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NATIONAL 4 AND NATIONAL 5 CHEMISTRY

Unit 1: Chemical Changes and Structure

Topic 3A
WRITING CHEMICAL FORMULAE

(INCLUDING – IONIC FORMULAE)
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	Name  __________________________________  Class _____


	Unit 1:  Chemical Changes and Structure

	Topic 3a: Writing Chemical Formulae


	LEVEL
N4  N5
	AFTER COMPLETING THIS TOPIC YOU SHOULD BE ABLE TO:
	NOTES
(Page)
	How well I have understood  (()

	
	
	
	(
	(
	(

	N4
	State that an element is a substance made from one kind of atom.
	5
	
	
	

	N4
	State that there are two types of element symbol – capital letter only, or capital letter and a small letter.
	5- 6
	
	
	

	N4
	State that the formula of most elements is their symbol.
	7
	
	
	

	N4
	State that Group VIII elements exist as single atoms and are described as monatomic. 
	7
	
	
	

	N4
	Name and write the formulae of the diatomic elements.
	7- 8
	
	
	

	N4
	State that a molecule is a group of atoms joined together.
	8
	
	
	

	N4
	State that the forces of attraction, which hold atoms together in a molecule, are called bonds.
	9
	
	
	

	N4
	State that a compound is a substance made from different kinds of atom joined together.
	9
	
	
	

	N4
	State that a chemical formula is a shorthand way of writing the name of an element or compound.
	9
	
	
	

	N4
	State that compounds ending in “-ide” are usually made from two elements. 
	10
	
	
	

	N4
	Name the elements in a compound whose name ends in “-ide.”
	10
	
	
	

	N4
	Name a compound, which contains two elements from its formula. 
	11
	
	
	

	N4
	State that a compound whose name ends in “-ate” or “-ite,” contains three elements, one is always oxygen.
	11
	
	
	

	N4
	Name the elements in a compound whose name ends in “-ate” or “-ite”
	11-12
	
	
	

	N4
	State that the valency of an atom is the number of bonds it can make.
	12
	
	
	

	N4
	Work out the valency of an atom from its position in the Periodic Table, if it is groups I – VIII (1 – 8.)
	13
	
	
	

	N4
	Draw a valency picture of an atom.
	13
	
	
	

	N4
	Draw a valency diagram of a two-element compound and write the formula of the compound.
	13-14
	
	
	

	N4
	State that when both atoms in a compound have the same valency, there is one of each atom in the formula of the compound.
	13
	
	
	

	N4
	State that when both atoms in a compound have the different valencies, there are numbers in the formula of the compound.
	13
	
	
	


	Unit 1:  Chemical Changes and Structure

	Topic 3a: Writing Chemical Formulae


	LEVEL
N4  N5
	AFTER COMPLETING THIS TOPIC YOU SHOULD BE ABLE TO:
	NOTES
(Page)
	How well I have understood  (()

	
	
	
	(
	(
	(

	N4
	Work out the formula of two-element compound without a valency diagram by using the cross over of valencies method. i.e. the short cut method.
	15
	
	
	

	N4
	Work out the formula of compounds with the prefixes “mono-,“ di-,“ “tri-“, etc in their names.
	16
	
	
	

	N5
	State that there are groups of atoms, which have a valency.
	17
	
	
	

	N5
	State the formula and valency of the following six commonly used groups.
1.
ammonium
2.
hydroxide
3.
nitrate
4.
carbonate
5.
sulfate
6.
phosphate

	17
	
	
	

	N5
	Work out the valency diagram and write the formula of a compound containing groups of atoms.
	17
	
	
	

	N5
	State that the groups of atoms are called “Ions Containing More Than One Atom,” and are listed in a table in the data booklet. 
	18
	
	
	

	N5
	Write the formula of a compound, which has a group of atoms using the cross over method.
	18
	
	
	

	N5
	State that the size of the charge on an ion containing more than one atom is equal to its valency.
	18
	
	
	

	N5
	State that transition metals, tin and lead have more than one valency.
	19
	
	
	

