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Chapter 9 Bonding, surfaces and nanoparticles

Q1.

Classify the structure of each of the following solids as metallic lattice, ionic lattice, covalent molecular or covalent lattice:
a 
lead

b
magnesium chloride

c 
potassium carbonate

d
silicon

e
carbon dioxide

f
bronze

g
sulfur dioxide (SO2)

h
hydrogen peroxide

i
graphite

j
water

k
calcium oxide

l 
a yellow powder that melts at 119°C to form a clear, yellow liquid; neither the powder nor the liquid conducts electricity

m
a white solid that melts at 801°C to form a clear liquid; the solid does not conduct electricity, but the liquid does

A1.

a
metallic

b
ionic

c
ionic

d
covalent lattice

e
covalent molecular

f
metallic

g
covalent molecular

h
covalent molecular

i
covalent lattice

j
covalent molecular

k
ionic

l
covalent molecular

m
ionic

Q2.

Two unlabelled white powders are known to be lithium chloride (LiCl) and crushed sand (SiO2). Your task is to identify each solid. How could you do this?

A2.

Solid LiCl is composed of ions forming an ionic lattice. Crushed sand, SiO2, is composed of atoms covalently bonded to each other, forming a covalent network lattice. LiCl will dissolve in water, releasing the ions to produce a solution that conducts electricity. SiO2 will not dissolve in water and will not conduct electricity.

Q3.

Sketch a section of a diamond crystal. On average, how many covalent bonds are formed by the carbon atoms on the surface of the diamond? 

A3.
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On average, a carbon atom on the surface of a diamond crystal will form three covalent bonds.

Q4.

Figure 9.2 (page 169) represents the arrangement of ions in a sodium chloride crystal.

a
How many chloride ions surround a sodium ion in the interior of the lattice?

b
How many chloride ions surround a sodium ion at one of the corners of the lattice?

A4.

a
six chloride ions

b
three chloride ions

Q5.

Use your knowledge of the structure and bonding of the following materials, and the data in Table 9.3 (page 170), to explain why: 

a
diamond has a much higher surface energy than polyethene

b
in general, metals have high surface energies

A5.

a
The surface energy of a substance is related to the strength of the forces holding the particles together in the substance. In the case of diamond, very strong covalent bonds hold the carbon atoms together in a covalent network lattice. A large amount of energy is required to break these forces, so diamond has a high surface energy. In the case of polyethene, the polymer molecules are held together by dispersion forces. These forces are quite weak and so polyethene has a low surface energy.

b
The force holding metal atoms together in a metallic lattice is the metallic bond. This is usually a strong bond and so metals generally have high surface energies.

Q6.

By referring to Table 9.3 (page 170), suggest: 

a
the name of a liquid that would not wet glass

b
the names of two solids that would not become wet by water

A6.

a
mercury

b
paraffin wax, Teflon®, polyethene

Q7.

Table 9.4 (page 172) lists various units of length. Use the information in that table to calculate the number of nanometres in:

a
1 cm

b
1 m

c
1000 cm

d
1000 m

e
10–6 mm

f
10–7 cm

g
1 mm

h
1 km

A7.

a
107
b
109
c
1010
d
1012
e
1

f
1

g
106
h
1012
Q8.

For the following shapes listed below:
a
Calculate the surface area, volume and then surface area to volume ratio.

	Shape
	Surface area
	Volume
	Surface area : Volume

	Cube

2 cm × 2 cm × 2cm
	
	
	

	Sphere

Radius = 1.38 cm
	
	
	

	Tube 

1 cm × 1 cm × 8cm
	
	
	


b
Which shape provides the greater surface area?

c
Which shape would be most useful to hold the greatest volume of material?

d
Suggest an application for which a big surface area to volume ratio is important, and another application for which a very small surface area to volume ratio is important.

A8.

a 
cube (SA = 24 cm2, V = 8 cm3, SA : V = 3)


sphere (SA = 4(r2 = 23.9 cm2, V = 4/3(r3 = 11 cm3, SA : V = 2.17)


tube (SA = 34 cm2, V = 8 cm3, SA : V = 4.25)

b
tube

c
sphere

d
A large SA : V ratio is required for rapid cooling (e.g. on a hot day people spread out). A small SA : V ratio is required to minimise loss of heat when cold. Hence, people huddle or wrap their arms around themselves to keep warm.

