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4 A slow stream of water from a tap can be deflected by an electrostatically charged plastic rod
because water is a polar molecule.

Why is a water molecule polar?

A Molecules are bonded together by hydrogen bonds.

B The oxygen and hydrogen atoms have different electronegativities.

C The oxygen atom has two lone pairs of electrons.

D Water is able to dissociate into ions.

5 Why does copper wire conduct electricity when a potential difference is applied?

A Bonding electrons in the crystal lattice move.

B Copper(II) ions move to the cathode.

C The atoms of copper become ionised.

D The crystal lattice breaks down.

6 Flask X contains 1 dm3 of helium at 2 kPa pressure and flask Y contains 2 dm3 of neon at 1 kPa
pressure.

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

A 1 !" kPa           B     1 !# kPa           C 1 $" kPa           D     2 kPa

liquid

burette

negatively charged rod
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7 When heated, solid iodine readily forms iodine vapour.

What does this information suggest about the nature of the particles in these two physical states
of iodine?

solid vapour

A ionic atomic

B ionic molecular

C molecular atomic

D molecular molecular

8 Which statement about the standard enthalpy change of formation of carbon dioxide is correct?

A It is equal to the standard enthalpy change of combustion of carbon.

B It is equal to twice the bond energy of the C=O bond.

C It is the energy released when one mole of carbon dioxide is formed from carbon at the
temperature of combustion of the carbon.

D It is the same for carbon dioxide produced from graphite and from diamond.

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

Hydrazine was used as a fuel for the Messerschmidt 163 rocket fighter in World War II and for the
American Gemini and Apollo spacecraft.  It has the following formula.

What is the enthalpy change of atomisation of 1 mol of gaseous hydrazine?

A 550 kJ 

B 1720 kJ 

C 1970 kJ 

D 2554 kJ 

10 For which equilibrium does Kc have no units?

A C(s) + H2O(g)         CO(g) + H2(g)

B CH3OH(l) + CH3CO2H(l)         CH3CO2CH3(l) + H2O(l)

C Cu2+(aq) + 4NH3(aq)         Cu(NH3)4
2+(aq)

D N2O4(g)         2NO2(g)

N N

H

H

H

H
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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

N

H

H

N

H

H

H

H

H

H

A

B

90°

H HN

H

N

H
90°

C N N

120°

H
H

H

HD N N

107°
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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

[W’04 Q6]
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5 In which process are hydrogen bonds broken? 

A H2(l) → H2(g) 

B NH3(l) → NH3(g) 

C 2HI(g) → H2(g) + I2(g) 

D CH4(g) → C(g) + 4H(g) 

 

 

6 Which of the following least resembles an ideal gas? 

A ammonia 

B helium 

C hydrogen 

D trichloromethane 

 

 

7 The diagram shows part of the lattice structures of solids X and Y. [In X,  represent 

particles of different elements.] 

 

X Y
 

 

What are the types of bonding present in X and Y? 

 

 X Y 

A covalent metallic 

B ionic covalent 

C ionic metallic 

D metallic ionic 
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6  In which reaction does the carbon-containing product have a smaller bond angle than the organic 

reactant? 

A bromoethane refluxed with ethanolic sodium hydroxide 

B complete combustion of methane in air 

C methane and an excess of chlorine under ultraviolet light 

D polymerisation of ethene 

 

 

7  A crystal of iodine produces a purple vapour when gently heated. 

 

Which pair of statements correctly describes this process? 

 

 type of bond broken formula of purple species 

A covalent I 

B covalent I2 

C induced dipole-dipole I2 

D permanent dipole-dipole I2 

 

 

8  Hydrogen peroxide slowly decomposes into water and oxygen. The enthalpy change of reaction 

can be calculated using standard enthalpies of formation. 

 

(hydrogen peroxide(l)) = –187.8 kJ mol–1 

(water(l)) = –285.8 kJ mol–1 
 

Using a Hess cycle, what is the enthalpy change of reaction for this decomposition? 

 

2H2O2(l) → 2H2O(l) + O2(g) 

 

A +98 kJ mol–1 

B −98 kJ mol–1 

C −196 kJ mol–1 

D −947.2 kJ mol–1 
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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 Why is the boiling point of ammonia, NH3, higher than the boiling point of phosphine, PH3? 

