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READ THESE INSTRUCTIONS FIRST

Write in soft pencil.
Write your name, class and register number on the Optical Answer Sheet provided.
Do not use staples, paper clips, glue or correction fluid.

There are forty questions on this paper. Answer all questions. For each question there are four
possible answers, A, B, C and D.

Choose the one you consider correct and record your choice in soft pencil on the separate Answer
Sheet.

Read the instructions on the Answer Sheet very carefully.

Each correct answer will score one mark. A mark will not be deducted for a wrong answer.
Any rough working should be done in this booklet.

A copy of the Periodic Table is printed on page 13.
The use of an approved scientific calculator is expected, where appropriate.

This paper consists of 13 printed pages (including this cover page).
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1 The diagram shows four pieces of laboratory apparatus.

electronic balance  measuring cylinder stop watch thermometer

Which apparatus is/are essential to find out if dissolving a salt in water is an endothermic

~

process?
electronic | measuring stop watch | thermometer
balance cylinder
A X X X )
B v X X ¥
c X V X v
D y V v X

2 Equal volumes of two liquids to be separated are placed in the apparatus below.

Thermometer

Fractionating
Calurnn
|
Round-bottomed
flask

I Conical flask
Bunsen burner

The purity of each liquid collected can be improved by

Water out

Condenser

Water in

adding boiling chips into the round-bottomed flask
using a longer condenser

using a longer fractionating column

stoppering the conical flask

ooOow>»
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3 The results of a paper chromatography experiment are shown.

X is an aqueous solution of a salt of a Group | element.
Y is an aqueous solution of a salt of a transition element.

solvent front

I

; ; -— 0rigin
Which row is correct?
larger Rsvalue requires a locating agent
A X X
B X Y
C Y X
D Y Y

4 An organic chemist attempts to synthesise a new fragrance (a compound) by the following
chemical reaction.
compound X + compound Y — fragrance

After one hour, a sample of the fragrance is removed and compared with pure samples of
compounds X and Y using paper chromatography.

Which chromatogram shows that the reaction has produced a pure sample of the fragrance?

A B

X Y sample

X Y sample

X Y  sample X Y  sample
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A chemist wants to obtain hexane (boiling point 68 °C) from a mixture of hexane and water.
What is the best method to use?

A fractional distillation B paper chromatography
C separating funnel D simple distillation

The table gives data about four substances.

melting point / °C boiling point / °C
w -182 -162
X -112 -108
Y -7 59
Z 39 688

When the ambient temperature is cooled to =110 °C, which substance(s) has/have particles in
a disorderly arrangement?

A Wonly B WandX
C YandZz D W, XandY

Mineral wool soaked in aqueous ammonia is placed in the apparatus shown.

: \
mineral wool soaked - :
in aqueous ammonia damp red litmus

After five minutes, the damp red litmus paper turned blue. Which process led to this change?

crystallisation
condensation
diffusion
sublimation

ocoOow>»

The nuclide notations for two atoms are given below, along with two possibly correct
statements.
5K, SoY
Statement 1: Both atoms are isotopes of copper.
Statement 2: Both atoms have variable oxidation states.

Which of the following is correct?

Both statements are correct and statement 2 explains statement 1.

Both statements are correct but statement 2 does not explain statement 1.
Statement 1 is correct but statement 2 is incorrect.

Statement 2 is correct but statement 1 is incorrect.

ooOw>»
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Which statement is correct for 3Be?*?

Most of the ion consists of empty space.

The ion contains 15 subatomic particles in the nucleus.

The ion contains more protons than neutrons in the nucleus.
The ion has an electronic arrangement of 2.2.

oo mw>»

Which substances do not contain covalent bonds?

1 aqueous hydrochloric acid

2 ethanoic acid

3 helium gas

4  sulfur
A 1and?2 B 1and3
C 2and3 D 3and4

Buckminsterfullerene has the formula of Ceo. The bonding in Buckminsterfullerene is similar to
the bonding in graphite. Their structures are as shown.

