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2

A gas is produced when aqueous calcium hydroxide and aqueous ammonium chloride are
heated. Which of the following methods can be used to collect a dry sample of the gas?

calcium oxide
gas
—i
gas E]ﬂ qas
concentrated
sulfuric acid
1 2 3
A 1only B 3only C 1and3only D 2and3only

A student is exploring various ways to monitor the rate of the following reaction by measuring
changes in different variables of the reaction.

Cra07- (ag) + 14H* (aq) + 3C2042 (aq) — 2Cr3* (aq) + 6CO; (g) + 7Hz0 ()

Which of the following variables can be measured to monitor the rate of reaction?

1 pH of the reaction mixture
2 mass of the reaction mixture
3 amount of precipitate cbtained

A 1only B 2only C tand2only D 1,2and3

A series of experiments was conducted on an unknown pure substance. Which observation
suggests that the pure substance could be an element?

The pure substance is soluble in water.

The pure substance has a fixed melting point.

The pure substance conducts electricity in the solid state.

The pure substance forms two products when undergoing heating.

ooOom>P

The equation shows the reaction of an oxide of metal M in water.
M20(s) + H20(f) — 2MOH(aq)
What types of bonding are present in M20 and MOH?

MO MOH
A ionic ionic
B ionic ionic and covalent
c covalent ionic
D covalent covalent
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3

The diagrams below show the atoms of two elements, S and T.

8p
8n

S T
What is the relative molecular mass of the compound formed between these two elements?

A 30 B 30 C 55 D 62

Which methods are suitable to test the strength of acids with the same volume and
concentration?

1 titration ,
2 measuring their electrical conductivity
3 using a pH meter

A 1only B 1and3only C 2and3only D 1,2and3

Two solutions were mixed in a beaker. The mass of the beaker and its contents was
recorded at regular time intervals. The graph below shows the results.

mass /g
A

S

time / min 4

What could the two solutions be?

aqueous ammonium nitrate and warm dilute hydrochloric acid
aqueous ammonium chloride and warm aqueous sodium hydroxide
aqueous silver carbonate and warm aqueous dilute hydrochloric acid
magnesium and dilute sulfuric acid

ooOm>P

When 42.0 g of sodium hydrogen carbonate, NaHCO3, was strongly heated, 4.50 dm® of gas
was collected at room temperature and pressure.

2NaHCO: — Naz;CQOs + CQO: + H0

What was the percentage yield of carbon dioxide?

A 29.0% B 37.5% C 40.9% D 75.0%
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A student attempted to prepare some salts by using reagents shown in the table below.

experiment salt reagents
1 zinc chioride | mixing aqueous zinc nitrate and hydrochioric acid
2 sodium nitrate | titrating aqueous sodium carbonate with nitric acid
3 calcium sulfate | mixing agueous calcium nitrate and sulfuric acid

Which of the experiments give a good yield?

A 1,2and3 B 2and3only C 3only D 1only

The scheme below shows some reactions of salt F.

green crystalline salt F

dissolve in water aquecus
r ammonia =
aqueous salt »  blue precipitate
dilute nitric acid, BXCRsS aquecus
followed by aqueous BMmonia
silver nitrate v
white precipitate dark blue solution

What is the identity of F?

copper(l) chloride
copper(ll} sulfate
iron(il) chloride
iron(1l) suifate

coOom>»

In which equations are each underlined substance acting as a reducing agent?

1 ZnQ(s) + CO(g) —» Zn(s) + CO:(g)
2 Cu(s) + N:O(g) — CuO(s) + No(g)
3 CuO(s) + 2NH3{g) — 3Cu(s) + Nz2(g) + 3H0 ()
4 H.S804(aq) + Na:0(s) — Naz80, (ag) + 2H.0 (I}
A 3only B 1and2only C 3and4only B 1,2and 3only

Six oxides are listed below.
Alea CcO CuQO Nazo Pxf.Os SOz

How many of these oxides can react with agueous sodium hydroxide?

A 2 B 3 Cc 4 D 5
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13 W, X, Y and Z are metals. When the metals were heated with an oxide of anather metal, the

14

15

16

following resuits are obtained.

o oxideof Z+W - oxideofW+Z
o oxide of X + W — no reaction

o oxideofZ+Y —oxideof Y+ Z
e oxide of W + Y — no reaction

What is the correct arrangement of metals W, X, Y and Z in order of increasing reactivity?

W, X, Y, 2
X, W, Y, 2
Y,Z, W, X
Z,Y, W, X

oOOmP

How will the addition of a catalyst affect the energy of the particles and the activation energy
of the reaction?

energy of particles activation energy
A remains the same remains the same
B remains the same decreases
C increases remains the same
D increases decreases

Four students each dissolved an indigestion tablet in 100 cm? of water. They titrated 25.0
cm? of their solutions with dilute hydrochloric acid using the same indicator. The results
are shown in the table.

student P Q R S
volume of hydrochloric acid / cm® | 19.40 19.50 19.40 21.00

Which statement could explain the anomalous result obtained by student S?

