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4 The African weaver ant defends its territory by spraying an intruder with a mixture of compounds.
The ease by which these compounds are detected by other ants depends upon the volatility,
which decreases as the strength of the intermolecular forces in the compound increases.

Which compound would be the most volatile?

A CH3 CH2CH2CH2CH2CH3

B CH3 CH2CH2CH2CH2CHO

C CH3 CH2CH2CH2CH2NH2

D CH3 CH2CH2CH2CH2OH

5 Which of the following molecules has no permanent dipole?

A CCl2F2 B CHCl3 C C2Cl4 D C2H5 Cl

6 Which is the most likely shape of a molecule of hydrazine, N2H4 ?

7 Which of the following exists in the solid state as a giant covalent lattice?

A ice

B iodine

C silicon(IV) oxide

D tin(IV) chloride
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4 Unnilpentium is an artificial element. One of its isotopes is 262
105Unp.

Which of the following statements is correct?

A 262
105Unp has a nucleon number of 105.

B The atom 260
105X is an isotope of 262

105Unp.

C There are 262 neutrons in 262
105Unp.

D The proton number of 262
105Unp is 262.

5 The table gives the successive ionisation energies for an element X.

What could be the formula of the chloride of X?

A XCl B XCl2 C XCl3 D XCl4

6 Which molecule contains only six bonding electrons?

A C2H4 B C2F6 C H2O D NF3

7 Chemists have been interested in the properties of hydrogen selenide, H2Se, to compare it with
‘bad egg’ gas hydrogen sulphide, H2S.

Which set of data would the hydrogen selenide molecule be expected to have?

1st 2nd 3rd 4th 5th 6th

ionisation energy / kJ mol–1 950 1800 2700 4800 6000 12300

number of lone pairs bond angle
on Se atom

A 1 104°

B 2 104°

C 2 109°

D 2 180°
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19 Nitrogen dioxide and sulphur dioxide have some properties in common.

Which property is shown by one of these compounds, but not by the other?

A forms ‘acid-rain’

B is a reducing agent

C is insoluble in water

D is used as a food-preservative

20 Which molecule is planar?

A NF3

B C2Cl 4

C C3H6

D C3H8

21 Which of these always applies to a nucleophile?

A It attacks a double bond.

B It has a lone pair of electrons.

C It is a single atom.

D It is negatively charged.

22 Compound P displays cis-trans isomerism and gives a red-brown precipitate with Fehling’s

solution.

What is P?

CC
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CH CHO2
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CHOH
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3
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4 Use of the Data Booklet is relevant to this question. 

 

 It is now thought that where an element exists as several isotopes, the stable ones usually 

contain a ‘magic number’ of neutrons. One of these magic numbers is 126. 

 

 Which isotope is unstable? 

A 
209

Bi B 
208

Pb C 
210

Po D 
208 Tl 

 

 

5 An atom has eight electrons. 

 

 Which diagram shows the electronic configuration of this atom in its lowest energy state? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6 The gecko, a small lizard, can climb up a smooth glass window. The gecko has millions of 

microscopic hairs on its toes and each hair has thousands of pads at its tip. The result is that the 

molecules in the pads are extremely close to the glass surface on which the gecko is climbing. 

 

What is the attraction between the gecko’s toe pads and the glass surface? 

 A co-ordinate bonds 

 B covalent bonds 

 C ionic bonds 

 D van der Waals’ forces 

 

 

7 What are the bond angles in the PH3 molecule likely to be? 

 A 90 o B 104 o C 109 o D 120 o 
 

 

A

B

C

D
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4 The graph shows the first thirteen ionisation energies for element X. 

 

number of electrons removed

ionisation
energy 

 

 

What can be deduced about element X from the graph? 

A It is in the second period (Li to Ne) of the Periodic Table. 

B It is a d-block element. 

C It is in Group II of the Periodic Table. 

D It is in Group III of the Periodic Table. 

 

 

5 Hydrogen bonding can occur between molecules of methanal, HCHO, and molecules of liquid Y. 

 

What could liquid Y be? 

A CH3OH 

B CH3CHO 

C CH3COCH3 

D CH3CO2CH3 

 

 

6 Lycra
®

 is a polyurethane fibre used in the fashion industry. It is a polymer made from two 

monomers, one of which has the following formula. 

 

O=C=N–(CH2)n 
–N=C=O 

 

What is the O–C–N bond angle in this molecule? 

A 90 ° B 109 ° C 120 ° D 180 °   [W’07 Q6]
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5 Use of the Data Booklet is relevant to this question. 

