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Solids, Liquids & Gases

¢ Thethree states of matterare solid, liquid and gas
¢ Thekinetic theory of matteris a modelthat attempts to explain the properties of the three
states of matter

o Inthis model, particles are assumed to be small solid spheres

LIQUID

Water has three states of matter; solidice, liquid water and gaseous steam. The difference
between each stateis the arrangement of the particles

Solids

¢ Particlesinsolids:

Are heldtogether by strongintermolecular forces

Are closely packed

o Arearrangedin a fixed pattern (lattice structure)

Canonly vibrate about their fixed positions

Havelow energies comparedto particles in liquids and gases

(e}

(e}

[e]

o
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WN=5 ‘

Inasolid, particles are arrangedin a fixed pattern, withno spaces between them, and are
only able to vibrate about their fixed positions

¢ Asaresult of the arrangement and behaviour of their particles, solids:

Have a fixed shape (although some solids can be deformed when forces are applied)
Have a fixedvolume

Arevery difficult to compress

Have higherdensities than liquids and gases

o]

(e}

o

(e}

Liquids

e Particlesin liquids:

o Areheldtogetherby weakerintermolecular forces comparedto the forces between

particlesin solids
Are closely packed
Arerandomly arranged (i.e. thereis no fixed pattern)
Can flow past each other
Have higherenergies than particles in solids, butlower energies than gas particles

o]

(e}

o

(e}

LIQUIDS

JU

AN A

Inaliquid, particles are arranged randomly and are able to flow past one another

¢ Asaresult of the arrangement and behaviour of their particles, liquids:
o Donothave afixed shape and take the shape of the containerthey are heldin
Have a fixedvolume
Are difficultto compress
Havelower densities than solids, but higher densities than gases

o

o

(e}

Gases
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e Particlesin gases: YOURNOTES
o Havenegligibleintermolecular forces between them 1

o Arefarapart(the average distance between the particles is ~10 times greaterthan the
distance between the particles in solids and liquids)

o Arerandomly arranged

o Movearoundin all directions at a variety of speeds, occasionally colliding with each
otherandwith the walls of the containerthey arein

o Arenegligiblein size compared to the volume occupied by the gas

o Have higherenergies than particles in solids and liquids

GASES

—

o 2

Fsavemyexams

Ina gas, particles can move around freely in all directions (shown by the arrows).

¢ Asaresult of thearrangementand behaviour of their particles, gases:
o Donothave afixed shape and take the shape of the containerthey are heldin
o Donothave afixedvolume and expandto completely fillthe available volume
o Canbecompressed
Have the lowest densities (~1000 times smaller than the densities of solids and liquids)

(e}
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State of Matter

Particle Fixed pattern Random Random
arrangement (lattice structure)

Space between No space Some space Large space
particles

Intermolecular Strong Weak Negligible
forces

Particle movement

Vibrate about fixed
position

Flow past each
other

Move around at
different speeds

Particle energy Low Medium High

Substance shape Fixed Not fixed Not fixed

Substance volume Fixed Fixed Not fixed

Substance density High Medium Low

2-D diagram \TA

of particle

arrangement 6 ) \O
@\ -, O—

*> Worked Example

Liquids are about 1000 times denserthan gases. Letd be thediameterofa

molecule. Estimate the average intermolecular distance in a gas. Give youranswer

interms of d.

Step 1: Recall the equation for density

Step 2: Write down therelationship between the density of a gas pgas and the density of

aliquid piiquid

Pliquid

m

p:

v

= 1000 X p_

Step 3: Substitute into the density equation to show the relationship between the
masses and volumes of aliquid agas
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mouid m, .
— = 1000 X
liquid \ Vaas )

Step 4: Since the mass stays the same, the relationship between the densities
translatesinto arelationship between volumes as mass cancels out

—% = 1000 X(—%W
Vliquid \ Veas /

v _=1000 X v, .
gas liquid
Step 4: Relate the volume to the average distance between the molecules, x

o Theaveragedistance xbetween the molecules is related to the cuberoot of the
volume

— 3 —
x = /1000 Viowia = 10%d
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Temperature

Temperature is a measure of how hot or cold objects are
Temperature also determines the direction in which thermal energy will flow between two
objects (orbetween an object andits surroundings)
When thermal energy is exchanged, the objects (or systems) involved are said tohave a
thermalinteraction
The thermal energy exchanged during a thermalinteractionis referred to as heat
During a thermalinteraction:
o Thermal energy always flows from the hotter object to the colder object
o Theenergy transfer continues until the two objects are in thermal equilibrium (i.e. they
both have the same temperature)
o Thermalenergy can be transferred via conduction, convection orradiation

Temperatureis a scalar quantity anditis measured using a thermometer
Itis measuredin degrees Celsius (°C) orkelvin (K)
o Thekelvinis the Slbase unit for temperature

The temperature of an objectis a macroscopic measure of the average kinetic energy of
the particles (atoms ormolecules) that make up the object

Absolute temperature

Absolute temperature is temperature measuredin kelvin (K)

Absolute zerois a temperature of zero kelvin (O K) and corresponds to the temperature at
which the average kinetic energy of the molecules is atits minimum

The conversion between the Kelvin and the Celsius scaleis given by:

T(K)=T(°C)+273.15

Itis important to notice that differences in absolute temperatures correspond to
differences in Celsius temperatures

AT(K) =AT(°C)
o Where AT stands for temperature change

The absolute temperature of a body is directly proportional to the average kinetic
energy of the molecules within the body
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A STRAIGHT LINE
PASSING THROUGH
, THE ORIGIN
INDICATES DIRECT
PROPORTIONALITY
BETWEEN T AND K.E.

o TEMPERATURE IN KELVIN, T

o

AVERAGE RANDOM KINETIC ENERGY
OF MOLECULES, K.E.

Theicepointis determined by placing a thermometerin a beaker containing meltingice,
while the steam point is determined by placing the thermometer in a beaker with boiling
water

*> Worked Example
[

Give an estimate of room temperature in kelvin (K).

