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ut this revision guide

The aim of this revision guide is to help you succeed in your Edexcel IGCSE Chemistry e}'cami_'ﬁatiéi_l.s:. '

The guide covers the Bdexcel IGCSE Chemistry Specification 4CHQ. 1t is divided into seven main sections.
The first five sections cover the topics in order of the specification. '

Section T offers advice on how to answer questions assessing practicai skills. The terms that will be used
in these types of questions are explained so that you will be aware of the answers that the examiners will
be expecting.

Section G offers hints on answering examination questions, particularly those that require you to apply your
knowledge and understanding of Chemistry. You will see examples of the sorts of mistakes that candidates
often make and how to avoid these,

Examination questions

At the end of each of the first six sections, you will find examination questions taken from past Edexcel
IGCSE Chemistry papers. Although these questions are taken from the previous specification, they have
been carefully chosen to make sure that they are relevant to the current specification.

The answers to these questions, together with further explanations as necessary, appear on the CD.

Using the revision guide
Revision is a very important part of your preparation for the examination.
e Malke sure you leave yourself with plenty of time to revise.

@ Revise in several short sessions rather than one long one. Your brain needs to rest between sessions,
so do something relaxing like taking a wall or listening to classical music.

@ Plan which section of the book to cover in each revision session.

e Include time in your plan for answering past examination questions. This is an excellent way to reinforce
what you have learnt.

e Make a note of anything that yvou are unsure of and talk to vour teacher about this as soon as you can.

T hope this book helps you to de well in your IGCSE Chemistry examinations.

Cliff Curtis




F e Sta.tes of matter

. e There are three states of matier: solid, liquid and gas.

o All matter is made up of tiny particles that are too small to be seen with the naked eve.

e The particles are arranged differently in each state of matter. They also have different types of movement.

o Solids, liquids and gases can be changed into one another by changing the amount of energy that the
particles have.

Stateof

- substance -

' Particlesin - -
: substance . - -

_ .S.;“)acihé S

between partiélés '
© Arrangement

S  Solid._

close together and touching
one another

' regular, repeating pattern

- of particles .-

' Movement of

. particles

 Forces between

particles

| vibrate about fixed positions

- but do not move apart

+ stronger than in the Hquid o

@

jeSess
_ O

O
O

| Gas,

example: water vapour

Q

- liquid

 irregular

- close together and touching
one ancther

- move around and siide past
- one another

© not as strong as in the solid

O
O

O Q

gas

far apart

' irregular

~ move freely and constantly
collide with each other

non-existent
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Changes of state

Change . . Howtobringaboutthechange  Whythe change accur

- Solid to liquid ~ Heat the solid until it meits The particles gain kinetic energy =~ |
f and vibrate faster and faster: This'
 allows the particles 1o overcome .
the forces of attraction that hold
them together in the solid. The .
regular pattern is broken down- -
- and the particles can now slide -~ .
- past one another

Liquid to solid " Cool the liquid until it freezes - The particles lase kinetic energy and :
 this allows the forces of attraction. =
. between the particles to hold them
- together. The particles arrange -
. themselves into a regular pattern.
: and are no longer able fo slide past
one anather e
Liquid to gas Heat the liquid until it boils - The particles gain kinetic energy.
- and move further apart. Eventually
. the forces of attraction between the -
' particles are completely broken and
. they are able to escape from the .
- liquid |
Gas to liquid . Coof the gas until it condenses ' The partictes lase kinetic energy and
A  this allows the forces of attraction to |
* bring the particles closer together.
* The particles eventually clump
together to form a liquid
- Solid to gas - Heat the solid until it sublimes . The particles gain kinetic energy
. and vibrate faster and faster.
Eventually the forces of attraction
between the particles are completely :
broken and they are able to escape |
from the solid

O
melting boiling O
s ———— P T ——
freezing condensing o o

solid gas

How do we know that matter is made up of tiny, moving particles? The true answer to this question is that
we do not know for certain. However, there is a lot of evidence to support this theory.

Dilution of coloured solutions

When potassium manganate(VII) crystals are dissolved in water, a purple solution is formed, A few very tiny
crystals can produce a highly intense colour.




3_ :.Wh'en this solution is diluted several times, the colour fades, but does not dlSdppea

. inti _a_tét-'c_sf_'dimﬁans
" are made. S

This indicates that there are a large number of particles of potassium manganate(VH) i a very smdll
amount of solid. If this is true. then the particles of potassium mangandte(VH) must be very tiny;

Diffusion
Particles will move 1o fili the space available to them. They can do this in both liguids and gases.

An example is the diffusion of bromine from one flask to another. After five minutes the bromine gas has
diffused into the left-hand flask. This happens because both air and bromine particles are moving randomly
and there are large gaps between the particles. The particles can therefore easily mix together.

Figure 2.1 Diffusion of bromine at the start... after 5 mins,

Diffusion also takes place in liquids, only more slowly since the particles in a liquid are closely packed
together and they move more slowly than in a gas.

The photos below show potassium manganate(VIl) {potassium permanganate) first of all dissolving and
then diffusing in water.

Figure 2.2 Diffusion of potassium after 2 hours
manganate{VIl} at the start

.afte.rf? hours. a.ﬂ.te.rt.i hours
Atoms and molecules

Atoms are made up of smaller, sub-atomic particles called protons, neutrons and electrons {see Chapter 3).
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Elezﬁ:ems, compounds and mixtures

Elements and compounds have their own chemical properties. The properties of a compound are likely to
. be different from the elements that have been used to make it. A mixture will have the properties of each
“substance that has been used to make it.

This information is summarised in the table below

L e etion of dillite
- Name of substance. Typeof substance | . Appearance. . . . - Action of amagnet hydrochloric acid -
~Iron (fiiirigs) : Element _ Grey powder .~ . Attracted - ‘. Reactstoform -

hydrogen gas

: Suifur . k Elemen_t_ _ _ “ Yellow powder Q Not attracted ] Does not react, ._
: iron + suifur Mixture Mixture of grey and - Grey powder (:ron) Grey powder reacts
; yellow powders . attracted to form hydrogen-..
gas (Hy)
 Yeliow powder Yellow powder does
_ o - - (sulfur) not attracted_ . not react
- Iron(1f} sulfide Compound Dark grey sofid - Not attracted ' Reacts to form " -
: : - hydrogen sulfide
gas (st}

Separation of mixtures

Since the components of a mixture are not chemically bonded together, they can be separated without
carrying oul any chemical reactions.

Five techniques for separating mixtures are described in the table below:

Name of -
___separat;on technlque What the techmque is used to do _ . :
' Filtration " To separate an undissolved solid from a msxture of the solld and a I|qU|d/solutlon (e g sand
: - from a mixture of sand and water) :
. Evaporation To separate a dissolved solid from a selution, when the solid has simitar solubilizies in both
' _ cold and hot solvent (e.g. sodium chloride from a solution of sedium chloride in water) B
. Crystallisation " To separate a dissolved solid from a SO|UtIOI’1 when the solid is much more scluble in hot

_ - solventthan in cold (e.g. copper(il) sulfate from a solution of copper(ll) sulfate in water)
' Simple distillation To separate a hqwd from a solution (e g. water from a solution of sodium chioride in -
o aten) |
© Fractional distillation ‘To separate twc or more Ilquxds that are mlscuble with one aaother {e. g ethanol and water :

~ from a mixture of the two)

Paper chromatography To separate substances that have chfferent so]ublfttles ina glven solvent (e g. different
: coloured inks that have been mixed to make black ink)
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:Séﬁaration of compounds

o 'Smce the elements in a compound are chemically joined together, they can oniy be separated from one
another by carrying out a chemical reaction. :

Sometimes heating the compound will be sufficient to make that reaction happén. For example, mercury
oxide decomposes {(breaks down) into mercury and oxygen on heating:

2HgO D> 2Hg + O,

This is known as thermal decomposition.

On other occasions, electricity will decompose the compound. For example, if an electric current is passed
through molten lead(I) bromide, it breaks down into lead and bromine.

This is known as electrolysis (see Chapter 9).

Chapter 3: Atomic structure

Atoms are made up of sub-atomic particles called protons, neutrons The only atom that does not

and electroms. contain any neutrons is the
simplest isotope of hydrogen

The nucleus of the atom contains )
{see the table on isctopes on

protons and neutrons, It is shown

The electrons are found
highly magnified in this diagram. athlarge disr;:ancez from :he page 6). |
in reality, if you scaled a helium nucleus. In this case, they
atom up to the size of a sports are found most of the time
hall, the nucleus would be no more somewhere in the shaded

than the size of a grain of sand. /red area.

Figure 3.1 The structure of a helium atom.

The electrons have virtually no mass compared with the masses of protons and neutrons; therefore nearly
all of the mass of the atom is concentrated in the nucleus.

Atomic number, mass number and isotopes

"~ Atomic number = number of protons in the nucleus of an ator of an element. =

Mass number = number of protons -+ number of neutrons in the nuicleus of an atom of an element ..
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symbol for
element

~“Th .a.to'm of chlorine containg 17 protons and 18 neutrons {17 + 18 = 35 = mass number).

: ISdtoﬁés are atoms that have the same atomic number but different mass numbers. This is because they
“contain the same number of protons but different numbers of neutrons.

" The composition of the three isotopes of hydrogen is given in the table:

otope  Numberofprotons  ofneutrons Symbol for isotope
Hydrogenﬂz oy o S N %H ;

The electrons
Counting the number of electrons in an atom

The number of electrons in an atom is the same as the number of pretons. Hence, all of the hydrogen atoms
listed in the table above contain 1 electron.

The atomic number of an element can be )
found in the Periadic Table (see page 119). whilst all atoms of sodium (atomic namber = 11} contain

Q All atoms of carbon {atomic number = 6) contain 6 electrons,
11 elecirons.

How the electrons are arranged in atoms

Electrons exist around the nucleus of atoms in different energy levels called electron shells. There are
several electron shells,

The first electron sheil surrounds the nucleus. The second surrounds the first and is therefore bigger and
further away from the nucieus. The third electron shell surrounds the second and is therefore bigger than
both the first and the second electron shells and further away from the nucleus than both of these. You can
view the shells as being like the layers around an onion.

Each electron shell can accommodate a fixed
number of electrons:

third shell

e the first shell can take up to a maximum of

second shell 2 electrons

nucleus o the second shell can take up to a maximum of

8 electrons
first shell

¢ the third shell can take up to a maximum of
18 electrons.

Figure 3.2 The structure of an atom showing the
arrangement of electron shells,
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_Wh‘en you are trying to work out in which shells the electrons of a particﬂléir;_ éﬁ: 1 wllibe the following

“rules should be followed:

- 1. Electrons always occupy those shells that are closest to the nucleus.
2. When a shell becomes full, the next one is started.

The arrangement of electrons inte shells for an atom is known as its electronic configuration.

Using these two rules, the electronic configurations for the first 20 elements are shown in the table below:

; | Number :. .. : .: ..:
' Element ‘electrons  1stshell = 2ndshell = 3rdshell 4thshell -
- Hydrogen™ 1 : 1 : ' Lo
- Helium 2 2
- Lithium 3 2 1
! Beryllium 4 2 2 _
- Boron 5 2 3
Carbon 6 2 4 The electronic configurations
: N.itrogen. 7 ' '2 ' 5 of potassium and calcium are
O B B not as expected. In both cases
Oxygen - 8 2 & the outermost electrons are in
- Fluorine 9 2 7 the 4th shell instead of the 3rd
Neon 10 L g sheli, despite the fact that the
Co T . e R . e 3rd She“ can aCCOmmOdate up
Sodium n z 8 1 to 18 electrons. The reasons for
" Magnesium 12 2 8 2 this are very complex and are
Akifninit:?ﬁ 13 2 ' ' 3 ' o 3 ) covered at AS level.
Silfcon . '14 2. N 8. . 4 - The number of electrons in
. SRR S e the outermost shell is the
- Phosphorus . 15 2 8 N same as the Group number
* Sulfur 16 2 8 6 for the element in the Periodic
. Chlorine T 17 ' 2' ' 8” ' ' 7 ' Table. For example, lithium,
R, R - . . R sodium and potassium all have
: Ar_gpra____ _ ES_ _ 2 . _ 8 - 8 e 1 electron in their cutermost
Potassium 19 2 8 g8 T sheil and are in Group 1 of the
CCaeium 20 5 g e o Periodic Table.

Electronic configurations are ofier: given in a shorthand notation.
For example:

Carbon, C 2.4 Magnesium, Mg 2.8.2 Potassium, K 2.8.8.1

Relative atomic mass

The relative atomic mass is calculated from the masses and relative abundances of all the isotopes of a
particular element. 1t is usually given the symbol A
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pes: chlorine-35 and chiorine-37

rmé’WiIl bé 75% chlorine-35 atoms and 25% chiorine-37 atoms.

mass i calctilated as follows:

Total mass of 100 atoms = (75 X 35} + (25 X 37) = 3550
Mean mass of one atom = (355G + 100) = 355

A_of chlorine is 35.5

Most efements have isotopes
and hence their relative atomic
masses will not be a whole
number, However, for the sake
of simplicity, most relative
atomic masses quoted in the
Pericdic Table are given to the
nearest whole number.

N

present in the formula.

The isotopes of magnesium and their percentage abundances are:

Magnesium-24 78.6%; magnesium-25 10.1%; magnesium-26 11.3%

Total mass of 100 atoms = (78.6 X 24) + (10.1 X 25) + (113 X 26) = 2432.7
Mean mass of one atom = (24327 + 100} = 24.327

A, of magnesium is 24.3 (to one decimal place}

Chapter 4: Relative formula mass

Calculating relative formula masses
Relative formula mass is given the symbol M.

To calculate the M, of a substance, all you have to do is add up the relative atomic masses of all the atoms

Hydrogen, H,

2X 1) =2

Water, H,0

Potassium carbonate, K,CO,

(
(2% 1) + 16 = 18
(

(2 X K) + (1 X0 +3x0 2 X 39) + 12 + (3 X 16) = 138

Calcium hydroxide, Ca({OH),

(1XC)+(2XO) +@XH |40+2x16+@2x1) =74

Ammonium sulfate, (NH,},50,

XN+ BXH +1x5 [@x14+@x1)+32+
Y @ x o) (4 % 16) = 132
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mvoivmg water of crystallisation.

Mo‘st candldatcs do not have a problem calculating relative formula masses untﬂ they'meei an example

Hydratecf magnesnum sulfate MgSQ,7H,Q

In cases I|ke thzs caiculate the M, of MgS0, and then add 7 X the M of H O Hence

MgSOd ~ o1+ 32 4 (4 X 16) = 120
TH,O = (7 X 18} = 126
M, of MgSO,.7H,0 = (120 + 126) = 246

i

It

The mole
The mole is a measure of the amount of substance.

One mole (1 mol) is the amount of substance that contains 6 X 10%
particles (atorns, molecules, or formulae) of the substance.
6 X 10% is known as the Avogadro number,

For example:

1 mol of sodium {Na) contains 6 X 10* atoms of sodium

1 mol of hydrogen (H,) contains 6 X 10?* molecules of hydrogen
1 mol of sedium chioride {NaCl) contains 6 X 10** formulae of

sodium chloride

Calculating the mass of one mole

and 7).

Sodium chloride is an ionic
compound and therefore does
not contain any melecules.
This is why it is important to
refer to a certain number of
formulae, and not molecules,
being present (see Chapters &

The mass of one mole of atoms is easily calculated. It is simply the relative atomic mass (A,) expressed

in grams.

Hydrogen H 1 lg

Carbon C 12 2g
Oxygen O 16 l6g
Sodium Na 23 23g

Chlorine cl 355 355¢




T ol :df.i.qy.drog'eré atoms,
SHmass1g

_: “ T tnol of hydrogen molecules,
© H,mass2g

Similarly, T mol of magnesium
sulfate could mean:

« T mof of anhydrous
magnesium sulfate,
MgSQ,, mass 120g

or

= 1mol of hydrated magnesium
sulfate, Mg50,.7H,0, mass
246g

The mass of one mole of a substance is also easily calculdted b workmg

out the formula mass {M,) and expressing it as grams. .

Hydrogen H, 2 g
Oxygen 0, 32 32g
Water H,0 18 18g
Sodium chleride NaCl 585 | 585¢g
Hydrated magnesium sulfate | MgSO,7H,0 | 246 | 246g

Simple calculations with moles

[

Calculating mass from amount {i.e. number of moles)

Mass of substance (in grams) = amount x M,

H,0 0.5mol (05 % 18) = 9g

NaCl 3mol 585 (3 X 585) = 175.5¢
K,CO, 02mol  |138 (0.2 x 138) = 27.6g
(NH,),50, 25mol | 132 (25 % 132) = 330g
MgS0,7H,0 | 025mol | 246 (025 X 246} = 61.5g

Calculating amount from mass

o Amountin moles =

mass of substance in grams + M

r

EXAMINER'S TIP
" Make sure the mass is in grams
If it is kilograms o tonnes, .
make sure you convertto -
. grams before you perform. .
your calculation, - '

in the tast example in the
table, for HNO,, 126 kg was
converted to 126 000g before
the amount was calculated.

NaOH 80g 40 (80 + 40) = 2mol

Caco, 25g 100 (25 + 100) = 0.25mol
H,50, 49g 98 (49 + 98) = 0.05mol
H,0 108g 18 (108 + 18) = 6mol
CuSO,5H,0 | 75¢ 250 (75 + 250} = 0.3mol
HNO, | 126kg |63 (126000 + 63) = 2000mol




: 3 Calculations with atoms of elements

' It is important to realise that the above calculations can be used with atoms of elements.

* 0.5miol of hydrogen atoms have a mass of (0.5 X 1} = 0.5g"

32 g of oxygen atoms is equal to (32 + 16) = Zmol of oxygen atoms. R

These types of calculation are important when working out the empirical formulae of compounds (see Chapter 5).

Molar volume of a gas

One mole of any gas has a volume of 24dm?* (24 0600 cm’) at room temperature and pressure (r.t.p.}. This is
called the molar volume of a gas.

1. Calculating volume of gas from amount of gas
Volume of gas (in'dm?) = amount” X 24, L

Volume of.gé's (inem?) = a{mbuht_ % 24000

Hydrogen |3 x 24) = 72dm?

Carbon dioxide (025 x 24} = 6dm*
Oxygen . {54 X 24) = 129.6dm?
Ammonia {002 x 24) = 048dm?

2. Calculating amount of gas from the volume of gas

Amount of gas (in imoles) = volume of gas (in dm3}; - 24-, S

U OR

N volume quas {incm?) +24000

In the fast calculation in the

table, for O,, the volume was
JName or gas volume of- 4 given in cm® and therefore it
Methane 2256dm? (225 5 -+ 24) = 94 mol \t.?']as d;vigzd by 24000, rather
an by 24.

Carbon monoxide | 7.2dm® (72 + 24) = 0.3mol )

The caiculation could also have
Sulfur dioxide 960 dm? (960 =~ 24) = 40mol been performed by converting

3

Oxygen 120G em? ('] 200 + 24 000) = (0.05mol the valume to dm? and then

dswdlng by 24,
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Chayj @@? 5: Chemical formulae and equatsons;__

'Wmu ng balanced chemical equations

: Balancing equations is not as hard as it first seems. It is simply a matter of getting the numbers correct. You
- must always have the same number of atoms of each element on either side of the equation.

e Work across the equation from left to right, checking one element after another, except if an element
appears in several places in the equation. In that case, leave it until the end.

o If there is a group of atoms (such as a nitrate group, NO,}, which has not changed from one side to the
other, then count the whole groups, rather than counting the individual atoms.

o Check everything at the end.

Aluminium + copper(l) oxide — aluminium oxide + copper
The unbalanced equation is Al + Cu0 — ALC, + Cu

* Count the aluminium atoms: 1 on the left; 2 on the right. If you end up with 2, you must have started with 2. The
only way to achieve this is to have 2A/ (you must not write Af, since this is not the symbol for metallic aluminium).

The equation now reads 2Af + CuO — ALO, + Cu

Count the copper atoms: 1 on the left; 1 on the right. This is therefore 6kéy for thé moment, but be p'réparéd to
change this if you make other changes later,

Count the oxygen atoms: 1 on the left; 3 on the right. The only way of achieving 3 on the left is to have 3Cu0
{you cannot write Cu, since this is not the correct formula for copper!ll} oxide).

The equation now reads 2A] -+ 3CuQ- — ALD, + Cu

Now count the copper atoms again: 3 on the left; 1 on the right. The only way of achieving 3 on the right is to have
3Cu (once again, you cannot have Cu,, since this is not the symbol for copper).

The equation now reads 2A! + 3Cu0 -» ALO, + 3Cu

Finally, count everything again to make sure.

Al: 2 on the left; 2 on the right v/
Cu: 3 on the left; 3 on the right v/
0: 3 on the left; 3 on the right v

The equation is balanced.

Magnesium oxide -+ nitric acid — magnesium nitrate + water

The unbalanced chemical equation is MgO + HNO; — Mg(NO,), + .HZC)
Note that the nitrate group has
not changed so countitasa

separate group ‘ Count the oxygen atoms: 1 on the lefi; 1 on the right (remember you are

counting the nitrate group as a separate group, so do not count the oxygen
atoms in this group).

Count the magnesium atoms: 1 on the left; 1 on the right.

Count the hydrogen atoms: 1 on the left; 2 on the right. Therefore f/ou must change MNO3 to 2ZHNO,..
The equation now reads MgO + 2HNO; ~ Mg(NQ,), + H,0




ount the hitrate groups: 2 on the left; 2 on the right.

' '-':: The equatmn is now balanced.

"i’he fmal equatlon is: MgO + ZHNO 3 Mg(i\i()g)2 + HO

Using state symbols in equations

State symbols are sometimes written after formulae in chemical equations to show which physical state each
substance is in.

There are four different state symbols that vou need to know. They are:
(s)—solid = (I} ~liquid (g)~gas  {aq)- agueous

An example of an equation with state symbols is
Zn(s) + CuSO,(aq) 5 ZnSO,{aq) + Cufs).
This equation tells you that when solid zinc is added to an aqueous solution of copper(1l} suifate, an

aqueous solution of zinc sulfate and selid copper are formed.

State symbols are very useful, since they tell you the conditions required for a reaction to take place. If they
were left out in the above equation, then you might think that the reaction would take place if you added
solid zinc to sclid copper(Il) sulfate. This is not the case; no reaction takes place under these conditions.

Calculating empirical formulae

The empirical formule of & compound gives the simplest whole-namber ratio of atoms of each
element in the compound. It can be calculated from knowledge of the ratio of masses of each element
in the compound.

For example, a compound that contains 10 g of hydrogen and 80 g of oxygen has an empirical formula of
H,0. This can be shown by the following calculation:

Amount of hydrogen atorns = mass in grams + A ofhydrogen = (10 + 'l) = 10mo_l__

‘Amount of oxygen atoms = mass in grams + A of- oxygen = (80 + 16) 5mol

Therefore, the ratio of moles of hydrogen atoms to moles of oxygen atoms The ratio of masses can also
is 10:5. be given as a percentage. In

this case 11.1% of the mass is
This is 2:1 in its stmplest form. hydrogen and 88.9% of the mass

34 . . is oxygen. The calculation is
Since equal numbers of moles of atoms contain the same number of performed in exactly the same

atoms, it follows that the ratio of hydrogen atoms to oxygen atoms is 2:1. way, dividing the percentages
by the relative atomic masses.

Hence the empirical forraula is H,0.
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{9231 + 12) = 7.69

(7.69 N 7.69

(769 + 769) = 1

(7.69 + 7.69} = 1

(27.27 = 12) = 2.27

(7273 + 16) = 455

(227 + 227) = 1

(455 + 227) = 2

The empirical formula is CO,

Percentage composition: Aluminium = 52.94%; Oxygen = 47.06%

(52,94 + 27) = 1.96

(47.06 + 16) = 2.94

(1.96 + 1.96) = 1

(2.94 + 1.96) =15

The empirical formula is ALO,

Simplest whole-number ratio of 1to 15152 t0 3,

(3743 -+ 64} = 0,585

{4152 + 355) =117

(2105 + 18) = 1.17

(0.585 + 0585) =1 | (117 +0585) =2 | (117 + 0.585) = 2

The empirical formula is CuCl,.2H,0

Calculating molecular formulae

compound,

The molecular formula gives the exact numbers of atoms of each element present in the formuala of the




Benzene:

'Réi_afibnship between empirical and molecular formula:

G

ecular formula -

I the empirical formula of a compound is known, then it is a simple matter to find its molecular formula
as long as the M, of the compound is known. For example, the empirical formula of benzene is CH and its

M, is 78.
The empirical formula massis (12 + 1) = 13

M, divided by empirical formulamassis 78 + 13 = 6

Therefore the molecular formula is six times (X 6) the empirical

formulda, i.e. C X,

Calculations using equations
1. Reacting masses

EXAMINER'S TIP

. The most common mistake

- hereistoputaéin front of

" the empirical formuaand ..
. give the answer as 6CH.

This is not correct.

Calculate the mass of magnesium oxide that can be made by completely burning 6 g of magnesium in oxygen.

The equation for the reaction is: 2Mg + O, — 2Mg0

There are twe ways of solving this problem.

Method 1 ~ Using moles

Step 1. Calculate the amount, in moles, of magnesium reacted
A, of Mg is 24
Amount of magnesium = (6 + 24} = 0.25mol

Step 2. Calculate the amount of magnesium oxide formed

same as the amount of Mg reacted.

_ M Step 3.
"EXAMINER'S TIP

- Using mass ratics is the easier
" miethod, particularly when the -
¢ Units'of mass are not gramis -/
but kilograms or tonnes, since
" Ho conversion inta grams.
* is required to calculate the .
" amount in-moles. However, be :
< “careful, since you may not be.
| - given the choice; the question.
" may be structured to make you -

Mass of magnesium oxide =

Mg + O, - 2MgO
A, of Mgis 24; M, of MgO is 40

M of MgO + (24 + 16) = 40
(0.25 x 40) = 10g

Method 2 — Using mass ratios

The equation tells us that 2mol of Mg form 2 mol of MgQ, hence the amount of MgO formed is the

# Amount of magnesium oxide formed is 0.25 mol.

Calcutate the mass of magnesium oxide formed

Step1. 2 x 24g = 48gof Mg ~» 2 X 40g = 80gof Mg0

. usé Method 1. .+

Step2. & éGgofMg — (6 + 48) X 80g = 10gof MgO
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late-the'mass, in tonnes > aluminitim that can be produced from 51 tonres of'élﬂnﬁihiuf'_ﬁfo}'cid_ S

‘The equation for the reaction is; ALO; ~» 2Al + 30,
A Of Alis 27 and A, of O is 16; # M, of ALO, is 102

Ttonne = 10°g

‘Method 1
 Amount of aluminium oxide reacted = (51 x 10% = 102 = 500000mol

1 mol of ALO, produces 2 mol of Al

& Amount of Al produced is 2 X 500000mol = 1000000 mol

o - . ‘ Mass of Al produced = (1000000 X 27})g = 27000000 ¢
 EXAMINER'S TiP J 27600000 g = (27000000 + 10°) tonnes = 27 tonnes
" Notice how Method 2 avoids.

ILILE TR _ # Mass of aluminium produced is 27 tonnes
*; both the use of moles and the.

" 'neéd._'t'q:con'\"/grt fonnes info Method 2
grams and vice versa. If you are
© given the freedom to choose 102 tonnes of ALO, — (2 % 27) = 54 tonnes of Al
- which method to use then you % 51 tonnes of ALO, — (51 + 102) X 54 = 27 tonnes of Al

can use either. .

2. Volumes of gases

The mole concept also allows us to work out the volumes of gases that react.

Calculate the volume of gas (carbon dioxide) prodiiced when 50 g of calcium carbonate is decomposed by heating,

Step 1. Caleulate the amount, in moles, of calcium carbonate reacted
M, of CaC(, is 100
Amount of CaC0, = (50 + 100) = 0.5mol

Step 2. Calculate the amount, in moles, of carbon dioxide formed
CaC0O, — Ca0 + CO,
Tmol of CaCO, produces 1 mol of CO,
& 0.5mol of CaCO, produces 0.5mol of CC,

Step 3. Calculate the volume of CO, formed
Volume of CO, = (0.5 X 24}dm® = 12dm?




Caicu]ate the volume of hydrogen required to reduce 5 tonnes of copper{ll}
oxtde to copper : .

Step 1. Calculate the amount, in moles, of copper(i) omde reacted

M, of Cu( is 80. _: ' Itis necessary to convert the
mass from t

1 tonne = 10¢g m tonnes to grams
before calculating the amount.

Amount of CuQ reacted = {5 X 10% + 80 = £2500mol

Step 2. Calculate the amount, in moles, of hydrogen required

S QuO + Hy - Cu ot HO

1 mol of CuQ requires 1 mol of H,

& 62 500 mol of CuO requires 62 500mol of H,

Step 3. Caiculate the volume of H, required
Volume of H, = (62500 x 24) = 1500000dm’

Calculations involving concentrations of solutions

volume of solutlon (m cma) % concentration of soiutzon {in mol/dm?}

Amount of dissoived substance (in mol) - = oo

Calculate the volume of hydrochloric acid of concentration 1.0 mol/drm? that is required to react completely with
2.5g of calcium carbonate.

Stép 1. Caleulate the amount, in moles, of caicium carbonate that reacts
M, of CaCQ, is 160
Amount of CaCO, = (2.5 + 100) = 0.025mol
Step 2. Calculate the amount of hydrochlorie acid required
CaCo, + 2HC — Cally, + HO + CO,
1 mofl of CaCO, requires 2 mol of HC!
# 0.025 mot of CaCO, requires 0.05 mol of HC/
Step 3. Calculate the volume of HCI required
Volume = (amount ¥ 1000) + concentration
{0.05 X 1000) + 1.0

= 50cm?

it




B _'25 Ocm3 of 0.050 rnol/c:ln’n3 sodium carbonate were comp!etely
. by 20.00¢m?® of dilute hydrochloric acid. Calculate the concentrat
mol/dm?, of the hydrochloric acid. =

Step 1. Calculate the amount, in moles, of sodium carbonate reacted

Amount of Na,CO, = W = (0,00125mol

Step 2. Caleulate the amount, in moles, of hydrochloric acid reacted

Na,CO, + 2HCI —» 2NaCl + H,0 + €O,

1 mol of Na,CO, reacts witr: 2 mol of HC/

- EXAMINER'STIP J
 :The firial answer is given to: 0.00125 mol of Na,CO, reacts with 0.00250 mol of HC/

3 s:gmfscant figlires, since’

Step 3. Calculate the concentration, in mol/dm?, of the hydrochloric acid
. the minimum number of .-

(1000 X amount)

s,_lgmf_(_:a_mt flgures__supp_iled ' _:' Concentration (mal/dms} = oo solation

" in' the data of the question’ volume of solution

53 However, in this case, it - {1000 X 6.00250)

“ Is highly likely that an answer - 200

“Uof 013 fhol/dm? would be : = 0.125 mol/dm®

 marked correct,
Since the sodium carbonate
is in excess, all of the sulfuric Calculate the volume in cm?, of carbon dioxide produced when an excess of
acid will react. sodium carbonate is reacted with 25 cm? of 2.0 mol/dm? sulfuric acid.

