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Introduction

This workbook is designed to accompany the Complete Chemistry for IGCSE student book. It is designed to help
you develop the skills you need in order to help you do well in your IGCSE Chemistry examination. The book follows
the order of the chapters in Complete Chemistry for IGCSE. Each page of questions provides additional questions
related to each double page in the student book.

The questions focus on the areas you need to know about for your exam:

e Knowledge (memory work) and understanding (applying your knowledge to answer questions about familiar or
unfamiliar situations or substances).

e Handling information from data, tables, and graphs.
e Solving problems (including chemical equations and chemical calculations).

e Experimental skills and investigations.

The first 18 Units include a range of question types that you will come across in your chemistry examinations:

e (Choosing words to complete sentences: you are usually given a list of words to choose from. This will help you learn
and remember key facts.

e Putting statements in the correct order or selecting the correct statement from a list.
e Testing your ability to understand chemical formulae and to construct equations.

e Undertaking chemical calculations involving reacting masses, concentration, empirical and molecular formulae, and
percentage yield.

e Some questions ask you to interpret data from diagrams, graphs, and tables. Others ask you to interpret the results of
investigations that may be unfamiliar.

* Some pages include questions involving extended answers. These will help you organise your arguments and
understand the depth of answer that is needed.

Other important features of this workbook that should help you succeed in chemistry include:

e FEach unit has an extension box. The questions in these boxes are designed to challenge you. Many of them will
develop your chemistry skills further. Some go beyond IGCSE and are there to stimulate your interest in chemistry.
Many ask you to find relevant material from books or the internet.

e A unit on practical aspects of chemistry including apparatus, materials, and tests for ions and gases.

* A unit on mathematics for chemistry. This includes practice in writing formulae, rearranging expressions, working
through calculations, and drawing graphs.

e A unit on how to analyse what a question is asking about, including the use of command words and the structure of
questions. This unit also includes revision tips, which we hope will be helpful.

e A selection of IGCSE-style questions of the type that are set in the theory papers will help you to see connections
between different parts of the syllabus.

e A unit on investigative practical work, which should increase your skills in devising and evaluating experiments.
e Full answers to all the questions, including the extension questions.

* A glossary to help you understand the meaning of important chemical terms.

We hope that the range of differing exercises in this workbook will help you develop your skills in and understanding of
chemistry and help you succeed in this subject.

Join now:https://t.me/igcse_files
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States of matter 1.1 Everything is made of particles

1. Astudent placed a crystal of a blue dye at the bottom of a beaker of water. After 5 minutes, the crystal disappeared.
After 1 day, the solution was blue throughout.

water —

dye crystal —— : .
start after b minutes after 1 day

a. Suggest how you could use a thin glass tube to place the crystal at the bottom of the beaker of water.

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

b. State the name of the process occurring when:
L The e ehahnes T 0. 5000 10 0. 000N 1 s e R e s i [1]
li. the colour spreads throughout the WAL ..............iiiiiiiiie it e e s e e e s aaeaeeesassseseeaaenee, [1]

¢. Use ideas about moving particles to explain the results shown in the diagram.

-------------------------------------------------------------------------------------------------------------------------------------------------------

2. a. Dust particles in still air appear to show
Brownian motion.
Draw a diagram in the space on the right to
show a dust particle undergoing Brownian
motion.

2]

b. Which are larger, dust particles or the particles of oxygen and nitrogen in the air?
Explain how you know this. 2]

Extension

c. Use ideas of moving particles to explain why dust particles in still air show Brownian motion. 3]

2
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States of matter 1.2 Solids, liquids, and gases

1. a. Describe the general properties of liquids and gases in terms of i. their volume and ii. how they spread out.
HQUIAS 1. e [ e 2]
QASES 1. wooveeireieeeiannnnn, ... [ PR TTR 2]

b. Complete the diagram by writing the names of the changes of state A, B, C, and D.

A B
"""""""" - =
solid C liquid D gas
-« -«
(4]
¢. The table shows the melting points and boiling points of three substances.
Substance Melting point / °C Boiling point / °C
ethanol =117 /9
methane -182 -164
naphthalene 81 218
I. Which substance has the lowest melting point? ... .. e [1]
Ii. Which substance is a solid at room temperature? Explain your answer.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2]
lii.Which substance is a liquid at room temperature? Explain your answer,
.............................................................................................................................................. 2]
d. The diagram shows a heating curve for substance T. 4 D
What is the physical state or states of T at the following points? C
o N R
A e, [1] 7;
B cisinaneri s A R [1] E . B
R i T A R s RS 1]
solid
; o
D 1] time
e. Draw a cooling curve to show how the temperature changes when steam at 120 °C is cooled slowly to — 10 °C.
£ On your curve show the melting and boiling points of water. 4]
E f. i. lodine melts at 114 °C and boils at 184 °C.
E Explain why iodine seems to sublime when you heat a crystal of iodine in a boiling tube. 2]
ii. Suggest how you could show that iodine does form a liquid at room pressure. 2]
3
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Extension

States of matter 1.3 Particles in solids, liquids, and gases

a. Use the correct words from the list to complete the sentences.

apart attraction fixed highest inside irregular lattice lowest

repulsion rotate strong surface together vibrate weak

The particles in a solid are arranged ina..............pattern (............ccoenn.... ). The forces of
cevevrennn.... between the particlesare ............ocnnnll enough to keep them
.................... and so the particlesonly.......................... .When a liquid evaporates, the
particles withthe ............ccovvvviviiinnnnnnn, energy leave the ...........cocoeevvvenn. of the liquid first. (8]

b. Box A shows the arrangement of 7 particles in a gas. Complete the boxes B and C to show the arrangement of
16 particles in a solid and 16 particles in a liquid.

A (gas) B (solid) C (liquid)

4]

c. Complete these sentences correctly by writing the words gas, /iquid, or solid in the spaces provided.
The forces of attraction between the particlesina............. are stronger than
those between ....................... particles but weaker than those between the particles in a
.................... .Particlesina................. only vibrate. Particles ina.......................... mOve more
slowly than those ina............... (6]

d. Describe the difference between boiling and evaporation.

-----------------------------------------------------------------------------------------------------------------------------------------------------------

e. For each of the changes i. to iv. state whether energy is absorbed or released.
i. Brominemelts ...........ccooevvvviveevinnnn, Il Water freezes ........oooovviiiiiceeeeie e,
HE. Gateaus Sular chARGES 10 200 SUINIE ... nuunninnnineaissiiasissiisiasinisieis it

e Ethanal Boils oo 4]

f.  Arsenic sublimes at 613 °C. Describe what happens to the particles of arsenic in terms of their arrangement,
proximity (closeness), and motion when solid arsenic sublimes. 3]

g. Silicon melts at 1410 °C. Phospharus melts at 44 °C. Explain the difference in these melting points by
referring to forces between the particles and energy. 4]

4
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States of matter 1.4 A closer look at gases

1. Box Y shows particles of gas in a container with v
plunger L
a plunger.
a. Draw a diagram in box Z to show what happens | ‘ 1
when the gas is compressed. [1] O " O o o
B39 © ©
b. Use the kinetic particle theory to explain why the | particies L\EJ O o
pressure in Y is less than the pressure in Z. e 9

................................................................................................................................................. 3]
2. The table shows how the volume of a gas changes with temperature and pressure.
Volume of gas at different temperatures / cm?
Pressure / atm 20 °C 40 °C 80 °C 160 °C
1 60 64 72 88
2 30 32 36 44
4 15 16 18 22
Describe exactly how the volume varies with pressure when the temperature is constant.
...................................................................................................................................................... 2]
cotton wool spaked glass  white solid cotton wool soaked
in ammonia solution  tube  forms here in hydrochloric acid
a. Ammonia solution gives off ammonia gas. Hydrochloric acid gives off hydrogen chloride gas.
Explain why the white solid forms and why it is closer to B than A.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 3]
= - b. Usebooks or the internet to find other gases that could replace hydrochloric acid in this experiment. (2]
o
E ¢. Methylamine reacts with hydrochloric acid in a similar way to ammonia. The relative molecular mass of
s hydrochloric acid is 36.5. The relative molecular mass of methylamine is 31. How does the position of
- the white ring change when methylamine is used? Explain your answer. 13]
5
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Separating substances 2.1 Mixtures, solutions, and solvents

1. a. The solubilities of some compounds are shown in the table.

Compound Solubility Compound Solubility
g/ 100 cm’ water g/ 100 cm® water
calcium hydroxide 0.113 potassium nitrate 37.9
calcium nitrate 102.1 silver chloride 0.0002
iron(ll) hydroxide 0.00003 silver nitrate 241.3

i. What type of metal compound is very soluble in water?

HLWhIEh Compodnd 15 spasingly SORIDIET .......ccumimiaiunianas s imasiuanaiammmns e (1]

b. The graph shows the solubility of two compounds at different temperatures.

250

potassium
nitrate

; ' |, potassium
; chloride
ED ! I S Y . | I [N . - N B B ! 22 _—-—__‘.

0 20 40 60 80 100

temperature/°C

solubthity in g/ 100 cm® water

.. Dedliice thie solubility:ol potassiomM DI at 70 €. .o i s e e vissvissssasssn (1]
li. Which compound is more soluble in water at 10 °C? ... it e e s (1]

ilii.Deduce the maximum mass of potassium nitrate that dissolves in 100 cm? of water at 60 °C.

V. A saturated solution of potassium nitrate in 200 g of water is cooled from 80 °C to 20 °C. What mass of
solute crystallises? Show your working. 4]

vi. What is the minimum volume of water needed to dissolve 50 g of potassium nitrate at 90 °C? Show all
your working. 3]

Extension

6
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Separating substances 2.2 Pure substances and impurities

1. a. Which two of these substances are most likely to be pure?

Underline the correct answers.

air aspirin tablets orange juice
oxygen gas sodium chloride crystals tap water (2]
b. Why should pure substances be used to make a medical drug?
.............................................................................................................................................. (1]
c. i. Seawater is a mixture.
What is the meaning of the term mixture?
............................................................................................................................................. (2]
i, Suggest-a valua 1or e melting POt OF SEBAWATEE ......cumemassssssississsnssmasssasasssanssssssrnnsssssansssissaoss (1]
2. a. Sulfur melts at 119 °C and boils at 445 °C.
Draw lines between the boxes on the left and the boxes on the right to complete four sentences.
.....melts over a 4 °C temperature range.
Pure sulfur..... .....turns to a vapour at 450 °C.
Impure sultur..... .....solidifies at 119 °C.
.....has a sharp boiling point. 2]
b. Solder is a mixture of tin and lead that is used to join metals.
The melting point of tin is 232 °C. The melting point of lead is 328 °C.
Solder melts at 183 °C.
I. Why does solder have a lower melting point than either tin or lead?
.............................................................................................................................................. 2]
ii. Suggest an advantage of the low melting point of solder.
.............................................................................................................................................. 1]
3. Name the separation method you could use to separate:
a. Sand from a mixture of Water and SaNa. ... o e e [1]
b WGEET Ttom: aSolGtonoE Coppar SUMER WEWNETEE ....innminiinnmnmsmamniiinisinesmmmnumi (1]
¢. Two liquids with different BoiliNg POINTS. ... it e e aaanss (1]
= - 4. Use books or the internet to answer these questions:
=
E a. Explain why salt is put on the roads in icy weather. 3]
E b. Use ideas about vapour pressure to explain how impurities increase the boiling point of water. 5]
7/
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Separating substances 2.3 Separation methods (1)

1. a. |

b. i.

Complete the diagram by writing the correct labels on the dotted lines.

suspension of

....................... W \/ chalk in water

3]

On the diagram above label the residue and the filtrate. 2]
Put these statements about the crystallisation of zinc sulfate in the correct order.

A Filter off the crystals.

B Heat the solution to concentrate it.

C Dry the crystals with filter paper.

D Wash the crystals with a small amount of solvent.

E Leave the solution to cool and form crystals.

F By seeing if crystals form on a cold surface.

G Check that a saturated solution has formed.

2. Calcium carbonate is insoluble in water. Sodium sulfate is soluble in water.
Describe how you could separate a mixture of powdered calcium carbonate and powdered sodium sulfate to obtain a
sample of each pure solid.

3. Use

Extension

8
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Separating substances 2.4 Separation methods (2)

1.a.i. Label the diagram of the distillation apparatus to show: (i) the distillation flask; (i) the distillate; (iii) the
condenser; and (iv) where cold water enters the condenser.

salt water

4]

Ii. On the diagram above, draw an arrow to show where heat is applied. [1]

b. i. Explain why this method can be used to separate salt from salty water.

2. Complete the following sentences about fractional distillation of alcohols using words from the list.
boiling condenser further higher liquid

lower receiver temperatures vaporised volatile
Thereisarange of ..........ccoeeevnnnenn, in the distillation column, .....ccccvevvevenvnneen. at the
topand......coooeeeviieiiininn. at the bottom.When ..................... themore ........coovuvveennnns
alcohols. Move ......ccccieisesssisivoness up the column than the less volatile alcohols.

111y 15 |- RO the alcohol changes from vapour to.............cccovvnnneeeee. :

The alcohols are collected one by oneinthe ................... , those with the lower

cover

...................... points condensing before those with higher ones. ‘ [10]

3. Paper chromatography can be used to separate a mixture of dyes. Complete the diagram
on the right to show the apparatus set up for chromatography. Label your diagram. [3]

4. Use books or the internet to find out about steam distillation.

—
.E a Give two examples of the use of steam distillation. 2]
=
@
= b Explain why steam distillation is used rather than simple distillation. 1]
L

¢ Describe how steam distillation is carried out. 13]

9
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Separating substances 2.5 More about paper chromatography

1. a. A paper chromatogram of some amino acids from a mixture of amino acids is shown. Two pure amino acids,
Ser and Gly, were also run on the same piece of paper.

- solvent front
Ley ——@
Val ——@

Ser
(Gly

Ser —:. i ®
Gly —
Cys —+—@ _

- base line

I. Why was the base line drawn in pencil and not in ink?

______________________________________________________________________________________________________________________________________________ 1)
ii. How many amino acids have been completely separated? ...........coooiimiiiiiiee et eeeeaa, [1]
ML RIG EnimeEcos Nave NoEDEEISEREIRtENR .. ivnminniinsin s s i A e A AR (1]
iv. Suggest how you could you separate these amino acids.
.............................................................................................................................................. (1]
Y. Calculate Wa R VBHE Ok s salR R RR aGG RGeS [1]
vi.Lysine has an R, value of 0.14. On the diagram above, draw the approximate position of Lys. Label it Lys. ~ [1]
b. Amino acids are colourless. How can you make the spots show up?
.................................................................................................................................................. 2]
2. Use books or the internet to answer the following:
E a. Metal ions from a coin, e.g. Ag"*, Ni?*, Cu?*, can be identified by paper chromatography.
vl
c , . .
9 Suggest how a solution of these ions can be made from the coin. 1]
a5
b. Column chromatography can be used to check the contents of mixtures used in medical drugs. Explain
briefly how column chromatography is used. 6]
10
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Atoms and elements 3.1 Atoms and elements

1. The diagram shows part of the Periodic Table. Not all elements have been included.

H
Li B C N 0
Na | Mg Al
K Ca Fe | Co | Ni | Cu
Rb | Sn

Answer these questions using only the elements shown in the table.

a. Give the name of 0ne elemMENT IN GrOUP IV, ... ettt e e e [1]
.. GIVE IS BaME T il RIEINE IEPEION 5. .. iunvavisiinimmisseisst i [1]
s e A O O B B A s s T S R R i e R (1]
d. Which element is in Period 3 and Group 17 ... oottt et et e et e e ts st asesaeasaeesasenan s 1]
e. On the Periodic Table above, shade in the boxes of the non-metallic elements. (2]
f.  Which two groups of elements are not shown? .........ccccooiiiiiiiiiiiiiiiiiininnn. B ....reesonvsrenssesormnssanssenses 2]

2. In the year 1909, scientists fired positively charged particles (alpha particles, He?*) at thin metal foil. The results are
shown below.

metal foil

a. How does this experiment show that most of the atom is empty space?

atoms in the
metal foil

source of alpha
particles

@ |
Y

nucleus

metal foil

.................................................................................................................................................. 1]
b. How does this experiment show that the nucleus is very small?
.................................................................................................................................................. (1]
¢. Explain how this experiment shows that the nucleus has positive charges in it.
.................................................................................................................................................. 2]
S - 3. John Newlands was one of the first scientists to try to order elements. Use books or the internet to find out
@ about his ‘Law of Octaves’.
[
]
a5 How does the table of elements drawn up by John Newlands differ from the modern Periodic Table? [5]
11

Join now:https://t.me/igcse_files



IGCSE files&d(q

Atoms and elements 3.2 More about atoms

1. In 1906, J.J. Thomson suggested the model of the atom shown below.

How does this model of the atom differ from
the simple model of the atom we use today? o © ©

00—7/ electrons
sphere of © '®)

S o
1
positive charge © o
....................................................................................................................................................... 3]
2. Complete these sentences about single atoms.
2 POmiIC BUTNDEE 15 e R OF o i e B S R S R s 1]
b. Nucleon number is the NUMBEr Of e (1]
G BHBI AR R RRINEEIS . iy i i s s s s i e e s R S s s s (1]
3. Complete this table about subatomic particles.
Subatomic particle Relative mass Relative charge
electron 0.00054
1
proton 1+ [4]
4. The symbol of a particular carbon atom is written as ';C.
a. How many protons and neutrons does this C atom have?
Number of Protons. .......coveesnmnsnsiess Numberof neutrons. ......cocevvvrvererrennes. [2]
b. Name each of these atoms and deduce the number of protons, neutrons, and electrons present.
Atom Name of atom Number of protons Number of neutrons Number of electrons
|r':§F
50Ca
tH
2eFe 8]
= - , :
2 - 5. Write down the number of protons, neutrons, and electrons in these ions.
-
= a. ;cFe? b. i85 c. &l d. j5K* (8]
i
12
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Extension

Atoms and elements 3.3 Isotopes and radioactivity

1. a. Complete the definition of isotopes using words from the list.

atoms compound electrons element mass molecules neutrons protons

ISOtopes are ........cooevven. of the same ..........cccceene with the same number of .................. but different

TTE ] | O : 4]

. Three isotopes of hydrogen are

L iH iH
I. State the proton number of RYArOGeN. ............ooiiiiiiiii et e e e e eeaees (1]
ii. What is unusual @about the iSOtOPe TH 7 ..o o e, (1]

iii The isotope 1H is radioactive. What is meant by the term radioactive?

----------------------------------------------------------------------------------------------------------------------------------------------------

.............................................................................................................................................. 3]
. The mass of the isotope phosphorus-32 and its radioactivity was measured over a number of days. The table shows
the results.
Time / days Mass of phosphorus-32 / mg Radioactivity / cpm
0 100 200
14 50 100
28 25 50
42 12.5
I. Describe how the mass of phosphorus-32 changes with time.
.............................................................................................................................................. 2]
1. Predict the radioactiVity @t 42 Qays. ........ vt e e e e e e e et e e e e e e e ennas 1]
2. Link the radioisotopes on the left with their uses on the right.
uranium-235 used to kill bacteria in food
cobalt-60 used to produce electrical energy
carbon-14 used to date ancient pieces of cloth 1]
3. a. Complete this equation.
“I°Ra =5 TR s s [2]
b. Describe the three main types of radioactivity. Use books or the internet to help you. 6]
13
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Atoms and elements 3.4 How electrons are arranged

1. a. Electrons are arranged in shells outside the nucleus.
Give another Nname fOr theSe SHElIS. ........... . et aaanees [1]

b. Complete the table to show the electron distribution (electron arrangement) of the atoms shown.

Element Number of electrons in an atom Electron arrangement

nitrogen

oXygen

fluorine

neon

sodium

argon

calcium 18]

2. Match up the beginnings and endings.

A The Period numberis..... Do related to the number of electrons that combine in a reaction.
B The Group numberis........ R the same as the number of outer shell electrons in an atom.
C Valencyis....... F i the same as the number of electron shells in an atom.

A with................. B with....oovvvnnnn. C with................. [1]

3. Draw the electron distribution (electron arrangement) of these atoms. Show all the electron shells. Draw the electrons
in pairs where possible.

aluminium carbon chlorine helium
magnesium neon phosphorus potassium 8]
4. Give the electron distribution (electron arrangement) of the following ions:
: B W =] EEE B
.E a. i. H i, AP+ . Ca’* iv. O v. N* 5]
[
> b. Which of these ions have the same electron distribution? (1]
o
¢. Explain the importance of these ionic structures in terms of stability. 2]
14
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Atoms and elements

3.5 The metals and non-metals

1. The table gives some properties of diamond (carbon), sodium, and sulfur.

Diamond (carbon)

Sodium

Sulfur

melts above 3550 °C
does not conduct electricity
conducts heat quite well

shatters when hit

melts at 98 °C
conducts electricity
conducts heat

malleable

melts at 119 °C
does not conduct electricity
does not conduct heat

shatters when hit

a. Give one way in which diamond behaves as a typical non-metal.

2. The table shows some properties of three metals. Use each metal once to answers questions a.—.

Metal Density Melting point Electrical conductivity Relative strength
/ glem?® /°C [ Q'm
aluminium 2.70 660 0.41 7
copper 8.92 1038 0.54 13
iron 7.86 1535 0.11 21

a. Which metal is best for making the body of an aircraft? Explain your answer.

Extension
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3. Germanium, arsenic, and silicon are metalloids. Use books or the internet to write about the position of
metalloids in the Periodic Table and their properties.

[6]
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Atoms combining

1.

Underline the changes that are physical changes.
Burning magnesium in air
Rusting of iron

Melting zinc

Distilling plant oils from a mixture of plant oils and water

Complete the table to show the difference between a compound and a mixture using words from the list. Some

words may be used more than once.

Separating iron from sulfur using a magnet

any average combined definite different elements physical present separated
Compound Mixture

[ (| emem—————— CATIBLBR vvvsinsie: by | The substances initcanbe .................... by
..................... means PO [T 1
The properties are ..............uv..... from those of The properties are the .............ccccco...... of the
;1 - LR which went to make it. substances in it.
The elements are ..........ccceeeeeee. in a The substances canbe ........c.ccevvevnnnnnn.. in
..................... proportion by mass. ciererreeeesieeeans e proportion by mass.

3. The diagram shows six different substances. Each circle represents an atom.

Extension

16

Classify these as pure elements, pure compounds, or mixtures.

- e e e O e e .

O

a H b H I—|| C
| |
> H—C—C—H S
H” | ~H | H™ TH
H H H

5. a. Use boaoks or the internet to find out about the physical and chemical properties of zinc and sulfur.

b. Suggest two methods by which you could separate sulfur from a mixture of powdered zinc and

powdered sulfur.

Join now:https://t.me/igcse_files

4.1 Compounds, mixtures, and chemical change

3]

6]

6]

[12]
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Atoms combining 4.2 Why do atoms form bonds?

1. Read the following passage then answer the question that follows.

Chlorine is a green gas that dissolves slightly in water to form a weakly acidic solution. Sodium is a silvery metal
that reacts violently with water. When sodium reacts with chlorine, heat is given out and a white powder (sodium
chloride) is formed. Sodium chloride dissolves in water and forms a solution that is not acidic.

What information in the passage tells you that sodium chloride is a compound and not a mixture?

-----------------------------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------------------------------------

....................................................................................................................................................... 3]
2. Complete these sentences about ionic compounds:
A BRION 15 8o aesnnnnnny particle. [1]
b. lons have unequal numbersof .................. and ..o : (2]
3. Put aring around the electron arrangements that are stable ions or atoms.
2,8 25 2,8,8 2,8,8,2 2 2,8,3 2,8,18,8 [4]
4. Complete the diagrams below to show the electron arrangement of the stable ions.
Include brackets and charges.
d h. C
d E. f
i — 3-
|_3'
[6]
S = 5. a. Usebooks or formulae to find the charges on the stable ions of the following transition elements:
E vanadium, iron, cobalt, and copper. 2]
@
E b. What do you notice about the charges on these ions? 2]
17

Join now:https://t.me/igcse_files



IGCSE files&d(q

Atoms combining 4.3 The ionic bond

1. Complete the passage about ionic structures using words from the list.

alternate atoms bonds giant ions irregular lattice

molecular negative positive regular strong weak
A sodium chloride.................. SR icaonana arrangement of .................. SOAIURYIONS aN0....ovoraiimismininiss
chloride ions, which ..........ccccenne. with each other. The ions are held together by .................. ORI cicrnvsisssnivinin _
This structureis called @ .....ocevvvvrvnnnnnnn. ionic structure. 8]

2. Link the phrases on the left with the phrases on the right to make four correct sentences.

lonic compounds are formed..... | | ... it loses one or more electrons.

lonic compounds haveno..... | | ... it gains one or more electrons.

When a metal atom forms anion..... | | .... overall charge.

When a non-metal atom forms anion..... | | ... by the reaction of metals with non-metals. 2]

3. a. Complete the ionic structure of magnesium sulfide. Show all the electrons as dots.

— — 2+ - —

() O

. . - » (3]
b. Draw ionic diagrams for lithium chloride and magnesium fluoride in a similar way.
lithium chloride magnesium fluoride
Li Cl 8 Mg :
3] [4]

=

© - ¢ The nitride ion is N*". Draw the electron arrangement of the ions in calcium nitride. 14]
e

o

>

L

18
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Atoms combining 4.4 More about ions

1. a. Work out the formulae of compounds A to H using the list of ions below.

AP+ Br Ca’t Cr Fei+ H* K* Mg?* N3

A magnesium bromide ........................ B SOU0IMORIOR oinimnminiisimiarion
C  IpathIoRE S mmmmisranivans D aluminium chlonde...........cccieisaanes
E potassium nitride ........coooeviviiiiiinninane. Fcalcium sulfide.......coooovvvviiiiiiininnnnn,
G aliminitm salfide .....onmnuansiai H OB aRIde oniannanasaamii

b. Work out the formulae of compounds J to Q. Use the list of compound ions below to help you.

€O~ HCO, NH,’ NO._ - OH- S0
} ARSI TREDR s cenasassssaneneraimsnsansnaseinsnsssassassnssinss

K potassitimsullalecaisaanasainmiaanaaasa

F

ST ORI IERYE i b S e S
AMMONIUM SUGTE oot

calcium Bydroolide cocnnninnsininniimanannvaa

o = =

sodium hydrogencarbonate ............covvviiiiiiiiiiiiiiiiiinnn,
P aluminium nitrate .....ooveeeiiiiiiiieeiriicceeevice e

D (IO EONale uunaasmnana e T G

2. Name compounds R to W. You may want to use the periodic table on page 177 to help you.

R W Lsivvimsmemsmiss e o e I v s s R e R A
3 R T R R B P TG
LI - A TP
T T
N I e e s b e bk b R e et B (0 SR S A BT b
W GG, sioccanimnmmmmsumsmsnanssssssismsnsssssans i s s ST RS VSN NS A RN SRR AT

3. Use the list of ions below to work out the formulae for compounds a. to e.

a. potassium manganate(VIl) b. sodium peroxide c¢. calcium phosphate

Extension

d. calcium sulfite e. sodium phosphate

Join now:https://t.me/igcse_files

manganate(Vll), MnO,~  peroxide, 0,” phosphate, PO,*~  sulfite, SO,”

rrrrrrrrrrrrrrrrrrrrrrr

[5]

(8]
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Extension

Atoms combining 4.5 The covalent bond

1. Complete the passage about covalent bonding using words from the list.

attraction covalent electrons giving ionic metal non-metal
nucleus pair repulsive sharing single strong weak
A covalent bond is formed when ..........cccocevv atoms combine. It forms because of the .................. force of
............................ between the ...................... of one atom and the outer ...................... of the atom next to it.
Asingle .......coeevennne. bond is formed by .........cooeeviiiinnn... S1 A AR of electrons between two atoms.
(8]
2. a. What is meant by the term molecule?
.................................................................................................................................................. (1]
b. Put aring around the molecules that are diatomic.
o ), N, N.O, 0, 4] P S, 2]
3. a Draw diagrams to show the electron distribution (electron arrangement) in each of these diatomic molecules.
Show only the outer shell electrons.
I. hydrogen ii. bromine
iii. oxygen Iv. nitrogen
4]
b. i. How many outer shell electrons are there around each atom in the molecules?
.............................................................................................................................................. [1]
ii. What is the significance of this number of electrons for the hydrogen, oxygen, or nitrogen molecules?
.............................................................................................................................................. 2]
4. Some metals can form compounds with chlorine or hydrogen that are simple covalent molecules. Use books
or the internet to find simple covalent compounds of three different metals. 3]
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Atoms combining 4.6 Covalent compounds

1. a. Draw dot-and-cross diagrams to show the electron distribution (electron arrangement) of each of these covalent
molecules. Show only the outer shell electrons.

hydrogen bromide, HBr water, H,0
ammonia, NH, hydrogen sulfide, H,S
methane, CH, phosphorus trichloride, PC,
carbon dioxide, CO, ethene, CH,
8]

b. Which of these molecules have unbonded pairs of electrons (lone pairs of electrons)?

& - 2. Draw dot-and-cross diagrams to show the electron distribution (electron arrangement) of each of these covalent

@ molecules. Show only the outer shell electrons.

@

E a. methanol, CH,OH b. ethyne, CH, c. hydrazine, NH, d. ethanol, C,H.OH 4]
21
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Atoms combining 4.7 Comparing ionic and covalent compounds

1. The table gives some properties of some simple molecular covalent compounds and ionic compounds.
Complete the table by writing either ‘covalent’ or ‘ionic’ in the last column.

Compound Melting point | Solubility in | Electrical conductivity | Covalent or ionic?
 ® water when molten
barium oxide 2852 soluble conducts
carbon tetrachloride -23 insoluble does not conduct
potassium bromide 734 soluble conducts
carbon disulfide -111 insoluble does not conduct
octane 57 insoluble does not conduct 2]

2. Link the properties A to G on the left with the correct reasons 1 to 7 on the right.

A Simple molecular compounds have ; O because there are no mobile ions or electrons
low melting points ..... present to conduct.

B lonic compounds have high melting 2 ... because the molecules cannot form strong
points ..... enough intermolecular forces with water molecules.

C Simple molecular compounds do not B e because they can form relatively strong bonds
conduct electricity ..... with the water molecules.

D Some simple molecular compounds . p— because the forces of attraction between the
do not dissolve in water ..... molecules are low.

E lonic compounds conduct electricity T because they can form relatively strong
when molten ..... intermolecular forces with solvent molecules.

F Many ionic compounds dissolve in B i because the ions are free to move.
water .....

G Some molecular compounds T s because there are strong forces of attraction
dissolve in organic solvents ..... between all the ions. 3]

3. Put aring around the formulae of the substances below that will dissolve in organic hydrocarbon solvents.

Ca**0* CS I Na*Cl- > [1]

2 2

4. Explain why ionic compounds do not conduct electricity when solid.

5. a. The simple covalent molecules CH,OH, C_H,OH, and C_H, 0, dissolve in water.

c
-E The simple covalent molecules CH,, CH,,, and CH,Cl do not dissolve in water.
=
@ :
E What feature of the molecules seems to make them soluble in water? (1]
b. Use books or the internet to find three other examples of simple covalent molecules that are soluble in water. [3]
22
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Atoms combining 4.8 Giant covalent structures

1. Some physical properties, A to F, are shown below.
A conducts electricity B does not conduct electricity C hard
D high melting point E low melting point F soft

Write the letters of the properties that belong to:

=L e o T U SUSRRORTP 1)
CT =] oL L (P TRT 1]
R R e e S R S R R e PSR R S B e 1]
2. Link the observations A to E on the left with the explanations 1 to 5 on the right.
A Giant covalent structures have a [T because the delocalised electrons are
high melting point ..... free to move along the layers.
B Graphite conducts electricity ..... 2 ... because the weak forces between the
layers can easily be overcome.
C Diamond does not conduct R because the carbon atoms are packed
electricity ..... closer to each other on average.
D Graphiteis soft ..... 4 ... because it takes a lot of energy to
break the large number of strong bonds.
E Diamond is denser than B s because all its electrons are involved in
graphite ..... covalent bonding. 2]
3. Complete these sentences by adding the correct number.
a. Each atom in diamond forms ............. covalent bonds with other atoms. [1]
b. Each atom in graphite forms ............. covalent bonds with other atoms. (1]
¢. Each silicon atom in silicon dioxide forms ......... covalent bonds with oxygen atoms,
but each oxygen atom forms ....... covalent bonds with silicon atoms. (2]
= 4. There are two forms of the compound boron nitride, BN. One of these forms is similar to graphite.
E a. In this form of boron nitride, the atoms alternate. Draw the structure of this form of boron nitride. 3]
-
" b. Explain why this form of boron nitride can be used as a lubricant. 2]
23
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Atoms combining 4.9 The bonding in metals

1. a. Complete the diagram below to show the structure of a metal. Label your diagram.

00000
OOOOOOOOO 4

b. Use the information in your diagram to explain:

I. why metals conduct electricity.

.......................................................................................................................................... 2]
li. why metals are ductile.

.............................................................................................................................................. (3]
lii.why metals such as nickel have high melting points.

............................................................................................................................................ 2]

2. The bar chart shows the melting point of six successive elements A to F in the Periodic Table.

a. One of these elements is a giant covalent structure.

I BHRY  cssrr rr S  a “ ] 1500 =
b. Which elements are metals? Give a reason for your =
MBBL o vvnimnvpmmmsinis s s O
£ 900
]
b
............................................................................ 2
C .
= 600
ik
....................................................................... 2] =
: . 300
¢. Which elements are non-metals? Give a reason for your
0 [ ]
2L ST ” a . - : "
....................................................................... 2]
= : : —
O - 3. Bronze is a mixture of copper and tin. Tin atoms are larger than copper atoms. Use your knowledge of the
& structure of metals to explain why bronze is less malleable than either copper or tin alone. 2]
=
Ll
24
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Reacting masses and

chemical equations

1. Complete these sentences about the formulae of compounds using words from the list.

atoms bonded hydrogen ionic molecular nitrogen

5.1 The names and formulae of compounds

or ions in the

together in each

molecule. For example, ammonia has one ................... and three ........cccoeevinnen atoms SO itS .vvvvvviiiiiiiiinnnn.
formula is NH,. [7]
2. a. Complete the table to show the valencies of the atoms shown.
H
Li B & N F Ne
Na | Mg Al Ll
K Ca transition elements n Br
[10]
b. Which atoms in the table lose electrons when they form ions?
.................................................................................................................................................. [1]
c. Which atoms in the table gain electrons when they form ions?
.................................................................................................................................................. [1]
d. Name two atoms in the table that share electrons when they form compounds.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (1]
e. Write the formulae of the following compounds by balancing the valencies.
i. AcompoundofHandsS................. ii. AcompoundofBandO.........cccevuueunnnn
iii. Acompoundof CandS................. iv. AcompoundofCandBr........ccccc..
v. AcompoundofCaandN................ vi. A compoundof AlandO.....................
vil. Toa simplast compotmit 0L C a0 H.....onmmimmamnsimnnasivmna i [7]
3. Work out the valencies of the elements in these compounds:
.E a. O in hydrogen peroxide, H,0, b. FeinFe,0,
% ¢. Cin carbon monoxide, CO d. Cuin Cu,0
e. PbinPbCl, f. Hin magnesium hydride, MgH, 6]
25
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Reacting masses and
chemical equations 5.2 Equations for chemical reactions

1. Write chemical equations for these ‘model’ reactions.

H-H H-0-H
a. 0=0 and gives
H-H H-0-H
................................................................................................................................................ 2]
b. C and C + 0=0  gives C=0 and C=0
............................................................................................................................................ (2]
2. Complete these examples to show the stages in writing equations
a H, = ClL - HC
atoms per molecule ... % H B WOl % H..... x (| (1]
balance H, + Cl, e HCl [1]
b Mg + 0, r MgO
atoms per molecule ... x Mg = X e xMg.....x 0 [1]
balance & - Mg + .....0 = J— MgO (1]
balance Mg ..... Mg + 0, = MgO [1]
3. Balance these equations:
a. K+ Br, — KBr
.................................................................................................................................................. [1]
b. Al+0, — ALO,
.................................................................................................................................................. (1]
¢. Na+0,— Na0
............................................................................................................................................... (1]
d. N,+H, — NH,
.............................................................................................................................................. (1]
e. Rb+ H,0 — RbOH + H,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, [1]
f LO.+CO— 1| +CO, 1
= = g. MgO + HNO, — Mg(NO,), + H,0 1
c
£ = h. Ca(OH), + HCl — CaCl + H0 1
L
i. PbO+NH, —Pb+N,+HO 1
26
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Reacting masses and
chemical equations 5.3 The masses of atoms, molecules, and ions

1. Complete these sentences about relative masses of particles using words from the list.

A atoms  average  carbon-12  formula molecular M sum  twelve

Relative atomic mass (symbol........ HISHE .aumasi mass of naturally occurring ................ of an element
on a scale wherethe ............ccooeeieiinninn AN A 2 IaSS OF GXAEHY ..overersmerssrunrpsssrasnses units. The relative
........................ mass (symbol ............) isthe................. of the relative atomic masses of the atoms in a molecule.
For ionic substances we use the term relative ................. mass. [9]

2. a. Complete the table to calculate the relative molecular mass or relative formula mass of the compounds shown.

Compound Number of each atom A of atom M calculation
phosphorus trichloride P= P =31 1 x 31
PCl, C
Cl= €l =355
M =
magnesium hydroxide Mg = 24
Mg(OH), 0=16
H="1
M =
ethanol (=12
C.H.OH 0=16
H=1
M =
ammonium sulfate N=14
(NH,).SO, H=1
5=132
0=16
M =
glucose C=12
CH.O. 2]
0=16
M= [10]

L o Ty [1
T COMNDL), e [1
BREIED ) civinnmimsmmmmmmsnm s s s S A R SRR s S R A [1

e

S - ¢ Calculate the relative formula mass of these compounds.

A

c

g I. Sr(NO,),.4H,0 ii. Fe(ClO,),.6H,0 iii. Ba(BrO,), iv. Mn(NO,),.6H,0 14]

27
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Reacting masses and 5.4 Some calculations about masses and
chemical equations percentage masses

1. Complete the following by using values of M _to calculate the masses of reactants and products.

a. i. 2H, + 0, —  Z2HO
2% man = TH wes b DR e [1]
............ B B cevennel] B ssesseinseeld (1]

ii. 2Al + 3Cl, — 2AIC,
7 4E " Q. . I i =% A 1]
............ B vseneel] T aseeirsesenil 1]

b. Use simple proportion to do these calculations about the reacting masses.
When 48 g of magnesium is burnt completely in oxygen, 80 g of magnesium oxide is formed.

Mg + O, : 2MgO
48¢g 80g

i. Complete the calculation to show the mass of magnesium oxide formed when 12 g of Mg is burnt.

=5 . o R— R 2]

.............................................................................................................................................. (1]
iii.What mass of magnesium oxide is formed when 168 g of magnesium is burnt?
.............................................................................................................................................. (1]
2. a. Complete the calculation to show the percentage by mass of carbon in ethane, CH_.
L X sorsunsusen x100 =........... % 2]
(...x12)+(...x1)
b. Calculate the percentage by mass of nitrogen in ammonia, NH,. Show your working.
T % [2]
¢. (Calculate the percentage by mass of calcium in calcium carbonate, CaCO,. Show your working.
......... .% |2]
& = d. Calculate the percentage by mass of sodium in sodium phosphate, Na,PO,. Show your working.
2
[
E iR % [2]

28
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6.1 The mole

1. Complete the table to show the molar mass of the elements and compounds. The first two have been partly

completed.

A values:Ba=137,C=12,U=355H=1,K=39, Mg=24,N=14,0=16,P =31

Element / compound Formula Number of atoms Molar mass / g
jodine R 21 2 x 127 Py
propane C.H, 3C, 8H (33 T b b M) =g ;
magnesium oxide MgO Mg, 10 Sl
"""""""""""""""" BaCO, s
"""""""""""""""" KNO, = Jm—
phosphorus(V) chloride PEL. | ssumannsensissnenssns (TR

2. a. Complete the calculation triangle to show the relationship between mass (m), number of moles (n), and

molar mass (M).

/N

b. Complete the table using the A values below.
C=12,Ca=40,H=1,0=16,P=31,5=32

Element or Formula mass, Mass taken / g Number of moles
compound M

0, 32 4

NaCl 1l

Caso, 27.2

PO, 0.4

O, 0.1

P 86.8

CH, 24.0

3. a. Calculate the mass of 0.4 mol of Cu(NO,),.6H,0. A of Cu = 64.

b. How many moles of Cu(ClO,), are there in 7.86 g of Cu(CIO,),?

¢. How many chloride ions are there in 0.25 mol MgCl,?

Extension

(Avogadro constant = 6.02 x 10%* mol™)
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2]
[2]

2]
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1. Complete these equations to show the reacting masses.

a. | 2Mg + 0,
T = | [ T
............ g + NUTTESNTY ¢«

ii.  4PH, — P
4x ... o I S
............ qg — R o
Iii. G, + 3d,
1 % i + AW aaiiia
,,,,,,,,,,,, g + RPPOEEIRITR o

b. Use the number of moles shown in the equation below to answer the questions that follow.

,0, + 5C0 — |

2

+ 5C0,

M values 334 28 254 44

i. How many moles of CO react with 1 mole of 1.0,?

) 7 T 1]

B X eraanannn, [1]

............ g (1]

G *eeressssessssssistsironns

ii. How many moles of CO, are formed from 1 mole of CO? ...

ilii.How many moles of |, are formed using 10 moles of CO? ...

iv. What mass of CO, is formed using 20.04 g of 1,0, and excess CO?

2. 168 g of iron reacts with excess oxygen to form 232 g of an oxide of iron.

iron + oxygen — iron oxide

a. Calculate the mass of oxygen in the iron oXide. ......ccooeeemiiiiiiiiiirr,

b. Calculate the moles of oxygen inthe oxide. .........ccooviiiiiieiiiiiieeeee

c. Calculate the moles of iron in the iron OXide. ..o e,

d. Calculate the ratio of the iron to oxygen to give the formula of this oxide of iron.

Extension

30
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3. Use the equation in 1. a. iii. to calculate the mass of CCl, formed from 2 moles of Cl, in the presence of
excess C5,.

6.2 Calculations from equations, using the mole

[1]
(1]
1]

1]
[1]
[1]

2]
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1. Complete these relationships:

T B |

b. One mole of gas at r.t.p. occupies................ dm’,

c. Volume of gas at r.t.p. in dm?

d. Moles of gas at r.t.p.

----------------------------

2. Complete the table to show the mass, moles, or volume of different gases.

6.3 Reactions involving gases

Gas M _of gas Mass of gas / g Moles of gas / mol Volume of gas / dm’
ammonia 17 8.5
oxygen 32 480
carbon dioxide 44 3.08
hydrogen chloride 292 8
ethane 30 3

1]
1]
1]
(1]

[10]

3. Nitrogen(l) oxide, N,O, decomposes when heated to form two other gases. The graph shows how the volume of gas
(corrected to r.t.p.) changes during the decomposition.