A Ammonia molecules are polar; phosphine molecules are not. 

B Ammonia molecules have significant hydrogen bonding; phosphine molecules do not. 

C N–H covalent bonds are stronger than P–H covalent bonds. 

D There is one lone pair in each ammonia molecule but no lone pair in each phosphine 
molecule. 

 
 
2 Neutrons are passed through an electric field. The mass of one neutron relative to 12

1  the mass of 
a 12C atom and any deflection in the electric field is recorded. 

 
Which row is correct? 

 

 mass of 
neutron 

behaviour of beam of 
neutrons in an electric field 

A 0 deflected 

B 1 deflected 

C 0 not deflected 

D 1 not deflected 
 
 
3 The table refers to the electron distribution in the second shell of an atom with eight protons. 
 

Which row is correct for this atom? 
 

 
orbital shape  orbital shape  

orbital type number of 
electrons orbital type number of 

electrons 

A p 2 s 4 

B p 4 s 2 

C s 2 p 4 

D s 4 p 2 
 
 

[S’18 3 Q1]
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5  Which molecule has the largest overall dipole? 

 

Cl Cl

Cl Cl

C C

A B

O C

C

O C

D

O C O

Cl

Cl

H

H
 

 

 

6  The first stage in the industrial production of nitric acid from ammonia can be represented by the 

following equation. 

 

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

 

Using the following standard enthalpy change of formation data, what is the value of the standard 

enthalpy change, ∆H
o

, for this reaction? 

 

compound ∆Hf

o  / kJ mol–1 

NH3(g) –46.1 

NO(g) +90.3 

H2O(g) –241.8 

 

A +905.2 kJ mol–1 

B –105.4 kJ mol–1 

C –905.2 kJ mol–1 

D –1274.0 kJ mol–1 
 

 

7  Which conversion involves a reduction of chromium? 

A 
−2

4
CrO → CrO3 

B 
−2

4
CrO → 

−2

72
OCr  

C CrO2Cl2 → 
−2

4
CrO  

D CrO2Cl2 → Cr2O3 
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4 Use of the Data Booklet is relevant to this question. 

 

Which graph represents the number of unpaired p orbital electrons for atoms with proton 

numbers 13 to 18? 

 

13 14 15 16 17 18
0

number of
unpaired
electrons

13 14 15 16 17 18
0

number of
unpaired
electrons

13 14 15 16 17 18
0

number of
unpaired
electrons

13 14 15 16 17 18
0

number of
unpaired
electrons

A B

C D

proton number proton number

proton number proton number
 

 

 

5 Which statement explains why the boiling point of methane is higher than that of neon? 

[Ar: H, 1; C, 12; Ne, 20] 

A A molecule of methane has a greater mass than a molecule of neon. 

B Molecules of methane form hydrogen bonds, but those of neon do not. 

C Molecules of methane have stronger intermolecular forces than those of neon. 

D The molecule of methane is polar, but that of neon is not. 

 

 

[S’09 1 Q5]
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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 dm3

 of carbon dioxide at 27 °C and 2.0 kPa 

B 1.00 dm3

 of hydrogen at 100 °C and 2.0 kPa 

C 1.00 dm3

 of nitrogen at 300 °C and 4.0 kPa 

D 1.00 dm3

 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. 

 

 

1 The ability of an atom in a covalent bond to attract electrons to itself is called its electronegativity. 

 

The greater the difference between the electronegativities of the two atoms in the bond, the more 

polar is the bond. 

 

Which pair will form the most polar covalent bond between the atoms? 

A chlorine and bromine 

B chlorine and iodine 

C fluorine and chlorine 

D fluorine and iodine 

 

 

2 Which diagram correctly represents the Boltzmann distribution of molecular energies at two 

temperatures T1 and T2, where T1 = 300 K and T2 = 310 K? 
 

proportion
of molecules

proportion
of molecules

proportion
of molecules

proportion
of molecules

molecular
energy

molecular
energy

molecular
energy

molecular
energy

0 

A  

T1
T2 T1

T1
T1

T2

T2
T2

0 

B  

0 

C 

0 

D 
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9 50 cm3

 of 2.50 mol dm–3

 hydrochloric acid was placed in a polystyrene beaker of negligible heat 

capacity. Its temperature was recorded and then 50 cm3

 of 2.50 mol dm–3

 NaOH at the same 

temperature was quickly added, with stirring. The temperature rose by 17 °C. 
 

