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11 Which curve is obtained if the rate of reaction is plotted against time for an autocatalytic reaction
(i.e. a reaction in which one of the products catalyses the reaction)?

12 Which species represented by the following formulae has the largest radius?

A P3– B Cl– C Ar D K+

13 Which of the following oxides is unlikely to dissolve in aqueous sodium hydroxide?

A Al2O3 B MgO C SO2 D SiO2

14 An element of the third period (Na to S) is heated in chlorine.  The product is purified and then
added to water.  The resulting solution is found to be neutral.

What is the element?

A sodium

B aluminium

C silicon

D phosphorus

15 Which equation represents the reaction that occurs when calcium nitrate is heated strongly? 

A Ca(NO3)2 → Ca(NO2)2 + O2

B Ca(NO3)2 → CaO + N2O + 2O2

C Ca(NO3)2 → CaO2 + 2NO2

D 2Ca(NO3)2 → 2CaO + 4NO2 + O2

0
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Section A

For each question, there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 A mixture of 10 cm3 of methane and 10 cm3 of ethane was sparked with an excess of oxygen.
After cooling to room temperature, the residual gas was passed through aqueous potassium
hydroxide.  

What volume of gas was absorbed by the alkali?

A 15 cm3

B 20 cm3

C 30 cm3

D 40 cm3

2 One of the most important chemical species responsible for the removal of ozone from the
stratosphere is a free radical of chlorine, 35Cl•.

What does 35Cl• contain?

3 Use of the Data Booklet is relevant to this question.

In the gas phase, aluminium and a transition element require the same amount of energy to form
one mole of an ion with a 2+ charge.

What is the transition element?

A Co

B Cr

C Cu

D Ni

protons neutrons electrons

A 17 18 16

B 17 18 17

C 18 17 17

D 18 17 18

3

6
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13 The chloride of element Q is hydrolysed by water to form an acidic solution and its oxide reacts
with acid to form a salt.

What could be the element Q?

A magnesium

B aluminium

C silicon

D phosphorus

14 Which diagram represents the change in ionic radius of the elements across the third period
(Na to Cl)?

15 The propellant used in the solid rocket booster of a space shuttle is a mixture of aluminium and
compound X. Compound X contains chlorine in an oxidation state of +7.

Which of the following could be compound X?

A NH4Cl B NH4ClO3 C NH4ClO4 D N2H5Cl

16 River water in a chalky agricultural area may contain Ca2+, Mg2+, CO2–
3 , HCO–

3, Cl–, and NO–
3

ions. In a waterworks, such water is treated by adding a calculated quantity of calcium hydroxide.

What will be precipitated following the addition of calcium hydroxide?

A CaCl2

B CaCO3 

C MgCO3

D Mg(NO3)2

Na Cl

A

Na Cl

B

Na Cl

C

Na Cl

D

4
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 The petrol additive tetraethyl-lead(IV), Pb(C2H5)4, is now banned in many countries. When it is 

completely burned in air, lead(II) oxide, CO2 and H2O are formed. 

 

How many moles of oxygen are required to burn one mole of Pb(C2H5)4? 

A 9.5 B 11 C 13.5 D 27 

 

 

2 Which ion has more electrons than protons and more protons than neutrons? 

 

[H = 
1

1
H ; D = 

2

1
H ; O = 

16

8
O] 

A D
–

 B H3O
+

 C OD
–

 D OH
–

 

 

 

3 What is the electronic configuration of an element with a second ionisation energy higher than 

that of each of its neighbours in the Periodic Table? 

A 1s
2

2s
2

2p
6

3s
2

 

B 1s
2

2s
2

2p
6

3s
2

3p
1

 

C 1s
2

2s
2

2p
6

3s
2

3p
2

 

D 1s
2

2s
2

2p
6

3s
2

3p
3

 

 

 

4 Which compound has a boiling point which is influenced by hydrogen bonding? 

A CH3CHO 

B CH3OCH3 

C HCO2H 

D HCO2CH3 

 

 

5 Which gas is likely to deviate most from ideal gas behaviour? 

A HCl B He C CH4 D N2 

 

 

6 Given S(s) + O2(g) → SO2(g), ∆H o = –297 kJ mol –1 

and S(s) + 1  O2(g) → SO3(g) ∆H 

o

 = –395 kJ mol –1 

 

what is the enthalpy change of reaction, ∆H
 o
, of 2SO2(g) + O2(g) → 2SO3(g)? 

A –196 kJ mol –1 B –98 kJ mol –1 C +98 kJ mol –1 D +196 kJ mol –1 
 

 

f

f

5

5 
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11 Swimming pool water can be kept free of harmful bacteria by adding aqueous sodium chlorate(I), 

NaOCl. This reacts with water to produce HOCl molecules which kill bacteria. 

 

OCl –(aq) + H2O  OH
–

(aq) + HOCl (aq) 
 

In bright sunshine, the OCl – ion is broken down by ultra-violet light. 
 

OCl –(aq) + uv light → Cl –(aq) + ½O2(g) 

 

Which method would maintain the highest concentration of HOCl (aq)? 

A acidify the pool water 

B add a solution of chloride ions 

C add a solution of hydroxide ions 

D bubble air through the water 

 

 

12 Which solid-line curve most accurately represents the distribution of molecular speeds in a gas at 

500 K if the dotted-line curve represents the corresponding distribution for the same gas at 300 K? 
 

fraction of
molecules

speed

A

fraction of
molecules

speed

B

fraction of
molecules

speed

C

fraction of
molecules

speed

D

 

 

 

13 In which pair is the radius of the second atom greater than that of the first atom? 

A Na, Mg B Sr, Ca C P, N D Cl, Br 
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12 Why does the exothermic reaction

C(diamond) ⎯⎯⎯→ C(graphite)               ∆H = –3 kJ mol–1

not occur spontaneously?

A A tetrahedral configuration is always more stable than a planar one. 

B Diamond has only strong covalent bonds whereas graphite has both covalent bonds and van
der Waals’ forces.

C The change from diamond to graphite has a high activation energy.

D The density of graphite is less than that of diamond.

13 The sketch below shows the variation of first ionisation energy with proton number for six
elements of consecutive proton numbers between 1 and 18 (H to Ar).

What is the identity of the element X?

A Mg B Al C Si D P

14 The metals of Group II react readily with oxygen to form compounds of general formula MO.

When each of these oxides is added to water, which forms the most alkaline solution?

A MgO B CaO C SrO D BaO

15 One mole of each of the following compounds is strongly heated and any gas produced is
collected at room temperature and pressure.

From which compound is 24dm3 of gas likely to be collected?
[One mole of any gas occupies 24dm3 at room temperature and pressure.]

A MgCl2 B MgCO3 C Mg(NO3)2 D Mg(OH)2

X

proton number

ionisation
energy

7

3 
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2 Three successive elements in the Periodic Table have first ionisation energies which have the 

pattern shown in the diagram. 