 

Nickel makes up 20 % of the total mass of a coin. The coin has a mass of 10.0 g. 

 

How many nickel atoms are in the coin? 

A 2.05 × 10
22

 B 4.30 × 10
22

 C 1.03 × 10
23

 D 1.20 × 10
24

 

 

 

6 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
–

 

 

 

7 Organic nitrates in photochemical smog can cause breathing difficulties. 

 

The diagram shows an example of an organic nitrate molecule. 

 

H C

H

H

O

C O O NO2
1

2
3

 

 

What is the correct order of the bond angles shown in ascending order (smallest first)? 

A 1 → 2 → 3 B 2 → 1 → 3 C 3 → 1 → 2 D 3 → 2 → 1 
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4 Methyl isocyanate, CH3NCO, is a toxic liquid which is used in the manufacture of some 

pesticides. 

 

In the methyl isocyanate molecule, the sequence of atoms is H3C — N  C  O. 

 

What is the approximate angle between the bonds formed by the N atom? 

 

A

104°

B

109°

C

120°

D

180°

N CH3C O
N C

H3C

ON C

H3C

ON C

H3C

O

 

 

 

5 At room temperature and pressure chlorine does not behave as an ideal gas. 

 

At which temperature and pressure would the behaviour of chlorine become more ideal? 

 

 
pressure  

/ kPa 

temperature 
/ K 

A   50 200 

B   50 400 

C 200 200 

D 200 400 

 

 

6 The standard enthalpy change for the reaction 

 

2NF3(g) → 2N(g) + 6F(g) is ∆H o = +1668  kJ 

 

What is the bond energy of the N–F bond? 

A –556 kJ mol
–1

 

B –278  kJ mol
–1

 

C +278  kJ mol
–1

 

D +556 kJ mol
–1

 

 

 

[W’11 1 Q4]
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3 Use of the Data Booklet is relevant to this question. 

 

 The graph represents the variation of a property of the Group II elements. 

 

Be Mg Ca Sr Ba

property

 

 

What is this property? 

A ionic radius 

B ionisation energy 

C neutron / proton ratio 

D rate of reaction with water 

 

 

4 The antidote molecule shown can help to prevent liver damage if someone takes too many 

paracetamol tablets. 

 

H S C

H H H

H H H

C N

x y

z

represents a
lone pair

 

 

What is the order of decreasing size of the bond angles x, y and z? 

 

 largest  smallest 

A x y z 

B x z y 

C y z x 

D z y x 

 

 

[W’09 1 Q4]
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7 Flask X contains 5 dm
3

 of helium at 12 kPa pressure and flask Y contains 10 dm
3

 of neon at 6 kPa 

pressure. 

 

If the flasks are connected at constant temperature, what is the final pressure? 

A 8 kPa B 9 kPa C 10 kPa D 11 kPa 

 

 

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

 

The enthalpy change of formation, ∆Hf, of hydrated calcium ions is the enthalpy change of the 

following reaction. 

 

Ca(s) + aq – 2e
–

 → Ca
2+

(aq) 

 

The following enthalpy changes are not quoted in the Data Booklet. 

 

 Ca(s) → Ca(g) ∆Ha = 177 kJ mol
–1

 

 Ca
2+

(g) + aq → Ca
2+

(aq) ∆Hhyd = –1565 kJ mol
–1

 

 

What is the enthalpy change of formation of hydrated calcium ions? 

A –1388 kJ mol
–1

 

B –798 kJ mol
–1

 

C –238 kJ mol
–1

 

D +352 kJ mol
–1

 

 

 

9 The following equilibrium is set up in a mixture of concentrated nitric and sulfuric acids. 

 

HNO3 + H2SO4  H2NO3

+

 + HSO4

–

 

 

Which row correctly describes the behaviour of each substance in the equilibrium mixture? 

 

 HNO3 H2SO4 H2NO3

+

 HSO4

–

 

A acid acid base base 

B acid base base acid 

C base acid acid base 

D base acid base acid 

 

 

10 Which molecule or structure does not contain three atoms bonded at an angle between  

109° and 110°? 

A ethanoic acid 

B graphite 

C propane 

D silicon(IV) oxide 

[’1  Q]
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11 Which process could be used to calculate the bond energy for the covalent bond X-Y by dividing 

its ∆H by n? 

