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AQA Topic ςAtomic structure and 
the periodic table
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Overview 
Atomic structure and the periodic table

Atoms, elements, compounds and mixtures

Å Atoms, elements and compounds

Å Word and symbol equations

Å Separation techniques

Atomic model

Å History of the atomic model

Å Size and mass of atoms

Å Atomic structure

Periodic table

Å History of the periodic table

Å Group 0, group 1 and group 7

Å Transition metals (chemistry only)
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ÅAtoms, elements and compounds
ÅWord and symbol equations



Atoms, elements, compounds and mixtures - PART 1

All substances are made of atoms that 
cannot be chemically broken down. It 

is the smallest part of an element. 

Elementsare made of only one type of 
atom. Each element has its own 

symbol. 
e.g. Na is sodium.

Compoundscontain more than one type 
of atom. They are formed from elements 

by chemical reactions, which always 
involve the formation of one or more new 

substance, often involving an energy 
change.

The components of a compound cannot 
be separated by physicalmeans. They can 

be separated only by chemicalmeans.

There are about 100different elements

You need to:
ÅKnow the names and symbols for 

the first 20 elements and all of 
group 1, 7 and 0 

ÅName compounds when given the 
formulae or symbol equations

MgCl2magnesium chlorine

Magnesium chloride



Atoms, elements, compounds and mixtures - PART 1

Compounds contain two or more elements chemicallycombined infixed 
proportions and can be represented by formulae using the symbols of atoms 

from which they formed.

Naming a compound with two elements 
(usually a metal and a non metal) apply these 
rules:
ÅThe metal name does not change
ÅThe non-metal's name ends inide

For example:
Na2S = sodium sulfide
K2O  = potassium oxide

For example:   Na2CO3 = sodium carbonate
KNO3 = potassium nitrate

Naming a compound with a metal 
that reacts with ions that consist of 
two or more non-metal atoms 
covalently bonded together apply 
these rules:
ÅThe metal name does not change
ÅThe non-metal's name ends 

in ate if oxygen is present

When a compound contains a 
transition metal, the names 

become a bit more 
complicated. To distinguish 

them, Roman numerals 
indicate the charge on the 

metal ion 
e.g. iron(II) chloride. 



Atoms, elements, compounds and mixtures - PART 1

You need to:
ÅWrite word 

equations
ÅBalanced 

symbol 
equations

Chemical equations: Show the reactants(what we start with) 
and the products(what we end with). 

No atomsare lost or made. The massof the productsequals 
the massof the reactants.

Word equation: methane + oxygen  Ą carbon dioxide  +  water
Symbol equation: CH4 +    2O2 Ą CO2 +  2H2O

+ +
Equations MUST balance
ÅWe can ONLY add BIG numbers to the front of a substance
ÅWe can tell elements within a compound by BIGletters
ÅWe can check an equation is balanced by counting the number of each type of 

atom on either side

There are 4 
hydrogens here, 
bonded together.

There are 2 molecules 
of oxygen not bonded 

together.

There are 4 hydrogens here.  
You multiply the big number 

by the little number.



Atoms, elements, compounds and mixtures - PART 1

The reaction between copper sulfateand sodium hydroxide is:
copper sulfateҌ ǎƻŘƛǳƳ ƘȅŘǊƻȄƛŘŜ Ҧ ǎƻŘƛǳƳ sulfate+ copper hydroxide

CuSO4(aq)    +       2NaOH(aqύ       Ҧ     bŀ2SO4(aq)   +       Cu(OH)2(s)

You can tell that the copper hydroxide forms a solid (the precipitate) because its 
state symbol is (s) for solid, rather than (aq) for aqueous (dissolved in water).

The reaction can also be shown by anionic equation:
Cu2+(aq) + 2OHς(aqύ Ҧ /ǳόhIύ2(s)

HT only ςwrite balanced half equations and ionic equations

Word equation: sodium +  water   Ą sodium hydroxide + hydrogen
Symbol equation: 2Na(s) +  2H2O(l) Ҧ          нbŀhI(aq)     +     H2(g)

We can addstate symbolsto a symbol 
equation to show whether the reactants and 
products in a chemical reaction are solids, 
gases, liquids or dissolved in water. 

Solid =s
Liquid = l
Gas = g

Aqueous (dissolved in water) = aq



QuestionIT!

