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Bond Enthalpy Calculations

Bond Enthalpy Calculations

= Whenbonds are broken or made enthalpy changes take place
= Achemicalbondis aforce of attraction between two atoms
= Breaking the bondrequires the input of energy itis therefore an endothermic process

= The energy change required to break the bond depends on the atoms that form the bond
= The energyrequired to break a particular bondis called the bond dissociation enthalpy
= Thisisusually just shortened to bond enthalpy orbond energy

= Bondformationis the opposite of bond breaking and so energy is released when bonds are formed
= |tistherefore an exothermic process

Diagram to show bond breaking and bond making

Vi

ENERGY
IN
BOND BREAKING :__vr\
- (ENDOTHERMIC)
BOND MAKING :::
- (EXOTHERMIC)
ENERGY
ouT
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To break bonds energy is required from the surroundings and to make new bonds energy is released /

from the reaction to the surroundings
Your notes
= The amount of energy released when a particular bond is formed has the same magnitude as the

energy takeninwhen the bondis broken but has the opposite sign

Overall enthalpy changes

= |[fmore energyisreleased whennew bonds are formed than energy is required to break bonds, the
reactionis exothermic
= The products are more stable than the reactants

= |f more energyisrequired to break bonds than energy is released when new bonds are formed, the
reactionis endothermic
= The products are less stable than the reactants

= Therelationship between bond breaking and bond making can be shown graphically like this:
Diagram to show the energy profiles of both exothermic and endothermic reactions
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Bond enthalpy profiles
Average bond energy

= Bondenergies are affected by other atoms in the molecule (the environment)
= Therefore, an average of anumber of the same type of bond but in different environmentsis
calculated
= Thisbond energy is known as the average bond energy and is defined as
= 'The energy needed to break one mole of bonds in a gaseous molecule averaged over similar
compounds
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H—(lj—H ——> C+4H AH=+1656kJmol™
H

THE REMAINING Hs ARE
HELD MORE STRONGLY

H H

| I
H—cl:—H — H—('3° + He
H H

H H

I I
H—Cs ————> H—C:+ He

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

Average bond enthalpy of C-H in methane

= The average bond enthalpy of C-H is found by taking the bond dissociation enthalpy for the whole
molecule and dividing it by the number of C-Hbonds
= Thefirst C-Hbond s easier to break than the second as the remaining hydrogens are pulled more

closely to the carbon

= However, sinceitisimpossible to measure the energy of each C-H bond an average is taken
= Thisvalueis also compared with arange of similar compounds to obtain an accepted value for
the average bond enthalpy

Bond enthalpy calculations

= Bond energies are used to find the AH=, of a reaction when this cannot be done experimentally
= 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 +
" 7 ENTHALPY CHANGE FOR BONDS FORMED

aH

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

= These two worked examples show how to lay out your calculation
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@ Worked example
Calculate the enthalpy of reaction for the Haber process reaction.

Therelevant bond energies are givenin the table below:

Average Bond Energy (k) mol-1)

N=N 945
H—H 436
N—H 391

Answer:

= Step1: The chemical equation for the Haber processis:
N2 (9) + 3H2 (9) = 2NH3 (9)
N=N 3H-H 6N-H

= Step 2: Setout the calculation as abalance sheet as shown below:

Bonds broken (kJ mol-1) Bonds formed (kJ mol-')

IxN= N=1x945=945

6N-H=6x391
3xH—H=3x436=1308

Total= +2253 Total = -2346

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

= Step 3: Calculate the standard enthalpy of reaction
AH,= = enthalpy change for bonds broken + enthalpy change for bonds formed

= (+2253 kI mol™) +(-2346 k) mol )

=-93 kJmol!
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@ Worked example

The complete combustion of ethyne, CoHo, is shownin the equation below:

2C2H2(9) +502(9) — 2H20(9)+4C0O2(9)

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

Bond Average Bond Energy (k) mol-1)

C—H 414
C=C 839
0=0 498
cC=0 804
O—H 463
o—cC 358

Answer:

