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15 Figure

SECTION A (40 marks)
Answer ALL the questions in this section.

1 shows the behaviour of the three fundamental particles in an electric field.

s
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(a)  Identify the particles A, B and C. (1 mark)
(b)  Explain the shapes and directions of the paths followed by the fundamental particles as
they pass through the electric field. (3 marks)
2. Table I shows the first ionization energies of sodium, potassium and rubidium.
Table I
First ionization energy
Element (kJ/mol)
Sodium 494
Potassium 418
Rubidium 402

Write the full electronic configuration of a rubidium atom. (1 mark)
Explain why the first ionization energy of rubidium is lower than the first ionization
energy of sodium. (3 marks)
Old samples of magnesium oxide are usually contaminated with magnesium carbonate.

State how this contamination occurs. (1 mark)

An excess of hydrochloric acid was added to the old sample in (a). Explain why the
resulting solution contained only one dissolved compound of magnesium. (3 marks)



4. When sodium chlorate (I) (NaClO) , is heated, sodium chlorate (V) and sodium chloride are

formed.

(a) Wirite the ionic equation for this reaction. (1 mark)

(b) Name the type of a reaction in (a). (1 mark)

(c) State a chemical test for chlorine. (2 marks)
= 3 Vanadium (V) oxide is used as a heterogeneous catalyst in the contact process.

(a) Define ‘heterogeneous catalyst’. (1 mark)

(b)  State the essential feature of vanadium chemistry which enables vanadium (V) oxide to
function as a catalyst. (1 mark)

() Using equations, describe how vanadium (V) oxide is involved in the contact process.

(2 marks)
6. Complete the following nuclear equation:
252 257 1
i = +
(a) 98 Cf 103 Lr 50n (1 mark)

(b)  Krypton-85 is used in indicator lights of appliances. The half-life of Krypton-85 is 11
years. Determine how much a 2.00 mg sample remains after 33 years. (3 marks)

S Magnesium sulphide has the same crystal structure as sodium chloride. Draw the crystal
structure of magnesium sulphide clearly labelling the formula of each species present.
(4 marks)
3 (@)  Wiite the full electronic configuration of the Ni®" ion. (1 mark)

(b)  Explain in terms of structure and bonding, why nickel has a high melting point.

(2 marks)
(c) State why nickel is ductile. (1 mark)
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9. Three containers labelled A, B and C contain aqueous solutions of sodium chloride, sodium
iodide and silver nitrate. However, it is not known which solution is in which container. The
solutions are mixed together as shown in table II and the observations recorded as shown.

Table 11

Experiment Observation

Solution in A added to solution in B Yellow precipitate formed

Solution in A added to solution in C No change

Solution in B added to solution in C White precipitate formed
(a)  Identify the solution contained in B. (1 mark)
(b) Give a reason for the answer in (a). (1 mark)

(c)  Explain how the results can be used to identify the solution contained in A and C.
(2 marks)

10.  State the changes that occur to the atomic number and mass of a nucleus dlﬁg each of the
following decay activities: '

(a) an @ -particle is emitted. (2 marks)
(b) a B-particle is emitted. (2 marks)
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SECTION B (60 marks)
Answer any THREE questions from this section.

A mass spectrometer can be used to determine the relative atomic mass of silicon.

(1) State how a solid sample of silicon is made into silicon ions in a mass
spectrometer. (2 marks)
(i)  Describe how silicon ions are separated in a mass spectrometer. (3 marks)

The mass spectrum of a silicon sample showed the presence of three isotopes;

%Si, #Si and *°Si .The percentage of 2Si present was 92.2% and the mass
spectrum showed that the percentage of “Si present was twice that of *Si . Calculate
the relative atomic mass of this silicon sample (5 marks)

(1) Sketch a cross-section of a d-orbital. (1 mark)
(i) An electron is in one of the 3d orbitals. Give the possible values of 7, | and m;
for this electron. (3 marks)

Table III shows the properties of NaCl, MgCls , SiCls and PCls .

