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5.3.1 Bond Enthalpy

Bonds & Energy

When bo nds are bro ken o r made enthalpy changes  take place

A chemical bo nd is a fo rce o f attractio n between two  ato ms

Breaking the bo nd requires the input o f energy it is therefo re an endo thermic  pro cess

The energy change required to  break the bo nd depends o n the ato ms that fo rm the bo nd

The energy required to  break a particular bo nd is called the bo nd disso ciatio n enthalpy

This is usually just sho rtened to  bo nd enthalpy  o r bo nd energy

Bo nd fo rmatio n is the o ppo site o f bo nd breaking and so  energy is released when bo nds are

fo rmed

It is therefo re an exo thermic  pro cess

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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The amo unt o f energy released when a particular bo nd is fo rmed has the same magnitude as the

energy taken in when the bo nd is bro ken but has the o ppo site sign

Overall enthalpy changes

If mo re energy is released when new bo nds are fo rmed than energy is required to  break bo nds,

the reactio n is exo thermic

The pro ducts are mo re stable  than the reactants

If mo re energy is required to  break bo nds than energy is released when new bo nds are fo rmed,

the reactio n is endo thermic

The pro ducts are less stable  than the reactants

The relatio nship between bo nd breaking and bo nd making can be sho wn graphically like this:

Bond enthalpy pro�les
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Bond Enthalpy

Average bond energy

Bo nd energies are a�ected by o ther ato ms in the mo lecule (the enviro nment)

Therefo re, an average o f a number o f the same type o f  bo nd but in di�erent enviro nments is

calculated

This bo nd energy is kno wn as the average bo nd energy and is de�ned as

'T he energy needed to  break o ne mo le o f  bo nds in a gaseo us mo lecule averaged

o ver similar co mpo unds'

Average bond enthalpy of C-H in methane

The average bo nd enthalpy  o f C-H is fo und by taking the bo nd disso ciatio n enthalpy  fo r the

who le mo lecule and dividing it by the number o f C-H bo nds

The �rst C-H bo nd is easier to  break than the seco nd as the remaining hydro gens are pulled mo re

clo sely to  the carbo n

Ho wever, since it is impo ssible to  measure the energy o f each C-H bo nd an average is taken

This value is also  co mpared with a range o f similar co mpo unds to  o btain an accepted value fo r

the average bo nd enthalpy

Exam T ip

A lo t o f students mix up endo thermic / exo thermic and bo nd breaking / bo nd making.

An easy way to  remember is that ENDOT HERMIC  leads to  the po etic phrase the 'end o ' the bo nd'
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5.3.2 Bond Enthalpy Calculations

Bond Enthalpy Calculations

Bo nd energies are used to  �nd the ΔH  o f a reactio n when this canno t be do ne experimentally

The pro cess is a step-by-step summatio n o f the bo nd enthalpies o f the all the mo lecules

present �nishing with this fo rmula:

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

These two  wo rked examples sho w ho w to  lay o ut yo ur calculatio n

Worked example

Calculate the enthalpy o f reactio n fo r the Haber pro cess reactio n. The relevant bo nd energies

are given in the table belo w:

Answer:

Step 1: The chemical equatio n fo r the Haber pro cess is:

r
�
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    N  (g) + 3H  (g) ⇌ 2NH  (g)

N≡N       3 H-H         6 N-H

Step 2: Set o ut the calculatio n as a balance sheet as sho wn belo w:

No te! Values fo r bo nds bro ken are po sitive (endo thermic) and values fo r bo nds fo rmed are

negative (exo thermic)

Step 3: Calculate the standard enthalpy o f reactio n

ΔH  = enthalpy change f o r bo nds bro ken + enthalpy change f o r bo nds f o rmed

= (+2253 kJ mo l ) + (-2346 kJ mo l )

= -93 kJ mo l

2 2 3

r
�

-1 -1

-1
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Worked example

The co mplete co mbustio n o f ethyne, C H , is sho wn in the equatio n belo w:

2C H  (g)  + 5 O  (g)   →   2H O (g) + 4CO  (g)

Using the average bo nd enthalpies given in the table, what is the enthalpy o f co mbustio n o f

ethyne?

Answer:

Step 1: The enthalpy o f co mbustio n is the enthalpy change when o ne mo le  o f a substance

reacts in excess o xygen to  pro duce water and carbo n dio xide

The chemical reactio n sho uld be therefo re simpli�ed such that o nly o ne mo le  o f ethyne

reacts in excess o xygen:

H-C≡C-H + 2 ½ O=O → H-O-H + 2O=C=O

Step 2: Set o ut the calculatio n as a balance sheet as sho wn belo w:

2 2 

2 2 2 2 2
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ΔH  = enthalpy change f o r bo nds bro ken + enthalpy change f o r bo nds f o rmed

= (+2912 kJ mo l ) + (- 4142 kJ mo l )

= -1230 kJ mo l

Exam T ip

The key to  success in bo nd enthalpy calculatio ns is to  be very careful when acco unting fo r every

bo nd present. Always draw o ut the full displayed structures o f the mo lecules so  yo u do n't miss

any o f the bo nds.

Watch o ut fo r co e�cients in the balanced equatio ns as students o ften miss tho se, fo rget to

multiply them by the bo nd enthalpies and get the answer wro ng!

