1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

IB Chemistry DP

5.Energetics/ Thermochemistry
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5.1Energetics

5.1.1Energy Changesin Reactions

Temperature & Kinetic Energy

¢ Whatis the difference between heatand temperature?
e This canbeillustrated using a beaker of boiling waterand a pipette:

POUR OUT
THE WHOLE TAKE OUT A

BEAKER FEW DROPS CEFETTE

SAME TEMPERATURE
DIFFERENT HEAT
CONTENT

The effects of boiling water can be quite different depending on the quantity of water
involved!

¢ Youwouldgetavery nasty burn if a whole beaker of boiling water spilled onto to yourhand,
but a drop of boiling waterwould cause little problem

¢ Thewateris atthe same temperature in the pipette as in the beaker, but the beakerhas a
much higher heat content

* Wesaythattemperatureis a measure of the average kinetic energy of the particles
whereas heatis a measure of the energy content of a substance

¢ Theparticles have kinetic energy because they are moving

o Thefasterthey move the more energy they have and the higher the temperature of the
substance
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Conservation of Energy YOURNOTES

Energy is a measure of the ability to do work !
There are many different types of energy and heat is only one of them
During chemicalreactions energy flows in and out of the reaction vessels

o Inside thereactionvesselis known as the system

o Outside thereaction vesselis known as the surroundings

Systems comein three types: open, closed andisolated:

ENERGY ENERGY
=
MATTER
(—
Three types of systems

Isolated systems are very rare; most chemicalreactions are open systems

Open systems are very important when thinking about chemical equilibrium whichiis
coveredinTopic7

Although energy can be exchanged between open and closed systems and the
surroundings, the total energy of the process cannotchange

This is known as the Law of Conservation of Energy andis a cornerstone to understanding
how chemical changes affect the energy flow in and out of systems
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Exothermic & Endothermic YOURNOTES

The total chemical energy inside a substanceis called the enthalpy (orheat content) {
* When chemicalreactions take place, changes in chemical energy take place and therefore

the enthalpy changes

An enthalpy changeis represented by the symbol AH (A= change; H = enthalpy)

An enthalpy change can be positive ornegative

Exothermic reactions

¢ Areactionis exothermic when the products have less enthalpy than thereactants
e Heatenergyis given off by the system to the surroundings

o Thetemperature of the surroundings increases

o Thetemperature of the system decreases

¢ Thereis an enthalpy decrease duringthereaction so AH is negative

¢ Exothermicreactions are thermodynamically possible (because the enthalpy of the
reactants is higherthan that of the products)

e However, if therateis too slow, thereaction may not occur. In this case thereactionis
kinetically controlled

EXOTHERMIC
T
Q
£
~ | REACTANTS
>
= ENERGY IS RELEASED (—aH)
L
= PRODUCTS
0]
0 EXTENT OF
REACTION

The enthalpy change during an exothermic reaction

Endothermicreactions

¢ Areactionis endothermic when the products have more enthalpy than thereactants
e Heatenergyis absorbedby the system from the surroundings

o Thetemperature of the surroundings decreases

o Thetemperature of the systemincreases

e Thereis anenthalpyincrease duringthereaction soAH s positive
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ENDOTHERMIC 1
T_o, PRODUCTS
£
£
X
> ENERGY IS ABSORBED (+ aH)
[a ey
W | REACTANTS
Lt
0
0 EXTENT OF
REACTION

The enthalpy change during an endothermic reaction

(') ExamTip

Itis important to specify the physical states of each species in an equation when
dealing with enthalpy changes as any changes in state can causevery large
changes of enthalpy.Forexample:

NaCl (s) » Na* (aq) + Cl~ (aq) AH = +4kJmol-!
NaCl (s) > Na*(g) +Cl"(g) AH = +787kJmol!

Also,remember that the systemis the substances that are reacting (ie. the reaction
itself) and the surroundings is everything else (eg. the flask the reaction is taking
placein)
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5.1.2 Standard Enthalpy Change YOURlNOTES

Standard Enthalpy Change

Standard conditions

e Tocomparethe changesin enthalpy between reactions, allthermodynamic measurements
are made under standard conditions
¢ Thesestandard conditions are:
o Apressure of 100 kPa
o Aconcentration of 1mol dm-3forall solutions
o Eachsubstanceinvolvedinthereactionisinits standard state (solid, gas orliquid)

¢ Temperatureis not part of the definition of standard state, but a temperature of 298 K (25
°C)is usually given as the specified temperature

* Toshowthatareaction has been carried out under standard conditions, the symbol & is
used

o Eg.AHF =the standard enthalpy change
Standard Enthalpies

¢ There are a few Standard Enthalpy changes which are used commonly in energy
calculations and they are summarised below:
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YOURNOTES
Standard {

