{ i STOICHIOMETRY

Chemical formulas and the mole concept

ELEMENTS FORMULAS OF COMPOUNDS

All substances are made up of one or more elements. An Compounds can be described by different chemical formulas.
element cannot be broken down by any chemical process
into simpler substances. There are just over 100 known
elements. The smallest part of an element is called an atom.

Empirical formula (literally the formula obtained by
experiment)

This shows the simplest whole number ratio of atoms of each
Names of the first 20 elements element in a particle of the substance. It can be obtained by
either knowing the mass of each element in the compound or

Atomic Name Symbol Relative ¢ h ition b fth d
Number atomic mass rom the percentage composition by mass of the compound.
1 hydrogen H 101 The percentage composition can be converted directly into
) helium He 4.00 mass by assuming 100 g of the compound are taken.
3 lithium Li 6.94 Example: A compound contains 40.00% carbon, 6.73%
4 beryllium Be 9.01 hydrogen and 53.27% oxygen by mass, determine
5 boron B 10.81 the empirical formula.
(7) rcm?trrzzr;n g 1 1218} Amount /mol Ratio
C 40.00/12.01 = 3.33 1 .
8 oxygen O 16.00 B Empirical formula
9 fluorine F 19.00 (Hj 52;%1 '602)0: ggg ? =CH,O
10 neon Ne 20.18 ‘ R
11 sodium Na 22.99
12 magnesium Mg 24.31 Molecular formula
13 aluminium Al 26.98 For molecules this is much more useful as it shows the actual
14 silicon Si 28.09 number of atoms of each element in a molecule of the
15 phosphorus P 30.97 substance. It can be obtained from the empirical formula if
16 sulfur S 32.06 the molar mass of the compound is also known.
17 chlorine Cl 35.45 Methanal CH,O (M, =30), ethanoic acid C,H,O, (M, = 60)
18 argon Ar 39.95 and glucose C H;,0, (M, = 180) are different substances with
19 potassium K 39.10 different molecular formulas but all with the same empirical
20 calcium Ca 40.08 formula CH,O. Note that subscripts are used to show the
I number of atoms of each element in the compound.
COMPOUNDS Structural formula

This shows the arrangement of atoms and bonds within a

S eu Risinmess are s U el astogle-£lement: aithangh molecule and is particularly useful in organic chemistry.

there may be more than one atom of the element in a

particle of the substance. Oxygen is diatomic, that is, a The three different formulas can be illustrated using ethene:
molecule of oxygen contains two oxygen atoms. A H H
compound contains more than one element. For example, a H CH C.H T=

. ol ~
molecule of water contains two hydrogen atoms and one . ke H H

oxygen atom. Water is a compound not an element because

. l L . (can also be written
it can be broken down chemically into its constituent

H,C=CH
elements: hydrogen and oxygen. 2 2
empirical molecular structural

formula formula formula

MOLE CONCEPT AND AVOGADRO’S CONSTANT

A single atom of an element has an extremely small mass. For example an atom of carbon-12 has a mass of 1.993 x 10723 g.

This is far too small to weigh. A more convenient amount to weigh is 12.00 g. 12.00 g of carbon-12 contains 6.02 x 10?3 atoms
of carbon-12. This number is known as Avogadro’s constant (N, or L).

Chemists measure amounts of substances in moles. A mole is the amount of substance that contains L particles of that substance.
The mass of one mole of any substance is known as the molar mass and has the symbol M. For example, hydrogen atoms have
]iz of the mass of carbon-12 atoms so a mole of hydrogen atoms contains 6.02 x 10?* hydrogen atoms and has a mass of 1.01 g.
In reality elements are made up of a mixture of isotopes.

The relative atomic mass of an element A, is the weighted mean of all the naturally occurring isotopes of the element relative to
carbon-12. This explains why the relative atomic masses given for the elements above are not whole numbers. The units of molar
mass are g mol~" but relative molar masses M, have no units. For molecules relative molecular mass is used. For example, the M,
of glucose, C(H,,04 = (6 x 12.01) + (12 x 1.01) + (6 x 16.00) = 180.18. For ionic compounds the term relative formula mass

is used.

Be careful to distinguish between the words mole and molecule. A molecule of hydrogen gas contains two atoms of hydrogen
and has the formula H,. A mole of hydrogen gas contains 6.02 x 102% hydrogen molecules made up of two moles (1.20 x 1024)
of hydrogen atoms.




