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9 The diagram represents the energy changes for some reactions. 

 

∆H = –130 kJ mol–1

∆H = –25 kJ mol–1

∆H = +80 kJ mol–1

W

Y

X

Z
 

 

What are the natures of the conversions W → Y, Y → X and Z → W? 

 

 W → Y Y → X Z → W 

A exothermic endothermic endothermic 

B exothermic exothermic endothermic 

C endothermic exothermic exothermic 

D endothermic endothermic exothermic 

 

 

10 The diagram shows the energy profile for a reaction both with and without a catalyst present. 

 

What is the activation energy of the uncatalysed reverse reaction? 

 

energy 

reactants 

progress of reaction 

A 

B 
C 

D 

products 

 

 

 

11 The metal niobium, Nb, has a relative atomic mass of 92.9 and is used in various stainless steel 

alloys. It is made by reducing niobium chloride with sodium. In this reaction, 54.08 g of niobium 
chloride produces 18.58 g of niobium. 

 

What is the formula of the niobium chloride used? 

A NbCl 
2
 B NbCl 

3
 C NbCl 

4
 D NbCl 

5
 

 

 

4

4 

© UCLES 2010 9791/01/M/J/10  

9 The diagram represents the energy changes for some reactions. 

 

∆H = –130 kJ mol–1

∆H = –25 kJ mol–1

∆H = +80 kJ mol–1

W

Y

X

Z
 

 

What are the natures of the conversions W → Y, Y → X and Z → W? 

 

 W → Y Y → X Z → W 

A exothermic endothermic endothermic 

B exothermic exothermic endothermic 

C endothermic exothermic exothermic 

D endothermic endothermic exothermic 

 

 

10 The diagram shows the energy profile for a reaction both with and without a catalyst present. 

 

What is the activation energy of the uncatalysed reverse reaction? 

 

energy 

reactants 

progress of reaction 

A 

B 
C 

D 

products 

 

 

 

11 The metal niobium, Nb, has a relative atomic mass of 92.9 and is used in various stainless steel 

alloys. It is made by reducing niobium chloride with sodium. In this reaction, 54.08 g of niobium 
chloride produces 18.58 g of niobium. 

 

What is the formula of the niobium chloride used? 

A NbCl 
2
 B NbCl 

3
 C NbCl 

4
 D NbCl 

5
 

 

 

4

12 

© UCLES 2010 9791/01/M/J/10  

33 12.5 cm3

 of 0.0500 mol dm–3

 sodium hydroxide is added to 25.0 cm3

 of 0.100 mol dm–3

 hydrochloric 

acid. 

 

Which concentration of hydrochloric acid remains in the reaction mixture? 

A 0.0019 mol dm–3

 

B 0.0333 mol dm–3

 

C 0.0500 mol dm–3

 

D 0.0750 mol dm–3

 

 

 

34 Which mixture of gaseous oxygen and nitrogen would occupy 0.12 dm3

 at room temperature and 

pressure? 

A 0.032 g O
2
 and 0.084 g N

2
 

B 0.096 g O
2
 and 0.028 g N

2
 

C 0.096 g O
2
 and 0.056 g N

2
 

D 0.096 g O
2
 and 0.084 g N

2
 

 

 

35 The mass spectrum of CH
2
F
2
 would not contain a peak at which m / z value? 

A 14 B 19 C 38 D 52 

 

 

36 In the absence of reference spectra, infra-red spectroscopy can most easily be used to 

distinguish between 

A 1-chloropropane and 1-bromopropane. 

B cis but-2-ene and trans but-2-ene. 

C ethanol and ethanal. 

D propan-2-ol and propan-1-ol. 
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14 Four compounds of period 3 elements are listed. 

 

Na
2
O SiCl 

4
 SO

2
 NaCl  

 

Water is added to each of the four compounds. 

 

Pairs of the resulting solutions are mixed together. 

 

From which pair of solutions is it possible to get a solution with a pH of 7? 

A NaCl  and Na
2
O 

B NaCl and SO
2
 

C Na
2
O and SiCl 

4
 

D SiCl 
4
 and SO

2
 

 

 

15 In Group 2, what are the trends in charge density of the metal cations and thermal stability of the 

metal carbonates as the atomic number of the metal increases? 