100

Bi5

total volume of gaaeaftmj
n
o
|

2

3

time/min

a. Deduce the volume of nitrogen(l) oxide at the start of the experiment. ...........ccoooviiiiiiiiiiiiiii i, [1]

b. Deduce the volume of gases present at the end of the experiment. ............coooiiiiiiiiiiiieee :

[1]

¢. Deduce the ratio volume of gas at start : volume of gases atthe end. ..........coovviiiiiiiiiiiiiiiiiiccaee [1]

d. Use this ratio to complete the balanced equation for this reaction.

Extension
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. N(g) + 0,(g)

CH(a) + 50,0 — 3CO0,(g + 4H,0(g)

38

4. Propane burns in excess oxygen to form carbon dioxide and water.

Calculate the volume of CO,(g) formed when 8.8 g of propane are completely burnt.

[1]

31
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Extension

32

a. concentration in mol/dm’ =

b. amount of solute (moles) =

¢. volume of solution (dm?) =

a. Change these values into cm®.

-----------------------------

. Complete these relationships for a solute in solution.

amount of solute in

6.4 The concentration of a solution

i DO A s

iv. 0.008 dm?

1. 750 cm?...

iv. 156 cm? ...

Complete the table to show the moles and mass of solute and the concentrations.

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

nnnnnnnnnnnnnnnnnnnnnnnnnnn

Solute M of solute Mass of solute Volume of solution Concentration of solution
/g cm?® or dm’ / mol/dm’
Sedium 40 8 250 cm?’
hydroxide
silver nitrate 170 200 cm’ 0.5
copperill) 160 40 0.125
sulfate
potassium 174 3.48 750 cm?
sulfate
ammonium 53.5 5.0 dm’ 0.8
chloride
sulfuric acid 98 4.9 2.0

4. The solubility of copper(ll) fluoride, CuF,, in water is 4.54 x 107" mol/dm’.

15 g of copper(ll) fluoride was added to 200 cm? of water and stirred until no more dissolved. Calculate the
mass of copper(ll) fluoride remaining.
A values: Cu=64,F=19

Join now:https://t.me/igcse_files
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[1]
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Extension

6.5 Finding the empirical formula

1. Complete the following calculations to find the empirical formulae.

a. A compound of lead and chlorine contains 20.7 g of lead and 14.2 g of chlorine.

A values: Pb =207, CI = 35.5

molesof Pb=...covvvvnnnnns mol mMolesof Cl=..eereeeeenininans mol
Divide by 1 - SRRSO : i T
lowest number
of moles e,

Resultof division = ..ccvvvirvennnnn. . e

Simplest ratio .........ccooovvvieiniin. So empirical formulais ............coovviiiiinn

. A compound of carbon and hydrogen contains 85.7% of carbon and 14.3 % of hydrogen by mass.

A values:C=12, H=1

mole% ofC=...ccovnvenennns mol mole®%of H=..ooreeeernenennnnn. mol
Divide by C i H s
lowest number
areSs 2 asmamsmemasns 0 cossivssaars

Result of division = covvvivriivininn, =

SUTIDISEVEEID .ovuiiicisisscsisiiniini So empirical formula is ....c..ooeuvevennnnennne

. Deduce the empirical formula of a compound containing 87.5% nitrogen and 12.5 % hydrogen.

A valuessH=1N=14

Empirical formula...........

2. Aluminium burns in a stream of chlorine to form aluminium chloride.

_ I
M N

chlorine —»

1]
aluminium heat  glass tube
powder

a. Suggest how you could use this apparatus to find the empirical formula of aluminium chloride.

b. What safety precautions are needed when carrying out this experiment?

Join now:https://t.me/igcse_files

1]

1]

[2]

[1]

1]

[2]

3]
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6.6 From empirical to final formula

1. Complete these sentences about empirical and molecular formulae using words from the list.

atoms compound empirical ionic molecular molecules simplest

The molecular formulaofa.................. shows the number of .................. of each type in one molecule.
The empirical formula shows the ...................... ratio of atoms that combine. The formula of
AN e, compound is the same as its ..........cccceevevenn. formula. (5]

2. Write the empirical formula of the following compounds whose molecular formula has been given.

a. Hydrogen peroxide, H,0,.  Empirical formula........ccconvvevicvsiinniininiinnininiennnnnen (1]
b. Cyclohexane, CH. .. Empirical formula ... (1]
¢. Dinitrogen tetroxide, N,O,. Empirical formula ... T
d. Antimony(lll) oxide, Sb,0.. Empirical formula.............ooooiiiiii il
e. Butane, CH . A R IR comuronemserism torer s RS RS 1]
t. Phosprorus(V)oxitle P.O.... EMPINCAl TOMIWE .....cviiiiiiimimmiiinmisiiisavsnsass Ky
g. Sodium sulfate, Na,SO,. Epcal N crnaainnicansamm s arasan [1]

3. Complete the table to deduce the empirical formula mass and molecular formulae of compounds A to D.
A values:C=12,C=355H=1,0=16,P=31,5=32

Empirical formula Empirical formula Relative molecular Molecular formula
mass / g mass, M / g

A PO, 220

B SCI 135

C CHO 60

D CCl, 332

8]
E 4. 360 g of a compound, made up of carbon, hydrogen, and oxygen only, contains 144 g carbon and 24 g hydrogen.
v
S The compound has a relative molecular mass of 180.
E Deduce the empirical and molecular formulae of this compound. 5]
34
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1.

Extension

6.7 Finding percentage yield and
percentage purity

18 g of limestone reacted with excess dilute hydrochloric acid. 3840 cm? of carbon dioxide were formed at r.t.p. Work
through the calculation to find the percentage purity of this sample of limestone, which is impure calcium carbonate,
CaCo.. Give your answer to two significant figures. A values: C =12, Ca =40, 0 =16

CaCO,(s) + 2HCl(ag) — CaCl,(ag) + CO,(g + H,0()

a. Molar mass of calcium carbonate = ......oevvevvivirereivneninnnns g/mol 1]
. Volume of CO. in dm? =....uiinimiminmimeieiis dm? 1
c. Molesiol (0 2. ..o ooneennvenss v rteerenenrarerasrnrnarnsanen mol kd
d. Moles of CaCO, in limestone sample = ...........ccecee. mol (1]
e. Mass of CaCO, in limestone sample = .............c.......... g (1]
f. Percentage purity = .....ocovviinnn.. S B iR % (1]

Methyl benzoate can be prepared by reacting methanol with benzoic acid.
CHOH + CHCOH — CHCOCH, + HO

methanol benzoic acid methyl benzoate

When 24.4 g of benzoic acid is reacted with excess methanol, 25.84 g of methyl benzoate is produced. Work through
the calculation to find the percentage yield of methyl benzoate. A values:C=12,H=1, 0 =16

a. Molar mass of benzoicacid =.....ccccovvvvivnciininnnnnnne g/mol [1]
b Molas'of BERGIE 301 = . ..o vrnsiinimimsnsansvaiass mol [1]
¢. Moles of methyl benzoate expected (if 100 % yield) =........cooveiviiiiiiennnnn mol [1]
d. Molar mass of methyl benzoate = ........................ g/mol [1]
e. Mass of methyl benzoate expected (if 100 % yield) = .....eeeeeeeiiiiiiin g [1]
f. Percentageyield................... e S % (1]

111111111111111111

3. A student reacts 5.4 g of aluminium with excess oxygen.

4Al + 30, — 2AL0,

The mass of aluminium oxide produced is 8.67 g. Calculate the percentage yield.
A values: Al =27,0=16 4]

35
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Redox reactions 7.1 Oxidation and reduction

1. Complete these sentences about oxidation and reduction using words from the list.

gain heat loss oxidation reactants redox reduction

Reactions that involve both oxidationand ....................... BRI ooiivasinssinsansinmsa reactions. Oxidation

138 1 1| of oxygen, and reduction isthe ...............cocoo... of oxygen. Combustion involves the
....................... of a substance, during which ....................... is given out and one or more of the ..............cc.c.....
is a gas. [7]

2. Draw arrows to show which of the elements or compounds have undergone oxidation and which have undergone
reduction. An example is given below.

Example:
oxidation
CuO(s) + H (g) — Cu(s) + H.O(l)
reduction
a. 2H.(g) + 0,(g) — 2H,0()) 2]
b. PbO(s) + H,(g) — Ph(s) + H,0(]) [2]
c. Fe,0,(s)+ 3C(s) — 2Fe(s) + 3CO(g) (2]
d. C(s) + H,0(g) — CO(g) + H,(g) [2]
e. Zn0(s) + C(s) — CO(g) + Zn(s) [2]
f. 3Fe(s) + 4H,0(g) — Fe,0,(s) + 4H_(q) 2]
= - 3. Which substances in these equations undergo oxidation and which undergo reduction?
o
‘W
E a. CH, + 30, — 2€0, + 2H,0 2]
4 b. C5,+2H, — 2HS + C (Hint: oxygen and sulfur are in the same Group) 2]

36
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Redox reactions 7.2 Redox reactions and electron transfer

1. Complete these half-equations. Balance the charges by adding electrons.
State whether oxidation or reduction has taken place.

a. Ga — Ca* + ....... Oxidation or reduction? ........ooevveviiieirainnnnnn. [2]
B Ll 4 ainn o i Er COAAFEION OF TOHUCEHIONT ..cocimniniasvainmiviin 2|
c. AP + ... P Oxidation or reduction? ....c..evveviviiniiiiiiinennnns 2]
d. Fe* — Fe¥* + ......... DRTELION DE TOOLELIONT .vevsssinumvasssissnsranssinsars 2]
e. 0, + ........ =% vk 0* Oxidation or edUAion? .. sianesmasiamios 2]
f. Pb™ + 20 — ..l Oxidation or reduction? .........cccovevuiiveeeninnnnnn. 2]
'+ R— o e R - S OXI0TION OF TEOUCKION? ...ovensnsansasissssssinsssnssis [2]

a. NaOH ... and .......o........ [1] b. MgCl, ... and .......o........ [1]
C: BatNO),  cuseninin T3 o . [1] « M2 7171 PO OO— 7,15 AR [1]
& ALD. s 1 (1] . OFelOH), o ] e [1]

3. Write ionic equations for these reactions. In each case, cancel the spectator ions.
Where a solid or liquid is formed do not separate into ions. The first one has been partly done for you.

a. CuCl(ag) + 2NaOH(ag) — Cu(OH)(s) + 2NaCl(aqg)
ONS e e, 2Na* + 20H- #4112 e 0 N (2]
Canee waise T 2Na* + 20H FA| | L O [1]
equation Cu'tlag) + .......lag) — .eereeeeenee. (s) 11]
b. BaCl,(ag) + MgSO,(ag) — BaSO,s) + MgCl(aq)
ONS  cueenies i Sugvmag 00 Ciswees i Vi
cancel ......... e TSR e S OO 1
BOUBION  onssmvnciissusamirssis i ss ety 1

4. Write ionic equations for these reactions.

s

=

E‘ a. Pb(NO,),(aq) + 2KCl{ag) — PbCL(s) + 2KNO,(aq) 2]

3 b. Cl(ag) + 2Kl{aq) — 1.(aq) + 2KCl(aq) 12]
37
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Redox reactions 7.3 Redox and changes in oxidation state

1. Complete these sentences about oxidation states using words from the list.

atoms compound electrons number shared zero

Oxidation state (oxidation................. ) tells us how many ................. each atom of an element has gained,
OB i WHED TOTMINT A cosssssrsssirssissannans .The oxidation state of ................. of an uncombined
SITBIE IS cisssassinsmminvin . 6]

2. Use the oxidation states (oxidation numbers) in the list to deduce the oxidation states of the atoms or ions which
are underlined.

Group | ions and hydrogen in most simple compounds: +1

Group Il ions in compounds: +2

Mast Group Ill atoms or ions in compounds: +3

Oxygen atoms or ions in compounds: —2 (except in peroxides where it is —1)
Group VIl atoms or ions in compounds not containing oxygen: =1

N R — [1] Y T—— [1] I J—— [1]
& B s [1] 1S L« ERR— LI i < : FrYSeS—— 1]
6. BO. A Y 5 o [1] ol E— 1]

3. Write the oxidation states (oxidation numbers) in the spaces underneath the underlined elements and suggest
whether the underlined atoms or ions have undergone oxidation or reduction in each of the following equations.

a. 4fe + 30, — 2fe0,

........ Oxidation or reduction? ...........ccoovvveiiiiiiiecieee e e 2]
b. L + 0, — €O,

................ Oxidation or reduCtion? ...........covviiiiiiiiiiiiiieeeieeseiiceeeeeeevenssneeeeens |2
¢. PbO + H, Pb + HO

................ EhilchialeRe G et RS TRRE TIPSR | |
d. Cl. + 2KBr Br, + 2KC

................ DR RN . cnnmamunisasnamnaasnrnasseng: B
e. 2P + 3¢, — 2PCl,

................ Oxidation or reduction? ...........oooiieiiie e 2]

4. Deduce the oxidation states of the underlined atomes.

a. KMnO, b. MgSsO, ¢ NO- d. SO> e PO

25

Extension
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Redox reactions 7.4 Oxidising and reducing agents

1. The phrases below are about oxidising and reducing agents.
Link the beginnings A to D on the left with the endings 1 to 4 on the right.

A An oxidising agent...... T s increases during a redox reaction.
B The oxidation state of an oxidising agent..... e is oxidised during a redox reaction.
C Avreducing agent..... . SR is reduced during a redox reaction.
D The oxidation state of a reducing agent..... & .. decreases during a redox reaction. 2]

2. The boxes show phrases describing the use of potassium manganate(VIl) and potassium iodide in redox reactions.
Make these phrases into two sentences describing the use of these two reagents.

.....anoxidising agent..... | | ... to brown.....

.....in the presence of areducingagent. | | ... that tumns from colourless....
..... in the presence of an oxidising agent. ... that turns from purple.....
..... to colourless..... ....areducing agent.....

---------------------------------------------------------------------------------------------------------

.................................................................................................................................................... 2]
ARTEE DS ST (DI 15 oisvinnsinssimvsins nanasirssn s s e AR E R AN B D RSN P AR AR SR S AR
....................................................................................................................................................... 2]
3. Identify the oxidising and reducing agents in these equations.
Underline the reducing agent and put a ring around the oxidising agent.
a. 2Mg + 0, — 2Mg0 1]
b. PbO + H, — Pb + H,O 1)
C 2r + U, — I, + 2 1
d HO, + 2 — |, + 2H,0 ki
=
S e 3Q0 + 2NH, — 3Cu + N, + 3H_O 1]
8
e £ In + Cu* — In*™ + Cu (1]
L
39
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Electricity and
chemical change 8.1 Conductors and insulators

1. a. i. Label the diagram to show the apparatus used to show whether or not a solid conducts electricity. [2]

li. On the diagram above put an arrow to show the direction of flow of the electrons. [1]
2. Define the terms:
RPN I A O R B A A T S R R R RS [1]

Electrolysis

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

...................................................................................................................................................... (2]
DTN TNt S S B S R B S S S S B e i B S ST (1]
3. Link the phrases A to D on the left with the phrases 1 to 4 on the right.
A Molten sodium chloride conducts ; J— because there are free electrons that
electricity..... move when a voltage is applied.
B Metals conduct electricity..... 2 o because the ions are not free to move.
C Sultur does not conduct electricity..... because the ions are free to move.
D Solid sodium chloride does not conduct 4 .....because none of the electrons is free
electricity..... to move. 2]
4. Aluminium with a steel core is used in high-voltage power cables.
a. Give two properties of aluminium that are related to this use.
............................................................................................................................................. 2]
b. Give two properties of steel that are related to this use.
.................................................................................................................................................. 2]
= : . ; .
_E 5. Use books or the internet to find some substances that have delocalised electrons and to explain why the
S presence of delocalised electrons is not always associated with electrical conduction. 4]
<
L
40
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Electricity and
chemical change 8.2 The principles of electrolysis

1. Complete the diagram of an electrolysis cell by labelling the power supply, the anode, the cathode, and the
electrolyte, and show the direction of electron flow in the external circuit. 5]

2. Complete these sentences about metal reactivity in aqueous solution using words from the list.

hydrogen ions less more silver sodium water

Reactive elements such as..............c....... 1, R — likely to form ions than .............. reactive elements
BUICRUAS iusassninansonnsnn If a metal is more reactive than ...................... I A stay in solution during
electrolysis and hydrogen arising from hydrogen ions in................ bubbles off. [7]

3. Complete the table to show the electrode products and observations at the anode when various substances are
electrolysed using graphite electrodes.

Electrolyte Cathode (-) product Anode (+) product Observations at the anode

concentrated KCl(aq)
ZnBr(l)

dilute H,50,(aq)
dilute NaCl(aqg)

concentrated HCl(aq)
dilute AgNO. (aq)

[18]

4. What substances are formed at the anode and cathode when the following solutions are electrolysed? Give

S reasons for your answers.
2
E a. Concentrated aqueous sodium bromide. 4]
i
b. Moderately concentrated aqueous sodium chloride. 4]
41
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Electricity and

chemical change

1. Complete these diagrams to show:

8.3 The reactions at the electrodes

e the movement of ions during electrolysis (show this by drawing straight arrows)
e what happens to the ions in terms of electron loss or gain to or from the electrodes (show this by curly arrows).

a. molten zinc bromide b. dilute sulfuric acid
+ —~ +
€. concentrated hydrochloric acid d. aqueous copper(ll) sulfate
+ - +
2. a. Complete these sentences using words from the list.
anode cathode gain lose negative positive
. When ....coccermvensessesnss T R ey electrons, reduction occurs.
. When ..oooovvveeennnn e AONS electrons, oxidation occurs.
lii.Reduction takes place at the .......cccceeerienenn. and oxidation atthe ..........ccccevvneene.

b. Complete these half-equations for the reaction at the electrodes.

TR e — Zn

| [ 5 R T
Ml inns B s snannin = F ki nsstabid
LT L e S rreerenes

Extension

42

3. Write half-equations for these reactions at a graphite electrode.

a. The conversion of hydroxide ions to oxygen and water.

b. The conversion of oxide ions to oxygen molecules.

Join now:https://t.me/igcse_files
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Electricity and
chemical change 8.4 The electrolysis of brine

1. a. Brineis electrolysed using titanium anodes and nickel cathodes.

A
I What ES bTiﬁE?H ................................................... [1] Im‘—| T |
e
B

ii. Complete the overall equation for the reaction during this

electrolysis. Include state symbols. _;g O
&
r SO, (one) + 2H,0(.....) — | b
titanium
2NaOH(....) + oooovne... (g)+HJ...) 2] R [Na'[ X[ |'S

9:.9.9.0:.9.9.9.9.9.9.9.4

b. The diagram shows a cell used for electrolysing brine.

i. Give the names of the gases collected at + & C
membrane
K cianmniisivivi B sininnnnaisnaaiasini (2]
1. Which letter in the diagram represents the anode? .. ..o a e (1]
iii.Explain why oxygen is not given off at the anode.
............................................................................................................................................... (2]
iv. Explain why sodium is not given off at the cathode
............................................................................................................................................... 2]
V. WHEESRETANCE BABmNBI BEET L. ciaiuasmmimsssmiiniisissiasss s sss s aias s s s s s e s Ve et (1]
vi.Explain why this substance is formed.
............................................................................................................................................... 3]
= 5 ¥ ¥ 5 s 5 5
.E 2. Write half-equations for the reactions occurring at the anode and the cathode in this electrolysis cell. 4]
o
et
>
i
43
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Electricity and
chemical change 8.5 Two more uses of electrolysis

1. Copper(ll) sultate can be electrolysed using graphite electrodes or copper electrodes. Complete the table to show
what happens at each electrode and to the electrolyte.

What happens.... using graphite electrodes using copper electrodes
anode: anode:
to the mass of the electrodes? | cathode: cathode:
anode: anode:

to the appearance of the
electrodes during electrolysis?

cathode: cathode:

to the electrolyte?

(Give any observations.)

[10]
2. A nickel jug can be electroplated with silver. Look at the diagram on the right and then answer the questions.
a. On the diagram label the anode A, the cathode C, and the electrolyte E. 2]
1 | source of
b. Describe and explain what happens to the cathode as the electroplating proceeds. electricity
.................................................................................................................................................. [4]
3. Write ionic equations for the reactions at:
S
E a. the anode when aqueous copper(ll) sulfate is electrolysed using graphite electrodes. 2]
@
]
et b. the cathode when an object is electroplated with nickel. (You will have to find out the usual charge
on nickel ions to answer this question.) 2]
44
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Energy changes and
reversible reactions 9.1 Energy changes in reactions

1. Describe these changes as either exothermic or endothermic.

a. The decomposition of copper(Il) carbonate DY REAtING. ..ottt 1]
B RO PRI v R R s S S R S e T e s L
G VOUE RONGUR GETS OOl WhED JOK DUCSIRIDEE OTE L v s 1
d. Respiration in the cells of the body Provides ENEIGY. .........ovvvueeieiiieee ettt e e ee s 1]

e. The temperature of the solution rises when concentrated hydrochloric acid is diluted.

2. a. Complete these energy level diagrams for an exothermic and an endothermic reaction. Include an arrow in each
diagram in the correct position.

L, exothermic M, endothermic

> > (5]

11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2]
3. Calcium carbonate can be converted to calcium oxide and carbon dioxide.
CaCo,(s) — Ca0(s) + CO,(g) Energy change, AH = +178 kJ/mol
What type of energy change is taking place during this reaction and how does the information above show this?
I TN i S OSBRSS S B AR SR B B S B [1]
HOW Yo OW Trom e INIEIMATION. i s e e S R R S s e deb e
...................................................................................................................................................... [1]
4. Propane burns in excess oxygen.
-E C.H.(g) + 50,(g) — 3CO,(g) + 4H,0(]) Energy change = —2219 kJ/mol propane
E a. Calculate the energy change when 8.8 g of propane are burnt. 2]
b. Calculate the energy change when 4.8 dm? of carbon dioxide is produced. 3]
45
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Energy changes and
reversible reactions 9.2 Explaining energy changes

1. Order these phrases to describe the relationship between bond breaking and bond making in exothermic and
endothermic reactions. Then write them out in the correct order in the spaces below. Most phrases may be used
more than once.

..... in forming new bonds ..... ..... than the energy absorbed .....

..... is greater ..... ..... In the reactants.

..... In breaking the bonds ..... ..... the energy released .....

..... in the products..... oS leSS L
IN AN EXONEIMIC FEACTION ...ttt m i mmemnes
....................................................................................................................................................... [1]
L Tl oo [0 Ty Tl =T oL R PRPSTRSRSRRR
....................................................................................................................................................... [1]

2. Complete the table to calculate the energy change when 1 mole of methane reacts with excess oxygen to form carbon
dioxide and water.

H
|

H—C—H + 20=0 — 0=C=0 + 2H-O-H
|
H
Bond energies in kJ/mol: C-H 413, 0=0 498, C=0 805, 0-H 464

Bonds broken (endothermic +) / kJ Bonds formed (exothermic =) / kJ
4 x(C-H) = 4x413 = ............
e XA0=0) = i B s
(21 | A e
Overall energy change = (+ ............ Yo bomciiininian | L e— [5]

3. Calculate the energy change of the reaction using the bond energies above and H-H = 436 kJ/mol.

=
o
2 2H,(g) + O,(g — 2H,0(g) [5]
@
5 4. The bond energy of the C=0 bond in CO, is 805 kJ/mol. The bond energy of the C=0 bond in propanone,
CH,COCH,, is 749 kJ/mol. Suggest why they are different. 2]
46
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Energy changes and
reversible reactions 9.3 Energy from fuels

1. Methane burns in excess air to form carbon dioxide and water.

q

CH,(g) + 20,(g) — CO,(g) + 2H,0(l) Energy change = —818 kJ/mol methane

Draw a labelled energy level diagram for this reaction.

[3]
2. The table shows the temperature changes produced by burning the fuels A, B, C, and D underneath a copper
can filled with 100 cm? of water.
Fuel Amountburnt | Initial temperature | Final temperature of Density / g/cm’
/g of water / °C water / °C
A 2.0 20 25 0.90
B 1.0 18 21 0.55
C 4.0 21 29 0.87
D 3.0 15 24 1.10
a. Which fuel gave the greatest temperature rise in the experiment? .. ..........oooviiiiiiieiiriiieiieee e ee e (1]
b Which fiel produchd Hhe most ceYgy DEFGIAITIT ...iiisisimmrisiiiiioveiossinyimiisniiessismivasisisssries [1]
c. 1. Which fuel would be the cheapest to transport by the lorryload? Give a reason for your answer.
............................................................................................................................................... 2]
li. Apart from your answer to part . i. give one other factor that would influence how expensive it is to transport
a fuel.
............................................................................................................................................... (1]
d. Complete these sentences about burning fossil fuels using words from the list.
Some words may be used more than once.
acid coal carbon dioxide global sulfur
When fossil fuels such as..................... burn, they produce ..........ccvvviiiis coviiiiiiiiiiine, , which contributes
8 asanansian warming. Burning coal in power stations also produces ...........ccocevvvvn vovieviiiinieienennn. , which
o7z [V 1 < S rain. [4]
=
_E 3. Use books or the internet to find out how the energy produced when uranium-235 decays is used to
E generate electricity. 5]
>
Ll
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Energy changes and
reversible reactions 9.4 Giving out energy as electricity

1. The diagram shows three electrochemical cells.

P 2./4V : voltmeter a 0.48V R
magnesium copper tin - copper magnesium - tin
— - — | e e R
i "
—t- dilute aqueous dilute aqueous } dilute aqueous
sodium chloride sodium chloride L sodium chloride
|| | || | L

a. Copy and complete these sentences about electrochemical cells using words from the list.

copper gain ions electrons hydrogen more negative positive wires

Magnesium is ...............oe.... reactive than copper. ltforms..................... more readily than copper. So in cell

P magnesium loses electrons. Magnesium becomes the ..................... pole of the cell. The ........ccceevvee.. flow
alongthe ...........cc........ tothe .eeeveneennnee, strip. Atthe .......cccoovvennn. poleofthecell, ... ions
from the solution ..................... electrons and hydrogen gas is formed. 9]

b. The voltage produced in an electrochemical cell is a measure of the reactivity of the two metals.

I. Look at cells P and Q. Which metal, magnesium or tin, is more reactive? Explain your answer.

........................................................................................................................................... 2]
. Deduce the VOIAGE OF Coll R. ... o ettt e e e e, (1]
c. Part of the reactivity series is shown below:
lithium magnesium Zinc Iron tin copper silver
most reactive > least reactive
I. Which metal could replace magnesium in cell P to get a higher voltage?
............................................................................................................................................... (1]
Ii. Which metal could replace copper in cell Q to get a higher voltage?
............................................................................................................................................... (1]
lii.Which reactive metal could replace magnesium in cell R to obtain a lower voltage?
.............................................................................................................................................. 1]
c . . . . .
© 2. Usebooks or the internet to help you write the two halt-equations for the reaction in a fuel cell with an
E acidic electrolyte. (4]
=
W
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Energy changes and
reversible reactions 9.5 Reversible reactions

1. Hydrated and anhydrous cobalt(ll) chloride can be converted to one another.

CoCL.6H,0 = CoCl, - 6H,0 AH is +
pink hydrated blue anhydrous
« NS T EEDINT 0T TR SPMBIEH ST ssauuussvssusnunsaninirssssssars issssmiunruey soas e e R S ARV s 1]
. What would you observe when water is added to anhydrous cobalt(ll) chloride?
.................................................................................................................................................. 1]
How could you change pink cobalt(ll) chloride to blue cobalt(ll) chloride?
................................................................................................................................................ 1]
Explain how you know that the reaction blue cobalt(ll) chloride to pink cobalt(ll) chloride is exothermic.
.................................................................................................................................................. 2]
2. Complete these sentences:
e T siosmnsnsivian system, no substances can escape from the reaction mixture. 1]
b. Atequilibriumthe.............oec. Of TNE ..vicicsssisuinnesss rRACION 15 @qual to the i,
the .....oovevvvene...... reaction. 2]
3. When a mixture of hydrogen and iodine is heated, an equilibrium mixture with hydrogen iodide is formed.
(@) + 1,9 + 2HI(g)
In the box on the right, draw the molecules in this equilibrium
mixture that contains more product than reactants.
Use  to represent a molecule of |,
Use o to represent a molecule of H,
Use [] to represent a molecule of HI 3]
4. a. For the reaction shown in question 3, draw a sketch graph to show how the concentration of HI changes
with time, starting with a mixture of only H, and [,. 3]
b. On the same sketch graph draw a line to show how the concentration of HI changes with time, starting
= with pure HI. 3]
=
@
=
[
=
i
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reversible reactions 9.6 Shifting the equilibrium

Extension

1. Sulfur dioxide reacts with oxygen to form an equilibrium mixture with sulfur trioxide.

250,(g) + 0,(g) = 250,(g) Energy released

Complete the following sentences about this reaction.

a. When oxygen is removed the position of equilibrium shifts tothe ...

b. If the temperature is increased the position of equilibrium shifts so that the concentration of 250,(g) .............

c. Decreasing the pressure shifts the position of equilibrium to the .............. — because there are
................... moles of gas molecules in the equationonthe ...........c.coovveeen.

--------------------------------------------------------------------------------------------------------------------------

a. CO(Q) + 2H,(G) v CHL0H(G) ...ueiuiiiiieiiiece ettt et eaeeaaeeae s e enaenes,
D.: Catuls) = £a085) * COUg) s s T S
& AHENEE 3040 = U & Al cun s R S R SRR,

I 1) W T ) T o ) Y

3. When bismuth trichloride, BiCl,, is added to water the following reaction occurs.
BiCl,(aq) + HO() — BiClO(s) + 2HCl(aq)

colourless solution white precipitate

a. What would you see when concentrated HCl is added to the mixture?

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

--------------------------------------------------------------------------------------------------------------------------------------------------

¢. Explain why increasing pressure has no effect on this reaction.

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

4. Use books or the internet to find out the best conditions for the synthesis of sulfur trioxide (question 1).
Why are these conditions used? 8]
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The speed of a reaction 10.1 Rates of reaction

1. The diagrams show the reaction of 50% nitric acid with copper.

colourless : ,
Aty Blue bubbles of
iy copper solution oo~y colourless Tl
;.‘JGwdEr = ) gas o
at the start after 5 minutes after 20 minutes

a. What three pieces of information from the diagram show that a chemical reaction is occurring?

.................................................................................................................................................. 3]
b. Suggest three different ways by which you could measure the rate of this reaction.
T i 4 0 R A A R R A S P A B S SRR RSV BB
B R R R R R S S T S S R RS S R R R T TR B
B crersseseesssansas R BRSSPSR ST E P EE YOO S eSO S SN R PR EATS (3]
¢. Results from measurement of rate can be plotted on a graph. [ A 0 B
Link each way that you chose in part b. to either graph A or graph B
on the right. b . .
time time
IVEENOO T ettt ettt et e e nn e e s
BRI 2. 1civcs s oo o v o R A R SR R B R R P RS R S B AR SSRGS
OO o G L T R R R S S T (3]
d. i. Convert these rates to cm?® gas/minute
O DI cosvniisiiminammmmmesisnmimiess s s e SR o SR R A AN S BRSBTS TR SR VSRR (1]
R N s s e T R R R R T S TS Tt [1]
S RN 11154 (o 10 TS e e, [1]
i Wit e vatis ) B oS Im I SRR .. nnnnnnmnnrsiisis s i s (1]
£ 2. Convert these values into moles per second.
E a. 120 cm’ of CO, gas released in 2 minutes. 13]
5 b. 9.2 g NO, released in 20 minutes. 3]
51
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The speed of a reaction 10.2 Measuring the rate of a reaction

1. The decomposition of hydrogen peroxide is speeded up by catalysts.
2H,0,(ag) — 2HO() + 0O,g)
A student investigated how the rate of reaction changes when two different catalysts are used.

The results using catalyst A are shown below.

60

volume of 0, /cm?

g0

time /s

f: A T B R RO RIS CIBERIT . oot A R S S AR SO A (1]

b. What volume of gas has been released when the reaction is just complete?

d. Calculate the average rate of reaction in the first 30 seconds of the reaction. Draw lines on the graph to show how

you did this.

e. The reaction was repeated using catalyst B. The results are shown in the table.

Time /s 0 4 10 20 30 40 50 60 70

80

Volume / cm? 0 16 27 38 43 45 46 46 46

46

Plot a graph of these results on the same grid as for catalyst A above. Draw the best-fit curve through the points.

= : fm :
© - 2. Measurement of change in gas volume or mass with time can be used to calculate rate of reaction. Use books
g or the internet to find out about other methods of following the course of a reaction and why they work.
=
o
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Extension

The speed of a reaction 10.3 Changing the rate of a reaction (1)

1. Magnesium reacts with dilute hydrochloric acid. The volume of hydrogen gas released can be measured using the

apparatus shown below.

d.

A
/
Name the pieces of apparatus and chemicals A, B, C, and D. r{ LN
i U
B R R e R A R R s Wi T
B et 1 |
B
€« cccsvsiussisasssssessnisssisnsios s sss dosidussssonsuisnsisstisas s 1] . :
B R R R R R 1] D
The apparatus was used to find how the rate of the reaction was changed with different concentrations of
hydrochloric acid.
State three factors that should be kept constant to make this a fair test.
et 0 0 0 S A R S R SRR
e S o T S S S e S a e R S R AR e e e e i
3 ettt e e ee e e e e e e e oottt e e e et e et e et e e s e et e e e e et as 3]
The graph below shows the results.
r
7] r | | | 1 ! | | ! | i | "
0 10 20 30 40 50 60 70 80 90 100 110 120 130
time /seconds
I. Which line represented the most concentrated hydrochloric acid? .............ooviiiiiiiiiiiieeie e eeaeiinnn (1]
ii. Calculate the average rate of reaction over the first 60 seconds for line B.
............................................................................................................................................... (1]

iii. Draw tangents to the graph (line A) at 20 seconds and at 40 seconds and find the gradient (slope) by
drawing triangles (see page 128 for details of how to do this). Deduce the rates of reaction at these times by
calculating the value of each gradient (slope). Show your working. 4]

23

Join now:https://t.me/igcse_files



IGCSE files&d(q

The speed of a reaction 10.4 Changing the rate of a reaction (2)

1. Look at the cube of marble (calcium carbonate) labelled A in the diagram.

Vil &

Wil P
|

A B

Y

b o

2cm

2 CM——» rd

a. i. Calculate the surface area of cube A (see page 124 if you are not sure how to do this).

ii. Now imagine that this cube is cut into 8 separate cubes (B in the diagram above).

Calculate the total surface area of these 8 cubes. Show your working.

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

iii.Which set of cubes A or B has the greater number of calcium and carbonate ions exposed for reaction with
hydrochloric acid?

b. 4 g of large marble chips were reacted with 20 cm® of 0.5 mol/dm? hydrochloric acid.
CaCO,(s) + 2HCl(aq) — CaClfag) + CO,g) + HO()

The experiment was repeated with 4 g of medium-sized marble chips then with 4 g of small marble chips.
All other conditions remained the same.

On the axes below draw a sketch graph to show how the volume of carbon dioxide released changes with
time using large, L, medium, M, and small, S, marble chips. Label your lines L, M, and S.

:

volume of CO, /cm?

time /s 12]

2. a. Calculate the total surface area of cubes of marble of side 1 cm? that have been split into separate cubes
each of side: i. 0.1cm ii. 0.001 cm. 6]

Extension

b. Explain why there is a danger of explosions in sawmills, where wood is cut up. 4]
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The speed of a reaction 10.5 Explaining rates

1. Complete these sentences about the collision theory of rates of reaction using words from the list.

bonds collide energy faster frequency increases rate successful

In order to react, particles must ............. with each other. The collisions must have enough .................. to break
.................. to allow a reaction to happen. Increasing the concentration of a reactant..................the .................
of collisions and so increasesthe ............. of reaction. Increasing temperature makes particles move .....................

and increases the energy of the particles so that there are more collisions. 8]

2. Use the particle diagrams below to answer the following questions about the reaction.
Mg(s) + 2HCl(aq) — MgCl,(ag) + H,(g)

a. Complete the diagram on the right to show the particles of acid and water in a concentrated solution of acid.

acid

particle
® © & ¢
O &) ﬁ | water
: O 6_ molecule
O magnesium

atoms
dilute acid concentrated acid !3]

b. Complete the diagram on the right to show the relative number of acid, magnesium, and water particles when
the reaction is nearly complete.

acid particle

O """"""""""""""""""""""
O — water
g . molecule
- magnesium
atoms
at the start near the end [3]

3. Use the collision theory to explain why 1 g of magnesium powder reacts more rapidly than 1 g of magnesium ribbon
with 1 mol/dm?® hydrochloric acid.

------------------------------------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------------------------------------

.................................................................................................................................................... 3]
c _ i : . :
.© - 4. Use books or the internet to find out about activation energy and why increasing the temperature increases the
e rate of reaction. 4]
-
=
i
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The speed of a reaction 10.6 Catalysts

1. Catalysts speed up the decomposition of hydrogen peroxide.
2H0,(aqg) — 2H,0() + 0,(g)

A simple way of finding out how effective a catalyst is in this reaction is to add two drops of washing-up liquid to the
solution under test and measure the height of the foam produced.

The result of adding different substances to the same concentration of hydrogen peroxide is shown in the diagram.

e e -Fl:-.-i:'-r": O o — o
\_/ o/ o/ &/ @ \a/
no 0.1g 0.1g O.1g 0.05g 0.1g
catalyst copper(ll) manganese(lV) zinc oxide piece of liver  iron(ll) oxide
added oxide pxide

a. Suggest why a foam was formed without shaking the tubes.

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

.................................................................................................................................................. 2]
b Which stibstance is the best catalyst Tor the FeaHON? ...t iiiiiiiiisiiieisisbiseiseeisiskisensioisssiinesiiohise (1]
¢. Use the information in the diagram to explain why the piece of liver is a better catalyst than copper(ll) oxide.
.................................................................................................................................................. 2]
d.i. Liver contains biological catalysts. What is the general name given to a biological catalyst?
............................................................................................................................................... 1]
il. What could you do to the piece of liver to make it a more efficient catalyst in this reaction? Explain your
answer.
............................................................................................................................................... 2]
e. Suggest a more accurate method for comparing the rates of this catalysed reaction.
.................................................................................................................................................. 3]
c . i :
© - 2. Use books or the internet to help you construct an energy profile diagram for an uncatalysed reaction and the
vl ; '
e same reaction using a catalyst. 5]
=
(8 8]
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The speed of a reaction 10.7 Photochemical reactions

1. a. Complete these sentences about photochemical reactions using words from the list.
carbon chlorophylls leaves light only pigments water
Chemical reactionsthat...............................occur in the presence of ...........................

are called photochemical reactions. Photosynthesis is a photochemical reaction that

............... F sessseseninenes =+ CHOOL # Bl 2]

2. The graph shows how the rate of photosynthesis is affected by the brightness (intensity) of light.

A

rate of photosynthesis

intensity of light

a. Describe how rate of photosynthesis varies with light intensity from A to B.

........................................................................................................................................... (1]
b. Suggest why the graph is horizontal between B and C.
................................................................................................................................................. [1]
3. The equation shows the photochemical reaction taking place when a black and white film is exposed to light.
2AgBr — 2Ag + Br,
Complete the two half-equations for this reaction and state whether oxidation or reduction is taking place.
..... Agt + ... — 2Ag Oxidation or reduction? .....................
2Br e TR B s Oxidation or reduction? ..................... 3]
=
© - 4. Use books or the internet to find out how chlorine reacts with methane in a photochemical reaction. 5]
e
-
>
L
27

Join now:https://t.me/igcse_files



Acids and bases 11.1 Acids and alkalis

1. a. Link the colours of these indicators to the following pH values.
pH3 pH7  pH11

I. LitmusisblueatpH................ [1]
ii. Methyl orange isredatpH ................ (1]
lii.Universal indicator is greenatpH................ [1]
iv. Litmus isred atpH ................ [1]
v. Methyl orange is yellow atpH ................ (1]

b. Link the phrases A to E on the left with the pH values 1 to 5 on the right.

1

A highly acidic | 1 pHG
B neutral 2 pHS8
C highly alkaline | 3 pH1
D weakly acidic 4 pH 14
E weakly alkaline | 5 pH7
| 3]
2. a. Name these acids and alkalis by choosing the correct formula from the list.
Ca(OH), CH,COOH H,CO, HNO, H,PO, H,SO, NaOH NH,
L AINONR G inias i e [1] 1k SN0 A o annsia e [1]
iii. carbonicacid .......oovviiiiiiin.. (1] iv. sulfuricacid .....coooveenimiiiiiiaeann [1]
v. calcium hydroxide .................... (1] Vi PhEEPNOAC A0 wasainsisrensmiivsinion [1]
vil. nitricacid ... (1] viii. sodium hydroxide .................ccoeeiiinnn. [1]
b. What group of atoms is found in all alkaline solutions?
.................................................................................................................................................. (1]
3. a. Many acids and alkalis are corrosive. What does the word corrosive mean?
.............................................................................................................................................. (1]
_E b. Use the internet to find out the hazards associated with concentrated and dilute sodium hydroxide, hydrochloric
< acid, sulfuric acid, and ammonia. 8]
3
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Extension

Acids and bases 11.2 A closer look at acids and alkalis

1. Complete these sentences about strong and weak acids using words from the list.

all anions equilibrium hydrogen ionised molecules water partially

Aqueous solutions of acids contain....................... ions. In strong acids ....................e.. theacid..........cooeevvnnnnn.
are dissociated (......cevevvrvnrennnn. .) to form hydrogen ions and ....................... When weak acids are dissolved in
................... they become ....................... dissociated. We can write thisas an .......................

e.g. CH,COOH — CH,COO~ + H*. [8]

. Use the information in the table to answer parts a. and b.

Acid Relative electrical pH Rate of reaction
0.1 mol/dm? solution conductivity
ethanoic, CH,COOH 0.5
hydrochloric, HC| 25
methanoic, HCOOH 2 2.4
sulfuric, H,50, 40

[7]

a. Hydrogen ions conduct electricity better than other ions. The greater the concentration of hydrogen ions, the
better is the electrical conductivity.

Complete the third column of the table using the following pH values: pH 0.7, pH 1.0, pH 2.9. 3]

b. The rate of reaction of magnesium with different acids depends on the hydrogen ion concentration in the acid.
Suggest whether the reaction of magnesium with each of these acids is fast or slow. Write your answers in the
fourth column. (4]

. Are 0.1 mol/dm? solutions of each of the acids or alkalis A, B, C, and D weak or strong? Write ‘'weak’ or ‘strong’ in the
spaces provided.

4. Ammonia reacts with water: NH,(g) + H,0(l) = NH,*(aq) + OH(aq)

How does this equation show that aqueous ammonia is an alkali?

5. Use the internet to find the solubilities of the hydroxides of barium, calcium, and magnesium.
Suggest why there is a trend in the pH values of saturated solutions of these hydroxides. 4]
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Acids and bases 11.3 The reactions of acids and bases

1. Complete these word equations for the general reactions of acids.

d.

b.

