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States of Matter

Learnin 
Outcomes:

1) Describe, using particle diagrams, the three states of matter in terms of the arrangement, movement andenergy of the particles
2) State the names of the interconversions between the three states of matter and describe how they are

achieved
3) Identify, from making observations, a physical change

Changes of State

Add labels to the arrows that show the change of state and describe, using particle diagrams, the arrangement of the
particles.

solid liquid

tea
Sto

gas

o
O o

Describe the three states of matter in terms of the arrangement, movement and energy of the particles

Solid Liquid Gas

00 CMU-cu-
rrangement

Bovos

Movement

low
Energy

9
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Practical Physical Changes

Safety Heating solids

• Collect a labelled test-tube from the front and carefully heat for no more than 2 minutes. Leave to cool in a test_

tube rack.
• Carefully record your observations

Substance

before heating
Ice

So-Il-cl

Wax

Sodium chloride (common salt)

Zinc oxide

Iodine
Teacher demo

Solid carbon dioxide (dry ice)
Teacher demo

Appearance

during heating

SO

after cooling

8-010—0k

so

1. Sodium chloride did nothing when heated with a Bunsen burner. What does this tell you about the melting
temperature, Tm, of sodium chloride?

2. Liquid water stays liquid at room temperature but liquid wax freezes. Room temperature is about 200C. What does
this tell you about the melting temperature, Tm, of water and of wax?

ma-I .h«sg. kenos..
3. Solid carbon dioxide is called dry ice.

(a) Why is solid carbon dioxide called dry ice?

(b) Give two uses of dry ice.

10
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Using State symbols

State
State symbol

Solid

Liquid

Gas

State symbols can be used to show the changes in state

during physical or chemical processes.

Example: When ice is heated above its melting point.

H20(s) ...> H20(l)

Using chemical formula and state symbols, show state changes for the below physical processes.

1) Water is cooled below OOC. A 20 --5 H 2 0 (s)

2) Liquid bromine (Br2) is vaporised.

3) Nitrogen gas (N2) is cooled below its boiling point of -19ffC

4) Carbon dioxide (C02) changes directly from a solid to a gas when heated.

C02 CO

11
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Atomic Structure

Learning Outcomes:

1) Define the terms atom, atomic number and mass number

3) Deduce the number of protons, electrons and neutrons from an atom's atomic number and mass number

4) Describe how elements are arranged in the Periodic Table

All substances are made up of atoms. There are over 100 different sorts of atoms. A substance which consists of only

one type of atom is called an element.

Kev definition
An atom is the smallest part of an element

Structure of a atom

Nucleus holding
protons and
neutrons.

Subatomic particles

Particle

Proton

Neutron

Electron

Space occupied by

electrons. This space

is really big

compared to the size

of the nucleus

o

Position Charge

I FOS.

—Il PUB.

Relative mass

1/18

Use the following words to complete the word fill: electrons, energy levels, neutrons, nucleus, protons, and shells.

(Words can be used more than once).

An atom consists of a central ... AÄU.eæé..., composed of ... and

This iS surrounded by ... .a.euxmas., orbiting in ... .s.h-g*ß..... (.e-AMSb...

Atoms are neutral because the numbers of ...p:-9.W.a.s.. ... and 

12

are equal.

Michael
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Using the periodic table the number of protons, electrons and neutrons of an atom can be deduced.
Example - sodium (Na):

This is the mass

number 23

11
This is the atomic

number

Key definition

Atomic number: The number of protons in an atom.

nass number: The number of protons and neutrons in an atom.

This is the chemical

symbol

For an electrically neutral atom, the number of electrons equals the number of protons.

Again, this makes sense from the table above, since the total positive charge from all the protons balances the total

negative charge from the electrons.