Step 1. Calculate the amount, in moles, of sulfuric acid reacted
250 X 20
A f = S TN = {)
mount of 4,50, 1660 0.050 mol

Step 2. (alculate the amount of carbon dicxide that will be produced
Na,CO; + H,50, — Na,SSo, + H,0 + CO,

- EXAMINER'S TIP
" If yol make asilly slipand -

© calculate the volume indm?® - 1 mol of H,50, produces 1 mol of CO,
. instead of om?® asyouare.” .
- asked to do, you are inlikely 0.050mol of H,50, produces 0.050 mol of CO,
to be penalised as long a5 you Step 3. Calculate the volume of carbon dioxide produced
- make it clear that your final: -
- answer is in dm?, Hence, a Fn‘al Volume of CO, = (.05¢ % 24000cm®
answer of 1.2 dm? would gain = 1200cm?

- full marks. -

Calculations of percentage yield

Often in a chemical reaction the theoretical yield (the maximum amount of a product that could be
formed from a given amount of a reactant) is not obtained. Under these circumstances it is useful to
calculate the percentage vield to find out how efficient your reaction has been,

The percentage yield is calculated as follows:
* yield abtained .

-+ Percentage yield = . X 100
Coiirnn e theoretical yield s




“n an‘ékp'éri'fﬁ:eh't to displace copper from copper sulfate, 6.5 g of zinc was. - = " Note that since the copper{il

- added t6 an excess of copper(1f) sulfate solution. The copper was filtered off, " sulfate is in excess, all of the
. washed and dried. The mass of copper obtained was 4.8 g. Calculate the e zing added would be expeacted

- percentage yield of copper. _ S oreact,

The equation for the reaction is Znis) -+ CuSCfaq) - Znsoq(aq) + Culs) BE

Step 1. Calculate the amount, in moles, of zinc reacted
Amount of zing = %";" = {.10mol

Step 2. Calculate the maximum amount of copper that could be formed
Maximum amount of copper = 0.10maol

Step 3 . Calculate the maximum mass of copper that could be formed
Maximum mass of copper = {0.10 X 64) = &4g

Step 4. Calcuate the percentage yield of copper

Percentage vield = féwz X 100 = 75%

Chapter 6: lonic compounds

The formation of ions
Anion is an electrically charged atom or group of atoms. lons are formed by the loss or gain of electrons.

The electronic configurations of the noble gases are particularly resistant to change; they are very reluctant
to either lose or gain electrons. Some atoms of elements in Groups 1, 2, 3, 5, 6 and 7 of the Periodic Table
form ions by the loss or gain of the number of electrons that results in the atoms obtaining the electronic
configuration of their nearest noble gas (nearest, that is, in terms of atomic number, not necessarily
distance apart in the Periodic Table).

The foilowing examples will help you to understand the principles invelved in working out the charges on
the ions formed by some atoms.

What is the charge on the ion formed by an atom of lithium?

The electronic configuration of lithiurm is 2.7,

The nearest noble gas is helium, whose electronic conf[guratlon is 2.
A lithium atom therefore loses one electron.

Li 21 — Li* 2

The ion formed has three protons but only two eIectrons ‘hence there are three posn;ve charges in the nucleus but
only two negative charges outside of the nucleus. Therefore the ion has a net posmve charge of 1 (+3 2 = -H)
We represent the lithium ion by the formula Li*. : :
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hat is the charge 0 the n formed by an atom of fluorine?.

he electronic configuration’ of fluonne is2.7:

ha nearest noble gas is neon whose eléctronic ccnf;gufation is 2 .
A fluorine at'qm the_refq_re gains one electron.

= (+9 —~10= m“l) The formula of the ion formed (which is cailed the fluoride ion) is £~

The ion formed by fliiorine has nine protons and ten electrons. It w1II therefore have a net negatlve charge of 1

What are the ché’rges on the ions formed by magnesium and oxygen?
o Similarly, the formation of magnesium and oxide ions can be representad by:
'Mg 282 — Mg 28
magnesium ion (12 protens and 10 electrons)
026 —» 0O 28

oxide ion (8 protons and 10 electrons)

The formulae of some commeon ions are shown in the tables below,

_Posstwe lons n

Name of mn' '

Z—'ormula & Name of |on
.Lfthlum e ;.Fluonde

:Sodlum SRR E e B S
?Otassmm i | ;Bmmlde
e .  e
Cc.).ppe.r(.l). R _C_u; e B

- Ammonium o - NH* - : 'N|trate-

B I
N e e
I e B i
e e
o e S
B S

I e o

. Alumlnsum : _ ; ;3+

s it
D .
e B
vogresii) T e

Formation of ionic compounds

Such compounds are called ionic compounds.

Negatwe mns i PR
" Formula

SR
cl-.

e

-

NOy”
o
s

: o :

coz~

Atoms of metals often transfer electrons to atoms of non-metals to form compounds made up of ions.

OH“. R
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j_Soélum chloride, NaCl, is a typical ionic compound.

‘Sodinm atoms transfer electrons to chlorine atoms to form sodinm ions (Na*) and chlomde jons (CI).

~ Each sodium atom transfers one electron to each chlorine atom. This can be represented by either an
electronic configuration diagram:

Na 281 U UNat 28

02373ffﬁydﬁha&

Or a dot-and-cross diagram:

Na7 - I:Na]+
:Cl: Fgﬂ“

Another typical ionic compound is magnesium oxide, MgO.

Mg 282 . . Mg’ 28

O 26 o grge EXAMINER'S TIP &7

S - e : o You need to be able to draw
" buth eléctronic configuration
diagrams and dot-and-cross:

X Mg X " diagrams for any of the
~ metals from Groups 1, 2 and
" 3 combining with any of the
bt 2 non-metals from Groups 5, 6
Yo¥ 20:] wd7
[ N1 Qe R

Each magnesium atom transfers two electrons to each oxygen atom.

When an ionic compound forms, the positively charged ions attract the negatively charged ions and arrange
themselves into a three-dimensional structure called an ionic lattice. The arrangement of the ions in the
tonic lattice of sodium chloride is shown below.

Warning! The lines of this
diagram are not covalent
bonds. They are just there to
help show the arrangement of
the ions. Those ions joined by
lines are touching each other,
as shown in the image of the
modei.

s

Figure 6.1 A diagram of the ionic lattice arrangerent of sodium chloride and a model of a The structure of an %oniF

small part of a sodium chloride crystal. compound such as socﬂun:n
chloride is described as giant

The electrostatic force of attraction between the oppositely charged ions is ionic. There are no molecules

in an ionic compound.
R

called an ionic bond.
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; - forces are strong and there are many of them to break in an ionic crystal: Alarge amount
; ‘thérefore, required fo overcome the forces. For this reason, ionic compounds have high melting

an ‘boiling points.. - R

' Fo -fons of similar size, the strength of the forces of attraction between the ions will depend on the size

of their charge. For this reason, magnesium oxide (Mg2*0?~) has a higher melting and boiling point

‘than sodium chloride (Na*CI). The 2+ and 2— ions in MgO attract one another more strongly than

“the I+ and 1- tons in NaCL

The melting point of aluminium This table shows the melting and boiling points of sodium chloride and
oxide, (AFF*),(0%),, Is so high magnesium oxide.

that it is difficult to find a e o o e
substance with & high enough il Melting pointin°C - Boiling pointin °C .
melting point to hold molten * sodium chloride . 801 . - - 2852 . ..
aluminium oxide. This is ane e R T TEahe et R
of the reasons why aluminium - magnesium 0><|d9 R 1413 : 3600

oxide is dissolved in molten
cryolite in the manufacture of

When atoms of non-metallic elements combine together they often share electrons between them.

When an atom of hydrogen, H., and an atom of chlorine, Cl, combine to form hydrogen chloride, HCI, the
atoms come close enough together for their outer electron (valence) shells to overlap. This can be
represented by the diagram beiow:

In this way, the shared region of the electron shells bonds the two nuclei
together.

in the above example of hydrogen chloride, the shared region of electron
shells contains two electrons; one electron was supplied by the hydrogen
atom, the other by the chlorine atom. A bond formed in this way is called a
covalent bond. Hydrogen chloride is a covalent compound.

Since the new particle formed is a molecule, hydrogen chloride is described as being a simple molecular
compound. Its structure is said to be simple molecular because it consists of individual molecules.

{tis only necessary to showthe The bonding in hydrogen chloride can be represented by a dot-and-cross
outer shell (valence) electrons, diagram,

EXAMINER'S TIP J 3¢

There is no need to draw the.”
circles representing the outer”
shells when you are drawing. -
dot-and-cross diagrams. .~ HKK

Simple molecular substances
Both elements and compounds can exist as simple molecular substances.

The elements hydrogen, flzorine, chlorine, bromine, iodine, oxygen and nitrogen all exist as diatomic
molecules under normal conditions. (‘'Diatomic’ means that the molecule contains twe atoms.)
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The dot-and-cross diagrams for these molecules are as shown below

" Hydrogen, H, Fluorine, F, Notice that the dot—ané—cros dlagrams for the F, Cl,
¢3¢ 00 Br, and I, molecules are identical. This is because they
H ® H Cow F 3 F o belong to the same group of elements, the halogens —
° ®* I ¥ ©  Group7. Each halogen atom has
%R ca roup 7. kacn halogen atom nas seven electrons in its
outer (valence) shell.
Chlorine, Cl, Bromine, Br, Also notice that the two atoms in the oxygen molecule
%% 0o xx 606 share four electrons between them. Two electrons
5 ¢ o are supplied by one of the oxygen atoms and two are
xCl 5 Clo X Bi" Bf’ @ supplied by the other oxygen atom. A bond that is
formed this way is called a double bond.
|°dim;” L Oxygen, O, The bond between the two nitrogen atoms is a triple
%% oo o o X bond, since six electrons are shared between the two
% I 3 I ° @ Q % Q ® atoms. The table below shows the name, molecular
¥ ] @ © _aridd- : di % gi
s oo e o X x formula and dot-and-cross diagram for six simple

molecular compounds:
Nitrogen, N,
X

§N§N@
X

Nameofcompound . -0 Molecularformula ' . ' Dot-and-cross diagram -

@3

H

®eo

: T
Ko - :
Q8 TRZk TOTL
- =

Methane S E CH, - H

- Ammonia o : NH,
- Water o . . : H,0 H%OxH
; _ - LB 8w B
| Carbon dioxide s N <o X §O 2 C g Oi
: A Lo : o % @ e 8
- - H
: . o . . : : : Ho . He
 Ethane 5 . CH, . HsCEC¥H
: o o¥
H o H
_ _ _ i _ Mo 3 Mo
" Fthene CH, % C g
: o x ex -
- H H -




_Sometm;es ;t is’ ot'necessary to show the bonding in covalent substances by using ciots and crosses

: _ | s to use an unbreken line to represent a shared pair of electrons, i.e. a single cova[ent bond.
A doubie covalent bond is indicated by using a double line ( = ).

_Simllarly, a triple bond is indicated by using a triple line (=,

Dxagrams drawn with lines to represent covalent bonds are called displayed formulae.

: The displayed formulae of some of the simple molecular substances above are shown i the following table:

 Molecular formula . - Displayed formula  ~ Molecular formula - Displayed formula .

g

CUH - H—H CH, | H—C—H

R - | |

H

cl, | cl—cl H,0 H=-0—H
H H
I

o, 0=0 C,H, H—C—C—H
ol
H H
HH
[
N, N=N CH, C=C
[
H H

Displayed {ormulae are particularly useful in Organic Chemistry (see Section C}.

Properties of simple molecular substances

Sirmpie molecular substances usually have low melting and boiling points.

3

lodine sublimes at normal
atmospheric pressure, but it
can be made to melt when
put under higher pressures,

This is because the forces of attraction between the molecules are tvpically
weak compared to the electrostatic forces of attraction between oppositely
chareed ioms (e, ionic honds) and therefore verv little enerov ic reaitired tn
overcome them.

Hence, simple molecular substances are often gases {e.g. hydrogen, oxygen, nitrogen and methane),
or low boiling point liquids (e.g. water and bramine), or low melting point'solids {e.g. iodine) at room
temperature (25°C).

It is important to remember that when sitnple molecular substances change state, the covalent bonds
between the atoms are not usually broken. Covalent bonds are strong compared to the forces of attraction
between the molecules.
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Giant covalent structures

* Some substances are made up of millions of atoms covalently bonded together to form a glant structure.

Examples of giant covalent structures are diamond, graphite and silicon dioxide.

Diamond and graphite are two forms of the element carbon. The table shows the similarities and differences

between them:
“Bonding' " Each carbon atom forms four single
Lo -+ covalent bonds to other carbon atoms

0 A three-dimensional structure is formed

i i All four of the outer shell (valence) electrons :
~ are used to form covalent bonds

" Graphite .

Each carbon atom forms three single covalent honds
to other carbon atoms

- Alayered structure is formed

Cnly three of the valence electrons are used

* to form covalent bonds, The fourth electron

* from each atom exists between the layers and
- is delocalised, as in the bonding in metals

Structure

Forces The covalent bonds are strong. There are
R s no weak forces in the structure

'.P'r'oﬁei.'t'ie.s': ' : Véryuﬁi.g.h n".l.eiting.p.oint (many s.t.r.ong .
S covalent bonds have to be broken, which
requires a lot of heat energy)

Very hard and abrasive (strong covalent
bonds are difficult to break}

Does not conduct slectricity (all four
valence electrons are used to form bonds;
there are no electrons that are ‘delocalised’,
or spread out - see Chapter 8 - and free

to move)

‘Uses - Cutting tools

Jew_eEler_Y _

cer & Metallic crystals

* (see Chapter 8}

one layer how the layers fit rogether
(top view) (side view}

The covalent bonds are strong

The forces of attraction between the layers
are weak

Very.high melting point {many strong cova.l.ent bonds
have to be broken, which reguires a lot of heat

energy)

Soft and slippery (forces of attraction between the
favers are weak so the layers easily slide over one
another and can easily be separated)

Condugcts electricity {only three vaience electrons are
used in forming covalent bonds; the fourth electron
is delocalised between the layers and free to move
parallel to the layers)

© Lusbricant

Electrodes for electrolysis

Metals have a giant, three-dimensional lattice structure in which positive ions are arranged in a regular
pattern in a ‘sea of electrons’. The outer shell (valence) electrons are detached [rom the atoms and are

delocalised (spread out) throughout the structure.
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The attraction between the positive ions and the delocalised electrons is
known as a metallic bond. and this attraction keeps the jons together.

metal fons

" Figure 8.1 Metallic crystal. Explaining the properties of metals
M Most metals have. = . Metallic bonds are strong and there are many of them to
_:E_')'(IAMIINE.R'IS TP : ];;g]lq melti{xgt ghd pvercome:j in a giant structure, hence a lot of heat energy
A common mistake is to refer L oofing ?Q'U_s S bt L T R
“to the particles in a metal Good conductors- | The delocalised electfons are free to move when a
4% atoms or even protans . | of electricity - ' potential difference is applied across the metal
- ornuclei. Since the valence “Malleableand - : The layers of positive ions can easily slide over one _
- electrons are detached, the - ductile - another and take up different positions. The delocalised,
- particles are positive ions, : : ! electrons move with them so the metallic bonds are |
.y no_t atoms_.. - : “not braken

Ch r 9: Electrolysis

Tonic compounds do not conduct electricity when solid since the ions are not free to move.

However, ionic compounds do conduct electricity when molten or when in agueous solution (i.e. when
dissolved in water).

When an electric current is passed through a molten ionic compound, or through an aqueous solution of
an ionic compound, electrolysis takes place,

Electrolysis is the decomposition (i.e. the chemical brealidown} of a substance by passing an electric current
thronoh it,

Electrolysis of molten compounds

The apparatus shown below can be used to demonstrate the electrolysis of a molten ionic compound such
as lead{Il} bromide:

BC POV;'\e; supply The substance that is being electrolysed is called the electrolyte. The
° electrical connections between the electrolyte and the external electrical
carbon ol circuit are calied electrodes. The positive elecirode is called an anode.
Ll .
electrodes ) The negative electrode is called a cathode.
pyrex dish : 13-z fead(i)
or ¢rucible bromide

You do nat need to remember the names of the two electrodes, but if you decide to
use them in an examination then make sure you gat them the correct way round. E

heat
Figure 9.1 Electrolysing molten
lead(il} bromide.
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: The'produ(,is of electrolysing a molten binary compound (i.e. a compound conta ng only twe elements)
““ran easily be predicted by using the following rules: e

o The metal is formed at the negative electrode
e The non-metal is formed af the positive electrode

For example, with moiten lead(Il) bromide, lead is formed at the negative electrode and bromine is formed
at the positive electrode.

Further examples of electrolysis of molten binary compounds are shown in the table below:

;;Compound AT : .;": o Product at negatwe electrode ._ Product at posmve electrode N
' Sodium chlorlde NaCf o E Sedtum Na o _' : o C.h.ic.>.r.me, cl,
E”!\/lagﬂesmm fluoride, Mg?z_ - _ - : ‘ Magneswm Mé L “ .Ffﬁt;r.ine..;:;
Aluminium oxide, A.'ZC.)3 o E o Aluminfum, Al ' B 0 Oxygen, OZ

How does electrolysis work?
Reaction at the negative electrode (cathode)

Positive metal ions are attracted to the negative electrode. When they get to the electrode, they gain
electrons so that they are converted into their atoms.

For example, when lead(¥I) bromide is electrolysed, lead(lf) ions gain electrons to form lead atoms:

Lead forms as a liguid since

P 4+ 2e” 5 Pb R D the ternperature of the molten
e ' : electrolyte is above the melting
#& Lead is formed at the positive electrode. point of lead.

Reaction at the positive electrode (anode}

Negative non-metal ions are attracted to the positive electrode. When they get to the electrode, they lose
electrons to form atoms. For example, when lead(Il) bromide is electrolysed, bromide ions lose an electron
to form bromine atoms:

Bromine forms as a gas since

Br~ — Br + e~ _ the temperature of the molten
' electrolyte is above the boiling
These atoms then pair up to form molecales: point of bromine.

Br + Br — Br,

EXAMINER'S TIP
it is very likely that the
equation you will be asked to
produce in an’examinatior
for the reaction at the positive
# Bromine is formed at the anode. electrode i |5 the fmal overa“ :

equatson

The two equations above can be combined into one, overall equation:

2Br~ -» Br, + Ze-




',.Eoc.ﬂ{ at the table below:

negatwe electmde (cathode) ' pbs_iti_\:ré.'éie"c_trdde. (anode):

'Na*+e —-)Na
Mg2+ }-Ze ->Mg

AP+ 3em o Al 2075 0, + e

ESJectmEysis of aqueous solutions

Any aqueous solution that contains lons can be electrolysed. This includes agueous solutions of ionic
compounds such as the salts sodium chloride and copper(Il) sulfate and also aqueous solutions of acids,
such as sulfuric acid. The products are not as easy to predict ag with molten compounds, since water is
present and this has an influence on the reactions that take place at the electrodes.

v Product'étf-"."_._'..':'5'-.::-"-.
negative electrode " -

;‘-'Aqdé_§u§ 5qiﬁii§'h -

* sulfuric acid hydrogen oxygen .
niticacid hydrogen oxygen
g hy”dfoge.n. SR S Oxygen
sodium chioride ydrogen choine
© potassium sulfate hydrogen oxygen
copperff)sulfte  copper oxygen
sivernitrate - siver oxygen

Productat .
positive electrode

The table below shows the products of electrolysing several aqueous solutions of salts and acids:

Substance remammg
m soiutlon

_ sulfuric ac%cE _
{more concentrated) ‘
nitric acid
{more concentrated)

sodium nitrate
{more concentrated)
sodium hydroxide
potassium sulfate
(more concentrated)
~ sulfuric acid

nitric acid

From the above results the following rules can be obtained:

1. The product at the negative electrode is ecither hydrogen or a metal.
2. The product at the positive electrode is either oxygen or another non-metal (such as chlorine),

I the metal in the salt is above hydrogen in the reactivity series th{,n
See Chapter 15 for details of hydrogen is evolved at the cathode.

the reactivity series.

If the metal in the sait is below hydrogen in the reactivity series then the
metal is deposited on the cathode.

Explaining the electrolysis of aqueous solutions

We will now lnok at the electrolysis of three agueous solutions in more detail.

1. Electrolysis of aqueous sodium chloride using inert electrodes
Suitable materials for the electrodes are platinum or carbon (graphite).

1. Sodium ions, Na*
2. Chloride ions, CI-
3. Water molecules, H,0

Particles present in solution:




i i{éaction at the negative electrode:

. .Hydrogen gas is produced as water molecules gain electrons:
szo i 2e” 5 By + 20H B
i{éacfion at. the positive electrode:
Chiorine gas is produced as chloride ions lose electrons:
2C - Cl, + 26
Overall reaction:

2NaCl(ag) + 2H,0{l) — 2NaOH(aq) + H,(g) + Cl{g)

The sodium chloride solution is gradually converted into sodium hydroxide

solution.

2. Electrolysis of dilute sulfuric acid using inert electrodes

A suitable material for the electrodes is platinum, Carbon (graphite) is
not suitable since it will react with the oxygen produced at the positive
electrode.

Particles present in solution: 1. Hydrogen ions, H*

2. Sulfate ions, 50,*"
3. Water molecules, 1,0

Reaction at the negative electrode:

Hydrogen gas is produced as hydrogen ions gain electrons:
2HY + 267 5 Hy

Reaction at fh;a positive electrode;

Oxygen gas is produced as water molecules Jose electrons:
2H,0 -5 0, + 4H" +de”

Overall réactiﬂn: | |

- 2H,00) > 2H2('g)__ + Qz(g;' ER

As the water is decomposed, the solution of sulfuric acid graduaily
becomes more concentrated.

' Note 1: The solution around
' the negative electrode bacomes

- alkaline owing to the increased
concentration of hydroxide ions
(sée Chapter 21).

Note 2: The formation of
hydrogen molecules and
hydroxide ians is sometimes
explained by the following
two reactions.

A. Water molecules self-ionise
to produce hydrogen ions
and hydroxide ions:

MO — HY + QH-

B. The hydrogen ions from
the self-ionisation of water
molecules are discharged to
form hydrogen molecules,
leaving behind hydroxide
ions in solution:

2H' + 207 - H,

This second part of the
explanation is not very satisfactory
since the number of hydrogen
tons in a neutral sofution such

as aquecus sodium chioride

is considerably lower than the
number of water molecules.

=T

The formation of hydrogen can
also be explained by the water
molecules gaining electrons.

This time, the sclution around
the negative electrode does not
become atkaline as the hydroxide
ions formed are neutralised

by the hydrogen ions from

the sulfuric acid to form water
maolecules (see Chapter 21).

The formation of oxygen
molecules is sometimes
explained by the following
two reactions.

A, Water molecules self-ionise
to form hydrogen ions and
hydroxide ions:

H,0 — H* + OH~
B. The hydroxide ions are

discharged to form oxygen

molecules:
40H" ~» O, + 2H,0 + 4e-
This second part of the
explanation is not very
satisfactory since the
cancentration of hydroxide ions
in the strongly acidic solution
of sulfuric acid is very low.




Jectrc lys:s f-aqueaus copper(ll} sulfate using inert electrodes

A suitable material fof the electrodes is platinum. Carbon (graphite) is not suitable since it wﬂi rea{:t w1th the
: duced at she positive electrode.

. '_Partwies present in soiutwn 1. Copper(IF) tong, Cu?*
2. Suifate ions, SO,*~
3. Water molecules, H,0

' 'R‘eactio'n at the negative electrode:

= Copper is depos;ted on the negative electrode as copper(Il) ions gain electrons:
:_ Cu“ ~+~ 2e ~—> Cu

Note T: The blue colour of the Reaction at the positive electrode:

solution graduaily fades, and )

eventually becomes colourless, Oxygen gas is produced as water molecules lose electrons:

as the copper(it) ions are removed

fram solution. 2H,0 -5 O, + 4 dem

MNote 2: The copper(ll) sulfate : - - ———

solugion gradually changes into Overall reaction:

sulfuric acid, since the copper{ll)

jons are replaced by hydrogen P PP EE LRI S
ions. . 2CuSO,(aq) + 2H,0(l} — 2H,S0,{aq) + 2Cufs) + O,(g) -~

Electrolysis calculations

When a current passes through a solution of a salt of a metal that is low in the reactivity series, metal ions
are discharged. As a result, metal atoms are deposited on the negative electrode.

For silver ions, the equation for the reaction at the negative electrode is:

CAgaq) ¢ e e Ag

. .1:m.o_E i 'i._r._n'{).l P }n:oi o

This equation tells us that one mole (1 mol) of silver ions accepts one mole (1 mol; of electrons to form one
mole (1 mol) of silver atoms.

The quantity of electrical charge required to deposit 1 mol {i.e. 108 g} of silver is found by experiment to be
96 500 coulombs (96 500C).

96 500 is called one faraday (1 F) of electricity and represents one mole of electrons.
One coulomb is the quantity of electrical charge produced by the passage of one ampere (1A) for one second (1s).

Quantity of electrical charge, current and time are therefore linked by the following equation:

Quanttty (in coulombs) Current (in amperes) >< Tlme (m seconds)
: . Tee [R5 .

Q m't L
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96,500 C must be the electrical charge on one mole {1 mol) of electrons (i.'e'..' 6% 1'0?3.__éiectrons). The value
96 500C/mol is called the Faraday constant, after the famous scientist Michae} Faraday.

When copper is deposited in electrolysis, the electrode reaction is:

' Cuz*(aq)+ 2en = Culs). _

Cimol . 2mol - Tmol -
Thus, 1 mol of copper tons requires 2 mol of electrons, or 2 X 96 500 C, for discharge.

When gold is deposited in electrolysis, the electrode reaction is:

CAWlag) +  3e” —  Au(s)

tmel . 3mel. 1moi

Thus, 1 mol of gold ions requires 3 mol of electrons, or 3 X 96 500C, for discharge,

Calculate the masses of metals deposited when one faraday (1 F) of electricity flows through each of the following
solutions: {a} silver nitrate, {b} nickel(ll) nitrate, and (c) aluminium suifate.

Start with the equations: Ag*(aq) + e - Ag
Niz*{aq) + 2e” — Nis)
APt(ag) + 3e” — Als}
One faraday (1 F) of electricity supplies one mole {1 mol) of electrons.
From the equations,
1ol of electrons deposit 1 mol of silver == 108 g silver

1 mof of electrons deposit § mol of nickel = § X 59g = 29.5g nickel

1 mot of electrons deposit § mol of aluminium = £ X 27g = 9g aluminium

A current of 0.010 amperes (0.010A) passes for 4.00 hours through a solution of gold(H) nitrate. What mass of
metal is deposited? '

0.010 X 400 X 60 X &60C
= 144 C

Quantity of electrical charge

Equation: Au** (ag} + 3e” -  Auls)
3mo} Tmol
Therefore, 3 X 96500C deposit 1 mol (197 g) gold

7 x 144ggold = 0.098g gold

Hence, 144C deposit 555050




Ay | ative atomlc mass 48 O is depos:ted by electrolysis. If 0.239 ¢ of the metal is deposneci when
0 100A flew for4 00 hours what is the charge.on the ion of this element?

0.100 X 400 X 60 X 60C

1440 C

0.239g of metal is deposited by 1440 C

# 48.0g of metal is deposited by 2t X 480 = 289205C
289205 . .

289205C = =5 F o= 3F (ie. 3mol of electrons)

1 mot of metal atoms is deposited by 3 mol of electrons

Quantlty of electrical charge

The charge on the metal ion is 3+,

Calculating the volume of gases produced during electrolysis
Hydrogen
The equation for the production of hydrogen at the negative electrode may be either
2H,0() + 26° > H{g) + 20H-(aq), in neutral solutions of salts

2H+(aq) + 26~ =5 H,(g) inacidic sblutidns;(é;g. sulfuric ;i:c'i"d)'::j v
In either case, 1 mol of hydrogen molecules is produced from 2 mol of electrons.

This means that 24 dm® (24 000 cnr®) of hydrogen at r.t.p. is produced from 2 X 96 500C (2F) of electricity.

The equation 'e) en
40H " (aq} - 4e7 - 2H,0(1 + O,(g) xvg
is sometimes used by textbooks The equation for the production of oxygen at the anode is

to represent the production
of oxygen at the anode in the T S BTN T S SR
electrolysis of aguecus solutions 2H,0(l) — 4H*(aq) + Ofg) + 4e~ -
of salts, acids and atkalis. This ST TR O
equation also teads to the

formation of 1 mol of oxygen 4 mol of electrons produce 1 mol of oxygen molecules.
molecules from 4 mol

of electrans. Hence, 4 X 96 500C {4F) produce 24 dm® (24 000 cm?) of oxygen atet.p.

Chlorine

The equation for the production of chlorine at the anode is
2Ci-(aq) = Chig) + 2e7 . .-

Therefore, 2 mol of electrons produce 1 mol of chlorine molecules.

Hence, 2 X 96 300C (2F) produces 24 dm* (24 000 cm?) of chlorine af n.t.p.




a) Calculate the volurne of {i) hydrogen and {ii) oxygen, measured at rt o, that should b f med When a current
of 10.72 mA is passed for 5.00 hours through a solution of sulfuric acid; - -

{1 mol of gas occupies 24 000 cm? at rt.p.

b} In practlce the volume of axygen collected at the positive e%ectrode is Iess than that expected by calculatlon
- Whyis thls?

a} Quantity of electrical charge = (10.72 + 1000) X 500 x 60 X 60C
= 193C
0.002F

{it 2H*aq) + 2e” — H,g)
Z2mol 1 mol
2 F of electrical charge produces 24 00G cmy® of hydrogen
# 0.002 F produces 24 cm?® of hydrogen
{ii) H,0{) — 4H%(aq) + O,g) + 4de-
imol 4 mol
4F of electrical charge produces 24 000 cm?® of oxygen

# 0.002F produces 12 cm® of oxygen

b) Some of the oxygen formed dissolves in the water present in the dilute sulfuric acid.

1 Atoms are made up of th.ree't\'/'pes of particle:

proton, neutron and electron., o " gained  high lost low
a) Which one of these particles has the R _ _ medium metals non-metals shared
b) Which one of these particles has a - . ~ lenic compounds are formed betweep

negative charge? : {1) and .
¢} Which two of these parttc%es are present E Electrons are : by atoms of

in the nucleus of an atom? 1. - one element ng i . . by atoms
d) Which two of these part!cles ara present . of thbe o‘tt}er element. RN :

in equal Aimbers in an atom?. . L (1) The ionic compound formed hasa’

e melting pointand a’

e} lsotopes of an element have different humbers boiling poin’t R )

of ene of these particles. Name this particle, {1}
: (Total 5'marks) ~

2 a Sorhe éieméhts combine together to form

' b} Two elemants react to form an iohic ccmpounct
with the formula MgCl,...

