Atoms, elements and compounds
IGCSE Chemistry

Elements, compounds and mixtures

A pure element (vanadium): elements are the simplest substances.

All substances are made from about 100 simple building blocks. Knowing how they
are joined lets you sort every substance into one of three groups.

An element JGZ is a substance made of only one type of atom J5if-. You cannot
break it into anything simpler by a chemical reaction. Examples: copper, oxygen,
carbon.

A compound A ¥) is two or more elements chemically joined (bonded) to-
gether. The atoms are joined in a fixed ratio. Examples: water, carbon dioxide. A
compound has different properties from the elements in it.

A mixture JE&¥) is two or more substances that are just mixed, not chemically
joined. The parts keep their own properties and can be separated by physical
methods. Example: air.

The key difference: in a compound the elements are bonded and can only be separated
by chemical reactions; in a mixture they are not bonded and are easy to separate.
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element compound mixture
only one type of atom different atoms bonded not bonded,
in a fixed ratio easy to separate

An element has one type of atom; a compound has different atoms bonded in a fixed
ratio; a mizture is not bonded

Atomic structure

Inside the atom

Every atom has a small, dense centre called the nucleus J§i 14#%. Around it, electrons
H, ¥ move in shells )2 (energy levels). The nucleus contains two kinds of particle:
protons Jfi T~ and neutrons H1-1-.

electron shells
(energy levels)

nucleus
(protons + neutrons) electron

lithium, Li: 3 protons, 4 neutrons
electron configuration 2,1

An atom has a tiny nucleus of protons and neutrons, with electrons in shells around it

Each particle has a relative mass and a relative charge Fifij. You must learn these
values:
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Particle Relative mass Relative charge

proton 1 +1
neutron 1 0
electron g (almost 0)  —1

An atom has no overall charge because it has equal numbers of protons (41 each) and
electrons (—1 each).

Proton number and mass number

Two numbers describe an atom:

o The proton number Jii{4{ (also called the atomic number J5-fJF4{) is the

number of protons in the nucleus. It tells you which element the atom is.

o The mass number Jii %] (also called the nucleon number #1%{) is the total
number of protons and neutrons in the nucleus.

So the number of neutrons = mass number — proton number.
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Electronic configuration

The electrons fill the shells from the inside out. The first shell holds up to 2 elec-
trons; the next shells hold up to 8 each (for the first 20 elements). The electronic
configuration Hf-fff lists how many electrons are in each shell, starting from the
inside.

For example, an atom with 13 electrons has the configuration 2,8,3. Sodium (proton
number 11) is 2,8, 1. Calcium (proton number 20) is 2,8, 8, 2.

The configuration links to the Periodic Table J&i3:

e A Group J% number (Groups I to VII) equals the number of electrons in the outer
shell. So 2,8,1 is in Group I.

o A Period J&#] number equals the number of shells that hold electrons. So 2,8, 1
has three shells, so it is in Period 3.

o The noble gases i & in Group VIII (or 0) have a full outer shell, which
makes them very unreactive.

@ 1 electron in the outer shell
— Group |

3 shells in use
— Period 3

shells fill from the inside:
1st holds 2, then 8, then 8

sodium: 2, 8, 1

Sodium’s configuration 2,8,1 links to the Periodic Table: one outer electron means
Group 1, three shells means Period 3

Isotopes

Isotopes [f]{i/ % are atoms of the same element that have the same number of protons
but different numbers of neutrons. Because the proton number is the same, they are
the same element. Because the neutron number is different, they have different mass
numbers.

You write an atom with its mass number on top and proton number below, like (2C.
For an ion you add the charge, like 33C1™.

IGCSE Chemistry ¢ 2 Atoms, elements and compounds @



[sotopes of an element have the same chemical properties. This is because chemical
reactions only involve electrons, and isotopes have the same number of electrons and
the same electronic configuration. (The extra neutrons change only the mass.)

Calculating relative atomic mass

The relative atomic mass X i & (A,) of an element is the average mass of
its atoms, taking into account how common each isotope is. The abundance FJ¥ is
the percentage of each isotope.

> (isotope mass x abundance)
100

A, =
For example, chlorine is 75% 2>Cl and 25% 37Cl:

(35 x 75) + (37 x 25)

" 100
A, =355
closer to the common isotope
35 37
25%
75%
2
A= (35 75)130(37 x 25) = 35.5 - a weighted average by abundance

Relative atomic mass is a weighted average: chlorine is 75 percent Cl-35 and 25
percent Cl-37, so A_ris 85.5

Worked example. Boron has two isotopes, B and !B, and its A, is 10.8. Find
the percentage of each. Let the abundance of !B be z, so the abundance of °B is
(100 — x). Then

11z 4+ 10(100 — x)

= 10.8
100

so 11z + 1000 — 10z = 1080, giving x = 80. Boron is 80% ''B and 20% '°B. Check it
against common sense: 10.8 lies closer to 11, so the heavier isotope must be the more
common one. If your answer gives the majority to the isotope further from A, you
have them the wrong way round.
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Ions and ionic bonds

An ion &f is an atom (or group of atoms) that has lost or gained electrons, so it
has an electric charge.

o A metal atom loses electrons to form a positive ion, called a cation [HE .
o A non-metal atom gains electrons to form a negative ion, called an anion [T

Atoms do this to get a full outer shell, like a noble gas.

How an ionic bond forms

An ionic bond B f-# is a strong electrostatic attraction ##H, 5| /7 between
oppositely charged ions (a + ion and a — ion pull together).