 

first
ionisation

energy

atomic number

x

x

x

 

 

What could be the first element of this sequence? 

A C B N C F D Na 

 

 

3 Use of the Data Booklet is relevant to this question. 

 

The electronic structures of calcium, krypton, phosphorus and an element X are shown. 

 

Which electronic structure is that of element X? 

A 1s
2

2s
2

2p
6

3s
2

3p
3

 

B 1s
2

2s
2

2p
6

3s
2

3p
6

4s
2

 

C 1s
2

2s
2

2p
6

3s
2

3p
6

3d
6

4s
2

 

D 1s
2

2s
2

2p
6

3s
2

3p
6

3d
10

4s
2

4p
6
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11 In some fireworks there is a reaction between powdered aluminium and powdered barium nitrate 

in which heat is evolved and an unreactive gas is produced. 

 

What is the equation for this reaction? 

A 2Al + Ba(NO3)2 → Al2O3 + BaO + 2NO 

B 4Al + 4Ba(NO3)2 → 2Al2O3 + 4Ba(NO2)2 + O2 

C 10Al + 3Ba(NO3)2 → 5Al2O3 + 3BaO + 3N2 

D 10Al + 18Ba(NO3)2 → 10Al(NO3)3 + 18BaO + 3N2 

 

 

12  Which group of particles is in order of increasing size? 

A N O F  

B N
3–

 O
2–

 F
–

 

C Na
+

 Mg
2+

 Al 3+ 

D Na
+

 Ne F
–

 

 

 

13  River water in a chalky agricultural area may contain Ca
2+

, Mg
2+

,
−2

3
CO ,

−

3
HCO , Cl − and −

3
NO  

ions. In a waterworks, such water is treated by adding a calculated quantity of calcium hydroxide. 

 

What will be precipitated following the addition of calcium hydroxide? 

A CaCl2 

B CaCO3 

C Ca(NO3) 2 

D Mg(NO3)2 

 

 

14  Over half a million tonnes of bromine are manufactured annually and are mainly used for making 

other compounds. One important use is for agricultural chemicals. 

 

What is another important use for bromine? 

A antiseptic agents 

B bleaches for textiles and the paper industry 

C flame-retardants and fire extinguishers 

D water purification 
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11 It is often said that the rate of a typical reaction is roughly doubled by raising the temperature by 

10 °C. 
 

What explains this observation? 

A Raising the temperature by 10 °C doubles the average kinetic energy of each molecule. 

B Raising the temperature by 10 °C doubles the average velocity of the molecules. 

C Raising the temperature by 10 °C doubles the number of molecular collisions in a given time. 

D Raising the temperature by 10 °C doubles the number of molecules having more than a 
certain minimum energy. 

 

 

12 When dangerous chemicals are transported by road, vehicles must carry signs that indicate what 

measures should be taken in the event of a spillage of the chemical carried. 

 

Which material must be used if there were a spillage of metallic sodium? 

A ethanol 

B jets of water 

C sand 

D water spray 

 

 

13 Which species has the largest radius? 

A P
3−

 B Cl 
−

 C Ar D K
+

 

 

 

14 Use of the Data Booklet is relevant to this question. 

 

The sketch graph shows the variation of one physical or chemical property with another for the 

Group II elements. 

 

y

x  

 

What are the correct labels for the axes? 

 

 x-axis y-axis 

A atomic number mass number 

B atomic number melting point 

C first ionisation energy atomic number 

D first ionisation energy atomic radius 

[W’07 1 Q14]
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12 Camphor is a white solid which was used to make the early plastic celluloid. Camphor contains 

the same percentage by mass of hydrogen and oxygen. 

 

What is the molecular formula of camphor? 

A C10H6O6 B C10H8O C C10H16O D C10H10O2  

 

 

13 Why is the first ionisation energy of phosphorus greater than the first ionisation energy of silicon? 

A A phosphorus atom has one more proton in its nucleus. 

B The atomic radius of a phosphorus atom is greater. 

C The outer electron in a phosphorus atom is more shielded. 

D The outer electron in a phosphorus atom is paired. 

 

 

14 When magnesium nitrate, Mg(NO3 )2 .7H2O, is heated, which three gases are given off? 

A dinitrogen oxide, oxygen, water vapour 

B hydrogen, nitrogen, oxygen 

C hydrogen, nitrogen dioxide, oxygen 

D nitrogen dioxide, oxygen, water vapour 

 

 

15 Ammonium sulfate in nitrogenous fertilisers in the soil can be slowly oxidised by air producing 

sulfuric acid, nitric acid and water. 

 

How many moles of oxygen gas are needed to oxidise completely one mole of ammonium 

sulfate? 

A 1 B 2 C 3 D 4 

 

 

16 Chile saltpetre, NaNO3 , contains sodium iodide as an impurity. 

 

Aqueous silver nitrate is added to an aqueous solution of Chile saltpetre. Concentrated aqueous 

ammonia is then added. 

 

Which observations are made? 

 

 
with acidified silver 

nitrate 

with concentrated 

aqueous ammonia 

A no precipitate no further reaction 

B no precipitate precipitate forms 

C precipitate forms precipitate dissolves 

D precipitate forms precipitate remains 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 In which species does the underlined atom have an incomplete outer shell? 

A BF
3
 B CH

3

–

 C F
2
O D H

3
O

+

 

 

 

2 Ammonia is manufactured by the Haber Process, in an exothermic reaction. 

 

Assuming that the amount of catalyst remains constant, which change will not bring about an 

increase in the rate of the forward reaction? 

A decreasing the size of the catalyst pieces 

B increasing the pressure 

C increasing the temperature 

D removing the ammonia as it is formed 

 

 

3 The equation for a reaction is shown. 

 

H
2
(g) + 

2

1

O
2
(g) �  H

2
O(l) ; ∆H = x kJ mol–1 

 

Which pair of descriptions is fully correct for this reaction? 

 

 type(s) of enthalpy change value of x 

A formation only positive 

B formation only negative 

C combustion, formation positive 

D combustion, formation negative 

 

 

4 The value of the second ionisation energy of calcium is 1150 kJ mol–1
. 

 

Which equation correctly represents this statement? 

A Ca(g) �  Ca2+(g) + 2e− 

; �H o = +1150 kJ mol–1 

B Ca
+

(g) �  Ca2+(g) + e− ; �H o = +1150 kJ mol–1 

C Ca
+

(g)  �  Ca2+(g) + e− ; �H o = –1150 kJ mol–1 

D Ca(g) �  Ca2+(g) + 2e− ; �H o = –1150 kJ mol–1 
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16  Chlorine shows oxidation states ranging from –1 to +7 in its compounds. 

 

What are the reagent(s) and conditions necessary for the oxidation of elemental chlorine into a 

compound containing chlorine in the +5 oxidation state? 

