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Introduction

cture of the book

This text has primarily been written to support students in the
study of Chemistry to IGCSE. The 14 topics of the examination
syllabus have been divided into 25 topics to make the text more
user-friendly.

The syllabus has two components, the Core and the
Supplement. The Supplement defines the extended curriculum.
The Core is graded C to G whereas the extended curriculum can
be graded A" to G. To differentiate between these components,
sections of this book covering the Supplement are shaded grey.
Wherever possible this practice has also been extended to the
questions, although this is not always straightforward as many
questions involve material from both Core and Supplement.

Each topic starts with a list of Key objectives, which specify
the skills and knowledge you will need to have acquired during
your study of this topic. The list can also serve as a checklist of
your progress with this topic.

If a particular topic includes a number of essential terms, these
are defined in a table of Key definitions. Not all of the topics
include this.

All topics have a section covering the Key ideas, and it is
essential that you both learn and understand these sections. This is
the chemistry that you will need for the IGCSE examination.

In each topic there are questions. Sample questions have the
answers given, sometimes as model answers, while others have been
answered by an imaginary student to illustrate how answers of
different quality would be awarded marks. There are a few questions
that you are invited to mark. If the model answer is not given with
the question then it will be at the back of the book, in the
Answers. The heading Try this indicates questions either from
IGCSE papers or in the style of IGCSE questions. You should use
these for practice and to assess your understanding and recall of the
topic. All the answers and marking guidelines can be found at the
back of the book.

Preparing for the examination is primarily directed at those
taking the external IGCSE examination, but much of the advice
offered is also relevant to internal examinations.

to use this book

The book is complete; it contains all that is necessary to support
the attainment of the highest grade. It can be used for any one or
any combination of the following:

e as a textbook throughout the course

e at the end of each topic to provide reinforcement and assessment
e to prepare for internal examinations

e to prepare for the IGCSE examination.
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If you want to get the maximum value from this
strongly advised that you attempt to answer all the
paper and not in the book. Then you can repeat
intervals throughout the course.

I hope that you find this book a useful resource i
of IGCSE Chemistry and that it assists you in gaining
commendable grade.
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PIC 1

Key objectives

Key ideas

The particulate nature
of matter

To know that all matter is made up of moving particles —
atoms, ions or molecules

To be able to describe the three states of matter and to explain
changes of state using the kinetic theory

To know that as the temperature increases so does the kinetic
energy of the particles, that is, they move faster

To be able to define diffusion and be able to explain this
process in terms of the movement of particles

To realise that diffusion is evidence for the movement of particles
To know qualitatively how the rate of diffusion depends on
molecular mass

The states of matter

Solid Liquid Gas
Description Fixed volume, Fixed volume, Any volume,
own shape takes shape of  takes shape of
container container
Arrangement of  In a regular Random Random
particles pattern called
a lattice
Separation of Close together, Still close Separated, far
particles touching together, just apart
slightly further
apart than in
the solid phase
Movement of Vibration about Slow movement Fast random
particles a fixed position in a random way movement

from place to
place, sliding past

each other
Attractive forces  Stronger than in  Slightly weaker No attractive
between the liquid phase  than in the solid forces between
particles phase particles

Examiner’s tips

» Do not think that the liquid phase is half way between solid and gas. It
is much closer in terms of particle arrangement to the solid phase.

» The interparticle forces in the solid phase are slightly stronger than in the
liquid phase, but that does not mean that they are necessarily strong.

B Always make it clear that you are discussing attractive forces between
particles, not within particles.

Changes of state

When the temperature of a solid increases, so does the energy of
the particles. At the melting point, the particles have enough
energy to move past each other and change positions. The lattice
disappears and the particles have freedom to change positions. The
liquid, unlike the solid, can flow and change its shape.

1@
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Similarly, when a liquid is heated, the energy of the part
increases. At the boiling point, the intermolecular forces can -
longer hold the particles together, so the particles separate am
become a vapour or gas. The particles can change position a
move apart, hence gases can flow and expand to fill any space

supply energy supply energy

heat heat
solid = liquid = gas
cool cool
energy given energy given
to surroundings to surroundings
Diffusion

In both the liquid and the gaseous states, the particles have
translational motion, that is, movement from place to place.
particles will spread out to occupy the total available space (Fig:
1.1a—d) — this is called diffusion.

g

Figure 1.1a, b Diffusion of bromine gas: after 24 hours the bromine fu
have diffused throughout both jars

Figure 1.1¢, d Diffusion within nickel(i) sulphate solution: diffusion
throughout the liquid can take days
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The kinetic theory, based on the idea of particles moving, is the only
way of explaining the process of diffusion.

Rates of diffusion

e Diftusion does not occur in solids. The particles can only
vibrate; they cannot move past each other or spread apart.

e Diffusion in liquids is much slower than in gases, because the

particles move much more slowly in the liquid phase than in
the gas phase.

e The rate at which a gas diffuses depends on its relative

molecular mass. Lighter molecules move faster and will diffuse
faster than heavier molecules.

mple questions and answers

Sample question 1 Explain why the pressure of a gas in a sealed container increases
when its temperature is increased. [3 marks]

Student’s answer When the gas is heated the particles have more energy. v They hit
the walls of the container more frequently v and harder. v

Examiner’s comments  The student has produced a model answer. For any GCSE marking
scheme this explanation would be awarded all 3 marks.

Sample question 2 Which gas, carbon dioxide or nitrogen, would diffuse faster? Give
: a reason for your answer. [3 marks]

i

A

~ Students® answers Three answers were given by different students:
Nitrogen, « because it has the smaller molecules.
= Nitrogen, v because it is the lighter gas. v

Nitrogen, v M_= 28, has lighter molecules v v than carbon
dioxide, M_= 44. Nitrogen will diffuse faster.

iner’s comments The first answer illustrates a very common error. Diffusion is often
= described in a question as occurring through small holes, for example in a
piece of metal foil. Students imagine the hole acting as a sieve and the
smaller molecules getting through the hole more easily. This is completely
wrong. Another error is in thinking that smaller molecules are necessarily
lighter in mass. This is not always true.

The second response is better. If instead of Tlighter’ the answer had
referred to the density of the gas then 3 marks would have been awarded.

The third response is an example of a model answer, which should
refer to one of the following:

the density of the gas

the relative molecular mass, M,
the mass of one mole

the mass of a molecule

the speed of the molecules.

30
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Sample question 3

Student’s answer

Examiner’s comments

Sample question 4

Examiner’s comments

Model answer

Typical questions

Describe the movement and arrangement of the particles in

typical solid. 3

The particles are arranged and held together by strong attra
forces. The particles move back and forth.

Read through the Key ideas then mark this answer yourself, with &
maximum of 3 marks. The marked question with comments is on p.

Explain, using the ideas of the kinetic theory, why ice is a
crystalline solid with a low melting point. [3 me

This question has been included to show that the chemistry in Topic

be used in other topics, particularly Bonding: the structure of
(Topic 4).

It is crystalline because the molecules are arranged in a regular
pattern called a lattice. v It has a low melting point because the
attractive forces between molecules v are weak. v

Most typical questions follow the pattern in the sample questions
above. They require descriptions of order, separation, forces and
movement of particles that accompany a change; for example, a
solid has melted, a liquid has boiled or a gas has been compre

One common type of question asks you to predict which g
would diffuse the faster and to explain why. Or, similarly, t
explain why the concentration of a gas in a mixture of gases =
changes. For example: ;

A balloon contains a mixture of methane and hydrogen.
several hours the percentage of methane in the balloon h
increased. Can you explain why?

The correct explanation involves the relative rates of diffusio
Hydrogen, which has the lower M, will diffuse out of the
faster than methane diffuses out. The percentage of hydrogen
balloon will decrease and the percentage of methane will in.



OPIC 2 Experimental techniques

Key Objectlves @ To be able to name the appropriate apparatus for the
measurement of time, mass, temperature and volume

@ To understand the concept of a pure substance

@ To be aware of the importance of purity of substances in
everyday life

® To know the common methods of purification

® To be able to suggest a suitable purification technique given
information about the substances involved

® To be able to describe chromatography and to interpret simple
chromatograms

@ To be able to explain why some chromatograms have to be

exposed to locating agents

~

Key definitions Pure substance A single substance

Melting point The temperature at which a solid changes into a liquid

Boiling point The temperature at which a liquid changes into a
vapour at a certain pressure

Volatile A volatile compound easily changes into a vapour. It has
' a low boiling point

Solution A mixture of a solute, usually a solid, dissolved in the
solvent, a liquid

Locating agent A substance that reacts with colourless spots on a
chromatogram and makes them visible as coloured spots

Key ideas Importance of purification

It is important that substances used in the food, pharmaceutical and
chemical industries are pure. This is necessary to ensure the safety
of the consumers.

Pure and impure substances

Test Pure substance Impure substance

Melting point Sharp Melts over a temperature

of a solid range and at a lower
temperature than the pure
solid

Boiling point Sharp, all the liquid boils ~ Boils over a temperature

of a liquid (if at same temperature range and at a higher

the impurity is temperature than the pure

a dissolved solid) liquid

Boiling point Sharp, all the liquid boils  Boils over a temperature

of a liquid (if at same temperature range — starts to boil at

the impurity the boiling point of one

is another liquid) liquid and rises to the boiling

point of the other

Chromatography Usually produces only one Produces more than one spot
spot on the chromatogram

5@
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Techniques for purification and for sep

mixtures
Method Used to separate or purify Example
Filtration or An insoluble solid from Sand from sea
centrifuging or a liquid
decanting
Simple A volatile liquid from Pure water from z
distillation a solution with a copper sulphate ]
non-volatile solid (Water is volatile: it &¢
forms a vapour; coppe
sulphate is non-volat
Fractional Liquids with different It can separate water :
distillation boiling points ethanol, liquid oxygen
(The liquids have to be nitrogen, and differer
miscible, e.g. water and petroleum fractions. 7%
ethanol; water and petrol  form one liquid phase;
are not miscible: petrol can mix. It cannot sepas
floats as a separate layer water and petrol,
on the water) not mix
Evaporation Crystals of a solute from Salt from sea water

a solution

Crystallisation  Two soluble solids if they
have different solubilities
in water

(Dissolve in the minimum
amount of hot water and
cool; the less soluble salt

will crystallise first)

Potassium chloride and
potassium sulphate

Sample question and answer

Sample question 1

Model answer and
examiner’s comments

Suggest the best method to separate each of the following mi

i) ethanol and methanol

ii) water from aqueous magnesium sulphate
chalk from a mixture of chalk and water

iii)
iv) methane and ethane

v) potassium chloride from aqueous potassium chloride
vi) a mixture of sugars from the hydrolysis of carbohydrates

vii) carbon dioxide and hydrogen.

i) fractional distillation v Two liquids with different boiling

points.
ii) simple distillation v
iii) filtration v
paper.

iv) fractional distillation
or diffusion v

V) evaporation
or crystallisation v

Water which is volatile will distil off.
Chalk will be the residue in the filter

Although these are gases at room
temperature, if they are cooled they can be
liquefied then distilled.

Methane will diffuse faster than ethane.
Evaporate the water to leave crystals

of potassium chloride.

[7 marks}



Experimental techniques

vi) chromatography v Sugars and amino acids can be separated
or identified by this technique.

vii) diffusion v Gases with different relative molecular
masses.

Examiner’s tip
» Do not assume that all chemistry in a question comes from the same
section of the syllabus.

a)

b)

(4]

d)

e)

& Tl’y this 7he answers are given on p. 118.

1 Chromatography is a valuable technique used in medical diagnosis.
Chromatogram 1 in Figure 2.1 shows the amino acids in the urine of a
child who is very ill with liver disease. Chromatogram 2 shows the amino
acids in the urine of the same child when fully recovered.

chromatogram 1 chromatogram 2

____solvent
front
tyrosine &=
taurine PGy
cysteic acid - -
glycine - -
glutamic >
acid
a3 —— datum line
drawn with
a pencil

samples of urine
placed on datum line

Figure 2.1

Amino acids are colourless compounds. How can the samples be
made visible on a chromatogram? [1 mark]
Why has the datum line been drawn in pencil and not in ink?

[1 mark]
Amino acids are identified by measuring their R, values, where

distance moved by amino acid
" distance moved by solvent front

f

Calculate the R, value of glutamic acid using chromatogram 1.

[1 mark]
The R; value of the amino acid leucine is 0.75. Where would this
compound appear on chromatogram 2? [1 mark]
Describe how the presence and concentration of amino acids in the
urine have changed now that the child has recovered. [3 marks]

7@




PIC 3 Atomic structure anc
the periodic table

Key objectives

Key definitions

Key ideas

@ To be able to describe the arrangement of the electrons =

To know the relative charges and masses of protons,
and neutrons

To be able to define proton number and nucleon n
To use these numbers to work out the numbers of prose
neutrons and electrons in an atom
To know that the elements in the periodic table are :
order of increasing proton number and that similar elemes
in the same group '
To be able to define the term isotope and to recall uses of
radioactive isotopes in medicine and industry

for the first 20 elements
To understand the significance of the noble gas electro
structures and valency electrons

Atom The unit particle of an element
Proton number The number of protons in one atom of the ele r
Nucleon number The number of nucleons, that is, the number of

protons and neutrons in one atom of the el

Element A substance that consists of atoms all with the sz

proton number. It cannot be broken down inta
anything simpler by chemical means

Period A horizontal row in the periodic table. It corres

to a shell or energy level filling with electrons:
number of occupied shells is the same across the
period but the number of valency electrons in t
outer shell increases

Group A vertical column in the periodic table. The nu

of occupied shells increases down the group but
number of valency electrons remains the same

Isotopes Different atoms of the same element, which have

same proton number but different nucleon nu

Noble gas A gaseous element in Group 0, with stable elecire

structure: its electron shells are full so it is unreact

The atom

Particles Relative mass Relative charge
proton (p) 1 +1

electron (e) 1/1840 -1

neutron (n) 1 0

In an atom the number of protons and the number of electrons as
equal. The atom has no overall charge: there are equal numbers ¢
positive and negative charges.




neutrons and protons
in nucleus (positive charge)

21 An atom

Atomic structure and the periodic table

..........................................Q.C.......“...

The protons and neutrons, that is the nucleons, are in the
central nucleus of the atom. The electrons are arranged in energy
levels or shells around the nucleus (Figure 3.1).

Isotopes

Isotopes are different atoms of the same element. They have the
same proton number (Z) but different nucleon numbers (A). An
isotope is usually written as #X where X is the symbol of the
element.

Isotopes of hydrogen:

1H ’H 1H
Tk led=ln Ipf let1n ip+ le+2n

The different atoms of hydrogen all have one proton and one
electron but the numbers of neutrons are different.

Some isotopes are radioactive. H is radioactive. The other two
isotopes of hydrogen are not. The nuclei of radioactive isotopes are
unstable and give off radiation.

Radioactive isotopes of uranium:
o ¢\
92p + 92e + 143n 92p + 92e + 146n

Examiner’s tip
» You must remember that, for an atom:

number of protons = number of electrons = Z
number of neutrons = number of nucleons — number of protons = A - Z

Uses of radioactive isotopes

Medical uses of radioisotopes include treatment of cancer,
measuring the flow of fluids around the body, treatment for an
overactive thyroid, location of tumours, and sterilising medical
equipment.

Industrial uses include measuring and controlling thickness of
paper and metal foil, measuring flow in pipelines, locating leaks,
measuring engine wear, and X-raying welds.

Electronic structure of atoms

Electrons are arranged around the nucleus in energy levels or shells.
The first shell is nearest to the nucleus and contains electrons with
the lowest energy.

Up to calcium, Z = 20, the shells fill in order, 1, 2, 3, 4. The
first shell can hold a maximum of two electrons; the second and
third shells can each hold eight electrons. See the table overleaf.

Beyond Z = 20, the order of filling and the number of
electrons in a shell follows a more complicated pattern.

9@
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A period in the periodic table corresponds to a shell filline
the number of valency electrons increases across the table.
The elements in a group in the periodic table have the
same number of valency electrons but an increasing number &
occupied shells.

Examiner’s tips 3
P You do not have to learn the electronic structures of the first 20
elements but you must be able to work them out using a copy of
periodic table, which will be supplied for IGCSE examinations.
P You should practise writing the electronic structures of the first 20
elements using just the periodic table (at the back of this book), &
check against the table given below. 1
> Do not be disconcerted if electronic structures that show an unfz
pattern are given on the question paper. For example the electron
distribution of iodine is 2,8,18,18,7, and because it has 7 valency
electrons its chemical properties will be similar to those of fluorine
chlorine 2,8,7 and bromine 2,8,18,7.

Electronic structures of the first 20 elements

Element Symbol Proton Energy Energy Energy Energy Elec
number level 1 level 2 level 3 level 4 str

Hydrogen H 1 1

Helium He 2 2

Lithium Li 3 2 1

Beryllium Be 4 2 2

Boron B 5 2 3

Carbon (& 6 2 4

Nitrogen N 7 2 5

Oxygen (0] 8 2 6

Fluorine F 9 2 7

Neon Ne 10 2 8

Sodium Na 11 2 8 1
Magnesium Mg 12 2 8 2
Aluminium Al 13 2 8 3

Silicon Si 14 2 8 4
Phosphorus P 15 2 8 5

Sulphur S 16 2 8 6
Chlorine cl 17 2 8 7

Argon Ar 18 2 8 8
Potassium K 19 2 8 8 1
Calcium Ca 20 2 8 8 2

Electronic structures can be represented as diagrams, as in Figure
opposite.



Atomic structure and the periodic table

@ Try this

h
ydrogen X5

Li
argon

lithium
®
potassium
sodium

Figure 3.2 Electronic structure of hydrogen, lithium, sodium, argon and
potassium

You will need to refer to the periodic table of the elements (at the back of
this book) to answer most of these questions. Note that for most of the
elements (the most important exception being chlorine) the nucleon
number approximately equals the relative atomic mass. The answers are

given on p. 118.

1 Calculate the number of protons, electrons and neutrons in one atom of
the following elements:

protons electrons ............. neutrons
protons electrons ............. neutrons
protons ...k electrons ............. neutrons [3 marks]

2 What is the total number of subatomic particles in one atom of
scandium? [1 mark]

11 e
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3 What is the number of charged subatomic particles in one at
fluorine?

4 Complete the electronic structures of the following. There is
ONE number missing from each structure.

5 How many electrons are there in the outer electron shell of each @
the following?

Cs, Ra, Ge, At e

6 Two of the isotopes of bromine are }2Br and §!Br.
a) What is the only difference between these two atoms? [
b) Which three features are the same in both of these atoms? [2

7 Complete the following table that shows the number of protons,
neutrons and electrons in different atoms. The first line has been
as an example.

Atom Number of Number of Number

protons neutrons electrons
19F 9 10 9
2Be
12 11
13 14
26 22
127|
53

[12

8 Without referring to the table on p.10, write the electronic structu
the following atoms. You should use the periodic table (at the back
of this book). !
i) Li
ii) B
iii) N
iv) Ne
v) Mg
vi) Si
vii) S
viii) Cl
ix) Ar
x) Ca [10

Examiner’s comments You can check your answers using the table on p.10. If you have co
worked out all ten electronic structures — well done. That is all that is
needed for IGCSE Chemistry.

® 12



DOPIC 4 Bonding: the structure
of matter

,,ey Obj ectiveS @ To be able to describe the differences between elements,

mixtures and compounds

To be able to describe the differences between metals and

non-metals

To know that an alloy is a mixture of a metal with another

element, usually another metal

To be able to describe the formation of ions by electron loss or gain

To be able to describe the formation of ionic bonds between

Group I and Group VII elements

To be able to describe and explain the formation of ionic bonds

between metallic and non-metallic elements

To be able to draw and explain a simple ionic lattice

To be able to describe the formation of single covalent bonds in

simple molecules, e.g. H,, HCI, H,O, Cl, and CH,

To be aware of the differences in properties between ionic and

covalent compounds

To be able to draw suitable diagrams to describe the covalent

bonding in more complex molecules, e.g. C,H,, N,, CH,OH

and CO,

® To know about the macromolecules diamond and graphite,
their structures, properties and uses

@ To be able to describe the macromolecular structure of
silicon(1v) oxide and note the similarities with the structure and
properties of diamond

@ To be able to describe metallic bonding and use this to explain
the electrical conductivity and malleability of metals

Key ideas Elements

An element consists of atoms all with the same proton number. It
cannot be broken down into anything simpler by chemical means.

Mixtures and compounds

Compound

ontains at least two substances or different A compound contains atoms of two or more different
>t chemically bonded. Air contains oxygen elements, chemically bonded. The compound water

n molecules, O, and N, contains hydrogen and oxygen bonded as water
molecules, H,0

=n have any composition The composition of a pure compound is fixed. Copper oxide
has the composition 80% copper and 20% oxygen by mass

n of a mixture is a physical rather than a The formation of a compound is a chemical change

: of a mixture are those of its components The properties of a compound are its own and not those of
its constituent elements. The properties of magnesium oxide
are different from those of both magnesium and oxygen

=nts of a mixture are not chemically bonded Chemical reactions have to be used to separate a
' they can be separated by physical means, compound into its constituent elements

13 @
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Metals and non-metals
These are discussed in Topic 15.

Formation of ions and ionic compounds

An ion is a charged atom or group of atoms. In an ion the =
of protons does not equal the number of electrons.

Examiner’s tips

The following ideas are essential to understanding how and why ie

bonds form.

P lons are formed by atoms gaining or losing electrons so that the
the same electronic structure as the nearest noble gas.

P Metallic atoms lose electrons and form positive ions or cations.

P Non-metallic atoms gain electrons and form negative ions or a

» Oppositely charged ions attract each other: there is a strong
electrostatic force between them called an ionic bond.

» Compounds that have ionic bonds are called ionic compounds.
Examples include sodium chloride, magnesium oxide and magnes
chloride.

In the formation of sodium chloride, a sodium atom has the
electronic structure 2,8,1, so the outer electron is lost to leave.
sodium ion, which has the stable electronic structure 2,8. The
sodium atom has 11 protons and 11 electrons and so has no &
the sodium ion has 11 protons and 10 electrons so it has a sine
positive charge. The sodium ion is written as Na™*. ]

A chlorine atom has the electronic structure 2,8,7, so an e
electron needs to be gained to complete the outer shell. This
form the chloride ion, CI, which has the stable electronic
structure 2,8,8. The chlorine atom has 17 protons and 17 elecs
and so has no charge; the chloride ion has 17 protons and 18
electrons so it has a single negative charge.

Ionic compounds can be represented by diagrams of the
shown in Figure 4.1.

sodium atom chlorine atom

sodium ion chloride ion
Na cl Na* cr
11 protons =11+ 17 protons =
10 electrons =10- 18 electrons =18
overall charge = +1 overall charge ==

Figure 4.1 lonic bonding in sodium chloride

® 14



|

|
|
|

14

4
1
$
1

electron from chlorine atom
electron from sodium atom

4.2 lonic bonding in sodium

simplified

2—

agnesium oxide

lagnesium chloride
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Alternatively, a simpler type of diagram can be used that only
shows the valency electrons. Although both representations are
correct, the simpler type of diagram shown in Figure 4.2 is
preferred at IGCSE.

The ionic diagram for magnesium oxide is shown in Figure 4.3.
The reason for the 2+ and 2— is that two electrons are lost by the
magnesium atom and two are gained by the oxygen atom.

Mg 2,82 becomes Mgt 038

126 and 1De 12pand 10e — 2+
O becomes .
8p and 8e 8pand 10e = 2

In magnesium chloride, Figure 4.4, the ionic bonding is different.
A magnesium atom will lose two electrons and a chlorine atom
will gain one electron. One magnesium ion Mg?" will therefore
combine with two chloride ions CI".

lonic structures

The lattice structure in a crystal of an ionic compound, such as
sodium chloride, is a regular three-dimensional arrangement of
alternating positive and negative ions (Figure 4.5). It is held together
by strong electrostatic forces. There are no molecules, just ions.

: / ©
Na* surrounded il\CI‘ surrounded
by 6 CI”ions by 6 Na* ions

Figure 4.5 lonic structure of sodium chloride

5@
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& Try this 7he answers are given on p. 118.

Examiner’s tips

b Predict the charges on the ions.

» Show the electrons around the
negative ion only.

» Make sure that the total charge
for the compound is zero:
multiply one or both ions by a
number so that electrons lost =
electrons gained.

shared electrons

Figure 4.6 Covalent bonding in the
hydrogen molecule

® 16

Examiner’s tip

P Remember that we are dealing here with ions, not atoms, so the
number of electrons and protons will not be the same. lons have =2
charge; if there are more protons than electrons the charge will be
positive but if there are more electrons than protons there will be
negative charge.

1 Use the periodic table to predict the charge on an ion of each of
following.

I, Cs, Se, Ba, P [5

2 State how many protons, electrons and neutrons there are in the
following ions.

i) 2Bedtie protons ..:i.i electrons ........ neutrons
i) M2 Protons ™ &eiei: electrons ........ neutrons
i) 0Ga e e protons™ ......... electrons ... neutrons
V) eAs s =t protons ......... electrons ........ neutrons
V)R SOBr= S ER protons .......... electrons ........ neutrons [5

3 Draw a diagram to show the arrangement of the valency electrons
the following ionic compounds.
i) potassium fluoride [2
ii) calcium sulphide [2n
iii) lithium oxide Bn
iv) aluminium fluoride [3 m

Covalent bonding

Atoms can attain the stable noble gas electronic structure by
sharing electrons. A pair of electrons, one from each atom, may &
shared. This is a single covalent bond and it holds the two atoms
together. They form a molecule.

Covalent bonds form between non-metals in which both atoms
need one or more electrons to achieve a noble gas electronic struc

The hydrogen molecule H, is an example of covalent bonding
(Figure 4.6). The single covalent bond can be represented by a li

H—H

By sharing an electron pair, both hydrogen atoms have two electr
in their outer electron shell, the same as the noble gas helium.
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Other covalent molecules

@ Chlorine, €I, The electronic structure of a chlorine atom is 2,8,7. The two
atoms each contribute one electron to the bond, so each chlorine
atom then has six electrons and the shared pair, giving eight
electrons in the outer shell (Figure 4.7).

7 The chlorine molecule

® Hydrogen chloride, HCI The electronic structures of the atoms are H 1 and Cl 2,8,7. Both
atoms need to gain one electron. They both have a valency of one
and form one covalent bond per atom (Figure 4.8).

The hydrogen chloride

® Water, H,0 The electronic structures of the atoms are H 1 and O 2,6.
Hydrogen needs to gain one electron, so it can form one bond per
atom. Oxygen needs to gain two electrons per atom, so it has a
valency of two and will form two bonds per atom (Figure 4.9).

.
H H

"he water molecule

® Methane, CH, The electronic structures of the atoms are H 1 and C 2,4. The
valency of carbon is four, so four hydrogen atoms will bond to one
carbon atom (Figure 4.10).

H
l
E—H
|
H
nethane molecule

17 @
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More complex covalent molecules

® Nitrogen, N, The electronic structure of a nitrogen atom is 2,5. Each
atom needs to gain three electrons, its valency is three and it
form three bonds per atom (Figure 4.11). Six electrons, that
three pairs, are shared. This is a triple bond.

Figure 4.11 Covalent bonding in the
nitrogen molecule

® Carbon dioxide, CO, Between the carbon atom and each oxygen atom four electro
that is two pairs, are shared (Figure 4.12). This is a double bos
represented by two lines. Carbon with a valency of four has
formed four bonds per atom, whereas oxygen has formed two
bonds per atom.