Table 111
Group 1 2 14 (4) 15 (5)
Chloride NaCl MgCly | §iCls PCls
Electrical conductivity ol Sod 9 oL
Melting point high high low low

Explain the following properties shown in table I1I in terms of bonding and structure:

(3 marks)
(3 marks)

(i) electrical conductivity;
(i)  melting point.

Describe how a flame test can be used to identify a white solid that is suspected to be
either a magnesium or a potassium compound. (4 marks)

(1) Write a chemical equation for the reaction between magnesium sulphide with

water. (1 mark)
(ii) Give the observations made in the reaction in b (i). (2 marks)
5 Turn over
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When barium sulphide is added to water, a similar reaction to that in (b) occurs.

(1) State the observations made in this reaction. (2 marks)
(i)  Give a reason for the answer in ¢ (i). (2 marks)
(iif)  Write a chemical equation for the chemical reaction in (c). (1 mark)

Silicon has a structure similar to that of diamond. The Si-Si-Si bond angle is 109.5°.

(i) State the name of the shape that has this angle. (1 mark)
(i)  Explain why silicon is a very poor conductor of electricity. (1 mark)
(i)  Explain why the bonding between each atom is covalent. (3 marks)

Determine the oxidation state of:

(1) phosphorous in NazPO4; (1 mark)
P

(i)  nitrogenin N2H5+; (1 mark)

(iii)  Sulphurin S20¢ . (1 mark)

Complete the following nuclear equations:

(i) 242 L
239 P s C e
94 u 96 m 0

(1 mark)

(1 mark)

(if) IjN : :He 15 1H

1

(i) z"U-—-a» ¢ ;5" C:5 & 4;11 (1 mark)
(iv) ; L] + iy 2 :He : & btk

One of the nuclei: Chromium —53; Manganese —51 and iron —59 decays by positron
emission.

(1) Describe a positron. (2 marks)

(i)  With explanation, identify the nuclei that is most likely to decay by positron
emission. 4 (5 marks)

@ !



2
(c) The mass of the atom > Na is 22.9898 amu. Calculate the:

11

(1) mass defect in kg; (5 marks)
(i)  binding energy per atom in MeV; (2 marks)
(iii)  binding energy per nucleon. (2 marks)

Mass of neutron = 1.008665 amu

Mass of proton = 1.007825 amu

1 MeV = 1.6022%10™]

1 amu = 1.661%107* kg

Speed of light, C = 3.00x10% m/s

14. (a)  Explain why:

(1) d-block elements exhibit high enthalpies of atomisation; (3 marks)
(i)  melting and boiling points of d-block elements are high; (4 marks)
(i)  d-block elements form a large number of complex compounds. (3 marks)

(b) A sample of iron is heated with steam of dry hydrogen chloride. A chloride of iron that
contains Fe?" is formed. This chloride dissolves in water to form a pale green solution
that contains the hexaaquairon (II) complex ion.

(i)  Write the electronic configuration of Fe?". (1 mark)
(i)  Draw the shape of the hexaaquairon (II) complex ion. (2 marks)
(i)  State the observation made when aqueous sodium hydroxide is added to a
solution containing Fe! (5. (1 mark)
(iv)  Write an ionic equation with state symbols for the reaction in b (jii).
(1 mark)
(©) Copper forms compounds containing Cu?" or Cu" ions but zinc only forms
compounds containing Zn>* ions.
@) Explain why copper is a transition element while zinc is not. (3 marks)
(i)  List two differences between compounds containing Cu** and Zn?*
(2 marks)
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15. (a)
(b)
(©)
(d)
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Describe Newland’s law of octaves. (4 marks)

Consider the following species: N*~, 0>, F~, Na", Mg®" and AI*".

(i) State one common property of the species. (1 mark)
(ii)  Arrange the species in order of increasing ionic radii. (2 marks)
(iii)  Give a reason for the answer in b (ii). (4 marks)

Explain why the orders of increasing reactivity among group I elements is
Li < Na < K < Ry < C; whereas that among group 17 (7)is F>CL>Br>1T .
(4 marks)

(1) Arrange the elements B, C, N, F and Si in order of their non-metallic character.
(1 mark)

(ii) Explain the answer in (d) (i). (4 marks)

i
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