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Entropy - Introduction

Entropy - Introduction

= Youmay have wondered why it is that endothermic reactions occur at all, after all, what
can be the driving force behind endothermic reactions if the products end upinaless
stable, higher energy state?

= Although the majority of chemical reactions we experience everyday are exothermic,
AH= alone is not enough to explain why endothermic reactions occur
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The driving force behind chemical reactions cannot be explained by enthalpy changes
alone as it makes not sense for chemical to end up in a less stable higher energy state in
endothermic reactions

= The answeris entropy

Chaosin the universe

= The entropy (S) of a given systemis the number of possible arrangements of the
particles and theirenergyin a given system

= |notherwords, itis ameasure of how disordered or chaotic a systemis
= \Whenasystem becomes more disordered, its entropy willincrease
= Anincreaseinentropy means that the system becomes energetically more stable
= Anexample of a system that becomes more disordered is when a solid is melted
= Forexample, meltingice to form liquid water:

H20 (s) - H20 (1)

4

Your notes
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= Thewatermoleculesinice are in fixed positions and can only vibrate about those ,

positions
Your notes
= |ntheliquid state, the particles are still quite close togetherbut are arranged more

randomly, in that they can move around each other
= \Water moleculesin the liquid state are therefore more disordered
= Thus, foragiven substance, the entropy increases whenits solid form meltsinto a liquid

= |Inbothexamples, the system with the higher entropy will be energetically
favourable (as the energy of the systemis more spread out whenitisin a disordered
state)
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Melting a solid will cause the particles to become more disordered resulting in a higher
entropy state

Distribution of Molecules

= Considertwo gasjars, separated by a cover slip and one of the gasjars containing five
molecules of orange bromine gas

= Whenthe coverslip between two gasjarsis removed, molecules of gas will spread out
evenly throughout both of the gasjars

The first two gas jars are separated by a glass cover slip, the second two gas jars are not
separated allowing molecules to spread evenly between the two
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= Eachmolecule caneitherbeintheleft ortheright hand gasjar, so therefore has two ,

possible arrangements
Your notes
= Sothe number of possible arrangementsis 2

= |fthere are 5 moleculesinonejarto beginwith, the total number of ways, W, the five
molecules can be arrangedis

. W=Wix Wox Wzx Wax Ws
m W=2x2x2x2x2
= W=25
= W=32
= Ifweincreased the number of molecules to 100, W becomes 2100

= Therefore as the number of particles increases the number of possible arrangements
increases rapidly

= Entropy (S)is linked to Wby the equation
S=kinW
= k =Boltzmanndistribution constant1.38 x 10-23 JK-Tmol"!

= The units forentropy (S) are J K-'mol-!

Distribution of energy

= The spreading out of moleculesin diffusionis anincrease in entropy as the molecules are
becoming more randomly dispersed

= Spreading outheatenergy alsorepresents anincrease in entropy
= Energy existsin ‘packets’ called quanta

= Only whole numbers of quanta are possible
= The more quanta, the more ways of arrange the particles

= The more particles the more ways of sharing quanta

f More ways to The higher the
Higher temperature | ——— More energy — distribute energy — entropy

Flow chart to show the effect of increasing temperature on entropy
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Entropy Changes /

Your notes

Entropy - Changes

Changes of State
= Theentropy of a substance changes during a change in state
= The entropy increases when a substance melts (change from solid to liquid)
= [ncreasing the temperature of a solid causes the particles to vibrate more

= Theregularly arranged lattice of particles changes into anirregular arrangement of
particles

= These particles are still close to each other but can now rotate and slide over each
otherin theliquid

= Asaresult, thereisanincreasein disorder

= Theentropy increases when a substance boils (change from liquid to gas)
= The particlesinagas cannow freely move around and are far apart from each other
= The entropy increases significantly as the particles become very disordered

= Similarly, the entropy decreases when a substance condenses (change
from gas to liquid) or freezes (change from liquid to solid)

= The particles are brought togetherand get arranged in a more regular arrangement

= The ability of the particles to move decreases as the particles become more
ordered

= There are fewerways of arranging the energy so the entropy decreases
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Your notes
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The entropy of a substance increases when the temperature is raised as particles become
more disordered

Production of agas

= During the thermal decomposition of calcium carbonate (CaCOz) the entropy of the
systemincreases:

CaCO3z(s)—CaO (s) + CO2(9)
= |nthis decompositionreaction, a gas molecule (CO»)is formed

= The CO, gas moleculeis more disordered than the solid reactant (CaCO3), asitis
constantly moving around

= Asaresult, the systemhas become more disordered and there is anincrease in entropy
= Anotherexampleis the reaction of ethanoic acid with ammonium carbonate
(NH4)2CO3 (s) + 2CH3COOH (aq) — 2CH3COO™ (aq) + 2NH4* (aq) + CO2 (g) + H20 (1)

= Thereisaslight fallin temperature during the reactionindicating the processis
endothermic

= Energyistakenin fromthe surroundings

= The particles are well-ordered in the solid, and the disorderincreases because a solution
and, especially, a gasis formed so entropy increases during the reaction

Dissolving a solid

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com



https://www.savemyexams.com/?utm_source=pdf

= \When ammonium nitrate is dissolved in water, the temperature of the solution ,
decreases, therefore the processis endothermic
Your notes
= Energyistakenin fromthe surroundings
NH4NO3 (s) + ag— NH4* (aq) + NO3z~(aq) AH =25.7 kJ mol-!