‘9 O=0—-0)

Figure 4.12 The carbon dioxide molecule

@ Ethene, C;H, The bonding in ethene is shown in Figure 4.13.

@ Methanol, CH,OH The bonding in the methanol is shown in Figure 4.14.

X ¢

£
R

H\ /H X electron from carbon atom
c—cC @ clectron from hydrogen atom
H/ \H QO electron from oxygen atom
Figure 4.13 The ethene molecule Figure 4.14 The methanol molecule

® 18
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Differences between ionic and covalent compounds

r's tip

= remember the phrase
=cular forces. It is

» write ‘water has a

ng point because the

e weak’. The covalent
that holds a water

es that hold one water
=cule to its neighbours that

eak. Only these weak
molecular forces need to
ercome when water boils
he molecules separate.

"together is strong: it is

Property

lonic compounds

Covalent compounds

Elements in compound

Metal and non-metal

Two or more non-metals

Type of particle

Only ions

Simple molecules

Volatility —melting

High melting and

Low melting and boiling

water but insoluble in
organic solvents

point and boiling points because  points because

boiling point ions are held together  intermolecular forces are
by strong forces weak

Solubility Most are soluble in Most are insoluble in

water but soluble in
organic solvents

Electrical conductivity

13

5 A small part of the
¥ diamond

.,
»

one layer

® Diamond

® Graphite

Conduct when molten
or dissolved in water
because the ions are
free to move. Do not
conduct as solids,
because the ions cannot
move to the electrodes

In general do not
conduct as solids,

liquids or in solution,
because there are no
ions, only molecules. A
few react with water and
form ions, and these will
conduct in aqueous
solution, for example
hydrogen chloride

Macromolecules

These are giant covalent structures which have millions of atoms
held together by covalent bonds. Examples of macromolecular
substances are diamond, graphite and silicon(1v) oxide.

This is a crystalline form of the element carbon. It has a

three-dimensional structure in which every carbon atom is
covalently bonded to four other carbon atoms (Figure 4.15).

Properties of diamond

Uses

Very high melting point

Hardest substance known

Drill bits; cutting glass and metals

Does not conduct electricity

Colourless crystals that glitter

Jewellery

This is another form of the element carbon. The atoms are

covalently bonded in layers, with each carbon atom strongly

showing how the layers fit together

5 The structure of graphite

bonded to three other atoms in the same
layer (Figure 4.16). The bonding
between the layers is much weaker and
the electrons responsible for these bonds
are free to move within the structure.
They are described as delocalised or as a
‘sea of electrons’.

19 @




TOPIC 4

000900 OO0 OO0 OO OO OO0 OO0 OO0 OO0 OOOOOOPOGEOGSOIOSOOGOOEOSIOSGINOSIOGOOEOGEISGSOIPNOOSDOSOEOSOS DS

Properties of graphite Uses

Black shiny solid

As a lubricant
In pencils

Soft with a slippery almost soapy feel:
the layers can slip over each other because
of the weak bonds between layers

Good conductor of electricity because the To make electrodes

electrons between the layers are mobile

High melting point because the
strong bonds in the layers have to
break before the graphite can melt

® Silicon(iv) oxide This is a compound: it contains two elements.

Si2,8,4
0 16

= Silicon forms four bonds per atom.
Oxygen forms two bonds per atom.

One silicon atom is bonded to four oxygen atoms; each oxygen
atom is bonded to two silicon atoms (Figure 4.17). Its structure
very similar to that of diamond, consequently its properties a
very similar. Silicon(1v) oxide in the form of quartz exists as
colourless crystals. They are very hard, have a high melting p
and do not conduct electricity.

Figure 4.17 The silicon(iv) oxide
structure in quartz

® Try this

The answers are given on p. 119.

4 Predict the valency, that is, the number of covalent bonds per atom, ¢
the following elements.
i) bromine
ii) arsenic
iii) germanium
iv) tellurium
v) phosphorus [5

s - Write the f la f h of the followi -
Examiner’s tip 5 rite the formula for each of the following covalent compounds

» Writing the formulae of i) hydrogen fluoride

compounds is a very important
skill and needs to be practised.
Use the periodic table to find
the symbols of the elements and
their valencies. Then follow this
example for silicon sulphide:

symbol Si S

valency 4 2

Now ‘swap’ the numbers: Si,S,
Where possible, cancel: Si,S,
which is written as SiS,

There is more practice on this
in Topic 5.

® 20

ii) nitrogen chloride

iii) germanium oxide

iv) phosphorus nitride

v) oxygen fluoride [5

6 For each of the following, draw a diagram showing the arrangement
the valency electrons in one molecule of the covalent compound.

i) ammonia NH, [2 m
ii) silicon hydride [3
iii) oxygen molecule O, [2m

iv) phosphorus fluoride [3
v) hydrogen sulphide [3
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Metallic bonding

The structure of a metal can be described as a lattice of positive
ions in a ‘sea of electrons’ (Figure 4.18). These electrons are
described as free, mobile or delocalised; they can move
throughout the metal. The strong attractive force between the
positive ions and the negatively charged electrons is the metallic
bond. Remember: a positive and a negative charge attract.

Common error = j

The positive particles are positive ions, that is, cations. The atoms
have lost their valency electrons, for example Na* and Cu?*. It is
a very common mistake is to think that the lattice consists of
protons or atomic nuclei rather than cations. ¥

Metals are malleable, which means when hammered they change
shape and do not break. The bond between the layers may be
strong but it is non-directional. The layers can slip over each
other, so that the piece of metal has a new shape and new bonds
form (Figure 4.19).

h force
applied
e here

before

after

Figure 4.19 The positions of the positive ions in a metal before and after
a force has been applied

Metals are good conductors of electricity. When a voltage is
applied across a piece of metal, the delocalised electrons move to
the positive end and a current flows through the metal.

21 @
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PIC5

Key objectives

Key ideas

Sample question 1

Model answer

Sample question 2

Model answer

Stoichiometry: formul
and equations

To be able to write the formulae of simple compounds

To deduce the formula of a simple compound from the
numbers of atoms present

To deduce the formula of a simple compound from a m
a diagrammatic representation
To determine the formula of an ionic compound from ¢
charges on the ions
To be able to construct word equations and simple balan
chemical equations

To be able to construct equations with state symbols
To be able to write ionic equations 3
To deduce the balanced equation for a chemical reaction
relevant information

Examiner’s tip

» The objectives regarding writing equations are long term. You sh
develop, practise and reinforce these skills throughout your IGCSE
Chemistry course.

Formulae

To write the formula of a compound, you need to know the
valencies of the elements or structural groups in that compound.
You can use the periodic table to find valencies.

Group | I 11 v V \Y| Vil
Valency 1 2 3 4 3 2 1
Write the formula of aluminium oxide. [1 m

symbol Al O
valency 3 2
‘Swap’ the numbers and, if possible, cancel.

The formula for aluminium oxide is A1203. v
Write the formula of aluminium phosphide. [1 ma

symbol Als P
valency 3 3

A13P3, cancel numbers: Al P, written as AlP. v

You cannot predict the valencies of the transition elements from
the periodic table.



Stoichiometry: formulae and equations

AR RN EENRENES S E NN E N N Y N R R R

(o]
Y
\O—H
H H
b |
T
H H

Also, you will have to learn the valencies of some of the
common structural groups:

hydroxide OH valency 1
nitrate NO, valency 1
carbonate Co, valency 2
sulphate SO, valency 2

You can write formulae of their compounds by balancing the
charges on the ions. For example:

aluminium sulphate AP* x 2 = 6+ SO* x3=6-

The formula is Al,(SO,),. Brackets are used because there is more
than one element in the sulphate group, all to be multiplied by 3.

1

® Try this 7he answers are given on p. 119.

Write the formula of the following simple compounds.

i)

i)
iii)
iv)
v)
vi)
vii)
viii)

lithium iodide

sodium oxide

boron fluoride

calcium nitride

germanium chloride

arsenic oxide

aluminium sulphide

silicon carbide [8 marks]

Work out the formula of the following compounds from the ions
present.

i)

ii)
iii)
iv)

v)

sodium sulphate: Na* and SO,

aluminium hydroxide: A3+ and OH-

calcium nitrate: Ca?* and NO;-

magnesium carbonate: Mg?* and CO,%~

calcium phosphate: Ca?* and PO,3- [5 marks]

Work out the formula of each compound from the diagram of its
structure, in Figure 5.1.

i)

H H H H H &
R
H H H H H O—T_T_H
H H
) H H

23 ®
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Writing equations
This skill will be introduced in this topic and developed throus
the course. All chemical reactions can be represented by equats
The easiest type of equation is a word equation.

magnesium + oxygen — magnesium oxide
reactants product

The most widely used type of equation is the symbol equatic
This has to balance, that is, there needs to be the same numbe
each type of atom on both sides of the equation.

For all metals, simply write the symbol in an equation. Ses
non-metals exist as diatomic molecules (two atoms per molec:
for example O, N, H,, Cl,. Other non-metals are written
atom, for example C, Si, B, P, S.

Mg + O, - MgO
The above equation does not balance.

1Mg 1Mg
20 10

Common error
You must not alter any of the symbols or formulae. The folles
is wrong.

Mg + O, - MgO,

You must not change the formula of magnesium oxide from &
correct one, MgO, to an incorrect one, MgO,, in an attempt &
balance the equation. ¥

Numbers need to be written in front of a reactant and/or pre
to balance the equation.

2Mg + O, = 2MgO

reactants product
2Mg 2Mg
20 20

Both sides are equal — the equation balances.

State symbols

The state symbols are:

(s) solid
0 liquid
(®) gas

(ag)  aqueous, that is, dissolved in water
These follow the symbols or formulae in equations, for example

2Mg(s) + O,(g) = 2MgO(s)
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A more complex example
Word equation:

aluminium  hydrochloric _, aluminium

hydroxide acid chloride + Water
Symbol equation:
allol), &+ HCE » AIGE 4+ H.O unbalanced

Al(OH), + 3HCl — AICL + 3H,0 balanced

AKOE) (5} f SHCl@q) — AlClL(aq) + 3H OO
with state symbols

This is an opportunity for you to practise writing some simple equations.
More complex examples will be introduced later in the course. The answers
are given on p. 120.

4 Balance the following equations. You must not alter any of the symbols
or formulae.
i) Na+Cl, > Nacl
i) Ca+0,—Ca0
iii) Fe + Br, — FeBr,
iv) Li+0O,— Li,0
v) P+0,—>P,0,
vi) MgO + HCl — Mgdl, + H,0O
vii) Na + H,O — NaOH + H,
viii) FeCl, + NaOH — Fe(OH), + NaCl [8 marks]

5 Write balanced symbol equations for the following reactions. You will
find it helpful to refer to the equations in question 4.
i)  potassium + bromine — potassium bromide
ii) aluminium + iodine — aluminium iodide
iii) sodium + oxygen — sodium oxide

iv) magnesium sodium - magnesium sodium
chloride hydroxide hydroxide chloride

v)  calcium + hydrochloric acid (HCl) — calcium chloride + hydrogen
[10 marks]
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PIC 6 Stoichiometry:
calculations

Key ObjeCtlves ® To be able to define the terms relative atomic mass, re

formula mass, mole and the Avogadro constant

® To be able to calculate reacting masses using simple pro

@ To be able to calculate reacting masses and volumes of
and solutions using the mole concept

@® To understand the idea of a limiting reagent

@ To be able to calculate empirical and molecular form

® To be able to calculate % yield and % purity

Key defln |tions Relative atomic mass (A,) The average mass of the naturally occurri
atoms on a scale where an atom of '>C has a mass = 12.000 (Most natus
occurring elements are a mixture of isotopes. This means that not all
atoms have the same mass so the average has to be used.)

Relative formula mass (M,) The sum of the relative atomic masses of
elements shown in the formula (For substances that consist of simple
molecules the term relative molecular mass (M) can be used instead
relative formula mass.)

Mole The amount of a substance that contains 6 x 1023 atoms, ions or
molecules. The number 6 x 10% is called the Avogadro constant. Oner
of a substance has a mass equal to the relative formula mass in grams

Empirical formula This shows the simplest ratio of atoms present

Molecular formula This shows the number of atoms of each element
present in one molecule of the substance

Molar volume (V,,) The volume, approximately 24 dm3, occupied by o
mole of any gas at room temperature and pressure (r.t.p.)

Concentration of a solution Measure of the amount of solute in unit
volume of solution; units mol/dm? or g/dm?3

Examiner’s tips
If you learn these useful relationships you are more likely to be succi
in performing chemical calculations.

mass of substance

» Number of moles =
mass of one mole

volume of gas in dm? at r.t.p.
24

Number of moles _concentration of solution _ volume of solution

of solute 5 (mol/dm?) . (dm?)

» Number of moles of a gas =

® 26




Examples

Sample question 1

Model answers

® Try this

Stoichiometry: calculations
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Relative formula masses and moles

You can find the relative atomic masses using the periodic table (at the back

of this book).

Calculate the relative formula mass of the following.
iy, G,

ii) Ca(OH),

iii) AL,(SO,), [3 marks]
i) CH, @ Xx12)+ @ X 1) =16 «

ii) Ca(OH), (1x40)+2(16+1)=74 v

iii) AL,(SO,), (2X27) +3(32+4Xx16) =54 + (3 X 96) =342 v

Examiner’s tip

P If the formula involves a group in brackets, it is easier to work out the
formula mass inside the bracket first and then multiply by the number
outside the brackets.

The answers are given on p. 120.

1 Calculate the relative formula mass of the following.
i) HEH,
ii) Na,Co,
iii) ALO,
iv) C,H, O
v) AI(OH), [5 marks]

2 Calculate the mass of one mole of the following.

i ne

i) el

iii) NaOH

iv) MgCO,

v) CusO,5H,0 [5 marks]

3 What is the mass of each of the following?
i) 2 moles of H,O
i) 3 moles of CH,
iii) 0.5 moles of NaOH
iv) 0.125 moles of MgO
v) 0.7 moles of SO, [10 marks]

Examiner’s tip
» Rearrange the relationship

mass of substance
mass of one mole

number of moles =
to give

mass of substance = number of moles x mass of one mole

You will need to calculate the mass of one mole of the substance first.
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Reacting masses

These questions are concerned with reacting masses, i.e. how much
is formed. There are two methods of performing this type of cal
one does not involve moles, the other method does. Both methods
to answer the sample question.

Sample question 2 Calculate the mass of magnesium oxide formed when 3.0g
magnesium reacts with excess oxygen.

Examiner’s tip

» The reaction will stop when all the magnesium is used up; it is
limiting reagent. When all the magnesium has reacted, some
will be remain, as the question states — it is in excess.

Model answers Method 1
2Mg + O, —» 2MgO M, of MgO = 24 + 16 = 40
2x24 2 X 40
48 g of magnesium will form 80 g of magnesium oxide v

1 g of magnesium will form L g of magnesium oxide

48

3 g of magnesium will form % X 3 g of magnesium oxide
=50gv
Method 2

2Mg + O, —» 2MgO M,_of MgO = 24 + 16 = 40
Number of moles of Mg = 2%,{ =0.125 v
Mole ratio Mg:MgO =2:2=1:1
Moles of MgO formed = 0.125 v

Mass of magnesium oxide = 0.125 X 40 = 5.0g v

Examiner’s tip

P You only use the numbers that balance the equation in the
You must ignore them when working out the mass of a mole &
MgO. You can expect to be given the equation in the questi

S Try this voucan use method 1 or method 2. The answers are given on p. 12

4 Calculate the mass of oxygen needed to burn 20 g of methane.

CH, + 20, —> CO, + 2H,0

5 Calculate the mass of copper(i) sulphate formed when 5.0 g of c=
oxide reacts with excess sulphuric acid.

CuO + H,S0, = CuSO, + H,0

® 28
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ample question 3

Model answer
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e Try this
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Moles and volumes of gases

The method is essentially the same as for reacting masses. Use V. = 24 dm’

for one mole of any gas at room temperature and pressure (r.t.p.).

The answers are given on p. 120.

6 Calculate the number of moles of oxygen molecules, O,, in the following
volumes of oxygen gas at r.t.p.

i) 48dm?3

i)y 1.2dm?
iii) 960 dm3
iv) 3.6 dm3

v) 1200 cm3® (Remember 1 dm3 = 1000 cm3) [5 marks]

7 Calculate the volume of oxygen at r.t.p. for each of the following masses

of the gas.

iy 169

ii) 320¢g

iii) 48¢g

iv)] 8g

v) 40g [10 marks]

Reacting volumes

Calculate the volume of oxygen at r.t.p. necessary to burn 1.4 ¢
of butene. [4 marks]

CH 60 4C0O | 4110

M ofbutene — (4 x12) + Bx1) —56v

Moles of C H = 15_6 =g 025 v

Molenio C H (O =1 .6

Moles of oxygen reacted = 0.025 X 6 = 0.15 v
Volume of oxygen at r.t.p. = 0.15 X 24 = 3.6 dm’*v

The answers are given on p. 120.

8  What volume of carbon dioxide is produced by the reaction described
in Sample question 3, that is when 1.4 g of butene is burnt in oxygen?
[3 marks]

9  What is the volume of oxygen needed to react with 20 cm3 of ethane?

2C,H, + 70, — 4CO, + 6H,0 [2 marks]
10 Calculate the volume of sulphur trioxide formed when 20.0 g of iron(in)
sulphate is heated.

Fe,(50,); — Fe,0; + 350, [4 marks]
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Sample question 4

Model answer

® Try this

® Try this

11 When aluminium was reacted with an excess of hydrochloric ack
of hydrogen at r.t.p. was formed. Calculate the mass of alumini
2Al + 6HCI — 2AICl, + 3H,

Empirical and molecular formulae

A hydrocarbon contains 92.3% of carbon. Its relative mole
mass is 78. Calculate its empirical and molecular formulae.

e

| Examiner’s tip
‘ B Hydrocarbons contain only carbon and hydrogen.

carbon

Percentage composition by mass 92.3

Divide by A, to find mole ratio carbon 923 i
atoms to hydrogen atoms 12

Divide by the lowest number to find 1
the simplest whole number ratio

The empirical formula is CH. v/
The molecular formula has to be a multiple of the empirical form 7_
for example CH, C,H,, C;H, etc.

M, of CH = 13
M, of the hydrocarbon = 78
78

= 6 So the molecular formula is CH. /

The answers are given on p. 120.

12 A compound contains 38.7% carbon, 9.67% hydrogen and 51.6%
oxygen. lts relative molecular mass is 62. Calculate its empirical &
molecular formulae.

Moles and concentration of solutions

You are strongly advised not to attempt these questions until you
done some practical work involving titrations.

Examiner’s tips

» A useful relationship is
number of moles

concentration (mol/dm?3) =
volume of solution (dm3)

» Most of the practical work and information in questions gives ve
in cm3. You will have to change from cm3 into dm3. (1 dm3 = 100K

The answers are given on p. 120.

13 Calculate the concentrations (in mol/dm?3) of the following solu
sodium hydroxide, NaOH. The M, of sodium hydroxide is 40.
i) 2gin 100cm?
ii) 259 in 500cm3
iii) 1gin 10cm3



Sample question 5

Model answer

® Try this

Sample question 6

'. Model answer
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14 Calculate the mass of solute necessary to make the following solutions.
i) 100 cm? of potassium hydroxide, KOH, concentration 0.5 mol/dm3.
[3 marks]
i) 50 cm? of sodium carbonate, Na,CO,, concentration 0.1 mol/dm?3.
[3 marks]
iii) 3 dm?3 of sodium chloride, NaCl, concentration 2.5 mol/dm3.
[3 marks]

Calculate the volume of sodium hydroxide, concentration
0.16 mol/dm?, needed to neutralise 20 cm? of sulphuric acid,
concentration 0.2 mol/dm?. [3 marks]

2NaOH + H,SO, — Na,SO, + 2H,0
> L
Moles of H,SO, = Tgoog X 0-2 = 0.004 v

Moles of NaOH = 0.004 X 2 = 0.008 v (Look at the mole ratio in
the equation).

Rearrange the equation

number of moles

concentration (mol/dm?) = -
volume of solution (dm?)

to give
_ number of moles
volume = :
concentration
_0.008

= 0.05dm? or 50 cm3 v

0.16

The answer is given on p. 121.

15 25 cm? of sodium carbonate, 0.10 mol/dm3, was neutralised by 31.0 cm3
of hydrochloric acid. Calculate the concentration of the acid in
mol/dm?3.

Na,CO, + 2HCl — 2NaCl + CO, + H,O [3 marks]

Moles, % yield and % purity

Excess magnesium carbonate was added to 25.0 cm® of sulphuric
acid, concentration 2.0 mol/dm?®. The unreacted magnesium
carbonate was removed by filtration. The solution of magnesium
sulphate was evaporated to give 6.7 g of hydrated magnesium
sulphate crystals. Calculate the percentage yield.

MpCO. + H.SO, —>MsSO + CO, + H O
Mool 10 o MosO) 11 () [5 marks]

From the equations:

1 mole of H,SO, gives 1 mole of MgSO, which gives
1 mole of MgSO,.7H,O

Number of moles of H,SO, = number of moles of MgSO,.7H,O
25 x 20

Number of moles of H50, = - = 0.05 v
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® Try this

Sample question 7

Model answer
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Number of moles of MgSO,.7H,O = 0.05 v

Mass of 1 mole of MgSO,.7H,O = 24 + 32 + (16 X 4)
TX18= 246 v

Theoretical vield = 005 X 246 = 12 50 v

actual yield X 100 _ 6.7 X 100

= 548
theoretical yield 125

Percentage yield =

The answers are given on p. 121.

16 12.0 g of ethanoic acid reacted with an excess of ethanol to
of ethyl ethanoate. Calculate the percentage yield.
CH,COOH + C,H,OH — CH,COOC,H, + H,0
17 An excess of nickel oxide reacted with 50.0 cm? of hydrochlor

concentration 1.6 mol/dm3, to form 6.1 g of hydrated nickel
crystals. Calculate the percentage yield.

NiO + 2HCl — NiCl, + H,0
NiCl, + 6H,0 — NiCl,.6H,0

7.0 g of impure calcium carbonate was heated and 2.42 ¢
dioxide was collected. Calculate the percentage purity of
calcium carbonate.

CaCO3 = a0 P L0
1 mole of CaCO, formed 1 mole of CO,
Moles of CaCO, = moles of £

' Examiner’s tip
P You must use the mass of carbon dioxide; remember the 7.0 g ¢
calcium carbonate and impurities.

Moles of CO, 44 0.055 v

(Massof Lmole of CO. =12 + 16 + 16 = M) v

Moles of CaCO, = 0.055

Mass of 1 mole of CaCO, =40 + 12 + 3 X 16 + 100 v
Mass of pure calcium carbonate = 0.055 X 100 = 5.5 g v/

mass of pure substance

X 100

Percentage purity =

mass of impure substance

55 % 100

= 0
=0 78.6% v
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® Try this

nple question 8

Student’s answer

er’s comments

Model answer

This question is similar but not identical to Sample question 7. The answer is
given on p. 121.

18 9.30 g of impure sodium hydrogencarbonate was heated. 2.24 g of
carbon dioxide was formed. Calculate the percentage purity of the
sodium hydrogencarbonate.

2NaHCO, — Na,CO, + CO, + H,0 [5 marks]

Examiner’s tip

# If a calculation is worth more than 1 mark, you are strongly advised to
show your working. In the following example on limiting reagents and
reagents in excess, there is a deliberate mistake at the beginning of the
calculation. This will illustrate how examiners mark such an answer and
emphasise that it is still possible to be awarded marks.

In this question one reactant is in excess — some of it will be left
unreacted. The other reactant is the limiting reagent — it will all be
used up and then the reaction will stop.

0.5 g of magnesium is added to a solution containing 3.0 g of
ethanoic acid. Which is the limiting reagent and how many moles
of the other reagent are left unreacted?

Mg+ 2CH.COOH 5 (CILCOO) Mg + H [5 marks]

0.5
Moles of Mg = 75 = 0.0417 x
J
M, of CH;COOH = 60 v Moles of CH,COOH = &5 = 0.05 v

The limiting reagent is ethanoic acid, v because 0.05 moles of
ethanoic acid can only react with 0.025 moles of Mg.

(Look at the equation; moles of CH;COOH must be twice moles of Mg.)
Unreacted moles of magnesium = 0.0417 — 0.025 = 0.0167 v

The mistake is quite a common one, to use Z = 12 for magnesium instead of
A, = 24. After the mistake, if the chemistry is correct and the calculation is
continued using the wrong numerical value, the mistake is penalised only once.

So 4 out of 5 marks could be awarded. If an incotrect answer had been given
without showing any working, then no marks would have been awarded.

05
Moles of Mg = & = 0.0208 v
>
M, of CH.COOH = 60 v Moles of CHCOOH = =5 = 005 /

The limiting reagent is magnesium, v because 0.0208 moles of Mg
can only react with 0.0416 moles of ethanoic acid, not 0.05.

(Look at the equation; moles of CH;COOH must be twice moles of Mg.)
Unreacted moles of ethanoic acid = 0.05 — 0.0416 = 0.0084 v
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Key objectives

Key definitions
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Key ideas

To know that an electric current is due to a flow of electro:
from negative to positive

To recall that when metals and graphite conduct there is no
accompanying chemical change

To know that electrolytic conduction occurs only in the lig
phase and is accompanied by chemical reactions

To know the general principles of electrolysis

To be able to describe the specified examples of electrolysis
inert electrodes

To be able to describe and explain the electrolysis of aq
copper(ll) sulphate with carbon electrodes and copper ele
To be able to predict the products of electrolysis .
To be able to write equations for the reactions at the electre
To be able to describe the specified industrial electrolytic proe
To be able to describe, with reasons, the use of copper and
aluminium in cables and the use of plastics and ceramics as i

Electrolyte

A substance that conducts an electric current w
molten or dissolved in water, with chemical reac
at the electrodes

Non-electrolyte

A substance that does not conduct in the liquid &

Weak electrolyte

A poor conductor of electricity because it is only
partially ionised — there are mainly molecules, few

Strong electrolyte

A good conductor of electricity because it is
completely ionised

Electrolysis The process of passing an electric current throug '
substance and bringing about a chemical reaction

Electrodes Pieces of metal or carbon through which the curre
enters and leaves the electrolyte

Cathode The negative electrode

Anode The positive electrode

Electrolytic conduction

S @
power supply electron flow
or battery in wire

positive electrode

negative electrode
or cathode —
reduction occurs
at this electrode

Figure 7.1 The principle of electrolysis

or anode — oxidation
occurs at this ele

electrolyte has to be
a liquid — molten or
aqueous solution

ions move
through electrolyte

4

&
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e Electrons flow from the battery to the cathode.

e Positive ions (metallic or hydrogen) in the liquid are attracted to
this negative electrode.

e The positive ions accept electrons from the cathode, and metals
or hydrogen are formed at the cathode.

Cu?* + 2 — Cu
2H" + 2¢ — H,
APt + 3¢ — Al

e Electrons flow from the anode to the battery or power supply.

e Negative ions (non-metals except hydrogen) are attracted to this
positive electrode.

e When the anode is inert (carbon or platinum) the negative ions
lose electrons to the anode.

2CIF — 2 — Cl2 or 2CIr— C12 + e~
400 —de~—0, 2H,O or 4OH — O, + 2H,O + 4e”

When the anode is not inert (silver, copper and more reactive
metals) the metal atoms of the anode lose electrons and form
positive ions. The anode will dissolve and become smaller.