So, by looking at the symbol on the periodic table we know that this sodium atom has:

• 11 protons (number of protons = atomic number)

• 12 neutrons (number of neutrons = mass number — atomic number = 23-11 = 12)

• 11 electrons (number of electrons = number of protons)

For an atom of bromine, deduce the number of protons, neutrons and electrons.

80 Number of protons =

Number of neutrons =

35 Number of electrons = 36

Check out these resources:
• Tyler DeWitt - https://www.voutube.com/watch?v=NSAqLvKOPLQ

Brian Cox - https://www.youtube.com/watch?v=-FWxd78sOZ8

13
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Using the periodic table complete the table

Chemical
symbol Atomic number Mass number

Number of
neutrons

13 14

12

16

Na
23 12

32 16

15 31

207 125

197

53 74

144

87 223

14

Number of
protons

13

16

Number of
electrons

53

61

Michael
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Properties of metals and non-metals 

Property 
 Metal Non-metal 

Appearance at room temperature 
 
 

  

Electrical conductivity 
 
 

  

Mechanical strength 
 
 

  

Feel 
 
 

  

 

Position of metals and non-metals in the periodic table 

 

Task: Tick the elements in the table below which are metals: 

calcium sulfur silicon 

manganese magnesium potassium 

carbon francium argon 

mercury iodine hydrogen 

 
• Tom Lehrer song https://www.youtube.com/watch?v=SmwlzwGMMwc 
• How elements get their names http://www.bbc.co.uk/science/0/24460393 
• University of Nottingham Periodic Table http://periodicvideos.com/  

Michael
Mostly silvery sold, lustrous but often tarnished

Michael
Gaseous, mostly colourless or dull or often coloured solid

Michael
Good conductivity

Michael
Strong, Malleable

Michael
Cool, dense

Michael
Non-conductive / Poor conduction

Michael
Brittle

Michael
Warm, light

Michael
✔�

Michael
✔�

Michael
✔�

Michael
✔�

Michael
✔�

Michael
✔�



Compounds

Learning Outcomes:

1) Define the term compound
2) Identify, using particle diagrams, an element, compound or mixture

3) Name different compounds
4) Define the term exothermic reaction

Key definition

A compound is a substance formed when 2 or more elements (different types of atoms) are chemically joined together.

The compound, iron sulfide, is made by heating a mixture of iron and sulfur,

Substance iron sulfur iron and sulfur iron sulfide

mixture compound

Appearance

With magnet

In water

With acid

Particle model

Results

What happens when the iron and sulfur are heated together?

Word equation
sx-.u 8 ok—Q-

Chemical equation

Particle diagram

18
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Identify whether the particle diagram represents an element, compound or mixture

3)2)

5)-ezeEco

10)

13
19
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Naming compounds

Rule 1: When a metal is combined with a non-metal, the first part Of the name of the compound is the name of the

metal element. The second part is the name of the non-metal element, with the suffix "-ide."

e.g. iron + sulfur = iron sulfide (FeS) compound of iron & sulfur ONLY

Rule 2: When a metal is combined with a non-metal and also oxygen, the first part of the name of the compound is the

name of the metal element. The second part is the name of the non-metal element, with the suffix a-ate."

e.g. iron + sulfur + oxygen = iron sulfate (FeS04) compound of iron, sulfur & oxygen

Name the elements in the following compounds. The first has been done for you.

a) iron chloride iron and chlorine

b) zinc bromide

c) magnesium sulfate

d) lead phosphide

e) sodium nitrate

f) lithium nitride

g) iron iodate

h) barium carbonate

Name the following compounds:

i) caco

j) CdS

l) Mg3N2

m) Mm05

n) HgC12

o)

p) 1<2Cr207

r) 1-1604

s) NaH

t) cac

CCk-Qk.O'U-a..AO

•s evxOJ-e

Hdckroq•e-n s-vJ-€a-}-e

20
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Chemical formula
The chemical formula of a compound tells you how
of atoms of each element is written as a subscript and

many atoms of each element the compound contains. The number
when only a single atom of an element is present, the subscript is

Example: Ammonia has the chemical formula NH3. Therefore there is 1 nitrogen atom and 3 hydrogen atoms.Some formulae have brackets in them.
Example: Magnesium hydroxide has the formula The 2 outside the brackets tells you that you must multiplethe total number of each atom inside the bracket by 2. so in you have one magnesium atom, two oxygenatoms and two hydrogen atoms.