 

 charge density thermal stability 

A decreases decreases 

B decreases increases 

C increases decreases 

D increases increases 

 

 

16 The diagram shows bond energies in halogen molecules. 

 

300

250
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0

bond energy
/ kJ mol–1

period
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F 2

Br2

I2

Cl2

 

 

Why does the value for fluorine not follow the trend shown by chlorine, bromine and iodine? 

A Fluorine is more electronegative than the other halogens. 

B Lone electron pairs in fluorine repel more strongly than those in the other halogens. 

C The bonds in fluorine are more polar than those in the other halogens. 

D The bonds in fluorine have some π-character. 
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1 The table shows the successive ionisation energies for an element Q. 

 

 1st 2nd 3rd 4th 

ionisation energy / kJ mol–1 418 3070 4600 5860 

 

What is the likely formula of the oxide of Q? 

A QO B Q
3
O

2
 C Q

2
O D Q

2
O

3
 

 

 

2 How many neutrons are present in 0.13 g of 13C? 
[L = the Avogadro constant] 

A 0.06 L B 0.07 L C 0.13 L D 0.91 L 
 

 

3 Phosphorus sulfide, P
4
S

3
, is used in small amounts in the tips of matches. On striking a match 

this compound burns to produce an oxide of phosphorus in the +5 oxidation state and an oxide of 

sulfur in the +4 oxidation state. 

 

How many moles of oxygen gas are needed to burn one mole of P
4
S

3
 in this way? 

A 6 B 7.5 C 8 D 16 

 

 

4 Four elements, W, X, Y and Z, are in the potassium to krypton period with consecutive atomic 

numbers. The table shows the number of unpaired electrons in each atom in its ground state. 

 

element W X Y Z 

unpaired electrons 2 1 0 1 

 

In which group of the Periodic Table is element W? 

A 4 B 10 C 14 D 16 

 

 

5 When the N
2

+

 ion is formed from N
2
 a σ bonding electron is removed. 

 

Which statement is correct? 

A The bond order decreases so N
2

+

 has a stronger, shorter bond than N
2
. 

B The bond order decreases so N
2

+

 has a weaker, longer bond than N
2
. 

C The bond order increases so N
2

+

 has a stronger, shorter bond than N
2
. 

D The bond order increases so N
2

+

 has a weaker, longer bond than N
2
. 
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33 Titanium is used to replace arthritic hip joints that have become too painful. The final step in its 

extraction is shown. 

 

reaction 1 TiCl 4 + 4Na → Ti + 4NaCl 

      

Mr(TiCl 4) = 189.9; Ar(Na) = 23.0; Ar(Ti) = 47.9 

 

A research chemist decides to replace the titanium(IV) chloride with titanium(IV) bromide. The 

new equation is shown. 

 

reaction 2 TiBr4 + 4Na → Ti + 4NaBr 

 

Mr(TiBr4) = 367.5; Ar(Na) = 23.0; Ar(Ti) = 47.9 

 

What will be the effect of substituting bromine for chlorine on the atom economy of the process 

where Ti is the only utilised product? 

A Reaction 1 has a higher atom economy than reaction 2 by 6.6 %. 

B Reaction 1 has a higher atom economy than reaction 2 by 12.2 %. 

C Reaction 1 has a lower atom economy than reaction 2 by 6.6 %. 

D Reaction 1 has a lower atom economy than reaction 2 by 12.2 %. 

 

 

34 A solid salt dissolved on being warmed with an excess of aqueous sodium hydroxide without any 

gas being evolved.  

 

A colourless solution was produced. 

 

What is the salt? 

A ammonium nitrate 

B chromium(III) nitrate 

C magnesium nitrate 

D zinc nitrate 

 

 

35 In the analysis of an oxide of nitrogen, 0.10 mol of the oxide were reacted with excess hydrogen 
under suitable conditions. 

 

NxOy

H2(g)
xNH3 + yH2O

 

 

3.6 g of water were formed in this reaction, while the ammonia produced required 100 cm3

 of 

1.0 mol dm–3

 HCl (aq) for neutralisation. 
 

What is the formula of the oxide of nitrogen analysed? 

A N2O B NO C NO2 D N2O5 

 

 

28
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9 Which enthalpy change could not be correctly represented by the enthalpy diagram shown? 

 

entha lpy (H)

reactants

products

reaction pa thway

∆H

 

 

A standard enthalpy change of atomisation 

B standard enthalpy change of combustion 

C standard enthalpy change of hydration 

D standard enthalpy change of neutralisation 

 

 

10 Molecule X is made up from two elements from period 3 of the Periodic Table. One of the 

elements has the highest melting point and the other element has the lowest melting point 

(excluding argon) in the period. 

