
©Ibling 

Understandings: 

1. Explain, using representative equations, the ionization, atomization, electron affinity 

and lattice enthalpy.   

-  

Ionization enthalpy ΔHi°:  

Ionization is the energy required to remove 1 mole of electron in 1 mole of an atom in 

gaseous state. It is denoted as X (g) → X+ (g) + e-. Since ionization always requires energy, it is 

always endothermic.  

Electron affinity enthalpy ΔHe°:  

Electron affinity is the energy change when 1 mole of atoms are given 1 mole of electrons. It 

is denoted as X (g) + e- → X- (g). This process can be both exothermic and endothermic 

depending on if it is the first e.a or higher degree of e.a. 

Lattice enthalpy ΔHlat°: 

Lattice enthalpy is the energy required to cleave 1 mole of solid ionic compound into its 

gaseous ions. NaCl (s) → Na+ (g) + Cl- (g). Thus we define this as an endothermic process. This 

cannot be done experimentally.  

Atomization enthalpy ΔHatom°: 

Atomization enthalpy is the energy change to make 1 mole of gaseous atoms from its 

standard state. Na (s) → Na (g).  

Now, we have all the tools to actually calculate the lattice enthalpy which was impossible to 

determine experimentally! 

2. Relate the enthalpies mentioned above in terms of an energy cycle.  

- We can create a cycle called Born-Haber cycle (based on Hess’s law that the sum of 

enthalpy in 1 direction is equal to the other direction) to calculate the lattice enthalpy.  

We just do this stepwise. So my question is, how can we calculate the lattice enthalpy of Li2O?  

1. Let’s write the enthalpy of formation because this is our starting point.  

2Li (s) + 
1

2
O2 (g) → Li2O (s) ΔHf° = -596kJ/mol.  

In the opposite direction, we get: 

Li2O (s) → 2Li (s) + 
1

2
O2 (g) ΔH° = 596kJ/mol. This is because we want to move up the energy.  
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Then, we want to arrive at the following lattice enthalpy: 

Li2O (s) → 2Li+ (g) + O2- (g) ΔHlat° = ? 

2. The next step is to look up for some values!  

First look at Li. We need to atomize 2 moles of the atom first.  

2Li (s) → 2Li (g) ΔHatom° = +318kJ/2mol. 

Then let’s look at the first ionization energy of Lithium.  

2Li (g) → 2Li+ (g) ΔHi° = +1040kJ/2mol.  

Lithium is ready! It required in total 1358kJ.  

3. Now we prepare oxygen.  

1

2
O2 (g) → 

1

2
2O (g) ΔHbond° = 249kJ/0.5mol 

O (g) → O- (g) → O2- (g) ΔHe° = First e.a + second e.a = -141+753 = 612kJ/mol  

Oxygen is ready! It required in total 861kJ.  

Now, we have all the information! 

ΔHlat° = -ΔHf° + the rest = 596+1358+861  

ΔHlat° = 2815KJ/mol. Literature value is 2808!!! SUPERB! 

3. Explain the theoretical ΔHlat° and which factors that affect the enthalpy.  

- If we assume the atoms are spherical, we can indeed calculate theoretically what the ΔHlat° 

is.  

ΔHlat° = 𝑘
𝑛𝑚

𝑅𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝑚𝑒𝑡𝑎𝑙 𝑖𝑜𝑛+𝑟𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝑛𝑜𝑛−𝑚𝑒𝑡𝑎𝑙 𝑖𝑜𝑛 
 

K is a constant that is actually not a constant because it depends on the geometry of the 

lattice.  

N and m are charges of the ions.  

Then radius of metal ion and non-metal ion is self-explanatory.  

This naturally leads to the factors that affect the enthalpy. Smaller ionic radii leads to 

stronger interaction hence larger ΔHlat°.  

Larger charge leads to stronger interactions hence larger ΔHlat°.  
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4. Explain the theoretical ΔHsol° and which factors that affect the enthalpy.  

- Enthalpy of solution is the energy change when 1 mole of solute is dissolved in a solvent 

into infinite dilution. Enthalpy of solution is just the enthalpy of two things: 

1. Enthalpy of lattice, to break the lattice: 

NaCl (s) → Na+ (g) + Cl- (g) 

2. Enthalpy of hydration, to literally hydrate the ions to aqueous solutions. 

Na+ (g) + Cl- (g) → Na+ (aq) + Cl- (aq) 

Putting these together using Hess’s law will indeed give us the enthalpy of solution which is: 

NaCl (s) → Na+ (aq) + Cl- (aq) 

To put more generally: 

ΔHsol° = ΔHlat° + ΔHhyd° of ion1 + ΔHhyd° of ion2 

Ok, we know what lattice enthalpy is and how to calculate it. Only thing we are missing is the 

enthalpy of hydration! Let’s explain it! 

Enthalpy of hydration is exothermic since it involves forming bonds between the ions and the 

water molecules. The formula is as follows: 

ΔHhyd° = 
−𝐵𝑛

𝑅
 

B is a constant, n is the charge of ion and the R is the radius of ion. So a high charge with 

small ionic radius is most exothermic! 

Applications and skills: 

1. Be able to use the Born-Haber cycle for group 1 and 2 oxides and chlorides.  

- This is done above. Just remember that you want to start from formation and go to 

enthalpy of lattice or the opposite. It depends on what you want to find out! 

2. Construction of energy cycles from hydration, lattice and solution enthalpy, for example 

the dissolution of solid NaOH or NH4Cl in water. 

- The relationship is explained above.  

3. Calculation of enthalpy changes from Born-Haber or dissolution energy cycles. 

- Yes! 

4. Relate size and charge of ions to lattice and hydration enthalpies. 

-Yes, through the formula above.  

5. Perform lab experiments which could include single replacement reactions in aqueous 

solutions. 

- Already done in class. 