The resulting solution may be considered to have a specific heat capacity of 4.2 J g–1 K–1

. 

 

What is an approximate value for the molar enthalpy change of neutralisation of hydrochloric acid 

and sodium hydroxide from this experiment? 

A 

)5.2x050.0(

)17x2.4x50(− 1

molJ
−  

B 

)5.2x10.0(

)17x2.4x50(− 1

molJ
−  

C 

)5.2x050.0(

)17x2.4x100(− 1

molJ
−  

D 

)5.2x50(

)17x2.4x100(− 1

molJ
−

 

 

 

10 Three substances, R, S and T, have physical properties as shown. 

 

substance R S T 

mp / oC 801 2852 3550 

bp / oC 1413 3600 4827 

electrical conductivity of solid poor poor good 

 

What could be the identities of R, S and T ? 
 

 R S T 

A MgO NaCl C [graphite] 

B MgO NaCl SiO
2
 

C NaCl MgO C [graphite] 

D NaCl MgO SiO
2
 

 

 

11 In which change would only van der Waals’ forces have to be overcome? 

A evaporation of ethanol C
2
H

5
OH(l) → C

2
H

5
OH(g) 

B melting of ice H
2
O(s) → H

2
O(l) 

C melting of solid carbon dioxide CO
2
(s) → CO

2
(l) 

D solidification of butane C
4
H

10
(l) → C

4
H

10
(s) 
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7  The Contact process is used in the manufacture of sulfuric acid. The equation for the main 

reaction is shown below. 

 

 2SO2(g)  +  O2(g)    2SO3(g) ∆H = –196 kJ mol
–1

 

 

Which statement about this reaction is incorrect? 

A Increased pressure gives a higher yield of SO3. 

B Increased temperature gives a higher yield of SO3. 

C In the forward reaction the oxidation state of sulfur changes from +4 to +6. 

D Vanadium(V) oxide is used as a catalyst. 

 

 

8  When making sparkler fireworks, a mixture of barium nitrate powder with aluminium powder, 

water and glue is coated onto wires and allowed to dry. At this stage, the following exothermic 

reaction may occur. 

 

16Al  +  3Ba(NO3)2  +  36H2O  →  3Ba(OH)2  +  16Al (OH)3  +  6NH3 

 

Which conditions would be best to reduce the rate of this reaction during the drying process, and 

would also keep the aluminium and barium nitrate unchanged? 

 

 temperature / K pH 

A 298 7 

B 298 14 

C 398 7 

D 398 14 

 

 

9  Which molecular structure will have the smallest overall dipole? 

 

C C 

H

A

C C 

B

C C 

C

C C 

D
H3 C H3 C CH3

CH3

Cl Cl ClCl Cl

ClH3 C H3 C H3 CClCl H2 C
 

 

 

10  The equilibrium constant, Kc, for the reaction H2(g)  +  I2(g)    2HI(g), is 60 at 450 °C. 

 

What is the number of moles of hydrogen iodide in equilibrium with 2 mol of hydrogen and 0.3 mol 

of iodine at 450 °C? 

A 

100

1

 B 

10

1

 C 6 D 36 

 

 

[W’09 2 Q4]
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14  Two students, P and Q, were asked to draw bar charts to represent how some properties of the 

halogens and their compounds differ in magnitude. Their diagrams are shown. 

 

0

solubility
Cl

Br

I

student P

solubility of AgX(s) in NH3(aq)

0

∆H o
Cl Br I

student Q

∆H 
o for H2(g)  +  X2(g)  →  2HX(g)

 

 

Which of the student’s diagrams are correct? 

