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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 (a) State what is meant by the term relative atomic mass.

(b) The mass spectrum of a sample of neon is shown.

93.90%

percentage

abundance

5.84%

O.2|6%
20 21 22
mass / charge ratio

(i) State why there are three peaks in the spectrum.

(i) Use the spectrum to calculate the relative atomic mass of neon.
Show your working and give your answer to 3 significant figures.

(Total for Question 1 = 5 marks)
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2 This question is about ionisation energies.

(@) The graph represents log of the first ten successive ionisation energies of an

element X plotted against the number of the electron removed.

log

jonisation
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energy

Group 1
Group 3
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Group 7
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0 2 4 6 8 10 12
electron removed
In which group of the Periodic Table is X found?
3 L
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(b) The graph shows the first ionisation energy of eight successive elements in the
Periodic Table.
N
X
b
X
Z
first
ionisation %
energy
% X
)(Y
atomic number
What is the formula of the compound formed between Y and Z?
(1)
LJA YZ,
J B Yz,
I o 4
JD YZ
(c) Give reasons for the general increase in the first ionisation energy of the elements,
going across the Periodic Table from left to right in period 2.
(2)
.
4
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(d) Give a reason why the first ionisation energy of the elements decreases going
down Group 1.

(e) (i) Write an equation, including state symbols, to illustrate the process occurring
when the second ionisation energy of the element, X, is measured.

(ii) Which element has the greatest second ionisation energy?

L1A Ne
1B Na
[1C Mg
LID Al

(Total for Question 2 = 8 marks)
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*3  Two white solids are known to be the compounds magnesium nitrate and
barium nitrate. Both solids are soluble in water.

Tests were carried out on the two compounds and the following results were obtained.

e Dilute sulfuric acid was added to an aqueous solution of each compound.
One showed no change; the other reacted to form a white precipitate.

e Dilute sodium hydroxide was added to an aqueous solution of each compound.
One showed no change; the other reacted to form a white precipitate.

e The solids were heated separately. Both decomposed to form a white residue,
a brown gas and a gas which relit a glowing splint. However, one solid
decomposed faster than the other.

Discuss how observations from all three tests can be used to identify the two solids.

You should include equations for any reactions that take place (state symbols are not required).

(Total for Question 3 = 6 marks)
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4 This question is about the element sulfur.

(@) Complete the electronic configuration of sulfur.

(b) Sulfur reacts with sodium to form the compound sodium sulfide, Na_sS.

(i) Draw a dot-and-cross diagram for sodium sulfide
only the outer electrons need be shown.

Include the charges present.

(ii) Which statement about the electrical conductivity of sodium sulfide is correct?

[J A it conducts when solid and liquid
[J B it conducts when solid but not when liquid
[] € it conducts when liquid but not when solid

[] D it does not conduct when solid or liquid

(iii) The melting temperature of sodium sulfide is higher than that of
sodium chloride, even though both contain ionic bonding.

Explain this difference in melting temperature.
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(c) Sulfur forms the compound carbon disulfide, CS, .
(i) Draw a dot-and-cross diagram for carbon disulfide.

Only the outer electrons need be shown. Use a dot (e) for the electrons from
carbon and a cross (x) for the electrons from sulfur.

(ii) Deduce the value of the S-C-S bond angle in CS.. Justify your answer.
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(d) Water is a good solvent for sodium sulfide but not for carbon disulfide.

(i) Which statement explains why sodium sulfide dissolves in water?

[J A the attraction between sodium ions and sulfide ions is weaker than the
bonding between oxygen and hydrogen in a water molecule

[] B the attraction between sodium ions and sulfide ions is weaker than the
hydrogen bonding between water molecules

[] € the energy released when sodium ions and sulfide ions are hydrated is less
than the energy required to break the hydrogen bonding between water
molecules

L] D the energy released when sodium ions and sulfide ions are hydrated is greater
than the energy required to break the attraction between sodium ions and
sulfide ions

(ii) State one factor that makes water a poor solvent for molecules such as
carbon disulfide which contain atoms with very similar electronegativities.

(e) Which are the correct names for both SO, and Na,SO,?

[J A sulfur oxide(ll) and sodium sulfate(IV)
L] B sulfur(ll) oxide and sodium(ll) sulfate

[J € sulfur oxide(IV) and sodium sulfate(IV)
[J D sulfur(lV) oxide and sodium sulfate(VI)

(Total for Question 4 = 14 marks)
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5 This question is about a carboxylic acid.

(@) (i) This acid contains 40.0% carbon and 6.67% hydrogen by mass. The remainder
is oxygen. The molar mass of the acid is 60.0 g mol".

Use this information to deduce the empirical formula and the molecular
formula of the acid.

(ii) What is the total number of atoms in 6.00 g of the acid?

] A 6.02x10%
1 B 241x10%
[] C 482x10%
[l D 6.02x10%*
10
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(b) A solution of the acid contains hydrogen ions. Write an ionic equation for the
reaction of sodium with the hydrogen ions in the acid.
Include state symbols in your answer.

