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Born-Haber cycles  
 
Lattice Enthalpy  
The enthalpy change when 1 mole of an ionic crystal lattice is formed from its isolated gaseous 
ions. 
  

Na​+​ (g) + Cl​-​ (g)   →      NaCl (s) 
 

This enthalpy change cannot be measured directly so a Born-Haber cycle is used to determine 
its value. These cycles use a range of different enthalpy changes to determine the lattice 
enthalpy for a substance. These include: 
 
Enthalpy of Formation  
The enthalpy change when 1 mole of a substance is formed from its constituent elements. 
  
(1st) Ionisation Energy  
The energy required to remove one electron from the outermost shell of an atom in the a mole 
of atoms in the gaseous state  
 
Enthalpy of Atomisation  
The enthalpy change when one mole of gaseous atoms is formed from an element. 
  
Electron affinity  
The enthalpy change when one moles of gaseous atoms acquires one mole of electrons to form 
one mole of gaseous negative ions. 
 
This is the basic template of the Born- Haber cycle to work out lattice enthalpy is: 
 
⇒ ​Step 1 (∆H​f​) = (Step 2) + (Step 3) + (Step 4) + (Step 5) + (Step 6) 
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Example 1: 
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Step 1:​ Follow the reactions to work out which enthalpy change occurs at each stage. 
 

 
Step 1:​ Set up equation.  
 
∆H​f​ (Step 1) = (Step 2) + (Step 3) + (Step 4) + (Step 5) + (Step 6) 
 
⇒ -416 = 218 + 990 + 247 + (-141) + 791 + ​x  
 
Step 2:​ Rearrange equation to work out ​x​. 
 
⇒ -416 = 2105 + ​x  
 
x = ​∆​LE​H =​ ​​-2521 kJ mol​​-1 
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Enthalpy of Solution  
The enthalpy change when one mole of a solid dissolves in water under standard conditions. 
 
 
 
 
 
 
 
 
 
The enthalpy change of solution can be calculated using: 
 
 
 
 
 
 
 
 
Example 1: 
[This is an example using a Born-Haber cycle.] 
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Example 2: 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Step 1: The arrow from MgCl​2​ (s) shows the enthalpy change of solution this is the enthalpy 
change where a solid dissolves in water thus producing aqueous ions. 
 
Step 2: The label is for the enthalpy change of hydration for one of the gaseous ions into 
aqueous ions.  
 
⇒ Mg​2+​(g) + 2Cl​-​(aq)  
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Step 1:​ Set up the equation for the cycle.  
 
-154 = 2493 -726 + ​x 
 
Step 2:​ Rearrange for ​x​. 
 
x = ​-2647 + 726  
 
X = ​-1921 kJmol​​-1 
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Worked Exam Style Questions  
 
Question 1 
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Calculate the lattice enthalpy of sodium oxide.  
 
Step 1:​ Set up the cycle equation.  
 
∆H​f​ (Step 1) = (Step 2) + (Step 3) + (Step 4) + (Step 5) + (Step 6) 
 
⇒ -414 = (2 x 108) + 249 + (2 x 496) + (-141) + 790 + ​x 
 
Step 2:​ Rearrange equation to work out ​x​. 
 
x​ = -414 - 2106 
 
x​ =​ ​​-2520 kJmol​​-1 
 
 
Question 2 
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Step 1:​ Follow the reactions to determine the species present. 
 
1. Mg​2+​ (g) + 2OH​-​ (g) 
 
2. Mg​2+​ (g) + 2OH​-​ (aq) 
 

 
Step 1:​ Set up the equation. 
 
lattice enthalpy + enthalpy of solution = enthalpy of hydration. 
 
-152 +​ x​ = -1926 + (2 x -460) 
 
Step 2:​ Rearrange equation to work out ​x.  

 
X = -2846 + 152 
 
⇒ X =​ ​​-2694 kJ mol​​-1 
 
 
Try these questions… 
 
1. 
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5 marks 
 
 
2. 
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2 marks 
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Entropy 
 
Entropy refers to the different number of ways a system can be arranged and the level of 
‘disorder’ these arrangements have. High entropy suggests that the system can be arranged in 
many different, disordered ways whereas low entropy suggests can’t be rearranged in many 
ways and are very ordered. 
 
Therefore gases have high entropy because the particles are free to move. Solids have low 
entropy because particles are in fixed position.  
 
The entropy of a system can change during a chemical reaction depending on what is produced 
for example if more gas molecules are produced then the entropy of that system increases 
(becomes more positive). 
 
Entropy change, ∆S, can be calculated by:  
 

 
 
Example 1:  
 
 
 
 
 
 
Calculate the entropy change of this reaction. 
 
Step 1:​ Calculate the total entropy of the reactants. 
 
⇒ The only reactant in this case is BaCl​2​. 
 
⇒ ∆S = 124 JK​-1​mol​-1 

 
Step 2:​ Calculate the total entropy of the products.  
 
⇒ 63 + 223 = 286 JK​-1​mol​-1 
 
Step 3:​ Work out the entropy change using the formula ΔS° = ΣS°(products) - ΣS°(reactants). 
 
286 - 124 = ​162 JK​​-1​​mol​​-1 
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Example 2:  
 

  

 
 
Calculate the standard entropy change for this reaction.  
 
