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5.3.1Bond Enthalpy

Bonds & Energy

= Whenbonds are brokenormade enthalpy changes take place
= Achemicalbondisaforce of attractionbetweentwo atoms
= Breakingthe bondrequires the input of energyitis therefore anendothermic process

= The energychangerequired to break the bond depends onthe atoms that form the bond
= The energyrequired to break a particularbond is called the bond dissociationenthalpy
= Thisisusuallyjustshortened to bond enthalpy orbond energy

= Bond formationis the opposite of bond breakingand so energyis released whenbonds are
formed
= [tistherefore anexothermic process

To break bonds energy is required from the surroundings and to make new bonds energy is released from
the reaction to the surroundings
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= Theamountofenergyreleased whenaparticularbond is formed has the same magnitude as the
energytakeninwhenthe bond is brokenbut has the opposite sign

Overallenthalpy changes

= |[fmore energyisreleased whennew bonds are formed thanenergyis required to break bonds,
thereactionis exothermic
= Theproducts are more stable thanthe reactants

= |[fmore energyis required to break bonds thanenergyis released whennew bonds are formed,
thereactionis endothermic
= Theproducts are less stable than the reactants

= Therelationshipbetweenbond breakingand bond making canbe shown graphicallylike this:

Bond enthalpy profiles
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Bond Enthalpy

Averagebondenergy

Bond energies are affected byotheratoms inthe molecule (the environment)
Therefore,anaverage of anumberofthe sametype of bond butindifferent environments is
calculated

This bond energyis known as the average bond energyand is defined as

'The energy needed to breakone mole of bondsinagaseous molecule averaged
over similarcompounds'

Average bond enthalpy of C-H in methane

The average bond enthalpy of C-His found bytaking the bond dissociationenthalpy forthe
whole molecule and dividing it by the numberof C-Hbonds

The first C-Hbond is easierto break thanthe second as the remaining hydrogens are pulled more
closelyto the carbon

However,since itis impossible to measure the energyof each C-Hbond anaverage is taken

= Thisvalueis also compared witharange of similarcompounds to obtainanaccepted value for

the average bond enthalpy

O Exam Tip

Alotofstudents mixup endothermic /exothermic and bond breaking /bond making.

Aneasywayto rememberis that ENDOTHERMIC leads to the poetic phrase the 'end o' the bond'
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5.3.2Bond Enthalpy Calculations

Bond Enthalpy Calculations

= Bond energies are used to find the AH,= of areaction when this cannot be done experimentally
= Theprocessis astep-by-step summationof the bond enthalpies of the all the molecules
present finishing with this formula:

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

= These two worked examples show how to layoutyourcalculation

@ Worked example

Calculate the enthalpyofreactionforthe Haberprocessreaction.The relevant bond energies
are giveninthe table below:

Answer:

Step 1: The chemicalequationforthe Haberprocessis:
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N2 (g) + 3H2(g) = 2NH3(g)
N=N 3H-H 6N-H

Step 2:Setoutthe calculationas abalance sheetas shownbelow:

Note!Values forbonds brokenare 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 forbonds formed
=(+2253 kI mol™) +(-2346 k) mol)

=-93kJmol"!
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@ Worked example
The complete combustionof ethyne, CoHs ,is showninthe equationbelow:
2C5H2(g) +502(g) — 2H,0(g)+4C0O2(Q)

Using the average bond enthalpies givenin the table, what is the enthalpy of combustionof
ethyne?

Answer:

Step 1: The enthalpyof combustionis the enthalpy change whenone mole of asubstance
reactsinexcess oxygento produce waterand carbondioxide

The chemicalreactionshould be therefore simplified suchthat onlyone mole of ethyne
reactsinexcess oxygen:

H-C=C-H+2%20=0 ->H-0-H+20=C=0

Step 2:Setoutthe calculationas abalance sheetas shownbelow:
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AH,= =enthalpy change forbonds broken + enthalpy change forbonds formed
=(+2912kJ mol) + (- 4142 k) mol)

=-1230kJ mol!

O Exam Tip

The keyto success inbond enthalpycalculations is to be very carefulwhenaccounting forevery

bond present. Always draw out the full displayed structures of the molecules so youdon't miss
anyofthe bonds.

Watchoutforcoefficientsin the balanced equations as students oftenmiss those, forget to
multiply them by the bond enthalpies and get the answerwrong!