The burette was rinsed with hydrochloric acid.

The titration flask was rinsed with hydrochloric acid.

The pipette was rinsed with solution of indigestion tablet.

The titration flask was rinsed with solution of indigestion tablet.

oOowP

Three main group elements, X, Y and Z, have consecutive increasing atomic numbers. What
are the possible formulae for the ions formed by elements X and Z in their compounds?

X and Z*

X% and Z*
X+ and Z%-
Xt and 72

oOow>»
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Q, R, S and T are elements in the Periodic Table. Here are some results obtained from
experiments conducted on these substances or their corresponding compounds.

S has a higher melting point than T.
R gains electrons more readily than Q.

Which of the following statements could be cormrect?

Qi could be bromine and R could be iodine.
R could be paler in colour than Q.

S could exist as diatornic molecules.

T could be lithium and S could be sodium.

oOw>

Which of the following icns would lose an electron most readity?

A AP B Fe? ¢ Ag' D Na*

Four clean iron nails were prepared and three of them were coiled with metals.

The nails were put into four test tubes, P, Q, R and 8. Potassium hexacyanoferrate(lii}
solution was then poured into the test fubes fo cover the nails.

Potassium hexacyanoferrate(lll} solution forms a dark blue colour with iron ions that are

present in the rust. The intensity of blue colour indicates the extent of rusting that has taken
place.

P Q R S

nail
coiled

e

nail coiled _{ §¢
' with

with Mg

ot Nail

solution of potassiurm
hexacyanoferrate{Ill}

Which of the following shows the correct arrangement of the test tubes, in order of increasing
intensity of blue?

P,Q, SR
R, S, QP
P.Q,R, S
SR, QP

oowp
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An electric current was passed through molten calcium chloride, producing 2.00 g of calcium
metal at the cathode. What was the mass of chlorine produced at the anode?

A 120g B 1.78g C 355g D 71¢g

Which of the following reactions takes place in a hydrogen fuel cell?

Hydrogen ions are oxidised at the anode.

Hydrogen ions are reduced at the cathode.

Oxygen loses electrons to form 0%~ at the cathode.
Hydrogen loses electrons to form H' ions at the anode.

gOmp

Four metal strips W, X, Y and Z were tested for their reactivities by using a set-up as shown
below. If lead is the positive electrode, it will result in a positive voltmeter reading. Readings

from the voltmeter are shown in the table below.
i

ANV

i

unknown metal | 5 lead

unknown metal | voltmeter reading / V
W 1.10
X 0.00
Y - —0.66
z 0.58

Which of the following shows the correct arrangement of the four unknown metal strips in
order of decreasing reactivity?

W, Z XY
Y. X, Z, W
WY, Z X
X ZYW

OO mW>

During the electroplating of a silver spoon using goid,

the anode is the silver metal.

the spoon is made the cathode.

the electrolyte used is aqueous silver nitrate.

the concentration of the electrolyte increases during electroplating.

BN =

Which of the above statements are correct?

A 2only B 1and2only C 1, 2and3only D 1,3and4only
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energy,

b e e B e o oan m n w um e Bom mom m e m m

progress of reaction

Which of the following reactions could have the energy profile shown above?

A

B
c
D

CuCO3 (s) > CuO (s} + CO2 (g)

Cu(s) + 2AgNO; (agq) — Cu(NOs)2 (aq) + 2Ag (s)
CHs (g) + 202 (g) — CO2 (g) + 2H20 (g)

H20 (g) — H20 ()

Which of the following statements explains why less energy is released for the incomplete
combustion of hydrocarbons?

A
B

incomplete combustion occurs at a lower temperature than complete combustion.

The activation energy of incomplete combustion is higher than that of complete
combustion.

The products of incomplete combustion have a higher energy content than that of
complete combustion.

The fotal number of bonds broken and formed for incompiete combustion is iess than
that for complete combustion.

Solid copper metal, aqueous copper{ll} sulfate, solid graphite and molten magnesium
chloride will ali conduct electricity. Which pair of substances will conduct electricity because
of mobile electrons?

OO m»P

aqueous copper(ll) sulfate and molten magnesium chloride
aqueous copper({ll) sulfate and solid copper metal

molten magnesium chloride and solid graphite

solid copper metal and solid graphite

Vanadium oxide reacts with dilute sulfuric acid in the reaction shown below.

V205 + H:S04 — (V02)2804 + H:0

What type of reaction is this?