	N5
	State that when an atom has more than one valency, you are informed of the valency by a Roman Numeral inserted in brackets after the name of the element in the compounds’ name. 
	19
	
	
	

	N5
	State that zinc and silver are transition metals, which only have one valency. (Zinc valency = 2, and silver valency = 1.)  The Roman Numeral is often missed out from their compounds’ name.
	20
	
	
	

	N5
	Write the formula of a compound, which contains a transition metal.
	20
	
	
	

	N5
	State that brackets are required in a formula when a group of atoms are used more than once in the formula. 
	21
	
	
	

	N5
	Write out the formula of a compound where a group of atoms is used more than once. 
	22
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	LEVEL
N4  N5
	AFTER COMPLETING THIS TOPIC YOU SHOULD BE ABLE TO:
	NOTES
(Page)
	How well I have understood  (()

	
	
	
	(
	(
	(

	N5
	State that ionic compounds are made from electrically charged atoms called ions.
	23
	
	
	

	N5
	State that metals form positive ions.
	23
	
	
	

	N5
	State that non-metals form negative ions.
	23
	
	
	

	N5
	State that the valency equals the size of the charge on an ion.
	23
	
	
	

	N5
	State that if an ion is used more than once in a formula, both the ion and its charge is enclosed in brackets. 
	23-24
	
	
	

	N5
	Write the ionic formula of a compound which has ionic bonding
	24
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


	N4
	ELEMENTS & SYMBOLS
	N4


ELEMENTS

All substances in the world are made from tiny particles called ATOMS.

DICTIONARY – ELEMENTS

An element is a substance made from one kind of atom only.

[image: image17.wmf]
All elements are listed in the PERIODIC TABLE OF THE ELEMENTS.

There are a little more than 100 elements listed in the Periodic Table, which tells us there are also a little more than 100 different kinds of atom. 
ELEMENT SYMBOLS

Every element has been given its own symbol.

For some elements, the symbol is a single letter, which is the first letter of the element’s name.  Here are a few examples.

	H
	=
	Hydrogen
	O
	=
	Oxygen
	C
	=
	Carbon

	P
	=
	Phosphorus
	N
	=
	Nitrogen
	S
	=
	Sulfur
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Notice the symbol is always a CAPITAL LETTER.

	NOTE:
	
	When you write the name of an element you do not use a capital letter unless you are starting a sentence.

	Example:
	
	hydrogen;  oxygen;  iron;  gold;  copper. 


Most of the remaining elements have symbols consisting of the first letter of their name, followed by one additional letter, usually the 2nd or 3rd letter of the element’s name.

For example:

	He
	=
	Helium
	Al
	=
	Aluminium
	Ne
	=
	Neon

	Si
	=
	Silicon
	Cr
	=
	Chromium
	Cl
	=
	Chlorine


Notice that two-letter symbols always consist

of a capital letter followed by a small letter.

STRANGE SYMBOLS

A number of elements have strange symbols where the letters are not taken from their English names.  These symbols are taken from the foreign language used to name the element when it was first discovered.

The symbol for silver is Ag, which comes from argentum, the Latin name for silver.  Many elements symbols come from Latin names. 

	Au
	Aurum
	(gold)
	K
	Kalium
	(potassium)

	Cu
	Cuprum
	(copper)
	Na
	Natrium
	(sodium)

	Fe
	Ferrum
	(iron)
	Pb
	Plumbum
	(lead)


	N4
	FORMULAE OF ELEMENTS
	N4


Most elements are solids. This means a sample of each element will contain billions of atoms closely packed together.  The formulae of most elements are just their symbol.


	Ni
	=
	nickel
	Sn
	=
	tin
	Ca
	=
	calcium


Examples

MONATOMIC ELEMENTS
The group 0 elements are a family of elements called the NOBLE GASES.  These elements are very unreactive and do not join to other atoms or even themselves.

These elements are called MONATOMIC, as they exist as single atoms.

The formulae of the monatomic elements are just their symbol.

	He
	=
	helium
	Xe
	=
	xenon
	Kr
	=
	krypton


Examples

DICTIONARY – MONATOMIC

Monatomic means that an element is made from single atoms that are not joined together.  Group 0 are the monatomic elements.