A XYn(g) → X(g) + nY(g) 

B 2XYn (g) → 2XYn-1 (g) + Y2 (g) 

C Y(g) + XYn-1 (g) → XYn(g) 

D nXY(g) → nX(g) + 
2

n

Y2 (g) 

 

 

12 In which pair do the molecules have the same shape as each other? 

A H2 O and CO2  

B H2 O and SCl 2  

C NH3  and BH3  

D SCl 2  and BeCl 2  
 

 

13 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. 

 

 

14 What are the trends in the stated properties as Group II is descended from magnesium to 

barium? 

 

 

decomposition 

temperature of the 

carbonate 

first ionisation energy 

A decreases decreases 

B decreases increases 

C increases decreases 

D increases increases 

 

 

[W’12 1 Q12]
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9 The enthalpy change of formation of Mn(NO3)2(s) is –696 kJ mol
–1

. 

The enthalpy change of formation of MnO2(s) is –520 kJ mol
–1

. 

The enthalpy change of formation of NO2(g) is +33 kJ mol
–1

. 

 

On heating, Mn(NO3)2 decomposes into MnO2 and NO2. 

 

Mn(NO3)2(s)  →  MnO2(s)  +  2NO2(g) 

 

What is the value of the standard enthalpy change of this reaction? 

A –242 kJ mol
–1

 

B –209 kJ mol
–1

 

C +209 kJ mol
–1

 

D +242 kJ mol
–1

 

 

 

10 X is an element in Period 2. 

In which fluoride is the F – X – F angle the largest? 

A BF3 B CF4 C NF3 D OF2 

 

 

11 Which reaction has an enthalpy change equal to the standard enthalpy change of formation of 

propane? 

A 3C(g)  +  4H2(g)  →  C3H8(g) 

B 3C(g)  +  8H(g)  →  C3H8(g) 

C 3C(s)  +  4H2(g)  →  C3H8(g) 

D 3C(s)  +  4H2(g)  →  C3H8(l) 

 

 

12 A student investigated the chloride of a Period 3 element. This is what he wrote down as his 

record of what he did and what he saw. 

 

The compound was a white crystalline solid. It dissolved easily in water to 

give a solution of pH 12. When placed in a test-tube and heated in a 

roaring Bunsen flame, the compound melted after several minutes heating. 

 

What can be deduced from this record? 

A At least one of the recorded observations is incorrect. 

B The compound was magnesium chloride, MgCl 2. 

C The compound was phosphorus pentachloride, PCl 5. 

D The compound was sodium chloride, NaCl. 

 

 

12

3 

© UCLES 2016 9701/12/F/M/16 [Turn over 

5 Nitric oxide, NO, and bromine vapour react together according to the following equation. 

 

 2NO(g)  +  Br2(g)  →  2NOBr(g) H 
o
= –23 kJ mol

–1
 

 

The reaction has an activation energy of +5.4 kJ mol
–1

. 

 

What is the correct reaction pathway diagram for this reaction? 

 

enthalpy
/ kJ mol–1

extent of reaction

A

∆H o
EA

EA

enthalpy
/ kJ mol–1

extent of reaction

B

∆H o

EA

enthalpy
/ kJ mol–1

extent of reaction

C

EA

∆H o
enthalpy
/ kJ mol–1

extent of reaction

D

∆H o

 
 

 

6 Which series shows molecules in order of increasing bond angle? 

A CH4 → BF3 → NH3 

B H2O → CO2 → BF3 

C NH3 → CH4 → CO2 

D NH3 → CH4 → H2O 

 

 

7 What is the volume of steam produced when 1.00 g of ice is heated to 323 C at a pressure of 

101 kPa? 

 

A 0.27 dm
3
 B 1.3 dm

3
 C 2.7 dm

3
 D 48 dm

3
 

 

 

[M’16  Q6]
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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   

B pyramidal regular tetrahedral   

C regular tetrahedral pyramidal   

D regular tetrahedral pyramidal   
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4 When nuclear reactions take place, the elements produced are different from the elements that 

reacted. Nuclear equations, such as the one below, are used to represent the changes that 

occur. 

 

U
235

92
  +  n

1

0
  →  Ba

144

56
  +  Kr

89

36
  +  3 n

1

0
 

 

The nucleon (mass) number total is constant at 236 and the proton number total is constant  

at 92. 

 

 In another nuclear reaction, uranium-238 is reacted with deuterium atoms, H. 

2

1
 An isotope of a 

new element, J, is formed as well as two neutrons. 

 

U
238

92
  +  H

2

1
  →  J  +  2 n

1

0
 

 

What is isotope J? 