Chapter review

Q9.

a 
Chlorine forms compounds with both hydrogen and calcium. For each of these compounds: 

i
Write a formula.
ii
State the type of bonding present.
iii
State whether it contains molecules.
b
Which of the two compounds has the higher melting temperature? Why?

A9.

a
i
HCl; CaCl2 

ii
covalent molecular; ionic

iii
yes; no

b
CaCl2; there are stronger forces of attraction between Ca2+ and Cl– ions in CaCl2 than between the HCl molecules.

Q10.

Consider each of the following substances in the solid state: potassium, diamond, carbon dioxide, helium and water. Of these, which would:

a
form a covalent network lattice?

b
conduct electricity?

c
be a non-conductor, which becomes a conductor on melting?

d
be held together by very weak intermolecular forces and melt well below 0°C?

A10.

a
diamond

b
potassium

c
none

d
helium, carbon dioxide

Q11.

H2O is both the empirical and molecular formula for water. Na2O is the empirical formula for sodium oxide. However, it is not a molecular formula. Why not?

A11.

Water is a covalent molecular compound. The formula H2O indicates that a molecule of water contains two atoms of hydrogen combined with one atom of oxygen. This is also the empirical formula for water as it represents the simplest whole-number ratio of hydrogen to oxygen. 

Sodium oxide, however, is an ionic solid. It therefore exists as a continuous lattice of sodium ions and oxide ions. The formula Na2O indicates that there are two sodium ions for each oxide ion. There are no molecules in solid sodium oxide, so this cannot be a molecular formula.

Q12.

Copy and complete the table below. (The first row has been done for you.)

	Solid substance
	Particles present
	Forces between particles
	Type of solid lattice

	Carbon dioxide
	molecules
	dispersion forces
	covalent molecular

	Calcium oxide (CaO)
	
	
	

	Ammonia (NH3)
	
	
	

	Zinc (Zn)
	
	
	

	Silicon carbide (SiC)
	
	
	


A12.

	Solid substance
	Particles present
	Forces between particles
	Type of solid lattice

	Carbon dioxide
	molecules
	dispersion forces
	covalent molecular

	Calcium oxide (CaO)
	ions
	ionic bonds
	ionic lattice

	Ammonia (NH3)
	molecules
	hydrogen bonds and dispersion forces
	covalent molecular

	Zinc (Zn)
	zinc cations and delocalised electrons
	metallic bonds
	metallic lattice

	Silicon carbide (SiC)
	atoms
	covalent bonds
	covalent lattice


Q13.

Explain why:

a
paraffin wax, which consists of large hydrocarbon molecules, has a lower surface energy than diamond

b
petrol, which consists mainly of octane (C8H18), has a lower surface energy than water

c
ethanol (CH3CH2OH) has a lower surface energy than water

A13.

a
Bonds between molecules in wax are weak dispersion forces, so a relatively small amount of energy is required to break them and form a new surface. Much more energy is needed to cleave a diamond lattice as strong covalent bonds must be broken. This fact is reflected in diamond’s higher surface energy.

b
The hydrogen bonds that exist between water mol​ecules are much stronger than the dispersion forces that exist between petrol molecules. As a consequence, water molecules are pulled more strongly towards the bulk of the liquid and water has a higher surface energy (tension).

c
The ethyl group (CH3CH2–) present in ethanol molecules limits the extent to which hydrogen bonding occurs in liquid ethanol. There is a greater degree of hydrogen bonding in water. The fact that the inter​molecular bonding in ethanol is weaker is reflected in the surface energies (tensions) of the two liquids.

Q14.

Nanotechnology is often represented by two fundamentally different approaches: ‘top-down’ and ‘bottom-up’. Research the differences between these two approaches.

Q15.

Research another application of nanotechnology, and present your finding in a print, visual or electronic format. Some possible research topics include The Nanohouse Project, Nanoart, Claytronics.

Q16.

The properties and uses of many common substances can be related to their structure and bonding. Explain the following characteristics in terms of the bonding and structures of the substances involved:
a
Magnesium oxide can be used as a lining for high-temperature furnaces.

b
Electricity cables made of aluminium are easily bent.

c
Sand can cause considerable damage to the propellers of boats operated in shallow water.

d 
Polystyrene is a very good electrical insulator.

