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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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5 Which diagram describes the formation of a π bond from the overlap of its orbitals? 

 

D

A

B

C

 

 

 

6 For an ideal gas, the plot of pV against p is a straight line. For a real gas, such a plot shows a 

deviation from ideal behaviour. The plots of pV against p for three real gases are shown below. 

 

The gases represented are ammonia, hydrogen and nitrogen. 

 

0
0

pV

p

ideal gas

X
Y Z

 

 

What are the identities of the gases X, Y and Z? 

 

 X Y Z 

A ammonia nitrogen hydrogen 

B hydrogen nitrogen ammonia 

C nitrogen ammonia hydrogen 

D nitrogen hydrogen ammonia 
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4 The diagrams show the possible paths of subatomic particles moving in an electric field in a 

vacuum. 

 

1

+

2

+

3

+

electrons neutrons protons

– – –
 

 

Which diagrams are correct? 

A 1 and 2 only 

B 1 and 3 only 

C 2 and 3 only 

D 1, 2 and 3 

 

 

5 The CN
–

 ion is widely used in the synthesis of organic compounds. 

 

What is the pattern of electron pairs in this ion? 

 

 

bonding pairs of 

electrons 

lone pairs on 

carbon atom 

lone pairs on 

nitrogen atom 

A 2 1 1 

B 2 2 1 

C 3 1 1 

D 3 1 2 

 

 

6 Plastic bottles for ‘fizzy drinks’ are made from a polymer with the following structure. 

 

C

C
HH

H X

n  

 

The ability of the polymer to prevent escape of carbon dioxide through the wall of the bottle 

depends on the ability of the group X to form hydrogen bonds with the carbon dioxide in the drink. 

 

Which group X best prevents loss of carbon dioxide? 

A Cl B CN C CO2CH3 D OH 
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3 What is the most likely shape of a molecule of hydrazine, N2H4? 

 

N N

H

H

H

H

N

H

H

N

H

H

90°
N

H

N HH

H
90° 120°

A B C

N N

H
H

H
H

107°

D

 

 

 

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

A Al 2Cl 6 B CH3

+

 C Cl 2O D H2Cl C• 
 

 

5 Which solid contains more than one kind of bonding? 

A iodine 

B silicon dioxide 

C sodium chloride 

D zinc 

 

 

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

 

The gas laws can be summarised in the ideal gas equation. 

 

pV = nRT 

 

0.96 g of oxygen gas is contained in a glass vessel of volume 7000 cm3

 at a temperature of 30 °C. 
 

What is the pressure in the vessel? 

A 1.1 kPa B 2.1 kPa C 10.8 kPa D 21.6 kPa 
 

 

7 Two moles of compound P were placed in a vessel. The vessel was heated and compound P 

was partly decomposed to produce Q and R. A dynamic equilibrium between chemicals P, Q and 

R was established. 

At equilibrium x moles of R were present and the total number of moles present was (2 + 

2

x

). 

What is the equation for this equilibrium reaction? 

A P  2Q + R 

B 2P  2Q + R 

C 2P  Q + R 

D 2P  Q + 2R 
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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 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 

 

 

2 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

+

 

 

 

3 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 
 

 

4 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 
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14  The oxide and chloride of an element X are separately mixed with water. The two resulting 

solutions have the same effect on litmus. 

 

What is element X? 

A sodium 

B magnesium 

C aluminium 

D phosphorus 

 

 

15  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   + 3Cl Al 
3+(Cl 

–)3

A B C D

 

 

 

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

 

What mass of solid residue can be obtained from the thermal decomposition of 4.10 g of 
anhydrous calcium nitrate? 

A 0.70 g B 1.00 g C 1.40 g D 2.25 g 
 

 

17  What happens when chlorine is bubbled through aqueous potassium iodide? 

A Chlorine is oxidised to chloride ions. 

B Hydrochloric acid is formed. 

C Iodide ions are oxidised to iodine. 

D Potassium iodide is reduced to iodine. 

 

 

18  The emissions from a power station contain about 14 tonnes of SO2 per hour from the oxidation 

of FeS2 contained in the coal. 

 

What is the most practical way of preventing the SO2 from being released into the atmosphere? 

A Cool the gases and the SO2 will liquefy and can be removed. 

B Dissolve the ionic FeS2 in hexane. 

C Pass the emissions through a bed of calcium oxide. 

D Pass the gases through concentrated sulphuric acid to dissolve the SO2. 

 

[S’06 Q15]
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14 Which element is expected to show the greatest tendency to form some covalent compounds? 

A aluminium  

B calcium 

C magnesium 

D sodium 

 

 

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

 

The combustion of fossil fuels is a major source of increasing atmospheric carbon dioxide, with a 

consequential rise in global warming. Another significant contribution to carbon dioxide levels 

comes from the thermal decomposition of limestone, in the manufacture of cement and of lime for 

agricultural purposes. 

 

Cement works roast 1000 million tonnes of limestone per year and a further 200 million tonnes is 

roasted in kilns to make lime. 

 

What is the total annual mass output of carbon dioxide (in million tonnes) from these two 

processes? 

