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Understandings: 

1. Explain what entropy (S) is. State that it refers to the distribution of available energy 

among the particles. The more ways the energy can be distributed the higher the entropy. 

- Let me introduce you a new concept: entropy. So, what is entropy? Well, people associate 

this with “chaos and disorder”, but we are in IB chemistry HL so we need to be more specific!  

I think entropy as a probability concept. Whut? Simply, it is a measure of the possible 

arrangements of energy in a system. For example, if I have thousands of probabilities where 

energy can be distributed, I have higher entropy than if I have 10 probabilities where energy 

can be distributed.  

Here, we can see that the upper 

container has fewer probabilities or in 

this case volume that the energy (the 

particles) can be in. Thus has lower 

entropy than the container below.  

 

 

 

Now that we have some sense what entropy is, we can mention the second law of 

thermodynamics. The second law of thermodynamics says that the ΔStotal > 0. This means 

that the available probability where energy can be distributed increases! But why? First of all, 

in a very macro sense, it is because universe is expanding just like the container above. 

Secondly, in a micro sense, the number of “permutations” of molecules where it is in order is 

far less that the number of “permutations” where it is in disorder.  

However, the possibility exists. For example, if I spill a class of water it seems irreversible. 

However, there is an infinitesimal chance that the molecules will arrange itself perfectly in 

ordered state to bounce off the water molecules back into the cup. Weird, I know. I wish I 

could see that before I die. If you do, it is probably equivalent to like winning million lotteries 

in a row.  

2. State that the entropy is gas>liquid>solid under same conditions. 

- This is logical since the forces and bonds between the molecules are the determinants of 

how freely they can access the available distributions of energy. More will be discussed in 

applications and skills.  

Extra notes 

- We do have access to absolute values of S in the IB data booklet. The formula is yet beyond 

our level, but be aware that we can measure the absolute entropy unlike absolute enthalpy.  
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3. Explain what spontaneity is.  

- Spontaneity is when a reaction happens spontaneously at a certain temperature. Even 

though our intuition tells us that exothermic reaction are spontaneous and increase in 

entropy is also spontaneous (due to the second law of thermodynamics), we still have not 

covered everything.  

4. Explain how entropy of the surroundings changes.  

- With surroundings in this case, we mean the universe! 

So, what does the entropy of surroundings depend on? Simply, ΔSsurrounding is dependent on 

ΔHsystem. When ΔHsystem is exothermic, then the ΔSsurrounding should increase. Conversely, when 

ΔHsystem is positive, ΔSsurrounding decreases since energy is taking from the surroundings.  

5. Explain the relationship between entropy and enthalpy, and then, explain the formula of 

total entropy.  

- Now that we know the relationship between ΔSsurrounding and ΔHsystem we get the following 

relationship: 

ΔSsurrounding ∝ - ΔHsystem  

If we combine with the second law of thermodynamics, we will tend to have more 

exothermic reactions much more since ΔSsurrounding > 0. Endothermic reactions are not as 

common.  

Now, it is time to look at the relationship between ΔSsurrounding and absolute temperature (K). 

The impact of ΔSsurrounding will be dependent on the current temperature. So, if the 

temperature is already very high, a small increase in entropy (due to negative enthalpy 

change as mentioned above) will not make much difference. However, if the temperature is 

low, a small increase in entropy will cause much difference.  

Mathematically, this makes sense. Let’s say the increase in ΔSsurrounding has increased by 1 unit.  

When temperature is high When temperature is low 

Let’s say ΔSsurrounding is 100.  

After whatever reaction, it has increased by 1 

unit, hence 101.  

101/100 = 1.01 

Thus an increase in 1%. 

Let’s say ΔSsurrounding is 1.  

After whatever reaction, it has increased by 1 

unit, hence 2.  

2/1 = 2.  

Thus an increase in 100%! 

