Topic: Atoms and the Periodic Table




Atoms

« the basic building blocks of all substances
« 92 different naturally-occurring types of atom
 the smallest amount of any element we can have

fFun Facts:
One cubic centimetre of air contains around 20 million million
atoms.

Half a million (500,000) atoms lined up shoulder to shoulder
could hide behind a human hair.

If you wanted to see the atoms in a drop of water you'd have to
enlarge it until it was 24km across

If Julius Caesar’s dying breath was evenly distributed through
the atmosphere, each time you breathe in you'd take in 100
molecules of it.



Structure of an atom

orbiting
nucleus: electrons
cluster
of
protons
and

neutrons



Protons, neutrons and electrons are sub-atomic
particles with different properties:

Proton + 1 1
Neutron 0 1
Electron -1 0.0005

An atom has no overall charge because...

number of protons = number of electrons




An atom is mostly empty space ! If an atom were
expanded to the size of a stadium, the nucleus

would be the size of a pea at the centre of the
pitch.

ol




Every atom has: mass number \$9
A symbol

 An atomic number Be

* A mass number atomic number \4 !
symbol

protons in the nucleus.

/\
> R‘é’e < The atomic number is the number of
\V4

A phosphorus atom
is a phosphorus
atom and not a
sulphur atom
because it contains
15 protons, not 16.




The mass number is the total number of
protons + neutrons in the nucleus

These are what give an atom its mass.

So how can we 9

work out the B
number of e
neutrons ? 4

Neutrons = mass number - atomic number




Complete this table:

Atom Protons Neutrons | Electrons
‘L 3 ? ?

> ? 6 6 ?
32 ? ? 19
,F ? 10 ?

) ? 47 61 ?




Check your answers:

Atom Protons Neutrons | Electrons
‘L 3 4 3
P 6 6 6
K 19 20 19
oF 9 10 9

o Ag 47 61 47




Isotopes Atoms of the same element with

» same number of protons (same

1 atomic number)
» different numbers of neutrons

1 (different mass number)
hydrogen
They have exactly the same chemical
2 properties, but different mass.
1 I l A X LN
deuterium
1% | “w ®
1 1 2 3
tritium i 3 .




One of these glasses contains water, H,0.
The other contains deuterium oxide, 2H,0.

How can we tell them apart?



One of these glasses contains water, H,0.
The other contains deuterium oxide, 2H,0.

Answer: They will weigh different masses. The one
with deuterium oxide will be about 10% heavier



Relative Atomic Masses _ 35.5

Surely we can't / Cl
17 chlorine

have half a proton

PP ..
or neutronr The periodic table does not show
mass numbers, it shows relative
atomic masses.

Because different isotopes have different masses,
this is an average mass, taking into account the

how much of each isotope exists naturally.

We use a scale where one atom of the carbon-12
isotope has a mass of 12 units exactly.



Working out Relative Atomic Mass (Symbol: A))

We need to know:
« how much of each isotope there is (its % abundance)
 the mass number of each isotope

e.g. *>Cl atoms have an abundance of 75% and *’C| atoms
have an abundance of 25%...

Fractional MULTIPLY
Abundance
(% + 100)
35 75+100=0.75 35x0.75=26.25
37 25+100=0.25 37 x0.25=9.25

Add: 26.25 + 9.25 =355



Magnesium has three isotopes. Their abundances are
24Mg 79%, Mg 10%, 26Mqg 11%.

Calculate the relative atomic mass of magnesium.

Fractional MULTIPLY
Abundance
(% + 100)
24 79 +100=0.79 24 x 0.79 = 18.96
25 10 + 100 =0.10 25x0.10=2.50
26 11 + 100 = 0.11 26 x0.11 = 2.86
18.96
+ 250
+ 2.86

= 24.32



The Periodic Table

« arranged in order of increasing atomic number
* the horizontal rows are called periods
* the vertical columns are called groups

e.g. magnesium is in Group 2 and Period 3

Period 1 has just Hydrogen and
Helium in it - it is easy to miss
these and start counting
periods from lithium...




—37d shel——_

Electron Arrangement

~2nd shell™~_

|
‘t

/ ~Tstshel\
Electrons are arranged / ( ° |
. . | |
around the nucleus in a series \ |\ |

of shells. or energy levels.

N\

._\- -/__

Each shell has a maximum number of electrons
that it can hold.

The neqgatively-charged electrons are attracted to
the positively-charged nucleus, so they fill the
shells nearest to the nucleus first.



Drawing atoms with electrons in shells

1st shell holds
a maximum of
2 electrons

2 shell holds
a maximum of
8 electrons

3rd shell takes
8 electrons
before the 4th

shell starts to
fill

This electron arrangement is written as 2,8,8.

Can you work out which element this atom is?



GROUP

8/0

hydrogen helium
1 2
lithium beryllium boron carbon nitrogen oxygen fluorine neon
2.1 2.2 2.3 2.4 25 2.6 2.7 2.8
sodium magnesium aluminium silicon phosphorus sulfur chlorine argon
2.8.1 2.8.2 2.8.3 28.4 285 2.8.6 2.8.7 2.8.8

bR S

x x \ kX
x x x x
LR

potassium
2.8.8.1

K

2z [ \ k&
x x ] KX
LR 4

calcium
2.8.8.2

What patterns are

there?




For any atom we can predict the number of shells
and the number of outer shell electrons:

Periods - each row corresponds to a new
electron shell
- number of shells = period number

Groups - every element in a Group has the
same number of electrons in its outer shell
- number of outer shell electrons

= Group number

After Period 2, the shells can contain MORE than 8
electrons, but this is beyond the scope of IGCSE. Use the
rules above, rather than assuming a shell is full with 8.