CoOomw»

dehydration
neutralisation
precipitation
redox
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Two experiments were performed at 30°C and the results are shown in the diagram below.
] experiment Il

volume of carbon

dioxide/cm? experiment |

time/s

Experiment | was a reaction between excess caicium carbonate and 25 cm® of 0.75 mol/dm?
hydrochloric acid. The volume of carbon dioxide collected in experiment Il was twice the
volume collected in experiment |.

What change was made to produce the graph of experiment {17

addition of a catalyst

changing the volume of hydrochloric acid to 50 cm?

changing the temperature of hydrochloric acid to 60°C
changing the concentration of hydrochloric acid to 1.50 mol/dm?

(=

Ammonia is manufactured by the Haber process according to the equation shown below.
Nz + 3H2 = 2ZNH3

Which statement is correct?

Hydrogen is reduced by nitrogen.

Nickel is added as the catalyst in this reaction.

Increasing temperature will increase the rate of this reaction.
Hydrogen is obtained from the fractional distillation of liquefied air.

oOw>»

Powdered calcium oxide is commonly placed near chimneys in coal-buming power stations
to reduce atmospheric poliution by removing the waste gases. Which gas will not be
removed by powdered calcium oxide?

carbon dioxide
sulfur dioxide
hydrogen chloride
nitrogen monoxide

oOow P

Ammonia burns in oxygen, forming nitrogen and water. The equation is shown below.
4NHs (g) + 302 (g) — 2Nz {g) + 6H0 (§)

If 40 cm?® of ammonia is burnt in 60 cm? of oxygen, what will be the total volume of gases left
after combustion at room temperature and pressure?

A 20cm® B 40cm? C 50cmd D 60cm?
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Petrol and diesel are two common fuels used by cars and buses respectively. The
combustion of these fuels produces air pollutants. The following table shows the mass of
pollutants found in the exhaust fumes when 1 kg of each fuel is bumd.

mass of poliutants/ g
fuel carbon oxides of sulfur dioxide unburnt
monoxide nitrogen hydrocarbons
petrol 240 20 1 25
diesel 10 60 4 20

Which statement can be inferred from the table?

Petrol contributes more towards the formation of acid rain.

Carbon monoxide is produced by complete combustion of the fuels.

Ali the poliutants listed can be removed by installing a catalytic converter.
The temperature in the petrol engine is lower than that in the diesel engine.

oOomp

A student used the following setup to separate mixtures.

filter finnel
mixture
evaporating
dish
heat

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

copper(ll} sulfate and sugar

copper(ll}) suifate and sodium chloride
sodium chloride and ammonium chioride
ammonium chloride and iodine

cCOoOw >

When dilute nitric acid and aqueous barium nitrate were added to solution R, a white
precipitate was observed. When aqueous sodium hydroxide was added to solution R, a
white precipitate which was soluble in excess aqueous sodium hydroxide to form a
colourless solution was observed.

What is the identity of solution R?

aluminium sulfate
calcium chloride
lead(il) sulfate
Zinc chioride

oo w»
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When concentrated magnesium chloride undergoes electrolysis using platinum electrodes,
what are the products collected at the electrodes?

positive electrode negative electrode
A oxygen hydrogen
B hydrogen chlorine
Cc magnesium chlorine
D chlorine hydrogen

Antimony oxide has a chemical formula of Sb20s while sodium phosphate has a chemical
formula of NasPQ4. What is the formula of antimony phosphate?

SbPQO4
Sh:PO.
SbiPO4
Sba(PO4)a

oOw»

The complete combustion of 20 cm?® of a gaseous alkane, Y, requires 70 cm? of oxygen.
Both volumes were measured at r.t.p. What could the identity of Y be?

butane
ethane
methane
propane

oOm>

The reaction between a carboxylic acid, CxHyCOOH, and an alcohol, CHzn+1OH produces
an ester. How many carbon and oxygen atoms are there in one molecule of the ester?

number of carbon atoms { number of oxygen atoms
A Xx+n | 2
B X+n | 3
c x+n+1 % 2
D X+ n+1 | 3

In which of the foliowing processes is water not part of the reaction?

manufacture of ethano! from glucose

manufacture of propanol from propene

manufacture of margarine from vegetable oils
manufacture of nylon from dicarboxylic acid and diamine

ooOm»

Which pair of gases would change the colour of moist red litmus paper in separate
experiments?

carbon dioxide and sulfur dioxide
chlorine and ammonia

chlorine and nitrogen dioxide
methane and hydrogen chloride

o WP
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Section A
Answer all guestions in this section in the spaces provided.
The total mark for this section is 50.

