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Ionic bonding
Objectives:
[image: ]
Formation of ions
· An ion is an electrically charged atom or group of atoms formed by the loss or gain of electrons.
· This loss or gain of electrons takes place to obtain a full outer shell of electrons.
· The electronic structure of ions of elements in groups 1, 2, 3, 5, 6 and 7 will be the same as that of a noble gas - such as helium, neon, and argon.
· Negative ions are called anions and form when atoms gain electrons, meaning they have more electrons than protons, for example Cl-.
· Positive ions are called cations and form when atoms lose electrons, meaning they have more protons than electrons, for example Na+.
· All metals lose electrons to other atoms to become positively charged ions.
· All non-metals gain electrons from other atoms to become negatively charged ions.
· Ions have the electronic configuration of a noble gas.

Exam Tip:
1) Learn the definition of the term ion.
2) 2)Anion= A Negative Ion






Why is an ion formed?
An atom with an incomplete outer shell of electrons is unstable.
An atom loses or gains electrons to become more stable.

[image: ]

Worked example:
[image: ]







How are positive ions formed?
Metal atoms lose electrons to form positive ions.
Diagrams of ions should include square brackets and charge.

[image: ]
How are negative ions formed?
Non- metal atoms gain electrons to form negative ions.
[image: ]



Exam Tip:
The number of electrons that an atom gains or loses is the same as the charge.
For Example, if magnesium atom loses 2 electrons, then the charge will be +2, if a bromine atom gains 1 electron then the charge will be -1.

Common Ions 
Common ions with a positive charge
[image: ]
Common ions with a negative charge
[image: ]
In addition to, phosphate (PO4-3), sulphite (SO3-2), nitrite (NO2-), dichromate (Cr2O7-2).Exam Tip
You must know the charges of all the ions shown in the above tables.


Formulae for ionic compounds
· Ionic compounds typically have no overall charge
-This means that the size of any positively charged ion is cancelled by the size of any negatively charged ion.
-Careful: This should not be confused with an atom having no overall charge.
· The formulae of simple ionic compounds can be determined if you know the charge on the ions.
· If the charges are equal and opposite the ionic formula can be written out simply.
· If the charges are different and opposite, you can use the swap and drop method and you may need to include brackets.

The swap-and-drop method
· For example, copper(II) chloride:
· The copper(II) ion is Cu2+, which means that it has a 2+ or +2 charge
The chloride ion is Cl-, which means that it has a 1– or –1 charge
The size of the charge on the copper(II) ion indicates the number of chloride ions needed, and the size of the charge on the chloride ion indicates the number of copper(II) ions needed CuCl2
[image: ]



Note: Careful!!If you use this method with ions that have the same charge, then you must give the simplest whole number ratio to get the correct answer (ex. CuO)



Example exam question:
The compound produced in the reaction between iron wool and chlorine contains the ions Fe3+ and Cl-.

a) Give the formula of this compound.
 __________________________________________________________

b) State the name of this compound.
___________________________________________________________
Note:
· If you are determining the formula of a compound containing a complex ion, such as carbonate, hydroxide or sulfate ions, don't forget to include brackets if needed. 

· For example, when determining the ionic formula of magnesium hydroxide:
-Magnesium forms ions with a 2+ charge, and hydroxide ions have a 1- charge.
-The formula of magnesium hydroxide is therefore Mg(OH)2.

Example exam questions:
[image: ]
Homework: Q3 & Q4 page 84.

Dot and cross diagrams for ionic compounds
1) Dot-and -cross diagrams show the arrangement of electrons in ionic compounds.
2) You need to be able to construct the dot- and -cross diagrams for ionic compounds formed from a combination of metals from groups 1,2 or 3 with non- metals from groups 5,6 or 7.
3) Ions must have square brackets and a charge.
4) Show the symbol of each ion.
Sodium chloride dot and cross diagram
· Sodium is a Group 1 metal so will lose one outer electron to another atom to gain a full outer shell of electrons.
· A positive sodium ion with the charge 1+ is formed.
· Chlorine is a Group 7 non-metal so will need to gain an electron to have a full outer shell of electrons.
· One electron will be transferred from the outer shell of the sodium atom to the outer shell of the chlorine atom.
· A chlorine atom will gain an electron to form a negatively charged chloride ion with a charge of 1-.
· The formula of sodium chloride is NaCl.

Dot and cross diagram for sodium chloride

 [image: ]
Dot cross diagram for magnesium oxide.
[image: ]Exam Tip:
Make sure each ion has a full outer shell of electrons.


Example exam question:
Question one:
[image: ]
Question two:
[image: ]
Question three:
Draw the dot-and-cross diagram for calcium chloride.






Home work: solve questions 2 pages 83.
Exam Tip:
1) For exam purposes, you only need to show the outer electrons in dot and cross diagrams.
2) You should be able to draw the dot and cross diagrams for combinations of ions from groups 1,2,3,5,6 & 7.








Ionic compounds: bonds, structure & properties

Ionic bonding
· An ionic compound consists of a regular arrangement of alternating positive and negative ions in which the ions are tightly packed together.
· Between positive and negative ions are strong electrostatic forces of attraction which act in all directions.
· These are what hold the ionic compound together.

[image: ]
Electrostatic forces of attraction exist between the positively charged ions.