Enthalpy Exothermic/
Change of ... Definition Symbol  Endothermic

Reaction The enthalpy change when
the reactantsin the
stoichiometric equation aH; Both
react to give the products
under standard conditions

Formation The enthalpy change when
one mole of a compound is ©

H Both
formed from its elements i 2
under standard conditions

Combustion The enthalpy change when
one mole of asubstance is <
- aH,
burnt in excess oxygen under
standard conditions

Exothermic

Neutralisation | The enthalpy change when
one mole of water is
formed by reacting an acid aH Lt Exothermic
and alkali under standard
conditions

e Practiceyourunderstanding of enthalpy changes on the following worked examples:

9 Worked Example
[ J

One mole of wateris formed from hydrogen and oxygen releasing 286 kJ
Ha(9)+Y202(g) »HO()  AHF=-286kImol”!
Calculate AH, forthereaction below:

2H,(9) + Oz (9) » HO ()

Answer:

o Since two moles of water molecules are formedin the question above, the energy
releasedis simply:

AH, =2 molx(-286 k) mol)
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=-572kJ) YOURNOTES
l

> Worked Example

Calculate AH, forthereaction below
4Fe (s) +0O5(g) » 2Fe,03(s)

given that AH;=[Fe,O3(s)] = - 824 k) mol!

Answer:

o Sincetwomoles of Fe,Oz (s) are formed the total change in enthalpy for the reaction
aboveis:

AHg= 2molx (-824 kJmol™)

=-1648 k)

*> Worked Example
Identify each of the following as AH,Z, AH{, AH = or AH= ot

1.MgCOz(s)>MgO(s)+CO,(9)
2.C (graphite) + O, (g) > CO,(Q)
3.HCl(ag) + NaOH (ag) » NaCl(aq) +H,O(l)

Answer:
Answer1: AH,Z

Answer 2: AH;= as one mole of CO, is formed from its elements in standard state and AH.=
as onemole of carbonis burntin oxygen

Answer 3: AH,.,i= as one mole of wateris formed from the reaction of an acid and alkali

(’) Exam Tip

You need to learn well the Standard Enthalpy change definitions as they are
frequently tested in exam papers
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5.1.3 Calorimetry YOURNOTES

i

Calorimetry

Measuring enthalpy changes

e Calorimetryis a technique usedto measure changes in enthalpy of chemicalreactions
¢ Acalorimeter can be made up of a polystyrene drinking cup, a vacuum flask or metal can

PLASTIC
LID

THERMOMETER
(READING TO 0.2°C)

REACTION

POLYSTYRENE
MIXTURE

CupP

Apolystyrene cup canact as a calorimeter to find enthalpy changes in a chemical reaction

* Theenergy neededtoraise the temperature of 1gof a substance by 1Kis called the
specific heat capacity (c) of theliquid

 Thespecificheat capacity of wateris 4.18 J g 'K™!

¢ Theenergy transferred as heat can be calculated by:

g=mxc xAl

q = THE HEAT TRANSFERRED, J

m= THE MASS OF WATER, g

¢ = THE SPECIFIC HEAT CAPACITY, Jg'K™
AT = THE TEMPERATURE CHANGE, K

Equation for calculating energy transferredin a calorimeter
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YOURNOTES
*> Worked Example !
[

The energy from 0.01mol of propan-1-olwas usedtoheatup 250 g of water. The
temperature of the waterrose from 298K to 310K (the specific heat capacity of
wateris 4.18 J g 'K-!.Calculate the enthalpy of combustion.

Answer:

Step1: g=mxcxAT
m (of water) =250 g
c(ofwater)=4.18 Jg 'K
AT (of water) =310 - 298 K

=12K
Step 2: q=250x4.18x12
=12540]

Step 3: Thisis the energy released by 0.01mol of propan-1-ol
Totalenergy AH=q+n=12540J+0.01mol=1254 000 Jmol"!
Total energy = - 1254 kJ mol-!

(') ExamTip
-

There's noneedto convert the temperature units in calorimetry as the changein
temperaturein °C is equal to the changein temperature in K
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5.1.4 Calorimetry Experiments YOURlNOTES

Calorimetry Experiments

e There aretwo types of calorimetry experiments you need to know for IB Chemistry:
o Enthalpy changes of reactions in solution
o Enthalpy changes of combustion

¢ Inboth casesyou shouldbe able to give an outline of the experiment and be able to
process experimental data using calculations or graphical methods

Enthalpy changes forreactionsin solution

¢ Theprinciple of these calorimetry experiments is to carry out the reaction with an excess of
onereagentand measure the temperature change overthe course of a few minutes

e The apparatus neededto carry out an enthalpy of reaction in solution calorimetry
experimentis shown in the previous section 5.1.3 Calorimetry

¢ Forthepurposes of the calculations, some assumptions are made about the experiment:

o Thatthe specific heat capacity of the solution is the same as pure water, i.e. 4.18 Jg!