Buckminsterfullerene graphite

Four statements regarding the Buckminsterfullerene are given below.

The melting point of Buckminsterfullerene is higher than that of graphite.
Buckminsterfullerene is a good electrical conductor.

Buckminsterfullerene is a good lubricant.

On complete combustion, Buckminsterfullerene forms carbon dioxide and water.

How many of these statements are true?
A 1 B 2 c 3 D 4
Some students wish to make 0.970 mol of zinc oxide by the reaction shown below. They are
told that the reaction gives a 95.0% yield.
ZnCO3(s) — ZnO(s) + COy(s)
What mass of zinc carbonate should they heat?

A 832g B 117 g C 121g D 128g
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An element, E, forms a hydride, EH4, which contains 90% by mass of E.
Find the relative atomic mass of E.
A 9 B 36 C 86 D 90
50 cm? of hydrogen is mixed with 25 cm? of chlorine. The gases react as shown in the equation
below.

Hx(g) + Clx(g) » 2HCI(g)
What is the total volume of gas present at the end of the reaction?
A 50cm? B 75cm?® C 100cm? D 125cm?
What is the total number of electrons and protons in one mole of hydrogen gas?
A 2 B 4

C 1.2x10% D 24x10%

The table gives information about three indicators.

indicator oot o highpH | Ghange mkes piace
methyl orange red ——p yellow 4.0
bromothymol blue yellow ——» blue 6.5
phenolphthalein colourless ——» pink 9.0

If equal volumes of these three indicators were mixed, which colour would be observed at pH
57

blue
green
orange
yellow

ooOw>»

Which of the following is the same for 1 mol/dm? of hydrochloric acid and 1 mol/dm? of ethanoic
acid?

1 electrical conductivity
2 volume of sodium hydroxide for neutralisation

1 only

2 only

both 1 and 2
neither 1 nor 2

ooOw>
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18 How many barium salts can be obtained by the following preparation methods?

19

20

addition of aqueous barium nitrate to aqueous sodium chloride
addition of excess barium carbonate to hydrochloric acid
addition of excess barium oxide to sulfuric acid

titration of aqueous barium hydroxide with hydrochloric acid

A

-_—

B 2 c 3 D 4

A white crystalline solid is dissolved in distilled water. A small amount of dilute nitric acid is
added followed by aqueous silver nitrate. No visible change occurs. What can be deduced
about the white crystalline solid?

A It contains chloride ions.

B It contains bromide ions.

C It does not contain carbonate ions.

D It must contain sulfate ions.

A solution of fertiliser was tested as shown.
add excess aqueous

sodium hydroxide
solution . -
moist red litmus
- - paper turns blue

3 r 3

[
[P W] Bl
1 (B Il B

O~ dirty green ==

fertiliser ok = e
== — solution E%_gﬁg?tate -
warm the
mixture

Which ions must be present in the fertiliser?

NH4" and NO3~
NHs* and Fe?*
Fe?*and NO3~
Fe®*and NO3~

oo w>»
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23

24

25

26

A gas, R, has the following properties:

e odourless and colourless
e no effect on damp litmus papers
e turns purple acidified potassium manganate(VII) colourless

What gas is R likely to be?

carbon dioxide
carbon monoxide
hydrogen sulfide
sulfur dioxide

ooOw>»

Which of the following is the most powerful reducing agent?

A bromine atom
B chlorine atom
C fluoride ion

D iodide ion

Ammonium metavanadate, NH4VO3, can be used to make a solution containing VO.CI.

What is the change in the oxidation number of vanadium in this reaction?

A -1 B 0 C +1 D +2

Which equation shows hydrogen peroxide behaving as a reducing agent?

2Fe?*(aq) + H:O(l) + 2H*(aq) — 2Fe*'(aq) + 2H.O(l)
2[(aq) + H202(l) + 2H*(aq) — I2(aq) + 2H20(I)

MnOa(s) + H20.(l) + 2H*(agq) — Mn2?*(aq) + 2H,O(l) + Ox(g)
PbS(s) + 4H202(1) — PbSO4(s) + 4H.0O(I)

ooOow>

Which equation represents a redox reaction?

