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1 Under the same conditions, which gas diffuses atthe same rate as nitrogen gas?

A carbon dioxide gas

B carbon monoxide gas

C methane gas

D oxygen gas

2 Sodium hydroxide and ammonium sutfate is heated together in a setup

sodium hydroxide and
ammonium sulfate

collection and
drying of gas

How can the gas produced be mllected and dried?

gas collection drying aqent

A

B

c
D

displacement in water

displacement in water

upward delivery

upward delivery

concenlrated sulfuric acid

calcium oxide

concentrated sulfuric acid

calcium oxide

An impure substance P mells over a range of -50 oC to -48 oC and boils at 60 oC to
62 0C.

What is the melting and boiling point of pure substance P?

melting point / oC boiling point /'C
A

B

c
D

-52
-52

-46
-46

58

64

58

64

t
heat

3
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4 Paper chromatography was carried out on a sample of dye using water as the solvent
The results are shown on the chromatogram.

solvent front
blue

yellow

Which statement is conect?

A The blue dye has a Rr value close to 1.

B The yellow dye has the highest solubility in water.

C The sample is a pure substance as all ofthe spots did not overlap.

D The blue dye has the lowest mass hence it travelled the lurthest in water

An isotope of uranium ion can be written as 2|!U3+.

Which row indicates the number of sub-atomic particles in the uranium isotope?

6 The table sho\rvs four elements, W, X, Y and Z and their number of electrons.

element X z
atomic number 2 4 7 8

red

5

protons neutrons electrons

A

B

c
D

92

92

92

89

143

146

143

146

89

89

92

92

0

*

I
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Which two elements will react to form an ionic compound?

A Wandx

B WandY

C Wandz

D XandZ
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Element Y forms a carbonate with chemical formula YCO3.
Element Z forms a compound with hydrogen with the chemical formula HZ, that has a
boiling point of -85 oC.

What is the type of bonding and the chemical formula of the compound formed
between Y and Z?

chemical formula

A

B

c
D

YZ

YZz

YZ

YZz

Which statement about the properties of graphene is true?

A lt is soluble in water.

B lt has a low melting point.

C lt has a simple molecular structure.

D lt can conduct electricity in the solid state.

The table shows the electrical conductivity of some substances.

What row shows the conect electrical conductivity and the structure?

electrical conductivity structure

solid state molten state

A

B

c
D

yes

no

yes

no

yes

yes

no

no

giant molecular structure

giant ionic structure

simple molecular struclure

giant metallic structure

covalent

covalent

ionic

ionic

8 Graphene,s a form of carbon and has a two-dimensional structure.

I

bonding

--e
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11

12

13

5

ln which molecule are all the valence elec{rons involved in bonding?

ACO
B CHl

CHF
D NHa

Which substance has the grealest number of atoms?

A 0.5 mole of sulfuric acid

B I mole ot carbon dioxide

C 1 mole of ice

D 1 .5 moles of orygen

The equations show the reactions involved in the formation of nitric acid HNO3, starting
from nitrogen.

Step 1

Step 2

Step 3

Nz+Oz)2NO
2NO +Oz ) 2NOz

4NOz+2HzO+Oz)4HNO3

what is the mass of hydrated coppe(Il) sulfate crystals, CuSOr.5HzO, to be dissolve
in 200 cm3 of water to form 0.'l mol/dm3 copper([) sulfate solution?

How many moles of nitrogen is needed to form 0.1 mole of nitric acid?

A 0.025 mole

B 0.05 mole

C 0.1 mole

D 0.2 moles

2.5 g

3.2 s

3.56 9

5g
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ln an experiment, 90 9 of glucose, C6H1206, ferments to form 15 g of ethanol, CzHsOH.

CoHrzOe)?CzHsOH+?COz

What is the percentage yield of ethanol?

A 17 o/o

B 33%

C 51 Yo

D 65%

20 cm of methane bums in 20 crn3 of oxygen to fotm carbon dioxide and water.

CHo + 29, ) COz + 2HzO

What is the total volume of gases remaining at room temperature afler the reaction?