Step 1: State areasonable value for room temperature in degree Celsius (°C)
room temperature (°C) ~20°C
Step 2: Write down the conversion between Celsius scale and Kelvin scale
T(K)=T(°C)+273.15
Step 3: Convert theroom temperature value and express itin kelvin (K)
room temperature (K) ~ 293K
O ExamTip
¥ Rememberthat thelowest possible temperature on the Kelvin scale is absolute zero
(O K). Therefore, if you are calculating temperature in kelvin and you end up with a

negative number, you need to check yourwork, since negative numbers do not exist
ontheKelvinscale.
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Internal Energy

¢ When a substance gains orloses thermal energy, its internal energy increases or

decreases

¢ Theinternal energy of a substanceis defined as:

The sum of the total kinetic energy and the total intermolecular potential energy of
the particles within the substance

¢ Asthermalenergyis transferred to a substance, two things can happen:
o Anincreasein the average kinetic energy of the molecules within the substance -i.e.
the molecules vibrate and move at higher speeds
o Anincreaseinthe potential energy of the molecules within the substance -i.e.the
particles get furtheraway from each other ormove closerto each other

o L/
\\.\\...//

. //0;\

| PARTICLES MOVE FASTER |

KINETIC
ENERGY
[/ <]INCREASES
o
. -
v e
T~ POTENTIAL
ENERGY
INCREASES

. O

Nl N
N @ _
- @ o_

| PARTICLES MOVE FURTHER APART |

¢ Sincetemperatureis a measure of the average kinetic energy of the molecules, only an
increasein the average kinetic energy of the molecules willresultin anincreasein

temperature of the substance

o Duetothermal expansion, when the temperature of a substanceincreases, the
potential energy of the molecules alsoincreases

¢ When only the potential energy of the molecules changes, the temperature of the

substance does not change

o Thisis the case forall state changes (e.g. melting, boiling)
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(’) Exam Tip .

Rememberthat a changeininternal energy does not necessarily corresponds to a
changein temperature.

e Achangeinthe average kinetic energy of the molecules corresponds to a
changein temperature

e Achangeinthe average potential energy of the molecules does not affect
temperature
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Specific Heat Capacity

e Theamount of thermal energy needed to change the temperature of an object depends

on:

o ThechangeintemperaturerequiredAT -i.e. thelargerthe changein temperature the
more energy is needed

o Themass of the objectm-i.e.the greaterthe mass the more energy is needed

o The specific heat capacity ¢ of the given substance -i.e. the higherthe specific heat
capacity the more energy is needed

Substance  Specific Heat Capacity (J kg 'K™)

Water 4200
lce 2200
Aluminium 900
Copper 390
Gold 130

The equation for the thermal energy transferred, @, is then given by:

Where:

Q@ =mcAT

o m=mass of the substancein kilograms (kg)
o AT =changein temperaturein kelvin (K) or degrees Celsius (°C)
o c=specific heat capacity of the substance (Jkg™' K™

The specific heat capacity of a substanceis defined as:

The amount of energy required to change the temperature of 1 kg of a substance by

1K (or1°C)

This definition can be explained when the above equationis rearranged forc:

Q

CTTAT

This means that, the higherthe specific heat capacity of a substance thelongerit takes for
the substancetowarmup orcooldown
o Notethat the specific heat capacity is measuredin Jkg™' K™
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-
L
=R
1 LITRE OF WATER 1KG OF COPPER
¢ = 4200 J/kg K ¢ =390 J/kg K
IT TAKES LONGER TO IT TAKES LESS TIME
HEAT UP OR COOL DOWN TO HEAT UP OR COOL DOWN

?

Worked Example

A2kgpiece of copperis keptinside a freezerat atemperature of -10°C. The
copperis taken out of the freezerand placedinto 5 litres of waterat 20°C. A
thermometeris placedinto the water. After some time, the thermometerindicates
that the waterhas cooledto 18°C.Determine the temperature of the copper at this
time. Give youranswerin degrees Celsius (°C).

« The specific heat capacity of wateris 4200 Jkg™' K™!
« The specific heat capacity of copperis 390 Jkg™ 'K~

Step 1: Write down the known quantities

Mass of copper=2kg

Massofwater=5L=5kg

Initial temperature of copper=-10°C

Initial temperature of water=20°C

Finaltemperature of water=18°C
Changeintemperature of water=18°C - 20°C =-2°C
Specific heat capacity of water=4200 Jkg™'K™!
Specific heat capacity of copper =390 Jkg™'K™!

Step 2: Write down the equation for thermal energy

Q@ =mcAT

Step 3: Determine the energy transferred from the water to the copper

o}

o

]

(e}

(e}

The wateris at a highertemperature than copper, hence thermal energy will flow from
the waterto the copper

To quantify this energy, substitute numbers into the above equation

In this case, the mass mis that of the water

The specific heat capacity is that of water

Since thisis the energy lost by the water, it will be negative

Q=5kgx4200Jkg 'K x(-2°C) = - 42000 )
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Step 3: Determine the change in temperature AT of the copper YOURNOTES

o Theenergylostbythewateris the same as the energy gained by the copper !

o Sincethisis the energy gained by the copper, itis positive

o The equation forthermal energy can berearranged to calculate the changein
temperature AT of the copper

o Inthis case, themass mis that of the copper

o Thespecific heat capacity is that of copper

ATe Q 42000 _suoc
T mc 2 X390

Step 4: Determine the final temperature of the copper

o Since the copper gains thermal energy, its final temperature will be higher than its initial
temperature

final temperature of copper =AT +initial temperature of copper=54°C -10°C

finaltemperature of copper=44°C

(') ExamTip

- . . . .
You should notice that changes in temperature AT can usually be written in degrees

Celsius (although this is not the Sl base unit for temperature) and do not need to be
convertedinto kelvin (K). This is because differences in absolute temperatures
always correspond to differences in Celsius temperature.If the question asks to
determine theinitial or final temperature of a substance, make sure you always
checkthe unit of measure (°C orK) in which you are required to give your final
answer.

Page 13 of 47

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Specific Latent Heat

During a phase change (i.e. a change of state) thermal energy is transferred to a substance
orremoved fromit, while the temperature of the substance does notchange
Inthis case, the thermal energy is calculated as follows:

Q:mL

Where:
o Q=heatenergytransferred(J)
o m=mass of the substancein kilograms (kQ)
o L=specificlatentheat of the substancein Jkg™'

The specificlatentheat of a substanceis defined as:

The amount of energy required to change the state of 1kg of a substance without
changingits temperature

This definition can be explained when the above equationis rearrangedforL:

This means that the higherthe specific latent heat of a substance, the greaterthe energy
neededtochangeits state
o Notethat the specific latentheatis measuredin Jkg™'

The amount of energy required to melt (or solidify) a substanceis not the same as the
amount of energy required to evaporate (or condense) the same substance
Hence, there are two types of specific heat:

o Specificlatent heat of fusion, L¢

o Specificlatent heat of vaporisation, L,

Specific latent heat of fusionis defined as:

The energy released when 1kg of liquid freezes to become solid at constant
temperature