NaH(s) + H2O(l) — NaOH(aq) + Hz(g)
CaCOs(s) — COz(g) + CaO(s)

CuCly(aq) + KzS(agq) — CuS(s) + 2KCl(aq)
HCl(aq) + NHs(aq) — NH.Cl(aq)

ooOow>

Which statements are true about all the noble gases?

The melting point increases down the group.
They all have eight electrons in their outer shell.
They are coloured gases.

They are insoluble in water.

A~ ON -

A 1and?2 B 1and 4
C 2and3 D 3and 4
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Selenium is an element in Group VI. Which statement about selenium is correct?
A Selenium dioxide is a basic oxide.
B Selenium disulfide has the formula SeS,.

C Selenium forms the ion Se?"in compounds.
D Selenium has a high melting point and boiling point.

The equations and enthalpy changes for two reactions used in the manufacture of sulfuric acid
are

S(g) + O2(g) — SOx(g) AH=-300kJ
2S0,(g) + O2(g) — 2S0s(g) AH = -200 kJ

What is the enthalpy change, in kJ, for the reaction below?

25(g) + 302(g) — 2S0s(g)
A -100 B -400
C -500 D -800
An equation for a reaction in which hydrogen is formed is

CHs + H.O — 3H, + CO AH=+210kJ

Which energy change occurs when 1 mol of hydrogen is formed in this reaction?
70 kJ of energy are absorbed from the surroundings.
70 kJ of energy are released to the surroundings.

210 kJ of energy are absorbed from the surroundings.
210 kJ of energy are released to the surroundings.

oo w>»

Which equation has a negative value of enthalpy change?

A COz(s) —» CO2(g)

B Cl(g) + e — CI(g)
C Clx(g) —» 2Cl(g)

D NHCI(s) —» NH.Cl(aq)

When 50 cm? of 1 mol/dm?® HCI is mixed with 50 cm? of 1 mol/dm® NaOH, the temperature of
the resulting solution increases by 6 °C. What will be the temperature change when 100 cm?®
of each of these solutions are mixed?

A 3°C B 6°C
C 12°C D 24°C
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32 Several experiments were carried out to measure the rate of decomposition of hydrogen
peroxide, and the results were plotted in a graph.

Z
Total
volume Y
of 02 X
Time i’

The variables used in the experiments to give graphs X and Y are given below.

volume of concentration of H,O, | temperature / °C | mass of MnO./ g
H.0, / cm? in mol/dm3

X 50 0.5 25 0.1

Y 100 0.5 25 0.1

What could the variables be in the experiment to give graph Z?
1 50 cm?® of 0.5 mol/dm?® H,0; at 30 °C with 0.1 g MnO,
2 50 cm?® of 1.0 mol/dm?® H,0; at 25 °C with 0.1 g MnO,
3 50 cm?® of 0.5 mol/dm?® H.0- at 25 °C with 0.5 g MnO-

A 1 only B 2 only
Cc 1and 2 D 1and 3

33 The equations below show the reactivity of various metals.

2Cr(NO3)3 + 3Zn — 3Zn(NO3)2 + 2Cr
Zn(NO3), + Co — no reaction
Co(NOs3), + Cr — no reaction

From the information, the order of increasing reactivity of the metals is

least reactive » most reactive
A Co Cr Zn
B Co Zn Cr
C Cr Co Zn
D Zn Cr Co
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34 Group Il nitrates undergo thermal decomposition according to the following equation.
X(NOs)o — XO +2NOz + -0

Which Group |l nitrate requires the highest temperature to bring about its thermal
decomposition?

barium nitrate
calcium nitrate
magnesium nitrate
strontium nitrate

ooOw>

35 In which experiment would the iron nail not rust?

A
-
/
copper iron nail
sodium chloride
solution
B
-~
/
tin iron nail
sodium chloride

solution

-+

power supply

- ,
iron rod ) iron nail
sodium chloride
solution

+ -

power supply

b
] i
iron rod iron nail
| sodium chloride

solution
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In which parts of a motor car do the reactions, shown in the equations, take place?

