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Section A (40 marks)

1 The diagram below shows the setup for a chemical reaction which produces a
gas. The gas is then dried and collected.

— +gas collected

solid calcium oxide

What could the gas be?

hydrogen
hydrogen fluoride
oxygen

sulfur dioxide

ocOwP

2 The table below shows the information of some pure substances.

Which of the underlined substances has been wrongly classified as an element,
mixture or compound?

Property classification
A | White solid melts over 56 - 58 °C. mixture
B | Green powder on heating leaves black residue and a
colourless gas is evolved. compound

C | Black powder burns in air forming a colourless gas as
the only product.

D | Colourless substance produces fwo colourless gases
when an electric current is passed through it.

elament

mixture
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3 Refer to the following setup.

filter funnel

mixture
evaporating
dish

heat

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

A ammonium chioride and iodine

B copper(ll) sulfate and sodium chloride

C potassium iodide and copper{ll) sulfate
D sodium chloride and ammonium chloride

4 Stearic acid is a solid at room temperature. The cooling curve of stearic acid is
shown below.

temperature / °C
A

70 1

L

60 +

90 -

40 +

30 -

20 y % — » time /min

From the graph, we can infer that

at time tz, all the stearic acid exists as a solid.

at the time interval tz to t3, crystals of stearic acid are formed.

at the time interval tz to t3, all the stearic acid exists as a solid.

at the time interval t1 to t2, heat is absorbed from the surroundings.

oom>»
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5 The cover plate was removed from the gas jars shown in the diagram. After
several days, the colour of the gas was the same in both jars.

+—— oxygen

- gover plate

bromine

Which statement explains this change?

oow>»

Oxygen and bromine gases have equal densities.

Oxygen and bromine molecules are in random motion.

Oxygen and bromine diffuse at the same rate.

Equal volumes of oxygen and bromine contain equat number of molecules.

6 Which statement about atoms is frue?

ooOowm>

The atomic mass ¢an be less than the atomic number.

The electrons and nucfeus will repel each other.

The mass of an atom is mainly from the nucleus.

The minimum number of electrons in the outermost shell is 2.

7 The relative atomic mass of naturally occurring chiorine on planet Jupiter is
found to be exactly 36.0. What cannot be a reason for this?

A

B
Cc
D
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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 neutrons but same
number of protons.
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8 J Kand 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-

N /

Which of the following statements are correct?

| Element K could be nitrogen.

! Element J belongs to Group |l of the Periodic Table.

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

A | llandill
B lLliand IV
C L lhand IV
D I, iland IV

9 Three atoms L, M and N have atomic masses of 235, 238 and 239 respectively.
L has 92 electrons, M has 92 protons and N has 145 neutrons.

Which atoms are isotopes?

A LandMonly
B L andNonly
C Mand Nonly
D L MandN
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10 In the lattice structure of ionic compounds, the coordination number of each ion
is the number of neighbouring ions of opposite charge.

The table below shows the ions present and the coordination number of the
ions in some ionic compounds. Taking sodium chioride for instance, each
sodium ion is surrounded by 6 chicride ions, while each chloride ion is
surrounded by 6 sodium ions. Hence, the coordination number for both the
sodium ions and chloride ions is 6.

lonic compound ions present coordination number of formula
cation | anion cation anion
Sodium chloride Na* Cr 6 6 NaCl
Titanium (IV) oxide | Ti** 0% 6 3 TiOz
Compound P Q R 4 8 ?

Using information from the table, determine the formula of compound P.

A QR:
B Q:R
C QR4
D Q4R

11  Which substance is made up of both ions and mobile electrons?

Graphite
Lithium hydride
Sulfur

Zinc

o mP

12 The addition of powdered graphite to a lock will allow the key to turn more
easily because

A the carbon atoms are bonded in two-dimensional sheets which can slide
freely over one another.

B the bonds between the carbon atoms are weak and the carbon atoms can
easily slide over one another.

C each carbon atom has four bonds and can form an unreactive film over
which the metal can slide.