 

What is the formula of molecule X? 

A Al Cl 
3
 B Al 

2
S 

3
 C SiCl 

4
 D SiS 

2
 

 

 

11 Which set of solid elements contains a simple molecular structure, a giant covalent 

(macromolecular) structure and a giant metallic structure? 

A Mg, P, S B P, Si, C C S, P, Si D S, Si, Al 

 

 

12 The oxide and chloride of an element R are separately mixed with water. The two resulting 

solutions have the same effect on litmus paper. 

 

What is element R? 

A aluminium 

B magnesium 

C phosphorus 

D sodium 
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36 25.00 cm3

 of a solution of acidified iron(II) sulfate, FeSO4, were titrated with 0.0200 mol dm–3

 

potassium manganate(VII). The mean titre was 27.40 cm3

. 

 

The equation for the reaction is shown. 

 

MnO4

–

 + 8H
+

 + 5Fe
2+

 → Mn
2+

 + 4H2O + 5Fe
3+ 

 

What is the concentration of iron(II) sulfate solution? 

A 4.38 × 10
–3 mol dm–3

 

B 2.19 × 10
–2 mol dm–3

 

C 9.12 × 10
–2 mol dm–3

 

D 1.10 × 10
–1 mol dm–3

 

 

 

37 A structural isomer of C5H11OH has a significant peak in its mass spectrum with an m / z value of 31. 
Its 

13

C NMR spectrum shows four different peaks. 

 

What is the isomer? 

A 3-methylbutan-1-ol 

B 3-methylbutan-2-ol 

C pentan-1-ol 

D pentan-2-ol 

 

 

38 When a small sample of sodium chloride is introduced into a Bunsen burner flame a bright yellow 

colouration is observed. 

 

What causes this colouration? 

A The electrons in the chlorine atoms absorb energy. 

B The electrons in the chlorine atoms emit energy. 

C The electrons in the sodium atoms absorb energy. 

D The electrons in the sodium atoms emit energy. 

 

 

29
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1 Which element in period 3 is not correctly described? 

 

 element bonding structure 

A chlorine covalent simple 

B magnesium metallic giant 

C phosphorus covalent simple 

D silicon covalent simple 

 

 

2 An exciting chemical demonstration is the ‘barking dog’. An equation which describes the reaction 

is shown. 

 

6NO + 2CS
2
 → 3N

2
 + 2CO + 2SO

2
 + 

4

1

S
8
 

 

Carbon disulfide, CS
2
, is a liquid with a density of 1.26 g cm–3

.
 

 

Which mass of sulfur would be formed from 5.00 cm3

 of CS
2
 if the reaction proceeded with 100 % 

yield? 

A 0.330 g B 1.67 g C 2.65 g D 5.31 g 
 

 

3 An ion of manganese has an electronic configuration of [Ar]3d
4

. 

 

Which compound contains this ion? 

A MnCl 
2
 B MnO C Mn

2
O

3
 D MnO

2
 

 

 

4 An ionic compound Q 

 

● has an empirical formula NH
2
O, 

● reacts with NaOH(aq) to produce ammonia gas. 

 

How many electrons are present in the anion of Q? 

A 23 B 24 C 31 D 32 

 

 

34
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10 An energy change accompanies the reaction shown. 

 

K(s) → K
+

(g) + e
–

 

 

What is equal to the value of this energy change? 

A the enthalpy change of vaporisation of potassium 

B the first ionisation energy of potassium 

C the sum of the enthalpy change of atomisation and the electron affinity of potassium 

D the sum of the enthalpy change of atomisation and the first ionisation energy of potassium 

 

 

11 Hot concentrated nitric acid, HNO
3
, is a powerful oxidising agent. 

 

In its reaction with carbon, the oxidation number of carbon increases by 4 and the oxidation 

number of nitrogen decreases by 1. 

 

How many moles of nitric acid are needed to oxidise one mole of carbon in this reaction? 

A 1 B 2 C 3 D 4 

 

 

12 Which compound is not a product of the reaction between an oxide of a period 3 element and 

water? 

A Mg(OH)
2
 B H

2
SiO

3
 C H

3
PO

4
 D H

2
SO

3
 

 

 

13 When anhydrous sodium carbonate, a white solid, is heated in a roaring Bunsen flame, it turns 

into a colourless liquid. 