Atoms, elements, 
compounds and mixtures 
PART 1

ÅAtoms, elements and 
compounds

ÅWord and symbol equations



Atoms, elements, compounds and mixtures PART 1 ïQuestionIT

1. Around how many different types of element are there in the 
periodic table?

2. What does it mean if a compound ends in ςide?

3. What does it mean if a compound ends in ςate?

4. What does a chemical reaction involve?

5. Name the following substances:
Å NaCl
Å NaSO4



Atoms, elements, compounds and mixtures PART 1 ïQuestionIT

6. Why is it useful to have symbols for atoms of different elements?

7. What is the difference between an element and a compound?

8. Explain why it is difficult to separate a compound, compared to an 
element.



Atoms, elements, compounds and mixtures PART 1 ïQuestionIT

9. Solid sodium reacts with water to form a sodium hydroxide (NaOH) 
solution and hydrogen gas.

a) Write a word equation to represent this reaction.

b) Give the balance symbol equation for the reaction.

HT only:
10.When magnesium reacts with sulfuric acid, the hydrogen ions in 

the acid will be displaced from the solution by magnesium.

Balance the following ionic equation.

Mg(s)    +    H+(aq)    Ą Mg2+(aq)     +    H2(g)
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Atoms, elements, compounds and mixtures PART 1 ïQuestionIT

1. Around how many different types of elements are there in the 
periodic table?
1000

2. What does it mean if a compound ends in ςide?
Contains 2 elements; usually metal and non-metal.

3. What does it mean if a compound ends in ςate?
Contains 3 or more elements, 1 of which is always oxygen.

4. What does a chemical reaction involve?
The formation of one or more new substances; usually with an   

energy change.
5. Name the following substances:
Å NaCl  Sodium chloride.
Å NaSO4  Sodium sulfate.



Atoms, elements, compounds and mixtures PART 1 ïQuestionIT

6. Why is it useful to have symbols for atoms of different elements?
When elements join together to form a compound, it tells you    
how many atoms there are.

7. What is the difference between an element and a compound?
Elements contain one type of atom and compounds contain 
more than one type.

8. Why is it difficult to separate a compound?
A compounds elements are chemically joined together.



Atoms, elements, compounds and mixtures PART 1 ïQuestionIT

9. Solid sodium reacts with water to form a sodium hydroxide 
solution and hydrogen gas.

a) Write a word equation to represent this reaction.
Sodium + water Ą sodium hydroxide + hydrogen

b) Give the balance symbol equation for the reaction.
2Na(s) + 2H2O(l) Ą 2NaOH(aq) + H2(g)

HT only:
10.When magnesium reacts with sulfuric acid, the hydrogen ions in 

the acid will be displaced from the solution by magnesium.
Balance the following ionic equation.

Mg(s)    +    2H+(aq)    Ą Mg2+(aq)     +    H2(g)
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Atoms, elements, compounds and mixtures - PART 2

A mixture consists of two or more elements or compounds not chemically 
combined together. The chemical properties of each substance in the mixture are 

unchanged.

FILTRATION: This technique separates 
substances that are insoluble in a solvent from 

those that are soluble

Solvent the liquid in which a solute dissolves

Solute
the substance that dissolves in a liquid to 

form a solution

Solution
is the mixture formed when a solute has 

dissolved in a solvent

Soluble describes a substance that will dissolve

Insoluble
describes a substance that will not 

dissolve

Mixtures can be separated by 
physical processesincluding:
1. Filtration
2. Crystallisation
3. Simple distillation
4. Fractional distillation
5. Chromatography
These physical processes do not 
involve chemical reactions and 
no new substances are made.



Atoms, elements, compounds and mixtures - PART 2

Crystallisation                                                      Simple distillation

This technique separates a soluble 
substance from a solvent by 

evaporation  

This technique separates a liquid from 
a mixture by evaporation follow by 

condensation 

Example - obtaining water 
from sea water

Example - crystallisation of 
sodium chloride from salt solution



Atoms, elements, compounds and mixtures - PART 2

Fractional distillation                                                          Chromatography

This technique separates a mixture into 
a number of different parts, calledfractions. 
Substances with highboiling points condense 
at the bottom and substances with low boiling 

points condense at the top. 
Fractional distillation works because the 
different substances in the mixture have 

different boiling points.

This technique separates small 
amounts of dissolved substances 

by running a solvent along 
absorbent paper 

Example - obtaining 
ethanol from a mixture 
of ethanol and water

Example - separating the 
different colours in ink
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Atoms, elements, compounds and mixtures PART 2 ïQuestionIT

1. What is the difference between a compound and a mixture?

2. Describe the method used to collect the salt from a mixture of 
sand and salt.

3. What process is used to purify seawater to obtain usable water?



Atoms, elements, compounds and mixtures PART 2 ïQuestionIT

4.  Describe how the following equipment is used to separate water  
and ethanol.



Atoms, elements, compounds and mixtures PART 2 ïQuestionIT

5. A mixture and six colours are tested using chromatography. The 
following chromatogram was produced.

a) What can you conclude about the mixture?

b) Why do the inks separate?
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Atoms, elements, compounds and mixtures PART 2 ïQuestionIT

1. What is the difference between a compound and a mixture?
The substances in a mixture are not chemically bonded together,    
but they are in a compound.