D the tetrahedral arrangement of bonds around each carbon atom causes the
neighbouring atom to slide past one another easily.
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13 The diagram below shows the structure of an organic molecule.

i
H C/C\O/CH:B
3

What is the name of this molecule and the total number of electrons used for
bonding in this molecule?

name total number of electrons used for bonding
A ethyl methanoate 11
B ethyl methanoate 22
C methyl ethanoate 11
D methyl ethanoate 22

14 The formulae of some oxides are shown below.

Li2O coO Al203 NO:2 CuQ

Which row gives the correct number of each type of oxide?

number of each type of oxide
acidic amphoteric basic
A 1 1 2
B 2 0 3
c 2 1 2
D 1 1 3
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15 Aluminium is an important metal with many uses. Some of its properties are
listed below.

| Itis a good conductor of heat.
tH It has a low density.
flt 1t has an oxide layer that prevents corrosion.

Which of these properties explains why aluminium is used to make cans which
are used to store food?

A lonly

B landll only
C [l and iil only
D [ llandli

16 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?

CHO
CH20
CH4+O
C2H20

oom>

17 When exposed to poliuted air, the white pigment in ¢il paintings forms
lead(ll) sulfide, PbS, which is black in colour. To restore the white colour, a
solution of hydrogen peroxide, H20: is used as shown in the chemical
equation below.

PbS(s) + 4H:02(aq) = PbSOss) + 4H20()

What mass of hydrogen peroxide is required to react with 0.239 g of lead(il)
sulfide?

0.034 g
0.072 g
0.136 g
0.303 g

oOm>
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18 A sample of 50 cm? of carbon monoxide was burnt in 50 cm? of oxygen.
What is the final volume of the gas(es) remaining at room temperature and
pressure?

A 25cm?
B 50cm?
c 75cm?®
P 100cm?®

19 The following bar chart shows the concentration of the various ions formed
when 1 mol of sulfuric acid, HzSO4, is dissolved and marked up to 1 dm? with
water.

Concentration {mol dm)

F 3
2 |
14--
1
H;50, H* ions HSO, ions S04 ions
{Before dissclving in water) L J

{After diuoh:ing in water)
A student inferred the following from the bar chart.
| H2804is a strong acid.
- L HSOs is a weak acid.

i  H2S0a4is a weak acid.
IV HSOs is a strong acid.

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

A lonly

B land li only
C litonly

D llland IV only
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10

20 A student carried out the following series of tests on an aqueous solution of
sodium carbonate and recorded his results as shown in the table below.

Which test should be repeated because of an incorrect observation entered in

the table?
test observation
A add barium chloride solution white precipitate formed
B | add copper(il) sulfate solution blue/green precipitate formed
Cc add dilute hydrochloric acid effervescence occurred
D | add sodium hydroxide solution white precipitate formed

21 Methylamine, CHaNH2, has very similar chemical properties to ammonia, NHs.
Methylamine reacts with hydrogen chioride to form a white crystalline salt,
methylammaonium chioride.

CHasNH2 + HCI > CHsNH3*Cl

A sample of methylammonium chloride is heated with aqueous sodium
hydroxide. What are the products?

A ammonia, sodium chloride and water

B ammonia, sodium hydrogencarbonate and sodium chioride
Cc

D

methylamine, hydrogen chloride and water
methylamine, sodium chloride and water

22 The following equation and statements describe three metals, X, Y and Z.
! Y + 2XNO3 ->» Y(NOs)z + 2X
Il ZNOs decomposes readily at room temperature to form Z.
il XNOs and Y(NOs)2 decompose only at temperatures above 250 °C.

What is the reactivity of the three metals, starting from the most reactive?

A XY, Z
B Y, X2
C Z,XY
D Z2Y, X
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23 The table below shows some bond energies. Which of the following
statements could be considered to be consistent with these values?

bond kd/mol
C-C 346
C-H 413
Si—~Si 176
Si—-H 318

Si — Si chains are more stable than C — C chains.

Si — Si bonds are the least readily broken of those listed.
Methane, CHa, is chemically more stable than silane, SiHa.

