
Episode 602: Ideal gases and absolute zero

This episode establishes the ideal gas law, and how to use it. NB many texts use the terms ideal gas and perfect gas as meaning the same thing. Strictly speaking an ideal gas is one that obeys Boyle’s law with complete precision. A perfect gas is a real gas under conditions that Boyle’s law is a valid enough description of its behaviour.

Lesson Summary

· Discussion: The ideal gas law, moles and the Kelvin scale of temperature (30 minutes)

· Worked examples: Using the equation; temperature conversions (15 minutes)

· Student questions: Practice questions (30 minutes)


Discussion: The ideal gas law, moles and the Kelvin scale of temperature

Both Charles’ law and the pressure law lead to an extrapolation back to zero volume or pressure which would imply the temperature scale can go no further. For all gases, that zero point (absolute zero) is (roughly) the same and although clearly the gas would no longer be a gas there, this is an important implication.

The separate laws can be combined into the ideal gas law, PV = NRT. Make sure that your students understand the different symbols in this equation: N is the number of moles of gas and R is the molar gas constant, i.e. the gas constant for one mole of substance, with the value 8.3 JK-1.

It may be necessary to review these ideas. Many students will have learned that 1 mole of gas occupies 22.4 litre (at STP) or 24 litre (at RTP). It will be necessary to break them out of the habit of using this shortcut in order to apply the ideal gas law correctly. 1 mole is simply a standard number of atoms, Avogadro’s number, 6.023  ×  1023. The volume of one mole follows from the ideal gas law and the molar gas constant. They should also recall how to calculate the number of moles of a substance from

n = massrelative molecular mass.

The ideal gas law is approximately true for most gases, and as its name implies is exactly true for an ideal gas, an imaginary gas which obeys Boyle’s law perfectly.

Such a gas can be used to define the thermodynamic temperature scale with its zero where P and V drop to zero. In practice we know that there is a small amount of energy at absolute zero, the so-called zero-point motion of quantum mechanics. So it is best to define absolute zero as the point of lowest energy not zero energy.

To be strictly accurate, the Kelvin and Celsius scales coincide at the triple point of water, which is 0.01  ° C or 273.16 K, and so the conversion between the two scales is:

temperature in K = temperature in °C + 273.15.

The conventional symbols are:

· T for thermodynamic (absolute) temperature, SI unit: kelvin, symbol K

· q for temperature in °C.

Worked examples: Using the ideal gas law; temperature conversions

It is necessary to emphasise that the proportionality laws only apply with absolute temperature, so make sure that your students know when to work in K and how to convert between  ° C and K.

Show a worked example or two of this.

Also, work through an example or two using the ideal gas law.

Episode 602-1: Ideal gases (Word, 20 KB) - see end of document

Student questions: Practice questions

Practice questions on gas laws, moles, absolute zero.

Episode 602-2: Using the ideal gas relationships (Word, 31 KB) - see end of document

Episode 602- 1: Ideal gases

(Ideal gas constant (R) = 8.3 mol-1 K-1)

1.
Calculate the number of moles of a gas of pressure 105 Pa at a temperature of 27°C 
occupying a volume of 5 m3.

2.
 An ideal gas has a molar mass of 40 g and a density of 1.2 kg m-3 at 80 °C. What is its 
pressure at that temperature?

3.
An ideal gas is contained in a metal cylinder with a volume of 0.25 m3 at a pressure of 
15 x 105 Pa and a temperature of 20 °C. If the gas is allowed to expand into the 
atmosphere at a pressure of 105 Pa and a temperature of 15 °C what is its new volume?

Practical advice

Work through some examples reminding students that T is in Kelvin

Answers and worked solutions

1.
Calculate the number of moles of a gas of pressure 105 Pa at a temperature of 27°C 
occupying a volume of 5 m3.

PV = nRT  
T = 273 + 27 = 300 K

n = PV/RT = 105 x 5 / (8.3 x 300) = 200.8 = 201 moles

2
An ideal gas has a molar mass of 40 g and a density of 1.2 kg m-3 at 80°C. What is its 
pressure at that temperature?

T = 273 + 80 = 353 K

PV = nRT  

m = V 



so 
 V = 0.04 / 1.2 with n = 1 (since 1 mole of gas has a mass of 40 g, or 0.04 kg)

P = RT/V = 8.3 x 353 x 1.2/0.04 = 8.79x104 Pa

3.
An ideal gas is contained in a metal cylinder with a volume of 0.25 m3 at a pressure of 
15x105 Pa and a temperature of 20oC. If the gas is allowed to expand into the 
atmosphere at a pressure of 105 Pa and a temperature of 15°C what is its new volume?

T1= 273+ 20 = 293 K

T2= 273+ 15 = 288 K
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15 x 105 x 0.25 / 293 = V2 x 105 / 288

Therefore:  V2 = 15 x 0.25 x 288 / 293 = 3.69 m3
External reference

This activity is taken from Resourceful Physics

Episode 602- 2: Using the ideal gas relationships

These are exercises to allow you to gain confidence in using the ideal gas law:

PV = nRT. The molar gas constant (R = NA k) is 8.31 J mol–1 K–1.

Try these

A 5 mol sample of nitrogen exerts a pressure of 150 000 Pa at a temperature of 373 K. 

1.
What is the volume of this sample?

2.
The temperature is changed to 273 K and the pressure drops to 100 000 Pa. What is the 
volume now?

A sample of gas with a pressure of 100 000 Pa has a volume of 5 litres at a temperature of 7 C. The pressure now drops to 80 000 Pa and the temperature increases by 40 C.

3.
Calculate the new volume. 

The atmospheric pressure is about 100 000 Pa and the temperature about 300 K.

4.
Estimate the number of moles of air in the room you are in now. 

The molar mass of carbon dioxide is 0.045 kg mol–1.

5.
Calculate the density of the gas when the temperature is 273 K and the pressure is 
120 000 Pa.

The summit of Mount Everest can be at a temperature of – 50 C and the pressure at its summit is roughly one-third that at sea level. The density of air in your laboratory is about 1.25 kg m–3.

6.
Calculate the density of air at the top of the mountain. 

Hints

6.
Mount Everest: calculate the molar volume at both sets of conditions; these volumes will 
hold the same number of molecules. Use the ratio to calculate the density at the top of 
the mountain.

Practical advice

Use these problems to get students going on simple gas calculations. The final question is more difficult and may be used for more able students.

Answers and worked solutions

1.
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4.
If the lab is roughly 3 m high  10 m  10 m, volume = 300 m3, then about 12 kmol (with a 
mass of 360 kg) because:
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5.
Use 1 mole in the calculation for convenience; it always has a mass of 0.045 kg. Choose 
a volume of 1 m3. So:
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The mass of 52.8 mol is 52.8  0.045 kg = 2.38 kg. The density of the gas is 2.38 kg m–3.

6.
At sea level 1 m3 has a mass of 1.25 kg. This mass will have expanded to a new volume 
on top of the mountain. This new volume is:
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So the density is now 1.25 kg / 2.46 m3 = 0.51 kg m–3.

External reference

This activity is taken from Advancing Physics chapter 13, 40S
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