A16.

a
Because of the strong attraction between oppositely charged ions, magnesium oxide is a hard material with a very high melting temperature.

b
Aluminium is a typical metal and can bend without breaking because delocalised electrons move to com​pensate for any distortions in the metallic lattice.

c
Sand (largely silicon dioxide) has a covalent network structure and is therefore very hard. If a metal propeller spins through sand, the abrasive nature of sand will damage the metal.

d
Polystyrene (see Table 8.9, page 156) is a covalent molecular compound. All electrons are localised within the polymer chain. Polystyrene is therefore a good electrical insulator.

Q17.

Consider the models that are used to explain the properties of ionic and covalent molecular compounds. 

a
What features are common to these two models?

b
Many models are used to classify compounds. Is reference to electronegativity enough to determine whether molecular compounds are polar?

c
Use the ionic and covalent models to compare the structure and bonding of HCl and NaCl. 

i
What are the differences between the two compounds in terms of structure and bonding? 

ii
What are the similarities? 

A17.

a
Both ionic and covalent molecular compounds contain strong electrostatic forces of attraction. In the solid state, ions or molecules are arranged in a regular lattice structure. In the solid state, neither has free-moving, charged particles.

b
Although there may be an electronegativity difference between elements in a covalent bond, the overall molecule may be non-polar. For example, there is an electronegativity difference in the bonds in C–F and C=O but the molecules CF4 and CO2 are non-polar. Within the group of polar molecules, there are large differences in degree of polarity.

c
i
HCl is composed of molecules in the solid and gaseous states. Within the molecule there is a covalent bond and three lone electron pairs around the chlorine. Between the HCl molecules there are weak forces of attraction: dipole–dipole attractions and dispersion forces. NaCl is ionic and there are strong forces of attraction between the ions present, Na+ and Cl–. In the molten form, NaCl has free-moving ions that are able to conduct electricity.

ii 
There are strong electrostatic forces of attraction within HCl and in the NaCl lattice. In the solid state, ions or molecules are arranged in a regular lattice structure. In water, they both have free-moving ions, which are attracted to the polar water molecules. There is an attraction between oppositely charged particles in both. For HCl, there are dipole–dipole attractions; for NaCl, there is attraction between the oppositely charged ions Na+ and Cl–.

Unit 1 Area of Study 2 Review

Multiple-choice questions

Q1.

An atom A has one electron in its outer shell and an atom B has six electrons in its outer shell. When they react, the most likely formula for the compound is:

A
AB

B
A2B

C
AB2
D
AB6
A1.

B. Atom A loses the one electron in the outer shell to form A+. Atom B gains two electrons to become B2–. Two A+ ions are required for every one B– ion.

Q2.

The nitrate ion has a formula NO3–. This shows that:
A
one oxygen atom has an extra negative charge
B
the nitrogen atom has an extra negative charge
C
the group of atoms, as a whole, has an extra negative charge
D
the three oxygen atoms each have an extra negative charge

A2.

C. The negative charge from the extra electron is distributed over the group of atoms, as a whole.

Q3.

The element gallium (Ga) can have a charge of +3. The formula of gallium(III) oxide would be:

A
Ga3O

B
GaO3
C
Ga2O3
D
Ga3O2
A3.

C To balance the charges on the ions, two Ga3+ ions are needed for every three O2– ions.

Q4.

In the molten state, an ionic compound conducts electricity because:

A
the molecules are free to move

B
the electrons are free to move

C
the ions are free to move

D
the atoms are free to move

A4.

C When the solid is melted, the ions are free to move towards an electrode to complete the circuit.

Q5.

The bonding in graphite is best described as:

A
covalent within the layers, ionic between the layers

B
ionic within the layers, dispersion forces between the layers

C
covalent within the layers, dispersion forces between the layers

D
ionic within the layers, covalent between the layers

A5.

C Graphite is an example of a covalent layer lattice, which contains weak dispersion forces between layers.

Q6.

In dry ice (solid carbon dioxide) the carbon dioxide molecules are held together by:

A
covalent bonds

B
hydrogen bonds

C
dispersion forces

D
dipole–dipole attraction

A6.

C Carbon dioxide is a non-polar molecule with only dispersion forces between molecules. 

Q7.

The bonding in metallic solids is best described as:

A
electrostatic attraction between protons and neutrons

B
electrostatic attraction between protons and valence electrons

C
electrostatic attraction between metal cations and valence electrons

D
electrostatic attraction between metal cations and delocalised electrons

A7.