K—'I

That the density of the solution is the same as pure water, i.e.1gecm™3

The specific heat capacity of the containeris ignored

Thereactionis complete

o Therearenegligible heatlosses

(e}

[e]

o

Temperature correction graphs

e Forreactions which are notinstantaneous there may be a delay before the maximum
temperatureis reached

e Duringthatdelay the substances themselves may belosing heatto the surroundings, so
that the true maximum temperatureis neveractually reached

e Toovercome this problemwe can use graphical analysis to determine the maximum
enthalpy change
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. YOURNOTES
T2 ___________ : l
S A | COOLING
W X SECTION
o |
27 |
‘&' i al |
o ;
L 1
o . |
= l
L = 1
= |
_ |
: TIME WHEN THE SECOND
Ty X X X : REACTANT WAS ADDED
] :
[ [ I i [ [ [ [ [ [ [ [ I I [ [

TIME (mins)

Atemperature correction graph for a metal displacement reaction between zinc and
copper sulfate solution. The zinc is added after 4 minutes

The steps to make atemperature correction graph are:

1. Take a temperature reading before adding the reactants for a few minutes to get a steady
value

2.Addthe secondreactantand continue recording the temperature and time

3. Plotthe graph and extrapolate the cooling part of the graph until you intersect the time at
which the secondreactantwas added

¢ Anassumption made hereis that therate of coolingis constant
¢ Theanalysis can also be used forendothermic reactions, but this time there willbe a
‘warming’ section as the substances return to room temperature

*9 Worked Example

[
Excess iron powderwas added to 100.0 cm?®of 0.200 moldm™3 copper(ll)sulfate
solutionin a calorimeter. The reaction equation was as follows
Fe(s)+CuSO4(aq)> FeSO4(aq)+Cul(s)
The maximum temperaturerise was 7.5 °C. Determine the enthalpy of reaction, in kJ
Answer:

Step 1. Calculateq

g=mxcxAT
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q=100gx4.18)g K 'x7.5K =-3135) YOURNOTES

Step 2: Calculate the amountof CuSO4(aq) !
moles =volumein dm?®x concentration =0.1x0.2=0.02 mol

Step 3: Calculate AH
AH=qg+n=-3135J+0.02mol=-1567501J=-156.75 k) = -160kJ (2 sig figs)

Enthalpy of Combustion Experiments

e Theprinciple hereis touse the heatreleased by a combustionreaction toincrease the heat
content of water
¢ Atypical simple calorimeteris used to measure the temperature changes to the water

% | THERMOMETER|
F

DRAUGHT
WATER e—1 £ SHIELD

COPPER
CAN

INSULATING
LID

A

SPIRIT
BURNER

A simple combustion calorimeter

Notallthe heat produced by the combustionreactionis transferred to the water
o Someheatislostto the surroundings
o Someheatis absorbed by the calorimeter

¢ Tominimise the heatlosses the copper calorimetershould not be placed too farabove the
flame and alid placed overthe calorimeter
Shielding can be used toreduce draughts
In this experiment the main sources of errorare
o Heatlosses
o Incomplete combustion

Page 13 of 37

©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

YOURNOTES
*> Worked Example !
®
1.023 g of propan-1-ol (M = 60.11g mol) was burnedin a spirit burnerand used to
heat 200 g of waterin a copper calorimeter. The temperature of the waterrose by
30 °C.Calculate the enthalpy of combustion of propan-1-olusing this data.
Answer:

Step 1: Calculateg
g=mxcxAT
g=200gx4.18Jg'K'x30K=-25080
Step 2: Calculate the amount of propan-1-olburned
moles =mass < molarmass =1.023 g+ 60.11gmol~'=0.01702 mol
Step 3: Calculate AH
AH=qg+n=-25080J+0.01702mol=-1473560)=-1474k)=-1.5x103kJ

(’) Exam Tip

There are many potential sources of errorin calorimetry experiments, both
quantitative and qualitative. Determining % errors and comparing AH results to data
bookvalues is animportant part of this topic andis covered in more detail in Topic 11
Measurement and Data Processing
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5.2Hess'sLaw

5.2.1Hess'sLaw

Hess'sLaw

e In1840, the Russian chemist Germain Hess formulated a law which went on to be known as
Hess’s Law

¢ Thiswentontoformthe basis of one of the laws of thermodynamics. The first law of
thermodynamics relates to the Law of Conservation of Energy

e |tis sometimes expressedin the following form:

Energy cannot be created or destroyed, it can only change form

e Thismeans thatin a closedsystem, the totalamount of energy present s always constant
e Hess’slaw canbeusedto calculate the standard enthalpy change of a reaction from
known standard enthalpy changes

e Hess’sLawstates that:

"The total enthalpy changeina chemical reactionis independent of theroute by
which the chemical reaction takes place as long as the initial and final conditions
arethesame."

