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Chemical Formulae

A chemical formula is a shorthand way of writing the name of a chemical. The formula of a covalent molecular compound shows the number of atoms present in a molecule e.g. H2O indicates that a water molecule contains 2 hydrogen atoms and one oxygen atom.

Formulae of Elements

Most elements have their SYMBOL as their formula e,g.
carbon:
C


magnesium:
Mg

copper:
Cu

The exceptions are the DIATOMIC MOLECULES:

hydrogen 
H2


nitrogen
N2
oxygen
O2


fluorine
F2
chlorine
Cl2


bromine
Br2
iodine

I2
Formulae of Compounds
Valency

The valency of an element indicates its combining power and shows how many bonds it can form with other atoms.
The valency of an element can be worked out from its position in the periodic table as shown in the table below.

	Group Number
	1
	2
	3
	4
	5
	6
	7
	0

	Valency
	1
	2
	3
	4
	3
	2
	1
	0


This can be summarised as:

	Group
	Valency

	1 – 4
	Same as group number

	5 – 7
	8 – group number


The noble gases (group 0) have a valency of zero as they do not usually form bonds with other elements.

Complete the following table by working out the valency of the elements shown:

	Element
	Valency

	magnesium
	

	chlorine
	

	potassium
	

	sulphur
	

	argon
	

	aluminium
	


Writing Formulae of Compounds using SVSDF

EXAMPLE 1

What is the formula for sodium oxide?
Step 1
:

SYMBOLS


Na

O

Step 2:

VALENCY


1

2
Step 3:

SWAP



2

1

Step 4:

DIVIDE


2

1

Step 5:

FORMULA


Na2O

EXAMPLE 2

aluminium oxide

EXAMPLE 3

calcium sulphide

S
Al
O




S
Ca
S
V
3
2




V
2
2

S
2
3




S
2
2
D
2
3




D
2
2
F
Al2O3






1
1







F
CaS

Formulae Practice

Work out the formulae of the following compounds:

(a) magnesium chloride
(b) hydrogen sulphide
(c) sodium fluoride

(d) potassium oxide

(e) calcium sulphide

(e) aluminium nitride

Formulae from Names of Compounds
The formulae of some compounds can be worked out from their NAMES. If the name contains the following PREFIX, the formula is taken straight from the name: 
	Prefix
	Number

	Mono-
	1

	Di-
	2

	Tri-
	3

	Tetra-
	4

	Penta-
	5


Examples

carbon monoxide

CO

sulphur trioxide

SO3
carbon tetrachloride
CCl4
Practice

Work out the formulae of the following compounds:

(a) nitrogen dioxide

(b) phosphorus pentachloride

(c) boron tribromide

(d) dinitrogen tetroxide
Formulae of Compounds Containing Group Ions

Some ions consist of more than one atom and are known as group ions. The formulae of common group ions are shown in the data booklet.

The valency is the size of the charge on the ion.

SO42-


NO3 -


OH -


PO4 3-

sulphate ion

nitrate ion

hydroxide ion
phosphate ion
valency = 2

valency = 1

valency = 1

valency = 3
EXAMPLE 1

sodium carbonate
S


Na
CO3 2-
V


1
2

S


2
1

D


2
1

F


Na2CO3
EXAMPLE 2

magnesium hydroxide

S


Mg
OH –

V


2
1

S


1
2

D


1
2

F


Mg (OH)2
BRACKETS ARE USED WHEN THERE IS MORE 




THAN ONE GROUP ION
EXAMPLE 3

calcium phosphate

S


Ca
PO4 3-
V


2
3

S


3
2

D


3
2

F


Ca3(PO4)2
Formulae Practice

Work out the formulae of the following compounds:

(a) magnesium carbonate
(b) lithium sulphate
(c) calcium hydroxide

(d) barium nitrate

(e) potassium permanganate
(f) sodium phosphate
Ionic Formulae

Ionic compounds can be represented by IONIC FORMULAE. This involves showing the charges on each of the ions.

Example 1
potassium oxide

SYMBOLS


K
O

CHARGES


K +
O 2-
VALENCY


1
2
BALANCE CHARGES
(SWAP VALENCY)

2
1

IONIC FORMULA

(K+)2 O 2-
Example 2
magnesium nitrate

S


Mg

NO3 –
C


Mg 2+

NO3 –

V


2

1
B


1

2
I F

Mg 2+ (NO3-)2
Formulae Practice

Work out the ionic formulae of the following compounds:

(a) aluminium oxide

(b) lithium sulphate

(c) calcium hydroxide

(d) barium nitrate

(e) potassium permanganate
(f) sodium fluoride

Formulae Using Roman Numerals – Transition Elements
Roman Numerals are used in chemical formulae to indicate the valency for elements which can have more than one valency – particularly the transition elements.