A AgNO3(aq) followed by NH3(aq) at room temperature 

B concentrated H2SO4 at room temperature 

C cold dilute NaOH(aq) 

D hot concentrated NaOH(aq) 

 

 

17  What can be seen when a piece of magnesium ribbon is placed in cold water? 

A A vigorous effervescence occurs. 

B Bubbles of gas form slowly on the magnesium. 

C The magnesium floats on the surface of the water and reacts quickly. 

D The magnesium glows and a white solid is produced. 

 

 

18  Use of the Data Booklet is relevant to this question. 

 

Sodium and sulfur react together to form sodium sulfide, Na2S. 

 

How do the atomic radius and ionic radius of sodium compare with those of sulfur? 

 

 atomic radius ionic radius 

A sodium > sulfur sodium > sulfur 

B sodium > sulfur sodium < sulfur 

C sodium < sulfur sodium > sulfur 

D sodium < sulfur sodium < sulfur 

 

 

19  Which substance does not produce a poisonous gas, when burnt in a limited amount of air? 

A hydrogen 

B methane 

C propene 

D sulfur 
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Section A 

 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 

be correct. 

 

 

1 In the Haber process for the manufacture of ammonia, why is the heterogeneous catalyst iron in 

a finely divided state? 

A to increase its surface area 

B to produce the maximum reduction in the activation energy 

C to reduce its loss during the reaction 

D to reduce its surface area 

 

 

2 The following equations the letters W, X, Y and Z all represent whole numbers. 

 

When correctly balanced, which equation requires one of letters W, X, Y or Z to be 5? 

A WC3H7COOH + XO2 → YCO2 + ZH2O 

B WC4H8 + XO2 → YCO2 + ZH2O 

C WH3PO4 + XNaOH → YNa2HPO4 + ZH2O 

D WNH3 + XO2 → YN2 + ZH2O 

 

 

3 Use of the Data Booklet is relevant to this question. 

 

From which particle is the removal of an electron the most difficult? 

A Cl –(g) B F
–

(g) C K
+

(g) D Na
+

(g) 

 

 

4 Use of the Data Booklet is relevant to this question. 

 

560 kg of nitrogen and 120 kg of hydrogen are pressurised, heated and passed over an iron 
catalyst. When the mixture of gases reaches equilibrium, it contains 96 kg of hydrogen. 

 

Which mass of ammonia does it contain? 

A 24 kg B 68 kg C 136 kg D 680 kg 
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15 Which substance will not be a product of the thermal decomposition of hydrated magnesium 

nitrate? 

A dinitrogen monoxide 

B magnesium oxide 

C oxygen 

D steam 

 

 

16 The species Ne, Na
+

 and Mg
2+

 are isoelectronic. This means that they have the same number of 

electrons. 

 

In which order do their radii increase? 

 

 smallest 
 

largest 

A Ne Na
+

 Mg
2+

 

B Ne Mg
2+

 Na
+

 

C Mg
2+

 Ne Na
+

 

D Mg
2+

 Na
+

 Ne 

 

 

17 Use of the Data Booklet is relevant to this question. 

 

In an experiment, 0.6 mol of chlorine gas, Cl 2, is reacted with an excess of hot aqueous sodium 
hydroxide. One of the products is a compound of sodium, oxygen and chlorine. 

 

Which mass of this product is formed? 

A 21.3 g B 44.7 g C 63.9 g D 128 g 
 

 

18 Which properties do compounds of aluminium and silicon have in common? 

A Aqueous solutions of their chlorides contain aluminium or silicon cations. 

B Their chlorides have co-ordinate bonding. 

C Their oxides are amphoteric. 

D Their oxides are insoluble in water. 

 

 

19 When strontium is burnt in oxygen, what colour is the flame? 

A green 

B red 

C white 

D yellow 
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15 The diagram shows the first ionisation energies of 11 consecutive elements. 

 

X Y

atomic number

first
ionisation
energy
/ kJ mol–1

 

 

Which type of elements are labelled X and Y ? 

A Group I metals 

B Group II metals 

C halogens 

D noble gases 

 

 

16  Why does aluminium oxide dissolve in sodium hydroxide solution? 

A Aluminium oxide can behave as a base. 

B Aluminium oxide can behave as an acid. 

C Aluminium oxide has a giant structure. 

D The bonding in aluminium oxide is ionic. 

 

 

17 Concentrated sulfuric acid can behave both as a strong acid and as an oxidising agent. 

 

With which compound does concentrated sulfuric acid react in this way? 

A ethanol 

B magnesium carbonate 

C propanenitrile 

D sodium bromide 
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19 Use of the Data Booklet is relevant to this question. 
 

Which graph correctly shows relative electronegativity plotted against relative atomic radius for 

the elements Na, Mg, Al and Si? 
 

electronegativity

atomic radius

A

Si

Al

Mg

Na

electronegativity

atomic radius

B

Si

Al
Mg

Na

electronegativity

atomic radius

C

Si

Al

Mg

Na

electronegativity

atomic radius

D

Si

Al

Mg
Na

 

 

 

20  Many organic reactions need to be heated before reaction occurs, but some do not require 

heating. 

 

Which reaction occurs quickly at room temperature? 

A C2H4  +  Br2  →  C2H4Br2 

B C2H4  +  H2O →   CH3CH2OH 

C CH3CH2OH  →  C2H4  +  H2O 

D CH3CH2OH  +  HBr  →  CH3CH2Br  +  H2O 
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18 The graph below shows the variation of the first ionisation energy with the number of protons for 

some elements. 

 

first ionisation
energy / kJ mol–1

proton number

Q

R

S

T

U

V
W

X

Y

 

 

Which statement is correct? 

A Elements Q and Y are in the same period in the Periodic Table. 

B The general increase from elements R to Y is due to increasing atomic radius. 

C The small decrease between elements S and T is due to decreased shielding. 

D The small decrease between elements V and W is due to repulsion between paired 

electrons. 

 

 

19 Use of the Data Booklet is relevant to this question. 

 

Elements J and K react together to form compound L. Elements J and K are both in Period 3. 

Element J has the smallest atomic radius in Period 3. There are only two elements in Period 3 

which have a lower melting point than element K. 

 

Which compound could be L? 

A MgCl 2 B MgS C Na2S D PCl 3 
 

 

20 Which diagram gives the skeletal formula of 2-bromopentan-4-ol? 

 

A

Br

OH

BrOH Br

OH

B C D

Br OH
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12  Strontium metal can be obtained by the electrolysis of molten strontium bromide, SrBr2, using the 

apparatus shown in the diagram. 

 

heat

molten strontium

atmosphere of
argon

steel cathode

molten
strontium bromide

graphite anode

 

 

Why is an atmosphere of argon used around the cathode? 

A A thin film of a compound of strontium and argon forms on the surface protecting the freshly 

formed metal. 

B The argon keeps the strontium molten. 

C The argon stops the molten strontium rising too high in the tube. 

D Without the argon, strontium oxide would form in the air. 