A '10 cm3

B 20 cm3

C 30 crn3

D 40 cm3

16 Two experiments were conducted to investigate if solid X is an acid

zinc strip

solid x

test tube 1 test tube 2

Which statement about solid X can be deduced from the experiments?

A Solid X is a strong acid

B Solid X is a monobasic acid.

C Solid X display acidic properties only in water.

D Solid X is not an acid as it did not react with zinc in test tube 1.

PartnerlnLeaming
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The graph shows the change in pH as an acid is added to an alkali

14

pH o

R

P

7

S

volume of acid

Which letters represents the points where both alkali and salt are present?

R only
P and Q only
Q and R only
P, Q, and R

0

A
B
c
o
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I
0.1 mol/dm3 aqueous sodium hydroxide is added to separate lest tubes containing
50.0 cm3 solutions of 0.1 mol/dm3 of hydrochloric acid and 0.1 molidm3 ethanoic acidl

The graphs show the changes in pH in the reactions.

14

pH

'10

6

4

2

0

10 20 30 40 50 60

volume of 0.1 mol/dm3 of NaOH (cln3)

key:
---- ethanoic acid

- 
hydrocholoric acid

Which statement about the reactions are true?

A strong acid has a higher initial pH.

The salts formed in both reactions are alkaline.

The same number of moles of products are formed in both reactions.

A strong acid reacls with sodium hydroxide completely, but a weak acid
only reacts with sodium hydroxide partially.

A complex sall consists of ammonium ions, iron ions and sulfate ions has the chemical
formula (NHr)zFe(SOr)2.

ln an experiment, a sample of the complex salt was dissolved in deionsed water and
separated into two portions.

ln the first portion, a few drops of aqueous barium nitrate were added.
ln the second portion, aqueous sodium hydroxide was added drop wise till excess to
the mixture and heated until there is no further change.

Which observation would not be made?

A A white precipitate is formed.

B A dirty green precipitate is formed.

C A reddish brown precipitate is formed.

D Effervescence of a colourless and pungent gas

0

A

B

c
D

19
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I
Sample A consists of a mixture of aqueous coppe(Il) sulfate and aqueous zinc
chloride. Aqueous ammonia was added to sample A dropwise till excess.

Which graph best represents the change in the mass of solid present in the mixture?

A mass of solid

volume of aqueous ammonia

B mass of solid

volume of aqueous ammonia

C mass of solid

volume of aqueous ammonia

o mass of solid

volume of aqueous ammonia

Which pair of reagents would be most suitable to safely prepare a pure sample of silver
chloride?

A silver and dilute hydrochloric acid

B silver oxide and dilute hydrochloric acid

C silver carbonate and dilute hydrochloric acid

O aqueous silver nitrate and dilute hydrochloric acid
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Four pieces of iron are placed separately in water.

water water

iron

copper

water

iron

seawater

irontron

zinc

X

ln \,yhich setup will the iron rust the slowest?

A setup W

B setup X

G setup Y

D setup Z

23 The diagrams show two experiments to investigate the reactivity of metal Y.

metal Yoxide .t carbon

dilute
nitric
acid

heat

evolved

metal Y
white
precipitate
formed in
limewater

What can metal Y be?

copper

magnesium

sodium

zinc

ParlnerlnLeaming
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ln an experiment to find the order of reactivity of some metals, three metals P, Q and
R were placed into four separate sulfate solutions containing the aqueous metal ions.

The results are shown in the table where a tick indicates

/ = readion observed
X = no reaction observed

What is the order of reactivity of the metals?

The extraclion of iron from haematite involves a few reactions.

1 C+Oz)COz
2 CO +Oz )2CO
3 Fe2O3 + 3CO t 2Fe + 3COz

4 CaCOs ) CaO + COz

5 CaO + SiOz ) CaSiOr

How many of the reactions are redox reactions?