346 kJ is the energy evolved when 1 mole of graphite sublimes.

oom>»

24 The diagram shows lead(Il} oxide being reduced by hydrogen to lead. After
reduction is completed, the burner is turned off but the flow of hydrogen is

continued until the tube is cool.

excess hydrogen

dry _ea
hydrogek |77

lead(1l) oxide

burner

Which is the purpose of allowing hydrogen to flow through the tube during
cooling?

A to allow the tube to cool slowly

B to lessen the risk of explosion in the hot tube
C to prevent lead from reacting with the air

D to remove any traces of water left in the tube
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25 A ftitration was conducted by adding aqueous sodium hydroxide from a burette
to hydrochioric acid in a conical flask. The pH of the solution in the flask was
recorded during the titration and Graph 1 was obtained.

A second titration was conducted by adding aqueous sodium hydroxide to a
different acid. The pH of the solution in the flask was recorded during the
titration and Graph 2 was obtained.

14
pH -
: . : g ' : '
0 10 2 30 40 Q 10 20 30 AR
Volume of NaOH added / cm? Volume of NaOH added / cm?
Graph 1 Graph 2

The table below shows some indicators that could be used to identify the
endpoint of titrations. For the first titration, the appropriate indicator could be
methyl red, bromothymol blue or cresolphthalein.

Which indicator in the table is appropriate for the second titration?

indicator acidic colour range of colour alkaline colour
change
methyl orange red 3.1-44 yellow
methyl red red 44-6.2 yellow
bromothymol biue yellow 6.0-7.6 blue
cresolphthalein colourless 8.1-9.7 red
alizarin yellow yellow 10.1-12.0 red

alzarin yellow
cresolphthalein
methyl orange
methyl red

ocOowmpP
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26 Chlorine reacts with phosphorus to form phosphorus trichloride in the
equation shown below.

The yield of phosphorus trichloride can never reach 100%. What is the reason
for this?

2Ps) + 3Cla = 2PClaq

The phosphorus trichloride produced is a volatile liquid and would have
evaporated away.

The reversible reaction will form back phosphorus and chlorine as the
reactants.

The solid state of phosphorus is more stable than the liquid state of
phosphorus trichloride.

There are impurities present in the chemical reaction.

o o o »

27 The diagram shows the energy level diagrams (catalysed and non-catalysed)
for a chemical reaction.

Which energy change shows the activation energy for the catalysed reaction?

energy

F 3

products

c

L o e e d e, h - -

reactants

PartnerinLearning
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28 Biack copper{il) oxide catalyses the decomposition of agueous hydrogen
peroxide to give oxygen and water.

in a laboratory experiment, aqueous hydrogen peroxide was shaken with
0.5 g of copper(ll) oxide in a conical flask.

What is seen in the flask when the reaction was completed?

a black solid and a colourless liquid

a black solid and a light blue solution

a light blue solid and a colourless liquid
a pink brown solid and a colouriess liquid

oOm P

29 Hydrochloric acid is added to a fixed volume of potassium hydroxide in a
conical flask. The mixture is stirred and the temperature readings are
recorded.

The graph below shows the results obtained for the experiment.

temperature/ °C

b

a

volume of hydrochloric acid
added/ cm?

Why does the temperature reading drop beyond point X on the graph?

The reaction becomes increasingly exothermic.

The reaction becomes increasingly endothermic.

The reaction has completed and heat is lost to the surroundings.

The reaction has completed and heat is absorbed from the surroundings.

oOmP
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30 Lithium and rubidium are both in Group | of the Periodic Table.

Which statement is correct?

A

B
Cc
D

Lithium atoms and rubidium atoms have the same number of electrons in their
outer shell.

Lithium atoms are larger than rubidium ions.

Lithium ions and rubidium ions have the same number of electrons in their
outer shell.

Rubidium ions are larger than rubidium atoms.

31 Which statement about both the Group | and Group Vil elements is correct?

oOowP

They conduct electricity when molten.

They form covalent compounds when bonded to non-metals.
They exist as diatomic molecules.

When Group | elements combine with Group Vil elements, ionic
compounds form.