Roman Numeral

Valency



I


   1


         II


   2


         III


   3


         IV


   4



V


   5


         VI


   6

Examples

copper (I) chloride



copper (II) chloride

S

Cu
Cl



Cu
Cl

V

1
1



2
1

S

1
1



1
2

D

1
1



1
2

F

CuCl




CuCl2
Formulae Practice

Work out the formulae of the following compounds:

(a) gold (III) oxide

(b) tin (II) chloride

(c) iron (III) sulphide

(d) copper (I) nitrate

(e) lead (II) sulphate

(f) silver (I) oxide
BALANCING CHEMICAL EQUATIONS
A chemical equation is a shorthand way of describing how the reactants change into products during a chemical reaction.
Reaction

When magnesium burns it reacts with oxygen in the air, forming the white powder magnesium oxide.

Word Equation

magnesium
+
oxygen


magnesium oxide

               REACTANTS



     PRODUCT

Formula Equation
Mg

+
O2



  MgO
This equation is unbalanced as the number of reactant atoms and product atoms are different. For the number of reactant and product to be the same, the equation needs to be balanced.
REACTANTS




PRODUCTS

Mg = 1






Mg = 1

O  =  2





O = 1
Balancing the Equation

Equations are balanced by placing a number IN FRONT of the formulae to give the same number of atoms on each side. Deal with one element at a time
Mg

+
O2



  MgO

REACTANTS




PRODUCTS

Mg = 1






Mg = 1


balanced
O  =  2





O = 1


unbalanced
In the equation above the number of magnesium atoms is the same on each side of the equation. There are unequal numbers of oxygen atoms. Placing a ‘2’ in front of the MgO increases the number of oxygen on the product side but unbalances the number of Mg atoms

Mg

+
O2



  2MgO

REACTANTS




PRODUCTS

Mg = 1






Mg = 2

unbalanced

O  =  2





O = 2


balanced

This is resolved by 

2Mg

+
O2



  2MgO

REACTANTS




PRODUCTS

Mg = 2





Mg = 2

balanced

O  =  2





O = 2


balanced

Balanced Formula Equation

2Mg

+
O2



  2MgO

Reaction
When propane (C3H8) burns in a patio heater, it reacts with oxygen producing carbon dioxide and water.

Word Equation

butane
+
oxygen


carbon dioxide
+ 
water

Formula Equation
C3H8

+
O2



CO2

+
H2O

C = 3






C = 1

H = 8






H = 2

O = 2






O = 3

Dealing with one element at a time

Balancing C

C3H8

+
O2



3CO2

+
H2O

C = 3






C = 3
H = 8






H = 2

O = 2






O = 3

Balancing H

C3H8

+
O2



3CO2

+
4H2O

C = 3






C = 3

H = 8






H = 8

O = 2






O = 3

Balancing O

C3H8

+
5O2



3CO2

+
4H2O

C = 3






C = 3

H = 8






H = 8

O = 10






O = 10

Balanced Formula Equation

C3H8

+
5O2



3CO2

+
4H2O

Balance the following equations

1. CO
+
O2


CO2
2. H2
+
Cl2


HCl
3. C2H4
+
O2


CO2
+
H2O

4. Na 
+ 
H2O


NaOH
     +     H2
5. AgNO3   +    MgCl2



AgCl   +  Mg(NO3)2
Chemical Calculations
Formula Mass

The formula mass is calculated by adding together all the relative atomic masses of the atoms (or ions) in a formula.

EXAMPLE 1

Calculate the formula mass of carbon dioxide

Formula



CO2
Relative Atomic Masses

C


O




       12
      

16
Multiply by the Number      1 X 12

        2 x 16
of Atoms

Add Together


12 
+ 

32

Formula Mass



44
(the formula mass has no units as atomic masses are measured on a relative scale)

Example 2

Calculate the formula mass of calcium hydroxide

Formula



Ca(OH)2
Relative Atomic Masses

Ca


O


H






40


16


1
Multiply by the Number

1 x 40


2 x 16


2 x 1


of Atoms

Add Together


40

+
32

+
2

Formula Mass





74

Formula Mass Practice
Calculate the formula mass of the following:

(a) sodium chloride

(b) sulphur dioxide
(c) calcium carbonate

(d) water (hydrogen oxide)

(e) nitrogen hydride

THE MOLE

In chemistry, a mole is a unit of measurement, a quantity. One mole of any substance is its formula mass in GRAMS. This is also known as GRAM FORMULA MASS.
e.g.

carbon dioxide

Formula Mass

44

1 mole


44g

2 moles


88g

0.5 moles


22g

10 moles


440g

The relationship between moles, mass and gram formula mass is shown in the triangle below:




       Mass






   m



  Number of Moles
Gram Formula Mass

     n

 gfm
From the triangle:
Mass  = number of moles x gram formula mass

m = n x gfm

Number of moles = mass/gram formula mass


n = m/gfm


Example 1

Calculate the mass of 0.5 moles of sodium carbonate




Mass = number of moles x gram formula mass

Gram Formula Mass

Na2CO3
Relative Atomic Masses

Na

C

O






23

12

16

Multiply by Number

2 x 23
1 x 12

3 x 16

 of Atoms



Add Together


46

12

48

Formula Mass


106

Gram Formula Mass

106g


CALCULATION

m  =  n  x  gfm





m =  0.5  x  106





m = 53g

Example 2

Calculate the number of moles in 9g of water








Number of moles = mass/gram formula mass


Gram Formula Mass

H2O

Relative Atomic Masses

H

O






1

16

Multiply by the Number

of Atoms



2 x 1

1 x 16

Add Together


2
+
16

Formula Mass


    
18

Gram Formula Mass


18g


CALCULATION

n = m/gfm

n = 9/18
n = 0.5 moles

PRACTICE
1. Calculate the mass of the following:

