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Bonding
Learning objectives 
· Recognise the formulas of ionic compounds 
· Understand how ions are formed and recall the formulas of some common ions 
· Work out the formulas of ionic compounds from the charges on the ions 
· Describe the structure of sodium chloride as an example of an ionic lattice 
· Explain the physical properties of ionic compounds in terms of structure and bonding
Understandings:
· Positive ions (cations) form by metals losing valence electrons.
· Negative ions (anions) form by non-metals gaining electrons.
· The number of electrons lost or gained is determined by the electron configuration of the atom.
· The ionic bond is due to electrostatic attraction between oppositely charged ions.
· Under normal conditions, ionic compounds are usually solids with lattice structures.

4.1 Ionic bonding and structure
Electrons, positioned outside the nucleus, are less tightly held and outer electrons, known as valence electrons, can be transferred when atoms react together. The charge on the ion which forms is determined by how many electrons are lost or gained. This full outer shell of the noble gases behaves in a sense like the ‘ultimate goal’ for other atoms: they react to gain the stability associated with this by losing or gaining the appropriate number of electrons, whichever is the easiest (in energetic terms). 
Although this is true for the first 20 elements, it is not generally true after that because of the existence of transition metals (and d orbitals).

	The transition metals can form more than one ion. For instance, iron can form iron(II), Fe2+, and iron(III), Fe3+. 



	The number of electrons lost or gained in transition elements is determined by the electron configuration of an atom. 



When an atom loses electrons it forms a positive ion, called a cation. When an atom gains electrons it forms a negative ion, called an anion. The number of charges on the ion formed is equal to the number of electrons lost or gained.
Metals form cations by losing valence electrons. Non-metals form anions by gaining electrons.

The number of electrons lost by elements in groups 1 and 2 when they form ions is given by the group number.
The number of electrons gained by elements in groups 15 to 17 when they form ions is given by 18 minus the group number.



Examples: Use cross and dot diagrams to show bonding between Mg and O. 
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The Mg2+ ion is isoelectronic with the noble gas atom neon by loss of 2 electrons.
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 The O2− ion is isoelectronic with the noble gas atom neon by gaining 2 electrons
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        Electron transfer in ionic bonding MgO


When an ionic compound is formed, electrons are transferred from one atom to another to form positive and negative ions. Now the oppositely charged ions resulting from this electron transfer are attracted to each other and are held together by electrostatic forces. These forces are known as an ionic bond, and ions held together in this way are known as ionic compounds



	Ion
	Symbol
	Ion
	Symbol
	Ion
	Symbol

	fluoride
	F−
	oxide
	O2−
	nitride
	N3−

	chloride
	Cl−
	sulfide
	S2−
	phosphate(V)
	3−
PO4

	bromide
	Br−
	carbonate
	CO32−

	
	

	iodide
	I−
	sulfate(VI)
	SO42−

	
	

	hydroxide
	OH−
	
	
	
	

	hydrogencarbonate
	HCO3−

	
	
	
	

	nitrate(V)
	NO3−

	
	
	
	


                                                Formula of some ions 

Working out the formulas of ionic compounds
To work out the formula of aluminium fluoride, we need to consider the number of electrons lost by aluminium and gained by fluorine. 
The three electrons transferred from the aluminium must be gained by three separate fluorine atoms, therefore the formula of aluminium fluoride is AlF3.

Transition metal ions can form more than one ion, so the oxidation number of the ion is usually given with the name. For example, iron can form iron(II) sulfate FeSO4 or iron(III) sulfate (Fe2(SO4)3.

Question: Write the formula for ammonium phosphate.


  The ionic bond and ionic crystals
	An ionic bond is an electrostatic attraction between oppositely charged ions. 
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      Cl- ion
        Na+ ion

a The NaCl lattice is built up from oppositely
charged sodium and chloride ions.    
                                                                                     An expanded view of the NaCl lattice.
The forces of electrostatic attraction between ions in a compound cause the ions to surround themselves with ions of opposite charge to a predictable three-dimensional crystalline structure known as an ionic lattice. 
This is a giant structure – there are no individual molecules of sodium chloride. Instead, the bonding extends fairly uniformly throughout the whole structure.
The term coordination number is used to express the number of ions that surround a given ion in the lattice. For example, in the sodium chloride lattice, the coordination number is six. The simplest ratio is known as the formula unit for ionic compounds.



Physical properties of ionic compounds 
1. Melting points and boiling points
Ionic compounds usually have high melting points and boiling points.
The high melting and boiling points of ionic solids are due to the strong electrostatic forces between the oppositely charged ions. When an ionic solid is melted, the electrostatic forces throughout the giant lattice must be broken and, because these are so strong, a lot of energy is required.

Question: Explain why Magnesium oxide has a much higher melting point than sodium chloride. 
2. Volatility (ability to evaporate)
The volatility of ionic substances is low because the electrostatic forces between the ions are strong.
3. Electrical conductivity of ionic compounds
Ionic substances do not conduct electricity when solid but conduct in molten or in a solution. In the solid state, the ions are held tightly in position in the lattice structure so that they are not free to move around. When an ionic substance is melted the ions are able to move freely throughout the liquid  
4. Solubility in water
Ionic substances are often soluble in water. Water is a polar solvent, and energy is released when the ions are hydrated by being surrounded (ion-dipole attractions) by water molecules. This energy pays back the energy required to break apart the ionic lattice.
5. Solubility in non-polar solvents
Ionic solids are not usually soluble in non-polar solvents such as hexane.
This is because a great deal of energy is required to break apart the ionic lattice and this is not paid back by the energy released when the nonpolar solvent forms interactions with the ions.

1. http://www.teachchemistry.org/bonding 
2. https://teachchemistry.org/periodical/issues/march-2016/periodic-trends-ionization-energy-atomic-radius-ionic-radius 
3. https://www.youtube.com/watch?v=QqjcCvzWwww 
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