C.

d.

T B 1] 7 | e s s g e

acid + metal oxide — ...ooieiia e

acid + metal carbonate — .....civvircirnsrerinsrnssansans s R A
acid + metal hydroxide — .......coovviiinniiiiiiiea. b R R

2. Complete these word equations.

d.

b.

SO TAAIHER 4 AL SO o viinaiimnnsmiisisi i s fasissbrsar e veasien
ZINC oXide + NyAroChIONIC @CIA — ..ottt ettt et e ettt et e e e

ITON 4 SUTUIIC G0 o

barium hydroxide + NITHC ACIH — ..ottt ettt ettt ettt e e e e e e e et

IR OCHIONIC AT R DIOB 5 a5 s it S G WS A S S S AR S B S

3. Complete the balanced chemical equations for these reactions.

g.

L o O OSSPSR
MO 4 1o HNO, 5 et
CuCo, +...... = e e e s s
aNAOH F H S0, s
Na,CO, +...... BICE 5 v nnaimaion o s S A B A R N A S B R A S RSN a e
R R I e T T R R R R T
CAlOH), + . HNO, 5 ettt ettt e e e e e e e e e e e e e ettt

4. What is the general name given to reactions b., c., d., e., and g. in question 37

1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

5. Complete the equation below for the reaction of an alkali with an ammonium salt.

Ca

S 6.
v
—
oV
<
(W)
60

(OH), +....... .NH,Cl — CaCl, +......... HO +...........
Farmers add ammonium sulfate to the soil to increase the growth of crop plants.

Explain why adding calcium hydroxide to the soil at the same time as ammonium sulfate is not a good idea. [3]
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Acids and bases 11.4 A closer look at neutralisation

1. Complete these simple definitions of an acid and a base.
g Anacidreacts With a....cauauiii TR 11142 e - [ e R [3]
b. Abasereactswithan................... toforma......ccvvnenn... and .......ooeeeenann. 3]
2. A more general definition of an acid is a proton donor.

a. What is a proton?

_________________________________________________________________________________________________________________________________ (1]
b. Explain why a hydrogen ion can be described as a proton
.................................................................................................................................................. 2]
¢. Define a base using the word 'proton’.
.................................................................................................................................................. 1]
3. The equation below shows the ions present in the reactants and products of a neutralisation reaction.
H*(ag) + NO, (aq) + Na*(aq) + OH-(aq) — NO,(aqg) + Na*(aq) + H,0(l)
a. Cancel out the spectator ions in this equation. (1]
b. Write the ionic equation for this reaction.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (1]
c. Explain, in terms of ions, why this is a neutralisation reaction.
.............................................................................................................................................. (1]

4. |dentify which are the acids and which are the bases in these equations in terms of the transfer of protons. The first
one has been done for you.
proton donated

i
a. 2HCl + MgO — MgCl, + H,0
b. NH, + H,0 = NH,* + OH- (1]

¢. HS+HO = HS +H.0 1]

5. Identify which are the acids and which are the bases in these equations.

Q

£ a. HCOOH + HCIO, = HCOOH. * + CIO,- 2]

=

= b. NH," +H,0 = H,0* + NH, 2]
61
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Acids and bases 11.5 Oxides

1. Complete these sentences about oxides using words from the list.

acidic alkaline alkalis basic left Periodic right water

Oxides of many metals on the ............... of the ............... Table react with acids. These are called ............... oxides.
Some of these oxides react with .............. RETOE s sonsosvnvini .solutions. Oxides of many non-metals on the
............... of the Periodic Table react with ............... These are called acidic oxides. Many of these oxides react

with water to form ............... solutions. 8]

a. MgO+........ o [ [ o 2]
B $0.+uaii NaOH — Na,SO, +..ccvenneniinniians 2
C.. KU 300 =it 2 RO 1
o N NI | - ¢ ) S— 2
B 0 e BNQL —savasnn b G [2
§ L0 H S0 3 i e [1]

3. Complete these equations to show the reactions of some oxides with water to form acids or alkalis.

8 505 HO =i : [1]
b. CO,+H,0— .cocernrrrnnnn, [1]
€ CAQEHD —F amssvansissne 1
d. PO, +...H,0 —.....H,PO, 2
e. Na.O+HO — .o, 2]

4. Some oxides react with both acids and alkalis. What is the term used to describe these oxides?

....................................................................................................................................................... (1]
5. Complete the equations for these reactions of zinc and aluminium oxides.
c
= B o £ KOH = KN4 vovviiiins 2]
v i 2
2
x b. ALO, +.......... HCl —.......... Foreerenns 2]
ol 1 F 5 T CR— » 2NaAlO, +.......... 2]
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Extension

Acids and bases 11.6 Making salts

1. Zinc sulfate can be made by first warming sulfuric acid with excess zinc.

How is a solution of zinc sulfate obtained from the reaction mixture?

. Crystals of copper(ll) sulfate can be made by warming excess copper(ll) carbonate with sulfuric acid. Put the

following stages in the correct order.

A Allow the solution to cool and deposit crystals.

B Pour the filtrate into an evaporating basin.

C Wash and dry the crystals.

D Filter the mixture to remove excess copper(ll) carbonate.
E Warm the filtrate until the solution is very concentrated.
F Filter off the crystals.

TR TR I8 s s T L S R R T D T S S R s s R (2]

. The diagram shows the first three stages in making a soluble salt (sodium chloride) by neutralising an alkali (sodium

hydroxide) with an acid (hydrochloric acid).

Indicator

acid added
from burette

indicator turns
pink _
on adding one more
d Widoiid solution 1s drop, pink colour
B L AR il pi suddenly disappears
&olitisn still pink ¥ Pp

Describe the next three stages of the procedure to get colourless crystals of sodium chloride.

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

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

..................................................................................................................................................... 3]
4. Use boaoks or the internet to help you answer these questions.
a. Why should you not heat copper(ll) nitrate strongly when drying the crystals? 2]
b. Why should you not use the titration method when preparing crystals of zinc sulfate? 2]
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Extension

Acids and bases 11.7 Making insoluble salts by precipitation

1.

Complete these sentences about solubility using words from the list.

ammonium carbonates compounds hydroxides nitrates precipitate solutions

Saltssuch as ....oovvvveninen..... ,sodiumsalts,and ........coeevnne... salts are soluble in water.
MR o cossanvnisamsninis O o ssanvavainsnansann are insoluble, except those from Group I. An insoluble substance
formed when two ...........euve..... of soluble ......ooiimainiins are mixed is calleda..........cc.u....... , [7]

Crystals of lead iodide can be made from solutions of lead nitrate and potassium iodide. Put the following stages in
the correct order.

A Filter the mixture.

B Make up aqueous solutions of lead nitrate and potassium iodide.
C Dry the residue of lead iodide in a warm oven.

D Rinse the residue on the filter paper with distilled water.

E Mix the solutions. A yellow precipitate forms.

TR T IS oo o o e et o e e o e o 2]

. a. The equation below shows the ions present in the reactants and products of a precipitation reaction.

Ag*(aq) + NO,"(aqg) + K*(aqg) + Br(ag) — AgBr(s) + NO,(ag) + K*(aq)
I. Cancel out the spectator ions in this equation. (1]

ii. Write the ionic equation for this reaction.

.............................................................................................................................................. (1]
b. Write ionic equations for these precipitation reactions.
i. BaCl,(ag) + K,SO,(ag) — BaSO,(s) + 2KCl(aq)
............................................................................................................................................... (2]
ii. Pb(NO,),(aq) + 2KCl(aq) — PbCl,(s) + 2KNO,(aq)
................................................................................................................................................ [3]
Write ionic equations for these precipitation reactions.
iii. The reaction between iron(lll) chloride and barium hydroxide. 3]
iv. The reaction between sodium carbonate and magnesium iodide. 2]
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Acids and bases 11.8 Finding concentrations by titration

1. Describe how you would prepare 250 cm’ of a standard solution of concentration 1.0 mol/dm? sodium hydroxide.

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

------------------------------------------------------------------------------------------------------------------------------------------------------------

................................................................................................................................................ 4]
2. The table below shows the results of a titration experiment. The titration was repeated several times.
Rough titre 2nd titre 3rd titre 4th titre 5th titre
final burette 33.00 33.30 32.10 32.90 34.65
reading / cm’
initial burette 0.05 1.20 0.10 0.05 02.50
reading / cm’
titre / cm?
a. Complete the last row in the table (2]
b. Which titres would you take to average? Explain why.
.................................................................................................................................................. (2]
3. Work through this calculation to find the concentration of a solution of sodium hydroxide when 25.0 cm? of a
solution of sodium hydroxide is exactly neutralised by 12.2 cm? of sulfuric acid of concentration 0.100 mol/dm?.
a. molesofacid=........cevuunen. S e s mol H.SO, [1]
1000
b. The equation for the reaction is: 2NaOH + H.,SO, — Na SO, + 2H,0
i. How many moles of NaOH react with 1 mole of H,S0,? ........ccovviiiinnnne 1]
ii. How many moles of NaOH are needed to react with the amount (in mol) of H.,SO, you calculated in part a?
............................................................................................................................................... (1]
c. Calculate the concentration of NaOH in the sodium hydroxide solution. [2]
E 4. 25.0 cm® of a 0.05 mol/dm? solution of barium hydroxide, Ba(OH),, was titrated with hydrochloric acid.
§ It took 15.5 cm? of hydrochloric acid to neutralise the barium hydroxide. Calculate the concentration
=t of the hydrochloric acid. 14]
'
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The Periodic Table 12.1 An overview of the Periodic Table

1. a. A'cell’ of the Periodic Table is shown below.

48

Cd

112
B T O T P B o S S T B R A T S (1]
LI P e (o T=L g B A =T 0T £ T ) [1]

b. Complete these sentences about the Periodic Table.

i. The elements in the Periodic Table are arranged in order of increasing

............................................................................................................................................. 1]
. THiE groups aré NUMDBIet .. cocccvaiiisiiiisiiissmansiasiisive T —— [1]
iii.The period number tells you the number of ... e in an atom. [1]
N Thieonter-shall alactions m:an St AR QIB ....couivamnniisvveisrssrioeisy s s ssvisssss (1]
2. Explain why Group VIII elements are unreactive.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2]
3. Describe the position of metals and non-metals in the Periodic Table both across a period and down a group.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 4]
4. Both hydrogen and Group | elements have one electron in their outer shell.
Why is hydrogen not placed in Group | in the Periodic Table?
....................................................................................................................................................... 2]
5. Use books or the internet to describe:
S
E a. How the structure of the Group V elements changes down the group along with their nature as metals or
o non-metals. 4]
>
L
b. How the type of oxides formed by Group V elements changes down the group. 4]
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The Periodic Table 12.2 Group I: the alkali metals

1. The table shows some properties of some Group | metals.

Group | metal Density / Melting Metallic radius Observations when the metal reacts
glcm? point / °C / nm with water
lithium 0.53 181 0.157 Moves over the surface very slowly

Fizzes gently
Does not melt or go into a ball

Does not burst into flame

sodium 0.97 98 D191 e
potassium 0.86 0.235 Moves over surface very rapidly

Fizzes very rapidly

Melts and goes into a ball then bursts

into flame

Slight "pop” when reaction near the end
rubidium 1.53 39

--------------------------------------------------------

11111111111111111111111111111111111111111111111111111111

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

--------------------------------------------------------

a. Complete the table by writing in the following:
i. The observations in the last column for sodium and rubidium. [6]
ii. Your prediction for the melting point of potassium and the metallic radius of rubidium. 2]

b. Caesium is below rubidium in the Periodic Table. Predict a value for the density of caesium.

.................................................................................................................................................. (1]
2. Explain what happens in terms of electron transfer when sodium reacts with chlorine.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (4]
= = = s s [} a
E 3. Use books or the internet to find out why it is easier to remove the outer electron from a potassium
- atom than it is to remove the outer electron from a sodium atom. 5]
]
6/
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The Periodic Table

12.3 Group VII: the halogens

1. The table shows some properties of fluorine, chlorine, bromine, and iodine.

Halogen | Melting point | Boiling point State at Depth of Atomic radius
[ °C /°C =40 °C colour / nm
fluorine -220 -88
chlorine =101 -35
bromine -7 59
iodine 114 184

a. What is the trend in the melting points of the halogens?

.................................................................................................................................................. 1]
b. Use the values of the melting and boiling points in the table to deduce the state of the halogens at —40 °C.
Write your answers in the table. (4]
c. Draw an arrow in the 5th column to show the trend in the depth of colour (light — dark). [1]
d. Draw an arrow in the 6th column to show the trend in atomic radius (smaller — larger). [1]
2. a. Complete these sentences about the displacement reactions of halogens using words from the list.
bromine chlorine colourless halide halogen less more orange
WhHEn S0UROUS «.vuiisensrsscsnsinssssrnenss T [+ (10 31 - RN solution of potassium
bromide, the solution turns ..........c.cocoeeeiinnnn.ne. BREALER i s has been displaced.
This is because a........ccccevveveennn.. reactive .oooveveeeeiieeeiann displacesa.................. reactive
halogen from an aqueous solution of itS........cccvvviieniinnnnnn. : 18]
b. What would you observe when an aqueous solution of bromine is added to an aqueous solution of potassium
iodide? Explain these observations.
.................................................................................................................................................. [4]
£ 3. Write ionic equations for the following:
-E a. The reaction of aqueous chlorine with aqueous magnesium iodide. 2]
'E b. The reaction of agueous bromine with aqueous potassium astatide, KAt. 2]
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The Periodic Table 12.4 Group VIII: the noble gases

1. Link the Group VIl gases A to D on the left with their uses 1 to 4 on the right.

A argon 1 Produces a red glow for advertising signs.

B helium 2 Used in car headlamps and for lasers.

C neon 3 Filling balloons and airships.

D krypton 4 To provide an inert atmosphere in welding.

[2]
2. The density of air and some noble gases at r.t.p. in g/dm? are given below.

Air: 1.20 Ar 1.78 He 0.18 Kr 3.74 Ne 0.90
Which gases could you use to fill balloons that float upwards in air?
....................................................................................................................................................... (1]

b. If we fire high-speed electrons at an atom, they can knock an electron out of an atom. The energy required to do
this is called the first ionisation energy.

Complete this equation representing the first ionisation energy of argon.

BE = BT b suinansiiieieees [1]

¢. The graph on the right shows the first ionisation

energies of some elements in order of increasing 2500
atomic number. S5 2000
. , 83 1500 -

Which letters are likely to represent Group VIII & Siia00
= , 2 & ;
o elements? Explain why. 5 @
@ = @ 500 -
c
o 0
e A L L T OO T T e -
> atomic number —
LLI

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

----------------------------------------------------------------------
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The Periodic Table 12.5 The transition elements

1. The boxes below show some properties of a non-transition element and of a transition element.
The boxes are muddled up. (M = metal)

A Melting point 1890 °C B Forms a chloride of formula MCI. only
C Forms chlorides that are pink D Density 3.51 g/cm’

and green
E Forms chlorides of type MCl,, F Forms a colourless chloride

MCI,, and MCI,

G A compound of M is a good H Melting point 725 °C
catalyst
| Density 5.96 g/cm? J  Compounds of M show no catalytic activity

a. Which letters represent the properties of a transition element?

.................................................................................................................................................. (3]
b. Give two other typical properties of transition elements that are not mentioned above.
.................................................................................................................................................. 2]
2. The bar charts show the melting point and densities of some metals in Period 4.
melting point/°C density in g/cm?3
A A
2000 - 10
1500 - S 1
6 -
1000 -
4 -
500 5 |
L .
kK Casc Tt V CrMnFe Co Ni CuZna K CaSc Ti V CrMnFe Co NiCuZn Ga
a. What information in the bar charts suggests that calcium is not a transition element?
.................................................................................................................................................. (2]
b. What is the pattern in the density of the metals across Period 47
.............................................................................................................................................. 2]
2 - 3. Zincis in the central block of the Periodic Table. Use text books and the internet to find out about the properties
E of zinc that suggest that it is not a transition element. 4]
=
(¥
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The Periodic Table 12.6 Across the Periodic Table

1. The table shows some information about some of the elements in Period 3.

Element Na Mg Al Si P 5 Cl

Electronic 2,8,1

structure

Melting 98 649 660 1410 590 119 —-101

point/ °C

Formula NaCl MgCl, AlCl, SiCl, PCl, H,S HCI

of typical Na,0 MgO SiH, PH,

compounds

Valency in 1 2 3 ! 3 2 1

compounds
a. Complete the 2nd line of the table to show the electronic structures. [1]
b. Complete the 4th line of the table to show the formulae of the three typical oxides. 3]

c. I. Describe how the melting points of the elements change across the period.

............................................................................................................................................... 2]
ii. What type of structures are Na, Mg, and Al?
............................................................................................................................................... (1]
ilii.Explain in terms of structure and bonding why Si has the highest melting point in this period.
............................................................................................................................................... 2]
Iv. Explain in terms of structure and bonding why the melting points of P, S, and Cl are relatively low
............................................................................................................................................... 2]
2. Phosphorus forms another chloride with the formula PCI..
a. Deduce the valency of the phosphorus in this COMPOUN. ... ... eaeereans 1]
b. Deduce the formula of the oxide of phosphorus that has the same valency as the phosphorus in PC..
.............................................................................................................................................. (1]
= . oy . i
© - 3. Explain why the reactivity of the metals decreases from sodium to aluminium. 13]
&
[
=
o
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The behaviour of metals 13.1 Metals: a review

1. Typical metallic properties of transition elements are high melting points and high density. Other metals have
properties that are not typical of most metals. Link the properties A to E on the left with the metals 1 to 5 on

the right.
A A metal that is liquid at room 1 lron
temperature.
B A very unreactive metal. 2 Potassium
C A metal that is solid at room 3 Nickel
temperature and has a low melting
point.
D A metal that rusts. 4 Gold
E A metal, other than iron, that is 5 Mercury
magnetic. 3]
2. Complete the equation for density:
....................... R |7 (——
density (in g/cm?) =
R R | e— ) 2]
3. a. Complete these sentences about the chemical properties of reactive metals.
I. They react with dilute hydrochloric acid to forma...........ccoooviiiiiiiiiinnnnnn, AN ..o [1]
ii. They react with chlorine toformmetal ..........cccooviiviiniiniininnenn. [1]
b. Write balanced equations for the following:
i. The reaction of aluminium with oxygen.
............................................................................................................................................... (2]
ii The reaction of magnesium with hydrochloric acid.
............................................................................................................................................... 2]
o
.E 4. A2 cmx 2 cm x 2 cm cube of magnesium reacts completely with hydrochloric acid. 13.92 dm® of hydrogen
= is produced. Calculate the density of magnesium. A Mg = 24 4]
=
Lii
Vs
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The behaviour of metals 13.2 Comparing metals for reactivity

1. a. Complete these equations for the reactions of metals with water or steam.
i ssass Nalsl o ROl — soosssamas B e (3]

T Fe(s) 4+ oeeeeeinennenn. R =7 0 K R [3]

.................. .and.................... The hydroxides are alkaline and so turn.................... litmus

................ and.................... Copper does not react with water because it is
................ reactive than ................... and cannot take the ................... away from the
hydrogen in the water. [10]

2. Some observations for the reaction of metals with water are given in the table.

Metal Observations
barium
calcium gives off bubbles rapidly with cold water, disappears quite quickly
lead
magnesium gives a few bubbles with hot water, disappears slowly
zinc reacts when heated to red-heat with steam

a. Put calcium, magnesium, and zinc in order of their reactivity. Put the least reactive first.

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr [1]

b. Barium is more reactive than calcium and lead is less reactive than zinc.
Write the observations for barium and lead in the table above. [3]

3. Put these metals in order of their reactivity with hydrochloric acid using the information below.

Metal Concentration of Observations
HCl(aqg) in mol/dm’

iron 0.5 slow bubbling
lead 6.0 slow bubbling
lithium 0.5 rapid stream of bubbles

magnesium 0.5 steady stream of bubbles

e B = L (1< most reactive [1]

4. Write an ionic equation for the reaction of magnesium with hydrochloric acid.
Split this equation into two half-equations, one showing oxidation and the other reduction. 4]

Extension
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The behaviour of metals

13.3 Metals in competition

1. The diagram shows different metals placed in solutions of metal salts. In each case a reaction occurs.

A B

D

copper Iron Zing Zinc
~+— agueous ~— agueous ~— aqueous ~+— agqueous
silver nitrate coppertll) irontll) copper(ll)
sulfate sulfate sulfate
Some of the results are shown in the table.
Experiment Colour at the start Colour after 20 minutes
A metal brown metal silver-grey surface
solution colourless solution blue
B metal silvery grey Metal ...
SOIULION ... o] 1116 o
C metal grey metal ..
solution light green solution colourless
D metal ... metal ...
SOIULION ..o SOIULION ..o,

a. Complete the table to show the colour changes. (8]

b. Use the results to arrange the metals in order of their reactivity.

least reactive most reactive [1]

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

c. Explain why there would be no colour change when a copper rod is placed in aqueous zinc sulfate.

.................................................................................................................................................. 1]
2. Identify the reducing agent and the oxidising agent in each of these equations.
a. Fe(s) + CuO(s) — FeO(s) + Culs)
FEHUENG AOBNE . icciassansissmasaviims B A g R B, i T T R e T e S s o, (1]
b. Fe0,(s) + 3Mg(s) — 2Fe(s) + 3MgO(s)
FOUEING ROBOK . oovi s cnnsissasivsionsiinss SRR DRI . o A R R SR b (1]
s 3. Split these equations into two ionic half-equations and identify the reducing agent.
E a. In(s) + CuSO,(aq) — ZnSO,(aq) + Culs) 3]
E b. Mg(s) + Pb(NO,).,(ag) — Pb(s) + Mg(NO,) (aq) 3]
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The behaviour of metals

13.4 The reactivity series

1. Complete these sentences about the reactivity series using words from the list.

electrons exothermic

2. The graph below shows how the percentage decomposition of four carbonates with heat changes with time.

100

% of carbonate
decomposed

A

more

positive reduce

.............. ions more easily.

copper{ll) carbonate

magnesium carbonate

calcium carbonate

strontium carbonate

;

time

a. Put these carbonates in order of increasing rate of thermal decomposition.

b. Link the compounds A to E with the thermal decomposition products 1 to 5.

A sodium nitrate

1

oxide + water

copper(ll) nitrate

nitrite + oxygen

zinc hydroxide

oxide + carbon dioxide

magnesium carbonate

does not decompose

sodium hydroxide

oxide + nitrogen dioxide + oxygen

Extension
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3. Write balanced equations, including state symbols, for:
I. the thermal decomposition of magnesium nitrate

Ii. the thermal decomposition of potassium nitrate.

(6]

3]
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The behaviour of metals 13.5 Making use of the reactivity series

1. The diagram shows a simple electrochemical cell.

bulb  voltmeter

strip of — strip of
magnesium copper
(it dissolves)
— hydrogen
forms

solution of
h, sodium chloride J

a. Write a half-equation for the reaction at the left-hand electrode.

.............................................................................................................................................. [1]
b. Which is the positive pole of the cell? Explain why.
......................................................................................................................................... 3]
¢. On the diagram above put arrows to show the direction in which electrons flow round the circuit. (1]
2. The diagram on the right shows the voltages of some A MAZNESIUM = = = o e e e e
simple cells. s SO —————————
=
Calculate the value of the voltages of electrochemical = | I R R D
: Qo .
cells with these electrodes: S g| tin B S T B
i copper
2. iron and COPPET -....ovvueiiiiaieeiieeieea e eannnn vV [1] ! i
silver ¥ Y
, , voltage/V  3.27 1.56 1.24 1.02 0.46
U EE s o) D VvV [1]

_E 3. Blocks of zinc can be placed on ships’ hulls to prevent rusting. Explain, using ideas about electron
v . .
z transfer, why zinc protects the hull from rusting. 4]
=
o
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Extension

Making use of metals 14.1 Metals in the Earth’s crust

1. Read this paragraph about copper mining and then answer the questions that follow.

An opencast copper mine processes copper ore, which contains 15% copper. There is also 0.5% cobalt and 0.0001%
gold that can be extracted. 69 tonnes of graded rock produces 16 tonnes of copper ore, which can be treated

to produce pure copper. The rock waste is dumped next to a nearby river. The processing also produces lead and
cadmium, which are poisonous.

a. What is the percentage of copper in the graded rock?

When the price of copper drops, it may not be worth extracting the copper. Despite this, the mining still continues.
Suggest why.

.................................................................................................................................................. (1]
What environmental problems may arise from the dumping of waste rock and processing copper?
............................................................................................................................................. 3]
What advantages may a mine bring to the local area?
............................................................................................................................................ (2]
What disadvantages may a mine bring to the local area?
................................................................................................................................................. 2]

. The price, relative abundance in the Earth's crust, and relative reactivity (1 is most reactive) of several metals are

shown in the table.

Metal Aluminium | Copper Iron Silver Tin Zinc
reactivity 1 5 3 6 4 2
abundance / % 8 0.06 5 0.000007 0.0002 0.007
relative price 4 12 1 340 39 3.7

Compare the abundance with the reactivity of the metals and with the prices. How well do the lists match?
Suggest reasons for any differences. 4]

17
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Making use of metals 14.2 Extracting metals from their ores

1. The table shows the order of some metals in the reactivity series. It also shows the position of carbon.

Metal Reactivity Extracted by Energy needed to Cost of extraction
extract the metal

lithium

calcium

cerium
aluminium

carbon

Zinc
lead
copper
silver
gold

a. Draw an arrow in the second column of the table to show the reactivity of the metals
(least reactive — most reactive). [1]

b. Complete the third column of the table to show which metals are extracted by heating their oxides with

carbon and which are extracted by electrolysis. [2]
¢. i. Inthe fourth and fifth columns draw arrows to show the amount of energy needed to extract the metal
(less energy — more energy) and the cost of extraction (lower cost — higher cost). [2]

ii. Explain why there might be exceptions in the order in part c. i.

............................................................................................................................................... 1]
d. Which elements in the table can be found 'native’ (not combined in compounds)?
.................................................................................................................................................. 1]
e. Which elements could be extracted by reaction of their oxides with hydrogen?
.................................................................................................................................................. 1]
2. Manganese is extracted by reduction of manganese oxide with hot aluminium.
Write a word equation for this reaction.
....................................................................................................................................................... (1]
= 3. Write balanced equations for the following:
E a. The reduction of chromium(lll) oxide to chromium using aluminium. 2]
E’ b. The reduction of iron(lll) oxide with carbon monoxide to form iron. 2]
78
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Extension

Making use of metals

1. The diagram below shows a blast furnace for the extraction of iron.

On the diagram draw arrows and the following letters to show:

A — where air is blown into the furnace

B — where the iron ore is added to the furnace

C — where the molten iron is removed

D — where the slag is removed

E — where waste gases exit the furnace

. Iron(lll) oxide is reduced in the furnace by carbon monoxide.

What are the two stages in the formation of this carbon monoxide?

14.3 Extracting iron

O,

A\
7

[5]

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

--------------------------------------------------------------------------------------------------------------------------------------------------------

these phrases in the correct order and then write them out in the correct order in the space below.

At the high temperatures in
the furnace......

The calcium oxide reacts

... Silicon dioxide (sand) ..... | | ..... which is an impurity in
the ore.
..... and floats on top of the ... to torm calcium oxide.

molten iron.

..... the limestone undergoes
thermal decomposition .....

... which runs down the
furnace .....

The calcium silicate formed
s aslag.....

. The following phrases are about the purpose of the limestone added to the furnace but they are muddled up. Put

------------------------------------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------------------------------

5. Use books or the internet to find out three ways to make pure iron.
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Making use of metals 14.4 Extracting aluminium

1. The diagram shows an electrolysis cell used to extract aluminium from aluminium oxide.

On the diagram above, label the electrolyte as E, the cathode as C, the anode as A, and the molten
aluminium as M. 4]

2. Complete these sentences about the electrolyte using words from the list. Not all the words are used.
calcite cryolite dissolved energy evaporated high
low melts pressure temperature 950 1500
Aluminium oxide .......cocevvvvvnnnnnnn. at a very high temperature. It would require too much
........................ to keep the aluminium oxide molten at this ........................ So the aluminium
ORI BS:cvavicanisnsininiis OB s and calcium fluoride. This lowers the
operating temperature to about .............coceeenne °C. The temperature is kept relatively
........................ by keeping the percentage of aluminium oxide in the mixture at 5%. 7]

3. a. Complete these equations for the reactions at the anode and cathode.

AP+ T 12]

1 (R—— 0* i susumeeiinian B, orsssiiseaavive (2]

................................................................................................................................................. 2]
4. Explain why the carbon anodes have to be renewed from time to time.
........................................................................................................................................................ (2]
S - 5. Theactual reaction at the cathode may involve two moles of Al,O, splitting into an AP* ion and one other ion.
° The other ion then decomposes into ALLO, and oxygen.
@
5 Write equations for these reactions. 4]
30
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Extension

Making use of metals

14.5 Making use of metals and alloys

1. Complete the table about the uses and properties of different metals and alloys.

Metal or alloy Use Properties that makes it suitable for the use
aluminium drinks can
R [1]
e S R T 1]
aluminium alloy aircraft body
(90.25% Al, 6% Zn, Vs risssi (1]
and 3.75% Mg/Cu) ) 1)
brass door handles
(?Dﬂfﬂ CU, 30[]){:' zn} 1 .......................................................... [1]
R e (1]
bronze one use
[950213 CU‘ 5‘% SH} ......................... [1] 1 .......................................................... [1]
2. resistant to corrosion
cobalt alloy two uses 1. remains hard at high temperatures
(65% Co, 30% Cr, :
5% Mo) T, [1] | 2. does not change shape easily
7 SRR [1]
copper 1. electrical wiring
LS 1]
2. saucepan base
B v SR AR ARG RSN [1]
‘silver coinage metal’ coins
{?SUKDCU, 25(]"(':' Nl} 1 .......................................................... [1]
e G S R R R R SRR [1]

2. Commercial aluminium is 99.5% aluminium with a little iron and silicon. This is preferred for engineering

use instead of pure aluminium. Use your knowledge of the structure of metals to explain why.
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Making use of metals 14.6 Steels and steel-making

1. Complete the phrases A to F about steel-making using phrases 1 to 6.

A Calcium oxide is added..... is poured into a basic oxygen
converter.
B A jetof oxygen..... 2 .....which floats on the iron and is
removed.
C The molten iron from the 3 .....aresolid acidic oxides.
blast furnace .....

D This gives a slag ..... 4 .....the acidic oxides of silicon and
phosphorus.
E The calcium oxide reacts N i because it is a basic oxide.
with .....
F The oxides of phosphorus 6 .....oxidises the impurities C, Si, P, and S
and silicon ..... to their oxides.

2. Now put the pairs of phrases in the correct order to describe the correct sequence during steel-making,
.e. letter—number, letter-number, letter-number, etc.

11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

3. Complete the table about the uses and properties of different steels.

Steel Use Properties which makes it suitable for the use

mild steel two uses one property

(99.7Fe,03%QO |, | ————— 1)
2. ivveressrssnssanernaoras [1]

stainless steel two uses one property

{?Dufﬂ FE; ZDUJ'JIU {:r, 1 [1] ............................................................... [1]

10% Ni) ¢ ST
. R R T A [1]

tungsten steel two properties

0 0
Wl Fe el drill bits N s e R R [1]
R [1]

4. Complete the equations for these two reactions in the basic oxygen converter.

Extension

b. Fe,0, + ...... C0 — ... 5 - S 2]
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Air and water 15.1 What is air?

1. The table shows the percentage of some of the gases in dry air in 1985 and 2015.

Gas % by volume in 1985 | % by volume in 2015
nitrogen 78.082 78.081
oxygen 20.950 20.946
carbon dioxide 0.034 0.0397
neon 0.0018 0.0018
helium 0.000524 0.000524
methane 0.00014 0.000179

Which two gases have shown the largest percentage change relative to their original amount since 19857

....................................................................................................................................................... 1]
2. The apparatus shown was used to deduce the % of oxygen in the air.
copper
thin glass tube wire i
| \ l -':?:lli’
- | = | I , e
[rL-\J!!!h = f B —'||1!|a|||| r*‘ﬂ
heat gas syringe
80 cm? of air was drawn into the right-hand syringe. The air was then passed over the heated copper until
there was no further decrease in volume. The final volume of air was measured immediately in the right-hand
syringe and was 62.9 cm’.
a. What volume of oxygen Rad 1eatea? ... ... oottt et e e e e e e e e [1]
b. Calculate the % of oxygen in this sample of air. Show your working.
e Al S % [1]
¢. How does this volume compare with the volume in the table? Give a reason for the difference based on your
knowledge of the behaviour of gases.
................................................................................................................................................. 3]
© - 3. Oxygen is involved in combustion reactions. Oxides are formed as products. Write a balanced equation
'ﬁ for the complete combustion of ethane, CH.. 2]
=
|.|.|
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Air and water

15.2 Making use of air

1. The table shows the boiling points of some of the gases in air.

Gas CO, Xe Kr 0, Ar N, Ne He
Boiling ~32 -108 -153 -183 ~186 -196 —246 -269
point/ °C
d.. Whichi §ases e Ot POBIEGASEEE ....conniisiinnniiiiisisieiiisiismie i e sib s s ss N Seaa s aaa S waaans [1]
b Which! IS 1he MoSt reactive of ThaSe DASEST ... iiiiansiassios i sssssasssianssisatmisastirisssnsensbssibsasassannns 1]
¢. What is the relationship between the boiling point of the noble gases and their relative atomic mass?
.................................................................................................................................................. 1]
d. What method is used to separate these gases and what physical property does this depend on?
.................................................................................................................................................. 2]
2. Carbon dioxide is first removed by bubbling the air through concentrated aqueous sodium hydroxide.
a. What type of oxide is carbon dioxide? Put a ring around the correct answer.
acidic amphoteric basic neutral (1]
b. What type of chemical reaction occurs when carbon dioxide is absorbed by aqueous sodium hydroxide?
.................................................................................................................................................. (1]
3. A mixture of liquefied air contains largely nitrogen and oxygen.
Explain why nitrogen boils off first when the temperature of liquefied air is raised.
....................................................................................................................................................... (1]
4. Explain why oxygen is used in each of the following:
s R IR e e e e e e e e s e
.............................................................................................................................................. 2]
B O R e e S e e e i
N = (0L o1 = | TSR 1]
_E 5. Carbon dioxide reacts with hydroxide ions to form carbonate ions and water. In the presence of excess
E carbon dioxide and water the carbonate ions react further to form hydrogencarbonate ions, HCO,~.
E Write ionic equations for these two reactions. 4]
34
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Air and water 15.3 Pollution alert!

1. a. Complete these sentences about the sources of carbon monoxide and sulfur dioxide in the atmosphere using
words from the list below. Not all the words are used.

burn carbon excess fossil gaseous limited oxygen sulfur
Carbon monoxide is formed when ................... COMPOUNEE oo 1 T supply of air.
Sulfur dioxide is formed when................... fuels containing ................... burn in air. 5]

b. Name a natural source in the atmosphere of i. nitrogen oxides ii. sulfur dioxide.

L s e e R R e W cncnssnsnmns s 2]

2. Give one harmful effect of:

a. An aqueous solution of sulfur dioxide on buildings made of limestone.

................................................................................................................................................. (1]
B NilotEan gt OIS . s i e s b s S e avaiiia [1]
G Carbon monoeide o NUMENS «uamnsinmmiammmiammmmisaaamrsiaiasr s (1]
3. The graph below shows the concentration of nitrogen dioxide in the air in the streets of a large city throughout a
particular day.
A
=3
P
=
3
| I 1 | >
ba.m. 1Z2noon  6p.m. 12 ba.m.
midnight
time of day
Describe and explain the shape of this graph.
..................................................................................................................................................... (4]
4. Explain the function of a catalytic converter attached to a car exhaust.
....................................................................................................................................................... 3]
© - 5. Write balanced equations for the reaction of i. NO, and ii. NO with carbon monoxide in a
£ catalytic converter. 4]
£
L
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Air and water 15.4 The rusting problem

1. The graph shows the rate of corrosion of iron at different pH values in aerated water.

A

5

f‘:-.

=

S 0.03 -

S

[15]

S 0.02 A

[ ]

]

o 0.01 -

E \
| I | 1 | | :.‘
2 4 6 8 10 12

pH

11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

b. Atneutral pH values, as corrosion uses up H* ions, OH ions are left in solution. These first react with iron(ll) ions
to form iron(ll) hydroxide ('green rust’).

Complete the ionic equation for this reaction. Include state symbols.

5t b2 o | T o reeeseessesasesnsennsanannnes (3]
c. Atmore alkaline pH values ‘green rust’ is converted to ‘red rust’ (hydrated iron(lll) oxide).

. GIvEthe Narme of the oaiasing agetin TS HeaGTION. ... inuaiminnmersisaiiiassaiis i (1]

ii. ‘Green rust’ is converted to ‘red rust’ more rapidly at more alkaline pH values. What information from the
graph suggests that red rust’ protects the iron from corrosion better than ‘green rust'?

.......................................................................................................................................... (1]
2. Suggest reasons for the following:
a. The iron in a ship’s hull rusts more quickly than the same sort of iron on a bridge far from the sea.
................................................................................................................................................ (2]
b. Aniron object in the desert rusts very slowly.
.................................................................................................................................................. (1]
¢. Painting an iron object stops it from rusting.
.................................................................................................................................................. 2]
_E 3. Blocks of magnesium can be placed on ships’ hulls to prevent rusting. Explain using ideas about electron
wvi ; ;
= transfer why magnesium protects the hull from rusting. 4]
k3
Lld
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Air and water

15.5 Water supply

1. The table shows the concentration in mg/dm?® of some ions present in water from three different sources.

Extension

lon Seawater Rainwater River water
Na' 10 000 9 "
Ca** 900 2 1
K 1000 1 4
510,* 500 0.5 g
Cl- 17 000 16 12
HCO," 700 3 2
NO, trace 0.01 3

a. What is the commonest compound obtained when seawater is evaporated?

.............................................................................................................................................. (1]
Which positive ion in seawater in the table is present at the lowest concentration?
........................................................................................................................................... 1]
What are the major differences between rainwater and river water in terms of the concentration of the ions
present?
................................................................................................................................................. (3]
Drinking water can be made from seawater by desalination. What is meant by the term desalination?
............................................................................................................................................ (1]
Which ion in river water is most likely to be a harmful pollutant and what is the most likely source of this ion?
.................................................................................................................................................. 2]
What organisms present in river water might make it unfit to drink?
.................................................................................................................................................. 1]
. River water is treated so that it is fit to drink.
What is the purpose of these stages in the purification?
o A IO o e T T s e B G B o G B S S S S S s (1]
L@ 3110 =1 o PSRRI (1]
2. Use books or the internet to find out why some samples of water are described as "hard’ and
how sodium carbonate is used to treat hard water. 4]
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Extension

88

Some non-metals and
their compounds 16.1 Hydrogen, nitrogen, and ammonia

1. a. Hydrogen reacts with oxygen to form water.

2H,(g) + O(g) — 2H,0()
oxidation state 0 0 +1 =2

Explain why this is a redox reaction in terms of changes in oxidation state.

........................................................................................................................................... 2]
Describe how you could prepare hydrogen in the laboratory using a named metal.
.................................................................................................................................................. 3]
2. Ammonia can be made in the laboratory by heating an ammonium salt with calcium hydroxide.
2NH,Cl(s) + Ca(OH),(s) — CaCl(s) + 2H,0() + 2NH,(g)

. Name two salts shown in this equation.
.................................................................................................................................................. 2]
Name two bases shown in this equation.
.................................................................................................................................................. (2]
Name two simple molecules shown in this equation.
.................................................................................................................................................. 2]
Suggest why the ammonia gas is collected by downward displacement of air.
................................................................................................................................................ 1]
How could you test for the ammonia released in this reaction?

s O O R e R L R b R B B R T R s e
V] USSP (2]
3. a. Write an ionic equation for the reaction shown in question 2. 2]
b. Explain which is the acid and which is the base in terms of proton transfer. 2]
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Some non-metals and
their compounds 16.2 Making ammonia in industry

1. Ammonia is manufactured by the Haber process. Complete these sentences about this process using words
from the list.

compressed converter hydrogen iron natural oxygen steam

The hydrogen is made by reacting ............ccooeeeeeen. 1B P .The nitrogen comes

from the air after..........cccooeeeeninin. has been removed by reaction with .........ccoccoviiinnn. . The nitrogen

and hydrogen are ... cssasssssssansie and pumped into @.....ccvvvvieininnnnnnn. , where they react at

450 °Cin the presence of a catalystof ......................... [7]

2. Complete the equation for the synthesis of ammonia.

N(Q) + oo, 1) D (9) 2]

3. The graph below shows the effect of temperature and pressure on the percentage yield of ammonia.

70 H—
60 b R L350 LT
V| SESEEEEEREE _ Z-ﬂlDD'i'E}.

40 ! . 45[}"6

30 ! S ; 1500°C_

20

yield of ammonia /%

550°C-
10

0FE ’ 3
0 50 100 150 200 250 300 350 400
pressure /atmospheres

a. Describe the effect of pressure on the percentage yield.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1]
b. How does the data in the graph show that the reaction is exothermic?
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1]
¢. What is the percentage yield of ammonia at 200 atmospheres and 350 °C?
............................................................................................................................................. 1]
d. State one advantage and one disadvantage of using a low temperature in the reaction.
.................................................................................................................................................. 2]
~ : . ; .
© - 4. Draw and label an energy level diagram for ammonia synthesis showing the overall energy change and the
E activation energy of the catalysed and uncatalysed reaction. 5]
=
o
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Some non-metals and
their compounds 16.3 Fertilisers

1. Complete these sentences about fertilisers using words from the list.
fertilisers nitrates nutrients phosphates phosphorus proteins salts

For healthy growth crop plants need three major elements, nitrogen, ............cccvvvene.. , and potassium.

soil to add back the .........cccceeereneen. that plants have absorbed for growth. [7]

2. A flow chart for making fertilisers is shown below.

k

e NHE o HNDE S NHqNDE HC|

|

—» H3805 |——> H3PO; t——> compound fertiliser

|

phosphate rock

a. Name the compounds in the diagram:

NH, oo RO i o S o
L LT — HLSO, e
HLPO, oo KC oo [6]

b. Write a word equation for the reaction between NH, and HNO,.

1]
c. Name a suitable acid and base for making these fertilisers.
Lo AMMONIUM SUIATE ...t e e e e e e e e e e e e e e 2)
I, EPOIRASTIMMTY CRVIORTONE . sl o s et 5 W S A S 2,
LSEHOREPREPREE ... e s s e R R 2
d. Name the three raw materials used to make NH..
................................................................................................................................................ 3]
o . . " .
© - 3. Use books or the internet to write about the process of eutrophication, which happens as a result
§ of nitrate and phosphate fertilisers getting into rivers. 5]
=
i
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Some non-metals and
their compounds 16.4 Sulfur and sulfur dioxide

1. Petroleum contains unwanted sulfur compounds.

a. Why is it important that these sulfur compounds do not remain in fuels obtained from the fractional
distillation of petroleum?