N, + O, — 2NO + 2CO 2C0O+ 2NO — 2C0O32 + N>
A engine engine
B engine exhaust
C exhaust engine
D exhaust exhaust

During the electrolysis of an aqueous solution of a molybdenum salt, 21 g of molybdenum is
deposited at the cathode by 2 moles of electrons. What is the formula of the molybdenum ion?
(Arof Mo =42)

A Mo* B Mo C Mo% D Mo*

The same quantity of electricity is passed through separate dilute solutions of sulfuric acid and
copper(II) sulfate using platinum electrodes under the same conditions.

Which statement is correct?

A The amount of copper deposited at the cathode in the copper(Il) sulfate solution is half
the amount of hydrogen gas formed at the cathode in the sulfuric acid solution.

The pH of both solutions increases as the electrolysis proceeds.

The same volume of hydrogen is obtained in both cases.

The same volume of oxygen is obtained in both cases.

ooOw

A simple cell is made from magnesium and iron half-cells. Which statement is correct when
the cell produces electricity?

Electrons are lost from magnesium atoms.

Electrons flow from the iron half-cell to the magnesium half-cell.
Negative ions migrate to the iron half-cell.

The concentration of Fe?* ions increases.

ooOow>»

Electrolysis is used to plate a metal statue with silver. The statue is an electrode in a suitable
electrolyte. Which row is correct?

statue electrolyte
A anode AgCl(s)
B anode AgNO3(aq)
C cathode AgClI(s)
D cathode AgNOs(aq)
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Section A

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

A1 The table shows some physical properties of four substances.

substance meltin? point / boiling point / electrical conductivity
¢ © when solid when molten

A 119 445 poor poor

B 839 1484 good good

C 1710 2230 poor poor

D 501 950 poor good

(@) Match A to D to the following substances:

lead, lead(II) chloride, silicon dioxide, sulfur

[4]

(b) Lead forms another chloride compound, lead(IV) chloride. The melting point and boiling
point of this chloride is =15 °C and 50 °C respectively.

Draw the ‘dot-and-cross’ diagram to show the bonding in lead(IV) chloride. You need to
draw the outer shell electrons only.

[1]

[Total: 5]
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In the Haber Process, nitrogen and hydrogen react to make ammonia, NHs.

A chemist heats some nitrogen and hydrogen with a catalyst in a closed container.

She plots a graph to show how the amount of ammonia made changes with time.

A

amount of
ammonia
made o

0 10 20 30 40 50 60 70
time (minutes)

(a) State the time that the amount of ammonia made stops increasing.

(b) The amount of ammonia made stops increasing when the reaction reaches equilibrium. At

equilibrium, reaction is still going on.

Explain why the amount of ammonia made is not increasing even though the reaction is still

going on.
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(d) Ammonia is used to manufacture nitric acid by a two-stage process.

Stage 1: 4NH3; + 50, — 4NO + 6H20
Stage 2: 4NO + 2H,O + 30, — 4HNO3

Use the two equations to construct an overall equation for the conversion of ammonia to nitric
acid.

[Total: 6]

A3 Both natural gas and charcoal are commonly used as fuels. Natural gas consists of mainly
methane and is formed when layers of decomposing plant and animal matter are exposed to
intense heat and pressure under the surface of the Earth over millions of years.

Charcoal consists of mainly carbon. It has been produced for many centuries by heating wood in
the absence of oxygen.

(@) The values of some average bond enthalpies are shown in the table below.

bond bond energy (kJ/mol)
C-C 348
c=0 799
0=0 495
0-0 142
O-H 463

Given the standard enthalpy change of combustion of methane is -889 kJ/mol, calculate the
bond energy of a C — H bond.

[3]
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(b) The enthalpy changes of combustion of charcoal (carbon) and methane are in the table below.

substance enthalpy changes of combustion kJ/mol
charcoal (carbon) -394
methane -889

Two students were discussing the use of charcoal and methane as fuels.