 

 

13  A metal, X, reacts with water to produce a colourless solution which gives a white precipitate 

when mixed with aqueous sulfuric acid. 

 

What is metal X? 

A barium 

B magnesium 

C potassium 

D sodium 

 

 

14  Which property increases in value going down Group II? 

A electronegativity 

B ionic radius 

C maximum oxidation number 

D second ionisation energy 
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12 Consecutive elements X, Y and Z are in Period 3 of the Periodic Table. Element Y has the 
highest first ionisation energy and the lowest melting point of these three elements. 

 
What are the identities of X, Y and Z? 

A sodium, magnesium, aluminium 

B magnesium, aluminium, silicon 

C aluminium, silicon, phosphorus 

D silicon, phosphorus, sulfur 
 
 
13 When dealing with a spillage of metallic sodium it is important that no toxic or flammable products 

are formed. 
 

Which material should be used if there is a spillage of metallic sodium? 

A dilute hydrochloric acid 

B ethanol 

C sand 

D water spray 
 
 
14 Chlorine gas is widely used to treat contaminated water. 
 

Which species present in water when chlorine gas has been added is responsible for killing 
bacteria? 

A Cl O2
– B Cl – C HCl D OCl – 

 
 
15 Which row of the table is correct? 
 

 
shape bonds present 

ammonia 
molecule 

ammonium 
ion 

ammonia 
molecule 

ammonium 
ion 

A pyramidal regular tetrahedral V V 

B pyramidal regular tetrahedral V S 

C regular tetrahedral pyramidal V V 

D regular tetrahedral pyramidal S V 
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11 Enzymes are biological catalysts. Many enzymes show specificity. An example of an enzyme 

which shows specificity is glucokinase. Glucokinase is involved in the metabolism of glucose. 

 

What does specificity mean in this context? 

A Glucokinase is most effective as a catalyst over a narrow pH range. 

B Glucokinase is most effective as a catalyst over a narrow range of temperatures. 

C Glucokinase only operates on a narrow range of substrate molecules. 

D Glucokinase provides an alternative route for the reactions it catalyses. 

 

 

12 Why is the ionic radius of a chloride ion larger than the ionic radius of a sodium ion? 

A A chloride ion has one more occupied electron shell than a sodium ion. 

B Chlorine has a higher proton number than sodium. 

C Ionic radius increases regularly across the third period. 

D Sodium is a metal, chlorine is a non-metal. 

 

 

13 Elements D and E are both in Period 3. Element D has the smallest atomic radius in Period 3. 

There are only two elements in Period 3 which have a lower melting point than element E. 

Elements D and E react together to form compound L. 

 

Which compound could be L? 

A MgCl 2 B MgS C Na2S D PCl 3 
 

 

14 X and Y are both Group 2 metals. 

 

X and Y both form hydroxide compounds, but X(OH)2 is more soluble in water than Y(OH)2. 

 

If a piece of metal Y is put into cold water a very slow reaction occurs, and only a very few, small 

hydrogen bubbles can be seen. 

 

What could be the identities of X and Y? 

 

 X Y 

A barium magnesium 

B barium strontium 

C calcium strontium 

D magnesium calcium 
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11 Enzymes are biological catalysts. Many enzymes show specificity. An example of an enzyme 

which shows specificity is glucokinase. Glucokinase is involved in the metabolism of glucose. 

 

What does specificity mean in this context? 

A Glucokinase is most effective as a catalyst over a narrow pH range. 

B Glucokinase is most effective as a catalyst over a narrow range of temperatures. 

C Glucokinase only operates on a narrow range of substrate molecules. 

D Glucokinase provides an alternative route for the reactions it catalyses. 

 

 

12 Why is the ionic radius of a chloride ion larger than the ionic radius of a sodium ion? 

A A chloride ion has one more occupied electron shell than a sodium ion. 

B Chlorine has a higher proton number than sodium. 

C Ionic radius increases regularly across the third period. 

D Sodium is a metal, chlorine is a non-metal. 

 

 

13 Elements D and E are both in Period 3. Element D has the smallest atomic radius in Period 3. 

There are only two elements in Period 3 which have a lower melting point than element E. 

Elements D and E react together to form compound L. 

 

Which compound could be L? 

A MgCl 2 B MgS C Na2S D PCl 3 
 

 

14 X and Y are both Group 2 metals. 

 

X and Y both form hydroxide compounds, but X(OH)2 is more soluble in water than Y(OH)2. 

 

If a piece of metal Y is put into cold water a very slow reaction occurs, and only a very few, small 

hydrogen bubbles can be seen. 

 

What could be the identities of X and Y? 

 

 X Y 

A barium magnesium 

B barium strontium 

C calcium strontium 

D magnesium calcium 

 

 

[S’12 1 Q13]
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10 When solid ammonium chloride dissociates at a certain temperature in a 0.500 dm3

 container, 

ammonia and hydrogen chloride are formed. 

 

NH4Cl (s)    NH3(g)  +  HCl (g) 
 

The initial amount of ammonium chloride was 1.00 mol, and when the system had reached 
equilibrium there was 0.300 mol of ammonium chloride. 

 

What is the numerical value of Kc for this reaction under these conditions? 

A 0.490 B 1.63 C 1.96 D 3.27 

 

 

11 Which stage in the free radical substitution of ethane by chlorine has the lowest activation 

energy? 

A Cl 2  →  2Cl ● 

B Cl ●  +  C2H6  →  C2H5●  +  HCl 

C C2H5●  +  Cl 2  →  C2H5Cl  +  Cl ● 

D Cl ●  +  C2H5●  →  C2H5Cl 

 

 

12 Sodium and sulfur react together to form sodium sulfide, Na2S. 

 

How do the atomic radius and ionic radius of sodium compare with those of sulfur? 

 

 atomic radius ionic radius 

A sodium < sulfur sodium > sulfur 

B sodium < sulfur sodium < sulfur 

C sodium > sulfur sodium > sulfur 

D sodium > sulfur sodium < sulfur 

 

 

13 Solid aluminium chloride sublimes at 178 oC. 
 

Which structure best represents the species in the vapour at this temperature? 

 

Cl 

Cl 

Cl 

Cl 

Al 

Cl 

Cl 

Al 

Cl 

Cl 

Cl 

Cl 

Al 

Cl 

Cl 

Al Al
Al 

3+(Cl 
–)3

A B C D 

Cl

ClCl
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12 Silicon is heated in an excess of chlorine, producing compound J. 
 

Excess water is added to the sample of J produced. 
 

Which row is correct? 
 

 structure of J 
Is HCl produced 

when water is 
added to J? 

A giant molecular no 

B giant molecular yes 

C simple molecular no 

D simple molecular yes 

 
 
13 Which element has the second smallest atomic radius in its group and the third lowest first 

ionisation energy in its period? 

A boron 

B calcium 

C magnesium 

D sodium 
 
 
14 Chlorine reacts with cold aqueous sodium hydroxide to produce sodium chloride, water and 

compound X. 
 