11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

.................................................................................................................................................. 2]
b. The sulfur compounds are converted to hydrogen sulfide by reduction with hydrogen using a catalyst.
What is the purpose of the catalyst?
.................................................................................................................................................. (1]
¢. The hydrogen sulfide is then separated from other gases by reacting it with an organic solvent. Suggest
why the solvent is able to separate hydrogen sulfide from the other gases.
.................................................................................................................................................. (1]
d. Hydrogen sulfide is obtained from the solution by heating. It is then oxidised by oxygen to form sulfur
and water. Complete the equation for this reaction.
............... HS(@) + s = S8+ [2]
2. a. What is the most important use of sulfur?
............................................................................................................................................ 1]
b. Give two uses of sulfur dioxide other than the one you wrote in part a.
............................................................................................................................................. (2]
3. Sulfur dioxide is oxidised to sulfur trioxide in the atmosphere.
a. How is acid rain formed from sulfur trioxide?
.................................................................................................................................................. 1]
b. Describe and explain the effect of acid rain on a building made of limestone.
.................................................................................................................................................. 3]
¢. Describe one effect of acid rain on plants.
.................................................................................................................................................. (1]
© - 4. Sulfites are used as food preservatives. Use books or the internet to find out how sulfites react with acids and
e write an ionic equation for this reaction. 3]
&
>
Lii
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Some non-metals and
their compounds 16.5 Sulfuric acid

1. In the Contact process, sulfur dioxide is converted to sulfur trioxide in the presence of vanadium(V) oxide.
250,(g) + O, = 250,(g)

a. What is the purpose of the vanadium(V) oxide?

............................................................................................................................................... 1]
b. The graph below shows the percentage conversion of SO, to SO, at different temperatures.
The pressure was just above atmospheric pressure.
100
I:::'I"':
Ll
2 90-
-
W
S 80 -
:
70 1 1
300 400 500 600
temperature / °C
I. Describe in detail the effect of temperature on the percentage conversion of SO, to SO..
............................................................................................................................................... 2]
ii. Deduce the percentage conversion of SO, to SO, at 500 °C.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (1]
iii.How does the data in the graph show that the reaction is exothermic?
.............................................................................................................................................. (1]
¢. i. Predict the effect of increasing the pressure on this reaction. Explain your answer.
............................................................................................................................................. (2]
ii. Explain why the reaction does not need to be carried out at high pressure.
............................................................................................................................................. (1]
= - 2. a. Construct a balanced equation for the reaction of concentrated sulfuric acid with carbon to form
.E sulfur dioxide, carbon dioxide, and water. 2]
c
v . — . A
e b. Construct a balanced equation for the oxidation of hydrogen sulfide by concentrated sulfuric acid
i -
to form sulfur dioxide, sulfur, and water. 2]
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Some non-metals and
their compounds 16.6 Carbon and the carbon cycle

1. The diagram shows the carbon cycle. The numbers are the relative amounts of carbon transferred per year.

atmosphere - \
100
100
A \
4.5 photosynthesis 120 bacterial X = gas coming
decay out of solution
125 respiration j X
ourning dissolving
fossil fuels /

oceans

a. What are the two main processes releasing carbon dioxide into the atmosphere?

.............................................................................................................................................. (1]
b. What are the two main processes removing carbon dioxide from the atmosphere?
................................................................................................................................................. 1]
¢. Comment on the balance between these processes.
.............................................................................................................................................. (2]
d. Gases dissolve better in cold water than hot water.
If the oceans get warmer, explain the effect this might have on the carbon cycle.
.................................................................................................................................................. 2]
e. Describe two other factors that might upset the balance of the carbon cycle.
.................................................................................................................................................. 2]
2. Write the word equation for photosynthesis and give the essential conditions.
o [V o] et eeeeeeeeeeeeeete e ettt ettt ettt n a1t e e e e e e eeeees (1]
LN RMORS s cmnvonsnnassvonibianss visin inaiiosinsesasdan siieninennesn s R SR RS E S PR AR VR R H R B oo e (2]
c , . .
© - 3. Use books or the internet to explain how the calcium carbonate shells of sea creatures are formed
p using dissolved carbon dioxide as a source. 4]
o
>
kel
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Some non-metals and
their compounds 16.7 Some carbon compounds

1. a. Link the carbon compounds A to E on the left with their descriptions 1 to 5 on the right.

A Carbonate 1 Colourless, poisonous gas that is lighter
than air.
B Carbon dioxide 2 Colourless, slightly acidic gas that is

heavier than air.

C Carbon monoxide 3 Gas lighter than air that has a relative
molecular mass of 16.

D Hydrogencarbonate 4 A double charged anion found in chalk.
E Methane 5 Anion with a single negative charge
formed when CO, dissolves in water. 3]

2. a. Finish these symbol equations for the complete combustion of methane and propane.
L CH & s B o s B oo 2]

L T TTL R T PRy ey e Yt B 2]

b. Write symbol equations for the incomplete combustion of methane and propane to form carbon
monoxide and water.

] 2
Il -----------------------------------------------------------------------------------------------------------------------------------------------

B s v R R R R S R T R R e R R e (2]

c. What other substance may be formed when propane undergoes incomplete combustion?

.................................................................................................................................................. (1]
3. When citric acid reacts with sodium hydrogencarbonate, the temperature falls and a citrate is formed.
i. Write a word equation for this reaction.
............................................................................................................................................. (1]
il. What type of energy change is occurring?
................................................................................................................................................ [1]
4. Calcium carbonate decomposes when heated. Write a symbol equation for this reaction.
....................................................................................................................................................... 1]
__E_r 5. Construct equations for the complete combustion of ethanol, C.H.OH, and the complete combustion
E of glucose, CH.0.. 4]
&
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Some non-metals and
their compounds 16.8 Greenhouse gases and global warming

1. The graphs show the concentration of carbon dioxide in the atmosphere and the estimated global mean temperature
over a period of 120 years.

= 14.6
v o =
E = i =
= E 380 2o
S’“‘* Eg_ "‘_-:5' “é 14.2 -
e E _ EIII":' -
E =] 340 = g
o L2 al38
= =
=5 . E g
E ﬁ 300 - E
E E 1 ] ] | T I 1-34 T T T T T T
- 1880 1900 1920 1940 1960 1980 2000 1880 1900 1920 1940 1960 1980 2000
Vear year

a. Carbon dioxide is a greenhouse gas. What is the meaning of the term greenhouse gas?

.................................................................................................................................................. 2]
b. How does the information from the graphs support the idea that carbon dioxide is a greenhouse gas?
.................................................................................................................................................. 2]
¢. What evidence is there from these graphs that global warming might not be related to the concentration of
carbon dioxide in the atmosphere?
.................................................................................................................................................. 2]
d. i. Give the name of the second most abundant greenhouse gas in the atmosphere.
............................................................... s R R ARSI  a aad TE]
ii. Give two sources of this gas.
................................................................................................................................................ 2]
2. The absorption of energy by greenhouse gases may lead to global warming.
Give three effects of global warming.
....................................................................................................................................................... (3]
3. One suggestion for ‘capturing’ the carbon dioxide given off by industry is to use the reaction:
=
=
@ KCO(ag) + HO() + CO(g = 2KHCO (ag)
o)
x Suggest how this might work to remove carbon dioxide and store the carbon so that it does not
L 99 9
escape into the atmosphere. 4]
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Some non-metals and
their compounds 16.9 Limestone

1. The diagram shows an old-fashioned kiln for making calcium oxide from calcium carbonate.

earth
bank

stone walls
neN: of ki

passages into the kiln

a. Put the following labels on the diagram:
T to show where the limestone is tipped into the kiln.
F to show where the fuel (coal) is being burnt. [2]

b. How does air get into the kiln and why is it needed?

--------------------------------------------------------------------------------------------------------------------------------------------------------

¢. The walls of the kiln are made of granite. Granite is mainly a mixture of silicon dioxide and aluminium oxide. Why
are the walls made of granite and not of limestone?

.................................................................................................................................................. 2]
d. The equation shows the thermal decomposition of calcium carbonate:
CaCO,s) — Cal0(s) + CO,(g
Explain why the backward reaction is unlikely to occur in the lime kiln.
.................................................................................................................................................. (3]

2. Flue gas desulfurisation is a process that removes sulfur dioxide from waste gases in power stations. Explain how this
process works.

------------------------------------------------------------------------------------------------------------------------------------------------------------

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 4]
_El 3. When you bubble carbon dioxide through limewater, the limewater first goes cloudy (milky) and then the
£ cloudiness disappears. Use books or the internet to help you explain these observations. 4]
£
L
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Organic chemistry 17.1 Petroleum: a fossil fuel

1. Petroleum is a fossil fuel. Name two other fossil fuels.

................................................................................................................................................ 2]
2. The full structural formulae (displayed formulae) of some organic compounds are shown below.
A H B C
|
H—C—H i
Fll Fli +I| r|-| I-li xc,f‘% “H
H—— L —LC—H H=C—C—C—0—H Hf’ \ / TH
. |1 Ho 7 S H
H H H H H H g
D E F
H H H H H H Cl
L HO | 0
H—C—C—C—C—H C=C—C—H Cl—C—C{
o H” | i 0—H
H H H H ¥ Cl
a. Which of these compounds are hydrocarbons? Explain why.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2]
b. Which of these compounds are most likely to be found in petroleum?
.......................................................................................................................................... (1]
c. i. Which one of these compounds is a branched-chain compound? ... ...t (1]
li. Which one of these compounds is @ ring COMPOUNT? ...ttt e e seeeaaens (1]
d. The molecular formula of compound Ais CH, .
Deduce the molecular formulae of compounds B to F.
B s B S R SR C o T R
D R A R e e E s
B e O A R R N R R M S AR (5]
3. Petrol can be made from coal using the following route:
A coal — | B decomposition using — C refiningbasedon | — D petrol
heat and hydrogen boiling point
2 I St A, B T R I Ol N NN oo e A i A s o A (1]
B N St eIV IO it s s T T R T (1]
& _ , . :
© - 4. Petroleum contains a number of aromatic hydrocarbons. Use books or the internet to describe the
£ main features of aromatic hydrocarhons. Give the name of two aromatic hydrocarbons. 4]
=
i
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Organic chemistry 17.2 Refining petroleum

1. The diagram shows a simple experiment to separate petroleum __thermometer
fractions.

Describe how you could use this apparatus to separate the

hydrocarbon fractions. k

pear-shaped —__

........................................................................................ flask
---------------------------------------------------------------------------------------- DEtrD!EUJﬂ -H--H b il
---------------------------------------------------------------------------------------- {CrUdQ Gll:l
........................................................................................ _,---"tESt tLIbE
---------------------------------------------------------------------------------------- u
....................................................................................................................................................... [4]
2. The table shows some properties of the different petroleum fractions.
Fraction Boiling point range Size of Volatility Ease of flow Ease of
1o molecules buming
1 up to 100
2 100-150
3 150-200
4 200-300
a. In the third column draw an arrow to show how the size of the molecules varies with the boiling
point range (low — high). [1]
b. i. Some compounds are volatile. What is the meaning of the term volatile?
............................................................................................................................................ 1]
Ii. In the fourth column draw an arrow to show how the volatility of the compounds varies with the boiling
point range (low — high). (1]
¢. In the fifth column draw an arrow to show how the viscosity ('syrupiness’) of the compounds varies with the
boiling point range (flows easily — flows less easily). [1]
d. In the sixth column draw an arrow to show how the ease of burning of the compounds varies with the
boiling point range (difficult — easy). (1]
© - 3. Useideas of molecular size and intermolecular forces to explain how fractional distillation separates a
E mixture of compounds into different fractions. 5]
<
(W]
98

Join now:https://t.me/igcse_files



IGCSE files&d(q

Extension

Organic chemistry

17.3 Cracking hydrocarbons

1. The bar chart shows the supply and demand for different petroleum fractions.

(=1

o

50 1 B supply from refinery

40 - demand from customers

30 4

20 1

o 1
L::_-\.LI'?I —— E E — L
ofh ¢S § T B
L= = u p= T g =)
@ ag =2 ¥ 2 %
= (o I = L @
By~ = -

a. Which of the fractions shown has molecules with the longest chains?

b. i. For which fractions is the demand much greater than the supply?

2. The diagram below shows the apparatus used to crack paraffin in the laboratory.

delivery tube

ceramic wool

soaked in aluminium oxide
medicinal granules (catalyst)
paraffin

a. Put the letter P on the diagram to show where the gaseous product is collected.

b. On the diagram, draw two arrows to show where the apparatus should be heated.

3. Complete these equations for cracking.

- P G (P ST T . S R ———

10" 22 410

b. C H o Bl 4 CH: 4 v

14" 30 i 8 4 8

4. Explain why it is less likely that oil companies will crack fractions containing hydrocarbons with the

formulae C,H,, and C,H,_, than other fractions.

Join now:https://t.me/igcse_files
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Organic chemistry 17.4 Families of organic compounds

1. a. What is meant by the term homologous series?

.................................................................................................................................................. 2]
b. To which homologous series do these compounds belong?
PYOPBIE vissnsssismmimsmsssnssssssmsaisarssimsmissaionts BRI coccosvmminiismsiisvississvsisssa R
IR i T T s e PIOADOIE 30 i Ginnnin s n (4]
2. Complete the table to show the formulae and structures.
Name of Molecular Simplified structural Full structural formula
compound formula formula
|
methane H—(li—H
H
propane O CH,CH,CH,
propanol CH,CH,CH,OH
ethanoic acid
butene CH,CH=CHCH,
[10]
=
© - 3. Write general formulae for the alkenes, alcohols, and the homologous series which includes
v
S CH,CH,NH, and CH,CH,CH,CH,NH,. 3]
=
Ll
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Organic chemistry 17.5 The alkanes

1. Complete these sentences about alkanes.

3 ARADPE AN cnnpanaaininsasaiy because they only have hydrogen and carbon atoms

in their structure. [1]
B A R RS 0 st s T Y O T R e e e bonds. [2]
¢. Alkanes do not decolourise aqueous bromine. This shows that they are ..........coooeevvviiiiiiiinnnnn. hydrocarbons. [1]
d. Alkanes are generally unreactive exceptfor ............ccoovvvvvivinnnn. AN AT W . ociicanismisisisisisss (2]

2. Name the alkanes with unbranched chains of:

a. Fivecarbon atoms ... e e e TR (1]
T s g e B | T — (1]
C: BN O e s R R R R R i S R R e [1]

3. How do the boiling points of the alkanes change with relative molecular mass?

....................................................................................................................................................... [1]
4. Complete these equations for the typical reactions of alkanes.
e Bl & v 3 T SR £6 LY. S, H,0 (2]
B: CH, + QL = e + HCl [1]
5. Which two words describe the reaction in 4. b.? Put rings around the correct answers.
addition cracking neutralisation photochemical polymerisation substitution 2]
6. a. Draw two isomers of the hydrocarbon with the formula C.H,,. (2]
_E b. Draw all the isomers of the hydrocarbon with the formula CH, . 13]
v
o
b i
-
i
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Organic chemistry

1. The table gives some information about the alkenes. Complete the table in the spaces provided.

17.6 The alkenes

Name of alkene Molecular formula Boiling point / °C
ethene -102
............... CJHE
............................................. _?
peﬂtene .......................................................... -

2. The structure of compound T is shown below.

y H
\ |

N—C=C—C—0—H
H” | l
H H

a. On the structure of T above draw a ring around the functional group which makes this compound

unsaturated.

b. An excess of compound T is added to a few drops of aqueous bromine in a test tube. Predict the colour

change of the mixture in the test tube.

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

lllllllllllllllllllllllllllllllllllllllllllllll

6]

3. a. Complete the boxes in the diagram below to show the structure of A and formula of the additional reagent B
including the state symbol.

particular
conditions

i B
e i e

b. State the particular reaction conditions to form C,H,OH.

Extension

102
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Organic chemistry 17.7 The alcohols

1. a. Ethanol can be manufactured by fermentation or by hydration of ethene.

Complete the table about these reactions.

Fermentation Hydration of ethene

reagents needed

temperature / °C

pressure
catalyst
(8]
b. Give two disadvantages of producing ethanol by fermentation.
.................................................................................................................................................. 2]
c. Give two advantages of producing ethanol by fermentation.
.................................................................................................................................................. 2]
d. Give two advantages of producing ethanol by hydration of ethene
.................................................................................................................................................. 2]
2. a. Complete the equation for the complete combustion of butanol.
CHOH & s 5 I AT O b s HO [2]
b. Draw and label a diagram of the apparatus you could use to compare the energy released by burning
different alcohols. [5]
_E 3. Calculate the mass of water formed when 9.2 g of ethanol burns in excess air. (A valuesH=1,C=12,0=16)
vi
=
ﬁ CHOH + 30, — 2C0, + 3HO 4]
Ll
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Organic chemistry 17.8 The carboxylic acids

1. The diagram shows the apparatus used to convert

ethanol to ethanoic acid. water out
-q_

a. On the diagram, draw an arrow to show where

heat is applied. 1]
; . water in
b. What type of reagent is the potassium manganate(VIl)? e A
......................................................................................... 1]
¢. What colour change would you expect to see if the ethanol +
potassium manganate(VIl) was not in excess? ﬁﬁ;gg&wm
+ acid
FTOM Lo
B s R e A N B R S R TR AR 2]
d. Why is the condenser in the upright position?
.................................................................................................................................................. 2]
2. Ethanoic acid ionises in water.
CH,COOH + HO — CHCOO" + H/0
a. How does this equation show that ethanoic acid is a weak acid?
.................................................................................................................................................. 2]
b. Explain why water is acting as a base in this reaction.
.................................................................................................................................................. (2]
3. Complete these equations for some reactions of ethanoic acid.
P aa CHCOOH # i NI = s A S R e T e (3]
B s CHCOOH # MO =3  cccininssimessisonnsssisissnsesisssaersivass T epegnunesnnssranenssnunssnnrnssnnessearases (3]
B DHCORH & NA0H 538 counsnmssmmamisssmmmssanssissns e R AR (2]
Bl av SR A F e v EHEQOCER: + coocasaaaanainnss 3]
£ .
© - 4. Write formulae for the esters a. ethyl butanoate and b. propyl methanoate. 2]
&
S
x
Lld
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Polymers 18.1 Introducing polymers

1. Complete the following sentences about polymers using words from the list.
addition bonds ethene join molecules monomers other polymerisation
A polymer is a substance that has very large ................... formed when lots of small molecules
1[4 RN join together. This process is called ...........cccovvieiiiinnins .When poly(ethene) is

formed, one of the C=C............. OF vossvisimuinnin is broken and the monomers ................ together in a chain.
A reaction in which two or more molecules joinand no................. molecule is formed is called

AN e reaction. 8]

2. In the box below draw a section of the polymer chain formed by the addition of four units of ethene monomers.

2]
3. The diagram below shows two types of poly(ethene). The zig-zag lines are the chains of the polymers.
YA g /~/'“/\/\
AANAA
AANAA
AAAA _\_\_\_\
NN
AAAA ‘H‘L\
NN H%M—\-._\—\_\
Which polymer, A or B, has the lower density? Explain your answer.
................................................................................................................................................... 2]
c
© - 4. 56 kg of ethene was converted to poly(ethene). Each chain of poly(ethene) contains an average
E of 20 000 carbon atoms. Calculate the approximate number of moles of poly(ethene) formed.
= (A valuesH=1,C=12) 4]
L
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Polymers 18.2 Addition polymerisation

1. The diagram shows an addition polymer.

U N e A
—~C—C—=C—=C—=C—C=
1 I A I
H H H H H H

a. Draw brackets round the repeat unit of this polymer. [1]

b. The structure of a monomer is shown below.

H4C N H
C=C
H”  F
Draw a section of the polymer chain formed from this monomer. Show three repeat units. (3]

¢. Draw the structure of the polymer formed from but-2-ene, CH,-CH=CH-CH,, as one repeat unit of
this polymer with brackets and n. 3]

2. Draw the monomers of polymers A and B.

A CgHsH CgHsH CgHsH CgHs B H CNH CNH
| | | I ] | 1 ] 1 |

LI, O Y PR SR S W P e ——
| | ] | [l 3 I

H H H H H H H H H H H H
Monomer A Monomer B

4]
_E 3. Write the equation for the formation of the polymer of ethyl ethenoate, CH,=CH(OOCCH,). Show one
£ unit of the polymer with brackets and n. Hint: you first have to work out the full structure of the ethyl
1~ ethenoate molecule. 3]
LLJ
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Polymers 18.3 Condensation polymerisation

1. Complete these sentences about condensation polymerisation using words from the list.
chloride eliminated functional small water

In condensation polymerisation, molecules with different.......................... groups react together.

:
.
:
!
| I | 2l
:
:
.
o o

B -~
i i 0
—N+ —rlﬂ-f:—lc—rﬁ— —P;—EI C—
H H H H
a. On each of the diagrams above put brackets to show one repeat unit. 2]

b. Give the name of the linking group in

Lo Polymer A oo . Polymer B ... (2]

3. The structure of poly(lactic acid) is shown below.
e
|
—0—C—C—0—C—C—0—C—C—

| | |
4 g I

a. Give the names of the two functional groups that react to form this polymer.
..................................................................... 17 SRRSO E TN |/.|

b. Draw the structure of the single monomer that is used to form this polymer. (2]

4. Deduce the structure of one repeat unit of the polymer formed from these two monomers:
HOOC—(CH,),-COOH and H,N—(CH,) —NH.,,.

Extension
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Polymers 18.4 Making use of synthetic polymers

1. a. Link the properties of plastics A to E on the left with the best uses 1 to 5 on the right.

A Most plastics don't conduct 1 .....so they can be used for food
electricity ..... containers.
B Plastics do not react with v J— so they can be used as insulators.
acids ...
C Plastics have a low density ..... 3 i so they can be used to make bags.
D Plastics are flexible ..... - s0 they can be used to make
climbing ropes.
E Many plastics are strong...... 5 .....so0they can be used to make storage
boxes.
3]
b. Give one use for each of these polymers:
Lo N O e [1]
I BV s s S S T S B S o o VRS A S S s (1]
2. Suggest which properties of plastics are suitable for:
o T a Q8 T 14 SRR
.................................................................................................................................................. (3]
T 11 a1 o T =SSR
.................................................................................................................................................. (3]

3. The strength of a plastic depends on the strength of the intermolecular forces between the chains and how tangled
(muddled up) the chains become.

The graph shows how the strength of a plastic depends on the length of the polymer chains.

Suggest reasons for the shape of this graph. A
....................................................................................................... =
o
=
Z
..................................................................................................... £
L
................................................................................................... B
e
-
.................................................................................................. [2] number of repeat units
© - 4. Use books or the internet to find out the difference between thermoplastics and thermosetting plastics in terms
v
S of structure and uses. 6]
ot
>
L
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Extension

Polymers 18.5 Plastics: here to stay?

1. Many plastics are non-hiodegradable.

What is meant by the term non-biodegradable?

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

....................................................................................................................................................... 2]
. We can get rid of waste plastics by recycling, through landfill sites, or by burning them.

a. Give two advantages of recycling plastics.
....................................................................................................................................... 2]
State two problems with recycling plastics.
........................................................................................................................................... 2]
Give two advantages of putting plastics in landfill sites.
.................................................................................................................................................. 2]
Give one advantage of burning plastics.
............................................................................................................................................. [1]

. Suggest pollution problems other than global warming that might arise when the following plastics are burnt.
I. A plastic with the structure —CH,~CHCI-CH,—CHCI-
............................................................................................................................................... (1]
ii. A synthetic rubber containing sulfur atoms.
............................................................................................................................................... 1]
i. What substances are formed when poly(ethene) is burnt in excess air?
....................................................................... AN e T
ii. Polyethene usually burns with a black-edged flame. Explain why.
.............................................................................................................................................. 2]
4. Use books or the internet to find out why plasticisers are added to plastics, how they work, and what problems
might be associated with them. 5]
109
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Polymers 18.6 The macromolecules in food (1)

1. Complete these sentences about macromolecules in food using words from the list.

catalysed enzymes monomers polymerised starch sugar water

Plants makea................. called glucose from carbon dioxide and ................. by photosynthesis.
In plant cells glucose ............ccceevee.. B osiisvnsavanaiiiss RO KRR cissanannnnon and cellulose.
This polymerisation is................. by proteins called ................. :

2. a. The structure below represents a molecule of glucose.

HO — —OH

Glucose is a monosaccharide.

Draw block diagram structures of a disaccharide and a trisaccharide in the space below.

Disaccharide Trisaccharide

b. The diagram below shows part of a starch molecule.

— 01— 0 < O — - 0 - 0 {1l O -

i FONTHANY Tepeatuas SREENINGT iR e T R R R SRR TR

ii. What type of polymerisation has taken place when starch is formed from glucose?

3. The diagram shows a block diagram of fructose.

nﬂﬁgﬂa-t

Draw a diagram to show part of the polymer of fructose. Show four repeat units.

4. Glucose is a good reducing agent. Describe its reducing action with Fehling’s solution and with
ammoniacal silver nitrate. Use books or the internet to help you.

Extension

110
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Extension

Polymers 18.7 The macromolecules in food (2)

1. Complete these sentences about amino acids and proteins using words from the list.

amine condensation nitrogen oxygen sulfur twenty

All amino acids contain carbon, hydrogen, ..................... cand e Two simple amino acids found

in proteins contain .........cccoceeeneen. as well. Proteins are ... polymers formed by the reaction of
carboxylicacidand ..................... groups from amino acids. Most proteins are formed by the polymerisation

of about .....cccevvvviiinnnnnn, types of amino acids. 6]

. The diagram below shows part of a protein.

SRR
et
HR HR HR:Y HR
a. On the diagram above, put brackets to show one repeat unit. (1]
b. Give the name of the INKING GrOUD. ... oou ittt e ettt e e e e e e e e e e e s e e e e eeaes e e eenaeans [1]

. The structure of part of poly(glycine) is shown below.

H H H
| | [
—N—C—CH,—N—C—CH,—N—C—
| | |

0 0 0
Deduce the structure of the monomer which is used to form this polymer. 12]
4. The general structure of an amino acid is shown on the right. Draw a diagram to H T 0
show the two possible compounds obtained when the amino acid cysteine reacts :N—Elz—c::
with the amino acid alanine. The R group of cysteine is —CH,SH. The R group of H R O—H
alanine is —CH.. 3]

111
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Polymers 18.8 Breaking down the macromolecules

1. Hydrolysis reactions occur naturally in the body using enzymes.

a. What is an enzyme?

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

c. Complete the word equations for these two examples of hydrolysis.
. protein  + ., T

H.starch 4+ i, E o ererseeeseraeaneeeanes

-----------------------

d. Hydrolysis of proteins and carbohydrates can also be carried out in the laboratory.

Complete the table to compare hydrolysis in the body with hydrolysis in the laboratory.

Hydrolysis in the body

Hydrolysis in the laboratory

temperature

pressure

catalyst

reaction fast or slow?

2. The diagram shows the apparatus used for hydrolysing proteins.

a. Put arrows on the diagram to show where water enters the condenser and where it goes out. [1]

b. Why is the condenser in the vertical position?

---------------------------------------------------------------------------------------------------------------------------------

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

-------------------------------------------------------------------------------------

1]
[1]

8]

[5]

— . . .
© - 3. Fats are an essential part of our diet. What are fats chemically and how can they be converted to soaps
E in the laboratory? Use books or the internet to help you.
=
Lid
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Practical chemistry
(In the lab) 19.1 Chemistry: a practical subject

When planning an experiment, you have to think about what things you can change (the variables) and what things you
can measure.

» The variable that you choose the values for is the independent variable, e.q. 10 s, 20 s, 30 s, and so on.

e The variable that you measure at each of these values is the dependent variable, e.g. 15 cm® gas at 10 s, 28 cm’
gas at 20 s, and so on.

 All the other values, which have to be kept constant to make the experiment a fair test, are the control variables.

|dentify the three types of variable in each of these experiments.

1. The effect of temperature on the rate of reaction of hydrochloric acid with calcium carbonate by measuring the
volume of carbon dioxide released at 10 s intervals.

. Independent variable: ... .. ... ettt e e e e eanarens (1]

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2]
2. The energy released by burning different fuels SRPREL o8
was compared by measuring the temperature rise q Jp——clamp
of the water in the copper can when 1 g of | o
fuel was burnt.
f flame
fuel
balance
s TN BB A s i T T R T R R TR R R T [1]
B, PPNt VArIADIO: o ittt e [1]
. COUDOLVAMEORERE. . nnnnmsnmaminmsssmis i s s T T R s
............................................................................................................................................... (2]
3. During the electrolysis of aqueous copper(ll) sulfate using copper electrodes, copper is removed from the anode.
S The amount removed depends on the electric current and the time.
=]
'E mass removed = constant x current (amps) x time (seconds)
et
>
- A student wanted to find out how the electric current and time affected the mass of copper removed.
Identify the independent variable, the dependent variable, and the control variables. 4]
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Practical chemistry
(In the lab) 19.2 Example of an experiment

Many salts increase in solubility as the temperature increases. Plan an experiment to see if this is true using the salt
potassium chloride as an example. This exercise guides you through the stages in this experiment.

1. Planning:

a. What apparatus do you need?

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (5]
b. What are the independent and dependent variables?
.................................................................................................................................................. 2]
c. What will you keep constant?
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2]
2. Carrying out:
Describe how you will carry out the experiment. Give possible volumes and masses of the substances used.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (5]
3. Evaluation:
a. Explain why it might be difficult to control the temperature.
............................................................................................................................................ (2]
b. Suggest improvements that you could make to the experiment.
................................................................................................................................................. 2]
© - 4. Suggest why scientists publish their results in scientific journals. 3]
vi
—
£
i
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Practical chemistry

(In the lab)

19.3 Working with gases in the lab

1. The diagram shows four ways of collecting gases in the laboratory.

A

'ﬁ

=

C

measuring

—

-\
\

J

cylinder

T T T T

S | Lq
J QY L T R T TS ¢

Which method of gas collection, A, B, C, or D, is used for the following?

d.

b.

C.

d

. Collecting a gas that is heavier than air

Collecting a gas that is lighter than air

Measuring the volume of a gas accurately

Measuring the volume of a gas that is sparingly soluble in water

2. Which method of gas collection, A, B, C, or D, involves the following?

a. Upward displacement of air

b. Collection in a gas syringe

3. Link the gases A to F on the left with the best test results 1 to 6 on the right.

A Ammonia

B Carbon dioxide

C Chlorine

D Hydrogen

E Oxygen

F Sulfur dioxide

Extension

1

Relights a glowing splint.

Turns damp red litmus paper blue.

Turns acidified aqueous potassium
manganate(VIl) colourless.

Turns limewater milky.

Bleaches damp litmus paper.

6

'Pops’ with a lighted splint.

4. Are these gases soluble in water, insoluble in water, or slightly soluble in water?

a. carbon dioxide b. sulfurdioxide c¢. carbon monoxide d. oxygen e. hydrogen bromide

f. hydrogen sulfide

Join now:https://t.me/igcse_files

g. hydrogen

[7]
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Practical chemistry

(In the lab)

19.4 Testing for cations

1. Complete the table showing what happens when the following aqueous ions react with aqueous sodium hydroxide
and agueous ammonia.

Aqueous ion Reaction with sodium hydroxide Reaction with aqueous ammonia
At TIEST o B TINST
il | FEeeessmaeres | e e
[N B PSS oo, L XSS oo
BEII S e BUHSE oo et o c e,
e e I ]
I BRERSS . arsseass B ESS RS R TR
B i B L s
I e
RS . s s s e s o T T T r——
AL ISt A TITST e
i) | AR | GRS
[N XSS e [N (L

2. Aqueous zinc ions and calcium ions both give a white precipitate on addition of a small amount of aqueous

sodium hydroxide. Describe how you could distinguish between these two ions.

[16]

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

3. What colour do these ions give to a non-luminous (blue) Bunsen flame?

a. lithium........

Extension

116
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b. potassium

4. Write ionic equations for these reactions. Include state symbols.
a. The reaction of aqueous iron(ll) sulfate with aqueous sodium hydroxide.

b. The reaction of aqueous aluminium chloride with excess aqueous sodium hydroxide.

..........................................................
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Practical chemistry
(IRGEREL), 19.5 Testing for anions

1. Link the anions A to E on the left with the best test results 1 to 5 on the right.

A Aqueous bromide ions 1 Ammonia produced when heated with
sodium hydroxide and aluminium foil.

B Carbonate ions 2 White precipitate formed on addition of
aqueous nitric acid and barium nitrate,

C Aqueous nitrate ions 3 SO0, produced when warmed with dilute
hydrochloric acid.
D Sulfite ions 4 Effervescence of carbon dioxide on the

addition of an acid.

E Aqueous sulfate ions 5 Cream precipitate on addition of
aqueous nitric acid and silver nitrate. 3]

2. a. Write a symbol equation for the reaction of aqueous silver nitrate with aqueous sodium chloride.
Include state symbols.

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

3. Compound A was warmed with aluminium and sodium hydroxide. A gas was given off which turned damp
red litmus blue.

When compound B was electrolysed, a gas was released at the anode which bleached damp litmus paper.
B also gave a yellow colour in the flame test.

When an aqueous solution of A was added to an aqueous solution of B, a white precipitate was formed.

Identify compounds A and B. Explain your answers.

pppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppp
..........................................................................................................................................................
.........................................................................................................................................................
........................................................................................................................................................

-------------------------------------------------------------------------------------------------------------------------------------------------------

4. Write ionic equations, including state symbols, for these reactions.

a. The reaction of aqueous barium chloride with aqueous potassium sulfate. 2]

Extension

b. The reaction of sulfite ions with hydrogen ions. 3]
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Practical chemistry
(In the lab) 19.6 Apparatus and materials

1. The apparatus below was used to prepare hydrogen chloride gas. Identify and explain three errors.

< é—sulfurlc acid

]

gas |ar

JARL
sulfuric
acid —~— water
&
sodium
chloride T

------------------------------------------------------------------------------------------------------------------------------------------------------------
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
------------------------------------------------------------------------------------------------------------------------------------------------------------

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

2. Crystals of zinc sulfate can be prepared by adding pieces of zinc to warm dilute sulfuric acid until the zinc is in excess.

a. Explain why the zinc was added a little at a time.

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

................................................................................................................................................. 2]
b. On the right, draw a labelled
diagram of the apparatus
used to separate excess zinc
from a solution of zinc sulfate
and zinc. (3]
¢. Describe how you could make crystals of zinc sulfate from a solution of zinc sulfate.
.................................................................................................................................................. 2]
= ; : i i ,
© - 3. Use books or the internet to find out how sulfur dioxide could be prepared in a school laboratory. 5]
e
;
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Practical chemistry
(In the lab) 19.7 Observing, measuring, and recording

1. Accurate results are close to the true value. State two things that will help you get accurate results.

2. The diagram on the right shows part of a burette. Where should you position your eye
(direction A, B, C, or D) to get a precise reading? Ring the correct answer.

3. A student added aqueous 2.0 mol/dm? hydrochloric acid from a burette to 20 cm? of a solution of sodium hydroxide
in a flask. After each addition of acid, the temperature of the mixture in the flask was measured. Complete the table
below by taking the thermometer and burette readings.

Burette diagram Total volume of acid Thermometer Maximum
added / cm’ diagram temperature / °C
I 3 :

3
-

25

20

25

= |

20

30

25

le 30
13 o5
4]
=
© - 4. Use books or the internet to find out the difference between accuracy and precision. 2]
v
o
=
(NN
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Practical chemistry
(In the lab) 19.8 Drawing tables

1. Aflask containing 0.25 mol/dm? hydrochloric acid was placed on a digital balance and excess calcium carbonate was
added. The balance was immediately set to zero and the readings of decrease in mass were taken every 10 seconds.

The total decrease in mass at each 10-second interval is given below.

start 00g, 050g, 089g, 1.24g, 144g, 1569, 168g, 1.79g 1.82g, 182¢g

The results from a repeat experiment are:

start 00g, 0.72qg, 1.04qg, 1249, 144qg, 152qg, 1629, 1.74qg, 1.78g, 1.78¢g

Draw a suitable table to display these results and obtain an average value of the change in mass loss. (4]

2. The apparatus shown below can be used to show how reaction rate changes with temperature for the reaction
between sodium thiosulfate and hydrochloric acid.

time how long it takes for sodium thiosu I.fate
the ‘A’ to disappear when solution and dilute
viewed from above |  pdrachitsic acld

As the reaction proceeds a precipitate of sulfur is made, which gradually makes the letter ‘A" disappear.

1

The rate is proportional to — , .
s time taken for the letter ‘A’ to disappear

Draw the headings of a suitable table to enable you to record the results of the experiment at
different temperatures. [2]

3. Calculate the maximum volume of carbon dioxide formed in question 1. when the reaction was complete.  [3]

Extension
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Mathematics for
chemistry 20.1 Counting atoms and using brackets

1. * A number in front of a formula unit multiplies all the way through.

e The number can refer to atoms or ions or moles of atoms or moles of ions.

So 2NaCl contains two sodium ions and two chloride ions, and 5CO contains five carbon atoms and five oxygen atoms.

e A small subscript number after an atom or ion refers only to that atom or ion.

So Cai'.il.f3 contains one calcium ion and two chloride ions, and in ;ffinl.ﬂli}3 there are two aluminium ions and three
oxygen Ions.

In 350, there are three sulfur atoms and 3 x 3 = 9 oxygen atoms.

How many atoms of each element are there in the formulae shown?

8. MR cirnisinsiioniisaiisssenthnskionthonbbesbanis shbsnks saii B, MON, o
Co SPCL, it d. 2A10,

B BT s i A S R R T R R A S B AR S A P BV R SRR DAY
R T 6]

2. Using brackets:

* Brackets keep particular groups of atoms together, for example (NO,) for nitrates, (OH) for hydroxides.
* You must not change the numbers within the brackets.
e A subscript after a bracket multiplies all through the atoms inside the brackets.

So Mg(NO,), contains one magnesium ion and two nitrate (NO,) ions.

In 2le}|3 ions there are 2 N atoms and 2 x 3 =6 O atoms.

And in 4Mg(NO,), there are 4 Mg ions, 4 x 2 =8 N atoms and 4 x 3 x 2 = 24 O atoms.

How many atoms of each element are there in the formulae shown?

3. Water of crystallisation is added on separately.
e.g. CuS0O,.5H,0 contains (1 Cu, 15,40)+ (5x2H,5x10)

How many atoms of each element are there in CoCl,.6H,0?

4. You need to work out the number of atoms correctly in order to calculate the relative formula masses of compounds.

Calculate the relative formula mass of Cr,(SO,), .
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Mathematics for
chemistry 20.2 Rearranging expressions

Learn to rearrange expressions from first principles rather than having to rely on a ‘triangle’ to help you.

e The idea is that whatever you do to one side of the equation, you do to the other.

Example: moles = a3

T

* To make mass the subject: multiply both sides by M (to cancel M_on the right)

m
moles x Mr = :;5 x M So moles x Mr = Mmass

e

e Tomake M the subject: divide both sides by mass (to cancel mass on the right)

moles  mass
mass M x mass

mass
moles

then turn both sides upside down: M =

Now try rearranging these expressions:

! | yield
1. % yield = —2ctaly 100
*y theoretical yield g

a. Make actual yield the subject:

b. Make theoretical yield the subject:

moles

2. concentration (in mol/dm?) = , ;
volume (in dm?)

a. Make moles the subject:

b. Make volume (in dm?®) the subject:

3. Write the formula for density making mass the subject.

4. Energy = mass x specific heat capacity x temperature rise

Make mass the subject of the expression.
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Mathematics for 20.3 Large numbers, small numbers,
chemistry and percentages

1. Sometimes, when you do calculations, the number will come out as, for example, 2.5 04 on your calculator. The
04 is called the index or power to the base 10. Numbers like this on your calculator are examples of standard form.
We write this 2.5 x 107,

1% 10"=10
1x10°P=10x10=100
1x10°=10x10x 10 =1000

25 10P=25x10x10%10=2500

T e B T i R T —— [1]
B WUEE 7 3 T DO S A I T e s e T S S S T R R e S S e e et [1]
C. Write 3300 0N StaNAard FOTmM. oo [1]

2. Very small numbers can also be written in standard form.

1 x 10" = 0.1 or -
10

] :
1% 1072 = 0.01 or ——
) 4 or 100
1% 10 = 0.001 or —]
1000

2.5x 102 =2.5x0.001 =0.0025

a. Write 0.00001 In STaNAard fOmm. oo e e e e [1]
b, Write 5 x 103N NON-StaNard fOrm. L ettt et e e et e e et [1]
C. Write 00035 N STaNAAId FOImM. e [1]

3. When you multiply numbers in standard form, you simply add the indices (superscripts).
Example 1: (2.4 x 10°) x (2 x 10°) =24 x 2 x 10°*? = 4.8 x 10°
Example 2;(5.0:¢ 103 % (1.5 % 107) =5.0 1.5 % 10" = 7.5 % 10°
g WL B IE e ol D E YO D 00T I s causnenuusnimainnsusenis s h SR AR RO A M O S SR SR R s (1]
b. What is the product of (2.4 x 107?) x (1.5 x 10%)?......... T R R R G [1]
4. When you divide numbers in standard form, you simply subtract the indices.
Example: 24x10°_ 24 x 10°?=2.0x 10°

1.2 x 10 1.2
4 o L B b 1 T T T 1]

5. Percentages.
In chemistry the result of a smaller number divided by a larger number is multiplied by 100 to get the percentage.

What is the percentage yield if the actual yield of a product in a reaction is 4.5 g and the theoretical yield is 5.5 g?

actualyield 109 = 43 » 100 = 82%
theoretical yield 5.5

% yield =
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Mathematics for
chemistry 20.4 Volumes and areas

1. The diagram shows how to calculate the area of one side of a cube and the volume of a cube.

area = length x width
/_— =4 x4 =16cm?

A
|
| 4 cm
: volume = length x width x height
Sy =4 x4 x4 =64cm3
% Al
,-’ cm
4

« docm —»

e The area of a rectangle = length x width. If the length and width are in cm, then the area is in cm’.

» The volume of a reqular figure such as a cube is length x width x height. If the dimensions are in cm, then the
volume is in cm?,

Look at the diagram of the cube above.

i X HOETENR S I00E D0RS IR IR RIET . civiariviimis sieiosss cusiss e es s sa s sEsa R s SRS s o U R s B 1)
e N A S N AR OF 0 MR oo s o i e e s e i il
iii.What is the total surface area of the cube? ..ol e e e veene 1]

b. i. Look at the diagram of the cube on the right.

