
CHEM1100 Summary Notes – Module 2 

Lecture 14 – Introduction to Kinetic Theory & Ideal Gases  

What are Boyle’s and Charles’ Laws? 

Boyle’s Law 

 the pressure of a given mass of an ideal gas is inversely proportional to its volume at a 

constant temperature 
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Charles’ Law 

 the volume of an ideal gas at constant pressure is directly proportional to the absolute 

temperature 

 

𝑉 𝛼 𝑇(𝑔𝑎𝑠)  

 

 

 

What is the relationship between concentration and volume of gas? 



The volume is proportional to the amount of gas.  

𝑉 𝛼 𝑛(𝑔𝑎𝑠) 

 

 

What is the ideal gas law? 

𝑃𝑉 = 𝑛𝑅𝑇 

P = pressure in Pa or atm  

V = volume in L 

n = number of moles 

R = 8.314 J/mol/K for Pa or 0.082057 L atm/mol/K 

T = temperature in K  

 How can we apply this equation? 
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What are the characteristics of a gas? 

What is an ideal gas? 

  

A hypothetical gas whose molecules occupy negligible space and have no interactions, and 

which consequently obeys the gas laws exactly. 

 A gas will expand to occupy all available space  

 Gases have no fixed volume or shape  

 Atoms in a gas move independently of each other and randomly  

 Gases exert a pressure 

How do gases exert pressure? 

Particles in constant motion collide with each other and container walls. The pressure is given by the 

number of collisions per unit area per unit time.  
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What are the conversions between pressure units? 

1 atm = 760mmHg 

1 atm = 1.01325 x 10^5 Pa 

1 torr = 1/760 atm  



1 bar = 1 x 10^5 Pa 

What is standard temperature and pressure? 

273.15K 

1 atm  

What is Dalton’s Law of Partial Pressures? 

The pressure of a mixture of gases is the sum of the pressures that each gas would exert if it were 

alone in the container.  

𝑃𝑡𝑜𝑡𝑎𝑙 = 𝑃1 +  𝑃2 + ⋯  

We can find the partial pressure by multiplying the mole ratio of the gas to the total moles in the 

container by the total pressure. 

𝑃𝐴 =  
𝑛𝑎

𝑛𝑡𝑜𝑡𝑎𝑙
× 𝑃𝑡𝑜𝑡𝑎𝑙 

Lecture 15: Ideal vs Real Gases (intermolecular forces) 

What is the description of an idea gas from a molecular viewpoint (rather than macroscopic)? 

 

Gas molecules have a mass and a velocity and therefore have kinetic energy. 
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Molecules or atoms in any gas are constantly undergoing collisions both with each other and with 

the walls of the container so they are not all moving with the same speed.  

There is a distribution of speeds amongst a population of gas molecules.  

 

As the temperature increase, molecules move faster.  

 What is average kinetic energy? 



Average kinetic energy is the sum of the individual molecular kinetic energies divided by the 

total number of molecules for any gas.  

Whats the difference between average and total kinetic energy? 

Average = not concerned with the amount of gas 

Total = changes with the amount of gas 

How are kinetic energy and temperature related? 

What are real gas properties? 

 

Ideal gas behaviour breaks down at very high pressures and very low temperatures due to the 

intermolecular forces between gas particles.  

 

Above the ideal gas line, repulsive forces dominate and so it is less compressible.  

Below the ideal gas line, attractive forces dominate so it is more compressible.  

THE COMPRESSION FACTOR: is PV/nRT 

What are the corrections for real gasses from the ideal gas equation? 

We must include the repulsive forces and attractive interactions in the ideal gas equation. 
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This rearranges to van der Waals equation: 

(𝑃 +
𝑛2𝑎

𝑉2 ) (𝑉 − 𝑛𝑏) = 𝑛𝑅𝑇 

What are intermolecular forces? 

Intermolecular forces explain why some substances are gases at room temperature and others are 

liquids or solids. Forces that occur between individual atoms/molecules/ions are called 

intermolecular forces. 

 When are IM forces the most important? 

When gas molecules lose kinetic energy (low T) or experience increased numbers of 

collisions (high P), intermolecular forces become increasingly important.  

Dipole-Dipole Interactions 

A dipole is introduced when there is a more electronegative atom present which causes it to be 

partially negative and the other atoms partially positive resulting in a net charge.  

The strength of the dipole is measured in units of Debye and reflects the net polarity of a molecule 

as a result of molecular shape and any localisation of electrons.  

Molecules with dipole moments alight so that negative and positive ends are close to each other 

which leads to electrostatic attraction between molecules (attractive forces).  

Hydrogen Bonding 

Hydrogen bonds are special case of strong dipole-dipole interactions observed between hydrogen 

and one of oxygen, nitrogen or fluorine. This is because these are electronegative enough that H 

gives its electron over and then can have strong electrostatic attraction to the now partially negative 

atom.  

London dispersion forces (van der Waal interactions) 

Transient changes in the charge distribution (electron cloud) in a molecule can occur and when this 

happens near another atom, the dipole induces a dipole in another atom.  

As the number of electrons in the molecule increases so too do the London dispersion forces due to 

the increased number of electrons which can form bonds between neighbouring molecules. 

This can increase the melting and boiling point as it increases how tightly or strongly 

molecules are packed together.  

What are the effects on intermolecular forces on solubility? 

Polar solvent/polar solute  

Non polar solvent / non polar solute 

LIKE DISSOLVES LIKE 

Lecture 16: Introduction to Thermodynamics 



What is chemical thermodynamics? 

The ability to predict both the direction and the extent of spontaneous chemical and physical 

changes under particular conditions.  

Chemical reactions involve energy transfer through work and heat.  

What is the first law of thermodynamics? 

Energy cannot be created or destroyed, it can only be converted from one form to another. 

What is internal energy? 

The internal energy, U, is the sum of all the energies for an individual particle (poentital and kinetic) 

and we are interested in the change in internal energy.  

∆𝑈 = 𝑈 𝑓𝑖𝑛𝑎𝑙 − 𝑈 𝑖𝑛𝑡𝑖𝑡𝑎𝑙 

 If the value of delta U is positive, the system gains energy 

 If the value of delta U is negative, the system loses energy 

 All energy must be released or gained from the surroudnings so: 

o ∆𝑈𝑠𝑦𝑠𝑡𝑒𝑚 =  −∆𝑈 𝑠𝑢𝑟𝑟𝑜𝑢𝑛𝑑𝑖𝑛𝑔𝑠 

 

In chemical reactions energy is exchanged with the surrounds as either heat or work – this is the only 

way that a chemical system can exchange energy with its surroundings: 

∆𝑈 = 𝑞 + 𝑤 

Q= heat added to a system (q<0 means heat removed) 

W = work done on system ( w<0 means work done by system) 

 

 

 


