
Structure 2.1



Ions



Positive ions (cations)

1s2 2s2 2p6 3s1
1s2 2s2 2p6 



Negative ions (anions)

1s2 2s2 2p6 3s2 3p61s2 2s2 2p6 3s2 3p5



Ions
1+

2+ 3+ 3- 2- 1-



Ions
Group 

number 
Number of valence 

electrons 
Charge on ion Example 

1 1 1+ Li+

2 2 2+ Mg2+

13 3 3+ Al3+

15 5 3- P3-

16 6 2- O2-

17 7 1- F-



Ions
Name of ion Charge on ion Formula

carbonate ion 2- CO3
2-

sulfate ion 2- SO4
2-

nitrate ion 1- NO3
-

hydrogen carbonate ion 1- HCO3
-

phosphate ion 3- PO4
3-

hydroxide ion 1- OH-

ammonium ion 1+ NH4
+



Ions
Metals have low electronegativity values, therefore, 
they lose electrons to form positive ions.
Non-metals have high electronegativity values, 
therefore, they gain electrons to form negative ions. 
By either losing or gaining electrons, the ions achieve 
the electron configuration of a noble gas. 
The oppositely charged ions are attracted by an 
electrostatic attraction (ionic bonding). 



Ionic bonding 



Ionic bonding 

An ionic bond is the electrostatic attraction 
between oppositely charged ions.



Ionic bonding 

Ionic compounds have a lattice 
structure.
The lattice is held together by the 
positive and negative charges of 
the oppositely charged ions.
Ionic compounds are solids under 
standard conditions - they have 
high melting and boiling points. 

- +



Writing formulas of 

ionic compounds



Formulas of ionic compounds

Ionic compounds consist of a lattice of oppositely 
charged ions held together by electrostatic attractions.
A formula unit is the lowest whole number ratio of 
ions in an ionic compound.    

Sodium chloride – NaCl
The ratio of Na+ to Cl- ions is 1:1
Magnesium chloride – MgCl2

The ratio of Mg2+ to Cl- ions is 1:2



Formulas of ionic compounds

How to determine the formula of an ionic compound:
1. You need to know the charges on the ions (cation 

and anion) in the compound.
2. Ionic compounds are neutral (no overall charge)  

so you need to balance out the positive and 
negative charges on the cation and anion. 

3. Formulas need to be written using subscripts and 
brackets (where necessary). 



Formulas of ionic compounds

Sodium iodide 
     Na+          I-

            NaI

Calcium sulfide 
 Ca2+           S2-

 CaS

Lithium chloride 
     Li+             Cl-

             LiCl

Magnesium oxide 
        Mg2+             O2-

          MgO



Formulas of ionic compounds

Lithium  oxide 

Li+            O2-

        Li2     O1

Li2O
Ratio of Li+ : O2- ions 

is 2:1

Calcium  chloride 

Ca2+           Cl-

 Ca1      Cl2

CaCl2

Ratio of Ca2+ : Cl- ions
is 1:2



Formulas of ionic compounds

Magnesium nitride

 Mg2+           N3-

 Mg3    N2

 Mg3N2

Ratio of Mg2+ : N3- ions 
is 3:2

Aluminium bromide

 Al3+           Br-

  Al1   Br3

 AlBr3

Ratio of Al3+ : Br- ions 
is 1:3



Formulas of ionic compounds

Zinc sulfate 

Zn2+           SO4
2-

              ZnSO4

Ratio of Zn2+ : SO4
2- ions 

is 1:1

Aluminium phosphate

   Al3+     PO4
3-

    AlPO4

Ratio of Al3+ : PO4
3- ions 

is 1:1



Formulas of ionic compounds

Iron(II) nitrate 

Fe2+           NO3
-

   Fe1           (NO3)2

          Fe(NO3)2

Ratio of Fe2+ : NO3
- ions 

is 1:2

Ammonium carbonate

NH4
+      CO3

2-

    (NH4)2   CO3

      (NH4)2CO3

Ratio of NH4
+ : CO3

2- ions 
is 2:1



Formulas of ionic compounds

Aluminium nitrate 

Al3+           NO3
-

    Al1           (NO3)3

           Al(NO3)3

Ratio of Al3+ : NO3
- ions 

is 1:3

Zinc phosphate

Zn2+      PO4
3-

    Zn3      (PO4)2

       Zn3(PO4)2

Ratio of Zn2+ : PO4
3- ions 

is 3:2



Polyatomic ions



Polyatomic ions
Polyatomic ions (molecular ions) are ions that consist 
of two or more atoms bonded together with covalent 
bonds. 