D The positive ions are held in the lattice by their attraction to the delocalised electrons.

Q8.

Alloys are metals to which a small amount of another metal or non-metal has been added. Compared with the original metal, alloys are generally:

A
harder and more malleable

B
softer and more malleable

C
harder and less malleable

D
softer and less malleable

A8.

C Atoms of one element take the position of another element in the crystal lattice or smaller atoms fit in the space between other atoms, making it more difficult for the positive ions to move.

Q9.

Polyethene can be produced in a branched or unbranched form. Compared to the branched form, the unbranched form shows:

A
higher density and higher melting temperature

B
higher density and lower melting temperature

C
lower density and higher melting temperature

D
lower density and lower melting temperature

A9.

A The polyethene chains are closer together, giving a higher density and enabling stronger dispersion forces.

Q10.

Plasticisers can be added to polymers to change their properties. Plasticisers are small molecules that hold polymer chains further apart. Polymers containing added plasticisers are likely to be:

A
softer with higher melting temperatures

B
softer with lower melting temperatures

C
harder with higher melting temperatures

D
harder with lower melting temperatures

A10.

B Chains further apart give weaker dispersion forces and, therefore, a softer polymer with a lower melting temperature.

Q11.

The number of lone pairs of electrons in the nitrogen molecule is:

A
2

B
4

C
6

D
8

A11.

A N2 contains one nitrogen–nitrogen triple bond using six electrons, so each atom also has 1 lone pair of electrons.

Q12.

Which one of the following groups of substances shows only covalent compounds?

A
NaCl, CH4, CO2, N2O

B
HCl, H2O, H2S, H2SO4
C
CO2, N2, O2, KNO3
D
NH3, H2O, Na2S, CO2
A12.

B The others contain the ionic substances: NaCl, KNO3 and Na2S.

Q13.

Ionic compounds are often brittle, so that the crystal shatters when hit. This is because:
A
forces between the ions are weak
B
the positive and negative ions neutralise each other
C
the delocalised electrons are unable to hold the positive ions
D
layers of ions move and repulsion between ions of the same charge occurs

A13.

D When a force is applied, layers of ions move relative to each other, causing repulsion and a break in the crystal lattice.

Q14.

Metals are malleable and ductile because when a metal is hit:
A
some of the protons move but are held in a new position by the neutrons
B
some of the delocalised electrons move but the positive ions stay in position
C
some of the atoms move but are held in a new position by the covalent bonds
D
some of the ions move but are held in a new position by the delocalised electrons

A14.

D When hit, layers of positive ions are forced across each other but the delocalised electrons move so that they still surround positive ions.

Q15.

A hard but brittle metal is most likely to be produced by:
A
annealing
B
quenching
C
tempering
D
alloying

A15.

B Small crystals form when the metal is heated and cooled quickly.

Q16.

Strong covalent bonding in three dimensions is shown by:
A
the hardness of diamond
B
the dipole nature of water
C
the electrical conducting properties of graphite
D
the sublimation of dry ice from a solid to a gas

A16.

A The hardness of diamond is due to the strong covalent bonding in three dimensions.

Q17.

Allotropes are:
A
different physical forms of the same element
B
elements in the same group in the periodic table
C
atoms of the same element with different numbers of neutrons
D
compounds with the same molecular formula but a different structural formula

A17.

A Allotropes are different physical forms of the same element, such as carbon and graphite.

Q18.

Which one of the following groups shows only alkanes?
A
C2H6, C3H8, C7H12
B
CH4, (CH3)3CH, CH3CH3
C
CH3CH3, CH3CHCH2, (CH3)3CH
D
(CH3)3CH, CH2CH2, CH3CH2CH3
A18.

B Each of these has the formula of an alkane, CnH2n+2.

Q19.

The boiling temperature of alkanes increases as the number of carbon atoms increases because:
A
the forces within the molecules get stronger
B
the dispersion forces get stronger with the extra atoms present
C
the hydrogen bonding increases with the extra hydrogen atoms present
D
the number of structural isomers increases with the extra atoms present

A19.

B Alkanes are non-polar with dispersion forces between molecules. These forces increase as the size of the molecule increases.

Q20.