2.  Describe the method used to collect the salt from  a mixture of   
sand and salt.
Add water and stir to dissolve the salt. Use filtration to remove     
the sand. Heat the water (gently) to allow the salt to crystallise 
(to avoid dryness).

3.  What process is used to purify seawater to obtain usable water?
Simple distillation.



Atoms, elements, compounds and mixtures PART 2 ïQuestionIT

4.  Describe how the following equipment is used to separate water 
and ethanol.

The ethanol and water mixture are heated. Ethanol has a boiling 
point of 78°C and will vaporise first. The gas passes over the 
fractionating column and into the condenser. Here it will condense, 
ǘǳǊƴƛƴƎ ōŀŎƪ ƛƴǘƻ ƛǘΩǎ ƭƛǉǳƛŘ state.



Atoms, elements, compounds and mixtures PART 2 ïQuestionIT

5. A mixture and six colours are tested using chromatography.  The 
following chromatogram was produced:

a) What can you conclude about the mixture?
The mixture is made up from substance 1 and 4.

b) Why do the inks separate to produce a chromatogram?
The separation depends on how soluble the chemical is in the  
solvent and how strongly the chemical is attracted to the paper.
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Atomic model - PART 1

Early 1800s
.ŜŦƻǊŜ ǘƘŜ ŘƛǎŎƻǾŜǊȅ ƻŦ ŜƭŜŎǘǊƻƴǎΣ WƻƘƴ 5ŀƭǘƻƴΩǎ ŜȄǇŜǊƛƳŜƴǘǎ ƭŜŘ ǘƻ ǘƘŜ ƛŘŜŀ ǘƘŀǘ 
atoms were tiny spheres that could not be divided.

End of 1800s
The electron was discovered by JJ Thomson. Scientists believed 
that atoms werespheresof positive charge with negative 
charges spreadthroughout - the ΨǇƭǳƳ-ǇǳŘŘƛƴƎΩ ƳƻŘŜƭ.

1908-1913
Ernst Rutherford designed an experiment carried out byGeigerand Marsden. 
Theyfired alphaparticles at a piece of very thin gold foil (only a few atoms thick) 
which scattered, leading to the conclusion that the 
mass of an atom was concentrated in a nucleus, 
which was charged. 
It proposed that electronsorbited 
around the nucleus.  



Atomic model - PART 1

1914
Niels Bohr noticed that the light given out when atoms were 
heatedonly had specificamounts ofenergy and he adapted the 
nuclear model by suggesting that electronsorbit the nucleus at 
specific distances in certain fixed energy levels (or shells). The 
energy must be given out when excited electrons fall from a 
high to low energy level.  

Later experiments led to the idea that the positive charge of the 
nucleus could be subdividedinto a whole number of smaller 
particles, each particle having the sameamount of positive 
charge. The name proton was given to these particles.

1932
James Chadwick bombarded beryllium atoms with alpha
particles. An unknown radiation was produced. Chadwick 
interpreted this radiation as being composed of particles with a 
neutral electrical charge and the approximate mass of a proton. 
This particle became known as theneutron.



Atomic model - PART 1

1800s
ωJohn Dalton ςtiny spheres that could not be divided.

1890s

ωJJ Thomson ςelectrondiscovered. Plum pudding model - spheres of 
positive charge with negative charges spread evenly though.

1908 -1913

ωE. Rutherford, Geiger and  Marsden - alpha particle scattering 
experiment. Nuclear model - mass of atom concentrated in a charged 
nucleus, with orbiting electrons.

1914

ωNiels Bohr ςelectrons orbit nucleus at specific distances in fixed 
energy levels (shells). Energy given out when electrons change level.

[ŀǘŜǊΧ

ωPositive charge of nucleus could be subdivided into particles of positive 
charge ςprotons. 