Which of the following is the electron
arrangement for Tellurium?

A:

B
C:
D

2,8,8,8,06
2,8,8,8,8,8,8, 2
2,8,18,18,6

2,8,8,14, 14

It is in period 5, so has 5 shells
It is in group 6, so has 6 outer shell electrons

Only answer that fits: 2, 8,18,18, 6



Metals and Non-metals

[ ] metals

H [ ] non-metals He
1 g g ’ 2

o [ | semi-metals or metalloids i
Li | Be B C I N[O i F  Ne

3 4 5 6 i 8 9 10
lithium | beryllium boron carbon | nitrogen | oxygen fluorine neon
Na | Mg Al | SitP 18 | CllAr

11 12 13 14 15 16 17 18
sodium |magnesium aluminium | _silicon hosphorusL sulphur | chlorine | argon
K|Cal|[Sc|Ti| V| [Cr{Mn|Fe|[Co|Ni|Cu|Zn| Ga|Ge|As| Se| Br | Kr

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
potassium | calcium scandium | titanium | vanadium | chromium jmanganese| iron cobalt nickel copper zinc gallium |germanium} arsenic | selenium | bromine | krypton
Rb| Sr|| Y [ Zr NbMo|Tc | Ru|Rh| Pd|Ag|Cd || In | Sn| Sb|Te| I | Xe

37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
rubidium | strontium yttrium | zirconium | niobium [molybdenum|technetium| ruthenium | rhodium | palladium | silver cadmium indium tin antimony | tellurium iodine xenon
Cs| Baj|lla|Hf [ Ta| W |Re|Os| Ir | Pt|Au|Hg || Tl |Pb| Bi|Po}| At | Rn

55 56 o 72 73 74 75 76 7 78 79 80 81 82 83 84 85 86
caesium | barium lanthanum | hafnium | tantalum | tungsten | rhenium | osmium iridium platinum gold mercury thallium lead bismuth | polonium | astatine radon

Lightly shade the Periodic Table in the back of your
exercise book to show metals, semi-metals and non-

metals




Metallic elements occupy the left side and middle

of the periodic table.

Non-metals are found on the right side of the

periodic table.
[ ] metals

non-metals
H 1 , : He
T [ ] semi-metals or metalloids i
Li | Be BILEC I N[O | F |Ne
) 4 5 6 T4 9 10
lithium | beryllium boron carbon | nitrogen | oxygen fluorine neon
Na | Mg Al | Si Cl | Ar
1 12 13 14 15 16 17 18
sodium |[magnesium| luminiut silicon _jphosphorus| sulphu chlorine argon
K| C Sc|Ti| V|Cr|Mn|Fe|Co|Ni|Cu|Zn
19 20 a 21 22 23 24 25 26 27 28 29 30 31(3‘a 3ZGe SSAS 34se SSBr 36Kr
potassium | calciu scandium | titanium | vanadium | chromium jmanganese| iron cobalt ickel pp zinc gall ermanium]_arsenic | selenium | bromine | krypton
Rb| Sr||Y | Zr|Nb|Mo| Tc |Ru|{Rh| Pd|Ag|Cd || In [ Sn| Sb|Te| I | Xe
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
rubidium | strontium yttrium | zirconium | niobium |molybd technetium | ruthenium | rhodium | palladium silver cadmium indium tin antimony | tellurium iodine xenon
La | Hf | Ta| W |R
SSCS SSBa 57 72 73 74 75 e 76() S 77 Ir 78 Pt 79A u 8(!.-l g 81 TI 82P b 3 BI 84PO 85 At BGR n
caesium | barium lanthanum | hafnium | tantalum | tungsten | rhenium | osmium | iridium platinum gold mercury thallium lead bismuth | polonium | astatine radon

Metals and non-metals can be told apart by their

different physical properties and by their
different chemical properties.




Physical properties are characteristics of
substances which don't involve reactions - for
example melting or boiling points.

good conductors
of electricity

Key Difference:  jigh meiting point
« Metals conduct ™

electricit
J Neave
Non-metal Zsim, Ul
° O n - m e G S (rings when struck
(except e
g rGPhite) dO DQW me‘tqin‘g poiv'nt poor conductors of electricity

not conduct ﬁ y
electricity A2 ¢,




Chemical properties include how reactive a
substance is, and what reactions it can do.

Key Difference:

- oxides of metals form alkaline solutions in water

- oxides of non-metals form acidic solutions in

water -
|




Experiments to show that magnesium
is @ metal

electrical conductivity test:

conducts electricity

burning to form magnesium oxide,
dissolving magnesium oxide in water,
and testing pH:

alkaline solution

Experiments to show that sulphur is a non-metal
electrical conductivity test:
does not conduct electricity

burning to form sulphur dioxide, dissolving
sulphur dioxide in water, and testing pH:
acidic solution




Chemical Families

Elements in the same Group
have the same number of
outer shell electrons.

Chemical properties are
determined by the number of
outer shell electrons.

This means elements in the
same Group have similar
chemical properties - so each
Group is a chemical family.

Group O - The Noble Gases

Hands vp,all |
those with seve
electrons in

the odtel shell

Group 7 - The Halogens



The noble gases

The noble gases are in Group O (or 8)

Appearance: They are colourless gases

The noble gases prefer to be alone

Reactivity: They are V€'Y unreactive

Electron arrangement: The have a full outer shell.

Kﬁo(e e\ectrons, 5\(.73

(No thanks , T'm }u\lJ
N 9




They do not readily react because
they have a full outer shell and
therefore don’t form stable ions.

It takes a lot of energy to rearrange
the full outer shell so that it could
form bonds with other atoms, so this
doesn’t happen either.