DIATOMIC ELEMENTS


There are a small number of elements, which exist as molecules made from two atoms.  These elements are called the DIATOMIC ELEMENTS.

DICTIONARY – DIATOMIC

Diatomic means a molecule made from two atoms.  If both atoms in the molecule are the same, the molecule is an element. 

The diatomic elements are:

	hydrogen
	H2
	nitrogen
	N2
	oxygen
	O2

	fluorine
	F2
	chlorine
	Cl2
	bromine
	Br2
	iodine
	I2


All group VII elements are diatomic.  Astatine (At2) has been missed off the list above as it a man-made element.

It is important that you memorise the diatomic elements.
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	To practise writing the formulae of elements, do the ELEMENT FORMULAE examples on page 2 of the Practice Examples Booklet.


	N4
	MOLECULES – ELEMENT & COMPOUND
	N4


A molecule is a group of two or more atoms, which are joined together.  The smallest molecule is made from two atoms, a diatomic molecule.


There are two types of molecule:

· ELEMENT MOLECULE – all the atoms in the molecule are the same type.



· COMPOUND MOLECULE – different atoms are joined together.


DICTIONARY – MOLECULE

A molecule is a group of two or more atoms, which are joined together.

BONDS

The attractive forces, which hold the atoms together in a molecule, are called BONDS.  In drawings of molecules bonds are often drawn as lines between the atoms.


DICTIONARY – BONDS

The attractive forces, which hold atoms together in a molecule, are called bonds.


MIXTURES & COMPOUNDS

A mixture is formed when different elements are put together but they do not react and join. 



When different elements (atoms) react and join together a compound forms.


DICTIONARY – COMPOUND

A compound is a substance made from different atoms joined together.

DICTIONARY – FORMULA

A formula is a shorthand way of writing the name of an element or compound.  Element symbols and numbers are used in a formula.

	N4
	NAMING COMPOUNDS
	N4


-IDE COMPOUNDS

The simplest compounds are made when two elements react and join. Compounds, which are made from two elements, end their name in –ide.

DICTIONARY – “-IDE RULE”
Compounds made from two elements always end their name in “-ide”.

Example:  Name the elements present in potassium oxide.


Elements present:
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	To practise naming the elements in an –ide compound, do the –IDE COMPOUNDS 1 examples on page 2 of the Practice Examples Booklet.


NAMING -IDE COMPOUNDS FROM THEIR FORMULAE

The following example shows how to name an -ide compound from its formula.
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	To practise naming the elements in an –ide compound from its formula, do the
–IDE COMPOUNDS 2 examples on page 2 of the Practice Examples Booklet.


“-ATE” AND “-ITE” COMPOUNDS

Compounds, which end their name in –ate or –ite are made from three elements. One of the elements is always oxygen.

DICTIONARY – “-ATE” and “ITE” RULE

Compounds with a name ending in “-ATE or “-ITE” contains three elements, one is always oxygen.
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	To practise naming the elements in  –ate or – ite compounds, do the –ATE & -ITE COMPOUNDS examples on page 3 of the Practice Examples Booklet.


	N4
	COMPOUND FORMULAE – 2 ELEMENTS
	N4


VALENCY

To write the formula of a compound you need to know the combining power of each atom.  Combining power is called VALENCY.

The valency of an atom is the number of bonds an atom can make.



DICTIONARY – VALENCY

The valency of an atom is the number of bonds it is able to make with other atoms.

VALENCY AND THE PERIODIC TABLE


The valency of most atoms can be worked out from their position on the Periodic Table.


VALENCY DIAGRAM AND FORMULAE

Valency pictures of atoms can be used to make a valency diagram of the formula of a compound.  From the valency diagram of a compound the formula of the compound can be written.

The following examples show how to make a valency diagram of a compound.

Magnesium sulfide




Calcium chloride:
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	To practise drawing valency diagrams of atoms and formulae, do the
VALENCY DIAGRAMS examples on page 3 of the Practice Examples Booklet.