A2
B3
c4
D5

26 Which pair of reagents, when reacted together, do not produce a gas?

ammonium sulfate and potassium hydroxide with heating

aqueous copper(Il) sulfate and zinc

potassium and water

silver oxide and hydrogen with heating

A

B

c
D

metal aqueous melal ions

P2* Q3. R2+ e2-

P

o
R

S

X

x

X

X

x
X

X

X

X x

most reactivelease reactive

A

B

c
D

o
o
S

S

R

P

R

P

P

R

P

R

S

S

o
o
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27 Which is true for all metals?

They react with acids

They have a high density.

They have high melting points.

They have delocalised electrons

Which property of Group Vll elements decreases moving down the group?

A mefting point

B number of valence electrons

C oxidising power

D size of the atom

Metal M is sofi and can be cut easily with a knife.

Which property of metal M is true?

A lt reac{s with air to form an acidic oxide.

B The metal hydroxide can be used as a test for cations.

C lt reacis with chlorine to form an insoluble metal chloride.

D lt reacts with water violently to form a solution that turns Universal lndicator red.

30 Bromine vapour is passed over a sample of potassium chloride and sodium iodide

pointx point y

A

B

c
D

28

29

bromine
vapour

potassium
chloride,
heat

What is the correct colour seen at point X and Y?

PartnerlnLeaming
303

sodium
iodide,
heat

mlour at point X colour at point Y

A

B

c
D

reddish-brown

reddish-brown

yellowish green

yellowish green

purplish black

reddish-brown

yellowish green

purplish black



BP- 306

13

31 Chrysotile is a type of asbestos which is used in buildings tor its flame-retarding and
insulating properties. lt has the formula Mg3SirO5(OH)".

What is the oxidation state of silicon in this chrysotile?

A +'1

B+2
C+3
o+4

32 ln which equation(s) is manganese being reduced?

1 2Mn(OH), + HzOz ) Mn2O3 + 3;'1rq

2 MnOz + 4HCl ) MnClz + Cle + 2HzO

3 MnOl- + 8Ht + sF€f. ) 5Fe3' + Mn2' + 4HzO

1 and 2 only

1 and j3 only

2 and 3 only

1,2and3

33 A colourless gas is passed into each of the different solutions
The results for each solution are shown in the table.

solution result

potassium iodide colourless solution turns brown
acidifi ed potassium manganate(vll) purple solution remains purple

What is the property of the colourless gas?

A an oxidising agent

B a reducing agent

C both oxidising and reducing agent

D neither oxidising or reducing agent

34 Calcium carbonate reacts with dilute nitric acid

Which change will increase the rale of reaction by increasing the movement of the
particles?

by adding a catalyst

by increasing the concentration of the acid

by carrying out the reaction at a higher temperature

by increasing the surface area by using powdered calcium carbonate

PartnerlnLeaming [rum over
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ln experiment '1, 500 crn3 of 1 moydm3 dilute hydrochloric acid is reacted with excess
magnesium

ln experiment 2, 300 cm3 of 1.5 mol/dm3 dilute hydrochloric acid is reacted with excess
magnesium

The volume of hydrogen given off is plotted against time.

Which graph is corect?

A totrl mass of reactanls / 9

experiment 2

experiment 1

time/min

B total mass of reactants / g

experiment 2
experiment 1

time/min

c total mass of reactants / g

experiment 1

experiment 2

time/min

D total mass of reactants / g

experiment 1

experiment 2

time/min

PartnerlnLearning
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A student conducted an experiment using hydrochloric acid and excess magnesium
powder in an open conical flask. As the reaction proceeded, he measured the total
mass of lhe reaction mixture over time and plotted graph A.

The experiment was repeated and graph B was obtained

total mass of reactants I g

graph B

graph A

time/min

Which change muld result in graph B?

A adding a catalyst

B increasing the concentration ol the acid

C changing to magnesium ribbon

D increasing the temperature

ln which process is energy released?

A melting of ice

B photosynthesis

G electrolysis of dilute sulfuric acid

D reaction of magnesium and dilute nitric acid

PartnerlnLearning
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The equation for the combustion of hydrogen is shown.

2Hz+Oz)2HzO

bond
H-H
o-H
o-o
O=O

What is the enthalpy change of this reaction?