Example Exam Questions:
Question one:
[image: ]

Question two:
[image: ]
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Ionic lattices
· Thousands of positive and negative ions in an ionic compound arranged in a regular, repeating pattern form a giant lattice structure.
· Compounds with giant ionic lattice have high melting points & boiling points because:
· They have giant ionic lattices
· There are strong electrostatic forces of attraction between oppositely charged ions in all directions
· The forces need lots of energy to overcome the strong forces of attraction between the oppositely charged ions in the giant lattice structure.
[image: ]

· Note: The greater the charge on the ions, the stronger the electrostatic forces and the higher the melting point will be, needing more energy to be overcome.
For example, magnesium oxide consists of Mg2+ and O2- so will have a higher melting point than sodium chloride which contains the ions, Na+ and Cl-.

Conductivity of ionic compounds
· For electrical current to flow there must be freely moving charged particles such as electrons or ions present 
· Ionic compounds are poor conductors in the solid state
-The ions are in fixed positions in the lattice
-They are therefore unable to move and carry a charge

· Ionic compounds are good conductors of electricity in the molten state or in solution 
-When the ionic compound is melted or dissolved in water, the ions are able to move and carry a chargeExam Tip
1) Make sure you can describe a giant ionic lattice.
2) A common mistake students make in exams is to say that ionic compounds conduct electricity because 'electrons' move and carry a charge, when they should say the ions can move and carry a charge. Don't make 
that mistake!
3) The stronger the ionic bond, the higher the melting point.

[image: ]







[bookmark: _GoBack]Example exam questions:

Question one:
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Question two:
[image: ]
Question three:
[image: ]
Exam Tip:
Use comparative statements, such as smaller, weaker & less.





Home work: question 5 page 84.
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Determine the number of protons, neutrons & electrons of the followingions:

1.MgZtion
2.F-ion
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Formation of cations

©@-euecrion
O space Fon a ELECTRON

GO0 AToNS oS Trem

X SOOI ATON TS TELECTRON uTERMOST ELECTRON,

N TS VALENGE (uTEMasT) ceLt LEAING TWO FULL LS
o sLEcTRows

R E S
N THE TR0 S





image6.png
Formation of anions
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lon Charge / formula
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Iron(ll) Fe¥
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Determining the formula of copper(il) chloride
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Write the formula for the following ionic compounds.

a) Magnesium bromide

b) Lead(ll) oxide

c) Sodiumsulfate

d) Calciumnitrate
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Draw the dot-and-cross diagram for lithium fluoride.
(2)
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Draw a diagram which shows the arrangement of outer electrons
in potassium sulfide and state its formula.
3)
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IONIC BONDING IN SODIUM CHLORIDE
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Which of the statements describes ionic bonding?

[m]

[m]
[m]
[m]

A

Electrostatic attraction between atoms

Electrostatic attraction between positively charged particles
and delocalised electrons

Electrostatic attraction between oppositely charged ions
Electrostatic attraction between the nuclei of two atoms and a
shared pair of electrons
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Lithium reacts with chlorine to produce lithium chloride.

lithium + chlorine  —» lithiumchloride

The diagram shows how the reaction happens.

Only the outer electrons are shown.

Lithium atom  Chlorine atom Lithium ion Chiloride ion




image18.png
Use the wordsin the boxes to complete the sentences:

gaining sharing  positive group1 negative
covalent losing  group O electrostatic neutral

Alithium atom becomes anionby ... . one electron.

.charge.

Alithiumionhasa...

The lithiumion now has the electronic structure of a
.element.

The ionsinlithium chloride are held together by strong
-forces.
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Giant ionic lattice of sodium chloride
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The table below shows the properties of three compounds. Use
this data to determine which of the three compounds, A,BorC,
could be magnesium sulfide. Explain your answer

(2)
Electrical Electrical
Compound Melting Point /°C conductivity of conductivity of
solid solution
A 2000 Low High
1538 High High
56 Low Low
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a) Magnesium oxide has a melting point of 2852 °C. Explain why
it has a highmelting point.
3)

b) Suggest and explain whether sodium chloride willhave a
higher orlower melting point than magnesium oxide.
3)
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Sodium fluoride has a melting point 993 °C. Why does sodium fluoride have a
high melting point.

Tick (v) one box.

The electrons and positive ions attract strongly
The covalent bonds between the ions are strong
There are strong bonds between the positively and
negatively chargedions
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Learners should:

5.1 understand how ions are formed by electron loss or gain
52 know the charges of these ions:
* metalsin Groups 1,2 and 3
* non-metals in Groups 5, 6 and 7
« Ag', Cu®, Fe?, Fe*, Pb%, Zn*"
« hydrogen (H*), hydroxide (OH-), ammonium (NH."), carbonate (COs*), nitrate (NO3),
sulfate (S04%).
53 write formulae for compounds formed between the ions listed above
5.4 draw dot-and-cross diagrams to show the formation of ionic compounds by electron transfer,
limited to combinations of elements from Groups 1,2, 3 and 5, 6, 7
only outer electrons need be shown
55 understand ionic bonding in terms of electrostatic attractions
5.6 understand why compounds with giant ionic lattices have high melting and boiling points
57 know that ionic compounds do not conduct electricity when solid, but do conduct electricity

when molten and in aqueous solution
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