 

Which statement explains this change? 

A It has absorbed water from the atmosphere. 

B It has melted to form liquid sodium carbonate. 

C It has reacted with the air, with water as one of the products. 

D It has thermally decomposed to sodium oxide. 
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8 The diagram shows the energy profile for a simple reaction. 

 

energy
/ kJ mol–1

reaction coordina te

398

106

 

 

Which statement about the reaction is correct? 

A The reaction is endothermic and the enthalpy change of reaction (∆
r
H) is +292 kJ mol–1. 

B The reaction is endothermic and the enthalpy change of reaction (∆
r
H) is +504 kJ mol–1. 

C The reaction is exothermic and the enthalpy change of reaction (∆
r
H) is –292 kJ mol–1. 

D The reaction is exothermic and the enthalpy change of reaction (∆
r
H) is –504 kJ mol–1. 

 

 

9 At room temperature, hydrogen peroxide decomposes slowly according to the equation. 

 

2H
2
O

2
(aq) → O

2
(g) + 2H

2
O(l) 

 

Which statement correctly explains the result of carrying out this decomposition in the presence 

of a catalyst such as MnO
2
? 

A The reaction rate increases because the collision frequency increases due to a decrease in 

the activation energy. 

B The reaction rate increases because the collision frequency increases due to an increase in 

the average energy of the molecules. 

C The reaction rate increases because the proportion of successful collisions increases due to 

a decrease in the activation energy. 

D The reaction rate increases because the proportion of successful collisions increases due to 

an increase in the average energy of the molecules. 

 

 

36
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36

6 

© UCLES 2012 9791/01/M/J/12  

14 The famous ‘volcano’ chemical demonstration involves ammonium dichromate and can be 

summarised by the equation. 

 

(NH4)2Cr2O7 → N2 + Cr2O3 + 4H2O 

 

In this reaction, the ammonium ion acts as 

A an acid. 

B a base. 

C an oxidising agent. 

D a reducing agent. 

 

 

15 Which quantity is greater for fluorine than for chlorine? 

A bond energy 

B bond length 

C melting point 

D oxidising power 

 

 

16 Iodine pentoxide, I2O5, is a colourless crystalline solid. Carbon monoxide, CO, is a reducing 

agent. 

 

When an excess of CO is reacted with I2O5, there is no change in gaseous volume after cooling 

to the original temperature. A grey-black solid is produced. When this solid is heated separately, 

it produces a purple vapour. 

 

In which molar ratio do CO and I2O5 react? 

A 1 : 1 B 2 : 5 C 5 : 1 D 5 : 2 
 

 

17 When sucrose, C12H22O11, is mixed with concentrated sulfuric acid under suitable conditions, a 

violent reaction occurs producing a black solid and one other product. 

 

How does the sulfuric acid behave in this reaction? 

A as a dehydrating agent 

B as a dehydrating agent and an oxidising agent 

C as a strong involatile acid 

D as an oxidising agent 
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30 Patches used to administer drugs contain pressure-sensitive adhesives that stick to the skin. The 

diagram shows part of the structure of one such adhesive. 

 

C

C H 3

C H 2 C H 2

C H 3

C H 3

C H 3

C C H 2

C H 3

C H 3

C

 

 

Which monomer could be used to make this polymer? 

A CH3CH  CHCH3 

B (CH3)2C  CHC(CH3)3 

C (CH3)2C  CH2 

D (CH3)2CHC(CH3)2CH2CH3 

 

 

31 Which type of reaction must have the greatest atom economy? 

A addition 

B condensation 

C elimination 

D substitution 

 

 

32 A gravimetric analysis of a sample of an iron ore was carried out. 

 

0.5873 g of ore was dissolved in perchloric acid to oxidise the iron to Fe3+. The resultant solution 
was filtered to remove solid impurities and made basic to precipitate the Fe

3+

 as a hydrated 

hydroxide. The precipitate was filtered and heated to produce 0.3174 g of Fe2O3. 

 

Which percentage of iron did the ore contain? 

A 18.90 % B 37.80 % C 54.04 % D 64.71 % 

 

 

33 A large excess of aqueous silver nitrate is added to aqueous barium chloride and the precipitate 

removed by filtration. 

 

What are the most abundant ions in the filtrate? 