A1 The following information is given for the oxides of some elements in Period 3. The elements
are labelled A, B, C, D, E and F. The labels are not symbols of any element.

element formula of oxide | melting point/ °C | boiling point/ °C 'behaviour with water

soluble forming a

A A0 -120 2 weak acid

B BO 2800 3600 slightly soluble
forming an alkali

C C:0s 2054 3000 insoluble

D DO, 1650 2230 insoluble
soluble forming an

E EO; -72 -10 acid
solubie forming a

F F0 1132 1950 strong alkali

{a) Which element is most likely to be in Group |7

[}

(b) Which oxide can react with both hydrochloric acid and sodium hydroxide solution?

[]

(c} Which oxide is found as an impurity in haematite?

[]

(d} No elements from Group 0 appear in the table.
Use information in the table to explain why this staternent is true.

(2]

(e} The table shows some differences between the properties of BO and EQ:.
Explain why these two substances have different properties.

[3]
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A2

3

The following graph shows the volume of gas produced with time for some experiments of a

metal, M with hydrochioric acid.
N

] T—

volume of gas / cm?

h Y

{a} Complete the table below.

time!s’

experiment co?ct?ntration of | volume of acid particle size of
acid in mol/dm? ! cm?® metal
0.125 20 large
0.200 30 large
0.250 20 small
d 0.200

(3]

(b} The mass of M used in each experiment is 0.195 g. Only one of the experiments has
an exact mole ratio of the reactants (i.e. there is no excess of either reactant), while the
rest have an excess of metal M. M forms an ion with a +2 charge.

By means of calculation using the information provided, identify metal M.

identity of metal M is

PartnerinLeaming
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A3 Sulfur and its compounds make up almost 3.0% of earth’'s mass. A student found the
following information about sulfur on the internet.

| Sulfuris an abundant, multivalent non-metal. Under normal conditions,
sulfur atoms form cyclic octatomic molecules with chemical formula Ss.

Symbol: 8

Atomic number: 16

Melting point: 115.2 °C

Eiectrons per shell: 2,8,6

Discovered: 2000 BC

Relative Atomic mass: 32.065 (accurate to + 0.005 unit)

(@) (i) Explain why the relative atomic mass of sulfur is not a whole number.

[]

(ii} Using information from the table, state which period and group suifur belongs to.
Explain your reasoning.

[2]

(b) At normal room condition, pure sulfur is odourless, but many of its compounds has a
pungent smell. Blue cheese gets its distinctive aroma from carbonyl sulfide, OCS, which
has a boiling point of ~50.2 °C.

(i) Using the information given, suggest why pure suifur is odourless but carbonyl
sulfide gives off a distinctive aroma at room temperature.

~

[1]

(ii) Draw a 'dot-and-cross’ diagram to show the bonding in carbonyl sulfide.
Show outer electrons only.

[2]
PartnerinLearning
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(¢) When suifur is burnt in air, sulfur dioxide is produced.
(i} Identify two sources of sulfur dioxide.

(1]

(i)  Sulfur dioxide is one of the main gases that cause acid rain.
With the aid of chemical equation(s), describe the formation of acid rain.

[2]

{(iii) Other than the effect stated in part {ii), state one harmful effect of sulfur dioxide.

[1]

(d} Sulfuric acid is a common reagent used to prepare salts. The table shows the names of
salts that are prepared using sulfuric acid and another compound.

Complete the table by filling in the missing information.

name of other
name of salt formula of salt compound used to

make salt

calcium sulfate

potassium sulfate

[2]

[Total: 12]
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(a) An experiment was conducted to find out the effect of electricity on the following ionic
compounds: potassium chromate(Vl), potassium sulfate and copper(ll) sulfate. The

results are shown in the table below.

20V d.c. supply

crocodile dips

VAN

microscope =
slide 1 0
o E solid crystal at
d fit i & the start of
amp fiiter paper e — experiment
colour of changes seen on the filter
compound crystals paper
. yeliow colour moves towards the
potassium chromate(VI} yellow positive electrode
potassium sulfate white no observable change
copper(ll) sulfate blue blue colour moves towards the
pperll) negative slectrode

(i} Why must water be added 1o the filter paper before the start of each experiment?

(i} Use information from the table to deduce the colour of the chromate(V1) ion.

Explain your reasoning.

(iif} Predict and explain the changes seen on the filter paper if another compound,

copper(if) chromate({Vl), is used in a new experiment.

PartnerinLearning
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(b) The diagram below shows a setup for electroplating a steel fork with silver.

(i)

(iii)

(iv)

v

-~

- steel fork

There is an electrical component that is missing in the above setup. Draw the
component in the box provided. [1]

Suggest a suitable electrolyte for the reaction to take place.

M

Write the ionic equation for the reaction that happens at the negative electrode.

[1]

What effect would you expect the above electroplating process to have on the
concentration of metal cations in the electrolyte? Explain your answer.

A student wants to speed up the electroplating process by increasing the initial
concentration of the electrolyte in the solution.