A +88 kJlmol

B +444 kJ/mol

C -482 kJlmol

D -788 kJ/mol

bond energy in kJ/mol

436
463
142
498

PartnerlnLeaming
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Which is the correct energy profile diagram that shows a reaction that would proceed
most rapidly?

A energy

products

reactants

progfess of feaction

energy

products

progress of reaction

energy

reactants

progress of reaction

D ene19y

prod ucts

progress of reaction

B

c

PartnerlnLeaming
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The energy profile diagram shows the energy changes thal occur as a reaction takes
place.

Which energy profile diagram is correct for an endothermic reaction?

energy

E"

AH

A

B energy

energy

reactants

energy

products

products

AH

- End of Paper --

PartnerlnLeaming
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A1

A2

Section A

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

The table shows the properties of particles A, B, C, D, E, F and G
Use the letters to answer the questions.

particle no. of

Protons

no. of
electrons

nucleon
number

A 10 10 20

B to 18 39

c 12 't2 24

D 8 I '16

E 7 7 14

F 19 39

G I 10 18

(a) Which particle is a cation?

(b) Which two particles are isotopes?

(c) Which particle can react with oxygen to form a neutral oxide?

(d) Which particle is in Group 0?

t1l

... t1l

t1I

. . ...tll

(e) Which particle is present in rust?

tll

State the most efflcient separation techniques to obtain the desired compounds from
its mixlures.

mixture desired
compound

most efficient
method

(a) silver chloride and water silver chloride

(b) iron(Il) sulfate and water iron(II) sulfate

(c) ammonium chloride and
sodium chloride

sodium chloride

t31

I

19
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A3 Study the reactions in the diagram

heat

3

Dissolve in water. Add aqueous
sodium hydroxide, then
aluminium foil, warm carefully

f brown gas colourless gas+

dilute
hydrochloric
acid

aqueous silver nitrate

excess aqueous
ammonia

(c) Write an ionic equation for the formation of substance E.

(a) Write the chemical formula of the following substances

substance chemical formula

A

B

c

F

14l

(b) Write a balanced chemical equalion ior the formation of substance D

......... t1I

t11

colourless gas Fwhite solid A

white solid B

colourless solution C white precipitate D

white precipitate E

PartnerlnLearning
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A4 The table shows some properties of the oxides formed from the unknown elements W,
X. Y and Z.

element

(a) Deduce and name the unknown elements W, X, Y and Z.

element name

w

x

z

121

(b) By using the actual identity of the elements, draw the 'dot and cross'
diagram of

(i) Xzo

PartnerlnLearning
315

chemical
formula of

oxide

chemical
property

melting
point

period in Periodic Table

w Wzo basic oxide high period 2

x XzO neutral oxide low period 'l

YzOr
amphoteric

oxide
high period 3

z ZOz acidic oxide High period 3

t1l
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5

(ii) Yzo:

(c) By using the actual identity of the elements, explain

(i) the low melting point of X2O,

l2l

12)

(i0 the high melting point of ZO,

t21

PartnerlnLeaming
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6

Chromium is a transition metalfound in period 4 of the Periodic Table with the chemical
symbol Cr,

lron(Il) chromite ore has the chemicalformula FeCr2Oa and is insoluble in water. lt can
be heated with sodium carbonate in the presence of orygen to produce carbon dioxide
and a solid mixture of sodium chromate salt and iron(Ul) oxide.

4FeCt2O4 (s) + 8Na.COs (s) t ZO, (g) J SCOr(g) + SNazCrOi (s) + 2FezOs (s)

ln a reaction, 5-3 grams of sodium carbonate reacted with 1080 cm3 of orygen and
excess ircn(Il) chromite ore.

(a) Find the limiting reactant.

l3l

(b) The sample of sodium chromate sslt obtained is contaminated with the excess
iron(II) chromite ore and iron(III) oxide.

Briefly describe how a pure and dry sample of sodium chromate can be
obtained from the mixture.

t3l

(c) Complete the table.

oxidation state ot chromium in FeCrrO.

oxidation state of chromium in Na?CrOa

ls FeCr2Oa oxidised or reduced

PartnerlnLearning
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7

Hydrogen peroxide decomposes into orygen gas and water.

