Chapter 5.4: Hess’s Law of Additivity of Reaction Enthalpies

· You have learned that a coffee-cup calorimeter is used to determine the quantity of heat that was released or absorbed in a chemical reaction.

· Coffee-cup calorimeters are generally used only for dilute aqueous solutions.

· There are many non-aqueous chemical reactions, however.

· There are also many reactions that release so much energy they are not safe to perform using a coffee-cup calorimeter.

· Chemists can determine the enthalpy change of any reaction using an important law, known as Hess’s Law of heat of Summation.
· This law states:

                The enthalpy change of a physical or chemical process depends only on the beginning conditions (reactants) and the end conditions (products).  The enthalpy change is independent of the pathway of the process and the number of intermediate steps in the process.

· It is the sum of the enthalpy changes of all the individual steps that make up the process.

                    Δ  H target   =   Σ  Δ  H known

· Hess’s Law allows you to determine the energy of a chemical reaction without directly measuring it.

· Two ways in which you can use Hess’s Law to calculate enthalpy change of a chemical reaction are:

1. by combining chemical equations algebraically

2. by using the enthalpy of a special class of reactions called formation reactions.

Combining Chemical Reactions Algebraically:

· According to Hess’s law, the pathway that is taken in a chemical reaction has no effect on the enthalpy change of the reaction.

· Therefore, add the equations for the reactions with known enthalpy changes, so that their net result is the reaction you are interested in.

For Example:

(1)      H202(l) (  H2(g)  +  O2(g)                   Δ  HO  =  + 188 kJ

(2)     H2(g)  +  ½ O2(g)  (  H2O(l)                Δ  HO  =  - 286 kJ

(3)    H2O2(l)  (  H2O(l)  +  ½ O2(g)              Δ  HO  =  ?  

If you combine thermochemical equations (1) and (2), you will get equation (3) for the decomposition of hydrogen peroxide.

When you rearrange equation (1) and (2) you will obtain a value of – 98 kJ for the sum of the enthalpy changes in this reaction.

Two rules to follow:

1. If a chemical equation is reversed, then the sign of Δ  H  changes.

2. If the coefficients of a chemical equation are altered by multiplying or dividing by a constant factor, then the Δ  H  is altered in the same way.

Read over Sample Problems:  Page 324- 326.

Do: Practice       Page 326- 327

      Questions # 1, 2, 3

Read over Multistep Energy Calculations  (page 327- 328)

Do: Practice    Page 329

      Questions # 4, 5

