
 

 
 

 

C a t a t a n  S i  T h a m r i n 1 

 

A .  Def i n i t i on  

Lattice Energy is the enthalpy change when a mole of 

gaseous ions forms an ionic compound under standard 

conditions. This reaction is highly exothermic as 

opposite ions combine to form an ionic solid, releasing 

energy. The more exothermic the value of lattice 

energy, the more stable the lattice structure is. 

Ex: Gaseous sodium ions combine with gaseous chlorine 

ions to form solid sodium chloride. 

B .  Ent hal py  Chan ge  of  
at om i zat i on  and  el e ctron  
af i n i ty  

Standard enthalpy change of atomization is the change 
of energy when a mole of gaseous atoms is formed from 
its element under standard conditions.  
The reaction is always endothermic as energy is needed 
to break the bonding of the element 

 
Electron affinity is the change of energy when 1 mole of 
electron is added to 1 mole of gaseous atoms/ions to 
form 1 mole of gaseous anion with higher negative 
charge under standard condition.  
First electron affinity involves the formation of 1- ions 
from a gaseous atom is exothermic, while the second 
electron affinity involves the formation of 2- ions from a 
gaseous 1- ion is endothermic.  
Why endothermic? Because electrons repel each other 
hence energy is needed to overcome the repulsion 
caused when adding an electron to an already negative 
charged ion. This also works for the third electron 
affinity and so on. 

 
C .  B orn -h aber  cy cl e  

It is an enthalpy cycle used to calculate value of lattice 

energy. It can be simply represented as: 

 
∆𝐻°1 = Enthalpy change when 1 mole of gaseous ions 
are formed from its element under standard condition 
(Sum of the enthalpy change of atomization, electron 
affinity, and ionization energy) 
∆𝐻°𝑙𝑎𝑡𝑡 = Lattice energy 
∆𝐻°𝑓 = Standard enthalpy change of formation. 

 
Example of a Born-Haber cycle: 
 

 
 
 
 
 
 
 
 

 
 

 

 Born-Haber cycle as an energy level diagram 
A clearer way of representing Born-Haber 
cycle involving the change and state of energy 
in each step. Downwards arrow means 
decrease in energy (more exothermic) and 
upwards arrow means increase in energy 
(more endothermic) 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Important to note: 

a.) Start by putting the elements in 

standard state on the left-hand side 

b.) When the step involves formation of 

more than 1 mole, multiply the 

standard enthalpy change value 

with the coefficient of the reactant 

D .  F act ors  af f ect i ng  v al u e  
 

 Ionic size 
As the size of ion increases, value of 

lattice energy becomes less exothermic. This is 

because the charge density decreases as the charge 

is spread out over a large volume, resulting in a 

weaker electrostatic force of attraction in the 

lattice 

 Ionic charge 
As the charge increases, value of lattice 

energy becomes more exothermic. This is because 

greater charge between ions results a stronger 

attraction between ions 

E .  I on  pol ar i z at i on  

It is a distortion of electron cloud in the anion resulting 

a non-spherical shape of the anion. It is caused by the 

polarizing power of the cation, which is the attraction of 

electrons in the anion towards it. 

The factors affecting it include charge density of cation 

and ease with which the anion can be polarized. 

∆𝐻°1 + ∆𝐻°𝑙𝑎𝑡𝑡 = ∆𝐻°𝑓 



 

 
 

C a t a t a n  S i  T h a m r i n 2 

An anion is more likely polarized when cation is small, 

charge of cation is 2+ or 3+, anion is large, charge of 

anion is 2- or 3- 

 Thermal stability of group 2 carbonates  

When a group 2 carbonate decompose to its oxide 

and carbon dioxide upon heating. Going down the 

group, thermal stability increases. The more 

positive the enthalpy change, the more stable a 

group 2 carbonate is as higher temperature needed 

to decompose the carbonate.  

Relation with ion polarization on the trend of group 

2 carbonates: 

a.) Carbonate ion has large ionic radius, 

making it easily polarized by small 

highly charged cations 

b.) Ionic radius increases from 

magnesium to barium, in which 

larger radius means lesser polarizing 

ability. Hence magnesium ion has 

the largest degree of polarization of 

the carbonate ion. 

c.) The greater the polarization, the 

easier it is to weaken the carbon-

oxygen bond in the carbonate ion. 

 Thermal stability of group 2 nitrates 

When group 2 nitrates decompose into nitrogen 

dioxide gas, oxygen gas and its oxide upon heating. 

The effect of ion polarization on the trend of 

thermal stability is similar to group 2 carbonates. 

F .  Ent hal py  chan ge  of  sol u t i on  

It is the energy change when 1 mole of ionic solid is 

dissolved in water to form a dilute solution. The value 

may be positive or negative. 

Ex: One mole of solid magnesium bromide is dissolved in 

excess amount of water to form aqueous solution of 

magnesium bromide.  

The symbol for enthalpy change of solution is ∆𝐻°𝑠𝑜𝑙. 

The more negative/less positive the value of ∆𝐻°𝑠𝑜𝑙 is, 

the more soluble the compound in water.  

 Enthalpy change of hydration 

Energy change when 1 mole of specified 

gaseous ions dissolve in water to form a dilute 

solution. This involves the formation of ion-

dipole bonds between water molecules and 

ions. The energy released when forming the 

bond is sufficient to compensate the energy 

needed to separate ions in a lattice, since 

value of ∆𝐻°𝑠𝑜𝑙 is generally far lower in 

numbers compared to lattice energy.  