(i) Give the electronic confrguraﬂons of the :

ionic compounds. Use words from the box ' . two elements in thls Cgmpound before

to complete the sentences, o R the reaction. . . . S (2)
Each word may be “59d once, more t%zan once. i '(u) Give the electromc conflguratlons of '
ornotatall.. : T the two elemients in this ccmpound

after the reaction. .- .'.'(2)
Lo (TotaHO marks)




AL _
'- ©Use the letters A, B and € to give the starting and
fmlshmg states of matter of each of the changes
‘invthe table. — {4)

s _'j*sta'r'ten'g“ Finishing
i statel | state-

S The formatlon of water vapour from :
- a puddle of water an a hot day :

~© The formation of solid iron fraom

L melten iron

" The manufature of pa y(ethene) from
s ethene

L The reactmm whose equatloa is

hydrogen

+ ammonium - ammonialg) -+
MONEE T chioridelg) |

;hloride(s)_ _ 7
B) Which state of matter is the least common
far the elements of the Periodic Table at
room temperature? . {1)

¢) The manufacture of sulfuric aCId can be
- summarised by the equation: .
25(s) + 304{g) + 2H,0() — 2H ,50,(1
' Tick one box in each line to show whether
the formulae in the table below represent a
compound an glement ora mlxture 4

:_cqriiv_buﬁdi_ :

' ?_2"(

o
fxzs( )+

i 2#1.2594_'}_ o |

( Total 9 marks)

4 A sample of the efement rubudlum Rb contams
WO iSOtOp&S

a) Expiam what isctopes are R )

: M:ix"tuirfe_'-'

b) (i} Complete thetable for té"se 1sotopes of- i

rubidium.
i
- number. :: pumber :: Number
coiof ek e s e of tope:
. isotope - " isotope . protons:’. neutrons’. " in sample-
CLAR . SO SN S
' 37 . s 8

{ii} Use the table to calculate the relative
atornic mass of the sample of rubidium.
Give your answer to one decimal place. (2)

¢} Why do the two isotopes of rubidium have
the same chemical properties? (1)
d) Rubidium reacts with oxygen, chlotine and
water in a similar way to other elements in
Group 1 of the Periodic Table.
(i} Suggest the formula of the compound
formed when rubidium reacts with
oxygen and chlorine. (2}
(ii} A small piece of rubidium is added to a
trough of water. Suggest two observations
you could make during the reaction. {2)
(iii) Complete and balance the equation for -
the reaction of rubidium with water.

Rb + H,0 — (2)
(Total 14 marks)

5 The diagram shows the apparatus used to
electrolyse lead(ll) bromide..

a) The wires connected to the electrodes are.
made of copper.”

Explain why coppe.r conducts eiectnuty . (1)

b) Explain why efectrolysis dods not’ occur; _
uridess the lead(ll} bromide is molter. .~ (2}




C)

d

The reactions occurring at the electrodes
can be represented by the equations shown
in the table.

Complete the table to show the electrode (A or B}

at which each reaction occurs, and the type of

reaction occurring (oxidation or reduction).  {2)
Electrode reaction ' Electrade © Type of reaction

PD* 4 2e” - Pb

C 2B - Br, + 2e” ;

In an experiment using the same apparatus,

“the amount of charge passed was 0.10 faraday.

{i} Calculate the maximum amount, in
moles, of Pb and the amount, in moles,
of Br, formed. {2)

(i} Calculate the mass of bromine formed.  (2)
(Total 9 marks)

& a) Astudent made a solution of potassium

b}

hydroxide by dissolving 14.0g of solid
potassium hydraxide in distilled water to
make 250 cm? of solution,

(i} Calculate the relative formula mass of

potassium hydroxide, KOH. {1)
(ii} Caiculate the amount, in moles, of
potassium hydroxide in 14.0g. {1)

(iii) Calculate the concentration, in mol/dm?,
of this solution of potassium hydroxide,

Show your working. {2}
A different solution of potassium hydroxide, of

concentration 2.0 mol/dm?, was used in an
experiment to react with carbon dioxide gas.

The equation for this reaction is

2KOH(ag) + COLg) = K,CO,(aq) + H,0O()

(i} Calculate the amount, in moles, of
potassium hydroxide in 200 ¢m? of
this solution. . {1}

(i) Calculate the amount, in moles, of carbon
dioxide that reacts with 200 em?® of this
solution of potassium hydroxide. {1}

(iii} Calculate the volume that this amount of
carbon dioxide occupies at room

temperature and pressure {.1.p.) {1}
(molar volume of any gas = 24 dm? at r.t.p.}
{Total 7 marks}

7 Diamond and graphite are different forms of carbon.

a)

State the term used to describe different
forms of the same element in the same
physical state. _ {1}

Name and describe the type of bonding -
indiamond, . - S {3)

State one industrial use of diamond. (1)

Graphite has a hexagonal layer structure. Draw
a diagram, showing three hexagons, to show
the atoms and bonding in graphite, {2)
Diamond and graphite both have high melting
points. Explain why. {2}
{Total 9 marks)

This question is about two covalently bonded
compounds.

a)

b)

<)

The dot-and-cross diagram shows the covalent
bonding in a hydrogen chloride molecule.

X%
HxCl§
%3

What is a covalent bond? (1}

Use words from the box to complete the
sentences about hydrogen chioride. Each word
may be used once, more than once or not at all.
ions low

~ giant high

molecules  simple strong wealk -

Hydrogen chloride has a
molecular structure.

There are forces between
the . Because of this,
hydrogen chloride has a

bolling point. (4}

{i} Use the Periodic Table to help you complete
the diagrams to show the electronic
configuration of hydrogen and of oxygen. (2)

{ii) Draw a dot and cross diagram to show the
covalent bonding in a water molecule.  (2)

{Total 9 marks}
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a) . Describe the electron transfers that take place
when magnesium reacts with fluorine to make
the ionic compound magnesium fluoride, MgF,.
You may use diagrams to help your answer.  (3)

b} In this reaction bioth oxidation and reduction
have occurred. State which element has been

oxidised, giving a reason. {2}

¢) {i) Give the symbols of the ions formed by
sodium and fluorine. (1)
{ii) Give the formula of sodium fluoride, {1}

d) A flame test is carried out on separate samples
of magnesium fluoride and sodium fluoride.

The magnesium fluoride does not colour

the flame.

What colour do you see when the sodium

fluoride is tested? {1}
{Total 8 marks)

10 In an experiment a student left some solid sodium
chloride in a beaker of water for several days. The
diagrams show the beaker at the start and end of
the experiment.

SRS SR NN

start end

a) Write the formulae, with state symbols, of
the two substances in the beaker at the start
of the experiment. (2)

b} At the end of the experiment the student took
a sample of the solution from near the top of
the water. He tested it for the presence of
chloride ions. The test was positive.

(i) Name the two substances the student added

to test for the presence of chloride ions.  (2)
(ii) Describe the observation made in the test, (1)
(ii1) Name the process by which the chloride

ions moved through the water to near the
top of the water. (1)

¢} Sea water contains dissolved s'odium_ch'lorldé. :
The following pieces of laboratory apparatus.
can be used fo make dnnkmg water from »
sea water. SEOUSIREN

(i} Draw a labelled dtagram to show how
these pieces of apparatus can be assembled
to do this, (3}

{ii} Name the technique used in this process. (1)
{Total 10 marks)

11 One reaction that occurs in the blast furnace during
the extraction of iron is the reaction between
iron{HI} oxide and carbon:

Fe,0, + 3C -» 2Fe + 3CO

a) Calculate the relative formula mass of
ron(l} oxide, using information from
the Periodic Table. (1

b) 320 kg of iron(lll) oxide were added to
the blast furnace.

(i} Calcuiate the amount, in moles, of
iron(H1} oxide added. (2)

(i} Calculate the maximum amount, in

moles, of iron formed from this amount

of iron{1li) oxide. (2)
{ili) Calculate the maximum mass, in

kilograms, of iron formed from this

amount of iron{lHl) oxide. - (2)

¢} Most of the carbon monoxide formed in the
reaction in b) is converted to carbon dioxide
before it leaves the blast furnace, .

(i} Explain how carbon monoxide acts as a
poisor. 1)

(if) During one period in the operat[on of _
the blast furnace, the amount of carbon *
dioxide released was 5000 moles.

Caleulate the valume, in dm?, that this
amount of carbon dioxide would cccupy

at room temperature and pressure (rt.p.). (1)
{The molar volume of a gas is 24 dm3
atrtp.)

d) Write the chemical equation forthe reaction . -
in which iren{ll1) oxide is reduced by carbon '
monoxide. Cel (2




e} (i) Limestone is added to the biast furnace
to remove impurities, State the main
impsirity removed. (1)
{ii) Write two chemical equations to show how
limestone removes this impurity. (2)
(Total 14 marks)
12 The decomposition of ammonium chloride is a
reversible reaction: NH,CI(s) = NH,(g) + HCl(g).
a) How is this reaction made to go in the
forward direction? {1}
b) Concentrated hydrochloric acid gives off
hydrogen chloride gas.
Concentrated ammonia solution gives off
ammonia gas.
An experiment is set up.

cotton wool
cotton weol soaked in
soaked in concentrated glass concentrated
hydrochloric acid tube ammenia selution

Ao

After a few minutes & white solid forms inside
the tube. The solid forms when ammonia gas
reacts with hydrogen chloride gas.

cotton weol
cotton wool soaked in
scaked in concentrated glass cancentrated
hydrochiaric acid tube ammonia sclution

white solid formed here

{i) Name the process by which the ammonia
and hydrogen chloride particles move

inside the tube. (1}
{ii} What is the white solid that forms inside
the tube? (1}

{iii) What does the position of the white solid
tell you about the relative speeds at which
the ammonia and hydrogen chloride
particles move? {1)

¢} The experime'nt is fépéafed with a strip of
damp red litmus paper placed along the inside

of the tube.
cotton wool
cotton wool soaked in
soaked in concentrated glass concentrated
hydrochloric acid tube amnmeonia solution

damp red litmus paper

State the colour of the litmus paper at
Aand 8 when the white solid forms, (23

{Total 6 marks)
13 The method used to separate the substances

in a mixture depends on the properties of the
substances present.

For each of the following, name a suitable method
for obtaining:

a) water from potassium chioride salution. {1)
b} potassium chloride from potassium
chloride solution. {1}
¢} water from a mixture of calcium carbonate
and water, {1}
d} ared food dye from a mixture of coloured
food dyes. {1}
e} gascline from crude oil. {1}
{Total 5 marks)

14 a) A solution was made by dissolving 1.62 g of
hydrogen bromide, HBr, in 250 ¢m?® of water,

(i} Calculate the relative farmula mass of
hydrogen bromide. Use data from the
Periodic Tabie (p. 119}, (1)

(it} Calculate the amount, in moles, of

hydrogen bromide in a 1.62 g sample.  (2)
(i#i) Calculate the concentration, in mol/dm?,

of the hydrogen bromide solution. {(2)
(iv) Calculate the concentration, in g/dm?,

of the hydrogen bromide sclution. (2)




b)

a)

b)

¢}

d)

¢)

Hydrogen bromide solution can be neutralised

- by adding sodium hydroxide sclution.
© A 20.0 cm® sample of a solution of hydrogen

bromide had a concentration of 0.200 mol/day,

(i} Write a chemical equation for this
neutralisation reaction. {1}
(i) Explain, with reference to protons, why
this reaction is described as a neutralisation

reaction. (2)

{iii} Calculate the amount, in moles, of hydrogen
bromide in 20.0 em? of .200 mol/dm?

solution. {2)
(iv) Calculate the volume of 6.100 mol/dm?

sodium hydroxide solution needed to

neutrafise this sample of hydrogen

bromide solution. {2}

(v} Suggest the name of an indicator (other
than litmus), and its colour change, that
could be used to check when neutralisation
was complete, (3}

(Total 17 marks)

15 Magnesium and fluorine react together to form
magnesium fluoride: Mgls) + Fy{g) — MgF,(s)

(i} Describe the structure of 2 metal such as
magnesium. (2}
(i) What is meant by the term malleable? (1)
(i) Explain, in terms of its structure, why
magnesium is malleable. {2)
The atoms of fluorine in the F, molecule are
joined by a covalent bond.
Describe how the atoms are held together by
this bond,

Give the electronic configuration of:

(2)

(i) afluorine atom and (i) a fluoride ion.  (2)
Draw a diagram to show the arrangement
of electrons in a magnesium ion, showing
its charge. (2}
Suggest why magnesium fleoride, MgF,,
has a higher melting paint than sodium
fluoride, NaF. (2)

{Total 13 marks)

16 The diagram shows apparatus that can be used to
electrolyse dilute sulfuric acid.”. :

a)

b}

hydrogen_;i:““ _ o
- “dilute

sulfutic -

acid: - ..

“rubber
bung

power supply

(i} Label the electrodes in the diagram
by writing the symbols + and —
the circles.

{ii) The equations for the reactions occurring
at the alectrodes are:

(1)

Equation 1

2H*ag) + 26 -» HJ{g)

Equation 2 :

2H,0() — Oyig) + 4H*{aq) + 4e”

Give the formula of the species being

reduced. Give a reason for your choice. (2}

{iii) The volume of hydrogen gas collected after
a few minutes is shown on the diagram.

Draw another line on the diagram to show
the volume of oxygen gas coliected after the
same length of time,

Explain your choice with reference to

Equations T and 2. {(3)

[ one experiment, the amount of charge

passed was .40 faraday.

(i} Calculate the amount, in moles, of
hydrogen gas formed. 1

{ii) Calculate the volume, in dm? of this
amount of hydrogen gas at room
temperature and pressure (r.t.p.). {2}
{molar volume of any gas = 24 dm*at rt.p.)

In a second experiment, the amount of

charge passed was 0,80 faraday.

(i} Calculate the amount, in moles, of
oxygen formed. (1)

(ii) Calculate the mass, in g, of oxygen formed. {2}
{Total 12 marks}







Arraf.hgiﬁg the elements in order

First of all, some revision of earlier work:

The atom is composed of protons, neutrons and electrons., The number of protons in an atom is the same
as the number of electrons and is called the atomic number,

Electrons are arranged in groups at different distances from the nucleus. The groups are called shells,
The way the electrons are arranged in an atom is called its electronic configuration. The shell that is
the farthest away from the nucleus is often referred to as the cutermost shell (or simply the outer shell}
or the valence shell,

Some interesting patterns emerge when the elements are placed in order of increasing atomic number and
then arranged in horizontal rows in the form of a table — the Periodic Table. A new horizontal row is started
after each noble gas.

Hydrogen and heliam are often placed in Periced 1 on their own.

Alter that, the next 18 elements are arranged as shown below to form three horizontal rows of elements
labelled Period 2, Period 3 and Pericd 4 respectively.
Group
In some Periodic Tables helium b i 2 4 5
is placed at the top of Group 8. ¥  Period
When this is done the group s § i H He
usually labelled Group G, i

@1}

3| Na Mg Al Si P S Ci Ar
281 | 282 | (283 | 284 | (285 | (286 | 287 | (288

K Ca
(2.8.81)] 2882

This arrangement has the following features:
The elements are listed in order of increasing atomic number.
The horizontal rows are called periods.

The vertical columns are called groups. Elements that have the same number of electrons in their
outermost shell fall into the same group of the Periodic Table.

The group number is the same as the number of electrons in the outermost shell (unless you label the group
on the extreme right Group ).

Patterns in the Periodic Table

1. Blements in: the same group have similar chemical properties. This is because they have the same number
of electrons in their cuter (valence) shell.




their chemical reactions. (See Chapter 11 for further details)

Group 7 is called the Halogens. Halogen means ‘salt malker’. The
halogens form salts when they react with metals. For example, chlorine
reacts with sodium to make sodium chloride. Sodium chloride is better
known as ‘comumon salt'. {See Chapter 12 for further details).

Group 8/0 is called the Noble Gases. This group of gases used to

be called the inert gases. Inert means chemically unreactive. These
elemments do not readily form compounds with other elements. Helium,
although sometimes not placed in Group &, is inert and is therefore

a noble gas. The reason for the lack of reactivity is the number of
electrons in the outer shell of each atom. Helium and neon atoms
have full outer shells, and the rest have eight electrons in their outer

.-"'?Group 1 is called the Alkali Metals. This is because they all react with ™
‘water to form alkaline solutions. They have many other similarities in

P and._thls is why they have :i" o
“alackof reactivity. This is:
*‘misteading; since the electronlc
- “configurations of it atoms '

" are stable under riormal -

- conditions: The réasons why
" some atoms can readily lose:
" electrons or gain eiectroas

during chemical reactions

- are beyond the scope of

IGCSE, but an Advanced ?.evel. :
Chernistry textbook should

supply the answers.
shells, None of the atoms either gains or loses electrons eastly. ' '

2. From metal to non-metal.
From left to right across a period there is a gradual change from metal to non-metal.

For example, in Period 3, sodium, magnesium and aluminium are metals. They all conduct electricity
and their oxides are basic. Phosphorus, sulfur, chlorine and argon are non-metals. They are all poor
conductors of electricity and the oxides of phosphorus, sulfur and chlorine are acidic. Silicon has scme
properties of both a metal and a non-metal and is therefore called a semi-metal (or metalloid}. Silicon
is a semi-conductor of electricity and is used in computer chips for this reason. Silicon dioxide is acidic.

['{1«
W

.napter 11: The Group 1 elements - lithium,
sodium and potassium

Group 1 consists of the six metals lithinm, sodium, potassium, rubidium, caesium and francium. Franciam
is radicactive and little is known about its chemistry other than what can be predicted from the trends
within the group.

Lithium, sodium and potassium are commonly available for use in schools. They are very reactive metals
and are stored under oil to prevent them from reacting with oxygen or water. These metals have the
foliowing physical properties:

@ they are good conductors of electricity and of heat

o they are soft and can easily be cut with a knife

o they have low melting and boiling points compared with more typical metals such as iron and copper
e they have low densities (in fact all three will float on water).

Lithium, soditm and potassium have the following chemical properties:

e they have shiny surfaces when freshly cut with a knife, but the surface quickly becomes dull (tarnishes) as
the metal reacts with oxygen in the air

e they burn in air or oxygen to form white, solid oxides. The equation for the reaction is:

2M + 0, — M,0,where M = Li NaorK
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- _: Observatlons

"+ Moves around the surface of the water
* Hissing sound
« Bubbles of gas :
- Gets smaller and smaller; eventual!y d;sappears

Sodium - Moves around the surface of the water
* Hissing sound
* Bubbles of gas
* Melts into a shiny ball
- Gets smaHer and smalier; eventuai¥y dzsappears o

Potassium * Moves around the surface of the water
+ Hissing sound
* Bubbles of gas
+ Melts into a shiny ball
« Burns with a Hac-coloured flame
» Gets smaller and smaifer; eventually disappears

e The order of reactivity of the three metals is: potassium > sodium > lithiom, That is, the metals become
mere reactive with increasing atomic number.

Such gradual changes we call trends. Trends are useful to chemists as they aliow predictions to be made
about elements we have not observed in action, such as francium. Considering the group as a whole, the
further you go down the group the more reactive the metals become. Francium is, therefore, the most
reactive of the Group 1 metals.

The table shows the electronic configurations of the first three elements in Group 1.

T E!ement RS ”§yn§bol 8 Atomic number. . Electromc conf:guratnon
e S ", e S
Wi R e
ot e .. R e

You will notice in each case that the outer shell contains only one electron. When these elements react they
lose this cuter electron. In order to lose an electron, the atom reguires energy {0 overcome the electrostatic
forces of attraction between the negatively charged electron and the positively charged nucleus.

Potassium is the most reactive of the three metals because less energy is required to remove the outer
electron from its atom than is required for sodium or lthium.

There are two main reasons for this. As you go down the group:
e the size of the atom increases and therefore the outer electron gets further away from the nucleus, and

e the outer electron is therefore less strongly attracted o the nucleus.
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The Group 7 elements - chlorme
bromine and rodme

Chlorine, bromine and iodine are the most common halogens. They are all non-metals and poisonous.
Their physical states at room temperature and their colours are given in the table below:

R -'..';.Piriysi_c_al_'sfato at A -
‘Halogen - - room temperature . . 'Colour
Crééoriné__ = Ga_§ b tkbomeh g BN "Paie green ..........
Brorr_rine _ o quuid - _ | Red- brown (but readrly evaporates to form a brown gas)
' Iodi'n_e' ' o S_oii'd - | Black {but sublimes when heated, to form a purple gas) .

They aiso react in similar ways. For example, reactions with iron are given in the table below

’Chlorme . RSN B s Bromme R e Iodme . e
Hot iron woo! glows brrghtly Hot iron wooi glows ess brrghtly Hot iron wool glows even less brrghtly
when chlorine passes over it. when broemine vapour is passed when iodine vapour is passed over it
Brown smoke forms and a brown over it. Brown smoke and a brown Once again, brown smoke and a

solid is left behind solid are formed brown solid are formed

Chlorine is the most reactive of these three halogens. It reacts most
vigorously with fron. lodine is the least reactive of the three. In each
case the halogen reacts with iron to form a metal halide. A halide is a
compound of a halogen and one other element. In a metal halide,
the other element is, obvicusly, a metal,

lron + chiorine — iron(lli) chloride
lron + bromine — iron(llf) bromide

Iron -+ iodine -» iron(lll} iodide

Reactivity decreases down the group because of the increasing size i :
of the atoms. A halogen atom is able to attract an extra electron into its Figure 3{211 Chlorine reacting with

o wool in as jar.
outermost shelt to make eight electrons in total. 1t is the nucleus of each agess

atom that attracts the extra electron.
Remember! The nucleus

As the atoms get bigger, their outer electron shell gets further away from Con_téiﬁs protons that are ;
the nucleus and hence the force of attraction for an electron decreases. positively charged. Electronsare

tively charged. Opposite
Therefore the atom gaing an extra electron less readily. :Effg[evs a:t . a?t 5 PP

A further look at the reactivity of the halogens

1. Reactions with hydrogen are shown in the table:

EChlorme R e Bromme BT AR lodine o e
A mixture of hydrogen and - A mixture of hydrogen and bromme A mrxture of hydrogen and |odme
chlorine explodes when exposed vapour will react when heated vapour will react when heated,
to UV radiation but the reaction does not go.

to completion
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Again, all three halogens form halides, only this time they are
hydroegen halides.

Hydrogen -+ chloring - hydrogen chlorlde or H + Cl

' 'Hydrogen + bromme - hydrogen bromtde or H '.+ Brz'

uggest why thls happerzs on '_
“tha basis that you are expected s
‘toknow why the Group 10

'Hydrogen + lodme - hydrogen lodlde or H o I —~> 2HE

: metals become mare reactive. 3. Dispiacement reactions

: down the group. This would_ _

 be'a'typical AO2 guestion’= . Chiorine will displace bromine from an agueous solution of a metal
" application of knowledge and bromide since chlorine is more reactive than bromine. For example:
o understaﬂdmg to an unfamxllar_

. 5|tuat|on

. Chlorine + potassium bromide solution — potassium chioride solution -+ bromine. .

Chlorine will also displace iodine from an aquecus solution of a metal iodide, since chlorine is more
reactive than iodine. For example:

Chlorine + sodium iodide solution — sodium chloride solution + iodine

Bromine will displace iodine from an aqueous solution of a metal iodide, since bromine is more reactive
than iodine. For example:

Bromine + magnesium iodide solution —» magnesium bromide solution + iodine

In generxal, a halogen will displace a less reactive halogen for an aqueous solution of its halide.
J Aqueous solutions of the halogens have the following celours:
EXAMINER'S TIP

» aqueous chlorine is very pale green, but usually appears colourless

Although the specification does since it is often very dilute

not require you to writé ionic

equations for reactions, itis' - » aqueous bromine is orange, although it will turn yellow when diluted
much easier here to learn one ]

equation for all the reactions » agueous lodine is brown.

that can take place. The

equation is: _ Displacement as redox reactions

Xfaq) + 2¥~(aq) = 2X(ag) + Yy{aq) In displacement reactions, the halogen molecuie is gaining electrons and is

If X = Cl, then ¥ can be Bror | therefore being reduced. The ionic half-equation for this reaction is:

If X = Br,the Y can be .

X, + 2e” — 2X~
The halogen that s dlsplaced . S
dissolves in the water and

. The halide ions are losing electrons and are therefore being oxidised, The
colours the solution.

jonle half-equation for this reaction is:

Remember QILRIG:

Oxidation Is the koss of
electrons; Reduction {5 the Gain
of electrons.

AR A + 2e”

Since both reduction and oxidation are taking place the reaction is a
redox reaction.
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React;ons of hydrogen chloride in solution

' Hydrogen chloride, HCIL is a colourless gas at room temperature. It dissolves in both water and many organic
solvents such as methylbenzene.

The table below lists the properties of solutions of both hydrogen chloride in methylbenzene and hydrogen
chloride in water.

i HCIdissolvedin .
Property ol methylbenzene oo o HC dissolved inwater.

- Effect on blue [|i:mus  No chaagé _ fTums itred

:.Reactlon with magnesmm o No <.:h.a...nge - ”'.Hycirogen evolveci

Reaction with Na,CO, . No change o o Carbon d|o><|de evolved

Effect of e%éctricify " Does not conduct - Hydrogen evolved at the negatnve electrode

Chlorine evolved at the positive electrode

The following deductions in the table below can be made from the above results:

: Property S : ':_ s HCI'HESSO%\}éd iﬁ .r':ie.t'hylben.zéne_ HA dissofved it in water _
: .Effect on biue i;tmus - _ Solut:ors is not acidic S .Solutson is acidic .
Reactlon with magnesium _ | '.Solutlon is nat amcisc - o ~ Solution is acsdlc
Reaction with Na,CO, B o Solution is not amdlc . “ ~ Solution is amd%c
E{‘fect Gf electrlcwy _ . Soiutson does net contams ions .Solutxon contains |bns

The hydrogen chloride molecules do not ionise when dissolved in methylbenzene, but they do when dissolved
in water.

Since hydrogen is given off at the negative electrode and chiorine is given off at the positive electrode, then
the ions present are hydrogen ions, H* and chloride ions, CI~ (see Chapter 9}.

The equation for the ionisation is: HCl(aq) — H*(aq) + Ci~(aq)

A solution of hydrogen chloride in water is called hydrochloric acid.

Hydrochloric acid

Hydrochloric acid has the typical properties of a strongly acidic solution (see Chapter 21).
These are:

¢ turns Htmus red

¢ has a low pH and hence turns Universal indicator red

¢ reacts with fairly reactive metals such as magnesium, zinc and iron to form a metal chloride in solution
and liberate hydrogen gas

Example: magnesium + hydrochloric acid — magnesium chloride + hydrogen

Mg(s)  + - 2HClfag) = - . MgCi(aq) + M,
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hnarble)
i CaCOs(s)

" CuO(s)-

1. Using copper

This apparatus can be used to
find the percentage of oxygen
in a sample of air:

@ set up the apparatus with
100em® of air in one of
the gas syringes

reacts with metal carbonates to form & metal chloride in solution, water and carbon dioxide gas

um carbonate + hydrochiorlc acnd 3 calcmm chlor[de -i~ water ~+~ carbon dioxide - o

& 06 o caen) HO

o reacts with bases (metal oxides and metal hydroxides) to form a metal chloride in solution and water

Exampie COPPEI‘(") oxide: + hydrochlonc amd - copPer(El) chlorlde + water : :..'."::' .

'+__ ' 2HCI(aq) CuCIz(aq) ' + HO(I)

- Oxygen and oxides

The composition of air

The table shows the approximate percentages by volume of the main gases in unpolluted, dry air:

Gas o :_.Percentage in air -

3.nft.rb.g.,;éh o 7 (apprommately 4/5)

| Oxygen R . .. e — s
EIargon . - - - Tt S S

carbon dloxude ) . 0.04

Showing that air contains approximately one-fifth oxygen

sifica tube packed

o

/ with copper

Figure 13.1 Using copper to measure the oxygen in aikeat

e heat the copper at one end of the silica tube using a blue Bunsen flame

@ pass the air backwards and forwards over the copper

e as the volume of gas in the syringes decreases, move the Bunsen flame along the tube so that it is always

heating fresh copper

EXAMINER'S TIP ¥/
It is important that enough
copper is available to react
with all the oxygen in the
sample of air. This can only be
shown by some of the copper
remaining unchanged at the
end of the experiment.

© stop heating when the volume of gas in the syringe stops decreasing.

The copper is reacting with the oxygen in the air to form black
copper(Il) oxide:

2Cufs) + 0,{g) — 2Cu0(s).

The final volume of air in the syringe will be approximately 79 cm?,
showing that 21 cm?® has reacted. That is, 21% has been used up.
Therelore the air was 21% oxygen.

% \ gas syringe
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2. Using iron

Place wet iron filings in the end of a burette and set up the apparatus as

" shown in the diagram. Over several days the water will rise up the burette
" and reach a constant level. This is because the iron reacts with the

oxygen in the air. Take the initial and final readings of the water level
in the burette.

The volume of air at the start = (50 - initial burette reading)

Volume of oxygen used {reacted with iron) = (Initial reading —
final reading)

The percentage of oxygen in air can be calculated using the equation:

volume of oxygen used

ercentage of oxygen =
P g XYE volume of air at start

X 100

3. Using phosphorus

A stmilar experiment can be done with a piece of white phosphorus.

s kg s s
P R P m'\" ; @\4 s
P 3 - 3 E 3 8
i 2 2 SN
N ST
e 1 8 [

b) <)

Figure 13.3 a) Levels of water inside and outside the tube equal. b) Levels equal; phosphorus
touched by hot metal rod. ¢} Levels equal; phosphorus starts burning. d} Levels inside higher:
phosphorus stops burning.

The equation for the reaction is:

4P(s) + 50,(g) — 2P.,0.(s)

The laboratory preparafion of oxygen

hydrogen

/ peroxide
i

g e gy
3 40

&0 8 100

axygen

R manganese(|V) oxide
Figure 13.4 Apparatus for laboratory preparation
of axygen.

iron filings

B
o

g BUrette

E
3
E|

[
10
=8
3

i

=

water

<

YRR ERRRNRRARNRRRRA ARNRAAN

<

Y

Figure 13.2 Using iron to measure the
oxygen in air.

Hydrogen peroxide, H,0,, decomposes slowly to form water
and oxygen. The speed of the decomposition is increased by
adding solid manganese dioxide, MnO,, which acts as a
catalyst for the reaction. The oxygen can also be collected
over water. Since oxygen is not very soluble in water, very
little is lost. An aqueous solution of hydrogen peroxide is
used in the laboratory preparation:

2H,0,aq) — 2H,0() + Ofg)




g T R .-.-':':::f.i:'__':: ECIUatmnforreactlon S
Sl burns w:th bﬂght Wh!te flame o form awh|te powder 2Mgle) + Oz(g) m} 2Mg0( }

barns wrth a yellow- -orange ﬂame to form a colourless gas N S Cs) + Oz(g) = CO,(g)
burns WIth a biue flame to form a colourless gas : [S(sY + Oyfg) — 50,(g) :

Magnesitun oxide,'MgO/'is a basic oxide (see Chapter 21). It is very shightly soluble in water and a saturated
soiution will have a pH of abouir 1G. It reacts with water to form a solution of magnesium hydroxide,
Mg(OH),:

T MgO(s) + H,0(l) — Mg(OH),(aq)

Both carbon dioxide, CO,, and sulfur dicxide, SO,, are acidic oxides. They dissolve in water to form acidic
solutions:

(g) + H,0(l) -y H,CO,{aq) L Carbon dioxids is only slightly

: carbomc acid {pH aoprox:mate!y 5.6) Lo soluble in water, but sulfur
b ] dioxide is very soluble.
' SOz(g) + H 0(3) -+ H ,50,(aq) ' '

sulfurous acid (pH approx1mately 3- 4)

To summarise: _ _ _ _ .
» Oxides of metals are basic. If they dissolvé in water (and mast do not) they form alkaline solutions.

> Oxides of non-metals are often acidic. If they dissolve in water they form acidic solutions. Some oxides of non-metals
are neutral, e.g. carbor monoxide.