32 The ionic equations for four reactions are shown below.

V+ T >V +T
V + 28" 2> V& + 28
T+ 28 > T + 28

U+ v > Uz +V

What is the order of reactivity of the four metals, S, T, U and V?

most N least

reactive " reactive
A S T \'J )
B T S U v
C U Vv T S
D \'J S T U
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33 It has been suggested that the cars of the future could be powered by fuel
cells. One type of fuel cell uses the chemical reaction between oxygen and
hydrogen to produce electricity.

What would be a disadvantage of using this type of fuel cell fo power a car?

A car cannot be powered by electricity.

The hydrogen tank might split in an accident, leading o an explosion.
The product of the reaction between oxygen and hydrogen is toxic.
The oxygen would need to be obtained from air.

oOowr

34 Which statement describes what happens when hydrogen and oxygen are
used in a fuel cell?
A Electricity is generated due to flow of electrons from cathode to anode.
B Hydrogen is bumed to form steam.
C Hydrogen is oxidised by losing electrons at the anode.
D Oxygen is oxidised by gaining electrons from hydrogen.

35 The anti-cancer drug, cisplatin, has the formula Pt(NHz)Clz. In the human
body, one of the chloride ions of cisplatin is replaced by one water molecule to
form an aqua complex.

Pt(NHz)2Cl2 + H20 >  [Pt(NHz)(H20)CI}* + CI
aqua complex

What is the oxidation number of platinum in each of these substances?

cisplatin aqua complex
A +2 +1
B +2 +2
c +4 +3
D +4 +4
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36 In which reaction is the underlined substance behaving as an oxidising
agent?

BaCl + NaxS04 — BaS04 + 2NaCf
3CuC + 2NHz — 3Cu + N2 + 3H2:0
2FeChk + Cl — 2FeCh

2Nal + Brz — 2NaBr + |2

ooOow>

37 Which of the following is an endothermic reaction?

the combustion of ethanol in air

the oxidation of carbon to carbon dioxide

the reaction between hydrogen and oxygen

the formation of a carbohydrate and oxygen from carbon dioxide and
water

oOm)>

38 The diagram shows the chromatogram obtained by analysis of a single
dye. Three measurements are shown.

solvent front

L. final position of dye
..)( __________ _.,’—""

R I o original spot of dye

A original level of solvent

How is the Ry value of the dye calculated?

A x C x
xX+y x+y+tz
B Y p Y

PartnerinLearning
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39 The diagram below shows a simple electric cell.

voltmeter

metal 1 metal 2

— electrolyte

Which metals would produce the highest voltage?

metal 1 metal 2
A copper magnesium
B iron copper
C zinc magnesium
D zine copper

40 Which of the foliowing physical processes could be used to separate a
mixture of ethanol and water?

filtration

fractional distillation
sublimation

use of separation funnel

ocOw>

—The End -
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Section A (50 marks)
Answer all questions in the spaces provided.

A1 Elements W, X, Y and Z are all in the same period but in different groups of the
Periodic Table.

W reacts with oxygen to form W20, a strongly basic oxide.

X reacts with oxygen to form X0z, an acidic oxide and a gas at room temperature.
The oxide of Y is Y203, which can react with both an acid and a base.

Z produces anion Z-.

Use the information given to answer the following guestions:

(a) Place W, X, Y and Z to their respective groups in the Periodic Table. [1]

(b) Write the formulae for the sulfate and hydride of W. [1]

(c) What type of bonding is present in the oxide X027 Give a reason for [2]
your answer.

(d) Write the formula for the compound formed between Y and Z. [1]

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

(e) Write the equation for the reaction that occurs when element Wreacts 1]
with oxygen.

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

[ Total: 6 marks ]
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A2 Lead is an excellent roofing material. It is malleable and resistant to corrosion. Lead
rapidly becomes coated with basic lead (lI) carbonate which protects it from further
corrosion.

(a) Lead has a typical metallic structure. This structure is held together by attractive
forces called a metallic bond.

() Explain why there are attractive forces in a metallic structure. [1]

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

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

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

{b) Lead {li} carbonate is heated in the apparatus shown below. Water and carbon
dioxide are produced.