WRITING FORMULA WITHOUT PICTURES

When both atoms in a compound have the same valency, this is the easiest formula to write.


There is just one atom of each element in the formula.

When the atoms in a compound have DIFFERENT VALENCIES there are numbers in the formula.

Using valency diagrams of to write the formula of a compound shows how the following short cuts to writing chemical formulae work.
THE SHORT CUT METHOD FOR WRITING A FORMULA

CALCIUM OXIDE



ALUMINIUM BROMIDE



The cross over method works when the VALENCY of BOTH ATOMS are DIFFERENT.

Be careful when a valency 2 and 4 meet.  This has to be simplified to 1 and 2 before crossing over.

SILICON OXIDE
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	To practise writing the formulae of compounds using the shortcut method , do the FORMULAE OF –IDE COMPOUNDS examples on page 3 of the Practice Examples Booklet.


	N4
	FORMULAE & NAMES
	N4


THE RULE BREAKERS

Sometimes you will find prefixes like “mono,” “di, “tri” or “tetra” in the name of the compound.  These prefixes provide information about the formula of the compound.

EXAMPLES 

carbon monoxide
carbon dioxide
sulfur trichloride


CO
CO2
SCl3


mono = 1
di = 2
tri = 3

When the prefix mono and oxide come together, one of the o’s is dropped to leave monoxide.



These prefixes are used in compounds that break the valency rules, such as carbon monoxide and sulfur trichloride.
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	To practise writing the formulae of compounds which break the formula writing rules, do the RULE BREAKING FORMULAE examples on page 4 of the Practice Examples Booklet.


	N5
	FORMULAE WITH GROUPS 1
	N5


Ammonium compounds and compounds ending with hydroxide, –ate or
–ite contain groups of atoms.  These groups of atoms each have a valency.

Here are the valency pictures of the most commonly used groups.

	ammonium group


valency = 1
	hydroxide group


valency = 1
	nitrate group


valency = 1

	carbonate group

valency = 2
	sulfate group

valency = 2
	phosphate group

valency =3


Examples:

potassium carbonate
ammonium chloride
sodium hydroxide
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	To practise writing the formulae of compounds using the groups of atoms listed above, do the FORMULAE WITH GROUPS 1 examples on page 4 of the Practice Examples Booklet.


USING THE SHORT CUT METHOD

ammonium iodide
potassium sulfate


(NH4) 1 I 1
K 1 (SO4) 2
=  (NH4)I
=   K2(SO4)

USING THE DATA BOOKLET

The data booklet contains a table called “FORMULAE OF SELECTED IONS CONTAINING MORE THAN ONE ATOM.”  This table contains the formulae of all the commonly used groups of atoms.

Here a few examples from the table.
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	To practise writing the formulae of compounds with groups by the short cut method, and using the table called “Formulae of Selected Ions Containing More than One Atom,” do the FORMULAE WITH GROUPS 2 examples on page 4 of the Practice Examples Booklet.


	N5
	ROMAN NUMERALS
	N5


TRANSITION ELEMENTS (OR METALS)

So far you have been writing formulae of compounds using only elements from groups 1 to 7 of the Periodic Table.

Many familiar elements like iron, copper, and gold belong to the TRANSITION METALS.

Most transition metals have more than one valency.  To inform you what the valency of the transition metal is, a Roman numeral is inserted into the name of the compound immediately after the name of transition metal.

EXAMPLES


iron(II) oxide
iron(III) oxide





Fe 2 O 2
Fe 3 O 2


FeO
Fe2O3
Iron can have a valency of either 2 or 3. 
The Roman Numerals you need to know are:

	I
	1
	one
	
	IV
	4
	four

	II
	2
	two
	
	V
	5
	five

	III
	3
	three
	
	VI
	6
	six
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	To practise writing the formulae of compounds which contain a transition metal, do the ROMAN NUMERAL FORMULAE 1 examples on page 5 of the Practice Examples Booklet.


EXCEPTIONS – ZINC & SILVER

Zinc and silver are exceptions as they only have one valency. 