¢ This means that whether the reaction takes placein one or two steps, the total enthalpy
change of thereaction will stillbe the same

F+G

. —

INDIRECT ~ ™\
ROUTE 1 5
N
~,

\
o

DIRECT ROUTE

/
/

4 INDIRECT i

~< _ROUTE 2_-7

[

X ‘> Y+Z

The diagram aboveillustrates Hess’ Law: the enthalpy change of the direct route, going
fromreactants (A+B) to product (C) is equal to the enthalpy change of the indirect routes

¢ Hess’Lawisusedto calculate enthalpy changes which can’t be found experimentally using
calorimetry, eg:
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3C(s) +4Hz(9) » C3Hg(9) YOURNOTES

¢ [popoverid="dGQI3oDiqUIQrR1A" label="AH;"], AHs (propane) can’t be found i
experimentally as hydrogen and carbon don’t react under standard conditions

Calculating AH, from AH; using Hess’s Law energy cycles

¢ You canseetherelationships on the following diagram:

AH
REACTANTS ~ >/ PRODUCTS
INDIRECT DIRECT
rouTe 2R aR2) oouTE
ELEMENTS

The enthalpy change from elements to products (direct route) is equal to the enthalpy
change of elements forming reactants and then products (indirect route)

¢ Theproducts can be directly formed from the elements = AH,
OR
¢ Theproducts can beindirectly formed from the elements = AH; + AH,
¢ Equation
AH3 = AHq + AH;
Therefore forenergy to be conserved,

AH, = AH, - AH;

(") Exam Tip

¥ Youdonotneedtoleam Hess's Law word forword as itis not a syllabus requirement,
but you do needtounderstand the principle as it provides the foundation for all the
problem solvingin Chemical Energetics
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5.2.2Using Hess'sLaw - Cycles YOURlNOTES

Hess'sLaw using Cycles

e There are two common methods to solvingHess's Law problems, using cycles and using
equations

¢ Tobesuccessfulinusing cycles you needto follow carefully a step-by-step plan using the
informationin the question to construct a cycle and add the given information

¢ Thefollowing example shows one way to lay out yoursolution:

*> Worked Example

Calculate the enthalpy of reaction for
2N2(9) +6H,(9) » 4NHz(9)
Given the data:
4NH3(9) +30(g) » 2Ny(Q) + 6H,O(l),  AH;=-1530 k) mol™

Ha(g) +Y204(g)> HO(l), AHy=-288kJmol!

Answer:
o Begin by writing the target enthalpy change at the top of your diagram from left to
right:

AHr
2N,(g) + 6H,(g) —> 4NH;(g)

o Next, write the alternative route at the bottom of your cycle and connect the top and
bottom with arrows pointingin the correct directions:

AHr
2N,(g) + 6H,(g) —> 4NH;(g) + 30,(g)

T/

2N,(g) + 6H,0(1)

o Addtheenthalpy data and adjust, as necessary, for different molaramounts

aHr
2N,(g) + 6H,(g) —> 4NH;(g) + 30,(g)

—288\ +30, —1530
(x6)

2N,(g) + 6H,0(L)

o WritetheHess's Law calculation out:
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AH, = +6AH; - AH, = + (-288 x6) - (-1530) = -198 kJ

o Twoimportantrules:
= |fyou follow the direction of the arrow you ADD the quantity
= |fyou goagainst the arrow you SUBTRACT the quantity

*> Worked Example

Whatis the enthalpy change, in kJ, forthe reaction below?
4FeO(s) + Oy(9) » 2Fe,Ox(s)

Given the data:
2Fe(s) + Ox(g) » 2FeO(s) AH=-544k)

4Fe(s) + 30,(9) » 2Fe,03(s) AH=-1648kJ

Answer:

o DrawtheHess cycle and add the known values

aHr
4FeO(s) + O,(g) —= 2Fe,O4(s)

2(544\ /4643

4Fe(s) + 30,(q)

ALTERNATIVE ROUTE

o Writethe Hess's Law calculation out:
Follow the alternative route and the process the calculation