What a difference! 
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We can therefore draw the conclusion that ΔSsurrounding inversely proportional to current 

temperature. Therefore,  

ΔSsurrounding ∝ 
1

𝑇
 

Let’s combine the relationships.  

ΔSsurrounding = 
−ΔHsystem 

𝑇
 (the temperature is in Kelvin!) 

The unit will therefore be 
𝐽 

𝐾∗𝑚𝑜𝑙
.  

6. Explain the link between spontaneity and ΔStotal. 

- According to second law of thermodynamics, we have a spontaneous reaction when ΔStotal > 

0. This makes sense since universe goes to ΔStotal > 0 hence all reaction that results in this will 

be spontaneous. It is just a law of the universe. 

The rest is algebra.  

ΔStotal = ΔSsurrounding + ΔSsystem > 0 

ΔStotal = 
−ΔHsystem 

𝑇
 + ΔSsystem > 0 

-TΔStotal = ΔHsystem - TΔSsystem < 0 

Gibbs has defined -TΔStotal as the free energy that can do work on the system, hence ΔGsystem. 

If this value is negative, you have that much energy left over that can do work, hence initiate 

into spontaneous reaction.  

7. Explain Gibbs free energy (G).  

-  

ΔGsystem = ΔHsystem - TΔSsystem 

We can use this formula to determine whether certain reactions in conditions are 

energetically favourable or not. With energetically favourable I mean that the reaction is 

spontaneous. Note that this does not tell anything about the rate.  

So we can experiment what happens with Gibbs energy when the reaction is 

exothermic/endothermic, positive/negative entropy, at high/low temperature.  
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8. Explain more about Gibbs free energy.  

- Since Gibbs free energy is basically energy, it follows the conservation of energy. Therefore, 

we can draw the energy cycle.  

 

 

 

 

 

 

 

But wait, how do we calculate the Gibbs energy of formation? That is where we have this 

equation for ΔGsystem = ΔHsystem - TΔSsystem. Note that we have to use the values at standard 

conditions.  

We should also have a grasp of some values of ΔG. We can expect that high values of ΔG 

results in almost no reaction, but exactly at what value? This was determined experimentally 

by measuring the ratio of products : reactants.  

 

The table to left is really 

straight forward. Only 

number we have to know 

is the 30kJ/mol.  
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Applications and skills: 

1. Be able to predict the change in entropy by considering the states of the reactants and 

products. 

- We only need to consider two things when predicting.  

The first thing to consider is the change of state. We can all agree that gas has highest 

entropy while solid has lowest entropy. Why? It is because the interaction forces prevent or 

significantly decrease the distribution of energy. So, for example, from solid to liquid leads to 

+ΔS, while for instance gas to solid leads to –ΔS. 

The second thing to consider is the number of particles. In a reaction, if the number of 

products is less, it is –ΔS. If the number is the same, the ΔS is around 0. If the number has 

increased, then it is +ΔS.  

Ask yourself the question, which plays a larger factor? Number of particles, or change of 

state? 

2. Be able to calculate the entropy changes (ΔS) from given standard entropy values (Sº). 

- As mentioned, we have access to absolute enthalpy values. The formula is very easy 

because it is basically the same thing as enthalpy.  

ΔS (reaction) = S (products) – S (reactant).  

The sign determines whether the system is becoming more chaotic or not.  

3. Be able to use Δ𝐺° = Δ𝐻° − 𝑇Δ𝑆° in predicting spontaneity and calculation of various 

conditions of enthalpy and temperature that will affect this. 

- We have briefly mentioned it. But essentially, you just need to try some values to see if the 

reaction is energetically favourable or not.  

4. Be able to relate ΔG to position of equilibrium. 

- Basically, when ΔG is 0, it means that neither direction is favourable, thus we have 

equilibrium. More on this later in chapter 7.  

TOK:  

1. Entropy is a technical term which has a precise meaning. How important are such 

technical terms in different areas of knowledge? 