Student 1: ‘Methane produces more heat per gram when burned so it is a better fuel.’
Student 2: ‘The use of charcoal contributes less to the overall increase of carbon dioxide
levels in the atmosphere.’

(i) Show that student 1 is correct in stating that methane produces more heat per gram.

[1]

(ii) With the help of chemical equations, show if charcoal produces less carbon dioxide
compared to methane.

[Total: 8]



A4 Cerium is a lanthanoid metal that shows similar chemical reactions to some elements in the third
period. Most of cerium’s compounds contain Ce®* or Ce** ions.

(@) Cerium reacts slowly with cold water and quickly with hot water forming cerium(III) hydroxide
and hydrogen gas.

Place the order of reactivity of cerium among the Period 3 metals, starting with the most
reactive metal.

(b) Cerium tarnishes slowly in air forming cerium(IV) oxide.

(i) State the formula of cerium(IV) oxide.

(ii) Cerium(IV) oxide reacts with aqueous sodium hydroxide to form a salt called sodium
cerate, Na,CeO:s.

State what type of oxide cerium(IV) oxide is.

................................................................................................................. [1]
(iii) Cerium(IV) oxide is a ceramic. Suggest two physical properties of cerium(IV) oxide.

e et eas

PPN [2]
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(e) The melting point of the Period 3 elements from Group Il to Group IV is given in the table
below.

magnesium aluminium silicon
melting point/ °C 639 660 1410

Explain the trend of the melting points of the three elements in the table.

[Total: 10]
A5 Coal has helped powered America for decades. The burning of coal results in the production of
sulfur dioxide.

(a) Describe how this leads to environmental problems when released into the atmosphere.
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(b) The following graph shows the amount of coal burnt and sulfur dioxide emissions in the
USA between 1970 and 2008.

200, 0 1, 2000, D0
2l sulfur dioxide emissions
% -
M e Y L 1,000,000
16, D v’ M —_‘- -
Cal
14,000 = .
amm’ ‘ £00,000
. e 4 12,000 __-' vh
Sulfur dioxide e \ Coal burnt
Toet o 10, D00 ——— GO0, D00
emissions . \ (1,000 tonnes)
(1,000 tonnes) 8,000 - L
— \ 400,000
6,000 T—o*
-
coal burnt
&, D0
2000, D00
2,000
0 WY | y | B I L ; L I I 4 | B 1 0

1970 1974 1978 1982 1986 19494 1994 1998 2002 2

(i) Describe the trends shown in the graph.

(ii) Suggest and explain how a possible measure put in place leads to the trend in sulfur
dioxide emissions.

[Total: 5]
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An experiment is carried out to investigate the rate of reaction of zinc with hydrochloric acid.
Excess zinc powder, 3.00 g, is added to 50 cm?® of 1.0 mol/dm?® hydrochloric acid. The volume of
gas produced is collected at regular intervals.

The experiment was repeated to study the factors affecting the rate of reaction. The diagram below
shows the results of the experiments, with Graph | obtained from using 50 cm?® of 1.0 mol/dm?3
hydrochloric acid.

Volume of gas /dm3
A

» time /min

(a) ldentify the conditions used to obtain Graphs Il and ll.
Graph Il o
Graph Il ..o [

(b) Explain, in terms of collisions between the particles, how using zinc powder instead of a piece
of zinc metal affects the rate of reaction.

........................................................................................................................ [2]
(c) Sketch on the diagram above, the graph that would be obtained if the experiment was
repeated using 50 cm? of 1.0 mol/dm? ethanoic acid. Label your graph as IV. [1]

Explain your reasoning.
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(d) Briefly describe how you would carry out the experiment to obtain Graph lll.