= Step 1: The enthalpy of combustionis the enthalpy change when one mole of a substance reacts
in excess oxygen to produce water and carbon dioxide
The chemical reaction should be therefore simplified such that only one mole of ethyne reactsin
excess oxygen:

H-C=C-H+2%20=0 —-H-0-H+20=C=0

= Step 2: Set out the calculation as abalance sheet as shown below:

Bonds broken (kJ mol-1) Bonds formed (kJ mol-")

2xCH=2x414=828
1xCC=1x839=839
2200 =2 x498 =1245

2x0OH=2x463-926
4xCO=4x804=3216

Total = +2912 Total= -4142

AH=, = enthalpy change for bonds broken + enthalpy change for bonds formed
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=(+2912 k) mol) + (- 4142 k) mol) ,
=-1230kJ mol"! Your notes
O Examiner Tip

The key to successinbond enthalpy calculations is to be very careful when accounting for every 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 3 marks, 2 of
which could be forworkings if you get the final answerwrong
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Hess's Law

Hess's Law

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

= Thiswentonto form the basis of one of the laws of thermodynamics. The first law of thermodynamics
relates to the Law of Conservation of Energy

= |tissometimes expressedinthe following form:

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

= Thismeans thatinaclosed system, the total amount of energy present is always constant

= Hess’slaw canbe used to calculate the standard enthalpy change of areaction from known standard
enthalpy changes

= Hess’sLaw states that:

"The total enthalpy change in a chemical reaction is independent of the route by which the
chemical reaction takes place as long as the initial and final conditions are the same."

= This means that whether the reaction takes place in one or two steps, the total enthalpy change of the
reaction will still be the same

Diagram to show Hess's Law

F+G

, -——

~

INDRECT >~
ROUTE 1

~

N
\
N
)

DIRECT ROUTE
/

N INDIRECT s
“~ _ROUTE 2_-~

—— -

X > Y+Z

The diagram above illustrates Hess’ Law: the enthalpy change of the direct route, going from reactants
(A+B) to product (C) is equal to the enthalpy change of the indirect routes
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Hess’ Law is used to calculate enthalpy changes which can’t be found experimentally using
calorimetry, eg:

3C (s) +4H2(g) — C3Hs(g)

= AH¢(propane)can’t be found experimentally as hydrogen and carbon don’treact under standard
conditions

Calculating AH, from AHrusing Hess’s Law energy cycles

= You cansee therelationships on the following diagram:
Diagram to show Hess's Law

AH
REACTANTS S| PRODUCTS
INDIRECT DIRECT
rouTe AR aR2) o ouTE
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)

= The products can be directly formed from the elements = AH;

OR

= The products canbeindirectly formed from the elements = AH; + AH;
= Equation

AHZ = AH] + AHr
Therefore for energy to be conserved,

AH, = AH; - AH;,

O ExaminerTip
You do notneedtolearnHess's Law word forword asitis not a syllabus requirement, but you do need

tounderstand the principle as it provides the foundation for all the problem solving in Chemical
Energetics
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Hess's Law Calculations

Hess's Law Calculations

= There are two common methods to solving Hess's Law problems, using cycles and using equations

= Tobe successfulinusing cycles youneed to follow carefully a step-by-step plan using the information
inthe question to construct a cycle and add the given information

= The following example shows one way to lay out your solution:

Solving Hess's Law problems using cycles:
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@ Worked example
Calculate the enthalpy of reaction for:
2Nz (9) + 6H2(g9) — 4NH3 (9)
Giventhe data:
4NH3(g) +302(g) = 2N2 (9)+ 6H,0 (1),  AH;=-1530 k) mol-!
H2(9) +"202(g)— HO (), AH, = -288 k) mol!
Answer:

= Step 1: Begin by writing the target enthalpy change at the top of your diagram from left to right:

aHr
2N,(g) + 6H,(g) —=> 4NH;(qg)

= Step 2: Next, write the alternative route at the bottom of your cycle and connect the top and
bottom with arrows pointing in the correct directions:

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

Nl

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

= Step 3: Add the enthalpy data and adjust, as necessary, for different molaramounts

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

—288\ +30, -1530
(=B)

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

= Step 4:Write the Hess's Law calculation out:

DH, = +6AH, - AH; = + (-288x 6) - (-1530) = -198 k!

