A2 Physics Unit 12
Gases

Mr D Powell

Chapter Map

Common Issues: Don’t confuse the gas
law equations. Try and remember just
the ideal gas equation, or only that
pV/T is a constant.
By crossing out the controlled variable
(p, V or T), equations for the three
separate gas laws can easily be
constructed i.e.
Charles’ law (p)V/T = constant.
Watch getting confused when
converting between temperature
scales.
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12.1 The experimental gas laws
Specification link-up 3.5.3: Ideal gases
1. What are the experimental gas laws?

2. How much does the pressure of a gas increase when it is heated
or compressed?
3. What is an isothermal change?

Mr Powell 2008

Index

Isotherms...
When looking at Boyles law you should also appreciate the idea of
Isotherms and be able to sketch them for higher/lower temperatures.
You can imagine a situation where pressure or volume of a gas at a certain
temperature changes. This change would enable a trace to be drawn on a
p-V graph.
If you change the temperature of the gas you can connect a similar graph.
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12.2 The ideal gas law
Specification link-up 3.5.3: Ideal gases
1. What is an ideal gas?
2. Can we combine the experimental gas laws?
3. What is the origin of the Avogadro constant?
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Gases?
• In our everyday lives we use atoms or molecules in the form of gases to
accomplish all sorts of jobs such as filling rubber tyres, footballs or making
refrigeration systems. They have an effect on virtual everything we do on this
planet and the entire universe. We even breath gases!
• Mainly we call them “gases” because they have similar properties i.e. expand to
fill the space they are in, are disassociated and bounce off each other and the
walls of containers they are in.
• Below there are two examples of gases. One is monatomic (could be a noble gas
on its own), the other is diatomic (could oxygen or O2 and found in a pair)
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Possible Physical Properties
We can examine gases by their physical attributes i.e.
• Density – mass / volume (

)

• Pressure – force on a container wall (p)
• Temperature – average kinetic energy of particles (T in Kelvin)
• Volume – m3 (V)
• Mass – kg
• Moles – (n) a mass & number relational system (NB)

NB: The idea of this is simple and based on the relative mass of carbon which is 12 a.m.u. or we define 0.012kg of
carbon as consisting of 6.022 x 1023 atoms. The same goes for any element. You simply scale it up or down relative to
carbon 12. It will make sense when you see an example!
Index
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Case Study?
When using a foot pump we find that the pump gets very hot.
Reason for this is that;
– Particles which have a certain kinetic energy. (directly
related to Temperature)
– They are squashed closer together in a smaller volume
– Kinetic energy or Temperature is concentrated in a smaller
area i.e. feels hotter

Less Volume

Higher Temperature
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Real or Ideal?
In Science we often find that we can look at the real world or
construct a model of how things work under certain conditions. For
gases we call this “real theory” or “ideal theory”. The “ideal model
is a mathematical construct which works;
•

at relatively low pressures and high temperatures i.e. far from when a gas
becomes a liquid. (works over a limited range)

• When the “ideal model” also assumes that the intermolecular forces are very
negligible and collisions are elastic (not quite true)
• When the particles themselves take up no volume (obviously impossible)
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Practical Investigation?
When thinking about how ideal gases behave we can look towards 3 key
experiments to help us establish a formulae to link together certain variables such
as pressure, temperature and volume. (p, V, t)
Each experiment yielded a simple but important conclusion;
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Basic Results?
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Results….
Using the graphical analysis method we can now say that a
formulae to link together these variables must include the
following;
p

T or p = constant x T (Pressure law)

V T or V = constant x T (Charles Law)
p 1/V (Boyles law)

At this point we can suggest a formulae which fits the three as;

T
p  const 
V
pV
 const
T
pV  const  T
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Results….
However, if we are to find out the “constant” involved we must consider
things on an atomic level;
Any formulae must also take into account;