Compound

carbon dioxide

hydrogen sulfide

iron hydroxide

iron nitrate

ammonium sulfate

hydrated iron sulfate

formula

C02

H2S

(NH4)2S04

FeS04.7H20

carbon
atoms

o
o

o

sulfur
atoms

o

o
o

nitrogen
atoms

o

o

3

o

hydrogen
atoms atoms

O 2

o

3

o
8

iron atoms

o

o

o

Relative formula mass - Mr

Using the Periodic table and its values for relative atomic mass it is possible to work out the relative formula mass of any
compound given its chemical formula. lt.is calculated by adding up the relative atomic masses (AO of all the atoms
present in the formula.

xample:

The relative formula mass (MO for water (1-120) is 18.

Water

Atoms present

= (2 x 1) + (1 x 16) = 18

Hydrogen chloride - I-ICI Calcium hydroxide -

Atoms =(1xH)+(1xCl) Atoms = (1 x Ca) + (2 xo) +(2x H)

= (1 x 1) + (1 x 35.5) = (1 x 40) + (2 x 16) + (2 x 1)

= 36.5 = 74

23

Hydrated copper sulfate - CuS04.5H20

Atoms = (IxCu) + (1 x s) + (4 xo) +(5xH20)

= (1 x63.5) + (Ix 32) + (4 x 16) + (5 x 18)

= 249.5

Michael
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Calculate the relative formula mass (Mr,) for the following elements or compounds:
1. C02

2.
CH4

3.
12

4.
NaCl

5.

6
MgC12

7.
cuS04

8 Na2C03

9.
C2H50H

10. Fe (OH)2

11. (NH4)2C03

12.

13.

14. MgS04.7H20

C-12 0, -

i 2+1+ z 16

= 1 27 B 2

ag 35 .5
23 r 3S.S 58.6

S 32 3 Z
32

21.9 f-
Cw=cg.s s- 32

GA. S * 32 + G if

f 5 ± 16 ±

8

Oq 16 xqz
1+2

C 3 36 5
36 f Sf

mgS04
aue Hto cui) t 16

+32+ 614
24

126

Michael
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work out the Relative Formula Mass (Mr) of the following:

Name

Fluorine

Phosphorus

Ozone

Ethane

Sulfuric acid

Iron hydroxide

Calcium carbonate

Ammonia

Ammonium iron
sulfate

Glucose

Hydrated colbalt
chloride

Hydrated vanadium
bromide

Hydrated copper
arsenate

Formula

03

C2H6

H2S04

caco

NH3

C6H1206

CoC12.6H20

VBr2.4H20

2 = 38

56 + 

It) f C 6K l) 

f 3 Z ± (16 •e) 

C16fl)

f 6 30

2+

104

Leo ±
IOO

266

12) 12+ 

3-1 lßO

€16 x 6 It +
c 180

Rco
IOS

130 toe
Hto

211 ± 32 - 283

= 248
ICC). s *

25
468. S f +2- SQ-O.S

Michael
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Chemical reactions

Learning Outcomes:

1) Accurately use a mass balance to record mass changes in chemical reactions

2) Accurately make and record observation in chemical reactions

3) Identify a synthesis and decomposition reaction from mass changes

4) Define the term exothermic and endothermic reaction

Practical 1 Mass changes

Safety Heating solids, take great care that crucibles have cooled before weighing.

1. Collect a metal crucible and add 1 spatula measure of the solid.

2. Weigh the crucible and solid and record the mass
3. Heat strongly
4. Allow crucible to cool and then reweigh
5. Carefully record your observations.