Cu—2e — Cu?t or Cu— Cu?t + 2e
Zn —2e — Zn?t or Zn — Zn?t + 2e
Ao -5 Ac’ or An S Ap L@

Water is a very weak electrolyte. Very few water molecules are
lonised, so it is a poor conductor of electricity. It is almost entirely
molecules with very few ions.

H,0 — H*(aq) + OH (aq)

All aqueous solutions contain hydrogen and hydroxide ions in
addition to the ions from the electrolyte. Aqueous sodium chloride
contains Na*(aq), Cl™(aq), H*(aq) and OH (aq).

Discharge of ions

The ion lower in each of the series will be discharged. The order
for positive ions is very similar to the reactivity series of metals (see
Toplc 1%

Positive ions or cations Negative ions or anions
at an inert electrode

K= SO

Na* NO,~

Mg?2* OH-

APt (¢ =

H! Br-

Cust I~

Ag*

Note that CI is discharged in preference to OH" if the chloride
solution is concentrated. If the chloride solution is dilute, then
oxygen from OH" is formed, not chlorine.
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@ Molten sodium chloride with

inert electrodes

® Agqueous sodium chloride with

inert electrodes

@ Aqueous copper(i) sulphate with

carbon electrodes

@ Aqueous copper(i) sulphate with

® 36

copper electrodes

When the anode is not inert, it will lose electrons and fo
positive ions in preference to the discharge of a negative ion.

Examiner’s tip

> If you are studying for Paper 2 you are not expected to write ionic
equations for the reactions at electrodes. You are expected to predic:
the products from molten electrolytes and know the products from
electrolysis of concentrated hydrochloric acid and concentrated
aqueous sodium chloride.

Examples of electrolysis

Ions present: Na*, CI,

Cathode Anode

Nat + e  — Na 2CI - 2e” — Cl,

Sodium chloride is decomposed.
2NaCl — 2Na + Cl,
Ions present: Na*(aq), Cl (aq), H"(aq) and OH(aq).

Cathode Anode
H*(aq) is lower than Na*(aq) so If solution is concentrated
2H* + 2e- > H, 2C-2e-— Cl,

Tons left in solution are Na*(aq) and OH"(aq). The solution
becomes sodium hydroxide.

If the solution is dilute, at the anode:
40 e 5 O & 2H,0

lons left in solution are Na*(aq), Cl (aq). Water is used up and :
solution becomes more concentrated.

Ions present: Cu®*(aq), SO,*(aq), H*(aq) and OH (aq).

Cathode Anode
Cu?*(aq) is lower than H*(aqg) so OH~(aq) is lower than SO, (aq) '
Cu?*(aq) + 2e- — Cu 40H -4e — O, + 2H,0

Tons left in solution are SO **(aq) and H*(aq). The solution
becomes sulphuric acid, H,SO,

The only difference is at the anode. It is not inert, so it loses
electrons and forms ions:

Cu-—2e — Cu?t or Cu—> Cu2t+ 2e

Copper is deposited on the cathode which becomes thicker. Copper
removed from anode which gets thinner. The electrolyte remains the
same, because one electrode reaction removes copper(t) ions but the
other electrode reaction replaces them. This process is used to

electroplate other metals with copper and in the refining of copper.
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Other examples of electrolysis with inert electrodes

: Cathode reaction Anode reaction Change to electrolyte
=2d(i1) bromide Lead formed Bromine formed Used up
Pb?* + 2e~ — Pb 2Br--2e” — Br,
zted hydrochloric acid  Hydrogen formed Chlorine formed Acid used up
2H* +2e- > H, 2CH-2e > Cl,
chloride Lithium formed Chlorine formed Used up

Li*+e — Li

2CH- 2e—idl,

uric acid

Hydrogen formed
2H el B

Oxygen formed
40H —4de > O, +2H.0

Water used up,
acid becomes more

concentrated
rate Lead formed Oxygen formed H*(aq) and
Phe i %e PD 40H -4e” — O, + 2H,0 NOs(aq) left.
Solution changes to
nitric acid
m bromide Hydrogen formed Bromine formed Solution changes
20 1o 2B Je > B, to potassium hydroxide

tips

have to learn to
diagram but you may
o label it.

- 2 you will need to

= aluminium is formed
hode and oxygen at

250 need to know the
=ctroplating (see

be able to describe
s without writing

Extraction of aluminium

crust of solid electrolyte
i molten electrolyte

graphite anodes

aluminium

out
-

syphon

8m long

molten aluminium tank lined
collecting on with graphite
floor of cell cathode

Figure 7.2 The industrial extraction of aluminium by electrolysis

Essential information is:

the main ore of aluminium is bauxite

it is changed into pure aluminium oxide, alumina

both cathode and anodes are carbon (graphite)

the electrolyte is a molten mixture, pure aluminium oxide
dissolved in cryolite, Na,AlF,

the temperature of the molten electrolyte is about 900 °C
at the cathode AP* + 3¢~ — Al

theanode 200 ~de > O,

the carbon anodes burn away in the oxygen and have to be
replaced periodically

the cryolite lowers the temperature from over 2000 °C, the
melting point of aluminium oxide, to about 900 °C. This leads
to a large saving in energy. It also improves the electrical
conductivity of the electrolyte.
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anode (+) cathode (—)
metal object to be
plated, e.g. spoon
™ ~
Ag
7 Ag
Ag
&
anode made electrolyte The Ag™ ions are attracted to the : -
from the metal contain{fg the cathode, where they gain electrons ﬁncfc): ;lggo%fnsgzia‘feocrams -
being used metal being used
for plating, for plating,
e.g. silver e.g. silver nitrate

Figure 7.3 The principle of electroplating
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Industrial electrolysis of aqueous sodium chle
The electrolysis has already been described. You do not has
know details of the cell. The products are chlorine, hydroges
sodium hydroxide. These have the following uses.

Chlorine Hydrogen Sodium hydroxide

In making solvents In the Haber process  To make soaps

For treating drinking To make margarine In extraction of alums
water

As a bleach As a fuel in fuel cells  To make soapless de
In making plastics, PVC  As rocket fuel In textiles manufacturs
Electroplating

This is used to plate one metal with another. The general
arrangement for electroplating is shown in Figure 7.3.
The electrolysis has been described earlier. The metals
commonly used to electroplate are copper, chromium, nickel.
and silver. The two main reasons for electroplating are appearas
(highly polished shiny finish) and protection from corrosion am
abrasion. Chromium plating, for example, gives a pleasing
appearance, and because chromium is very hard it is resistant
scratching and it protects the underlying metal from corrosion.

Refining
Metals can be refined or purified by electrolysis. The impure me
forms the anode, the cathode is a small piece of the pure metal

the electrolyte is an aqueous metal salt. In the refining of copper.
Figure 7.4, the following reactions occur.
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Cathode Anode

Copper ions from the solution lose Copper atoms lose their valency
their charge and copper is deposited electrons and go into solution as ions
Cu?*(aq) + 2" — Cu Cu-2e" — Cu?or Cu — Cu?* + 2e-

The overall effect is that pure copper is transferred from the anode
to the cathode. The impurities from the copper are left as ‘anode
slime” and the cathode becomes a large piece of pure copper.

cathode (—) anode (+)

pure copper

impure copper
electrode

~ electrode

— electrolyte of
acidified copper(i)
sulphate solution

- v

Figure 7.4 The purification of copper by electrolysis

e questions and answers

Sample question 1 Describe what you would see when aqueous copper(i1) sulphate is
electrolysed using carbon electrodes. [4 marks]

Model answer A colourless gas, v oxygen, is formed at the anode.
A brown deposit of copper v at the cathode.

The solution changes from blue v to colourless. v

Examiner’s tips

b Take care to answer the question. Here you must state what would
be seen.

» You are advised to specify what occurs at each electrode.

B Colourless is essential here, clear is wrong - you can have a clear
blue solution.

Sample question 2 Magnesium is manufactured by the electrolysis of its molten chloride.
3 Explain why it cannot be obtained by the electrolysis of its

aqueous chloride, by giving the reactions at the electrodes in both
cases. [6 marks]

Model answer In an aqueous solution of magnesium chloride, Mg?* and H* v
move to the cathode. Hydrogen is formed. v

At the cathode  2H" + 2¢” — H, v (The hydrogen ions are
Sfrom the water.)

39 @




TOPIC 7

® 40

@® Try this

@® Conductors

@ Insulators

The only positive ions in molten magnesium chloride are
At the cathode  Mg** + 2¢e~ = Mg v
At the anode (in both cases) 2ClI"— 2¢~— Cl, v

The answers are given on p. 121.

1 Name the three products formed when aqueous potassium iodi
electrolysed using inert electrodes. Give equations for the reacti
the electrodes and explain why the solution becomes alkaline.

2 Describe how you would copper plate a nickel spoon by compl
following.

The anode is ......

The cathode is ......

The electrolyte is ......

The equation for the anode reaction is ......
The equation for the cathode reaction is ......

Electrical cables: conductors and insulators

The reasons for using copper are:

e itisa very good conductor of electricity

e it is ductile, that is, easily drawn into thin wires

e the metal is easily purified (impurities greatly decrease the
electrical conductivity).

The reasons for using aluminium are:

e it is a good conductor of electricity

it resists corrosion

e it has a low density so higher diameter cables can be used.
reducing the resistance while reducing the risk of sagging.

Aluminium cables have a steel core which further reduces
of sagging and breaking.

The most common insulators are plastics, for example
poly(chloroethene) or PVC. Reasons for using plastics are:

e they do not conduct electricity
e they are flexible and easily moulded
e they are non-biodegradable.

Ceramics (clay materials, like pottery) are also used to
insulators. Ceramics are suitable as insulators because:

e they do not conduct electricity

e they have high melting points so they can be used at
temperatures

e they are not affected by water or oxygen

e they can be moulded into complex shapes.
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and energy

To know that there are different forms of energy — heat,
chemical, electrical, nuclear and light

To know the meanings of exothermic and endothermic

To be able to describe the production of heat energy by
burning fuels

To assess hydrogen as a fuel

To know that radioactive isotopes, such as 2**U, are a source of
energy

To know that bond breaking is endothermic and bond forming
is exothermic

Given the appropriate data, to be able to perform simple
calculations on the energetics of bond breaking and forming
To be able to describe the production of electrical energy from
simple cells

To be able to describe batteries as a convenient and portable
power source

Key ideas Exothermic and endothermic reactions

An exothermic reaction gives out heat. The chemical energy of the
reactants is bigger than the chemical energy of the products. This
difference in chemical energy is transferred to the surroundings as
heat energy.

the chemicals lose
energy

the temperature
increases

the surroundings
gain heat energy

An endothermic reaction takes in heat. The chemical energy of the
reactants is smaller than that of the products so this difference in
energy is transferred from the surroundings to the chemicals.

the surroundings
lose heat energy

the temperature
decreases

the chemicals gain
energy

Production of heat energy

The most common way of producing heat energy is by burning
fossil fuels — natural gas, coal and petroleum products. See Topic 23.
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Sample question 1

Model answer

Heat energy and then electrical energy is produced from ne
reactors. An example of a nuclear fuel is the radioactive isotope -

Hydrogen as a fuel

The combustion of hydrogen is highly exothermic. It is only &
as a rocket fuel, in experimental vehicles and in fuel cells. The
advantages and disadvantages of hydrogen as a fuel are given
following table.

Advantages Disadvantages

It is the most energy-rich fuel — it It is expensive to produce
releases more energy per kilogram

than any other conventional

(non-nuclear) fuel

The only product of the combustion It is difficult to store — storage

is water under high pressure, as a liquia.
absorption under pressure in
2H Oy 5210 suitable metallic compounds ar=
No pollutants are formed expensive options

Oxides of nitrogen are not produced
by the combustion. These oxides are
particularly harmful pollutants which
form nitric acid in the atmosphere,

a constituent of acid rain

Bond breaking and forming
Bond breaking requires energy — it is endothermic. 3

Examiner’s tip ;
» Energy is measured in kilojoules (kJ). You are not required to know
these units but they will probably be used in any calculation.

The bond energy of a C—H bond is 413kJ/mol. To break one
mole of C—H bonds +413 K] is supplied to the chemicals
(* because there is an increase in chemical energy).

Bond forming is exothermic. To form one mole of C—H b
—413 K] are lost by the chemicals.

Show that the following reaction is exothermic.
Uh o WP 1D
Bond energies: C-H 413, F—F 158, H-F 565, and C—F 495,

kJ/mol. [3 ma
Bonds broken Bonds formed

1 C-H = +413 1 C—F = —495

1 F—F = +158 1 H-F = —565

dotal = t571 k] & 1ol = 1060k #
Endothermic Exothermic

The exothermic energy change is bigger than the endothe
change, so the reaction is exothermic. v
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Electrolysis

In electrolysis electrical energy is supplied; the reactions are
endothermic. Electrical energy is changed into chemical energy.

Cells

A cell produces electrical energy; the reactions are exothermic.
Chemical energy is changed into electrical energy.

A cell consists of two different metals in a solution of an
electrolyte, Figure 8.1.

voltmeter

O

zinc electrode copper electrode

dilute sulphuric acid

\ =
Figure 8.1 A simple cell

The more reactive metal, here zinc, goes into solution as ions.
Zn(s) — Zn®*(aq) + 2~

The electrons flow through the wire and the voltmeter to the
copper electrode. At this electrode, hydrogen ions from the
electrolyte form hydrogen gas.

2zl hg) 7 <o H (o)

The exothermic reaction can be represented by an ionic equation:

Zn(s) + 2H"(aq) — Zn?"(aq) + H,(g)
metal  from acid zinc salt bubbles of gas

Cells will be discussed again in Topic 18.

Fuel cells

In the simple cell above, the zinc electrode reacts with the electrolyte
to produce electrical energy. When one of these reactants is used up,
the cell does not supply any more energy. In a fuel cell there are two
electrodes, usually containing platinum, in an electrolyte, and the
reactants are continuously supplied to the electrodes (Figure 8.2). This
type of cell can supply electrical energy continuously.
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(=) external circuit (+) 4

H, (reactant) in ——»

anode made — cathode made
from a porous from a porous
material, material with
impregnated cobalt oxide
with platinum or platinum
catalyst catalyst

out

electrolyte of
NaOH(aq)

Figure 8.2 Diagrammatic view of a fuel cell

At the negative electrode hydrogen is supplied, the molecules
electrons and form ions in the electrolyte.

Hi 2H'Gg Foc

The electrons move through the external circuit to the pos1
electrode, to which oxygen is supplied. E

O, +2H O | 46 5 A0H (aqg)

The ions formed react to produce water.
H*(aq) + OH (aq) — H,0

The overall reaction is:
2l + O o 0 L0

When hydrogen is burnt in oxygen to form water, heat ene
produced. When hydrogen reacts with oxygen to form water in
tuel cell, electrical energy is produced.

Cells (batteries) and fuel cells prove a portable and conveni
source of power. Hydrogen fuel cells are used in space to provic
the electrical power for space shuttles and other space vehicles. |
Batteries have many uses, for example in torches, calculators an
portable CD players.

Questions on cells are included in Topic 18.
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Key objectives

Key ideas

@ Collision theory

@ Concentration

Chemical reactions:
speed of reaction

To know the factors that affect reaction rate

To be able to explain the effect of temperature and
concentration on reaction rate in terms of the collision theory
To be able to describe a practical method to investigate the
speed of a reaction that involves the evolution of a gas

To devise suitable methods of investigating the effect of a given
variable on reaction rate

To interpret data on reaction rates

To be able to describe the danger of explosive combustion with
fine powders (flour mills) and gases (coal mining)

To be able to describe the effect of light on the reduction of
silver(r) salts in photography and on the rate of photosynthesis

Reaction rate

The best definition of reaction rate is:

change in concentration of a reactant
rate =

time
This emphasises that the rate depends on concentration and not on
the amount of reactant.

Factors that affect reaction rate

Examiner’s tip

» If you are studying for Paper 2 you do not have to know the collision
theory for reaction rates. You are only required to know that when the
concentration is increased, the rate is increased and vice versa.

A reaction will occur when particles collide and they have enough
energy to react. Reaction rate depends on the collision rate of the
reactant particles and the energy of these particles.

When the concentration is increased, the rate is increased and vice
versa.

Increasing the concentration of a reactant increases the number
of reacting particles in unit volume (the number of particles/dm?),
so the collision rate will increase as well as the rate of reaction.

Examiner’s tip

» Remember to write that the concentration has decreased NOT just that
the reactant has been used up. Rate depends on the concentration of
the reactants not on the amount.
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@® Temperature

® Pressure

@ Catalyst

@ Particle size

@ Reduction of a silver(i) halide
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When the temperature is increased, the rate will increase, 3
rate will decrease when the temperature is decreased.
When the temperature is increased the particles have
energy so more of the colliding particles will have the nece:
energy to react. Also, because the particles are moving fastes
will collide more frequently — the collision rate has increaset
Both of these two explanations are valid.

The pressure only affects reactions involving gases. The rate
increase when the pressure is increased.

When the pressure is increased, the gaseous molecules are
closer together so they collide more frequently and the reacts
rate increases. 4

A catalyst increases the rate of a reaction but remains chemically

unchanged. Enzymes are biological catalysts. (Refer to fermentas
m Topic 25, p. 112,) ‘

This only affects reactions involving solids. A fine powder has |
larger surface area than a single lump of the same mass (Figure

The larger surface area increases the collision rate and hence &
rate of reaction.

Figure 9.1 A powder has a larger surface area

In any industry where there are fine combustible powders, such
flour, fine metallic dust from metal working and coal dust in
mines, there is real risk of an explosion due to the very rapid
combustion of the powder. In coal mines, there is the additional
hazard of methane gas, which when mixed with air will explode.

Reactions with light

There are two important examples of photochemical reactions..

This is the basis of photography. A photographic film is coated
with a layer of silver(1) bromide. When this is exposed to light,
silver ions accept electrons from bromide ions and form silver
atoms. This is reduction (which will be explained in Topic 118

Agt + e > Ag
white black
Parts of the film that have been exposed to light go black, while :

unexposed parts stay white. The rate of this reaction depends on
the intensity or brightness of the light.



Chemical reactions: speed of reaction

5 00000000 0ODOOOOO®OOOOOD®OOOO®SPIOCOO®OSOO®OEEGEOODDOPOEOOO®OEEEOEOSOOESOS®FONOSOSEOSEOOEDS

@ Photosynthesis

Green plants make carbohydrates by this reaction.

catbondiodde =  wiier. 5 glucose + oxygen
from air through changes into
roots more complex
from soil carbohydrate

600, TG0 5 8 O &G0
The reaction is catalysed by the green pigment in the plants,

chlorophyll, and only occurs in sunlight. It is photochemical and
its rate depends on the intensity of the incident light.

Experimental methods

When a gas is one of the products, it can be collected in a gas
syringe and its volume measured every minute. For example,
sodium chlorate(1) decomposes to form sodium chloride and
oxygen. The rate of this reaction can be measured by measuring
the volume of oxygen at regular intervals of time, Figure 9.2.

20 40 60 80 100 ‘
Il

oxygen gas

sodium chlorate())
solution

Figure 9.2 Collecting the gas

The volume of gas is plotted against time. The slope or gradient of
this graph, at a certain time, measures the reaction rate at that time.
SeelBigure 93!

rate =0
concentration of
chlorate()) =0

|
- et
< !
2 / RS { I ; rate slowing down
o st | ! - concentration of sodium
g / [ | | chlorate() decreasing
> t T !
3 | /| ‘ ‘ |
/ . maximum gradient
___maximum rate
0, — =
0 time

Figure 9.3 Determining reaction rate from a graph of volume of gas
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An alternative method to collecting a gaseous product, is to.
the gas to escape and to measure the mass of apparatus and che
every minute, Figure 9.4. The total mass will decrease as the g
escapes. The loss of mass equals the mass of gas produced. The
mass, or the loss of mass, can be plotted against time. See Fi;
9.5a, b. The slope or gradient of these graphs, at a certain tir
measures the rate of reaction at that time.

When a solid reacts with a solution, the time taken for
solid to react completely can be measured. A suitable reactios
this method is:

CaCO,(s) + 2HCl(aq) — CaCl,(ag) + CO,(g) + H,O(}

carbon dioxide
escapes

\1 1/

cotton wool to prew
liquid escaping

hydrochloric acid :
pieces of marble

scale

balance

Figure 9.4 Measuring the mass

a)

mass decreasing b)
rapidly —fastest rate
A
rate =
v 7] jE
@
< £
= “
= °
] 3 =
5] = rate decreasing
L o —
rate decreases as
concentration of
acid decreases
0 > 0
0 time / 0 time
mass remains constant —-no maximum rate at time =0
more carbon dioxide escapes when acid is added to marble

rate = 0 because concentration
of acid is zero

Figure 9.5 Determining reaction rate from graphs of a) mass or b) loss of
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question and answers

~ Sample question 1 20 cm? of hydrochloric acid, concentration 1.0 mol/dm?, was
added to 20 g of calcium carbonate (large pieces) in a conical flask.
The mass of the flask and chemicals was measured every minute.
The mass decreased as the carbon dioxide escaped.

CaCO,(s) + 2HCl(aq) — CaCl,(aq) + CO,(g) + H,O()
The loss of mass was plotted against time.

a) Calculate the number of moles of calcium carbonate and of
hydrochloric acid to show that the hydrochloric acid was the

limiting reagent. [3 marks]
b) The reaction rate, mass of carbon dioxide/time, is the slope of
the curve. Why does this rate decrease with time? [2 marks]

c) How and why would the graph differ if the experiment was
repeated using 20.0 g of smaller pieces of calcium carbonate?
[2 marks]
d) How would the graph differ if the experiment was repeated
using 20 cm?® of hydrochloric acid, of concentration
2.0 mol/dm?? [2 marks]
Model answers a) Moles of HCI = FZ)% X1=0.02v
Moles of CaCO, = % 02
All the acid is used, v so this is the limiting reagent.

b) Because the concentration v of the acid is decreasing. v

miner’s comment ‘Acid used up’ would only have been given 1 mark. Rates depend on
concentration not on amount.

Model answers c¢) Bigger surface area so rate faster v and the graph steeper at the
beginning. v

Examiner’s tip

P If you are asked about a graph as here, the marks are awarded for
comments about the shape of the graph. Remember marks are not
awarded for correct chemistry but for correct chemistry that answers
the question.

d) Double the concentration of the acid, the initial rate is twice as fast,
the graph has twice the slope v at the origin. Double the number
of moles of the limiting reagent, double the mass of carbon
dioxide. The graph finishes at double the height on y axis. v
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S Try this 7he answers are given on p. 121.

1 A piece of magnesium was added to 100 cm? of hydrochloric acid. T
time taken for the metal to react completely was measured. The
experiment was repeated using the same volume of acid and ident
pieces of magnesium. The results are given in the table.

Experiment Concentration of acid in mol/dm?3 Time in seca
1 1.0 60

2 1.0 30

3 20 - LT

L i 240

a) Suggest a reason why the rate of experiment 2 is faster than thz
experiment 1. [
b) Using the results of experiment 1 as standard for comparison,
complete the table. [2

2 Describe how you could show that manganese(iv) oxide, which is an
insoluble powder, can catalyse the decomposition of aqueous hydres
peroxide. Give brief details of the apparatus you would use, the
measurements you would make, how you would ensure that your
experiments were a ‘fair test’ and how the data would show that the
manganese(lv) oxide was a catalyst.

2H,0,(aq) — 2H,0(l) + 0,(9) [8

3 A piece of paper was coated with silver(i) bromide. It was used in t
experiment shown in Figure 9.6.

a) Explain why the two areas are different colours at the end of t
experiment. [21

b) How would the appearance of the paper change if it were now
exposed to the light again? Give a reason for your answer.

¢) Write an ionic equation for the reaction. 1

d) What difference, and why, would using a dimmer light in this
experiment make? 2

paper coated with layer

| \ | of silver(1) bromide
paper expose

o thick cardboard cross

i

cross removed I

where exposed to light
paper turned grey

where cross removed,
paper under cross still ¥

Figure 9.6
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{ey objectives

Key ideas

@ Concentration

Reversible reactions

® To know that some reactions are reversible

® To know that the thermal decomposition of some hydrated salts
is reversible

@ To understand the concept of equilibrium

@ To be able to predict the effect of changing conditions on the
position of equilibrium

Reversible reactions
When hydrated copper(i1) sulphate is heated, it decomposes.

CuSO,.5H,0(s) — CuSO,(s) + 5H,0(g)
blue crystals white powder

This is the forward reaction, which is endothermic; heat energy is
supplied.

When the products are cooled and mixed, the reverse reaction
occurs.

CuSO,(s) + 5H,0() —» CuSO,.5H,0(s)
white powder blue crystals

This is the reverse reaction, which is exothermic; heat energy is
given off.
The reversible reaction can be written as one equation:

heat
CusO .5H Of) ~— CuSO4(s) EoELO®0)

cool and mix

Equilibrium
Important ideas are:

e reversible reactions can come to equilibrium

e at equilibrium, the rate of the forward and of the reverse
reaction are equal

e at equilibrium, the concentrations of reactants and products do
not change (unless the conditions are changed).

These equilibrium concentrations are referred to as the position of
equilibrium. If the position of equilibrium moves to the right, in
the new equilibrium mixture the concentration of products has
increased and that of the reactants has decreased.

Reaction conditions and the position
of equilibrium

When the concentration of a product is decreased, the position of
equilibrium will move to the right (as if to replace the missing
reagent).

51 @
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©® Temperature

@® Pressure

@ Catalysts

When the concentration of a product is increased, the po
of equilibrium will move to the left (as if to remove the exa
product).

A similar situation applies to changes in the concentration
reactant.

BiCl,(aq) + H,O(l) = BiOCI(s) + 2HCl(aq)

colourless white

If the concentration of hydrochloric acid in the equilibrium s
1s increased, the position of equilibrium moves to the left and &
amount of white solid in the new equilibrium mixture is redue

In a reversible reaction one reaction is exothermic and the ot

equally endothermic. !
Decreasing the temperature (removal of heat energy) will £

the exothermic change (gives out heat energy).
Increasing the temperature (addition of heat energy) will fave

endothermic change (takes in heat energy). Note the reaction trie

remove the change in conditions.
For the reaction

N,(@) + O,(g) = 2NO(g)

the forward reaction is endothermic. Increasing the tempera
move the position of equilibrium to the right. The new equi
mixture will have a higher concentration of nitrogen oxide.

This is only a factor for reactions that involve gases.

Increasing the pressure will move the position of equilibrix
the side with the smaller volume (of gases) or with the smalle
number of gaseous molecules.

Decreasing the pressure will move the position of equilibs
to the side with the larger volume (of gases) or with the large
number of gaseous molecules.

N,(g) + 3H,(g) = 2NH,(g)
4 molecules of gas 2 molecules of gas
or 4 volumes or 2 volumes

A decrease in pressure in the above reaction will move the pos
of equilibrium to the left. There will be less ammonia in the ne
equilibrium mixture. An increase in pressure will move the
position of equilibrium to the right, and there will be more
ammonia in the equilibrium mixture.

These have no effect on the position of equilibrium, only on

rate of reaction.

There will be further discussion of equilibria and questions in
Topics 20 and 21.

Examiner’s tip
» Remember the reaction always tries to oppose the change in conditio
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& Try this 7he answers are given on p. 122.

What would be the effect on the position of equilibrium (move to right,
move to left or no change) of increasing the pressure on the following
equilibria? Give a reason for your choice.

equilibrium 1 H,(g) + 1,(g) = 2HI(g)
equilibrium 2 250,(g) + 0,(g) = 250,(q)
equilibrium 3 N,0,(g) = 2NO,(9) [6 marks]

Explain why the following reversible reaction cannot come to
equilibrium when calcium carbonate is heated in an open test tube.