A both P and Q 

B P only 

C Q only 

D neither P nor Q 

 

 

15  When iodine is heated, a vapour is produced. 

 

Which row of the table correctly identifies the species in the vapour and its colour? 

 

 species colour 

A I(g) brown 

B I(g) purple 

C I2(g) brown 

D I2(g) purple 

 

 

16  How do the strengths of the covalent bonds within molecules, and the van der Waals’ forces 

between molecules, vary going down Group VII from chlorine to bromine to iodine? 

 

 
strength of 

covalent bonds 

strength of 

van der Waals’ forces 

A decrease decrease 

B decrease increase 

C increase decrease 

D increase increase 
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7  At room temperature and pressure, H2O is a liquid and H2S is a gas. 

 

What is the reason for this difference? 

A O has higher first and second ionisation energies than S. 

B The covalent bond between O and H is stronger than the covalent bond between S and H. 

C There is significant hydrogen bonding between H2O molecules but not between H2S 

molecules. 

D The instantaneous dipole-induced dipole forces between H2O molecules are stronger than 

the instantaneous dipole-induced dipole forces between H2S molecules. 

 

 

8  Gaseous phosphorus pentachloride can be decomposed into gaseous phosphorus trichloride and 

chlorine by heating. The table gives the bond energies. 

 

bond bond energy / kJ mol–1 

P–Cl (in both chlorides) 330 

Cl –Cl 242 

 

What is the enthalpy change for the decomposition of PCl 5 to PCl 3 and Cl 2? 

A –418 kJ mol–1 

B –88 kJ mol–1 

C +88 kJ mol–1 

D +418 kJ mol–1 
 

 

9  An aqueous solution was prepared containing a mixture of 1.0 mol of AgNO3 and 1.0 mol of 
FeSO4 in 1.00 dm3

 of water. When equilibrium was established, there was 0.44 mol of Ag+(aq) in 
the mixture. 

 

Ag
+

(aq)  +  Fe
2+

(aq)    Ag(s)  +  Fe
3+

(aq) 

 

What is the numerical value of Kc? 

A 0.62 B 1.40 C 1.62 D 2.89 

 

 

10 The equation for the reaction between carbon monoxide and hydrogen is shown. 

 

CO(g)  +  3H2(g)    CH4(g)  +  H2O(g) 

 

What are the units of Kp for this reaction?  

A kPa B kPa
–1

 C kPa
2

 D kPa
–2
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5 The presence of dipoles helps to explain why the element Br2 and the compound CHCl 3  exist as 
liquids at room temperature. 

 

Which types of dipole are involved? 

 

 Br2 CHCl 3  

A 
induced dipoles and permanent 

dipoles 

induced dipoles and permanent 

dipoles 

B 
induced dipoles and permanent 

dipoles 
induced dipoles only 

C induced dipoles only 
induced dipoles and permanent 

dipoles 

D induced dipoles only induced dipoles only 

 

 

6 Three compounds have the physical properties shown in the table. 

 

compound P Q R 

melting point / °C 2852  993  –119 

boiling point / °C 3600  1695  39 

conductivity (solid) poor poor poor 

conductivity (liquid) good good poor 

conductivity (aqueous) insoluble good insoluble 

 

 

What might be the identities of P, Q and R? 

 

 P Q R 

A MgO KCl NH3  

B MgO NaF C2H5Br 

C SiO2 KCl C2H5Br 

D SiO2 NaF HCl 

 

 

7 For the equilibrium 2SO2(g) + O2(g)  2SO3 (g), what will change the value of Kp ? 

A adding a catalyst 

B adding more O2 

C increasing the pressure 

D increasing the temperature 

 

 

8 Which pollutant, present in the exhaust fumes of an internal combustion engine, has an element 

in the +2 oxidation state and an odd number of electrons in one molecule of the pollutant? 

A CO B H2S C NO D NO2 

[W’11 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 The table gives the successive ionisation energies for an element X. 

 

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

ionisation energy / kJ mol–1  950 1800 2700 4800 6000 12 300 
 

What could be the formula of a chloride of X? 