Lead (I1)
carbonate

U-tube filled _.
with silica gei to
absorb water

_ Soda lime,
carbon dioxide
reacts here

(i) Silica gel absorbs water and it often contains anhydrous cobalt (I1) [1]
chloride. Suggest the observation of silica gel in the experiment.

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

(ii) Soda lime is a mixture of sodium hydroxide and calcium oxide. [2]
Why do these two substances react with carbon dioxide?

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

(iii) Name two substances formed when soda lime reacts with carbon [2]
dioxide.

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

[ Total: 7 marks ]
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A3 Fig. 3.1 shows the Haber process.

Nitrogen —1 r Hydrogen

> Pump
) At 450 °C and 200
Reactor L~ atmospheric pressure
Unreacted | containing
nitrogen and F iron
hydrogen gases Ammonia, nitrogen
and hydrogen gases
« Condenser
L Liguid ammonia

Fig. 3.1

Fig. 3.2 shows the yield of ammonia that is made under different conditions.

70+ 350°C
60~ 400°C
50
% yield of 40 450°C
ammonia ., 500°C
oo 550°C
104
Q i ] H i
0 100 200 300 400
pressure (atmospheres)
Fig. 3.2
(a) Inthe condenser, ammonia is separated out as a liquid. Explain how [1]
this is achieved.
(b) The percentage yield for the production of ammonia is typically low. 1]

Explain why.

-----------------------------------------------------------------------------------------------
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(c) In present times, the Haber process has been adapted to work at a [2]

lower temperature of 250 °C. Predict and explain how a lower
temperature affects the relative amounts of ammonia, nitrogen and
hydrogen that leaves the reactor.

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

(d) (i) Write a chemical equation for the production of ammonia, in the [1]
Haber Process

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

(i) 60 dm? of nitrogen and 60 dm? of hydrogen were each pumped [1]
into the reactor. The volume of ammonia produced was found to
be 6 dm3. Caiculate the percentage yield of ammonia for the
reaction.

[ Total: 6 marks ]

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




BP-~466

A4 Peroxodisulfate (VIl) ions, S208%, react with iodide ions in agueous solution.
S206% (aq) + 2I'(ag) —> 2504*(aq) + Iz2(aq)

Table 4.1 shows how the relative rate of this reaction changes when different
concentrations of peroxodisuifate ions and iodide ions are used.

Table 4.1
experiment | concentration of | concentration of | relative rate of
82087 in mol/dm® | I"in mol/dm? reaction
1 0.008 0.02 1.7
2 0.016 0.02 3.3
3 0.032 0.02 6.8
4 0.008 0.04 3.4
5 0.008 0.08 6.9

If a small amount of Fe?* ions are added to the reaction mixture, they will react
with the peroxodisulfate ions, forming Fe?* ions, which will then react with the
iodide ions via the following two stages:
Stage 1: 2Fe?* (aq) + S208% (ag) —> 2Fe™ (ag) + 2S04% (aq)
Stage 2: 2Fe®* (aq) + 2I'(ag) —* 2Fe? (ag) + l2(aqg)

Use the information given above to answer the following questions.

{a) Using collision theory, state and explain the effect of the [2]
concentration of peroxodisulfate ions on the relative rate of reaction.

{b) State the role of Fe?* ions in this chemical reaction. [1]

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

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




BP-467

(c¢) Explain why stage 2 is a redox reaction, in terms of electrons. [3]

............................ A RM AR RS EEFAEEEEEIEar NI AAC NI ENIFRUNEFINFARAGMACARIET N R

FisesEEIRIEACIESINIRIIRRY seersRsEEsmzIRaRReaE VesuRsBREEIERENE NarEsEFREEeRIEETIEELEE wase
------ M I I T T L L T T N R R AT
............... e S U N IS NN EENIEREERREENAE G R RS ES N TSPV A NN AR A AU A AN AN T AL EN IR RA RN AN

T L L R T R NNy e ey N R N A R R R s Rl

T L I I I I I I I ey S N R AN R T

(d) One drop of sodium astatide solution was added to the solution after  [2]
the Fe2*ions were removed at the end of Stage 2 leaving behind
iodine. State all observations and explain.