A 440 B 527 C 660 D 880 

 

 

16 Properties of chlorine, iodine and their compounds are compared. 

 

Property Q for chlorine is smaller than for iodine. 

 

What is property Q? 

A oxidising ability of the element 

B solubility of the silver halide in NH
3
(aq) 

C strength of van der Waals’ forces between the molecules of the element 

D thermal stability of the hydrogen halide 

 

 

17 Which reagent, when mixed and heated with ammonium sulphate, liberates ammonia? 

A aqueous bromine 

B dilute hydrochloric acid 

C limewater 

D acidified potassium dichromate(VI) 
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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 equation shows the reaction that occurs during the standard enthalpy change of 

atomisation of bromine? 

A Br2(l)  →  2Br(g) 

B Br2(g)  →  2Br(g) 

C 
2

1

Br2(l)  →  Br(g) 

D 
2

1

Br2(g)  →  Br(g) 

 

 

2 What is the correct number of bonds of each type in the Al 2Cl 6 molecule? 
 

 covalent 
co-ordinate 

(dative covalent) 

A 6 1 

B 6 2 

C 7 0 

D 7 1 

 

 

3 Tetraethyl lead, Pb(C2H5)4, has been used as a petrol additive. 

 

What is the percentage by mass of carbon in tetraethyl lead? 

 

A 10.2 B 14.9 C 29.7 D 32.0 

 

 

[S’16 Q2]
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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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5 Ethyne, C
2
H
2
, completely combusts, as shown in the equation. 

 

H  C  C  H   +   2
2

1

O  O   →   H
2
O   +   2CO

2
 

 

Using the average bond enthalpies in the table, what is the enthalpy change of combustion of 

ethyne? 

 

bond 
average bond 

enthalpy / kJ mol–1  

C  H 410 

C  C 840 

O  O 496 

C  O 740 

O  H 460 

C  O 360 

 

A –980 kJ mol–1  B –540 kJ mol–1  C +540 kJ mol–1  D +980 kJ mol–1  
 

 

6 Which diagram represents the overlap of two orbitals which will form a π
 

bond? 

 

D

A

B

C

 

 

 

[W’15 1 Q4]

11

2 

© UCLES 2016 9701/11/M/J/16  

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 equation shows the reaction that occurs during the standard enthalpy change of 

atomisation of bromine? 

A Br2(l)  →  2Br(g) 

B Br2(g)  →  2Br(g) 

C 
2

1

Br2(l)  →  Br(g) 

D 
2

1

Br2(g)  →  Br(g) 

 

 

2 What is the correct number of bonds of each type in the Al 2Cl 6 molecule? 
 

 covalent 
co-ordinate 

(dative covalent) 

A 6 1 

B 6 2 

C 7 0 

D 7 1 

 

 

3 Tetraethyl lead, Pb(C2H5)4, has been used as a petrol additive. 

 

What is the percentage by mass of carbon in tetraethyl lead? 

 

A 10.2 B 14.9 C 29.7 D 32.0 
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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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4 The relative atomic mass of copper is 63.5. 

 

Which chart is a correct mass spectrum that would lead to this value? 

 

61 62 63 64 65 66
m / e

abundance

A

61 62 63 64 65 66
m / e

abundance

B

61 62 63 64 65 66
m / e

abundance

C

61 62 63 64 65 66
m / e

abundance

D

100%

17%

74% 33%

12%
26% 22%

33%

33%

50%

 

 

 

5 Which isolated gaseous atom has a total of five electrons occupying spherically shaped orbitals? 

 

A boron 

B fluorine 

C sodium 

D potassium 

 

 

6 Carbon and silicon have the same outer electronic structure. 

 

Why is a Si–Si bond weaker than a C–C bond? 

A Silicon atoms have a larger atomic radius than carbon atoms. 

B Silicon has a greater nuclear charge than carbon. 

C Silicon has a smaller first ionisation energy than carbon. 

D Silicon is more metallic than carbon. 
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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

9701/1/M/J/03

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

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

33 The conversion of graphite into diamond is an endothermic reaction (∆H = +3 kJ mol–1).

C(graphite)  → C(diamond)

Which statements are correct?

1 The enthalpy change of atomisation of diamond is smaller than that of graphite.

2 The bond energy of the C–C bonds in graphite is greater than that in diamond.

3 The enthalpy change of combustion of diamond is greater than that of graphite.

34 Which of the following statements are correct for the sequence of compounds below considered
from left to right?

NaF          MgO          AlN          SiC

1 The electronegativity difference between the elements in each compound increases.

2 The formula-units of these compounds are isoelectronic (have the same number of
electrons).

3 The bonding becomes increasingly covalent.

35 Which statements are reasons why sulphur dioxide is used as a food preservative? 

1 It is a reducing agent and therefore an anti-oxidant.

2 It prevents alcohols forming sour-tasting acids.

3 It does not smell and therefore can be used in more than trace quantities.

36 Why is the addition of concentrated sulphuric acid to solid potassium iodide unsuitable for the
preparation of hydrogen iodide?