AH,=-(-544x2)+(-1648) =-560k)

(’) ExamTip

Itis very important you get the arrows in the right direction and that you separate the
mathematical operation from the sign of the enthalpy change. Many students get
these problems wrong because they confuse the signs with the operations. To
avoid this always put brackets around the values and add the mathematical
operatorin front
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5.2.3Using Hess's Law - Equations

Hess's Law using Equations

e WecanuseHess’s Law to solve unknown enthalpy changes by combining equations

e Thisrequires a methodical step-by-step approach

¢ |tis necessary toidentify how the given equations relate to the target equation as the
following exampleillustrates

Solving Hess's Law problems using equations step-by-step :

> Worked Example
[ J

Considerthe following reactions.
No(g) + Ox(g) >2NO(g) AH=+180kJ
2NOy(g) > 2NO(g) + Ox(g) AH =+112kJ
Whatis the AH value, in kJ, for the following reaction?

N2(g) +20,(g) » 2NO,(g)

Answer:
1. Identify which given equation contains the product you want
This equation contains the desired product on the left side:
2NO,(g) » 2NO(g) + O,(9) AH = +112k]J

2.Adjustthe equation if necessary, to give the same product. If you reverseit, reverse the
AH value

Reverseitand reverse the sign
2NO(g) + O,(g) » 2NOy(g) AH =-112k)
3.Adjustthe equation if necessary, to give the same number of moles of product

The equation contains the same number of moles as in the question, sononeed to
adjust the moles

Next steps
4.|dentify which given equation contains yourreactant
This equation contains thereactant

N2(g) + O,(g) » 2NO(g) AH=+180kJ
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5.Adjustthe equationif necessary, to give the samereactant. If youreverseit, reverse the
AHvalue

Noneed toreverseit as thereactantis already ontheleft side

6.Adjustthe equation if necessary, to give the same number of moles of reactant

Final steps
7.Add the two equations together
N2(g) + O2(g) » 2NO(9) AH = +180k)
2NO(g) + O,(g) » 2NO,(g) AH =-112k)
8.Cancelthe commonitems
N2(9) + O2(g) + 2NO(tg} + Oz(g) » 2NO{g) + 2NO,(9)
9.Add the two AH values togetherto get the oneyou want

N2(g) + 20,(g) » 2NO,(9) AH = +180-112 = +68 kJ

*> Worked Example

° The enthalpy changes fortwo reactions are given.
Bro() +F,(g)>2BrF(g) AH=xkI
Bry()+3F,(9) > 2BrFs(g) AH=ykl]
Whatis the enthalpy change for the following reaction?
BrF(g) +F2(9) > BrF3(g)
A.x-y
B.y-x
C.V2(-x+Yy)
D.%2(x-y)
Answer:

The correct optionis C.

o The secondequation contains the desired product, but it needs to be halved to make
mole

Bro () +3F,(g) > 2BrFz(g) AH=y becomes
Y2Br, (1) + 1/2F, (g) > BrF3 (g) V2AH =2y

o Thefirstequation contains thereactant, butitneeds tobereversed and halved:
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Bro(l) +Fo(9)>2BrF(g) AH=x becomes
BrF (g) > ¥2Br, (1) + 2F, (g) Y2AH = -'2x
o Combinethe two equations and cancelthe common terms:
YaBrath +1%F,(9) > BrFz(g) V2AH=yk]
BrF (g) > ¥%Bratl)y + YoFoter V2 AH=-xkJ

BrF(g) +F2(g) > BrFs(g) AH="2y + -Vax = V2(-x+Yy)

ExamTip

If doesn't matterwhetheryou use equations or cycles to solve Hess's Law
problems, but you should be familiar with both methods and sometimes oneis

easierthan another
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5.2.4 Using AHf° to Find Enthalpy Changes

Using AHf° to Find Enthalpy Changes

e StandardEnthalpy of Formationis defined as

“The enthalpy change when one mole of a compound is formed fromits elements
under standard conditions”

¢ We canuse enthalpy of formation of substances to find an unknown enthalpy change
usingaHess cycle
¢ Inthis type of cycle the elements are always placed at the bottom of the diagram

aAHr
REACTANTS — | PRODUCTS

AHX %Hf

ELEMENTS

Enthalpy changes using enthalpy of formation

¢ Inthis cycle the arrows will always be pointing upwards because the definition of the
enthalpy of formation must go from elements to compounds
¢ Thismeans the Hess's Law calculation of AH will always be in the same arrangement

AHr = 2AH.|: PrOdUCtS ¥y 2AHf redctants

¢ Try the following worked example:

?