FeENNTENNNEEMNSESSIEESIEEIEBEEmERS WhmEsEMlEMURANUSESSERREEAN AEAmmEARAsEEsEweaEMNEERIEENS R
I E RN EMAENNNRANNEEERRINMERNREEEEREES seerss NEsbERNMSRRUURRERINR AUBEE R NE I RE RN AN NN A N .
...................................................... KA RN T RN A ARSI RN AT RN IR NE RN
--------- R NN RS AN KNI A E NS A ERA AN NS ER NGNS EL AR A ENRENANGRAUESEFER AL SV R AANE

[ Total: 8 marks ]
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A5 Some metals have unique properties such as exhibiting variable oxidation states in
their compounds and forming coloured compounds.

These metals are also widely used as catalyst in industrial processes.

(a) Inan experiment, small amounts of metals such as zinc, chromium and
copper, were added to their aqueous metal nitrates solutions.

The results are shown in Table 5.1.

Table 5.1
salt solution
metal zinc nitrate chromium (lif) copper(ll} nitrate
nitrate PP
green solution turned | blue solution turned
Zinc no visible colourless and grey | colourless and grey
reaction metal coated with a | metal coated with a
silvery solid pink solid
chromium § no visible reaction
copper no visible no visible no visible
PP reaction reaction reaction
Describe the observations for chromium metal in zinc nitrate and 31

copper(ll) nitrate.

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

--------------------------------------------------------------------------------------------------
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(b) The main ore of copper is copper pyrite, CuFeSz.
Copper ore contains the impurity, iron(il) oxide.

The following information shows the steps involved in the extraction of
copper from copper pyrite.

Step 1: Roasting of copper pyrite
2CuFeS: + 402 —» CuzS +2Fe0 +3S0:2
Step 2: Removal of iron(ll) oxide
The reaction is heated strongly with sand (silica, SiOz} in a fumace.

iron(!l) oxide reacts with silica to form iron(ll) silicate as slag and is run
off.

FeOQ + SiOz —» FeSiO3
Step 3: Conversion of copper(}) sulfide to copper

As more air is blown into the furnace, the copper(l) sulfide produced is
converted to copper.

CuzS + Oz ~» 2Cu + 502
(i) Identify the acidic and basic oxide in step 2. [2]
acidic oxide: .....oviviiiiniiinne. basic oxide: ...........coviveieinannn.

(ii) Describe one possible environmental impact from the extraction of  [2]
copper.

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

[ Total: 7 marks ]
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A6 (a) Chemical X is a mixture of aqueous zinc nitrate and dilute sulfuric acid.

In Table 6.1, write down the chemical tests that you would carry out to
identify the following three ions present in chemical X. Your answer

should include the expected observations for each chemical test. [6]
Table 6.1
lons Chemical Tests Expected Observations
Zinc
Nitrate
Sulfate
{b) Solid zinc nitrate could undergo thermal decomposition to produce solid [2]

zinc oxide, nitrogen dioxide gas and oxygen gas.

Construct a balanced equation, including state symbols, for the thermal
decomposition of zinc nitrate.

[ Total: 8 marks ]
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A7 Graph 7.1 shows the percentage conversion to sulfur trioxide from suifur dioxide
and oxygen gas during the Contact Process.

2802 + O2—» 2803

8

$

% conversion to SOz
-4

ol T m m mm me s W e W W e

] 1 1
360 450 550 650
Temperature / °C

Graph 7.1

(a) Using data from the graph, give two reasons, other than cost, why the [2]
optimal temperature for Contact Process is 450 °C.

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

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

{(b) Explain, in terms of bond breaking and bond forming, why the [3]
conversion of sulfur dioxide and oxygen to sulfur trioxide is an
exothermic reaction.

...............................................................................................
...............................................................................................
-----------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------
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(c) Draw an energy profile diagram to show the formation of sulfur trioxide  [3]
from sulfur dioxide and oxygen.

Your diagram should show and label
¢ formulae of the reactants and products
« the activation energy for the reaction,
« the enthalpy change of reaction.

Energy A

—
Progress of reaction

[ Total: 8 marks ]
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Section B {30 marks)
Answer all three questions from this section

The iast question is in the form EITHER/OR and only one alternative should be
attempted.