A Ag
+

, Ba
2+

and NO3

–

 

B Ag
+

 and NO3

–

 only 

C Ba
2+

, NO3

–

 and Cl – 

D Ba
2+

 and NO3

–

 only 

 

 

43
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34 A chemist has samples of solutions of aluminium nitrate and lead(II) nitrate. 

 

Which reagent will not be able to distinguish clearly between these two substances? (All 

reagents are soluble in water.) 

A HCl B KI C NaOH D Na2SO4 

 

 

35 In a time-of-flight mass spectrometer, in which order do the fragments arrive at the detector? 

 

 1st 2nd 3rd 

A CO2

+

 CH3CO
+

 CH3CH2NH3

+

 

B CH3CO
+

 CO2

+

  CH3CH2NH3

+

 

C CH3CH2NH3

+

 CH3CO
+

 CO2

+

 

D CH3CH2NH3

+

 CO2

+

 CH3CO
+

 

 

 

36 Which molecule gives large peaks in its mass spectrum at m / z = 29 and m / z = 43? 

A CH2CHCH(CH3)2 

B CH3CH2CH(CH3)2 

C CH3CH2COOCH2CH3 

D CH3COOCH3 

 

 

37 Which statement about electronic spectroscopy is not correct? 

A Higher electron shells in hydrogen become closer together in energy. 

B In the atomic emission line spectrum for hydrogen, the convergence limit represents the 

electron breaking free from the hydrogen atom. 

C The energy of a transition is inversely proportional to the frequency of the photon that is 

absorbed or emitted. 

D In the hydrogen atom, the subshells within each quantum shell all have the same energy. 
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4 When iron reacts with aqueous iron(III) ions, iron(II) ions are formed as the only product. 

 

A final mixture, after the reaction has taken place, contains equal numbers of moles of Fe
2+

(aq) 

and Fe
3+

(aq). Assuming the reaction has gone to completion, how many moles of Fe(s) and 

Fe
3+

(aq) were in the starting mixture? 

 

 moles of Fe(s) moles of Fe
3+

(aq) 

A 1 2 

B 1 3 

C 1 5 

D 2 3 

 

 

5 Sulfur dioxide gas is converted into sulfate ions when it is bubbled into a solution containing 

aqueous manganate(VII) ions. 

 

 SO
2
(g)  +  2H

2
O(l) →  SO

4

2–

(aq)  +  4H
+

(aq)  +  2e
– 

 MnO
4

–

(aq)  +  8H
+

(aq)  +  5e
–

 →  Mn
2+

(aq)  +  4H
2
O(l) 

 

How will the pH of the reaction mixture change as sulfur dioxide is bubbled at constant rate into a 

well-stirred solution of manganate(VII) ions until its colour just fades? 

A a decrease 

B a decrease then an increase 

C an increase 

D an increase then a decrease 

 

 

6 Which compound is composed of a cation and anion(s) that do not contain the same number of 

electrons as each other? 

A LiH B NaOH C NH
4
F D TiCl 

3
 

 

 

7 Which statement about an element in the Periodic Table is correct? 

A Magnesium is a metalloid, has a giant structure and is a good conductor of electricity. 

B Silicon is a metalloid, has a simple molecular structure and is a semi-conductor of electricity. 

C Sodium is a metal, has a giant structure and is a good conductor of electricity. 

D Sulfur is a non-metal, has a giant structure and is a poor conductor of electricity. 
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1 Which molecule contains eight bonding electrons?

 A CO2  B C2H4 C C3H6 D NH3

2 Beams of charged particles are deflected by an electric field. In identical conditions the angle of 
deflection of a particle is proportional to its charge / mass ratio.

 In an experiment, protons are deflected by an angle of +15°. In another experiment under identical 
conditions, particle Y is deflected by an angle of –5°.

 What could be the composition of particle Y?

protons neutrons electrons

A

B

C

D

1

3

4

4

2

3

5

5

1

5

1

3

3 The mass spectrum of a sample of lithium shows that it contains two isotopes, 6Li and 7Li.

 The isotopic abundances are shown in the table.

isotope isotopic abundance
6Li
7Li

7.42%

92.58%

 What is the relative atomic mass of this sample of lithium, given to three significant figures?

 A 6.07  B 6.50 C 6.90 D 6.93

4 Diamond, graphite and buckminsterfullerene are different forms of the element carbon.

 Which statement is correct for all three substances?

 A Bond angles of 120° are present.

 B Delocalised electrons are present.

 C Giant molecular crystalline lattice structures are present.

 D V bonds are present.