A 
238

Np B 
238

Pu C 
240

Np D 
240

Pu 

 

 

5 Dicarbon monoxide, C2O, is found in dust clouds in space. The structure of this molecule is 

C=C=O. The molecule contains no unpaired electrons. 

 

How many lone pairs of electrons are present in a molecule of C2O? 

A 1 B 2 C 3 D 4 

 

 

6 A white powder is known to be a mixture of magnesium oxide and aluminium oxide. 

 

100 cm
3

 of 2 mol dm
–3

 NaOH(aq) is just sufficient to cause the aluminium oxide in x grams of the 

mixture to dissolve. 

 

The reaction occurring is Al 2O3  +  2OH
–

  +  3H2O  →  2Al (OH)4

–

. 

 

800 cm
3

 of 2 mol dm
–3

 HCl (aq) is just sufficient to cause all of the oxide in x grams of the mixture 

to dissolve. 

 

The reactions occurring are  Al 2O3  +  6H
+

  →  2Al 3+

  +  3H2O 

and MgO  +  2H
+

  →  Mg
2+

  +  H2O. 

 

How many moles of each oxide are present in x grams of the mixture? 

 

 
aluminium 

oxide 

magnesium 

oxide 

A 0.05 0.25 

B 0.05 0.50 

C 0.10 0.25 

D 0.10 0.50 
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4 The table shows the physical properties of four substances. 

 

Which substance has a giant covalent structure? 

 

 

melting point 

/ °C 

boiling point 

/ °C 

electrical 

conductivity 

of solid 

electrical 

conductivity 

of liquid 

electrical 

conductivity 

of aqueous 

solution 

A –119 39 poor poor insoluble 

B –115 –85 poor poor good 

C 993 1695 poor good good 

D 1610 2230 poor poor insoluble 

 

 

5 A student mixed 25.0 cm
3

 of 0.350 mol dm
–3

 sodium hydroxide solution with 25.0 cm
3

 of 

0.350 mol dm
–3

 hydrochloric acid. The temperature rose by 2.50 °C. Assume that no heat was lost 

to the surroundings. 

 

The final mixture had a specific heat capacity of 4.20 J cm 

–3

 K
–1

. 

 

What is the molar enthalpy change for the reaction? 

A –150 kJ mol
–1

 

B –60.0 kJ mol
–1

 

C –30.0 kJ mol
–1

 

D –0.150 kJ mol
–1

 

 

 

6 Al Cl 3 vapour forms molecules with formula Al 2Cl 6 as it is cooled. 

 

What happens to the bond angles during the change from Al Cl 3 to Al 2Cl 6? 

A Some decrease, some remain the same. 

B Some increase, some remain the same. 

C They all decrease. 

D They all increase. 

 

 

[S’14 1 Q6]
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3 A student performed an experiment to measure the enthalpy change of combustion of ethane. 

 

He used the following values for the standard enthalpy changes of combustion of carbon and 

hydrogen. 

 

 carbon = –394 kJ mol
–1

 

 hydrogen = –286 kJ mol
–1

 

 

He calculated the enthalpy change of formation of ethane to be –140 kJ mol
–1

. 

 

What was his experimental value for the standard enthalpy change of combustion of ethane? 

A –2364 kJ mol
–1

 

B –1506 kJ mol
–1

 

C –1112 kJ mol
–1

 

D –540 kJ mol
–1

 

 

 

4 Which pair has species with different shapes? 

A BeCl 2 and CO2 

B CH4 and NH4

+

 

C NH3 and BF3 

D SCl 2 and H2O 

 

 

5 In which reaction does an element have the largest change in oxidation number? 

A Cr2O7

2–

  +  6Fe
2+

  +  14H
+

  →  2Cr
3+

  +  6Fe
3+

  +  7H2O 

B 3OCl –  →  Cl O3

–

  +  2Cl – 

C 5Fe
2+

  +  MnO4

–

  +  8H
+

  →  5Fe
3+

  +  Mn
2+

  +  4H2O 

D PbO2  +  Sn
2+

  +  4H
+

  →  Sn
4+

  +  Pb
2+

  +  2H2O 

 

 

6 Which statement can be explained by intermolecular hydrogen bonding? 

A Ethanol has a higher boiling point than propane. 

B Hydrogen chloride has a higher boiling point than silane, SiH4. 

C Hydrogen iodide forms an acidic solution when dissolved in water. 

D Propanone has a higher boiling point than propane. 

