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This increases the internal energy of the gas

When the piston moves up the cylinder, it expands the gas molecules (work is done by
the gas)

The molecules are spread further apart
Therefore, they have lower kinetic energy as they move slower
This decreases the internal energy of the gas

The same increase in internal energy can be achieved by not doing work (i.e. no
expansion or contraction), but by heating the gas instead

Increasing the temperature of the gas means the molecules move around faster
They, therefore, have higher kinetic energy and increased internal energy

Exam Tip

Remember that the number of molecules in the container always remains the
same whether the gas is expanding or contractingTry not to get too hung up on
'positive' and 'negative' work, this is more relevant for the 'Engineering Physics'
option module. The important ideas to remember are when work is done by
or on the gas (or system) and the ways in which internal energy changes.
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Specific Heat Capacity
When a substance is heated, its temperature rises causing the particles within it to gain
kinetic energy

The amount of energy required to raise the temperature of a substance is given by
its specific heat capacity

The specific heat capacity of a substance is defined as:

The amount of thermal energy required to raise the temperature of 1 kg of a
substance by 1 °C (or 1 K) without a change of state

This quantity determines the amount of energy needed to change the temperature of
a substance
Specific heat capacity has the symbol c and is measured in units of Joules per kilogram
per Kelvin (J kg K ) or Joules per kilogram per Celsius (J kg °C )

Different substances have different specific heat capacities
Specific heat capacity is mainly used for liquids and solids

From the definition of specific heat capacity, it follows that:
The heavier the material, the more thermal energy required to raise its
temperature
The larger the change in temperature, the higher the thermal energy required to
achieve this change

Calculating Specific Heat Capacity

The amount of thermal energy Q needed to raise the temperature by Δθ for a mass m
with specific heat capacity c is equal to:

ΔQ = mcΔθ

Where:
ΔQ = change in thermal energy (J)
m = mass of the substance you are heating up (kg)
c = specific heat capacity of the substance (J kg  K  or J kg °C )
Δθ = change in temperature (K or °C)

6.4.3 Specific Heat Capacity
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Low v high specific heat capacity

If a substance has a low specific heat capacity, it heats up and cools down quickly
If a substance has a high specific heat capacity, it heats up and cools down slowly
The specific heat capacity of different substances determines how useful they would be
for a specific purpose eg. choosing the best material for kitchen appliances

Table of values of specific heat capacity for various substances

YOUR NOTES  




Head to savemyexams.co.uk for more awesome resources

Page 64 of 118 
© 2015-2021 Save My Exams, Ltd. · Revision Notes, Topic Questions, Past Papers

Good electrical conductors, such as copper and lead, are excellent conductors of heat
due to their low specific heat capacity

Worked Example

A kettle is rated at 1.7 kW. A mass of 650 g of a liquid at 25 °C is poured into a
kettle.When the kettle is switched on, it takes 3.5 minutes to start
boiling.Calculate the specific heat capacity of the liquid.

Step 1: Calculate the Energy from the power and time

Energy = Power × Time

Power = 1.7 kW = 1.7 × 10  W

Time = 3.5 minutes = 3.5 × 60 = 210 s

Energy = 1.7 × 10  × 210 = 3.57 × 10  J

Step 2: Thermal energy equation

ΔQ = mcΔθ

Step 3: Rearrange for specific heat capacity

Step 4: Substitute in values

m = 650 g = 650 × 10  kg
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Δθ = 100 – 25 = 75 C

Exam Tip

The difference in temperature Δθ will be exactly the same whether the
temperature is given in Celsius or Kelvin. Therefore, there is no need to convert
between the two since the difference in temperature will be the same for both
units.

o
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Continuous Flow
The specific heat capacity of a fluid can be found using a continuous-flow calorimeter
A fluid flows continuously over a heating element where energy is transferred to the
fluid

It is assumed that the heat transferred from the apparatus to the surroundings is
constant

For this experiment, the flow rate and the potential difference is changed, keeping the
change in temperature of the fluid constant