[Total: 9]
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A7 An experiment on electrolysis was carried out using the apparatus as shown below.

carbon
electrode X

carbon
electrode Y -

concentrated _
copper(1l) chloride potassium
iodide
(a) Describe what was observed at electrodes X and Y.
=T o3 1o o [= 10 [1]
o 1= 10T = T (P [1]

(b) What was the colour change in the electrolyte after electrolysis had been carried out for some
time? Explain your reasoning.

(c) Explain whether there would be any difference in the colour change of the electrolyte if the
anode was replaced by copper electrode.

(d) Describe what colour change would be observed in the beaker containing aqueous potassium
iodide after some time.

[Total: 7]
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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.

B8 Hard water and soft water
Hard water is water that has high mineral content, made up of largely calcium and magnesium
ions in water. The metal ions make the water hard. The hardness of water causes a build-up of
lime-scale in kettles, boilers and water pipes. This lime-scale on the heating element of kettles
make it inefficient as the scale acts as an insulator.
Soft water contains low concentration of calcium and magnesium ions and therefore does not
cause a build-up of lime-scale. However, drinking soft water will not provide the essential minerals
for bone growth.
Types of water hardness
Temporary hardness in water is due to the presence of thermally unstable magnesium hydrogen
carbonate or calcium hydrogen carbonate dissolved in the water. These minerals come from
geological formations like limestone.

Permanent hardness in water is due to the presence of dissolved sulfates, hydrogen carbonates
or chlorides of calcium and magnesium.

Methods of softening water

The temporary hardness in water can be removed by boiling.

On the other hand, permanent hard water cannot be softened by boiling. In order to soften water,
the metal ions that cause hardness must be removed. One way to do this is to add sodium
carbonate into the water to precipitate out the calcium or magnesium ions.

The soap test

Hard water does not lather easily.

Soft water lathers readily, and therefore requires less soap for the same cleaning effort.

Tim investigates the hardness of different water samples. He uses distilled water and two other
water samples labelled A and B.

He adds soap solution to 100 cm? of each sample until a lasting lather is formed.

Tim next boils fresh 100 cm?® samples of distilled water, sample A and sample B. He repeats the
test with soap solution on the boiled samples.
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The table below shows his results.

sample volume of soap solution needed to give a lather using
unboiled water in cm?® boiled water in cm?
distilled water 1.0 1.0
A 9.5 1.0
B 13.0 7.0

(@) Tim concludes that sample A contains only temporary hardness, while sample B contains
both temporary and permanent hardness.
Suggest how the data above supports his claim.

(b) Explain clearly how the data above shows that sample B contains equal amount of temporary
and permanent hardness.

[3]

(c) Using an equation, explain how temporary hardness can be removed by boiling. Include state
symbols in your equation.

B QU ON: e
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(d) Suggest another method that can remove permanent and temporary hardness in water.

(e) Hardness of water can be a disadvantage as it causes a build-up of limescale in water pipes.
However, there is an advantage of this limescale in water pipes. Suggest what this advantage

(f) Explain why water treated with sodium carbonate to remove permanent hardness may not be
suitable for crops that grow well in slightly acidic soils.

[Total: 12]

B9 The table below shows the percentage abundance and date of discovery for different metals in
the Earth’s crust.

metal percentage by mass in date of discovery (b.p = years before
Earth’s crust present)

aluminium 8.1 1825

iron 5.0 about 4000 b.p

calcium 3.6 1808

potassium 2.6 1807

magnesium 2.1 1775

zinc 0.11 1500

copper 0.01 about 5000 b.p

silver 0.00003 about 5000 b.p

gold less than 0.000001 at least 8000 b.p

(@) The price of three metals are given below.
Aluminium = US$ 0.00148 / g
Zinc = US$ 0.00192/ g
Gold=US$54.4 /g

Explain why gold is much more expensive than aluminium or zinc.
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(b) Use information from the table to explain whether the more abundant metals in the Earth’s
crust were discovered first.

..................................................................................................................... [3]
(c) Suggest when sodium was discovered.
..................................................................................................................... [1]
(d) Explain the relationship between the reactivity of the metals and their date of discovery.
..................................................................................................................... [2]
(e) Suggest why aluminium was discovered later than potassium or calcium.
..................................................................................................................... [1]

[Total: 8]
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Either
B10 Magnesium is a valuable, light-weight metal, used as a structural material as well as in alloys, in
batteries and in synthesis of other chemical products.

