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Read each question carefully before you start to answer it.
Try to answer every question.
Check your answers if you have time at the end.
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Answer ALL questions

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

The positions of ten elements are shown in the outline periodic table.

The periodic table

The letters are not the symbols of the elements.

1 2 3 5 6 7 0
E J
L
Q R
T Z

(@) Use the letters given in the table to identify

(i) the element that is a noble gas.

(ii) three elements that are in the same period.

(b) Which element reacts with hydrogen to form a compound that dissolves in water
to give an acidic solution?

Put a cross (X)) in the box to show your answer.

element G
elementJ
element R

element Z

P 4 5 9 3 0 A 0 4 2 0



(c) Which elements, when combined, form an ionic compound?

Put a cross (X)) in the box to show your answer.

[JA EandR
[IB Gand)J
[JC GandR

[OD RandZz

(d) Element Q is a metal and a good conductor of electricity.

Explain how metals conduct electricity.

(e) Reactivity increases down group 1 of the periodic table.
Elements E and T are in group 1 of the periodic table.

Explain why element T is more reactive than element E.

(Total for Question 1 = 8 marks)
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Sodium sulfate
2 Sodium sulfate is an ionic solid which is soluble in water.
(@) Which row of the table shows the likely properties of sodium sulfate?

Put a cross (X)) in the box to show your answer.

conducts electricity when

melting point / °C dissolved in water

L] A 22 yes

B 22 no
] ¢ 884 yes
(I ») 884 no

(b) Sodium sulfate contains sodium ions, Na*, and sulfate ions, SO,*.

(i) Complete the sentence by putting a cross (X)) in the box next to your answer.

The formula for sodium sulfate is
A NaSO4
Na(SO,),

O O o o

B
C NasSO,
D Na(SO,),

(ii) Sodium ions can be identified using a flame test.
Which colour in the flame shows the presence of sodium ions?

Put a cross (X) in the box to show your answer.

lilac
red

orange-red

o oo o
o N W >

yellow
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(i) Explain how a sodium atom, Na, becomes a sodium ion, Na*.

(c) When sodium sulfate solution reacts with barium hydroxide solution, a white
precipitate of barium sulfate forms in the mixture.

The barium sulphate precipitate can be separated from the mixture and purified.

(i) Describe how pure, dry barium sulfate can be obtained from the mixture.

(i) Before certain X-rays, patients are given a suspension of barium sulfate to drink.

Explain why this causes no harm to the patient, even though barium salts are toxic.

(Total for Question 2 = 9 marks)
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Chemical reactions
3 (@) When ammonium nitrate dissolves in water, the change is endothermic.

In an experiment, a thermometer is placed in some water in a beaker and
ammonium nitrate crystals are added.

State what you would see to show that the reaction is endothermic.

(b) The reaction between hydrogen and chlorine to form hydrogen chloride is
exothermic.

H, + I, — 2HCl

The energy change taking place when the reactants, hydrogen and chlorine, form
the product, hydrogen chloride, is shown in the diagram.

A
energy

H2 + CI2

2HCI

»
>

reaction progress

Explain, in terms of the breaking of bonds and the making of bonds, why this
reaction is exothermic.

P 4 5 9 3 0 A 0 8 2 0



(c) Marble chips react with dilute hydrochloric acid.
Marble is a form of calcium carbonate.

(i) Complete the balanced equation for this reaction.

CaCo, + HCl — CaCI2 T s

(i) Explain how using smaller sized marble chips affects the rate of this reaction,
when all the other conditions remain the same.

(iii) Explain, in terms of collisions between particles, how increasing the
concentration of the hydrochloric acid affects the rate of this reaction, when
all the other conditions remain the same.

(Total for Question 3 = 9 marks)

9
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Atomic structure and isotopes
4 (a) An atom of potassium has an atomic number of 19 and a mass number of 39.

(i) Complete the table to show the number of protons, neutrons and electrons in
this potassium atom.

number of

protons neutrons electrons

(ii) Describe the positions of these particles in the potassium atom.

(iv) Give the relative mass of an electron.

10
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(b) A sample of gallium, Ga, contains the isotopes gallium-69 and gallium-71.

(i) Complete the sentence by putting a cross (X)) in the box next to your answer.

Isotopes are different atoms of the same element that contain

] A different numbers of electrons
[J B different numbers of protons but same number of electrons
[ € same number of protons but different numbers of neutrons

[ D same number of neutrons

(ii) The sample of gallium contains

60.2% of gallium-69
39.8% of gallium-71

Calculate the relative atomic mass of gallium.

(Total for Question 4 = 10 marks)

P 4 5 9 3 0 A 01 1 2 0
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Chlorine
5 Chlorine is an element in group 7 of the periodic table.
(@) Chlorine, CL,, is a simple molecular, covalent substance.
The atoms in a molecule of chlorine are held together by a covalent bond.

(i) Explain what is meant by the term covalent bond.

(ii) Phosphorus reacts with chlorine to form phosphorus trichloride, PCl..
A phosphorus atom has five electrons in its outer shell.
A chlorine atom has seven electrons in its outer shell.

Draw the dot and cross diagram to show the bonding in a molecule of
phosphorus trichloride, PC..

Show outer electrons only.

(iii) Aluminium reacts with chlorine to form aluminium chloride, AICI3.

Write the balanced equation for this reaction.

13
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*(b) Chlorine, Cl,, is a simple molecular, covalent substance.
Diamond is a giant molecular, covalent substance.
Sodium chloride is an ionic substance.

Zinc is metallic.

As a result of their different structures these substances have the following
different properties.

e Solid chlorine has a very low melting point but diamond, sodium chloride
and zinc have high melting points.

e Diamond and sodium chloride have different solubilities in water.

In terms of the structure and bonding of these substances, explain these
properties.

14
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(Total for Question 5 = 12 marks)
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Composition, yield and empirical formulae

6 (a) Calculate the percentage by mass of nitrogen in ammonium nitrate, NH,NO..
(relative atomic masses:H=1.0,N=14,0 = 16)

percentage by mass of nitrogen = %

(b) In the extraction of titanium from its ore, the final stage involves the reaction
between titanium(IV) chloride, TiCl,, and sodium.

TiCI4 + 4Na — Ti + 4NaCl

Calculate the maximum mass of titanium that can be obtained from 500 tonnes
of titanium(lV) chloride in this reaction.

(relative atomic mass: Ti = 48
relative formula mass of TiCl, = 190)

Mass Of tItaNiUM = ..., tonnes
(c) Reactions used in the chemical industry often produce unwanted products
together with the required product.
State a problem this may cause for the manufacturer.
17
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*(d) An experiment is carried out to determine the empirical formula of magnesium oxide.
magnesium + oxygen — magnesium oxide
The following results are obtained

mass of magnesium ribbon reacted =0.420g
mass of magnesium oxide formed =0.700¢g

Describe an experiment to produce these results. As part of your answer show
how these results can be used to obtain the empirical formula of the magnesium
oxide.

(relative atomic masses: Mg = 24.0, O = 16.0)

18
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(Total for Question 6 = 12 marks)

TOTAL FOR PAPER = 60 MARKS
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