3
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5 A medal has a total surface area of 150 cm2. It is evenly coated with silver by electrolysis. Its mass 
increases by 0.216 g.

 How many atoms of silver are deposited per cm2 on the surface of the medal?

 A 8.0 u 1018 B 1.8 u 1019 C 8.7 u 1020 D 1.2 u 1021

6 Nitrogen has a higher first ionisation energy than oxygen.

 Which statement explains this observation?

 A The radius of an oxygen atom is smaller.

 B An oxygen atom has more electron shells occupied. 

 C Oxygen has paired electrons in the 2p sub-shell.

 D An oxygen atom has more protons in the nucleus.

7 Which molecule has the largest overall dipole moment?

CH3

CH3

H

H

C C

A 

O C

B 

Cl

Cl

O C

C 

H3C

Cl

Cl

CH3

C C 

D 

CH3

CH3

8 The complete combustion of 2 moles of an alkane produces 665 dm3 of carbon dioxide measured 
at 400 K and 1 u 105 Pa. Carbon dioxide can be assumed to behave as an ideal gas under these 
conditions.

 What is the formula of the alkane?

 A C5H12 B C8H18 C C10H22 D C20H42

9 Which expression gives the standard enthalpy change of combustion of methane?

 A (CH4)  +  (CO2)  –  2 (H2O)

 B (CO2)  +  2 (H2O)  +  (CH4)

 C (CH4)  +  2 (H2O)  –  (CO2)

 D (CO2)  +  2 (H2O)  –  (CH4)
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10 Solutions containing chlorate(I) ions are used as household bleaches and disinfectants. These 
solutions decompose on heating as shown.

3Cl௘2–��ĺ��&l௘23
–  +  2Cl –

 Which oxidation states are shown by chlorine in these three ions?

Cl௘2– Cl௘23
– Cl –

A

B

C

D

+1

–1

+1

–1

+3

+3

+5

+5

–1

+1

–1

+1

11 When K2MnO4 is dissolved in water, the following reaction occurs.

aMnO4
2–(aq)  +  bH22�O���ĺ��cMnO4

–(aq)  +  GࣰMnO2(s)  +  eOH–(aq)

 What could be the values of a and c in the balanced chemical equation?

a c

A

B

C

D

2

3

3

4

1

1

2

3

12 Methanol can be produced from hydrogen and carbon monoxide.

2H2(g)  +  CO(g)  ֖  CH3OH(g)

 What is the expression for Kp for this reaction? 

 A K p
p p2

CH OH

H CO
2

p
3

2=
#

 B K p
p p

CH OH

H CO
2

p
3

2=
#

 C K
p p

pCH OH

H CO
2p
2

3=
#

 D K
p p

p

2
CH OH

H CO
2p
2

3=
#

5
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13 4.0 g of powdered calcium carbonate, Mr = 100, are added to 100 cm3 of 0.10 mol dm–3 hydrochloric 
acid. The volume of carbon dioxide produced is recorded every 30 seconds.

time / s 30 60 90 120 150 180 210 240

total volume of carbon 
dioxide given off / cm3 40 70 88 101 110 116 120 120

 Which row of the table is correct?

why the rate of the reaction changes with time why the reaction stops

A

B

C

D

fewer collisions between reacting molecules occur

fewer collisions between reacting molecules occur

more collisions between reacting molecules occur

more collisions between reacting molecules occur

the calcium carbonate is used up

the hydrochloric acid is used up

the calcium carbonate is used up

the hydrochloric acid is used up
 

14 Which statement about ideal gases is correct?

 A Ideal gases have finite particle volume and no intermolecular forces of attraction.

 B Ideal gases have finite particle volume and weak intermolecular forces of attraction.

 C Ideal gases have zero particle volume and no intermolecular forces of attraction.

 D Ideal gases have zero particle volume and weak intermolecular forces of attraction.

15 A mixture of gases consists of 12.0 g of hydrogen, 42.0 g of nitrogen and 4.0 g of helium.
 What is the mole fraction of hydrogen in the mixture?

 A 0.21

 B 0.60

 C 0.71

 D 0.75

16 What is the definition of the bond energy of the Br–Br covalent bond?

 A The energy required to produce one mole of bromine atoms in the gaseous state.

 B The energy required to produce one mole of bromine atoms in the liquid state.

 C The energy required to break one mole of Br–Br bonds in the gaseous state.

 D The energy required to break one mole of Br–Br bonds in the liquid state.

