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

Use Hess’ law to construct enthalpy cycles.

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

Determine an enthalpy change of reaction from an unfamiliar enthalpy cycle.

Enthalpy changes can also be calculated indirectly using standard enthalpy of formation data. This works in the same way as calculations using standard enthalpy of combustion data however, the cycle is set out a little differently. 

    A (the enthalpy change you are trying to calculate)
                Reactants







       Products

                                     B             Route 1                                    Route 2        C                                                 


                                                                         Elements

NOTE: The arrows are pointing in a different direction in this cycle because your starting elements are at the bottom. The way that they are pointing makes sense as the two possible reaction routes are:

                             B                  A

Route 1: elements → reactants → products 

                             C                  

Route 2: elements → products 

( C = B + A

When calculating enthalpy changes using Hfo data 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 Hfo data for the formation of reactants (route B) and products (route C).  


Example calculation

Sulfur dioxide, SO2, reacts with oxygen in the presence of a catalyst to form sulfur trioxide SO3. 

2SO2(g) + O2(g) → 2SO3(l) 
We can calculate the enthalpy changes indirectly using Hess’ law and enthalpy changes of formation of the three chemicals in the equation. 

SO2
Hfo = -297 kJ mol-1
SO3
Hfo= -441 kJ mol-1
We work on the basis that we are trying to convert the elements into products. There are two possible routes for this reaction. Route 1 includes the enthalpy change that we are calculating.

                                     B                           A

Route 1: 4S(s) + 3O2(g) → 2SO2(g) + O2(g) → 2SO3(l)                                                   

                                      C                           

Route 2: 4S(s) + 2O2(g) → 2SO3(l)                 
    A (the enthalpy change you are trying to calculate)
         2SO2(g) + O2(g)







    2SO3(l)

                                     B             Route 1                                    Route 2        C                                                 

                   (2 x -297 kJ mol-1)                                                                (2 x -441 kJ mol-1)                                                                                                 
                   + 0*                                            2S(s) + 3O2(g)


   *Remember that Hfo for an element is 0 kJ mol-1, so Hfo of O2 = 0 kJ mol-1 

Route 1: B + A 

Route 2: C
B + A = C



( A = C - B

( A = [(2 x -441)] – [(2 x -297) + 0]

( A = [-882] – [-594]
( A = -288 kJ mol-1
2SO2(g) + O2(g) → 2SO3(l) 
H = -288 kJ mol-1
Practice questions
1) You are provided with the following enthalpy changes of formation.

	Substance
	NO2(g)
	NH3(g)
	NO(g)
	H2O(l)
	HNO3(l)

	Hfo ( kJ mol-1)
	+33
	-46
	+90
	-286
	-174


Determine the enthalpy changes for the following reactions

a) 2NO(g) + O2(g) → 2NO2(g) 

b) 4NH3(g) + 5O2(g) → 4NO(g) + 6H2O(l)

c) 2H2O(l) + 4NO2(g) + O2(g)  → 4HNO3(l) 

2) You are provided with the following standard enthalpy changes.

Hfo (CO2) = -394 kJ mol-1, Hfo (H2O) = -286 kJ mol-1, Hfo (C5H12) = -173 kJ mol-1, 

Hco (C6H14) = -4163 kJ mol-1, Hco (C) = -394 kJ mol-1, Hco (H2) = -286 kJ mol-1,
a) Write equations, including state symbols, to represent:

i) the standard enthalpy change of formation of pentane.

ii) the standard enthalpy change of combustion of hexane.

b) Determine the following enthalpy changes 

i) the standard enthalpy change of combustion for pentane.

ii) the standard enthalpy change of formation for hexane.
3) You are provided with the following enthalpy changes of formation (these are not Hfo - standard enthalpy change values, so are different to those above).

	Substance
	CH4
	H2O
	CO

	Hf ( kJ mol-1)
	-75
	-242
	-110


a) Define the term enthalpy change of formation.

b) Write the equation, including state symbols, representing the enthalpy change of formation for methane.

c) Use the Hf to calculate the enthalpy change for the reaction CH4(g) + H2O(g) → CO (g) + 3H2(g)

d) State one important manufacturing process in which hydrogen is used.

YOU MUST LEARN AND PRACTICE USING BOTH CYCLES AND IDENTIFY WHICH ONE YOU NEED DEPENDING ON WHETHER YOU ARE GIVEN HCo OR H fo VALUES.