A XCl B XCl 2  C XCl 3  D XCl 4  
 

 

2 Which set of conditions gives the highest yield of ammonia at equilibrium? 

 

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

 catalyst pressure temperature 

A absent high low 

B absent low high 

C present high high 

D present low low 

 

 

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

 

The compound S2O7  is hydrolysed by water to produce sulfuric acid and oxygen only. 

 

Which volume of oxygen, measured at room temperature and pressure, is evolved when 0.352 g 
of S2O7  is hydrolysed? 

A 12 cm3

 B 24 cm3

 C 48 cm3

 D 96 cm3

 

 

 

4 Nitrogen, N2 , and carbon monoxide, CO, both have Mr = 28. 

 

The boiling point of N2  is 77 K. 
 

The boiling point of CO is 82 K. 
 

What could be responsible for this difference in boiling points?  

A CO molecules have a permanent dipole, the N2  molecules are not polar. 

B N2  has σ and π bonding, CO has σ bonding only. 

C N2  has a strong N≡N bond, CO has a C=O bond. 

D The CO molecule has more electrons than the N2  molecule. 
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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 dm3

 of carbon dioxide at 27 °C and 2.0 kPa 

B 1.00 dm3

 of hydrogen at 100 °C and 2.0 kPa 

C 1.00 dm3

 of nitrogen at 300 °C and 4.0 kPa 

D 1.00 dm3

 of oxygen at 250 °C and 3.0 kPa 
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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. 

 

 

[W’12 3 Q2]

20

3 

© UCLES 2017 9701/12/F/M/17 [Turn over 

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 dm3

 of carbon dioxide at 27 °C and 2.0 kPa 

B 1.00 dm3

 of hydrogen at 100 °C and 2.0 kPa 

C 1.00 dm3

 of nitrogen at 300 °C and 4.0 kPa 

D 1.00 dm3

 of oxygen at 250 °C and 3.0 kPa 
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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

11 
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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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34 What is involved when a hydrogen bond is formed between two molecules? 

1 a hydrogen atom bonded to an atom less electronegative than itself 

2 a lone pair of electrons 

3 an electrostatic attraction between opposite charges 

 

 

35 When the yellow liquid NCl 3 is stirred into aqueous sodium hydroxide, the reaction that occurs 

can be represented by the following equation. 

 

2NCl 3(l) + 6NaOH(aq) → N2(g) + 3NaCl (aq) + 3NaOCl (aq) + 3H2O(l) 

 

What will be the result of this reaction? 

1 The nitrogen undergoes a redox reaction. 

2 A bleaching solution remains after the reaction. 

3 The final solution gives a precipitate with acidified silver nitrate. 

 

 

36 In a car engine pollutant oxide Y, which contains non-metallic element X, is formed. 

 

Further oxidation of Y to Z occurs in the atmosphere. In this further oxidation, 1 mol of Y reacts 
with 0.5 mol of gaseous oxygen. 

 

X could be either nitrogen or sulfur. 

 

Which statements about X, Y and Z can be correct? 

1 The oxidation number of X increases by two from Y to Z. 

2 Y may have an unpaired electron in its molecule. 

3 Y is a polar molecule. 

 

 

37 Which compounds can be obtained from ethene in a single reaction? 

 

CH3 CH3

HOCH2 CH2 OH

(   CH2 CH2   )n

1

3

2
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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 monomer undergoes addition polymerisation. A 1 mol sample of the monomer is completely 
polymerised. 

 

How many moles of polymer might, theoretically, be formed? 

1 1 

2 10
–6

 

3 
23

10
  .026

1

×

 

 

 

32 Which physical properties are due to hydrogen bonding between water molecules? 

1 Water has a higher boiling point than H2S. 

2 Ice floats on water. 

3 The H−O−H bond angle in water is approximately 104°.
 

 

 

 

33 Which equilibria, in which all species are gaseous, would have equilibrium constants, K
p
, with no 

units? 

1 sulfur dioxide and oxygen in equilibrium with sulfur trioxide 

2 hydrogen and iodine in equilibrium with hydrogen iodide 

3 carbon monoxide and steam in equilibrium with carbon dioxide and hydrogen 

 

 

[W’09 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. 