A thermoplastic polymer is likely to contain:
A
strong bonding within chains and strong cross-links between chains
B
strong bonding within chains and weak cross-links between chains
C
weak bonding within chains and strong cross-links between chains
D
weak bonding within chains and weak cross-links between chains

A20.

B. All polymers contain strong bonds within the chains. Thermoplastic polymers have weak bonds between chains.

Short-answer questions

Q21.

a
Give the electronic configuration of carbon.
b
The diameter of a carbon atom is 360 pm. How many carbon atoms placed side-by-side would have a length of 1 nm?

c
A sample of pure graphite has a mass of 0.85 g. How many carbon atoms are present in the sample?
A21.

a
1s22s22p2
b
360 pm = 0.360 nm


So, number of C atoms = 1/0.360 = 2.8 atoms

c
n(C) = 
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Number of C atoms = 0.0708 × 6.02 ( 1023 = 4.3 ( 1022 atoms

Q22.

Graphite, diamond and polyethene all contain carbon. Explain the following, in terms of their structure:
a
Graphite conducts electricity but diamond and polyethene do not.

b
Very high temperatures are needed to change the state of diamond and graphite and they both sublime (change directly from a solid to a gas). 

c
Polyethene doesn’t have a sharp melting point but, instead, starts to soften at a relatively low temperature. 

d
The surface energy of diamond is much higher than that of polyethene.

A22.

a
Only 3 of the 4 electrons of each carbon atom in graphite are localised. The fourth electron is free to move within the layers of graphite. In diamond and polyethene, all the electrons are involved in covalent bonding and so are not free to move.

b
Carbon atoms in both diamond and graphite are held in a lattice by strong covalent bonds. High temperatures are needed to provide sufficient energy to break these bonds.

c
Polyethene is a very long-chained molecule. Its molecules become tangled, and this prevents them from moving freely and melting at a defined temperature.

d
In mercury, there is very strong metallic bonding between the mercury cations and the delocalised electrons in the metallic lattice. A large amount of energy is required to break these forces, so mercury has a high surface energy. In the case of water, the water molecules are held together by hydrogen bonds. These forces are weaker than metallic bonds and so water has a lower surface energy than mercury.

Q23.

Consider the compound of carbon and hydrogen with the semistructural formula CH3.CH=CH.CH3.

a
Give the systematic name of the hydrocarbon.

b
Give the structural formula for the compound formed when the hydrocarbon reacts with bromine (Br2).

c
Write a balanced equation for the complete combustion of the hydrocarbon in oxygen.

d
Give the structural formula for two isomers of this hydrocarbon.

e
To which homologous series does the hydrocarbon belong?

f
Give the structural formula and the name of the first member of the homologous series named in part e.

A23.

a
but-2-ene

b
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c
C4H8(g) + 6O2 (g) ( 4CO2(g) + 4H2O(g)

d
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e
alkene

f
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Q24.

Consider this list of substances: mercury (Hg), graphite (C), methane (CH4), silicon dioxide (SiO2), ammonia (NH3), hydrogen sulfide (H2S).

a
From the list, choose a substance that:

i
is a compound with a covalent network lattice structure

ii
in the solid state, consists of molecules held together by dispersion forces only

iii
consists of V-shaped molecules

iv
conducts electricity both in the solid and molten states

v
is not a metal but conducts electricity in the solid state

vi
can undergo hydrogen bonding with water

b
Draw valence structures for the following, showing bonding and non-bonding electron pairs: 

i
methane

ii
ammonia

iii
hydrogen sulfide

iv
carbon dioxide

A24.

a
i
silicon dioxide

ii
methane

iii
hydrogen sulfide

iv
mercury

v
graphite

vi
ammonia

b
i
methane
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ii
ammonia
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iii
hydrogen sulphide
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iv
carbon dioxide
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Q25.

Predict the increasing order of melting temperatures for the following substances containing chlorine and explain the basis of your predictions.

a
Cl2
b
NaCl

c
CCl4
A25.

Cl2, CCl4, NaCl 

Cl2 and CCl4 are both non-polar, and so are held together in a lattice by dispersion forces only. Both will therefore have low melting temperatures. CCl4 is the larger of these two molecules and has more electrons, so the dispersion forces between CCl4 molecules will be greater than between Cl2 molecules. NaCl is an ionic compound with strong electrostatic attraction between oppositely charged ions. It is therefore more likely to have a higher melting temperature.
Q26.