Ionic bonds form between a metal 4:J& and a non-metal 34 J&. Take sodium
chloride, NaCl. Sodium (2,8, 1) gives its one outer electron to chlorine (2,8,7). Now
sodium is Nat (2,8) and chlorine is C1~ (2,8,8). Both have full outer shells, and the

opposite charges attract.

You can show this with a dot-and-cross diagram: draw each atom’s outer-shell
electrons as dots for one element and crosses for the other, then show the electron
moving from the metal to the non-metal.

transfers
1 electron
2,8,1 2,8,7
lform ions
+ opposite charges attract:
a strong ionic bond
[Na]* 2,8 [C]— 2,8,8

Sodium gives its outer electron to chlorine; both reach full outer shells and the
opposite charges attract (the blue electron came from sodium)
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The structure and properties of ionic compounds

An ionic compound B 14L& is not made of separate molecules 4. The
ions pack together into a giant lattice fh#% — a regular pattern of huge numbers of
alternating %2 ¥ positive and negative ions.

—  ClI” ion

@ _ @ _ @ @ Na™ ion
a regular, repeating 3-D pattern of

. @ - @ - alternating + and — ions

Tons pack into a giant lattice: a reqular, repeating pattern of alternating positive and
negative 10ns

This structure explains the properties:

Property Reason
high melting point 44 and boiling point i & the strong electrostatic attraction between ions needs a lot of energy to break
poor electrical conductivity S:Hi 4 when solid the ions are fixed in place and cannot move

good conductor when molten #4fl or aqueous 7/KiA# the ions are now free to move and carry charge

Simple molecules and covalent bonds

A model of a water molecule: atoms share electrons in covalent bonds.
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A covalent bond I:{f}## forms when two atoms share a pair of electrons. By
sharing, each atom gets a full outer shell (a noble gas configuration). Covalent bonds
form between non-metal atoms.

Some molecules to know:

Hy, — two hydrogen atoms share one pair of electrons (a single bond).
Cly, HC1 — one shared pair each.

H>O — oxygen shares one pair with each of two hydrogen atoms.
NH3; — nitrogen shares a pair with each of three hydrogen atoms.
CH,; — carbon shares a pair with each of four hydrogen atoms.

Oy and COy have double bonds (two shared pairs); Ny has a triple bond (three
shared pairs); CoHy and CH30H also use shared pairs.

In a dot-and-cross diagram for a molecule, you draw the outer electrons of each atom
and show which pairs are shared in the overlap between the atoms.

hydrogen, Ho
one shared pair water, HyO

two shared pairs methane, CH,4
four shared pairs

In a covalent bond, atoms share pairs of electrons so each reaches a full outer shell

Properties of simple molecular compounds

These substances are made of small, separate molecules.

They have low melting points and boiling points. The covalent bonds inside each
molecule are strong, but the intermolecular forces 73F [A]{EH /7 (the forces
between one molecule and the next) are weak, so little energy is needed to separate
the molecules.

They are poor conductors of electricity, because the molecules have no overall
charge and no free electrons or ions to carry charge.
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Giant covalent structures

Some covalent substances are not small molecules. Instead, millions of atoms are
joined by covalent bonds into one giant covalent structure EZI:A4/+454). The two
you must know are both forms of carbon.

Diamond 4:NW|f5: each carbon atom is bonded to four other carbon atoms. This
makes a very strong, rigid 3-D network. Diamond is extremely hard, so it is used in
cutting tools )& T H.

Graphite f758: each carbon atom is bonded to only three others, forming flat layers
JZ. There are weak forces between the layers, so the layers can slide over each other
— this makes graphite a good lubricant j[H}&f]. The fourth outer electron of each
carbon is free; these delocalised electrons Bl Hi |- can move, so graphite conducts
electricity and is used as an electrode Hif}%.

diamond graphite

each carbon bonded to 4

flat | fh | ri
others: a hard 3-D network at jayers of hexagonal rings

(each C bonded to 3); weak
forces let the layers slide

Diamond bonds each carbon to four others (hard); graphite forms flat layers with
weak forces between them (slippery)

Silicon(IV) oxide % bfE (SiO2) has a giant covalent structure like diamond, so
it is also very hard and has a very high melting point.
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Metallic bonding

A metal is a giant structure of positive ions surrounded by a ’'sea’ of delocalised
electrons that are free to move through the whole metal. Metallic bonding 4>
JE 5 is the strong electrostatic attraction between these positive ions and the sea of
electrons.

4 4F 4F 4=
[ J [ ]
¢ ¢ ‘sea’ of delocalised
+ @ [ + + | @ + | electrons, free to
move and carry charge
e © o O
4F 4F 4F 4F

positive metal ions in a fixed lattice

A metal is positive ions in a ‘sea’ of delocalised electrons that are free to move and
carry charge

This explains two key properties of metals:

e Good electrical conductivity: the delocalised electrons are free to move and
carry charge through the metal.

o Malleability &£ (can be hammered into sheets) and ductility L (can be
pulled into wires): the layers of positive ions can slide over each other without
breaking the metallic bond, so the metal changes shape instead of shattering.

Exam tips

o Number of neutrons = mass number — proton number. The proton number is
what decides which element an atom is.

o Isotopes have the same chemical properties because reactions involve only elec-
trons, and isotopes share the same electron configuration; only the mass differs.

« Match structure to properties: ionic = giant lattice (high melting point; conducts
only when molten or aqueous); simple molecular = weak forces between molecules
(low melting point; no conduction); giant covalent = very hard, very high melting
point.

« Graphite conducts and is slippery (one free electron per carbon; layers slide);
diamond does neither (all four electrons bonded, so hard and non-conducting).

Metals conduct and bend thanks to the sea of delocalised electrons.
> (isotope mass x abundance)

o For relative atomic mass, take the weighted average: A, = 100
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