DETERMINATION OF ENTHALPY CHANGES
You need to be able to calculate enthalpy changes directly from appropriate experimental results, including the use of the relationship:

energy change = mcT
Remember:

For an exothermic reaction, H = -ve.
Heat loss in a chemical system = heat gain by surroundings.

Temperature increases.

For an endothermic reaction, H = +ve.
Heat gain in a chemical system = heat loss by surroundings.

Temperature decreases.

· Chemical system just means the reactants and products.

· The surroundings are where the thermometer is.

Provided we know what happens to the energy in the surroundings, we automatically know what happens to the energy of the chemical system.


To determine the heat exchange during a reaction we use the following equation. 

Q = mcT (Joules)

Q – the heat exchanged with the surroundings (in Joules)

m – the mass of the surroundings involved in the heat exchange (in grams).

· 1cm3 of water (or aqueous solution) has a mass of 1g
c – the specific heat capacity of the surroundings

· Water (or aqueous solution) has a general heat capacity of 4.18 J g-1 K-1
T – the temperature change of the surroundings: T = T final – T initial (in °C)
You will need to remember this equation and practice using it before the exam.

Direct determination of enthalpy changes

For many reactions, you can use direct experimental results to calculate the enthalpy change.

Many reactions take place when two chemicals are mixed together. This type of reaction can be carried out in a calorimeter.

The simplest form of calorimeter is a polystyrene coffee cup with a lid and a thermometer.

The polystyrene insulates the solution inside the cup.

· For an exothermic reaction: the heat produced is trapped within the calorimeter, increasing the temperature of the solution.

· For an endothermic reaction: the heat required for the reaction is removed from the solution, decreasing the temperature of the solution.

Example calculation
An excess of magnesium was added to 100cm3 of 2.00 mol dm-3 CuSO4(aq). The temperature increased from 20°C to 65°C.

Find the enthalpy change of reaction for the equation:

Mg(s) + CuSO4(aq) → MgSO4(aq) + Cu(s)
Step 1 – Find the energy change.

100 cm3 of solution has a mass of 100 g ( m = 100

T = 65.0 – 20.0 = +45.0°C
The solution has a specific heat capacity of 4.18 J g-1 K-1 ( c = 4.18 
Heat gained (temperature increase) by surroundings, Q = mcT 
( Q = 100 x 4.18 x (45.0) = +18810 J

This heat has been lost by the chemical system (exothermic reactions have a negative H)
( H = -18810 J

Step 2 – Find out the amount, in mol, that reacted.

Use the equation n = c x V (in cm3)
                                      1000
C – concentration

( C = 2.00 mol dm-3

V – volume

( V = 100cm3
( n = 2.00 x 100 = 0.200 mol

                                                                               1000

Step 3 – Scale the quantities to match the molar quantities in the equation.
The numbers are taken from the equation you are given (since there are no numbers before the products or reactants the molar quantities for all components of this equation are all 1).

Mg(s) + CuSO4(aq) → MgSO4(aq) + Cu(s)

 1mol        1mol                1mol         1mol
For 0.200 mol CuSO4, H = -18810 J.

For 1 mol divide H by the number of moles CuSO4 = -18810 

                                                                                        0.200

(  H for 1 mol CuSO4 = -94050 J = -94.05 kJ

To convert J to kJ, just divide by 1000
Step 4 – Write down the equation together with the enthalpy change in kJ mol-1.

Mg(s) + CuSO4(aq) → MgSO4(aq) + Cu(s) 
H = -94.05 kJ mol-1
If you always follow this method, and get loads of practice before your exams, you will be fine!

Practice questions

1) 25.0 cm3 of 2.00 mol dm-3 HCl(aq) was mixed with 25.0 cm3 of 2.00 mol dm-3 NaOH(aq). The temperature increased from 22.5°C to 34.5°C. Find the enthalpy change of reaction for the following equation:

HCl(aq) + NaOH(aq) → NaCl(aq) + H2O(l).