CaCO,(s) = CaO(s) + CO,(g) [2 marks]

Describe the effect on the position of equilibrium of this reaction by
each of the following changes.

CO(g) + 2H,(g) = CH,;OH(g) forward reaction is exothermic

i) adding a catalyst

i) increasing the pressure

iif) adding more hydrogen

iv) increasing the temperature [4 marks]

lodine monochloride reacts with chlorine in a reversible reaction to
form iodine trichloride.

ICih + Cl(g) = ICl(s)
brown yellow

The equilibrium mixture contains both the brown liquid and the yellow
solid.
i) What would you see if more chlorine was added to the mixture?

[2 marks]
ii) What would you see if the chlorine was allowed to leave the
equilibrium mixture? [2 marks]
iii) What would be the effect, if any, of increasing the pressure? Give a
reason for your answer. [2 marks]
iv) When the mixture is heated the yellow solid disappears. What can
you deduce about the forward reaction? [2 marks]

When bromine is dissolved in water the following equilibrium is set up.

Br, &+ HO <= Br « BrtO & 2
brown all these ions are colourless

For each of the following additions, predict whether the brown colour
would become darker, stay the same or go lighter. Give a reason for each.

i) Add some crystals of potassium bromide. [2 marks]
ii) Add a few drops of hydrochloric acid. [2 marks]
iii) Add a few drops of agueous sodium hydroxide. [3 marks]
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PIC 11

Key objectives

Key ideas

Sample question 1

Examiner’s comments

Redox

To be able to define oxidation and reduction in terms of &
and loss of oxygen
To be familiar with the terms reducing agent and oxidising
To use the idea of oxidation state to name ions

To be able to define redox in terms of electron transfer
To identify redox reactions by changes in oxidation state
To be able to recall the colour changes involved with acié
potassium manganate(Vil) and potassium iodide

Oxidation and reduction

Oxidation is the gain of oxygen. Reduction is the loss of oxyes
For example:

reduction

F i
CuO "+ I — Cu O

(R ARTS J

oxidation

Copper(i1) oxide is reduced to copper by hydrogen. Hydrogen
the reducing agent in this redox reaction.

Hydrogen has been oxidised to water by the copper(i1) oxs
Copper(l1) oxide is the oxidising agent or oxidant.

Electron transfer
Oxidation is the loss of electrons. Reduction is the gain of elec

Examiner’s tips
» Remember OILRIG:

Oxidation Is the Loss of electrons.
Reduction Is the Gain of electrons.

» Knowing this mnemonic almost guarantees that you will gain sor
marks in this type of question.

=

a) Write a symbol equation for the displacement of copper =
copper(ll) sulphate by the more reactive metal, zinc.  [1
b) Write an ionic equation for the same reaction. 2=
c) In terms of electron transfer, identify the change which is.
oxidation. 2m
d) Which reactant is the oxidising agent or oxidant? Give a r
for your choice. 21

For parts (c) and (d), 1 mark is given for the correct choice and 1 for
reason in terms of electron transfer. In the following model answer, to
much information has been given but as it is all correct the examiner
pick out the marking points.
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Model answer

Sample question 2

Model answer

4) Zun+ LuS0 3 ZnS0 tCn /
by Zn e Ot S50 « Jnl P80 O

The sulphate ion is common to both sides; it has taken no part
in the reaction. The ionic equation is

Zn tCuw' v > Fn 4+ Cny

c) The zinc atom has lost two electrons; v it has been oxidised.
Zn — Zn?** + 2¢~ This is oxidation. v

d) Cu®" + 2¢- — Cu

The copper(ll) ion has gained the two electrons which were lost
by the zinc. v Zinc atoms were oxidised by copper(ir) ions.
Copper(1) ions are the oxidising agent or oxidant. v

Oxidation states

You are only required to use these to name ions and to recognise
oxidation and reduction.

Typical examples are Fe** iron(11) or Fe(+2), Fe*" iron(u) or
Fe(+3), Cu®* copper(i) or Cu(+2), manganate (Vi) or Mn(+7) and
dichromate(vi) or Cr(+6).

The above oxidation states are all positive and can be thought
of as a real or imaginary charge. Any uncombined element has an
oxidation state of 0. Oxidation states can be negative, for example
I(-1) and S(-2).

An increase in oxidation state is oxidation; a decrease is
reduction.

Colour changes and oxidation states

e Potassium iodide to iodine — colourless to brown.
e Potassium manganate(ViI) to a manganese(1I) salt — purple to
colourless.

Write a balanced equation for the reaction between iron(iir) oxide
and carbon monoxide. Identify the change which is reduction and
the oxidant. [4 marks]

Fe, O, + 3CO — 2Fe + 3CO, vv (1 mark for correct formulae and
1 mark for correct balancing.)

Fe,O, to 2Fe is reduction. v The iron(i) oxide has lost oxygen.

Fe,O, is the oxidant. v It oxidised carbon monoxide to carbon
dioxide.
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@ TI"y this 7he answers are given on p. 122.

1 a) Complete the equation for the reaction between aluminium ==
iron(in) oxide.

Al + Fe,0, — 21

b) Which reactant is the oxidant? Explain your choice. 2
¢) Which change is reduction? Give a reason. 2
2 Write an equation for the redox reaction between lead(iv) oxide =
hydrogen. Identify the change that is oxidation and the reactant
the oxidant. Ly

3 For the following redox reaction write half equations, showing =
electron transfer. Then identify the change which is oxidation amn
reactant which is the reducing agent. Give a reason for each ans:

ChL+2F > 20 +1,

4 Decide whether the following changes are oxidation, reduction o
neither.
i) potassium dichromate(vi) to chromium(iil) chloride
ii) tin to tin(iv) chloride
i) chlorine to chloride(-1)
iv) copper(i) oxide to copper(n) chloride

5 Magnesium can displace silver from its salts.
Mg + 2AgNO, — Mg(NO,), + 2Ag

a) What is the valency of silver and what is the formula of the i
ion? ]

Examiner’s tip
¥ You cannot predict this valency from the periodic table. You mus:
it out from the formula of silver nitrate.

b) What is the valency of magnesium and what is the formula of
magnesium ion? [2

¢) Write an ionic equation for this reaction.

d) Write an ionic equation for the change that is reduction. ,

e) Which reactant is the reducing agent? Give a reason. [21
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objectives

Key ideas

Properties of acids and
bases

@ To be able to describe the typical properties of acids

® To be able to describe the typical properties of bases

To be able to define acids and bases in terms of proton transfer
To know the difference between weak and strong acids and
between weak and strong bases

To understand the pH scale

To know the importance of controlling the pH of soil

To be able to classify metallic oxides as basic and non-metallic
oxides as acidic

To be able to extend this classification to neutral and
amphoteric oxides

Properties of acids

A simple definition of an acid is that it forms hydrogen ions,
H™(aq), when dissolved in water.

Most metals react with an acid to form a salt and hydrogen. See
Topic 18.

Mg + 2HCl — MgCl, + H,
Mg(s) + 2H"(aq) — Mg**(aq) + H,(g)

Acids are neutralised by bases, which are metal oxides and
hydroxides, to form salts and water.

copper(ll) oxide + sulphuric acid — copper(i1) sulphate + water
CuO -+ H SO, — GuSO, +H, 0O
CuO(s) + 2H"(aq) — Cu**(aq) + H,O(1)

The base ammonia neutralises acids to form ammonium salts.
ammonia + nitric acid — ammonium nitrate
NH,(aq) + HNO, — NH,NO,(aq)

Salts are formed when the acidic hydrogen atoms of an acid are
replaced by a metal or by an ammonium group. The replacement
can be direct, as when magnesium chloride is formed from
magnesium metal and hydrochloric acid, or indirect, as when the
acid is neutralised by a base, for example the reaction between
magnesium oxide and hydrochloric acid.

Carbonates react with acids to form a salt, carbon dioxide
and water.

calcium hydrochloric calcium carbon
= 2 : S
carbonate acid chloride = dioxide

Na,CO, + 2HNO, — 2NaNO, + CO, + H,0
CuCO,(s) + 2H (aq) = Cu®*(aq) + CO,(g) + H,O()

+ water

Acids turn blue litmus paper red.
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Typical properties of bases
A simple definition of a base is that it can neutralise an acid &
accepting hydrogen ions. Bases that are soluble in water are
alkalis. An aqueous alkali contains the hydroxide ion, OH (=

A base can neutralise an acid to form a salt (and water).

NaOH(aqg) + HCl(aq) — NaCl(aq) + H,O(l) )
The ionic equation for this reaction is obtained as follows. T8
three chemicals are strong electrolytes so they are written as
Water is a very weak electrolyte that exists mainly as molecs

a"(aq) + OH (aq) + H*(aq) + Cl(aq) —

Na*(aq) + Cl(aq) + ¥

The ions that have not reacted are cancelled, giving
OH~(aq) + H"(aq) — H,O()

This is the ionic equation for any alkali being neutralised by
strong acid.

Alkalis react with ammonium salts to form a salt, ammos
water.

ammonium sodium sodium

chloride hydroxide ™ chloride
NH,Cl + NaOH — NaCl + NH, + H,O

+ ammonia + water

NH,* + OH~ — NH, + H,0

This the ionic equation for any ammonium salt reacting with
alkali.

Alkalis or soluble bases turn red litmus paper blue. Insolut
bases have no effect on litmus paper.

Definitions of acids and bases

Acids and bases have already been defined in terms of thef:
of hydrogen ions, H(aq). A more modern definition defin
in terms of the transfer of protons, H*. An acid is a prot
and a base is a proton acceptor.

NH4 + OH — NH3 +H.O
acid base

The ammonium ion loses a proton (H*) and becomes ami
The hydroxide ion accepts a proton and becomes water.

The pH scale

The pH scale shows whether a substance is acidic, alkaline or
neutral. 1t will also show how acidic or alkaline the substas

e pH = 7: neutral, for example pure water

e pH < 7: acidic

e the lower the pH, the more acidic is the solution and &
greater its concentration of H* (aq)

e pH > 7: alkaline
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e the higher the pH, the more alkaline is the solution and the
greater its concentration of OH (aq).

The pH of a substance can be measured using universal indicator.
The colour of the indicator is matched against the pH scale.
Alternatively, a pH meter can be used.

pHI Hob - 0[R2l EaERANSEs S 6N 7 (8 9 A0 1 1200013 14

strong weak very weak |neutral| very weak weak strong
acid acid acid base base base

Figure 12.1 The range of the pH scale

Strong and weak acids

Examples of strong acids are hydrochloric acid, sulphuric acid and
nitric acid. In aqueous solution these are completely ionised — all
ions, no molecules.

HCl(aq) = H*(ag) + Cl(aq)

An example of a weak acid is ethanoic acid. In aqueous solution it
is only partially ionised — mainly molecules, few ions.

CH .COOH (aq) = CH.€OO0 (aq) + H'Gqg)
To distinguish between a strong and a weak acid:

e at the same concentration the stronger acid will have the
lower pH

e at the same concentration the stronger acid will be the better
conductor of electricity

e at the same concentration and temperature the stronger acid will
react faster with solids — such as magnesium ribbon or a lump of
calcium carbonate.

Examiner’s tip

» For a fair comparison, acids must be at the same concentration and, for
a reaction involving rates, at the same temperature as well as the same
concentration. You must make the comparison clear — just writing that
a strong acid has a low pH would not be awarded a mark.

Strong and weak bases

Examples of strong bases are sodium hydroxide and potassium
hydroxide. In aqueous solution these are completely ionised — all
separate ions.

NaOH(aq) — Na*(aq) + OH (aq)

An example of a weak base is ammonia. In aqueous solution it is
only partially ionised — mainly molecules, few ions.

NH,(aq) + H,O() = OH (aq) + NH,"(aq)
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To distinguish between a strong and a weak base:

e at the same concentration the stronger base will have th
pH |
e at the same concentration the stronger base will be the
conductor of electricity.

Acidity in soil
The prolonged use of ammonium fertilisers, acid rain or the :
of vegetation can produce acidic soils. Some plants prefer the
of the soil to be about 7, that is neutral. The acidity can be
removed by adding crushed limestone.

CaCO,(s) + 2H(aq) — Ca®*(aq) + CO,(g) + H,O()

Calcium oxide and calcium hydroxide are also used, but as =
soluble in water an excess will make the soil alkaline. This &
arise with limestone which is insoluble in water — it can be
in excess without making the soil alkaline.

Types of oxide
Basic oxides react with acids to form a salt and water. Mos:
oxides are basic.
MgO(s) + 2HCl(aq) — MgCl,(aq) + H,O()
white colourless
A few metal oxides are soluble in water. These are alkalis
turn red litmus blue.
Acidic oxides react with alkalis to form salts. Some will r=
with water to form an acid. These will turn blue litmus red. s
oxides are the oxides of non-metals — sulphur dioxide, sulphus
trioxide, carbon dioxide and the oxides of phosphorus.
50+ H.O— H,SO,
CO, + 2NaOH — Na, €O, + H,0O
CaO + 5100, —> CaSi0O,

base acid

Neutral oxides do not react with acids or bases. Examples 2
water, nitrogen(Ir) oxide and carbon monoxide.
Amphoteric oxides react with either a base or an acid to
salt and water. They show the properties of both a base and
acid. Examples are zinc oxide and aluminium oxide. The
hydroxides of the same metals behave in the same way.

@ Behavingasabase ZnO + 2HNO, — Zn(NO,), + H,O
ALO. 1 6L 5 DRG] | S O
<n(OH), + 2HNO, > Zn(NO ), + 2H,0
AlOH), + 3l - AICL + 3H O
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Sample question 1

Model answer

ner’s comment

Sample question 2

Model answer

Properties of acids and bases
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ZnO + 2NaOH — NazZnO2 + I—IZO

sodium zincate

ALO, + 2NaOH — 2NaAlO, + H,0

sodium aluminate
Zu{OFH), + 2NaOH - Na, 00O, + 2H,0
A{OH), -+ BaOH -5 NaAlO, + 21O

Examiner’s tip
P You will have to learn these equations — there is no easy way of
working them out.

questions and answers

Describe two ways you could show that propanoic acid is a weaker
acid than hydrobromic acid. You are given 0.1 mol/dm? solutions
of both acids. [4 marks]

Examiner’s tip
b Even when the acids are unfamiliar the principle remains the same.
Describe the tests and give the results for both acids.

Measure the pH of both solutions by adding universal indicator. v
Propanoic acid will have a higher pH than hydrobromic acid, v
showing that it is the weaker acid. Measure the electrical
conductivity of each. v Propanoic acid will be a poorer v
conductor than hydrobromic acid.

‘Propanoic acid will have a pH = 3’ would not gain the mark, since there
is no comparison with hydrobromic acid.

Complete the table which summarises the reaction of each
different type of oxide with a strong acid and an alkali. The first

line has been done as an example. [6 marks]

Type of oxide Reaction with Reaction with

and example hydrochloric  aqueous sodium
acid hydroxide

basic, copper(il) oxide reacts no reaction

acidic, silicon(1v) oxide no reaction v reaction v/

neutral, carbon monoxide no reaction v no reaction v

amphoteric, zinc oxide reacts v/ reacts v/
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@ Try this 7he answers are given on pp. 122-3.

Examiner’s tip

P If the equation is given in
words, complete it as a word
equation. Similarly, if the
equation is given using
formulae, complete it as a
symbol equation.

® 62

Match the pH values to the descriptions.
W57, 1743

weakly alkaline, neutral, strongly acidic, strongly alkaline, weakly

=

Complete the following equations.

zinc carbonate + nitricacid - . ..............
Ca(OH), +2HCl — . ..............

ZNOFEZH = cocscipinmm s nses
............... — lithium chloride + hydrogen
Mg(OH) i+ H SO 2 b e

NH;NOS # NaOH— . .o

Chloric(vn) acid is a typical strong acid. It forms salts called chlora
The valency of the chlorate(vi) group is one.
a) Complete the following.
i) zinc + chloric(vi) acid —
ii) potassium hydroxide + chloric(vi) acid —
iii) Mg + HClO, —
iv) Mg(OH), + HClO, —
v) Na,CO, + HClIO, —
vi) ZnO + HCIO, —
vii) CaCO, + HCIO, — [14
b) Write the ionic equation for the reaction between chloric(vi)
and the strong base sodium hydroxide.
c) Describe how you could show using magnesium ribbon that
chloric(vn) acid is a stronger acid than ethanoic acid. State h
you would ensure that the comparison between these two
a fair one. I

Sodium hydrogencarbonate, sodium carbonate and sodium hydre
are all soluble bases. Sodium hydrogencarbonate is the weakest a
sodium hydroxide the strongest. The pH of 0.1 mol/dm?3 solutions
was measured.

a) What would these pH values have in common?
b) How would they differ?

The fish and vegetation in a lake were dying. The pH of the lake
too low. What was the probable cause of the low pH?

Which of these two bases, calcium oxide or calcium carbonate, sh
be added to the lake to bring the pH back to about 7? Explain your
choice. 4



IC 13

bjectives

fKeyideas

@ Titration

ion of an insoluble
base by an acid

| reacting with acid

Preparation of salts

@ To be able to describe the preparation and purification of
soluble salts

® To be able to describe the preparation of insoluble salts by
precipitation

® To be able to suggest a method of making a salt from a given
starting material

Methods of preparing soluble salts

This is used to prepare a soluble salt from a soluble base, such as
sodium hydroxide or sodium carbonate, and an acid. This method
is used to make salts of the Group I metals and ammonium salts.

An excess of the base is added to an acid, and the excess of the
base is removed by filtration. The filtrate is partially evaporated to
obtain crystals of the salt. Soluble salts of most of the other metals
are made by this method.

This method is essentially the same as the one above. The reaction
is not neutralisation but redox. The method can be used to make
magnesium, zinc, aluminium and iron(in) salts. It cannot be used to
prepare salts of very reactive metals, such as sodium and potassium,
because the reaction would be too violent.

Preparation of insoluble compounds by
precipitation
Insoluble compounds are:

e all carbonates except those of the Group I metals and
ammonium carbonate

e all hydroxides except those of the Group I metals and those of
calcium, strontium and barium

e barium, calcium and lead sulphates

e the chlorides, bromides and iodides, of both silver and lead.

To make the insoluble salt barium sulphate, two solutions are mixed.
One solution contains a soluble barium salt and the other a soluble
sulphate. The precipitate of barium sulphate is filtered off, washed
and dried.

BaCl,(aq) + Na,SO,(aq) — BaSO(s) + 2NaCl(aq)
Ba’*(aq) + SO, *(aq) — BaSO,(s)
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@ Tl'y this 7he answers are given on p. 123.

1
Examiner’s tip 4
» You must find out if the salt is
soluble or insoluble in water. If
it is insoluble it has to be made
by precipitation. If it is soluble,
it is made from an acid.
3
a4

® 64

Hydrated nickel sulphate crystals can be made by adding an exc
nickel carbonate to 25cm? of dilute sulphuric acid. The mixture is
until the reaction is complete. The mixture is filtered and the fi
partially evaporated. It is left to cool and the crystals are filtered
pressed between sheets of filter paper.

a) Why must an excess of nickel carbonate be used?
b) Why is the mixture filtered?

c) Suggest a reason why the filtrate is only partially evaporated.
d) Why are the crystals pressed between sheets of filter paper? £

Give the reagents needed to prepare each of the following salts.
i) silver(l) bromide

ii) copper(i) nitrate
iii) potassium sulphate
iv) calcium sulphate
v) zinc chloride

vi) lithium chloride

The following is a description of the preparation of potassium

from aqueous potassium carbonate and dilute sulphuric acid. The

instructions for this preparation are given in the wrong order. Re:

them in the correct order.

A Partially evaporate the solution and allow it to cool.

B Repeat the experiment using the same volumes of acid and
carbonate but do not add methyl orange.

C Fill a burette with dilute sulphuric acid and measure 25.0 cm®
aqueous potassium carbonate into a flask.

D Filter to obtain crystals and dry them between filter paper.

E Record the volume of sulphuric acid needed to neutralise the
carbonate.

F  Add the acid slowly from the burette until the methyl ora
changes from yellow to red.

G Add a tew drops ot the indicator, methyl orange, to the a
potassium carbonate.

Copy and complete this description of the preparation of the
salt lead sulphate. Write one word in each space.

Solutions of lead nitrate and sodium .................. are mixed. A
.................. of lead sulphate is formed. The mixture is ..............
The residue is washed with water to remove traces of ......... -
Finally the solid is ................. to remove any water.



PIC 14 |dentification of ions

and gases

Key Objectives ® To be able to recall the tests used to identify the specified cations

® To be able to recall the tests used to identify the specified anions
@ To describe suitable tests to identify named compounds
® To be able to recall the tests used to identify the specified gases

Key ideas Tests for cations

Test

Add a few drops of sodium hydroxide,
then excess

Add a few drops of aqueous ammonia,
then excess

Result

ium Al3+

White precipitate, dissolves in excess
forming a colourless solution

White precipitate, insoluble in excess

7'! ium NH,*

Ammonia gas given off on warming, turns
damp red litmus paper blue

Ca2+

White precipitate, insoluble in excess

No precipitate or very faint white precipitate

= Cu2+

Light blue precipitate, insoluble in excess

Light blue precipitate, dissolves in excess to give
a deep blue solution

g Fe2*

Green precipitate, insoluble in excess

Green precipitate, insoluble in excess

) Fe3+

Brown precipitate, insoluble in excess

Brown precipitate, insoluble in excess

White precipitate, dissolves in excess to
give a colourless solution

White precipitate, dissolves in excess to
give a colourless solution

Tests for anions

Test

Result

pnate CO,%-
bus or solid

Add dilute hydrochloric acid

Effervescence, carbon dioxide given off,
limewater goes milky

ide CI-
ous only

Add excess dilute nitric acid and then
aqueous silver nitrate

White precipitate

= -
=ous only

Add excess dilute nitric acid and then
aqueous silver nitrate

Bright yellow precipitate

b
ous only

Add excess dilute nitric acid and then
aqueous lead(i) nitrate

Yellow precipitate

e NO,~
bus only

Warm with aqueous sodium hydroxide and
aluminium foil

Ammonia given off, pungent smell, turns
red litmus paper blue

date SO,>
Hus only

Add excess hydrochloric acid and aqueous
barium chloride

White precipitate
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Sample question

Student’s answer

Examiner’s comment

® 66
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Tests for gases

Gas Test and result

Ammonia NH, Turns damp red litmus paper blue

Carbon dioxide CO, Turns limewater milky

Chlorine Cl, Bleaches damp litmus paper
Hydrogen H, When mixed with air, goes ‘pop’ with 2 'z
Oxygen O, Relights a glowing splint

Examiner’s tips
P You will have to learn these tests. Hopefully practical work
make this process fairly easy.
P> The most common type of question asks you to describe z =
must always give the reagent or details of the test and the =
P If you are asked, for example, how an aluminium salt reacts «
aqueous sodium hydroxide, you need to answer in this way:

e with the addition of aqueous sodium hydroxide, a white
forms
e with the addition of excess sodium hydroxide, the precips
dissolves to give a colourless solution. ]

DO NOT:

e write that the solution ‘goes white’

e think that ‘clear’ and ‘colourless’ have the same meaning

e mix up the result of adding a few drops with the result o
excess sodium hydroxide — write two separate sentences.

Common error

A candidate was asked to describe the test for a chloride
‘Add an excess of hydrochloric acid to a solution of
suspected chloride. Now add silver nitrate solution, if a &
present a white precipitate will form.’
No marks were awarded. Hydrochloric acid is a chlos
white precipitate will form every time.

Identifying a compound

A salt gave a white precipitate which dissolved in excess
sodium hydroxide and aqueous ammonia. A solution of
gave a white precipitate with acidified barium chloride s&
Identify the salt.

It is zinc sulphate.

Check this yourself by looking at the tables of tests. The marked
with examiner’s comments is on p. 123.



IC 15 The periodic table:
periodic trends

. ey Objectives ® To know how the elements are arranged in the periodic table

® To be able to describe the change from metallic to non-metallic
character across a period

@ To know the general differences in properties between metals

@

and non-metals
To be able to describe the relationship between group number,
number of valency electrons and metallic/non-metallic character

Key ideas Arrangement of elements in the table

The elements are arranged in order of proton number. Elements
with similar chemical properties are placed in the same vertical
column. This is called a group. Elements in a group have similar
chemical properties, the same outer electron distribution and
usually the same valency. Going down a group, the elements
become more metallic in character.

The horizontal rows are called periods. Moving across a period
the elements change from metallic to non-metallic. The number of
valency electrons increases across the period but the number of
occupied energy levels stays the same.

noble
halogens gases
[m [ v ] v wvTw 0
1 4
metals except hydrogen ———— | H —> non-metals ——| He
Pt hydrog hydrogen Helium
1 2
> n 12 14 16 19 20
metalloids — ] B C N (o] F Ne
i Boron Carbon Nitrogen Oxygen Fluorine Neon
near line . ‘ 5 ’ 5 e
27 28 n 32 355 40
Al Si P S cl Ar
iti %, i Silie Phosphor Sul, Chlori Ar
transition elements A e | ophoris [ Stiphues || Ohlodaer || Amion
as 48. 51 52 55 56 59 59_ 64 65 70 73 75 79 80 84
Sc Ti \"% Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
Scandium Titanium Vanadium Chromium | Manganese Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
21 22 23 24 25 26 27 28 29 30 31 32 34 35 36
289 91 93 96 101 103 106 108 M2 ns 19 122 128 127 131
Y Zr Nb Mo Tc Ru Rh Pd Ag Ccd In Sn Sh Te 1 Xe
Yttrium i i Niobium Rhodium Palladium Sitver Cadmium Indium Tin Antimony Tellurium lodine Xenon
39 41 42 43 44 as 46 47 48 49 50 51 E 53 54
139 178 181 184 186 190 192 195 197 201 204 207 209
La Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
Lanthanum Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
57 * |72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
o metals to left of ine ———» non-metals
Actinium to right
= 89 t
.d . 140 141 144 150 152 157 159 162 165 167 169 173 175
JEanoic series Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
ctinoid series Cerium it i Europium Terbium Holmium Erbium Thulium Yeterbium |  Lutetium
58 59 60 61 62 63 64 65 66 67 68 69 70 71
232 238
Th Pa U Np Pu Am Cm Bk cf Es Fm Md No Lr
Thorium Protactinium Uranium i icis Curium i Californil i ini Fermium Nobelium | L
90 91 92 93 94 95 96 97 98 99 100 101 102 103

a=relative atomic mass
X=atomic symbol
b=proton (atomic) number

x

e 15.1 The periodic table of the elements
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@ Physical differences

® Chemical differences

Differences between metals and non-metals

The following tables of differences in properties should be tak
only as a guide; there are many exceptions.

Metals

Non-metals

Usually have high melting and
boiling points. Solids at room
temperature

Exceptions: Group | metals have
low melting points and mercury is a
liquid

Melting points and boiling po=
are low

Exceptions: those non-metals
macromolecular structures —cz
silicon, boron, germanium

Good conductors of both heat and
electricity

Poor conductors
Exception: graphite

Hard
Exceptions: Group | metals are soft

Soft

Exceptions: those non-metals
macromolecular structures —cars
silicon, boron, germanium

High densities
Exceptions: Group | metals have
low densities

Low densities

Malleable (can have their shape
changed by hammering)
Ductile (can be pulled into wires)

Brittle (do not change shape b
break)
Exception: graphite

Sonorous (think of a bell)

Not sonorous

Can be polished to a lustre (shiny)

Have a dull surface
Exceptions: graphite, iodine

Chemical property

Metals

Non-metals

Electron distribution and bonding

1, 2 or 3 valency electrons
These are lost to form cations
(positive ions)

4, 5, 6 or 7 valency electrons
Either gain electrons to form
anions (negative ions) or share
electron pairs

Type of compound

Form ionic compounds with
non-metals: see properties of ionic
compounds in Topic 4 (p. 19)

Form covalent compounds with
other non-metals: see properties &
covalent compounds in Topic 4 (p.

