ENTHALPY CHANGES FROM Hco
You need to be able to:

Use Hess’ law to construct enthalpy cycles.

Use enthalpy changes of combustion in calculations to determine an enthalpy change of reaction indirectly.

It is not always possible to measure enthalpy changes directly. In these cases we use Hess’ law, which allows us to use enthalpy changes we can measure to calculate those that we can’t. Hess’ law is an extension of the law of conservation of energy, which states that: energy can neither be created nor destroyed, it can only be transformed from one state to another

DEFINITION

Hess’ law states that, if a reaction can take place by more than one route and the initial and final conditions are the same, the total enthalpy change is the same for each route.

Imagine a reaction route for converting reactants into products. The enthalpy change is labelled A.

                              A

Route 1: reactants → products 

It may also be possible to convert reactants into products using a different route. This will often involve an intermediate. The enthalpy changes are labelled B and C

                              B                       C

Route 2: reactants → intermediate → products

There are two rotes for converting reactants into products 

Route 1: A

Route 2: B + C
By Hess’ law the total enthalpy change is the same for each route.

( A = B + C

Example calculation

The enthalpy change of formation for the following reaction is virtually impossible to measure directly.

3C(s) + 4H2(g) → C3H8(g) 

· It is impossible that a reaction between carbon and hydrogen could form just one hydrocarbon – think of all the possible compounds containing carbon and hydrogen.

Therefore we must calculate the enthalpy changes indirectly using Hess’ law and enthalpy changes that we can measure. 

We can use enthalpy changes of combustion to link the reactants and products, allowing us to calculate the unknown enthalpy change.

We work on the basis that we are trying to convert the reactants into combustion products. There are two possible routes for this reaction. Route 1 includes the enthalpy change that we cannot measure directly.

                                                  A                            C

Route 1: 3C(s) + 4H2(g) + 5O2(g) → C3H8(g) + 5O2(g) → 3CO2(g) + 4H2O(g)

                                                   B                           

Route 2: 3C(s) + 4H2(g) + 5O2(g) → 3CO2(g) + 4H2O(g)

When you are given enthalpy change of combustion data (Hco) you should always set up your enthalpy cycle like this. You will generally be asked to calculate the enthalpy change for route A and you will be given Hco data for the combustion of reactants (route B) and the intermediate product (route C). Do not worry if the question asks you to calculate the enthalpy change of formation, the fact that you have been given Hco values means that you must use the combustion cycle.
    A (the enthalpy change you are trying to calculate)
Reactants







Intermediate product

                                     B        Route 1                                    Route 2              C                                                 


                                                                Combustion products

For 3C(s) + 4H2(g) → C3H8(g): 

We can measure Hco for 3C(s) + 4H2(g) and for C3H8(g), this will allow us to calculate H for 3C(s) + 4H2(g) → C3H8(g).

    A (the enthalpy change you are trying to calculate)
            3C(s) + 4H2(g)







     C3H8(g) 

                                     B        Route 2                                    Route 1              C 

                    (3 x -394 kJ mol-1)                                                              (-2219 kJ mol-1)                                                 
                 + (4 x -286 kJ mol-1)                 3CO2(g) + 4H2O(g)

Route 1: A + C 

Route 2: B
A + C = B



( A = B - C

( A = [(3 x -394) + (4 x -286)] – [-2219]

( A = [(-1182) + (1144)] – [-2219]
( A = -107 kJ mol-1
3C(s) + 4H2(g) → C3H8(g) 
H = -107 kJ mol-1
Practice questions

1)  You are provided with the following enthalpy changes of combustion.

	Substance
	C(s)
	H2(g)
	C4H10(g)
	C2H5OH(l)
	C4H8(g)
	CH4(g)

	Hco ( kJ mol-1)
	-394
	-286
	-2877
	-1367
	-2687.5
	-890


Determine the enthalpy changes for the following reactions

a) 4C(s) + 5H2(g) → C4H10(g) 

b) 2C(s) + 3H2(g) + ½O2(g) → C2H5OH(l)

c) C(s) + 2H2(g) → CH4(g) 

d) 4C(s) + 4H2(g) → C4H8(g)

2) The equations for the combination of gaseous atoms of carbon and hydrogen to form methane and ethane are shown below.

C(g) + 4H(g) → CH4(g) 

H = -1652 kJ mol-1
2C(g) + 6H(g) → C2H6(g)
H = -2825 kJ mol-1
Use these data to calculate: 

i) the bond enthalpy of a C-H bond.

ii) the bond enthalpy of a C-C bond.