(a) 2 moles of potassium hydroxide (KOH)

(b) 0.1 moles of sulphuric acid (H2SO4)

(c) 0.25 moles of sulphur dioxide (SO2)

(d) 4 moles of methane (CH4)

2. Calculate the number of moles in each of the following:

(a) 25g of calcium carbonate (CaCO3)
(b)  4g of sodium hydroxide (NaOH)
(c) 34g of ammonia (NH3)

(d) 8.7g of potassium sulphate (K2SO4)

Mole Calculations Involving Solutions

The CONCENTRATION of a solution depends on the mass of solute dissolved in a certain volume of water (aqueous solutions).

Concentration is measured in MOLES PER LITRE (mol l-1).
A 1 mol l-1 solution contains 1 mole of solute dissolved in 1 litre of water
A 2 mol l-1 solution contains 2 moles of solute dissolved in 1 litre of water

The relationship between moles, concentration and volume is shown in the triangle below:









n





number of moles 


 
c



v
       
concentration

     volume

       
  in mol l-1


     in litres

              number of moles = concentration  x  volume

concentration = number of moles

volume = number of moles




volume



     concentration



Example 1

Calculate the number of moles in 250cm3 of a 0.2mol l-1 solution of sodium chloride.

n = c x v


n = 0.2 x 0.25*



* to change from cm3 to l divide 


n = 0.05 moles



   by 1000
Example 2

Calculate the concentration of a solution if 3 moles of magnesium chloride are dissolved in 750cm3 of water.


c = n

     v


c = 3

   0.75


c = 4 mol l-1
Example 3

Calculate the volume of water required to dissolve 2 moles of potassium nitrate to form a 0.4 mol l-1 solution.


v = n
           c


v = 2

    0.4


v = 5 litres

Practice

(a) Calculate the number of moles in  500cm3 of a 2 mol l-1 of calcium 
     chloride.

(b) Calculate the concentration of a solution when 1.5 moles of nitric acid 
      is dissolved in 1500cm3 of water.

(c) Calculate the volume of a sodium carbonate solution, concentration 
     2 mol l-1 containing 0.5 moles of the solute.

(d) Calculate the concentration of a solution of hydrochloric acid containing 

     0.1 moles dissolved in 50cm3 of water.

(e) Calculate the number of moles of sodium hydroxide in 100cm3 of a 

     0.4mol l-1 solution.

Additional Questions (using both triangles)





m





n




   n
    gfm


  
   c
    v
Worked Example
Calculate the mass of sodium hydroxide required to produce 500cm3 of a

0.1 mol l-1 solution. 
The question gives a concentration and a volume, so step 1, calculate the number of moles using the first triangle  (n = c x  v )


n = c x v



n = 0.1 x 0.5



n = 0.05 moles
   This answer can be substituted into the second triangle  (m = n x gfm)


m = n x gfm

    Gram Formula Mass
NaOH



Na

O

H




23

16

1




1 x 23

1 x 16

1x1




23
+
16
+
1




40

     gfm

40g



m = 0.05 x 40



m = 2g

Practice

(a) Calculate the concentration of a solution containing 2g of sodium 
     hydroxide dissolved in 500cm3 of water.

(b)  Calculate the mass of calcium chloride required to make 250cm3 of a
      solution, concentration 0.1 mol l-1
(c) Calculate the volume of water needed to dissolve 53g of sodium 
           carbonate to give a solution with concentration 2 mol l-1
Calculations from Balanced Equations

Quantities of reactants and products in a chemical reaction can be calculated from a balanced equation.
Worked Example

Calculate the mass of carbon dioxide produced when 1.6g of methane burns completely in oxygen.

Balanced Equation


CH4  +  2O2  

CO2  +  2H2O

Mole Ratio



CH4  +  2O2  
CO2  +  2H2O





1 mole


1 mole



(the numbers in front of the formula show the number of moles)

Moles to Mass


CH4


CO2

m = n x gfm

m = n x gfm





m = 1 x 16

m = 1 x 44






16g


44g

Calculate for the Mass

CH4


CO2

Required 



16g


44g






1.6g


44
x   1.6









16






= 4.4g
Calculation Practice

(a) Calculate the mass of hydrogen produced when 5g of calcium reacts 
     completely with sulphuric acid.



Ca  +  H2SO4


CaSO4  +  H2
(b) Calculate the mass of water produced by burning 8g of hydrogen

2H2  +  O2


2H2O

(c) Calculate the mass of oxygen required to burn 50g of butan-1-ol, C4H9OH

C4H9OH
+
6O2


4CO2

+
5H2O
PAGE  
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