures.
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(b) Soda and potash are commonly used as fluxes. These fluxes have to be
thermally stable.

Which flux, soda or potash is more thermally stable? Explain your answer.

[2]
(c) The Gorilla Glass is a type of scratch-resistant glass made by the company,
Corning. Glass sheets are dipped into a molten potassium salt bath at
about 400 °C, where the potassium ions undergo an exchange with the
sodium ions (see diagram below).
The larger potassium ions now present in the glass structure exert a
“‘compressive effect” on the glass (similar to what happens in an alloy) that
strengthens it.
@®Before ion exchange @After ion exchange
Na+
Fused salt Fused salt
K+
0
0 Sli ]
(I)
GLASS GLASS
particle ionic radii / 1072 m
sodium ion 116
potassium ion 142
(i) Explain why the molten potassium salt bath has to be at 400 °C. [2]
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(ii)

(iii) As part of the quality control process, a sample of Gorilla Glass was
immersed in two solvents and the weight loss per unit surface area
was measured after some time.

Sec 4E Chemistry P2

Explain, using data, how the ion-exchange process strengthens the

glass through the “compressive effect”.

time / hours

weight loss / mg cm

HCI
NaOH

24
6

0.12
1.42

Explain the results in the table above.
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B10 The diagram shows the electrolysis of three different solutions using inert

electrodes.
—C)——mni———

A B C
Copper (II) Concentrated Silver nitrate
sulfate solution Sodium solution
chloride
solution

(@) (i) Write equations for the reactions that happen at each electrode in cell
B during electrolysis. Include state symbols. [2]

(ii) Describe two observations that take place at cell B.
Explain your observations. [4]
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(b) 6.0 dm® of oxygen is liberated from cell A, at room temperature and
pressure.

(i) Calculate the increase in mass of the cathodes in cells A and C. [2]

(ii) What is another observation in cell A?
Explain your observation. [2]
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B11 EITHER

The diagram shows four monomers.

Monomer A Monomer B
O @] "
H COOCH;
\ -
PO | W=
H(_)/ \()H H e
Monomer C Monomer D
H H O
M— H
/ - T ) \ HO — C — CH,CH,CH, — OH
H H

(@) Monomer B was formed by reacting propenoic acid, CH2CHCOOH with
another compound, X. State the conditions of the reaction and name

comp

ound X.

Which of these monomers can be used to produce a polymer through

condensation polymerisation by itself?

(ii) Which of these monomers will undergo polymerisation without a

change in percentage composition? Explain your answer.
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(c) (i) Using two monomers above, draw a repeat unit of the polymer
formed, which has the same linkages as found in nylon. [1]

(i) Explain why the polymer formed in (c)(i) should not be disposed by
burning. [2]

(d) A student has four solutions containing monomers A to D each. Describe
chemical tests the student could do to identify the four solutions.
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B11 OR
Haematite and coke are used to make iron in the blast furnace. A series of
chemical reaction occurs within the furnace before molten iron is collected. Iron
from the blast furnace contains carbon and silicon as impurities.

(a) Explain, with the help of equations, why coke is essential to the process of
making iron from haematite.

(b) Three beakers were set up to study the reactivities of iron, lead and an
unknown metal X.

3 ( ] (

] n+ 3 a
Pb2* ions b= X" jons—i
Pb

Beaker 3

After some time, it was observed that the metal pieces in beakers 1 and 3
decreased in size. However, the metal piece in beaker 2 remained the
same.
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Deduce the order of the reactivities of iron, lead and metal X, starting with
the least reactive metal. Explain your answer. [3]

(c) Iron was reacted with dilute sulfuric acid to obtain a solution. Adding some
aqueous ammonia to the solution in a test-tube resulted in a green
precipitate. After some time, the green precipitate started to turn reddish-

brown.
(i) Write an ionic equation for the formation of the green precipitate. [1]
(ii) Name the brown solid and explain how it was formed. [2]

End of Paper 2
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