This applies to the following phase changes:
o Solidtoliquid
o Liquidtosolid

Therefore, the definition for specific latent heat of fusion could also be:

The energy absorbed when1kg of solid melts to becomeliquid at constant
temperature

Specific latent heat of vaporisation is defined as:

The energy released when1kg of gas condenses to becomeliquid at constant
temperature
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« This applies to the following phase changes: YOURNOTES
o Liquidtogas l
o Gastoliquid

e Therefore, the definition for specific latent heat of vaporisation could also be:

The energy absorbed when 1kg of liquid evaporates to become gas at constant
temperature

e Forthesamesubstance, thevalue of the specific latent heat of vaporisationis always
much higherthan the value of the specific latent heat of fusion
o Inotherwords,L, > L¢

e Thisis because much more energy is needed to evaporate (orcondense) a substance than
itis neededto melt it (or solidify it)
o Inmelting, the intermolecularbonds only need to be weakenedto turn fromasolidtoa
liquid
o When evaporating, theintermolecularbonds need to be completely broken to turn
fromliquid to gas. This requires a lot more energy.

Specific Latent Heat  Specific Latent Heat of

Substance of Fusion (J kg™1) Vaporisation (J kg=1)
Aluminium 4.0 x10° 1.4 x 107
Water 3.3 x10° 2.3 x10°
Copper 2.1 x10° 4.7 x 10°
Gold 6.3 x 10* 1.7 x 10°

%) Worked Example
Determine the energy neededto melt 200 g oficeat 0°C.

 Thespecific latent heat of fusion of wateris 3.3 x 10° Jkg™!
 Thespecific latentheat of vaporisation of wateris 2.3 x 106 J kg™

Step 1: Determine whether to use latent heat of fusion or vaporisation

o Weneedtousethe specific latent heat of fusion because the phase change occurring
is from solid to liquid

Step 2: List the known quantities
o Massoftheice,m=200g=0.2kg

o Specific latent heat of fusion of water, L¢ = 3.3 x 10° Jkg™

Page 15 of 47

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Step 3: Write down the equation for the thermal energy YOURNOTES
Q=mL¢ l
Step 4: Substitute numbers into the equation
Q=0.2kgx(3.3x10°) Jkg™

Q=6.6x10%)=66kI

*> Worked Example
[

Energyis suppliedto a heateratarate of 2500 W.Determine the time taken to boil
0.50 kgofwaterat100°C.Ignore energy losses.

 Thespecificlatent heat of fusion of wateris 3.3 x10° J kg™
 Thespecific latentheat of vaporisation of wateris 2.3 x 106 J kg™

Step 1: Determine whether to use latent heat of fusion or vaporisation

o Weneedtousethespecificlatentheat of vaporisation because the phase change
occurringis from liquid to gas

Step 2: Write down the known quantities

o Power,P=2500W
o Mass,m=0.50kg
o Specific latent heat of vaporisation of water, L,= 2.3 x 10¢ kg™

Step 3: Recall the equation linking power P, energy Eand time t
E=Pt
Step 4: Write down the equation for the thermal energy E

o Theenergy Einthe previous equationis the thermal energy Q transferred by the heater
tothewater

Q: mLf
Step 5: Equate the two expressions for energy
Pt= mLf

Step 6: Solveforthetimet

0.50 kg x (2.3 x 10°) J kg™"
t= 2500 W

t=460s
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Phase Change

* Aphase changehappens whenevermatterchangesits state
e Duringaphase change, thermal energy is transferred to or from a substance
¢ This energy transfer does not change the temperature of the substance undergoing the
phasechange
e Thismeans:
o Thethermal energy provided (orremoved) does not affect the kinetic energy of the
molecules within the substance
o Only the potential energy (i.e. the spacing between the atoms ormolecules) is
affected

¢ Thefourmain phase changes are:

o Melting -i.e.when a substance changes from solid to liquid as it absorbs thermal
energy

o Freezing-i.e.when asubstance changes fromliquidto solid as it releases thermal
energy

o Vaporisation (orboiling) -i.e. when a substance changes fromliquid to gas as it
absorbs thermal energy

o Condensation -i.e. when a substance changes from gas toliquid asitreleases
thermal energy

Water

e Eachsubstancehasits own melting (or freezing) and boiling points
o Forexample, the freezing point of wateris 0°C andits boiling pointis 100°C

¢ Possible phase changes of waterinclude:
o Solidice meltinginto liquidwaterat 0°C
o Liquidwaterboiling and changinginto gaseous watervapourat100°C

e Boththesechanges happen when thermal energy is absorbed
o Ifthermalenergyisreleased fromwatervapourat100°C,itcondenses backinto water
o If watercontinues torelease thermal energy, it cools down untilitreaches 0°C and
freezesintoice

v
SoLD MELTING EVAPORATION GAS

Y ——
v LIQUID v

FREEZING CONDENSATION

Phase changes for water
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¢ Meltingand freezing happen at the melting / freezing point of a substance YOURNOTES
¢ Vaporisation and condensation happen at the boiling point of a substance 1
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Phase Change Graphs YOURNOTES
l

¢ Aheating orcooling curve shows how the temperature of a substance changes with time
e The'flat' sections of the graph indicate that there is no change in temperature over time,
hence the substanceis undergoing a phase change
o Thethermalenergy supplied to orremoved from the substance only affects the
potential energy of the particles

» Theregions of the graph that are not flatindicate that the substanceis beingheated or
cooled down
o Thethermal energy supplied to orremoved from the substance changes the average
kinetic energy of the particles, henceresultingin an overall changein temperature of
the substance

Heating Curves

¢ Asenergyis being suppliedto a solid substance, its temperature increases untilitreaches
its melting point

e Thetemperatureremains constantuntil the substance has melted completely

« |fenergy continues to be supplied, the liquid substance warms up until the boiling point is
reached, andthe substance vaporises

¢ Then, thetemperature of the gasincreases

EMNE| |E-|E |ENE~ E|E, E.MEm
SOLID LIQUID GAS
PHASE PHASE PHASE

Ll

o

E LIQUID

<<

: o0 S [coumery

% EVAPORATED

i

e

SOLD BOILING

STARTS

TO MELT

-

SOLID
-COMPLETELY
MELTED

TIME

Cooling Curves

¢ Asenergyis beingremoved from a gaseous substance, its temperature decreases until the
boiling pointis reached
¢ Thetemperatureremains constantuntil the substance has condensed completely
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¢ |fenergy continues to beremoved, the liquid substance cools down untilits freezing point
andchangesintoasolid
¢ Then, the temperature of the solid decreases