A continuous-flow calorimeter

A fluid flows through an electrical heating wire. The rise in temperature of the fluid is
measured using the electric thermometers and is calculated by:

Δθ = T  – T

To find the mass of the fluid, the flow rate is recorded and multiplied by the time taken
t to give the mass of the fluid that flows in as m
The current I and potential difference V are also recorded
The flow rate is then altered to give a mass m  and the potential difference of the
power supply is changed so the temperature difference, Δθ stays the same
The specific heat capacity is found by assuming the thermal losses to the surroundings
are constant for both flow rates

 

For the first flow rate, the electrical energy supplied to the fluid in time t  is:

I V t  = Q  = m cΔθ + E

Where E  is the thermal energy lost to the surroundings

 
The second flow rate is:

I V t  = Q  = m cΔθ + E

2 1
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Since E  is assumed to be the same, subtracting the first flow rate equation from the
second gives the equation:

I V t  – I V t  = Q  – Q  = (m  – m )cΔθ

Rearranging this for the specific heat capacity of the fluid, c gives the final equation:

Worked Example

Calculate the specific heat capacity of a liquid using the following data
measured in two experiments using the continuous flow method:

Time of each experiment = 40 s
T  in both experiments = 15 ºC
T  in both experiments = 4 ºC
p.d across the heater in experiment 1, V  = 14.0 V
p.d across the heater in experiment 2, V  = 9.0 V
Current through heater in both experiments = 3.0 A
Mass of water flowing in experiment 1, m  = 136.0 g
Mass of water flowing in experiment 2, m  = 73.0 g

Step 1: Calculate the change in temperature, Δθ

Δθ = 15 – 4 = 11ºC

Step 2: Calculate Q

Q  = I V t  = 3.0 × 9.0 × 40 = 1080 J

Step 3: Calculate Q

Q  = I V t  = 3.0 × 14.0 × 40 = 1680 J

Step 4: Substitute values into the specific heat capacity equation

lost
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Latent Heat Capacity
Energy is required to change the state of a substance
Examples of changes of state are:

Melting = solid to liquid
Evaporation / vaporisation / boiling = liquid to gas
Sublimation = solid to gas
Freezing = liquid to solid
Condensation = gas to liquid

The example of changes of state between solids, liquids and gases

When a substance changes state, there is no temperature change
The energy supplied to change the state is called the latent heat and is defined as:

The thermal energy required to change the state of 1 kg of mass of a substance
without any change of temperature

There are two types of latent heat:
Specific latent heat of fusion (melting)
Specific latent heat of vaporisation (boiling)

The larger the mass of the substance, the more energy will be required to change its
state. Hence why specific latent heat is defined by 1 kg

6.4.4 Latent Heat Capacity YOUR NOTES  
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 The changes of state with heat supplied against temperature. There is no change in
temperature during changes of state

The horizontal line of the latent heat of fusion represents melting (if heat is supplied) or
freezing (if heat is removed)
The horizontal line of the latent heat of vaporisation represents evaporation (if heat is
supplied) or condensation (if heat is removed)

The specific latent heat of fusion is defined as:

The thermal energy required to convert 1 kg of solid to liquid with no change
in temperature

Latent heat of fusion applies to:
Melting a solid
Freezing a liquid

 

The specific latent heat of vaporisation is defined as:

The thermal energy required to convert 1 kg of liquid to gas with no change in
temperature

Latent heat of vaporisation applies to:
Vaporising a liquid
Condensing a gas

Calculating Specific Latent Heat

The amount of energy Q required to melt or vaporise a mass of m with latent heat L is:
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Q = mL

Where:
Q = amount of thermal energy to change the state (J)
m = mass of the substance changing state (kg)
L = latent heat of fusion or vaporisation (J kg )

The values of latent heat for water are:
Specific latent heat of fusion = 330 kJ kg
Specific latent heat of vaporisation = 2.26 MJ kg

Therefore, evaporating 1 kg of water requires roughly seven times more energy than
melting the same amount of ice to form water
The reason for this is to do with intermolecular forces:

When ice melts: energy is required to just increase the molecule separation until
they can flow freely over each other
When water boils: energy is required to completely separate the molecules until
there are no longer forces of attraction between the molecules, hence this requires
much more energy. Vaporisation is also doing work against atmospheric pressure

More energy has to be supplied to separate molecules than break a solid bond, which
is why the latent heat of vaporisation of water is much greater than the specific latent
heat of fusion of water

Worked Example

The energy needed to boil a mass of 530 g of a liquid is 0.6 MJ.Calculate the
specific latent heat of the liquid and state whether it is the latent heat of
vaporisation or fusion.

