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1 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. 

2 Four drops of 1-chlorobutane, 1-bromobutane and 1-iodobutane were put separately into three 

test-tubes containing 1.0 cm3 of aqueous silver nitrate at 60 °C. 

In each case, a hydrolysis reaction occurred. R represents the butane chain C4H9 and X the 
halogen atom. 

H2O(l)  +  R–X(l)  +  Ag+(aq)  →  R–OH(aq)  +  AgX(s)  +  H+(aq)

The rate of formation of cloudiness in the test-tubes was in the order RCl < RBr < RI. 

Why is this? 

A The bond energy of R–X decreases from RCl to RI. 

B The first ionisation energy of the halogen decreases from Cl to I. 

C The solubility of AgX(s) decreases from AgCl to AgI. 

D The R–X bond polarity decreases from RCl to RI. 

Section A 

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to 
be correct. 
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3 Which molecular structure will have the smallest overall dipole? 
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4 Use of the Data Booklet is relevant to this question. 

Which graph correctly shows relative electronegativity plotted against relative atomic radius for 
the elements Na, Mg, Al and Si? 
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5 Which energy change corresponds to the enthalpy change of atomisation of hydrogen at 298 K? 

A the bond energy of a H – H bond 

B half the bond energy of a H – H bond 

C minus half the bond energy of a H – H bond 

D minus the bond energy of a H – H bond 

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

A reaction which causes the presence of oxides of nitrogen in car exhausts is the formation of 
NO. 

2 + O2 → 2NO N ∆H = +180 kJ mol–1 

What is the bond energy in kJ mol–1 of the bond between the atoms in NO? 

A 655 B 835 C 1310 D 1670 

7 Which statement can be explained by intermolecular hydrogen bonding? 

A Butane has a higher boiling point than propane. 

B Hydrogen bromide forms an acidic solution when dissolved in water. 

C SiH4 has a higher boiling point than CH4. 

D Water has a higher boiling point than CH4. 

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

A evaporation of ethanol 

B melting of ice 

C melting of solid carbon dioxide 

D solidification of butane 

C2H5OH(l) → C2H5OH(g) 

H2O(s) → H2O(l) 

CO2(s) → CO2(l) 

C4H10(l) → C4H10(s) 
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10 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 

B 

C 

D 

induced dipoles and permanent 
dipoles 

induced dipoles and permanent 
dipoles 

induced dipoles only 

induced dipoles only 

induced dipoles and permanent 
dipoles 

induced dipoles only 

induced dipoles and permanent 
dipoles 

induced dipoles only 

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

Which bond in the structure below has the lowest bond energy? 
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9 Use of the Data Booklet is relevant to this question. 

Which element is likely to have an electronegativity similar to that of aluminium? 

A barium 

B beryllium 

C magnesium 

D strontium 
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12 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 

13 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. 
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14 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 I 

B I2 

C I2 

D 

covalent 

covalent 

induced dipole-dipole 

permanent dipole-dipole I2 

15 Which molecule has the largest overall dipole? 
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16 Al Cl3 reacts with LiAl H4 and (CH3)3N to give (CH3)3NAl H3. 

Which statement about (CH3)3NAl H3 is correct? 

A It contains hydrogen bonding. 

B It is dimeric. 

C The Al atom has an incomplete octet of electrons. 

D The bonds around the Al atom are tetrahedrally arranged. 
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17 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 

18 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) 

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

electrical conductivity 

subsubstance / oC b  / 

oC 
of solid of liquid 

R 801 1413 poor good

S 2852 3600 poor good

T 3550 4827 good not known

What could be the identities of R, S and T ? 
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20 Which compound has a boiling point that is influenced by hydrogen bonding? 

A CH3CHO 

B CH3OCH3 

C HCO2H 

D HCO2CH3 

21 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 
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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

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. 

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

1 

2 

3 

Water has a higher boiling point than H2S. 

Ice floats on water. 

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

23 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 

2 

3 

P is more soluble in water than Q. 

P has a higher melting point than Q. 

P is more viscous than Q. 

B C D
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24 On being heated, hydrogen iodide breaks down more quickly than hydrogen chloride. 

Which statements explain this faster rate? 

1

2 

3 

 The HI bond is weaker than the HCl bond. 

The reaction of the breakdown of HI has a smaller activation energy than that of HCl. 

The breakdown of HI is more exothermic than that of HCl. 

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

H2N
C 

O

NH2

urea

1 

2 

3 

hydrogen bonding 

permanent dipole-dipole forces 

instantaneous dipole-induced dipole forces 

26 Compared with the HI molecule, the bond ……P…… of the HBr molecule is ……Q…… 

Which pairs of words correctly complete the above sentence? 
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27 Compared with the HCl molecule, the bond ……X…… of the HBr molecule is ……Y…… 

Which pairs of words correctly complete the above sentence? 

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

1 

2 

3 

a hydrogen atom bonded to an atom less electronegative than itself 

a lone pair of electrons 

an electrostatic attraction between opposite charges 

29 The three statements that follow are all true. 

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

1 

2 

3 

At 0 °C ice floats on water. 

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

At 20 °C propanone and propanal mix completely. 

30 Why does aluminium chloride, Al 2Cl 6, sublime at the relatively low temperature of 180 °C? 

1 

2 

3 

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

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

The covalent bonds between aluminium and chlorine are weak. 
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31 Which physical properties are due to hydrogen bonding between water molecules? 

1 

2 

3 

Water has a higher boiling point than H2S. 

Ice floats on water. 

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

32 Which of the following solids contain more than one type of chemical bond? 

1 

2 

3 

brass (an alloy of copper and zinc) 

graphite 

ice 

33 Hydroxyapatite, a basic calcium phosphate, Ca(OH)2.3Ca3(PO4)2, is the mineral found in bone. 

In older people, calcium ions can be lost from the hydroxyapatite, weakening the bone structure. 
In such cases, strontium salts are administered to strengthen the bone. The strontium ions 
replace the lost calcium ions in the hydroxyapatite. 

Which statements are correct? 

1 

2 

3 

Strontium ions are nearly the same size as calcium ions and so may easily replace them in 
the hydroxyapatite. 

Strontium hydroxide is less soluble than calcium hydroxide and so will precipitate better in 
the bone structure. 

There is ionic, covalent and metallic bonding in hydroxyapatite which gives it strength. 
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34 Silicon tetrachloride, SiCl4, is a liquid of low boiling point. In the presence of water it decomposes
to form silicon(IV) oxide and hydrogen chloride.

What types of bonding occur in SiCl4(I)?

1 co–ordinate bonding

2 covalent bonding

3 van der Waals forces
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