(c) When 2.00 mol of the acid react with sodium carbonate, 1.00 mol of carbon dioxide
is formed.

Calculate the volume of carbon dioxide formed, in cm?, from 8.00 g of the acid at
room temperature and pressure.

(Total for Question 5 = 8 marks)
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6 This question is about elements of Group 7 and their compounds.

(a) Give the physical states at room temperature of chlorine, bromine and iodine.
Explain why they are different.

(b) The graph shows the boiling temperatures of the hydrides of Group 7.

260
boiling Hl
temperature / K 220 HBr
HCl
180
140 | | !
0 20 40 60

number of electrons

Explain, in terms of the electronegativity of the elements involved, why hydrogen fluoride
has a higher boiling temperature than expected.

13
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() Misty fumes form when concentrated sulfuric acid is added to solid sodium chloride.

(i) Write an equation for this reaction. State symbols are not required.

(i) The misty fumes can be identified by bringing them into contact with another gas Q.
Identify gas Q and state the observation you would make.

(d) When concentrated sulfuric acid is added to solid sodium iodide a mixture of
fuming gases forms, including iodine and hydrogen sulfide.

(i) Which description of the fumes indicates the presence of iodine?

—— [J A blue-black
—— [J B brown
E—— D D purp|e
(i) Write the half-equation showing the formation of iodine from iodide ions.
State symbols are not required.
(i) Write the half-equation showing the formation of hydrogen sulfide from
sulfuric acid and hydrogen ions.
State symbols are not required.
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(iv) Hence write an overall equation for the reaction of iodide ions with sulfuric acid.

(e) (i) Halide ions in solution can be identified by the addition of silver nitrate solution
followed by dilute aqueous ammonia.

State the observation you would make at each stage when silver nitrate solution
is added to chloride ions, followed by dilute aqueous ammonia.

(i) Justify whether concentrated aqueous ammonia could be used to confirm
that silver chloride has been formed.

(Total for Question 6 = 17 marks)
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7 lodine reacts with hot concentrated aqueous potassium hydroxide to form a mixture
of potassium iodide, KI, and potassium iodate, KIO,.

31, + 6KOH — 5KI + KIO, + 3H,0

(@) Explain, giving the relevant oxidation numbers, whether this is classed as a redox
reaction.

(b) (i) The table shows the solubility of potassium iodide and potassium iodate in
100 g of water at different temperatures.

Solubility / g per 100 g of water

Temperature
/°C 0 20 40 60 100
Compound
KI 128 144 162 176 192
KIO 4.6 8.1 12.6 18.3 24.8

On the grid on page 17, plot one line for each substance, showing their
solubilities at different temperatures.

16
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(i) In an experiment, some iodine was reacted completely with
potassium hydroxide to form 6.64 g of potassium iodide and 1.71 g of
potassium iodate. The mixture of solids was dissolved in 10 g of water at
100°C and then cooled to 10°C.

Use your graph to predict the identity of the solid which crystallises at 10°C
and calculate its mass.

(2)

(Total for Question 7 = 7 marks)
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8 The equation shows how lithium reacts with water.
2Li(s) + H,O(l) — 2LiOH(aq) + H.(9)

A sample of lithium contains an inert impurity. An experiment was carried out to find
the percentage purity of the sample.

(@) A piece of lithium was weighed on a balance reading to 3 decimal places.
The mass recorded was 0.120 g. It was then added to 50 cm? of water in a
beaker (in excess).

Calculate the maximum volume of hydrogen, in cm?®, which would be formed at a
temperature of 20°C and a pressure of 1.0 x 10° Pa.

18
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(b) The solution formed in the reaction was used in a titration with hydrochloric acid
of concentration 0.200 mol dm=. Lithium hydroxide reacts with hydrochloric acid.

LiOH(aq) + HCl(agq) — LiCl(aq) + H,O(l)

(i) The first stage was to make up the solution of lithium hydroxide to a volume

of exactly 100 cm®. Name the type of flask used to make the solution up to
100 cm?.

(ii) The mean titre of 0.200 mol dm=3 hydrochloric acid required to neutralise
25.00 cm? samples of lithium hydroxide was 20.40 cm?.

Calculate the concentration of the lithium hydroxide solution.
Hence calculate the percentage purity of the original sample of lithium.

19
U0 A0 OO 0 Turn over
S 4 91 4 2 A 01 9 2 4



(c) (i) Calculate the percentage error in the mass of lithium recorded if there is an
uncertainty of +0.005 g each time the balance is read.

(i) Does the greatest uncertainty in the result of this experiment arise from
measurement of the mass of lithium, the pipette volume or the burette
readings? Explain your answer.

No further calculations are required.

(iii) Justify one change you could make to this experiment to improve the
accuracy of the result.

(Total for Question 8 = 15 marks)

TOTAL FOR PAPER = 80 MARKS
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