Chlorine reacts with hot aqueous sodium hydroxide to produce sodium chloride, water and 
compound Y. 

 
What are the oxidation states of chlorine in compound X and compound Y? 

 

 X Y 

A –1 –5 

B –1 +5 

C +1 –5 

D +1 +5 

 
 
15 In which reaction does ammonia behave as a Brønsted-Lowry base? 

A NH3  +  CH3CH2Br  →  CH3CH2NH2  +  HBr 

B NH3  +  H2O  +  CO2  →  (NH4)HCO3 

C 2NH3  +  2Na  →  2NaNH2  +  H2 

D 4NH3  +  3O2  →  2N2  +  6H2O 

[S’18 1 Q13]
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9 Oxidation numbers should be used to answer this question. 
 

A redox reaction takes place between hydroxylammonium ions, [NH3OH]+, and acidified iron(III) 
ions, Fe3+. The products are iron(II) ions, Fe2+, H+ ions, water and a compound of nitrogen. 

 
The mole ratio of reacting hydroxylammonium ions to reacting iron(III) ions is 1 : 2. 

 
Which nitrogen-containing compound could be formed in the reaction? 

A NH3 B N2O C NO D NO2 
 
 
10 Element X has a higher first ionisation energy than element Y. 
 

Two students state what they believe is one factor that helps to explain this. 
 

student 1 “X has a higher first ionisation energy than Y because an atom of X has more 
protons in its nucleus than an atom of Y.” 

 
student 2 “X has a higher first ionisation energy than Y because X has a smaller atomic 

radius than Y.” 
 

Only one of the two students is correct. 
 

What could X and Y be? 
 

 X Y 

A carbon boron 

B magnesium aluminium 

C oxygen nitrogen 

D oxygen sulfur 
 
 
11 Hydrogen ions catalyse the hydrolysis of esters. 
 

Which statement is correct? 

A The hydrogen ions act as a heterogeneous catalyst. 

B The hydrogen ions are in the same phase as the reactants. 

C The hydrogen ions are used up in the reaction. 

D The hydrogen ions have no effect on the activation energy of the reaction. 
 
 

[S’18 1 Q10]
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 The diagram illustrates the energy changes of a set of reactions. 

 

R
H = _134 kJ mol

S

T U
H = _75 kJ mol

H = +92 J mol
 1

 1
_

 1
_

 

 

Which of the following statements are correct? 

1 The enthalpy change for the transformation U ⎯→ R is + 42 kJ mol–1 . 
2 The enthalpy change for the transformation T ⎯→ S is endothermic. 

3 The enthalpy change for the transformation R ⎯→ T is – 33 kJ mol–1 . 
 

 

1

15 
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32 Ammonia is produced commercially by the Haber process in which nitrogen and hydrogen react 

as shown. 

 

N2(g) + 3H2(g)       2NH3(g) ; ∆H = –  92 kJ mol–1 
 

Which statements are true of the commercial process? 

1 A temperature of 1000 oC is used. 

2 A pressure of 100 - 200 atm is used. 

3 The yield of ammonia is less than 20 %. 

 

 

33 What factors can affect the value of the activation energy of a reaction? 

 1 the presence of a catalyst 

 2 changes in temperature 

 3 changes in concentration of the reactants 

 

 

34 The first ionisation energies of successive elements in the Periodic Table are represented in the 

graph. 

 

A B C D E F G H I J K L M N O P Q R S T

element

0

500

1000

1500

2000

2500

first ionisation 
energy / kJ mol 

_ 1

 

 

 Which of these statements about this graph are correct? 

1 Elements B, J and R are in Group 0 of the Periodic Table. 

2 Atoms of elements D and L contain 2 electrons in their outer shells. 

3 Atoms of elements G and O contain half-filled p orbitals. 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 The relative molecular mass, M
r
, of a particular sample of chlorine is 72.0. 

 

Which properties of the atoms in this sample will be the same for all of the atoms? 

1 radius 

2  nucleon number 

3 isotopic mass 

 

 

32  Which of the following influence the size of the ionisation energy of an atom? 

1 the amount of shielding by the inner electrons 

2  the charge on the nucleus 

3 the distance between the outer electrons and the nucleus 

 

 

33 Which equations can apply to an ideal gas? 

[p = pressure, V = volume, M = molar mass, ρ = density, c = concentration, R = gas constant, 

T = temperature] 

1 p = 

M

RTρ

 2  pV = 

M

cRT
 3 pV = MRT 

 

 

3
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Compound X is made from two elements. One element has the second highest value of first 

ionisation energy in its group and the other element has the third highest value of first ionisation 

energy in its group. 

 

Which compounds could be compound X? 

1 calcium chloride 

2 magnesium bromide 

3 potassium sulfide 

 

 

32 Water has some unusual physical properties compared to other hydrides of Group 16 elements. 

Some of these properties are due to hydrogen bonds. These intermolecular forces are much 

stronger in water than they are in H2S, for example. 

 

Which statements are correct? 

1 Hydrogen bonds cause the melting point of ice to be higher than expected. 

2 Hydrogen bonds cause the surface tension of water to be higher than expected. 

3 Hydrogen bonds cause the viscosity of water to be higher than expected. 

 

 

4

13 
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33 The diagram shows the Boltzmann distribution of molecular energies in one mole of a gas at two 

temperatures, T1  and T2. 

 

proportion of
molecules
with a
given energy

molecular energy

E1

T1

E2

T2

 

 

Which statements are correct? 

1 The shaded area represents the proportion of molecules with energies between E 1  and E 2 at 

temperature T2. 

2 No particles have zero energy at either temperature. 

3 T2 is a lower temperature than T1 . 

 

 

34 When KCl O3  is heated, the following reaction occurs. 

 

4KCl O3   →  3KCl O4   +  KCl 

 

Which statements are correct? 

1 The oxidation state of Cl in KCl O3  is +5. 

2 The oxidation state of some Cl atoms decreases by 6. 

3 The reaction involves disproportionation. 

 

 

35 Why is the first ionisation energy of aluminium less than that of magnesium? 

1 The outer electron in the aluminium atom is more shielded from the nuclear charge. 

2 The outer electron in the aluminium atom is in a higher energy orbital. 

3 The outer electron in the aluminium atom is further from the nucleus. 

 

 

36 Ammonia is a colourless gas that is produced by the Haber process. 

 

Which statements about ammonia are correct? 

1 An ammonia molecule has three bond pairs and one lone pair of electrons. 

2 If ammonia is bubbled into water the pH of the solution will increase. 

3 Ammonia gas can be made by warming ammonium sulfate with aqueous hydrochloric acid. 

 

5
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Compound X is made from two elements. One element has the second highest value of first 

ionisation energy in its group and the other element has the third highest value of first ionisation 

energy in its group. 

 

Which compounds could be compound X? 