Mass (g)
Substance

Copper— Cue

Sodium hydrogen.
carbonate — NaHC03

Zinc oxide — ZnO

Zinc nitrate —

Conclusion

before heating

a. 65

4.50

3. i.eO

26

after heating change

3.35

g .42-

There are three possible results when heating a solid:

1. There is no change because the solid does not react.

Observation

Colou- &-0-.92.-
— PO bXO.--U.c

3 e...s food

qcu

2. The solid gets heavier because it takes something from the air. It usually reacts with oxygen to make an

This is a chemical reaction in which the substance builds up:

3. The solid gets lighter because it loses something to the air; gases like or w

This is a chemical reaction in which the substance is broken down by heat:

COfte.r

z,n'c.b 26
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-FZJC)a

Practical 2 Mass conservation

1. Collect the conical flask containing potassium iodide (Kl) and lead nitrate2. Weigh the conical flask and record the mass3. Placing your thumb over the bung, invert the conical flask so that the two solution mix4. Reweigh the conical flask and record the mass
5. Carefully record your observations

Mass (g)Substance
before mixing after mixing

potassium iodide (Kl)
and lead nitrate* 2

Conclusion

1) When potassium iodide (Kl) and lead nitrate 
reaction had occurred?

2) Comment on the mass change for this reaction

Further Questions

change

Observation

&oüctv Cree)

were reacted, how do know that a chemical

The table below gives the results of another experiment in which some more substances were heated.

Substance Mass before heating (g) Mass after heating (g)

Zinc

Sodium chloride

Potassium permanganate

Ammonium carbonate

6.01 10.02

5.49 5.49

4.47 4.08

5.73 0.00

a) Which of these substances does not react when heated in air?

I know this because

b) Which of these substances decomposes to form a mixture of gases

I know this because ........?nQSÅ.......G+ee.... c.k.a-.c.•...z-a.-a-u O

c) Which of these substances decomposes to form a gas and a

I know this because .........r.YNQa$ä.......Q44:mc......RQA.W38......Ü......ÅflS9.hk18

27
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magnesium + oxygen magnesium oxide

oo oo

hydrogen oxygen water

o

ee 00 GOcc ooc

Balancing chemical equations practice

Balance the equations by inserting numbers as necessary.

1. calcium oxygen calcium oxide

2 ca 02 acao

2. nitrogen oxygen -5 nitrogen oxide

02 2N0

3. magnesium + hydrochloric acid magnesium chloride + hydrogen

Mg + 2 HCI MgC12

30



4. nitrogen

5. hydrogen

6. potassium

7. hydrogen

8. aluminium

9. magnesium

3 Mg

10. chlorine oxide

2 C1207

hydrogen

sulfur

02

chlorine

C12

iron oxide

Fe203

iron oxide

Fe203

chlorine

2-C12

31

ammonia

2NHJ

hydrogen sulfide

9 H2S

-Y potassium oxide

2K20

hydrogen chloride

ZHCI

aluminium oxide

A1203

magnesium oxide

3 Mgo

oxygen

+02

iron

iron

ZFe



water
carbon dioxide +

11. ethane oxygen
3

02 C02

30

12. aluminium oxide + sulfuric acid aluminium sulfate + water

A1203

30 10

F % ,ICO, gs
13. copper(ll) nitrate copper(ll) oxide + nitrogen dioxide

Cuo + 2-N02

20 * a1060

oxygen

1/202

20

14. calcium phosphate + silicon dioxide + carbon calcium silicate + phosphorous + carbon monoxide

+6 Si02 + 10 C -Y 6 CaSi03 + 10 CO WOES)

aze--<z 10
20

16 + 2.*0

15. sulfur nitric acid sulfuric acid nitrogen dioxide
S 6 HN03 H2S04 g N02

32

i o % BIO

water
2-1-420

3




