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Answer ALL questions. Write your answers in the spaces provided.

Some questions must be answered with a cross in a box [X.
If you change your mind about an answer, put a line through the box & and then
mark your new answer with a cross X.

1 Mixtures of coloured substances can be separated by paper chromatography.

(a) Paper chromatography was used to separate a mixture of blue and red inks.
A spot of the mixture was placed on chromatography paper as shown in Figure 1.

mixture of inks

9

start line

Figure 1

(i) Give areason why the start line is drawn in pencil rather than in ink.
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(ii) The chromatography paper, with the spot of mixture on it, was placed in a
beaker with the bottom of the paper in water.

On Figure 2, complete the diagram showing the position of the
chromatography paper with the spot of mixture at the start of the experiment.

| water

Figure 2

(i) The chromatography was carried out and the result is shown in Figure 3.

A
O\ solvent front
blue spot
Xcm
e red spot
v |0

Figure 3

The blue spot had moved 14.5cm and the solvent front had moved 15.3cm.

Calculate the R, value of the substance in the blue spot, giving your answer to
2 significant figures.
distance travelled by a dye

R¢ value = —
distance travelled by solvent front

Rfvalue =
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(b) P, Q,Rand S are mixtures of food colourings.
They are investigated using paper chromatography.
Figure 4 shows the chromatogram at the end of the experiment.

0
0 0
0
0 0
0
0
0 O 0
o
P Q R S
Figure 4

(i) Which mixture contains an insoluble food colouring?

mixture P
mixture Q

mixture R

O 0o o 0O
Nn W >

D mixtureS

(ii) Give a change that could be made to the experiment to obtain an R, value for
the insoluble colouring.

(iii) Explain, by referring to Figure 4, which mixture is separated into the greatest
number of soluble food colourings by this chromatography experiment.

(Total for Question 1 = 8 marks)
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2 lonic compounds contain ions.

(@) The numbers of electrons, neutrons and protons in four particles, W, X, Y and Z,
are shown in Figure 5.

particle electrons neutrons protons
w 9 10 9
X 10 14 12
Y 16 16 16
y4 18 18 16
Figure 5

Explain which particle, W, X, Y or Z, is a negative ion.

(b) Calcium nitrate contains calcium ions and nitrate ions.

Calculate the relative formula mass of calcium nitrate, Ca(NO,)..
(relative atomic masses: Ca=40,N=14,0=16)

relative formulamass= ...
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(c) Lithium fluoride, LiF, is an ionic compound.
It contains lithium cations and fluoride anions.

The electronic configurations of a lithium atom and of a fluorine atom are shown

in Figure 6.
X X
X X X *
@ X @ X
X X
X X
Figure 6

Complete Figure 7 to show the electronic configurations and charges of the ions
in lithium fluoride.

X X
X X
chargeonion ... chargeonion ...
Figure 7

(Total for Question 2 = 8 marks)
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3 Astudent carried out an experiment to see how reactive different metals are when
they are placed in dilute hydrochloric acid.

A sample of each metal was placed in a separate test tube of acid.

(@) When zinc reacts with dilute hydrochloric acid, a gas is given off and zinc chloride
is formed.

(i) Which gas is given off?
A carbon dioxide

chlorine

O O o o

B
C hydrogen
D

oxygen

What is the formula of zinc chloride?

—
~

A ZnCl
Zn2CI

O 0o oa o

B

C ZnCI2
D Zn2CI2

(b) In the experiment, the student used the same amount of each metal in a finely

powdered form.

State two factors, concerning the hydrochloric acid, which should also be
controlled to produce valid results.
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(c) Part of the reactivity series is shown in Figure 8.

most reactive magnesium
aluminium
iron
least reactive silver
Figure 8

Iron is extracted from its ore by heating with carbon.
Aluminium is extracted from its ore using a different method.

(i) Give the name of the method used to extract aluminium.

(i) Explain why aluminium is extracted by a different method rather than heating
the ore with carbon.

(d) The extraction of iron involves the reduction of iron oxide, Fe,0,, by carbon
monoxide, CO. During this reaction, the iron oxide is reduced to iron, Fe, and the
carbon monoxide is oxidised to carbon dioxide.

Write the balanced equation for the reaction.

(Total for Question 3 = 9 marks)
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4 The method used to prepare a salt depends on its solubility in water.

(@) Complete Figure 9 by placing one tick in each row to show whether the salt is
soluble or insoluble.

salt soluble insoluble

ammonium chloride
lithium sulfate
magnesium carbonate

Figure 9

(b) Lead nitrate solution mixed with sodium sulfate solution forms lead sulfate as a
precipitate.

Pb(NO,), + Na,SO, — PbSO, + 2NaNO,

The theoretical yield of lead sulfate for this reaction was 2.85g.
The actual yield of lead sulfate obtained was 2.53g.