Itis superimportantto showyoursteps because bond enthalpycalculations often carry 3 marks,
2ofwhichcould be forworkings if you get the finalanswerwrong
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5.3.3Energy Profiles

Energy Profiles

= Anenergyprofile orenergyleveldiagramis adiagramthat shows the energies of the reactants,
the transitionstate(s)and the products of the reactionwithtime
= The transitionstateis astage during the reactionat whichchemicalbonds are partially
brokenand formed
= The transitionstateis veryunstable -itcannotbeisolated and is higherinenergythanthe
reactants and products

= The activationenergy (E,)is the energyneeded to reach the transitionstate
= We candefine the activationenergy as

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

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

= |nanexothermicreaction,the reactants are higherinenergythanthe products

= Thereactants are therefore closerinenergyto the transitionstate

= This means that exothermic reactions have aloweractivationenergy compared to
endothermic reactions
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The energy level diagram for exothermic reactions

Endothermicreaction

= |nanendothermicreaction,the reactants are lowerinenergythanthe products

= Thereactants are therefore furtherawayinenergyto the transitionstate
= This means that endothermic reactions have a higheractivationenergy compared to

exothermic reactions
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The energy level diagram forendothermic reactions

@ Worked example

The enthalpy of combustionformethane is -890 kJ mol”and the activation energyis +2653 kJ
mol'Draw alabelled energylevel diagram for this reaction.

Answer:
Step 1: The chemical equationforthe complete combustion of methane is:
CHy4 (9)+202(9)—>CO2(9)+2H20()

Step 2: Combustionreactions are always exothermic (AHis negative) so the reactants should
be drawn higherinenergythanthe products
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Step 3:Draw the curve inthe energylevel diagram clearly showing the transition state
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Step 4:Draw arrows to show the E;and AH including theirvalues
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@ Worked example

Use the energyleveldiagrambelow to identify the activation energy, E;,forthe reaction

The reaction pathway diagram for a reversible reaction

Answer:

= The E;is the energydifference fromthe energylevel of the reactants to the top of the ‘hump’
= E,(forwardreaction)=(+70 kJmol) +(+20 kJ mol') = +90 k) mol-!

O Exam Tip

The activationenergyis the energy difference fromreactants to transitionstate.The enthalpy
change of thereactionis the energy difference fromreactants to products.Rememberto label
the axis of the energylevel diagrams!
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5.3.4 Case Study: Ozone

Case study: Ozone & Bond Strength

= Astudyofbond enthalpy canexplainwhyozone and oxygeninthe atmosphere playvery
differentrolesinthe flow of energy

= Theseprocesses have aprofound effectonthe amount of solarradiationreaching ground level

= Thestructure of oxygenand ozone molecules influences the amount of energyneeded to break
theirbonds:

The structure of oxygen and ozone

= The double bondinoxygenis strongerthanthe delocalised mbondsinozone
= Wesaythebondorderofoxygenis 2 and the bond orderofozoneis1.5
= Bothbonds are brokenbyultraviolet radiation but the bond inoxygenrequires radiation of
higherenergyand shorterwavelength thanthe bondinozone

= HighenergyUVradiationinthe stratosphere breaks the oxygen-oxygen double bond creating
oxygenatoms

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

= These oxygenatoms have unpaired electrons-theyare known as free radicals
= The freeradicals are highlyreactive and quickly attack oxygenmolecules formingozoneinan
exothermic reaction,whichraises the temperature of the stratosphere

OZONE FORMATION O-(9)+ O2(9) = 03(9) AH -ve

= Ozonerequires less energyto break than oxygen
= [tproduces anoxygenmolecule and anoxygenfreeradical:

OZONE DEPLETION O3(9) = O-(g)+ O2(9) AH +ve, UV light, A< 330 nm

= Theradicalreacts withanotherozone molecule makingtwo molecules of oxygeninan
exothermic reaction
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OZONE DEPLETION 03(9) +O-(g)— 202(9) AH -ve

The temperature inthe stratosphere is maintained by the balance of ozone formationand ozone
depletioninaprocess knownas the Chapman Cycle

ltisnotaclosed systemas matterand energyflowinand out, butitis whatis called a steady
state

The Chapman cycle

Unfortunately,chemicals we have introduced into the atmosphere have interfered with this
steadystateresultinginozone depleting at afasterrate thanitis replaced

Amongstthese chemicals are chlorofluorocarbons (CFCs)found inrefrigerants, propellants
and solvents

CFCs are greatlydamagingto stratospheric ozone and have beenlargelyreplaced by safer
alternatives following the 1985 Montreal Protocol

The depletionofozone has allowed greateramounts of harmful UVlight to reach the surface of
the Earth

UVlight has beenlinked to greaterincidence of skincancerand cataracts as well as the
destruction of phytoplanktonand reduced plant growth
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