The symbol is ∆𝐻°ℎ𝑦𝑑 and it is always 

exothermic. The lesser the ionic radii and the 

greater the charge, the more exothermic the 

value of ∆𝐻°ℎ𝑦𝑑 

 Calculations 

Based on the Hess cycle, the general formula is: 

 

 

 Solubility of group 2 sulfates 

The solubility decreases from magnesium 

sulfate to barium sulfate. This can be 

explained with the aid of the general formula 

involving lattice energy, hydration enthalpy, 

and solution enthalpy. 

a.) With lattice energy change 

As group 2 ions have same charge, ionic 

radius increases so lattice energy 

decreases (less exothermic) down the 

group. However, sulfate ions are much 

larger than group 2 cations.  

This contributes greatly to the change of 

lattice energy, as the increasing cation 

size becomes less significant hence lattice 

energy becomes less exothermic but only 

by a small extent. 

b.) With hydration enthalpy change 

As group 2 ions have same charge, ionic 

radius increases so hydration enthalpy 

decreases (less exothermic) down the 

group. In this case however, the sulfate 

ion hardly has any effect to the value 

since hydration enthalpy is calculated 

from the two ions, so the change of 

hydration enthalpy decreases significantly 

down the group. 

c.) With solution enthalpy change 

Applying the general formula: 

 

As hydration enthalpy value decreases 

significantly and lattice energy decreases 

slightly, this contributes to the value of 

solution enthalpy becoming more 

endothermic. Hence going down the 

group, the sulfates become less soluble. 

 

 

∆𝐻°𝑠𝑜𝑙 + ∆𝐻°𝑙𝑎𝑡𝑡 = ∆𝐻°ℎ𝑦𝑑 

∆𝐻°𝑠𝑜𝑙 = ∆𝐻°ℎ𝑦𝑑 − ∆𝐻°𝑙𝑎𝑡𝑡  
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G .  Ex erc i se  

1. Explain the relative solubility of group 2 
hydroxides by referencing lattice energy, 
solution enthalpy, and hydration enthalpy! 

2. Which compound is more stable, aluminum 
oxide or magnesium fluoride? 

3. Suggest a detailed equation to find the lattice 
energy of magnesium nitride without 
constructing a Born-Haber cycle. 

 

H .  S ol u t i ons  
 

1 . )  From lattice energy: 
Hydroxide ions are small compared to group 2 

cations. Hence, an increase in ionic radii from 

magnesium to barium can make a significant 

change in lattice energy (huge decrease) 

From hydration enthalpy: 

Ionic radii increase hence going down the 

group result in decreasing hydration enthalpy. 

However, the decrease is small in comparison 

to the decrease of group 2 hydroxides lattice 

energy. 

From solution enthalpy: 

As lattice energy becomes less exothermic 

significantly while hydration enthalpy becomes 

less exothermic by only slightly, the solution 

enthalpy becomes more exothermic from 

magnesium to barium based on the general 

formula: 

 
 

Therefore, we can conclude that group 2 

hydroxides become more soluble down the 

group. 

 

2.) Aluminum Oxide (Al2O3) is formed from Al3+ 

ions and O2- ions. Magnesium Fluoride (MgF2) 

is formed from Mg2+ ions and F- ions. 

Aluminum ions has greater magnitude of 

charge and smaller ionic radii compared to 

magnesium ions, hence larger charge density. 

Oxide ions also have greater magnitude of 

charge compared to fluoride ions.  

The attraction between the ions become 

stronger.  

This result in the lattice energy being more 

exothermic with respect to aluminum oxide. 

Hence, aluminum oxide is more stable. 

 

3.) The Equation is: 

∆𝐻°1 + ∆𝐻°𝑙𝑎𝑡𝑡 = ∆𝐻°𝑓 
The formation of magnesium nitride is 

represented with this equation: 

 

 

 The atomization of magnesium is 3 times its 

standard enthalpy atomization, hence we can 

represent it as 3∆𝑯°𝑨𝒕 (𝑴𝒈). 

 Afterwards, magnesium ionizes 2x to form 

Mg2+ ions, so it can be represented by 

3∆𝑯°𝑰𝑬𝟏 and 3∆𝑯°𝑰𝑬𝟐. 

 The atomization of nitrogen is 2 times its 

standard enthalpy atomization, hence we can 

represent it as 2∆𝑯°𝑨𝒕 (𝑵𝟐). 

 Afterwards, nitrogen gains electron 3x to form 

N3- ions, so it can be represented by 2∆𝑯°𝑬𝑨𝟏, 

2∆𝑯°𝑬𝑨𝟐, 2∆𝑯°𝑬𝑨𝟑. 

 Therefore, 

 

 

 

 

 Finally, the equation to find lattice energy is: 

 

∆𝐻°𝑙𝑎𝑡𝑡 = ∆𝐻°𝑓 − (3(∆𝐻°𝐴𝑡 (𝑀𝑔)

+ ∆𝐻°𝐼𝐸1 + ∆𝐻°𝐼𝐸2)

+ 2(∆𝐻°𝐴𝑡 (𝑁2)

+  ∆𝐻°𝐸𝐴1 +  ∆𝐻°𝐸𝐴2

+  ∆𝐻°𝐸𝐴3)) 

 

∆𝐻°𝑠𝑜𝑙 = ∆𝐻°ℎ𝑦𝑑 − ∆𝐻°𝑙𝑎𝑡𝑡  

3Mg(s) + N2(g) → Mg3N2(𝑠)
 

∆𝐻°1 = 3(∆𝐻°𝐴𝑡  (𝑀𝑔) + ∆𝐻°𝐼𝐸1 + ∆𝐻°𝐼𝐸2)

+ 2(∆𝐻°𝐴𝑡  (𝑁2) + ∆𝐻°𝐸𝐴1 +  ∆𝐻°𝐸𝐴2

+ ∆𝐻°𝐸𝐴3) 