E | Epm

GAS
PHASE

\ GAS IS
COOLING

TEMPERATURE

TMELTING POINT

E|Enb E V| Em E

Eb

LIQUID
PHASE

LIQUID
IS COOLING

E | Em

SOLID
PHASE

[LIQUID FREEZES|\SOUD IS

COOLING

~

TIME

e Heating orcooling curves can also display how the temperature of a substance changes

with energy

o Inthefollowingworked example, energy (in J) is plotted on the x-axis instead of time
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*9 Worked Example

The graph below is the heating curve fora 25 g cube of ice beingheated ata
constantrate. Calculate:

» Thespecificheat capacity of waterinits liquid phase
¢ Thespecificlatentheat of vaporisation

125
56 kJ /

EN

o

(]
|

~J
al
]

10 kJ

TEMPERATURE (°C)
il

|
5 o
L1

| | T T | | |
10 20 30 40 50 60 70 80

ENERGY ABSORBED (kJ)

o

Step 1: Write down the mass mof iceinkilograms (kg)
m=25g=0.025kg

Step 2: Read fromthe graph the amount of energy E; being supplied to the waterinits
liquid phase as it warms up

o Thefirstflat section of the graph indicates the change of phase of iceinto water
o Thenon-flatregion that follows is the onerelating to waterinits liquid phase being
heatedup

E;=20kJ-10kJ=10kJ
Step 3: Convert this energy from kilojoules into joules
E;=10kJ=10000J
Step 4: Read from the graph the change in temperature AT, of the water as it warms up
AT;=100°C - 0°C=100°C

Step 5: Write down the equation linking thermal energy E; to mass m, specific heat
capacity c and changeintemperature AT;

E;=mcAT;

Step 6: Solve for the specific heat capacity c
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& mtl YOURNOTES
mAT; l
10000 J

€= 0.025 kg = 100°C

c=4000Jkg'°C"

Step 7: Read from the graph the amount of energy E, being supplied to the water as it
changesintoagasat100°C

o Thesecondflatsection of the graphindicates the change of phase of waterinto water
vapour
o This energy must be converted from kilojoules (kJ) into joules (J)

E,=56k)=56000

Step 8: Write down the equation linking thermal energy E, to mass m and specific latent
heat of vaporisationL,

E2 = va

Step 9: Solve for the specificlatent heat of fusionL,

_ 56000 )
"~ 0.025 kg

v

L,=2.2x106Jkg™’
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Investigating Thermal Energy
Estimating the Specific Heat Capacity of a Metal

Aim of the Experiment

e Theaim of the experiment s to determine the specific heat capacity of a metal block
Variables

¢ Independentvariable =Time, t(s)
¢ Dependentvariable = Temperature, T(°C)
e Controlvariables:

o Mass of the metal block

o Voltage of the power supply

Equipment List

Apparatus Purpose

Power Supply To generate voltage for the circuit
Immersion Heater To heat up the metal block

Block of Metal Sample to be heated

Digital Scale To measure the mass of the metal block

Insulating Material | To reduce exchange of thermal energy between the metal
block and the surroundings

Liquid—in—glass To measure the temperature of the metal block
Thermometer

Stop—clock To measure the time

Oil or water To seal the dir gap between the metal and the thermometer,

improving the accuracy of the temperature reading

Voltmeter To measure the voltage across the immersion heater
Ammeter To measure the current flowing through the immersion heater
Cables and To connect all parts of the circuit

Crocodile Clips

¢ Resolution of measuring equipment:
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Digitalscale=0.1g YOURNOTES
Liquid-in-glass thermometer=1°C 1
Stop-clock=0.01s

o Voltmeter=1mV

o Ammeter=1TmA

Method

Part 1: Measuring the temperature change

o

o]

o

e POWER SUPPLY

]

LAYER OF
_INSULATION
(e.g. COTTON
WOOL)

rmryrrrrrrrerreTT

liMMERSION HEATER®

|METAL BLOCK:

Apparatus usedtoinvestigate the specific heat capacity of ametal block

1. Use thedigital scale to measure the mass m of the metal block. Record this value with its
uncertainty Am (this is simply the smallest division on the digital scale - e.g. + 0.0001kg)

2. Wrap the insulating material (e.g. cotton wool) around the block of metal to minimise
energy transfers with the surroundings

3.Inserttheimmersion heaterinto the central hole of the metal block

4.Place the thermometerinto the smallerholein the metal block

5. Put afew drops of oil orwaterinto the hole where the thermometeris, to seal the airgap
between the metal and the thermometer

6.Measure the temperature T of the metal block and record this value in the first row of the
table (t = 0), togetherwith its uncertainty AT

7.Connecttheimmersion heater to the power supply

8.Turn on the power supply and start the stop-clock at the same time

9. Measure the temperature of the block every minute (i.e. 60 seconds) andrecord the
temperature values in the table (for a total of 10 readings)

10. Turn theimmersion heater off

¢ Anexample of aresults table might look like this:
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THIS IS EQUAL TO THE
SUM OF THE SMALLEST
DIVISION ON THE

" STOP-CLOCK (e.g. 0.015s)
AND THE AVERAGE HUMAN

REACTION TIME (e.g. 0.3 s)

READ FROM THE
THERMOMETER

THIS IS EQUAL TO
THE SMALLEST

Time, t (s) atls)* Temperature, T(°C)  T(°C) %
- DIVISION ON THE
s THERMOMETER
T (e.g.1°C)
60.0 0.3 \ 1
120.0 0.3 1 TEMPERATURE OF
THE METAL BLOCK
180.0 0.3 1 WHEN THE POWER
SUPPLY IS
240.0 0.3 ! SWITCHED OFF
300.0 0.3 1
360.0 0.3 1
420.0 0.3 1
480.0 0.3 1
540.0 0.3 1
600.0 0.3 1

Part 2: Calculating the energy transferred

_

[&OWER SUPPLY

® O,

ol
| I |
VOLTMETER

\JE HEATER

Apparatus used to measure the energy transferred to the metal block
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1. Connectthe ammeterin series with theimmersion heater and the voltmeter across the

immersion heater(i.e. in parallel)

2.Turn on the power supply using the same value of voltage used to take the readings of

temperature

3.Readthevalue of the current | from the ammeterandrecord this value with its uncertainty Al
4.Readthevalue of the voltage V from the voltmeter (not from the power supply) and record

this value with its uncertainty AV

An example of a results table mightlook like this:

Voltage, V (V) AV (V) £ Current, | (A) Al(A) £

Analysis of Results

The equation linking the thermal energy E transferred to the metal block, the mass m of the
block, the specific heat capacity c of the block and the temperature change AT is:

E=mcAT

Rearrange this to calculate the specific heat capacity c:

E

c=—=

mAT
Write the energy Ein terms of power P and time At:
E=PAt

Substitute this expression for Einto the equation for the specific heat capacity:

Plot a graph of temperature T(°C) against time t (s)
Calculate the gradient of the linear portion of the graph
o Gradient=AT/At
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Al
At

GRADIENT =

TEMPERATURE, T (°C)

0] 100 200 300 400 500 600
TIME, t (s)

o Calculate the specific heat capacity c of the metal (in J kg~'K~' or, equivalently, in Jkg™'°C)
as follows:

_vi P—
CiE X gradient

o Compare this result with the acceptedvalue of the specific heat capacity forthe metal
used

Evaluating the Experiment

Systematic errors:

e Someenergyislosttothe surroundings
o Thelayerofinsulation around the metal block and the drops of oil orwaterin the hole
where the thermometeris placed allhelpreducing energy losses, but some energy is
inevitably transferred to the surroundings, causing a systematic error

e Thethermometermight not be calibrated correctly
o Placethethermometerin a beakerwith a mixture of ice andwaterfor 30 s, of the
thermometerreads O°C, thenitis reading correctly and can be used

Randomerrors:
¢ There mightbe parallax errorwhen reading the values of temperature from the
thermometer
o Make sureyou hold the thermometer at eye level when taking the temperature
readings toreduce random error

e Thetemperaturereadings might not all be taken exactly 60 s apart from each other
o Make sureyouwork with a partner, soyou canread out the temperature values to them
andthey can write ortype thesein the table, while you are only looking at the stop-
clockandthermometer
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o Delaysintheresponsiveness of the thermometer might still cause random errors, YOURNOTES
using a thermometerwith a smaller bulb and thinner glass walls willimprove its 1
responsiveness

Safety Considerations

e Position allequipment away from the edge of the desk

e Donottouchthe metal block ortheimmersion heater when the power supply is switched
on

¢ Allow time to cool before touching hot parts of the apparatus

> Worked Example
[

Use erroranalysis to obtain expressions for the relative error 6c and the absolute
error Ac on the specific heat capacity.

Step 1: Determine therelative errors on voltage V, current |, temperature T, mass mand
timet

o §V=AV/V

al=Al/1

6T =AT/T (where Tis theincreasein temperature for the straight portion of the graph)
om=Am/m

ot =At/t(wheretis theincreasein time forthe straight portion of the graph)

(e}

o

]

]

Step 2: Sumallrelative errors in Step 1to obtain the relative error 6c on the specific heat
capacity

0C =86V +6l+ 8T +m+ ot

Step 3: Recall therelationship between absolute and relative errors to determine the
absolute error on the specific heat capacity Ac

o Rememberthat absolute errors have units (in this case, Jkg™' K- orin Jkg™'°C™)
o cintheequationbelowis the experimental value of the specific heat capacity

Ac=cxdc
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Ideal Gas Laws

Boyle's Law

e Boyle'sLaw states:

For a fixed mass of gas at a constant temperature, the pressurepisinversely
proportional to the volume V

e This can be expressedin equation form as:
m .I_
Py

» Plottingthe pressure againstthe volume fora gas at a constant temperature on a graph (i.e.
p-V graph) gives the so-calledisothermal curve forthe gas

Graph of pressure against volume for a fixed mass of gas at three different temperatures,
withT1 < T2 < T3. The curves are calledisotherms (i.e. the temperature along each curveis
constant)

o Plottingthe pressure against thereciprocal of the volume (i.e. 1/V) fora gas at constant
temperature still gives anisothermal, but this time, the line is straight
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Ts

T,<T,<T,

e
vV
Graph of pressure against reciprocal of the volume for a fixed mass of gas at three different
temperatures, with Tl < T2 < T3. In this case, the isotherms are straight lines

e Boyle'slaw can berewritten as follows:

pV=constant

¢ \Which means that:

piVi=p2Va

¢ Where:

o py=initial pressurein pascals (Pa) oratmospheres (atm)

o V;=initial volumein metres cubed (m?>) or litres (L)
p, =thefinal pressurein pascals (Pa) oratmospheres (atm)
o V,=thefinalvolumein metres cubed (m3) orlitres (L)

(e}

Charles's Law

e Charle's Law states:

For a fixed mass of gas at constant pressure, the volume Vis directly proportional
totheabsolute temperatureT

¢ This canbe expressedin equation formas:
VT

e Thedirect proportionality relationshipis only validif the gas temperatureis measuredin
kelvin (K)

¢ Plottingthevolume against the temperature fora gas at constant pressure gives a straight
line along which the gas pressure does not change
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TEMPERATURE

Graph of volume against temperature for a fixed mass of gas at three different pressures,
withpl<p2<p3

e Charles'slaw can berewritten as follows:

==

= constant

¢ Which means that:

Vi_ Vs
T, T,

¢ Where:
o Vj=initial volumein metres cubed (m?3) orlitres (L)
o Ti=initial temperaturein kelvin (K)
oV, =finalvolumein metres cubed (m?3) orlitres (L)
o To=finaltemperaturein kelvin (K)
Gay Lussac's Law
¢ Gaylussac'sLawstates:

For a fixed mass of gas at constant volume, the pressure p is directly proportional
totheabsolute temperatureT

e This can be expressedin equation form as:
peT

» Thedirect proportionality relationshipis only valid if the gas temperature is measuredin
kelvin (K)
¢ Plottingthe pressure againstthe temperature fora gas at constantvolume gives a straight
line alongwhich the gas volumeis the same
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TEMPERATURE

Graph of pressure against temperature for a fixed mass of gas at three different volumes,
withV1<V2<V3

e GayLlussac'slaw canberewritten as follows:

B
T = constant

¢ Which means that:

B B
T, T
e Where:
o py=initial pressurein pascals (Pa) oratmospheres (atm)
o T;=initial temperaturein kelvin (K)
o p,=finalpressurein pascals (Pa) oratmospheres (atm)
o T, =finaltemperaturein kelvin (K)

Gas Laws Combined
¢ Thethree gaslaws canbe combinedintoone
e Forafixedmass of gas, the following holds:

v
ET— = constant

¢ Which means that:

PLVi_PoY2
Ty Tz
¢ Where:
o py=initial pressurein pascals (Pa) oratmospheres (atm)
o V;=initial volumein metres cubed (m?>) or litres (L)
o Ty=initialtemperaturein kelvin (K)
o p,=final pressurein pascals (Pa) oratmospheres (atm)
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oV, =finalvolumein metres cubed (m?®) orlitres (L) YOURNOTES
o T, =finaltemperaturein kelvin (K) 1

*> Worked Example

[ J
Anideal gas occupies avolume equalto 5.0 x 1074 m3. Its pressureis 2.0 x 10¢ Pa

andits temperatureis 40°C.The gasis then heated andreaches a temperature of
80°C. Italso expands toanew volume of 6.0 x 10~4 m3.Determine the new
pressure of the gas.