 

 

32 The diagram represents the Boltzmann distribution of molecular energies at a given temperature. 

 

energy

proportion
of molecules

 

 

Which of the factors that affect the rate of a reaction can be explained using such a Boltzmann 

distribution? 

1 increasing the concentration of reactants 

2 increasing the temperature 

3 the addition of a catalyst 

 

 

33 Which types of intermolecular forces can exist between adjacent urea molecules? 

 

H2N
C 

O

NH2

urea
 

 

1 hydrogen bonding 

2 permanent dipole-dipole forces 

3 temporary induced dipole-dipole forces 
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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
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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
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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 Kevlar has the structure below. 

 

N

O

C

O

C

H

N

H

O

C N

O

C

H

N

H
 

 

Compared to a steel rope of similar dimensions, a Kevlar rope is both lighter and stronger. 

 

Which properties of Kevlar help to explain these facts? 

1 The fibres of Kevlar align due to hydrogen bonding. 

2 The mass per unit length is less in a Kevlar rope than in a steel rope. 

3 The Kevlar molecule has no permanent dipole. 

 

 

32 Which of the following can act as a Bronsted-Lowry acid? 

1 H3O
+

 

2 
+

4
NH  

3 H2O 

 

 

33 Under given conditions, what governs the rate of a forward reaction? 

1 the activation energy of the reaction 

2 the enthalpy change of the reaction 

3 the equilibrium constant of the reaction 

 

 

[W’08 Q31]
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Section B 

 

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

be correct. 

 

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

the statements that you consider to be correct). 

 

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

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

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

 

 

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

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

energy in its group. 

 

Which compounds could be compound X? 

1 calcium chloride 

2 magnesium bromide 

3 potassium sulfide 

 

 

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

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

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

 

Which statements are correct? 

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

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

3 Hydrogen bonds cause the viscosity of water to be higher than expected. 
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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 definitions of many chemical terms can be illustrated by chemical equations. 

 

Which terms can be illustrated by an equation that shows the formation of a positive ion? 

1 first ionisation energy 

2 heterolytic fission 

3 enthalpy change of atomisation 

 

 

32 Why does aluminium chloride, Al2Cl6, sublime at the relatively low temperature of 180 °C? 

1 The intermolecular forces between the Al 2Cl 6 molecules are weak. 

2 The co-ordinate bonds between aluminium and chlorine are weak. 

3 The covalent bonds between aluminium and chlorine are weak. 

 

 

33 The three statements that follow are all true. 

 

Which of these can be explained, at least in part, by reference to hydrogen bonding? 

1 At 0 °C ice floats on water. 

2 The boiling point of propan-2-ol is 82 °C. The boiling point of propanone is 56 °C. 

3 At 20 °C propanone and propanal mix completely. 
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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. 

 

 

36 The intermolecular forces between iodine molecules are instantaneous dipole-induced dipole 

forces. 

 

Which statements explain why iodine has these intermolecular forces? 

1 An iodine molecule is polar and experiences an attraction from a lone pair of electrons on an 

adjacent molecule. 

2 An iodine molecule has a fluctuating dipole because the electrons in a molecule are more 

mobile than the nuclei. 

3 The electron charge cloud within an I2 molecule may become unsymmetrical and may then 

attract other I2 molecules. 

 

 

37  Which reactions must be warmed to form a solid product? 

1 CH3CH2CHO  +  2,4-dinitrophenylhydrazine reagent 

2 CH3CH2CHO  +  Fehling’s reagent 

3 CH3CH2CHO  +  Tollens’ reagent 

 

 

38  When hydrolysed with dilute sulfuric acid, which compounds produce propanoic acid? 

1 CH3CH2CO2CH3  

2 CH3CH2CH2CN 

3 CH3CH2CH2Cl 

 

 

[S’14 3 Q36]
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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 molecules have an overall dipole moment? 

1 carbon monoxide, CO 

2 phosphine, PH3 

3 carbon dioxide, CO2 
 
 
32 The diagram illustrates the enthalpy changes of a set of reactions 
 

R ∆H = –134 kJ mol–1

∆H = –75 kJ mol–1

∆H = +92 kJ mol–1

S

T U  
 

Which 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. 
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Answer all the questions in the spaces provided.

