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5.2.1 Hess's Law

Hess's Law

In 1840, the Russian chemist Germain Hess fo rmulated a law which went o n to  be kno wn as Hess’s

Law

This went o n to  fo rm the basis o f o ne o f the laws o f thermo dynamics. The �rst law o f

thermo dynamics relates to  the Law o f  Co nservatio n o f  Energy

It is so metimes expressed in the fo llo wing fo rm:

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

This means that in a clo sed system, the to tal amo unt o f energy present is always co nstant

Hess’s law can be used to  calculate the standard enthalpy change o f a reactio n fro m kno wn

standard enthalpy changes

Hess’s Law states that:

"T he to tal enthalpy change in a chemical reactio n is independent o f  the ro ute by

which the chemical reactio n takes place as lo ng as the initial and �nal co nditio ns are

the same."

This means that whether the reactio n takes place in o ne o r two  steps, the to tal enthalpy change

o f the reactio n will still be the same

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 fo und experimentally using

calo rimetry, eg:

3C (s) + 4 H (g) → C H (g)

[po po ver id="dGQl3o DiqUIQrR1A" label="ΔH "] , ΔH  (pro pane) can’t be fo und experimentally as

hydro gen and carbo n do n’t react under standard co nditio ns

Calculat ing ΔH f rom ΔH  using Hess’s Law energy cycles

Yo u can see the relatio nships o n the fo llo wing diagram:

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 pro ducts can be directly fo rmed fro m the elements = ΔH

OR

The pro ducts can be indirectly fo rmed fro m the elements = ΔH  + ΔH

Equatio n

ΔH  = ΔH  + ΔH

Therefo re fo r energy to  be co nserved,

ΔH = ΔH  – ΔH
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Exam T ip

Yo u do  no t need to  learn Hess's Law wo rd fo r wo rd as it is no t a syllabus requirement, but yo u do

need to  understand the principle as it pro vides the fo undatio n fo r all the pro blem so lving in

Chemical Energetics
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5.2.2 Using Hess's Law - Cycles

Hess's Law using Cycles

There are two  co mmo n metho ds to  so lving Hess's Law pro blems, using cycles and using

equatio ns

To  be successful in using cycles yo u need to  fo llo w carefully a step-by-step plan using the

info rmatio n in the questio n to  co nstruct a cycle and add the given info rmatio n

The fo llo wing example sho ws o ne way to  lay o ut yo ur so lutio n:

Worked example

Calculate the enthalpy o f reactio n fo r

 2N (g) + 6H (g) → 4NH (g)

Given the data:

4NH (g) + 3O (g) → 2N (g) + 6H O(l),           ΔH  = -1530 kJ mo l

H (g) + ½O (g )→  H O(l),                               ΔH  = -288 kJ mo l

Answer:

Begin by writing the target enthalpy change at the to p o f yo ur diagram fro m left to  right:

Next, write the alternative ro ute at the bo tto m o f yo ur cycle and co nnect the to p and bo tto m

with arro ws po inting in the co rrect directio ns:

2 2 3

3 2 2 2 1
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2 2 2 2
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Add the enthalpy data and adjust, as necessary, fo r di�erent mo lar amo unts

Write the Hess's Law calculatio n o ut:

ΔH = +6ΔH  – ΔH = + (-288 x 6) - ( -1530 ) = -198 kJ

Two  impo rtant rules:

If yo u fo llo w the directio n o f the arro w yo u ADD the quantity

If yo u go  against the arro w yo u SUBT RACT  the quantity

Worked example

What is the enthalpy change, in kJ, fo r the reactio n belo w?

4FeO(s) + O (g) → 2Fe O (s)

Given the data:

2Fe(s) + O (g) → 2FeO(s)                  ∆H = – 544 kJ

4Fe(s) + 3O (g) → 2Fe O (s)             ∆H = –1648 kJ

Answer:

Draw the Hess cycle and add the kno wn values

r 2 1 

2 2 3
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Write the Hess's Law calculatio n o ut:

Fo llo w the alternative ro ute and the pro cess the calculatio n

ΔH = - ( - 54 4  x 2) + (- 164 8) = - 560 kJ

Exam T ip

It is very impo rtant yo u get the arro ws in the right directio n and that yo u separate the

mathematical o peratio n fro m the sign o f the enthalpy change. Many students get these pro blems

wro ng because they co nfuse the signs with the o peratio ns. To  avo id this always put brackets

aro und the values and add the mathematical o perato r in fro nt

r 
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5.2.3 Using Hess's Law - Equations

Hess's Law using Equations

We can use Hess’s Law to  so lve unkno wn enthalpy changes by co mbining equatio ns

This requires a metho dical step-by-step appro ach

It is necessary to  identify ho w the given equatio ns relate to  the target equatio n as the fo llo wing

example illustrates

Solving Hess's Law problems using equat ions st ep-by-st ep :

Worked example

Co nsider the fo llo wing reactio ns.

N (g) + O (g) → 2NO(g)         ∆H = +180 kJ

2NO (g) → 2NO(g) + O (g)    ∆H = +112 kJ

What is the ∆H value, in kJ, for the following reaction?

