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Understandings: 

1. Explain equilibrium. 

- Equilibrium is reached when the rate of forward reaction equals rate of backward reaction.  

We could have physical and chemical equilibrium. Physical equilibrium is equilibrium of state 

changes such as evaporation and condensation, while chemical equilibrium is things like 

water dissociation.  

Extra notes 

- What could some of the characteristics of equilibrium be? 

Even if we don’t see any macroscopic change, the reaction still occurs. We call equilibrium to 

be dynamic.  

Equilibrium is only reached in a closed system. I guess the universe is a closed system, but 

too beyond our scope.  

The concentrations remain constant. They are not necessarily the same as each other, but 

constant.  

Equilibrium can be reached from either direction.  

2. Explain the equilibrium constant (Kc) and how it can be determined for a particular 

chemical reaction. 

- Equilibrium constant tells us the position of equilibrium. Equilibrium can be near the 

products or reactants, so we need to somehow find an expression to tell us that.  

For a reaction aA + bB  ⇄ cC + dD 

[𝐶]𝑐 ∗ [𝐷]𝑑

[𝐴]𝑎 ∗ [𝐵]𝑏
= 𝐾𝑐 

The Kc does not change unless the temperature changes.  

3. Explain how to deduce the value of Kc. 

- We can see from the expression that values above 1 means that reaction lies to right and 

less than 1 means that reaction lies to left.  

However, Kc does not tell us anything about the rate! 

Also, be able to manipulate the values of Kc depending on the changes of reaction 

coefficient and direction. In other words, be able to deduce inverse of Kc (Kc’) and take the 

power of Kc.  
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4. Explain the quotient (Q) for reactions.  

- Q uses the same expression as above, but it is not using the concentrations at equilibrium. 

Q is the quotient at a particular time and by comparing that value and the Kc, we can predict 

where the reaction is going. If Q = Kc, the reaction is already at equilibrium. If Q > Kc then Q 

will decrease and therefore create more reactants. If Q < Kc, then Q will increase and 

produce more products.  

5. Explain Le Châtelier’s principle. 

- His principle states that when there is a change in equilibrium, the reaction will change so 

that it experiences the minimal change. This will be explained more below.  

His principles are used in industries to make the environment for maximum productivity, 

such as the Haber process to create ammonia and the Contact process to produce sulfuric 

acid.  

Applications and skills: 

1. Outline the characteristics of chemical and physical systems in a state of equilibrium. 

- Explained in extra notes above.  

Extra notes 

- There may be tricky questions in the exam that says a colored solution is saturated and 

there is a crystal inside. The question may then be, “what will happen or what will we 

observe?” Obviously the crystal cannot dissolve because the solution is saturated and the 

color of solution would not change either. However the crystal may change shape because 

equilibrium is dynamic, but the overall mass of crystal stays the same. Thus if the crystal 

started off as a square, it is likely that it will be reshaped into a sphere (for optimum surface 

area).  

2. Deduce the equilibrium constant expression (Kc) from an equation for a homogeneous 

reaction.  

- Yes, it is very easy. Just use the expression stated above.  

3. Determine the relationship between different equilibrium constants (Kc) for the same 

reaction at the same temperature.  

- This is basically what we discussed about Kc and that we can take the inverse, the power of 

it and even square root it depending on how we manipulate the reaction.  
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4. Apply Le Châtelier’s principle to predict the qualitative effects of changes of 

temperature, pressure and concentration on the position of equilibrium and on the value 

of the equilibrium constant. 

- Of course. Look at how Le Chatelier’s principle works below and the rest should come 

naturally. 

Concentration: 

Obviously, when I add something more in either side of reaction, the reaction will happen 

faster on that side hence get more of the other side. We have previously learnt in the rate 

section that higher concentrations lead to faster rate of reaction. Once rate becomes equal, 

system has reached equilibrium.  

Thus concentration changes the position of Kc, resulting in more/less yield but does not 

change the actual value of Kc.  

Pressure: 

Unlike concentration where you can manipulate only one side, it is impossible to increase 

the pressure on only one direction. Thus when increasing the pressure, the reaction will try 

to reduce the pressure by favoring the reaction that produces less molecules. Therefore, the 

side where there are more molecules will deplete.  

When the number of moles of reactants and products is the same, there will be no change in 

position but only increase the rate.  

Still the value of Kc does not change.  

Temperature: 

Temperature on the other hand does change the Kc and the position of equilibrium. When 

we increase the temperature, it will favor the endothermic reaction since it uses heat and 

therefore reduce the energy in the system. Likewise, decrease in temperature will favor the 

exothermic reaction to release heat.  

However, temperature also changes the rate of reaction differently because the forward and 

backward reactions have different activation energies. Therefore, temperature changes Kc.  

Catalyst: 

Catalysts only increase the rate of reaction in both directions. Thus it does not change the 

position of Kc and not the value of Kc. It will only increase the speed of equilibrium 

attainment.  
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TOK: 

1. Scientists investigate the world at different scales; the macroscopic and microscopic. 

Which ways of knowing allow us to move from the macroscopic to the microscopic? 

2. Chemistry uses a specialized vocabulary: a closed system is one in which no matter is 

exchanged with the surroundings. Does our vocabulary simply communicate our 

knowledge; or does it shape what we can know? 

3. The career of Fritz Haber coincided with the political upheavals of two world wars. He 

supervised the release of chlorine on the battlefield in World War I and worked on the 

production of explosives. How does the social context of scientific work affect the 

methods and findings of science? Should scientists be held morally responsible for the 

applications of their discoveries? 