= Twoimportantrules:
= |f you follow the direction of the arrow you ADD the quantity
= |f you go against the arrow you SUBTRACT the quantity
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@ Worked example
Whatis the enthalpy change, in kJ, for the reaction below?
4FeO (s) + O2(g) — 2Fe03(s)
Giventhe data:
2Fe(s) + Oz (g) — 2FeO (s) AH=-544Kk]

4Fe (s) + 302 (g) — 2Fe203(s) AH=-1648kJ
Answer:

= Step 1: Draw the Hess cycle and add the known values

aHr
4FeO(s) + O,(g) —=> 2Fe,04(s)

2[544\ /4648

4Fe(s) + 30,(g)

ALTERNATIVE ROUTE

= Step 2: Write the Hess's Law calculation out:
Follow the alternative route and the process the calculation

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

O Examiner Tip

Itis veryimportant 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

Solving Hess's Law problems using equations step-by-step:
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@ Worked example /

Your notes
Consider the following reactions.

N2 (g)+O2(9) —2NO(g) AH=+180kJ
2NO7(9)—2NO(g) +O2(g) AH=+112kJ

Whatis the AH value, inkJ, for the following reaction?
N2 (g) +202(g) — 2NO2(9)

Answer:

= Step 1: Identify which given equation contains the product you want
This equation contains the desired product on the left side:

2NO; (g) »2NO (g) + O2(9) AH = +112 k)

= Step 2: Adjust the equationif necessary, to give the same product. If you reverse it, reverse the AH
value
Reverse it and reverse the sign

2NO(g) + O2(g) — 2NO2(9) AH =-12k)

= Step 3: Adjust the equationif necessary, to give the same number of moles of product
The equation contains the same number of moles as in the question, so no need to adjust the moles

= Step 4: Identify which given equation contains your reactant
This equation contains the reactant

N2(g) +02(g)=2NO(g) AH=+180k)

= Step 5: Adjust the equationif necessary, to give the same reactant. If youreverse it, reverse the AH
value
No need toreverse it as the reactant is already on the left side

= Step 6: Adjust the equationif necessary, to give the same number of moles of reactant

= Step 7: Add the two equations together
N2(g) + O2(g) »2NO(g) AH = +180kJ

2NO (g) + O2(g) = 2NO2 (9) AH = -T12kJ

= Step 8: Cancelthe commonitems
N2(g) + O2(g) + 2NO (g) + O2(g) = 2NO (g) + 2NO2 (9)

= Step 9: Add the two AH values together to get the one you want
N2 (g) + 20, (g) = 2NO2 (g) AH = +180-112 = +68 k)
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@ Worked example
The enthalpy changes for two reactions are given.
Bro()+F2(g)—2BrF(g) AH=xkJ
Bro () + 3F2(9) — 2BrF3(g) AH=ykl
What is the enthalpy change for the following reaction?
BrF(g) + F2(9) — BrFz(g)
A.x-y
B.y-x
C.V2(-x+Yy)
D.%(x-y)
Answer:

= The correctoptionisC.
= The second equation contains the desired product, but it needs to be halved to make 1mole

Bro () + 3F2(9) — 2BrFz(g) AH=y becomes
Y2Br; (1) + 12F3 (g) = BrFz (g) V2AH =2y

= The first equation contains the reactant, but it needs to be reversed and halved:
Bro(D+F2(g)—2BrF(g) AH=x becomes

BrF (g) — Y2Bra () + V2F2(g) V2AH = -V2x
= Combine the two equations and cancel the common terms:

VaBry (1) +1%2F2 (9) — BrFz (g)  V2AH=ykJ

BrF (g) — V2Bra (1) + 2F2(g) V2 AH = -x kI

BrF (g) + F2(g) = BrF3(g) AH='2y + -Vox = V2(-x+Yy)

©O Examiner Tip

If doesn't matter whether you use equations or cycles to solve Hess's Law problems, but you should be
familiar with both methods and sometimes one is easier than another
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