B8 Fig. 8.1 shows the set-up for the electrolysis of a chloride solution containing two
metal ions, copper(ll) and iron(il).

platinum
electrodes

platinum
electrodes

chioride solution
containing copper (l1)
and iron (lf} ions

Fig. 8.1

An electric current was passed through the cell for a period of time.
The observations at different stages were recorded in the table.

Table 8.2

stage observations

A yellowish-green gas is observed at one of the
electrodes while a brown solid is deposited at the
other electrode.

There was no visible change to the electrolyte.
The same observations in stage 1 at the anode
stage 2 — after 1 hour | and cathode.

The electrolyte became pale green.

Colourless gases are both evoived at the anode
and cathode.

The pale green of the electrolyte becomes more
visible.

stage 1 - after 10 mins

stage 3 — after 2 hours
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(a) () Write the equations for the reactions taking place at the respective {2]
electrodes in stage 1.
(ii) The total mass of the brown solid deposited was 0.584 g. [2]

With the aid of equations from (a)(i), calculate the volume of the
yellowish-green gas produced at the other electrode.

(b) Explain why the electrolyte becomes pale green in stage 2 and then darker [2]
in stage 3.

......................................................................................................
......................................................................................................
......................................................................................................
------------------------------------------------------------------------------------------------------

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

(c) A few drops of Universal Indicator were added at the cathode in stage 3.  [2]

State and explain the result of the test.

----------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------
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(d) A total of three different substances were produced at the cathode [2]
throughout the whole electrolysis process.

Identify and list the three substances in order of which they are produced.
Explain your answer.

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

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

[ Total: 10 marks ]
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B9 Below is some information extracted from a newspaper article. Table 9.1 shows the
main greenhouse gases listed below.

Table 9.1

Air and ocean temperatures are rising around the world. Scientists believe
poliution is at least partly to blame for this global warming. Fertilisers and
burning fossil fuels for energy give off greenhouse gases like methane and
carbon dioxide, which trap heat in the earth’s atmosphere.

Since modern factories and agriculture first started in the 1750s, the amount of
greenhouse gases in the air has increased rapidly. There has not been this
much methane and carbon dioxide in the air for 650,000 years!

As greenhouse gases warm the air, glaciers are melting. Glaciers in Europe,
North America, Africa and Asia are all shrinking.

Table 9.2
heat-trapping .
. contribution to the current annual
greeg:: use e;';‘;:;ﬁ::ﬁ’ greenhouse effect/ | rate of increase
carbon dioxide (%) in the air/ (%)
carbon dioxide 1 b0o 04
CFCs 10 000 14 2.0
methane 30 18 1.0
nitrous oxide 150 6 0.5
(a) (i) Whatis ‘global warming'? [1]

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

(ii) Greenhouse gases can trap heat due to their structure. Draw the [2]
‘dot and cross' diagram of carbon dioxide. Show only valence
electrons.
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(iii) Suggest a reason why 50% of the greenhouse effect is caused by  [1]
carbon dioxide, though the heat-trapping effectiveness is very
poor compared to the other gases.

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

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

(iv) Other than its contribution to global warming, explain why a [2]
percentage annual increase of CFCs in the air of 2% is a cause
for concern, even though the number might seem smali.

......................................................................................
--------------------------------------------------------------------------------------
......................................................................................
......................................................................................

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

(b) One of the ways to reduce carbon emissions is to use renewable fuels such
as biodiesel. Below is another article on a biodiesel used in Brazil.

Sugarcane Ethanol

Brazil rivals the U.S in ethanol production because sugarcane yields 600
to 800 gallons an acre, twice as much as corn. The stalk is 20 percent
sugar, fermented to make the alcohol, and the waste cane can be burned
to power the distillery, lowering fossil-fuel use.