Worked Example

[ ]

Given the data:
Substance B,Hs(g) B,0;(g) H,O(g)
aH¢/kdmol™ +31.4 -1270 -242

Calculate the enthalpy of combustion of gaseous diborane given thatitburns

according to the following equation:
BoHs(9) +302(9) » B2O3(s) + 3H,0(9)

Answer

Step 1: Find the sum of the enthalpies of combustion of the products

AH¢ =+ (-1270) +(-242x3) =-1996 kJ

Step 2: Find the sum of the enthalpies of combustion of thereactants
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AH¢=+(+31.4)+0 =+ 31.4kJ
Thereis no enthalpy of formation for oxygen as AH; of elements by definition is zero
Step 3: Calculate the enthalpy change

MH = AHf products - AH reactants = - 1996 - (+ 31.4) = -2027.4 k)

(’) Exam Tip

In Paper1, Enthalpy of Formation data will given in the question. For Paper 2, you may
needtoreferto Section 12 of the Data Booklet where you will find Thermodynamic
Data for Selected Compounds
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YOURNOTES

5.3 Bond Enthalpy 1l

5.3.1Bond Enthalpy

Bonds & Energy

¢ Whenbonds are broken or made enthalpy changes take place
o Achemicalbondis a force of attraction between two atoms
o Breakingthe bondrequires theinput of energy itis therefore an endothermic process

e Theenergy changerequired to break the bond depends on the atoms that form the bond
o Theenergyrequiredto break a particularbondis called the bond dissociation
enthalpy
o Thisisusuallyjust shortened to bond enthalpy orbond energy

e Bondformationis the opposite of bond breakingand so energy is released when bonds are
formed
o Itis therefore an exothermic process

V i

ENERGY
IN
BOND BREAKING :VI\
o (ENDOTHERMIC)
BOND MAKING r‘;
. (EXOTHERMIC)
ENERGY
ouT

BN

To break bonds energy is required from the surroundings and to make new bonds energy is
released from the reaction to the surroundings

¢ Theamount of energy released when a particularbondis formed has the same magnitude
as the energy taken in when the bond is broken but has the opposite sign
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Overall enthalpy changes YOURNOTES

¢ Ifmoreenergyis released when new bonds are formed than energy is required to break !
bonds, thereaction is exothermic
o Theproducts are more stable than thereactants

e |f more energyis required to breakbonds than energy is released when new bonds are
formed, thereaction is endothermic
o Theproducts areless stablethan thereactants

e Therelationship between bond breaking andbond making can be shown graphically like

this:
EXOTHERMIC ENDOTHERMIC
L
Q
Z Z g
: . = =
ENTHALPY o 2 ENTHALPY o 8
H e = H . Z
wn wn o
Q n a) @
= Czj Z =
(@) 5 O PRODUCTS
@ e @
REACTANTS REACTANTS
PRODUCTS
Bond enthalpy profiles
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Bond Enthalpy

Average bond energy

e Bondenergies are affected by otheratoms in the molecule (the environment)

e Therefore, an average of anumber of the same type of bond but in different environments
is calculated

e Thisbondenergyis known as the average bond energy andis defined as

'The energy needed to break one mole of bonds in a gaseous molecule averaged
over similar compounds'

H
I
H—C—H ——> C+4H aH=+1656kJmol”

THE REMAINING Hs ARE
HELD MORE STRONGLY

I I
FIRST STEP H—(Ii—H —> H—?- + He

I
SECOND STEP| H—Cs —> H—CI + H-

H IT TAKES MORE ENERGY
TO REMOVE MORE H ATOMS
AVERAGE BOND ENTHALPY aH= +1256 = +414 kJmol™”

Average bondenthalpy of C-H in methane

+ Theaveragebond enthalpy of C-H is found by taking the bond dissociation enthalpy for
the whole molecule and dividing it by the number of C-H bonds

e Thefirst C-Hbondis easierto break than the second as the remaining hydrogens are pulled
more closely to the carbon

e However, sinceitisimpossible to measure the energy of each C-Hbond an averageis
taken

e Thisvalueis also comparedwith arange of similarcompounds to obtain an acceptedvalue
forthe average bond enthalpy
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Exam Tip YOURlNOTES

Alot of students mix up endothermic / exothermic and bond breaking /bond
making.