How many smaller cubes has it been cut up into? <2cm»
Z A1
. [1] /4t:rn
ii. What is the surface area of each of the smaller cubes? //,;
4cm
................................................................................................... [1] ¥

«— 4cm —»

....................................................................................................... [1]
iv. How does this help explain why the same mass of smaller particles reacts faster
with acid than larger particles?
......................................................................................................... 2]
2. A decimetre (dm) is one-tenth of a metre.
d: L. HOWE MRy o e Thee It 1 MIBIRER ... innsiisiimisimsk it iimmi i isisiiii s s s ias i aiss (1]
1 HOW ANy O A e I | O L i s i e T B TS e (1]

b. Explain why there are 1000 cm?® in 1 dm?’.

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
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Mathematics for
chemistry 20.5 Working through calculations

1. When doing chemical calculations, it is important that we give the answer to the correct number of significant
figures and round figures correctly.

Significant figures:

236.38 has 5 significant figures

32.4 has 3 significant figures

0.0067 has 2 significant figures (zeros before a number are not significant figures)

0.0300 has 3 significant figures (zeros after a number after a decimal point are significant figures)

Rounding:

2.366 rounded to two significant figures is 2.4

2.557 rounded to two significant figures is 2.6

2.346 rounded to two significant figures is 2.3

You can see that when rounding if the next figure along is 5 or above, then the figure to be rounded goes up by 1.

a. Round these values to 3 significant figures:

Lo 4357 o o 0.08732 oo
] 1 B 7 50 LRI IV QCODEIR i R S e 4]
b. Round these values to 2 significant figures:
T PR . 3.447 ........... R AN R RS AR AR SR BN
R T 1111 .. T s [4]
2. When performing a calculation in several stages do not round between the steps. You should only round
at the end. You should round to the same number of significant figures as the data in the question.
To see the effect of rounding in the middle of a calculation, work through this example.
When 1 mole of pentane is burned in excess air 5 moles of carbon dioxide are formed. Calculate the volume of
carbon dioxide when 6.67 g of pentane burn.
Calculation Answer when keeping the Value when rounding
figures in your calculator
moles pentane = 6.67 round to 1 significant figure
?2.[] ...................................................................
multiply by 5 (because 5 moles round to 1 significant figure
of carbon dioxide are formed
mninoealpeine) 3 | scoasannnnmsians lassssimuansssn i
multiply by 24 to get dm* Answer to 3 significant figures | Answer to 3 significant figures
Df Carbﬂn diuxide ...........................................................................................
6]
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Mathematics for
chemistry 20.6 Drawing graphs (1)

1. When drawing graphs remember:

¢ The axes should be fully labelled and include units.

* Use as much of the graph paper as possible.

e Use an x to plot the points rather than + or -, which cannot be so easily seen.

e |fitlooks as though the line will form a curve, do not use a ruler to join the points to each other.
¢ Draw the line of best fit (with equal numbers of points each side of the line if necessary).

e |gnore any points which do not fit in with the general trend of the line (anomalous points).

What is wrong with each of these graphs?

dl | 1} | b. | C.
E E
L 3
o @
= £
— -
E g
X
time / s time / s
Bl oo i WS RO N RSN A SN OB A H A A N NSRS OB H A N AR N P NSRS O
.................................................................................................................................................. 3]
D, e
.................................................................................................................................................. (3]
B T A T T A R A R T S R R R s
.................................................................................................................................................. (2]
2. Extrapolation and interpolation: 20 H
The graph on the right shows how to extrapolate and 40 - | | extrapolated
I s { curve
interpolate values. =
4]
~ 90
Always make sure that you draw lines as shown to the g |
values that are asked for. ® oo ST KT T T
?; | interpolated value |
Deduce the volume of gas released in the first: T O A 8
A, 24 MINUTES. .....oviiiiiiieiiiiiiciiiee e 1] |
0 i | | 1 |
, 0 1 2 3 4 5 6
.. BRITIEE ..o ocvsvinnimniisin s sinssions i ekainainai ens e [1] fiitis SR
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Mathematics for
chemistry 20.7 Drawing graphs (2)

1. The table shows how the electrical conductivity of a solution changes as an acid is added to an alkali.

Volume of 0 2 3 4 5 6 7 8

acid / cm?

Conductivity / | 2.8 1.8 1.3 0.8 0.7 1.0 1.4 1.5

ohms~'m™
a. On the grid below plot the points using the data in the table. (3]
b. Draw two straight lines to connect these data points that intersect. Label this intersection point P 12]
¢. Deduce the volume of acid added at POINtP. ... e (1]

2. The table shows how the volume of gas changes when magnesium reacts with hydrochloric acid.

Plot a graph of these results on the grid below. 4]
Time / s 0 | 10 | 20 | 30 | 40 50 60 70
Volume of gas / cm? 0 24 39 47 | 52 54 55 56
127
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Mathematics for
chemistry 20.8 Drawing graphs (3)

1. Look at the graph below.

|
60 - ‘
:
I
I
I
|
i
i (i :
I
E e - AEE /AN NN NS A NN .
Py
)
ng
o
i
=
3
=
= 20 - Y
0 4= —‘: ! r i
0 20 40 s18 20

time/s

e We can find the initial rate of reaction from a graph by taking the rise, y, over the run, x, of the gradient (slope).
This is 40 cm® + 8 5. So the rate is 5 cm?/ s.

e We can find the rate at any other point by drawing a tangent to the curve (see the graph above).
Note that the angles « should be equal.

In this case the gradient is 5;17 2l 0.71 em’/s

a. The table shows how the mass of a product in a reaction increases with time.

Time /s 0 20 40 60 80 100 120 140
Mass /g 0 0.08 | 0.16 0.24 0.30 0.34 0.37 0.40

Plot a graph using these results.

b. Calculate the initial rate of reaction over the first 40 seconds.

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
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21.1 Using command words

Command words tell us what sort of thing we need to write in response to a question. Here is a list of the command
words used in chemistry and how to respond to them.

Calculate: You need to work out a problem using numbers.

e The problem may be in several stages.

* Look out for the number of marks: this often shows you the number of stages needed in the calculation.

e Always show your working.

Example: Calculate the mass of 11 dm? of carbon dioxide. The answer involves: i. finding the moles of carbon
dioxide using the relationship that 1 mol of a gas occupies 24 dm?, then ii. multiplying moles by the molar
mass of carbon dioxide.

Define: You need to be able to write down the main points about a term.

* The only way to do this is by memorising key terms.

Example: Define oxidation in terms of electron transfer. Answer: Oxidation is loss of electrons.
Deduce: You have to work out something from the information given in the question.
Example: Sodium sulfate is Na,SO,. Deduce the formula of the sulfate ion. Answer: SO -

Describe: You have to write about a sequence of events, draw a diagram, or state what happens.

e |fyou are asked to describe observations, remember to state what you see, hear, smell, or feel. You do not need to give
the names of the substances.

Example 1: Describe how to obtain sodium chloride crystals from a solution of sodium chloride. Answer: Warm to the
crystallisation point then filter off the crystals.

Example 2: Describe your observations when you add acid to an aqueous solution of sodium carbonate. Answer: Bubbles
are seen. NOTE: The answer ‘carbon dioxide is given off’ is not correct.

Example 3: Describe the apparatus used for paper chromatography. In answering this, the best way is to include a
labelled diagram.

Determine: The answer can't be found directly, but could be obtained from a graph or by calculation.
Example: Determine the volume of gas released after 20 seconds.
Explain: You have to use a particular theory to describe why something happens.

Example: Explain why the volume of a gas increases with temperature. Answer: The particles of gas move faster and get
further away from each other (use of kinetic particle theory).

Measure: Taking a value directly using suitable measuring instruments.

Example: Measure the temperature of the solution to the nearest °C.
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21.2 Command words and question structure

More command words

Predict: You have to make connections between various items of data.

* You often have to extrapolate or interpolate data when answering these questions.

Example: Predict the melting point of potassium (when given the melting points of other Group | elements). The answer
involves looking at the melting points of the elements either side of potassium and choosing a suitable value in between these.

State/Give: Only a short answer is needed.

Example: State/Give the electronic structure of sodium. Answer: 2, 8, 1.

Suggest: You have to use your general chemical knowledge to write about a situation that is unfamiliar to you.
You may need to:

e Think of substances similar to the one that is being asked about.

* Think of general ideas of structure, bonding, electrolysis, redox, rate, or equilibrium to answer the question.

Example: The structure of one type of boron nitride is similar to graphite. Suggest why boron nitride is slippery. (You have
to think about the properties of graphite that make it slippery, then repeat these for boron nitride.) Answer: There are
weak forces between the layers, so the layers can slide over each other.

What is meant by: A definition is usually needed.

* The only way to do this is by memorising relevant key terms.

What is meant by the term isotopes? Answer: Isotopes are atoms with the same number of protons but different num-
bers of neutrons.

NOTE: Command words are often combined, e.g.:
State the meaning of the term combustion.
Describe and explain the effect of increasing the temperature on the position of this equilibrium.

Question structure

 |tis useful to look at the wording in past papers to get a feeling for the language used.
e Look not only for the command words, but also for the smaller words that instruct you what to do.

e Look at the number of marks given for the question. This often gives you an indication of how many different points
you need to include in your answer. For simple questions, however, you may need to write two points to get one mark.

e Underline the key words.

Example 1: Describe and explain two methods by which you can determine the rate of this reaction.

Example 2: What observations would you make when agueous bromine is added to compound X? Suggest the
molecular formula for the product.
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21.3 Helping you revise

There is no one correct way of revising. You should find the best way of revising for yourself.

¢ Don't just read through books or notes and hope that you will remember things.
e Don't leave revision to the last moment. It is best to revise material throughout the year.

e Revision should be active (see below).

Here is a list of things to help you find the best way for you to revise:

e Find the best time of day to revise. Some people revise better in the evening, others in the morning.
* Find a time when you will not be disturbed.

* Find the best conditions needed for you to revise. Some people prefer to revise in absolute silence; others find it useful
to have some music in the background.

* Revise regularly. You may find it useful to revise a topic about a week after you have finished it, to make sure that you
have really understood it.

* Find the best length of time for each revision session. You may find that several short periods of revision,
for example three spells of 20 minutes with breaks in between, are more productive than one longer period of revision.

e Don't imagine that you are revising usefully unless you test yourself from time to time to prove that you are
remembering material.

e Make sure that you pay more attention to topics that you find difficult. Don't ignore them!

e Work out whether you remember information better in written form or in the form of diagrams.

Active revision

Active revision involves you carrying out different sorts of activities and testing yourself to see if your revision has been
successful.

* Revise with others, especially with classmates. Asking each other questions is a useful way of helping you remember
things.

e Test yourself or get someone else to test you.

e Make a list of key areas that you find difficult and concentrate on these.

e Look through the syllabus and text book and list general areas that need revision, e.g., uses of chemicals / tests for
different groups / definitions and key terms to learn, e.g., element, isotopes, relative atomic mass. You can test yourself
by writing the terms and definitions on a sheet like this:

Term Definition

isotopes atoms with the same proton number having
different numbers of neutrons

element a substance which contains only one type of atom

empirical formula | aformula which shows the simplest ratio of atoms
in a compound

When you think you have learnt the definitions, cover up or fold over the definition side and see if you can
remember them.

* Work through calculations and extended exam questions and use the mark schemes, if available, to see where the
marks are awarded.

e Make up mnemonics like OIL RIG for Oxidation Is Loss of electrons and Reduction Is Gain of electrons.
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21.4 Mind mapping

Mind maps are simplified diagrams that show the main points of a topic in the form of a diagram. They are useful
summaries because all the words that get in the way of learning the essential points are removed. They can be made as
simple or as complicated as required but it is best to make them simple at the start. Mind maps can also be constructed
to show links between different topic areas. An example is shown below.

; MeSO, + H-
white ppt. . Id L2 |
manufacture of B3SO salt + hydrogen
from S + O, ?
A
450°C Mg
atmaospheric
pressure BalNG, ),
V.0, catalyst
sulfuric acid carbonate salt + water
i 1 1
H.50, + carbon dioxide

making fertilisers,
cleaning metals,
making dyes

blus
[itrmus

Group |
and some Group |1
hydroxides

salt + water

turns red salt + water

Suggested mind maps that you could make are:

electrolysis; acids and bases; methods of purification; reaction rates; hydrocarbons; polymers; properties of the halogens;
structure and bonding.

Try making a simple mind map in the space below.
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Exam-style questions

1. Phosphorus is an element in Group V of the Periodic Table.

a. Deduce the electron arrangement of an atom of phosphorus.

.................................................................................................................................................. (1]
b. Anisotope of phosphorus has 15 protons and 31 nucleons.
Deduce the number of neutrons in this isotope of phosphorus.
.................................................................................................................................................. (1]
c. Phosphorus has a simple molecular structure.
Describe two physical properties of phosphorus.
.................................................................................................................................................. 2]
d. Phosphorus burns in excess oxygen to form an oxide with the formula P,O..
Write a balanced equation for this reaction.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2]
e. PO, reacts with sodium hydroxide to form sodium phosphate, Na,PO,.
Deduce the formula of the phosphate ion.
................................................................................................................................................ (1]
f. Phosphate ions are present in many fertilisers.
Name another anion that is present in most fertilisers.
.................................................................................................................................................. (1]
g. Explain why farmers spread fertilisers on the soil where crop plants are grown.
.................................................................................................................................................. 2]
h. Draw the electronic structure of phosphine, PH,. Show only the outer shell electrons. (2]
Total = 12
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Exam-style questions

2. The structure of allyl alcohol is shown below.
CH,=CH-CH —OH

a. What feature of allyl alcohol shows that it is an unsaturated compound?

................................................................................................................................................. (1]
b. Describe a test for an unsaturated compound.
O o s T s T S L R R S TS TS A R R B S T S e
TS PSR (2]
c. Allyl alcohol can be reduced by hydrogen in a similar way to ethene.
i. Explain the term reduction in terms of electron transfer.
............................................................................................................................ (1]
ii. State the conditions needed for this reduction.
............................................................................................................................................... (3]

iii.Give the full structural formula of the compound formed by this reduction. Show all atoms and all bonds.  [2]

d. Compounds with structures similar to allyl alcohol are found in green onion leaves.

I. Suggest how you could make a solution of the green pigments from onion leaves.

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

iIi. Several green pigments are present in onion leaves. State the name of the method you would use to separate
these pigments from each other.

Total = 12
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Exam-style questions

3. The structure of caesium chloride is shown below.

a. Deduce the simplest formula for caesium chloride.

............................................................................................................................................ (1]
b. Explain in terms of structure and bonding why caesium chloride has a high melting point.
.................................................................................................................................................. 2]
¢. Explain why aqueous caesium chloride conducts electricity.
.................................................................................................................................................. (1]
d. Molten caesium chloride is electrolysed using graphite electrodes.
I. Give two reasons why graphite electrodes are used.
............................................................................................................................................... 2]
ii. Write ionic half-equations (ion electron equations) for the reactions at:
R AAOGE .. T T T SR e SR s
HRGHNOUR i s R B R R TR et et b el i G B i s e s 3]
e. Caesium chloride is formed when caesium burns in chlorine.
2Cs + C, — 2CsCl
When 5.32 g of caesium are burnt in excess chlorine, 6.4 g of caesium chloride are formed. Calculate the
percentage yield of caesium chloride. 3]
Total = 12
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Exam-style questions

4. A student investigated the reaction at r.t.p. between 0.05 g magnesium ribbon and excess hydrochloric acid of
concentration 2.0 mol/dm®.

volume of gas / cm?

b0

I
=
|

Cad
o
l

Mo
o
|

e
o
|

0 | I I | | | T
0 1 2 3 ul 5 6 7 8

time / min

a. At what time was the reaction just complete?
.................................................................................................................................................. 1]
b. i. Deduce the volume of hydrogen released during the first minute of the reaction.
............................................................................................................................................... (1]
ii. Deduce the average rate of reaction during the first two minutes.
............................................................................................................................................... [1]
c. The experiment was repeated at r.t.p. using hydrochloric acid of concentration 2.5 mol/dm?. On the grid above
draw a line to show how the volume of hydrogen released changes with time. 2]
d. Explain, using the collision theory, why changing the concentration of acid affects the rate of reaction.
................................................................................................................................................ 2]
e. The experiment was repeated using 2 mol/dm® hydrochloric acid and 0.05 g magnesium powder. Would the
reaction be faster or slower? Explain your answer.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (2]
Total =9
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5. When 1 mole of calcium carbonate is heated, 1 mole of calcium oxide and 1 mole of carbon dioxide are formed.

a. Put aring around two of the words below that describe this reaction.

addition catalysed

exothermic

b. Describe a test for carbon dioxide.

decomposition

oxidation

reduction

endothermic

[2]

11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

c. The table shows the mass of carbon dioxide formed when calcium carbonate is heated for 5 minutes at different

temperatures. The same mass of calcium carbonate was used in each experiment.

temperature / °C

mass/ g

500
0.0

700
0.4

800
1.8

900
35

950
3.7

1000
3.8

I. On the grid below draw a graph of these results.

Ii. Use your graph to help you calculate the volume of carbon dioxide formed when calcium carbonate
is heated for 5 minutes at 850 °C.

Join now:https://t.me/igcse_files

3]

3]

Total = 10
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6. The diagram shows the preparation of ammonia by heating ammonium sulfate with concentrated sodium hydroxide.

A
papo) ——— U tube full
concentrate |
of calcium oxide
sodium hyr:im:m\

solution

solid ammonium
sulfate

a. I. On the diagram above, show where heat is applied. (1]

ii. State the names of the pieces of apparatus labelled A and B.

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

............................................................................................................................................... (1]
iv. Explain how you can show when B is full of ammonia.
_______________________________________________________________________________________________________________________________________________ (2]
b. Complete the equation for the reaction.
11112 T © A O —— eSS SRR + H,0 2]
¢. Hydrazine, H,N-NH,, like ammonia, contains hydrogen and nitrogen.
Draw the electronic structure of a molecule of hydrazine. Show only the electrons in the outer shells. (2]
Total = 10
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7. The structure of lactic acid is shown below:.

H H
| e
H—C —D—Gf
r|| c:l“.: He=h
H
. On the structure above put a ring around the alcohal functional group. [1]

. Lactic acid can be made by fermenting the sugar lactose.

I. State the three different types of atom present in sugars.

............................................................................................................................................... 2]
Ili. Give the name of another compound that can be made by fermentation.
............................................................................................................................................... (1]
Calcium carbonate neutralises lactic acid. Complete the word equation for this reaction.
| . cal{:ium Cal{:ium .....................
lacticacid  + :- - $ s
carbonate lactate 2]

. Calcium lactate is insoluble in water. Suggest how you could separate calcium lactate from a mixture of calcium

lactate and aqueous salts.

.................................................................................................................................................. 1]
. The simplified structure of the polymer of lactic acid is shown below.
0 0 0
I | |
- — ol c—o—l-C — 0—
I. State the name of the linkage group.
............................................................................................................................................... (1]
ii. Explain why this is not an example of addition polymerisation.
_____________________________________________________________________________________________________________________________________________ (2]
Lactic acid is oxidised to ethanoic acid by acidified potassium manganate(VIl). What colour change would you
observe when excess lactic acid is added to acidified potassium manganate(VIl)?
...................................................................... B s s s LD
Total = 12
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8. The table shows some physical properties of four noble gases.

Gas Melting point Boiling point Density at r.t.p. Atomic radius
o [ °C / g/dm? / nm
helium -272 -269 0.18 0.050
neon —248 —-24b 0.90 0.065
argon -189 -186 1.78
krypton -157 -152 3.74 0.110
a. i. The density of airis 1.20 g/dm?®. Which of these gases could be used to fill a toy balloon to float in air?
............................................................................................................................................... (1]
ii. Deduce the atomic radius of argon.
............................................................................................................................................... (1]
iii.What is the state of krypton at —118 °C? Explain your answer.
............................................................................................................................................... (2]
iv. Describe the trend in boiling point down the group.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (1]
b. Xenon tetrafluoride, XeF , reacts with potassium iodide.
XeF, + 4KI — Xe + 2I, + A4KF
I. Potassium salts are colourless. What is the final colour of the reaction mixture?
............................................................................................................................................... (1]
Ii. Explain why potassium iodide is acting as a reducing agent in this reaction.
............................................................................................................................................... 2]
iii.Calculate the maximum volume of xenon formed when 8.28 g of xenon tetrafluoride reacts with excess
potassium iodide. [3]
Total = 11
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9. Nitrogen dioxide, NO,, is a brown gas that pollutes the atmosphere.

a. i. Give one source of nitrogen dioxide in the atmosphere.

............................................................................................................................................... (1]
ii. Describe one effect of nitrogen dioxide on the environment.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (1]
iii.Nitrogen dioxide is a gas at r.t.p. Describe the proximity (closeness) and motion of the particles in nitrogen
dioxide at r.t.p.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2]
b. The colourless gas dinitrogen tetroxide, N,O,, forms an equilibrium mixture with nitrogen dioxide.
N,O,(g) = 2NO,(g)
I. Describe and explain what you would observe when the pressure on this equilibrium mixture is increased.
............................................................................................................................................... (3]
ii. Calculate the relative molecular mass of:
Lo [T gl (1o} Al [ TRPRRRRR
AMIBOGEN TEHOKING . .occvininimimiannninmmmisimiira e R s T s h e [2]
lii.At 55 °C the average relative molecular mass of the equilibrium mixture is 61.0 but at 140 °C the average
relative molecular mass is 46.0.
Explain how this shows that the reaction is endothermic.
............................................................................................................................................ 2]
c. Attemperatures above 150°C nitrogen dioxide decomposes to nitrogen(ll) oxide and oxygen. Write a symbol
equation for this reaction.
.......................................................................................................................................... 2]
Total = 13
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10. 25 cm’ of aqueous potassium hydroxide was placed in a flask. A few drops of an acid-base indicator were then
added. The solution was neutralised by 12.5 cm? of 0.2 mol/dm? sulfuric acid added from a burette.

2KOH(agq) + HSO,(aq) — KSO,(aq) + 2H,0(l)

a. Suggest a suitable indicator that could be used in this reaction.

_______________________________________________________________________________________________________________________________________________ (1]
b. Give the name of the salt formed in this reaction.
.................................................................................................................................................. [1]
c. Calculate:
i. The number of moles of sulfuric acid added from the burette. (1]
li. The number of moles of potassium hydroxide in the flask.
............................................................................................................................................... (1]
iii.The concentration of potassium hydroxide in the flask in mol/dm®. [1]
d. Write the simplest ionic equation for this reaction.
.................................................................................................................................................. [1]
e. Sulfuric acid catalyses the reaction between butanol and ethanoic acid.
Draw the full structural formula for the ester formed in this reaction, showing all atoms and all bonds. [2]
Total = 8
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23.1 Comparing the hardness of different
Project ideas samples of water

Introduction

This could be done at home or in the school laboratory.

e Hard water does not lather well with soap.

e Soft water lathers well with soap.

e Permanent hardness in water cannot be removed by boiling.

e Temporary hardness in water can be removed by boiling.

Purpose of the experiments

To find the volume of soap solution (or washing-up liquid) needed to form a permanent lather with different
samples of water.

Sources of water

e Distilled water.

 Temporary hard water (bubble carbon dioxide through limewater until the white precipitate has disappeared).
e Permanent hard water (add some hydrated calcium sulfate to distilled water then filter).

e Natural sources of water, e.g. tap water, rainwater, seawater.

Carrying out the experiments

1. There are two ways in which the experiment can be carried out.

a. Add the water sample to a flask and then see how many drops of soap solution (added from a burette or pipette)
are needed to form a lather on shaking that does not disappear after leaving for a minute.

b. Adding a certain number of drops of soap solution to a tube of water, shaking and measuring the height of the
lather formed.

2. Make a list of all the equipment that you need including safety equipment / clothing.
3. What do you need to vary and what do you need to keep constant?

Analysing the results

e Draw a table of results for the number of drops (or height of lather) with different types of water including
boiled hard water (temporary and permanent).

e Repeat your experiments to get consistent results.

e Suggest how you could improve your experiments.

Conclusions
1. Which samples of water are hard and which are soft?
2. Classify tap water, rainwater, seawater, and other sources of water you have analysed as hard or soft.

3. Which samples contain temporary hardness and which contain permanent hardness?
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23.2 Comparing the energy released when
Project ideas burning different foods

Introduction

This could be done at home or in the school laboratory.

e The labels on packets of food usually state the amount of energy they contain in kilojoules or kilocalories. Make a list
of these values for the foods you choose.

¢ When dry foods are burned, they release energy. The reaction is exothermic.

* The carbohydrates, fats, and proteins in the food burn to form carbon dioxide and water.

Purpose of the experiments
To compare the energy released by different foods.

Sources of foods

e The foods should be dry. You can dry wet foods in an oven but don’t let them char (go black).

* Make a list of the energy values for the foods you choose by looking on the sides of the packets.
* (risps, bread, nuts, and rice are good sources.

e Dried meats, beans, and cheese could also be used.

e [tis possible to burn cooking oils if you use a cotton or string wick.

Carrying out the experiments

1. There are two ways in which the experiment can be carried out.

a. Burning different foods of known mass on the end of a large needle. The burning foods heat a known volume of
water in a test tube or beaker.

b. Burning the food on a tin lid beneath a beaker or tin of water. This is more useful for fats and oils.
2. Make a list of all the equipment that you need including safety equipment / clothing.
3. What do you need to vary and what do you need to keep constant?
4. You could also investigate the relationship between the mass of a particular food burnt and the temperature rise.

Analysing the results

¢ Draw a table of results for the temperature rise on burning a known amount of food material using a fixed volume
of water.

e Repeat your experiments to get consistent results.
¢ Suggest how you could improve your experiments.

Conclusions

1. Calculate the energy released in kJ per gram of food by using the relationship:
energy released (joules) = mass of water (g) x 4.18 x temperature rise (°C).

2. Which foods released the most energy per gram?

3. Compare the energy values you obtained with the energy values on the labels of the foods you used. Were they in the
same order of energy as the results of your experiments? If not, suggest why not.

4, Suggest reasons why your experiment may not be a fair test.
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Project ideas 23.3 The effect of temperature on solubility

Introduction

This is best done in the laboratory.

e Many compounds are much more soluble in water at high temperatures than lower temperatures. Others do not
show much difference in solubility as the temperature increases.

Purpose of the experiments

To find how the solubility of different compounds changes with temperature.

Suggested compounds to use

Potassium nitrate, sodium nitrate, potassium chloride, and sodium chloride.

Carrying out the experiments
1. a. Heat some water (4 or 5 cm?®) with the solute until the solute dissolves.

b. The solution is then cooled using the apparatus shown below until crystallisation occurs. Keep the solution
constantly stirred. The temperature of crystallisation is recorded.

e

thermometer

boiling tube

- compound dissolved
" in water

L ice in water

¢. Then add more water (not more than 2 cm?) to the solution in the boiling tube and heat to dissolve.
The temperature when crystals reappear is recorded.

d. Repeat step c. several times.
2. Make a list of all the equipment that you need including safety equipment / clothing.
3. What do you need to vary and what do you need to keep constant?

Analysing the results
 For each salt draw a table of results for the temperature at which crystallisation occurs.
e Repeat your experiments to get consistent results.

e Suggest how you could improve your experiments.

Conclusions
1. Which compounds show the greatest difference in crystallisation temperature?

2. Compare your results with tables showing the solubility of each of these compounds at different temperatures.
3. Suggest reasons why your experiment may not be a fair test.
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23.4 Finding the percentage by mass of carbon
Project ideas in different carbonates

Introduction

This should be done in the laboratory.

e When carbonates react with acids carbon dioxide is released.

e The mass of the reaction mixture decreases as the reaction proceeds.

e The diagram below shows some of the apparatus that can be used to follow the rate of this reaction.

cotton wool

flask

Purpose of the experiments

To find the percentage of carbon dioxide and hence the percentage by mass of carbon in different carbonates.

Suggested carbonates to use

Sodium carbonate, sodium hydrogencarbonate, calcium carbonate, copper(ll) carbonate, barium carbonate.

Carrying out the experiments

1. The hydrochloric acid needs to be in excess. Why?

2. Deduce the amounts of hydrochloric acid and the mass of each carbonate you need.
3. Make a list of all the equipment that you need including safety equipment / clothing.
4. What do you need to vary and what do you need to keep constant?

Analysing the results

e Draw up a table of results for the mass or volume of carbon dioxide given off for each carbonate.
e Repeat your experiments to get consistent results.

e Suggest how you could improve your experiments.

e (alculate the mass of carbon released in each experiment.

e C(Calculate the percentage by mass of the carbon in the carbonate.

Conclusions
1. Put the carbonates in order of their percentage composition carbon by mass.
2. The CO,” ion is common to all the carbonates. So why are the percentage compositions different?

3. Suggest reasons why your experiment may not be a fair test.
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Glossary

Acid: A proton donor.

Acid-base indicator: A coloured compound or

mixture of coloured compounds that changes colour over
a specific pH range.

Acidic oxide: An oxide that reacts with alkalis to form a
salt and water.

Acid rain: Rain that has a pH below about pH 5 due to
the reaction of rainwater with acidic gases.

Activation energy: The minimum amount of energy
particles must have to react when they collide.

Addition polymerisation: Polymerisation of monomers
containing a C=C double bond to form a polymer and no
other compound is formed.

Addition reaction: A reaction in which a single product
is formed from two or more reactant molecules and no
other product is made.

Alcohols: Organic compounds with branched or
unbranched chains containing the —OH functional group.

Alkali: A base that is soluble in water.

Alkanes: Saturated hydrocarbons with the general
formula CH

n o In+2
Alkenes: Hydrocarbons containing at least one C=C
double bond.

Alkyl group: A group formed by the removal of a
hydrogen atom from an alkane e.g. CH.—, C,H.~.

Alloy: A mixture, within a metallic lattice, of two or more
metals or a mixture of one or more metals with a
non-metal.

Amphoteric oxide: An oxide that reacts with both acids
and alkalis.

Anions: Negative ions.

Anode: The positive electrode.

Atom: The smallest particle that cannot be broken down
by chemical means.

Atomic number: The number of protons in the nucleus
of an atom.

Base: A proton acceptor.

Basic oxide: An oxide that reacts with acids to form a
salt and water.

Brownian motion: The random bombardment of
molecules on small suspended particles leading to a
random irregular motion of the suspended particles.

Carboxylic acids: A homologous series of organic
compounds with the -COOH group.

Catalyst: A substance that speeds up a chemical reaction
but remains unchanged at the end of the reaction.

Join now:https://t.me/igcse_files

Catalytic converter: Part added to vehicle to reduce the
emissions of carbon monoxide and nitrogen oxides from
exhausts of petrol engines.

Cathode: The negative electrode.
Cations: Positive ions.

Collision theory: The theory that moving particles react
when they collide with sufficient energy and in the correct
orientation.

Compound: A substance made up of two or more
different atoms (or ions) joined together by bonds.

Condensation polymerisation: Polymerisation
occurring when monomers combine together with the
elimination of a small molecule.

Condensing: The change of state from gas to liquid.

Conductors (electrical): Substances that have a low
resistance to the passage of electricity.

Corrosion: The gradual reaction and ‘eating away’ of a
metal inwards from its surface caused by another substance.

Covalent bond: A shared pair of electrons between
fwo atoms.

Cracking: The decomposition of larger alkane molecules
into a mixture of smaller alkanes and alkenes.

Delocalised electrons: Electrons that are not associated
with any particular atom.

Diatomic: Molecules containing two atoms.

Diffusion: The spreading movement of one substance
through another due to the random movement of the
particles.

Displayed formula: Shows how all the atoms and all
bonds in a compound are arranged.

Dot-and-cross diagram: A diagram showing the
electronic configuration of molecules (or ions).

Double bond: Two covalent bonds between the same
two atoms.

Ductile: Can be drawn into wires.

Electrochemical series: The order of reactivity of
metals, with the most reactive at the top.

Electrodes: Rods that conduct electric current to and
from an electrolyte.

Electrolysis: The decompaosition of a compound when
molten or in solution by an electric current.

Electrolyte: A molten ionic compound or a solution
containing ions that conducts electricity.
Electron: The negatively charged particles arranged

in electron shells (energy levels) outside the nucleus of
an atom.
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Electron shells: Particular areas surrounding the nucleus,
which contain one or more electrons.

Electroplating: Coating of the surface of one metal
with a layer of another, usually less reactive, metal using
electrolysis.

Element: A substance made up of only one type of atom

that cannot be broken down into anything simpler by
chemical reactions.

Empirical formula: Shows the simplest whole number
ratio of atoms or ions in a compound.

Endothermic reaction: A reaction that absorbs energy
from the surroundings.

Energy profile diagram: Diagram showing the heat
energy content of the reactants and products on the vertical
axis and the reaction pathway on the horizontal axis.

Enthalpy change: The heat energy exchanged between
a chemical reaction and its surroundings at constant
pressure.

Enzymes: Biological catalysts.
Ester: A compound with the formula R—COO-R’

formed by the reaction of an alcohol with a carboxylic
(alkanoic) acid.

Esterification: Making an ester by the reaction of an
alcohol with a carboxylic acid.

Evaporation: The change of state from liquid to vapour
that takes place below the boiling point of a liquid.
Exothermic reaction: A reaction that releases energy to
the surroundings.

Fermentation: The breakdown of organic materials by
microorganisms with effervescence and the release of
heat energy.

Filtrate: The solution passing through a filter paper when
a mixture of solid and solution are filtered.

Flue gas desulfurisation: Removal of sulfur dioxide in
industry arising from burning fossil fuels containing sulfur.

Fraction: A product of petroleum distillation that is a
mixture of hydrocarbons having a limited range of molar
masses and boiling points.

Fractional distillation: A method used to separate two
or more liquids with different boiling points from each
other using a distillation column.

Freezing: The change of state from liquid to solid.

Functional group: A group that is characteristic of a
given homologous series.

General formula: A formula that can be applied to all
members of a given homologous series.
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Giant molecular structure: A structure having a
three-dimensional network ot covalent bonds.

Global warming: The heating of the atmosphere
caused by absorption of infrared radiation by
greenhouse gases.

Greenhouse gases: Gases that are good absorbers of
infrared radiation and cause global warming.

Group: A vertical column in the Periodic Table.

Half-equations: Equations showing the oxidation and
reduction reactions separately to show the loss or gain
of electrons.

Halogens: The elements in Group VII.

Homologous series: A group of compounds with the
same general formula and the same functional group.

Hydrocarbons: Compounds containing only carbon and
hydrogen atoms.

Hydrogenation: A reaction involving the addition of
hydrogen to a compound.

Hydrolysis: The breakdown of a compound by water
often catalysed by acids or alkalis.

Incomplete combustion: Combustion when air or
oxygen is limiting.

Indicator: See acid-hase indicator.

Insulators: Non-conductors.

lon: A particle formed when an atom or group of atoms
has lost or gained one or more electrons making the parti-
cle positively or negatively charged.

lonic bond: The strong force of attraction between
oppositely charged ions.

lonic equation: A symbol equation that shows only
those ions that take part in a reaction.

Isotopes: Atoms of elements with the same number of
protons but different numbers of neutrons.

Kinetic particle theory: The idea that particles are in
constant motion.

Lustrous: Having a shiny surface.

Macromolecules: Very large molecules made up of
repeating units.

Malleable: Can be shaped by hitting.

Mass number: The number of protons + the number of
neutrons in an atom.

Melting: The change of state from solid to liquid.

Metallic bond: A bond formed by the attractive forces
between the delocalised electrons and the positive ions in
a metallic structure.
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Metallic conduction: The movement of mobile electrons
through the metal lattice when a voltage is applied.

Mixture: This consists of two or more elements or

compounds that are not chemically bonded together and
can usually be separated by physical means.

Molar concentration: The number of moles of solute
dissolved in a solvent to make 1 dm? of a solution.

Molar gas volume: The volume of a mole of gas at r.t.p.
or s.t.p.

Molar mass: The mass of a substance in moles.

Mole: The amount of substance that has the same
number of particles (atoms, ions, or electrons) as there are
atoms in exactly twelve grams of the carbon-12 isotope.

Molecular equation: A full symbol equation.

Molecular formula: Shows the number of atoms of each
particular element in one molecule of a compound.

Molecule: A particle containing two or more atoms.
The atoms can be the same or different.

Monomers: The small molecules that react and bond
together to form a polymer.

Neutralisation: The reaction between an acid and a
base to form a salt and water.

Neutral oxide: An oxide that does not react with acids
or alkalis.

Neutron: The neutral particle in the nucleus of an atom.

Noble gas configuration: Atoms orions having
a complete outer shell of electrons so that the species
have the electronic structure of one of the noble gases.

Nucleus: A group of particles in the centre of an atom
containing protons and neutrons.

Oxidation: The gain of oxygen or loss of electrons by a
substance.

Oxidation number: A number given to each atom or ion
in a compound to show the degree of oxidation.

Oxidising agent: A substance that accepts electrons and
gets reduced during a chemical reaction.

Paper chromatography: A method used to separate a
mixture of different dissolved substances depending on
the solubility of the substances in the solvent and their

attraction to paper.

Percentage yield:

amount of required product obtained 100
maximum amount of product expected

Periodic Table: Arrangement of elements in order of
increasing atomic number so that many groups contain
elements with similar properties.
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Periodicity: The regular occurrence of similar properties
of the elements in the Periodic Table so that some groups
have similar properties or a trend in properties.

Period: A horizontal row in the Periodic Table.

Petroleum: A thick liquid mixture of unbranched,
branched, and ring hydrocarbons extracted from beneath
the Earth’s surface.

Photochemical reaction: A reaction that depends on
the presence of light.

pH scale: A scale of numbers from 0 to 14 used to show
how acidic or alkaline a solution is.

Physical properties: Properties which do not generally
depend on the amount of substance present.

Pollution: Contaminating materials introduced into the
natural environment (earth, air, or water).

Polyamide: Condensation polymer containing
~NH-CO- linkages.

Polyester: Condensation polymer containing
—CO0- linkages.

Polymerisation: The conversion of monomers to
polymers.

Polymers: Macromolecules made up by linking at least
50 monomers.

Precipitate: The solid obtained in a precipitation
reaction.

Precipitation reaction: A reaction in which a solid is
obtained when solutions of two soluble compounds are
mixed.

Protons: The positively charged particles in the nucleus
of an atom.

Radioactive isotopes: [sotopes with unstable nuclei,
that break down.

Rate of reaction: The change in concentration of a
reactant or product with time at a stated temperature.

Redox (reaction): A chemical reaction in which one
reactant is oxidised and another is reduced.

Reducing agent: A substance that loses electrons and
gets oxidised during a chemical reaction.

Reduction: The loss of oxygen or gain of electrons by a
substance.

Relative atomic mass: The weighted average mass of
naturally occurring atoms of an element on a scale where
an atom of carbon-12 has a mass of exactly 12 units.

Relative formula mass: The relative mass of one
formula unit of a compound on a scale where an atom of
the carbon-12 isotope has a mass of exactly 12 units.
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Relative molecular mass: The relative mass of one
molecule of a compound on a scale where an atom of the
carbon-12 isotope has a mass of exactly 12 units.

Residue: The solid remaining on the filter paper when a
mixture of solid and solution are filtered.

r.t.p.: Room temperature and pressure. (20 °C and 1
atmosphere pressure).

Rusting: Corrosion of iron and iron alloys caused by the
presence of both water and oxygen.

Salt: A compound formed when the hydrogen in an acid
is replaced by a metal or ammonium ion.

Saturated compounds: Organic compounds with only
single carbon—carbon bonds.

Separating funnel: Piece of apparatus used to separate
immiscible liquids which have different densities.

Simple distillation: The separation of a liquid from a
solid that involves the processes of boiling and
condensation using a condenser.

Solubility: The number of grams of solute needed to
form a saturated solution per 100 grams of solvent used.

Solution: A uniform mixture of two or more substances
(usually a solid dissolved in a liquid).

Solute: A substance that is dissolved in a solvent.
Solvent: A substance that dissolves a solute.
Sonorous: Rings when hit with a hard object.

Spectator ions: lons that appear in a chemical equation
but do not take part in the reaction.

Standard concentration: A concentration of 1 mole of
substance in 1 dm? of solution under standard conditions.

State symbols: Letters put after a chemical formula
showing whether it is a solid, liquid, gas, or aqueous
solution.
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Strong acid: An acid that ionises completely in solution.
Strong base: A base that ionises completely in solution.

Structural formula: Shows the way the atoms are

arranged in a molecule with or without showing the
bonds.

Structural isomers: Compounds with the same
molecular formula but different structural formulae.

Sublimation: The direct conversion of a solid to a gas or
gas to a solid without the liquid state being formed.

Substitution reaction: A reaction in which one atom or
group of atoms replaces another.

Thermal decomposition: The breakdown of a
compound when heated.

Titration: A method used to determine the amount of
substance present in a given volume of solution of acid or
alkali.

Titre: The final burette reading minus the initial burette
reading in a titration.

Triple bond: Three covalent bonds between the same
two atoms.

Unbranched hydrocarbons: Hydrocarbons with carbon
atoms linked in a chain without alkyl side groups.

Unsaturated compounds: Organic compounds
cantaining double or triple carbon—carbon bonds
(in addition to single bonds).

Volatile: Easily evaporated at room temperature.

Weak acid: An acid which only partially ionises
in solution.