6
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17 Which graph correctly shows the relative melting points of the elements Mg, Al, Si and P plotted 
against their relative electronegativities?

melting point

electronegativity

A

Si

Al

Mg

P

melting point

electronegativity

B

Si

AlMg

P

melting point

electronegativity

C

Si

Al Mg

P

melting point

electronegativity

D

Si

Al

Mg

P

18 An excess of MgO is shaken with water. The resulting mixture is filtered, this is filtrate W. Two 
drops of dilute sulfuric acid are added and any observation is noted.

 An excess of BaO is shaken with water. The resulting mixture is filtered, this is filtrate X. Two 
drops of dilute sulfuric acid are added and any observation is noted.

 Which row is correct?

filtrate of higher pH observation on addition of sulfuric 
acid to the filtrate of higher pH

A

B

C

D

W

W

X

X

no change 

white precipitate 

no change 

white precipitate 
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19 Samples of magnesium carbonate, MgCO3, are placed in crucibles R and S. The sample in 
crucible R is heated until there is no further loss in mass, and then allowed to cool. The sample in 
crucible S is left unheated.

 Dilute hydrochloric acid is then added to both crucibles.

 On adding the dilute hydrochloric acid, which observations are correct?

R S

A 

B 

C 

D

gas produced 

gas produced 

no gas produced 

no gas produced

gas produced 

no gas produced 

gas produced 

no gas produced

20 When concentrated sulfuric acid reacts with sodium iodide the products include sulfur, iodine, 
hydrogen sulfide and sulfur dioxide.

 Which statement is correct?

 A Hydrogen sulfide is the product of a reduction reaction.

 B Iodide ions are stronger oxidising agents than sulfate ions.

 C Sulfur atoms from the sulfuric acid are both oxidised and reduced.

 D Sulfur atoms from the sulfuric acid are oxidised to make sulfur dioxide.

21 A solution of sodium hydroxide reacts with 3 mol of chlorine under certain conditions. The reaction 
produces 5 mol of sodium chloride and 1 mol of X, the only other chlorine-containing product.

 What is the formula of compound X?

 A NaCl O B NaCl O2 C NaCl O3 D NaCl O4

22 Redox reactions are common in the chemistry of Group 17 elements.

 Which statement is correct?

 A Br – ions will reduce Cl 2 but not I2.

 B Cl 2 will oxidise Br – ions but not I – ions.

 C F2 is the weakest oxidising agent out of F2, Cl 2, Br2 and I2.

 D I– ions are the weakest reducing agent out of F –, Cl –, Br – and I –.

2 
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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. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
1 The temperature of a sample of an inert gas is increased. 
 

What effect does this have on the number of molecules with the most probable energy and on the 
number of molecules with high energy? 

 

 number of molecules with 
the most probable energy 

number of molecules 
with high energy 

A decreases decreases 

B decreases increases 

C increases decreases 

D increases increases 
 
 
2 A sample of element X is analysed using mass spectrometry. The mass spectrum obtained is 

shown. 
 

112

3%

113 114

56%

115

41%

116

% abundance

m / e  
 

What is the relative atomic mass of this sample of element X? 

A 113.7 B 114.0 C 114.2 D 114.4 
 
 
3 A washing powder contains sodium hydrogencarbonate, NaHCO3, as one of the ingredients. 
 

In a titration, a solution containing 1.00 g of this washing powder requires 7.15 cm3 of 
0.100 mol dm–3 sulfuric acid for complete reaction. The sodium hydrogencarbonate is the only 
ingredient that reacts with the acid. 

 
What is the percentage by mass of sodium hydrogencarbonate in the washing powder? 

A 3.0% B 6.0% C 12.0% D 24.0% 
 

4 
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8 Two reactions and their enthalpy changes are shown. 
 
 2C(s)  +  2H2(g)  o  C2H4(g) ¨H 

o = +52.2 kJ mol–1 

 C2H2(g)  +  H2(g)  o  C2H4(g) ¨H 
o = –175.8 kJ mol–1 

 
These data can be used to calculate the enthalpy change for the reaction shown. 

 
 2C(s)  +  H2(g)  o  C2H2(g) ¨H 

o = X 
 

What is the value of X? 

A –228.0 kJ mol–1 

B –123.6 kJ mol–1 

C +123.6 kJ mol–1 

D +228.0 kJ mol–1 
 
 
9 Ethanedioic acid, HO2CCO2H, can be oxidised by KMnO4 in dilute sulfuric acid. The products of 

this reaction are carbon dioxide, water, potassium sulfate and manganese(II) sulfate. 
 