2H2O2 @ql - Oz (S) + 2HzO (D

ln an experiment, 50.0 cm3 of an unknown concentration ol aqueous hydrogen
peroxide, HzOz, was placed in a conical flask together with one spatula of
manganese(lV) oxide powder. lt was observed that the conical flask felt hot during the
reaction.

The gas produced was collected and recorded every 30 seconds and the results were
recorded in a table.

Time / s 30 60 90 120 150 180

Volume of gas
I crn3

180 280 350 400 420 420

(a) Calculate the unknown @ncentration of the aqueous hydrogen peroxide.

t31

(b) Draw an energy profile diagram to represent the decomposition of hydrogen
peroxide.

t21
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(c) (i)

(ii)

(d) What is the purpose of adding manganese(fv) oxide powder?

Explain using ideas of colliding particles.

8

Sketch the graph of 'volume of gas' collected vs 'time'

Label this graph as Expt 1 .

Volume of gas / cm3

Time / s
t1l

Draw on the diagram above, the graph you would exp€ct if the
concentration of hydrogen peroxide was changed to 0.8 mol/dm3
instead.

Label this graph as Expt 2

t1l

121
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An unknown transition metal M is found in period 4 of the Periodic Table

Metal M reacts with chlorine gas to form a metal chloride. An experiment was carried
out to determine the unknown metal M by using precipitation reaction.

The following mixtures were prepared in 7 different test tubes using 0.2 mol/dm3 of
aqueous metal chloride and 0.1 mol/dm3 of aqueous sodium hydroxide.

test
tube

volume of 0.2 mol/dm3
metal chloride (cm3)

volume of 0.1 mol/dm3
sodium hydroxide (cm3)

,1 10 20

2 10 30

3 10 40

4 10 50

5 10 60

6 10 70

7 10 80

Affer the reaction, the mass of the precipitate formed in each of the test tubes were
measured and the results are plotted in the graph below.

mass of
precipitate / g

20 30 40 50 60 70 80

volume of sodium hydroxide added / cm3

(a) Strate one property of metal M which are usually not found in other
non-transition metals.

t11

(b) (i) What is the volume of aqueous sodium hydroxide that resulted in the
complete reaction of the 10 cm3 of aqueous metal chloride?

t1l

(ii) Hence, calculate the number of moles of aqueous sodium hydroxide
that reacted completely with 10 cm3 of aqueous metal chloride.

t1I

flurn over
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(c)

10

Calculate the number of moles of metal chloride used in each of the tests

(0

t1l

(d) Hence, using your answer in part (b) (ii) and part (c), deduce the mole ratio of
sodium hydroxide to the metal chloride in the reaction.

(e)

t1l

Balance the following three equations.

Equation 1 ........ NaOH + ....... UC/) ........ NaC/+........ MOH

Equation 2 ........ NaOH + .......JlClz ) ........ NaCl+ ........ M(OH),

Equation 3 ........ NaOH + ....... MC/s ) ........ NaC/ + ........ M(OH)3

l2l

Using your answer in part (d) and (e), deduce and circle the conect chemical
formula of the metal chloride.

HC, ltClz llC/: nl

(s) Given that the metal chloride solution contains 0.325 9 of the metal chloride,
determine the unknown metal M.

PartnerlnLearning
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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

BB Salts

A salt is a compound formed when the hydrogen ion in an acid is replaced by a metallic
ion or an ammonium ion. Common acids used in the laboratory are dilute hydrochloric
acid, dilute sutfuric acid and dilute nitric acid.

Some other less common acids are hydroiodic acid, perchloric acid and boric acid.

(t) Hydroiodic acid dissociates in water to form hydrogen ions and iodide ions.

HI(aq) r H.(aq) + I-(aq)

r all iodide compounds are soluble, except for silver iodide and lead(ll) iodide

(il) Perchloric acid dissociates in water to form hydmgen ions and perchlorate ions.