Weak base: A base which only partially ionises
in solution.
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Unit 1.1 Correct shape (from 120 °C to -10 °C} [2]
1. a. Putyour finger over the top of tube and lower {slowly) into (If these two marks not scored allow 1 mark for a vertical section
the water (1] followed by a horizontal section)
Drop the crystal down the tube then raise the tube slowly [1] 100 °C at correct place [1]
b. i. Dissolving [1] 0 °C at correct place [1]
ii. Diffusion [1] f. i. The change in temperature is too rapid / goes
c. Particles (of dye and water) move randomly / move in from 114 to 184 too quickly 1]
any direction (1] S0 the liquid state not noticed 1]
Dye particles spread out [1] ii. Heatiodine in bath of suitable liquid fliquid with higher
Overall movement of the dye is from area of high concentration boiling point than water [1]
(of the dye particles) to lower concentration (of dye particles) [1] The temperature of the bath is kept between melting
5 o point and boiling point of iodine [1]
Unit 1.3

The forces of attraction between the particles are strong enough
to keep them together and so the particles only vibrate. When a

from ® liquid evaporates, the particles with the highest energy leave the
here LD surface of the liquid first.
ere

. . {1 mark for each correct word)
Random movement shown, e.q. particle moves in 4 or more

different directions 1] b. Box B: (solid): particles touching each other [1]

All lines are straight [1] (arrows need not be shown) particles aranged regularly / in more than 1 regular row [1]

b. Dust 1] Box C: {liquid): particles touching each other [1]
particles amranged irregularly / not in rows [1]

You can see dust particles but not particles of oxygen / nitrogen /
gases in the air 1] c. The forces of attraction between the particles in a liquid are

stronger than those between gas particles but weaker than those
between the particles in a solid. Particles in a solid only vibrate.
Particles in a liquid move more slowly than those in a gas.

c. More particles in the air bombard (hit) the dust particle on
one side than on another (or hit with greater force) [1]

Dust particles move in direction of the greater number of hits 1]

S : s 1 mark for each correct word
Particles in the air move randomly so the direction of the { )

d. Boiling only happens at the boiling point / in beiling bubbles

movement of the dust particles is also random [1] o
of gas are seen throughout the liquid [1]
Unit 1.2 Evaporation occurs at temperatures below the boiling point
1. a. Liquids i. fixed volume [1] (and above the melting point) [1]
ii. take the shape of container only as far as it is filled / without e. i. (energy) absorbed [1]
changing volume [1] ii. (energy) released [1]
Gases i. volume not fixed [1] iii. (energy) released [1]
ii. spread everywhere (within a container) [1] iv. (energy) absorbed [1]
b. A:melting / fusion [1] f. Amangement goes from regular to imregular 1]
B: boiling / evaporation [1] Proximity goes from touching [ close together to far apart [1]
C: freezing [1] Motion goes from vibrating to moving freely / moving fast [1]
D: condensing 1] g. Silicon has strong forces of attraction between the particles (1]
c. i. Methane [1] A lot of energy is needed to overcome these forces [ a high
ii. Naphthalene 1] temperature is needed to overcome these forces [1]
Melting point is above room temperature 1] Phosphorus has weak forces of attraction between the particles [1]
&t Pthanol (1] Only a little energy .is needed to overcome these forces/ a
_ & s & ; lower temperature is needed to overcome these forces [1]
Melting point is below room temperature and boiling point
is above room temperature / room temperature is between Unit 1.4
Metting polnt-and boling polnt u 1. a. Diagram showing plunger pushed down so volume smaller
d. A:solid and liguid 1] and the same number of particles randomly aranged [1]
B: liquid [1] b. InY fewer particles hit the wall 1]
C: liquid and vapour / liquid and gas (1] Every second 1]
D: vapour / gas [1] So the force on the wall is less [1]
e. A 2. As pressure doubles the volume halves [2]
120 (If 2 marks not scored: 1 mark for increase in pressure
O \ decreases the volume)
?E L9 == 3. a. White solid forms where hydrogen chloride reacts with
2 ammonia [1]
E Hydrogen chloride has a higher relative molecular mass than
E ammonia [1]
B So rate of diffusion of hydrogen chloride less than that
of ammonia [1]
=10 > b. Any two of hydrogen fluoride / hydrogen bromide / hydrogen

time iodide (1 mark each)
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c.  White ring forms about halfway along the tube [1] 2.  Add water to the mixture and stir. The calcium sulfate dissolves [1]
Because hydrogen chloride has a similar relative molecular mass Fiter the mixture. Calcium carbonate is the residue [1]
to methylamine 1] Rinse the calcium carbonate with water and dry in an oven [1]
So rates of diffusion of the two gases are approximately equal  [1] Evaporate the water from the calcium sulfate solution / filtrate [1]
Unit 2.1 3. Add the mixture of crystals to the water and heat until all
] ] the mixture just dissolves (adding more water if needed) [1]
W B b AES - Cool the flask of solution in a beaker of cold wat 1]
00l the Tiask of solution 1In a beaker of colg water
ii. lron(ll) hydroxide [1] silver chloride [1] ; :
. . When crystals have formed filter the mixture [1]
iii. Calcium hydroxide [1] _ _
b i 132-135 q /100 am? \ The crystals formed contain more of the substance with the
' ' o g ] o 1] lower solubility [1]
.. Potassium chiorice 1] Repeat the process with the crystals which have been collected [1]
li. 1059 /100 am’ [1]
iv. 18 °C 1] Unit 2.4
v. At 80 °C there are 165 g per 100 cm’ [1] 1. a. i. Distillation flask on left [1]
At 20 °C there are 32 g per 100 cm’ 1] Distillate in beaker on right (1]
Difference = 165-32 = 133 g 1] Slanting tube labelled as condenser [1]
For 200 cm? water = 133 x 2 = 266 g 1] Cold water enters the bottom of the condenser [1]
vi. Solubility at 90 °C = 200 g per 100 cm’ 1] ii. Arrow under the gauze 1]
50 x 100 b. i. Salt and water have very different boiling points / salt has
For50 g=—— [1] : i : = .
200 a high boiling point and water has a low boiling point [1]
= 25 aw’ [1] ii. The vapours would condense together / at the same time  [1]
_ 2. There is a range of temperatures in the distillation column, lower
Unit 2.2 at the top and higher at the bottom. When vaporised the more
1. a. Oxygen gas [1] sodium chloride crystals [1] volatile alcohols move further up the column than the less volatile
b. Some impurities may be harmful [1] alcohols. In the condenser the alcohol changes from vapour to liquid.
c. 1. Two or more substances present [‘] I that are not The alcohols are collected one b'_-,u' one in the rece iver, those with the
chemically combined 1] lower boiling points condensing before those with higher ones,  [10]
ii. Any value from —15°C to -1 °C 3. ¥——
2. a. Pure sulfur: solidifies at 119 °C :
chromatography
Impure sulfur; melts over 4 °C temperature range haper
Impure sulfur: turns to a vapour at 450 °C
Pure sulfur: has sharp boiling point , —— solvent
(2 marks it all 4 correct: 1 mark it 2 cormrect) C .
b. i. Insolder the tin is impure / the lead is impure [1] CROM TR PRty Papes: CRpg M Sohent 1
c: : . Chromatography paper labelled [1]
Impurities lower the melting point (1]
Solvent labelled [1]

ii. Less energy is used in melting the solder (than using tin

or lead alone) 1] 4. a. Anytwo examples (1 mark each) e.q. extracting lavender oil,

extracting rose oil, preparation of phenylamine

3. a. HFiltration [1] | Nl
b, Simple distillation 1] b. Simple distillation may char / decompose substances [1]
G Rl 1] c. Bubble steam th_rﬂugh mixture to be c?i:atilied [1]
4. a. Saltlowers the melting point of water [1] SopdersEmbmAS LS Sk ol .

: . Use a separating funnel to separate the oily layer from the water |1
So ice does not form until temperature gets much lower P ! P Y 1]

than 0°C 1] Unit 2.5
So cars do not slip on the road 1] 1. a. i Sothat the ink doesn't spread up the paper / graphite / pencil
b. Vapour pressure is the pressure exerted by the molecules in a ‘lead” doesn’t dissolve in solvent (1]
vapour in equilibrium with a liquid [1] ii. 3 [1]
Boiling point is when vapour pressure is equal to atmospheric iii. Serand Gly [1]
RIEIEs [1] iv. Use a different solvent (that separates them) 1]
The particles of impurities in a liguid / water prevent the liguid / distance from centre of spot to baseline _ 0.6 0
water from escaping so easily from the surface (1] v distance from solvent front to baseline
So the pressure of the vapour is less than normal 1] vi. About halfway between Cys and Ser/Gly [1]
It requires a higher temperature / more energy to get the b. Spray with loecating agent / named locating agent [1]
samme vapour pressure as the pure liquid [1] Then develop spots by heating [1]
Unit 2.3 ALLOW: look under ultraviolet light [1]
Then spots appear as bright / fluorescent dots [1]

1. a. i. Inorder down:
1] 2. a. Dissolve the coin in concentrated hydrochloric acid / aqua regia

Riter paper
hop {concentrated hydrochloric and nitric acids) [1]
Flter funnel (1] _
b. Any 6 points of:
Flask [1] . |
& Reiideniic onfi ) e Place resin in column (with solvent)
ii. Residue is on filter paper
AL o PP e Place mixture to be separated on top of column and let it soak in
Rltrate is liguid in flask [1]

; : * Add solvent to top of column and let mixture run through
b. BGFEADC (2 marks) (1 mark if 1 pair reversed)
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Unit 3.1
1. a.

=

= om oM

2. a.
b.
C.

« Different substances have different affinities for the resin / some

substances are better absorbed onto the resin than others

e Substances less attracted to resin / more soluble in solvent
move down column faster

¢ Substances collected one by one in separate tubes at the
bottom of the column

* Substances analysed by ultraviclet / infrared spectroscopy /
mass spectrometry

Carbon / tin
Rubidium / tin

Iron [ cobalt / nickel / copper

Magnesium / Mg

H, B, C, N, O all shaded [2] 4 correctly shaded

VIl / halogens

VIIL/ 0/ noble gases

Most of the alpha particles went straight through the foil

Only a few alpha particles changed course
A few alpha particles reversed direction

The positive charge on the nucleus repels the positive charge on
the alpha particle / like charges repel

3. Any5 of:

No Groups / no Periods [ some elements missing / cobalt and nickel are
in the same place / no atomic numbers / no relative atomic masses

Unit 3.2

1.  No nucleus in Thomson's model
Positive charge spread out rather than being in the nucleus

Electrons not in shells

2. a. (Number of) protons in the nucleus
b. (Number of) protons plus neutrons in the nudeus
c. Mass number
Ae Subatomic particle | Relative mass | Relative charge
electron 0.00054 1- 1]
neutron 1] 11 0/none [1]
proton 1 i1l | 1+
(1 mark for each comect answer)
4. a. Protons: 6 [1] neutrons 6
b. Atom Mame of Number | Number of | Number of
atom of protons | neutrons electrons
1:H fluorine 9 10 G
43
Ca calcium 20 23 20
3
H hydrogen 1 2 1
S
e 26 32 26
(For each column: 4 correct = 2 marks, 2 or 3 correct = 1 mark)
5. a. 26 protons and 30 neutrons [1] 24 electrons
b. 16 protons and 18 neutrons [1] 18 electrons
c. 53 protons and 74 neutrons [1] 54 electrons
d. 19 protons and 22 neutrons [1] 18 electrons
Unit 3.3
1. a. Isotopes are atoms of the same element with the same
number of protons but different numbers of neutrons.
{1 mark each correct word)
b. i. 1

ii. It has no neutrons
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1]
11l
1]
[1]
(1]
1]
[1]
[1]
1]
[1]

[1]

15

1]
[1]
1]
1]
[1]
[1]

1]

[1]
[1]
1]
1]

[1]
[1]

ii. The nucleus is unstable
And breaks down
To produce particles or radiation

[1]
1]
[1]

c. I. Asthe time increases equally / every 14 days the mass
decreases by a half [2]
{1 mark for ‘As time increases mass decreases’)
il. 25 cpm [1]
2. uranium-235 - used to produce electrical energy
cobalt-60 — used to kill bacteria in food
carbon-12 — used to date ancient pieces of cloth
(all correct for 1 mark)
3 i Re— Ria He
% l':Hl i
(1 mark for He, 1 mark for 4 and 2 in the correct places)
b. alpha particles [1] are helium nuclei [1]
beta particles [1] are high-speed electrons [1]
gamma rays [1] are high-energy electromagnetic radiation (waves) [1]
Unit 3.4
1. a. (main) energy levels [1]
b. Element | Number of electrons Electron
in an atom distribution
nitrogen 7 25
oxygen 8 2,b
fluorine 9 2.7
neon 10 2,8
sodium 11 2,81
argon 18 288
calcium 20 2,882
(1 mark for correct number of electrons in column 1. 1 mark for each
correct electron distribution)
2. AwithF BwithE CwithD (1 markif all correct)
3. (1 mark each correct structure) Electrons should be drawn in shells
and paired.
2,83 2.4 28,7 2
aluminium | carbon chlorine helium
2,82 2.8 28,5 2,881
magnesium | neon phosphorus | potassium
4. a. 1. 0 [1]
i. 2,8 1]
iii. 2,8,8 [1]
iv. 2,8 [1]
v. 2,8 [1]
b. i, iv, and v [1]
c. They have a complete outer electron shell [1]
So they cannot easily gain or lose electrons / which is a stable
electron distribution [1]
Unit 3.5
1. a. Does not conduct electricity / shatters when hit [1]
b. Conducts heat / very high melting point [1]
Conducts electricity / malleable [1]
d. Low melting point [1]
e. Any 2 of: has low melting point / does not conduct
electricity / shatters when hit / does not conduct heat [1]
2. Aluminium [1] has the lowest density [1]

b. Iron [1] has highest strength
c. Copper [1] is the best electrical conductor

[1]
1]
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3. Any 6 points, one of which must refer to the Periodic Table, e.g.

Position in Periodic Table: idea of the 'step line’ between metals and
non-metals

They have high melting points so are like many metals
They are poor electrical conductors so unlike metals

Electrical conduction increases with temperature / they are
semiconductors so unlike metals

Generally shiny so like metals
Some exist in metallic and non-metallic forms
Some forms have a some degree of covalent bonding

Unit 4.1
1. Separating iron from sulfur using a magnet
Melting zinc
Distilling plant oils from a mixture of plant oils and water

2. 12 correct=6, 10 or 11 correct = 5, 8 or 9 correct = 4,
bor/comect =3,40r5comect=2, 2 or 3 correct = 1.

1]
[1]
[1]

1]
1]
[1]
1]

1]
11l
1]

Compound Mixture
The elements cannot be The substances in it can be
separated by physical means. separated by physical means.

from those of the elements
which went to make it.

The properties are the average
of the substances in it.

The elements are combined in a | The substances can be present
definite proportion by mass. in any proportion by mass.

3. A compound [1] B element [1] C element

D mixture  [1] E compound [1] F mixture
4. a. CH

4
{:FHI':-
H,S
NH

i
Any three physical properties of zinc (1 mark each), e.g. high melt
point / conducts electricity / malleable

a2 n F

[1]
[1]
1]
11l
[1]
1]
ng

Any three physical properties of sulfur (1 mark each), e.g. low melting
point / dissolves in (some) organic solvents [ insoluble in water / brittle

Any three chemical properties of zinc (1 mark each), e.g. reacts with

hydrochloric acid / oxidises slowly in oxygen / reacts with chlorine

Any three chemical properties of sulfur (1 mark each), e.g. reacts
with oxygen / reacts with chlorine / does not react with acids

b. Any two workable methods (3 marks each), e.q.
Dissolve sulfur in suitable organic solvent, e.qg methylbenzens
Sulfur dissolves and zinc does not so filter off the zinc

Take the filtrate and evaporate the organic solvent in fume
cupboard to get solid sulfur

AND
Dissolve zinc in dilute hydrochloric acid
Sulfur does not dissolve so filter off the sulfur

Wash the sulfur residue with distilled water and dry in
drying oven

Unit 4.2
1. Any three (1 mark each) of:

Colour of sodium chloride is different from the colours of
chlorine and sodium

Sodium chloride is not acidic whereas chlorine is slightly acidic
Sodium chloride dissolves in water but sodium reacts with water
Heat is given out when the sodium chloride forms

2. a. Anionisa charged particle

b. lons have unequal numbers of protons and electrons / lons
have unequal numbers of electrons and protons
{1 mark for each gap correctly filled)
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[1]
[1]

(1]

[1]
1]

1]

1]
[1]
(1]
1]
[1]

-

2,8

[1] 288 [1]

2 1]

28,188

[1]

@

3.

®

3+ f.

24+

(1 mark for each correct structure)
Vi and V3, Fe* and Fe*, Co® and Co*,Cu*and Cu®
(2 marks for all correct, 1 mark for 6 correct or with 1 ion which is

d.

incomrect e.g. Fe*)

Mast form ions with charges of 2+ and 3+ [1] apart from Cu*

(if no marks scored allow 1 mark for all form ions with different

charges)

Unit 4.3

1.

3.

1]

A sodium chloride lattice is a reqular arrangement of positive sodium
ions and negative chloride ions, which alternate with each other, The

ions are held together by strong ionic bonds. This structure is called a

giant ionic structure.
(1 mark for each correct word)
lonic compounds are formed . .. .. by the reaction of metals with
non metals.

lonic compounds haveno..... overall charge.
When a metal atom forms anion ...

When a non-metal atom forms an ion

d.

8 electrons in outer shell of Mg

8 electrons in outer shell of S

2—charge on 5
Lithium chloride:

.. it loses one or more electrons.

..... it gains one or more electrons
(4 correct = 2 marks, 2 correct = 1 mark)

2 electrons in one shell around Li

2 8.8 electrons for chlorine

+ charge for Li and — charge for Cl at top right of square
brackets around each

Magnesium fluoride:

2,8 electronic structure for Mg

2.8 electronic structure for each F

Each F has single negative () charge at top right of []

Mg has 2+ charge at top right of ]

Calcium nitride:

Three Ca ions and two nitride ions shown

Electronic structure is 2,8,8 for calcium

Electronic structure is 2,8 for nitride

2+ charge for Ca and 3- charge for nitride at top right of each

Unit 4.4

1.

2.

A

d.

b.

A MgBr, [1]
E KN [1]
J Mg(NO,), [1]
N Ca(OH), (1]

R magnesium icdide
S strontium hydroxide
T iron(ll) sulfate

I zinc nitrate

V ammonium carbonate
W calcium hydrogencarbonate

a.
b.

KMnQ,
Na,0,

B Na,0 [1]
FCaS 1]
K K50, [1]
0 NaHCo,

C HCl (1]
G ALS, [1]

D AlC,
H Fe D,

L NHNO, [1] M (NH,)SO,
[1] P ANO), [1] Q Lico,

1]
(1]
1]

[1]
1]

1]

[1]
1]
1]
[1]

1]
[1]
[1]
1]

1]
1]
1]
1]
1]
1]
1]
[1]
[1]
[1]

[1]
1]
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c. CafPo,), 1]

d. Caso, [1]

e. Na,PO, [1]
Unit 4.5

1. A covalent bond is formed when non-metal atoms combine. It forms
because of the strong force of attraction between the nucleus of one
atom and the outer electrons of the atom next to it. A single covalent
band is formed by sharing one pair of electrons between two atoms.

(1 mark each word)

2. a. Agroup of atoms held together by covalent bonds [1]
b. CO C, N, 0 2]
(1 mark if 3 correct)

3. a i

|

1] [1]
m Q@

1] [1]

b. 2 around the hydrogen and eight around the bromine,
oxygen, and nitrogen [1]

a'

(You will not get this mark if you just write eight)
c. The electron shells are complete / full [1]

This is a stable structure / electrons cannot easily be lost
or gained [1]

4. (1 mark for each up to a maximum of three) aluminium chloride
(vapour) / beryllium chloride / tin tetrachloride / stannane, SnH, /
plumbane, PbH,

Unit 4.6
1. a. (1 mark for each correct structure)

hydrogen bromide

ammonia

@R

methane

CAS
C2a

carbon dioxide

)
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b. hydrogen bromide, water, ammonia, hydrogen sulfide, phosphorus
trichloride, carbon dioxide

(All correct 2 marks, 3 or 4 correct 1 mark)

(1 mark each correct structure)

Unit 4.7
1. Magnesium oxide: ionic
Carbon tetrachloride: covalent
Potassium bromide: ionic
Carbon disulfide: covalent
Octane: covalent
(2 marks if all correct and 1 mark if one error)
2. Awith 4; B with 7; C with 1; D with 2; E with 6; F with 3; G with 5
(All 7 correct = 3 marks, 5 or 6 correct = 2 marks, 3 or 4 correct = 1 mark)

3. 0518 [1]
d. Theions are not free to move [1]
5. a. The molecules dissolving in water all have oxygen atoms /OH  [1]

b. 1 mark for each soluble substance, e.g. ammonia / methylamine /
sucrose [ other alcohols [ ethanoic acid / many amino acids

Unit 4.8

1. Diamond: B C, D [1]
Graphite: A, D, F [1]
Silicon dioxide: B, C, D [1]

2. A with 4; B with 1; Cwith 5; D with 2; E with 3

(All correct = 2 marks but 3 or 4 correct = 1 mark)

3. a. 4 [1]
b. 3 1]
c. 4 [1] 2 [1]
4. a. L1 \
Hr‘;{EHRN’fHHN,—-’
P ,,}U \LE
N TSN
\ \
,fH T N B ~.
Two or more anerg drawn (two layers not shown in diagram above) [1]
(Layers of) hexagons drawn similar to graphite structure [1]
B atoms alternate with N atoms [1]
b. Weak force between the layers [1]
50 the layers can slide when a force is applied [1]
Unit 4.9

free electron

é |
@ - @) @)@

{ 4
@:@1@®@@®

metal ion
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Metal ions shown as + or 2+ [1] Unit 5.2
Metal ions labelled (1] 1. a. 0,+42H, —2HO
Electrons shown as dots randomly dispersed between the Correct balance [1] correct use of + and — [1]
metal ions [1] b. 2C+0, —2C0
Eiecﬁﬂns labelled free electrons [/ delocalised electrons / Correct balance [1] cortect use of + and — 1]
anhIIE electrons | 1] 2. a. atoms2xH+2xCl1xH1xCl (1]
b. i. Electrons are delocalised / free. _ [1] balance H, + Cl, —» 2 HC (1)
They move between the metal ions when voltage applied  [1] :
" . : b. atoms1xMg+2=x01xMgl1x=0 [1]
ii. When force applied the force of attraction between
metal ions and mobile electrons is overcome 1] balance 0 1x Mg +2 x 0 — 2 Mg0 ]
The layers slide over each other [1] balance Mg 2Mg + 0, — 2MgO [1]
(When force removed) new metallic bonds between 3. a 2K+Br,—2KBr [1]
metal ions and electrons formed [1] b. 4Al+30, — 2Al0, [1]
iii. Strong forces of attraction between metal ions and ¢. 4Na+0,—2Na0 1]
mobile electrons 1] d. N,+3H, — 2NH, [1]
A large amount of energy is needed to weaken these forces e. 2Rb+ 2H,0 — 2RbOH + H, [1]
of attraction 1] f 1,0, +5C0— 1, +5C0, [1]
2. a. D (1] g. MgO + 2HNO, —» Mg(NO,) + H.0 1]
b. ; Bi z;r*ad;f [1] IEdrsaa ti_nat metals are t_t: thhsa Ef:h Zifr?lﬁ IV / to 1 h. Ca(OH), + 2HCl — CaCl, + 2H 0 1]
e le Ic? covalent giant _':.Irul:tlures. [ufn e Periodic Table) | (1] . 3PbO+2NH. - 3Pb+ N +3H0 "
c. Eand F[1] They have low melting points / they are to the right ’ ’ '
of Group IV (1] Unit 5.3
3. The large ions disrupt the regular arrangement of the metal ions 1] 1. Relative atomic mass (symbol Aljl is the average mass of naturally
The layers cannot slide as easily (compared with the pure metals) 1] occurring atoms of an element on a scale where the carbon-12 atom
has a mass of exactly twelve units. The relative molecular mass
Unit 5.1 (symbol M) is the sum of the relative atomic masses of the atoms in a
1. The formula for giant covalent and ionic compounds is the ratio of molecule. For ionic substances we use the term relative formula mass.  [9]
atoms or ions in the compound. The formula of a simple molecule 2. a. 2 marks for each correct M (If 2 not scored, 1 mark for comect
shows exactly how many atoms are bonded together in each molecule, number of atoms)
For example, ammonia has one nitrogen and three hydrogen atoms :
s its molecular formula is NH Compound | Numberof | A ofatom | M calculation
d ach at
(1 mark for each comrect word) il
7 a phosphorus =1 P =31 1 x31
: : trichloride =3 | Cl1=355 3 % 35.5
1 PCl, M= 1375
Li E|C|[N]|O]| F|Ne i I '
1 31l413121110 magnesium Mg=1 Mg = 24 1 x24
Na | Mg Al s |l hydroxide =2 0=16 2 %16
1] 2 3 2 |1 Mg(OH), H =2 H =1 2x1
K | Ca transition n Br M= 55
1] 2 elements variable | 2 1 ethanol =2 C =12 2 %12
C_H.OH H=6 H=1 bx1
(1 mark for each column correct (= 8), 1 mark for H, 1 mark for | 0=1 0=16 1x16
transition elements) M= 46
b. Li, Na, K, Mg, Ca, Zn, Al Allow: H [1] P N = 2 N =14 3 % 14
. N,O,ES Cl, Br Allow: H [1] culfate H=g — 1 9 5 1
d. Any suitable, eq. Cand N/OJSS/F/Cl/Br (NH,),S0, S=1 5=32 1 x32
HandO/N/O/S/F/Cl/Br 0=4 0=16 416
NandO/Sand D 1] M= 132
e i HS 1] glucose C=6 C=12 Bx12
. i. H,
. CH O H=12 H=1 12 x 1
b 12 b
e ) 0=6 | 0=16 6x16
iii. CS, 1] M = 180
iv. CBr 1
c !1-,! {1: b. i. 342 [1] . 183 [1] jii. 220 [1]
v'_ "33 c. i. 284 [1] . 363 [1] jiii. 393 [1] iv. 287 [1]
vi. ALO, 1]
vii. CH, (1] Unit 5.4
3. a (I (1] 1. a i. 2H,+0, —~2HO
b. 3 [1] 2x2+1%x32 +2x18 [1]
.. 2 [1] dg+32g - 36qg [1]
d. 1 1] ii. 2Al+3Cl, — 2AIC1,
e 4 [1] 2x27T+3x71—2x%x133.5 [1]
f. N 549+ 2139 — 267 ¢ [1]
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b. i 2x80=20g
48
(11 1]
i. 4.8¢
i, 280 g
2x12

(2x12)+(6 x1)
(2 marks for correct answer, 1 mark if answer wrong but
working correct)

b. -:—i; % 100 = 82.4% (2 marks if correct, 1 mark if answer wrong

x 100 = 80%

but working correct)

1]
11l

C. 1'::'::::} x 100 = 40% (2 marks if correct,1 mark if answer wrong
but working correct)
d. 31“;3 % 100 = 42% (2 marks if comect,1 mark if answer wrong
but working correct)
Unit 6.1
1. [11]
Element/ |Formula| Number of Maolar mass / g
compound atoms x A
iodine B 2| 2 x 127 =254 [1]
propane C.H, 3C, 8H B3x12)+(8x1)[1] =44 1]
magnesium MgO | 1Mg, 10 =40 [1]
oxide
barium BaCO, | 1Ba, 1C, 30 =197 [1]
carbonate [1] 1]
potassium 1 KNO, | 1K, 1N, 35”- =101 [1]
nitrate  [1] (1]
phosphorus(V) | PCl. [ 1P, 5CI [1] = 208.5 [1]
chloride
2. a. & [1]
M
. Element or | Formula Mass Number of
compound | mass, M taken / g moles
0, 32 4 0.125 [1]
NaCl 58.5 [1] 11.7 0.2 [1]
Caso, 136 [1] 212 0.2 [1]
P.0, 1421 | 56.8[1] 0.4
co, 44 [1] 4.4 [1] 0.1
P, 124 [1] 86.8 0.7 [1]
CH, 16 [1] 384 [1] 24.0
3. aa M=2% [1] mass=1184¢g [1]
b. M =263 [1] moles =0.03 mol [1]
c. molCl-=05mol [1] number of ions = 3.01 x 10* mol™’ [1]
Unit 6.2
1. a. . 2x24+1x32—-2x40 1]
489+32g -+ 80g [1]
. 4x34 +1x124+06x2 [1]
1369 - 1249+ 12¢ [1]
jii. 1Tx76+3x71 —-1x154+1x135 (1]
769+ 2139 - 1549+ 135¢ [1]
b. i. 5 [1]
i 1 [1]
iii. 2 (1]
iv. moll,0, =20.04/334=0.06[1]505x0.06 =030 mol CO, [1]
mass C0,=030x44=13.2¢ [1]
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v. mol CO=21/28=0.75[1]500.75/5=0.15mal |, [1]
massofl.=0.15x254=381¢ [1]
2. a. 232-168=064¢ [1]
b. 64/16=4mol 0 [1]
c. 168/56 =3 mol [1]
d. 3Fe:0 (1] Fe,0, [1]
3. 2 moles Cl, produces 23 mole CCI, [1] =23 x 154 g=102.7gCCl,  [1]
Unit 6.3
1. a. 1000 cm? [1]
b. 24dm’ [1]
¢. (number of) moles of gas x 24 [1]
g volume of gas in dm’ (1]
24
2.
Gas M of gas Mass of Moles of | Volume of
gas /g gas / mol gas [ dm’
ammonia 17 8.5 0.5 [1] 12 [1]
oXygen 32 640 [1] 20 [1] 480
carbon 44 3.08 0.07 [1] 1.68 [1]
dioxide
hydrogen 36.5 1] 292 8 192 1]
chloride
ethane 30 3.75 [1] 0.125 [1] 3
3. a. 50cm’ [1]
b. 75cm’ [1]
£
d. 2N,0(g) — 2N,(g) + 0,(9) 1]
4. 8.8 gpropane = 8.8/ 44 = 0.2 mol [1]
So 3 x 0.2 moles = 0.6 moles CO, [1]
Volume of CO, = 0.6 x 24 = 14.4 dm’ [1]
Unit 6.4 |
1. a. concentration in mol / dm? = —2mout of Sﬂm}re dl m?IES 1]
volume of solution [1] in dm”[1]
h. amount of solute {moles) = concentration (mol / dm?) =
volume of solution (dm’) [1]
¢. volume (= amount Df_'S.G|LI'tE {mule;) 1]
concentration (mol/ dm’)
2. a. i. 200cm® (1] ii. 40an® [1] idii. 3500 em’[1] iv. 8am® 1]
b. i. 0.025dm’[1] ii. 0.75dm’ [1] iii. 4.0 dm® [1]
iv. 0.156 dm’ [1]
3.
Solute M of | Massof | Volumeof | Concentration
solute | solute/g solution of solution
cm? or dm? mol / dm’
sodium 40 8 250 cm? 0.80 [1]
hydroxide
silver 170 17 [1] 200 cm? 0.5
nitrate
copper{ll) 160 40 2.0 dm’ [1] 0.125
sulfate
potassium 174 3.48 750 cm? 0.027 [1]
sulfate
ammonium 53.5 214 [1] 5.0 dm? 0.8
chloride
sulfuric 98 4.9 25 cm?*[1] 2.0
acid
157



IGCSE files&d(q

Answers

4. Molar mass of CuF, = 102 [1]
Solubility in g/dm’ = (4.54 = 107" = 102 = 46.3 g/dm’ (1]
Mass in 200 em® = 8.26 g [1]
Mass remaining = 15-926=574¢ [1]

Unit 6.5

1. a. molesof Pb = 0.1 mol moles of Cl = 0.4 mol [1]

Divide by Pb 0.1 Cl 0.4 [1]

lowest number 0.1 0.1

of moles

Result of division = 1 =4

Simplest ratio 1Pb:4Cl [1] So empirical formula is PbCI, [1]
b. mole% of C= % =7.14mole % of H = # mol =14.3 [1]

Divide by C 7.14 H 14.3 [1]

lowest number 7.14 7.14

of moles

Result of division =1 =2

Simplest ratio 1C:2H [1] So empirical formula is CH, [1]
c. mole%of N= H—:f =6.12 mole% ofH = }}1—5— mol =12.5 [1]

Divide by N  6.25 H 125 1]

lowest number 6.25 6.25

of moles

Result of division =1 = 4

So empirical formula is NH, [1]

2. a. Weigh the tube [1]

Weigh the aluminium powder accurately /

weigh tube + aluminium powder [1]

Pass the chlorine over the heated aluminium until reaction

Is complete [1]

Weigh the tube + aluminium chloride [1]

Find the mass of the aluminium chloride by subtraction [1]

Deduce mass of chlorine (from mass of aluminium

chloride — mass of aluminium) [1]

Deduce moles of aluminium and moles of chlorine [1]

Find simplest ratio in which aluminium and chlorine combine  [1]
b. Use of fume cupboard [1]

Absorb excess chlorine in suitable chemical [1]

Use of gloves setting up and manipulating apparatus [1]

Unit 6.6

1. The molecular formula of a compound shows the number of atoms of
each type in one molecule. The empirical formula shows the simplest
ratio of atoms which combine. The formula of an ionic compound is the
same as its empirical formula.

(1 mark each correct word)

2. a. HO b.CH «c NO, d. Sbo, e CH f PO, g Naso,
(1 mark each]

3. Aempirical formula mass 110 [1] molecular formula P,0_[1]

B empirical formula mass 67.5 [1] molecular formula S CI, [1]
C empirical formula mass 30 [1]  molecular formula CH,0, (1]
D empirical formula mass 83 [1]  molecular formula C,Cl, [1]

4, Massof 0=360-168=192 [1]
Dividing by atomic masses 1]
C:144112=12,H24/1 =24,0=192/16 =12
Dividing by 12 to get empirical formula, CH,0 [1]
Empirical formula mass = 30 (1]
Relative molecular mass = 180
Molecular formula = C H 0O, [1]
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Unit 6.7

1. a. 100 g/mol [1]
b. 3.840 dm’ [1]
c. 3.840/724 =0.16 mol [1]
d. 0.16 mol [1]
e. 0.16x100=164g [1]
f. 16/18 (x 100) = 89% [1]

2. a. 122 g/mol [1]
b. 24.4/122 = 0.2 mol 1]
c. 0.2 mol [1]
d. 136 g/mol [1]
e. 0.2x136=272¢q (1]
f. 25.84/27.2 (x 100) = 95% (1]

3. Mol Al =5.4/27 = 0.2 mol [1]
Mol AlLLO, expected = 0.1 mol [1]
Mass of ALO, expected = 0.1 x 102 =10.2 g [1]
% yield = 8.67/10.2 (x 100) = 85% [1]

Unit 7.1

1. Reactions that involve both exidation and reduction are called redox
reactions. Oxidation is the gain of oxygen, and reduction is the loss
of oxygen. Combustion involves the oxidation of a substance, during
which heat is given out and one or more of the reactants is a gas.

(1 mark each word)

2. a. Arrow from hydrogen to water labelled oxidation [1]
Arrow from oxygen to water labelled reduction [1]
h. Arrow from lead oxide to lead labelled reduction [1]
Arrow from hydrogen to water labelled oxidation [1]
c. Arrow from iron oxide to iron labelled reduction 1]
Arrow from carbon to carben monoxide labelled oxidation [1]
d. Arrow from carbon to carbon monoxide labelled oxidation [1]
Arrow from water to hydrogen labelled reduction [1]
e. Arrow from zinc oxide to zinc labelled reduction [1]
Arrow from carbon to carbon monoxide labelled oxidation [1]
f.  Armrow from iron to iron oxide labelled oxidation [1]
Arrow from water to hydrogen labelled reduction [1]
3. a. Arows from methane to both carbon dioxide and water
labelled oxidation (1]
Arrows from oxygen to carbon dioxide and water labelled
reduction [1]
b. Arrow from carbon disulfide to carbon labelled reduction [1]

Arrow from hydrogen to hydrogen sulfide labelled oxidation  [1]

Unit 7.2
1. a. Ca —Ca*+2e [1] oxidation [1]
b. Cl, +2e — 2Cl [1] reduction [1]
c. AP+ 3e — Al [1] reduction [1]
d Fe™ —Fe*+pe [1] oxidation [1]
e. 0,+4e —20Y [1] reduction [1]
f Pb* +2e — Pb* [1] reduction [1]
g. 2Br~— Br, +2e° [1] oxidation [1]
2. a. NaandOH [1] b.Mg* andCl [1] c.Ba® and NO, [1]
d. Cuw*andS0/ [1] e AFrand0*[1] f Fe’ and OH (1]
3. a. lonsCu™+2CI[1] 2Na*+ 20H [1]
Cancel: Cu™ + 2&t and 2Ma™ + 20H [1]
Equation: Cu**(aq) + 20H (ag) — Cu(OH),(s) [1]
b. lons: Ba*™ + 2CI Mg** + 50, [1] — Mg™ + 2CI [1]
Cancel: Ba** + 2&t + Mg™ + SO,7 [1] — Mg~ + 26t [1]
Equation Ba*(aq) + 50,* (aq) — BaS0,(s) [1]
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4. a. Pb*(ag)+ 2CI(aq) — PbCl(s)
(1 mark for reactants and products, 1 mark for balance
and state symbols)
b. Cljaqg) + 2I1(aq) — 1,(s) + 2Cl (aqg)
(1 mark for reactants and products, 1 mark for balance and
state symbols)

Unit 7.3

1. Oxidation state (oxidation number) tells us how many electrons
each atom of an element has gained, lost, or shared when forming

a compound.
The oxidation state of atoms of an uncombined element is zero.

(1 mark for each correct word)
2. a+2b+4c-2d.+3e-11%+4¢9+3 h+1 1046
(1 mark each)

3. a. 0to+3[1] oxidation [1]
b. Oto+4][1] oxidation [1]
c. +2to0[1] reduction (1]
d. 0to-1/[1] reduction [1]
e, Oto+3[1] oxidation (1]

4. a.+7 b.+6 c. +3 d. +4 e. +5 {1 mark each)

Unit 7.4

1. A with 3, B with 4, C with 2, D with 1
(2 marks if all 4 correct, 1 mark if 2 correct)

2. Acidified potassium manganate(Vll) is ..... an oxidising agent......
that turns from purple..... to colourless...... in the presence of a
reducing agent.

(2 marks if all correct, 1 mark it 1 error)

Acidified potassium iodideis..... a reducing agent..... that turns from
colourless.. ... to brown.....in the presence of an oxidising agent.

(2 marks if all correct, 1 mark if 1 error)

3. a f&g+@; » 2Mg0 [1]

b. ®o0'+H, -~ Pb+HO 1]

C Q+,\C1H + 1,4 2C 1]

d. (H,0)+2l —1,+2H0 [1]

e. GCul+ 2NH,— 3Cu+ N, + 3H,0 [1]

f Zn+Cu®— 20+ Cu 1]

Unit 8.1

1. a. i (Indicator) bulb / lamp labelled [1] cells / battery /

power source labelled [1]

i, Arrows in clockwise direction [1]

2. Electrolyte: liquid that conducts electricity [1]
Electrolysis: breakdown of ionic substance when molten or

in solution [1] by passage of electricity [1]

Insulator: non-conductor (1]

3. Awith 3; B with 1; Cwith 4; D with 2 (2 marks if 4 correct, 1 mark if
2 or 3 cormect)

4. a. Good electrical conductor [1] low density / lightweight [1]
b. (Fairly good) electrical conductor [1] strong [1]
5. Four substances having delocalised electrons (1 mark for each two)

e.qg. graphite / metal (only 1 allowed) / aromatic hydrocarbons, e.g.
benzene, phenol, graphens / nanotubes

Some substances containing delocalised electrons are molecules [1]
So electrons cannot flow from one molecule to another, [1]

Unit 8.2

1. Abattery / cell(s) / power supply [1]
B anode 1]
C cathode (1]
D electrolyte [1]
Arrows on external circuit from + electrode to power pack and power
pack to — electrode (cdlockwise). [1]
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2. Reactive elements such as sodium are more likely to form ions than
less reactive elements such as silver. If a metal is more reactive than
hydrogen, its ions stay in solution during electrolysis and hydrogen
arising from hydrogen ions in water bubbles off. {1 mark for each
correct word)

3. (1 mark for each 'cell’ correct)

Electrolyte Cathode () | Anode (+) | Observations at the
product product anode
Concentrated hydrogen chlorine | bubbles of gas, green
KCl{ag) when collected
ZnBri{l) zing bromine red-brown vapour
Dilute H,50,(aq) | hydrogen oxygen colourless bubbles
Dilute NaCl{ag) hydrogen oxygen colourless bubbles
Concentrated hydrogen chlorine | bubbles of gas, green
HCHag) when collected
Dilute AgNO_(aq) silver oxygen colourless bubbles
4. a. Hydrogen formed at the cathode [1] because sodium is too
high in the reactivity series to be discharged [1]
Bromine formed at the anode [1] because halogens are discharged
more readily than hydrogen and the concentration is high [1]
b. Hydrogen formed at the cathode [1] because sodium is too high in
the reactivity series to be discharged [1]
Mixture of chlorine and oxygen formed at the cathode [1] Neither
concentrated, when largely chlorine would be discharged, nor
dilute, when largely oxygen would be discharged [1]
Unit 8.3
1. a.
a.  molten zinc bromide b. dilute sulfuric
+ = + acid =
E'
e
_ 2e
E @
c. concentrated hydrochloric d. aqueous copper(ll)
+ acid _ + sulfate _

E : e
:

&

Zinc ions moving to cathode and bromide ions to anode 1]

Bromide ions donating electrons to anode and zinc ions

taking electrons from cathode [1]
b. Hydrogen ions moving to cathode and hydroxide and sulfate

ions to anode [1]

Hydroxide ions donating electrons to anode and hydrogen
ions taking electrons from cathode [1]

¢. Hydrogen ions moving to cathode and chloride and hydroxide
ions to anode [1]

Chloride ions donating electrons to anode and hydrogen ions
taking electrons from cathode [1]
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d. Hydrogen ions and copper ions moving to cathode and

hydroxide and sulfate ions to anode [1]
Hydroxide ions denating electrons to anode and copper ions
taking electrons from cathode [1]
2. a. i. positive [1] gain [1]
li. negative [1] lose [1]
iii. cathode, anode [1]
b. i Zn"+ 2e — In [1]
ii. 2C1 — Cl, + 2e” (1 mark for 2 and Cl,, 1 mark for
balance with electrons)
iii. 2H* + 2e- — _I;’gi (1 mark for 2 and H,, 1 mark for
balance with electrons)
iv. AP*+ 3e”— Al 1]
3. a. 40H —0,+2H,0 + 4e
(1 mark for comect formulae including electrons, 1 mark for balance)
b. 20" — 0, +4de
{1 mark for correct formulae including electrons, 1 mark for balance)
Unit 8.4
1. a. i. Aqueous sodium chloride [1]
ii. 2 NaCllaq) + EH;EJ(_I} » 2NaOH(aq) + E_iil[g} + Hel[g]l
(1 mark for NaCl and Eij, 1 mark for correct state symbols)
b. i. A chlorine [1] D hydrogen (1]
ii. R (1]
iii. Chlorine discharged more readily than oxygen [1]
from hydroxide ions in water [1]
Iv. Sodium is higher in the reactivity series than hydrogen 1]
So hydrogen is discharged preferentially / discharged instead  [1]
v. (Aqueous) sodium hydroxide [1]
vi. lons present in solution in brine are chloride, hydroxide,
hydrogen, and sodium [1]
Hydrogen and chloride ions are consumed at the electrodes [1]
Leaving sodium and hydroxide ions in solution [1]
2. Anode: 2CI(aq) — Cl,(g) + 2e
(1mark for formulae induding electron, 1 mark for balance)
Cathode: 2H* + 28— H,
(Tmark for formulae incuding electron, 1 mark for balance)
Unit 8.5
I mass of the | anode: no change [1] | anode: decreases 1]
electrodes cathode: increases cathode: large
slightly [1] | increase 1]
appearance | anode:none/bubbles | anode: gets thinner [1]
given off [1] | cathode: gets thicker
cathode: goes pink / with lighter colour
brown [1] | pink deposit 1]
electrolyte gets a lighter blue / remains same depth of
fades [1] | colour 1]
2. a. A-=rod, C=jug, E =solution in which the anode and
cathode dip [1]
(3 correct = 2 marks, 1 or 2 correct = 1 mark)
b. gains mass (slightly) [1] becomes silvery [1]
silver ion is positive [1] So silver deposited on negative electrode [1]
3. a. 40H — 0, +2H 0 +4de
{1 mark for correct formulae including electrons, 1 mark for balance)
b. Ni“* + 2e- — Ni (2 marks if completely correct, but if not,
1 mark for Ni‘*)
Unit 9.1
1. a.endothermic [1] b. exothermic [1] c. endothermic  [1]
d. exothermic  [1] e. exothermic [1]
160
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2. a. Energy on the vertical axis of both L and M [1]
Reactants on lines on the left of both L and M (1]
Products on the lines on the right of both L and M [1]
Downward arrow between the two lines in L [1]
Upward arrow between the two lines in M [1]
b. The energy of the reactants is greater than the energy
of the products 1]
So energy is released [1]
3. Endothermic [1] The energy change / AH is positive [1]
4. a. 8.8qpropane = 8.8/44 = 0.2 mal [1]
0.2 x-2219=-4438 k) [1]
b. 4.8dm’=4.8/24 = 0.2 mol CO, [1]
For every mole of CO, only one-third of a mole
of propane to be burnt
S0 moles of propane = 0.2/3 = 0.067 mol [1]
0.067 x =2219=-147.9kJ [1]
Unit 9.2
1. In an exothermic reaction..... the energy released ..... in forming
new bonds..... in the products .....is greater..... than the energy
absorbed ..... in breaking the bonds ..... in the reactants. [1]
In an endothermic reaction....... the energy released..... in forming
new bonds..... in the products....... is less ..... than the energy
absorbed ..... in breaking the bonds..... in the reactants. [1]
= Bonds broken (endothermic +) / kJ | Bonds formed (exothermic — ) / kJ
4% (C-H)=4x413=1652 [1]|2x(C=0)=2 x 805=1610 [1]
2x(0=0)=2x498=996 [1]|4 x (0O-H)=4 x 464 = 1856 [1]
Total + 2648 Total = —-3466
Overall energy change = (+ 2648) + (—3466) =-818 kJ [1]
% Bonds broken (endothermic +) / kJ | Bonds formed (exothermic —) / kJ
2% (H-H) =2 x 436 = 872 [1] |4 =2 (0-H) =4 = 464 = 1856 [1]
1 x (0=0) = 498 = 498 [1]
Total + 1370 Total = — 1856
Overall energy change = (+ 1370) + (- 1856) = — 486 kI [1]
4. The CH. groups in propane [1] affect the bond energy of the C=0 bond
| [1]
Unit 9.3
1. Graph with two axes with energy labelled in kJ (or J) on vertical axis [1]
CH,(a) + 20,{g) on horizontal line on left of diagram and CO,(g) + 2H,0(1)
on horizontal line on right of diagram, reactants higher than products
[1]
Arrow drawn downwards from horizontal line on left to horizontal line
on right 1]
2. a: b [1]
b. B [1]
c. i. B[1]ithas the lowest density / it weighs least [1]
ii. Hazard of the fuel e.g. how combustible it is / how
poisonous it is / its state / whether it is solid, liquid, or gas  [1]
d. When fossil fuels such as coal bum, they produce carbon dioxide,
which contributes to global warming. Buming coal in power
stations also produces sulfur dioxide, which causes acid rain.
(4 marks if all comect, 3 marks if 6 or 7 comect, 2 marks if 4 or 5
correct, 1 mark if 2 or 3 correct)
3. Energy given out as heat in the decay [1]
This heats up a gas / liquid [1]
Hot gas / liquid used to heat up steam [1]
Steam used to power generator / turbine [1]

Motion of rotating generator / turbine and magnet produces
electrical energy [1]
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Unit 94
1. a.