In this reaction each ethanedioic acid molecule loses two electrons as it is oxidised. A  
half-equation for this process is shown. 

 
HO2CCO2H  o  2CO2  +  2H+  +  2e– 

 
How many water molecules are produced when five ethanedioic acid molecules are oxidised by 
KMnO4 in dilute sulfuric acid? 

A 5 B 8 C 10 D 16 
 
 
10 Hydrogen iodide gas decomposes reversibly producing iodine vapour and hydrogen. 
 
 2HI(g)    I2(g)  +  H2(g) 'H = +12 kJ mol–1 
 

The position of the equilibrium for this reaction may be altered by changing the external 
conditions. 

 
Which row correctly describes the change in position of equilibrium? 

 

 effect of increasing 
the pressure 

effect of increasing 
the temperature 

A moves to the right moves to the right 

B moves to the right moves to the left 

C no change moves to the right 

D no change moves to the left 
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Good luck!! 
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1 The first seven successive ionisation energies of an element are 1010, 1900, 2900, 5000, 6300, 
21 300 and 25 400 kJ mol–1 respectively. In which group of the Periodic Table is this element found?

 A 1  B 13 C 15 D 17

2 How does a catalyst function?

 A by providing the same reaction pathway and increasing the average energy of the molecules

 B by providing an alternative reaction pathway and increasing the average energy of the 
molecules

 C by providing the same reaction pathway with a lower activation energy

 D by providing an alternative reaction pathway with a lower activation energy

3 The [Cu(H2O)6]
2+(aq) ion is blue whereas the [CuCl4]

2–(aq) ion is yellow.

 Which row best explains the difference in colour of these two ions?

number of d electrons around copper energy gap between the d orbitals

A different different

B different the same

C the same different

D the same the same

4 Buckminsterfullerene is the most commonly occurring fullerene molecule, found in small quantities 
in soot.

 Which statement about buckminsterfullerene is incorrect?

 A Its mass spectrum has a prominent peak at m/z value of 720.

 B The carbon atoms in the molecule are each bonded to four neighbours.

 C The molecule is composed of hexagons and pentagons of carbon atoms.

 D Van der Waals forces occur between molecules in the solid.

9
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26 The nickel-cadmium rechargeable battery is based upon the following overall reaction.

Cd  +  2NiO(OH)  +  4H2O  o  Cd(OH)2  +  2Ni(OH)2.H2O

 What is the oxidation number of nickel at the beginning and at the end of the reaction?

beginning end

A

B

C

D

+1.5

+2

+3

+3

+2

+3

+2

+4

27 Which of the following, in aqueous solutions of equal concentration, has the lowest pH?

 A ClCH2CO2H

 B CH3CO2H

 C C2H5NH2

 D C6H5OH

28 In research on the atomic nucleus, scientists have been comparing the stability of isotopes with 
the same neutron : proton ratio.

 Which isotope has the same neutron : proton ratio as 10B?

 A 32P  B 32S C 40Ar D 40K

29 An amine H2N(CH2)6NH2, and an acid HO2C(CH2)3CO2H react to form a condensation polymer P.

 What is the formula of the repeat unit in P?

 A C9H20N2O2

 B C10H19NO

 C C11H18N2O2

 D C11H20N2O2

30 The atoms X and Y have the following electronic configurations.

X, 1s2 2s2 2p6 3s2 3p6 3d10 4s2

Y, 1s2 2s2 2p4

 What is the formula of the compound they are likely to form?

 A X 2+(Y –)2 B X 2+Y 2– C XY4 D X2Y4

10
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31 The bar chart shows the melting points of a series of consecutive elements arranged in order of 
increasing atomic number. The elements sodium to chlorine form part of this series.

 Which bar represents sodium?

melting
point / K

A

B

C

atomic number

D

32 Methyl cinnamate is responsible for the spicy aroma of the matsutake mushroom added to many 
Japanese foods.

 It can be prepared as shown.

C
C

CO2H

H
H C

C

COCl

H
H C

C

CO2CH3

H
H

step 2step 1

methyl cinnamate

 Which reagents could be used?

step 1 step 2

A HCl CH3OH

B HCl CH3CO2H

C PCl5 CH3OH

D PCl5 CH3CO2H