EXCEPTIONS – OTHER ELEMENTS - TIN & LEAD

A number of elements have more than one valency.  Where this occurs the Roman numeral is used in the compounds’ name.


tin(II) sulfate
lead(IV) bromide





Sn 2 (SO4) 2
Pb 4 Br 1


Sn(SO4)
PbBr4
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	To practise writing the formulae of compounds which show the exceptions to the use of a Roman Numeral in the compound name, do the ROMAN NUMERAL FORMULAE 2 examples on page 5 of the Practice Examples Booklet.


	N5
	FORMULAE WITH GROUPS 2
	N5


USING BRACKETS

In the formulae containing groups you have always enclosed the group in brackets.

Brackets are actually only required in a formula when a group is used more than once in the formula. 

EXAMPLES
ammonium iodide
potassium sulfate


(NH4) 1 I 1
K 1 (SO4) 2

=  (NH4)I
=   K2(SO4)


=  NH4I
=   K2SO4 
Ammonium nitrate
(NH4) 1 (NO3) 1
NH4NO3
Potassium phosphate
K 1 (PO4) 3
K3PO4
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	To practise writing the formulae of compounds containing a group of atoms which are only used once in a formula, do the REMOVING BRACKETS examples on page 6 of the Practice Examples Booklet.


MORE THAN ONE GROUP
In the following formulae the groups are used more than once.

If a group is used more than once in a formula, it must be enclosed in brackets.
EXAMPLES

Ammonium sulfate
(NH4) 1 (SO4) 2
(NH4)2SO4
Aluminium carbonate
Al 3 (CO3) 2
Al2(CO3)3

Calcium hydroxide
Ca 2 (OH) 1
Ca(OH)2
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	To practise writing the formulae of compounds containing a group of atoms which are only used more than once in a formula, do the FORMULAE WITH GROUPS 3 examples on page 6 of the Practice Examples Booklet.


	N5
	IONIC FORMULAE
	N5


When a compound is classified as ionic it is made from ions not neutral atoms.
When the formula of an ionic compound is written inserting the charge on the ions, the formula is called an ionic formula. 

DICTIONARY – IONIC FORMULA

An ionic formula is a type of formula that includes the charges on the ions from which it is made.

Examples:
Na+Cl-
Mg2+O2-
Ca2+(Cl-)2
(K+)2SO42-

RULES

There are four rules to remember when writing ionic formulae of ionic compounds.

1. Metals always form positive (+) ions.


2. Non-metals always form negative (-) ions.


3. Valency equals the size of the charge on an ion.


4. When an ion is used more than once in a formula it is enclosed in brackets. 

EXAMPLES


magnesium oxide
potassium bromide


Mg 2+ O 2-
K+ Br-



Mg2+O2-
K+Br-
EXAMPLES


calcium chloride
aluminium sulfide

Ca2+ Cl-
Al3+ S2-


Ca2+(Cl-)2
(Al3+)2(S2-)3
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	To practise writing the ionic formulae of compounds two elements, do the IONIC FORMULAE 1 examples on page 6 of the Practice Examples Booklet.


FORMULAE USING IONS CONTAINING MORE THAN ONE ATOM

The ions containing more than one atom have been used earlier.  When writing ionic formulae you keep the charge on the ion.

EXAMPLES


copper(II) nitrate
aluminium hydroxide


Cu2+ NO3-
Al3+ OH-


Cu2+(NO3-)2
Al3+(OH-)3
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	To practise writing the ionic formulae of a compound containing ions which have more than one atom, do the IONIC FORMULAE 2 examples on page 7 of the Practice Examples Booklet.


H





hydrogen





capital


letter





Mg





magnesium





small


letter





capital


letter





Atoms in iron





Atoms in helium


(monatomic)





diatomic molecule


(2-atom)





Sulfur molecule, S8�(element)





methane molecule, CH4�(compound)





H





H





N





H





Ammonia molecule�(nitrogen hydride, NH3)


Showing the bonds.





H





H





H





H





Cl





Cl





Cl





Cl





Mixture of hydrogen (H2) �and chlorine (Cl2).