Class of oxide

Metal oxides are usually basic; a few
are amphoteric: see Topic 12

Non-metal oxides are usually acid«
a few are neutral

Reaction with acids

Many react with dilute acids to give
a salt and hydrogen

Do not react with acids to give a sz
and hydrogen: see Topics 12 and ¥

@ Try this

® 68

The answers are given on p. 123.

1 Calcium and phosphorus are in the same period in the periodic table.

a) Which one will be the better conductor of electricity? Give a reasor

for your choice.

b) Complete the following word equations. If the substances do not

react, write ‘'no reaction’.

calcium + hydrochloric acid — ...

phosphorus + hydrochloric acid — ...

[2 marks

[3 marks]



The periodic table: periodic trends
‘......O.‘....O........Q...............Q...............O..

©) The oxides of calcium and phosphorus are both soluble in water.
Describe how you could distinguish between solutions of their
oxides. [3 marks]

2 Selenium is a non-metal in Group VI.
a) Predict three physical properties of selenium. [3 marks]
b) How many valency electrons are there in one selenium atom?
[1 mark]
c) Predict the formula of selenium chloride. [1 mark]
d) Is selenium chloride an ionic or a covalent compound? Give a
reason for your choice. [2 marks]

3 Germanium is a non-metal in Group IV.
a) Complete the electron distribution of a germanium atom. Two
numbers are missing.

L F+8+ 18+ ... [2 marks]

b) Carbon and germanium are both non-metals. They are both poor
conductors of electricity. Predict which is the better conductor,
giving a reason for your choice. [2 marks]

c¢) Write the formula of:

i) germanium(v) fluoride

ii) germanium(iv) oxide [2 marks]
d) Describe how you could show that germanium(iv) oxide is
amphoteric. [2 marks]

e) Germanium has macromolecular structure similar to that of
diamond, whereas phosphorus exists as covalent molecules. Predict
two differences in the physical properties of these two non-metals.

[2 marks]

4 Lanthanum, Z = 57, is a metal. Its valency is 3.
a) i) How many subatomic particles are in the nucleus of a lanthanum

atom?
ii) How many neutrons are there in one atom of lanthanum?
iii) What is the formula of a lanthanum ion? [3 marks]

b) Write the formula of:
i) lanthanum bromide
ii) lanthanum oxide

iii) lanthanum nitride. [3 marks]
c) i) Predict three physical properties of lanthanum. [3 marks]
i) Predict two chemical properties of lanthanum. [2 marks]

d) i) Write a word equation for the reaction between lanthanum
and hydrochloric acid. [1 mark]
ii) Write a balanced symbol equation for this reaction. [2 marks]
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PIC 16 The periodic table:
group properties

Key objectives

Key ideas

@ Physical properties

@ Chemical properties

Group I: the alkali metals

To be able to describe the physical and chemical properties
the first three metals in Group I
To be able to predict the properties of the other metals inn
Group 1
To know that reactivity of the metals increases down the &
To be able to describe the physical and chemical properties
chlorine, bromine and iodine

To be able to predict the properties of the other halogens
To identify trends in other groups given the relevant infor
To understand that noble gases are unreactive

To be able to describe the uses of helium and argon

Atom Electronic structure lon Electronic structus
Lithium Li 24 Li* 2

Sodium Na 2,8,1 Na* 2,8

Potassium K 2,8,8,1 K* 2,8,8

Lithium, sodium and potassium all have a valency of one and &
form ions that have the same electronic structure as the neares 5
noble gas.

The alkali metals are the most reactive metals. Their reactivity
increases down the group. They are kept under oil, otherwise
would react with the oxygen and water in the air.

NOT the oxide, and hydrogen.

They are all very soft metals. Lithium is the hardest of the
and potassium the softest. The Group I metals generally beee
softer down the group.

They have silvery, shiny surfaces when freshly cut.
They are all good conductors of heat and electricity.
They all have low melting points: lithium 181 °C, sodium
98 °C and potassium 64 °C. The melting points decrease des
the group.
Their densities are very low, less than 1.0 g/cm?®. The trend
density going down the group is that there is a general incre

Li0.53 Na0.97 K086 Rb1.53 Cs1.9 g/cm’

The trend is spoilt by sodium and potassium being ‘out of

They all react violently with cold water to form the hydroxs

Lithium floats and reacts steadily.

2Li + 2H,0 — 2LiOH + H
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Sodium melts and moves rapidly across the surface. The hydrogen
does not usually ignite.

2Na + 2H,0 — 2NaOH + H,

Potassium melts and moves rapidly across the surface. The hydrogen
ignites and there may be an explosion. Note that the reactions are
becoming more violent as the metals become more reactive.

2K + 2H,0 — 2KOH + H,

Group VII: the halogens

Electron structure lon

Electron structure Molecular State at Colour

formula r.t.p
c 287 - 288 cl, Gas Yellow/green
Br 2,8,18,7 Br-  2,8,18,8 Br, Liquid Brown
B 2.8,18,18,7 I 2,8,18,18,8 b Solid Black crystals, purple vapour

when heated

® Physical properties

Reaction with other elements
to form halides

@ Reactivity of halogens

Chlorine, bromine and iodine are all covalent diatomic molecules:
they have two atoms per molecule.

e The colour gets darker down the group.
e The melting and boiling points increase down the group.

Examiner’s tip

» You do not have to learn the electron distributions for bromine and
iodine, just look at the pattern for the valency electrons. They all have
seven electrons in their outer level. Also note that the number of
occupied levels or shells increases down the group.

Sodium will burn in chlorine to form sodium chloride.
2Na + Cl, = 2NaCl

Iron will react with bromine when heated.
2Fe + 3Br, — 2FeBr,

A mixture of aluminium and iodine will react to form aluminium
iodide when a drop of water is added.

24l + 31, — 2Al1,
Compared with the Group I metals, the trend is reversed. The
reactivity increases up the group. Chlorine can displace both

bromine and iodine from their compounds. The reaction with a
bromide is:

chlorine + potassium bromide — potassium chloride + bromine

Cl, + 2KBr — 2KCl + Br,

The colour changes to orange/brown, the colour of bromine.
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® Uses of the noble gases

@ Try this

Similarly, with iodides:
Cl, + 2KI — 2KCl + L,

The colour changes to dark brown, the colour of iodine.
Bromine can displace iodine from iodides but not chlor
chlorides.

bromine + sodium iodide — sodium bromide + iodine
Br, + 2Nal — 2NaBr + L,

These reactions are redox. For the reaction of chlorine and
potassium bromide, the symbol equation is: '

€L F2kBr = 2L e

The ionic equation is:
CL +t2Br » oCF | Br

Remember OILRIG (see Topic 11, p. 54).
(L 2 a ol

This is reduction, because chlorine molecules gain electroi

2Br — 2 — e

This is oxidation, because bromide ions lose electrons.

Noble gases: Group 0

The noble gases are unreactive; they have a valency of 0. Their &
electron shell is complete, so they do not transfer electrons or sha
electron pairs. They do not form chemical bonds with other eles

e Helium is used in balloons: it is less dense than air and safes
than hydrogen.

e A helium (80%) and oxygen (20%) mixture is used by deeg

divers.

Liquid helium is used in low temperature research.

Neon is used in advertising signs.

Argon is used to fill electric light bulbs because it is inert.

Argon is used to provide an inert atmosphere in welding.

The answers are given on p. 124.

1 Predict what you would see when rubidium reacts with water. Write
equation for the reaction. [5

Examiner’s tip
» Think about the trend in reactivity in Group I. You should know what y=
would see when potassium reacts with water. The equation for the reaci

with water follows the same pattern as for the other Group | metals.
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the text, see

2 Predict the melting point of rubidium from the following data. Explain

your choice.
Melting points:

lithium 181°C, sodium 98°C, potassium 64°C, caesium 29°C [2 marks]

Predict the following about the halogen astatine.

a) What is its molecular formula? [1 mark]

b) Describe its appearance at r.t.p. [2 marks]

c¢) What is the formula for calcium astatide? [1 mark]

d) Which of the following pairs would react together? Give a reason for
your choice.

astatine and potassium iodide

iodine and potassium astatide [2 marks]

a) Write an ionic equation for the reaction between fluorine and

potassium chloride. [2 marks]
b) Identify the change which is reduction and the reagent which is the
reducing agent. [4 marks]

The noble gases are in Group 0.
a) Argon is used to fill electric light bulbs. Inside the bulb the filament,
a thin metal wire, becomes white hot. Why is an inert atmosphere

essential? [1 mark]
b) Helium is used to fill balloons in preference to hydrogen because
it is safer. Explain. [2 marks]

¢) Most gaseous elements exist as diatomic molecules, for example O,.
The noble gases are monatomic — they exist as single atoms, for
example Ne. Explain this difference. [4 marks]

d) Calculate the density of argon at r.t.p. in g/dm3. [2 marks]

Some of the Group Il metals are :

magnesium very slow reaction with cold water, burns in steam
calcium

strontium all three react with cold water

barium

a) Predict which metal is most reactive. [1 mark]

b) i) Write the word equation for the reaction between magnesium
and steam. [2 marks]

ii) Write the equation for the reaction of calcium with cold water.
[2 marks]

iii) Write the equation for the reaction between strontium and

hydrochloric acid. [2 marks]
¢) Give a diagram showing the arrangement of the valency electrons in
the compound barium oxide. [3 marks]
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Key objectives

Key ideas

& Try this 7he answer is given on pp. 124-5.

Transition elements

@ To be able to identify a transition element from its poss
the periodic table
@ To be able to describe the typical characteristics of thess
elements
® To be able to compare transition metals with other mes
as magnesium ‘

There are three series of transition elements in the middle ¢
periodic table. The first series is from scandium to zinc.

Physical characteristics

Transition elements are metals with higher densities and m
points than the metals in Groups I and II. They are harder
stronger than the metals in Groups I and IL.

Chemical characteristics
Transition elements are less reactive than Group I and II m
They do not react with cold water, but many of them reaes
heated in steam.

Zn + H,0 — ZnO + H,

Examiner’s tip
» Remember that when a metal is heated in steam, the oxide is %«
Metals that react with cold water form their hydroxides.

Transition elements have more than one oxidation state or :
Iron forms Fe?* and Fe®", while chromium has oxidation s&
from +2 as in Cr2* to +6 as in CrO,>". They form coloured
compounds.

e Iron(u) salts are pale green and iron(in) salts are yellow /B
e Copper(l) salts are blue.
e Nickel salts are bright green.

The transition elements and their compounds both behave
catalysts. Two important examples in IGCSE Chemistry are &
the Haber process (see Topic 20) and vanadium(v) oxide in
Contact process (see Topic 21).

1 Compare the chemistry of magnesium and manganese by giving
differences in physical properties and two differences in chemical
properties.

Examiner’s tip ‘
B It is essential that each of your statements draws a clear compariss
between the two metals. For example, to write that manganese =
high melting point would not gain any marks. You need to write
‘manganese has a higher melting point than magnesium’.
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Key objectives

Key ideas

Properties of metals

@ To be able to describe the general chemical and physical
properties of metals

@® To be familiar with the reactivity series

@ To be able to extend the reactivity series to include redox
reactions and stability of compounds — nitrates and hydroxides

@ To be able to deduce order of reactivity from experimental results

The physical properties of metals have been discussed in Topics 4
and 15. Their chemical properties will be covered throughout
this topic.

Reactivity series

or steam

Reaction with water Reaction with dilute Reduction of oxide

hydrochloric acid with carbon

} water to form the

React violently with cold -

Dangerous, explosive

water or steam

hydroxide and hydrogen violence -
Reacts quickly with cold Very vigorous reaction to -
water form the chloride and
hydrogen
Very slowly with cold water Very vigorous reaction to Metal oxides above zinc cannot be
but burns in steam to form  form the chloride and reduced with carbon
its oxide hydrogen
React when heated in steam ﬁmﬁs:éﬁe c;?t: i;re;]::ed i
to form the oxide and React to form the chloride y 58 ;
All metal oxides below zinc can
hydrogen and hydrogen :
: be reduced with carbon to form
Do not react with cold water
the metal
Does not react with cold Metals below hydrogen do  Reduced to copper

not react with dilute acid

“= hydrogen is included in the first column of the table to show that metals above it react with dilute acid to form a salt and
==s metals below it do not react with dilute acid

Stability of compounds

The more reactive the metal, the more stable its compounds.
Most metal hydroxides decompose when heated, to give the
oxide and water.

Zu(OH), — Za0 + H O

Sodium and potassium hydroxides do not decompose when heated.
All nitrates decompose when heated. Sodium and potassium
nitrates decompose to the nitrite and oxygen.

2NaNO, — 2NaNO, + O,

Nitrates of less reactive metals decompose further, that is to the
oxide, nitrogen dioxide and oxygen.

2Mg(NO,), = 2MgO + 4NO, + O,
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Sample questions and answers
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Sample question 1

Student’s answer

Examiner’s comment

Model answer

Student’s answer

Examiner’s comment

Student’s answer

Examiner’s comments

Model answer

Student’s answer

To compare the reactivities of tin and mercury, a clean g
was placed in aqueous mercury(1l) chloride. After a few &
silvery deposit was seen on the tin. This showed that an
reactive than mercury. The experiment was repeated wis
metals and their salts. The results are shown below.

Solution Tin Scandium  Mercury

Tin(n) chloride Reaction No reaction &
Scandium chloride  No reaction
Mercury(i) chloride Reaction Reaction [
Iron(i) sulphate No reaction  Reaction No reaction

a) What is the order of reactivity of these four metals? W&
most reactive first and the least reactive last.

Scandium v, tin X, iron, mercury.

The first and last are correct (1 mark) but iron can displace tin,
should be second.

Scandium v, iron, tin v, mercury.

b) The reactivity series can be written as a series of ionic

equations.

Sc = St + 3e” (Remember all the atoms are reducing age
Fe — Fe?* + 2e”  they can lose electrons to an oxidising ag
Sn — Sn2" + 2e~  Remember all the ions are oxidising ages

Hg — Hg?" + 2e~  they can accept electrons.)

i) Which metal in the list has the greatest tendency to o
positive ion? 1

Scandium v
Good answer, it is the most reactive so it has the greatest tendency
electrons and form positive ions.

ii) Which ion is the best oxidising agent? [13
Scandium ion X

Wrong. This is a bit confusing, as scandium metal is the best reducing
agent and mercury the worst. The mercury ion is the best oxidising as
and the scandium ion the worst. Remember — the scandium is the bess
losing electrons so it follows that the scandium ion must be the poorest.
accepting them.

Mercury ion v

iii) Which ions can be reduced by iron metal? 2 ma

Tin v and mercury v ions.
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Examiner’s comment

Sample question 2

Student’s answer

Examiner’s comment

Model answer

Good. This is just a different way of asking which metals can be displaced
by iron.

The simple cell in Figure 18.1 was set up and the voltage measured.

voltmeter
)

zinc electrode copper electrode

dilute sulphuric acid

Figure 18.1

The zinc electrode was replaced by different metals and the
voltages of these cells were measured.

Positive electrode Negative electrode Voltage/volts
copper zinc 14

copper tin 0.48

copper iron 0.78

silver copper 0.46

copper magnesium 27,

a) Explain why the more reactive metal is always the negative
electrode. [2 marks]

The metal higher in the reactivity series is the negative electrode. X

The answer is a true statement but it does not answer the question. It
merely rephrases information given in the question.

The more reactive metal has the greater tendency to lose electrons
and form ions. v The ions go into solution and the electrons move
in the wire away from this electrode. This electrode has to be
negative v and the less reactive metal is the positive electrode.

Examiner’s tip

» Think of the direction of electron flow. As electrons are negatively
charged, they will move through the external circuit from the negative
to the positive electrode.
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Student’s answer

Model answer

Examiner’s comment

Student’s answer

Examiner’s comment

Student’s answer

Examiner’s comment
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b) The order of reactivity is — magnesium, zinc, iron, tin,
silver.

i) How do you know, from the information given in &

question, that copper is above silver in the series?

Because it has the smallest voltage. ¥

Because in the copper/silver cell, copper is the negative eles
and silver the positive. v This shows that copper is more res
than silver.

It is just chance that it has the lowest voltage.

ii) How can you establish the order of reactivity of zine
and magnesium? They are all more reactive than ce

[2]

Put them in the order of the voltage of the cells. v The biggs
voltage, the bigger the difference in reactivity. v

A petfect answer, the first comment answers the question and the secs
one would ensure full marks.

iii) Using the metals in the question, which cell would
produce the highest voltage? 2m

The cell with the highest voltage would be a magnesium v/
silver v cell.

The student has correctly paired the most reactive metal with the least
reactive, to get the biggest difference in reactivity.




PIC 19 Extraction and uses of
metals

Key Objectlves To relate the ease of extracting a metal from its ore to the
position of the metal in the reactivity series

To be able to describe the essential features of the extraction of
iron from haematite

To be able to describe the conversion of iron into steel

To be able to describe some of the different types of steel and
their uses

To be able to describe the extraction of zinc from zinc blende
To be able to name the uses of zinc as galvanising and making
alloys

To be able to explain why metals are used in the form of alloys
rather than the pure metal

To relate the uses of copper to its properties

To relate the uses of aluminium to its properties

Key ideas Extraction of metals from their ores

The general principle was discussed in Topic 18 — the more
reactive a metal, the more stable its compounds. The most reactive
metals — potassium, sodium, calcium, magnesium and aluminium —
are extracted from their ores by electrolysis of a molten compound.
Refer to Topic 7 for the extraction of aluminium.

For zinc and all less reactive metals, a chemical reducing agent
can be used, typically carbon or carbon monoxide.

The least reactive metal, gold, is found ‘native’, that is as the
metal not as a compound.

Details of the extraction of zinc

e The ore is zinc blende, ZnS.
e This is roasted in air to form the oxide.

2ZnS + 30, - 2700 & 280,

e The oxide is heated with carbon in a furnace, where it is
reduced to zinc.

Zno £t € = Zn £ CO or 2ZnO+C—>ZZn+CO2
e Zinc distils out of the @mace.
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Examiner’s tip

» You do not need to learn the
diagram of the blast furnace
but you need to know the
general set-up. You may be
asked to label a diagram of the
blast furnace, or to answer
questions of the type, ‘Where is
the iron tapped off?’ Questions
will be confined to the essential
reactions and a general
understanding of the process.

Examiner’s tip

# This reaction is a good example
of a basic oxide, CaO, reacting
with an acidic oxide, SiO,, to
form a salt, CaSiO,.

@® 80

Extraction of iron: the chemistry of the blas
furnace

b hot waste gases —
these are used to heat
air going into the
blast furnace

-

skip dumps charge
iron ore, coke and
limestone into hopper

¢ 50 rows of
height \—water-cooled
approximately N copper coolers
90m

in the lining
heat-resistant i of the furnace

brick hot air

blown

50m through

slag notch

molten iron$— —tap hole

Figure 19.1 Cross-section through a blast furnace

Haematite (iron ore), together with coke and limestone, are
at the top of the furnace (Figure 19.1). Hot air is blown into
furnace. The coke burns, producing large amounts of heat.

GO =3 CO,
The limestone decomposes.
CaCO, — CaO + CO,

Higher up the furnace, the oxygen has been used up and the
carbon dioxide is reduced to carbon monoxide.

CO, + C — 2CO

This reduces the ore, iron(iir) oxide, to iron, which flows down &
the bottom of the furnace.

Fe,O, + 3CO — 2Fe + 3CO,

An impurity in the ore is sand, silicon(iv) oxide. This reacts with
calcium oxide to form slag. The molten slag runs to the bottom @
the furnace and floats on the molten iron. It can be run off
separately and used as a building material.

calcium oxide + silicon(1v) oxide — calcium silicate (slag)

Ca@® + 516, —> CaSiO3
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@® Examples of alloys

Extraction and uses of metals
[ 3 W N

Uses of metals

e Zinc: making alloys such as brass, galvanising (see Topic 20).

e Aluminium: aircraft construction, because it has low density, food
containers and cooking foil, because it is resistant to corrosion.

Aluminium is between magnesium and zinc in the reactivity
series so it ought to be a reactive metal, but it is protected from
chemical attack by an adherent layer of its oxide. It behaves as
an unreactive metal because of this oxide layer.

e Copper: electrical wiring, because it is an excellent conductor
of electricity and is ductile so it can be pulled into wires; and
cooking utensils, because it is a good conductor of heat and is
malleable (easily shaped).

Examiner’s tip

P The uses given in this section are those specified in the syllabus. You
can probably think of many more uses —copper piping, aluminium
window frames, copper and zinc for roofing, zinc electrodes, etc. Any
correct use would be awarded a mark.

Alloys

An alloy is a mixture of two or more metals, or a mixture of one
or more metals with a non-metal. Alloys are used in preference to
the pure metal because they can be designed to have properties
better suited for a particular use, for example they may be harder,
more resistant to corrosion, or have a more attractive appearance.

The structure of a typical alloy is shown in Figure 19.2. It is likely
to be harder than the pure metal (dark circles) because the presence of
a different sized atom will prevent the layers from slipping.

Figure 19.2 Structure of a typical alloy. The dark circles represent atoms of a
metal; the paler circles are the larger atoms of a different metal added to
make the alloy

e Brass: a mixture of zinc and copper.

e Mild steel: up to about 0.3% carbon; used for car bodies and
machinery.

e Stainless steel: iron, nickel and chromium; used for chemical
plant and cutlery. It is very resistant to corrosion.
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Sample questions and answers

Sample question 1
Student’s answer

Examiner’s comments

Student’s answer

Examiner’s comments

Sample question 2

Student’s answer

Examiner’s comments

Model answer
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a) Why must limestone be added to the blast furnace? [2 =
It removes the sand, v which is in the ore, as slag. v

A good answer, much better than the simple comment, ‘It removes sa
A less obvious reason is that the slag that is formed separates the mols
iron from the oxygen in the air. If it did not, the hot iron would react
oxygen to re-form iron oxide.

b) Name the substances that leave the blast furnace. [4 m
(Molten) iron, v (molten) slag v and the oxides of carbon. v

One substance missing — nitrogen (from the air). The information gi
brackets would not generally be needed for the marks.

The impure iron from the blast furnace contains about 5%
impurities, such as carbon, sulphur, silicon and phosphorus.
Describe how the impure iron is converted into steel, typically
0.1% carbon. [6 m:

Oxygen is blown through the molten iron. v The impurities are
oxidised and form a slag.

This is a typical example of an answer that includes correct information !
lacks sufficient detail to be worth more than 1 mark. The clues are in th
question — the amount of detail given invites a more detailed response,
does the award of 6 marks.

Oxygen is blown through the molten iron. v The impurities are
oxidised to carbon dioxide, sulphur dioxide, silicon(iv) oxide ane
phosphorus oxide. v v The first two are gases and escape. v
Calcium oxide v is added; this reacts with the other two oxides &
form a slag. v The required amount of carbon is added.

Common error

The situation in Sample question 2 is similar to the blast furnace
and a very common mistake is to confuse the two processes. The
blast furnace is about reducing iron(i) oxide to iron. Steel making
is concerned with the removal of impurities from impure iron and
controlling the percentage of carbon. M
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Key objectives

Key ideas

Examiner’s tip

The complete water treatment
process is complex; you only
need to know the simple
version given here.

Air and water

To be able describe a chemical test for water

To be able to describe, in outline, the treatment of the water
supply

To be able to name some domestic and industrial uses of water
To be able to describe the composition of unpolluted air

To be able to name the common pollutants in air

To know the source of these pollutants

To be able to state the adverse effect of these pollutants on
health and the environment

To explain the presence of the oxides of nitrogen in vehicle
exhausts and their removal by catalytic converters

To be able to describe the separation of oxygen and nitrogen
from liquid air by fractional distillation

To know the uses of oxygen

To be able to describe the methods of rust prevention by paint
and other coatings which exclude oxygen and water

To understand sacrificial protection and galvanising as methods
of rust prevention

To be able to describe the manufacture of ammonia by the
Haber process

To explain the need for NPK fertilisers

To be able to describe the displacement of the weak base,
ammonia, from its salts

To be able to describe the formation of carbon dioxide by
complete combustion, from respiration and from a carbonate
and acid

Chemical tests for water
Water will turn anhydrous copper(i1) sulphate from white to blue.

CuSO4(S) + 5H20(1) — CuSO4.5HZO
white blue

Water will turn anhydrous cobalt chloride from blue to pink. This
test can be carried out using cobalt chloride paper.

CoCl,(s) + 6H,O() — CoCl,.6H,O(s)
blue pink

These tests show only that water is present, not that a liquid is pure

water.

Water treatment

Water from the reservoir is:

e filtered (through sand and gravel filters) to remove undissolved
solids

e treated with chlorine to kill micro-organisms such as bacteria
e supplied to the consumer — it is safe to drink, although not pure.
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@ Try this

Examiner’s tip
P Some books describe the water treatment process as purification.
is incorrect — you can hardly purify water by dissolving chlorine in it

The answers are given on p. 125.

1 How could you show that a liquid is pure water? [2
2 State three domestic uses of water and three industrial uses. [6
Air
The composition of air is 79% nitrogen, 20% oxygen, and the =
a mixture of carbon dioxide, water vapour and the noble gases.

@ Try this 7he answer is given on p. 125,
3 The table lists four of the common atmospheric pollutants. Copy the
table and complete the last row.
Pollutant Source Adverse effects Action to reduce amount of pollut:
Carbon monoxide Incomplete combustion of Health hazard: prevents Use a catalytic converter
carbon-based fuels blood from transporting
oxygen
Sulphur dioxide Burning fossil fuels that Acid rain, causing Use low-sulphur fuels or remove

contain sulphur

deforestation and sulphur dioxide from flue gases
damage to buildings crushed limestone

Oxides of nitrogen Oxygen and nitrogen, which Health hazard: causes Use a catalytic converter
react at high temperatures severe respiratory

in car engines

problems; acid rain

Lead compounds

® 84

[3

Catalytic converters

Oxygen and nitrogen in the air react together at the very high
temperatures inside an internal petroleum engine to form the
oxides of nitrogen. E

N, + O, = 2NO
2NO + O, - 2NO, 3

The oxides of nitrogen, carbon monoxide and unburnt -
hydrocarbons are all pollutants produced by motor vehicles.

Inside the catalytic converter, the following overall reacti
are catalysed.

2NO + 2CO - 2CO, + N, :
2NO, + 4CO — 4CO, + N,

Unburnt hydrocarbons are oxidised to carbon dioxide and wa
The three pollutants are removed. Nitrogen and carbon dio
which are relatively harmless, leave the exhaust.




Sample question 1

Student’s answer

Examiner’s comment

Student’s answer
Examiner’s comment

Model answer

Student’s answer

Examiner’s comment

Air and water
‘O............O.....Q...........QOOQ‘...................Q...

Oxygen
Oxygen is obtained from liquid air.

a) Name the technique used to separate liquid air into oxygen and
nitrogen. [1 mark]

Fractional distillation. v

Good. ‘Distillation’ alone would not gain the mark — the word ‘fractional’
is essential.

b) Explain why the technique you have given in part (a) works.
[2 marks]

Because of their boiling points. ¥
The response is not sufficiently precise.