Magnesium is more reactive than copper. It forms ions more
readily than copper. So in cell P magnesium loses electrons.
Magnesium becomes the negative pole of the cell. The electrons
flow along the wires to the copper strip. At the positive pole

of the cell, hydrogen ions from the solution gain electrons and
hydrogen gas is formed.

{1 mark each correct word)
I. magnesium [1] because the voltage difference between

magnesium and copper is higher [1]
i, 2.26V (1]
i lithium 1]
ii. silver [1]
iii. zinc/iron [1]

2. Negative pole; EHJ[Q] - 4H*(aq) + de

(1 for correct equation, 1 for correct state symbuols)
Positive pole: Dr,[g]l + d4H*(aq) + de- — EHADIII]I
(1 for comrect equation, 1 for correct state symbols)

Unit 9.5

1. a. Reversible reaction / equilibrium reaction [1]
b. It goes pink 1]
c.  Warm [ heat gently [1]
d. Heating hydrated cobalt chloride to get anhydrous cobalt

chloride is endothermic [1]
5o the reverse reaction must be exothermic 1]

2. a. cosed [1]
b. rate, forward, rate, reverse/ backward OR rate, reverse /

backward, rate, forward
{1 mark for rate and rate, 1 mark for backward and forward in the
correct positions)

3. Molecules randomly arranged in the mixture [1]
All three types of molecule present [1]
Maore molecules of hydrogen iodide than molecules of hydrogen
and iodine [3]

4. a. Concentration on vertical axis and time on haorizontal axis [1]

Upward curve of decreasing gradient (1]
Curve levelling off after time and remaining horizontal [1]
b. Downward curve of decreasing gradient [1]
Curve levelling off after time and remaining horizontal [1]
Curve levels off at the same level as the one in part a. 1]

Unit 9.6

1. a. left (1]
b. decreases [1]
c. left[1] more [1] left [1] OR left [1] fewer [1] right [1]

NOTE: third mark dependent on second being correct
d. has no effect on position of equilibrium / ONLY
affects rate [1]

2. a. totheright [1]
b. tothe left [1]
¢. tothe right [1]
d. no effect [1]

3. a. White precipitate disappears [1]
b. Increase in amount of white precipitate [1]
c. There are no gaseous reactants or products [1]

4. Temperature of 450 °C [1] Pressure just above atmaspheric [1]

The temperature is a compromise [1] between:

A faster rate of reaction the higher the temperature [1]
and a lower yield at higher temperature [1]
because the reaction is exothermic [1]
High pressure is not used because the yield is very high [1]
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So it would not be worthwhile spending extra money on expensive

pressure equipment (compressors) [1]
Unit 10.1
1. a. Copper reducing in size [1]
Solution getting darker [1]
Gas given off [1]
b. (1 mark each for any three)
decrease in mass of copper per minute / increase in volume of gas
per minute / increase in depth of colour of solution OR increase in
copper compound per minute / decrease in concentration of acid
per minute
c. {1 mark each for the correct graph related to the method chosen)
decrease in mass of copper per minute = A
increase in volume of gas per minute = B
increase in depth of colour of solution = B
decrease in concentration of acid per minute = A
d. i. Q=30am¥min[1] R =18 cv’/min [1] 5 = 25 cm¥/min [1]
ii. R [1]
2. a. 12024000 1] =5= 10" molin 2 minso 5 x 10-%/(2x 60) [1]
=417 x 10° molfs 1]
b. 9.2/46 mol [1] = 0.2 mol in 20 min so 0.2/(20 x 60) [1]
= 1.67 = 10 mol/s [1]
Unit 10.2
1. a. 64s [1]
b. 46 cm’
c. 33om? 1]
d. 33/ 30 shown on graph [1] rate = 1.10 cm/s [1]

volume of 0,/ecm?

e. Points all plotted comrectly [1] Best-fit curve through the points  [1]

Lol
o
I

Mg
o
|

10 1

0
0 10 20 30 40 50 60 /0 20
time/s
2. Any three suitable methods (1 mark each) with reasons
(1 mark each) e.q.
Measure electrical conductivity [1] lons have different conductivities
and so the number and type of ions may be used to measure rate  [1]
Use a colorimeter [1] Intensity of a particular colour may change
during the reaction [1]
Sampling, quenching, then fitrating sample [1] Concentration
of reactant or product changes during reaction [1]
Unit 10.3
1. a. A gas syringe [1] B flask [1] C (dilute) hydrochloric acid [1]
D magnesium [1]

b. (1 mark each for any three) temperature / size of magnesium
ribbon / volume of acid / mass of magnesium ribbon

c i. A [1]
ii. 42/30 =1.40 cm* /s [1]
jii. At20s:60-10/44 [1] =114 cm¥/s [1] ALLOW: 1.0t0 1.2
At 40 s: 60-25/53 [1] = 0.66 cm¥/s [1] ALLOW: 0.62 to 0.70
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Unit 10.4
1. a. i 2x2x6=24cm’
ii. For1cubesurfacearea=1x1x6=6cm’
For 8 cubes =6 x 8 = 48 cm’
jii. B
b. Three curves similar to those on page 53 and levelling off
Steepest curve labelled S and shallowest curve labelled L

2. a. i. Forone cube of side 0.1 cm,
surface area = 0.1 x 0.1 x 6 = 0.06 o’

Number of cubes of side 0.1 cm in
1am*=10x 10 10 = 1000

Total surface area = 1000 = 0.06 = 60 cm?

ii. For one cube of side 0.001 cm, surface area
=0.001 x 0001 x6=06x10"%cm’

Number of cubes of side 0.001 emin 1 em?
= 1000 x 1000 x 1000 = 10°

Total surface area = 107 x 6 x 10 = 6000 cm’
b. Dust particles have very large surface area / volume ratio
Idea of many particles exposed to the air / oxygen
So reaction with air / oxygen is very fast

1]
[1]
[1]
1]
1]
[1]

1]

11l
1]

[1]

(1]
1]
[1]
1]
1]

So fast that in the presence of spark there may be an explosion [1]

Unit 10.5
1. {1 mark for each correct word)

In order to react, particles must_collide with each ather. The collisions

must have enough enerqy to break bonds to allow a reaction
to happen. Increasing the concentration of a reactant increases
the frequency of collisions and so increases the rate of reaction.

Increasing temperature makes particles move faster and increases the

energy of the particles so that there are more successful collisions.
2. a.

More acid particles drawn
Same number Mg particles remaining
Particles randomly spread out including water particles

b. Fewer acid particles drawn
Fewer magnesium particles drawn

Particles drawn randomly including water particles
(and MgCl, particles)

3. Powder has a larger total surface area / volume ratio than
magnesium ribbon

Idea of more particles exposed to the acid in magnesium powder

So more frequent collisions between the magnesium particles
and acid particles for the powder.

4. Activation energy is the minimum enerqy / idea of minimum energy
Colliding particles need (energy) in order to react

The higher the temperature, the greater number of particles /
more particles

have energy equal to or more than the activation energy

Unit 10.6
1. a.  Oxygen gas formed
Causes the detergent to bubble
b. Manganese(lV) oxide
c. There was half as much liver as copper(ll} oxide in the tube
So the number of bubbles per g would be more
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1]
1]
[1]
1]
1]

[1]
1]

1]
[1]
[1]

1]
11

1]
1]
1]
1]
1]

d. i. Enzyme [1]

ii. Cutitinto smaller pieces / grind it up [1]

More enzymes would be released / more enzyme available  [1]

e. Measure volume of oxygen / gas given off [1]

over a particular time interval [1]

using gas syringe [ other method of collecting gas, e.q.

uptumed measuring cylinder or burette filled with water [1]

2. Energy on vertical axis [1]
Energy curve increases from reactants to a maximum and then

decreases to the products (can be exothermic or endothemmic) [1]

Second energy curve of the same type but with lower maximum 1]

Activation energy of catalysed reaction shown (upward arrow from
reactants to highest point of energy curve) [1]

Activation energy of uncatalysed reaction shown (upward arrow from
reactants to highest point of energy curve for catalysed reaction) [1]

Unit 10.7

1. a. (1 mark for each word correct)
Chemical reactions that only occur in the presence of light are
called photochemical reactions. Photosynthesis is a photochemical
reaction that uses pigments in plant leaves called chlorophylls
to catalyse the conversion of carbon dioxide and water to glucose

and oxygen.
b. 6O, (1]  6HO [1]
2. a. As light intensity increases, rate increases [1]
b. Some other factor is limiting / carbon dioxide is limiting /
water is limiting [1]
3. 2Ag" + 2e - 2Ag [1]
2Br — Br, + 2¢ [1]
Top equation is reduction and bottom equation is oxidation [1]
4. Any5of:

Light splits chlorine molecule into two chlorine atoms / called free
radicals / this step called initiation / free radicals react with methane
to form methyl free radical / and hydrogen chloride / 2nd step is
propagation / more free radicals formed (or example) / termination is
the last step / when two free radicals combine (1 mark each)

Unit 11.1
1. a. i. pH11 [1] ii. pH3 (1] iii. pH7 [1]
iv. pH3 [1] wv. pH11ALLOW:pH7 [1]
b. A with 3, B with 5, Cwith 4, D with 1, E with 2

(3 marks if all correct, 2 marks if 3 or 4 correct, 1 mark if 1 or
2 correct)

2. a. 1 markeach
l. NH, ii. CH,COOH iii. H.CO, iv. H50, w. Ca(OH),
vi. H,PO, wvii. HNO, viii. NaDH
b. OH [1]
3. a. Can'eat away' at the surface of another substance [1]
b. (1 mark each for any two of:)

Sodium hydroxide: corrosive as solid and concentrations greater
than 0.5 mol/dm?

Irritant at concentrations 0.05-0.5 mol/dm?®
Low risk at concentrations less than 0.05 moel/dm?
(1 mark each for any two of:)

Hydrochloric acid: corrosive at concentrations greater than
6.5 mol/dm?

Irritant at concentrations 2-6.5 mol/dm’

Low risk at concentrations less than 2 mol/dm?

(1 mark each for any two of:)

Sulfuric acid: corrosive at concentrations greater than 1.5 mol/dm?
Irritant at concentrations 0.5-1.5 mol/dm?
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Low risk at concentrations less than 0.5 mol/dm’ 2. a. A positively charged particle in the nucleus of an atom [1]
(1 mark each for any two of:) b. The hydrogen ion has no electrons [1]
Ammonia: corrosive at concentrations greater than 6 mol/dm’ Only the proton remains (in H*) [1]
Irritant at concentrations 3—6 mol/dm’ c. Proton acceptor [1]
Low risk at concentrations less than 3 mol/dm? 3. a. H'(ag) + NO, tag) + Ma*{ag) + OH (aq)
NO_fag) + Na*fag) + H 0() [1]
b b. H*(aq) + OH(aq) — H,0() (1]
1. (1 mark for each comect answer) c. Hydrogen ions have reacted with hydroxide ions to form water  [1]
ﬁaquequs solutions of acidls c{:rftain ﬂ}mgﬂ ions. In strong acifj:-: all 4. a. Done asexample
the acid molecules are dissociated (ionised) to form hydrogen ions :
and anions. When weak acids are dissolved in water they become 0. Arrow going from H of H,0 to N of NH, 1
partially dissocated. We can write this as an equilibrium e.g. c. Arrow going from Hof H,5to O of H,0 [1]
CH,COOH = CH,CO0" + H*. 5. a. HOO, isacid [1] HCOOH is base [1]
2. pH: ethanoic = pH 2.9 [1] hydrochloric = pH 1.0 [1] sulfuric = pH 0.7 [1] b. NH,"isacid [1] H,0 is base [1]
Rate of reaction: ethanoic slow [1] hydrochloric fast [1] _
methanoic slow [1] sulfuric fast [1] Unit 11.5
3. Astrong [1] B weak [1] C weak [1] D strong 1) 1. (1 mark for each comect word)

Oxides of many metals on the left of the Periodic Table react with
acids. These are called basic oxides. Some of these oxides react with
water to form alkaline solutions. Oxides of many nen-metals on the

OH- ions are present [1]
5. Barium hydroxide is most soluble and magnesium hydroxide

least soluble 1] right of the Periodic Table react with alkalis. These are called acidic
pH of alkalis due to agueous OH- ions [1] oxides. Many of these oxides react with water to form acidic solutions.
Higher concentration of aqueous hydroxide ions in barium 2. a. MgO + 2HCl — MgCl + H.0 (1 for correct formula, 1 for balance)
Il'tg..fdrm:‘ide than {Ealciurn tmg,rFirc:xide and higher concentration b. SO +2NaOH — Na S0, -+'H_D (1 foir cortact fortls: 1 foi
in calcium than in magnesium [1] hafann:e] AR
The higher the concentration of OH- ions, the higher the pH [1] . CuO +H,50, —+ CuSO, + H.0 1]
Unit 11.3 d. CO +2NaOH — Na,CO,+ H,0 (1 for correct formula,
1. a. acid + metal - salt [1] + hydrogen [1] 1 for balance)
b.  acid + metal oxide — salt [1] + water (1] e. Zn0+2HNO, — Zn(NO ), + H,0 {1 for correct formula, 1 for balance)
¢. acid + metal carbonate — salt [1] + water [1] f Ca0+H;30, — CasO, + H,0 (1]
+ carbon dioxide 1] 3. a. 50,+H0—HSO, [1]
d. acid + metal hydroxide — salt [1] + water 1] b. CO,+H,0 - HCO, [1]
2. a. sodium hydroxide + nitric acid — sodium nitrate + water [1] c. (a0 +H,0— Ca(OH), [1]
bh. zinc oxide + hydrochloric acid — zinc chloride + water [1] d. P,0, +6H0 — 4H PO, (1 for correct formula, 1 for balance)
c. iron + sulfuric acid — iron sulfate + hydrogen [1] e. MNa0+HO — 2NaOH (1 for corect formula, 1 for balance)
d. sulfuric acid + lead carbonate — lead sulfate 4. amphoteric [1]
+ carbon dioxide + water 1] 5. a. Zn0+2KOH — K,ZnO, +H,0 (1 for correct formula,
e. barium hydroxide + nitric acid — barium nitrate + water [1] 1 for balance)
f.  hydrochloric acid + tin oxide — tin chloride + water (1] b. ALO, + 6HCl — 2AICL, + 3H,0 (1 for correct formula,
3. a. In+HSO, -ZnSO, +H, 1] 1 for balance)
b.  MgO + 2HNO, — Mg(NO,), + H,0 (1 for comect formula, c. ALO,+ 2NaOH — 2NaAl0, + H,0 (1 for correct formula,
1 for balance) 1 for balance)
c. CuCO,+ 2HC — Cudl, + CO, + H,0 (1 for correct formula, Unit 11.6
farbalance) 1. Filter off the excess zinc [1]
d. 2NaOH + H.50, — Na,S0, + 2H,0 (1 for correct formula, 3 DBEAFC 2]

1 for balance)

e. Na,CO,+ 2HClI — 2NaCl + €O, + H,0 (1 for correct formula,
1 for balance)

f.  Ca+2HC — CaCl, + H, (1 for correct formula, 1 for balance)

g. CalOH), + 2HNO, — Ca(NO,), + 2H,0 (1 for comrect formula,
1 for balance)

4. Neutralisation [1]

(1 mark if one pair reversed)

3. Record the volume of acid added when the indicator just changed
colour [1]

Repeat the titration without the indicator, using the value of acid
recorded [1]

Evaporate to the point of arystallisation and leave to form arystals  [1]

4. a. Copper(ll) nitrate may lose its water of crystallisation 1

5. Ca(OH), + 2NH,Cl — CaCl,+ 2H.0 + 2NH_ (1 for comect formula, bpetil ; ; il

1 for balance) Copper(ll) nitrate may decompose [1]
6. Hydroxide ions react with ammonium salts when water present b. - Zinc oxide / zinc carbonate / zinc hydroxide are not alkaline 1]

(from sail / rain) [1] You could not tell when the reaction was complete very easily  [1]

Ammonia is released [1] Unit 11.7

Which escapes into the air / ammonia is a gas [1] § RoperibeRresh nevaet sund
Unit 11.4 Salts such as nitrates, sodium salts, and ammonium salts are soluble
1. a. base[1] salt[1] water (1] in water.

b. acid[1] salt[1] water [1]
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Many carbonates / hydroxides and hydroxides / carbonates are 5. a. Nitrogen and phosphorus are simple molecules [1]
insoluble, except those from Group |. An insoluble substance formed when Arsenic and antimony have grey metallic forms 1]
two solutions of soluble compounds are mixed is called a precipitate. and molecular forms, As, or Sb, as vapour 1]
2. BEADC [2] (1 mark if one pair in the incorrect order) N . 1]
3. a i Ag'aq) + NOHq) + kHaq) + Br(aq) — AgBris) b. Nitrogen oxides are either neutral (N0, NO) or acidic (NO_) [1]
+ NO3q) + KHag) [1] . o : '
i. Ag'(ag) + Br (aq) — AgBr(s " Phﬂsp.hmus mur_.ies are atfld": | 1]
: : Arsenic and antimony oxides are amphoteric [1]
b. i. Ba’*(ag)+ 50, (aq) — BaSO,(s) _ o :
: Bismuth oxide is basic [1]
(1 mark for correct ions, 1 mark for state symbols)
ii. Pb*{aq)+ 2ClI{aqg) — PbCL,(s) Unit 12.2
(1 mark for correct ions, 1 mark for state symbols, 1. a. i. Sodium: (One mark each for any three of:)
1 mark for balance) Moves rapidly over the surface / Fzzes rapidly / Melts and goes
iii. Fe**(aq) + 30H (aq) — Fe(OH) (s) into a ball / Does not burst into flame
(1 mark for correct ions, 1 mark for state symbols, Rubidium: (One mark each for any three of:)
1 mark for balance) Whizzes over the surface or moves faster than potassium /
iv. Mg“(ag) + Co,’ (ag) — MgEDj{ﬁ} Fizzes extremely rapidly or fizzes more than potassium /
(1 mark for correct ions, 1 mark for state symbols) Bursts into flame immediately / May explode [1]
ii. Melting point of potassium ALLOW between 50 and 75 °C
Unit 11.8 (actual = 63 °C) 1]
1. Weigh out 40 g sodium hydroxide 1] Metallic radius of rubidium = ALLOW between 0.24 and
into a 250 cm? volumetric flask [1] 0.29 nm (actual = 0.250) [1]
Add distilled water and dissolve the NaOH [1] b. Any value between 1.7 and 2.0 g/cm? (actual = 1.88) [1]
Fill flask to the graduation mark with distilled water and shake [1] 2. Each sodium atom loses its single outer electron [1] to become a Na*
2. a. (2 marksif all correct, 1 mark if one error.) ion [1] Each chlorine atom accepts one electron [1] to become
aClion [1]
titre/cm® | 32.95 | 32.10 | 32.00 | 32.85 | 32.15 5 {1 imaik each torany 566
b. 2nd, 3rd, and 5th 1] The ease of removing an electron depends on the nuclear charge
The figures are closest together / most consistent readings [1] and the distance from the nucleus 1]
| 172 The further away the outer electron is from the nucleus, the lower
3. a. molesof acid = 0.10 x 3000 1.22 = 107 mol H,50, 1] is the attractive force between nucleus and electron [1]
b, i 2 1] The greater the nuclear charge, the greater is the attractive force
b 99 G109 O AR 0 el MaGH 1] between nucleus and the outer electron [1]
The outer electron in potassium is further away from the nudeus than
2.44 x 107 _ 0.098 molidm? the outer electron in sodium [1]
0.025 This effect is greater than the effect of increasing nuclear charge 1]

(2 marks for correct answer, 1 mark for 0.025 if correct answer

: Because there are more electrons preventing the nudlear charge
not obtained)

being felt by the outer electron in potassium [1]
4. moles of Ba(OH), = 0.05 x 25/1000 = 1.25 x 10 mol (1]
1 mol of Ba(OH), reacts with 2 mol HCI T A
Mol HCl = 1.25 x 10 % 2 = 2.50 % 10-* mol 1] 1. a. Melting point increases down the group [1]
: 2.50 % 10-° ; b. fluorine: gas [1] chlorine: liquid [1] bromine: solid [1]
Concentration of HCl = T [1] = 0.16 mol/dm? (1] iodine: solid [1]
Unit 12.1 c. Arrow going downwards from light to dark [1]
: | _ g
T o § Bt fo G 1] d. Arrow going downwards from smaller to larger [1]

2 2. a. 1 mark for each correct word
1. Nucleon number / mass number / number of neutrons

+ protons in an atom 1] When agueous chlorine is added to a colourless solution of

potassium bromide, the solution turns orange because bromine

b. ' Protan himber a has been displaced. This is because a more reactive halogen
. 1 to VIl [1] displaces a less reactive halogen from an agueous solution of
iil. Electron shells 1] its halide.
iv. Valency electrons [1] b. Orange solution turns brown [1] because iodine is formed (1]
2. They have a stable electron configuration (8 electrons in the Bromine is more reactive than iodine 1]
outer shell, 2 for He) [1] A more reactive halogen displaces a less reactive
So it is difficult for them to lose, gain, or share electrons 1] halogen from its halide [1]
3. Going across the period, from left to right there is a decrease 4. Clfaq) +2I(aq) — I,(ag) + 2Cl(aq)
in metallic character [1] (1 mark for correct symbols, 1 mark for correct balance)
Going down a group there is an increase in metallic character 1] Br,(ag) + 2At(aq) — At,{aq) + 2Br (aq)
Groups | and I are all metals 1] (1 mark for correct symbols, 1 mark for correct balance)
Groups VIl and VIIl are all non-metals [1] Unit 12.4
4. One mark each for any two of: 1. Awith 4, B with 3, Cwith 1, D with 2 (2 marks if all correct,
Hydrogen is a gas / Hydrogen usually behaves like a non-metal / When 1 mark if 2 or 3 comect)
hydrogen loses its electron, there are no other electron shells present 7. Heand Ne (1]
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a. Group VIIl elements have a stable electron configuration
So they cannot share electrons to form diatomic molecules

b. Ar —Ar+e

c. B JandR

Of all the elements in a period, these require the highest
amount of energy to remove an electron

Unit 12.5

1.

a. A CE G,I (3 marksif all correct, 2 marks if 4 correct,
1 mark if 3 correct)

b. Very hard [ tough / very strong [1] form complex ions
a. Much lower melting peint than transition elements
Much lower density than transition elements
b. Increases steadily from K to Cu [1] Then decreases rapidly
Relatively low melting point compared with transition elements
Does not form coloured compounds
Only has one oxidation state
Does not have catalytic activity
(Not: no complex ions / lower density)

Unit 12.6

1.

2.

a. 282; 283; 284,285; 2,86, 2,87
b. ALO, [1]5i0, [1] P.O,

¢. i. Theyincrease to a maximum at Si then decrease
(They increase then decrease = 1 mark)

ii. Metallic

lii. Itis a giant structure / has a lattice

All the bonds are strong / it takes a lot of energy to
break all the bonds

iv. They are simple molecules

Weak forces between (the molecules) /it doesn't take much
energy to break the weak intermolecular forces

a 5

h' P.JG':\‘

In forming ions Al needs to lose 3 electrons, Mg needs to lose
2 electrons, and Na needs to lose 1 electron

As more electrons are lost, the pull of the nucleus on the rest of the
electrons becomes relatively larger

So it takes more energy to remove 3 electrons than 2 electrons and
more energy to remove 2 electrons than 1 electron

Unit 13.1

1.

A with 5, B with 4, Cwith 2, D with 1, E with 3

(3 marks if all correct, 2 marks if 3 or 4 correct, 1 mark if 1 or 2 correct)

mass (g)

volume {cm’)

a. I saltand hydrogen
ii. chloride

b. i. 4Al+ 30, — 2AL0, (1 mark for correct formulae,

1 mark for balance)

ii. Mg+ 2HCI - MgCl, + H, (1 mark for correct formulae,
1 mark for balance)

mol H, = 13.92/24 = 0.58 mol

mol H, = mol Mg (from equation} = 0.58 mol
Mass of Mg =058 x 24 =13.92 g

Density = 13.92/8 = 1.74 g/am’

Unit 13.2

1.

a. 1 2Na(s)+ 2H,0(l) — 2NaOH({aq) + H,{g)
(1 mark for H,, 1 mark for balance, 1 mark for state symbols)
ii. 3Fe(s) + 4H,0(g) — Fe,0,(s) + 4H (g)

(1 mark for formulae, 1 mark for balance, 1 mark for
state symbols)
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1]
1]
[1]
[1]

[1]

[1]
1]
[1]
[1]
1]
[1]
[1]
[1]

1]
[1]
2]

1]
[1]

1]
1]

[1]
[1]
1]

1]

[1]

1]

1]
[1]
[1]
1]

1]
11l
1]
1]

h. (1 mark for each correct word)
The products formed by metals that react with cold water are
a metal hydroxide and hydrogen. The hydroxides are alkaline and
so turn red litmus blue. The products formed by metals that react
only with steam are a metal oxide and hydrogen. Copper does
not react with water because it is less reactive than hydrogen and
cannot take the oxygen away from the hydrogen in the water.
2. a. Zing, magnesium, calcium [1]
b. Barium: gives of bubbles very rapidly with cold water [1]
Barium disappears very quickly / immediately [1]
Lead reacts slowly (when white hot) with steam / no reaction even
when heated [1]
3. Lead, iron, magnesium, lithium [1]
4. Magls) + 2H*(aqg) — Mg™*(aqg) + Hd{g]l [1]
Mgls) — Mg**(aqg) + 2e- 1]
2H+(aq) + 2e— H (g) [1]
Mgls) — Mg*+(aq) + 2e is oxidation and 2H*(aq) + 2e-— Hdlig)
is reduction [1]
Unit 13.3
1. a. B Atstart: solution blue [1]
B After 20 min: metal brown / pink [1] solution colourless /
lighter blue [1]
C  After 20 min: metal silvery-grey [1]
D Atstart: metal grey [1] solution blue [1]
D After 20 min: metal brown/ pink [1] solution colouress /
lighter blue [1]
b. Silver < copper < iron < zinc [1]
c. Copper is lower in the reactivity series than zinc / zinc is higher
than copper in the reactivity series [1]
2. a. Reducing agent is iron, oxidising agent is copper oxide [1]
b. Reducing agent is magnesium, oxidising agent is iron oxide [1]
3. a. In(s) + — In**(aq) + 2e [1]
Cu’(ag) + 2 — Culs) [1]
Zn is the reducing agent [1]
b. Magl(s) + — Mg**{aqg) + 2e [1]
Pb**(aq) + 2e — Pbls) (1]
Mg is the reducing agent [1]
Unit 13.4

1. (1 mark for each correct word)

A maore reactive metal will reduce the oxide of a less reactive metal.
This reaction is exothermic. The more reactive metal loses electrons
and forms positive ions more easily.

2. a. Strontium carbonate < calcium carbonate < magnesium
carbonate < copper carbonate [1]
b. A with 2, Bwith5, Cwith 1, Dwith 3, E with 4
(3 marks if all correct, 2 marks if 3 or 4 comrect, 1 mark if 1 or
2 correct)
3. i.  2Mg(NO,),(s) — 2MgOf(s) + 4NO,(g) + O.(g)
(1 mark for formulae, 1 mark for balance, 1 mark for state symbols)
ii.  2KNO.(s) — 2KNO,(s) + O (g)
(1 mark for formulae, 1 mark for balance, 1 mark for state symbols)
Unit 13.5
1. a. Mals) + — Mg*{aq) + 2e [1]
b. Copper [1]
Magnesium is more reactive than copper [1]
S0 magnesium is more likely to lose electrons [ form positive
ions than is copper [1]
c. Arrows shown on wires in the direction away from the
magnesium and towards the copper [1]
2. a. 0.78V [1] b. 032V (1]
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3. (Any 4 of)

Zinc is mare reactive than iron [1]

50 it releases electrons more readily than iron [1]

n(s) + — In"*aq) + 2e [1]

The electrons are passed on to the iron and then accepted by oxygen

and water to form OH ions / zinc hydroxide formed [1]

The zinc carrodes instead of the iron [1]

Unit 14.1
1. a. 100 x 16/69 = 23.2% Cu ore from rock. 15% of this = 3.5% (1]

b. Only asmall proportion of the rock is copper ore (1]

c. It may be worth extracting the cobalt and gold which are rarer /
get a better price [1]

d. Cadmium and lead from extraction processes may get into river
water / ground water / the air [1]
Harmful material from waste rock may leach into rivers 1]
These substances may poison fish and water animals [ humans  [1]

e. (One mark each for any 2 of:) Employment of workers / hetter
roads / more money in local economy (for spending in shops etc)

f.  {One mark each for any 2 of:) Moise / pollution from dust /
pollution of waterways / scarring of landscape / heavy traffic on
roads / animal or plant habitats destroyed

2. (Any 4 of:) Aluminium and iron both reactive and both abundant / silver
is least reactive and has lowest abundance / no pattem in metals of
medium reactivity / iron and aluminium are most abundant and have
low prices / silver and tin have lowest abundance and have highest
prices / idea of higher abundance reflected by lower price since the
metal is more available / There are exceptions e.g. copper has relatively
high price for a relatively high abundance / idea of copper more in
demand or demand for metal influences the price / idea that ease of
extraction contributes to the price.

Unit 14.2

1. a. Upward arrow from gold to lithium [1]

b. LitoAl extracted by electrolysis ALLOW: Zn [1] Zn to Cu extracted
by heating with carbon 1]

c. i. Upward arrow in 4th column [1] upward arrow in S5th column  [1]
ii. Any reasonable answer, e.g. some ores more complex than

others [/ sulfur may have to be removed / other substances may
have to be removed / some ores may require more purification
than others [1]

d. Silver and gold / copper, silver, and gold [1]

e. Lead and copper [1]

2. manganese oxide + aluminium — aluminium oxide + manganese  [1]

3. a. Cr0,+2Al —2Cr +ALO,

{1 mark for correct formulae, 1 mark for balance)
b. Fe,0 +3C0 — 2Fe +3CO,
{1 mark for correct formulae, 1 mark for balance)
Unit 14.3
1. B [1]

ﬂ—bj <« A[]l]
D 1] \*CLIJ
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Burning coke in air to form carbon dioxide [1]
Reaction of carbon dioxide with coke to form carbon monoxide 1]

At the high temperatures in the fumace the limestone undergoes
thermal decomposition to form calcium oxide.

The calcium oxide reacts with silicon dioxide (sand} which is an
impurity in the ore.

The calcium silicate formed is a slag, which runs down the fumace and
floats on top of the molten iron.

(3 marks if all cormrect, 2 marks if two sentences comrect, 1 mark if
one sentence correct.)

Fe,0, + 3CO — 2Fe +3CO,

(1 mark for correct formulae, 1 mark for balance)

Any 3 suitable methods (1 mark each), e.g. reduction of iron(ll) oxide

with hydrogen / electrolysis of iron ammonium oxalate (or other
suitable compound}) / thermal decomposition of iron pentacarbonyl.

Unit 14.4

1.

E = liquid in the cell into which rods are dipping [1]
C = layer on the inside next to liguid 1]
A = rods dipping into the liquid [1]
M = layer at the bottom of the cell under E [1]
(1 mark for each correct word.)

Aluminium oxide melts at a very high temperature. It would require
too much energy to keep the aluminium oxide molten at this
temperature. So the aluminium oxide is dissolved in molten cryolite

and calcium fluoride. This lowers the operating temperature to
about 950 °C. The temperature is kept relatively low by keeping the
percentage of aluminium oxide in the mixture at 5%.

a. i. AP+ 3e — Al
(1 mark for correct formulae, 1 mark for balance)

il. 204 — 0,+4e
{1 mark for comrect formulae, 1 mark for balance)

b. 2AL0, — 4Al + 30,
(1 mark for correct formulae, 1 mark for balance)

Oxygen reacts with the graphite / carbon electrode [1]
Carbon dioxide formed which is given off as a gas 1]
ALO, — AP* + AlO," (1 mark for correct formulae, 1 mark for balance)

4A10.° — 2A10, + 30, + 12e
(1 mark for correct formulae, 1 mark for balance)

Unit 14.5

1.

Aluminium: 1 mark each for any 2 of: non-toxic / resistant to corrosion /
low density or lightweight

Aluminium alloy: 1 mark each for any 2 of: low density or lightweight /
doesn't corrode / strong (for weight)

Brass: hard [1] does not corrode [1]
Bronze: statues / ship's propellers / bearings [1] hard / does not corode  [1]

Cobalt alloy: 1 mark each for any two of: gas turbine blades / jet
engines { high speed drills / moving parts that rub against each other

Copper: electrical wiring: good conductor of electricity [1]
Saucepan: good conductor of heat [1]
Silver coinage metal: strong [1] does not corrode [1] ALLOW: hard, not toxic
Pure aluminium is too weak on its own [1]
Different-sized atoms of iron and silicon in the alloy structure [1]
Prevent the layers from sliding [1]

Unit 14.6

1.

A with 5, B with 6, Cwith 1, D with 2, E with 4, F with 3

(3 marks for all correct, 4 or 5 correct = 2, 2 or 3 correct = 1)

C 1, Bb, F3, A5, E4, D2 (2 if all correct, 1 if one pair in wrong order)

Mild steel: Any two suitable {1 mark each) uses e.q. car bodies [ bridges
Property: hard / strong [1]
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Stainless steel: Use (1 mark for each correct), e.g. chemical plant / c. i. Oxygen [1]
cutlery / surgical instruments ii. The rate of corrosion is lower at alkaline pH [1]
Property: resistant to corrosion / very hard 1] 2. a. Saltispresentin seawater [1] Salt speeds up the oxidation of iron
Tungsten steel: {1 mark for each correct property), e.g. resistant to iron(lll) oxide / idea that the oxidation reaction speeded up  [1]
to wear / high melting point / hard b. There is very little water / water evaporates very quickly [1]
4. PO, +6Ca0 — 2Ca (PO, c. Idea of a layer protecting the surface of the iron 1]
(1 mark for correct formulae, 1 mark for balance) So prevents oxygen and water from reaching the iron (1]
Fe,0, + 3C0 — 2Fe + 3CO, 3. Anydof
(1 mark for correct formulae, 1 mark for balance) A _ ]
Magnesium is more reactive than iron [1]
Unit 15.1 50 it releases electrons more readily than iron 1]
1. Carbon dioxide and methane [1] Mals) + — Mg’*(aq) + 2e [1]
2. a 171 am? [1] The electrons are passed on to the iron and then accepted by axygen
b. (17.1/80) x 100 [1] = 21.4% and water to form OH- ions / magnesium hydroxide formed [1]
c. Higher [1] The apparatus had not cooled [1] So the volume of The magnesium corrodes instead of the iron [1]
gas is greater than it would have been at a lower temperature [1] :
3. 2CH +70, - 4C0, + 6H.,0 e |
(1 mark for correct formulae, 1 mark for balance) 1. a. Sodium chloride [1]
b. Ca* 1]
Unit 15.2 c. NO, [1] and 5i0 * [1] and K* [1] present in much higher
1. a. C€0,0,andN, 1] concentration in river water
b. O, [1] d. Removal of salt / removal of minerals [1]
c. The greater the molar mass, the higher the boiling point [1] e. NO, - [1] from fertilisers leaching into the water (1]
d. Fractional distillation / fractionation [1] boiling points [1] f Bactena [1]
2. a. Addic [1] g. Filtration: to get rid of suspended particles / clay particles /
b. Neutralisation 1] insoluble particles [1]
3. Nitrogen has a lower boiling point [1] Chlorination: to kill bacteria [1]
4. a. Tooxidise impurities [1] stated impurities, e.g. 5, P, C, § [1] 2. Any 4 of:
b. Tocreate a high temperature in the oxyacetylene flame 1] Hard water forms scum with soap / does not form a lather easily
¢. To help breathing / respiration of patients [1] with soap [1]
5 20H +€0 —CO>+HO Calcium hydrogencarbonate causes temporary hardness [1] calcium
(1 mark P A ?DTH‘ILIFEIE, Linark for bakings) and magnesium sulfates cause permanent hardness [1]
CO2 +HO+CO — 2HCO Adding sodium carbonate replaces calcium ions with sodium ions — [1]
‘1 r:'na i f{;; r:c}rr{-‘u‘:"E fDrmulaErH mark for balance) The calcium carbonate precipitates (so is removed from the water)  [1]
Sodium sulfate is soluble in water [1]
Unit 15.3 _
Unit 16.1

1. a. (1 mark for each correct word.)