Step 1: Write the thermal energy required to change state equation

Q = mL

Step 2: Rearrange for latent heat

Step 3: Substitute in values

m = 530 g = 530 × 10  kg

Q = 0.6 MJ = 0.6 × 10  J

L is the latent heat of vaporisation because the change in state is from liquid to gas
(boiling)

-1

-1

-1
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Exam Tip

Use these reminders to help you remember which type of latent heat is being
referred to:

Latent heat of fusion = imagine ‘fusing’ the liquid molecules together to
become a solid
Latent heat of vaporisation = “water vapour” is steam, so imagine vaporising
the liquid molecules into a gas

Remember to always include 'without a change in temperature', or words to
that effect, within your definitions for latent heat to gain full marks.

Energy Transfers During Phase Changes
When a substance is heated, the molecules are given more energy in the form of
kinetic and potential energy
During a change of state (or a phase change), the key points to remember are:

There is no change in temperature
The potential energies of the molecules change, but not their kinetic energies

The potential energy of the molecules is due to their separation and intermolecular
bonds

Since they move further apart (evaporation) or closer together (condensation),
their potential energy will change as a result of this

The heat absorbed in melting and boiling causes the molecules to move further apart
by overcoming the intermolecular forces of attraction
The heat released in freezing and condensation allows the molecules to move closer
together and the intermolecular forces of attraction become stronger

This is because the kinetic energy is proportional to the temperature
If there is no change in temperature, there must be no change in kinetic energy
either


YOUR NOTES  





Head to savemyexams.co.uk for more awesome resources

Page 72 of 118 
© 2015-2021 Save My Exams, Ltd. · Revision Notes, Topic Questions, Past Papers

The Kelvin Scale & Absolute Zero
On the thermodynamic (Kelvin) temperature scale, absolute zero is defined as:

The lowest temperature possible. Equal to 0 K or -273.15 °C 

It is not possible to have a temperature lower than 0 K
This means a temperature in Kelvin will never be a negative value

Absolute zero is defined s as:

The temperature at which the molecules in a substance have zero kinetic
energy 

This means for a system at 0 K, it is not possible to remove any more energy from it
Even in space, the temperature is roughly 2.7 K, just above absolute zero

Using the Kelvin Scale

To convert between temperatures θ in the Celsius scale, and T in the Kelvin scale, use
the following conversion:

θ / C = T / K − 273.15

T / K = θ / C + 273.15

6.5 Ideal Gases

6.5.1 The Kelvin Scale & Absolute Zero

°

°
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Conversion chart relating the temperature on the Kelvin and Celsius scales

The divisions on both scales are equal. This means:

A change in a temperature of 1 K is equal to a change in temperature of 1 °C

This is why when using the specific heat capacity equation

Q = mcΔθ

Δθ does not require the temperature to be in either unit
This is because the difference in temperature between two values whether in
Kelvin or Celsius will be exactly the same

Worked Example

In many ideal gas problems, room temperature is considered to be 300 K.What
is this temperature in Celsius?

Step 1: Kelvin to Celsius equation

θ / C = T / K − 273.15

Step 2: Substitute in value of 300 K

300 K − 273.15 = 26.85 C



°

°
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Exam Tip

If you forget in the exam whether it’s +273.15 or −273.15, just remember that 0
C = 273.15 K. This way, when you know that you need to +273.15 to a

temperature in degrees to get a temperature in Kelvin. For example:  0 C +
273.15 = 273.15 K.