Because they have difterent boiling points: v liquid nitrogen has the
lower boiling point and boils off first, then the liquid oxygen boils. v

c) State two uses of oxygen. [2 marks]
In hospitals for oxygen tents v and welding with ethyne (acetylene). v

Two correct uses, gaining 2 marks.

Examiner’s tips
» The uses of oxygen can be divided into three types:
e medical uses - incubators, with anaesthetics, to support respiration
in very sick patients
e artificial atmospheres — diving, in space, breathing apparatus for fire
fighters
e general uses — cutting and welding metals, rocket fuel,
re-oxygenating polluted water, making steel.
# Try to avoid two uses of the same type.

Common error

A very common mistake is to offer ‘breathing’; this is wrong.

A use implies that a chemical is sold for that purpose. Divers buy
cylinders of oxygen for use underwater but they do not buy air
to breathe. M

Rusting

e Only iron and steel can rust; other metals corrode.

e Both water and oxygen must be present for rusting to occur.

e The rate of rusting is greatly increased by the presence of
electrolytes — salt and acid rain.

e Rust is hydrated iron(in) oxide, Fe,O,.xH,0O. The amount of
water in rust varies with conditions.

e Rusting is a redox reaction. The change Fe(0) to Fe(+3) is
oxidation.
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Methods of rust prevention involve coating the iron or steel,
preventing contact with oxygen and/or water. This can be dos

e painting — for example cars, ships, bridges
e using oil or grease — moving parts of machinery have to be
lubricated, and this also provides a protective coating
e coating with plastic — for example freezers, fence netting,
garden furniture
e plating — cans for food are plated with tin, and taps and bics
parts can be chromium plated which both protects the steel’
provides an attractive finish
e galvanising — this is coating with zinc, and has the great
advantage that it provides sacrificial protection (see bel

Using stainless steel is a very expensive but effective way of
preventing rusting.

Sacrificial protection

Galvanised steel is steel coated with the more reactive metal,
Initially the layer of zinc prevents any contact of the inner st
oxygen and water. When the zinc layer is broken, the expos
still does not rust. The more reactive metal, zinc, forms ions M
readily, and electrons flow through it to the iron. This attracts
hydrogen ions from the water and hydrogen gas is given off. -
zinc is oxidised, but the iron is not.

The zinc loses electrons — it is oxidised (OILRIG).

The iron accepts electrons on to its surface — it does not lose
electrons so it is not oxidised.

The more reactive metal does not need to coat the steel comple
but it does need to be in electrical contact. Large steel structur
such as pipelines, piers and ships can be protected from corrosior
attaching bars of zinc or magnesium to them (Figure 20.1).

ship’s hull
made of steel
(mainly iron)

2e” zinc (Zn)

iron (Fe)

Figure 20.1 The zinc is sacrificed to protect the steel
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& Try this 7he answers are given on p. 125.

4 Figure 20.2 shows an experiment to investigate rusting.

tube 1 tube 2 tube 3 tube 4
|
S| s | dry (3 _| pure
atk air at oxygen
ey
~—=1 layer of
olive oil
_| (prevents air
iron 7| dissolving in
nails the water)
distilled anhydrous boiled distilled distilled
water calcium chloride water (boiled to water

(drying agent)  remove any
dissolved oxygen
from the air)

Figure 20.2

For each tube, predict whether the nails would rust. Give a reason for each
of your answers. [4 marks]

The Haber process
Ammonia is manufactured from nitrogen and hydrogen.

N,(g) + 3H, = 2NH,(g) Forward reaction is exothermic.

Most of the ammonia is used to make fertilisers.
Nitrogen is obtained from the air. Hydrogen is made from
methane, natural gas.

CH, + H,0 — 3H, + CO
CO + H,0 — H, + CO,

mple questions and answers

Examiner’s tip

P Questions are frequently set on the reaction conditions for the Haber
process. You must know the conditions and be able to explain why
they are used. The word ‘yield’ is often used; this is the percentage of
ammonia in the equilibrium mixture.

Sample question 2 In the Haber process, why are nitrogen and hydrogen mixed in the
ratio 1:3 by volume? [1 mark]

Student’s answer This is the volume or mole ratio in the reaction equation. v
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Examiner’s comment

Sample question 3

Student’s answer

Examiner’s comment

Model answer

Sample question 4

Student’s answer

Examiner’s comment

Yes. It is an obvious comment but needs fto be stated clearly.

The catalyst in the Haber process is finely divided iron pov .
‘What is meant by the term catalyst, and why is the catalyst &
powdered? (53

A catalyst increases the rate of reaction, « and finely powdere
has a bigger surface area. v :

The answer could do with a little more detail for full marks.

A catalyst increases the rate of reaction v and remains chemi
unchanged. v Finely powdered iron has a bigger surface area
exposed to catalyse the reaction. v
The graph in Figure 20.3 shows how the yield of ammonia »
with reaction conditions in the Haber process. ;

4
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S
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4=
©
o
S 30
£
§
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- 20—
°
>
X
10 =
0 T T T £
100 200 300 400
pressure/atm
Figure 20.3

a) How and why does the yield vary with an increase in pres

[2n

The yield increases when the pressure is increased. v An incre
in pressure favours the side of the equation with fewer gas
molecules, that is the right hand side. v

A model answer. In practice a pressure of about 200 atmospheres is
higher pressures would be too expensive in engineering costs. An extra
advantage of using a high pressure is faster reaction rate.



Student’s answer
Examiner’s comment

Model answer

Student’s answer

Examiner’s comment

Air and water
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b) How and why does the yield vary with temperature? [2 marks]
An increase in temperature will favour the endothermic reaction. v
The answer needs to be expanded to be awarded all the marks available.

An increase in temperature will favour the endothermic reaction,
that is the reverse reaction. v The yield of ammonia would
decrease. v

¢) The temperature used in the Haber process is about 450 °C.
Why not use a lower temperature and get a higher yield
(see graph)? [1 mark]

A lower temperature would give a higher yield but the reaction
would be too slow to be economic. v

The student has correctly discussed reaction rate and the economics of the
process. The optimum temperature is about 450 °C, low enough to get a
reasonable yield but high enough to have a rate of reaction that produces
ammonia fast enough to be economical.

Examiner’s tip
Remember to learn:

e 1:3 volume ratio N,:H,

e catalyst finely divided iron

e pressure 200 atmospheres

e optimum temperature about 450°C.

Fertilisers

Plants need the three elements nitrogen, phosphorus and potassium
for healthy growth. These are removed from the soil when plants
are harvested. These essential plant nutrients are replaced by NPK
fertilisers. A typical NPK fertiliser might contain ammonium
nitrate, NH 4NO3, ammonium phosphate, (NH,),PO 4 and
potassium chloride, KCI.

Ammonium salts are made using ammonia from the Haber
process and an acid.

NH, + HNO, — NH,NO,
2NH, + H,SO, — (NH,),SO,

23

Displacement of ammonia from its salts

This has been mentioned in Topic 12. The weak base, ammonia, is
displaced from its salt by stronger bases.

(NH,),SO, + Ca(OH), — CasO, + ZNH, +2H,0
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e Try this

Formation of carbon dioxide _
There are three methods by which carbon dioxide is formed:

The answers are given on p. 125.

by the complete combustion of a carbon-based fuel
in respiration, which occurs in the cells of plants and anim
and provides energy for all living processes
by the reaction of carbonates with acids to form a salt, cas
dioxide and water.

a) Name three fossil fuels. 3
b) Name two carbon-containing fuels that are not fossil fuels. 2
c¢) Complete and balance this equation.

Balance this equation for a reaction, the oxidation of glucose, tha
typical of respiration.

CeH;,04+ O, = CO, + H,0

Complete the following equations for the reaction of acids and

carbonates.
zinc carbonate + nitric acid — .............. e R —
MgCO; + H,50, — ... e ot T orchecbtnonnts
NiCO; + 2H* > .............. A R )

Natural gas is methane. It is used as a fuel.
CH, + 20, — CO, + 2H,0 complete combustion

a) Write the equation for the incomplete combustion of me

b) Explain why gas heaters should have a good supply of air and
should only be used in a well ventilated room. 2

a) Three common nitrogen-based fertilisers are:

ammonium sulphate  (NH,),SO, 7
ammonium nitrate  NH,NO, :
urea CO(NH,),

Calculate the percentage of nitrogen in each fertiliser.
b) Two common phosphorus-based fertilisers are calcium
superphosphate and ammonium phosphate.
i) Calcium superphosphate is made from calcium phosp
contains the ions Ca* and POj". Write its formula.
ii) What is the advantage of using ammonium phosphate
with calcium superphosphate?
iii) What is the third element essential for plant growth?




PIC 21

ey objectives

Key ideas

iminer’s tip

ember to learn the
saction conditions for the
Contact process:

» catalyst vanadium(v) oxide
® optimum temperature

450 °C

® atmospheric pressure.

= reason for using an

um temperature is that the
ward reaction is exothermic,
there has to be a compromise
tween yield and rate. There is
‘need to use increased

=ssure even though there is a
me decrease. At atmospheric
essure the yield is 96%.

Sulphur

To be able to name some sources of sulphur

To know that the major use of sulphur is to provide sulphur
dioxide for the Contact process

To be able to name the uses of sulphur dioxide

To be able to describe the manufacture of sulphuric acid by the
Contact process

To be able to describe the properties of sulphuric acid as a
typical acid

Sources of sulphur

The element sulphur is found in underground sulphur beds in the
USA, Mexico and Poland.
Natural gas and petroleum contain sulphur compounds. These
have to be removed and are an important source of sulphur.
Metal sulphides occur as ores, for example zinc blende.

Uses of sulphur dioxide

The major use of sulphur dioxide is in the Contact process for the
manufacture of sulphuric acid. It is also used as a bleach in the
manufacture of paper from wood pulp, and as a preservative for food
by killing bacteria.

Manufacture of sulphuric acid by the Contact
process

Sulphur is burnt in air to form sulphur dioxide.
5O = 50
This is mixed with oxygen to form sulphur trioxide.
250,(g) + O,(g) = 250,(g) The forward reaction is exothermic.

The reaction between sulphur trioxide and water is too violent to
carry out directly. Sulphur trioxide is dissolved in concentrated
sulphuric acid to give oleum. Water is added to form concentrated
sulphuric acid.

SO, + H,0 — H SO,

Note that some textbooks give more complicated equations,
as follows.

Dissolve sulphur trioxide in concentrated sulphuric acid to form
oleum.

S0, F 50, S H S O
Add water to the oleum.
HSO FHO o 2H,S0O,

If you can remember these, that is fine, otherwise learn the simpler
equation above.

91 @




TOPIC 21

(AR R R EE R R E N EEEENE R E RN E N N R N N N R NN NN NN R RENRENE

Sulphuric acid as a typical acid
Sce lepic 12

@® Try this 7he answers are given on p. 125.

1 Sulphuric acid is an important chemical both industrially and in £
laboratory. '

a) In the 18th century, sulphuric acid was manufactured by
mixture of sulphur and potassium nitrate. The mixture of ¢
formed was reacted with water. The sulphuric acid formed
method was impure and expensive. E

i) The impure acid contained another acid. Suggest the nan

this acid. 3

if) Write an equation for the action of heat on potassium

b) In 1831, Philips, an English vinegar manufacturer, invented
Contact Process. It made pure concentrated sulphuric acid che

S+@ 5 Sa
250, + O, = 250,
50, + H,0 > H 50,

i) Why is the Contact Process preferred to the older methc
making sulphuric acid?

ii) Sulphur dioxide is made by burning sulphur. Name a so
the element sulphur.

iii) Name the catalyst used for the reaction between sulphu
dioxide and oxygen.

iv) What would be the effect of decreasing the temperatur:
position of equilibrium in the reversible reaction betwee
sulphur dioxide and oxygen?

v) In the older process, sulphur trioxide was reacted directly w
water. Describe how it is changed into sulphuric in the C
Process.

vi) State two large-scale uses of sulphuric acid.

¢) Copper(i) sulphate-5-water was prepared by the following
reactions.

Cuod + H,50, > CuSO, + H,0
CusO, + 5H,0 — CuSO,.5H,0

In an experiment 25 cm? of 2.0 mol/dm? sulphuric acid was -
neutralised with an excess of copper(i1) oxide. The yield of the
crystals was 7.3 g. Complete the following to calculate the '
percentage yield.

i) Number of moles of H,SO, in 25¢m? of 2.0mol/dm3 = .....
ii) Maximum number of moles of CuS0,.5H,0 that could be

i) Maximum mass of CuSO,.5H,0 that could be formed = .....

Mass of one mole of CuSO,.5H,0 = 2509
iv) Percentage yield = ..... [4

IGCSE Chemistry, May 1
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Key objectives

Key ideas

® Try this

Carbonates

@ To be able to describe the manufacture of calcium oxide from
calcium carbonate

@ To be able to describe the uses of lime and slaked lime

@® To know that calcium carbonate is used in the manufacture of
iron and of cement

Calcium compounds from calcium carbonate

Calcium carbonate is heated.

CaCO, — CaO + CO,
limestone  lime

Water is added to calcium oxide.

Ca0 '+ FLO —> Ca(OH),
slaked lime

Note that an aqueous solution of calcium hydroxide is limewater.
This goes milky in the presence of carbon dioxide.

Ca(OH),(aq) + CO,(g) — CaCO,(s) + H,O())

Uses of calcium compounds

Calcium oxide (lime) and calcium hydroxide (slaked lime) are both
used to treat acidic soils and to neutralise acidic wastes.
Calcium carbonate has many uses:

e in the manufacture of cement

in the manufacture of glass

e in the blast furnace and in steel making to remove silicon(iv)
oxide as slag (see Topic 19) and

e to neutralise acidic soils and lakes caused by acid rain.

The answers are given on p. 126.

1 A solid, X, reacts with water to form a different solid, Y. This dissolves in
water. When carbon dioxide is bubbled through a solution of Y, a white
precipitate, Z, forms. On heating precipitate Z, solid X and carbon
dioxide are formed.

a) Identify the three calcium compounds:

solid X solidY  precipitate Z [3 marks]

b) Write equations for the three reactions. [6 marks]

2 Calcium carbonate and calcium oxide are both bases. They are used in
agriculture to reduce acidity in soil.
a) Write an ionic equation for the reaction between calcium oxide and
hydrogen ions. [2 marks]
b) Calcium oxide is a soluble base and calcium carbonate is an insoluble base.
i) Predict the pH of the soil if an excess of calcium carbonate was

used. [1 mark]
ii) Predict the pH of the soil if an excess of calcium oxide was used.
[1 mark]
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Key Objectlves @ To be able to name and draw the structures of methane, ‘,

ethanol, ethanoic acid and the products of the reactions in
Core section of the syllabus
@ To be able to name and draw the structures of the u
alkanes, alkenes, alcohols and acids containing up to
carbon atoms per molecule
To be able to relate type of compound present to endmg :
the name
To be able to name the fuels — coal, natural gas and petrolk
To be able to describe the fractional distillation of petroleu
and the uses of the various fractions
To understand the concept of a homologous series
@ To be able to describe the general characteristics of a
homologous series
® To be able to describe and recognise structural isome:
@® To be able to describe the properties of the alkanes with
particular reference to methane
® To be able to describe substitution reactions of alkane
chlorine
To be able to describe the bonding in alkanes
To understand that cracking can be used to manufacture
alkenes, hydrogen and more useful hydrocarbons
To be able to describe the addition reactions of alkenes wi
hydrogen, bromine and steam
To be able to distinguish between saturated and unsaturated
hydrocarbons from their structures and by a simple chemical
To be able to describe the formation of poly(ethene) by
addition polymerisation
To be able to describe the formation of ethanol by fermentas
and by an addition reaction
@ To be able to describe the burning of ethanol and to name &
uses as a solvent and a fuel
@ To be able to describe the formation of ethanoic acid b
oxidation of ethanol
® To know that ethanoic acid is a typical weak acid
@ To be able to describe the formation of an ester from eth
acid and ethanol

Key ideas Fuels

e Coal has been formed by the anaerobic decay of vegetation oves

millions of years. Anaerobic means in the absence of oxygen.
e Natural gas is mainly methane (CH,).
e Petroleum, or crude oil, is a complex mixture of hydrocarbons
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Fractional distillation of petroleum

Fractional distillation separates petroleum into more useful mixtures
of hydrocarbons, called fractions. The process works because the
fractions have difterent boiling point ranges. See Figure 23.1.

— —

refinery gas used as a fuel

30°C
Bl =[G
gasoline
used as fuel in cars (petrol)
CE ] Lll T 110°C —
: |
— B L naphtha
g used to make chemicals
fractionating
tower

kerosene/paraffin
used as a fuel in jet engines

s

diesel oil or gas oil
used as a fuel in diesel engines

fuel oil
= — ]

use& aS 'a fuel for ships and for home
heating systems

lubricating oil
used in waxes and polishes

L

residue
used to make bitumen for
surfacing roads

.
.

.

heater

Figure 23.1 Fractions distilled from petroleum and their uses

Homologous series

The hydrocarbons in petroleum belong to a family or homologous
series called the alkanes. The names of all members of this series
end in ‘-ane’.

The characteristics of a homologous series are as follows.

e All members of the series can be represented by a general
—  formula. For example, for the alkanes, this is C H, ,,, where n
is the number of carbon atoms in the molecule.

e Consecutive members of the series differ by CH,,.

e They have similar chemical properties because they have the
same functional group. For example, all alkenes have C=C, all
organic acids have ~COOH, etc.

e Their physical properties change in a predictable way, for
example the boiling points of the alkanes increase as n increases.

9%5 @
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Properties of the alkanes

Alkane Formula Boiling point/°C Physical state a
Methane CH, -162 Gas

Ethane C,Hg -89 Gas

Propane C.H, -42 Gas

Butane C4Hqo 0 Gas

Pentane CH,, 36 Liquid

Hexane CeHia 69 Liquid

Examiner’s tips :

P~ All names end in ‘-ane’, all formulae follow the pattern CH,, .., and
boiling points increase as the molecules get bigger. Note the patte:

B Although there is a general increase, the difference in boiling poin
between consecutive members is getting smaller. It is possible to
predict boiling points of higher members — the boiling point of
heptane (C,H,,) is predicted to be 96 to 99°C. Can you see why?

Alkanes have only single bonds. No more atoms can add on t¢
molecule so they are described as saturated hydrocarbons. They as
generally unreactive except for combustion and chlorination.

Combustion of alkanes

The complete combustion of an alkane gives carbon dioxide a
water.

CH, + 20, - CO, + 2H,0
2C,H, + 70, — 4CO, + 6H,0

The incomplete combustion of an alkane gives carbon monoxid
and water.

Substitution reactions of alkanes

Alkanes react with chlorine in bright light to give a mixtur
chloroalkanes. One hydrogen atom is substituted by one
chlorine atom. :

CH + (1, — CILClL I HC]
chloromethane

Provided there is enough chlorine present, the reaction can
continue until all four hydrogen atoms have been substituted.

CH,CI + Cl, — CH,CL, + HCl
dichloromethane

ChLL + (1 = Ok | FICT
trichloromethane

CHCI, + Cl, = CCl, + HCl
tetrachloromethane

The number of hydrogen and chlorine atoms must add up to
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i The reaction is photochemical: alkanes and chlorine do not
react in the dark.
Other alkanes also give substitution reactions with chlorine.

CH > CHEl T HU
propane chloropropane

Structures of the alkanes

methane butane

H H H H H

| [ |
H=—C—H H=—C—C—C——C¢—H

l el

H H H H H
ethane pentane

H H H H H H H

| o

S s

H H H H H H H
propane hexane

H H H H H H H H H

[l et s [
8 ErT

E S H H H H H H

Figure 23.2 Structural formulae of some alkanes

In these structural formulae, Figure 23.2, every covalent bond is
represented by a single line. Each covalent bond is a shared pair of
electrons, one electron from each atom.

Structures can also be represented using the following notation.

CH,—CH,—CH,—CH,

This is the formula for butane.

Common error

It is very easy to make a mistake using this type of formula. The
number of bonds per carbon atom, that is lines and hydrogen atoms.
must equal four. Always check carefully and avoid common errors of
the type shown below. What is wrong with these formulae?

CH,—CH—CH, and CH,—CH,(CH,—CH,—CH,
In the first formula the central carbon has a valency of 3 not 4.
The formula ought to be CH,—CH,—CH,. The second carbon

in the other formula has a valency of 5. The correct formula is
CH,—CH(CH,)—CH,—CH,. &
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Ho b H b melting
' l I | point —138°C
Hee o G Cr G H
I!I l!l rli r|~| boéllng point
butane
H H H
I I I melting

H- ¢ C C [ neint_159¢C .

l I

H H boiling point
=12
He=G=—H

H
2-methylpropane
Figure 23.3 The isomers of C,H,,

Sample questions and answers

Sample question 1
Student’s answer

Examiner’s comment

Sample question 2

Student’s answer

Examiner’s comment
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Isomerism

Isomers are different compounds that have the same mol
formula but different structural formulae.

Examiner’s tip :
P The above definition of isomers is very important. It would be 2
idea to learn it by heart.

Common error

Typical mistakes are to state that isomers are different fo
same compound, to confuse isomers and isotopes, and to
the key words — molecular and structural. ¥

An example of isomerism is given by the two compound31
molecular formula C,H,, — see Figure 23.3.

Names of alkanes

You do not need to learn how to name branched alkanes
helpful to be aware of how organic chemicals are named.
2-methylpropane in Figure 23.3.

e Look for the longest chain, here three carbon atoms, so p:

the name is propane (the third alkane).

Look for side groups, here CH, which has one carbon

it is called methyl. 3

e Look at the position of this group: count along the chai =§
on the second carbon. The name is therefore 2-methylprog
(In this example the 2’ is redundant, as there is only one
position possible for the methyl and that is on the central
carbon atom, but it illustrates the principle.) '

What is the molecular formula of the C,, alkane? [1

C121_:[26 vi

Correct. Double the number of carbon atoms and add 2 to find the num
of hydrogen atoms.

Which of the following are hydrocarbons and which are alkanes?

CioHy CHyg CH[O CpHy, [2 mark

They are all hydrocarbons. ¥ C_H, is the only alkane. v

C,H,,O is not a hydrocarbon since hydrocarbons contain carbon and
hydrogen only. Yes, C.H,is the only alkane, it corresponds to.the geners

Jormula CH, .
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“Sample question 3

Student’s answer

Examiner’s comment

Model answer

Sample question 4

Student’s answer

Examiner’s comment

Model answer

Draw the structural formulae of two isomers of C.H,,.
[2 marks]

CHy— CHy—CH,——CHy—CH;

CH3— CHy—CH,—CH, X

CHs
No, these are the same molecule — they both have five carbon atoms in a chain.

Any two from the following structural formulae:

CHy——CH,— CH,—CH,—CH3

CH;— CH—CH,—CHs

CH;

CH;
CHy—C—CH,
CH;

One mole of butane reacted with one mole of chlorine to give
two different products with the molecular formulae C,H,CI.
Give the structural formulae of these products. [2 marks]

Two isomers have been formed:

CHy— CH,—CH,—CH,—Cl

Cl—CH,—CH,—CH,—CH; X

No, these two structures are the same — the second one is a 180° rotation
of the first one.

The isomers are as shown here:

CHy— CHy—CH,—— CH,—Cl

CHz—CH——CH,—CH;

cl
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Alkenes

Alkenes are a homologous series of unsaturated hydrocarbons. °
general formula is C H, . They all have a double bond and ¢
undergo addition reactions. Their names all end in ‘-ene’. Th
alkene is ethene. Figure 23.4 shows the arrangement of the
electrons in a molecule of ethene.

R
Z

Figure 23.4 The bonding in ethene, the simplest alkene

A

ethene The structural formulae of the first three alkenes are given in
L i Figure 23.5.
e Alkenes are made by cracking alkanes. Large alkane molecule
e R obtained by the fractional distillation of petroleum, are passed ow
H 5 heated catalyst consisting of silicon(iv) oxide and aluminium oxi¢
propene CoHy,® —  CgHpg) + CH,(g)
higher alkane simpler alkane alkene
T T /H decane octane ethene
H_T_C:c\ There are many different products that can be obtained by the
H i cracking of decane. Another possibility is shown in the next equat
CHy® —  CHpg + CHlg)
butene higher alkane simpler alkane alkene
T T T M Hydrogen can also be made by cracking.
H_T_T—C:C\ CioHy® —  CHi + CHi(g) + Hy®
H H 2 higher alkane alkene alkene

Figure 23.5 Structural formulae of  Thyis type of cracking gives a mixture of alkenes and hydrogen.
some alkenes e e
Cracking is used to make:

e alkenes

e hydrogen

e petrol from the higher fractions, since there is a greater deman
for petrol than for kerosene.

® 100



Organic chemistry |
5O 0000000 ODO OGO O OO OO0 OO0 OO0 0O OO0 OO0 0000 OO0 OO OO OO OO0 DOOSSOS

g Addition reactions

In an addition reaction two reactants form a single product.
Hydrogen reacts with an alkene to form an alkane. This type of
reaction is called hydrogenation and is used to make margarine
from unsaturated vegetable oils.

CoH, + B, —: CH
180 C
nickel catalyst
H /H H ;-
c—cC + He = H = = H-—c— ¢ —H
v \

H H

H H

‘Water reacts with an alkene to give an alcohol. This type of
reaction is called hydration.

C,H,(g) + H,0O(g) = C,H.OH(g)
steam S00 ¢ ethanol
phosphoric acid
catalyst

60 atmospheres

H
H H
\C C/ H (0] H H (l: C OH
e + —0— —_— —C—C—
e |
H H

Test for an alkene

Bromine dissolved in water can be used to distinguish between
unsaturated hydrocarbons, alkenes, and saturated hydrocarbons,
alkanes. When a few drops of bromine water are added to a tube of
ethene gas, the colour changes from brown or orange to colourless.

C,H,(g) + Br,(aq) > C,H,Br, This is dibromoethane.

brown colourless

N

H H

/ ||
E=C + Br—Br — H—C—C—H

\ |

B B

This reaction occurs with an alkene because the bromine molecule
can add across the double bond. Bromine water does not react
with alkanes because there is no double bond.

Examiner’s tip

P If you are asked to describe this test you should state that the bromine
water goes from brown to colourless with the alkene, and that the
bromine water remains brown with the alkane. Remember to say
colourless not clear — bromine water is clear but it is not colourless.
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nCH, —> —éCHZ—CH27\—
n

Figure 23.6 Addition polymerisation
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Addition polymerisation

Polymerisation is the formation of long chain molecules ¢

polymers from a large number of monomer molecules.
Figure 23.6 shows addition polymerisation because there

one product, the polymer.

Examiner’s tip

» When you are drawing the structure of a polymer, check that
repeat unit is correct and that your diagram indicates a long
continuation.

There is a more detailed discussion of polymers in Topic 24.

Alcohols

Examiner’s tip
P Remember, for the Core you only need to study ethanol.

All alcohols have —OH as the functional group. The general
formula is C H, , OH. Their names all end in ‘~ol’. With
propanol and butanol, the number in the name gives the

of the —OH group on the chain. See Figure 23.7 opposite.

Ethanol can be manufactured

e from ethene (see the hydration of ethene, p. 101)
e by fermentation (see Topic 25).

