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Instructions
e Use blue or black ink or ball-point pen. 4

e Fill in the boxes at the top of this page.

¢ Answer all questions in Section A and Section B in the spaces provided.
All working must be shown. 6

e Do all rough work in this book. Cross through any work you do not
want marked.

Information

¢ The maximum mark for this paper is 90.

e Mark allocations are shown in brackets.

e This paper carries 30 per cent of the total marks for AS. For Advanced
Level this paper carries 15 per cent of the total marks.

® You are expected to use a calculator where appropriate.

¢ The following data may be required.
Gas constant R = 8.31 J mol ™' K!

* Your answers to questions in Section B should be written in continuous (ng’ilhmn " .,
prose, where appropriate. You will be assessed on your ability to use an
appropriate form and style of writing, to organise relevant information (Tgf;:,mn 2)
clearly and coherently, and to use specialist vocabulary, where
appropriate. TOTAL
Examiner’s Initials
Advice

* You are advised to spend about 1 hour on Section A and about
30 minutes on Section B.
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SECTION A

Answer all questions in the spaces provided.

1 (a) Give the relative mass and relative charge of a neutron.
REIALIVE TASS ...ttt sttt et ettt b ettt a e nee
RELALIVE CHATGE .ttt ettt et sttt sbe et sae b
(2 marks)
(b) In terms of the number of their fundamental particles, what do two isotopes of an
element have in common and how do they differ?
I7L COMIMON. .ttt sttt st sa st ne s
DIEffETOIICE ettt ettt ettt e ae et et e st et e b e teeae et e seeneenes
(2 marks)

(¢) Give the complete atomic symbol, including mass number and atomic number, for an
atom of the isotope with 22 neutrons and 19 electrons.

(2 marks)
(d) In amass spectrometer the isotopes of an element are separated and two measurements
are made for each isotope.
(i) Which two measurements are made for each isotope?
MEASUTEIIENE T ...ttt st sa e
MEASUTEIIERE 2 ...ttt ettt ettt st st et st s ate et e eteeaeean

(ii) State how the detector in a mass spectrometer works.

(iii) Why is a mass spectrometer incapable of distinguishing between the ions "*N* and
14N%+ 9

(5 marks)
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(e) Using arrows 1 and | to represent electrons, complete the energy-level diagram below
to show the electronic arrangement in an atom of carbon.

2s

1s (2 marks)

(f) In terms of sub-levels, give the electronic configuration of the carbon ion C**

TURN OVER FOR THE NEXT QUESTION

Turn over p>
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2 (a) The mass of one atom of *C is 1.99 x 10’g. Use this information to calculate a value
for the Avogadro constant. Show your working.

(2 marks)
(b) Give the meaning of the term empirical formula.
(1 mark)
(c) Define the term relative molecular mass.
(2 marks)

(d) The empirical formula of a compound is CHO and its relative molecular mass has the
value 174. Determine the molecular formula of this compound and show your working.

(2 marks)

(e) A compound with molecular formula CH4O burns in air to form carbon dioxide and
water. Write a balanced equation for this reaction.
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3 Ammonium nitrate can be prepared by the reaction between ammonia and nitric acid:
NH; + HNO3 — NH4NO3

(a) The concentration of a nitric acid solution is 2.00 mol dm=. Calculate the volume of this
solution which would be required to react with exactly 20.0 g of ammonia.

(4 marks)

(b) A sample of ammonium nitrate decomposed on heating as shown in the equation below.
NH,NO; — 2H,0 + N, + 30,

On cooling the resulting gases to 298 K, the volume of nitrogen and oxygen together was
found to be 0.0500 m? at a pressure of 95.0kPa.

(i) State the ideal gas equation and use it to calculate the total number of moles of
nitrogen and oxygen formed. (The gas constant R = 8.31 ] mol ™! K‘l)

(i) Using your answer to part (b)(i), deduce the number of moles of ammonium
nitrate decomposed and hence calculate the mass of ammonium nitrate in the
sample.

Moles Of AMIMONIUI IITALC ..ottt ettt et et ens

MaSS Of AMIMONIUIL FULVALE .......o.eoeeeeeeseeeeieneesieeeeeesieeteeeesenseessessesesseessessessesssensensenseenes

(6 marks)

Turn over p>
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4 The diagram below shows the trend in the first ionisation energies of the elements from neon
to aluminium.

X
T \
\
First
ionisation \
energy
\
\ A N
Y
Ne Na Mg Al Si P S

Element

(a) Draw crosses on the graph to show the first ionisation energies of silicon, phosphorus
and sulphur.
(3 marks)

(b) Write an equation to illustrate the process which occurs during the first ionisation of
neon.

(c) Explain why the first ionisation energy of neon and that of magnesium are both higher
than that of sodium.

EXPLANALION fOF ICOM ...ttt ettt et saea

(4 marks)
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(d) Explain why the first ionisation energy of aluminium is lower than that of magnesium.

(2 marks)

(e) State which one of the elements neon, sodium, magnesium, aluminium and silicon has
the lowest melting point and explain your answer in terms of the structure and bonding
present in that element.

Element with lowest MeElliNg POIRNL .......cccooeueeeeeeeeeeeeeseeeee ettt eneas

EXDIARALION ...ttt ettt ettt st st s e et et ssteentesssesaseenseensesnsesnsens

(3 marks)

(f) State which one of the elements neon, sodium, magnesium, aluminium and silicon has
the highest melting point and explain your answer in terms of the structure and bonding
present in that element.

Element with highest Melting POINL .........cccooeevieviiieniiienieeeeteeese ettt sttt sttt

EXPIANALION ..ottt ettt et ettt e a et bt e ae et s eae s

(3 marks)

TURN OVER FOR THE NEXT QUESTION

Turn over p
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(b)

(d)

(e)

(f)

Define the term electronegativity.

(2 marks)
State and explain the trend in electronegativity down Group II.
THOIUA ..t
EXPIANALION ...ttt ettt ettt e et e st et e b e st et e s e eneenean
(3 marks)

Write an equation for the reaction of strontium with water, and suggest an approximate
value for the pH of the resulting solution.

EQUATIOT ..ottt ettt ettt sttt e st esabe e s bt e s bt e s bteesabeesabaesane

(2 marks)

Describe what is seen when an aqueous solution of barium chloride is added to dilute
sulphuric acid. Write an equation for the reaction which occurs.

ODBSEIVALION ...ttt ettt ettt ettt a et ettt ettt e et sesseeens
EQUALION ..ottt ettt ettt ettt ettt et e b et e e bt e bt et et e e be e be e be e beennes

(2 marks)

Give two examples which illustrate the atypical properties of beryllium compounds in
Group 1I.

(2 marks)

Give one feature of the beryllium ion which causes the atypical properties of beryllium
compounds.
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SECTION B

Answer the question below in the space provided on pages 9 to 12 of this booklet.

6 (a) With the aid of diagrams, describe the structure of, and bonding in, crystals of sodium
chloride, graphite and magnesium. In each case, explain how the melting point and the
ability to conduct electricity of these substances can be understood by a consideration of
the structure and bonding involved. (23 marks)

(b) Explain how the electron-pair repulsion theory can be used to predict the shapes of the
molecules H,O and PFs. Illustrate your answer with diagrams of the molecules on which
the bond angles are shown. (7 marks)

END OF QUESTIONS

Turn over p>
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