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Specific Heat Capacity & Latent Heat /

Your notes
Specific Heat Capacity
= Specific heat capacity is defined as:

The energy required to raise the temperature of one kilogram of a substance by one
kelvin

= Theincrease in temperature of an object depends on:
= The amount of heat energy transferred
= The mass of the object

= The specific heat capacity of the material from which the objectis made

HEAT ENERGY: THE TOTAL OF ALL KINETIC AND POTENTIAL ENERGY OF
THE ATOMS IN AN OBJECT

' >
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Explanation of Heat Energy
= Theenergyinputisinthe form of heat energy

= The amount of heat energy needed is given by the equation:
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AE = mcAf ,

= Where: Your notes

= AE=changeinheatenergy,injoules (J)

= m=mass,inkilograms (kg)

= ¢ =specific heat capacity, injoules perkilogram per degree Kelvin (J/kg Kor J/kg °C)
= A6 =changeintemperature,in Kelvin or Celsius

= (The symbolAinMathsisusedto denote achangeinvalue)

ITHE HEAT FROM A HEATER | |A CUP OF HOT CHOCOLATE

| BAKING IN AN OVEN | |THE WARMTH FROM THE SUN|

SUN

Examples of heat energy
= The thermodynamic Kelvin temperature scale is defined as:

An absolute temperature scale where each degree is the same size as those on the
Celsius scale

= Different materials:
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= Have different specific heat capacities because of their molecular structure ,
= Have differentrises in temperature for the same change in heat energy Your notes
= Specific heat capacity is mainly used for liquids and solids

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

= Onthe otherhand, water has a very high specific heat capacity, making itideal
forheatinghomes as the waterremains hotin aradiator foralong time

= The specific heat capacity of different substances determines how useful they would be
fora specific purpose eg. choosing the best material for kitchen appliances

-

! ﬂnml

COPPER BLOCK ALUMINIUM  BLOCK WATER

SPECIFIC HEAT CAPACITY SPECIFIC HEAT CAPACITY SPECIFIC HEAT CAPACITY
OF COPPER OF ALUMINIUM OF WATER

=390 J/kgC =910 J/kg"C = 4200 J/kg'C

LOWER SPECIFIC HEAT CAPACITY - HIGHER SPECIFIC HEAT CAPACITY —
WARMS UP AND COOLS DOWN QUICKLY WARMS UP AND COOLS DOWN SLOWLY
AS IT TAKES MUCH LESS ENERGY TO AS IT TAKES MUCH MORE ENERGY
CHANGE ITS TEMPERATURE TO CHANGE ITS TEMPERATURE

Low v high specific heat capacity
= The specific heat capacity of some substances are givenin the table below as examples:

Table of values of specific heat capacity for various substances
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Substance  Specific Heat Capacity (J kg™ K™") Your notes

Water 4200
Ice 2200
Aluminium 900
Copper 390
Gold 130
.
Worked Example

Water of mass 0.48 kgisincreased in temperature by 0.7 K. The specific heat
capacity of wateris 4200 J kg 'K-!. Calculate the amount of energy transferred to the
water.

Answer:
Step 1: Write down the known quantities

= Mass,m=0.48kg

= Changeintemperature, A8 =0.7K

= Specific heat capacity, ¢ = 4200 J kg 'K"!
Step 2: Write down the relevant equation

AE=mcA8
Step 3: Calculate the energy transferred by substituting in the values
AE =(0.48) x (4200) x (0.7)=1411.2
Step 4: Round the answer to 2 significant figures

AE=1400)

o

Examiner Tips and Tricks

You will always be given the specific heat capacity of a substance, so you do not need
tomemorise any values. Make sure that A8 is the change in temperature, therefore, it
canbeinKor°C.

Specific Latent Heat
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= Energyisrequired to change the state of substance ,
= Examples of changes of state are: Your notes
= Melting = solid to liquid

= Evaporation/vaporisation/boiling = liquid to gas

Sublimation = solid to gas
= Freezing = liquid to solid

= Condensation =gastoliquid

| SUBLIMING | W

=1

The example of changes of state between solids, liquids and gases
= Whenasubstance 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 one kilogram 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)
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HEAT SUPPLIED

The changes of state with heat supplied against temperature. There is no changein
temperature during changes of state

= The specific latent heat of fusionis defined as:

The thermal energy required to convert one kilogram of solid to liquid with no change
intemperature

= Thisisused when melting a solid or freezing a liquid
= The specific latent heat of vaporisationis defined as:

The thermal energy required to convert one kilogram of liquid to gas with no change
in temperature