1 calcium chloride 

2 magnesium bromide 

3 potassium sulfide 

 

 

32 Water has some unusual physical properties compared to other hydrides of Group 16 elements. 

Some of these properties are due to hydrogen bonds. These intermolecular forces are much 

stronger in water than they are in H2S, for example. 

 

Which statements are correct? 

1 Hydrogen bonds cause the melting point of ice to be higher than expected. 

2 Hydrogen bonds cause the surface tension of water to be higher than expected. 

3 Hydrogen bonds cause the viscosity of water to be higher than expected. 

 

 

[S’16 3 31]
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

33 X is an element that has 

 

● its outer electrons in the 4th principal quantum shell, 

● a higher 1st ionisation energy than calcium. 

 

What could be the identity of X? 

1 bromine 

2 krypton 

3 xenon 

 

 

34 Methanol, CH3OH, can be produced industrially by reacting CO with H2. 

 

 CO(g)  +  2H2(g)    CH3OH(g) ∆H = –91 kJ mol–1 
 

The process can be carried out at 4 × 10
3 kPa and 1150 K. 

 

Which statements about this reaction are correct? 

1 Increasing the temperature will increase the rate of reaction because more effective 

collisions will occur. 

2 Lowering the temperature will reduce the rate of reaction because the forward reaction is 

exothermic. 

3 Increasing the pressure will reduce the rate of reaction because there are a larger number of 

moles on the left-hand side of the equation. 

 

 

35 Equal masses of barium carbonate and magnesium carbonate powders are mixed together. The 

mixture is then heated using a Bunsen burner flame until there is no further change. A gas is 

given off. 

 

Which statements are correct? 

1 The residue left after heating reacts with aqueous hydrochloric acid to produce carbon 

dioxide. 

2 The percentage decrease in mass after heating is 26% (to 2 significant figures). 

3 The gas given off during heating relights a glowing splint. 
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Answer all the questions in the space provided.

1 The first six ionisation energies of an element X are given below.

(a) Define the term first ionisation energy.

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

.................................................................................................................................... [3]

(b) Write an equation, with state symbols, for the second ionisation energy of element X.

.................................................................................................................................... [2]

(c) Use the data given above to deduce in which Group of the Periodic Table element X is
placed. Explain your answer.

Group ...............................................................................................................................

explanation ......................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

.................................................................................................................................... [3]

The first ionisation energies (I.E.) for the elements of Group IV are given below.

(d) Explain the trend shown by these values in terms of the atomic structure of the elements.

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

.................................................................................................................................... [4]

[Total: 12]

2

For
Examiner’s

Use

9701/02/O/N/05© UCLES 2005

first second third fourth fifth sixth

ionisation energy / kJ mol–1

950 1800 2700 4800 6000 12300

element C Si Ge Sn Pb

1090 786 762 707 7161st I.E. / kJ mol–1
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2 The Periodic Table we currently use is derived directly from that proposed by Mendeleev 
in 1869 after he had noticed patterns in the chemical properties of the elements he had 
studied.

 The diagram below shows the first ionisation energies of the first 18 elements of the Periodic 
Table as we know it today.

2500
He

H

Ne

Li Na

Ar

2000

1500

1000

500

2 4 6 8 101 3 5 7 12 14 179
proton number

first
ionisation

energy
/kJ mol-1

11 13 15 16 18
0

 (a) Give the equation, including state symbols, for the first ionisation energy of fluorine.

 ...................................................................................................................................... [2]

 (b) Explain why there is a general increase in first ionisation energies from sodium to 
argon.

 ..........................................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................

 ...................................................................................................................................... [3]

 (c) (i) Explain why the first ionisation energy of aluminium is less than that of 
magnesium.

 ..................................................................................................................................

 ..................................................................................................................................

 ..................................................................................................................................
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  (ii) Explain why the first ionisation energy of sulphur is less than that of phosphorus.

 ..................................................................................................................................

 ..................................................................................................................................

 ..................................................................................................................................
 [4]

 The table below refers to the elements sodium to sulphur and is incomplete.

element Na Mg Al Si P S

melting point high

conductivity high

 (d) (i) Complete the ‘melting point’ row by using only the words ‘high’ or ‘low’.

  (ii) Complete the ‘conductivity’ row by using only the words ‘high’, ‘moderate’ or ‘low’.
 [5]

 (e) When Mendeleev published his Periodic Table, the elements helium, neon and argon 
were not included.

  Suggest a reason for this.

 ..........................................................................................................................................

 ...................................................................................................................................... [1]

 [Total: 15]
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2 Magnesium will react on heating with chlorine, or oxygen, or nitrogen to give the chloride, or 
oxide, or nitride respectively.  Each of these compounds is ionic and in them magnesium has 
the same +2 oxidation state.

 
 (a) (i) Write an equation, with state symbols, for the second ionisation energy of 

magnesium.

 ..................................................................................................................................

  (ii) Use the Data Booklet to calculate the enthalpy change that occurs when one mole 
of gaseous magnesium ions, Mg2+, is formed from one mole of gaseous magnesium 
atoms.

   Include a sign in your answer.

 enthalpy change = ……………… kJ mol–1

 [3]

 (b) Separate samples of magnesium chloride and magnesium oxide are shaken with water.  
In each case, describe what you would see when this is done, and state the approximate 
pH of the water after the solid has been shaken with it.  

  (i) magnesium chloride 

observation  ...............................................................................................................

   approximate pH of the water …………………

  (ii) magnesium oxide 

observation  ...............................................................................................................

   approximate pH of the water ………………… 
 [4]

4 Elements in the same period of the Periodic Table show trends in physical and chemical 
properties. 
On the grid below, draw a clear sketch to show the variation of the stated property.
Below the grid, briefly explain the variation you have described in your sketch.
You should refer to the important factors that cause the differences in the property you are 
describing.
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3 Elements in the same period of the Periodic Table show trends in physical and chemical 
properties. The grids on this page and on the opposite page refer to the elements of the third 
period, Na to Cl.

 On each of these grids, draw a clear sketch to show the variation of the stated property. 
 Below each grid, briefly explain the variation you have described in your sketch. 
 For each explanation you should refer to the important factors that cause the differences in 

the property you are describing. 

 (a)

 
Na Mg Al Si P S Cl

atomic
radius of
element

explanation  ......................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................
[3]

 (b)

 
Na Mg Al Si P S Cl

melting
point of
element

explanation  ......................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................
[4]
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4 Barium, Ba, was discovered by Davy in 1808. The element gets its name from the Greek ‘barys’ 
meaning ‘heavy’.

 (a) The table below compares some properties of barium with caesium.

element Cs Ba

group 1 2

atomic number 55 56

atomic radius / pm 531 435

  (i) Why do caesium and barium have different atomic numbers?

 .....................................................................................................................................  [1]

  (ii) State the block in the Periodic Table in which caesium and barium are found.