Calculate the percentage yield of lead sulfate in this experiment.

Give your answer to two significant figures.

percentage yield = ...
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() The method used to make the lead sulfate is:

pour 100 cm? lead nitrate solution into a beaker

add drops of sodium sulfate solution until a precipitate is seen
allow the precipitate to settle to the bottom of the beaker
pour off the liquid

use a spatula to transfer the solid lead sulfate onto a filter paper

Explain two ways of improving this experimental method to increase the amount and
quality of lead sulfate obtained from the same volume of lead nitrate solution.

(d) Ammonium nitrate is produced from ammonia and nitric acid on a large scale in industry.

Ammonium nitrate can also be made in the laboratory by titrating ammonia solution
with dilute nitric acid.

NH, + HNO, — NH,NO,

Ammonium nitrate crystals can then be obtained by evaporating off some of the
water from the solution.

Give two reasons why this laboratory method is not suitable for use on a large
scale in industry.

(Total for Question 4 = 11 marks)
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5 Objects made from transition metals are sometimes coated with a thin layer of another
transition metal to improve their appearance and to protect against corrosion.

(@) Figure 10 shows equipment that can be used to electroplate an iron spoon with silver.

6Vd.c

———O  O0—

N

silver rod
iron spoon —

———__solution containing
silver ions

Figure 10

(i) Which row of the table correctly shows the charge on the silver rod electrode
and the type of reaction occurring at this electrode?

charge type of reaction
LI A negative oxidation
(1 B negative reduction
J C positive oxidation
] D positive reduction
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(i) Silver metal is deposited on the spoon.

Which half-equation represents this reaction?

Ag + e > Ag*
Ag > Ag*+ e

0o o o
n @ >

Ag" + e »> Ag
[ D Agt > Ag + e
(b) The voltage of a cell is 1.5V.

Give a reason why this voltage of the cell decreases when the cell is left connected
in a circuit.

(c) Duralumin is an alloy of aluminium and copper.

The radii of the aluminium and copper atoms are shown in Figure 11.

radius of atom/m
aluminium 143 x 107"
copper 1.27x107"
Figure 11

Explain why copper added to aluminium to form the alloy makes the alloy
stronger than pure aluminium.
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(d) Gold is often alloyed with other metals when it is used to make jewellery.

104

The proportion of gold in a piece of gold jewellery is measured in carats.
Pure gold is 24 carats.
A 9 carat gold ring has a mass of 12g.

Calculate the mass of gold in this ring.

mass of gold ring = ...

(Total for Question 5 = 7 marks)
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6 Electrodes are placed in three different solutions, J, K and L.
A 6V direct current source is connected to the electrodes.
Any products formed at the electrodes are identified.

The results are given in Figure 12.

. solution conducts product at product at
solution . .
electricity cathode anode
yes copper chlorine
K yes hydrogen oxygen
no none none
Figure 12

(@) Explain which solutions are electrolytes.

(b) Which material is most suitable to make the electrodes for the electrolysis of a
dilute acid?

[J A znc
] B sulfur
[J C iron
[0 D graphite
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() When a solution of sodium sulfate, Na,SO,, is electrolysed, the products formed at
the electrodes are hydrogen and oxygen.

Explain the formation of the products at the electrodes.

(d) Copper is purified by the electrolysis of copper sulfate solution using an impure
copper anode and a pure copper cathode.

Write the half-equation for the formation of a copper atom from a copper ion.

(Total for Question 6 = 9 marks)
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7 Sulfur trioxide is produced by reacting sulfur dioxide with oxygen.
250, + 0, = 250,

(@) (i) This reaction takes place in industry at 1-2 atm pressure and can reach a
dynamic equilibrium.

Explain the effect on the rate of attainment of equilibrium, if the process is
carried out at a pressure higher than 1-2 atm.

(i) What volume of oxygen, in cm?, would react completely with 500 cm? sulfur dioxide?

— [J A 500+2
— ] B 500
— [J C€ 500x2
— [ D 500x32

(b) When there are alternative methods of producing a product, the final pathway is
chosen by considering atom economy, cost of energy, yield of product and rates
of reactions.

State another factor that should also be considered.
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*(c) The reaction between nitrogen and hydrogen is exothermic.
N, + 3H, = 2NH,

If nitrogen and hydrogen were reacted at 150atm pressure and 300 °C, without a
catalyst, some ammonia would be formed.

In the Haber process a pressure of 150atm and a temperature of 450°C are used, in the
presence of an iron catalyst.

Explain why the conditions used in the Haber process are better than the first set of
conditions for the manufacture of ammonia.

(Total for Question 7 = 11 marks)
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8 Figure 13 shows a model of how particles are arranged in a solid.