 

 

[S’15 3 Q4]
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3 Elements X and Y are in the same group of the Periodic Table. 

 

The table shows the first six ionisation energies of X and Y in kJ mol
–1

. 

 

 1st 2nd 3rd 4th 5th 6th 

X 800 1600 2400 4300 5400 10 400 

Y 1000 1800 2700 4800 6000 12 300 

 

What could be the identities of X and Y? 

 

 X Y 

A antimony, Sb arsenic, As 

B arsenic, As antimony, Sb 

C selenium, Se tellurium, Te 

D tellurium, Te selenium, Se 

 

 

4 In China, the concentration of blood glucose, C6H12O6, is measured in mmol / l . In Pakistan, the 

concentration of blood glucose is measured in mg / dl . 
 

The unit l is a litre (1 dm
3

). The unit dl is a decilitre (0.1 dm
3

). 

 

A blood glucose concentration of 18.5 mmol / l indicates a health problem. 

 

What is 18.5 mmol / l converted to mg / dl ? 

A 33.3 mg / dl B 178 mg / dl C 333 mg / dl D 3330 mg / dl 

 

 

5 Each of the four species in this question are isolated and gaseous. 

 

Which species is not planar? 

A BF3 B CH3

+

 C C2H4 D NH3 

 

 

6 Argon is a gas used to fill electric light bulbs. 

 

Under which conditions of pressure and temperature will argon behave most like an ideal gas? 

 

 pressure temperature 

A high high 

B high low 

C low high 

D low low 

 

 

[S’16 2 Q5]
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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 reaction does an element undergo the largest change in oxidation state? 

A Cl 2 + 2OH
–

 → OCl –  + Cl –  + H2O 

B 3Cl 2 + 6OH
–

 → Cl O3

–

 + 5Cl –  + 3H2O 

C Cr2O7

2–

 + 6Fe
2+

 + 14H
+

 → 2Cr
3+

 + 6Fe
3+

 + 7H2O 

D 3MnO4

2–

 + 4H
+

 → MnO2 + 2MnO4

–

 + 2H2O 

 

 

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

 

The 
68

Ge isotope is medically useful because it undergoes a natural radioactive process to give a 

gallium isotope, 
68

Ga, which can be used to detect tumours. This transformation of 
68

Ge occurs 

when an electron enters the nucleus, changing a proton into a neutron. 

 

Which statement about the composition of an atom of the 
68

Ga isotope is correct? 

A It has 4 electrons in its outer p subshell. 

B It has 13 electrons in its outer shell. 

C It has 37 neutrons. 

D Its proton number is 32. 

 

 

3 Sodium borohydride, NaBH4, and boron trifluoride, BF3, are compounds of boron.  

 

What are the shapes around boron in the borohydride ion and in boron trifluoride? 

 

 borohydride ion boron trifluoride 

A square planar pyramidal 

B square planar trigonal planar 

C tetrahedral pyramidal 

D tetrahedral trigonal planar 
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6 Histamine is produced in the body to help fight infection. Its shape allows it to fit into receptors 
which expand blood vessels. 

 

H

CN

H

H

C C
C

CN

N

H
H

H

Hz

H

H
yx

histamine  
 

What are the bond angles x, y and z in histamine, from the smallest to the largest? 
 

 smallest 
bond angle  

largest 
bond angle 

A x y z 

B y x z 

C y z x 

D z y x 
 
 
7 The approximate percentage composition of the atmospheres on four different planets is given in 

the table below. 
 

Which mixture of gases has the greatest density? 
 

 planet 
major gases / 

% by number of molecules 

H2 He CH4 

A Jupiter 89.8  10.2 0.0 

B Neptune 80.0 19.0 1.0 

C Saturn 96.3 3.3 0.4 

D Uranus 82.5 15.2 2.3 
 
 
8 An important reaction in the manufacture of nitric acid is the catalytic oxidation of ammonia. 
 

4NH3(g)  +  5O2(g)    4NO(g)  +  6H2O(g) 
 

For every mole of O2 that reacts in this way, 181.8 kJ of energy are released. 
 

A factory makes 2.50 × 105
 mol of NO every day. 

 
How much energy, in kJ, is released every day? 

A 3.64 × 107 B 4.55 × 107 C 5.68 × 107 D 2.27 × 108 

[W’16 1 Q6]
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10 The enthalpy change of the neutralisation given below is –114 kJ mol
–1

. 