The laboratory preparation of carbon dioxide

dilwce The reaction between any metal carbonrate and an acid
hydrochioric carbon A L . .
P dioside will produce carbon dioxide. Caleium carbonate is the most

commonly used metal carbonate in the laboratory
preparation of carbon dioxide. The most convenient form

e of calcium carbonate to use is marble chips, They are
calcium Ak o | very easy to handle and the reaction is not too fast, so
. carbonate - Sl the carbon dioxide is produced at a rate that makes it easy

to collect,

Figure 13.5 Apparatus for preparing and collecting CaCOy(s) + 2HCl(ag) — CaC!Z(aq) + H0f0) + €O.(g)

carbon dioxide.

Carbon dioxide is not very soluble in water so it can be collected over water without much being lost, It can
also be collected by downward delivery in air, as it is more dense than air.
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Carbon dioxide is also produced when most metal carbonates are heated. The tab'ié'i:)el'ow describes the
: “thermal decomposition (i.e. breakdown by heating) of some metal carbonates:: -

e ;:M'el':é'l carbonate Chservations - S Eflliali_i_‘;-‘.‘.‘. of reacti
' green to black

“green copper
carbeonate
\

)Y

black copper
oxide

copper{ll) carbonate CuCQys) = Culfs) + CO,s)

N,

5
X,
\

limewater ————-==

heat

Figure 13.6 Test for CO, limewater turns mifky
in the presence of carbon dioxide.

magnesium carbenate  no observable change - stays white MgCO{s) — MgG(s} + CO,g)
caicium carbonate no ebservable change - stays white CaCO,(s) — Cal(s) + CO,g)

white to yellow when hot and white

again when cold ZnCQys) — Zn0(s) + COyg)

zinc carbonate

sodium carbonate no observable change - stays white does not decompose in a Bunsen flame

Uses of carbon dioxide

e Making carbonated drinks. Although carbon dioxide is not very soluble
in water at normal atmospheric pressure, it becomes much more soluble
when put under pressure. Use of this is made in making “fizzy’ drinks
such as tonic water. soda water, coca-cola, and so orx.

o In fire extinguishers. Carbon dioxide does not support combustion
and is more dense than air, so it ‘sits’ on top of the burning fuel and
prevents oxygen from getting to it.

Acid rain

Rain is naturally acidic because of dissolved carbon dioxide. The pH of
‘normal’ rain is about 6. However, certain pollutant gases such sulfur
dioxide and oxides of nitrogen can cause the pH to drop significantly
below this value. Rain with a pH lower than 6 is called ‘acid rain’. Acid
rain causes a number of problems such as:

Figure 13.7 Carbon dioxide
extinguishers can be used to put out
electrical fires or fires involving

e ing vi inerals out of the soii ¢ e causing trees to di
leaching vital minerals out of the soil and hence causing trees to die combustible slids and liquids.

o Jowering the pH of lakes and rivers so that fish and other aquatic life
cannot survive

o weathering of buildings and structures made out of limestone, marble
{both forms of calcium carbonate) and iron.
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~14: Hydrogen and water

Rea tmn of metaﬂs with dilute acids to produce hydrogen

.Mﬁ‘tdIb above hydrogen in the reactivity series (see Chapter 15) react with both dilute hydrochlorlc acid,
HCI(aq) and dilute sulfuric acid, H,S0,(aq), to form a salt and hydrogen:

metal + d:lute hydrochlorlc ac:d — metal chloride + hydrﬂgeﬂ

metai + dlEute sulfuric acid — metal sulfate + hydrogen

The table describes the reactions of some metals with each of these acids:

_Metal } Observatlon W|th dil. HCi Gl'dll H,50, Equattons SO : R
magnesmm - bubbles of gas Mgls) + 2HC.'(aq) e MgCI (aq) + Hz(g}
= magnesium disappears y B
* reaction mixture gets hot Mgls) + H,SO4faqh — MgSO,faq) -+ He)
» colourless solution formed
aluminium I - slow to start reacting when cold, but - 2Als) + 6HCi{ag) — 2AICK{aq) + 3H,(g)
bubbles form when heated
+ aluminium disappears 2Al(s) + 3H,504aq) -+ AL{SC){aq) + 3H.{g)
- colourless solution formed

" zinc  I-bubbles of gas | :Zn(é)' + 2|—£C?(aqj —3 ZnCIz(aq) + 'Hz{gjm

= zinc disappears
colourless SO|LItl0|’1 formed Znfs) + H,50,(aq) — ZnSO,(aq) + H{g)

ion . bubbles of gas - Fe(s) + 2.H.Cf{a.q). ~—>.F.e.d;(a.q) + .Hz.(g) |

* iron disappears
|- pale greeFx)':pso!ut%on fermed Fe(s) + H,SOifaq) — FesO,faq) + Hyg)

The combustion of hydrogen

Hydrogen burns when heated in air or oxygen to form water:

2H,(g) + O,(g) — 2H,0(})

The product will be formed initiaily as water vapour, but if cooled it can be condensed to form water.

Test for hydrogen: A mixture of hydrogen and air/oxygen will explode when ignited by a spark of a flame
and water is the product (as in the equation above), This provides the characteristic test for hydrogen. The
test is as follows: Mix a test tube full of hydrogen with air and place the flame of a lighted spili at the mouth
of the test tube. A squeaky pop will be heard, .

Test for water: The product from the burning of hydrogen in oxXygen can
be shown o be pure water through a combination of two tests.

This test does not confirmthat  © 1. Add the liquid (from condensing
the liquid is pure water, only | the water vapour) to anhydrous
that water is present, : copper(ll) sulfate. The white powder
*" will turn biue and hydrated copper(Ii)
suifate is formed:

CuSO,(s) + 5H,0(l) — CuSO,.5H,0(s) i
white blue _ Lo Figure 14.1 Adding water to
: anhydrous copper{ll} suifate,
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" point. Tt will be 0°C.

‘2. Boil the liguid and measure its boiling point. It will be 100°C. Alternatively, youcan measure its freezing

These two tests together confirm that the liquid is pure water. If the water contains impurities, its boiling
point will be above 100°C and its freezing point will be less than C°C.

52 Reactivity series

The table below summarises the reactions of some metais with water and acids. The metals are placed in

order of decreasing reactivity, i.e. most reactive at the top.

B :Réat't:ioﬁ\_q'_rith_: B B
- Metal .. cold water or steam- o L
. Potassium :
Sodium React vigorously with cold water to form a solution
Lithium of the metal hydroxide and hydrogen
Calcium
. " Reacts very slowly with cold water but burns in
Magnhesium : . .
. steam to form magnesium oxide and hydrogen
Aluminium * Do not react with cold water but do react with
Zinc steam, without burning, to form metal oxide and
Iron hydrogen
Tin :
Lead
Copper : o
) Do not react with either cold water or steam
Silver
Gold
Platinm

'Reaction with dilute acids®

React very vigorously to form metal salt
and hydregen

" React with decreasing vigour as the series

is descended, to form the metal salt and
hydrogen

Do not react

You may have read that aluminium is resistant to corrosion and therefore you may be surprised to see
aluminium placed as high as it is in the reactivity series. In fact, aluminium is a reactive metal; as soon as
freshly prepared aluminium is exposed to air it reacts with oxygen to form a coating of aluminium oxide. This
surface coating of ajuminium oxide is unreactive and prevents the metal from showing its true reactivity.

Using the reactivity series
Reducing metal oxides

A metal oxide is a compound of a metal and oxygen. When the oxygen is removed from a metal oxide, the
oxide is sald to be reduced. The substance that carries out the reduction is called the reducing agent.

A metal oxide can be reduced by heating it with a metal (the reducing agent) that is higher in the reactivity
series. For example, it is possible to reduce copper(If) oxide by heating it with magnesium:

CuO(s) -+ Mgls)— Cu(s) -+ MgO(s}) .

The reducing agent in this reaction is magnesiam.
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10% very bnghﬂy The final mixture will containlbnagnesium oxide (a whtte powder)l

Wnpowdér)._ T

The t_abié'BéldW shows the reactions, or lack of reactions, when some metals and metal oxides are
heated together:

St Products el Equat;on e n
: zron and alumlﬁ.}um oxnda Fe,0,(s) + 2AI(5) - 2Fe{s) + .AJ 03(3)
odium b’xide'ahd"magneséum_ na reaction - ._ R : -
ifver oxnde'and copper : :.5|Iver and copper( )oxzde ”Agzo(s} + Cu{s) - ZAg(s} + CuO(s) ‘ -
zlnc oxnde and calcmm - zine and calcium oxide : ZhO(s) + .Ca(s}” —9 Z.n(;;j + .Ca.O.(é) ) o
[ead(”) e e Co LR

roh(ll]) oxidé and aluminium

The position of carbon in the reactivity series

Carbon can also combine with oxygen (to form carbon dioxide) and therefore can be placed in the reactivity
sertes. Carbon is placed between aluminium and zine, because it can reduce zine oxide {and, therefore, the
oxides of all the other metals below zinc) but it cannot reduce aluminium oxide.

When carbon reduces a metal oxide to a metal, the carbon is converted into carbon dioxide. For example:

2Fe,0,(s) + 3C(s} — 4Fe(s) + 3CO,(g)

Displacement of metals from their salts

Any metal will displace another metal that is below it in the reactivity series from a solution of one of its
salts. For example, zinc displaces copper from copper(IT} sulfate sohution:

Zn(s) + CuSO,(aq) — ZnS50,(aq) + Cu(s)

Salts of metals include chlorides, nitrates and sulfates.

IL is important to lmow which salts are soluble in water. The following is.a solubility list forthe cammon., "

Tetals:
Chlorides All common metal chlorides are soluble in water except silver chloride and lead({II) chloride
Nitrates  All metal nitrates are soluble in water
Sulfates  All common metal sulfates are soluble in water except barium sulfate, calcium sulfate and
lead(If) sulfate
The table below describes the reactions, or lack of reactions, when some metals are added to solutions
of metal salts:
M:xture__ R ER I Products o Equat:on L L
magnesium and |ron(tl) sulfate Magnesuum su!fate and ron — Mgfs) + FeSO (aq) = MgSO (aq) + Fe( ) '
. zing and sodéum chiorlde No reaction P : : '
: Iead and snlver nltrate : Lead(l[) mtrate and 5|Iver - Pb(s) + 2AgNO (aq) - Pb{NO ) (aq) + 2Ag(s) ¢
. copper and calcwm chlonde 5 No reactlon - o _
. iron and copper( )sulf’ate ' ron(il) sulfate and copper Fe(s) + CusO,(aq) - FeSOfaq) + Cufs) _

g el I gt
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;_The position of hydrogen in the reactivity series

- Hydrogen, although not a metal, is included in the reactivity series because it, hke metdis can be displaced
* from aqueous solution, only this time the solution is an acid. :

Hydrogen is placed between lead and copper. All metals above hydrogen in the reactivity series can displace
hydrogen gas from dilute hydrochloric acid and dilute sulfuric acid. Those metals below hydrogen in the
reactivity series cannot displace hydrogen from solutions of acids.

&: Tests for ions and gases

identification of cations (positive ions)
Identifying metal cations by using flame tests

i

The principle here is that the salts of some metals will impart a colour to a non-luminous Bunsen flame.

ITest -I
|
I].. The technique is first of all to clean the end of a piece of platinum or nichrome wire by dipping it into I
clean hydrochloric acid and then placing it in a roaring Bunsen flame. This procedure should be repeated |
I until the wire no longer produces a colour in the flame. |
| .
IZ. The end of the wire should then be dipped into fresh hydrochloric acid and then into the sclid sample I
" under test. |
3. The end of the wire should then be placed into a non-roaring, non-luminous Bunsen flame. |
------------------------------‘

Result: In the table below are some of the common metal cations that can be tested in this way:

Metalcation . "Colourofflame
:leium i EIER e
:pomsmm KF R

CCalium, Ca¥* Bnck red

Sodzum Né*. - Yellow/orange

Identifying the ammonium ion, NH,*
Test: Add agueous sodium hydroxide to the solid, or solution, under test and warm the mixture.

Result:  [f ammonium ions are present then a pungent-smelling gas is produced. The gas produced turns
damp red litmus paper blue. It is ammonia, NH,,

Eguation: I L R
- NHJ(aq) S+ COHT T DU NHG T+ HO
~ammoniumions  :~ hydroxide ions e
{from the solutlon_'- {from the sodium .. e
- beingtested) - . hydroxideadded).

Identifying metal cations by using precipitation reactions

Most metal hydroxides are insoluble and hence can be precipitated from aqueous sotutions of metal
salts by adding an aqueous solution of sodium hydroxide.

The technique is to add the reagent (i.e. the aqueous sodium hydroxide) a drop at a time to form
the precipitate.
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Some common metal cations that can be identified usmg these reagents
are shown in the table below: :

i withags sod:umj Gl
_Metal cation . hydroxide ' Equ

! i 24, ; C o K Lyly :
wierwdosaants W FST | geenprecie  Feiaq) + 20K (eq) > FeOHL0
emember or work out -
dividual equations for each .
+ separate combination of metal

i salt and sodium hydroxide. -

Identification of anions (negative ions)
Halide ions by precipitation with silver nitrate solution

Test: ~ To an aqueous solution of the solid under test, add some dilute nitric acid followed by a few drops
of silver nitrate solution.

Results:

Hahdemnpresent Observatlon ' :. : "."'Equatlon for reactlon SRR AR
chioride ion, €17 white’ prempitate S At (aq) + Cl{agq} ~ AgCJ()
... lofsilverchloride, AgCh. - " s

: bromide ion, Br~ . * cream precipitate, BRI g ( q) + Br (aq) - AgBr()
e, (OE SilverbrOmide, AgBY) ¢ SRR
iodide ton, [~ - _ yellow precipitate _ i Ag"ﬁ(aq) + l"(aq) 'm> Agi(s).

- (of silver jodide, Agl) *

Sulfate ions, SO,?", by precipitation with barium chioride solution

Test: To an aqueous soiution of the solid under test, add dilute hydrochloric acid followed by a few
drops of barium chloride solufion.

Resulé:  White precipitate (of barium sulfate)

Equation: . Ba**(aq) + 50,(aq) > BasO,(s) =+ -

Carbonate ions using dilute acid

‘Test: To either the solid, or an agueous solution of the solid, under test add dilute hydrochloric
(or nitric) acid.

Resuit:  Bubbles of gas. The gas produced turns limewater milky.

Equation:: CO (aq) + 2H+(aq) = CO( )+H20(I)

' copperdil), Cuz* blue preapntate’ - Cﬁz;(aq)" ~§_-':_2'C'J.H“_(a:c"1)' ..—->:.CLIJ.(.OH)2{5)- j

Ciron(illy, Fe** - brown preéipifd’cé Fe”(aq) 30H (aq) N Fe(OH)g(s) _
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* Tests for gases

‘Nameofgas
~ hydrogen

oxygen

carpon dioxide

chlorine

ammonia

- Test Result if positive. -

mlx with air and ignite

insert glowing spill

spill relights

a glowing spill
refights in oxygen

bubble through limewater

limewater turns milky

g acid and

carbonate
limewater —__% .
damp litmus paper

OR
moist starch-iodide paper

litmus paper turns white
turns blue

damp red litmus paper turns blue
OR

damp universal indicator {pH) paper turns purple

universal indicator
paper turns purple

ammonium chloride
+

sodium hydroxide

burns with a squeaky pop 2H Agh +

: Equaﬂon

z(g) - 2H 20{))

Ca{OH},{ag) + CO,g) —
CaCQyfs) + H,0()

(the white solid, CaCQ,,
turns the limewater milky)

Cli{g) + 21"{ag) —
2CH(aq) + |f{aq)

(the iodine formed turns
the starch blue)

NH(g) + HO{) =
NH,*aq) + OH"{aq)
{the hydroxide ions, OH",
turn the litmus biue}
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1 Use the Periodic Table on p. 119 to help answer b) (i) State the formula of the cai:lon I RN
this question. solution B, L A1)
a} Which number increases from 2 to 10 in {ii) State the name of the green pret:lpltate {1

Period 27 (1) (iii) Identify the anion in solution B. - (1)
b} \ghmh “;meer increases from 11 to 204 in (iv) State the formula of the white precipitate. (1)
{O_UP 3 . ) M ¢} There are three anions that give a precipitate
¢} Which group contains elements whose ions when dilute nitric acid and silver nitrate solution
all have a 1+ charge? (1) are added. Name two of these anions, {2)
d) Which group contains elements whose ions d} (i} State the formula of solid A. (1)
- ?
helwe 2 2- charge! (M (i) State the formula of the compound in
e) Give the number of a period that contains solution B. (1)

transition metals, (1

{Total 12 marks}
(Total 5 marks)

The pie chart shows the approximate percentages

2 A mixture contains an insoluble compound and by volume of gases in dry air.

a soluble compound.

The mixture is separated by adding hot water
and ther filtering.

This produces a white solid, A, and a green
solution, B,

The white solid and the green solution were
tested to find out what they were, The tables
show the tests used and the results,

_ Tests on whlte solld A
"Test o : Result

Carn/ out flame test " The fﬁame waé

colourad brick red a) Which part of the pie chart (X, ¥ or Z)

Add diiute hydrochioric acid ~ Bubbles seen represlents mtrogen-? (M

Test the gas produced Found to be carbon b) What is the approximate percentage of
dioxide oxygen in dry air? {1
¢} What is the test for oxygen gas? {2}

a) (i) ldentify the cation in solid A. (1} d} Name the gas in dry air that is formed by

(i) The gas produced is carbon dioxide. the complete combustion of methane, CH, (T)
State the test for carbon dioxide and (Total 5 marks)

the result of this test, 2) 4 T ' o he col . d
. " . The table gives the colours of some indicators at
(iii) Identify the anion in solid A. (1) different pH values,

Tests on green solutlon B

Indicator .

Test _ IERCE Result .

. - L it

Add sodium hydroxide Green precgpltate S

solution '_methyl orange E

Add dilute nitric acid No change .

Then add silver nitrate No change a) (i) Use the table to find the pH of a solution
solution in which litmus is red and methyl orange
Add barium chloride White precipitate s yellow. (M
solution (i) Litmus is purple in sodlum chloride

solution. What colour is phenolphthalein
in sodium chloride solution? (1)

Then add dilute
hydrochloric acid

No change




b) A student was investigating the neutralisation
of aqueous ammonia using hydrochloric acid,

She placed 25 cm® of agueous ammenia in a
conical flask and added a few drops of litmus.

She then slowly added hydrochloric acid to
the mixture in the flask.

The indicator turned purple after she had added
15 ¢m? of hydrochloric acid.

The word equation for the reaction is: ammonia
+ hydrochloric acid — ammonium chioride

(i} Write a chemical equation for the reaction
of ammaonia with hydrochleric acid. {2}

{ii} Describe a chemical test to show that the
solution obtained contains ammaonium ions.
Give the result of the test. (3)

(iii) The student used the same original solutions
of aqueous ammonia and hydrochloric acid
to make a pure sampie of ammonium
chioride crystals. Describe how she
could do this, (3}

¢} (i} tead{ll} chloride is insolubte. Name
two solutions that react together to

make lead{Il) chloride. (2}

{if) Write a word equation for this reaction. (1)

(Total 13 marks)

This question is about the reactions of the metals
calcium, iron and zinc,

a) Samples of each of the powdered metals were
placed in separate beakers of water. Only
calcium reacted immediately.

Describe two observations that could be made
during the reaction of calcium with water. Write
a chemical equation for the reaction. (3)

b} A reaction occurred when powdered zinc was
heated in steam.

Name the zinc compound formed. Write a
chemical equation for the reaction. (2}

¢} Some powdered zinc was added to a
solution of iran(i) sulfate.

{{) Write an ionic equation to show the
reaction that oceurs. {1}

{it) State the type of reaction occurring. (1)

d} lron rusts slowly in the presence of water.
Name one other substance that must be
present for iron to rust. (1)

e} Galvanising is one method used to prevent
iron from rusting.

{i} Describe how a sheet of iron is galvanised. (1)

{ii} A sheet of g'él\:fan_ésedfiro;fz'Wa:'s.scratched-
and left in the rain. The exposed iron did
not rust. Explain why. (2)

: (Total 1T marks)

6 The reactivity of metals ¢an be compared by their

reactions with ditute hydrochioric acid.

Three different metals are added to separate test
tubes containing this acid.

The diagram shows bubbles of hydrogen gas
forming when a piece of zinc is added to dilute
hydrochloric acid.

a) Complete the diagram to show the bubbles
forming in the other two test tubes. (2)

zine

magnesiem

b) Write a word equation for the reaction
between zinc and dilute hydrochloric acid. (1)

¢} Name one metal that does not form bubbles
when it is added to dilute hydrochloric acid. (1)

d} Identify two substances, other than acids,
that can be used in reactions to compare
the reactivity of metals. {2)

(Total 6 marks)

A student tests a solution to see if it contains CO*
ions, The first part of this test involves this reaction:

2HH_) + €O (aq) = HO( ) + CO(__)

a} One state symbol is given in the equation.
Write the other state symbols in the spaces

provided. (3)
b} Name a reagent that can be used to provide
the H* jons in the reaction. (1)

¢} State the name for each of the following
formulae: CO* and CO,, (2)

d} The second part of the test involves using
Ca{OH), to detect the CO,.

(i) What is the chemical name for Ca(CH),? (T}




2 (i) The Ca('OH)Z'is dissolved in water to make a
s solution when doing the test for CO,. What

" is the commen name for this solution? (1)
 (fii) What is seen during this test for CO,2 (1)

(iv) Complete the chemical equation for the
reaction between these two substances.

Ca(OH), + CO, — e (2}
e} CO,is present in air. What effect does it
have on rain water? (1)

(Total 12 marks)

8 Sodium is a very reactive metal. it floats on water
and reacts rapidly with water.

A small piece of sodium is placed in a trough of
water. A reaction takes place and hydrogen gas is
given off.

a) (i} Give two observations, cther than the
sodium floating, that you could make
during the reaction, {2)

(i) Write a word equation for the reaction. (1)

(iii) Universal indicator is added to the water
in the trough. State what colour it turns
and explain why. (2)
b} A piece of platinum wire is dipped into the
solution in the trough and then held in a
rearing Bunsen flame. The Bunsen flame
becomes coloured.

B What colour does the flame become? {1}

{ii) What name is given to this method of
identification? {1}
¢} A piece of sodium is heated in a Bunsen flame.
The sodium catches fire and reacts with the
oxygen in the air. The product is sodium oxide.

(i) The diagrams show the electron
arrangement in an atom of sedium and
an atom of oxygen.

Sodium oxide contains ionic bonds.
Describe what happens, interms
of electrons, when sodium reacts

with oxygen. O

(i) Draw circles round the symbols that

represent the two ions produced '(2)
Na* Na?* Na Na®- :
o 0, o- o

: {Total 12 marks)

9 Three of the efements in Group 7 of the Periodic
Table are chlorine, bromine and iodine.

a} Give the electronic configuration of chlorine. (7}

b} How many electrons are there in the outer
sheil of an atom of iodine? (1)

¢} Bromine reacts with hydrogen to form
hydrogen bromide. The chemical equation
for the reaction is: Br,{g) + H,{(g) — 2HBr(g)

Describe the colour change oceurring
during the reaction. {2)

d} Hydrogen bromide and hydrogen chloride
have simitar chemical properties.

(i} Asample of hydrogen bromide is dissolved
in water. A piece of blue litmus paper is
placed in the solution. State, with a reason,
the final colour of the litmus paper. {2)

(i} A sample of hydrogen bromide is dissclved
in methylbenzene. A piece of blue litmus
paper is placed in the solution. State,
with a reason, the final colour of the
fitmus paper. (2

{Total 8 marks)

10 Calcium and magnesium are metals in Group 2
of the Periodic Table.

a) (i) How many electrons are there in the
outer shell of an atom of calcium? (1)

{if) Write the electronic configuration of
an atom of magnesium. {1)

B} Astudent adds a piece of calcium to some
cold water in a beaker. The products of the
reaction are caicium hydroxide and hydrogen.-
Some of the calcium hydroxide dissolves in
the water and some does not.

(i} Describe two observations that the

student could make during the reaction. (2}

.(ii) Give the formula of calcium hydroxide. (1)

{iii) When the reaction is complete, a piece
of litmus paper is added to the solution
in the beaker. State the final colour of
the litmus paper and what this colour

indicates about the solution. {2y




¢) The diagram shows apparatus for reacting ¢) When copper is added to dilute sulfuric acid,
magnesium with steam. no reaction occurs. When iron is added to
dilute sulfuric acid, hydrogen gas and iron{ll)
sulfate solution are formed. What does this
show about the reactivity of hydragen
compared to the reactivity of copper and the
reactivity of iren? {2}

{Total 9 marks}

magnesium ribbon

steam

12 a) A student was asked to draw a diagram to
show apparatus he would use to prepare
carbon diaxide gas in the laboratory. This is

The products of this reaction are magnesium the diagram he drew.

oxide and hydrogen,

(i) State the colour of magnesium and of

maghesium oxide. (2) calcium
(i) State two ways in which the hydrogen carbonate
could be collected. (2) \..
{iii) The hydrogen gas can be burned as it
leaves the heated tube. Write a word
equation for this reaction. {1
(Total 12 marks}
11 Use information from the table below to answer this : y ‘
question. ; dilute

hydrochleric

Colour of / acid
asolution g

‘Nameof  Colourof ofthe metal{ll}

metal - solid metal sulfate (i) State how the diagram is labelled
magnesium “grey  colourless incorrectly. (1)
increasing ~ .. ... BEYL  colourless {if} Why is the method of collection of
reactivity o darkgrey  green carbon dioxide unsuitable? How could
-~ copper  pink-brown blue

the carbon dioxide be collected? {(2)

(i) Write a chemical equation, including
state symbols, for the reaction that occurs
in the conical flask. (3}

b) A teacher prepares a gas jar of oxygen. She then
lights a piece of magnesium ribbon and places it
in the gas jar. A vigorous reaction occurs. Give

a) When zinc is added to magnesium sulfate
solution, no reaction occurs. State why. {1)

b) When iron filings are added to copper{ll)
sulfate solution, a reaction takes place,

(i} Write a chemical equation for this

reaction. {2) two observations she could make during the
(i} Describe the colour changes to both reaction between magnesium and oxygen. (2}
the sclid and the selution during this (Total 8 marks)

reaction. (4}







‘Chapter 17: Basic definitions of terms

Table of baStc defmltlons of terms m organlc chemlstry' X

compound in a particular homologous series

" isomerism compaounds that have the same molecular fozmula but dlfferent d|splayed formulae
. are said to exhibit isomerism; the different compounds are called isomers

: Deflmtlon R :
homofogous series ' ase series of orgamc compounds that have the same genera( formula sumléar chemmai
S ~ reactions and where each member dfffers from the next by a ~CH,— — group

.:_":“hydrocar.bon‘ . , : a compound contamsrzg onty the eiements hydrogen and carbon B

3 ksaturated _ o an organic compound in which aII the bonds are smgle bonds »
:"unsaturated - .an organic compound that contams a carbon c:arbon double i:)cmd 4
"”general formula - ”_"a formufa that states the ratio of atoms of each eiement in the f’ormula of every

Chapter 18: Alkanes

The alkanes are a homologous series of compounds that have the general formula C wFonss

The table shows the molecular formulae and names of the first five alkanes in the series:

g Mo!ecularformula Name ' f-._ i:o0 The displayed formulae of the first three members are:
CH, . o methane § li'l |§'| l; T H H

GHy o ethane HETH MG oo
GHe .. popane H HoH M OH H

C,Hy : - butane methane ethane propane

CGHy, | pentane

Both butane and pentane have isomers: o '

. H H H H H—C—C—C—H
methylpropane is an isomer of butane; and [ { |
methylbutane and dimethylpropane are H“?“?’“T"T“H H H
isomers of pentane. H H H H H—C—H
butane I
H
H methylpropane
H H H H !
N p H=C—H
R e S | | g
H W H H H i I H—€ —— C —— C—H
N HoH | ool
TTTrT T S
H H H H H H H

pentane methylbutane dimethylpropane




';Reactlohs'bf -*tfhfie- alkanes

If there is an msufﬁc;ent supply Gf alr/oxygen Lhen carbon mon(}xxde is Formed
( ) + I‘/zoz(g) 5 CO(g) + 2H O(I)
Carbon menomde is poisonous. It reduces the capacity of the blood fo carry oxygen.

With bromine

Methane and bromine react together in the presence of ulira-violet (uv) radiation to form bromomethane:

H,(g) + Br(g) — CH,Br(g) + HBr(g)

Since one atom in methane (a hydrogen atom) has been replaced by another atom (d bromme atom} this
reaction is called a substitution reaction.

Chapter 19: Alkenes

The alkenes are a homologous series of compounds that have the general formula C H,,

The table shows the molecular formulae and names of the first four alkenes in the series:

" Molecular formufa’: ‘Name _': T S The displayed formula of ethene and propene are:
o Loeene N
G . propene N o e’
“CH butene BN o
Cshho . .. pentene ethene propene

There are in fact three isomers that are alkenes with the molecular formula C,Hy:

H
H H
N |
H C H—C—H
H H H H . VRN H
N E H\ /Cmc\ H H\
=G GO C H Cm=Cmm C—H
H P 7N s
H H H H H H
but-1-ene but-2-ene

methylpropene
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Reactions of the alkenes

© Alkenes undergo addition reactions with halogens. For example, a bmmme mole uIe will add across the
double bond of ethene to form 1,2-dibromoethane:

H H H H 1,2-dibromoethane is colourless, so when b'rc)r'xiin'e, or bromine water,
Ce=C + By —» Br—C—C—pr 18 shaken with ethene the bromine will be decolourised.

i f

H H H H Since all alkenes contain a carbon-carbon double bond, they will all
1.2-dibromoethane  decolourise bromine.

This reaction, therefore, can be used to test for the presence of a carbon~carbon double bord
(i.e. upsaturation) in a molecule.

Saturated compounds will not immediately decolourise bromine.

Chapter 20: Ethanol

Manufacture of ethanol

Ethanol is manufactured by two different processes: fermentation and direct hydration of ethane.

1. Fermentation

e Dissolve sugar or starch in water and add yeast.

e Leave the mixture to ferment at 25-40°C for several days in the absence of air.
o Filter off the excess yeast to obtain a dilute sohztion of ethanol.

1f the ethanol content in the mixture rises to around 15%, the yeast is killed. If a more concentrated
solution of ethanol is required the mixture is fractionally distilled.

Whatever the starting point, sugar or starch, the enzymes in the yeast produce glucose, CH,,0,.
The enzymes in yeast then convert the glucose into ethanol:

CeHi,0(aq) = 2C,H,0H(ag) + 2COLg)

2. Direct hydration of ethene

o A mixture of ethene and steamn is passed over a phosphoric acid catalyst at a temperature of 300°C and
60-70 atmospheres of pressure:

C H4(g) + H O(g) w-~> C,H OH(g)

e The ethanol is Londense& asa hquld

® The ethene required for this reaction is obtained from crude oil (see Chapter 26).
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1e shows the similarities and differences in the two methods of producing ethanol. -

'f:':Fermentatmn SRR T ST Hydratlon of ethene -
[ raw materials 0 uses renewabie fesources ' uses non-rénewable resources - once o all the crude 011 :
LSRN . eg sugar cane s used up there will not be any more et
&;ypeofprocess S batch process Ccontinuous process T
Trété”o:f reaction * very slcw taking several days fast '

: _for each batch

| quality of product  ° produces a dilute solution - produces pure ethanol
| . of ethanal that needs further
processing if pure ethanol
 is required

' reaction conditions  low temperatures requ;s'ecl " high temperatures and pressures required, increasing
the cost

The better method to choose will depend on many factors. For exampie, if a country has limited access to
crude oil but has the type of climate and the area of land required to grow sugar cane, then it wouid be
more economical to use fermentation rather than direct hydration.

