Subatomic particles
The atom is built from three types of basic subatomic
particles:

¢ the proton: protons carry a positive charge (+).
They sit at the very centre of the atom in a heavy
core called the nucleus. Protons are often given
the symbol p*

¢ the neutron: neutrons have no charge. This is
referred to as being neutral. Neutrons are the
heaviest of all the subatomic particles, being just
a little heavier than a proton. Neutrons sit in the
nucleus with the protons. Neutrons are often given
the symbol n

* the electron: electrons have a negative charge
(-). Electrons are very light. They are only about
Y2000th the mass of a proton; that is, 2000
electrons would have about the same mass as a
single proton. Electrons carry a negative charge
and are often given the symbol e™.

Electrons spin around the nucleus at very high
speeds. The region in which electrons spin is vast
compared to the size of the nucleus. Only electrons
inhabit that vast region.

9.3.1 There are
so many and varied
subatomic particles
they are sometimes
referred to as a
‘particle zoo’.

All atoms are electrically neutral: they have no charge.
This means that the charge of every proton must be
cancelled out by the charge of an electron. So, for
every type of atom:

The simplest atom is the hydrogen atom: it has a
single proton in its nucleus and has no neutrons. Only
one electron spins around its nucleus. The next three
simplest atoms are helium, lithium and beryllium.

helium s
lithium

beryllium

Key: © proton{+)  © neufron (no charge) =& electron ()



Atomic number

The number of protons in an atom is called its
atomic number. So:

Atomic number number of protons

number of electrons
in an atom

Mass number

The mass number of an atom is the total number of
particles in its nucleus.

Mass number = number of protons + neutrons
To find out how many protans, neutrans and electrons
there are in an atom:
* protons = atomic number
* neutrons = mass number — atomic number
* electrons = protons = atomic number
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Weird particles

The periodic table

The periodic table shows all the known types of atoms
from the common (e.g. oxygen and nitrogen) to the rare
(e.q. rutherfordium). The atomic number of an atom
gives its place in the pericdic table. The higher the
atomic number, the more protons an atom has. This
also makes the atom heavier.

The vertical columns in the periodic table are called
groups. Groups are numbered using the Roman
numerals 1, II, I, IV, V, VI, VIl and VIII. Atoms in the
same group have similar properties. For example, all

of the noble gases are in Group VIII. All are gases and
none of them react easily with other elements. Likewise,
all the elements of Group Il are reactive metals.

The horizontal rows in the periodic table are called
periods (which is also where the name of the table
comes from).
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Elements

Chemical elements are made up of atoms that are all
basically the same. A block of copper, for example, is
made up entirely of copper atoms while diamond (a
form of carbon) is made up entirely of carbon atoms.
The pericdic table is a list of all the different types of
atoms and is also a list of all the different elements
that exist. Each baox in the pericdic table represents a
different element which is made from a different type
of atom.

Element symbols

Each element has its own abbreviation or symbol.
Symbaols always have one or two letters, the first
always being a capital.

Some symbols:
* use just the first letter of the element’s name
e.g. O = oxygen, C = carbon, F = fluorine
* use the first two letters of the name
&.g. Si = silicon, Al = aluminium, Ca = calcium
* use the first letter of the name and another letter in it
e.g. Ma = magnesium, Cl = chloring, Pt = platinum
* use symbols based on their older, Latin names
e.g. Na = sodium (natrium), Cu = copper (cuprum),
Au = gold (aurum).

Symbaols make it quicker to write an element’s name
and make it possible to write chemical reactions as
equations.

Symbols for atoms

Atoms of a particular element all have the same
numker of protons, but may have different numbers
of neutrons. Scientists use a shorthand way of writing
all this information about an atom.

- = number of protons + number of neutrons

39
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More about electrons

Electrons do not just spin anywhere around

the nucleus. They spin in special regions called
electron shells or energy levels. The first and
innermost shell can only hold two electrons. The
next shells are bigger and each can hold up to
eight electrons. The innermost shells are used and
filled first. When a shell is filled, electrons begin to
fill the next shell.

For example, sodium (Na) has eleven electrons.
Two electrons spin in the inner shell and eight in
the next. This leaves one to spin in the third shell.
This is shown in 9.3.5 below.

nucleus containing e shell 1
11 protons and containg
12 neutrons 2 electrons
(max. 2)
23 / ' / \
1Na \
shell 3 _/ shell 2
contains o contains
1 slectron _— gy 8 electrons
(max. &) Tr—— (max, §)

9.3.5 Asodium atom has three electron shells —
the inner two shells are filled to capacity and a solitary

electron spins around in the third shell.




Revision questions

Subatomic particles

1 Copy and complete this table for the three types
of subatomic particles.
Subatomic | Symbol Charge Mass Location
particle
2000 times
heavier
than an
electran
little heavier | nucleus
than a
prioton
electron none
2  Draw a labelled diagram of a hydrogen atom.

Atoms and numbers

3

True or false?

a  An atom has the same number of protons
as it does electrons.

b The atomic numker is the number of protons
in an atom.

¢ An atom always has the same number of
neutrons as it does protons.

d  The mass number is the number of neutrons
in an atom.

e  The mass number is the number of particles
in the nucleus.

The periodic table

4

Lse the periodic table to find the name of the
element that has the symbaol:

a Ag
b CI
c K
d W
e Zn.

Use the periodic table to find the name of
the element:

a Fe

b with an atomic number of 33

¢ in Group VI, Period 2

d  which is the smallest of all atoms.

Elements

6

A chlorine atom (Cl) has 17 protons, 18 neutrons
and 17 electrons. What would be its:

a atomic number

b mass number

¢ symbol?

A boron atom has the symbaol 11B.

a What is its atomic number?
b What is its mass number?

More about electrons

10

What is another name for an electron shell?

In an atom, what number of electrons fit in the:
a innermost shell
b second shell?

How are the eleven electrons of the sodium atom
arranged?

Thinking questions

11

Hydrogen is an unusual atom. ldentify why.

Analysis questions

12

13

14

15

Lithium (Li) has a mass number of 7 and an
atomic number of 3. How many of each of the
fallowing does one atom of lithium contain?

a protons

b neutrons

c electrons.

A uranium atom has the symbel 233U, In a single

atom of uranium, how many of these particles
are there?

a protons
b neutrons
c electrons.

Use the periodic table to find the atomic numbers
of each of these atoms:

a Ca
b mercury
c nitrogen
d Fe.

How many protons would be in each of these
atoms?

a atomic number = 25
b carbon
c K.