= Thisisusedwhenvaporising aliquid or condensing a gas

Calculating Specific Latent Heat

= The amount of energy AE required to melt or vaporise a mass of mwith latent heat L is:

AE=LAM

= Where:

= AE = amount of heat energy to change the state (J)

= | =latent heat of fusion orvaporisation (J kg‘1)

= Am=changeinmass of the substance changing state (kg)
= Thevalues of latent heat for water are:

» Specific latent heat of fusion = 330 kJ kg™
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= Specific latent heat of vaporisation =2.26 MJ kg™ ,

= Therefore, evaporating Tkg of water requires roughly seven times more energy than Your notes
melting the same amount of ice to form water

= Thereasonforthisisto do withintermolecularforces:

= Whenice melts: energyisrequired tojustincrease the molecular separation until
molecules can flow freely over each other

= When water boils: energy is required to completely separate the molecules until
there are nolongerforces of attraction between them, hence this requires much
more energy

o

Worked Example

The energy needed to boilamass of 530 g of aliquid is 0.6 MJ. Calculate the specific
latent heat of the liquid and state whetheritis the latent heat of vaporisation or fusion.

Answer:

Step 1: Substitute in the values
A m=530g=530x10"3kg

AE=-06MI=0.6x106)

L= 20 X100 _ 1.132 x 106 J kg™! = 1.1 MJ kg™ (2 5.£.)
_53OX10_3_' g = 1. g S.T.
Lis the latent heat of vaporisation because the change in state is from liquid to gas
(boiling)
\
>

o

Examiner Tips and Tricks

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

= |atentheat of fusion =imagine ‘fusing’ the liquid molecules togetherto become
asolid

= | atentheat of vaporisation = “watervapour” is steam, so imagine vaporising the
liquid moleculesinto a gas
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Core Practical 12: Calibrating a Thermistor

Core Practical 12: Calibrating a
Thermistor

Aim of the Experiment

= To calibrate athermistorsoit canbe used as athermometer

Variables
= |Independentvariable = temperature (°C)
= Dependentvariable =resistance of thermistor (Q)
= Controlvariables:
= Temperature gradient controlled by stirring
Equipment
= Powersource
= Thermistor
= Fixedresistor
= Ohm-meter
= Bunsenburner, tripod and gauze
= Beakerfilled with crushedice
= Stirringrod
= Liquidin glass ormercury thermometerwith range -10 - 100°C
= Resolution of measuring equipment:
= Thermometer=1°C

= Ohm-meter=0.01Q

Method
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Your notes

s ——_ |

THERMISTOR @

THERMOMETER |

J

OHM-METER -
BUNSEN
BURNER

THERMISTOR

= Setup the equipment with the thermistorimmersedintheice, the ohm-meter
connected torecord the resistance of the thermistor by placingitin parallel across it,
and the fixed resistorin series with the thermistor

= Place the beakerofice onto the tripod, without lighting the Bunsen burner
= Measure andrecord the temperature and reading on the ohm-meter
= Lightthe Bunsenburnerand keep to a gentle flame

= Stirtheice /watergently at all times to keep the temperature as even as possible
throughout the beaker
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= Atapproximately 5°Cintervals record the new temperature and resistance reading ,

= Continue until the wateris boiling Your notes
Analysis

= Plotagraph of resistance against temperature

= Usethe temperature graph to find the resistance at a given temperature

Evaluating the Experiment

Systematic Errors:

= Readthethermometerat eyelevel

= Checkthe zero error on the ohm-meter by connecting the leads across the terminals
Random Errors:

= Allow time for the temperature to reach equilibrium

= Stirthe water before readings

= Ensure thermometerbulb is completely submerged in the water and level with the
thermistor

= Turn off current betweenreadings to avoid heating in the wires

Safety Considerations
= Risk of instability, use a stand and clamp to support leads

= Hotequipment and boiling water must be handled with care and allowed to cool down
where possible

= Keep plastic cables /leads away from hot metal

= Checkthe voltage limit of the thermistor and stay within guidelines
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Core Practical 13: Investigating Specific Latent Heat ,

Your notes

Core Practical 13: Investigating Specific

Latent Heat

Aims of the Experiment

= To determine the specific latent heat of ice

Variables:

= |ndependentvariable = Energy of the heater (Joulemeter) (J)

= Dependentvariable = The temperature, T of the ice/water (°C)

= Controlvariables:

= Repeatreadings with same energy supplied by heater

= Massoficeineachsetup

= Time forexperimentineach setup

Equipment List

Equipment Purpose

2 x funnels with filter paper

Hold the ice so when it melts it drips through the funnel opening

3 xretort stands

To hold the funnels and heater in place above the beakers

300 g of crushed ice and spoon

The heater will melt the ice

2 x 250 cm?® beakers

To collect the water from the melted ice

2 x thermometer

To measure the temperature of the melting ice

2 x electronic balances

To measure the mass of the meltedice

1% joulemeter and power supply

To heat the ice

= Resolution of measuring equipment:

= Joulemeter=1J

= Electronicbalance=0.1g

= Thermometer=0.1°C

Method
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HEATER. NO HEATER -

EXPERIMENT
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JOULEMETER
HEATER

CONTROL
BEAKER B

TO POWER
SUPPLY

1. Setup the experiment and the control

= Attachthe funnels toretort stands, place the filter paperinside and add a heater
(also onaretort stand) inside one of the funnels - ensure the heateris not touching
the funnel

= Useaspoonandanelectronic balance to measure out 50 g of crushediceintoa
beaker and pourinto each funnel

= Add abeakerbelow each funnel and place ontop of an electronic balance
2. Waituntiltheicereaches O °C.

= Thisiswhenit starts to melt and water starts to drip out of both funnels into the
beakers below.

= Checkthe temperature with athermometerin each funnel

s

Your notes
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3.Turn on the heater ,

= Setthe heaterto supply 10, 000 Joules of energy to the experiment funnel Your notes
4. Wait until the reading on the Joulemeter says 10,000 J

= Turnthe heater off
5.Read andrecord the mass of each beaker of water on each electronic balance

6.Repeat the experiment atleast 3 times and calculate the average mass, m for the water
ineach beaker

= mp=average mass of waterinbeaker A
= mp=average mass of waterin beaker B
7. Calculate the mass of the meltedice and convert into kg
= AmM=ma-mg
= Massing+1000 =Massinkg
8. Calculate the specific latent heat of fusion of ice to water using the equation AE = LAm
= AE =Energy supplied by the heater=10 000 J
= | =Specificlatent heat of fusion

= Am=massofice

I AE
Am
Sample Results Table:
Mass of water in Beaker A/g Mass of water in Beaker B/g
Experiment 1 42 12
Experiment 2 43 12
Experiment 3 44 M
Average mass/g 42 1.6
Average mass/kg 0.042 0.01M6
Analysis of Results

= Theresults obtained alatent heat of fusion of 330 000 J

= The actual value of the latent heat of fusion forice is 334 000 J
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334 000 = 330000 ,

= The percentage errorinthisvalueis X 100 =1.2%

334 000

Your notes
Evaluating the Experiment
Systematic Errors:

= Make sureyou zero the electronic balances when the beakers are empty

= Always check that theice hasreached O °C by reading the thermometer at eye level

= This experimentrequires accurate determination of energy transfers

= Toimprove the accuracy, consider applying lagging orinsulation to the funnels and
beakers - this will reduce the amount of energy lost to the surroundings

Random Errors:
= The heater should be switched off and allowed to cool betweenreadings
= Sotherate of heating and the starting temperature of the heateris the same
= Calculate the average mass of the water
= Thiswillreduce random errorsin the reading
= Repeatthe experiment atleast 3times
Safety Considerations
= Ensure nowater gets on the electronic balance
= Wipe up any spillagesimmediately and turn off the balance
= Do nottouch the heating element with your fingers, as it could be hot and burn your skin

= Do nothandleice withyourbare hands, use a spoon to measure itinto the beaker

o

Worked Example

(

A student conducts an experiment to find the latent heat of fusion forice

They obtain the following table of results:
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Mass of water in Beaker A/g Mass of water in Beaker B/g

Your notes

Experiment 1 42 12
Experiment 2 41 13
Experiment 3 42 13

Average mass/g

Average mass/kg

Answer:

by 3

Calculate the latent heat of fusion.

Step 1: Complete the average mass row in the table

= The average massis calculated by adding all 3 masses together and then dividing

Mass of water in Beaker A/g Mass of water in Beaker B/g

Experiment 1 42 12
Experiment 2 41 13
Experiment 3 42 13
Average mass/g 42 12.6
Averdage mass/kg 0.042 0.0126

LAm

» So, L =

1, SaveMyExams

» Rearrangethe equation L =

Step 2: Calculate the average massinkg

= Massing+1000 =Massinkg
Step 3: Calculate the latent heat of fusion

© 2026 Save My Exams, Ltd.

= Calculate the specific latent heat of fusion of ice to water using the equation AE =

= AE =Energy supplied by the heater=10,000J
= | =Specificlatent heat of fusion
= Am=massofice

AE
Am
10000
003 - 340136 kg™'=340 000
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