Carbon monoxide is formed when carbon compounds burn in a
limited supply of air. Sulfur dioxide is formed when fossil fuels

1. a. Hydrogen increases in oxidation state and oxygen decreases  [1]
Increase in oxidation state is oxidation [1] Decrease is reduction [1]

containing sulfur burn in air. b. CuO(s) + H,(g) — Culs) + H,0()
b. i. Lightning [1]  ii. Volcanoes 1] (1 mark for equation, 1 mark for balance)
2. a. Chemical erosion / pits the limestone 1] c. Magnesium / zinc/ iron [ calcium (not sodium / potassium) [1]
b. Breathing difficulties / imitates the throat / iitates the eyes [1] Added to an acid [1]
c. Poisonous / toxic / stops respiration 1] Collect gas in gas syringe / upturned measuring cylinder
3. During the morning there are more vehicles on the road 1] over water 1]

Nitrogen dioxide from vehicle exhausts goes into the atmosphere  [1] 2. a. Ammonium chloride [1] calcium chloride [1]
Nitrogen dioxide concentration builds up during the day since there is b. Calcium hydroxide [1] ammonia 1]
still traffic on the roads [1] c. Water [1] ammonia [1]
After about 12 midnight, very few vehicles about so the nitrogen oxides d. Because itis less dense than air / lighter than air 1]
have time to disperse into the upper atmosphere [1] e. Damp red litmus [1] turns blue [1] OR concentrated HCl on glass
4. Totum harmful carbon monoxide [1] and nitrogen oxides [1] into rod at mouth of tube [1] white fumes [1]
nitrogen and carbon dioxide, which are not harmful (to health) [1] 3. a. NH/(s)+ OH(s) — H,O{l) + NH.(g)
5. 2NO, +4C0 — N, +4C0, (1 mark for correct formulae, 1 mark for balance)
(1 mark for correct formulae, 1 mark for balance) b. NH,* is the acid and OH- is the base [1]
ZNO +2€0 — N, + 2€0, Proton donated from ammonium ion to the hydroxide ion [1]
(1 mark for correct formulae, 1 mark for balance)
_ Unit 16.2
uniaa o 1. (1 mark for each correct word)
1. a. Corrosion isfast at low pH 1] The hydrogen is made by reacting natural gas with steam.
Corrosion rate decreases at very alkaline pH 1 The nitrogen comes from the air after oxygen has been removed by
Not much difference in corrosion rate between pH 3 and 9 [1] reaction with hydrogen. The nitrogen and hydrogen are compressed
b.  Fe’*(aq) + 20H-(aq) — Fe(OH),(s) and pumped into a converter, where they react at 450 °C in the

(1 for comrect formulae, 1 for balance, 1 for correct state symbols) presence of a catalyst of iron.
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2. N/g) + 3H,{g) = 2NH. (g} (1 mark for comect formulae,
1 mark for balance)
3. a. Increasing pressure increases % yield [1]
b. The % vyield decreases with increasing temperature [1]
. 52% [1]
d. Advantage: % vyield is higher [1]
Disadvantage: rate of reaction is lower [1]
4. Reactant level above and to left of product level [1]
Energy curve increases from reactants to a maximum and then
decreases to the products [1]
Second energy curve of the same type but with lower maximum
(for catalysed reaction) (1]
Activation energy of catalysed reaction shown (upward arrow from
reactants to highest point of energy curve for catalysed reaction) [1]
Activation energy of uncatalysed reaction shown {upward arrow from
reactants to highest point of energy curve for uncatalysed reaction) [1]
Unit 16.3
1. {1 mark for each correct answer)
For healthy growth crop plants need three major elements: nitrogen,
phosphorus, and potassium. Plants take up these elements in the form
of nitrates, phosphates, and potassium salts. The nitrates are needed
to make proteins for growth. Farmers add fertilisers to the soil to add
back the nutrients that plants have absorbed for growth.
2. a. NH, ammonia [1] HNO, nitric acid [1] NH,NO. ammonium
nitrate [1] H,50, sulfuric acid [1] H PO, phosphoric add [1]
KCl potassium chloride [1]
b. ammonia + nitric acid — ammonium nitrate [1]
c. i. ammonia [1] sulfuric acid [1]
ii. potassium hydroxide / potassium carbonate [1] hydrochloric
acid [1]
NOT: potassium
iii. sodium hydroxide / sodium carbonate [1] phosphoric acd 1]
NOT: sodium
d. natural gas [1] water [1] air [1]
3. Any5 of. nitrates and phosphates cause excessive growth of algae /
algae cover the water surface / and block the sunlight from reaching
plants beneath / this causes water plants to die / aerobic bacteria feed
on dead plants and algae [ using up the dissolved oxygen in the water /
so water animals also die 5]
Unit 16.4
1. a. When the fuels are burnt sulfur dioxide is produced 1]
Which contributes to the formation of acid rain [1]
b. To speed up the reaction / to lower the activation energy of the
reaction [1]
c. The other gases do not react with the solvent / the other gases
are not soluble in the solvent (1]
d. 2H 5(g) + O,(g) — 25(s) + 2H.0O(l)
{1 mark for correct formulae, 1 mark for halance)
2. Making sulfuric acid [1]
b. As ableach [1] As a food preservative (1]
3. a. Sulfurtrioxide reacts with rain water / reacts with water in the
atmosphere [1]
(Not: dissolves in rainwater)
b. Pits the stone / chemical erosion of the stone (1]
Limestone is calcium carbonate [1]
Acids reacts with carbonates to form salt (which could be soluble),
carbon dioxide (and water) [1]
c. Acd burn on leaves / kills roots (especially of conifers) (1]
4. Sulfites react with acids to give off sulfur dioxide (1]
S0, + 2H* — 250, + H 0 (1 mark for formulae, 1 mark for balance)
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Unit 16.5
1. a. Catalyst/ to speed up the rate of reaction

b. 1. Astemperature increases from 300 to about 450 °C there is
not much difference in yield / the yield gets a little less

At temperatures higher than about 450 °C the yield
decreases markedly

jii. 92-93%

iii. For an exothermic reaction the yield decreases as
temperature increases

Increasing pressure shifts the equilibrium to the right

There are fewer moles / smaller volume of gas on the right
in the equation

ii. There is nearly 100% vyield at just above atmospheric
pressure

C+2H. 50, — 2H,0 + 250, + CO.
(1 mark for formulae, 1 mark for balance)

b. H,S+HS0, —2H0 +50,+5
(1 mark for formulae, 1 mark for balance)

Unit 16.6
1. a. Respiration [1] release of carbon dioxide from oceans
b. Photosynthesis [1] dissolving of carbon dioxide in the oceans

c. Respiration is (slightly more than) balanced by photosynthesis

The dissolving of carbon dioxide in the oceans is balanced by the

release of carbon dioxide (into the atmospherg)

d. Less carbon dioxide will dissolve in the oceans / more will be
released into the atmosphere [1] Concentration of carbon
dioxide in the atmosphere will increase

e. Cutting down trees [ removing vegetation [1] Burning more
fossil fuels

2. carbon dioxide + oxygen
starch for glucose)

- glucose + water (ALLOW: sugars /

Light [1] chlorophyll(s) / chloroplasts
3. Carbon dioxide dissolves in seawater forming carbonic acid

1]

[1]

[1]
1]

1]
[1]

[1]

1]

[1]
[1]
1]

[1]

1]

[1]

[1]
1]
1]

This weak acid forms an equilibrium mixture with hydrogencarbonate /

H,CO, = H* + HCO,

Further equilibrium of hydrogencarbonate with carbonate ions /

H* + HCO,~ = 2H* + CO/’

Molluscs / sea creatures absorb the carbonate ions and calcium ions
from seawater to form CaC0O, in shells

Unit 16.7
1. Awith 4, B with 2, Cwith 1, D with 5, E with 3
(S correct=3, 3ard correct=2,1or 2 correct=1)

2. a. i CH,+20,—CO,+2H0
{1 for bhalance of carbon dioxide and water, 1 for balance of
oxygen)
ii. CH +50, — 3C0,+4H0
(1 for balance of carbon dioxide and water, 1 for balance
of oxygen)
b. i. 2CH,+30, —2C0 +4H0

{1 for balance of carbon monoxide, water, and methane,
1 for balance of oxygen)

i. 2CH +70, —6C0+8HO
(1 for balance of carbon monoxide, water, and propane,
1 for balance of oxygen)
c. Carbon/ soot

citric acid + sodium hydrogencarbonate — sodium citrate
+ carbon dioxide + water

b. Endothermic / positive
4. CaCO, — Ca0 +CO,

1]

[1]

[1]

[1]

1]
1]
[1]
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5. CHOH+30,—2C0,+3H0
(1 for balance of carbon dioxide, water, and ethanol, 1 for balance

of oxygen)
CH,,0 +60, — 6C0O, +6H0
(1 for balance of carbon dioxide, water, and glucose, 1 for balance
of oxygen)
Unit 16.8
1. a. Gaswhich absorbs and re-emits energy [ heat / infrared radiation
[1] in the atmosphere [1]
b. The general trend is the same of increasing concentration of CO,
and increasing temperature of the atmosphere [1]
Reference especially to the years 1950 to 2000 (1]

c. Between about 1895 and 1915 carbon dioxide was increasing but
there was a decrease in mean temperature [1] similarly between

1940 and 1950 [1]
d. i. Methane [1]

il. (1 mark each for any two) marshes [ bacterial decompaosition /
thawing permafrost / product of animal digestien / rice
paddy fields

2. (1 mark each for any 3) rise in sea level / desertification / more
extreme weather / melting glaciers / warming of sea causing death
of corals etc,

3. Pass the carbon dioxide through the mixture [1] Collect the potassium
hydrogencarbonate formed [1] Allow water to evaporate from the
hydrogencarbonate (do not heat because it will release some carbon
dioxide) [1] Store underground away from heat source / vitrify {combine
it with glass) [1].

Unit 16.9
1. a. Tinthe hole at the top [1] F near the passages to the kiln at
the bottom [1]
b. Through the passages into the kiln [1] It is needed to burn the coal /
fuel [1] to provide heat (for the decomposition) [1]
c. Limestone would decompose in the heat [1] Granite / silicon
dioxide / aluminium oxide does not decompose in the heat [1]
d. The kiln is open to the air [1] The carbon dioxide escapes [1]
So the equilibrium shifts to the right [1]
2. Sulfur dioxide is acidic [1]
Waste gases move through mixture of water and caldum carbonate /
limestone { lime / calcium oxide [1]
Carbonate [ oxide neutralises the sulfur dioxide [1]
Solid formed / calcium sulfite formed (1]
3. Limewater is aqueous calcium hydroxide [1]
When CO, bubbled through, a white precipitate of calcium carbonate
is formed [1]
When more CO, bubbled through, the white precipitate dissolves  [1]
Because soluble calcium hydrogencarbonate is formed [1]
Unit 17.1
1. Coal [1] natural gas [1]
2. a. A CD, andE [1] They contain ONLY hydrogen and carbon [1]
b. A CD andE 1]
c. i A [1]
ii. C [1]
d B CHOI1] C CH, ] D CH, [1]
E CH, 1] F CHOLCL [1]
3. a. C 1]
b. B [1]

4. They are smelly (have strong aromas) [1] They are ring compounds
with delocalised electrons in the ring [1] One mark each for any
two correct names, e.g. benzene, naphthalene, nitrobenzene,
aniline etc. [2]

Join now:https://t.me/igcse_files

Unit 17.2

1.

2. a. Downward arrow
b. i. Easily vaporised/ liguid has a low beiling point
ii. Upward arrow
c. Downward arrow
d. Upward arrow
3. Shorter [ smaller molecules have lower intermolecular forces
than larger ones
S50 smaller molecules have lower boiling points
and vaporise more easily
Smaller molecules travel further up the tower than larger ones in
the same time
Molecules condense at a point in the tower where the temperature
falls just below their boiling point
Unit 17.3
1. a. Residues
b. i. Gasoline/naphtha and diesel
i. Kerosene, fuel oil, and residue
2. P in the 'space’ at the top of the collecting tube
b. Arrow to the ceramic wool [1] arrow under the
aluminium oxide
3. a E1-Z|HJ:- : E.’.H|u+ CﬁH'.?
b. {:1.-.H-:-'| : E1H3+ CJHR T [:EHH
4. CH,, used for petrol [1] need for more petrol (gasoline) / demand for
petrol more than supply
C,H,, is very viscous / almost solid fraction [1] takes too much
energy to vaporise it / toe much energy to crack it / will block up the
chemical plant
Unit 17.4
1. a. A family of similar compounds with similar chemical properties
due to the same functional group
b. Propene: alkenes [1] Butanol: alcohols/alkanols [1]
Hexane: alkanes
Propanoic acid: carboxylic acids
2. Molecular formulae: Methane CH, [1] Propanol: CH,0 [1]
Ethanoic acid:EEHHDH [1] Butene: CH,
Simplified structural formulae: Methane CH, [1] Propane CH CH,CH,
Ethanoic acid: CH,COOH
Full structural formulae: (1 mark each)
H H H H H H
| | | |
H—-C—C—(C—H H—C—C—C—0—H
] | | |
H H H H H H
propane propanol
H H H H H
|0 |11
H—C—C H—C—C=C—C—H
| No—H | |
H H H
ethanoic acid butene
3. Alkenes:C H, [1] Alcohols C H, OH[1] Amines: C H, NH,
Unit 17.5
1. a. Hydrocarbons

Heat the flask with flame of constant height
Collect first fraction in test tube over a particular temperature range

Replace test tube and continue to heat until another fraction is
collected over a particular temperature range

Repeat until no more fractions can be collected

b. Single [1] covalent

[1]
[1]

1]
1]
1]

[1]
[1]

[1]
1]

[1]
[1]
1]

1]

[1]

[1]
[1]
[1]
1]

[1]
1]
1]

[1]

1]

1]
1]

111
1]

[1]
1]
1]

1]

1]
1]
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c. Saturated [1]
d. Combustion / burning [1] chlorine [1]
2. a. Pentane [1]
b. Butane [1]
c. Octane (1]
3. Boiling points increase as relative molecular mass increases 1]

4. a. CH, +80, +5C0,+6H,0

(1 mark for balancing carbon dioxide and water, 1 mark for
balancing oxygen)

b. CH,+ Cl, — CH,Cl + HCl [1]
5. Photochemical [1]  substitution [1]
b. a. H H H H H H H H H

[ I A T
H—C—ﬁl—[iﬁ—[ll—ﬁj—H H—Llﬁ—C—C—Eli—H
i l
H H H H H H H H
H—C—H
H |
I
H—C—H &
H H
| I
H—C—C—C—H
| |
H H
H—C—H
l
H
(1 mark each for any 2)
b.
H H H H H H H H H H
[ N Y R [ R N
H-C—-—C—C—C—C—C—H H—C—C—C—C—C—H
A . ||
H H H H H H H H H H
H—C—H
I
H
H H H H H H H H H
| | U I
H—C—C C—C—H H—C —C—C—C—C—H
| ‘ ‘ l I |
H H H H H H
H—C—HH—C—H H—%—H
| I
H H H
H
|
H—C—H
H H H
| |
H—C—C—C—C—H
| |
H H H
H—C—H
|
H
(3 for 5 isomers, 2 for 4 isomers, 1 for 2 or 3 isomers)
Unit 17.6
1. Alkenes: propene [1] butene (1]

Molecular formulae: CH, [1] CH_[1] CH, [1]

Boiling point: butene —60 to —40 °C (actual — 48 °C) [1]
2. a. C=Cringed [1]

b. orange [1] to colourless (1]
3. a. A H H (11 B H,0[1]{g) (NOT H,0O(I)) [1]

| '
H—C—C—H

|

H H

b. Heat [1] high pressure [1] catalyst [1]
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4. H H H H H H H
ol L
H—C—C=C—C—H H—C—C—C=
| | i "
H H H H
H H H H
| | | H
H—C—C—H H—C—H H—E—C=CK
| | _H | i
H—C—C—H H C H H
| Nl N/ H—~C—H
C—C
H H s N l
H H H
ALLOW: cis-trans isomers (1 mark for each)
Unit 17.7
1. a. Fermentation: reagents glucose [1]
temperature ALLOW between 10 and 40 °C [1]
Pressure atmospheric / 1 atm [1] Catalyst enzymes / yeast [1]
Hydration: reagents ethene and steam [1] temperature 500-600 °C [1]
Pressure 60-70 atmospheres [1] catalyst phosphoric acd [1]

b. {1 mark each for any two) takes along time / ethanol is dilute / need
to distil off the ethanol / batch process is inefficient / lot of waste

c. (1 mark each for any two) uses renewable resources / relatively
cheap / does not require very high temperature and pressure

d. (1 mark each for any two) reaction is fast / reaction can be run
continuously [ gives pure ethanol or atom economy is (nearly)
100%

2. a. CHOH+60 —4C0 +5H0

(1 mark for balance of carbon dioxide and water, 1 mark for
balance of oxygen)

b. Calorimeter { tin can suspended [1] over spirit bumer with

alcohol in it (1]
Calorimeter / tin can about half full of water [1] Thermometer
dipping into water in can [1] At least two correct labels [1]
3. Molar mass of ethanol = 46 [1] moles of ethanol = 9.2/46 =
0.2 mol [1]
SomolHO0=02x3=06mol[1]1=06x18=10.8¢ [1]
Unit 17.8
1. a. Arrow under flask [1]
b. Oxidising agent [1]
c. Purple [1] to colourless 1]
d. Tocondense the vapours / to stop loss of vapour [1] of ethanol /

ethanoic acid [1]
2. a. The reaction is an equilibrium reaction [1] Both unionised acid
molecules and (ethanoate) ions are present [1]
b. Itis accepting a proton [1] from ethanoic acid [1]
3. a. 2CH,COOH + 2Na — 2CH.,COO Na*+ H,

(1 mark for formula of each product ALLOW CH,COONa,
1 mark for balance)
b. 2CH,COOH + Mg — (CH,C007), Mg + H,
(1 mark for formula of each product ALLOW (CH,C00). Mg,
1 mark for balance)
c. CH,COOH + NaDH — CH.COO-Na*+H,0
(1 mark for each correct product)
d. CH,COOH+ CH,OH — CH,COOCH, + H,0
(1 mark for each correct reactant and 1 mark for H,0)

4. a. H H H O H H

S T T m
H—C—C—C—C—0—C—C—H

o [ ]

H H H H H

(1 mark for alcohol fragment, one mark for carboxylic acid fragment
including ester bond)
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b. 0 H H H
|l I
H—C—0—C—C—C—H
[ -
H H H

(1 mark for alcohol fragment, one mark for carboxylic acid fragment
including ester bond)

Unit 18.1
1. (1 mark for each correct word)

A polymer is a substance that has very large molecules formed when
lots of small molecules called monomers join together. This process is
called polymerisation. When poly(ethene) is formed, one of the C=C
bands of ethene is broken and the monomers join together in a chain,
A reaction in which two or more molecules join and no other molecule
is formed is called an addition reaction.

2. & carbon atoms in a chain with two hydrogens attached to each [1]
Continuation bonds shown on the end carbon atoms [1]
3. B because for the same number of chains / same mass [1] there are
more spaces between the chains (1]
4. Molar mass of ethene = 28 [1] moles of ethene = 56000 / 28
= 2000 mol [1]
20000 C atoms equivalent to 10000 ethene monomers [1]
10000 mol ethene — 1 mol pelymer so 2000 mol gives
2000/ 10000 = 0.2 mol [1]
Unit 18.2

1. a. Bracketsround a IEHjEH—EH[I section or [HL’_!—[H:_[H section  [1]

L, L0 3770
—C—C—C—C—C—C—
1 X Iy |
H F H F H F

{1 mark for correct number of C atoms, 1 mark for rest of structure,
1 mark for continuation bonds on end carbon atoms)

o e _
CH; CHj
|
C—C
|
H H

- -

{1 mark for structure, 1 mark for brackets and n, 1 mark for
continuation bonds on end carbon atoms)

2. A double bond [1] rest of structure correct [1]
B double bond [1] rest of structure correct [1]

A CcH;H B H CN
| | |
== =i
| | |
H H H H

3. Comect structure of monomer [1] Structure of polymer (allow errors
carried forward from monomer) [1] Continuation bonds, brackets,

and n for polymer 1]
H OOCCH, _H DUGﬁH;-
A
H H _H H s
Unit 18.3

1. (1 mark for each correct word)

In condensation polymerisation, molecules with different functional
groups react together. A small molecule such as water or hydrogen
chloride is eliminated.
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2. a ;
O 0 O 0
| I Il sl
c—l-C- oo ¢l ¢ -0-{}-o-
h. .
i i AT
I :
N Fn—c—-cin- Fn—c-ll-c-
| I I | :
H H H H ]
(1 mark each)
b. i. ester [1]
ii. amide [1]
3. a. Alcohol [1] carboxylic acid (1]
b. CH;
l
HO—C—CQOOH
|
H
COOH and OH group [1] rest of molecule carrect [1]
4. —OC—(CH) ~CONH-(CH ) ~NH-
CONH group [1] rest of molecule corract [1]
Unit 18.4

1. a. Awith2, Bwith 1, Cwith 5, D with 3 (or 4), E with 4 (or 1 or 5)
(All correct = 3, 3 ord comrect = 2, 1 or 2 correct = 1)

b. i. Nylon: dothes / fishing lines / ropes / fishing nets [ tents /
curtains [1]

ii. Poly(ethene): plastic bags / dingfilm / bowls / chairs /
dustbins 1]

2. a. (1 mark each for any three) waterproof / unreactive [ can be
moulded [ strong / low density

b. (1 mark each for any three) strong / flexible / waterproof /
unreactive

3. The longer the chains the more tangled they become (so stronger)  [1]
The longer the chains the greater intermolecular forces (so stronger) [1]
4. Any 6 of:

Themmosetting plastics have polymer chains that are cross-linked [1]
by covalent bonds [1] This prevents the chains from moving [1] So the
plastic keeps its shape / it is hard / tough [1] Thermosetting plastics
cnly char on heating / do not melt on heating [1] Thermoplastics are
not cress-linked [1] Weak forces between the chains [1] allow the
chains to move over each other [1] so the plastic can be moulded

when heated [1] Melts when heated [1]
Unit 18.5
1. They cannot be broken down / be decomposed [1] by living organisms /
bacteria / fungi [1]

2. a. (1 markeach for any two) saves raw material / saves energy / can
be made into new objects / could be cracked to different chemicals /
reduces amount of landfill

b. (1 mark each for any two) they have to be sorted (into their
different types) / transported / washed (this may cost more than
making new plastic) / the plastic may be weaker than the original

Plastics do not have to be sorted [1] cheap [1]

d. Heat can be used to generate electricity (via turbine) / saves
burning fossil fuels / heat can be used directly e.g. to heat

greenhouses [1]

3. a. i. Acidic gas produced / irritates eyes { irritates throat [1]
il. Acid rain / effect of acid rain, e.g. erodes limestone buildings /

kills trees 1]

b. i. Carbon dioxide [1] water [1]

ii. Incomplete combustion [1] produces soot / carbon [1]
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4. Any5 of:

Some plastics are brittle [1] Plasticisers make them less brittle [1]
by getting in between the chains [1] So that the chains move more
easily [1] Over time plasticisers may come out of the plastic [1] Some

plasticisers are hammful [1]

Unit 18.6

1. (1 mark for each correct word)

Plants make a sugar called glucose from carbon dioxide and water by
photosynthesis. In plant cells glucose monomers are polymerised to
make starch and cellulose. This polymerisation is catalysed by proteins
called enzymes.

2. a.

HO — — 0 — —0OH HO— —0— —0— — OH

{1 mark each)
b. i 6 1]
ii. condensation [1]

3. _p 3 S 3 z
(1 mark for 4 repeat units, 1 mark for correct structure, 1 mark for
continuation bonds)

4. Reduces Cu’* ions in Fehling’s solution to copper(l) oxide [1] Colour
change is from blue to orange / red [1] Reduces silver nitrate from Ag*
lons to metallic silver [1] Colour change from colourless to silver mirror
on side of tube [1]

Unit 18.7

1. (1 mark for each word correct)

All amino acids contain carbon, hydrogen, nitrogen (or oxygen), and
oxygen (or nitrogen). Two simple amino acids found in proteins contain
sulfur as well. Proteins are condensation polymers formed by the reaction
of carboxylic acid and amine groups from amino acids. Most proteins are
formed by the polymerisation of about twenty types of amino acids.

2. a. Correct repeat unit, e.g. first bracket between the first N and CHR

from the left, second bracket between the next N and CHR to
the right [1]
b. Amide / peptide [1]
3. H 0
7
HoM—C—C %
| OH
H
COOH and NH, groups [1] rest of structure correct [1]
4. H O H O
|l |
HoN—C—C—N—C—C—0—H
| |
CH4 H CH,
|
SH
cysteinyl alanine
H O H O
| |
HN—C—C—N—C—C—0—H
| .
CH, H CH;
|
SH
alanyl cysteine
NH-C=0 group shown in both [1] cysteinyl alanine shown [1] alanyl
cysteine shown [1]
ALLOW: reaction of SH group with COOH group to form an ester

Unit 18.8

1. a. Protein [1] catalyst 1]
b. Breakdown of a substance [1] using water (or acid or alkali as

catalysts) [1]
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c. i. protein+ water — amino acids [1]
il. starch + water — glucose [1]
d. Temperature: body 35-37 °C [1] laboratory 100-200 °C [1]
Pressure: body 1 atmosphere / atmospheric [1] laboratory
atmospheric [1]
Catalyst: body enzymes [1] laboratory (strong) acid [1]
Rate: body fast [1] laboratory slower [1]
2. a. Inatthe bottom (<), out at the top («-) [1]
b. To stop vapour escaping [1] to stop HCl escaping [1]
3. Fats are esters [1] of glycerol [1] with long-chain fatty acids / leng-
chain carboxylic acid [1] Converted to soaps by hydralysis [1] with
concentrated sodium hydroxide 1]
Unit 19.1
1. a. Time 1]
b. Volume of carbon dioxide [1]
c. (1 mark each for any two) temperature / mass of magnesium /
surface area of magnesium / concentration of acid
2. Type of fuel burnt [1]
b. Temperature rise (1]
c. {1 mark each for any two) distance of burner from can / same
copper can / same volume of water in can / same height of
flame / same wick used in bumer
3. Independent variable: time (or current) [1]
Dependent variable: mass of copper removed [1]
Control variable: 1 mark each for any 2 of current (or time if current
is independent variable) / concentration of copper(ll) sulfate / volume
of copper(ll) sulfate / depth at which electrode is immersed [ size of
electrodes
Unit 19.2
1. a. Thermometer [1] Beaker [1] Top pan balance and weighing boat [1]
Water bath with temperature control ALLOW: Bunsen bumer and
tripod and gauze [1] Stirring rod 1]
b. Independent variable: temperature of the water [1]
Dependent variable: mass of solid added [1]
c. (1 mark each for any two) volume of the water / rate at which heat
is applied, e.qg. from water bath or Bunsen / rate of stiring [1]
2. Place 50 cm? / 100 em” water in beaker [1]
Heat water to fixed temperature [1]
Add small weighed amounts of solid potassium chloride to the water
and stir [1]
Keep adding small weighed amounts until no more dissolves [1]
Repeat at different temperatures [1]
3. a. (1 markeach for any two) If using Bunsen, the water will
cool while the substance is being added / If using water bath,
temperature control depends on sensitivity of thermostat / Heat
may be given out or absorbed when substance dissolves in water,
b. (1 mark each for any two) Use a temperature-controlled water
bath OR more sensitive temperature control / Use larger volume of
water so that inaccuracies due to adding small amounts of solid
are reduced / Use insulated container so heat losses reduced / Add
solid to the water until saturated solution formed, then allow to
cool and take temperature when crystals first appear
4. (1 mark each for any three) So that they get the credit for their work /
To allow other scientists to check their experiments or results / To allow
other scientists to develop the work further / To add to the amount of
knowledge
Unit 19.3
1. a. CorD[1] b. B[1] c. D[1] d. A [1]
2. a. A] b. D [1]
3. Awith 2, B with 4, Cwith 5, D with 6, E with 1, F with 3

(3 marks if all corect, 2 marks if 4 or 5 correct, 1 mark if 2 or 3 correct)
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4. a. slightly soluble [1]
b. soluble {reacts) [1]
c. insoluble [1]
d. slightly soluble [1]
e. soluble (1]
f.  slightly soluble 1]
g. insoluble [1]
Unit 19.4
1. Al"(aq) with sodium hydroxide: white precipitate [1]
which dissolves in excess [1]
with ammonia: white precipitate [1] insoluble in excess [1]
Cr+{aq) with sodium hydroxide: green precipitate 1]
which dissolves in excess 1]
with ammonia: grey-green precipitate [1] insoluble in excess [1]
Cu?{aq) with sodium hydroxide: light blue precipitate [1]
insoluble in excess [1]
with ammonia: light blue precipitate [1] dissolves in excess to
form a dark blue solution (1]
Fe*+(aq) with sodium hydroxide: red-brown precipitate (1]
which is insoluble in excess [1]
with ammonia: red-brown precipitate [1] insoluble in excess [1]
2. Add excess sodium hydroxide [1] Only the precipitate containing
zinc dissolves [1]
OR
Add ammonia [1] only zinc ions form aln obvious) precipitate [1]
3. a. Red[1] b. lilac [1]
4. a. Fe'*{aq) + 20H (aq) — Fe(OH),(s)
(1 mark for correct formulae, 1 for balance, 1 for state symbols)
b. Allow any of the following:
Al*{ag) + 30H (aq) — AI{OH) (s)
Al*(ag) + 40H (aq) — Al{OH), (aq)
Al**{aq) + 40H (ag) — AlO_ (ag) + 2H,0(l)
(1 mark for correct formulae, 1 for balance, 1 for state symbols)
Unit 19.5
1. Awith5, B with 4, Cwith 1, D with 3, E with 2
(3 marks if all correct, 2 marks if 3 or 4 correct, 1 mark if 1 or 2 correct)
2. a. AgNO (ag) + NaCl{ag) — AgCl(s) + NaNO (aq)
(1 mark for correct formulae, 1 for state symbols)
b. Ag*(aq) + Cl{aq) — AgCl(s)
{1 mark for correct formulae, 1 for state symbols)
3. A must be a nitrate because ammonia given off / turns red
litmus blue (1]
B is a chloride because formed chlorine at the anode when
electrolysed / bleaches litmus (1]
B sodium as yellow flame in flame test [1]
B sodium chloride (1]
A silver or lead nitrate since white precipitate when added to
chloride / B (1]
4. a. Ba"(aq) + 50,"(aq) — BaS0,(s)
(1 mark for correct formulae, 1 for state symbols)
b. 50,"{aq) + 2H*(aq) — S0O,(g) + H,0()
(1 mark for correct formulae, 1 for balance, 1 for state symbaols)
Unit 19.6
1.  Funnel has no tap [1] Gas would escape from funnel [1]
Tube of water [1] Sulfur dioxide is soluble in / reacts with water [1]
Gas jar wrong way up [1] Hydrogen chloride is heavier than air [1]
2. a. Bubblesof gas given off too quickly / reaction too violent [1]

Too much hydrogen gas given off could cause explosions
[ idea of loss of sulfate solution / loss of acid [1]
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h. Filter funnel and label

Flter paper inside filter funnel and label

Beaker below filter funnel

[1]
1]
[1]

If no labels, allow 1 mark for drawing of filter funnel and filter paper

c. Warm solution to crystallisation point / Leave in a warm place

to form crystals
Filter off crystals

1]
1]

3. Add dilute hydrochloric acid to solid sodium sulfite [1] In a flask with

tap funnel

Lead sulfur dioxide through drying agent / Silicon dioxide

[ Acidic drying agent

Collect in a gas jar [1] By upward displacement of air

Unit 19.7

1. Repeating the results several times until consistent results

are obtained

Using equipment that measures accurately, e.q. burette instead

of measuring cylinder

B
3: Volume Temperature
0.2 21
4.2 23
8.6 27
12.4 31

(For each column; 2 marks if all correct, 1 mark if 2 or 3 comrect)

4. Accuracy:Values obtained are close to the true values and repeat
readings are generally close together

Precision: The results are exact for the instruments used but are not

[1]

[1]
1]

1]

[1]
[1]

[1]

necessarily near the true value even though the repeat readings may be

1

close together. [1]
Unit 19.8 Drawing tables

Time /5 0110 ] 20 | 30 | 40 | 50 | 60 | 70 | 80| 80
Mass change 10.0] 0.5 | 0.89 |1.24 [1.44|1.56|1.68|1.79 |1.82|1.82
g (first set)

Mass change /|0.0]0.72 [ 1.04 [1.24 | 1.44 | 1.52 (1,62 1.74 [1.78]1.78
g (second set)

Average /g [0.0]0.61 |0.965|1.24 {1.44|1.54 | 1.65(1.765|1.80|1.80

(1 mark for time, masses, and average in column 1, 1 mark for comect
units, 1 mark for correct values, 1 mark for corect averages)

Temperature / °C | Time /s

‘|_||'5|
Time

(1 mark for temperature, time, and rate, 1 mark for correct units)

1.80

3. molesof CO, = e 0.041 mol
volume = 0.041 x 24 [1] = 0.98 dm’

Unit 20.1

1. a. 2Naand10
b. 3Mgand2N

c. SPand15dl

d. 4Aland6 0

e. 8H, 45 and160

f 6L,3Cand90

a. 15n,25and80

b. 2N, 8H,15and40
TNi,2Cland80
d. 2Ba,4l,and120

B

1]
[1]

[1]
1]
1]
[1]
[1]
1]
1]
[1]
[1]
1]
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3. 1Co,2CL12H,and6 0
4. 104 + 288 = 392

Unit 20.2
ol v
1. a. actual yield = 'c';'SEId x theoretical yield
b. theoretical yield = au:tual. yield x 100
%o yield
2. a. moles = concentration (in mol / dm®) = valume (in dm?)
males

b. wvolume (in dm?) =

concentration (in mol / dm?)
3. mass = density x volume

4. mass= SLalt) :
specific heat capacity x temperature rise
Unit 20.3
1. a 1x10°
b. 70 000
c. 33x10F
2. a 1x107°
b. 0.005
c. 3.5x10°
3. a. 14
b. 36x10°
4. 1.14x10"
Unit 20.4
1. a. i. 6
i, 16 cm’
iii. 96 cm’
b. i. 8

li. 6x2x2=24cm’
jii. 8 x 24 =192 cm’

iv. The surface area is much greater / the surface area to
volume ratio is larger

More particles are exposed for reaction
2. a. i 100
ii. 10
jii. Volume of 1 dm®is 10 x 10 x 10 cm’® [1] = 1000 ¢cm?

Unit 20.5
1. a. i. 4.36
ii. 0.0873
iii. 137
iv. 0.00550
b. i. 440
ii. 3.4
lii. 57
iv. 0.0055
2. mol pentane 0.0926388 [1]  rounded 0.09
% 5 0.4631944 [1]  rounded 0.5
x 24 11.1 [1] 13.2
Unit 20.6
1. a. Line not continued to 0-0 point [1] Line not a continuous

curve [1] Line has more points above it than below it

1]
1]

1]

1]
[1]
[1]

1]
1]
[1]
1]
1]
1]
1]
1]
1]

1]
[1]
[1]
1]
[1]

1]
1]
[1]
1]
1]

1]
1]
[1]
1]
1]
[1]
[1]
1]
[1]
[1]
[1]

1]

b. Points not clear [1] No labels / units on y- or x-axis [1] Full grid not

used / lot of grid is space

c. Anomalous point included in the line
Straight lines between points / not a smooth curve

34-34.5 cm® [1] b. 44 cm’
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1]
[1]
[1]
[1]

Unit 20.7
1. 3.0

=

i 2.0

=

It

=

>

E

S 1.0+

=)

—

o

L |

EPSANNENNEEEE R
U | | | | | | 1

4 5 b /
volume of alkali / cm’

a. Axes correctly labelled

Points all correct [2] (1 mark if one peint incorrect or missing)
b. Lines correct (two straight intersecting lines)

Lines intersect between 4 and 5 am? and P labelled
c. Pis44 o’

2. 60
S 40 -
I
ali]
ks
£
= ?[] | S S ) S I N
2
| 1 I | 1 1
0 10 20 30 40 5850 &0 70
time /s
Axes correctly labelled and full grid used
Points all correct [2] (1 mark if one point incorrect or missing)
Smooth curve between the points
Unit 20.8
1. 0.4
0.3
o
a 0.2 4
0
£
0.1
1 1 | 1 1 1

20 40 60 &0
time/s

100 120 140

a. Axes correctly labelled and full grid used

Points all correct [2] (1 mark if one peoint incorrect or missing)
Smooth curve between the points

b. 0.16/40[1]4 x 10 g/s

c. The line starts to curve [ the rate is not constant

[1]
[1]

[1]
1]

1]

[1]

[1]

[1]
1]
1]
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Unit 22.1

a. 2,85 (1]

b. 16 [1]

c. Does not conduct electricity / does not conduct heat [1]
Low melting point / low boiling point [1]

d. P,(ordP)+50, — 2P0,

(1 mark for correct formulae, 1 mark for balance)
e. PO* [1]
f. Nitrate / NO 1]
g. Fertilisers needed for plant growth / for plant proteins [1]

Sources of nitrogen / phosphorus / potassium in soil used up
by growing plants [1]

| g
R
1 pair of electrons shared between each of the 3 H atoms and the
central P atom (1]
Lone pair on the P atom [1]
Unit 22.2
a. Double C=C bond (1]
b Bromine water / bromine ALLOW acidified potassium manganate(VII) [1]
Decolourised [1]
€. 1. Reduction is gain of electrons 1]
il.  High temperature [1] high pressure [1] catalyst (1]
i, H H H
H—c _(:: _%: —o—H
I-|1 H H
(2 marks for full structure, 1 mark if OH drawn instead of 0-H)
d. i. Grind up the onion leaves in a solvent / water / alcohol [1]
Filter [1]
ii. Chromatography [1]
Unit 22.3
a. CsCl/CstCl [1]
b. Giant structure / ionic structure [1]
All the bonds are strong / strong electrostatic forces between all ions — [1]
(Mention of atoms / intermolecular forces = maximum 1 for question)
c. Theions are free to move (from place to place) [1]
d. i. Conductelectricity [1] unreactive / inert [1]
ii. Anode: 2CI" — Cl, + 2e
{1 mark for formulae, 1 mark for balance)
Cathode: Cs* + e~ — (s [1]
e. Mol Cs=5.32/133 = 0.04 mol (= mol CsCl) [1]
Actual yield of CsCl = 6.4/168.5 = 0.038 [1]
% yield = 0.038/ 0.04 = 95% [1]
(or calculation based on masses)
Unit 22.4
a. 6.4-6.5 min [1]
b. i. 16’ (1]
i.  27/2 = 13.5 cm’/min [1]
c. Initial gradient steeper [1] ends up at the same volume of gas [1]
d. Increasing concentration increases the number of particles per unit
volume / particles closer together (1]
Frequency of collisions increases / number of collisions per second
increases 1]
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e. Faster because greater surface area of powder [1]
More particles of magnesium exposed to hydrochloric acid (1]
Unit 22.5
a. Decomposition [1] endothermic 1]
b. Bubble through limewater [1] limewater turns milky / cloudy [1]
ek 4.0
3.0 44—
Ll
-y
O
= -
w2l
7
E
1.0
0 : ' | }
400 500 o600 700 800 900 1000
temperature/"C
Axes correctly labelled [1] Points plotted comrectly [1] Curve of
best fit drawn (1]
. Massof CO_ from graph =3.0 g [1]
Males €0, =3.0/44 = 0.068 maol [1]
Volume = 0.068 x 24 = 1.64 dm® [1]
Unit 22.6
a. i. Arrow under the flask [1]
ii. A (round-bottomed) flask [1] B gas jar [1]
iii. To dry the ammonia / To remove water [1]
iv. Put damp red litmus beneath gas jar [1]
Full when {(litmus) tums blue [1]
b. (NH,). SO, + 2NaOH — 2NH_ + Na S0, + 2H.0
(1 mark for correct formulae, 1 mar-k fﬂr balance)
AT
1ﬂlm
AN,
(1 mark for bonding pairs of electrons, 1 mark for the lone pairs
on each nitrogen atom)
Unit 22.7
a. Circle around the O-H group [1]
b. i. Carbon, hydrogen, and oxygen [2] Any two of these [1]
ii. Ethanol [1]
¢. Carbon dioxide [1] Water [1]
d. Fltration [1]
e. i. Ester [1]
ii.  No continuous carbon chain [1]
|dea of the COO groups being formed by condensation
reactions [1]
f.  Purple [1] to colourless [1]
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Unit 22.8

a. i. Helium and neon [1]
i, ALLOW: values between 0.08 and 0.1 [1]
lii. Gas[1] -118°C is above the boiling point [1]
iv. Increases down the Group (1]

b. i. brown [1] ALLOW: grey / black
ii. iodide is being converted to iodine / oxidation number of iodine

increases [1] oxidation number of Xe decreases [1]
iii. mol XeF, = 8.28/207 = 0.04 mol [1]
0.04 mol Xe [1]
0.04 x 24 = 0.96 dm’ Xe [1]
Unit 22.9
a. 1. Carexhausts / High temperature furnaces / Lightning [1]
il.  Acid rain / Kills trees / Acidifies lakes / Erodes limestone /
Corrodes metal structures etc. [1]
lii. Proximity: Far apart [1] Motion: fast / random (1]

b. i. Colour gets lighter [1] Position of equilibrium moves to the left  [1]
In direction of fewer gas molecules / fewer moles in the

equation [1]
ii. NO,=46[1]NO,=092 [1]
iii. Entirely NO, at 140 °C/more NO, at higher temperature 1]

The higher the temperature the more the equilibrium goes
to the right [1]

For an endothermic reaction the position of equilibrium moves to
the right with increase in temperature / increase in temperature
favours the endothermic reaction [1]

c. 2NO, —2NO+0,
(1 mark for correct formulae, 1 mark for balance)

Unit 22.10
a. Any suitable indicator e.q. methyl orange / litmus / phenolphthalein  [1]
h. Potassium sulfate [1]
c. i. (12.51000) x 0.2 =2.5x 10-*mol [1]
ii.  5.0x 10 mol (1]
iii. 5.0 x 107 x 1000725 = 0.20 mol/dm? 1]
d. H*+O0H —HO [1]
e H O H H H H
|l IS T L
LA
H H H H H

(2 marks if all correct, 1 mark if ester group shown as CO0)
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Data sheets

The symbols and proton numbers of the elements

Element  Symbol Proton | Element  Symbol Proton | Element  Symbol Proton | Element Symbol Proton
number number number number
actinium Ac 89 calcium Ca 20 | francium Fr 87 lawrencium  Lr 103
aluminium Al 13 californium Cf 98 | gadolinium Gd bd lead Pb 82
americium  Am 95 carbon C 6 | gallium Ga 31 lithium Li 3
antimony  Sh 51 cerium Ce 58 | germanium Ge 32 | lutetium Lu 71
argon Ar 18 chlarine Cl 17 | gold Au 79 | magnesium Mg 12
arsenic As 33 chromium  Cr 24 | hafnium Hf 72 | manganese  Mn 25
astatine At 85 cobalt Co 27 | helium He 2 mendelevium Md 101
barium Ba 56 copper Cu 29 | holmium Hao 67 mercury Hyg 80
berkelium Bk 97 curium Cm 96 | hydrogen H 1 molybdenum Mo 42
beryllium  Be 4 dysprosium Dy 66 | indium In 49 | neodymium  Nd 60
bismuth Bi 83 einsteinium Es 99 | iodine I 53 neon Ne 10
boron B 5 erbium Er 68 | indium I 77 neptunium  Np 93
bromine Br 35 europium  Eu 63 | iron Fe 26 nickel Ni 28
cadmium Cd 48 fermium Fm 100 | krypton Kr 36 niobium Nb 41
caesium Cs 55 fluorine F 9 | lanthanum La 57 | nitrogen N 7

Relative atomic masses (A )

The symbols and proton numbers of the elements (continued) for calculations
Element Symbol Proton | Element Symbol Proton | Element Symbol Proton Element Symbol A
number number number
aluminium Al 27
nobelium No 102 rhodium Rh 45 thallium  TI 81 — " 3
romine r
osmium Os 76 rubidium  Rb 37 tharium  Th 90 = ¢ 10
calcium a
oxygen 0 8 ruthenium  Ru 44 thulium  Tm 69 b C 45
carbon
palladium Pd 46 samarium  Sm 62 tin Sn 50 Ho = ==
chlorine :
phosphorus P 15 scandium St 21 titanium  Ti 22 c el
. . copper u
platinum Pt 78 selenium Se 34 tungsten W 74 = . 9
uarine
plutonium Pu 94 silicon Si 14 uranium U 92 ‘
I - I | v helium He 4
olonium Po silver A 47 vanadium 23
! e hydrogen H 1
potassium K 19 sodium Na 11 Xenon Xe 54 o
. . iodine | 127
praseodymium  Pr 59 strontium  Sr 38 ytterbium  Yb 70 :
lron Fe 56
promethium Pm 61 sulfur S 16 yEtrium Y 39 i b 207
ea
protactinium Pa 91 tantalum Ia 13 Zinc Zn 30 —— ,
lithium Li T
radium Ra 88 technetium Tc 43 zZirconium  Zr 40 _
magnesium Mg 24
radon Rn 86 tellurium e 52
manganese  Mn 55
rhenium Re 75 terbium Th b5
nean MNe 20
nitrogen N 14
oxygen 0 16
phosphorus P 3
potassium K 39
silver Ag 108
sodium Na 23
sulfur S 32
Zinc n 65
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Complete
Chemistry

Author

for Cambridge IGCSE® Workbook Roger Norts

Complete Chemistry for Cambridge IGCSE directly matches the latest Cambridge IGCSE
Chemistry syllabus, supporting comprehension of complex ideas and independent learning.

A stretching, skills-based approach progressively strengthens student ability, enabling confident
exam performance.

This Workbook directly supports learners in practising essential skills.

« Fully prepare for exams — comprehensive coverage of the course

- Develop advanced skills — a rigorous step-by-step approach extends performance

« Progress to the next stage - differentiated extension material eases the transition
to 16-18 study

Empowering every learner to succeed and progress 4.2 Why do atoms form bonds?
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' Embedded critical thinking skills
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