Explain whether the student’s method will work.

2]

[Total: 12]
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A5 Nickel is a transition element.
It is manufactured in a four-stage process from nickel(ll) suifide, NiS.

nickai{ll} sulfide is heated in air to form
stage 1 . ] .
nickel(ll} oxide and sulfur dioxide

h 4

stage 2 nickel(ll) oxide is heated with carbon to give impure nickel
impure nickel is reacted with carbon monoxide to
stage 3 . .
make nickel tetracarbonyl, Ni{CO)s

v

stage 4 nickel tetracarbonyl, which is a colourless liquid that does not
g conduct electricity in any state, is decomposed to give pure nickel

(a) Write a balanced equation, with state symbols, for the reaction in stage 1.

[2]

(b) Using information above, suggest the structure of nickel tetracarbonyl.
Explain your reasoning.

[2]

(c) Nickel is commonly used as a catalyst as it speeds up the rate of the reaction.

Explain, in terms of collisions and energy, why using nickel increases the rate of this
reaction.

2]

PartnerinLearning
More papers at ww‘\'v‘.l‘fg'stpapersfree.com




(d)

9

In a laboratory experiment, zinc was added to solutions of zinc nitrate, nickel(ll} nitrate
and copper(ll) nitrate respectively. This experiment is an exothermic reaction. The
experiment was repeated with two other metals, nickel and copper. The results are

shown below.

metal nitrate
zing nitrate nickel(ll) nitrate copper(ll) nitrate
solution solution solution
green solution biue solution turned
Zine no observed turned colourless | colourless and zinc
change and zinc coated coated with a pink
with a silver solid solid
metal no observed
nickel change
nc observed no abserved no observed
copper
change change change

(i) Complete the table to predict what results he should expect when nickel is added
to the three salt solutions and explain how you arrived at your answers.

[4]

(i} List the four metals (zinc, nickel, copper and magnesium} in increasing order of
reactivity.

(]

State what will happen to the temperature of the nickel(ll) nitrate solution when
zinc metal is added to it. Explain your reasoning.

(iii)

(1]

[Total: 12]
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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 alternatives should be attempted.

B6 Bonding and Electronegativity

Electronegativity is a measurement of the tendency of an atom to attract a bonding pair of
electrons. A bonding pair of electrons is the pair of electrons shared in a chemical bond. The
higher the electronegativity, the greater the tendency of an atom to attract the bonding pairs
of electrons towards itself.

The Pauting scale is used to measure the electronegativity of elements. It ranges from 0.7
to 4.0, with a higher vaiue representing greater electronegativity. Table 6.1 shows the
electronegativity values of some elements in the Periodic Table.

Table 6.1
element | electronegativity

Li 1.0

Be 1.6

B 2.0

Cc 2.6

N 3.0

0 3.4

F 4.0

Ne undefined
Na 0.9
Mg 1.3

Al 1.6

Si 1.9

P 22

8 2.7

Cl! 32

Ar undefined
Sé 2:6

The difference in electronegativity between two elements involved in a chemical bond, Z,
gives an indication of whether a chemical bond formed between two elements is ionic or
covalent. Z can be calculated by the following equation:

Z = larger electronegativity value — smaller electronegativity value

An example is sodium fluoride, NaF, 2= 4.0-0.9
=3.1

ParinerinLeaming
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Table 6.2 shows the formuiae and the type of bonding of oxides and chlorides of the
elements across Period 3.

Table 6.2
element metal / formula of bonding in formula of bonding in
nen-metal oxide oxide chloride chloride
Na metal Na:0O ionic NaC! ionic
Mg metal MgO jonic MgCla ionic
Al metal ALO; ionic AICIs covalent
Si non-metal Si0, covalent SiCls covalent
P non-metal P40y covalent PCL covalent
S non-metal S0; covalent S:Ch covalent
Ci non-metal C07 covalent Ci covalent

Table 6.3 shows the bond lengths and bond energies of some bonds.

Tahle 6.3
bond length / bond energy in
bond pm ° kJ Imo?y
c-C 154 348
C=C 134 614
Cc=C 120 839
Si—C! 202 351
P-Ci 203 326
S5-Ci 207 253
CiCi 199 243

Note: pm = picometers (1072 m)

The strength of a bond can be measured by its bond energy. Bond length is the distance
between the centres of two bonded atoms.

(a) Describe the trend in the values of the electronegativity for elements down Group VI of
the Pericdic Table.

(1]

{b) Predict the electronegativity of bromine. Give reasons for your answer.

i3]
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{c) Find the difference in electronegativity of the elements in magnesium fluoride.

0

{d} (i} A student wrote the following conclusion after studying Table 6.1 and 6.2.
“The bonding in the oxides and chlorides are ionic when Z is more than 1.5."