Magnesium forms the second most abundant cation in the sea, and it is cheaper to ‘mine’
magnesium from sea water than earth crust.

In the first stage of the extraction of magnesium, calcium carbonate is heated at high temperatures
to produce quicklime or calcium oxide. When calcium oxide is treated with seawater, it forms
calcium hydroxide, which is slightly soluble and ionises to give calcium and hydroxide ions.

The hydroxide ions formed would then cause the precipitation of magnesium ions from seawater.

(a) Write an ionic equation for the reaction of calcium oxide with seawater.

........................................................................................................................ [2]
(b) Suggest why magnesium hydroxide is precipitated instead of calcium hydroxide.

........................................................................................................................ [1]
(c) The precipitate is filtered and reacted with hydrochloric acid to form magnesium chloride

solution.

Mg(OH)z(s) + 2HCI — H2O(l) + MgClx(aq)
Briefly describe how solid magnesium chloride can be obtained from the mixture.
........................................................................................................................ [2]

(d) In the second stage of the extraction of magnesium, some sodium chloride and calcium
chloride are added to the solid magnesium chloride and the mixture is melted in an electrolytic
cell. The mixture of sodium chloride and calcium chloride lowers the melting point of
magnesium chloride.

Suggest why zinc chloride cannot be added into the electrolytic cell to lower the melting point.

(e) Write the half equations for the reactions happening at the anode and cathode.
AN et

CatNOde: .. e 2]
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(f) Chlorine gas, a by-product of this reaction is dissolved in water to produce hydrochloric acid.
Clx(g) + H2O(l) - HCl(aq) + HOCI(aq)

A student claims that chlorine is only oxidised in this reaction. Explain if you agree with this
claim.

[Total: 10]

Or
B10 Ethanedioic acid (oxalic acid) has the formula (COOH),. It can be made in the laboratory by
oxidising sugar with a powerful oxidising agent.

After purification, the oxalic acid is produced as white crystals of a hydrate, (COOH)2.xH20. On
heating this hydrate, water is lost, leaving anhydrous oxalic acid.

(COOH)2.xH20(s) — (COOH)2(s) + xH20(g)

(a) In an experiment 5.67 g of the hydrate were heated to constant mass, giving 4.05 g of the
anhydrous acid. Calculate the value of x in (COOH)..xH20.

[3]
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(b) Another method of producing oxalic acid in the laboratory is to heat potassium methanoate,
HCOOK. This produces potassium oxalate, which is then acidified to give the acid.

2HCOOK — (COOK)2 + H>

Some students carried out this experiment using the apparatus below. They collected the
hydrogen gas produced over water.

| Ma

heat

A few students obtained a smaller volume of hydrogen than expected. Suggest two practical
reasons why this may have occurred, apart from leaks.
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(c) Bob was asked to analyse a mixture of potassium methanoate and potassium oxalate. He
weighed out 4.69 g of the mixture and carried out the separation technique below.

*  The mixture was completely dissolved in distilled water.
»  Calcium chloride solution was added to this solution to precipitate out calcium oxalate.
»  The mixture was then filtered and the precipitated calcium oxalate was washed and dried.

(i) Suggest how Bob would know whether sufficient calcium chloride solution had been
added to react with all of the potassium oxalate present.