 

2NaOH(aq) + H
2
SO

4
(aq) → Na

2
SO

4
(aq) + 2H

2
O(l) 

 

By using this information, what is the most likely value for the enthalpy change of the following 

neutralisation? 

 

Ba(OH)
2
(aq) + 2HCl(aq) → BaCl

2
(aq) + 2H

2
O(l) 

A –57 kJ mol
–1

 B –76 kJ mol
–1

 C –114 kJ mol
–1

 D –228 kJ mol
–1

 

 

 

11 Which molecule is planar? 

A C
2
Cl 

4
 B C

3
H

6
 C C

3
H

8
 D NF

3
 

 

 

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

 Why is the ionic radius of a sulfide ion larger than the ionic radius of a potassium ion? 

A Ionic radius always decreases with increasing atomic number. 

B Positive ions have smaller radii than negative ions. 

C The potassium ion has more protons in its nucleus than the sulfide ion. 

D The sulfide ion is doubly charged; the potassium ion is singly charged. 

 

 

13 Mohr’s salt is a pale green crystalline solid which is soluble in water. It contains two cations, one 

of which is Fe
2+

 and one anion which is SO
4

2–

. 

 

The identity of the second cation was determined by heating solid Mohr’s salt with solid sodium 

hydroxide and a colourless gas was evolved. The gas readily dissolved in water giving an alkaline 

solution.  

 

A grey-green solid residue was also formed which was insoluble in water. 

 

What are the identities of the gas and the solid residue? 

 

 gas residue 

A NH
3
 Fe(OH)

2
 

B NH
3
 Na

2
SO

4
 

C SO
2
 Fe(OH)

2
 

D SO
2
 Na

2
SO

4
 

 

 

[S’04 Q20]

21

4  

© UCLES 2016 9701/12/O/N/16  

6  When solid aluminium chloride is heated, Al 2Cl 6 is formed. 

 

Which bonding is present in Al 2Cl 6? 

A covalent and co-ordinate (dative covalent) 

B covalent only 

C ionic and co-ordinate (dative covalent) 

D ionic only 

 

 

7  In which hydride is the H–X–H bond angle the smallest? 

A BH3 B CH4 C C2H6 D NH3 

 

 

8  In an experiment, a sample of a pure gas is put into a gas syringe at a temperature of 300 K and 

pressure of 16 kPa. The gas is compressed until the volume occupied by the gas is halved. 

 

After compression, the temperature of the gas in the syringe is 375 K and the pressure is 40 kPa. 

 

Which statement is correct? 

A Intermolecular forces between the gas molecules are significant. 

B It is possible to calculate the number of moles of gas present using these data alone. 

C The gas is behaving ideally. 

D The pressures used are too high for ideal gas behaviour. 

 

 

9  In a calorimetric experiment 1.60 g of a fuel are burnt. 45.0% of the energy released is absorbed 

by 200 g of water. The temperature of the water rises from 18.0 °C to 66.0 °C. 

 

What is the total energy released per gram of fuel burnt (to 3 significant figures)? 

A 25 100 J B 55 700 J C 89 200 J D 143 000 J 
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4 The boiling points of methane, ethane, propane and butane are given. 

 

compound CH4 CH3CH3 CH3CH2CH3 CH3CH2CH2CH3 

boiling point / K 112 185 231 273 

 

Which statement explains the increase in boiling point from methane to butane? 

A Closer packing of molecules results in stronger van der Waals’ forces. 

B More covalent bonds are present and therefore more energy is required to break the bonds. 

C More electrons in the molecules results in stronger van der Waals’ forces. 

D More hydrogen atoms in the molecules results in stronger hydrogen bonding. 

 

 

5 The characteristic smell of garlic is due to alliin. 

 

C

H

H

CO2H

C SCH2

H O NH2

HCCH2x
y z

alliin
 

 

What are the approximate bond angles x, y and z in a molecule of alliin? 

 

 x y z 

A 90
o

 90
o

 109
o

 

B 120
o

 109
o

 90
o

 

C 120
o

 120
o

 109
o

 

D 180
o

 109
o

 109
o

 

 

 

6 Which gas sample contains the fewest molecules? 

A 1.00 dm
3

 of carbon dioxide at 27 °C and 2.0 kPa 

B 1.00 dm
3

 of hydrogen at 100 °C and 2.0 kPa 

C 1.00 dm
3

 of nitrogen at 300 °C and 4.0 kPa 

D 1.00 dm
3

 of oxygen at 250 °C and 3.0 kPa 
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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 Which feature is present in both ethene and poly(ethene)? 