Step 1: Write down the given quantities

Initial volume, V;=5.0 x 1074 m?3
Initial pressure, p;=2.0 x 10 Pa
Initialtemperature, T;=40°C = 313K
Finalvolume, V5, =6.0 x 10~4m?
Finaltemperature, T,=80°C =353K

[e]

o

o]

(e}

(e}

Rememberto:

o Usetheappropriate subscripts forinitial (i.e. 1) and final(i.e. 2) values
o Convertthe temperature from degrees Celsius into Kelvin (K)

Step 2: Write down the equation for the three gas laws combined

plvl =1 p2V2
T, T

Step 3: Rearrange the equation to calculate the unknown final pressure p,

_ P ViT;
P2="vom

Step 4: Substitute numbers into the equation

(2.0 x 10°) Pa x (5.0 x 107} m? x 353 K
- (6.0x107*) m® x 313K

p2

p,=1.9x10¢Pa

(") Exam Tip

¥ When dealingwith gas laws problems, always remember to convert temperatures
from degrees Celsius (°C) to kelvin (K).After you solve a problem using any of the
gas laws (orall of them combined), always check whetheryour final result makes
physically sense - e.g. if you are asked to calculate the final pressure of a fixed mass
of gas beingheatedat constant volume, yourresult must be greater than theinitial
pressure given in the problem (since Gay- Lussac's law states that pressure and
absolute temperature are directly proportional at constant volume).
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Ideal Gas Equation

Avogadro's Law
¢ Avogadro's Law states:

Fora gas at constant temperature and pressure, the number of moles nis directly
proportional to the volume V of the gas

¢ This canbeexpressedin equation form as:
netV

¢ This means that two different gases of equaltemperatures, pressures and volumes have

the same number of particles N
o Notethatthe numberof particles N is directly proportional to the number of moles n

Equation of State for an Ideal Gas
e Boyle'sLaw, Charles's Law and Gay-Lussac's law can be combined with Avogadro's law to

give a single constant, known as the ideal gas constant, R
e Combiningthe fourequations leads to the equation of state of anideal gas

¢ Where:

o p=pressureinpascals (Pa)

o V=volumein metres cubed (m?)

o T=temperatureinkelvin (K)

o n=numberofmolesinthegas(mol)
R=8.31JK'mol-'(ideal gas constant)

o

*> Worked Example
[

Agashas atemperature of -55°C and a pressure of 0.5 MPa. It occupies a volume
of 0.02 m3.Calculate the number of gas particles.

Step 1: Write down the known quantities

o Temperature, T=-55°C=218K
o Pressure,p=0.5MPa=0.5x10%Pa
o Volume,V=0.02m3

Note the conversions:

o Thepressure p must be converted from megapascals (MPa) into pascals (Pa)
o Thetemperature must be converted from degrees Celsius (°C) into kelvin (K)
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Step 2: Write down the equation of state of ideal gases

pV = nRT

Step 3: Rearrange the above equation to calculate the number of moles n

ZU|U
—=

n=

Step 4: Substitute numbers into the equation

o From the databooklet, R=8.31JK "mol"!

(0.5 x 105) Pa x 0.02 m3

T 831 K mol T x 218K

n=5.5mol

Step 5: Calculate the number of particles N

o Write down therelationship between number of particles and number of moles

N:I’)NA

o Fromthe databooklet, N4 =6.02 x 1023 mol~' (Avogadro constant)

N =5.5mol x(6.02 x 1023) mol-

N=33x10%

(f) Exam Tip

When using the equation of state of ideal gases, always remember to convert
temperatures from degrees Celsius (°C) to kelvin (K).Note that the number of moles
nis notthe same as the number of particles N:

¢ When a question asks to calculate the number of particles in a sample of gas,

you shouldfirstuse the equation of state to determine the number of moles n of
the gas, andthen calculate the number of particles using N =nN,

» |faquestion gives the number of particles in a sample of gasinstead of the

number of moles, you should first use n = N/N, to calculate the number of moles
of the gas, and then use the equation of state to perform any further calculation
(e.g.volume, pressure, etc.)
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YOURNOTES

l
Kinetic Model of anldeal Gas

Gas Pressure

A gasis made of alarge number of particles
Gas particles have mass and move randomly at high speeds
Pressurein a gasis due to the collisions of the gas particles with the walls of the container
thatholds the gas
When a gas particle hits a wall of the container, it undergoes a change in momentum due to
the force exerted by the wall on the particle (as stated by Newton's Second Law)
o Finalmomentum =-mv
o Initialmomentum =mv
Therefore, the change in momentum Ap can be written as:

Ap =finalmomentum - initialmomentum
Ap=-mv-mv=-2mv

Ap 2mv

At At

AccordingtoNewton's Third Law, thereis an equal and opposite force exerted by the

particle onthewall(i.e. F = 2mv/At)
/EWALL
|

V

PARTICLE HITTING ARTICLE BOUNCING
THE WALL OFF THE WALL
FORCE OF
| | THE PARTICLE

/ ON THE WALL
PAR_”CLE S 1 F =ap/at = 2mv/at
VELOCITY F %
F<— FORCE OF
[~ | | THE WALL
BEFORE THE AFTER THE ON THE PARTICLE
COLLISION COLLISION | | —F=—ap/at =—2mv/at
p = mv p=—mv

Aparticle hitting a wall of the containerin which the gas is held experiences a force from the
wall and a change in momentum. The particle exerts an equal and opposite force on the wall

¢ Sincethereis alarge number of particles, their collisions with the walls of the container give

riseto gas pressure, which is calculated as follows:
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P=7

¢ Where:
o p=pressureinpascals (Pa)
o F=forceinnewtons (N)
o A=areainmetres squared(m?)
Average Random Kinetic Energy of Gas Particles

e Particlesin gases have avariety of different speeds
e Theaveragerandom kinetic energy of the particles Ex, which can be written as follows:

3
Ex =§ kBT

¢ Where:
o Ex=averagerandomKkinetic energy of the particlesinjoules (J)
o kg=1.38 x10"23 JK-(Boltzmann's constant)
o T=absolute temperaturein kelvin (K)

e kgis known as Boltzmann's constant, andit can be written as follows:

¢ Where:
o R=8.31JK'mol-'(ideal gas constant)
o Ng=6.02x102> mol-'(Avogadro constant)

Internal Energy of the Gas
e Usingtheequation of state of ideal gases, theinternal energy can be written as follows:

3
U—§ p\f"

¢ Where:
o U=internalenergy of the gasinjoules (J)
o p=gaspressurein pascals (Pa)
o V=gasvolumein metres cubed (m?)

