


Gas laws and the kinetic model

Pressure
Pressure is the force per unit area.
This means that the pressure a solid object exerts on another solid surface is its weight in newtons divided by its area in square metres.
Pressure can be determined using the following equation.
Pressure=force/area
P=F/A
· The unit for pressure is the pascal (Pa).
· One pascal is equivalent to one newton per square metre.
· Atmospheric pressure is approximately 1×105Pa=100000Pa.
Kinetic energy, temperature and the Kelvin scale
Imagine a gas is trapped inside a container which has a fixed size (its volume cannot change). Gas pressure is caused by the collisions of the gas particles with the inside of the container as they collide with and exert a force on the container walls. Then the gas is heated up.
As the temperature of the gas increases, the particles gain kinetic energy and their speed increases. This means that the particles hit off the sides more often and with greater force. Both of these factors cause the pressure of the gas to increase.
A temperature of absolute zero is the point at which the gas particles stop moving. This corresponds to a temperature of −273∘C. Particles have no kinetic energy at all so no energy can be removed and the temperature cannot get any lower. With no kinetic energy and now stationary, the particles will exert no pressure either.
Using this idea of absolute zero, it makes sense to create a new temperature scale – one where 'zero' is 'absolute zero'.

Pressure and temperature of a gas
The Pressure Law
Heating a container filled with a mass of gas.
An experiment to investigate the relationship between pressure and temperature of a gas can be carried out using a container filled with a mass of gas. The temperature and pressure of the gas are recorded. During the experiment:
· temperature is varied – in 100C steps between 00 C and 1000 C
· volume is kept constant
Results from this experiment produce results leading to the following graph of pressure versus temperature in degrees celsius.
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This graph tells us that as temperature increases, kinetic energy increases and this in turn increases the pressure.










But if the same data is used and the graph extended to the left, at what point will it cut the x–axis?
[image: ]

When the graph is extrapolated backwards, it can be seen from the graph that when the pressure is 0, then the temperature is −2730 C.
Lord Kelvin used this theory to create a new temperature scale, the Kelvin scale.
IMPORTANT
−2730 C=0K
⇒00 C=273K
⇒1000 C=373K
A temperature increase of 1K = a temperature increase of 10 C.





This is a temperature scale where temperature and pressure are directly related to one another.
If you double the temperature in Kelvin – the pressure will double.
In this experiment, the gas is trapped inside the container which has a fixed size (its volume cannot change).
When the gas is heated the particles gain kinetic energy which makes them move faster. This means they collide with the walls more frequently and with greater force and so the pressure increases.
If the temperature of the gas is measured on the kelvin scale we find that the pressure is directly proportional to the temperature.
[bookmark: _GoBack]Using these results leads to the following relationship between pressure and kelvin temperature:
P1/T1 = P2/T2     (Sometimes known as the Pressure Law)
Where:
· P1 is the starting pressure (measured in any relevant unit of pressure, eg Pascals)
· T1 is the starting temperature (must be in Kelvin)
· P2 is the finishing pressure (same units as p1)
· T2 is the finishing temperature (must be in Kelvin)
This equation is true as long as the volume and mass of the gas are constant.







Pressure and volume of a gas
Boyle's Law
Imagine a gas is trapped in a cylinder by a piston.
If the piston is pushed in, the gas particles will have less room to move as the volume the gas occupies has been decreased.
Process of equilibrium
Piston prior to being pushed in and piston pushed into cylinder.
[image: ]
Because there has been a decrease in volume the particles will collide more frequently with the walls of the container. Each time they collide with the walls, they exert a force on them. More collisions mean more force, so the pressure will increase.
When the volume decreases the pressure increases. This shows that the pressure of a gas is inversely proportional to its volume.
From this we can derive the following equation:
P1 V1 =P2 V2 (Sometimes known as Boyle's Law)
· p1 is the starting pressure (measured in any relevant unit of pressure, eg pascals)
· V1 is the starting volume (measured in any relevant unit of volume, eg litres)
· p2 is the finishing pressure (must be measured in the same units as p1
· V2 is the finishing volume (must be measured in the same units as V1)
Volume and temperature of a gas
Charles's Law

Heating a container filled with a mass of gas.
To investigate the relationship between volume and temperature, at constant pressure, an experiment can be carried out where a fixed mass of gas is in a container, which is free to expand, without any gas escaping. This means that the gas is always at atmospheric pressure, which is assumed constant during the experiment. When the gas is heated, its volume increases. The particles gain kinetic energy and move faster. They collide more often with greater force on the container walls. Since the container can expand, the gas volume increases until the pressure of the gas is back to the constant atmospheric pressure.
Using results from this experiment leads to the following relationship between pressure and kelvin temperature:
V1 /T1 =V2 /T2 (Sometimes known as Charles's Law)
· V1 is the starting volume (measured in any relevant unit of volume, eg m3)
· T1 is the starting temperature (must be in Kelvin)
· V2 is the finishing pressure (same units as V1)
· T2 is the finishing temperature (must be in Kelvin)
This equation is true as long as the pressure and mass of the gas are constant.

















Combining the laws


As the name suggests, it combines two or more laws. Generally, it is considered as a 
combination of Boyle’s and Charles’ laws (so it is Boyle’s-Charles’ gas law). 
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Mathematically, the combined gas law can be expressed as

And then
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