A bond angles of 109° 

B π covalent bonds 

C σ covalent bonds 

D sp3 orbitals 
 
 
2 The electronic configuration of an atom of sulfur is 1s22s22p63s23p4. 
 

How many valence shell and unpaired electrons are present in one sulfur atom? 
 

 valence shell 
electrons 

unpaired 
electrons 

A 2 1 

B 4 2 

C 6 0 

D 6 2 
 
 
3 In which pair does the second substance have a lower boiling point than the first substance? 

A C2H6 and C2H5Cl 

B CH3OCH3 and C2H5OH 

C Ne and Ar 

D CH3NH2 and C2H6 
 
 
4 Compound J burns in excess oxygen to give carbon dioxide and water only. When a 3.00 g 

sample of compound J is burnt in excess oxygen, 4.40 g of carbon dioxide and 1.80 g of water are 
formed. 

 
What is the empirical formula of J? 

A CH B CHO C CH2 D CH2O 
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4 Which statement describes the bond between carbon and hydrogen in an ethene molecule? 

A a π bond between an s orbital and an sp
2
 orbital 

B a π bond between an s orbital and an sp
3
 orbital 

C a σ bond between an s orbital and an sp
2
 orbital 

D a σ bond between an s orbital and an sp
3
 orbital 

 

 

5 Aspirin, C9H8O4, Mr = 180.0, can be made by a reaction between 2-hydroxybenzoic acid, C7H6O3, 

Mr = 138.0, and ethanoic anhydride, C4H6O3, Mr = 102.0. The balanced equation for the reaction 

is shown. 

 

C7H6O3  +  C4H6O3    C9H8O4  +  C2H4O2 

 

If a reaction mixture consists of 10.0 g of each of the two reactants, what is the maximum mass of 

aspirin that can be produced? 

A 5.7 g B 10.0 g C 13.0 g D 17.6 g 

 

 

6 Which diagram correctly describes the behaviour of a fixed mass of an ideal gas? (T is measured 

in K.) 

 

p
0

B

pV

V

pV

T

V

V

p

C D

0

A

constant T constant T constant Tconstant p

0
0

0
0

0
0
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4 When barium metal burns in oxygen, the ionic compound barium peroxide, BaO
2
, is formed. 

 

Which dot-and-cross diagram represents the electronic structure of the peroxide anion in BaO
2
? 

 

A C DB
electron from
first oxygen atom

electron from
second oxygen atom
electron from
barium atom

key

 

 

 

5 In this question, the methyl group, CH
3
, is represented by Me. 

 

Trimethylamine, Me
3
N, reacts with boron trifluoride, BF

3
, to form a compound of formula 

Me
3
N.BF

3
. 

 

How may this reaction be written in terms of the shapes of the reactants and products? 

 

!" !" # $
!" #

% #

!" !"

!"

!"
!"

!"

%
&

%

# $
#

#

!

!" !"
$!"

# #% #

$

# #
#

$

# #
#

$

# #
#

&"

!" !" # $
!" #

% #

!" !"
!"

%
&

$

# #
#

#

!" !"
!"

%

!" !"
!"

%
&$
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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

12 
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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 Which of the following molecules and ions have a regular trigonal planar shape? 

1 Al Cl3 

2 CH 

3 PH3 

 

 

32 A quantity of solid Y was placed in a previously evacuated vessel and the apparatus was then 

held at a series of different temperatures. At each temperature, the mass of Y in the vapour state 

was calculated from pressure measurements. The results are shown below. 

 

mass of
vapour

m

T temperature
 

 

What can be deduced from the diagram? 

1 The mass of Y used in the experiment was m. 

2 The pressure of the vapour was constant for all temperatures above temperature T. 

3 Liquid appeared at temperature T. 
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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 of a molecule of chlorine is 72.  

 

Which properties of the atoms in this molecule are the same? 

1 radius 

2 nucleon number 

3 relative isotopic mass 

 

 

32 Which molecules are planar? 

1 BCl3 

2 NH3 

3 PH3 

 

 

33 Boron is a non-metallic element which is placed above aluminium in Group III of the Periodic 

Table. It forms a compound with nitrogen known as boron nitride which has a graphite structure. 

 

Which of the following conclusions can be drawn from this information? 