It is super impo rtant to  sho w yo ur steps because bo nd enthalpy calculatio ns o ften carry 3 marks,

2 o f which co uld be fo r wo rkings if yo u get the �nal answer wro ng

r
�

-1 -1

-1
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5.3.3 Energy Pro�les

Energy Pro�les

An energy pro �le o r energy level diagram is a diagram that sho ws the energies o f the reactants,

the transitio n state(s) and the pro ducts o f the reactio n with time

The transitio n state  is a stage during the reactio n at which chemical bo nds are partially

bro ken and fo rmed

The transitio n state  is very unstable – it canno t be iso lated and is higher in energy than the

reactants and pro ducts

The activatio n energy (E ) is the energy needed to  reach the transitio n state

We can de�ne the activatio n energy  as

‘the minimum amount of energy needed for reactant molecules to have a successful

collision and start the reaction’

a

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

Exot hermic react ion

In an exo thermic  reactio n, the reactants are higher in energy than the pro ducts

The reactants are therefo re clo ser in energy to  the transitio n state

This means that exo thermic  reactio ns have a lo wer activatio n energy  co mpared to

endo thermic  reactio ns
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The energy level diagram for exothermic reactions

Endot hermic react ion

In an endo thermic  reactio n, the reactants are lo wer in energy than the pro ducts

The reactants are therefo re further away in energy to  the transitio n state

This means that endo thermic  reactio ns have a higher activatio n energy  co mpared to

exo thermic  reactio ns
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The energy level diagram for endothermic reactions

Worked example

The enthalpy o f co mbustio n fo r methane is -890 kJ mo l  and the activatio n energy is +2653 kJ

mo l Draw a labelled energy level diagram fo r this reactio n.

Answer:

Step 1: The chemical equatio n fo r the co mplete co mbustio n o f methane is:

CH  (g) + 2O  (g) → CO  (g) + 2H O (l)

Step 2: Co mbustio n reactio ns are always exo thermic (ΔH is negative) so  the reactants sho uld

be drawn higher in energy than the pro ducts

-1

-1

4 2 2 2
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Step 3: Draw the curve in the energy level diagram clearly sho wing the transitio n state
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Step 4 : Draw arro ws to  sho w the E and ΔH including their valuesa
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Worked example

Use the energy level diagram belo w to  identify the activatio n energy, E  , fo r the reactio n

The reaction pathway diagram for a reversible reaction

Answer:

The E is the energy di�erence fro m the energy level o f the reactants to  the to p o f the ‘hump’

E  (fo rward reactio n) = (+70 kJ mo l ) + (+ 20 kJ mo l  ) = +90 kJ mo l

Exam T ip

The activatio n energy is the energy di�erence fro m reactants to  transitio n state.The enthalpy

change o f the reactio n is the energy di�erence fro m reactants to  pro ducts.Remember to  label

the axis o f the energy level diagrams!

a

a

a
-1 -1 -1
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5.3.4 Case Study: Ozone

Case study: Ozone & Bond Strength

A study o f bo nd enthalpy  can explain why o z o ne and o xygen in the atmo sphere play very

di�erent ro les in the �o w o f energy

These pro cesses have a pro fo und e�ect o n the amo unt o f so lar radiatio n reaching gro und level

The structure o f o xygen and o z o ne mo lecules in�uences the amo unt o f energy needed to  break

their bo nds:

The structure of oxygen and ozone

The do uble bo nd in o xygen is stro nger than the delo calised π bo nds  in o z o ne

We say the bo nd o rder o f o xygen is 2  and the bo nd o rder o f o z o ne is 1.5

Bo th bo nds are bro ken by ultravio let radiatio n but the bo nd in o xygen requires radiatio n o f

higher energy and sho rter wavelength than the bo nd in o z o ne

High energy UV radiatio n in the strato sphere breaks the o xygen-o xygen do uble bo nd creating

o xygen ato ms

O  (g)  →O⋅ (g) +  O⋅ (g)           ∆H +ve, UV light, λ < 242 nm

These o xygen ato ms have unpaired electro ns- they are kno wn as  f ree radicals

The f ree radicals  are highly reactive and quickly attack o xygen mo lecules fo rming o z o ne in an

exo thermic  reactio n, which raises the temperature o f the strato sphere

OZ ONE FORMAT ION                 O⋅ (g) +  O  (g)  → O  (g)  ∆H - ve

Oz o ne requires less energy to  break than o xygen

It pro duces an o xygen mo lecule and an o xygen free radical:

OZ ONE DEPLET ION                 O  (g)  →   O⋅ (g) +  O  (g)            ∆H +ve, UV light, λ< 330 nm

The radical reacts with ano ther o z o ne mo lecule making two  mo lecules o f o xygen in an

exo thermic  reactio n

2

2 3

3 2
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OZ ONE DEPLET ION                 O  (g)  + O⋅ (g) →  2O  (g)            ∆H - ve

The temperature in the strato sphere is maintained by the balance o f o z o ne fo rmatio n and o z o ne

depletio n in a pro cess kno wn as the Chapman Cycle

It is no t a clo sed system as matter and energy �o w in and o ut, but it is what is called a steady

state

The Chapman cycle

Unfo rtunately, chemicals we have intro duced into  the atmo sphere have interfered with this

steady state resulting in o z o ne depleting at a faster rate than it is replaced

Amo ngst these chemicals are chlo ro �uo ro carbo ns (CFCs) fo und in refrigerants, pro pellants

and so lvents

CFCs  are greatly damaging to  strato spheric o z o ne and have been largely replaced by safer

alternatives fo llo wing the 1985 Mo ntreal Pro to co l

The depletio n o f o z o ne has allo wed greater amo unts o f harmful UV light  to  reach the surface o f

the Earth

UV light  has been linked to  greater incidence o f skin cancer and cataracts as well as the

destructio n o f phyto plankto n and reduced plant gro wth

3 2
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