Also, a dilute solution of ethanol is all that is required for some uses, for example the production of wine
vinegar. In this case, fermentation would again be the better option.

However, if pure ethanol is required, for example for use as a solvent, then the continuous process would
be more economical,

Reactions of ethanol
Combustion

Ethanol burns when heated in air or oxygen:
CH.OH(l) + 30,(g) ~» 2C0O,(g} + 3H,0(l)

For this reason it can be used as a fuel. A fuel for cars that contains a mixture of ethanoel and petrol is now
available in many countries.

Dehydration

Ethanol can be dehydrated {i.e. have the elements of water removed from it} by passing ethanol vapour over
hot aluminium oxide, which acts as a catalyst for the reaction:

C,H.,OH(g) — CH,g) + Hzo(g)_ o

T'his reaction can be used to manufacture ethene {or the production of poly(ethene) {see Chapter 27).
However, at present most ethene is made by cracking crude oil fractions (see Chapter 26).
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"1 The molecular formuiae of four organic compounds,

A, B, Cand D, are shown below.

ACH, BGCH, €CH, DCH,

a) Explain why all four compounds are
hydrocarbons. (1}

b} Compounds in the same homologous
series have the same general formula,

(i} State the name of the homologous
series to which compound C belongs. (1)

{ii) Which one of the following formeilae
represents the general formuta of this
homologous series? (1)

CnHZnAZ CnHZn Cn H2n+2
{iii} State which of the compounds A, Band D

are members of the same homologous
series as €. (1)

¢} (i) Explain the term isomers. {2)

{ii) State which, if any, of the four compounds
have isomers. (1

d} Draw a displayed formula of a molecule of
B showing the arrangement of the bonds
around the carbon atoms. (2}

e) Calculate the relative formula mass of B using
information from the Periodic Table (p. 119). {7}

{Total 10 marks}
The alkenes are a homologous series of
unsaturated hydrocarbons.

a} (i} Indicate which two of the following
statements about members of a
homologous series are correct:

« They have similar chemical properties

+ They have the same displayed formuia
* They have the same general formula

+ They have the same physical properties

+ They have the same relative formula
masses (2)

{ii) What is meant by the term unsaturated? (1)

b) Alkenes react with bromine water, Ethene is
the simplest alkene.

(i) Bromine water is added to ethene, State
the starting and finishing colours of the

reaction mixture. {2}
(iiy Complete the equation by drawing the
displayed formula of the product. {2)
H\ /H
Br—8 +  C=C -3
/ ™~
H H

¢) Isomers are compounds that have the same
molecular formulfa but different displayed
formulae.

Draw the displayed formulae of twa isomers
that have the molecufar formula C H,, {2)

{Total 9 marlks)
Sugar can be converted into poly(ethene) as follows:

Reaction | Reaction 2 Reaction 3
[sugar} { ethanol | [ethene| | poly(ethene}]

a} (i) State the type of reaction occurring in

both Reaction 1 and Reaction 2. (2)
{tiy What type of polymerisation occurs in
Reaction 37 (1)
b) State two conditions used in the conversion
of sugar to ethanol in Reaction 1. (2)

¢) Write a chemical equation for Reaction 2. {2)
d) Draw the displayed formula of ethanol. (1)

e} Many thousands of ethene molecules
combine to form a polylethene) molecule.
Draw that part of the structure of a
poly(ethene) molecuie that forms from
three ethene molecules. (2

f) Nylon is made by a different type of
polymerisation. Name this type of
polymerisation and describe how it is
different from the type of polymerisation
used to make poly(ethene), {(2)

{Total 12 marks)
These are the structures of six hydrocarbons,
H H B H

" | H A
™ | oo
] C/C‘““C T H N NN,
\\H H H oy
c |
D H H
< N
H /é H ==C
e e H H
H/ \H H/ \\H
F H H H
o
E H H oo
>C/ ) H c§: C (E: H
H \c=c\ H H
u ’ H—C—H




! urels propené? o (1)
b) Hydroca,rbo D forms a po[ymer Give the

“name of this polymer and draw a diagram
to represent the structure of the polymer.  (3)

(Total 6 marks}

5 a) The table below shows the dlsplayed formulae
' of some crganlc compounds .

 Displayed ?9?".?'.'#'{3

: _Comnoun_d. =
' I
A : b G G H
' HoH
H H
H—r G GO,
B \,
H H
H H
c \CW c/
VAN
H _ H
T
i T
H H H
H H
H, \C/
E VAN
~

b)

{i) Give one reason why compoun'
not a hydrocarbon. - .

{ii} State the empirical formuéa °
compound A. Lo

(iii) Both A and D aré members of the same :
homologous series..: - o

What :sahomologuus series? (2)

{iv) Draw a dot and cross diagram to shc')w
the bonding in compound A -~ {2)
{v) What is the name of the addition
polymer formed by compound E? (1
{vi) Draw the repeat unit of the addition
polymer of compound E. . (2)

(vii) Compound E reacts rapidly with bromine:
water but the addition polymer of
compound E does not. Explain this
difference in behaviour, {2

Draw the displayed formulae of three isomers .
with molecular formula C,H,. _ (3)

(Total 14 marks)







Th';el pH scale

@%@@@%@@gﬁ 21 é'Acids, alkalis and salts

“As 'yoﬁ go through your chemistry course, you will find that the meaning of the word acid changes

~ gradually. To start with, we say that an acid is a substance that has a sour taste, though tasting acids is
not recommended since some of them are poisonous. The word acid often suggests a substance that burns
or corrodes, but many acids are quite harmless. Indeed, much of what we eat and drink contains one or

more acids.

At a more advanced level,
water is best described as an
amphoteric substance, i.e.
having the properties of both
acids and bases. However, at
this level it is best to consider
it to be neutral.

pH is lower case p and upper
case H.

EXAMINER'S TIP

1. Note that the word alkaline -
 is an'adjective and the word
“alkalf is a noun. Thus we say

- ‘an alkaline solution’ but we:

©gpeakof 'an alka_]i' not ‘an [

i alkaling' o

2. pH valises only exist when * -

the substance is dissolved

in water. Thus a completely -
insoluble substance cannot. -

have a pH valug. Universal . -

" indicator is used o measure .

.~ pH values and this, along *
. with other acid-alkali. > "

" indicators, is described

in the next section. "

EXAMINER'S TIP
The word indicator ofteri -,
implies an acid-al¥ali indicator,
but a substance such as

anhydrous copper{ll) sulfate _.

or cobalt(ll} chloride are also .
indicators, since they both -
indicate the presenca of water.

The chemical ‘opposite’ of an acid is 2 base. Bases that are soluble in

water are called alkalis. Alkalis are often much more harmful than acids.

They should be treated with great care. For example, they can be very
damaging to your eyes.

A substance that has neither acidic nor alkaline properties is described as
being neutral. The best example of a neutral substance is pure water.

The acidity and alkalinity of aqueous solutions of substances can be
measured using the pH scale.

Neatral solutions have a pH of 7, acidic solutions have values less than 7
and alkaline solutions have values greater than 7. A very low pH means
a very strongly acidic solution whereas a value between 4 and 6 shows

a weakly acidic solution; the lower the value, the more strongly acidic is
the solution.

The oppostte applies to alkalis, where very high values indicate very
strongly alkaline solutions.

increasingly acidic increasingly alkaline
neutral
Figure 21.1 The pH scale.

Acid-alkali indicators

It has been known for thousands of years that certain dyes change colour
when an acidic solution or an alkaline solution is added to them. These
dyes are therefore able to indicate the presence of acids or alkalis in
agueous solutions.

One of the first indicators was a substance called litmus. Litmus is
extracted from a species of lichen, a type of fungus that grows on trees.
In_snlntions where the nH ig 5 or less_Htrmns firns red: in solutions of
pH 8 or more, litmus turns blue. In solutions of pH between 5 and 8, the
litmus is a shade of purple (since red and blue mix to give purple). Hence,
‘mentral’ litmus is purple. Litmus is said to have a pH range of 5 to 8.

Figure 2.2 The colour of litmus under different conditions.
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¢ Other indicators have different pH ranges. The chart below shows the pH rangés_dfz-__th:r_éé commen indicators.

:.:Nmﬁ”e"o'f indicator - Colours observed _ L

pH _ 0-1 2 3 4 5 6 7 8 9 )

liemus <4 rad 2~ purple —p 4
methyl orange <—— red —p- Orangs - yel.lbw' -
phenolphthalein < colourless - R PE—

Universal indicator and measuring pH

It is easy to see that the use of any one of these indicators to prove that a solution is definitely acidic

or alkaline has its limitations ~ hence the search for and development of a single ‘universal indicator’.
By selecting six or seven indicators that change colour at different pH values, it is possible to make up an
indicator that changes colour gradually over the whole pH range. Often the indicators are chosen so that
the colours of the spectrum (red, orange, yellow, green, blue, indigo, and violet} are obtained, starting with
red at the acid end (pH 0}.

Universal indicator is supplied in two forms. One is a solution in ethanol
and the other is paper that has been soaked in the indicator solution and
then dried. The paper is often known as pH paper.

The simplest way to find an unknown pH is to use universal indicator. The
substance with the unknown pH is dissolved in water and then a drop of
it is placed f)nto pH paper. If a solution of univel‘"sal indicator is used, then cmmesttr. | mersatatoema
one drop of it should be added to the solution of the substance under test. neutsal

If the pH of a gas is required, it can be found by testing the gas with damp Figure 21.3 Colour range and equivalent
pH paper. pH of liquid universal indicator.




eactlons of ac;ds

The besL deﬁmtlon of an acid at IGCSE is ‘a substance that dissclves in water to produce hydrogen ions (H*}
- The table below gives the name, formula and ionisation reaction for the three most common acids found in a
 gchool labaratory:

f.Name of acul . Formula of aad : | Iomsatlon reactmn m water
?hydrochlorsc aCld  hwa I(aq) - H*(aq) + Cf {acg}
e BT R o {aq) B §—|+(aq) R No {aq)
sufuricadd : HS0, SO > 2 + 0]

When the hydrogen ions in an acid are replaced by either a metal ion or by an ammonium ion (NH,"),

the compound formed is calied a salt. The name of the salt formed is determined by both the parent acid
and the ion that replaces the hydrogen ion. The first half of the name is derived from the ion that replaces
the hydrogen ion, whereas the second half of the name is derived from the parent acid. Examples are shown
in the table:

5 Parent acnd ) -3'Salt formed : 'f 'Name of atyplcal salt
hydrochlcrlc aCid o ch!orlde .é.sodmm chloride .

" nitric acid _' mtrate o : magnes:um nltraté ”

sulfuric acid _. - é_uifate _ Cammonium sulfate

There are & number of ways to replace the hydrogen ions in an acid by a metal ion. These include reacting a
dibute acid with a:

s metal
e base {l.e. a metal oxide or metal hydroxide)

e metal carbonate

Reacting dilute acids with metals

Only those metais above hydrogen in the reactivity series (see Chapter 15)
will react directly with dilute acids.

Nitric acid reacts in a very
strange way with most metals
and hence is naver used 1o
make saits by direct reaction
with metals.

Dilute hydrochloric acid and dilute sulfuric acid react with metals to form
a salt and hydrogen (see Chapter 15). The table below gives details of the
reactions between several combinations of metals and dilute acids:

ShT '.._'Names uf products ..':'_:':.;':"-;__'-:-:'.quuatlon for reactlon o S

f magnesiuri + dit. : magnesium chloride and U Mgls ) + ZHCI(aq} N Mgcf (aq) + E—l {g)
hydrochlonc acid ' hydrogen i D :
zmc + dil. sulfuric aCId - zing sulfate and hydrogen RN f‘IZn(s}' ' + H SO {aq) = ZnSO (aq)' 4— %—lz(g)

iron + dil. sulfuric ac:ld "lrcm( l)saz[fate and hydrogen L ::fe() + H SO {aq) > ?eSO {aq) + H (g) ey
aluminium + dil. - aluminium chloride and C2Als ) + 6HCI(aq) — 2AICI J{aq) + 3H (g)
hydrochlaric acid " hydrogen R

Reacting dilute acids with bases

All metal oxides and metal hydroxides are capable of acting as bases. Bases neutralise acids to form a salt.
The following table gives details of the reactions between several combinations of bases and dilute acids:




g ;:.Names of products

;.'.rﬁ.agnésium' oxide + N magnesium chloricie ;.MgO(s) o+ ZRCI(aq)

dii hydmchiorlc acrd and water 2 i
7 zmc hydroxlde + dil, nltrzc acsd : zinc nitrate and water______ Z:_':(GH) ( ) + 2HN03(aq) = Zn(NO ) ( ) + 2H,0()
copper(li) oxide + - _ co;nper(]!)sa[fate - CuO(s} + stO {aq) —> CuSOd(aq) + H O

: dil. sulfurlc aad N and water o _

: sodlum hydromde + sodlum chlorlde : NaOH(ac;} + HCl‘(ac;) -—a'i\%acf(aq) + HEO(I)

' dil. hydrochioricacid ~ and water ; : o

Reacting dilute acids with metal carbonates

Dilute acids react with metal carbonates to form saits, carbon dioxide and water. The table below gives
details of the reactions between several combinations of carbonates and dilute acids:

B T Names of prcducts ".;.:_""-.:Equatmn for reactlon EE N A T
. magnesium carbonate + magnesmm chloride, P MgCCfs) + ZHCf{aq) s MgCn'z(aq) + CO {g) + H,0()

- dil. hdrochtoric acid carbon d;oxlde and water

* zinc carbonate + - zine f;strate carbon ?ZnCO3{s) + 2HN03(aq) iy Zn(NOa)Z(aq) + Coz(g} + H,0{)
- dil. nitric acxd - dioxide and water

copper(ll) carbonate v copper(l[) Sulfa’ie CuCO3{s) + H SO (aq) - C:}SO (aq) ~i~ CO( ) + H Xel{)

: dll sulfurzc acnd carbon dioxide and water

' sodium carbonate + - sodium ch!onde carbon Nazcog() + 2HCI(aq} - 2NaC.'(aq) + CO( ) + HZO(I)
- dil. hydrochioric acid dioxide and water

Solubility of salts

The method used to prepare a salt depends on whether the salt is soluble or insoluble in water. Hence it is
necessary to know the general rules that govern the solubility of the salts of the common metals. These are
outlined in the table below:

Solublesalts i nsolublesaltst

all common sodlum potassnum aﬁd ammonium salts

_ .all nitrates . _
all common ch!orldes (except sSver and lead( ) chtonde) . _ swlver chlorlde and !ead(l%) chlortde
_ all common su!fates (except barlum calcsum and Iead(il) suffate) bar;um suifate calcmm sulfate and Eead(l[) sulfate

Z sodium, potassizm and ammonium carbonates _ aII other common carbonates

Preparation of soluble salts

The three common methods for preparing soluble salts are:
o dilute acid + base (L.e. metal oxide or metal hydroxide)
e dilute acid + metal carbonate

e dilute acid + metal

Dilute acid + base
The practical technique used depends on whether the base is insoluble or soluble in water.

The only common bases that are very soluble in water are sodium hydroxide and potassium hydroxide.
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Some salts, stich'ds cOpper(il)
much more solubte

n hot water than in cold water.
these cases, crystals can

be obtained very quickly by
partially evaporating the dilute
solution of the sait by boiling
until a hot saturated solution

is formed. When this solution

is allowed to cool, crystals will
form. These crystals can then be
removed by filtration and dried
on filter paper.

If the atkali is added to the
acid the colour changes of the
indicator are reversed.

EXAMINER'S TIP
If powdered charcoal is not -
available, thén the buretie

- volurne'of acid'added to just.”
- charige the colodr of the: o
indicator. The experiment. "
can then be repeated with =,
the same volume of alkali and

adding the sarne volume of -
acid, but without the indicator:
This techhigue is known as ™ = -
titration (see later notes in - ;
this sectron) :

. can be used to measure the. +

1. Acid + insoluble base

:J

Put some dilute acid into a beaker and heat it using a Blmsen burner
Hame. Do not let it boil,

Add the insoluble base, a little at a time, to the warm 'diiute acid and
stir until the base is in excess (i.e. until the base stops disappearing
and a suspension of the base forms in the acid).

Filter the mixture into an evaporating basin to remove the excess
base,

Leave the filirate (i.e. the dilute solution of the salt) in a warm place
in the laboratory so that the water evaporates and crystals form.

Remove the crystals and dry them on filter paper.

2, Acid + soluble base (alkali)

-]

Put an agueous solution of the alkali into a conical flask and add a
suitable indicator (e.g. litmus or methyl orange).

Add dilute acid from a burette until the indicator just changes
colour.

Add powdered charcoal and shake the mixture to remove the colour
of the indicator.

Filter to remove the charcoal and then obtain crystals from the
filtrate in the usual manner.

Dilute acid + metal carbonate

Most metal carbonates are insoluble in water and hence the method
for acid + insoluble base can be followed. A good indication this time
of complete nentralisation of the acid is to wait until no more bubbles
of gas are formed.

Sodium and potassium carbonates are soluble in water and, therefore, if a salt of either sodium or potassium

is required, the procedure for acid + soluble base must be followed. The only indicator suitable for obtaining
the neutralisation point is methy! orange, which changes colour from vellow in a sclution of the carbonate,

to red in acid.

Dilute acid + metal

The only metals commonly used are magnesiutn, iron and zinc. Salts of nitric acid are never made this way.

Since all three metals are insoluble in water, and do not react with water, the procedure for acid + insoluble
base is adopted. Again, since hydrogen gas is evolved, the best sign that all the acid has reacted is a lack of
effervescence when more metal is added.

Preparation of insoluble salts

Insoluble salts are made by precipitation reactions.

A precipitate is an insoluble solid that is made by a chemical reaction that takes place in aqueous solution.

A precipitation reaction is a reaction that produces a precipitate.
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" To make an msoluble salt it is necessary to mix together {wo separate aqueoﬁé'sﬁliiﬁbns One solution must
contain the required positive ion and the other solution the required negatwe iorL I‘Gr example, to make
silver chloride, mix together silver nitrate solution and soditum chloride solutlon '

AgNO (aq) + NaC.'(aq) -y AgCl’(s) + NaNO (aq)

The silver nitrate provides the silver ions, Ag*

The sodium chloride provides the chloride ions, CI~

The precipitate of silver chloride is then removed by fittration, washed with EXAMINER'S TIP &7
a little distilled water {to remove traces of the potassium nitrate solution} I you are asked in the exam
and left to dry in a warm place. to write an equation for the

reaction between silver nitrate
solution and sodium chloride
solution t¢ produce silver

The ionic equation for the above reaction is:

- Ag{ag) + Ci-(aq) — AgCis) T S s chioride, then you can write
S : ' o ' either the full equation or
The advantage of the ionic equation is that i can be used for the reaction the ionic equation,
between any solution containing silver ions and any solution containing
chioride ions. Hence, the same eguation applies to the reaction between There is only ONE equation

silver sulfate solution and magnesium chloride. to learn. o

The table below gives some examples of solutions that can be mixed
together to make inscluble salts:

.' Sdlut:fﬁh'pfévid_i'ng:_:. - ‘Solution prowdmg Nﬁme'bf'lh.s.o.l.ul_).lé-.j.'-_ - lonic equéfloﬁ

. the positiveion - - '_'_ti'le negatwe ion. . salt formed . .- . fort the reactlon

barium chloride o ._ potassmm sulfate . :.barlum sulfate - a’*(aq) + SO, - (aq) > BaSO ()
i”!ead(ll)mtralte- ._ zincchloride .E.Iead{il) chloride Pb“(aq) + 20 (aq) - Pan‘()
magnes;um sulfé.te N -.sodlum carboaate o i.n'zagnesmm carbéna‘ce mf.Mg‘“{aq) + CC)az’ (aq) - MgCOa(s).
silver mtrate ‘ .:.baﬂum |od|de Sﬂvernod:de . '.Ag*‘(éq.)mu!- E‘(aq) BN Agl(s). | |

Making ammonium salts

An ammenium salt is made whenever ammonia, NH,, reacts with an acid. Examples include:

NH,(aq) + HCI(aq) ~—> NH C!(aq)
" NH (aq) + HNO (aq) - NH NO (aq)
ZNﬂs(aCI) ”*'“ H 504(*150 "”’ (NH4)2504(aq}

These are all examples of a neutralisation reaction. In order to decide when the reaction is complete, an
indicator has to be used. So, for example, if you were reacting ammonia with hydrochloric acid, you would
add litmus to the acid and then, using a burette, slowly add ammonia solution to the acid until the litmus
changes colour. You could then repeat the reaction using the same volumes of solutions, but without the
indicator. The final solution can then be left to crystallise in the usual way.




Amd-—alkain tntra‘taons

A titration Is a method of finding out exactly the volume of one solution that is requzred to react Wlth a
" given volume of another solution. :

Titrations are commonly used to find the velume of acid required to react exactly with a gix}en volume of
an alkali. Such titrations are called acid-allkali titrations.

The method of carrying out an acid-alkalli titration is as follows:

o using a pipette, put 25.0 cm® of the alkali solution into a conical flask
e add a few drops of an indicator, such as methyl orange

¢ put the acid into a burette and note the initial reading

o add the acid to the alkali until the indicator just changes colour (e.g. methyl orange turns from yvellow to
grange — see p. 69)

e note the final reading of acid in the burette

o subtract the initial reading from the final reading to obtain the volume of acid added. This is the volume
required to neutralise the 25.0 cm? of the alkali,

Chapter 22: Energetics

Exothermic and endothermic reactions

Most chemical reactions are accompanied by a change in heat energy. There are two types of heat
energy change in reactions — exothermic and endothermic. The table outlines the essential features
of these reactions:

. Exothermicreaction oo Endothermic reaction

- Definition energy 15 given out e erzergy 15 taken in

" Example the reaction between sulfurlc acnd and * the reaction between sod;um hydrogen

magnesium o carbonate and citric acid
" Measuring the M '
energy change : _ B _ SRR
| thermometer : - S = - R
. ' : ;_ o thermometer

S || : _ hydrochloric . Lo | : SRR cn:_gc_ :
1R : "*"”_’acid T TS 0 e i : @
sl L . o ‘ A 1 4 . X .
¥ ) : : . RS sodium
"‘\___ mégnesium I BT _ i —aimi—— hydragen
'\wmm.a.c:mﬁwumufﬁf') ?Ibboﬂ AE k e " carbonate

" There is a rise in temperature . ' - There is a fall in temperature




 Energy level
“diagram_

" More examples

The amount of heat energy change is given the symbol AH. (See worked example below for a more

Exothermlc react:on Rt

reactants

heat
evolved

energy

products

progress of the reaction

« the combustion of fuels
« the neutralisation of an acid by an atkali
+ adding water to calcium oxide

accurate description of AH.)

For an exothermic reaction, AH is given a negative sign.

For an endothermic reaction, AH is given 4 positive sign.

Experimental work

Measuring the heat energy change during reactions in solution
Example: the reaction between magnesium and hydrochloric acid

s using a measuring cylinder, place 50 cm?® of 0.1 mol/dm? hydrochloric acid into a polystyrene cup

supported in a beaker

# measure and record the temperature of the acid

+ the thermal decompeosition of

- photosynthesis

- prodicts

'hea'rf:- .
absorbed

energ} =

- reactants

- progress of the reaction

copper{ll} carbonate

+ dissolving ammonium chioride in water

e tip approximately 0.15 g of magnesium powder {an excess) into the acid and stir the mixture

e measure and record the highest temperature reached by the mixture

Calculations:

e calculate the rise in temperature

o calculate the heat given cut during the reaction by using the equation

heat gwen out =0

" massof so[utlon X speuflc heat capaaty of so[utlon >< temperature rrse where Q = heat given out;

The spemﬂc heat capamty of *{he solution is the amount of heat needed to ¢ = specific heat capacity;
raise the terr perature of dne gram ("l g) of solutlon by one degree Ce§5|us (1 °C).3 AT = temperamre rise

This equation is sometimes
abbreviated to Q = mcAT,

m = mass of solution;




Temperature rise = 10.0°C
50

Moles of acid == “Toes

Heat given out =

# AH = —420 k)/mol

X 0.1 = 0.005
50 X 42 X 100) =
0.005 mol of acid produce 2.10 kJ

& 1 D es—
& 1 mol of acid produces 008

2100) = 210k

210 = 420K

For reactions carried out at constant pressure, like the example above, the heat energy change is known as
the enthalpy change. The enthalpy change per mole is called the molar enthalpy change and is given the

symbol AH,

The value of AH is negative since
the reaction is exothermic.

Polystyrene is a very good
insulator so does not absorb
much heat energy. To further
reduce the losses you couid put
a lid on top of the cup during
the reaction.

EXAMINER'S TIP
thevolume of liquid added”

" could be more accurately. ©. "~
measured using a burette ora’;
pipette; rather than a medsuring -
cylinder. However, the errors
irvolved in the exgeriment are .
such that the increased accuracy .
of meastrement would make no
difference to the overall accuracy
of the experfment :

copper can

160 em?
of water

spirit burner
alcohoi being
tasted

Figure 22.1 The apparatus used for
heat energy change experiments.

So, for the reaction between magnesium and dilute hydrochloric acid,
AH = ~420 k]/mol.

The calculation above can be performed for any reaction that is taking
place in aqueous solution. This includes neutralisation reactions between
acids and alkalis, dissolving solids in water and also displacement
reactions, where a metal is added to an aquecus solution of the salt

of a less reactive metal.

In each case the same assumptions will be made. These are:

e the specific heat capacity of the final solution is the same as that for
water, 4.2 J/g/°C

e the density of the final solution is 1 g/cm?

e there is very little heat lost to the polystyrene cup and the
surroundings, including the thermometer.

Measuring the heat energy change during combustion reactions

The most common experiments are those involving liquid fuels such as
an alcohol, The liquid is burnt and the heat generated is used to heat up
some water. The temperature rise of the waler is measured and the heat
generated is calculated in the same way as the previous worked example.

Procedure:

e using a measuring cylinder, put 100 cm? of water into a
copper can

e measure and record the initial femperature of the water
e fili the spirit burner with alcohol and measure and record its mass

e place the burner under the copper can and light the wick




i} » "stir the water constantly with the thermometer and continue heating untli the temperdture rises by
" about 20-30°C, Blow out the flame

e measure and record the highest temperature of the water

e measure and record the ﬁrial mass of burner and remaining alcohol
Calculations:

e calculate the rise in temperature of the water

calculate the mass of alcohol burnt

-]

o

calculate the heat given out by the reaction using Q = mcAT

calculate the molar enthalpy of reaction (i.e. the amount of heat energy released when one mole of
the alcohol is burnt)

Temperature rise = 24.5°C

Mass of ethanol burnt = 046 g

Heat given out = 100 X 4.2 X 245]) = 102%0) = 1029k
M, of ethanol = 46 & 1 mol of ethanol = 46g

0.46 g of ethanol produce 10.29 i

4 46 g of ethanol produce oo X 46k = 1029 K)

& AH = —1029 kJ/mol

The accepted value of AH for ethanol s —1370 kJ/mol. The value produced in the above experiment
(~1029 kJ/mol) is far too low for various reasons. There are a number of sources of error - in particular,
large amounts of heat losses,

The calculation assumes that all of the heat energy generated from burning the ethanol is transferred to the
water. This is not the case. For example, heat energy is being used in heating the air surrounding the flame;
heat energy is lost from the water by convection; heat energy is being used to raise the temperature of the
copper can.

The errors in measurement (i.e. reading temperatures, measuring masses, etc.) are negligible compared
with the heat losses. Hence, using a burette or pipette to measure the volurae of water will not improve
significantly the overall accuracy of the experiment.

Calculations involving bond energies

The energy required to break a bond is known as the bond energy. It is usually measured in kilojoules per
mole of bonds {k]/mol).

The table gives the bond energies for some bonds that are commonly met at IGCSE:

TR T
412436 L 496

32 124200 743

Breaking bonds takes in energy (i.¢. is an endothermic process).

Making bonds gives out energy (i.e. is an exothermic process).




An approxzmate walue for the overall enthalpy change for some chemical reactions can be caIcuIated by
- considering how much energy is required to break the bonds in the reactants and comparing it w1th the
amount of energy released when the bonds in the products are formed. :

The calculation should be performed in three steps:
Step 1: calculate the sum of the energies for the bonds broken, 3, {(bonds broken)
Step 2: calculate the sum of the energies for the bonds made, 3. (bonds made)

Step 3: calculate AH using the formula AH = ¥, (bonds broken) — 3 (bonds made)

The reaction between hydrogen and chiorine.
Hig) + Cifg) — 2HCI®) or H-H(g) + CI-Cig) — 2H—Cllg)

S (bonds broken} = (H=H) + (CI-Cl) = 436 + 242 = 678§
¥ (bonds made = 2(H-Cl) = 2 X 432 = 864k
AH = 678 — 864 = —186 kj/mol

The reaction between methane and oxygen.
CHyg) + 20,(g) — CO(g) + 2H,Of)

¥ (bonds broken) = 4(C—H) + 2(0=0) = (4 X 412) + (2 X 496) = 2640
3 (bonds made) = 2(C=0) + 4(0~H) = (2 X 743} + (4 X 463) = 3338k
AH = 2640 — 3338 = —698 kj/mol

Chapter 23: Rates of reaction

What is meant by rate of reaction?

Rate is a measure of how fast a reaction occurs.

The best definition of rate of reactlon :s

change of concentratlon of reactant

e Rate
: tlme "

This definition emphasises that the rate of reaction depends on concentration and not on amount of -
reactant.

The collision theory of reaction rates

The collision theory makes the following assumptions concerning chemical reactions:

e For a reaction to take place, the particles of the reactants must collide with one another.,

® The coliiding particles must have sufficient energy to react. This energy is known as the activation
energy. Collisions that have the required activation energy are called successful collisions.




's' Tomcrease the rate of a chemical reaction, it is necessary to increase the frequency'of successful
“ collisions. That is, more successful collisions need to take place every second g

' Factors that affect the rate of a reaction

The three factors that affect the rate of a chemical reaction are:
a the conceniration of a reactant

e the temperature at which the reaction takes place

o the state of division of a solid reactant.

Concentration

Increasing the concentration of a reactant increases the number of particies of reactant in a given
volume and hence the reacting particles will collide more often. Hence, there will be more successful

collisions per second. )
increasing the pressure of a
Decreasing the concentration will have the opposite effect. gaseous reactant is the same as

increasing its concentration.

Temperature

Increasing the temperature increases the average kinetic energy of the reactant particles and therefore more
of the collisions that take place will have the necessary activation energy to react. Hence, there will be more
successful collisions per second.

Decreasing the temperature will have the opposite effect.

State of division

The smaller the pieces of solid, the larger the overall surface area. This means that there will be more particles
of the solid exposed to the other reactant. Hence, there will be more successful collisions per second.

Increasing the size of the pieces of solid will have the opposite effect.