*> Worked Example

2molof gasis sealedin acontainer, at atemperature of 47°C.
Determine:

a.The average random kinetic energy of the particles in the gas
b.Theinternal energy of the gas

Part(a)

Step 1: Write down the temperature T of the gas in kelvin (K)
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T=47°C=320K

Step 2: Write down the equationlinking the absolute temperature T of the gas to the
averagerandom kinetic energy Ex of the gas particles

3
Ex =§ kBT

Step 3: Substitute numbers into the equation
o Fromthe databooklet, kg =1.38 x 10723 JK-!

Ex=3 x (1.38 x107%) JK'x 320K
Ex=6.6x10"2)

Part (b)

Step 1: Write down the equation linking the internal energy U of the gas to the number of
moles nand the absolute temperature T

3
U—jnRT

Step 2: Substitute numbers into the equation

o Fromthe databooklet,R=8.31JK'mol!

U=3 x 2 mol x 831 J k- mol x 320 k

U=8000J=8kJ
o Note that, alternatively, theinternal energy canbe calculated using the following
equation:
U=NEx=8000J=8kJ
N=nNa=2molx(6.02x10%%) mol-'=1.2x10%4
Ex=6.6x1072")(calculatedin Step 3)
O Exam Tip

- . . . . . .
Momentum is a Mechanics topic that should have been coveredin a previous unit.

The above derivation of change in momentum andresultant force should have
already been studied - if you're not comfortable with it then make sure you go back
torevise this!
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Real & Ideal Gases

e Theequation of state of ideal gases and the equations for the kinetic energy of the particles
andtheinternal energy of the gas derived previously, only apply to ideal gases
¢ Anideal gasis defined as one towhich allthe statements below apply:

1.It contains a very large number of identical particles (atoms or molecules)
2.Each gas particle occupies a negligible volume compared to the volume of the gas
o This means they can be considered as point particles
3.The gas particles move randomly at high speeds
4.The gas particles obey Newton's laws of motion
5.There are nointermolecular forces between the gas particles
o Therefore, theinternal energy of the gas is equal to the total kinetic energy of the
particles (U = NEk)
6.The gas particles undergo elastic collisions with each other and with the walls of the
containerin which the gasis held
o Hence, the total kinetic energy of the particles and the temperature of the gas do not
change as aresult of these collisions
7.The duration of the collisions is negligible compared with the time interval between
collisions
8. Each particle exerts a force on the wall of the container with which it collides
o This means the average of the forces produced by all gas particles results in a uniform
gas pressure

¢ Real gases arenotideal gases, however, under certain conditions, they can be considered
asidealgases. Anideal gasis a good approximation of areal gas when:
o Pressureanddensity arelow
o Temperatureis moderate
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Mole Calculations
The Mole

¢ Themoleis one of the seven Sl base units
¢ |tisusedtomeasurethe amount of substance
¢ Onemoleis defined as follows:

The amount of substance that contains as many elementary entities as the number
of atomsin12 g of carbon-12

« This amount of substanceis exactly 6.02214076 x 1023 elementary entities (i.e. particles,
atoms, molecules)
o AtIBlevel, this numbercan beroundedto 6.02 x 1023
¢ Onemole of gas contains a number of particles (atoms ormolecules) equal to the
Avogadro constant
¢ Therefore, to calculate the number of particles N in a gas, knowing the number of moles n,
the following relationship must be used:

N:nNA

¢ Where:
o N=numberof gas particles
o n=numberofmoles of gas (mol)
o Nja=6.02x102> mol-'(Avogadro constant)

Molar Mass

¢ Themolarmass M of a substanceis defined as the mass m of the substance divided by the
amount (in moles) of that substance
¢ Themolarmassis calculated as follows:

M =

513

¢ Where:
o M=molarmassingmol!
o m=massingrams(g)
o n=numberof moles (mol)

*> Worked Example

o . . . . .
Nitrogen is normally foundin nature as a diatomic molecule, N,. The molar mass of

nitrogenis 28.02 gmol".

Determine the mass of a nitrogen atom.

Step 1: Write down the relationship between the molar mass M and themass m

M =

13
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Step 2: Rearrange the equation to find the mass m of n = 1mol of nitrogen
m=Mn
m=28.02gmol™'x1mol
m=28.02¢g

Step 3: Identify the number of nitrogen atoms in 1 mol of nitrogen

]

o]

From the data booklet, N4 = 6.02 x 1023

Nmolecules = nNA

Nmolecules =6.02x 1023

o

Each nitrogen molecule contains 2 atoms of nitrogen
n =1mol of nitrogen contains a number of atoms equal to twice the number of
molecules

o

Natoms=2 x Nmolecules =2 x (6.02 x 1023)
Natoms=1.2 x 1024

Step 4: Divide the mass of 1 mol of nitrogen m by the number of atoms in 1 mol of
nitrogen N,:oms in order to find the mass of a nitrogen atom

Mass of a nitrogen atom =
atoms

Mass of a nitrogenatom=2.3x10"2% g
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Investigating Gas Laws
Investigating Gay-Lussac's Law
Aim of the Experiment
* Theaim of the experimentis toinvestigate the relationship between the pressure and the
temperature of a gas atconstantvolume

Variables

¢ Independentvariable = pressure, p (Pa)
e Dependentvariable =temperature, T(°C)
e Controlvariables:

o Volume of the gas

o Temperature of theroom

Equipment List

Apparatus Purpose

Retort Stand and Clamp To hold the flask above the surface of the table
Gas Sample to be investigated

Sealed Flask To contain the sample of gas to be investigated,

and ensure the gas is not dllowed to expand

Beaker To contdin the water and ice (or the water only)

Stirring Rod To stir the water and ice (or the water only),
and ensure the temperature is homogeneous

Tripod Stdnd and Gaduze To support the bedker

Liquid—in—glass Thermometer | To measure the temperature of the water

Bunsen Burner To heat up the water in the beaker, dand hence
the gas in the flask