An easy way torememberis that ENDOTHERMIC leads to the poetic phrase the 'end
o'thebond’
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Bond Enthalpy Calculations

« Bondenergies are used to find the AH,= of a reaction when this cannot be done
experimentally

e Theprocessis a step-by-step summation of the bond enthalpies of the all the molecules
present finishing with this formula:

o _ ENTHALPY CHANGE FOR BONDS BROKEN +

afly = ENTHALPY CHANGE FOR BONDS FORMED

Formula for calculating the standard enthalpy change of reaction using bond energies

¢ Thesetwo worked examples show how tolay out your calculation

*9 Worked Example

Calculate the enthalpy of reaction for the Haber process reaction. The relevant
bond energies are givenin the table below:

Average Bond Energy
(kd mol™")

N=N 945

H-H 436

N-H 391

Answer:

Step 1: The chemical equation for the Haber processiis:
N2(g) +3H2(g) = 2NH3 (g)
N=N 3H-H 6N-H

Step 2: Setout the calculation as abalance sheet as shown below:
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Bonds Broken (kJ mol™") Bonds formed (kJ mol™")

1xN=N=1x945 =045 6xN—-H=6x391
3*H-H=3x436 =1308

Total = +2253 Total = —2346

Note! Values forbonds broken are positive (endothermic) and values forbonds formed are
negative (exothermic)

Step 3: Calculate the standard enthalpy of reaction
AH,= = enthalpy change for bonds broken + enthalpy change for bonds formed
=(+2253kJmol) +(-2346 k) mol™)

=-93kJmol™

*> Worked Example

The complete combustion of ethyne, CoH», is shown in the equation below:
2C3H2(9) +502(9) » 2H20(9) +4CO2(9)
Usingthe average bond enthalpies givenin the table, what is the enthalpy of
combustion of ethyne?
Average Bond Energy
(kdJ mol™)
C-H 414
c=E 839
0=0 408
c=0 804
O-H 463
0-C 358
Answer:
Page 29 of 37

©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 1: The enthalpy of combustion is the enthalpy change when one mole of a substance
reacts in excess oxygen to produce water and carbon dioxide

The chemicalreaction should be therefore simplified such that only one mole of ethyne

reacts in excess oxygen:

H-C=C-H+2%20=05 H-0O-H +20=C=0

Step 2: Setout the calculation as a balance sheet as shown below:

Bonds Broken (kJ mol™")

Bonds Formed (kJ mol™

1xC=C=1x839=2839
2xC-H=2x414 =828

23 x0=0= 2% x 408 = 1245

2x0-H=2x463=026

4 xC=0=4x804=3216

Total = +2912

Total = —4142

AH,= = enthalpy change for bonds broken + enthalpy change for bonds formed

= (+2912kImol™) + (- 4142 k) mol™)

=-1230 ki mol™!

(’) ExamTip

The key tosuccessinbondenthalpy calculations is to be very carefulwhen
accounting forevery bond present. Always draw out the full displayed structures of
the molecules so you don't miss any of the bonds.

Watch out for coefficients in the balanced equations as students often miss those,
forget to multiply them by the bond enthalpies and get the answerwrong!

Itis superimportant to show your steps because bond enthalpy calculations often
carry 3marks, 2 of which could be for workings if you get the final answerwrong
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5.3.3 Energy Profiles YOURlNOTES

Energy Profiles

¢ Anenergy profile orenergy level diagramis a diagram that shows the energies of the
reactants, the transition state(s) and the products of the reaction with time
o Thetransitionstateis a stage during the reaction at which chemicalbonds are
partially broken and formed
o Thetransitionstateis very unstable - it cannot beisolated andis higherin energy than
thereactants and products

¢ Theactivationenergy (E,) is the energy needed toreach the transition state
¢ We can define the activation energy as

‘the minimum amount of energy needed for reactant molecules to have a
successful collision and start the reaction’

©©
\ ®-®

---------- TRANSITION STATE
3
£
-
-
Q
@
(o1
E i i O
PRODUCTS
0 >
0 EXTENT OF
REACTION

The energy level diagram for the reaction of hydrogen with chlorine to form hydrogen
chloride gas

Exothermic reaction

¢ Inanexothermicreaction, thereactants are higherin energy than the products

e Thereactants are therefore closerin energy to the transition state

¢ This means that exothermic reactions have aloweractivation energy comparedto
endothermicreactions
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EXOTHERMIC |

ENERGY /\
_____________ -~ TRANSITION STATE

REACTANTS

LOWER IN ENERGY
THAN REACTANTS

T Y -—— -

PRODUCTS

2 >
0 PROGRESS OF
REACTION

The energy level diagram for exothermic reactions

Endothermic reaction
¢ Inanendothermicreaction, thereactants arelowerin energy than the products
e Thereactants are therefore furtheraway in energy to the transition state
¢ This means that endothermicreactions have a higheractivation energy compared to

exothermicreactions

ENDOTHERMIC
ENERGY /\
------------- TRANSITION STATE
EG
_____ | ____ \__PRODUCTS
HIGHER IN ENERGY
AH (POSITIVE) H DA
REACTANTS
O S~
0 PROGRESS OF

REACTION

The energy level diagram for endothermic reactions
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YOURNOTES

*> Worked Example !