1932

ωJames Chadwick ςprovided evidence for the existence of neutrons
within the nucleus.
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Atomic model PART 1 ïQuestionIT

1. What was the earliest model of the atom?

2. Which subatomic particle did JJ. Thomson discover?

3. Which early atomic model does the following diagram show?

4. bŀƳŜ wǳǘƘŜǊŦƻǊŘΩǎ ŜȄǇŜǊƛƳŜƴǘΦ

5. State two ways in which wǳǘƘŜǊŦƻǊŘΩǎ ŜȄǇŜǊƛƳŜƴǘ changed 
¢ƘƻƳǎƻƴΩǎ ƳƻŘŜƭ ƻŦ ǘƘŜ atom.

6. How did Bohr adapt the nuclear model?

7. Explain ǿƘȅ .ƻƘǊ ǊŜǾƛǎŜŘ wǳǘƘŜǊŦƻǊŘΩǎ ƳƻŘŜƭ ƻŦ ǘƘŜ atom.
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Atomic model PART 1 ïQuestionIT

1. What was the earliest model of the atom?
Tiny spheres that could not be divided.

2. Which subatomic particle did JJ. Thomson discover?
The electron

3.    Which early atomic model does the following diagram show?
The plum pudding model.

4. bŀƳŜ wǳǘƘŜǊŦƻǊŘΩǎ ŜȄǇŜǊƛƳŜƴǘΦ 
Alpha particle scattering.

5. State two ways in which wǳǘƘŜǊŦƻǊŘΩǎ ŜȄǇŜǊƛƳŜƴǘ changed 
¢ƘƻƳǎƻƴΩǎ model of the atom.

He said the positive charge was concentrated into very small    
volume at centre of atom (nucleus) and the electrons orbit 
nucleus.



Atomic model PART 1 ïQuestionIT

6. 9ȄǇƭŀƛƴ ǿƘȅ .ƻƘǊ ǊŜǾƛǎŜŘ wǳǘƘŜǊŦƻǊŘΩǎ ƳƻŘŜƭ ƻŦ ǘƘŜ atom.
Suggesting electrons orbit the nucleus at different distances.

7. 9ȄǇƭŀƛƴ ǿƘȅ .ƻƘǊ ǊŜǾƛǎŜŘ wǳǘƘŜǊŦƻǊŘΩǎ ƳƻŘŜƭ ƻŦ ǘƘŜ ŀǘƻƳΦ
Energy emitted from electron transitions can only have certain
ŦƛȄŜŘ ŜƴŜǊƎƛŜǎΣ ǎƻ ƘŜ ǊŜŦƛƴŜŘ ǘƘŜ ΨƻǊōƛǘƛƴƎ ŜƭŜŎǘǊƻƴǎΩ ƛƴ
wǳǘƘŜǊŦƻǊŘΩǎ ƴǳŎƭŜŀǊ ƳƻŘŜƭ ǘƻ ΨƻǊōƛǘƛƴƎ ŜƭŜŎǘǊƻƴǎ ƛƴ ŜƴŜǊƎȅ ƭŜǾŜƭǎ
όƻǊ ǎƘŜƭƭǎύ ŀǘ ŦƛȄŜŘ ŘƛǎǘŀƴŎŜǎ ŦǊƻƳ ǘƘŜ ƴǳŎƭŜǳǎΩΦ
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Atomic model - PART 2

ÅAn atom contains equalnumbers of protonsand electrons. 
ÅAtoms have no overall electrical charge because the number of 

positive protons equals the number of negative electrons. 

Number of protons = atomic number.
ÅAll atoms of an element have the same number of protons. 
ÅAtoms of different elements have different numbersof protons.

Mass Charge Location

Proton 1 + nucleus

Neutron 1 0  nucleus

Electron Very small - shells

Subatomic particles



Atomic model - PART 2

Atoms are very small, having a radius of about 0.1nm(1 x 10 -10m). 
Protons and Neutrons are found in the nucleus. Electrons orbit the nucleus in shells.

To calculate the number of neutrons = Mass Number ςAtomic Number

Li
7

3

Mass number = Number of protonsand neutrons

Atomic number  = Number of protons

Protons    = 3
Electrons  = 3
Neutrons  = 4



Atomic model - PART 2

If an atom gains one or more 
electrons, it gains a negative
charge because it has more 

electrons than protons.  

Atoms sometimes lose or gain electrons (e.g. when a metal reacts with a none 
metal). When they do this they become a charge atom or anion.

e.g. If an oxygen atom gains two 
electrons, it forms a O2- ion.
It has 8 protons, 8 neutrons 

and 10 electrons.

e.g. If sodium atom loses one 
electron, it forms a Na+ ion.

It has 11 protons,  12 neutrons 
and 10 electrons.

If an atom loses one or more 
electrons, it gains a positivecharge 
because it has less electrons than 

protons.  