°

°
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Ideal Gas Laws
The ideal gas laws are the experimental relationships between pressure (P), volume (V)
and temperature (T) of an ideal gas
The mass and the number of molecules of the gas is assumed to be constant for all of
these

Boyleʼs Law

If the temperature T of an ideal gas is constant, then Boyle’s Law is given by:

This means the pressure is inversely proportional to the volume of a gas
The relationship between the pressure and volume for a fixed mass of gas at constant
temperature can also be written as:

P V  = P V

Where:
P  = initial pressure (Pa)
P  = final pressure (Pa)
V  = initial volume (m )
V  = final volume (m )

Boyle's Law graph representing pressure inversely proportional to volume

If the temperature increases, the graph is further from the origin and vice versa

Charles's Law

If the pressure P of an ideal gas is constant, then Charles’s law is given by:

6.5.2 Gas Laws

1 1 2 2
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V ∝ T

This means the volume is proportional to the temperature of a gas
The relationship between the volume and thermodynamic temperature for a fixed
mass of gas at constant pressure can also be written as:

Where:
V  = initial volume (m )
V  = final volume (m )
T  = initial temperature (K)
T  = final temperature (K)

Charles's Law graph representing temperature (in °C) directly proportional to the volume

 
The Charles's Law graph for temperature in kelvin against volume is identical except
that is a straight line through the origin

Pressure Law

If the volume V of an ideal gas is constant, the Pressure law is given by:

P ∝ T

This means the pressure is proportional to the temperature
The relationship between the pressure and thermodynamic temperature for a fixed
mass of gas at constant volume can also be written as:

Where:
P  = initial pressure (Pa)
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P  = final pressure (Pa)
T  = initial temperature (K)
T  = final temperature (K)

Pressure Law graph representing temperature (in °C) directly proportional to the volume

Worked Example

The pressure inside a bicycle tyre is 5.10 × 10  Pa when the temperature is 279
K.After the bicycle has been ridden, the temperature of the air in the tyre is 299
K. Calculate the new pressure in the tyre, assuming the volume is unchanged.

2

1

2
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Exam Tip

Remember when using any ideal gas law, including the ideal gas equation, the
temperature T must always be in kelvin (K)
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Relationships Between Pressure, Volume & Temperature
An ideal gas is one that obeys the relation:

pV ∝ T

Where:
p = pressure of the gas (Pa)
V = volume of the gas (m )
T = thermodynamic temperature (K)

The molecules in a gas move around randomly at high speeds, colliding with surfaces
and exerting pressure upon them

Gas molecules move about randomly at high speeds

Imagine molecules of gas free to move around in a box
The temperature of a gas is related to the average speed of the molecules:

The hotter the gas, the faster the molecules move
Hence the molecules collide with the surface of the walls more frequently

Since force is the rate of change of momentum:
Each collision applies a force across the surface area of the walls
The faster the molecules hit the walls, the greater the force on them

Since pressure is the force per unit area
Higher temperature leads to higher pressure

If the volume V of the box decreases, and the temperature T stays constant:
There will be a smaller surface area of the walls and hence more collisions
This also creates more pressure

Since this equates to a greater force per unit area, pressure in an ideal gas is therefore
defined by:

3
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The frequency of collisions of the gas molecules per unit area of a container YOUR NOTES  
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Molecular model of the three ideal gas laws

Worked Example

An ideal gas is in a container of volume 4.5 × 10  m .The gas is at a
temperature of 30 °C and a pressure of 6.2 × 10  Pa.Calculate the pressure of
the ideal gas in the same container when it is heated to 40 °C.

Step 1: Ideal gas relation between pressure, volume and temperature

pV ∝ T

Step 2: Write the equation in full

pV = kT

Where k = the constant of proportionality

Step 3: Rearrange for the constant of proportionality

Step 4: Convert temperature T into Kelvin

θ °C + 273.15 = T K

30 °C + 273.15 = 303.15 K

Step 5: Substitute in known value into constant of proportionality equation

Step 6: Rearrange ideal gas relation equation for pressure

Step 7: Substitute in new values

k = 9.203...