The enthalpy of combustion for methaneis -890 kJ mol-'and the activation energy
is +2653 k) mol-'Draw a labelled energy level diagram for this reaction.

Answer:
Step 1: The chemical equation forthe complete combustion of methaneis:
CH4(g) +20,(g) » CO2(9) +2H,0 (1)

Step 2: Combustion reactions are always exothermic (AH is negative) so the reactants
should be drawn higherin energy than the products

ENERGY (kJ mol™

CH,(g) +
20,(g)

CO,(g) + 2H,0(1)

EXTENT OF REACTION

Step 3: Draw the curvein the energy level diagram clearly showing the transition state
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TRANSITION STATE

CO,(g) + 2H,0()

EXTENT OF REACTION

Step 4: Draw arrows to show the E; and AH including theirvalues

ENERGY (kJ mol™

TRANSITION STATE

E,\+ 2653 kJmol ™’

EXTENT OF REACTION
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YOURNOTES
*> Worked Example !
Usethe energy level diagram below to identify the activation energy, E,, forthe
reaction
i
[s]
E
)_
Q0
@
wi
=
wi

0 EXTENT OF REACTION

Thereaction pathway diagram for areversible reaction

Answer:

o ThekE, isthe energy difference from the energy level of thereactants to the top of the
‘hump’
o E,(forwardreaction) = (+70 kJmol™) +(+ 20 kJmol™") = +90 k) mol~!

O ExamTip
- o . . .
The activation energy is the energy difference fromreactants to transition
state.The enthalpy change of the reactionis the energy difference from reactants
to products.Rememberto label the axis of the energy level diagrams!
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5.3.4 Case Study: Ozone YOURlNOTES

Case study: Ozone & Bond Strength

¢ Astudy of bond enthalpy can explain why ozone and oxygen in the atmosphere play very
differentroles in the flow of energy
¢ Theseprocesses have a profound effect on the amount of solarradiation reaching ground

level
¢ Thestructure of oxygen and ozone molecules influences the amount of energy needed to
break theirbonds:
=6 070
OXYGEN OZONE

The structure of oxygen and ozone

e Thedouble bondin oxygenis stronger than the delocalised mbonds in ozone
o Wesaythebond order of oxygenis 2 and the bond order of ozoneis 1.5
o Bothbonds are broken by ultraviolet radiation but the bondin oxygen requires
radiation of higherenergy and shorter wavelength than the bond in ozone

¢ High energy UVradiationin the stratosphere breaks the oxygen-oxygen double bond
creating oxygen atoms

05(9) »0-(g)+ O-(g)  AH+ve,UVlight,A <242 nm

¢ These oxygen atoms have unpaired electrons- they are known as freeradicals
* Thefreeradicals are highly reactive and quickly attack oxygen molecules forming ozonein
an exothermic reaction, which raises the temperature of the stratosphere

OZONEFORMATION O-(@+ O2(9) »03(g)  AH-ve

e Ozonerequires less energy to break than oxygen
e |tproduces an oxygen molecule and an oxygen free radical:

OZONE DEPLETION Oz3(9) » O-(g)+ Oy(g)  AH+ve,UVlight,A<330 nm

e Theradicalreacts with another ozone molecule making two molecules of oxygeninan
exothermicreaction

OZONE DEPLETION 03(9) +O-(9)»> 20,(9) AH-ve

e Thetemperaturein the stratosphereis maintained by the balance of ozone formation and
ozone depletionin a process known as the Chapman Cycle

e |tisnotaclosedsystemas matterandenergy flowin and out, butitis whatis called a
steady state
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UV LIGHT
242 nm

UV LIGHT
330 nm

)

UV CONVERTS TO THERMAL
STRATOSPHERE ENERGY WHICH WARMS THE
ATMOSPHERE

The Chapmancycle

Unfortunately, chemicals we have introduced into the atmosphere have interfered with this
steady stateresultingin ozone depleting at a fasterrate thanitis replaced

Amongst these chemicals are chlorofluorocarbons (CFCs) foundin refrigerants,
propellants and solvents

CFCs are greatly damaging to stratospheric ozone and have been largely replaced by safer
alternatives following the 1985 Montreal Protocol

The depletion of ozone has allowed greateramounts of harmful UV light to reach the
surface of the Earth

UVlight has been linked to greaterincidence of skin cancerand cataracts as well as the
destruction of phytoplankton and reduced plant growth

Page 37 of 37

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



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