Atoms are tiny - the radius of a typical atom isone tenthof a billionth of a meter. 



Atomic model - PART 2

Atoms of the same element can have different numbers of neutronsςan isotope.

/ƘƭƻǊƛƴŜΩǎ ǊŜƭŀǘƛǾŜ ŀǘƻƳƛŎ Ƴŀǎǎof 35.5 is an average of the masses of the different 
isotopes of chlorine.
For example, in any sample of Chlorine 25% will be37Cl and 75%35Cl. 
(25 x 37) + (75 x 35) ÷ 100 = 35.5

The relative atomic mass of an element is an averagevalue that takes account of 
the abundanceof the isotopes of the element. Samples of different isotopes of an 
element have different physical properties (e.g. different density), however, they 

always have the samechemical properties. It is calculated by working out the 
relative abundanceof each isotope. 

The relative atomic mass is therefore calculated using the equation:
(% of isotope 1 × mass of isotope 1) + (% of isotope 2 × mass of isotope 2) ÷ 100

Isotopes of Hydrogen



Atomic model - PART 2

The electrons in an atom occupy the lowest available energy levels (innermost 
available shells). The electronic structure of an atom can be represented by 
numbers or by a diagram e.g.

Calcium has 2 electrons on its lowest energy level,

8 on the second energy level,

8 on the third energy level 

and 2 on the fourth (the highest) energy level.

So the electron configuration for Calcium = 2,8,8,2 
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Atomic model PART 2 ïQuestionIT

1. Name three subatomic particles and their charges.

2. /ƻƳǇƭŜǘŜ ǘƘŜ ǎŜƴǘŜƴŎŜ Ψ!ƭƭ ŀǘƻƳǎ ƻŦ ƻƴŜ ǘȅǇŜ ƻŦ ŜƭŜƳŜƴǘ ƘŀǾŜ ǘƘŜ 
ǎŀƳŜ ƴǳƳōŜǊ ƻŦΧΩ

3. What does the atomic number tell us about an atom?

4. What does the mass number tell us about an atom?

5. How is an isotope different to an atom?

6. What is the electron configuration for sodium?



Atomic model PART 2 ïQuestionIT

7. Why is the overall charge of an atom zero?

8. Draw the electron configuration for a chlorine atom.

9. Write the electron configuration for potassium.

10.How many electrons does potassium have on its highest energy 
level?



Atomic model PART 2 ïQuestionIT

11.Calculate how many protons, electrons and neutrons there are in
a) A silver atom with atomic number 47 and mass number 108 

b)

12.The atomic radius of a bromine atom is 9 x 10 -11m
a) Give its atomic radius in nanometres
b) Calculate the radius of the nucleus (in nm), given that it will be     

about 1/10,000 the radius of the atom. Give your answer in  
standard form.
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Atomic model PART 2 ïQuestionIT

1. Name three subatomic particles and their charges.
Proton ςpositive; neutron ςno charge; electron ςnegative.

2. /ƻƳǇƭŜǘŜ ǘƘŜ ǎŜƴǘŜƴŎŜ Ψ!ƭƭ ŀǘƻƳǎ ƻŦ ƻƴŜ ǘȅǇŜ ƻŦ ŜƭŜƳŜƴǘ ƘŀǾŜ ǘƘŜ 
ǎŀƳŜ ƴǳƳōŜǊ ƻŦΧΩ
Protons.

3. What does the atomic number tell us about an atom?
Number of protons.

4. What does the mass number tell us about an atom?
Number of protons + number of neutrons.

5. How is an isotope different to an atom?
Different number of neutrons.

6. What is the electron configuration for sodium?
2,8,1



Atomic model PART 2 ïQuestionIT

7. Why is the overall charge of an atom zero?
Number of protons (positive) = number electrons (negative).

8. Draw the electron configuration for a chlorine atom.

9. Write the electron configuration for potassium.
2,8,8,1

10.How many electrons does potassium have on its highest energy 
level?

1



Atomic model PART 2 ïQuestionIT

11.Calculate how many protons, electrons and neutrons there are in:
a) A silver atom with atomic number 47 and mass number 108
Protons = 47   Electrons = 47   Neutrons = 61
b)

Protons = 19   Electrons = 18   Neutrons = 20

12. The atomic radius of a bromine atom is 9 x 10 -11m
a) Give its atomic radius in nanometres.

0.09 nm 

b) Calculate the radius of the nucleus (in nm), given that it will be     
about 1/10,000 the radius of the atom.  Give your answer in  
standard form.
9 ×10ҍ6nm
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