Increasing the surface area of a solid has the most dramatic effect when the solid is ground up into a powder.
When an iron nail is heated in a blue Bunsen flame, the iron just glows red. When iron powder (iron filings}
is sprinkled into the same Bunsen flame they immediately burn and produced yellow-orange sparks.

In fiour mills, the air can fill with fine flour dust which has a very large surface area. A spark can cause the
flour to catch fire and explode. The same problem occurred in coal mines when the air filled with very fine
coal dust.

Summary
Change CUHieiiiTion e Effect on rate of reaction -_'_'_'Expianat;on
' Increase in concentratson ' Increase inrate - Cie More part:des ina given volume Pamcles

- collide more often, tberefore more successfu!
_ _ - collisions per secorzci C DL
Increase in temperatare - Increaseinrate - Particles have more energy More co!lmons Lo
B e ' ' _have the required activation energy, therefore -
: : i - more successfui coII|5|ons per second
Increase in surfacearea . - - increaseinrate . . More partlcles in contact with the other NG
: ' ' reactant. Particles collide more often, therefore
: more successful coi[ssmns per second :




© catalyst takes o part in the .
- 'reactlon Thisiis riot the case

chem:cal?y diring the reaction:

U their orlgmal state after the

EXAMINER'S TIP. %

It is very important how you:
phrase your ahswér'wh'én L
explaining how'a catalyst
waorks. You'must not say

collisions beiween partscles o
have enotigh energy they can:
stil follow this pathway The
main point of the catalyst is

pathway

I

Figure 24.1 Heating hydrated
copper(li) sulfate crystals.

Anhydrous means ‘without
water'

_:j_" Some cata%ysts actuaify change :
but are then changed back to

- reaction sscomplete I

that the cata£yst Iowers the' j
" activation energy of a reaction.
© The ongma! pathway for the'
reaction is stilf available, even
when the catalyst is added. If. -

that it pro\ndes an alternatwe' :

Effect of catalysts on rate of reaction

A catalyst is a substance that increases the rate of a chemicai reactxon
but is chemically unchanged at the end of the reaction..

Catalysts work by providing an alternative pathway for the reaction.
This alternative pathway has a lower activation energy than the original
pathway. This means that more of the collisions taking place will have the
necessary activation energy. Hence, there will be more successful collisions
per second.

Energy profile diagrams

The effect of a catalyst is best shown on energy profile diagrams such as
the ones shown below:

- original
route

activation

energy activation

I energy
with a

catalyst

reactants

reactants

energy
energy

catalysed route
products

products

progress of the reaction progress of the reaction

Figure 23.1 Activation energy of a reaction without and with a catalyst.

Catalysts are very important in industrial reactions since they allow lower temperatures and/or pressures to
be used (see Section E for examples). This saves money.

24}z Equilibria

Reactions that ‘go both ways’

Heating copper(il) sulfate crystals, CuSO,.5H,0

When copper(1l) sulfate crystals are heated in a test tube, the blue crystals
turn into & white powder and a clear, colourless liquid (water) collects at
the top of the test tube. The form of copper(II} suifate in the crystals is
known as hydrated copper{Il) sulfate because it contains water of
crystallisation. When hydrated copper(II) sulfate is heated it loses its
water of crystallisation and turns into anhydrous copper(il) sulfate,
CuS0,. The equation for the reaction is:

Cuso 5H O(s) o CuSO4(s) + SH O(E)
' (que) (whlte)

When water is added to anhydrous copper(I1) sulfate, there is a colour
change from white to blue as it turns back into hydrated copper(Il) sulfate.
The equation for the reaction is:
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CusO(s) + 5H,0(l) = CuSO,5H,0(s)

These two reactions can be represented by a single equation linking
them both:

" CuSO,5H,0(s) = CuSO,(s) + SH,0()

The = sign indicates that the reaction occurs in both directions. Such
reactions are said to be revexsibie.

Heating ammonium chloride, NH,C/

Another reversible reaction takes place when ammonium chloride is heated.

If ammonium chioride is heated in a test tube, the white crystals disappear
from the bottom of the tube and reappear farther up. In between there is a
colourless gas. Heating ammonium chloride decomposes it into the
colourless gases ammonia, NH,, and hydrogen chloride, HCE

NH,Cs) — NH,(g} + HClg)
(whitesolid) . {colourless gases}

As the two colourless gases rise up the tube they cool and reform
ammonium chloride:

NH,(g) + HCi(g} — NH,Cl{s) = . :

Once again, the reaction is reversible and can be represented by a singie
equation:

NH,Cl(s) = NH,(g) + HCl(g)

Dynamic equilibrium

1f a reversible reaction is carried out in a closed reaction container, then it
is possible for the reaction to veach a position of dynamic equilibrium.

The reaction between hydrogen gas and nitrogen gas to make ammonia
gas is reversible:

3H,(g) + Nifg) = 2NH,(g) : -

Figure 24.2 Adding water to
anhydrous copper(ll} sulfate.

The reaction from left to right is
usually referred to as the forward
reaction. Conversely, the reaction
from right to left is referred to as
the backward reaction.

Figure 24.3 Heating ammonium
chioride.

A closed container is one from
which no reactants or products
can escape.

If the reaction is carried out in a closed container, then the ammonia produced cannot escape. However, since
the reaction is reversible, it will start to decompose to reform hydrogen and nitrogen. When only hydrogen and
nitrogen are present, i.e. at the beginning of the reaction, the rate of the forward reaction (i.e. the reaction to
form ammonia} is at its highest, since the concentrations of hydrogen and nitrogen are at their highest. The
rate of the backward reaction at this stage will be zero, since there is no ammonia present.

As the reaction proceeds, the concentrations of hydrogen and nitrogen gradually decrease. Hence the rate
of the forward reaction will decrease. However, the concentration of ammonia is gradually increasing and
hence the rate of the backward reaction will increase. Since the two reactions are interiinked, and none of




- soor the rates

iié_.rat tie forward reaction and the rate of the backward reaction
 ea: y'be"é en by using a graph of rate against time (below feft): "

" become equat

" backward rate increases

time
Figure 24.4 The rates of the forward and backward
reactions become equal, :

Controlling the equilibrium

the backward reaction is endothermic,

reaction. (Shift means move.)

n will eventually
It looks from outside as if the reaction has stopped. This is not
the case. Both reactions are still occurring, but their rates are
the same. When the rate of the forward reaction is equal to
the rate of the backward reaction, the reaction is said to be

in dynamic equilibrium,

A reaction that is in dynamic equilibrium has the following
features:

e the rate of the forward reaction is equal to the rate of the
backward reaction

e the amounts of reactants and products remain constant

¢ any properly, such as colour or pressure, which depends on
the amounts of the reactants and products that are present
remains constant.

Here, again, is the equation for making ammonia;
L 3Hg) £ Nfg) = INH(g) AH = —92i¢/mol

This time, the value for the enthalpy change, AH, has been given. The value quoted for AH in a reversible
reaction is always for the forward reaction. This means that the forward reaction is exothermic, while

By changing the pressure and temperature it is possible to shift the position of equilibrium of the
If the equilibrium is altered so that more ammonia is present, and less hydrogen and nitrogen, then we have

shifted the position of equilibrium to the right.

Conversely, if the equilibrium is altered so that less ammonia is present, and more hydrogen and nitrogen,

then we have shifted the position of equilibrium to the left.

' equr:ﬁbr_i;im'ﬁf.liﬁs.:t'_é_-”thé'(ighf'.:. L

i

3H_;_($_).__'{ N(g)?-‘zNH(g) o

-}

" equilibriush shifts 10 the left

In: order to predict the effect on the position of equilibrium it is necessary to know which side of the equation
has the fewer number of molecules of gas and which reaction is exothermic,

In the case of making ammonia, the right hand side of the equation has the fewer molecules (2 molecules
on the right versus 4 (3 + 1) molecules on the ieft). The forward reaction is exothermic.

The following table shows how the equilibrium position will shift with changes of pressure and temperature:
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o How the equlllbrlum sh:fts

nt of ammoma

ncréase the | equnhbnum shifts in the direction that proéuces the 5 equxhbrlum shlfts to the rsght
; pressure - smaller number of molecules of gas : 10hta is produced
" decrease the equthbrsum shifts in the dlrectlon that produces the eqwhbrmm ShlftS to the left;
! pressure  farger number of molecules of gas fess ammonia is produced
increase the equmbnum moves in the endothermic direction equ|||bnum maves to the left;
- temperature less ammonia produced
. decrease the " equilibrium moves in the exothermic direction equxhbrlum shifts to the rlght
temperature more ammonia is produced

equilibrium shifts to the right when the pressure is increased and the temperature is decreased

[

3H,{g) + Nyg) = 2NH,{g)

>
<%

equilibrium shifts to the left when the pressure is decreased and the temperature is increased

1 A student made some copper{ll) suifate solution by
adding copper(ll) carbenate to dilute suffuric acid,

a) (i) Complete the equation by writing the
correct state symboi after each formula.
CuCOJ__) + HSO )=
CusO__ )+ HO(__ ) +
€O, () (2)

{if} State the colours of the copper compounds
in the equation, that is, copper(ll} carbonate

and copper(l!) sulfate. (2)
(iii) Apart from a colour change, what dees
the student see during the reaction? {1}

b) Use words from the box to complete the
sentences, The sentences explain the method
the student used to make copper(ll} sulfate.

Each word may be used once, more than
once or not at all.

an acid an afkali a carbonate _
neutralisation oxidation reduction asalt

When reacts with

the solution formed
contains . The type of reaction
accurring is . {4}

¢} The teacher told the student to add an excess
of copper(lf) carbonate and remove it after
the reaction had finished.

iy Why is an excess of copper(ll} carbonate
added? (1)

{ii) How is the excess copper({|l) carbonate
removed after the reaction has finished? (1)

d)

What method would the student use to

obtain a sample of copper{li) sulfate crystals,
CuS0,.5H,0(s}, from the solution formed in

the reaction? {1}

(Total 12 marks)

2 Ateacher described a reaction as follows:

a)
b

“When zinc is added to dilute sulfuric acid,
hydrogen gas and a zinc compound are formed.”

Write a word equation for this reaction. {1)

A student added a piece of zinc to a test
tube containing difute sulfuric acid. Use
words from the box to complete an account
of the reaction,

Each word may be used once, more than once
or not at all.

" effervescence endothermic  exothermic

faster precipitation slower

c)

d)

{i} After adding the zinc to the acid the student
saw

(i} After a few minutes the student noticed that
the reaction was
than at the start.

(iii) The test tube was warmer at the end of the
reaction than at the start. This showed that
the reaction was . (3)

Describe a test the student could use to

show that the gas formed was hydrogen. (2)
At the end of the reaction there was some

solid zing left in the test tube. The student
removed the zinc, leaving a colourless

solution of zinc sulfate. .




(i) Which techinique did the student use
to remove the zine at the end of the
reaction? {1}

(ii} The student asked the teacher how to
test the colourless sotution to find out
if it contained sulfate ions. The teacher
wrote this equation:

ZnSOfag} + BaClfaq) —» BaSQ,(s) -
ZnCl(aq)
State the name of the compound added to

the colourless solution and describe what the
student would see. 2}

(Total 9 marks)

Hydrogen peroxide decomposes into water
and oxygen.

2H,0, —» 2H,0 + O,
The reaction is very slow but becomes faster if
rmanganese{lV) oxide is added. The manganese(iv)
oxide does not get used up during the reaction.
a) What is the role of the manganese{IV) oxide
in this reaction? (1)
b} The graph shows haw the volume of oxygen
collected changed with time when 1 g of
stmall lumps of manganese(iV) oxide were
added to 10 ¢m? of hydrogen peraxide.

60~

50

40

Volume of oxygen in cm?

T oo T T
10 20 30 40 50 40 70
Time in seconds

Sketch on the axes above the results
obtained when:
(i) the experiment is repeated using Tg
of powdered manganese(IV) oxide,
Label this sketch A, (2)
(i) the same volume of hydrogen peroxide
is used but 5cm? of water is added to
it before the manganese{IV) oxide is
added. Label this sketch B. (2)
¢} Describe a test for oxygen gas. {2)

{Total 7 marks)

A common example of an exotherfic r action:
is the complete combustion of methan ; as hown .
in the equation, :

CHg) + 20g) - COJg) + 2H:O(g) :
This reaction can be represented by an energy o

level diagram. Complete the dlagram by showmg g
the products of the reaction. -~ =027 o {1)

Energy | CHJg) + 20,(8)

b) The table shows the average values of some
bond dissociation energles

r.Bond C
Dsssoc;atton 412
" energy

: (kJ / mol)

Methane and water contain only singfe
bonds. Oxygen and carbon dioxide contain
only double bonds,

Use the values in the table to caicu]ate
the energy change occurring during the,
complete combustion of methane, - (3}

€) Atroom temperature the reaction between |
methane and oxygen is very slow. State three
different changes in conditions that would
increase the rate of this reaction. - (3}

d} Another reaction of methane, used in in'dustry,

is shown by the equation: o

CHg) + H,0(g)=CO(g) + 3H,(g)

AH = +210k/mol

(i) What do the symbols = and AH U
represent? @)

{ii} The reaction is camed outat 2 atmospheres
pressure and 1000°C. Predict what
would happen to the amounts of carbon
monoxide and hydrogen formed if the
pressure was increased at constant . -
temperature and i the temperature. - . .
was decreased at constant pressure. -~ (2)

(Total 11 marks)
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Chapter 25: Extraction and uses of metals

'-.'A"rock that contains enough metal to make it worth mining is calied an ore,

Only the most unreactive metals, such as silver and gold, occur as elements in their ores.

- The rest of the metals are found as compounds, from which the metals have to be extracted.

- Methods of extraction

The method of extraction is linked to the position of the metal in the reactivity series, since the more reactive
metals are better at ‘keeping hold’ of the elements in their compounds. This means that the more reactive
the metal, the more difficult and expensive it is to extract.

The table shows the link between the position of a metal in the reactivity series and the method used to
extract it from its compounds:

Metal | Method of extraction
- potassium

sodium electrolysis of the molten chloride or molten oxide

lithium * (electrolysis is the most powerful method of extraction but
¢ calcium . Is very expensive since it uses a lot of electricity)

: magnesitm

| aluminium

| carbon

zing .

iron . heat with a reducing agent such as carbon or carbon monoxide -
| copper
| sitver

occur naturally as the elements
gold

Extraction of aluminium

positive electrode

insulation negative

electrode

tapping
You do not have to learn to hole
draw this diagram, but you ) :
may be asked to label it. electrolyte

Figure 25.1 Extraction by electrolysis.
e The positive electrode is made of graphite (carbon).
° The negative electrode and is made of graphite (carbon).

o The electrolyte is a solution of aluminium oxide dissolved in molten cryolite.
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‘Essential information:

"o The main ore of aluminium is bauxite.
- o The bauxite is first purified to produce atuminium oxide, ALO,.

o Aluminium oxide has a very high melting point and hence it is dissolved in molten cryolite to make fHe
electrolyte. This mixture has a much lower melting point and is also better a conductor of electricity than
molten aluminium oxide.

e, The reaction at the negative electrode is:

'_ 'A_F*f + "3'e—_ o> AL .. e
e The aluminium melts and collects at the bottem of the cell. It is then tapped off.
e The reaction at the positive electrode is:

1207 > O, + de”

o Some of the oxygen produced at the positive electrode then reacts with the graphite {carbon) to produce

carbon dioxide gas:

Cl9) + Ofg) » COfg) -
This means that the positive electrode gradually burns away and needs to be replaced at regular intervals.

Extraction of iron

Essential information:

iron ore mixed @ i i
with Hrestone The raw materials are iron You do not-have to learn to

and coke ore (haematite}, coke draw this diagram, but you

{carbon), limestone (calcium may be asked to fabel it.
waste waste carbonate) and air. e R
gases & — gases
e Iron ore, coke and limestone
are mixed together and fed into
the top of the blast furnace.
e Hot air is blasted into the bottom
Ei::';_[‘;f of the furnace.

— moiten slag

““\& molten iren

Figure 25.2 Extraction by heating with reducing

agent.

» Oxygen in the air reacts with the coke to form carbon dioxide:
Q)+ Ofg) > COofe)

e Carbon dioxide reacts with coke to form carbon monoxide:

cofg) + cls) - 200
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Carbon monoxide reduces the iron(IIl) oxide in the iron ore:

Fe,0s(s 3C0(g) = 2Fe(|) + 3C02(g)

o Theiron meits and collects at the bottom of the furnace, where it is tapped off,

o The calctum carbonate in the limestone decomposes to form calcium oxide:

. CaCo,(s) -» CaO(s) + CO,fg)

It is irmportant to remove the
silicon dioxide since it would
remain as a solid in the furnace
and would eventually clog it
up. This wouid mean that the
furnace wouid have to be shut
down for a time whilst the solid
was removed. This would be
very costly.

EXAMINER'S TIP
o It is very important when
asked to give a property
of a metal that relates to
its use, you pick the most -
important property. For.
example, aluminiure s~
ductile (¢an be drawri into
a wire), which is necessary
to make power cables, but
it is not the most important
property.

Be carefui in your use of
words when describing a .
propertysfonre@inpleyou
will be allowed to give low
density as an alternative: ©
fo Aigh'Strefgth=to-Weight

a

ratio for making aeroplaries, ©
but stating that aluminium. -

is light will be marked -
wrong. Another example
is ‘aluminium dogs not.
corrode’. This is often stated
in textbooks as a property: .
of aluminium, It is not frue.-
Alurminium does corrode bit
very slowly, so it is better to
say that aluminitum resists
corrosion, :

 The calcium oxide reacts with silicon dioxide, which is an impurity in
the iron ore, to form calcium silicate:

'-CaO(s) + SiQ,(s) —» CaSiOa(E)-

e The calcium silicate melts and collects as a molten slag on top of the
molten iron, which is then tapped off separately.

The uses of aluminium and iron

The tables list some of the major uses of aluminium and iron together
with the most important property related to the use given.

Aluminium
Use L “* - Mostimportant property -
: aeroplane bod|es * high strength-to-weight ratio
- overhead power cables gaod conductor of electricity.
:saucepans - good conductor of heat
- food cans - non- -toxic.
wmdow frames : resists corrosion
fron
us'e-_'- R S ::'Most important property ...
car bodies _  strong (wsthstands collls:ons)
iron nalls strong
 ships, girders and brldges _ strong

Although the uses are hsted for aluminium and iron, the metals are rare%y
- used in pure forin, Pure aluminium is not very strong, 5o aluminium afloys are
“normally used instead. The aluminium can be strengthened by addlng other
elements such as snhcon copper or magnes;um : -

Similarly, most iron is used in the form of miid steel wh[ch isan alloy
contammg a httle carbon. :

Pure iron, often cailed wrought H’Ol’! is soft compared wuth mx!d steei and is
also very malleable. It is not strong enaugh to use to make car bodies, etc. Fts
major useisin makmg omamentai work for gates and fences -
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What is crude oil?

Crude oil is a thick, sticky, black liquid that is found under the ground and under the sea in certain parts
of the world such as the Middle East and Texas, in the USA.

1t is a mixture of hydrocarbons, mostly alkanes (see Chapter 18).

Refining of crude oil

Crude oil, as such, has no direct use. It has to be refined before it is of any use. The first step in the refining
of crude oil is fractional distillation.

Fractional distillation is carried out in a fractionating column. The column is hot at the bottom and
gradually becomes cooler towards the top.

fractionating |

o pefinery

gases

The crude oil is split into various fractions as described
below. A fraction is a mixture of hydrocarbons with very

column s gasoline  similar boiling points.
{petrol)
e Crude oil is heated to convert it into a vapour. The
= kerosene vapour is then fed into the bottom of the fractionating
column.
== diesel oil - e The hydrocarbons with very high boiling points (fuel
(gas oil) . . . . . L
cruf?e oil and bitumen) immediately turn into liquids and are
[+ o
oo ftl tapped off at the bottom of the column.
ail
e The hydrocarbons that have boiling points lower than
o 400°C remain as gases and rise up the column. As they
bitumen ise they cool down
Fgura26:3s Tha indusirial separationsof crude.ail Lan sy ' /
EXAMINER'S TIR B/
s The different fractions will condense at different heights according to - Different sources will give
their different boiling poirts. When they condense they are tapped off different fractions for the

as liquids.

e The fraction with the lowest boiling point (refinery gases) remains as a

gas and comes out at the top of the column.

Properties of the differe

nt fractions

distiflation of crude oil. This is for
a variety of reasons, one of which
s that thé éxact compaosition:
of crude it depends on where:
in the world it comes from. The
fractiohs given in the tfable below
are the same as those given in’-
" the Edexcel IGCSE specification,

The table lists some of the properties of the different fractions. - It is best for yoii to learn these .

as they 'will always be marked
- correct in your answers fo-"

SERAE "’ Change in numberor © ' Changein - Changein ot our answers fo: .
IR T i ion bt e B o RO e éxam quastions, © T e
Fraction .. carbon atoms in molecule . boiling point - " viscosity - . ” L
 refinery gases '

; li The larger the number of carbon

- gasoIne atomns in a molecule, the longer

. kerosene _ increases increases ;1 increases the length of the carbon chain. ¢

L Aai For this reason the higher boiling

: diesel oit point fractions are said to the

 fuel oil long-chain hydrocarbons,

i whilst the lower boiling point

- bitumen

fractions contain the short-
chain hydrocarbons.
G S
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Uses of i':_hé'_f:i"é(itions

The table lists some of the major uses of each fraction:

o E_)'“o%tled gas forcampmg ete. -
" petrol for cars L

3 fuel for aéroplanes; ‘oil’ for central Heating boilers in the home; R
- 'paraffin’ for small heaters and lamps i

 diesel oil _ dieset fuel for buses, lorries, trains and cars
Cfueloil -+ fuel for ships and for industrial heating . _
| bitumen . road surfaces and covering flat roofs of buildings -~ .~ .

Although there is a use for each fraction, the amount of the higher boiling point fractions in crude oil is

far greater than is needed. The ameunt of gaseline fraction in crude oil is far less than is needed. For this
reason, chemists devised a method of converting the long-chain hydrocarbons in the higher boiling point
fractions into shorter-chain hydrocarbons, in order to make more gasoline, and se make more petrol for cars,
‘Fhis process is called cracking.

How does cracking work?

The long-chain hydrocarbon (alkane) molecules are passed over a catalyst {either silica or alumintum oxide)
heated to about 600-700°C. The long-chain hydrocarbons break down into short-chain alkane molecules
and at least one alkene molecule,

A typical example is the cracking of decane (C, H,,) to produce octane (C,H,,) and ethene (C,H,):
- CiﬁH.zz(g_) - .Cs.Hm(g):' + GH,(g) Ll
The octane produced can be used to malke petrol. The ethene can be used to make poly(ethene}, a polymer
(see Chapter 27).
There are, though, many different products that can be obtained by the cracking of decane. Another
possibility is:
Cszz(g) “3‘ C7H.15(g.) + :CaHa(g)

It can even produce hydrogen:

. CwHaz(g) - C7H14(g) ”" caHs(g) _+. .Hz(g) | ) ;

Remember also that the fraction which is being cracked contains not just decane, but a number of other
alkane molecules, since it is a mixture. This means that the final product will contain a lot of compounds
that will need careful and expensive separating into pure compounds before they can be used.

Burning fuel in cars

In Chapter 18 it was mentioned that the incomplete combustion of an alkane produces carbon menoxide.

The same is true when petrol or diese] is burnt in cars; some of the fuel is not compietely burnt because of
a fack of oxygen.

The carbon monoxide produced passes out through the exhaust pipe of the car and gets into the
atmosphere, This is potentially dangerous, since carbon monoxide is poisonous to humans as it reduces
the capacity of the blood to carry oxygen.
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- The temperature in a car engine is high enough for nitrogen and oxygen from the af to'redct o form oxides
I of nitrogen. These oxides are also passed out through the exhaust of the car and when they get into the

'y atmosphere they can dissolve in the water in the air to form acid rain.

A lot of cars are now Bited with catalytic convertors, which are placed in the exhaust system of the car.
These convertors attempt to convert as much carbon monoxide as possible into carbon dioxide, and aiso
reconvert oxides of nitrogen into nitrogen and oxygen.

: Synthetic polymers
Addition polymers

An addition polymer is a long-chain molecule that has been formed when many small molecules
(monomers) have been joined together. The process of making an addition polymer is called addition
polymerisation. The monomer molecule contains a carbon—carbon deuble bond. During addition
polymerisation, one of the double bonds in the monomer breaks and this allows the monomer molecules
to join together to form a long chain of carbon atoms all bonded together.

The simplest monomer is ethene and this forms poly(ethene) when it polymerises. An equation that
represents the polymerisation of ethene is:

n CH,=CH, — —(~CH,~CH,~),~

&7
H H HoH
Using displayed N e L] EXAMINER'S TIP &/
\ n =¢/ —— —C—C . o
formulae, the S AN | ] You may be asked how
equation becomes: H H HOH yau know that poly(ethene)
n is an addition polymer. The -
The letter ‘n’ represents a very large, but variable, number. It simply answer is that when it is made,
means that the stracture in the brackets repeats itself many times in it is the only product of the

reaction. (Compare this with

the molecule. For this reason, the structure in the brackets is called the - = Wit
condensation polymerisation.)

repeat unit of poly(ethene).

The table gives the formulae of some monomers together with their
repeat unit:

Nameof ' Formulaof | -~ Nameof ' Formulaof EXAMINER'S TIP
- monomer . . ‘monomer . polymer .« repeat unit’ You need to know how to
v ' H. - b o o o - write & repeat unit using the
N/ f : Ci"; T formula of any monomer.
. H: . iven 1o you, and also how to
ropene AN . oly(propene e C— given 0 you, and /50 NOW 10,
_ prop I \C=C/ poly(propene) : | { convertarepeat umt hack into.

H H : H H : - its monemar. You are therefore
: . advised fo prac;tlse this thh as-
* many different monomers as -

: H o : heck
chioroethene N . pol;,f(chlo[rOﬁilch‘a_r:ie) | you can find andt r:hen chec
" (vinyl chioride) /czc\ {polyvinyl chloride, o G o your answiers wi
H H or PVC for short) iL I~|4 yourteacher .
F
: F\ /F : P _
. tetrafluoroethene P =C\ - poly(tetrafluoroethene) —C—C—
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Condensation reactions

A condensatmn reaction is one in which two molecules react together to form a new, Iarger moiecule with
hmmatton of a smaill molecule such as water.

: Ah_ ex_ample of a condensation reaction o 0
Q. isthe reaction between an alcohol, T ——— . I
" 'such as ethanol, and a carboxylic acid —C—0OH H~-O— N QI ¢, W H2O
{an organic compound containing a acid  teueviuu..._.___1 alcohol ester
~COOH group). This reaction is also water eliminated
known as esterification, since the
compound produced is an ester.

Another example of a condensation O H O H

reaction is one that takes place | IR O T

between an amine (an organic e C e QM e NJ— — —CN— + H O
compound containing an -NH, group} acid ... - ---d amine amide

and a carboxylic acid. This time the water eliminated

compound formed is called an amide.

Condensation polymers

A condensation polymer is a polymer that is formed via a condensation reaction. In these reactions many
monomers join together to make the polymer (a long-chained molecule) and a small molecule such as water
is eliminated for each pair of monomers that join together.

There are two main types of condensation polymers: polyesters and polyamides.

Polyesters

A polyester is formed by reacting a di-alcohol (an alcohol containing two —OH groups) with a di-carboxylic
acid (an acid containing two ~COOH groups). The ~OH and ~COOH groups are at the ends of the chains of
their respective molecules.

The monomers can be represented by block diagrams:

HGOC CGOH HO —— i~ QM

The polymerisation reaction can be represented by the following equation:

“ 1 HOOE — - COOH “+'n HO{1 1 |

Repeat unit of the polymer is:
o)

i CII)
—CO C—-O— —O—

A typical polyester is terylene.
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e Po.'yamides

A polyamide is made by reacting a di-amine with a di-carboxylic acid.

Menomers: '

HOOC WQ COOH HN — — NH,

di-carboxylic acid di-amine

Polymerisation reaction:

i Ho'oc: COOH + A HN = " b NH, = .
Repeat unif:

o) O H
I O [ !
—C C—Ner -

A typical polvamide is nylon.

Chapter 28: The industrial manufacture of chemicals
The manufacture of ammonia - the Haber process

Ammonia is made by combining nitrogen and hydrogen. The hydrogen is obtained either from natural gas or
the cracking of hydrocarbons (see Chapter 26). The nitrogen is obtained from air.

(g ¢ NQ) = 2NH{g) M = “ozkgmol

The reaction is reversible and can reach a position of equilibrium (see Chapter 24). The equilibrium position
can be shifted to the right hand side (to give a high vield of ammonia) by using a low temperature and a
high pressure. However, the reaction is very slow at low temperatures, so a compromise of about 450°C is
used. This is a compromise between rate and yield.

Carrying out the reaction at very high pressures is expensive nitrogen hydrogen made
since more energy would be required to compress the gases. from air 5 from natural gas
Also, it is expensive to build the thick-walled pipes and reaction < <

. * F
containers that would be necessary to withstand these very

high pressures. Therefore a pressure of 200 atmospheres is .45 og(a:eacw Trrencted
used, which is still high but is not too expensive. + 260 atmospheres nitrogen and
. . . » iron catalyst hydrogen
The reaction is still fairly slow at 450°C unless a catalyst is ]
used. There are a number of metals that will catalyse this +
reaction, but the most economical one is iron. Under these * gases are cooled e
cen s . ¢ ammonia t iU
conditions, about 15% of the hydrogen and nitrogen is into a Egui; e = ammonia
converted into ammonia. The mixture leaves the reaction

vessel and is then cooled. The ammonia liquefies and is Figure 28.1 Flowchart of the Haber proces.

tapped off. The hydrogen and nitrogen remain as gases
and are mixed with more hydrogen and nitrogen and
passed again into the reaction chamber.




(S Manufacture of fertilisers.
‘Manufacture of nitric acid.

©e Manufacture of nylon.

The manufacture of sulfuric acid - the contact process
Sulfuric acid is manufactured ir: the contact process, which has several stages:

Stage 1: Making sulfur dioxide, $O,. Most sulfur dioxide is made by burning sulfur in air:
S+ 0,50,

Stage 2: Making sulfur trioxide, S0,. To do this, sulfur dioxide is reacted with oxygen:

250,(g) + O,(g) = 250.,(g). AH = —196 k/mol

Stage 3: Making suifuric acid, H,S0,. Sulfur trioxide is absorbed into concentrated sulfuric acid to
make oleum, H,S,0,:

H,SO,(1) + SO,(8) — HS,0,). o

Oleum is then carefully diluted to make a concentrated solution of sulfuric acid:

HS,0() + HO() — 2H,SO,(aq) -

i Sulfur dioside The reaction in stage 2 of the process is the

one that gives the process its name, since the
two gases react together in contact with a

3 solid catalyst, vanadium(V} oxide. It is also
The mixture of gases is cleaned by electrostatic a1 reversibie reaction inv{)lving gasesl 'j_‘he
precipitation, dried, heated to 400°C-500°C, and . R .
compressed to 2 atmospheres position of equilibrivm., and hence the yield

of sulfur trioxide, can therefore be affected
by temperature and pressure.

r

The mixture of gases is passed over the catalyst Since the forward reaction is exothermic, the
vanadium(V) oxide. Oxygen and sulfur dioxide 4 f sulfur trioxide would be increased b
(SO,) combine to form sulfur trioxide (SO,). yield of sulfur trioxide would be Y
The yield is 98% using a low temperature, However, the reaction
I would be slow at low temperatures, so the
{ { reaction is carried out at a temperature of
Unreacted gases Sulfur trioxide is dissolved about 450°C.
are recycled in concentrated sulfuric acid
o form oleum (H,5,0,) There are fewer molecules of gas on the right
l’ hand side (2) than on the left (3}, so the yield
P Sr— of sulfur trioxide would be increased by using
. . eum reacts with water . . N
sulfuric acid = to form sulfuric acid a high pressure. However, the yield is already

very high (about 98%) at a pressure of
2 atmospheres, so using higher pressures
would not be economical.