Consider the properties of compounds given in the following table to classify the bonding lattices in compounds a–d as most likely to be:

i
ionic

ii
covalent molecular

iii
covalent network

iv
metallic

	Substance
	Melting temperature (°C)
	Electrical conductivity

	
	
	In solid state
	In molten state

	a
	78
	negligible
	negligible

	b
	 651
	high
	high

	c
	 900
	negligible
	high

	d
	1710
	negligible
	negligible


A26.

a
covalent molecular

b
metallic

c
ionic

d
covalent network lattice

Q27.

A piece of ice, initially at –10°C, is heated gently until, at 0°C, it begins to melt. On further heating, the liquid boils at 100°C. The gaseous water is then heated very strongly until, at approximately 2000°C, a small proportion of the water molecules has split into atoms. 

a
Write an equation for each of the changes described in this question.

b
Sketch the arrangement of particles present at:

i
–10°C

ii
20°C

iii
250°C

iv
2500°C

c
Describe the forces that are broken as:

i
the water changes from a liquid to a gas

ii
the water molecules begin to break up

d
Which of the forces that you have described in part c are stronger? What evidence do you have to support your answer?

e
Make a list of the words and terms that you can think of that are relevant to this question. Draw a concept map linking these terms.

A27.

a
Melting: H2O(s) ( H2O(l)


Boiling: H2O(l) ( H2O(g)


Decomposition: 2H2O(g) ( 2H2 (g) + O2 (g)

b
Using [image: image10.jpg]Using @ = hydrogen atom and () = oxygen atom



 = hydrogen atom and [image: image11.jpg]Using @ = hydrogen atom and () = oxygen atom



 = oxygen atom:

i
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ii


[image: image13.jpg]



iii
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c
i
As water changes from a liquid to a gas, molecules gain sufficient kinetic energy to overcome the forces of hydrogen bonding that hold the molecules to each other in the liquid state. 

ii
When water molecules decompose, the covalent bonds between oxygen and hydrogen atoms within water molecules are broken. 

d
The covalent bonds within water molecules are much stronger than the hydrogen bonding forces between molecules. If it was the other way around, then water molecules would decompose before water boiled.

e
The possible list of words is exhaustive but could include: ice, water, steam, melting, decomposition, moving, close, random, crystal, lattice, boil, molecules, liquid, gas, solid, hydrogen bonding, covalent, freeze, melt.


An example of a concept map using these words is shown.
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Q28.

Give concise explanations for the following observations:

a
Potassium chloride has a melting temperature of 770°C whereas hydrogen chloride has a melting temperature of –114°C.

b
An ice-cream container and power-points are both made from polymers, yet their behaviour on heating differs considerably.

c
Copper is hard but bends easily whereas silicon is hard and brittle.

d
Copper metal is a good conductor of electricity but copper sulfate crystals are not.

e
Graphite used in pencils leaves a black mark on paper whereas diamond pencils are used to cut glass.

f
A saucepan on the stove may be too hot to touch but can be picked up safely by the handle.

g
A wax-like solid has no sharp melting temperature. It softens in boiling water and can be moulded into different shapes.
h
At room temperature, CCl4 is a liquid but CH4 is a gas.
i
The surface properties of nanoparticles are more significant than those of bulk materials. 

j
A drop of water will wet a metal plate but not a plastic one.
A28.

a
Potassium chloride is an ionic solid with strong forces of attraction between the K+ and Cl– ions. A large amount of energy is needed to separate the ions and, therefore, the solid has a high melting temperature. Hydrogen chloride, however, is a covalent molecular substance. The molecules are polar and held together in a solid form by the attraction between permanent dipoles. These are weak forces and a relatively small amount of energy is needed to separate them. Hydrogen chloride therefore has a low melting temperature.

b
The ice-cream container has weak dispersion forces between the polymer chains and will soften when heated. The laminates are composed of cross-linked polymers; that is, polymer chains joined by covalent bonds, which do not soften on heating but will char on heating.

c
When the copper lattice is distorted, delocalised electrons move to compensate for the change and re-establish strong forces of attraction with the positive metal ions. Silicon has strong covalent bonds throughout the lattice and when these bonds are broken the crystal shatters.