Ethanol burns with a clean flame. It is used in camping stoves a
some countries, is used alone or mixed with petrol as a fuel for

C,H,OH + 30, — 2CO, + 3H,0

combustion

Examiner’s tip
» Take care with balancing this equation. It is easy to forget that &
contains oxygen and that there are six hydrogen atoms in total.

Ethanol is used

as a fuel (see above)

as a solvent in the perfume and food industries
in some cultures in alcoholic drinks

to make other organic chemicals such as esters.
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2 H
methanol  CH3;OH H——l—o—l—!
|
H H
ethanol  CH;CH,OH H———l—i—O—H
i
H H H
propanol or propan-1-ol  CH3CH,CH,OH H———(I:—~—l——cl——0——H
B
H H H
propan-2-ol  CH;CH(OH)CH5 H—L——(IZ—-CIZ———H
v
!
H o on
butanol or butan-1-ol  CH3CH,CH,CH,OH H——i-——é———i—é——o S H
e
B " 4
butan-2-0l  CH;CH(OH)CH,CH; H—l—é—cl——cl:—H
ke
)

Figure 23.7 The alcohols

Organic acids

All organic acids have the functional group ~COOH or —CO,H.
The general formula is C H, ., COOH and all their names end in
‘~oic acid’:

2n+1

methanoic acid HCOOH - the acid in nettle stings
ethanoic acid CH,COOH - the acid in vinegar
propanoic acid CH,CH,COOH

butanoic acid CH,CH,CH,COOH

Remember you must count the carbon atoms in the acid group.
Butanoic acid has a total of four carbon atoms.

Some alcohols oxidise to organic acids. Ethanol is oxidised to
ethanoic acid. This is why when wine is left exposed to the air it
smells of vinegar.

CH,CH,OH + O, — CH,COOH + H,0

from the air
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H
| //Q H N

H ¢ ¢
e
H

He—H

Figure 23.8 Structural formula of
ethyl ethanoate
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When ethanol is heated with the oxidising agent a61d1ﬁe
potassium dichromate(v1), ethanoic acid is formed.

CHICHUOH ! 20  CHCOOH f HO The full e
from the is complic
oxidising '

agent

All organic acids are weak acids. In aqueous solution they
partially ionised. They have all the typical acid propertles
Topic 12,
To name the salts of organic acids, remove the ‘-ic ac1_
add ‘-ate’. E
metal + acid — salt + hydrogen
Mg(s) + 2CH,COOH(aq) — (CH,CO0),Mg(aq) + H,f§

magnesium ethanoate

base + acid — salt + water
NaOH(aq) + CH,COOH(aq) — CH,COONa(aq) +
MgO(s) + 2CH3COOH(aq) — (CH,CO0),Mg(aq) +ri

carbonate + acid — salt + carbon dioxide + water

Na,CO,(aq) + 2CH,COOH(aq) — »
2CH,COONa(ag) + CO,(g) + p

Esters 7
Organic acids react with alcohols to form an ester and Water-'i

CH.COCHH L HCELOH - CH,COOCH, CH, | £ .
heat
concentrated
sulphuric acid
catalyst

The ester is ethyl ethanoate and it has the structure shown 1
Figure 23.8. 3
Esters have a “fruity’ smell and are used as food flavourings.

Examiner’s tips

» Be careful with the formula for ethyl ethanoate - for example
CH,COOCH,CH, is wrong, it should be CH,COOCH,CH,.

> CH SCH COOCH is not ethyl ethanoate, it |s methyl propanoate
Remember when writing the name of an ester that the group fror ' :
the alcohol, e.g. methyl, comes before the part from the acid, e.g.
propanoate. :
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The answers are given on p. 126.

Remember that if two organic compounds have the same functional group,
then they will have the same chemical properties. Many of the following
questions involve predicting the properties of less familiar compounds using
this idea.

Note that some question parts involve topics from the syllabus Supplement.

1 For each of the following formulae, state the type of organic compound.
[6 marks]

CH,~CH(OH)-CH,

c12H24

CH,~CH,~CH,~CH,~COOH

CH,~(CH,),,—CH,

C,H,COOC,H,

CH,~CH,~CH,~CH,~CH,~Cl

TmoON®>

2 Complete the following word equations.
i) methanoic acid + zinc —
ii) propanoic acid + copper(il) oxide —
iii) butanoic acid + sodium carbonate —
iv) butene + bromine —
v) ethanoic acid + butanol —
vi) pentene + hydrogen —
vii) propene + water —
viii) ethane + chlorine —
ix) propanol + oxygen (excess) —
x) methanoic acid + propanol — [20 marks]

3 Write symbol equations for the following reactions.
i) propanoic acid and sodium hydroxide
ii) methanoic acid and magnesium
iii) butanoic acid and sodium carbonate
iv) the incomplete combustion of methane
v) ethanoic acid and methanol
vi) propene and bromine [12 marks]

4 Copy and complete the equations for the following cracking reactions.
D CH > EH# 2.
ii) CH;g > CHp 4.
ifi) CoH,p > CoHyjy +CoHe + <. [6 marks]
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synthetic
macromolecules

Key Ob] ectivesS @ To be able to explain the term macromolecule b

@ To know that polymerisation is the formation of polymers
from monomers 7
To be able to deduce the structure of the polymer from th
of the monomer ;
To be able to deduce the structure of the monomer ﬁom
of the polymer
To know the difference between addition polymensatlon
condensation polymerisation
To be able to describe the formation of a polyamide, nylon
and a polyester, terylene 3
To know some of the uses of plastics and synthetic fibres
To describe the pollution problems caused by non-
biodegradable plastics

Key dEfin itiOnS Macromolecule A very large molecule made of repeating units.

These units can be atoms as in diamond, simple
molecules of ethene in poly(ethene), or more com
molecules as in proteins and polyamides

Monomer Small molecules that join together to form o ~
large polymer molecule

Polymer A very large molecule formed from many mo o

molecules =

Addition The formation of one product, that is the polym

polymerisation :

; Condensation A reaction in which there are two products, t ;
) polymerisation polymer and a small molecule, e.g. water

Non-biodegradable Not broken down in the environment by micro 3
organisms in the presence of water and oxy

Key ideas Addition polymerisation

Alkenes can take part in addition reactions. The carbon—carb n
double bond changes to a single bond and alkene molecules
form a long chain — a polymer. =

Poly(chloroethene), for example, known as PVC, is formed
from the monomer chloroethene. See Figure 24.1. :

® 106




Organic chemistry Il: synthetic macromolecules
50000000000 ODPOC®OOOPOPOO®POEE®OPOCOOROPOEC®OOCOOOOOOO®OND®OSOPOEOOCOOOOO®ESGOOO®OOG®SEOG®ESEOSES

- suggests
H H 4 ;
H H | | continuation
n \C—C e © C
H/ \Cl | I indicates chain
i s
chloroethane repeat unit —note

no double bond

Figure 24.1 The monomer and the repeat unit of PVC

To deduce the structure of the monomer from that of the polymer,
draw the structure of the repeat unit in the polymer then draw a
double bond between the two carbon atoms that were in the chain.
The name of the monomer is that of the polymer without the
‘poly-’ and brackets. Another example is shown in Figure 24.2.

A
n(CH3—CH:CH2> = Cl—(|2
propene CH; H =

Figure 24.2 The monomer and the repeat unit of poly(propene)

Condensation polymerisation
In a condensation reaction, usually two monomers react together
and join. During the reaction a molecule of water is often lost
(see Figure 24.4 below).
In polyamides, the two monomers are as shown in Figure 24.3.

o o
I I
HO—C—{ial—c—— OH Nib== =N

Figure 24.3 The two monomers that form a polyamide

They are joined together by an amide linkage, Figure 24.4, hence
the name polyamide.

(@)

_____ o

H,O
eliminated
forming an
‘amide linkage:

(e}

I

—C—N— or —CONH—
H

Figure 24.4 The formation of an amide linkage in condensation
polymerisation

107 ®



TOPIC 24

.0.0.......O.........0............Q..O..............O.......

® 108

Sample question 1

Model answer

The reaction continues to give a long chain. Nylon is a polyam
The structure of nylon can be represented as in Figure 24.5.

O O
|| H I I :
—C N N c N[ T

H H H
Figure 24.5 The structure of nylon

In polyesters, the two monomers are as shown in Figure 24.6.

i i |
HO- ¢ e ¢ OH HO—{ ===

Figure 24.6 The two monomers that form a polyester

An ester linkage is formed and, as the polymer molecule is hel
together by this linkage, it is called a polyester. The reaction
continues to give a long chain. The structure of a polyester ca
represented as in Figure 24.7.

i 1 i i
~—c N c o [ I o c W0 ==

Figure 24.7 The structure of a polyester

A typical polyester is terylene.

Uses of polymers

e Nylon and terylene are used to make clothes.

e Nylon is used for rope making.

e PVC is used as an electrical insulator, for pipes and gutter

e Poly(ethene) is used to make bowls, buckets, plastic bags. 2
an electrical insulator.

Examiner’s tip
» You do not need detailed knowledge, just a general awareness c
uses of polymers.

e -

Give two uses of polymers.

Garden furniture v and window frames. v

Plastics and pollution

Polymers are non-biodegradable, that is, they do not decay. T
are a major source of visual pollution and fill up available w:
sites. Burning them is not a satisfactory solution to their dis
since poisonous gases are formed. The best long-term soluu

disposal would be to recycle polymer waste. »

=




Organic chemistry Il: synthetic macromolecules

Q.........'Q“'D.QCOQOCC.000.0.36‘0000.9000...00..‘00’.0.0.‘..

@ Try this

Common error o |

Do not write that these gases are ‘harmful’. They should be
described as ‘toxic’ or ‘poisonous’. A common mistake is to think
that sulphur dioxide would be formed and contribute to acid rain.
The majority of plastics do not contain sulphur. Another
misconception is that the emission of carbon monoxide would be
a particular problem. This is formed by the incomplete
combustion of any carbon-containing substance: coal, natural gas,
liquid fuels, wood or plastics. This very poisonous gas presents a
general problem and not one peculiar to plastics. ¥

Examiner’s tip

» It is sufficient to state that the gases are poisonous. If you name
specific gases, they must be correct; for example, hydrogen chloride
and hydrogen cyanide.

The answers are given on p. 126.

1 Deduce the structure of the monomers from the structure of the

polymers shown in Figure 24.8. [2 marks]
. H H I F F
. |
i i
GeHs H/,, ECFo
Figure 24.8

2 Deduce the structure of the polymers from those of the monomers

shown in Figure 24.9. [2 marks]
o]
o H if)
X i H O—C—CH,
e -
H CN H/ \H
Figure 24.9

3 Give the structure of the polyamide that could be made from the two
monomers

H,N(CH,);NH, and HOOC(CH,), COOH [2 marks]

4 Nylon is a synthetic macromolecule which is held together by the same
linkage as protein molecules.

a) What is the name of this linkage? [1 mark]
b) Draw a diagram of the structure of nylon. [3 marks]
¢) Name another synthetic macromolecule which, like nylon,

is made by condensation polymerisation. [1 mark]
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PIC 25

Key objectives

Key ideas

C,7H35COOCH

Cy7H35COOCH,

Figure 25.1 Structural formula of
a typical fat, glyceryl stearate

Organic chemistry IlI:
natural macromolecule

To be able to name the three main constituents of food
To know that proteins have the same amide linkage as «
but with different repeat units 3
To be able to describe the hydrolysis of proteins to amin
To know that these amino acids can be identified by
chromatography

To know that fats are esters with the same linkage as t
To know that the alkaline hydrolysis of fats produces s:
To be able to describe complex carbohydrates as conden
polymers of simple sugars '
To know that the acid hydrolysis of a complex carboh
gives simple sugars

To be aware that these simple sugars can be identified
chromatography

To be able to describe the fermentation of simple suga
produce ethanol and carbon dioxide

The three main constituents of food are proteins, fats
and carbohydrates.

Proteins

Proteins have the same amide linkage as nylon (see p. 108)
monomers are amino acids. Proteins can be hydrolysed bac
amino acids by heating with hydrochloric acid. The amino ac
formed can be identified by chromatography (see Topic 2).

amino acids == protein + water
condensation
polymerisation
protein + water = amino acids
hydrolysis
(boil with

hydrochloric acid)

There can be up to 20 different amino acids in a protein.

Fats

Both animal fats and vegetable oils are esters. A typical fatis
glyceryl stearate, Figure 25.1. 3

Fats can be hydrolysed by heating with aqueous sodium
hydroxide.

sodium salt of
— along-chain + glycerol
organic acid

i sodium
hydroxide



Organic chemistry Ill: natural macromolecules
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Sample question 1

Student’s answer

Examiner’s comment

Ho-—| |- 6H

25.3 Structure of glucose

For example:

glyceryl sodium sodium ;
stearate ' hydroxide ~ stearate theeliae o

Cy7H35COOCH, CH,OH

C;7H35COOCH + . 3NaOH - - s 50 W .cOONa  * CHOH

CH,0OH
glycerol

sodium stearate

C47H35COOCH, —a soap

Figure 25.2 Hydrolysis of glyceryl stearate

Examiner’s tip

» You do not need to learn the structure or the full equation for the
hydrolysis of a fat but they may be given in a question. You do need to
know the word equation.

a) What class of compound is olive oil? [1 mark]
b) What class of compound is glycerol? [1 mark]
c) What does the word hydrolysis mean? [1 mark]
d) What is the main use of compounds such as

sodium stearate? [1 mark]

a) It is an ester. v

b) Glycerol is an alcohol. v

¢) Hydrolysis is a type of chemical reaction in which a compound
reacts with water to form two or more compounds. v

d) They are soaps. v

All answers are correct.

Carbohydrates

Carbohydrates contain only the elements carbon, hydrogen and
oxygen. The ratio of hydrogen to oxygen atoms is 2:1 (as in water,
hence ‘hydrate’). Glucose and starch are both carbohydrates.
Glucose, C6H1206, 1s a simple sugar, and starch, (C6H1005)n’ 1S3
complex carbohydrate. Glucose can be represented as in Figure 25.3.
Starch can be represented as in Figure 25.4.

=0 0 | 1-dg | |06
Figure 25.4 Structure of starch

glucose — starch + water

This is condensation polymerisation (see Topic 24, p. 107)
— a polymer or macromolecule forms and water is eliminated.
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Sample question 2

Model answers

® 112

Acid hydrolysis of complex carbohydrates

When complex carbohydrates are heated with dilute hydroc
acid, they are hydrolysed to sugars. 2

starch + water — glucose

The acid is a catalyst for this reaction. The reaction can also be
catalysed by enzymes, but the sugar produced is not necessa
same as when acid catalyst is used.

Sugars formed by the hydrolysis of complex carbohydrat
be identified using chromatography.

Fermentation }
Fermentation forms ethanol and carbon dioxide from glucose.

glucose — ethanol + carbon dioxide

This reaction is catalysed by the enzymes from yeast.

of air. 2=

b) The best temperature for fermentation is about 35 °C. Wh
the disadvantages of using a lower or a much higher temper

2

¢) When the concentration of ethanol reaches about 14%,
fermentation ceases. Suggest a reason. [1n

d) Complete the equation for fermentation: :

6o 2 m

a) Because the oxygen in the air would oxidise « the ethano
carbon dioxide v or fermentation is the anaerobic respirati
vv of yeast cells.

b) At a lower temperature the rate would be slower v and at a hig
temperature the enzymes would be denatured (destroyed)./

c) Ethanol is poisonous to yeast, and at this concentration yea
dies v or all the glucose has been used up.v

dy et O 0 H Oflv o 0

Examiner’s tip
P You do not need to learn the formula for glucose. If it is required
answer the question, it will be given.




Preparing for the
examination

Preparing for an external examination is a continuous process
throughout the course. All the activities, lessons, homework,
practical work and assessments are major factors in determining the
final examination grade, so the first piece of advice is to suggest
that you work steadily throughout the two years of the course. It is
essential that you prepare thoroughly for internal school
examinations, then, as you approach the IGCSE examination and
start your revision programme, the topics will be familiar and the
learning process will be less stressful and more productive.

Make sure that your notes are up to date. If you miss work
through absence, either copy it from a friend or leave a comment
in your notes that will remind you to refer to the topic in a
textbook. Similarly, look at any homework you have missed and if
it involves the reinforcement of skills or concepts, then it would be
a good idea to photocopy it. This may not be a popular suggestion
but you must realise that not all homework assignments are of
equal value — some are integral components of the course. You
will need to make a judgement, but to help you here is some
general advice: problems, equation writing, factual material that is
not covered elsewhere in your scheme of work and past questions
should be photocopied or, even better, you should complete the
assignments on your return.

In summary:

work steadily throughout the course

ensure that your work is both complete and accurate
make sure that you understand the ideas and concepts

if you find an aspect of the course difficult seek assistance
learn the topics for tests and internal examinations.

Well in advance of the examination, produce a revision timetable
for all your subjects, but be realistic and include time for relaxation
and socialising. Then create a more detailed one for chemistry, to
cover all the topics. Ideally you ought to go through the complete
course twice. Keep a checklist of the topics studied — it is
encouraging to have a visual record of your progress.

It is useful to have a copy of the syllabus but not essential, as this
book includes all the information required for IGCSE Chemistry.
You will need a quiet room at a comfortable temperature, plenty of
paper and a pencil or pen. Some students find doodling (chemistry
of course) with coloured pens helpful. On occasion, revising with a
friend makes a welcome and useful change. You will have to
discover for how long you can profitably study — this is a very
individual characteristic and can vary from person to person, maybe
as little as 30 minutes or over an hour. Do not exceed your revision
time, and break up the available time into study sessions and breaks.
You might want to introduce rewards — “When I have finished this

»

section of work I will .............. .
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How to approach the examination

® 114

Revision must be active — do not believe that just lookss
book is an effective way of learning. You could make flash
that have bullet lists of essential points. You could study ths
for several minutes and then close the book and write out
you can remember (without taking great care over presents
then check your account against the book. Repeat this unt
have most of the information correct, then move on to ane
section of the work. This is the ‘look, cover, write and che
technique, and it is very effective for the majority of studes
crucial that you repeat this technique on the same topic, at
once but preferably twice, in the fairly near future, that is, €
later the same day or the next day. This will greatly increase
long-term retention of the topic.

Keeping a list of important words is useful. You could wa
words on one side of a card and the meanings on the othe
when you have an odd few minutes you can brush up on y&
chemistry vocabulary.

Once you have acquired a reasonably good knowledge
understanding of the course, it is time to extend your revisio
practising on past papers. This is a most valuable form of
preparation; not only does it provide a test of the effective nes
your revision but it provides an insight of what to expect in
‘real’ examination. i

The examination syllabus gives a full list of the terms used !
examiners and how candidates are expected to respond. Coms
used terms are:

e ‘Define’ — you need to give a precise statement :
e ‘What do you understand by?’ — give the definition and ses
additional explanation
e ‘State’ — give a concise answer, no explanation is needed
e ‘Explain’ — you must give reasons and/or underlying theory
e ‘Predict’ — you are not supposed to know the answer from
memory but to deduce it, usually from information in the
question
e ‘Suggest’ — this implies that there is more than one acceptaby
answer or that you are expected to arrive at the answer using
your general knowledge of chemistry.

If the examination centre has provided a detailed timetable, thes
highlight your examinations and put the timetable in a promines
place in your home. Ask one of your family to check with you
each day your commitments for the next day. This will avoid &
type of situation exemplified by:

Student ‘1 thought that the examination was this afternoon.’
Teacher ‘No, it was this morning, you will have to sit it in
November or next year.’



Preparing for the examination
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- Put out the correct equipment the night before — pencil, pencil
sharpener, eraser, ruler, calculator (are the batteries OK?) and
two pens.

Leave home in generous time; if you are late you will not be
given extra time and under certain circumstances you may not be
allowed to enter the examination room. The regulations vary
depending on the Examination Board. Do not put yourself at a
disadvantage. It is no use saying, for example, “The 8.45 bus didn’t
run this morning and I had to wait for the 9.15. It is the
candidate’s responsibility to arrive on time for the examination,
and you should always allow time to spare.

Multiple choice papers
Attempt all of the questions — there are no penalties for incorrect
responses.

Read the question carefully, remembering that at least one of
the incorrect answers (called distractors) will seem to be correct.
Never make a blind guess, but try to eliminate some of the
incorrect answers and increase the odds in your favour. Do not
rush — think.

If you cannot answer a question, or remain uncertain as to
which is the correct answer, put a star by it, leave it and return to
it when you have completed the other questions. Use any spare
time at the end of the examination to check your answers.

Theory papers

Once the examination has started, flick through the paper and
choose a question you feel confident about. You do not have to
start with question 1. Read the question twice, look at the mark
allocation for each part and then decide exactly what is required to
be awarded the marks. This needs a disciplined approach; far too
many candidates write at length without answering the question.
Never forget — marks are not awarded for correct chemistry but for
correct chemistry that answers the question.

e Follow the instructions in the question, being particularly
careful to respond to words and phrases such as ‘describe’ and
‘give a reason for’.

e Take reasonable care that your writing is legible — what cannot
be read cannot be marked.

e Do not offer more alternative answers than required, in the vain
hope that the examiner will pick out the correct ones.

e Avoid ‘waffle’, as this wastes your time. Similarly do not rewrite
the information given in the question and expect to gain marks.

e Do not rush. This is a major cause of mistakes, particularly of
misreading the question. The time allocated to the examination
is adequate for candidates to complete the paper.

e Leave the hardest questions until last. Make sure you attempt all
the questions.

e Ifyou finish early, take the opportunity to check through your
answers. Ask yourself, ‘Have I answered the question and have I
made sufficient points to be awarded the marks?’.
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® School-based assessment

@ Practical test

® Written test of practical skills

® 116

After the examination the papers are sent to the examiner allo
to your centre. This examiner will be part of a team headed by a
Chief Examiner. All the members of the examining team will 1
at a sample of their scripts and assess the range of candidates’
responses to each question. Then the team will meet to coordi
the marking. For each question, they will decide the range of
responses that are acceptable. During the marking period, the
Chief Examiner will sample the marking of each examiner, at |
twice, to ensure comparability of marking across the team. The
scripts and the marks are returned to the Examination Board w!
the minimum mark for each grade is decided. A few weeks later
you are informed of your grade.

Practical examinations
There are three ways of assessing practical skills.

A series of assessments are conducted throughout the course and
should be an integral part of the teaching programme. The teac
will have received guidance and training about the conduct and
content of these assessments. The following skills will be assessed:

C1 Using and organising techniques, apparatus and materials.
C2 Observing, recording and measuring.

C3 Handling experimental observations and data.

C4 Planning investigations.

Near the end of the course, the results of these assessments are
to the Examination Board where they are moderated, to the s
standard across all the centres.

This is a single practical test set by the Examination Board and
conducted at your centre. The procedures assessed are the same
those in the school-based assessment. You are given the tests for
ions and gases. This paper is marked by external examiners.

This a part of the final examination programme. It is a single
written paper with a complete emphasis on laboratory proced

The syllabus gives a full list of the required procedures, a selectios
of which is:

recording readings from diagrams of apparatus

completing tables of data

drawing conclusions

plotting graphs

identifying sources of error and suggesting improvements in
experimental procedures.

You are not given the tests for ions and gases. These papers are
marked by a team of external examiners in the same way as the
theory papers.

Preparation for practical assessment
The best preparation for the written test is to study some of the past
papers, to become familiar with the type of question set. It is likely
that the questions on your paper will be similar. Although it is a
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written test, the practical lessons at school will have provided both
the skills and knowledge needed for this examination.

The two direct assessments of practical skills, that is, the school-
based assessment and the practical test, present a different problem
to a purely written assessment — in a word, nerves. In any
examination you need to be calm and measured in your approach;
this is easier to achieve in the written examination — a couple of
deep breaths, pick a question you are confident about and ‘off you
go’. If you make a mistake you can just delete it and write the
correct version (with a reference to the examiner) in a convenient
place. This is not the case in practical work. If you make a mistake
you will probably have to start the exercise again, if you have
enough material! You will have wasted time and not improved
your state of mind. When carpenters are being trained to cut pieces

7 of wood to length they are told to ‘measure twice then cut once’.
In the context of a practical examination this translates to ‘Think
about what you are about to do, and when you are certain of the
correct action then carry it out.” Do not rush.

to improve your grade

Here are a few brief summary points, all of which have been
mentioned elsewhere in this book.

e Use this book — it was written to help students attain high
grades.

e Learn all the work. Low grades are nearly always attributable to
inadequate preparation. If you can recall the work you will
succeed; if you cannot you will fail. Harsh but true.

e Work to understand the chemistry. Many questions require
both recall and understanding.

e Practise skills — calculations, equation writing and interpretation
of graphs.

e Use past papers to reinforce revision, to become familiar with
the type of question and to gain confidence.

e Answer the question as written on the paper. Do not accept a
question as an invitation to write about the topic.
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Answers

TOPIC 1

Sample question 3

Student’s answer: The particles are arranged x
and held together by strong attractive forces. ¥
The particles move back and forth. x
Examiner’s comments: No marks awarded. The
responses have some merit but lack the precision
to earn the marks.

Mark 1 — ‘arranged’ alone does not necessarily
suggest order. “They are arranged in a lattice or
regular pattern’ would have gained the mark.
Mark 2 — information about the attractive forces
was not required by the question. ‘Close
together’ would have been awarded this mark.
Mark 3 — ‘the particles move back and forth
about their position’ would have been allocated
the mark or, even better — ‘they vibrate’.