V stays the same = 4.5 × 10  m

T = 40 °C = 40 + 273.15 = 313.15 K


-3 3
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Exam Tip

Don’t round too early in your working out! In the worked example, the
unrounded value of k is represented by “…” to show its full value is to be carried
over to the next step of the calculation. On your calculator, this can be done by
using the “ans” button instead of typing in the whole number.
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Ideal Gas Equation
An ideal gas is a specific type of gas which:

Has molecules with negligible volume
Collisions which are elastic
Cannot be liquified
Has no interactions between the molecules (except during collisions)
Obeys the (ideal) gas laws (Boyles law, Charles’ law and Pressure law)

All of these can occur at any temperature or pressure

The equation of state for an ideal gas (or the ideal gas equation) can be expressed as:

The ideal gas equation can also be written in the form:

An ideal gas is therefore defined as:

A gas which obeys the equation of state pV = nRT at all pressures, volumes and
temperatures

Worked Example

A storage cylinder of an ideal gas has a volume of 8.3 × 10  cm .The gas is at a
temperature of 15 °C and a pressure of 4.5 × 10  Pa.Calculate the amount of gas
in the cylinder, in moles.

Step 1: Write down the ideal gas equation

Since the number of moles (n) is required, use the equation:

6.5.3 Ideal Gas Equation


3 3
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pV = nRT

Step 2: Rearrange for the number of moles n

Step 3: Substitute in values

V = 8.3 × 10  cm  = 8.3 × 10  × 10  = 8.3 × 10  m

T = 15 °C + 273.15 = 288.15 K

Exam Tip

Don’t worry about remembering the values of R and k, they will both be given in
the equation sheet in your exam.

3 3 3 -6 -3 3
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Work Done by a Gas
When a gas expands, it does work on its surroundings by exerting pressure on the
walls of the container it's in
This is important, for example, in a steam engine where expanding steam pushes a
piston to turn the engine
The work done when a volume of gas changes at constant pressure is defined as:

W = pΔV

Where:
W = work done (J)
p = external pressure (Pa)
V = volume of gas (m )

 
For a gas inside a cylinder enclosed by a moveable piston, the force exerted by the gas
pushes the piston outwards
Therefore, the gas does work on the piston

The gas expansion pushes the piston a distance s

Derivation

The volume of gas is at constant pressure. This means the force F exerted by the gas on
the piston is equal to :

F = p × A

Where:
p = pressure of the gas (Pa)
A = cross-sectional area of the cylinder (m )

The definition of work done is:

6.5.4 Work Done by a Gas

3

2
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W = F × s

Where:
F = force (N)
s = displacement in the direction of force (m)

The displacement of the gas d multiplied by the cross-sectional area A is the increase in
volume ΔV of the gas:

W = p × A × s

This gives the equation for the work done when the volume of a gas changes at
constant pressure:

W = pΔV

Where:
ΔV = increase in the volume of the gas in the piston when expanding (m )

 
This is assuming that the surrounding pressure p does not change as the gas expands
This will be true if the gas is expanding against the pressure of the atmosphere, which
changes very slowly
When the gas expands (V increases), work is done by the gas
When the gas is compressed (V decreases), work is done on the gas

Worked Example

When a balloon is inflated, its rubber walls push against the air around
it.Calculate the work done when the balloon is blown up from 0.015 m  to 0.030
m .Atmospheric pressure = 1.0 × 10  Pa.

Step 1: Write down the equation for the work done by a gas

W = pΔV

Step 2: Substitute in values

                        ΔV = final volume − initial volume = 0.030 − 0.015 = 0.015 m

W = (1.0 × 10 ) × 0.015 = 1500 J

Exam Tip

The pressure p in the work done by a gas equation is not the pressure of the gas
but the pressure of the surroundings. This is because when a gas expands, it
does work on the surroundings.