................................................................................................................. [2]
(i) In his experiment, Bob obtained 2.49 g of pure and dry calcium oxalate.
(COOK)2 + CaCl, —» (COO).Ca + 2KCI
Calculate the percentage of potassium oxalate in the mixture.
[M; :(COOK)2,166; (COO).Ca, 128]
[3]
[Total: 10]

End of paper



20

("d'ya) aunssalid pue aunjesadwia) Wool je Wp g sl seb Aue Jo sjow auo Jo SwN|oA 8y |

WNIQUaIME| | WNiiagqou  |Wnigjepuaul  winiwia) | wnuigisula | wniwoye [ wnieyieq wnuno wniouswe | wnuoinid | wniunydsu Em_mN: E_J_r__,:mwsa Emmomﬁ wnujoe
i ON PIN w4 s3 10 3g wo wy nd dN n ed yL ¥
€01 [} L0l 00} 66 86 16 96 G6 ¥6 £6 [45] L6 06 68 spiounoe
6Ll €Ll 691 291 Gal €91 661 LGl 251 oSt = a4l 44" orlL 6¢el
wnpein| wnigJapA wninyy wnigue wniwjoy |wnisoidsAp | wnique) | wnuopeb | wnidoine | wnuewes (wnyiewold | wniwApoau |wniwAposseid|  WNW82 wnueyjue|
n aA w 13 OH Aa gl s3] n3 ws wd PN id 8D e
LL 04 69 89 49 99 g9 ¥9 £9 29 19 09 6G 89 1S sploueyjue|
WNUOWLSAI| wniacJia)) wnioiuiadod (wnuabiuaolwnipelswiep| wnuauyaw | wnissey wnuyoq |wnifiogeas| wnugnp |wnipiogauing wnipel wnpuely
AT IE| ud By sd A SH ug bs aa el spiouoe ey 14
oLl pLL cLl LLL OLL 601 801 201 a0l GoL voL £0L —68 28 /8
- - - 60¢ 02 02 L0Z 161 g6l Z6l 06l 98l 781 18l 8.1 LEL gel
uopeJ aunejse wnjucjod yinwsig pea) wnijeul Ainosaw plob wnuneld wnipu wniwso wnjuayJ uajsbuny wnejue} wniujey wnueq wnisaea
uy W od 'gq ad 1L 6H ny id I SO 9y M el iH spiouetyue;| B9 sO
98 S8 ¥8 £8 [43 18 08 6. 8. 1L 9/ Gl . €L cl LL= 1S 9G Ga
LEL L2l 8c1 2cl 1%% GLl 455 801 901 {0]% Lol - 96 €6 L6 68 88 g8
uousx aulpol wnunie} | Auownue un wnipul WNIWpes NENH wnipejied wnipoyd | wniusyini | wnpsuyos)} |WnuepgAjow| Wnigolu wnueauIz winupA wnpuoss | wnipign.
ax | 91 qs us uj PO By Pd ud ny 21 O aN 1z A 1S qd
2 £g 4] 1S 0S 6f 8 Ly o 14 L4 154 [44 L 04 6 8¢ LE
8 08 6L 7 €L 04 S9 9 6s 6G 99 9 4] LS 8 Sy 014 6E
uoydAiy aulwolg wnjua|as olussie | wnuewtab [ wnyeb Uiz Jaddoa |2X21u Jleqoo uoll osouefuew | WnWolyo | wnipeuea | wniue wnipueoss wnizes | wnissejod
M 19 85 sY 89 e uz no IN CD o4 Ui 10 A L S eD A
9¢ Gt 149 [ %3 4 LE o€ 6¢ 8¢ e 9C 14 14 £ (4 14 02 6l
(04 g'eg A L€ 8c e ¥e {4
uobue BuLOIYo Jnyns snioydsoyd | uo2||Is wnuwnie wnissufiew |  wnipos
A [}0] S d IS A4 BN EN
81 Ll 9l Sl ¥l €l ¢l Ll
(074 6l 9l ¥l cl bl SSELU DIWOlE SAlE[B] 6 L
uosu sulony usbAxo usBonu uogued uoloq sweu wn||iAieq Wiy
aN 4 0 N 4! g |ogAs diwoye ag B
oL 6 8 L 9 g Jaquinu (o1woje) uojoud 4 3
v L Koy
wniay uaboipiy
o2H H
4 3
0 HA IA A Al Ml 1l |
dnolg

SjuawWa|g Jo a|qe] dIpolad ay|







	SA2 Beatty Secondary