HC/Or(aq) "+ H.(aq) + 616;1sq1

. all perchlorate compounds are soluble

(lll) Boric acid dissociates in water to form hydrogen ions and borate ions.

H3BO{(aq) -+ 3H-(aq) + Boi-(aq)

. all borate compounds are insoluble except for sodium borate, potassium
borate and ammonium borate
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Appllcations of salts in buildings

(a) Crushed calcium carbonate is first heated strongly. During this process, one of
the products formed is calcium oxide, which is slighfly soluble in water.

Cement is a mixture of calcium oxide, clay and other substances. Cement is
usually used with sand to form concrete.

When set or hardened, concrete is slightly porous. lf there are cracks in the
concrete beam, rainwater can soak through the concrete, and a small amount
ofthe solid calcium oxide c6n dissolve in the rainwater to form aqueous calcium
hydroxide. Carbon dioxide in the air can also diffuse into the cracks and creates
a difierence in pH inside the beam.

The diagaam shows the variation in pH in the cross-section of a mncrete beam
after raining.

inside
of beam

pH 13

cracks
pH9

surface ot beam pH7

(b)

Outside air

ln highly polluted cities with high sulfur dioxide pollution, the sulfur dioxide can
react with rainwater and orygen to folm sulfuric acid, resulting in acid rain.
The acid rain will result in historic monuments made of concrete to be
damaged over time when the rainwater seeps through the micro cracks in
these structures.

To protect the monuments, a thin coating of aqueous barium hydroxide solution
is applied over the surface of lhe concrete monuments. When acid rain falls, a
chemical reaction will occur that will better prevent the concrete monument lo
be conoded by acid rain over time.

The table shows the solubility of some compounds at 25 'C

substance CaSOa BaSOn

solubility
(in mol/dm3)

0.045 0.0000094
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(a)

(b)

(c)

'13

Complete the table to identify two reactants thal can be used to react to obtain
a pure and dry sample the following salts.

name of salt reactant 1

(il copper(II)
iodide

(ii) sodium
perchlorate

(iii) silver
borale

reactant 2

l3l

What is the name of the chemical reaction to obtain calcium oxide by heating
crushed calcium carbonate strongly?

. t1l

Write a balanced chemical equation with state symbols for the reaction
between rainwater and calcium oxide.

.. n]

(d) lf there are cracks in the concrete beam, carbon dioxide in the air can diffuse
in.

Using a balanced chemical equation, explain why the pH is much higher on lhe
inside of the beam.

t3l

(s) Write a balanced chemical equation for the formation of sulfuric acid from
sulfur dioxide.

tlI
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(f) With the aid ot a suitable ionic equation, explain how the barium hydroxide
solution will help to better prevent the concrete monument from being corroded
by the acid rain.

B9

t3l

The table shows the results when small pieces of different metals were added to the
chloride solutions containing different metal ions.

(a) What is lhe order of reactivity of the five metals?

Most reactive

Least reactive

melals
chromium nickel tron cobalt ztnc

chromium(II)
chloride

no visible
change

no visible
change

no visible
change

solution
tums

colourless

nickel(II)
chloride

solution
turns blue

solution
turns

yellow

solution
turns red

solution
tums

colourless

iron(III)
chloride

solution
lurns blue

no visible
change

no visible
change

solution
tums

colourless

cobalt(II)
chloride

solution
turns blue

no visible
change

solution
turns

yellow

solution
turns

colourless

zinc chloride
no visible
change

no visible
change

no visible
change

no visible
change
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(b)

(c)

(d)

'15

Complete the table to show the colours of the metal chloride solutions.

colour of solution

chromium(II) chloride

cobalt(Il) chloride

121

From the results of the experiment, suggest what method would be used to
extract chromium form its ores.

t1I

Using structure and bonding, explain the electrical conductivity of cobalt and
coba[(II) chloride.

t3I

metal chloride
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Bt0

16

Steam is passed over a sample of iron powder and heated. A gas is formed and the
silver powder turns black. When the black solid is left to stand in air. the black solid
slowly turns reddish brown.

steam ->

(a) Explain the mlour changes observed.

l2l

(b) State the gas formed in the reaction and how the gas can be identified.

tro n

rl

t1I

(c) Write a balanced chemical equation with state symbols for the reaction
between steam and iron to form the black solid.

t1l

(d) State and explain the obseNations if the raaction is repeated using copper
powder instead.

t1i

(e) The hulls of the ships are usually made of iron.