Do you agree with this conclusion? Explain your reasoning.

[3]

(it} Suggest a more suitable range of £ value which will indicate that the bonding in
the oxides and chlorides are ionic.

[]

(e} What is the trend shown by the data in Table 6.37

["]

() A student makes this conclusion after studying Table 6.3:

“The strength of bond is directly proportional to the number of bonds between carbon
atoms”

Does the data in the table support this conclusion? Explain your reasoning.

[2]

[Total: 12]
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Sodium carbonate ionises in water with the following equation.
NasCOs(s) + H0() — 2Na*(aq) + HCOs{aq} + OH(aq)

The graphs show how pressure affects the yield of hydroxide ions at two different
temperatures.

4
70°C
yield of
hydroxide
ions
20°C
i

pressure

a) Expiain why the vield of this reaction is not 100%.
(a) Exp y the v

{b) Describe how the temperature and pressure affect the yield of this experiment.

(]

(c} Explain the effect of pressure on the yield as stated in part (b).

[1]

(d) State the colour of the Universal Indicator when added to a solution of sodium
carbonate. Explain your answer.
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{e) On the axes below, draw two lines to show how pressure affects the rate of this reaction
at two different temperatures (20 °C and 70 °C).

rate of reaction

| j

pressure

[2]

(f) A student hypothesises that he can obtain carbon dioxide gas by heating sodium
carbonate solid strongly. State whether he will succeed and explain why.

[]

[Total: 8]
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Either
B8 Fluorine, chlorine, bromine and iodine are collectively known as the halogens. The name

‘halogen’ means ‘salt-producing’, as halogens react with metals to produce a wide range of
salts. Oxidising power of a halogen is measured as its ability to act as an oxidising agent.
Stronger oxidising agent can oxidise other substances to a higher oxidation state.

When halogen vapours are passed over iron wool, the iron wool burns to form salts, called
iron halides. The formulae of iron halides are shown in the fable.

halogen halides formed formula
fluorine iron{ll1} flucride FeFs
chlorine iron(lil) chioride FeCla
bromine mixture of iron(ll} bromide FeBry
and iron(l1l) bromide FeBrs
iodine iron(ll) iodide Felz

(a} Do the formula of the halides given in the table show clearly that all of the elements
belong in the same Group? Explain your reasoning.

(b) Describe the trend in oxidising power of halogens down the Group.
Explain your answer based on the information given in the table.

2]

{c¢) An attempt to prepare iron(lll) chioride by adding dilute hydrochloric acid to iron metal
failed. Suggest a reason why.

[}

{d) A jet of chiorine gas is passed over a solution of iron(lil} bromide. Describe the
observation of this reaction.

(1]
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(e} Iron(tl)) chloride is a starting material for the industrial production of sodium ferrate,
NazFeQ.. Sodium ferrate is used as a non-toxic wastewater treatment chemical as iron
compounds are generally non-toxic. The steps for its production are shown below.
Step 1: FeCl; + 3NaOH — Fe(OH)s + 3NaC/
Step 2: 2Fe(OH);s + 3NaCiO + 4NaOH — 2NazFeO, + 5H.0 + 3NaCi

() Deduce the formula of the ferrate ion.
[11

(ii} s Fe{OH); acting as an oxidising or a reducing agent?
Explain your answers in terms of oxidation states.

[2]

(iii) Based on the information above, suggest reasons why the industrial production
of sodium ferrate is described to be an environmentally friendly process.

2]

[Total: 10]
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OR

B8 Nitrogen gas exists in a large proportion in the air around us. Chemists have discovered a
novel way of “fixing’ atmospheric nitrogen (converting nitrogen gas into its compounds).
Moist nitrogen is passed over a TiO: plate which has been coated with other chemicals. The
nitrogen is thought fo react with moisture in the air at room temperature and pressure to form
ammonia. A possible equation for the reaction is given below.

5Nax(g) + 6H20(g) == 4NH3{g) + 6NO(g) AH = +1808 kJ/mol

{a) Suggest why there are only a few reactions that 'fix’ nitrogen.

[2]

(b) Describe the advaniage and disadvantage of the reaction between nitrogen and water
as a method of making ammonia compared with the Haber process.

(2]

(¢} Draw an energy profile diagram for the reaction between nitrogen and water.
Your diagram shouid include
» the formulae of the products and reactants

» a label for the enthalpy change of reaction
+ a label for the activation energy

&

energy

¥

progress of reaction

[2]
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(d) Use ideas about breaking and forming bonds to explain the enthalpy change for the

reaction between nitrogen and water.

{e) Inthe reaction between nitrogen and hydrogen, various metals added can have different
activation energy recorded. Experiments were conducted and the following results were

obtained.
metal added activation energy in
kJ/moi
no metal added +335
fungsten +92
osmium +197

Describe the effect of each metal added on the rate of reaction.