1 Ethene, C2H4, and hydrazine, N2H4, are hydrides of elements which are adjacent in the 
Periodic Table. Data about ethene and hydrazine are given in the table below.

C2H4 N2H4

melting
point/°C –169 +2

boiling
point/°C –104 +114

solubility in 
water insoluble high

solubility in 
ethanol high high

 (a) Ethene and hydrazine have a similar arrangement of atoms but differently shaped 
molecules.

  (i) What is the H-C-H bond angle in ethene?

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

  (ii) Draw a ‘dot-and-cross’ diagram for hydrazine.

  (iii) What is the H-N-H bond angle in hydrazine?

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

 (b) The melting and boiling points of hydrazine are much higher than those of ethene.
  Suggest reasons for these differences in terms of the intermolecular forces each 

compound possesses.

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

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

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

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

 ......................................................................................................................................[3]
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    Answer all the questions in the spaces provided.

1 The structural formulae of water, methanol and methoxymethane, CH3 OCH3 , are given 
below.

O

H H

O

H3 C H

O

H3 C CH3

 (a) (i) How many lone pairs of electrons are there around the oxygen atom in 
methoxymethane?

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

  (ii) Suggest the size of the C–O–C bond angle in methoxymethane.

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

 The physical properties of a covalent compound, such as its melting point, boiling point, 
vapour pressure, or solubility, are related to the strength of attractive forces between the 
molecules of that compound.

 These relatively weak attractive forces are called intermolecular forces. They differ in their 
strength and include the following.

 A interactions involving permanent dipoles

 B interactions involving temporary or induced dipoles

 C hydrogen bonds

 (b) By using the letters A, B, or C, state the strongest intermolecular force present in each 
of the following compounds. 

  For each compound, write the answer on the dotted line.

ethanal CH3 CHO  ..............

ethanol CH3 CH2OH  ..............

methoxymethane CH3 OCH3   ..............

2-methylpropane (CH3 )2CHCH3   ..............  [4]
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 (c) Methanol and water are completely soluble in each other.

  (i) Which intermolecular force exists between methanol molecules and water molecules 
that makes these two liquids soluble in each other? 

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

  (ii) Draw a diagram that clearly shows this intermolecular force. Your diagram should 
show any lone pairs or dipoles present on either molecule that you consider to be 
important.

 [4]

 (d) When equal volumes of ethoxyethane, C2H5OC2H5, and water are mixed, shaken, and 
then allowed to stand, two layers are formed.

  Suggest why ethoxyethane does not fully dissolve in water. Explain your answer.

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

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

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

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

 [Total: 12]

3

9701/02/M/J/08© UCLES 2008 [Turn over

For
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Use

 (c) Methanol and water are completely soluble in each other.

  (i) Which intermolecular force exists between methanol molecules and water molecules 
that makes these two liquids soluble in each other? 

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

  (ii) Draw a diagram that clearly shows this intermolecular force. Your diagram should 
show any lone pairs or dipoles present on either molecule that you consider to be 
important.

 [4]

 (d) When equal volumes of ethoxyethane, C2H5OC2H5, and water are mixed, shaken, and 
then allowed to stand, two layers are formed.

  Suggest why ethoxyethane does not fully dissolve in water. Explain your answer.

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

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

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

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

 [Total: 12]
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 (d)  A mixture of neon and argon has a mass of 0.275 g. The mixture was placed in a gas syringe 
at a temperature of 25 °C and a pressure of 100 kPa. Under these conditions the mixture was 
found to occupy a volume of 200 cm3.

 (i)  Calculate the average Mr of the mixture.

average Mr = .................................  [2]

 (ii)  Use your answer to (i) to calculate the percentage of neon in the mixture.
  Give your answer to three signifi cant fi gures.

percentage of neon = ................................. %  [1]

 (e)  Neon and argon can both be obtained by fractional distillation of liquid air as they have different 
boiling points.

  Neon has a boiling point of 27.3 K. The boiling point of argon is 87.4 K.

 (i)  Name the force that has to be overcome in order to boil neon or argon and explain what 
causes it.

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

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

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

 (ii)  Explain why argon has a higher boiling point than neon.