= Thelevel of disorderincreases as the particles are no longerin a fixed position and are
now free to move

= However, itis not always this simple!
= Whenanionic solid dissolves

= Bonds between the particles are brokenincreasing the disorder and takingin
energy

= Bonds between the solvent and particles are made reducing the disorder and
releasing energy

= Thereforeitis difficult to predict whether the process will be endothermic or exothermic

Endothermic reactions between two solids

= When barium hydroxide and ammonium chloride are mixed, they form a paste and the
temperature drops significantly

= Therefore thisis an endothermic process
= Energyistakeninfrom the surroundings
2NH4CI (s) + Ba(OH),.8H20 (s) — BaCl,.2H,0 (s) + 2NHz (g) + H20 (1)

= The gas producedis ammonia and this can be detected by the smell and it will turn damp
red litmus paper blue

= Whentwo solids are mixed and react together, the entropy change will depend on the
physical state of the compounds made and not just on the energy changesin the
reaction

= Two solids will of course have a very low entropy due to the high order

= |faliquid orgasis produced the entropy will have increased due to the increased
disorder of the particles
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Total Entropy 4

Your notes

Total Entropy Calculations

If we take the reaction between sodium and chorine, we know that thisis a very
exothermic reaction and also involves a decrease in entropy as a solid is produced from
asolid and a gas (provided a flame is used to supply the necessary activation energy)

2Na(s) + Clz(g) — 2NacCl (s)
If there is a decrease in entropy, how can the reaction be spontaneous?
We need to take into account the entropy of the surroundings as well

= Theenergy beingreleased causes a substantial increase in entropy of the
surroundings because there are more ways of arranging the quanta (packets of
energy) in the surroundings than the system alone

Therefore, the total entropy change forareactionis
AS® total = AS esys + ASe.surr
(sys = system and surr = surroundings)

So, inthe case of sodium and chlorine, the large amounts of energy released makes
Asosu"very positive, which will outweigh the negative value of AS esys

o

Worked Example
Calculating total entropy change

= Calculate the total entropy change in the formation of 1 mole of sodium chloride
fromits elementsin their standard state
AS®ys=-90.1JK  'mol”!

AS®g = +1379 JK 'mol™!
Answer
AS etotal =AS esys +AS G)surr

AS® 01a1=-90.1+1379 =1289 J K 'mol!

Entropy Change inthe System

Entropy changes are an order of magnitude smaller than enthalpy changes, so entropy is
measured injoules rather than kilojoules. The full unit for entropy is J K-'mol-!

The standard entropy change (ASOSystem) foragivenreaction can be calculated using the
standard entropies (S9) of the reactants and products

The equation to calculate the standard entropy change of a systemis:
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ASG)system = Zseproducts - Zsereactants ,
(where ¥ = sum of) Your notes

= Forexample, the standard entropy change for the formation of ammonia (NHz) from
nitrogen (N2) and hydrogen (H) can be calculated using this equation

N2(g) + 3H2(g) = 2NH3(g)
AS®ystem = (2 x S9(NH3)) - (S®(N2) + 3x SO(H))

= Notice that, unlike enthalpy of formation for elements, entropy for elementsis not zero
and you can find entropy values for elements and compounds in data books

o

Worked Example

Calculating entropy changes

Calculate the entropy change of the system for the following reaction:
2Mg (s) + O2(g) — 2MgO (s)

SO[Mg(s)] = 32.60 J KT mol!

SO[02(9)]=205.0 JKTmol!

S®[MgO(s)] = 38.20 JK-Tmol!

Answer

AS®ystem=ZS®products - ZSCreactants

AS®ystem=(2x38.20) - (2x32.60 +205.0)

=-193.8 JK-"mol-!

o

Worked Example

Calculating entropy changes

What is the entropy change when ammonia is formed from nitrogen and hydrogen?
N2(9) + 3H2(g) = 2NHz(g)

SO[N2(@)1=191.6 JK'mol-!

SO[H,(9)] =131 K Tmol!

SO[NHz]=192.3J K Tmol!