— End of Paper —
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FUHUA SECONDARY SCHOOL
Sec 4E Chemistry 6092
Preliminary Examinations 2021 — Mark Scheme
PAPER 1
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FUHUA SECONDARY SCHOOL
Sec 4E Chemistry 6092
Preliminary Examinations 2021 — Mark Scheme

PAPER 2
Section A [50 marks]
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Q

Answer

Ma

Remarks

1a

F

C:0s

DO:

Q0o

Group 0 elements are inert as they have a stable electronic configuration.
Therefore, they will not lose, gain or share electrons with oxygen.

Since there are no compounds of oxygen for group 0 elements, they will
not appear in the table.

—t b | o | —

BO has a giant ionic lattice structure while EQ: has a simple covalent
structure. The oppositely charged ions in BO held by strong electrostatic
forces of attraction requires more energy to overcome than the weak
intermolecular forces of attraction between the EO. molecules.

EQ: is an acidic oxide which dissolves in water to form an acidic solution
while BO is a basic oxide which dissolves in water to form an alkali
solution.

3

1-2 points 1m
3-4 points 2m
5 points 3m

Total

marks

2a

volume of acid
/ cm3
20
30

particle size of
metal
large
large
smali
large

concentration of
acid in mol/fdm?
0.125
0.20
0.25 20
0.20 25

experiment

Qoo

1-2 points 1m
3-4 points 2m
5 points 3m

2b

No. of moles of hydrogen gas = 1—;3—0 + 24 = 0.003 [1]
No. of moles of H2:M = 1:1

No. of moles of M = 0.003

Molar mass of M = 0.195 / 0.003 = 65 g/mol [1]

Mis zinc. [1]

Every step
im

Total

marks

3ai

Sulfur consists of isotopes that have different atomic mass. Hence,
when taking the average atomic mass of these isotopes, the relative
atomic mass is not a whole number.

OR it represents the average atomic mass of the isotopes of S based on
their relative abundance.

Group VI as seen from the 6 valence electrons.
Period 3 as seen from 3 occupied electron shells.

Sulfur is a solid at room temperature while carbonyl sulfide is a gas.

N | wh =

1 bonded
1 unbonded

i| Volcanic eruptions and burning of fossit fuels at power station.

Sulfur dioxide dissolves in water to form acid rain.
H.O + 802 — H,S0;
2H>803 + Oz — 2H:504
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Sulfurous acid is oxidised in the air to form sulfuric acid.
OR 2H;O + 280 + O3 — 2H:504

it

Sulfur dioxide irritates eyes and causes breathing difficulties.

name of other
compound
calcium sulfate CasS0. calcium nitrate/
calcium chloride
potassium sulfate | K250, potassium hydroxide/
potassium carbonate

name of salt formula of salt

2-3 1 mark

Total

12 marks

4a

water helps to ionize the compounds so that the oppositely charged ions
can conduct electricity.

i|Chromate(VI) ion is yellow.

Chromate(V!) ion is negatively charged. It is attracted to the anode which
is the positive electrode. Since yellow colour moves towards positive
electrode, the colour must be caused by the chromate(Vl) ions.

Copper(ll) chromate{V1) compound ionizes to form Copper(ll) and
chromate(Vl) ions. Copper(ll} ions which is positively charged will be
blue, and chromate(V1) ions which is neqatively charged will be yellow.

Thus, blue colour moves towards negative electrode which is the cathode
and yellow colour moves fowards positive electrode which is the anode.

Positive terminal of the battery connected to the silver electrode.

agueous silver nitrate

Ag(aq) + e — Ag(s)

concentration of silver ions remains constant,
As 1 mole of silver ions gets reduced at the cathode, 1 mole of silver ions
are repienished at the anode as the electrode ionises into solution.

| o b ol | b

This will nof speed up the electropiating process.

Electroplating depends on the number of electrons being supplied to the
cathode per unit time. Since the power source has not changed, with
increased Ag* ions, the discharge of the Ag* ions per unit time remained
the same.

Total

Sa

2NiS(s) + 302(g) > 2NiO(s) + 2504(g)

Simple covalent structure.
It has low melting point as it is a colouriess liquid and it does not conduct
electricity in any state.

Catalysts increase the speed of reaction by providing an altemative
pathway of lower activation energy for the reaction to proceed. More
particles (alkene and hydrogen gas) possess energy equal to or greater
than the activation energy. Frequency of effective collision increases,
resulting in higher rate of formation of alkane.

2

1 point 1m
3 points 2m

ai

zinc nitrate solution: no observed change

copper(lf) nitrate solution: blue solution turned green and nicke! coated
with a pink solid

nickel is less reactive than zinc, hence no reaction take place between
nickel and zinc nitrate solution.