Brazil Retail Price {per litre, June 2007)
Petrol (25% ethanol) :$4.91
Ethanol :$292

Energy Balance
Fossii-fuel energy used to make the fuel compared with the
energy in the fuel

1 : 8
Energy from fossil-fuel Energy from sugarcane ethanol

Greenhouse gas emissions (production and use)
Petrol :10.2 kg / litre
Sugarcane ethano! 1 4.5kg / litre
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(i) With reference to the above article, suggest two reasons as to why  [2]
Singapore would consider adopting the use of sugarcane ethanol
to replace the current vehicle use of petrol.

......................................................................................
--------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------
--------------------------------------------------------------------------------------

(i) Suggest a reason why Singapore would not consider adopting the  [1]
use of sugarcane ethanol to replace the current vehicle use of
petrol.

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

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

(iii) Suggest one global issue that might arise if the demand for [1]
biodiesel increases rapidly.

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

[ Total: 10 marks ]
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Either

B10 An analysis of the melting points of the elements of Period 2 and their oxides was
done and the information recorded in the graphs below. (Note that the graphs are
not drawn to scale.)

Melting points of elements in period 2

Meiting point / °C

&
00T
30 -
e}t + Elements
i BB C N D § Ne
Graph 10.1

Melting points of oxides of elements in period 2

Melting point / °C

t
5000-1—
B —
oo, Oxides of
Li;0 Bed B0y €O N,O O ;xidgnf elements
orin e
Graph 10.2

(a) Use the information in Graph 10.1 and Graph 10.2 to describe the trend  [3]
in melting points across Period 2 elements and oxides.

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

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

-------------------------------------------------------------------------------------------------
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(b) Name the elements in Period 2 which are solids at room temperature. [1]
{c) The form of carbon in Graph 10.1 is a good conductor of electricity. [3]

State the name of this form of carbon and with reference to its structure
and bonding, explain why it is a good electrical conductor.

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

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

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

(d) Explain the difference in melting point between lithium oxide and [2]
beryllium oxide.

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

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

(e} Explain why the oxide of neon was not included in the Graph 10.2. [1]

[ Total: 10 marks ]
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Or

B10 Sulfamic acid, SOsNHs, is a strong monobasic acid which melts at 205 °C before
decomposing at higher temperatures.

Although acids speed up corrosion of iron, they are also often used as cleaning
agents to remove rust. Sulfamic acid is commonly used as a replacement for
hydrochloric acid in removing rust. It does not react with hypochiorite based
products such as bleach to produce chlorine gas, unlike hydrochloric acid. In
general, the sulfamate salts of iron and calcium formed are water-soluble.

Table 10.1 shows the comparison between using hydrochloric acid and sulfamic
acid to remove rust and limescale.

Table 10.1
hydrochoric acid sulfamic acid
*relative corrosivity on aluminium 5.3 1
*relative corrosivity on copper 6.7 1
*relative corrosivity on steel 4.2 1
cost per tonne US $200 US $500

*relative corrosivity refers to the relative ease of corroding the metal.

(a) Describe what changes to the arrangement and movement of the 2]
particles in sulfamic acid when dissolved in water.

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

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

(b) One student explains that sulfamic acid is a strong acid because [11
there is a high concentration of hydrogen ions present. Do you agree
with this statement? Explain your reasoning.

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

-------------------------------------------------------------------------------------------------
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{(c} Use the information provided to discuss the advantage(s) and [2]
disadvantage(s) of using sulfamic acid to replace hydrochloric acid in the
removal of rust.

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

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

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

(d) Graph 10.3 was obtained when sulfamic acid reacted with several metals at
room temperature.

F |
zinc
volume of
hydrogen
gas snsnmonmanns DB
produced /
cm3
iron
aluminium
/ copper
>
time/s
Graph 10.3
(i) Explain the shape of graph obtained for aluminium even though [2]

aluminium is supposed to be the most reactive metal amongst the
four metals.

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

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

-----------------------------------------------------------------------------------------
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(il Another experiment of sulfamic acid and zinc was carried out at [2]
80 °C. Explain how the rate of the reaction carried out at 80 °C
would differ from the experiment carried at room temperature.

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

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

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

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

(e) One way of protecting underground iron pipes from rusting is through [1]
the use of sacrificial protection. Describe how sacrificial protection
works.

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

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

[ Total: 10 marks ]

— The End -
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