1. The amount or mols present in the gas or “n”
2. An empirical number found by experimentation. Which also
has the correct units to make the formulae dimensionally
correct and links together differing gases across the periodic
table.
R = 8.31 J K-1 mol-1
This leads us to the idea that for an ideal gas under the
aforementioned conditions;

pV  nRT

Hint: also remembered as Perv Nert!
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Results….
•

This is a complex and difficult formulae to apply properly as the units must be
applied correctly.
p = pressure in Pascal's Pa (Nm-2)
V = volume in m3
n = number of moles of gas ( 1 mol = 6.022 x 1023 atoms or molecules) NB
T = temperature in Kelvin or K (-273 C = 0K)
R = Molar gas constant 8.31 J K-1 mol-1

pV  nRT
NB: The idea if this is simple and based on the relative mass of carbon which is 12 a.m.u. or we define 0.012kg of
carbon as consisting of 6.022 x 1023 atoms. The same goes for any element. You simply scale it up or down relative to
carbon 12.
Index
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Case Study?
•

Remember we said that a football pump and
gases get hotter when you compress a gas.

•

It makes sense that we can use this as an
equating exercise.

•

•

The laws of energy suggest that you cannot
create or destroy energy.
This leads us to state that if pV = nRT is true for
the air outside of the ball it must also be true
inside the ball

pV  nRT
pV
1
nRT

Less Volume

Higher Temperature
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Case Study?
•

If we also give our formulae the
subscript of 1 for air in the pump
and 2 for air in the ball

•

We can equate the two as being
equal and say the following relation
is correct;

•

This is a simplistic but useful
relation and of course assumes that
all the temperature is in the gas and
not the pump or surroundings.

•

The same principle can be used
when a piston in a car engine
compresses air and fuel. Again
assume no heat loss to the engine.

p1V1
1
nRT1
p1V1
p2V2

nRT1 nRT2
p1V1
p2V2

nRT1 nRT2
p1V1 p2V2

T1
T2
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Everest Case Study…
This problem uses the “equating” before and after method.....
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12.3 The kinetic theory of gases
Specification link-up 3.5.3: Molecular kinetic theory model
1. Can we explain the increase of pressure of a gas when it is compressed
or heated?

2. How can we model the behaviour of a gas?
3. What does the mean kinetic energy of a gas molecule depend on?
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A molecular view of gases
•

Firstly Charles and Boyle looked at gases via
experimental methods.

•

At a later time Robert Hooke and Isaac Newton's
work on considering gases by thinking of the
mechanics of each particle and its interaction with
the walls of a chamber was combined to provide
us with another take on how to explain how gases
behave.

•

This method was all designed around the
interaction of a single particle and imaginary box
around it. It is fairly complex and the derivation is
required for A2 Physics.
p = pressure
= density
c2 = root mean square speed of particles

1 2
p  c
3
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Results….
•

This is a tricky formulae to apply properly as the units must be applied correctly.
p = pressure in Pascal's Pa (Nm-2)

= density or mass / volume (kgm-3)

c 2 = root mean square speed of the particles (m2s-2)

1 2
p  c
3
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Alternative….
•

If we substitute in mass,
volume and “N” – number of
particles we can also express
the same formula as;
p = pressure in Pascal's Pa
(Nm-2)
= density or mass / volume
(kgm-3)
speed of
c 2 = root mean square
2 -2

the particles (m s )

1 2
p  c
3
1 Nm 2
p
c
3 V
1
2
pV  Nmc
3
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Key Assumptions I – Newton's Laws
1.

Every object in a state of uniform motion tends to remain in that
state of motion unless an external force is applied to it.

2.

The relationship between an object's mass m, its acceleration a,
and the applied force F is F = ma.

3.

For every force there is a force equal acting in the opposite
direction.
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Key Molecular Assumptions II
1.

A gas consists of point molecules (i.e. volume
particles << volume container

2.

Gas molecules behave randomly

3.

Molecules collide elastically

4.