N (g) + 2O (g) → 2NO (g)

Answer:

1. Identify which given equatio n co ntains the pro duct yo u want

T his equatio n co ntains the desired pro duct o n the lef t side:

2NO (g) → 2NO(g) + O (g)                             ∆H = +112 kJ

2. Adjust the equatio n if necessary, to  give the same pro duct. If yo u reverse it, reverse the ΔH

value

Reverse it  and reverse the sign

2NO(g) + O (g) →  2NO (g)                         ∆H = -112 kJ

3. Adjust the equatio n if necessary, to  give the same number o f mo les o f pro duct

T he equatio n co ntains the same number o f  mo les as in the questio n, so  no  need to

adjust the mo les

2 2

2 2
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2 2
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Next steps

4. Identify which given equatio n co ntains yo ur reactant

T his equatio n co ntains the reactant

N (g) + O (g) → 2NO(g)         ∆H = +180 kJ

5. Adjust the equatio n if necessary, to  give the same reactant. If yo u reverse it, reverse the ΔH

value

No  need to  reverse it  as the reactant is already o n the lef t side

6. Adjust the equatio n if necessary, to  give the same number o f mo les o f reactant

Final steps

7. Add the two  equatio ns to gether

N (g) + O (g) → 2NO(g)                                             ∆H = +180 kJ

2NO(g) + O (g) → 2NO (g)                                        ∆H  = -112 kJ

8. Cancel the co mmo n items

N (g) + O (g) + 2NO(g) + O (g) → 2NO(g) + 2NO (g)

9. Add the two  ΔH values to gether to  get the o ne yo u want

N (g) + 2O (g) → 2NO (g)                         ∆H  = +180−112 = +68 kJ
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Worked example

The enthalpy changes fo r two  reactio ns are given.

Br  (l) + F  (g) → 2BrF (g)         ΔH = x kJ

Br  (l) + 3F  (g) → 2BrF  (g)      ΔH = y kJ

What is the enthalpy change fo r the fo llo wing reactio n?

BrF (g) + F  (g) → BrF  (g)

A. x – y

B. y - x

C. ½ (–x + y)

D. ½ (x – y)

Answer:

The co rrect o ptio n is C.

The seco nd equatio n co ntains the desired pro duct, but it needs to  be halved to  make 1 mo le

Br  (l) + 3F  (g) → 2BrF  (g)    ΔH = y   beco mes

½Br  (l) + 1½F  (g) → BrF  (g)   ½ΔH = ½y

The �rst equatio n co ntains the reactant, but it needs to  be reversed and halved:

Br  (l) + F  (g) → 2BrF (g)       ΔH = x   beco mes

BrF (g)  → ½Br  (l) + ½F  (g)   ½ΔH = -½x

Co mbine the two  equatio ns and cancel the co mmo n terms:

½Br  (l) + 1½F  (g) → BrF  (g)      ½ ΔH = y kJ

BrF (g)  → ½Br (l) + ½F (g)      ½  ΔH = -x kJ

BrF (g) + F  (g) → BrF  (g)    ΔH = ½y  +  -½x  =  ½(-x + y)
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Exam T ip

If do esn't matter whether yo u use equatio ns o r cycles to  so lve Hess's Law pro blems, but yo u

sho uld be familiar with bo th metho ds and so metimes o ne is easier than ano ther
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5.2.4 Using ∆Hf° to Find Enthalpy Changes

Using ∆Hf° to Find Enthalpy Changes

Standard Enthalpy o f Fo rmatio n is de�ned as

“T he enthalpy change when o ne mo le o f  a co mpo und is f o rmed f ro m its elements

under standard co nditio ns”

We can use enthalpy o f fo rmatio n o f substances to  �nd an unkno wn enthalpy change using a

Hess cycle

In this type o f cycle the elements are always placed at the bo tto m o f the diagram

Enthalpy changes using enthalpy of formation

In this cycle the arro ws will always be po inting upwards because the de�nitio n o f the enthalpy o f

fo rmatio n must go  fro m elements to  co mpo unds

This means the Hess's Law calculatio n o f ΔH will always be in the same arrangement

Try the fo llo wing wo rked example:
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Worked example

Given the data:

Calculate the enthalpy o f co mbustio n o f gaseo us dibo rane given that it burns acco rding to  the

fo llo wing equatio n:

B H (g) + 3O (g)  → B O (s) + 3H O(g)

Answer

Step 1: Find the sum o f the enthalpies o f co mbustio n o f the pro ducts

ΔH  = + ( -1270) + ( - 242 x 3) = - 1996 kJ

Step 2: Find the sum o f the enthalpies o f co mbustio n o f the reactants

ΔH  = + (+31.4) + 0  = + 31.4 kJ

There is no  enthalpy o f fo rmatio n fo r o xygen as ΔH  o f elements by de�nitio n is z ero

Step 3: Calculate the enthalpy change

ΔH = ΔH   - ΔH   = - 1996 - (+ 31.4) = -2027.4  kJ

Exam T ip

In Paper 1, Enthalpy o f Fo rmatio n data will given in the questio n. Fo r Paper 2, yo u may need to  refer

to  Sectio n 12 o f the Data Bo o klet where yo u will �nd Thermo dynamic Data fo r Selected

Co mpo unds
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