d
The electrons in the copper metal are delocalised and are able to move through the metallic lattice when a potential is applied. Copper sulfate is an ionic substance. In the solid state the ions are not free to move so copper sulfate crystals do not conduct electricity.

e
The structure of graphite is a covalent layer lattice. The forces between the layers are weak. When the graphite is rubbed across paper, some of these layers are left on the paper. The atoms in diamond, however, are strongly bonded in three dimensions. Diamond is very hard and is used as a cutting material.

f
A saucepan is usually made of metal and metals are good conductors of heat. The handles are generally made from thermosetting polymers, which are poor conductors of heat. The handle of the saucepan stays cool even when the saucepan is hot.

g
Polymers are very long-chained molecules. These molecules become tangled and this prevents them from moving freely and melting at a defined temperature. When heated they soften over a wide temperature range and can be moulded into shape. On cooling they harden again.
h
Both compounds are symmetrical and, hence, non-polar. CCl4 is the larger of these two molecules and has more electrons, so the dispersion forces between CCl4 molecules will be greater than between CH4 molecules. 

i
Smaller particles have a much greater surface area to volume ratio, so the properties of the surface become more significant.

j
Water forms drops on a plastic plate and will not wet it because the attraction between the water molecules and the plastic surface is less than the attraction between water molecules in the drop of water. On a metal plate the attraction between the water molecules and the surface is stronger.
Q29.

A small, irregularly shaped piece of sodium is placed in a large trough of water and the trough covered with a sheet of clear glass. The sodium reacts quickly and is seen to change shape to form a sphere that moves around the surface of the water as it reacts.

a
Sketch the arrangement of particles in a piece of sodium.

b
What must have happened to the sodium just before it changed shape?

c
Why does the sodium change its shape as soon as it can?

A29.

a
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b
It melted. Sodium melts at 98°C.

c
By forming a sphere, the sodium reduces its surface area.

Q30.

a
Write appropriate linking words above or beside each arrow in the diagram.

b
Add in at least two more links between the terms given.

c
Add two more terms to the concept map and link them to some of the terms given.
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A30.

An example of a correct answer is provided.

[image: image19.jpg]STRONG BONDING IN 3D

T Solids
MetoW LATTICE wﬂol atoms
METALLIC lNO”'me*"' COVALENT <—— Electrons

and mefal readily

%ﬂice Positive - |ONIC %Tﬁve shared

CATIONS ANIONS May

Delocalised VF\O”" form

NON-METAL
ATOM

METAL Low ;

Y

ATOM \ y High
ELECTRONS ELECTRONEGATIVITY
Lefthand

side

PERIODIC TABLE

Upper righthand
Lose electrons side
readily




Q31.

This question tests your skills in writing chemical formulas and naming compounds.

a
The formula of sodium perchlorate is NaClO4 and that of potassium ferrocyanide is K4[Fe(CN)6]. Using this information, write the expected formula of:

i
calcium perchlorate

ii
aluminium ferrocyanide

iii
iron(III) perchlorate

iv
ammonium ferrocyanide

b
Draw electron dot and valence structures for the compounds formed when the following elements combine:
i
oxygen and fluorine

ii
oxygen and carbon

iii
hydrogen and phosphorus

iv
sulfur and hydrogen

v
carbon and sulfur

c
Write the names of the following compounds:
i
H2C=CH2
ii
C8H18
iii
CH2=CHCH3
iv
CH3CH2CH2CH2CH2CH3
v
FeCl3
vi
NH4NO3
vii
NH3
d
Draw a structural formula for each of the following compounds:
i
propene

ii
2-methylpentane

iii
hex-2-ene

iv
2,2-dimethylbutane

A31.

a
From the given formulas, we can work out that perchlorate ion is ClO4– and ferrocyanide is Fe(CN)64–.

i
Ca(ClO4)2. Calcium ion has a charge of +2, perchlorate ion has –1.
ii
Al4[Fe(CN)6]3. Aluminium ion has a charge of +3, ferrocyanide ion has –4.
iii
Fe(ClO4)3. Iron(III) ion has a charge of +3, perchlorate ion has –1.
iv
(NH4)4Fe(CN)6. Ammonium ion has a charge of +1, ferrocyanide ion has –4.

b
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c
i
ethene 
ii
octane
iii
propene
iv
hexane
v
iron(III) chloride

vi
ammonium nitrate

vii
ammonia

d
i
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