Except when in collision molecules have
negligible forces on each other
(intermolecular)

5.

Duration of collisions is << time between
collisions themselves
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More on r.m.s
The pressure exerted by a gas arises as a result of
gas molecules bombarding the walls of the
container. There are very many molecules in a
typical sample of gas, and the molecules have a
whole range of speeds. The graph below shows a
Maxwellian distribution of speeds.
You need to realise that you are working out this
speed in this distribution for use in calculations
and some particles will be faster and some
slower.
we can also make the following useful
assumption;

NB: Do not worry about how this graph is made just the idea behind it
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Work it out from scratch…
It is unlikely that you will be asked to
completed this task in an exam. However,
you should understand how it is done.
Quite simply;
1) examine the number of particles and their
individual speeds
2) Take into account direction and remove this
by squaring
3) Summate and take an average. To get the
RMS speed.
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Useful definitions…

Examples…
1 mole of carbon atoms contain 6.022 x 1023 particles with a mass of 12g or 0.012kg
2 moles of molecular oxygen contain = 2 x 6.022 x 1023 particles and mass is 32g x 2.
2 moles of O2 gas contain 2 x 6.022 x 1023 particles of gas. But mass 64g x 2.
NB: Be sure you know the difference during calculations

Mr Powell 2008

Index

Molecular Speeds Case Study…
An example of r.m.s. speeds

Mr Powell 2008

Index

Molecular Speeds Case Study…
An example of r.m.s. speeds
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Results….
•

Now we can equate our two derived
formulae to find a useful and neat
construct for the Kinetic Energy of
particles.

Equate

1 2
p  c
3
and

Sub = (m/v)

pV  nRT

Cancel V

nRT
p
V
so

x3
/2

nRT 1 2
 c
V
3
U = Internal Energy = Kinetic Energy

nRT 1 2
 c
V
3
nRT 1 m 2

c
V
3V
1 2
nRT  mc
3
3nRT  mc 2
3
1 2
nRT  mc
2
2
U  KE
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Key Assumptions I – Newton's Laws
1.

Every object in a state of uniform motion tends to remain in that
state of motion unless an external force is applied to it.

2.

The relationship between an object's mass m, its acceleration a,
and the applied force F is F = ma.

3.

For every force there is an force equal acting in the opposite
direction.
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Key Molecular Assumptions II
1.

A gas consists of point molecules (i.e. volume
particles << volume container

2.

Gas molecules behave randomly

3.

Molecules collide elastically

4.

Except when in collision molecules have
negligible forces on each other

5.

Duration of collisions is << time between
collisions themselves
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Example 1
What is the total kinetic energy of 2 moles of Oxygen gas at a temperature of 400K

3
1 2
nRT  mc
2
2
U  KE
U = KE = (3/2) x 2 mol x 8.31 J K-1 mol-1 x 400K
= KE = 9972J
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Example 2
What is the kinetic energy of 1 Molecule of Oxygen gas at a temperature of 310K

3
1 2
nRT  mc
2
2
U  KE
U = KE = 1.5 x 1 mol x 8.31 J K-1 mol-1 x 310K
6.022 x 1023
U = KE = 6.4 x 10-21J
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Example 3
How many moles of CO2 do I have in a canister if each molecule has kinetic
energy of 50 x 10-21J and a Temperature of 298K

3
1 2
nRT  mc  KE  U
2
2
3
nRT  KE
2
2 KE
n
3RT

n=

2 x 50 x 10-21J atom-1 x 6.022 x 1023 atoms
3 x 8.31 J K-1 mol-1 x 298K

n = 8.11 moles
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Example 4
What temperature is this monatomic gas at if a container contains 5 moles and has an
internal energy of 98 x 10-21J for each atom