Figure 28.2 Flowchart of the contact process
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- Uses of suifuric acid

e Manufacture of detergents.
e Manufacture of fertilisers,

s Manufacture of paints.

The manufacture of sodium hydroxide and chlorine

Sodium hydroxide and chlorine are manufactured
together in a single process, by the electrolysis of a
concentrated solution of sodium chloride {brine).

Hydrogen is a useful by-product of the electrolysis.

At the positive electrode (anode), chloride ions lose
electrons fo form chlorine molecules:

2Ci ~(ag) > Clg) + 2e7

At the negative electrode (cathode), waier molecules gain

electrons to form hydroxide ions and hydrogen molecules:

2H,0() + 2e7 — 20H-(aq) + H,(g)

The overall equation for the reactions taking place is:

2NaClfaq) + 2H,0(1) ~> 2NaOH(aq) + H(g) + CLlg)

The diaphragm (see diagram above right} is necessary to keep apart
sodium hydroxide and chlorine. If they mix they will react together to

chiorine

{e

concentrated i
sodium
chleride

hydrogen
o f

solution ' /

titanium anode

\
steel cathode

sodium hydroxide
solution
contaminated with
sodium chloride

diaphragm

Figure 28.3 Apparatus for the manufacture of sodium

hydroxide and chicrine.

malke bleach {see uses of sodium hydroxide and chlorine below).

Uses of sodium hydroxide and chlorine

' Sodlum hydroxlde : '3'.:'.;';'C§1Iorme
: manufactureof bleach N .
: manufacture of paper ' manufacture of bieach
manufacture of soap . o

manufacture af detergents maaufacture of PVC _

1 a}) Ammonia is made industrially by the Haber
pracess. In this process nitrogen Is reacted
with hydrogen. The flow diagram shows
what ha;:upens

reactor —~>[ separator l——l ammonia |

i | nstrogen and hydrogen |

E.mam,n‘aciure of hydrochionc acnd O

EXAMINER'S TIP &
it is important to state that
“sodium hydroxide and chlorine

- are used to manufaciare . -

the materials mentioned. For
example, sodium hydroxide is.
not Usad as a bieach: it is used -
to malee bleach. The other

- common istake is to say -
- that chiorine is used to purify

; sterilising water supplles

“water. Adding chlorineto -
water makes it less pure, but
it does: however, kill the "7

- bactéria and othef harmiul. -

" micro-organisms in the water: -

(i} Give the names of the raw materials -

from which the
are obtained.

(if) State the conditions used in the reactor

nltrogen and hycfroger:
&)
(3)

(ifi) How is the ammbonia separated from -

the unreacted nitrogen and hydrogen?

(iv) What is done with the unreacted
nitrogen and hydrogen? ... =1

(M
o
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b)

Ammonium nitrate can be used as a fertiliser

to increase plant growth. It is made by

reacting ammonia sclution with nitric acid.
Write a chemical equation for this reaction. (2}

(Total 8 marks)

Crude oil is a mixture of hydrocarbons. The mixture
can be separated into fractions by the pracess of
fractional distittation.

a)

b)

<)

Fractional distiliation of crude oil produces
the fractions bitumen, diesel, fuel oil, gasoline,
kerosene and refinery gases. State one use
of bitumen and one use of kerosene.
Gasoline is used as a fuel for cars, When

gasoline undergoes complete combustion
the products are carbon dioxide and water.

{2)

{i) Write a word equation for the complete
combustion of gasoline. {1}

{if} In car engines, incomplete combustion
takes place. Why is the combustion
incomplete? (n

(iii) Explain why the incomplete combustion
of gasoline can be harmful to humans.  (3)

Fractional distillation works because

each fraction has a different boiling range.

Describe how you could ebtain a fraction

with a boiling range of 80°C to 120°C in the

laboratory from a sampie of crude oil. Name

the items of apparatus you would need. (3)
{Total T0 marks}

Crude 0il is a mixture of hydrocarbons,

a)

b)

d)

e}

Which two elements are present in the
compounds in crude oil? (2)
Crude ol is separated into fractions by heating
and passing the vapour into a fractionating
column. Explain why the fractions separate
in the column.

{2)

Two of the fractions are gasoline and bitumen.

Give one use of sach, (2)
Name two fractions formed in the fractional
distillation of crude oil, other than gasoline

and bitumen. {2}
(i} identify the two products of complete
combustion of hydrocarbons. {2}

(i} Explain why the incomplete combustion
of hydrocarbons is harmful to humans.

2
{Total 12 marks)

4 a)

b)

Iron is extracted from iron omde m &
furnace. . SRR SR
(i) Name the two solid raw mate'rl'als added
1o the top of the blast fumace w1th the
iron oxide. (2}
(i} Molten iron coltects at the bottom of _
the furnace. Which molten substance
collects above molten iron? .. - (1)
{iii) The word equation for one reaction
that occurs in the blast furnace is:

carbon + oxygen -> carbon dioxide

Write the chemical equation for this
reaction, including state symbols. {2}
(iv) The chemical equation for another reaction
that occurs in the blast furnace is:
€ + €O, — 2C0

Which substance in this equation is

reduced? (1}
After some time, rust forms on many
objects made from iron.
(i) Name two substarices needed for rust

to form on iron. (2)

(i) Iron buckets can be prevented from
rusting by galvanising. in this process
the iron bucket is coated with another
metal. Name the metal used to galvanise
iron. Describe how this metal prevents

the iron from rusting. {2)
(i) Suggest why the iron inside a motor car
engine does not rust. (1)

(Total 171 marks)

5 The diagram shows a blast furnace used to extract
iron from its ore. The name of ane of the raw
materials is shown.

0
@

(i)

(i)
)

hot air




a} Complete the labelling of the diagram using
the names or formulae of the substances. (5}

b) The word equations for two reactions
occurring in the blast furnace are:

Reaction 1
carbon + oxygen — carbon dioxide

Reaction 2
carbon dioxide + carbon — carbon monoxide

{i) Which of these reactions (1 or 2) produces
a high temperature in the blast furnace? (1)

(ii} State, with a reason, which substance

in reaction 2 undergoes reduction. (2}
¢} Why is it important that carbon menoxide
is not released into the atmosphere? (1)
d} Why is aluminium not extracted from its
ore using a blast furnace? (1)
{Total 10 marks}

The diagram shows how aluminium is extracted
on an industrial scale.

C

electrode A

electrode B

a) (i) Name the process used to extract
aluminium, {1}
{ii) Name the material used for both
electrodes A and B. (1}
{iii} Using the symbols + and ~ identify
the polarity of the electrodes A and B.
Write one symbol in each circle in the
diagram above. {1

{iv) identify the two compaounds present in
liquid C. {2)
{v) State one major cost that makes this

process more expensive than the
extraction of iron, (1}

b) The mixture of gases cb_r'ning from electrodes A
contains an element and a compound.

(i} ideniify the element. {1}

(i} Identify the compound and explain how
it forms. (2}
(Total 9 marks)

This question is about the synthetic polymer nylon.
a) Poly(ethene) is an addition polymer. What
type of polymer is nylon? {1}

b) Nylon can be made using the monomers
A and B represented in the diagrams.

HN -l - NH

2 2

monomer A

HOOC -O— COOH

monomer B

(i} What type of compound is monomer A? (1)
(if} What type of compound is monomer B? (1)

(ifi) Draw a diagram to show the structure of
the polymer formed from A and B. You
must draw enough of the structure to
make the repeat unit clear. (3)

€) Nylon has a simple molecufar structure.
Use words from the box to complete the
sentences. Each word may be used once,
more than once or not at all.

ions high low
molecules strong weak
Nylonhasa _______ melting point. This is

because there are forces between
the that make up the structure.  (3)

(Total 9 marks)




Typés of skills examined

There are three {ypes of skill assessed in both Paper 1 and Paper 2. These are:

AQ1 ~ Knowledge and understanding
AQD2Z - Application of knowledge and understanding, analysis and evaluation
AO3 — Investigative skills

This section deals with AO3. Some IGCSE examination-style questions are presented with different answers
and a discussion of these answers. One way to make use of these questions and answers is first of all to try
to answer them yourself; then compare your answers with those given and finally read the commentaries.

The questions assessing practical skilis may be part of an overall question that could also be assessing AOL
and/or AQ2 skills, or may be contained within a single question designed specifically to assess AQ3. In total,
20% of the marks allocated to each of Paper 1 and Paper 2 will be for the assessment of AO3.

In these questions you are expected to be able to:

e recognise and explain the use of common items of laboratory apparatus
e plan practical procedures

e use the idea of a fair test

e read scales to an appropriate degree of accuracy and perform siraple mathematical operations
{including finding the mean) on results obtained

o use correct units for values

o record results in tables and use data presented in a variety of formats

e draw and use bar charts

¢ plot and use graphs and draw straight lines of best it and curves of best fit
s identify relationships from graphs

e commeni on the repeatability and accuracy of data

e draw conclusions and offer explanations

o identify anomalous results and explain how they may have arisen

o evaluate provided procedures and suggest improvements

o suggest further experimental work that may be required.



‘Explanation of terms

The questions assessing AQ3 will contain terms that have a specific
meaning to the examiner. These terms are explained in the following table:

Yol are not expected to be
- able to quote these meanings

Term
1 true va%ue

- accuracy '

. precision |

¢ anomalous readings

: concordant readings

- mean (average)

,«epeatabmty e

. repmdu@b%g;w e

" variable
- continuous variable
 categoric

(discontinuous/
dlscrete) varnable

' independent variable

dependent. \;'eri.ab‘le .

* control variable

fair test

If a repea%:ed measurement of a value gives
* the same, or very similar, results each fime,
the value is prease

- A'measurement is repeatable when, under _
- the same conditions, an individual student or :
© group of students obtains the same or

. similar results.

inan examination.

i Meamng

' The value that would be obtalned ueder |deal condltlons Values from data bookiets can be
' cenSIdered to be true vaiues

An accurate measurement is one that is close te the tree value

A measurement can be premse but inaccurate
(see p 101 )

Anemaious readlngs are read[ngs ‘{hat fall outsxde the normal or expected range of
- measurements. They will show on a graph as a point, or points, standing clearly away from
- & line of best fit.

{ Concordant readmgs are obtamed when arzy measurement is repeated and all the readmgs are
. close, or identical. In titration work at IGCSE, concordant readings are those within £0.20 cm?®
: of one aeother

A mean va%ue for a set of measu rements is calculated by addlng together all the measurernents
' aeci then d[wdlng the total by the nember of measurements macie (seep 101).

The term “refiability’ has commonly been used
here in the past. It should now be replaced by
repeatability. However, if reliability is used in

an examination question, you should interpret ji
it as meaning repeatability.

- A measurement is reproducible if, under similar, but not necessarily identical, conditions
: d;fferent students or dlfferent groups of students obtam the same or similar results.

‘A quantity that is bemg measured or controlled in an expenment It can have different values.
- One example is time.

' Avariable that can have any number of mtermedlate values between those that are being

measured. For example, if in an experiment measurements of a variable are being taken every
20 seconds, then it is also possible to take readings in between those values of time. Hence

tsme is a contmuous vaflable

A varlable that cannhot have mtermedzate vaEues For example, atomic number is a ca:egonc

variabie since it can have only whole-number values - it is not possible to have a fractional

. number of protons in the nucfeus of an atom.

. The variable that is changed 10 see its effect on the dependent vanable For example, in an
¢ experiment to investigate the effect on the rate of reaction of changes in concentration of a
- solution, the concentratsoe of solution is the mdependent variable.

E The vanable that changes asa resuit of changes to the |ndependent vanable In the above
exampie rate of reactlon zs the dependent varéabi

CA vanable that can affect the outcome of an mvestlgatlon For exam ple when cnvestlgatmg the
¢ effect of concentration of solution on rate of reaction, temperature is a control variable, since
: changes in ternperatere will also have an effect on the rate of reaction.

An mvest%gat;on or experlment in Whlch oniy the values of the |ndependent variables are
! changed. The values of alf other control variables have been kept constant.




_Meamng

- Numerical values of the mdependent and dependent vanab[es that are recorded.durmg an
’ expenment or |nvestxgatlon Data is usuaiéy recorded in tables to make Compar '

' - correlation * The relatsonshlp between the |ndependent and dependent var[ables ina gwen expenment
: . or investigation.

* positive correlation  * The value of the dependent variable increases as the va!ue of the lndependent vanable also
: increases. For example, the rate of a reaction increases as the temperature increases. In a
graph a straught line or curve that slopes upwards shows posstwe correlatzon

" negative carrefation  The value of the dependent variable decreases as the value of the mdependent vanable

: increases. For example, in the reaction between magnesium and dilute hydrochloric acid, the
mass of magnesium remaining decreases as the time increases. In a graph, a straight line or
curve that siopes downwards shows negatzve correlatlon

" directly proportional If a graph of the dependent varlable plotted against the mdependent variable produces 2
stralght line that passes through the origin, then the dependent variable is directly
proportlona to the mdependent variable.

line of best fit A straight line or curve that passes through
or close to, as many of the plotied points as
possible, and ignores the anomalous resuits.

I the examination, you wilt be told whether
to draw a straight dine or a curve of best fit.

range (of avariable,  The difference between the minimum and maximum values of the independent and

or resuits) dependent variables. it is important to have as wide a range as possible in order to have
confidence in the conclusion you are making from the results of the experiment or
mvestlgatlon

degree of confidence - A qualltatlvejudgement expressmg the extent to whlch a conclusnon iS}UStlfled by the

in canclusions quality of evidence provided. In making this judgement, you need to take into account, for
example, how the experiment has been performed and the degree of accuracy of the
measurements taken. Thus, In an experiment to determine the relationship between the rate
of a reaction and the concentration of solution, you might have assumed that each reaction
mixture was at room temperature, and that room temperature stayed constant throughout the
time you were carrying out your experiments. This may be or may not be a valid assumption,
but it does put some doubt on the degree of confidence you can have in ycmr conclusion.

valid conclusion A conclusion s valid if it s supported by Valld data obtained from a fair test' expenment and
is based on sound reasoning.

More on accuracy and precision

Remember, accuracy is how close the measurement you make is to the true value. Any measurementi you
make in an experiment or investigation will have some degree of error involved. For example, a thermometer
that is graduated in 2°C intervals has an accuracy of £1°C (haif of the scale division). Hence a reading of
20°C could be 19°C or 21°C (i.e. the level of accuracy for this reading is 5%},

As well as accuracy, precision is also important. A precise instrument gives a consisieni reading when it is
used repeatedly for the same measurements.




For example: B

A beaker is weighed three times on balance A
The readings are: 74 g, 77 g, 71 g : e
Sotherangeis = 71g — 77g = 6¢g ~ o

1t is then weighed three times on balance B:
The veadings are: 76 g, 77 g, 75 ¢
Sotherangeis = 75g — 77¢g = 2g

Balance B has better precision. Its readings are grouped closer together,

However, even though an instrument gives precise readings, it may not
be accurate. For example, if the true mass of the beaker is 73 g, then
balance A has produced a more accurate value, since the mean of the
three readings (see below) is 74. The mean of the three readings taken
from balance B is 76. 74 is closer to the true value of 73 than is 76.

Calculating a mean (average)

Calculating a mean value from a set of data is usually a simple affair. For example, you have the following
five readings of the volume of gas given off during five different experiments:

21.0cm’, 20.8 o, 21.1 cm’, 20.9 em?® and 21.2 cm?

210 + 208 + 211 + 209 + 21,2
5

The mean of these values is = 21.0 cm?

However, you must take care when calculating the mean of a set of values when one, or more, of the values
is anomalous. This is most likely to occur in an examination question iavolving titration results.

You are expected to know that concordant values of titration results are those that are within 0.20 cm?®
of one another. Therefore, if you are asked to calculate the mean of the following three titration resuits:

J 25.20 cm?, 25.50 cm?, 25.00 e’

EXAMINER'STIP

B X . - Ly wryy 3 e . F11ee it § -
You are ot likely & b asked you shoi.dd treat the 25.50 cm mh?e as an9ma10us and not use it in the
to give an answer 16 & certain- . calculation of the mean. The mean is therefore:

number of sign#‘fic_ant_ figu.rgs, . 2520 + 2500 . 2510 cm?

but you will be penalised if you' 2

round up your final answer : - Also, be very careful to give your final answer to the number of decimal

to too few significant figures,:
even if a specific numberof:
decimal points has not been -
asked for. You need to look. -~
carefully at the data sipplied -
to make a decision on the: -
accuracy of your final answer.

places that the examiner has asked for, In the above example, the answer
to two decimal places is 25.10, but the answer to one decimal place
is 25.1.

Lastly, be careful when rounding up or down to give an answer to the
correct number of decimal places. For example, 25.464 is 25.46 to
two decimal places, whilst 25.465 is 25.47 to two decimal places.




}':_ Makmg and ‘vecording measurements with appropriate preclslonf

" You are expectcd to be able to use a linear scale of an instrument to an accuracy of + half of the smallest
- scale division and record the readings from the instrument to an appropriate level of precmlon For example,
look at the readings on the two thermometers shown below. :

before after The second decimal place can be 0 or 5, since the scale can be read to
70  @&precision of £0.25°C. A reading of, say, 67.75°C is possible to make.

= 3 However, this level of precision of recording measurements is only
3 = asked for when using a burette. Therefore, if the readings on the
3 30 = 65 thermometers above were given as 27.0°C and 67.5°C they would
- - be marked as correct.
= 25 = 60
= 20 — 55
before, 27.00 °C after, 67.50 °C
The scale on a burette increases
before after Now look at the example of downwards. [t is very easy to
03 515  burette readings (left). This time, read th“;'beforet value here as
- 3 1.3 cm’ for the ‘before’ reading 270 cm? and the ‘after value as
S 3 . 23.35 em®. Make sure you have
E : would be marked as incorrect, and this point very clear in your
i 225 22.6(0) em® or 22.7(0) cm* would mind when taking readings
= o also be marked as incorrect for the from a burette,
3 e g fter’ reading.
2 23] .
3 34  The numerical data obtained from an experiment or an
= = investigation should be presented in the form of a table, so that it
3-] 24~  can be analysed easily. Each column and row should have a heading
- ~  together with the appropriate unit for the measurement. For
before, £.30 cm’ after, 22.65 cm’®

example, the readings made during a titration could be recorded as:

... practicé titration Vst accurate titration * ' 2nd accurate titration -

: Fmal %)urette readmg in cm3
5 Imtlal burette readmg in cm3

: VoEume of so[utlon added in cm3 SR

Making and recording observations with appropriate precision
Observations are what you make during an experiment by using:

s your eyes (L.e. what you see)

e your ears (i.e. what you hear)

e your hands (i.e. what you feel).

Observations could also include what you can taste and smell, but this is not recommended in Chemistry
since some substances are very harmful and even poisonous.



* Most observations will be made with your eyes, but you may hear sounds such as_ smg (such as when a
piece of sodium is placed on water) or the noise caused by an explosion (such as the poppmg sound when
hydrogen is mixed with air in a test tube and then ignited).

The common observations that you make with yous eyes, and a description of what they mean, are given in

the table below:
' Observation . -’ Meamng e :
" precipitate - An insoluble solid formed when a chemlca[ Itis important to state the colour of the

reaction takes place in aqueous solution precxpltate formed.

bubbles/fizing/  The production of a gas when a chemical

e crem ; Do not say 'gas given off’ unless the gas is
effervescence reaction is occurring in a liquid or a solution

coloured, in which case you can say, for
example brown gas given off.

solution A clear liquid is produced. This observation
would be most commonly recorded when a
solid disappears after being added to a liquid
or a solution

It is important to state the colaur of the
solution formed, only in most cases this will
be colourless. It is not necessary say that the
solution is clear, since all sclutions are clear,
even if they are coloured,

solid disappears ~ When only part or none of a solid remains visible after it has been added to a liquid or a solution
Here are some examples when the above observations can be made:

1. When an aqueous schution of silver nitrate is added to an agueous solution of sodiam chloride, a white
precipitate is formed,

2. When magnesium ribbon is added to dilute hydrochloric acid in a test tube, the following observations
are made:

o hubbles are formed
o the magnesium disappears

o & colourless solution is formed

e the test tube gets hot.

Distinguishing between observations and deductions

It is important that, when you are asked to state the observations you would expect to make during a reaction,
you do not list instead the deductions that can be made from the observations. For example, do not say a gas is
evolved when the observation is bubbles. The exception to this is when the gas is coloured (see above table).

Other examples are in the table below:

Observati'or} o SR : Deductm:: '_ - o
Solid disappears ' There are two posmble dedactlons here
1. the solid has dissclved, e.g. sodium chioride added to water, or

2. the solid has reacted to form a substance that dissolves in the liquid, e.g. when sodium
is added to water, it reacts to form sodium hydroxide, which then dissolves in the water

Reacnon mlxture gets %zot i ~The reactlon or change is exotherm:c

Reaction mixture gets. co!d The reactmn or change is endothermlc



Mubinur Alam



Examination-style questions, answers
l and commentaries

Question

Marbie chips {calcium carbonate) react with hydrochloric acid,
The equation for the reaction is:
CaCO,s} + 2HCIag) — CaClfaq) + H,O(0) + CC,ig

Some students investigated the rate at which carbon dioxide gas is given off at 25°C. In separate exper?ments- _
they used different masses of the same-sized marble chips with the same volume of hydrochloric acid (an excéss). .

The students recorded these results,

Using 2.34 g of marble chips, 83cm? of carbon dioxide gas were coliected in 60 seconds. .
We got 45 cm? of gas in 1 minute when we used 1.05 g of marble chips.

With 1.47 g of solid we made 98cm? of gas in 120 seconds.

In 60 seconds 0.39 g of solid gave 29 cm? of carbon dioxide.

After 90 seconds, 1.21 g of calcium carbonate had made 54cm®of carbon dioxide.

Draw a suitable table and enter all of the results given and the units, : R _ I (3)
Answers
Student A:

234 | 83 60

1.05 45 1

1.47 28 120

0.59 29 60

1.21 54 90

Student B:

234¢g 83 cm? 505

1.05g 45 cm? 60s

147 g 98 cm? 1205

059g 29 cm? 50

1i21g 54 cm? 90 s
Commentaries

Student A: This is almost a perfect table of resuits. There are three separate columns for the three sets of data -
coliected. Each column has a heading and the units are given in the heading, although s is preferred to secs as the:
unit of time. The only mistake made is that the student has forgotten to convert the 1 minute to seconds for the
second set of results obtained. (2 marks scored - 1 for three columns with appropriate headings; 1 for correct .
units indicated. The third mark is for correct entering of all the data. This candidate fails to score this mark.} . -

Student B: Another good table of results. This time the student has decided to include the units in the columns: -
rather than in the headings. This is perfectly acceptabie, but unfortunately the student has forgotten to include the ' -
units of time for the fourth set of data obtained. {2 marks scored - 1 for columns with headings; T forall data’ .- .
entered correctly.) : SRR TP




Question

A teacher investigates how the rate of reaction between magnesium and excess sulfunc acn:i changes as the |
concentration of the acid changes. The word equation for the reaction is: S

magnesium -+ sulfuric acid - magnesium sulfate + hydrogen

The method she follows is: measuring cylinder

¢ add concentrated suffuric acid to water to make acid of the
required concentration

e use a measuring cylinder to pour 25 cm?® of the diluted acid inta

a boiling-tube :lé:fjuric
e add magnesium chips to the boiling-tube and collect the gas :
produced as shown b S e
e measure the volume of gas collected after 20 seconds. -
The measuring cylinder is calibrated in cubic centimetres (cm?). magnesium water
a) State one change that could be made to the apparatus that would give more accurate resuits, (1)
T2 b) The diagram shows the level of water in the measuring cylinder after one run.
01-= What volume of gas has been collecied? (1)
OZ“%
oe—%f
. .017_‘%
05-2
¢} Onwhich property of hydrogen does this method of gas collection depend? {1)

d) The teacher notices that the boiling-tube felt hot after the reaction. She repeats the experiment
and uses a thermometer to measure the temperature change of the reaction mixture.

before after {i) The diagrams show the thermometer readings before and after
the reaction. The thermometer is calibrated in degrees Celsius. :
What are the temperatures before and after mixing? 2)
15 35 (i)} Calculate the temperature change. (1)
{ifi) What could be done to keep the temperature of the reaction
mixture more constant? {1)
30 30
25 25
20 20

e} State two variables, other than temperature, that must be kept constant to make the investigation o
a fair test. - {2]




i) fﬁa_tabl_e‘- shows the teacher’s results.

0 16 48
15 62 &3 62
20 75 74 71
30 65 63 67
40 50 33 46
50 33 34 35
&0 . 27 23 22
{i} Forwhich concentration of acid are the results most repeatabie? - © (1)
{ii} Identify which one of the results is anomalous and explain what may have happened to
cause this anomaly. S {2)
{iii) Calculate the mean volume of gas collected in 20 seconds when the acid had a '
concentration of 60%. o (1)
Answers - parta A burette would alsc be more

accurate.

Student A: Use a pipette to measure the volume of the acid.

Student B: Collact the gas in a gas syringe. . .
uden & £As Syring A third way of scoring this

Commentaries - parta mark would have been to use

a divided reaction flask that

keeps the magnesium and

acid separate until the bung is

Student B: A gas syringe is more accurate than a measuring cylinder. replaced and the flask is shaken
(1 mark scored) to mix the reactants.

Student A: A pipette is more accurate than a measuring cylinder.
(1 mark scored)

Answers ~ partb
Student A: 37 cm?®
Student B: 43 cm?®

Commentaries - part b
Student A: Correct answer, (1 mark scored)

Student B: This student has not realised that the measuring cylinder is upside down and, thereforé, that the scale
starts from zero at the top. {no marks) :

Answers - part ¢
Student A: 1t does not dissolve in water,
Student B: It is less dense than water.

Commentaries - part ¢

Student A: Correct. (1 mark scored) _ If hydrogen is collected in air,
then the density is important. It
wouid be coliected by upward
defivery since it is {ess dense
than air.

Student B: This is a correct statement, but all gases are less dense than water
and this is therefore not the property of hydrogen, in particular,
that is important here. {no marks)




- Answers - part dio

 Student B (i) before: 22.5; after 38.5. (ii) 16, (iii) Insulate the reaction tube by putting fagging around it,

' Commentaries - partd

Student A: Answers to all parts are correct. (4 marks scored)

Student B:" (i) Answers are correct. Although the units are not given, this is overlooked since the units are given in
the question. (i) An answer to two significant figures is acceptable here. Again the lack of units is
overlooked. (iii) Lagging the test tube would make matters worse since less heat would be able to
escape. The reaction mixture would, therefore, get even hotter than before. (3 marks scored)

EXAMINER'S TIP &
In this experiment the same
amount and the same mass are
identical answers, since 1.2 g
of magnesium is 0.05 mol, and
both contain the same number
of atoms of magnesiurm. You
must be careful, however,
when different substances are
used in the experiments. If, for
example, five different metals
were being added to solutions
of the samae acid, then to make
a fair test it is importantto -
take the same amount of each
metal in order to have the
same number of atoms of each.
The same mass would give
different numbers of atoms, -

EXAMINERS TIP &
When two or more marks are
aliocated for a calculation it is
always advisable to show your
working. If you make a mistake
in catculating your final answer
you can be given some marks
for the correct method of -
working out your answer.

" student'A: (i) before: 22.5°C; after 38.5°C. (ii) 16.0°C. (fil} Put the reaction tube i a water bath.

Answers - part e
Student A:
Student B:
Commentaries - part e

Student A:

Student B:

Answers - part f
Student A:

Student B:

Commentaries - part f

Student A:

Student B: (i} Correct answer. {1 mark scored)

Sarne mass of magnesium. Same volume of acid.

Same amount of magnesium. Same size of magnesium chips,

Same mass of magnesium is correct. Same volume of acid is not
correct. As long as there is enough acid to completely cover the
magnesium and react with it for the length of the experiment,
the volume of acid used wili make no difference to the volume
of gas given off in 20 seconds, (1 mark scored)

Same amount (i.e. same number of moles) is correct. Same size
of chips is correct. {2 marks scored)

{i} 15% (i} 33; The bung was not placed tightly enough into the
reaction tube so some of the gas escaped and was not collectad
in the measuring cylinder. {iit) meimw = 24cmd,

{i) second one {ii) 33 for the 40% acid; it was timed incorrectly
{ifi) 24.

(i} Correct answer since the three measurements of velume are
closer together than are any of the others. (T mark scored)

(i) There are two measurements of 33 and this student has not
stated which one, hence this mark is not scored. However,
the reason given is valid for the 33 of the fifth experiment.
in this situation the examiner would give the student the
benefit of the doubt and assume that the experiment
referred to is the one with 40% acid. {1 mark scored}

{iii} Correct answer, {1 mark scored)

{if) The correct anomalous result has been identified, but the reason given cannot be credited since
the student has not stated whether the time was too short or toc tong. (1 mark scored)

{iii} Correct answer. Only cne mark is allocated for this answer, so working is not required. Also, the
lack of units is overlooked since they were given in the question. (1 mark scored)




- he" iagrarms show a selectlon of apparatus you
: :ﬂnd ina chemlstry laboratory.

¢ 1
\ 7 J
™, / / k
; i
\\ { / E

il /

i 7

7

B C
o
D E F

a) Complete the table by adding the name

of each piece of apparatus. {3)
o letter - - Name
B filter funnel
D test tube
o ?ipet{e S

b) Select the letters of two pieces of apparatus
that you would normally use to measure
accurately the volume of a liguid. {2)

¢) Which piece of apparatus is needed to
separate particies of a solid from a liquid? (1)

{Total 6 marks)

2 The diagram shows pieces of apparatus-
measiire the volume of a ftquld

:_E 50
ERN -3 W
a) In the table write the name of each.piece_ .
of apparatus and the volume of liquid being.
measured. _ (8)
0 Nameet | Volumeof
. 'apparatus ... liquid (cm?) -
D

b) (i ) Give the letter of the apparatus thatis
the least accurate. (1

{if) Give the letter of the apparatus that
is the most accurate for measurmg
20 em?® of a liquid. - (1)

{Total 10 marks)



: . 3 Alcohols are flammable and can be used as fuels.

A student carried out an investigation to see if
there was a relationship between the number of
carbon atoms in an alcohol and how much energy
it gave out when burned. The diagram shows the
apparatus used.

FE thermometer

e COPPEr Can

= 100 ¢ of water

spirit burner

alcohol being tested

The student placed a spirit burner containing
methanol under the can of water. She lit the spirit
burner, heated the water for two minutes and put
the spirit burner out. She repeated the experiment
two more times, As the fuel was burned, the mass
of the spirit burner became less. She repeated the
experiment with three other alcohols.

a) The table shows the results obtained.