Nickel is more reactive than copper, hence nickel displaces copper from
copper(ll} nitrate solution.
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i| Copper, nickel, zinc and magnesium.

e.c.f aliowed

it will increase. Displacement of metal is an exothermic reaction, hence
energy is given out to the surroundings.

Total

12 marks

Section B [30 marks]

Q

Answer

M

Remarks

6a

The electronegativity of the elements decreases down the group (from
3.4in0to2.6in Se).

w—

2.6< any value<3.2.

Electronegativity decreases down the group. Since bromine is below
chlorine, electronegativity of bromine should be lower than 3.2.
Electronegativity increases across the period. Since bromine is after
selenium, electronegativity of bromine should be higher than 2.6.

27

This statement is true for oxides. Na=0, MgO and Al;Os; have ¥ value (2.5,
2.1 and 1.8 respectively) more than 1.5 and they are ionic compounds.
The rest of the oxides have Z value less than 1.5 and they are covalent
compounds.

This state is false for chlorides. NaCl, MgCI2 have % value (2.3 and 1.9
respectively) more than 1.5 and they are ionic compounds.

However, AICI3 has a  value of 1.6, which is more than 1.5, and yet it is
a covalent compound.

Note: Mere stating of Z value will not be awarded full credit. Comparison
must be made 1o the standard value proposed by student.

ecf for
calculation
from part ¢

More than 1.7

As the bond iength increases, the bond energy of the decreases.

No. Looking at C-C, C=C and C=C. If the statement is true, bond energy
of C=C should be twice of C-C, which is calculated to be 696kJ/mol and
C=C should have 3 times the bond energy of C-C, which is calculated to
be 1044kJ/mol. However, C=C is only 614 kJ/mol and C=C is only 839
kJ/mol, iower than the calculated value if strength of bond is directly
proportional to the number of bonds between carbon atoms.

2

1m for no
with reason.
1m for 696
and 1044

Total

marks

7a

This is a reversible reaction. Some of the ions form back sodium
carbonate and water (until an equilibrium is reached)

Changing pressure has no effect on the yield of the reaction.
Increasing temperature decreases the yield of the reaction.

There are no gases in the reactants and products. Pressure only affects
rate of reaction involving gases.

—

Biue. Sodium carbonate is a weak alkali as it dissociates partially (as
seen from the reversible reaction arrow) to form a low concentration of
OH-~.

Constant rate with increasing pressure.
Higher rate with higher temperature.

No. Sodium carbonate is thermally stable and will not decompose upon
heating.

Total

8 marks
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8a

Yes. From the formuta, all the halogens form 1-ion.

OR No. Elements from the same Group should form compounds with the
same chemical formula with the same element. Fluorine and chlorine
forms FeX3 while bromine and iodine forms FeXe.

Oxidising power decreases down the group.

Fluorine and chlorine are stronger oxidising agents as they are able to
oxidise iron from 0 to +3 oxidation state (by removing its electrons), while
bromine and iodine are only able to oxidise iron from Q to +2 oxidation
state.

el

Iron(If} chioride is formed instead. /
Hydrochioric acid has a lower oxidising power than chiorine. /
Hydrogen ions has a lower oxidising power than chlorine

Solution changes from yellow to reddish-brown / brown.

FeO4

Fe(OH)s is acting as reducing agent.

Oxidation state of iron in [ron{lll) ions (or iron(lll) hydroxide) increases
from +3 in Fe*"/ Fe{OH)s to +6 in Na;FeQ.. Iron is oxidised.

OR NaClO is reduced by Fe(OH)s as the oxidation of chlorine decreases
from +1 in NaClO to -1 in NaCl.

mad

aer

Non-toxic products such as sodium chloride and water are formed.
They formed a neutral solution.

Total

10 marks

OR
8a

N=N triple bond results in nitrogen being unreactive.
A lot of energy has to be taken in tc break the strong covalent bond.

ik

Advantage: lower temperature / lower pressure so save energy, less
fossil fuel, cost less

OR water, instead of hydrogen, water is used, cost less

Disadvantage: nitrogen oxide produced compared to no side products
formed for Haber process., reacts with oxygen to form nitrogen dioxide
which contribute to acid rain / an air pollutant,

i

1m for correct shape
1m for arrows, activation energy and enthalpy change

Energy taken in fo break the bonds in nitrogen and water is more than
energy given out to the surroundings when forming the bonds in
ammonia and nitrogen monoxide.

1 point, 1 mark. 3 points 2 mark.

2 | 1) Takenin /
given out

2) more

3) substances

Both tungsten and osmium increase the rate of reaction between nitrogen
and hydrogen.
Tungsten increases the rate of reaction more than osmium.

Total

10 marks
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