Answer:

Asesystem = zseproducts - ZSOreacl‘ants

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com

9


https://www.savemyexams.com/?utm_source=pdf

AS®system=[2x SONH3)] - [SP(N2)+ (3x SO(H2))]
ASOystem=[2X192.3] - [191.6 + (3% 131)]
ASOystem = 384.6 - 584.6

ASOgystem=-200J K-Tmol-!

o

Examiner Tips and Tricks

Use the stoichiometry of the equation and the correct state of the compounds when
calculating the entropy change of areaction.

Entropy Change in the Surroundings

To calculate the entropy change of the surroundings, AS® ., we need to know the
energy that has been transferred to them

This is given by the enthalpy change, AH, and the relationship can be expressed as:

asd =24
sur T

Tis the absolute temperature

The entropy change of the surroundings depends upon temperature

= The transfer of a given quantity of energy to surroundings at a low temperature will
produce a greater entropy change than the transfer of the same amount of energy
to the surroundings at a higher temperature

o

Worked Example
Calculating entropy of surroundings

Calculating entropy of surroundings for the reaction between aluminium oxide and
carbonat298K

Al,03(s) + 3C (s) — 2Al (s) + 3CO ()
AH® = 41336 k) mol™
T=298K

Answer

Convert AH from kJ mol-'to J mol-'by multiplying by 1000

4

Your notes
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_ 1336000
298 ,

=-4483JK 'mol! Your notes
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Reaction Feasibility 4

Your notes

Reaction Feasibility

Summary

For ASiotal to be positive and therefore the reaction feasible:
= Both ASsystem and ASsurroundings are positive
= ASsurroundings iS POSitive and ASeystem is Negative, but ASsyrroundings > ASsystem

= ASsurroundings 1S Negative and ASgystem iS positive, but ASsyrroundings < ASsystem

Feasibility

Generally, entropy willincrease in the order:
solid <liquid < gas

Therefore we can determine the change in entropy and the feasibility by considering the
changeinstate of reactants to products

Example 1: the reaction between magnesium and oxygen at 293 Kis feasible
Mg (s) + O2(g9) > MgO (s)

This reaction produces a solid from a solid and a gas. Therefore entropy of the systemis
negative (Assystem < ASsurroundings)

But since the entropy of the surroundings is very large as this reactionis very exothermic

This outweighs the entropy of the system, so the total entropy is positive therefore the
reactionis spontaneous

Example 2: the reaction between ethanoic acid and ammonium carbonate
2CH3COOH (aq) + (NH4)2CO3(s) - 2CH3COONH4 (aq) + H2O (1) + CO2(g)

Thisreactionis endothermic, therefore ASsyroundings IS Negative

However, a gasis produced from a solid and liquid, so ASgystem is positive

ASsystem> ASsurroundings and the reactionis spontaneous

Gibbs free energy

We can also use Gibbs free energy to work out if areactionis feasible or not (this is not
required as a part of the course)

The feasibility of areactionis determined by two factors
= The enthalpy and entropy change

The two factors come togetherin a fundamental thermodynamic concept called
the Gibbs free energy (G)
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= The Gibbsequationis: ,

AGF = AHreaction™ - TASsystem Your notes
= Theunits of AG=are in k) mol-!
= The units of AHeaction=are in kJ mol-

= Theunitsof TareinK

» The units of ASgystem- are in J K-'mol=(and must therefore be converted to kJ K-
Tmol-Tby dividing by 1000)

= Forareactionto be feasible, AG= must be equal or less than zero

Temperature & feasibility

= \We canlook at the the values for AH and AS to determine whetherthe reactionis
spontaneous / feasible at a given temperature (T)

= The Gibbs equation can explain what will affect the spontaneity / feasibility of areaction
for exothermic and endothermic reactions

Exothermic reactions
= Inexothermic reactions, AHeaction” is negative
* |fthe ASsystem- IS positive:
= Both the first and second term will be negative
= Resultingin a negative AG= so the reaction is feasible

= Therefore, regardless of the temperature, an exothermic reaction with a positive
ASgystem= Will always be feasible

AG = AHreuc.timn A TASsys'tem
L - — -

| FIRST TERM | [SECOND TERM

= Ifthe AS giem- is Negative:
= Thefirsttermis negative and the second termis positive

= Atvery hightemperatures, the —TASsystemgwiII be very large and positive and will
overcome AH,gaction=

= Therefore, at high temperatures AG=is positive and the reaction is not feasible

= Since therelative size of an entropy change is much smaller than an enthalpy change, itis
unlikely that TAS > AH as temperature increases

= Thesereactions are therefore usually spontaneous at normal conditions
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EXOTHERMIC