 .....................................................................................................................................  [1]

  (iii) Explain why the atomic radius of barium is less than the atomic radius of caesium.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 .....................................................................................................................................  [3]

  (iv) Predict and explain whether a barium ion is larger, smaller or the same size as a 
barium atom.

 ...........................................................................................................................................

 ...........................................................................................................................................

 ...........................................................................................................................................

 .....................................................................................................................................  [2]
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3 This question is about the elements in Group II of the Periodic Table, magnesium to barium.

 (a) Complete the table below to show the electronic configuration of calcium atoms   
and of strontium ions, Sr2+.

1s 2s 2p 3s 3p 3d 4s 4p 4d

Ca 2 2 6

Sr2+ 2 2 6

 [2]
 (b) Explain the following observations.

  (i) The atomic radii of Group II elements increase down the Group.

 ..................................................................................................................................

 ..................................................................................................................................

  (ii) The strontium ion is smaller than the strontium atom.

 ..................................................................................................................................

 ..................................................................................................................................

  (iii) The first ionisation energies of the elements of Group II decrease with increasing 
proton number.

 ..................................................................................................................................

 ..................................................................................................................................

 ..................................................................................................................................

 ..................................................................................................................................
 [4]
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2 The alkali metals are a series of six elements in Group I of the Periodic Table. The first 
ionisation energy of these elements shows a marked trend as the Group is descended.

 (a) Define the term first ionisation energy.

 ..........................................................................................................................................

 ..........................................................................................................................................

 ....................................................................................................................................  [2]

 (b) (i) State and explain the trend in first ionisation energy as Group I is descended.

 ..................................................................................................................................

 ..................................................................................................................................

 ..................................................................................................................................

  (ii) Suggest how this trend helps to explain the increase in the reactivity of the elements 
as the Group is descended.

 ..................................................................................................................................

 ..................................................................................................................................
 [3]

 (c) In a redox reaction, 0.83 g of lithium reacted with water to form 0.50 dm3 of aqueous 
lithium hydroxide.

2Li(s)  +  2H2O(l)    2LiOH(aq)  +  H2(g)

  (i) Calculate the amount, in moles, of lithium that reacted.
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Answer all the questions in the spaces provided.

1  Although the actual size of an atom cannot be measured exactly, it is possible to measure 
the distance between the nuclei of two atoms. For example, the ‘covalent radius’ of the Cl 
atom is assumed to be half of the distance between the nuclei in a Cl 2 molecule. Similarly, 
the ‘metallic radius’ is half of the distance between two metal atoms in the crystal lattice of a 
metal. These two types of radius are generally known as ‘atomic radii’.

  The table below contains the resulting atomic radii for the elements of period three of the 
Periodic Table, Na to Cl.

element Na Mg Al Si P S Cl

atomic radius / nm 0.186 0.160 0.143 0.117 0.110 0.104 0.099

 (a) (i)  Explain qualitatively this variation in atomic radius.

  ....................................................................................................................................

  ....................................................................................................................................

  ....................................................................................................................................

  ....................................................................................................................................

  ....................................................................................................................................

 (ii)  Suggest why it is not possible to use the same type of measurement for argon, Ar.

  ....................................................................................................................................

  ....................................................................................................................................
[4]

 (b) (i)  Use the Data Booklet to complete the following table of radii of the cations and 
anions formed by some of the period three elements.

radius of cation / nm radius of anion / nm

Na+ Mg2+ Al 3+ P3– S2– Cl –
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 (ii)  Explain the differences in size between the cations and the corresponding atoms.

  ....................................................................................................................................

  ....................................................................................................................................

  ....................................................................................................................................

 (iii)  Explain the differences in size between the anions and the corresponding atoms.

  ....................................................................................................................................

  ....................................................................................................................................

  ....................................................................................................................................
[5]

 (c)  Each of the elements Na to Cl forms at least one oxide. Na2O is an ionic oxide, SO2 is a 
covalent oxide. Both oxides react with water.

 (i)  Write an equation for the reaction of each of these oxides with water.

 Na2O  ..........................................................................................................................

 SO2  ............................................................................................................................

 (ii)  What is the pH of the resulting solution in each case?

 Na2O ................ SO2 .....................

 (iii)  Write an equation for the reaction that occurs between the products of your reactions 
in (i).

  ....................................................................................................................................
[5]

[Total: 14]
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2 The alkali metals are a series of six elements in Group I of the Periodic Table. The first 
ionisation energy of these elements shows a marked trend as the Group is descended.

 (a) Define the term first ionisation energy.

 ..........................................................................................................................................

 ..........................................................................................................................................

 ....................................................................................................................................  [2]

 (b) (i) State and explain the trend in first ionisation energy as Group I is descended.

 ..................................................................................................................................

 ..................................................................................................................................

 ..................................................................................................................................

  (ii) Suggest how this trend helps to explain the increase in the reactivity of the elements 
as the Group is descended.

 ..................................................................................................................................

 ..................................................................................................................................
 [3]

 (c) In a redox reaction, 0.83 g of lithium reacted with water to form 0.50 dm3 of aqueous 
lithium hydroxide.

2Li(s)  +  2H2O(l)    2LiOH(aq)  +  H2(g)

  (i) Calculate the amount, in moles, of lithium that reacted.
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  (ii) Calculate the volume of hydrogen produced at room temperature and pressure.

  (iii) Calculate the concentration, in mol dm–3, of the LiOH(aq) formed.

 [5]

 (d) When heated in chlorine, all of the alkali metals react to form the corresponding 
chloride.

  Describe what you see when sodium is heated in chlorine and write a balanced equation 
for the reaction.

description

 ..........................................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................

equation

 ..........................................................................................................................................
 [2]

 [Total: 12]

11

6

9701/22/M/J/14© UCLES 2014

 (b)  The graph below shows the variation of the fi rst ionisation energies across Period 3.

Na Mg Si P S ArAl Cl

first ionisation
energy / kJ mol–1

1600

1400

1200

1000

800

600

400

200

0

 (i)  Explain why the fi rst ionisation energy of Ar is greater than that of Cl.

  .............................................................................................................................................

  .......................................................................................................................................   [1]

 (ii)  Explain why the fi rst ionisation energy of Al is less than that of Mg.

  .............................................................................................................................................

  .......................................................................................................................................   [1]

 (iii)  Explain why the fi rst ionisation energy of S is less than that of P.

  .............................................................................................................................................

  .......................................................................................................................................   [1]

[Total: 10]
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Answer all the questions in the spaces provided.

1  Neon is a noble gas.

 (a)  Complete the full electronic confi guration of neon.

 1s2  ........................................................................................................................................   [1]

 (b) (i)  Explain what is meant by the term fi rst ionisation energy.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [3]

 (ii)  Explain why the fi rst ionisation energy of neon is greater than that of fl uorine.

  .............................................................................................................................................

  .......................................................................................................................................   [2]

 (c)  Neon has three stable isotopes.

isotope mass number percentage abundance

1 9.25

2 20 90.48

3 21 0.27

 (i)  Defi ne the term relative atomic mass.