Explain why zinc sheets are usually added to the iron hulls of the ships

PartnerlnLearning
327

121



BP - 330

(f)

17

An iron compound contains 23.5 % sutfur and 35.3 % orygen

Find the empirical formula of the mmpound.

t3l
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OR

Bl0 Hydrogen is used as a fuel in some space rockets. lt is also a green fuel as only water
is produced when hydrogen is combusted.

2Hz \gl + ar(g) ) 2HzO(/) AH = -484 kJ/mol

(a) Explain why the reaction is exothermic.

(b)

.... t11

Calculate the energy change when 1 kg of hydrogen is b€ing combusted.

131

(c) Using Kinetic Particle Theory, explain why liquid hydrogen is usually canied by
the space rockets instead of hydrogen gas.

t11

(d) Hydrogen can be produced from the electrolysis ofwater.

2Hzo(tl > 2Hr(s) + O,(s) AH = +484 kJ/mol

A student commented that although the electrolysis of water to form hydrogen
gas requires electrical energy, the same amount of energy is given out when
hydrogen gas is combusted, hence it does not require any net energy to
produce and use hydrogen gas a fuel.

Do you agree with the student?

Explain why.

PartnerlnLeaming
329

t1l



BP - 332

(o) (i)

19

Hydrogen and sodium are both elements found in the Periodic Table

State one similarity between hydrogen and sodium.

n1

Sodium reacts with water to form hydrogen gas.

Write a balanced chemical equation with state symbols for the reaction.

t1l

(ii)

(ii0 Which substance is reduced in the reaction in part (ii)?

Explain your answer using oxidation states.

-- End of Paper --

l2l
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7
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FeCr2Oa +3
th:CrOr +6
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46a No. of moies oro r= m= o.o775mot

Mole ratio: O: : HzOz

t1l

12
0.0175 : 0 035 m*i

A6b

I energy

frzoz

HzO + 02

P{ofess d r#,0{l

Label activation energy corectly t0 5l
Label AH conectly t0-q
Label axis conectly 10.51

Correct sh 0.

Volume of gas I cm3

ExntT [1]

Time / s

n

A6ci
A6cii

provides an altemative pathway for the reaction with lower

activation energy [0.5]. More particles have energy equal or greater than

the activation energy [0.5], leading to more frequent effective collisions [0.5] and a higher speed of
reaction

MnO2 acts as a catalYst [0.5], andA6d

t1llretal f,I forms ions with different oxidation states
Metal M forms coloured compound

cataMetal M and its com

A7a

60 cm3 1ATbi
= 0.1 x 0.06
= 0.006 mol

t0.5I
[0 s]

No. of motes of sodium hydroxideATbii

A7c No. of moles of metal chloride = 0.2 x 0.01 [0.5]
= 0.002 mol
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A7d

A7e 1)

2)

3)

', NaOH + 1MC/) I NaC/+ 1 MOH

2 NaOH + 1 MC/, ) 2 NaC/+ 1 M(OH),

3 NaOH + 1 MC/s ) 3 NaC/+ 1 M(OH)3 [2] Minus 1 mark for each mistake

sodium hydroxide
0.006
3

metal chloride
0.002
1

Mole ratio

i1l

A7f Correcl chemical formula: MC/ MC/, t1I

A7g

A,ofM=162.5-3(35.5)
=56

M is iron

Motar mass of MCh = H#
= 162.5

t0 5l

t0.51

t0 5l
t0.sl

B8a CUCOr

HC/O,,

AgNO: Na3BO3

K:BO3
(NH4)38O3

t0 5l to.sl

t0.51 [0.51
". Na

t0.51 to.q
Reiect acid reactions
due to insoluble coating

coppe(ll)
iodide

silver
borate

sodium
perchlorale

B8b Thermal decomposition [1]

