
Focus 1: Properties of gases

Perfect gas

Kinetic model

Real gases
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Kinetic-molecular theory (KMT)

- A microscopic explanation of gas behavior
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Kinetic-molecular theory (KMT)
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Kinetic-molecular theory (KMT)
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Kinetic-molecular theory (KMT)
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Relation between pressure and volume: PV= 1/3 nMVrms
2

- Connects microscopic properties of a gas with macroscopic properties
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Relation between pressure and volume: PV= 1/3 nMVrms
2

No of moles

Molar mass

Root-mean-square speed

Comes from the KMT and relates the macroscopic 
temperature (𝑇) of a gas to the microscopic average 
speed of its molecules
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Relation between pressure and volume: PV= 1/3 nMVrms
2

No of moles

Molar mass

Root-mean-square speed

Temperature dependence?

Comes from the KMT and relates the macroscopic 
temperature (𝑇) of a gas to the microscopic average 
speed of its molecules
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Relation between pressure and volume: PV= 1/3 nMVrms
2

No of moles

Molar mass

Root-mean-square speed

Temperature dependence?

PV = constant (at constant T)

Comes from the KMT and relates the macroscopic 
temperature (𝑇) of a gas to the microscopic average 
speed of its molecules
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Maxwell-Boltzmann distribution of speeds 
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Maxwell-Boltzmann distribution of speeds 

Molar mass

Gas constant

temperature
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Maxwell-Boltzmann distribution of speeds 

Molar mass

Gas constant

temperature

Boltzmann factor 𝑒xp (−𝐸/𝑘𝐵𝑇) indicates 
how likely a system is to occupy a state 
with energy 𝐸.
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Maxwell-Boltzmann distribution of speeds 

Molar mass

Gas constant

temperature

Boltzmann factor 𝑒xp (−𝐸/𝑘𝐵𝑇) indicates 
how likely a system is to occupy a state 
with energy 𝐸.
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Molar mass

temperature

Maxwell-Boltzmann distribution

Distribution of speeds of particles in a gas at different 
temperatures or for different molecular masses
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Molar mass

temperature

Maxwell-Boltzmann distribution

Most probable speed?
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Maxwell-Boltzmann distribution

Most probable speed?
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Maxwell-Boltzmann distribution

Distribution of speeds of particles in a gas at different 
temperatures or for different molecular masses
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Mean speed

• The formula is derived from the Maxwell-Boltzmann distribution of speeds and 
is used in statistical mechanics to calculate averages of different powers of 
speed.

• Each possible speed raised to the nth power by its probability density (f(v)) and 
integrating over all speeds from 0 to ∞.
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Mean speed

22



Mean speed
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Mean speed
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Mean speed
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Mean speed
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From slide 11



Mean speed
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From slide 11



Calculate Vmean of N2 at 15 OC

Mean speed of N2 at 15 OC?
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Calculate Vmean of N2 at 15 OC

Mean speed of N2 at 15 OC?
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462 ms-1
288 K

Mean speed of N2 at 15 OC?

Calculate Vmean of N2 at 15 OC
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Apprx. 1033 mph.



462 ms-1
288 K

Mean speed of N2 at 15 OC?

Calculate Vmean of N2 at 15 OC
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Most probable speed
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Most probable speed
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Most probable speed
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Vmp, Vmean, and Vrms

A summary of the conclusions that can be deduced from the Maxwell distribution for molecules of 
molar mass M at a temperature T
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Relative speed of a molecule w.r.t. another
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The relative speed between two molecules is the speed of one 
molecule as observed from the frame of reference of the other 
molecule.



Relative speed of a molecule w.r.t. another
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Relative speed of a molecule w.r.t. another
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velocities are equally likely to point in any direction



Relative speed of a molecule w.r.t. another



Collision frequency
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Collision frequency
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Collision frequency

number of stationary molecules
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Collision frequency

number of stationary molecules

The collision frequency z
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Collision frequency

number of stationary molecules

The collision frequency z
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Collision frequency

number of stationary molecules

The collision frequency z
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Collision frequency

number of stationary molecules

The collision frequency z
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Collision frequency

number of stationary molecules

The collision frequency z
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Mean free path
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Mean free path
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Mean free path
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Mean free path

vrel = 671ms-1 (for N2 molecules at 25 °C)
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