Water and Ice To provide a water bath for the flask

Pressure Meter To measure the pressure of the gas in the flask

¢ Resolution of measuring equipment:
o Beaker=50ml
o Liquid-in-glass thermometer=1°C
o Pressuremeter=0.001x10°Pa

Page 42 of 47

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, Past Papers

YOURNOTES
i


https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

Method

RETORT STAND
AND CLAMP

BEAKER

| WATER AND ICE:

SEALED.
FLASK

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

F_
-
\

'METER

PRESSURE

e THERMOMETER|

°GAS

TRIPOD
STAND

;‘ af"

AQQQOOOQOQOQQQQZi

BUNSEN
BURNE
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Apparatus used toinvestigate the relationship between the pressure and the temperature

of agas at constant volume

1. Setupthe apparatus as shownin the diagram
2.Pour500 mlofice andwaterinto the beaker, and stirit with the stirringrod
3.Measure the temperature T of the waterandrecord this value in the table, togetherwith its

uncertainty AT

4. Measure the pressure p of the gas andrecord this value in the table, togetherwith its

uncertainty Ap

5.Lightthe Bunsenburnerandstart to heat the water

6. Wait until the temperature reading on the thermometerreaches 10°C and measure the
pressure of the gas. Record these new values of temperature and pressure in the table

7.Keep heatingthe waterand measure the pressure of the gas atincrements of 10°C

between 0°C and100°C

¢ Anexample of aresults table might look like this:
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THIS IS EQUAL TO THE
SMALLEST DIVISION ON

"THE THERMOMETER

(e.g. 1°C)

READ FROM
° THE PRESSURE
METER

THIS IS EQUAL

Temperature, Praseure: TO THE SMALLEST
e aT(°C)t  p(x10°Pa)  ap (x10°Pa)t .DIVISION ON THE
PRESSURE METER
0 { N 0.001 (e.g. 0.001 x 10°Pa)
10 ) 0.001
ol 1 001 PRESSURE OF THE
GAS WHEN THE
30 €l 0.001
WATER AND ICE
40 1 0.001 ARE NOT HEATED
50 1 0.001
60 1 0.001
70 4) 0.001
80 1 0.001
90 4] 0.001
100 1 0.001

Analysis of Results

¢ Plota graph of pressure p (Pa) againsttemperature T (°C)
o They-interceptis the value of the pressure of the gas when the waterandice are not

heated(T=0°C)

e Extrapolate the graph backwards
o Thex-interceptis the value of the temperature of the gas when the pressureis zero

o This refers to the (theoretical) temperature of the gas when the particles would stop

moving, corresponding to the absolute zero on the kelvin scale: T=0 K=-273°C
o Verify that the x-intercept corresponds to this value
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PRESSURE (Pa)

_aP _ R
GRADIENT = 2= = 7

PRESSURE OF THE GAS
WHEN THE TEMPERATURE
OF THE WATER IS 0°C

f T T T T T T
-300/-250 -200 -150 -100 -50 0 50 100 150
TEMPERATURE (°C)

T = -273°C

_THIS IS THE (THEORETICAL) TEMPERATURE AT
WHICH THE GAS PARTICLES WOULD STOP MOVING

e Calculate the gradient of the graph
o Gradient=Ap/AT
o Recallthe equation of state of ideal gases
o Usethis towrite the gradient as follows:

A R
Gradient = nv
¢ Where:
o n=numberofmoles of gas (mol)
o V=volume of the gas (m?)
o R=8.31JK 'mol-(ideal gas constant)

e Usingthevolume V of the gas sample, and the number of moles n, the value of the ideal
gas constant Rcan be calculated

Evaluation

¢ Parallax errormight affect the temperature readings
o Make suretoholdthe thermometerat eyelevel when taking the temperature readings
toreducerandom error

¢ There mightbe a delayin theresponsiveness of the thermometer
o Useathermometerwith a smallerbulb andthinnerglass walls toimproveits
responsiveness

¢ Inthis experiment, the temperature of the gas inside the flaskis assumedto be the same as
the temperature of the waterbath, but this might not always be true, as sometimes the
reading of pressure might be taken when the gas is notyetin thermal equilibrium with the
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waterin the beaker. The two improvements below ensure the temperature of the gas is YOURNOTES
much closerto that of the water: 1
o Coverthebeakerwith alidandwrapitin tin foil to reduce thermal energy transfers with
the surroundings due to evaporation and convection
o Usea flaskwith thinner glass walls toimprove conduction

¢ Thevolume of the gasinside the flask might not be exactly constantdue to gapsin the
flask's aperture
o Make sure thereis no gap between the stopperusedto sealthe flaskand the pressure
sensorinsertedintoit. Sealany small gap with Blu Tack if necessary

Safety Considerations

e Position allequipment away from the edge of the desk

e Tieanylonghairbackto avoidit catchingfire

e Make sure not to spillhot water onto your skin

e Make sureyou turn off the gas tap as soon as you finish collectingyour data
¢ Allow time to cool before touching hot parts of the apparatus

> Worked Example

Astudentusedan online simulation toinvestigate Gay-Lussac's law foran ideal

gas made of 100 particles, kept ata constantvolume.

She obtained the following graph of pressure (kPa) against absolute temperature
(K). The gradient of the graph is 4.239 kPa K!

PRESSURE (kPa) VS ABSOLUTE TEMPERATURE (K)

700

600 y
500 e

400 e

300 &

PRESSURE, p (kPa)
\e
\

200 '3

100

0 20 40 60 80 100 120 140 160
ABSOLUTE TEMPERATURE, T (K)

Determine the constant volume of the gas.

Step 1: Write down the known quantities

o Gradient=4.239kPaK'=4239PaK!
o Number of gas particles, N=100

Note that you must convert the gradient from kPa K~'into Pa K!
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Step 2: Calculate the number of moles n

o Write down therelationship between the number of particles N and the number of
moles, N=nN,
o Rearrange this to calculate the number of moles n

o Substitute the numbers into the equation forn

= Fromthe data booklet, Nay=6.02 x 1023 mol~!

100
n=—mmm—sg7—
(6.02 x 10%) mol™?

n=17x10"22mol

Step 3: Recall therelationship between the gradient of the graph and the volume of the

gasV

Gradient = %

Step 4: Rearrange the above equation to calculate the volume V

nR

V= Gradient

Step 5: Substitute the numbers into the above equation

o Fromthedatabooklet,R=8.31JK'mol™!

(1.7 x 107%%) mol x 8.31 J K 'mol™*

v 1
4239 Pa K-

V=33x10"2m3
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