S : ;Ter:ip' © Mean
" Mass | Temp - change . temp
S o of o change . per . change
Name - Formula . fuel - of. gram - per gram
;. of . of used = water - of fuel - of fuel
© aleohol | aleohol - {g} ¢ (€} {Cg}: {°Cg)
: 034 ©o4s2
methanol  CH,OH 079 385 = 487
Q76 370 487
078 525
sthanol  CHOH 064~ 430
068 455
054 370 683
propanol  CH,OH 049 © 300 61.2

057 465 816
_ _ 043 355 826
butanol  CHOH - 047 385 819
' 051 420 0 824

(i) The diagrams show'the thermometer
readings before and after heating the
water in the first experiment for methanol.
Record the temperature shown on each
thermometer. Calculate the temperaiure

change for this experiment. (3}
before after
= K
= 30 3 65
325 = 60
=20 - 55
Termnperature temperature
before after .o °C

{ii} Other than measuring the temperature
of the water before and after heating,
what measurements must have been
taken o get the results shown in the
table above? (1

{iii) The temperature change per gram of fuel
used is calculated using the equation:

temperature change per grarn of fuel = femperature change

mass of fue! used

Complete the table above to show the

temperature change per gram of fuel

for each experiment using ethanol. (3}
{iv) For each fuel, calculate the mean

temperature change per gram of fuel.
Record your answers in the table above. (2)

b} Use the information in the table above to

help you answer this question.
{i) Are the results obtained for methanol

refiabie? Explain your answer. {1}
{ii) The results for propanol are not

reliable. Explain why not. (1)
(iti) What should the student have done _

about the results for propanol? (2)

The student made the following conclusion.
As the number of carbon atoms in any fuel
increases, the energy given out when one
gram of the fuel is burned also increases. R
Are the results obtained sufficient to support -
this conclusion? Explain your answer. A2)

(Total 15 marks)




““Solutions of fead(lt) nitrate and potassium iodide

- Yeact together to make the inscluble substance

‘lead(ll} iodide. The equation for the reaction is:

Pb(NO,),(ag) + 2Ki{aq) — 2KNO,(aq) + Pbl,(s)

An investigation was carried out to find how much

precipitate formed with different volumes of lead{|l}

nitrate solution.

* A student measured out 15 em? of potassium
iodide solution using a measuring cylinder.

* He placed this solution in a clean beiling-tube,

- Using a clean measuring cylinder, he measured
out 2 cm? of lead(ll) nitrate solution {of the same
cencentration, in mol/dm3, as the potassium
iodide solution). He added this to the potassium
iodide solution.

* A cloudy vellow mixiure formed and this was left
to settle.

* The student then measured the height (in ¢m)
of the precipitate using a ruler,

The student repeated the experiment using different
volumes of fead(ll) nitrate solution. The graph shows
the results obtained.

ES
:

Al

[

i

Height of precipitate in cm

o
s

2 4 & 8 {0 12 14 I8
Velume of lead(ll} nitrate solution added in em?
a} () On the graph, circle the point which
seems to be anomalous. {1}

{ii} Explain two things that the student
may have done in the experiment to

give this anomalous result. {4}
(iii} Why must the graph line go through
(.02 (1)
b} Suggest a reason why the height of the
precipitate stops increasing, (1)

¢) (i) How much precipitate, in _g"rri:?i, has been -
made in the tube? )]

solution of
soluble salts

precipitate of
solid lead(l}) iodide

{ii) Use the graph to find the volume of
lead(l1} nitrate solution needed to
make this amount of precipitate, {1

d} After he had plotted the graph, the student
decided he should obtain some more results,
{i} Suggest what volumes of lead(|1} nitrate
solution he should use. (1)
{ii} Explain why he should use these votumes. (1)
e) Suggest a different method for measuring
the amaount of precipitate formed., This
method must not be based on the height
of the precipitate. {4}
{Total 15 marks)

Sodium thiosulfate solution and hydrochleric acid
react to form a precipitate of suffur. This precipitate
makes the mixture go cloudy.

- A student placed 10 cm? of sodium thiosulfate
solution and 30 cm? of water in a conical flask.

* She then added 10 cm? of hydrochlaric acid.

» She placed the conical flask on a piece of paper
with a black cross.

* She timed how long it took until she could not
see the cross through the conical flask.

;; student locks from above

&

conical flask
/

reaction mixtura

paper with
black cross




She repeated the experiment using the same
volumes of sodium thiosulfate solution, water
and hydrochloric acid at different temperatures.

The graph shows her results.

Time in seconds

0 10 20 30 40 50 60 70
Temperature in °C

a) When should the student have started

her stopwatch? (1)
b} (i} Circle on the graph one result that is
anomalous. (1

(i) Explain what may have happened
during the experiment to preduce
the anomalous result, (3}

{iii) Use the graph 1o find the time taken for
the cross to be no longer visible at 32°C. (1)

¢} The student used her results to work out the
rate of the reaction at different temperatures.
The equation she used was:
1

time taken

Calculate the rate of reaction at 32°C. (2)

d} The second graph shows how the rate
of reaction changed as the temperature
was increased.

J T o
PCE aEe ;
0.8

rate of reaction = .

o 1o 20 30 40 50 60 70
Temperature in °C

The student looked at her graph and

decided the results were least accurate

at high temperatures. Give two reasons

why the results are least accurate at high

temperatures. {2)

g) {i) Describe the 'relatiohsﬁiga between the
temperature and the rate of reaction. (2)
{ii) Use scientific knowledge to explain why
increasing the temperature has this effect
on the rate of reaction. (3)

f} The student decided to use the same reaction to
investigate how the rate of reaction was affected
by changing the velume of hydrechloric acid,
Qutline the method she should use. (4)

(Total 19 marks)

Sulfur dioxide is a toxic and acidic gas. When it is
dissolved in rainwater, acid rain is formed. A student
wanted to investigate how the solubility of sulfur
dioxide varies with temperature. He suggested the
foliowing plan.

s Piace 100 ¢m? of water in a beaker.
+ Place the beaker on a balance.

- Bubble gas inio the water using the apparatus
shown in the diagram.

Fowy,
W

gas flow

funnel

100 em’
water

balance

- Conlinue to pass gas into the water until the mass
of the beaker and its contents stops changing.

- Repeat the experiment at different temperatures.
The table shows the student’s preliminary results,

viass of Mass of
beaker and beakerand
water at Temperature =~ solution at
start (g) CQ  end(g)
150.0 15 "I_62.7 B
150.0 20 1606
150.0 25 _? 59.()_
150.0 30 1_57._6

a} What mass of suifur dioxide dissolved in -~~~ .
the water at 20°C? (1)




“b)-:How daes the solubitity of sulfur dioxide
change as the temperature is increased? (1)
c) State one safety precaution the student

- should take when doing this experiment.

Why is this precaution needed? (2)

The student did an experiment at a temperature
Just over 36°C. He noticed that the balance
reading increased at first, but then slowly
decreased and did not become constant. He
did an experiment at about 90°C. The decrease
in the balance reading occurred much more
quickly than at 30°C.

(i) Suggest why the mass decreased
slowly when the temperature was just

over 30°C. {1}
(i1} Suggest why the mass decreased more
quickly at about 9G°C. (1}

Sulfur dioxide is an acidic gas. Qutline

ancther way the student could compare the
amount of sulfur dioxide dissolved in the water
at different temperatures, {1}

{Total 7 marks}

Barium chlcride and silver nitrate solutions can

be used to test for the presence of some anions in
solution. The table shows the results obtained when
some salutions are tested with these reagents,

chloride 2. no change 2 no change

* sodium 1. white precipitate "1. no change
sulfate 2. no change 2. no change
sodium ; \gﬁ:ce pe;er-::mtate ; \Cu;fll::e F;ngmte

carbonate PP PP

fizzing f:zzmg

A student is given six solutions, labelled U, V, W,
X. ¥ and Z, each containing a mixture of two
sodium compounds from the table above. He
tests each solution with the reagents shown.

: 1.BaClfaq) . 1.AgNOjaq)

" Solution * 2. then HCi(aq) - - 2. then HNO,(aq)
sodium 1. no change ‘1. no change
hitrate 2. no change 2.no change
sodium 1. no change 1. white ;Jremp%tate

The student is then told to use
the information from the table above’ to ldentlfy
the two anions present. Mis results and: SR
conclusions are shown below e

: 1 Bac,z(aq){: . RO

T, white :
S precipitabe 5
S U2 precipitate precipitate  iteate |
R disappears, disappears, :
I
o L whide 1. whike 5 .
v pedsiiepredpiie  cHonde
SN2 no change Z. vo change :
ST white 1. no change :
S ivikate : chloride
G W PR 2onochange . Sitrate
G Zone dhange : i
SN L vo change 1. whike carb abe
: : P : on H
L .X.- 2. vo chonge L precip : suifate
.Z.no change - ]
1. white 1. white :
P"?—CLP Pm&f‘ carbonake |
. fizzing 2., precipitate chloride,
disappears, _
: . flzzing
1. white. 1. whibe. , :
o precipibate precipitate nitrabe. :
R precipitate 2, precipibate gifare
' disappears, | remains, ; :
fiedng  fuzding

a) Identn’y choosing from the letters U, V, W,
X, Y and Z, two solutions in which both
anions have been correctly identified. (2)
b} Identify, choosing from the letters U, V, W,
X, ¥ and Z, two solutions in which both anions
have been wrangly identified. {2)

(Total 4 marks)



" A number of examiner's tips and advice have already been given throughout Sections A to T,

Section F has provided information and advice on answering questions based on investigative skilis (AO3).

The purpose of this section is to offer some advice on answering questions assessing skills AQ1 and AO2. “j
This will, once again, be attempted by providing different answers to some IGCSE examination-style :
questions and then discussing the relative merits of each answer.

Vocabulary used by examiners

First, it would be useful to have some understanding of the ‘command words' used by examiners when
writing questions. The table below provides information on the meaning of some specific command words

used in examinations:

: Command word
analyse and interpret

¢ calculate

" describe

. distinguish

explain

identify
name, state, give

”p.redict

S_Ugé.e.st e

" using the information
* in the diagram/on the

Identify appropriate differences in a given context

: Meaning
Identify, with reasons, the essential features of the information or data given. This may
_involve some manipulation of the data.

Perform a numerical calculation usin.g.th.e data éupp%ied and sﬁpply afinal answer to the
appropriate degree of precision. You are advised to show all of you working, since same

- marks may be awarded for a correct method, even if arithmetical mistakes are made.
. Requires candidates to state in words (using diagrams where appropriate} the main points

' of the item or process for which the description is requested. The amount of description
: r_equired should be interpreted in the light of the marks available.

| Use appropriate scientific knowledge to give reasons or explanations for the information or

data given. This will usuaily be a 2, 3 or 4 mark question and answers should go beyond just

 repetition or reorganisation of the information or data provided. You should check that your :
* response answers the guestion, Why ..?'

* Short factual answers are required. If asked to identify a substance or a particle, then either

" the name or the correct formula may be given,

- Short, factual answers are required, possibly with precise use of scientific terms. Often one- :

word answers are sufficient.

: Implies that candidates are not expected to produce the required answer by recall but by
_making a logical connection between other pieces of information. Such information may be
“ wholly given in the question or may depend on answers extracted in an earlier part of the

- question. ‘Predict’ also implies a concise answer with no supporting statement required.

. The answer required may include material or ideas that have not been learnt diractly from

the specification. A reasonable suggestion, using relevant scientific knowledge and
understanding of related topics, is required. The question may be related to unfamiliar

- situations or may relate to familiar situations in which there may be more than onhe
* acceptable answer. -

" Refer only to the information presented in the guestion, not other exam ples or knowledge.

graph/in thetable




Examination-style questions and answers

Question - .
Rubidium reacts with oxygen, chlorine and water in a simitar way to other Group 1 elements. -

{i} Suggest the formula of the compound formed when rubidium reacts with oxygen and with chlorine. {2}

(i) Asmall piece of rubidium is added to water in a glass beaker. Suggest two observations you are

likely to make during the reaction. (2)
{iti) Write a balanced chemical equation for the reaction between rubidium and water. Inciude

state symbols. _ {(3)
Answers

Student A: (i} Rb,0 and RbC!
(i) Effervescence and rubidium moves arcund the surface of the water
{ifi) 2Rb(s} + H,O() — Rb,0(aq) + H,lg)

Student B: {i} RbCand Rh,0
{ii) Bubbles of gas, effervescence, a flame is seen and rubidium sinks

(iii) 2Rb(s) + 2H,0(l) — 2RbOH(s) + H,(g)

Commentaries
Student A: {i) Both formulae are correct. (2 marks scored)

{ii} Both abservations are reasonable, since that is what happens when lithium, sodium or potassium is
added to water. {2 marks scored)

(iii} The formula for the rubidium compound formed is incorrect. It is a very common mistake to
assume that a metal oxide, and not a metal hydroxide, is formed when a metal reacts with water,
Because the formula for one of the substances in the equation is incorrect, it is usual to give zero
for this answer; the balancing and state symbol marks are not awarded if any one of the formulae
is incorrect. However, in this particular case, Rb,O is not an unreasonable suggestion for the
compound formed, and hence the mark for state symbols might be given. (1 mark scored)

Student B: (i) Both formulae are correct. Although they are given in the wrong order, this does not matter unless
specific spaces have been left for each answer, in which case the student would have lost 1 mark
out of the 2. (2 marks scored)

(i) Bubbles of gas is correct, but effervescence is an alternative to bubbles and does not score an extra
mark. ‘A flame is seen’ is a reasonable observation to suggest, since a flame is produced with
potassium, and rubidium is more reactive than potassium since it is below it in the group. However,
this student has added another observation than is not reasonable. There is no evidence to suggest
that rubidium will sink; the expectation is that it will do the same as the other afkali metals above it
in the group and float on water. Hence this has to count as an incorrect observation and cancels
out one of the correct ones, {1 mark scored)

(iii) Al formulae are correct and the equation is balanced. However, the state symbol far RbOH should
be (aq) not {s), so that state symbol mark is lost. (2 marks scored)




- Qﬁéstiori
A ﬁtudént has four solutions labelled A, B, € and D.

Each solution contains one compound from the foliowing list:

KNO, FeCl, Fe(NO,), Cuso, NH,CI

The student did some simple tests to identify the compounds present.

The table shows the tests and observations,

Col hydroxide solution nitrate solution
A colourless pungent gas given off white precipitate
B blue blue precipitate no change
c colourless no change no change
D green green precipitate white precipitate

a) {i) What is the pungent gas formed by solution A?
(it} Which ion must be present in A for the white precipitate to form?
(iif) Which ion must be present in B for the biue precipitate to form?
(iv) Which ion must be present in D for the green precipitate to form?
b) (i} Which compound in the list can be indentified using barium chloride solution?

(ii} State one compound in the list that can be identified using a flame test. State the colour of
the flame.

¢} (i) Silver nitrate solution, AgNO,{aq), is added to a solution of lithium iodide, Lil. Describe what is seen.

(i) Write the chemical equation, including state symbois, for the reaction.

Answers
Student A: a} (i) NM, (i} €I~ (iif) Cu** (iv) Fe**
b) (i) CusQ, (ii) KNO;; Lilac
¢) (i) Yellow precipitate (ii) Ag*(aq) + 17(aq) — Agls)
Student B: a) (i) ammonium, NH, (i) chlorine ion (iii) copper ion (iv) iron ion
bj {i) sulfate ion {ii} copper sulfate; blue-green
¢) (i) Yellow solid {ii) Lilaq) + AgNO,(aq) — LINOs) + Agllaq)

Commentaries

Student A: a) All four marks scored. Formulae are acceptable for the answers since the question did not ask
for names.

b) All three marks scored.

¢) (i) Yellow pracipitate is correct (T mark scored)

(i) Although an ionic equation was not asked for it is perfectly acceptable. All formulae are correct; .

the equation is balanced and all state symbols are correct. (3 marks scored)

Student B: a) {i) Although the correct formula for the gas is given, the mark is lost because of an incorrect name.
t is a very common mistake to confuse the names of the gas {ammonia) and the ammonium ion. .

(NH,™), so take care when writing your answers.




Question

(i}, The correct name for the ion is chloride, not chlorine, so this answer does fot SCO;

- {iii} The correct answer here is copper{]l}, since copper can also form a copper(i) ion. However, in

this case copper would be marked correct, since only one copper ion is mentioned in th'é'-_ »
specification. (1 mark scored) ST

{iv} Iron ion is not sufficient to score the mark. Iron forms two ions: ron{l!} and i'ron'(!l'[).' iron(ll} ions
produce a green precipitate with sodium hydroxide solution, whilst iron((l1) ions produce a
brown precipitate. R

b) (i} The student has not answered the question. Although the sulfate ion can be identified using

barium chlaride solution, the question asked for the name of the compound that could be
identified.

(i) Both marks are scored here. Although the identification of copper(ll) ions using a flame test is
not on the specification, it nevertheless can be identified this way, and the colour of the flame is
correct. (2 marks scored)

<) @ Solid is an acceptable alternative to precipitate. (1 mark scored)

(ii) All formula are correct and the equation is correctly balanced. However, the state symbois for
LINO, and Agl are the wrong way around. (2 marks scored)

The conversion of ethane to ethene is represented by the following equation:
CHdgl —» GH,(g) + Hy(g)

The table shows some bond enargies

‘Bon

Bond energy in ki/mol | 348 612 412 436

a) (i} Ethane and hydrogen contain only single bonds. Ethene contains both single and double bonds,

Draw a displayed formula for each of the molecules ethane and ethene in the following equation.
ethane — ethene + hydrogen

He M (2)

(ii) Use your displayed formulae and the information in the table to calculate the energy change

occurting in the conversion of ethane into ethene. (3)

b) At room temperature and pressure the conversion of ethane to ethene is very slow.

State two changes in the conditions that would increase the rate of this reaction, (2}

¢) The equation below represents a reaction of ethene that is used in industry.

Answers

2GH(g) + Oyfg) = 2(CH,),0{E  AM = —214 kJ/mol
{i) What do the symbols == and AH represent? (2)
(ii) The reaction is carried out at a pressure of 2 atmospheres and a termperature of 300°C.

Predict and explain what would happen to the amount of praduct formed at equilibrium if,
first of all, the pressure was increased at constant temperature and, secondly, the temperature
was increased at constant pressure. {4)

Student A: a} (i} H H H OH

H—C—C—H  and c=c‘:
|
H

H M H



(i) T (bonds broken) = 1(C~C) + 6(C—H) = 348 + (6 X 412) = 2820
¥ (bonds made) = 1(C=C) + A(C—H) + 1{H—H) S

L =612 4 (4 X 412) + 436 = 26961
AH = {2695 — 2820) = —124 kj/mol

b) Increasing the temperature and increasing the pressure.

¢} {i) = represents a reversible reaction
AH represents the enthalpy change in the reaction

(fiy Anincrease in pressure would cause the amount of product te increase. This is because there

are fawer molecules on the right hand side and hence the equilibrium position will shift to the
right.

An increase in temperature would cause the amount of product to decrease. This is because
the forward reaction is exothermic and hence the position of equilibrium will shift in the
endothermic direction, which is to the left,

Student B: a) (i) HoH H H

| |

pg— G CH and Cr(C
Lo Lo
{ii} £ {bonds broken) = HC—C) + 2(C~H) = 348 + (2 x412) = 1172 |
¥ (bonds made) = 1{C=C) + 1(H~H) = 612 + 436 = 1048
AH = (1172 — 1048) = 124 K}
b} increase in pressure and increase in concentration of reactants.

¢) (i) == represents that the reaction can go in both directions

AH represents the heat of reaction

{ii} There are more molecules of gas on the left hand side so the equilibrium will shift to the right
when the pressure is increased, This will increase the amount of product formed.

The equilibrium wilt shift in the endothermic direction when the temperature increases, which
is to the right in this reaction. This will increase the amount of product formed.

Commentaries
Student A: a) {i) Both displayed formutae are correct. {2 marks scored)

(i} Calculation of bonds broken and bonds made are both correct (2 marks scored). However, the
student has calculated AH incorrectly, It should be T (bonds broken) — £ (bonds made) to give
an answer of +124 kj/mol. Therefore the third mark is lost.

b) The student has correctly indentified that an increase in both
temperature and pressure will cause an increase in the rate of
reaction, {2 marks scored)

An increase in pressure causes
an increase in rate because
the reactant is a gas. A change
¢) (i} The explanation of both symbols is correct. (2 marks scored} in pressure has no effect on
reactions where the reactants

(i} The prediction and explanation are correct for an increase are either solids or figuids.

in pressure. (2 marks scored)

Although the student has calculated AH incorrectly in
a) {ii}, the prediction and explanation offered are consistent with the value calculated. Hence
the answer is marked correct under the ‘error carried forward’ rule. (2 marks scored)




3oth displayed fcﬁ'r'rﬁu'léé'are correct. {2 marks scored) IR o
o P Y ( ) This student decided to use
{if) The calculatlon is correct. The omission of the positive SIgn only those honds that are

is zgnored However, if the reaction had been exothermic, it actually broken and formed in
* “wouild haveé been essential to include the negative sign for the reaction. This is perfectly
o AH, (3 miarks scored} acceptable.

S

b !h'cr'ease in pressure is correct and scores a mark, but no extra
mark can be given for increase in concentration of reactant.

- Since the reactant is a gas, an increase in pressure causes an increase in concentratlon 50 these two
answers are the same. {1 mark scored)

¢} (i) The reaction can go in both directions is equivalent to the reaction is reVersibIe

The student shotid have said heat change in the reaction, but this would be |gnored
(2 marks scored)

(i} More molecules on the left hand side is equivalent to fewer maleculss of the right. Hence the
explanation and the prediction for an increase in pressure are both correct. (2 marks scored)

Explanation and prediction are again both correct. (2 marks)
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A substance that produces hydrogen ions
. (") when dissolved in water.

. acid-alkali indicator A substance used to show

' if a solution is acidic or alkaline. It will have a
different colour in each type of sohition.

acidie solution A solution that hasa pH < 7.

acid rain Rain that has a pH < 5; produced when
gases such as suliur dioxide dissolve in rainwater.

activation energy The minimum energy required
by colliding particles for reaction to occur.

alkali A base that dissolves in water to form
hydroxide ions (OH™).
alkaline solution A sclution that has a pH > 7.

alkane A saturated hydrocarbon with the general
formula C H,,,,.

alkene An unsaturated hydrocarbon with the
general formula C H,,.

anion A negatively charged ion. For example, CI-,
0, OH", NO, ", etc.

atom The smallest particle of an element that can
take part in a chemical reaction.

atomic number The number of protons in the
nucleus of an atom.

base A substance that neutralises an acid to form
a salt.

bauxite The main ore of aluminium, from which
aluminium is extracted.

brine A concentrated solution of sodium chloride
in water.

catalyst A substance that speeds up a chemical
reaction but which is chemically unchanged at
the end of the reaction.

cation A positively charged ion. For example, Na*,
Mg®, APP*, NH*, etc.

combustion
burning.

A chemical reaction involving

compound A substance made up of two or more
elements chemically combined together.

contact process The name of the industrial
precess used for making sulfuric acid.

corrosion A chemical reaction between a metal
and oxygen in the air.

covalenit bond The force of attraction between
the nuclei of two atoms and a pair of electrons
shared between them.

cracking The process of breaking:_ion'g#chain
alkane molecules into short-chain alkanes
and alkenes.

cruode oil A naturally occurring mixture of many
hydrocarbons.

cryolite A mineral of aluminigm used in itg
molten form for dissolving aluminium oxide in
the electrolytic manufacture of aluminium.

decomposition Breaking down a compound into
simpler substances (either elements and/or other
compounds).

diffusion The movement of particles (atoms,
molecules or ions) from an area of high
conceniration to one of lower concentration.

displacement reaction A reaction in which one
substance replaces another, for example chlorine
displacing bromine from a bromide or zinc
displacing copper from a copper salt or zinc
displacing copper from copper(If) oxide.

distillation The process of separating a liquid
from a solution of a solid in the liquid.

dynamic equilibrium  The condition that exlsts
when the rate of the forward and backward
reactions in a reversible reaction mixture
are equal.

effervescence The rapid production of bubbles
of gas produced during a reaction taking place
in agueous solution.

electrode A solid electrical conductor that forms
the connection between the electrolyte and the
external electrical circuit in electrolysis.

electrolysis The decomposition of a substance
by passing an electric current through it.

electronic configuration The way that the
electrons are arranged into shells in an atom,
for example Na 2.8.1.

eleciron A negatively charged sub-atomic
particle.

element A substance made up of atoms that all
contain the same number of protons.

empirical formula The simplest whole-number
ratio of atoms present in a compound.

endothermic reaction A reaction that takes in
heat energy.

exothermic reaction A reaction that gives out
heat energy.



: Féi-'ﬁﬂay constant The quantity of electric charge
carried by one mole of electrons.

fermentation The conversion of glucose to
ethanc! and carbon dioxide.

flame test A method of identifying a metal cation
by the colour it produces in a non-luminous
Bunsen flame.

fraction A mixture containing several compounds
all of which have similar boiling points.

fractional distillation The process of separating
the liquids in a mixture of miscible liquids,
using the fact that the liquids have different
beiling points.

Haber process The name of the industrial
process used for making ammonia.

kalogen
Table.

homologous series A group of organic
compounds in which each member differs
from the next member by a —CH,~ unit.

hydrocarbon A compound made up of only
the elements hydrogen and carbon.

An element in Group 7 of the Periodic

immiscible liquids Liquids that do not mix
together.

intermolecular force The force of attraction
between individual molecules.

ion An electrically charged atom or group of
atoms, for example Na*, CI", NH,*, SO,*, etc.

jonic bond The force of attraction between
oppositely charged ions in & compound.

isomers Compounds that have the same
molecular formula but different displayed
formulae.

isotopes Atoms of the same element that have
different masses. They contain the same number
of protons but different numbers of neutrons.

litaus The most common acid-atkali indicator,
It is red in solutions with a pH £ 5 and blue in
solutions = 8.

mass number The sum of the number of protons
and neutrons in the nucleus of an atom.

metallic bond The force of attraction between
the positive metal ions and the delocalised
electrons in a metal.

mineral A rock found in the Earth’s crust that
contains a metal or a metal compound.

miscible liquids Liguids that can mix together.

mixture A combiﬂatibr_l;gp'f'.'_th or more
substances (elements and/or compounds) that
are not chemically joined together.

meolayr enthalpy change: The net heat energy
change per mole in a chemical reaction.

molar volume The volume of one mole of a gas.
Atrtp. itis 24 dm?®

mole The amount of substance containing
$ X 10% particles (atoms, molecules or
formulae} of the substance.

moelecular formula  The exact number of atoms
of each element present in a molecule of a
substance,

molecule The smallest particle of a substance
that can have a separate, independent existence.

monatomic molecule A molecule that contains
only one atom (e.g. those of the noble gases).

monomer The unit molecule from which a
polymer is made.

neutralisation The reaction between an acid
and a base to preduce a salt.

neutral solution A solution that has a pH of 7.

neutron A neutral sub-atomic particle present in
the nucleus of atoms.

ore A mineral that contains enough of a metal
or a metal compound to make it worthwhile
extracting the metal.

oxidation The removal of electrons from a
substance, or the addition of oxygen.

oxidising agent A substance that is capable of
oxidising another substance.

Periodic Table A table in which the elements are
arranged in order of increasing atomic number.
Flements with similar properties appear in the
same groups (vertical columns).

polymer A long-chain molecule made up of
repeating units of monomers.

precipitate  An insoluble solid formed from a
reaction taking place in agueous solution.

product A substance made in a chemical
reaction.

proton A positively charged sub-atomic particle
found in the nucieus of atoms.

reactant A substance at the start of a chemical
reaction.

reaction rate A measure of change in
concentration of a reactant with time. The
greater the change the faster the reaction.




Tedo reactx u * A'reaction in which both
“reduction and oxidation are taking place,
* reducing agent A substance that is capable of
reducing another substance.
reduction The addition of electrons to a
substance, or the removal of oxygen.

relative atomic mass (4 ) The weighted mean
mass of an atom of an element relative to one-

relative formula mass (M) The sum of the
relative atomic masses of all the atoms present
in the formula of a substance.

reversible reaction A reaction that can take
place in both directions. It is represented by the
use of the symbol == in the equation.

rusting A chemical reaction between iron and
oxygen and water from the air in which rust
(hydrated iron{III) oxide) is formed.

salt A substance formed when the hydrogen ions
in an acid are replaced by either metal ions or
ammoniwm jons,

twelfth (wf“é—) the mass of an atom of carbon-12.

saturated hydrocarbon A hydrocarbon
containing only single bonds.: :

slag  The waste material produced in the blast
furnace during the production of iron.

theoretical yield The maximum amount of a

product that could be formed from a given
amount of a reactant.

thermal decomposition Breaking down by
using heat.

titration A method to determine the exact
volume of one solution that will react with a
given volume of another solution.

unsaturated hydrocarbonr A hydrecarbon
containing a carbon—carbon double bond.

vield The amount of product obtained in a
chemical reaction. It is usually expressed as a
percentage of the maximum possible amount of

product that can be made from a given amount
of reactant.



A

acidrain 49, 93

acids 68, 70-1
addition reactions 63
air 46

alkalis 68

alkanes 612

alkenes 62-3
ammonia 55, 934
ammonium chloride 81
ammonium ions/salts 53,73
anions 34-5

atomic numbers 5
atoms 2-3, 5-8

B

bases 68

bond energies 77-8
bromine 3, 43-5

C

carbon 52

carbon dioxide 48-9, 55
carbonate ions 54

catalysts 80

cations 53-4

chiorine 43-5, 55
compounds 4, 5
concentrations (solutions) 17-18
condensation reactions 92-3
copper(ll} sulfate 80-1
covalent substances 22-5
cracking (hydrocarbons) 90
crude oll 89-91

D

diffusion 3

displayed formulae 24
dynamic equilibrivm 81-3

E

electrolysis 26-33
electrons 67

elements 4

empirical formulae 13-14
endothermic reactions 75
energy profile diagrams 80
enthalpy changes 76
equations 12-19

ethanol 634

exothermic reactions 75

G

giant covalent structures 25

group 1 elements (alkali metals)
41-2

group 7 elements (halogens)
41, 43-6

group § elements (noble gases}
41

H

hatide ions 54

heat energy 74-7
hydrochioric acid 456
hydrogen 50, 53, 55

I

iodine 43-S

jonic compounds 20-2, 26
ionic equations 73

ions 19-20, 53-4
isotopes 6, 8

L
lithivm 431-2

M

mass numbers (atoms) 5

metallic bonds 26

metals 25-26, 4142, 50-53,
70, 86~8

mixtures 4

molar volumes 11

molecular formulae 14-15

molecules 4

moles 9-10

N
nuclei (atoms) 5

0O

ores 86
oxides 48, 51

oxygen 32, 46~8, 55

P

perceniage yields 18-19
periodic table 40-1

pH scale 68-9

polymers 91-3
potassium 41-2
precipitation reactions 72

R

rates of reaction 78-80
reactivity series 51-3

redox reactions 44

reducing agents 51

relative atomic masses 7-8
relative formula masses 8-11
reversible reactions 81

)

salts 52, 68, 71-3

saturated compounds 63

simple molecular substances
22-4

sodium 41-2

sodivm hydroxide 95

state symbols 13

states of matter 1-2

substifution reactions 62

sulfate ions 54

sulfuric acid 94-5

T
thermal decomposition 5
titrations 74

w
water 50-1
water of crystallisation 80
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