TOPIC 2

® Try this

1 a) Using a locating agent. [1 mark]
b) Ink will dissolve or it will produce spots
on the chromatogram or pencil will not
dissolve. [1 mark]
c) R.= 0.25 (accept 0.22 to 0.28) [1 mark]
d) 3.3 cm above the datum line (accept 3.1
to 3.5). [1 mark]
e) No glutamic acid, no tyrosine, more
taurine, slightly more cysteic acid, slightly less
glycine. [Any three for 3 marks]

TOPIC 3
@ Try this
1 7Li 3 protons 3 electrons 4 neutrons [1 mark]
95Zn 30 protons 30 electrons 35 neutrons
[1 mark]
1%Ag 47 protons 47 electrons 61 neutrons
[1 mark]
2 2lp + 2le + 24n = 66 [1 mark]
9p + 9e = 18 [1 mark]
4 Fe 2,8,14,2 [1 mark]
As 2,8,18,5 [1 mark]
Sr 2,8,18,8,2 [1 mark]
Pd 2,8,18,16,2 [1 mark]
5 Cs 1 [1 mark]
Ra 2 [1 mark]
Ge 4 [1 mark]
At 7 [1 mark]

w
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[Each correct entry 1 mark]
8

TOPIC 4
@ Try this

1
2

a) The only difference is the number of
neutrons. [1 mark]

b) Three common features are the same
number of protons, same number of electros
and same electronic structure. [3 marks]

Atom Number of Number of Number of
protons neutrons electrons

19F 9 10 9

%Be 4 5 4

#Na 11 12 1

2Al 13 14 13

28Ti 22 26 22

2 53 74 53

i) Li 2,1 ii) B 2,3 iii) N 2,5 iv) Ne28
v) Mg 2,8,2 vi) Si 2,8,4 vii) S 2,8,6
viii) Cl 2,8,7 ix) Ar 2,8,8 x) Ca 2,8,8.2 =

[10 mas

I, Cs*, Se?, Ba?*, P* [5 marks]
i) 7Be** 4 protons 2 electrons 5 neutrons
[1 m
ii) 3>Mn** 25 protons 23 electrons
30 neutrons [1 mark]
iii) 70Ga®" 31 protons 28 electrons
39 neutrons [1 mark]
iv) 75As3 33 protons 36 electrons
42 neutrons [1 mark] ]
v) 50Br~ 35 protons 36 electrons 45 neuss

[1 T
i) potassium fluoride
-~
K+
[2 a3
ii) calcium sulphide
14
Ca2+
2 ma
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lithium oxide iii) oxygen molecule O,
2—

[Li];

[3 marks] [2 marks]
aluminium fluoride iv) phosphorus fluoride

r AP+ 6.6
, [ marks] ‘ xe> ‘

romine 1 [1 mark]

arsenic 3 [1 mark]

germanium 4 [1 mark]

tellurium 2 [1 mark]

shosphorus 3 [1 mark]

swwdrogen fluoride HF [1 mark] [3 marks]
mitrogen chloride NCI, [1 mark] v) hydrogen sulphide

germanium oxide GeO, [1 mark]

phosphorus nitride PN [1 mark]
pxygen fluoride OF, or F,O [1 mark]
ammonia NH,
[

: RO TOPIC 5

o

® Try this
1 i) lithium iodide Lil [1 mark]
ii) sodium oxide Na,O [1 mark]
[2 marks] iii) boron fluoride BF, [1 mark]
silicon hydride iv) calcium nitride Ca,N, [1 mark]
v) germanium chloride GeCl, [1 mark]
vi) arsenic oxide As,O, [1 mark]
vii) aluminium sulphide ALS, [1 mark]
viii) silicon carbide SiC [1 mark]

Xe>
‘ i) sodium sulphate Na,SO, [1 mark]
ii) aluminium hydroxide AI(OH), [1 mark]
iii) calcium nitrate Ca(NO,), [1 mark]
iv) magnesium carbonate MgCO, [1 mark]

[1 mark]

(%)

v) calcium phosphate Ca,(PO
i) C,H,O, [1 mark]
ii) C,H,, [1 mark]
iii)) C,H O, [1 mark]
[3 marks] iv) C,H,,O [1 mark]
v) C,H,Cl, [1 mark]

¥

w
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4 i) 2Na + Cl, — 2NaCl [1 mark]
ii) 2Ca + O, = 2CaO [1 mark]
iii) 2Fe + 3Br, — 2FeBr, [1 mark]
iv) 4Li + O, —> 2Li,O [1 mark]
v) 4P + 3O — 2P,0, [1 mark]
vi) MgO + 2HC1 —) MgCl2 + H,O [1 mark]
vii) 2Na + 2H,O — 2NaOH + H [1 mark]
viii) FeCl, + 3NaOH — Fe(OH), + 3NaCl
[1 mark]
5 i) 2K + Br, — 2KBr [2 marks]
ii) 2Al + 31, — 2All, [2 marks]
iii) 4Na + O, = 2Na,O [2 marks]
iv) MgCl, + 2NaOH — Mg(OH), + 2NaCl

[2 marks]
v) Ca + 2HCIl — CaCl, + H, [2 marks]
TOPIC 6
@ Try this
1 i) 30 ii) 106 iii) 102 iv) 74 v) 78
[5 marks]
2 i) 18g ii) 44 ¢ iii) 40g iv) 84g v) 250g
[5 marks]

3 i) 2x 18 = 36g [2 marks]
ii) 3 X 28 = 84 g [2 marks]
iii) 0.5 X 40 = 20 g [2 marks]
iv) 0.125 x 40 = 5.0 g [2 marks]
v) 0.7 X 80 = 5.6 g [2 marks]
4 % moles of CH, = 1.25 [1 mark]

1.25 X 2 moles of O, = 2.5 (see mole ratio in
equation) [1 mark]
mass of oxygen = 2.5 X 32 = 80 g [1 mark]
5 _0 moles of CuO = 0.0625 [1 mark]
0.0625 moles of CuSO, formed [1 mark]
mass of copper(ir) sulphate = 0.0625 X 160
= 10g [1 mark]
6 i) 2 [1 mark]
ii) 0.05 [1 mark]
iii) 40 [1 mark]
iv) 0.15 [1 mark]

v) 1200cm® = 1.2dm?% %2 = 0.05 [1 mark]

7 i) gg‘; = 0.05; 0.05 o4 = it [2 marks]
ii) =10; 10 X 24 = 240 dm?> [2 marks]
jii) ‘%—; = 0.15; 0.15 % 24 = 3.6dm> [2 marks]
iv) 35 = 0.25; 0.25 X 24 = 6dm’ [2 marks]
v) 30 =1.25; 1.25x24 = 30 dm® [2 marks]

8 Moles of C,H, = 0.025 [1 mark]
Moles of CO, = 0.025 X 4 (from mole ratio
in equation) = 0.1 [1 mark]
0.1 X 24 = 2.4 dm® [1 mark]

® 120

9

11

12

The mole ratio from the equation is
2C,H,:70,. [1 mark]

The volume ratio must be the same.
20 cm3 ethane will react with % X 203
70 cm?® oxygen. [1 mark]

Fe,(SO,), —> Fe,O, + 380,

M, of F62(804)3 = 400 [1 mark]

Moles of 13632(804)3 = 42000 = 0.05 [1 mark
Moles of SO, = 0.05 x 3 = 0.15 (from =
ratio in equat1on) [1 mark]

Volume of SO, = 0.15 X 24 = 3.6dm’ [1 &

2Al + 6HCI —) 2AICL, + 3H,
Moles of hydrogen formed = —- =0.03

J—
[y

Moles of aluminium used = 0.03 X %—
(from mole ratio Al:H,) [1 mark]
Mass of aluminium used = 0.02 X 27 = L

[1=

Element

carbon hydrogen oxygen

Percentage 38.7

9.67 51.6

Mole ratio
by atoms

38.7 316

16
=3.225

9.67
1

= 3.225 = 9.67 [

Simplest 55
mole ratio

2.67
3.225

=1 = =

3.225

11

14

Empirical formula is C,H,O,, written as
CH,O (M, = 31). [1m
Molecular formula since gl
is C,H,O,. [1 mark]

i) 2g in 100 cm®so 20 g in 1000 cm? [1 =

20
40

=2’

= 0.5mol so concentration = 0.5 mol’¢
1=
ii) 50 g in 1000 cm? [1 mark];
%% = 1.25mol/dm? [1 mark]
iii) 100 g in 1000 cm® [1 mark];
100 = 2.5mol/dm? [1 mark]
1) M_of KOH = 56 [1 mark]; moles of
KOH = 0.5 x 0.1 = 0.05 [1 mark]
Mass of KOH = 0.05 X 56 = 2.8 g [1 mar
ii) M_of Na,CO, = 106 [1 mark]; moles ¢
Na, CO Ol><005—0005 [1 mark]
Mass of Na,CO, = 0.005 x 106 = 0.53 g
[1 s
iii) M_of NaCl = 58.5 [1 mark];
moles of NaCl = 25X 3 = 7.5 [1 mark]
Mass of NaCl = 7.5 X 58.5 = 438.75¢g [1 o=
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Moles of Na,CO, = volume (dm?) X In solution there are K*(aq) and OH™(aq); this

concentration (mol/dm?) is potassium hydroxide, an alkali. [1 mark]
= 0.025 x 0.10 2 The anode is copper. [1 mark]
= 0.0025 [1 mark] The cathode is the nickel spoon. [1 mark]
oles of HCI = 0.0025 X 2 = 0.005 (from The electrolyte is copper sulphate or any
mole ratio in equation) [1 mark] soluble copper salt. [1 mark]
Concentration of HCI = moles/volume (dm?) The equation for the anode reaction is
= gﬁgg—? Cu —2e¢” — Cu?" or Cu — Cu?" + 2e
= 0.16 mol/dm> [1 mark]
[1 mark] The equation for the cathode reaction is
EEOOH + C,H.OH — Cu®" + 2~ — Cu [1 mark]
CH,COOCH; + H,0
mole 1 mole TOPIC 9
o4 = 60 M_= 88 [1 mark] . ® Try this
- 0.2 0.2 moles is the theoretical

1 a) Either a higher temperature or a catalyst
added. [1 mark]

Examiner’s comment: ‘Powdered magnesium’

yield [1 mark]
0.2 X 88 = 17.6 g [1 mark]

*ercentage yield = i Sl 40.9% [1 mark] is not an acceptable reason, as the question
y 17.6 states that the pieces of magnesium are
0 + 2HCI —» Ni€l, +H, O identical.
iCl, + 6H,0 — NiCl,.6H,O
- moles HCI form 1 mole N1C126H20 Examiner's tip
[1 mark] B ‘Suggest’ in a question means that it is not asking

0);)30 = 0.08 moles HCI [1 mark] for recall —you need to come up with an idea!

an 0.04 moles NiCL,.6H,O [1 mark] b) Experiment 3: double concentration,
heoretical yield = 0.04 X 238 = 9.52¢ double the rate so half the time taken =

[1 mark] 30 seconds. [1 mark]
ormnnsB 1 DA | 4 4 Experiment 4: four times slower,
i = Vicld=—F55— = 64'1f)1 i concentration of acid = 0.25 mol/dm?.
$aHCO, — Na,CO, + CO, + H,0 . . [t
™ _—— 2 Do experiment without catalyst. [1 mark]
i N Collect oxygen in a gas syringe. [1 mark]
=84 M_= 44 [1 mark] R
e Measure volume at regular time intervals and
- = 0.051 moles of CO, [1 mark] calculate rate of uncatalysed reaction. [1 mark]
: formed from 2 X 0.051 = 0.102 moles of Weigh catalyst. [1 mark]
iHCO, [1 mar.k] Repeat experiment using catalyst, keeping all
s of pure sodium hydrogencarbonate = other variables (volume, concentration of
12 X 84 = 8.57 g [1 mark] solution, temperature) the same. [1 mark]
wentage purity = 8.57 X 100 _ 92.2% C‘alculate rate of catalysed reaction. [1 mark]
: ter off catalyst (wash, and weigh.
‘ 9.30 [, 2] Fil ft catalyst (wash, dry) and weigh
[1 mark]
Show that the rate is faster with the catalyst
7 y
Bhis and that the mass of catalyst is the same.
, cintis [1 mark]
= = products are hydrogen, iodine, 3 a) Where light hit the paper, silver(l) bromide

ssium hydroxide. [3 marks]

= cathode: K*(aq) and H*(aq)

- 2H" + 2¢~ — H, [1 mark]
= anode  I7(aq) and OH (aq)

2I" - 2¢” — I, [1 mark]

changed to silver, this appearing grey. [1 mark]
Where no light hit the paper, there is still
silver(l) bromide, which is white. [1 mark]
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b) It would all go grey [1 mark] because it is
all exposed to light, allowing the reaction
changing silver(1) bromide to silver. [1 mark]
c) Ag" + e — Ag [1 mark]

d) Lighter grey, or a longer time to turn grey
[1 mark] because the rate of reaction would
be slower. [1 mark]

TOPIC 10

® Try this

1 Equilibrium 1: no change [1 mark] because
number of molecules same on both sides.

[1 mark]
Equilibrium 2: moves to right [1 mark]
because 3 molecules form 2 molecules.

[1 mark]
Equilibrium 3: moves to left [1 mark] because
1 molecule forms 2 molecules. [1 mark]

2 Carbon dioxide can escape so equilibrium
moves to right [1 mark] and all calcium
carbonate decomposes. [1 mark]

3 i) Position of equilibrium unchanged.

[1 mark]
ii) Moves to right, or more methanol.

[1 mark]
iii) Moves to right, or more methanol.

[1 mark]

iv) Moves to left, or less methanol. [1 mark]
4 i) More yellow solid; brown liquid
disappears. [2 marks]
ii) Yellow solid disappears; more brown
liquid. [2 marks]
iii) More yellow solid; right-hand side has
smaller volume (no gases). [2 marks]
iv) Exothermic. [1 mark]
Back reaction is favoured by increase in
temperature so it is endothermic; forward
must be exothermic. [1 mark]
5 i) Darker. [1 mark]
Moves to left to remove additional Br~ from
KBr. [1 mark]
ii) Darker. [1 mark]
Moves to left to remove additional H* from
HCI. [1 mark]
iii) Lighter. [1 mark]
Moves to right to replace H' [1 mark] which
was neutralised by alkali.
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TOPIC 11
® Try this
1 i) 2Al + Fe,O, — 2Fe + ALO JiEm.
[Only 1 mark if not balanced]
ii) Fe,O, [1 mark] because it oxidised
Al O, or because it gave oxygen to AL
iii) Fe,O, to 2Fe [1 mark] because &
oxygen. [1 mark] !
2 PbO, + 2H, — Pb + 2H,O [2 mark
1 mark if not balanced]
2H, to 2H,0O is oxidation. [1 mark]
The oxidant is lead(1v)oxide. [1 mark
3 CL+2I—>52Cr +1 '
CL, + 20 —> 2Cl [1 mark]
2" —2e" — L, [1 mark]
The change involving iodide ions is &
[1 mark] because the iodide ions hawe
electrons. [1 mark] ‘
The reducing agent is the iodide ion.
[1 mark] because it lost electrons to &
chlorine molecule, which gained elec
and was reduced. [1 mark]
4 i) Reduction [1 mark] because the ox
state has decreased.
ii) Oxidation [1 mark] because the o3
state has increased. ?
iii) Reduction [1 mark] because the
oxidation state has decreased.
iv) Neither [1 mark] because the oxc
state has not changed.
5 a) Valency of silver is 1. [1 mark]
Formula of ion is Ag". [1 mark] _
b) Valency of magnesium is 2. [1 mass
Formula of ion is Mg?*. [1 mark]
c) Mg + 2Agt — Mg?* + 2Ag [2 mas
[Only 1 mark if not balanced]
d) 2Ag" + 2¢- > 2Agor Ag" + &

e) Mg [1 mark] because it gave elect X
the silver ions. [1 mark]

TOPIC 12
@ Try this -
1 Weakly alkaline 11, neutral 7, strongly =
strongly alkaline 13, weakly acidic 5. {5

2 zinc carbonate + nitric acid — ]
zinc nitrate + carbon dioxide —

Ca(OH), + 2HCI — CaCl, + CO, + E
[



ENO, + NaOH —

cach product]

or each product]

2] O

B, + H,O
vi)
1,0

. + H.O

not balanced.]

{1 mark]

|1 mark]

‘ame. [1 mark]
above 7. [1 mark]

pve 7. [1 mark]

IC 13
y this

) Filter to remove excess or unreacted
ickel carbonate. [1 mark]

i 2H" — Zn** + H,O [1 mark]

wum + hydrochloric acid —

lithium chloride + hydrogen [1 mark]
PH), + H,SO, - MgSO, + 2H,0

4 NaNO, + NH, + H,O [1 mark]
i) Zinc + chloric(vi) acid —
zinc chlorate(vir) + hydrogen [1 mark for

i) Potassium hydroxide + chloric(vir) acid
potassium chlorate(vir) + water [1 mark

i) Mg + 2HCIO, — Mg(CIO
v) Mg(OH), + 2HCIO, — Mg(
¥) Na,CO, + 2HCIO, — 2NaClO, +
ZnO + 2HCIO, — Zn(ClO)), +

wii) CaCO, + 2HCIO, — Ca(CIO
For each symbol equation only 1 mark if

H" + OH™ — H,O [1 mark]

miner’s comment: It is the same equation
“any strong acid with any strong base.

ame length of magnesium ribbon.

Time until all reacted. [1 mark]
Same concentration of aqueous acids.

Same volume of aqueous solution. [1 mark]
‘Same temperature. [1 mark]
“hloric(vil) acid reacts faster or takes less

Sodium hydrogencarbonate the lowest;
hydroxide the highest. [2 marks]

use of low pH probably acid rain. [1 mark]
dcium carbonate better [1 mark] because it
asoluble in water. [1 mark]

dcium oxide is soluble so pH would go

. Use excess to neutralise all the acid.

2

3
4

Answers
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c) Partially evaporate because pure or better

crystals will form or because the crystals

contain water (they are hydrated). [1 mark]

d) The crystals are dried with the filter paper.
[1 mark]

i) Silver nitrate and sodium bromide.

[2 marks] (Silver bromide is an insoluble salt.)

ii) Copper(i) oxide, or hydroxide or

carbonate, and nitric acid. [2 marks]

iii) Potassium hydroxide, or carbonate, and

sulphuric acid. [2 marks]

iv) Calcium chloride, or nitrate, and any

soluble sulphate, e.g. sodium sulphate.

[2 marks] (Calcium sulphate is insoluble.)

v) Zinc metal, or oxide or hydroxide or

carbonate, and hydrochloric acid. [2 marks]

vi) Lithium hydroxide, or carbonate, and

hydrochloric acid. [2 marks]

C G F "E =B VAY D o3 marks]

sulphate, precipitate or residue, filtered or

centrifuged, soluble, heated [5 marks]

TOPIC 14

Sample question

Student’s answer: It is zinc v sulphate. v
Examiner’s comment: Correct. The full 2 marks
awarded.

TOPIC 15
® Try this

1

2

a) Calcium [1 mark] because it is a metal.
[1 mark]
b) calcium + hydrochloric acid —
calcium chloride + hydrogen [2 marks]

phosphorus + hydrochloric acid —

no reaction [1 mark]
¢) Measure pH or add pH paper. [1 mark]
Results: calcium oxide — high pH (10-14);
phosphorus oxide — low pH (1-3). [1 mark]
Litmus paper turns blue in calcium oxide and
red in phosphorus oxide. [1 mark]
a) Dull, brittle, poor conductor of heat, poor
conductor of electricity, not sonorous, not
ductile. [Any three for 3 marks]
b) 6 [1 mark]
c) SeCl, [1 mark]
d) Covalent [1 mark] because selenium is a
non-metal. [1 mark]
a) 2+ 8+ 18 + 4 [1 mark]
b) Germanium [1 mark] because it is a semi-
conductor or elements become more metallic
down the group. [1 mark]
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c) i) GeF, ii) GeO, [2 marks]
d) Reacts with acids or named acid. [1 mark]
Reacts with alkalis or named alkali. [1 mark]
e) Germanium has higher melting point or
boiling point. [1 mark]
Germanium is harder. [1 mark]
4 a) i) 139 particles [1 mark]
ii) 82 neutrons [1 mark]
iii) La®>" [1 mark]
b) i) LaBr, ii) La,O, iii) LaN [3 marks]
c) i) High melting or boiling point, hard,
good conductor of heat or electricity,
shiny, malleable, ductile, sonorous.
[Any three for 3 marks]
ii) Reducing agent, reacts with dilute
acids, oxide basic or amphoteric, forms
positive ions, forms ionic chloride.
[Any two for 2 marks]
d) i) lanthanum + hydrochloric acid —
lanthanum chloride + hydrogen
[1 mark for each product]
ii) 2La + 6HCIl — 2LaCl, + 3H,
[2 marks] [Only 1 mark if not balanced]

TOPIC 16

® Try this

1 Rubidium would move across water, melt,
and hydrogen would ignite. [3 marks]
2Rb + 2H,O — 2RbOH + H, [2 marks]
Examiner’s comment: If the products in the
equation are correct but the equation is not
correctly balanced, 1 mark. No marks if
Rb,O is written.

2 11181°C, Na98°C K 64°C Rb'? Cs29°C
Average of K and Cs = 47°C
Examiner’s comment and marks: A better
estimate 1s based on the fact that the
difference between the melting points is
decreasing down the group. The difference
between K and Cs is 35 degrees. The
difference between K and Rb should be
bigger (e.g. 23 degrees) than the difference
between rubidium and caesium (e.g. 12
degrees). Note the two differences in
temperature must add up to 35 degrees.

[For average of 47 °C, 1 mark only. For

melting point between 45 and 37 °C with
some reasoning, 2 marks.|

3 a) At, [1 mark]

TOPIC 17
® Try this
1 Physical differences:

Examiner’s tip
P Always explain your reasoning to the examiner.
You have everything to gain.
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b) Solid, black. [2 marks]
c) CaAt, [1 mark]
d) Iodine and potassium astatide [1 mar
because reactivity increases up the group
iodine is more reactive than astatine. [1 =
a) F, + 2CI" — 2F + Cl, [2 marks]
b) F, + 2e — 2F This is reduction, sis
fluorine has gained electrons (OILRIG ag
[2 ma
2CI" — 2e™ + Cl, The chloride ion is the
reducing agent, since it has given electre
the fluorine molecules and reduced them
[2 :

a) To prevent reaction with filament. [1
b) Hydrogen can burn or explode [1 mas
but helium does not. [1 mark]
c) Noble gases have complete outer energy
level [1 mark] and do not form bonds. [1
Other elements have incomplete outer Ie
[1 mark] and need to bond to fill outer &
[1 mark] :
d) 40/24 [1 mark] = 1.67 g/dm’> [1 mas
a) Barium [1 mark]
b) i) magnesium + water (or steam)

magnesium oxide + hydrogen

[1 mark for each product]

ii) Ca + 2H,0 — Ca(OH), + H§

[2 marks] [Only 1 mark if not balance

iii) Sr + 2HCI — SrCL, + H, [2 mas

[Only 1 mark if not balanced]
©) 2

BaZ+

[3:
[1 mark for correct charges, 1 mark for
ratio Ba to O, 1 mark for 6 + 2 elect on
around oxygen]

e manganese has the higher melting pes
e manganese is harder than magnesius
e manganese has the higher density.

two for 2 marks|




Chemical differences:

‘e magnesium is the more reactive metal
‘o magnesium has only one oxidation state,
manganese has more than one oxidation
state

e magnesium compounds are white,
manganese forms coloured compounds
magnesium and its compounds do not
show any catalytic activity, manganese
metal or its compounds can behave as
catalysts. [Any two for 2 marks]

taminer’s tip
MNote the comparison in all these statements. It is
=ssential.

PIC 20

ry this

Measure its boiling point (100 °C) or its

reezing point (0°C). [2 marks]

Domestic uses include washing, laundry,

ooking. [3 marks]

adustrial uses include cooling in power

tations, agriculture, steel making. [3 marks]

rom leaded petrol (lead in paints is also

cceptable) [1 mark]; damage to brain and

-ntral nervous system, especially in children

mark]; use unleaded petrol (and paints that

> not contain lead). [1 mark]

‘ube 1: nails will rust — oxygen in air and

ater present. [1 mark]

‘ube 2: nails will not rust — oxygen in air

resent but no water. [1 mark]

‘ube 3: nails will not rust — water present but

oxygen. [1 mark]

ube 4: nails will rust — oxygen and water

=sent. [1 mark]

Coal, natural gas and petroleum or oil.

[3 marks]

Wood, animal dung, peat, alcohol. [Any

jo for 2 marks]

IC.H, + 50, = 3CO, + 4H,0O [2 marks]

B.O, + 60, = 6CO, + 6H,0O [1 mark]

aminer’s comment: Do not forget that

-re are six oxygen atoms in the glucose.

ic carbonate + nitric acid —

zinc nitrate + carbon dioxide + water
[2 marks]

$CO, + H,SO, » MgSO, + CO, + H,O

[2 marks]

B+ 2HY — Ni#" + CO, + H,0

[2 marks]

Answers
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8 a) 2CH, + 30, — 2CO + 4H,0O [2 marks]
[Only 1 mark if not balanced]
b) To prevent formation of carbon monoxide.
[1 mark] which is poisonous. [1 mark]
9 a) M =132 [1 mark] 28/132 = 21.2%
[1 mark]
M = 80 [1 mark] 28/80 = 35% [1 mark]
M = 60 [1 mark] 28/60 = 46.7% [1 mark]
b) i) Ca,(PO,), [1 mark]
ii) Contains both nitrogen and
phosphorus. [1 mark]
iii) Potassium [1 mark]

TOPIC 21
® Try this
1 a) i) Nitric acid [1 mark]
i) KNO,;, — ENO;+'Q,
[1 mark for unbalanced equation]
2KNO, — 2KNO, + O,
[2 marks for balanced equation]
b) i) The acid is pure and cheap or in the old
process the acid is impure and expensive.
[1 mark]
ii) Sulphur beds in USA or Poland or
Mexico, or from natural gas. [1 mark]
iii) Vanadium oxide or vanadium(v) oxide
[1 mark]
iv) Decrease in temperature favours
exothermic reaction. [1 mark]
Equilibrium to right or less sulphur trioxide
or lower yield. [1 mark]
v) Add to concentrated sulphuric acid
[1 mark] then add water. [1 mark]
vi) Making detergents, batteries, pickling
metals, making paint, dyes, making fibres,
making fertilisers, in petroleum industry.
[2 marks]
i) Number of moles of H,SO, in 25 cm?
of 2.0 mol/dm? = 0.025 X 2 = 0.05
[1 mark]
ii) Maximum number of moles of
CuSO,.5H,0 that could be formed = 0.05
[1 mark]
iii) Maximum mass of CuSO,.5H,O that
could be formed = 12.5g [1 mark]
iv) Percentage yield = % X 100
= 58.4% [1 mark]
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TOPIC 22

®
i

Try this
a) solid X: calcium oxide [1 mark]
solid Y: calcium hydroxide [1 mark]
precipitate Z: calcium carbonate [1 mark]
b) CaO + H,O — Ca(OH), [2 marks]
Ca(OH), + CO, — CaCO, + H,O [2 marks]
CaCO,; — CaO + CO, [2 marks]
a) CaO + 2H" — Ca*" + H,O [2 marks]
b) i) pH = 7 [1 mark]

ii) pH above 7 [1 mark]

TOPIC 23

@
i3

Try this
A is an alcohol, B is an alkene, C is an
organic acid, D is an alkane, E is an ester,
F is a chloroalkane. [6 marks]
i) methanoic acid + zinc =
zinc methanoate + hydrogen [2 marks]
ii) propanoic acid + copper(i) oxide —
copper(ll) propanoate + water [2 marks]
iii) butanoic acid + sodium carbonate —
sodium butanoate + carbon dioxide + water
[2 marks]
iv) butene + bromine — dibromobutane
[2 marks]
v) ethanoic acid + butanol —
butyl ethanoate + water [2 marks]
vi) pentene + hydrogen — pentane
[2 marks]
vii) propene + water — propanol [2 marks]
viii) ethane + chlorine —
chloroethane + hydrogen chloride [2 marks]
ix) propanol + oxygen (excess) —
carbon dioxide and water [2 marks]
x) methanoic acid + propanol —
propyl methanoate [2 marks]
i) NaOH + CH,CH,COOH —
CH,CH,COONa + H,O [2 marks]
ii) 2HCOOH + Mg — (HCOO),Mg + H,
[2 marks]
iif) Na,CO, + 2CH,CH,CH,COOH —
2CH,CH,CH,COONa + CO, + H,0
[2 marks]
iv) 2CH, + 30, — 2CO + 4H,O [2 marks]
v) CH,COOH + CH,OH —
CH,COOCH, + H,O [2 marks]
vi) C,H, + Br, - C,HBr, [2 marks]

126

4 i) CH,, — CH, +2CH, [2 marksi
ii) C;H , — CH,, + C,H, [2 marksii
iii) C,H

0 =¥ CHy, + CH -+ H .
TOPIC 24
® Try this
1 i) H\c—c H
CSH{ \H 11
7 F\c—c F
F/ F [1x
29 /y ow
Js==]
c—c
|
B REN
13
ii) ﬁ i
H O—C—CH;
Ls|
||
H H

n [1:’

3 —(HN(CH,)/NHOC(CH,), CO)— §
[2m
4 a) Amide or polypeptide. [1 mark]

b) different monomers
[1 mark]
— CO—{—CONH NH—
amide linkage evidence of
[1 mark] or continuz
[1 mark]

[3 m
c) Polyester, or named polyester such as
terylene. [1 mark] 5
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