Step 1:​ Calculate the total entropy of the reactants. 
 
⇒ 49.9 + 5.7 + (2 x 223) = 501.6 
 
Step 2:​ Calculate the total entropy of the products.  
 
⇒ 252 + 214 = 466 
 
Step 3:​ Work out the entropy change using the formula ΔS° = ΣS°(products) - ΣS°(reactants). 
 
⇒ 466 - 501.6 = ​-35.6​​ ​JK​​-1​​mol​​-1 
 
 
Free Energy  
 
A spontaneous/feasible process means that it is can take place of its own accord. Two factors 
that affect chemical reactions taking place: 
 

● Enthalpy, ΔH 
● Entropy, ΔS  

 
These factors are linked to form this formula: 
 

ΔG = ΔH - TΔS 
 

(∆G = Gibbs free energy change) (∆H = enthalpy change) (∆S = entropy change) 
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If ΔG is a negative value, a reaction is feasible. The more negative the value the more 
likely the process will take place. 
  
If ΔG is zero a reaction is in equilibrium and feasible. 
 
If ΔG is a positive value, a reaction is not feasible.  
 
 
Example 1:  
Calculate the free energy change for the following reaction at 298 K and state whether the 
reaction is feasible or not. 
 

MgCO​3​ (s) → MgO (s) + CO​2​ (g) 
 

ΔH = +117 kJ mol​-1​  ΔS = +175 J K​-​ mol​-1 
 
Step 1:​ Convert the units of one of the enthalpy changes so that they are uniform. 
 
[Convert J for ΔS into kJ so it matches the units for ΔH] 
 
175 / 1000 = 0.175 kJmol​-1 
 
Step 2:​ Input the values into the free energy formula (ΔG = ΔH - TΔS) 
 
ΔG = 117 - (0.175 x 298) 
      = ​+64.85 kJmol​​-1 
 
⇒ ΔG is ​positive​​ therefore the reaction is ​not feasible​​ at this temperature. 
  
 
Example 2:  
Use the following data to calculate the entropy change when one mole of ammonia is formed 
from its elements. 
 
S (JK​-1​mol​-1​):  

N​2​(g) = 191.6,  
H​2​(g) = 130.6,  
NH​3​(g) = 192.3 

 
Given that the enthalpy of formation of ammonia is -46 kJmol​-1​, determine the temperature at 
which this reaction becomes feasible  
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Step 1:​ Write a balanced equation of the reaction.  
 
⇒ 0.5N​2​ + 1.5H​2​ → NH​3 

 
Step 2:​ Work out the entropy change using the formula ΔS° = ΣS°(products) - ΣS°(reactants) 
 
⇒ Total entropy of reactants = (191.6 x 0.5) + (1.5 x 130.6) 
                                              = 291.7  
 
⇒ Total entropy of products = 192.3  
 
⇒ 192.3 - 291.7 = -99.4 JK​-1​mol​-1 
                           ​= -0.0994 kJ mol​-1 
 
Step 3:​ Input the values into the free energy equation (ΔG = ΔH - TΔS) 
 
⇒ The temperature at which any reaction becomes feasible is when ΔG = 0  
 
-46 - (T x  -0.0994) = 0  
T x  -0.0994 = -46 
T = ​462.8 K 
 
 
Worked Exam Style Questions  
 
Question 1 
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Step 1:​ Work out the entropy change using the formula: ΔS° = ΣS°(products) - ΣS°(reactants) 
 
Total entropy for reactants = 76 + ( 3 x 131)  
                                           = 469  
Total entropy for products = 33 + ( 3 x 189 ) 
                                         = 600 
 
600 - 469 = +131 JK​-1​mol​-1 
                = ​0.131 kJK​​-1​​mol​​-1 
 
Step 2:​ Convert 25 °C to Kelvin.  
 
[0 °C = 273 K] 
 
⇒ 25 + 273 = 298 K 
 
Step 3:​ Input value into the free energy formula: ΔG = ΔH - TΔS 
 
ΔG = +115 - ( 298 x 0.131) 
      = ​76 kJmol​​-1 

 

 
 
Step 1:​ Equal ΔG to zero to work out the minimum temperature.  
 
 +115 - ( T x 0.131) = 0  
                T x 0.131 = 115 
                             T = ​878 K  
 
 
 
Question 2 
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Step 1:​ Rearrange the free energy formula so that ΔS is the subject. 
 
  ΔG = ΔH - TΔS  
TΔS = ΔH - ΔG 
 
ΔS = ΔH - ΔG 

              ____________ 

               T  
 
Step 2:​ Work out the entropy change.  
 
ΔS = 176 - 91.2 

                _____________ 

               298  
 
      = ​0.2846 kJK​​-1​​mol​​-1 
 
Step 3:​ Input the values into the free energy formula.  
 
ΔG = ΔH - TΔS 
      = 176 - (1000 x 0.2846) 
      = ​-108.6​​ ​kJmol​​-1 

 
This reaction is ​feasible​​ as ΔG is ​negative.  
 
 
Try these questions… 
 
3. 

3 marks 
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4. 

[7 marks] 
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Answers 
1. 
 

 
 
2. 

 

 
 
 
3. 
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4. 
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