1 The empirical formula of boron nitride is BN. 

2 The boron and nitride atoms are likely to be arranged alternately in a hexagonal pattern. 

3 Boron nitride has a layer structure with van der Waals’ forces between the layers. 
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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

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

31 Which pairs of compounds have the same empirical formula? 

1 ethane and ethene

2 ethene and cyclohexane

3 cyclohexane and oct-1-ene

32 In which sequences are the molecules quoted in order of increasing bond angle within the
molecule? 

1 H2O NH3 CH4

2 H2O SF6 BF3

3 CH4 CO2 SF6

33 The concepts of bond energy, bond length and bond polarity are useful when comparing the
behaviour of similar molecules, e.g. thermal stability. 

For example, it could be said

“Compared with the HCl molecule, the bond ……….X…………. of the HI molecule is
………..Y……….. .”

Which pairs of words correctly complete the above sentence?

A B C D

1, 2 and 3 are 1 and 2 only are 2 and 3 only are 1 only is correct
correct correct correct

X Y

1 energy greater

2 length greater

3 polarity less

[S’02 Q32]
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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. 

 

 

34  Ammonia and chlorine react in the gas phase. 

 

8NH3  +  3Cl 2  →  N2  +  6NH4Cl 

 

Which statements are correct? 

1 Each nitrogen atom is oxidised. 

2  Each chlorine atom is reduced. 

3 Ammonia behaves as a base. 

 

 

35 Which statements about calcium and strontium compounds are correct? 

1 When calcium oxide and strontium oxide are added to water they both produce alkalis. 

2  Calcium hydroxide is more soluble than strontium hydroxide. 

3 Calcium sulfate is less soluble than strontium sulfate. 

 

 

36  Which descriptions of the ammonium ion are correct? 

1 It contains ten electrons. 

2  It has a bond angle of 109.5°. 

3 It has only three bonding pairs of electrons. 

 

 

37  Compound Q is obtained by adding H2O across the double bond in compound P. 

 

OH

P Q
 

 

Which statements about these two compounds are correct? 

1 P shows cis-trans isomerism. 

2  Q contains two chiral centres. 

3 Q is a tertiary alcohol. 
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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 A sample of boron contains aluminium as the only impurity. A mass spectrum of the mixture 

shows three lines corresponding to three ions, X+, Y+ and Z+. 
 

ion X+ Y+ Z+ 

m / e 10 11 27 

percentage 
abundance 

15.52 
 

74.48 
 

10.00 
 

 
Which statements are correct? 

1 There are more electrons in Z+ than in X+. 

2 The Ar of boron in the sample is 10.83 to four significant figures. 

3 There are more protons in Y+ than in X+. 
 
 
32 Which elements can form π bonds in their compounds? 

1 carbon 

2 oxygen 

3 nitrogen 
 
 
33 For which enthalpy changes is the value of ∆H always negative? 

1 combustion 

2 hydration 

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

 

The isotope 
99

Tc is radioactive and has been found in lobsters and seaweed adjacent to nuclear 

fuel reprocessing plants. 

 

Which statements are correct about an atom of 
99

Tc? 

1 It has 13 more neutrons than protons. 

2  It has 43 protons. 

3 It has 99 nucleons. 

 

 

32  Urea is a product of animal metabolism. It can also be used as a fertiliser. 

 

N

N

CO
H

H

H

H
urea

x

 

 

The diagram shows angle x in this molecule. 

 

Which statements about the structure of urea are correct? 

1 Angle x is approximately 120°. 

2  The molecule has two π bonds. 

3 The molecule has only three lone pairs of electrons. 
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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. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 One mole of sulfuric acid is used to make an aqueous solution. The solution contains H2SO4 

molecules, H+ ions, SO4
2– ions and HSO4

– ions. 
 

Which statements are correct? 

1 The solution contains 6.02 × 1023 sulfur atoms. 

2 The solution contains an exactly equal number of H+ ions and HSO4
– ions. 

3 One mole of SO4
2– ions contains two moles of electrons. 

 
 
32 Which statements are correct? 

1 The hydrogen bonds in ice are more regularly arranged than in water. 

2 The solidification of water to form ice is exothermic. 

3 Pure water is less dense than ice. 
 
 
33 Calcium reacts with water to form calcium hydroxide and hydrogen. 
 

Ca(s)  +  2H2O(l)    Ca(OH)2(s)  +  H2(g) 
 

The standard enthalpy change for this reaction is – 414 kJ mol–1. 
 

What further information is needed in order to calculate the standard enthalpy change of 
formation of calcium hydroxide,        Ca(OH)2(s)? 

1         for H2O(l) 

2         for H2(g) 

3 first and second ionisation energies of Ca 
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