1 Hydrogen iodide is not displaced by sulphuric acid.

2 Iodide ions are oxidised to iodine.

3 The product is contaminated by sulphur compounds.

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

[W’03 1 Q34]
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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 diagrams represent part of a giant molecular structure? 

 

1 2 3
= C = C = Na

= Cl

 

 

 

32 Which reactions are redox reactions? 

1 CaBr2 + 2H2SO4 → CaSO4 + Br2 + SO2 + 2H2O 

2 CaBr2 + 2H3PO4 → Ca(H2PO4)2 + 2HBr 

3 CaBr2 + 2AgNO3 → Ca(NO3)2 + 2AgBr 

 

 

33 Sodium hydrogensulfide, NaSH, is used to remove hair from animal hides. 

 

Which statements about the SH
–

 ion are correct? 

1 It contains 18 electrons. 

2 Three lone pairs of electrons surround the sulfur atom. 

3 Sulfur has an oxidation state of +2. 

 

 

[S’10 3 Q32]
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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 P and Q are two compounds with similar Mr values. Molecules of P attract each other by 

hydrogen bonds. Molecules of Q attract each other by van der Waals’ forces only. 

 

A sample of liquid P is compared to a sample of liquid Q. 

 

How will their properties differ? 

1 P is more soluble in water than Q. 

2  P has a higher melting point than Q. 

3 P is more viscous than Q. 

 

 

32  The reaction 

 

E  +  F    G  +  H 

 

is catalysed by platinum. 

 

Which statements about the properties of the catalyst are correct? 

1 The catalyst has no effect on the enthalpy change of the reaction. 

2  The catalyst increases the rate of the reverse reaction. 

3 The catalyst increases the average kinetic energy of the reacting particles. 

 

 

33 Which elements have atoms which can form π bonds with atoms of other elements? 

1 oxygen 

2  nitrogen 

3 fluorine 
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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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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  An element X and compound YZ react separately with acid as shown. 

 

X(s) + 2H
+

(aq) → X
2+

(aq) + H
2
(g) 

YZ(s) + 2H
+

(aq) → Y
2+

(aq) + H
2
Z(g) 

 

When 1.0 g of either X or YZ is reacted with an excess of acid, the total volume of gas formed is 
the same. 

 

Which statements are correct? 

1 A
r
(X) = M

r
(YZ) 

2 X and Y are metals. 

3 X and Y must both be in the same Group of the Periodic Table. 

 

 

35 In the gas phase, aluminium chloride exists as the dimer, Al
2
Cl

6
. 

By using this information, which of the following are structural features of the Al
2
Cl

6
 molecule? 

1 Each aluminium atom is surrounded by four chlorine atoms. 

2 There are twelve non-bonded electron pairs in the molecule. 

3 Each aluminium atom contributes electrons to four covalent bonds. 
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For
Examiner’s

Use

2 The unsaturated hydrocarbon ethyne (acetylene), C2H2, is widely used in ‘oxy-acetylene 
torches’ for cutting and welding metals. In the torch, ethyne is burned in oxygen to produce a 
flame with a temperature of 3400 K.

 (a) Ethyne is a linear molecule with a triple bond, C!C, between the two carbon atoms.

  Draw a ‘dot-and-cross’ diagram of an ethyne molecule.

 [1]

 (b) When used for cutting or welding, ethyne is transported in cylinders which contain the 
gas under pressure. A typical cylinder has a volume of 76 dm3 and contains ethyne gas 
at 1515 kPa pressure at a temperature of 25 °C.

  Use the general gas equation, pV = nRT, to calculate the amount, in moles, of ethyne in 
this cylinder.

 [2]

 (c) In some countries, ethyne is manufactured from calcium carbide, CaC2, which is 
produced by heating quicklime and coke together at 2300 K.

CaO  +  3C    CaC2  +  CO

  When water is added to the CaC2, calcium hydroxide, Ca(OH)2, and ethyne, C2H2, are 
produced.

  (i) Construct a balanced equation for the formation of ethyne from calcium carbide.

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

  (ii) Use this equation and your answer to part (b) to calculate the mass of CaC2 which 
will react with an excess of water to produce enough ethyne to fill 100 cylinders of 
the gas.

 [3]

2

2
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For
Examiner’s

Use

    Answer all the questions in the spaces provided.

1 Copper and titanium are each used with aluminium to make alloys which are light, strong 
and resistant to corrosion.

 Aluminium, Al, is in the third period of the Periodic Table; copper and titanium are both 
transition elements.

 (a) Complete the electronic configuration of aluminium and of titanium, proton number 22.

Al 1s2

Ti 1s2

[1]

 Aluminium reacts with chlorine.  

 (b) (i) Outline how, starting from aluminium powder, this reaction could be carried out 
in a school or college laboratory to give a small sample of aluminium chloride.  A 
diagram is not necessary.

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

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

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

  (ii) Describe what you would see during this reaction.

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

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

  (iii) At low temperatures, aluminium chloride vapour has the formula Al2Cl6.
   Draw a ‘dot-and-cross’ diagram to show the bonding in Al2Cl6.
   Show outer electrons only.
   Represent the aluminium electrons by �.
   Represent the chlorine electrons by x.

[6]
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