8c CaO(s) + Hzaq ) Ca(OH), (aq) t1l

8d

Carbon dioxide is an acidic oxide [0.5] which reacts with calcium hydroxide which is a base [0.5]
At the inside of the beam, the concentration of carbon dioxide is lower [0.5] as less carbon dioxide
can diffuse in deeply. resulting in less calcium hydroxide reacting [0.5] hence a higher pH as
compared to the outside of the beam

COz + Ca(OH)z ) CaCOa + HzO [11

8e 2SOz + 2HzO + Oz ) 2HzSOa tll
8f

Aqueous barium hydroxide reacts with sulfuric acid to form the (insoluble) barium sulfate [0.5],
which has a very low solubility of 0.0000094 mol/dm3 [0.5]. lt is less soluble [0.5] than calcium
sulfate[0.51, which is formed when calcium oxide/calcium hydroxide reacts with suffuric acid.

Note: No marks given for neutralisation explanation as only a thin layer of alkali is used.

na2+(aq) + so!-(cq)-+ Bas0o(s) [1]

B9a 1m for zinc most reactive and nickel least reactive
1m for correct order of the other 3 metals

Zinc, chromium, iron, cobalt, nickel 11I
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B9d

B9b metal chloride colour of solution

chromium(II) chloride l blue ['1]

cobalt(ll) chloride red [1]
Bgc Reduction t heating with carbon [1]

Cobalt has a giant metallic structure. 10.51 The valence eleclrons in cobalt are delocallsed [0.5] and
can act as charge carriers to conduct electricity

Cobalt(ll) chloride has a giant ionic structure [0.5]. ln the solid state, the ions are held in fixed
positions by strong eleclrostatic forces of attraction [0.5]. ln molten and aqueous s1ate, the strong
electrostatic forces of attraction are overcame [0.5]. The mobile cobalt(ll) ions and chloride ions
[0.5] can act as charge caniers to conduct electricity

Either
B10a The iron reacts with steam to for iron(ll) oxide that is biack. [1] The rroa(ll) oxide is then oxidised by

oxygen in the air to form iron(lll) oxide which is reddish brown.[11

B10b Hydrogen[0.5]. The gas will extinguish a lighted splint with a pop scund 10.51

B10c HzO (g) + Fe (s) ) FeO (s) + H, (g) [1]

810d There is no visible change [0.5] as .cp0er dc not react *ilh steam [0.5]
B1 0e Zinc is more reactive than kon [0.5]. so it will oxidised I reacl with oxygen in preference of iron

[0.5]. lt acts as a sacImcial metal [0.5] and prevents the iron huil from rusting [0.5]
810f Fe S o

Mass in 100 41 .2 2(',t

No. of moles a'2 
= 0.773571 I0 5l 111 = it.::+tg 3J: 

= 2.29525 t0 5]

Mole ratio o.rr,tr, 
= 1 .05

2.20625
3

0.73438

x1 1 I 3

Empiric*l formula is [*SOr i1]

OR
B10a More enerqy is aiven cut durina bond forming 10.51 than enerqy taken in durinq bond breakinq [0.5I
B 10b No. of moles of hyd.ogen = '1oo = 5oo *r,

Energy change per 1 mol of hydrogen = :!37 = -2+z tt1

Energy change = -?42 x 500 = -1210001c1

t1I

t1l

t1l

B10c The particles in liquid stale are closely packed[o.5], hence resulling in a lower volume [0.5] for the
same number of moles of hydrogen gas

B 10d No. The energy given out is released to the sunounding [0.5 and cannot be captured.
Other sources of energy such as ftom combustion of fossil fuels is still needed for the electrolysis
of water. [0.5]

B'1oei Both have 1 valence electron. [1]
B1oeii 2Na(s) + 2HzO(l) ) 2NaOH(aq) + Hr(s) tll
Bl0eiii HzO is reduced to form Hz [0.5], as the oxidation state of hydrogen [0.5] reduces [0.5] from +1 (in

HzO) to 0 in Hz [0.51
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