(@) (i) State two ways in which this model fails to accurately represent a crystal of
sodium chloride.

(ii) Magnesium oxide has a melting point of 2852 °C.

Explain why magnesium oxide has such a high melting point.
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(b) (i) Carbon dioxide can be formed by the reaction of calcium carbonate, CaCO,,
with dilute hydrochloric acid.

Write the balanced equation for this reaction.

(i) The thermal decomposition of copper carbonate forms copper oxide and
carbon dioxide.

CuCO,(s) — CuO(s) + CO,(9)
15.0g of pure copper carbonate is decomposed completely.
Calculate the mass of solid produced.

(relative atomic masses: C = 12.0; O = 16.0; Cu = 63.5)

Give your answer to two significant figures.

massofsolid= ... g
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(c) Magnesium reacts with water in the form of steam as shown in the equation.
Mg + 2H,0 — Mg(OH)2 + H,

2.4g of magnesium reacts with sufficient steam for a complete reaction to form
5.8 g of magnesium hydroxide and 0.2 g of hydrogen.

Show, by calculation, that the law of conservation of mass applies to this reaction.

(relative atomic masses: H= 1.0, O = 16, Mg = 24)

(Total for Question 8 = 13 marks)
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9 Some acids such as hydrochloric acid are described as strong acids.
Some acids such as ethanoic acid are described as weak acids.

(@) (i) Explain the difference between a strong acid and a weak acid.

(ii) Give a reason why adding hydroxide ions to an acid solution leads to an
increase in pH.

(b) The salt zinc nitrate can be made by reacting zinc oxide, ZnO, with dilute nitric
acid, HNO.,.

Write the balanced equation for this reaction.

(c) 50cm? of potassium hydroxide solution of concentration 40g dm= is needed for
an experiment.

Calculate the mass of potassium hydroxide that must be dissolved in water to
make 50 cm? of solution of this concentration.

mass of potassium hydroxide = ... g
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*(d) Salts of metals can be made by reacting one of the metal’s compounds with the
appropriate acid.

Plan an experiment to prepare pure, dry crystals of magnesium sulfate, MgSO,, by
reacting a suitable magnesium compound with a suitable acid.

You may use equations if you wish.

(Total for Question 9 = 13 marks)
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10 (@) In an experiment, ammonia gas is made by heating a mixture of ammonium
chloride and calcium hydroxide.

2NH,Cl(s) + Ca(OH)_.(s) — CaCl.(s) + 2NH,(g) + 2H,0(l)
10.0 g of ammonium chloride is added to an excess of calcium hydroxide.
Calculate the maximum volume of ammonia gas that could be formed.

(relative atomic mass H=1.00, N = 14.0, O = 16.0 and Ca = 40.0; one mole of any
gas occupies 24dm? at room temperature and pressure)

VOIUM@ = e
(b) Sodium hydroxide solution reacts with hydrochloric acid.
NaOH + HCl - NaCl + H,O

(i) 25.0cm? of 0.100 mol dm=3 sodium hydroxide, NaOH, solution is added to
35.0cm? of 0.0750 mol dm™3 dilute hydrochloric acid, HCI.

Use the information to determine which reagent is in excess.
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(ii) To find the exact amount of dilute hydrochloric acid that reacts with 25.0cm?
of the sodium hydroxide solution, a titration is carried out. Figure 14 shows
the results for the titrations.

1st titration 2nd titration = 3rd titration 4th titration

final burette reading/cm? 37.60 36.20 39.15 38.40

initial burette reading/cm? 1.80 0.00 3.95 2.10

volume of acid used/cm? 35.80 36.20 35.20 36.30
Figure 14

In this titration, the accurate volumes of acid used that are within 0.20cm?3 of
each other are considered concordant volumes.

Use the concordant results to calculate the mean volume of hydrochloric acid
required.

MEAN VOIUME = oo cm?
(iii) During the titration, the indicator used changed colour at the end point.

Which of the following shows an indicator with the colour change that would
be seen in this titration?

indicator colourin alkali  colour at end point
— [0 A phenolphthalein colourless pink
— [0 B phenolphthalein pink yellow
— [0 € methyl orange red yellow
— [J D methyl orange yellow orange
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(c) In another titration, 25.0 cm? of a different sodium hydroxide solution is titrated
with 0.200 mol dm~ sulfuric acid, H,SO,.

2NaOH + H,50, - Na,S0, + 2H,0
24.80 cm? of acid are required to neutralise 25.0 cm? of the sodium hydroxide solution.

Calculate the concentration of the sodium hydroxide solution, NaOH, in mol dm™3,

conNCeNntration = ..., mol dm™3

(Total for Question 10 = 11 marks)

TOTAL FOR PAPER = 100 MARKS
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