3
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Avogadro, Molar Gas & Boltzmann Constant

Avogadro's Constant

The atomic mass unit (u) is approximately the mass of a proton or neutron = 1.66 × 10
 kg

This means that an atom or molecule has a mass approximately equal to the number
of protons and neutrons it contains
A carbon-12 atom has a mass of:

12 u = 12 × 1.66 × 10  = 1.99 × 10  kg

The exact number for a mole is defined as the number of molecules in exactly 12 g of
carbon:

Avogadro’s constant (N ) is defined as:

 The number of atoms of carbon-12 in 12 g of carbon-12; equal to 6.02 × 10
mol

For example, 1 mole of sodium (Na) contains 6.02 × 10  atoms of sodium
The number of atoms can be determined if the number of moles is known by
multiplying by N , for example:

2.0 mol of nitrogen contains:  2.0 × N  = 2.0 × 6.02 × 10  = 1.20 × 10  atoms

Moles and Atomic Mass

One mole of any element is equal to the relative atomic mass of that element in
grams

For example, helium has an atomic mass of 4, meaning 1 mole of helium has a
mass of 4 g

If the substance is a compound, add up the relative atomic masses, for example, water
(H O) is made up of

2 hydrogen atoms (each with an atomic mass of 1) and 1 oxygen atom (atomic
mass of 16)
So, 1 mole of water would have a mass of (2 × 1) + 16 = 18 g

Molar Mass

The molar mass of a substance is the mass, in grams, in one mole
Its unit is g mol

The number of moles from this can be calculated using the equation:

6.5.5 Avogadro, Molar Gas & Boltzmann Constant
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Boltzmann & The Molar Gas Constant

The Boltzmann constant k is used in the ideal gas equation and is defined by the
equation:

Where:
R = molar gas constant
N  = Avogadro’s constant

Boltzmann’s constant, therefore, has a value of:

The Boltzmann constant relates the properties of microscopic particles (e.g. kinetic
energy of gas molecules) to their macroscopic properties (e.g. temperature)

This is why the units are J K

Its value is very small because the increase in kinetic energy of a molecule is very small
for every incremental increase in temperature

Worked Example

How many molecules are there in 6 g of magnesium-24?

Step 1: Calculate the mass of 1 mole of magnesium

      One mole of any element is equal to the relative atomic mass of that

      element in grams

1 mole = 24 g of magnesium

Step 2: Calculate the amount of moles in 6 g

Step 3: Convert the moles to number of molecules

1 mole = 6.02 × 10  molecules

0.25 moles = 0.25 × 6.02 × 10  = 1.51 × 10  molecules

Exam Tip

If you want to find out more about the mole, check out the AQA A Level
Chemistry revision notes!

A

-1
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Required Practical: Investigating Gas Laws

Investigating Boyle's Law

The overall aim of this experiment is to investigate the effect of Boyle's Law
This is the effect of pressure on volume at a constant temperature

This is just one example of how this required practical might be tackled

Variables

Independent variable = Mass, m (kg)
Dependent variable = Volume, V (m )
Control variables:

Temperature
Cross-sectional area of the syringe

Equipment List

Resolution of measuring equipment:
Pressure gauge = 0.02 × 10  Pa
Volume = 0.2 cm
Vernier Caliper = 0.02 mm

Method

6.5.6 Required Practical: Investigating Gas Laws
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Apparatus setup for Boyle’s Law

1. With the plunger removed from the syringe, measure the inside diameter, d of the
syringe using a vernier calliper. Remember to take at least 3 repeat readings and find
an average

2. The plunger should be replaced and the rubber tubing should be fit over the nozzle
and clamped with a pinch clip as close to the nozzle as possible

3. Set up the apparatus as shown in the diagram and make sure the temperature of the
room will remain constant throughout

4. Push the syringe upwards until it reads the lowest volume of air visible. Record this
volume

5. Add the 100 g mass holder with a 100 g mass on it to the loop of string at the bottom of
the plunger. Wait a few seconds to ensure the temperature is kept constant since work
is done against the plunger when the volume increases

6. Record the value of the new volume from the syringe scale
7. Repeat the experiment by adding two 100 g masses at a time up to 8-10 readings. This

is so a significant change in volume can be seen each time
8. Record the mass and volume

An example table of results might look like this:
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