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

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

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

[Total: 18]
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72 Carbon disulphide, CS2, is a volatile, stinking liquid which is used to manufacture viscose
rayon and cellophane.

(a) The carbon atom is in the centre of the CS2 molecule.

Draw a ‘dot-and-cross’ diagram of the carbon disulphide molecule.

Show outer electrons only.

[2]

(b) Suggest the shape of the molecule and give its bond angle.

shape .........................................................

bond angle ................................................. [2]

(c) Explain the term standard enthalpy change of formation, !H f .

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

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

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

(d) Calculate the standard enthalpy change of formation of CS2 from the following data.

standard enthalpy change of formation of SO2 = –298 kJ mol–1

standard enthalpy change of formation of CO2 = –395 kJ mol–1

standard enthalpy change of combustion of CS2 = –1110 kJ mol–1

[3]

4

For
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Use

9701/02/O/N/05© UCLES 2005

2 Sulphur and its compounds are found in volcanoes, in organic matter and in minerals.

Sulphuric acid, an important industrial chemical, is manufactured from sulphur by the
Contact process. There are three consecutive reactions in the Contact process which are
essential.

(a) Write a balanced equation (using where appropriate) for each of these reactions
in the correct sequence.

1 .......................................................................................................................................

2 .......................................................................................................................................

3 ................................................................................................................................. [4]

(b) What catalyst is used?

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

Hydrogen sulphide, H2S, is a foul-smelling compound found in the gases from volcanoes.
Hydrogen sulphide is covalent, melting at –85 °C and boiling at –60 °C.

(c) (i) Draw a ‘dot-and-cross’ diagram to show the structure of the H2S molecule.

(ii) Predict the shape of the H2S molecule.

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

(iii) Oxygen and sulphur are both in Group VI of the Periodic Table.

Suggest why the melting and boiling points of water, H2O, are much higher than
those of H2S.

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

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

............................................................................................................................ [4]
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Answer all the questions in the spaces provided.

1 (a)  Fill the gaps in the table for each of the given particles.

name
of isotope

type
of particle charge symbol electron

confi guration

carbon-13 1s22s22p2

–1 Cl37
17

–

sulfur-34 atom 0

iron-54 cation 1s22s22p63s23p63d6

[5]

 (b)  One of the factors that determines the type of bonding present between the particles of a 
substance is the relative electronegativities of the bonded particles.

 (i)  Explain the meaning of the term electronegativity.

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

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

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

 (ii)  Name and describe the type of bonding you would expect to fi nd between particles with 
equal electronegativities.

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

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

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

 (iii)  Name and describe the type of bonding you would expect to fi nd between particles with 
very different electronegativities.

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

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

  .......................................................................................................................................   [2]
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 (c)  The boiling points of some molecules with equal numbers of electrons are given.

substance fl uorine argon hydrogen
chloride methanol

formula F2 Ar HCl CH3OH

boiling point / K 85 87 188 338

 (i)  Explain why the boiling points of fl uorine and argon are so similar.

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

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

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

 (ii)  Explain why the boiling point of hydrogen chloride is higher than that of fl uorine.

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

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

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

 (iii)  Explain why methanol has the highest boiling point of all these molecules.

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

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

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

[Total: 17]
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2

9701/02/SP/16© UCLES 2014

Answer all the questions in the spaces provided.

1 Elements and compounds which have small molecules usually exist as gases or liquids.

 (a) Chlorine, Cl2, is a gas at room temperature whereas bromine, Br2, is a liquid under the same 

conditions.

  Explain these observations.

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

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

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

 (b) The gases nitrogen, N2, and carbon monoxide, CO, are isoelectronic, that is they have the 

same number of electrons in their molecules.

  Suggest why N2 has a lower boiling point than CO.

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

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

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

 (c) A ‘dot-and-cross’ diagram of a CO molecule is shown below. Only electrons from outer shells 

are represented.

C O

  In the table below, there are three copies of this structure.

  On the structures, draw a circle around a pair of electrons that is associated with each of the 

following.

a co-ordinate bond a covalent bond a lone pair

C O C O C O

 [3]
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