3
1 2
nRT  mc  KE  U
2
2
3
nRT  KE
2
2 KE
T
3Rn

T=

2 x 98 x 10-21J atom-1 x 6.022 x 1023 atoms mol-1
3 x 8.31 J K-1 mol-1 x 5

T = 947K
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Brownian Motion
It is also possible to observe a phenomenon in air using smoke
particles. Here, a 'smoke cell,' which can be bought commercially, is
used and which consists of a cell into which smoke from
smouldering paper or string may be introduced using a teat pipette.
The cell is illuminated from the side using light from a small bulb.
There is a light disperser between the bulb and the cell. Once the
smoke has been introduced, a cover slip is applied to the cell, and
the contents viewed from above through a microscope under low
power. The smoke particles are visible as bright pin-pricks of light
under constant erratic movement.
This experiment is cited as strong evidence for the constant
movement of air particles which, of course, are invisible - although
their presence can be felt when there is a draft or a breeze.
Brownian motion in general is also cited as strong evidence for the
continuous motion of particles in liquids and gases. It is further
realised that the atoms which make up the solid state of matter are
also continually vibrating about a mean position. This idea of
atomic/molecular motion and the associated mathematical
calculations is known as the kinetic theory of matter.
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Quick Revision

Momentum of Gases
The diagram shows a helium atom of mass 6.8 × 10 .27 kg about to strike the wall of a
container. It rebounds with the same speed.
(i) Calculate the momentum change of the helium atom.
(ii) Calculate the number of collisions per second on each cm2 of the container wall
that will produce a pressure of 1.5 × 105 Pa.
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Molecular Kinetic Theory - Revision
1) Calculate the average kinetic energy of the gas molecules at a
temperature of 300 K. (2 marks)

2) Explain in terms of molecular motion, why the pressure of an ideal gas
varies with the absolute temperature. (4 marks + 1 QWC)
average kinetic energy or speed of the molecules increases with temperature
more collisions occur (more frequently)
[or more particles hit (per second)
(average) change in momentum (during a collision) is greater
rate of change of momentum is greater
(hence) force/pressure (during collision) is greater
Boltzmann constant = 1.3806503 × 10-23 m2 kg s-2 K-1
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Rate of change of momentum = change of momentum
time

p = Nm <c2>
3l3
p= F
l2

Newton’s 2nd Law: Force = rate of change of momentum
= mu2
l

<U2> = ( u12+u22…..uN2)
N

Momentum = mu

C2 = U 2 + v 2 + w 2
<c2> = <U2> + <v2> + <w2>
Mean values of <U2> + <v2> + <w2>
are equal
r = density

P = m(u12+u22….uN2)
l3

Change in momentum=mu-(-mu)
N<U2> = u12+u22…..uN2
Force on X= m(u12+u22…..uN2)
l

p = Nm <u2>
l3

l3 = volume v

Change in momentum = 2mu
distance covered = 2l
Speed = distance
time

=2mu
2l/u

<u2>=<c2>
3

Total force on wall X due
to impacts by all N molecules
<c2>=3u2

=2mu

= 2mu
time

Pressure=force
area

p= 1 r <c2>
3
time=2l
u

pV =1 Nm <c2>
3

Quick Questions....
1. What is an experimental equation which links pressure to
temperature

Pressure

2. What is a derived equation which links pressure to c 2
3. How many atoms in a mole?
4. What does “p” stand for and what are the common units
used?

Charles

5. What can I substitute Nm/V for?

6. Name each graph law to the right;
7. What does “n” stand for?
2
8. What does crepresent

9. How many litres is a m3
10. True or false

Boyles

c2  T
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What are the standard units…
1) Internal Energy

1) J

2) Avogadro's constant

2) particles / mole

3) Boltzmann constant

3) J K-1

4) Molar gas constant

4) J K-1 mol-1

5) Acceleration

5) ms-2

6) Acceleration (another form)

6) Nkg-1

7) Momentum

7) kgms-1

8) Kinetic Energy

8) J

9) Kinetic Energy (another form)

9) kg m2 s-2

10) Density

10) kgm-3
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