  .............................................................................................................................................

  .......................................................................................................................................   [2]

 (ii)  Use the relative atomic mass of neon, 20.2, to calculate the mass number of isotope 1.

mass number = .................................  [2]
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Answer all the questions in the spaces provided.

1 (a)  Successive ionisation energies for the elements magnesium to barium are given in the table.

element 1st ionisation
energy / kJ mol–1

2nd ionisation
energy / kJ mol–1

3rd ionisation
energy / kJ mol–1

Mg 736 1450 7740

Ca 590 1150 4940

Sr 548 1060 4120

Ba 502 966 3390

 (i)  Explain why the fi rst ionisation energies decrease down the group.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [3]

 (ii)  Explain why, for each element, there is a large increase between the 2nd and 3rd ionisation 
energies.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [2]

 (b)  A sample of strontium, atomic number 38, gave the mass spectrum shown. The percentage 
abundances are given above each peak.

100

0
80 81 82 83 84 85

atomic mass units

86 87 88

0.56
9.86 7.007.007.00

82.58

89 90

percentage
abundance
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 (i)  Complete the full electronic confi guration of strontium.

 1s2  2s2  2p6  ...................................................................................................................   [1]

 (ii)  Explain why there are four different peaks in the mass spectrum of strontium.

  .............................................................................................................................................

  .......................................................................................................................................   [1]

 (iii)  Calculate the atomic mass, Ar, of this sample of strontium.
  Give your answer to three signifi cant fi gures.

Ar = .............................  [2]

 (c)  A compound of barium, A, is used in fi reworks as an oxidising agent and to produce a green 
colour.

 (i)  Explain, in terms of electron transfer, what is meant by the term oxidising agent.

  .............................................................................................................................................

  .......................................................................................................................................   [1]

 (ii)  A has the following percentage composition by mass: Ba, 45.1;  Cl , 23.4;  O, 31.5.

  Calculate the empirical formula of A.

empirical formula of A ...........................................  [3]
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Answer all the questions in the spaces provided.

1 (a)  Successive ionisation energies for the elements fl uorine, F, to bromine, Br, are shown on the 

graph.

12 000

10 000

8000

6000

4000

2000

0
1 2 3

electrons removed
4 5

ionisation
energy / kJ mol–1

F

Cl

Br

 (i)  Explain why the fi rst ionisation energies decrease down the group.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [3]

 (ii)  Explain why there is an increase in the successive ionisation energies of fl uorine.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [2]
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 (c)  The fifth to eighth ionisation energies of three elements in the third period of the Periodic Table 
are given. The symbols used for reference are not the actual symbols of the elements.

ionisation energies, kJ mol–1

fifth sixth seventh eighth

X 6274 21 269 25 398 29 855

Y 7012 8496 27 107 31 671

Z 6542 9362 11 018 33 606

 (i)  State and explain the group number of element Y.

  group number ...............................

  explanation  .........................................................................................................................

  .............................................................................................................................................
[1]

 (ii)  State and explain the general trend in first ionisation energies across the third period.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (iii)  Explain why the first ionisation energy of element Y is less than that of element X.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (iv)  Complete the electronic configuration of element Z.

 1s2  .................................................................................................................................  [1]
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Answer all the questions in the spaces provided.

1 (a) Complete the table to show the composition and identity of some atoms and ions.

name of 
element

nucleon 
number

atomic 
number

number of 
protons

number of 
neutrons

number of 
electrons

overall 
charge

boron 10 5 ............. ............. ............. 0

nitrogen ............. ............. ............. 8 10 .............

............. 208 82 82 ............. 80 .............

............. ............. ............. 3 3 ............. +1

[4]

 (b)	 	The	fifth	to	eighth	ionisation	energies	of	three	elements	in	the	third	period	of	the	Periodic	Table	
are given. The symbols used for reference are not the actual symbols of the elements.

ionisation energies, kJ mol–1

fifth sixth seventh eighth

X 7012 8496 27 107 31 671

Y 6542 9362 11 018 33 606

Z 7238 8781 11 996 13 842

 (i)  State and explain the group number of element Y.

  group number ...............................

  explanation  .........................................................................................................................

  .............................................................................................................................................
[1]

 (ii)  State and explain the general trend in first ionisation energies across the third period.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (iii)	 	Complete	the	electronic	configuration	of	element	X.

 1s2  .................................................................................................................................  [1]
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3  The elements in the third period exhibit periodicity in both their chemical and physical properties.

 (a)  A graph of the atomic and ionic radii across the third period is shown.

0.25

0.20

0.15

0.10

0.05

0.00

atomic or
ionic radius
/ nm

atoms and ions
Na Na+ Mg Mg2+ Al Al 3+ Si Si4+ P3–P S2–S Cl –Cl

= atomic radius / nm = ionic radius / nm

 (i)  Explain the decrease in atomic radius across the third period.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (ii)  Explain why, for sodium to silicon, the ionic radii are less than the atomic radii.

  .............................................................................................................................................

  .......................................................................................................................................  [1]

 (iii)  Explain why, for phosphorus to chlorine, the ionic radii are greater than the atomic radii.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (b)  The first ionisation energies of the elements across the third period show a general increase.

  Aluminium and sulfur do not follow this general trend.

 (i)  Explain why aluminium has a lower first ionisation energy than magnesium.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]
[S’18 1 Q3]
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9701/2/M/J/02

1 Sir James Jeans, who was a great populariser of science, once described an atom of carbon
as being like six bees buzzing around a space the size of a football stadium.

(a) (i) Suggest what were represented by the six bees in this description.

...................................................................................................................................

(ii) Explain (in terms of an atom of carbon) what stopped the bees from flying away
from the space of the football stadium.

...................................................................................................................................

...................................................................................................................................

(iii) What is missing from Jeans’ description when applied to an atom of carbon?

...................................................................................................................................

...................................................................................................................................
[3]

(b) The diagram below represents the energy levels of the orbitals in atoms of the second
period, lithium to neon.

(i) Label the energy levels to indicate the principal quantum number and the type of
orbital at each energy level.

(ii) In the space below, sketch the shapes of the two types of orbital.

en
er

gy

nucleus

For
Examiner’s

Use
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(iii) Complete the electron configurations of nitrogen and oxygen on the energy level
diagrams below, using arrows to represent electrons.

(iv) Explain, with reference to your answer to (iii), the relative values of the first
ionisation energies of nitrogen and oxygen. The values are given in the Data
Booklet and should be quoted in your answer.

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................
[6]

(c) (i) State the formulae of the negatively charged ions formed by these elements in
simple binary compounds (nitrides and oxides).

...................................................................................................................................

(ii) Why do nitrogen and oxygen form negative ions, but not positive ions, in simple
binary compounds?

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................
[2]

[Total : 11]

nitrogen oxygen

For
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Use
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