AH = —ve

NEGATIVE ASSetem POSITIVE ASgstem

AG=AH - TaS, AG = aH - TAS

= —ve
/ ALWAYS FEASIBLE

LOW TEMP. HIGH TEMP.
AG=AH -TAS AG=aAH - TAS

NEGATIVE

OVERALL,
A SMALL

NEGATIVE-®
POSITIVE

SeAnG=—ve S AG= +ve
IS FEASIBLE NOT FEASIBLE

OVERALL,
A LARGE
POSITIVE

|

The diagram shows under which conditions exothermic reactions are feasible

Endothermic reactions
= Inendothermic reactions, AHreaction= IS positive
= If the ASsystem- is Negative:
= Both the first and second term will be positive
» Resultingin a positive AG= so the reaction is not feasible

= Therefore, regardless of the temperature, endothermic with a negative
ASsystem™ Will never be feasible

= If the ASsystem” IS positive:
= Thefirst termis positive and the second term is negative

= Atlow temperatures, the —TASsystemgwill be small and negative and will not
overcome the larger AHreaction™

» Therefore, at low temperatures AG= is positive and the reaction is not feasible

= Thereactionis more feasible at high temperatures as the second term willbecome
negative enough to overcome the AHreaction” resultinginanegative AGF

= Thistells us that for certainreactions which are not feasible at room temperature, they
canbecome feasible at higher temperatures

= Anexample of thisis foundin metal extractions, such as the extractionif ironin the
blast furnace, which will be unsuccessful at low temperatures but can occur at

4

Your notes
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highertemperatures (~1500 °Cin the case of iron) ,

Your notes

ENDOTHERMIC

AH = +ve

NEGATIVE ASSstem

POSITIVE ASsctem

AG =aAH - TaS
e e —

SenAG= tve
NEVER FEASIBLE
(REGARDLESS OF TEMP.)

AG=aAH -TAS
e e —

HIGH TEMP. LOW TEMP.

G =0 cTas,
POSITIVE: SRR
A LARGE
NEGATIVE
S AG= —ve
IS FEASIBLE

AG = AH -TAS

POSITIVE OVERALL,

A SMALL
S AG= Hve

NEGATIVE
NOT FEASIBLE

The diagram shows under which conditions endothermic reactions are feasible

Summary of factors affecting Gibbs free energy

If aH...

Andif aS...

Then aAG is...

Spontaneous...

Because

exothermic

More order

Is negative Is positive Always negative Always Forward reaction
<0 >0 <0 spontaneous at any T
exothermic | More disorder
Is positive Is negative Always positive Never Reverse reaction
>0 <0 >0 spontdneous at any T
endothermic | More order
Is negative Is negative Negative at low T Depending on T Spontaneous only at
<0 <0 Positive at high T low T

TaS<H

Is positive Is positive Negative at high T Depending on T Spontaneous only at
>0 >0 Positive at low T high T
endothermic | More disorder TaS>H

o

Worked Example
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The reaction between aluminium oxide and carbonis not feasible at room ,

temperature.
Your notes
Al,Oz+ 3C(s) — 2Al(s)+ 3CO2(g)

Giventhat AH = +1336 kJmol-'and AS=+581JK-'mol-, calculate the temperature at
which the reaction becomes feasible.

Answer

= Asboth AH and AS are positive, AG will become negative if TAS > AH.
= The temperature at which this reaction becomes spontaneous can be calculated.
This willbe when AG = 0.
= [fAG=0,thenT=AH/AS*
1336
© T s
= T=2299K

*Don't forget to convert thisinto kJ

Thermodynamic & Kinetic Stability
Thermodynamic Stability

= Referstowhetherareactionis feasible under given conditions

= Areactionis thermodynamically feasible if the Gibbs free energy change (AG) is
negative

AG = AH-TAS
= Thismeans:

= Reactions are more likely to be feasible if enthalpy change (AH) is negative
(exothermic)

= Orif entropy change (AS) s positive (increase in disorder)

= Thermodynamic feasibility does not necessarily mean the reaction will happen quickly

Kinetic Stability

= Referstohowfastareactionoccurs (i.e. therate of reaction)
= Depends onthe activation energy (EZ):

= Reactions with a high EZ are kinetically stable and may not occurat room
temperature

= Evenifareactionisthermodynamically feasible, it might not happen without enough
energy to overcome the activation barrier

Examples
= Combustion of methane, CHy4

= Thermodynamically feasible but kinetically stable
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= Methane (CHy) willnot spontaneously form CO2 and H,O unlessignited (EE is high) ,
= Decomposition of hydrogen peroxide at 298 K Your notes
= Thisreactionis thermodynamically feasible:
H20, (1) > H20 (1) +202(9)
= The activation energy, E,, is high, so a catalyst must be used (MnO»)

= |fthereactionwasleft forlong enough, the hydrogen peroxide would eventually
decompose, however the addition of the MnO,, allows the reaction to take place via an
alternative route with alower E,
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