Ammonium 
ion NH4

+

Carbonate 
ion CO3

2-
Nitrate ion 

NO3
-

Phosphate 
ion PO4

3-



Polyatomic ions
The atoms in a polyatomic ion are bonded with 
covalent bonds.
The bonding between the ions in a compound that 
contains a polyatomic ion is ionic. 

Ammonium 
chloride NH4Cl The bonds between the N and 

H atoms are covalent bonds.
The bonds between the NH4

+ 
and Cl- ions are ionic.



Polyatomic ions
The geometry of a polyatomic ion depends on the 
number of electron domains around the central atom.

Tetrahedral Trigonal 
planar 

Tetrahedral
Trigonal 

pyramidal

Trigonal planar
Bent 



Polyatomic ions

Polyatomic ions with more than one position for a 
multiple bond exist as resonance structures. 

The N-O bonds are identical – intermediate in length 
and strength between a single and a double bond.



Name of ion Formula Charge 

carbonate ion CO3
2- 2-

sulfate(VI) ion SO4
2- 2-

sulfate(IV) ion SO3
2- 2-

nitrate ion NO3
- 1-

nitrite ion NO2
- 1-

hydrogen carbonate ion HCO3
- 1-

phosphate ion PO4
3- 3-

hydroxide ion OH- 1-

ammonium ion NH4
+ 1+

Polyatomic ions



Properties of ionic 

compounds



Ionic compounds 

- +

An ionic bond is the electrostatic 
attraction between oppositely 
charged ions. 
The ions in the lattice structure 
are held in place by the strong 
electrostatic attractions.

Lattice structure of an 
ionic compound



Ionic compounds 

- +

An ionic bond is the electrostatic 
attraction between oppositely 
charged ions. 
The ions in the lattice structure 
are held in place by the strong 
electrostatic attractions.

Lattice structure of an 
ionic compound



Ionic compounds 

Electrical conductivity 
• Solid ionic compounds do not conduct 

electricity  because the ions are held in fixed 
positions.  

• They only conduct electricity when melted or 
dissolved in water. 

• When melted or dissolved, the  ions are free 
to move and conduct electricity. 



Ionic compounds 

- +

Ionic compounds are  
soluble in polar solvents.
The ions are separated from 
the lattice structure by the 
polar water molecules.
The ions are then 
surrounded by water 
molecules (hydration).



Ionic compounds 

Ionic 
compound

Cation charge Anion charge Melting point 
(oC)

Na2O Na+ O2- 1132

MgO Mg2+ O2- 2800

The greater the charge on the ion, the stronger      
the electrostatic attraction between the oppositely 
charged ions and the higher the melting point. 

Effect of ionic charge on melting point 



Ionic compounds 

Ionic 
compound

Cation radius
(× 10-12 m)

Anion radius
(× 10-12 m)

Melting point 
(oC)

NaF 102 133 992

KF 138 133 857

The smaller the ionic radius of the ion, the stronger   
the electrostatic attraction between the oppositely 
charged ions and the higher the melting point. 

Effect of ionic radius on melting point 



Ionic compounds 

Ionic compounds only conduct electricity when 
molten or dissolved in solution. 
They are soluble in polar solvents (such as H2O).
Ionic compounds have high melting points because 
of the strong electrostatic attractions between 
ions.
The greater the charge on the ion and the smaller 
the ionic radius, the higher the melting point. 



Factors that affect 

lattice enthalpy 



Lattice enthalpy  

Lattice enthalpy, ΔHlat, is the enthalpy change 
when one mole of a solid ionic compound is 
broken into its constituent gaseous ions. 

NaCl(s) → Na+(g) + Cl-(g)          ΔHlat = +790 kJ mol-1

MgCl2(s) → Mg2+(g) + 2Cl-(g)   ΔHlat = +2540 kJ mol-1

CaO(s) → Ca2+(g) + O2-(g)         ΔHlat = +3401 kJ mol-1



Ionic 
compound

Anion radius
(× 10-12 m)

Cation radius
(× 10-12 m)

ΔHlat 

(kJ mol-1)
Melting 

point (oC)

NaF 133 102 +930 993

KF 133 138 +829 858

The smaller the ionic radius of the ion, the stronger   
the electrostatic attraction between the oppositely 
charged ions and the higher the melting point. 

Effect of ionic radius on ΔHlat 

Lattice enthalpy  



Ionic 
compound

Anion 
charge

Cation 
charge

ΔHlat 

(kJ mol-1)
Melting 

point (oC)

Na2O 2- 1+ +2481 1132

MgO 2- 2+ +3791 2852

The greater the charge on the ion, the stronger the 
electrostatic attraction between the oppositely 
charged ions and the higher the melting point.  

Effect of ionic charge on ΔHlat 

Lattice enthalpy  
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