REACT





Cl





H





Cl





H





Cl





H





Cl





H





Compound of hydrogen and chlorine, hydrogen chloride (HCl).





oxygen 





potassium 





Remove the –ide ending to leave the stem “ox.”





There is no change to the name of the first element.





ox





potassium oxide





Find the element in the Periodic Table, which starts with”ox.”





Add –ide to complete the name of the compound.





There is no change to the name of the first element.





Compound name:





Remove the ending from the 2nd element’s name.





Elements present:





Ignore any numbers in the formula.





MgCl2





chlorine





magnesium





chlor





magnesium chloride





oxygen





potassium





nitrogen





oxygen





sodium





sulfur





potassium nitrite





KNO2





sodium sulfate





Na2SO4





The valency of a neon atom is 0.


Neon cannot join to other atoms.  Neon does not form compounds





Ne





Na





The valency of a sodium atom is 1.





P





The valency of a phosphorus atom is 3. 





Mg





The valency of a magnesium atom is 2.





These pictures are called valency pictures of atoms.





Group





Valency





Valency picture





TRANSITION ELEMENTS








Valency is often 2





1





2





3





4





5





6





7





0





hydrogen


valency = 1





1





2





3





4





3





2





1





0





Mg





S





S





Sulfur is in group 6.


Valency = 2





Mg





Magnesium is in group 2.


Valency = 2





magnesium sulfide


Formula = MgS





calcium chloride


Formula = CaCl2





Cl





Cl





Cl





Ca





Chlorine is in group 7


Valency = 1.





Calcium is in group 2.


Valency = 2





Ca





magnesium sulfide


Formula = MgS





Al





P





sodium chloride


Formula = NaCl





Na





Cl





Mg





S





aluminium phosphide


Formula = AlP





Si





F





F





F





F





silicon fluoride


Formula = SiF4





Cl





Ca





calcium chloride


Formula = CaCl2





Cl





Valencies are the same. The formula has one of each atom.





1.	Write the symbols of both elements.





CaO





2.	Insert the valency of each atom. 





O 2





Ca 2





OCa





Ca





3.	Write the formula 





Valencies are different. Cross over to get the formula.





Br 1





BrCa





Al 3





2.	Insert the valency of each atom. 





1.	Write the symbols of both elements.





Al





AlBr3





3.	Write the formula 





If you do not simplify the 4 and 2 to 2 and 1 you get the wrong formula.





Si 4    O 2





=  Si2O4











1





2





Si 4    O 2





=  SiO2











(





(





SiO2





Si





O





O





Simplify the valency 4 and 2 to 2 and 1 then cross over.





contains three chlorine atoms





contains two oxygen atoms





contains one oxygen atom





YOU DO NOT USE VALENCIES TO WORK OUT THE FORMULAE OF THESE COMPOUNDS.





NH4





You should try to memorise these six groups and their valencies.





OH





NO3





CO3





SO4





PO4





Place the groups in brackets in the formula.





Na





Na(OH)





OH





Cl





(NH4)Cl





NH4





K2(CO3)





K





CO3





K





The size of the charge is the valency.





write as





nitrate


NO3-





write as





(NO3) 1





ammonium


NH4+





write as





(NH4) 1





The size of the charge is the valency.





write as





(SO4) 2





sulfate


SO42-





(CrO4) 2 





chromate


CrO42-





The valency of the iron is 2.





The valency of the iron is 3.





Valencies are different – cross over.





Valencies are the same – one of each.





silver





valency is always 1





Ag 1





zinc





valency is always 2





Zn 2





The Roman numeral is often missed out from their name.





The valency of the tin is 2.





The valency of the lead is 4.





Valencies are the same – one of each.





Valencies are different – cross over.





Sulfate group only used once – remove the brackets.





Ammonium group only used once – remove the brackets.





Valencies the same.





Write the ions.





One of each ion in the formula.





Valencies different – cross over.





Write the ions.





Enclose all ions used more than once in brackets.





Valencies different – cross over.





Write the ions.





Enclose all ions used more than once in brackets.
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