Enthalpy Change

The energy stored in a substance during its formation is called the heat content or enthalpy (H). This value is a characteristic property based on a fixed quantity of heat per mole of each substance (the molar enthalpy).

In a chemical reaction, the difference between the heat contents of the reactants and the products is known as the heat of reaction (i.e. the enthalpy change). In other words, the amount of heat released or absorbed in a chemical reaction (that takes place without a pressure change) is called the change in enthalpy (ΔH).

Change in
 
= 
Enthalpy of 
 
-
Enthalpy of 

Enthalpy (ΔH)

products


reactants

Read pg 302-304

Question 15 on pg 304

Questions 1,2,3,4,5,6 on pg 305

Molar Enthalpies

The energy change per mole of a substance undergoing a change is called molar enthalpy. Molar enthalpy is represented by ΔHx where “x” indicates the type of change that is occurring. Thus the molar enthalpy of combustion of hydrogen is:

ΔHcomb = -285.5 kJ/mol

All determinations of molar enthalpies are done at SATP.

Enthalpy changes for exothermic reactions are given a NEGATIVE sign.

Enthalpy changes for endothermic reactions are given a POSITIVE sign.

(See diagram ontop of page 299)
To be consistent with the law of conservation of energy, the assumption is made that 
There are many types of molar enthalpies.
Molar enthalpies are determined empirically (i.e. by measuring it) and the values for different substances are found in reference books (ie. CRC).

The amount of an energy change (ΔH) depends on the amount of matter involved. The amount of matter must be expressed in moles (molar enthalpy!!) and the total energy change can be calculated as follows:

ΔH = nΔHx
where n is the number of moles of the substance involved.

Read pg 306-308

Questions 1,2,3 pg 308

Question 7 pg 311

Calorimetry

The branch of thermochemistry concerned with the measurement of heat energy.

A calorimeter is the apparatus that is used to measure the temperature change for a reacting system.

Knowing the temperature change, the masses of the reactants, and the specific heats involved, the molar enthalpy can be calculated.

Bomb Calorimeter

An expensive, thick-walled steel container strong enough to withstand high pressure, placed into a large well insulated vat of water.

Flame Calorimeter

Used for reactions involving the combustion of fuels.

Consists of a metal container surrounding a burning fuel source that is heating water.

Simple Calorimeter (‘coffee cup’ polystyrene calorimeter)

Used for reactions involving aqueous solutions. The reaction takes place in the water in the cup and a thermometer is used to measure the temperature change.  (See picture on page 309)
Example 1:
What amount of ethylene glycol would vaporize while absorbing 200.0 kJ of heat?

This is a 

Ethylene glycol is 
Solution:

Example 2:  In a calorimetry experiment, 7.46 g of potassium chloride is dissolved in 100.0 mL (100.0g) of water at an initial temperature of 24.1oC. The final temperature of the solution is 20.0oC. What is the molar enthalpy of solution of potassium chloride?

The law of conservation of energy indicates that:

Homework:  
Pg 310 #4,5; 
Pg 311 #6,9

Pg 312 #2,3,5
Thermochemical Equations

A balanced chemical equation that includes its value of ΔH is called a thermochemical equation. The coefficients are always interpreted as moles (not atoms or molecules) which allows fractions to be used when manipulating these types of equations.

Example:
N2(g) + 3H2(g) 
(
2NH3(g)

ΔHf = -92.38 kJ

This would mean that the enthalpy of formation for 2 moles of ammonia is 92.38kJ (an exothermic reaction).

It is inconvenient to work with ‘odd’ units of moles. It is better to work with ‘molar enthalpies’ (ie. one mole quantities). Therefore the thermchemical equation is re-written as:

Note: 
Another way to report a thermochemical equation is to include the energy change in the equation itself.

Example:

A third method is to list the ‘standard molar enthalpy of reaction’, which is represented by ΔHo.

Standard molar enthalpies of reaction are determined when the initial and final conditions of the chemical system are at SATP. (i.e. the energy required to start the reaction, the energy produced during the reaction and the energy released as the products are cooled to SATP.

Standard molar enthalpies must also specify the reactant or the product that the enthalpy change is related to.

Example:

N2(g) + 3H2(g) 
(
2NH3(g)
ΔHf = -92.38 kJ for ammonia

Because this is a molar enthalpy, the compound in question must be equal to a single mole in the balanced chemical equation.

A fourth method uses potential energy diagrams, which shows the chemical potential energy of the particles as the bonds between the atoms are broken or formed.

For exothermic reactions, the reactants have more potential energy than the products because a net amount of energy is released.

For endothermic reactions, the reactants have less potential energy than the products because a net amount of energy must be put into the system.

Homework: Pg 319 #2,3,5

Pg 320 #1,2a,b,3a,b,4
Standard Enthalpy of Formation

Question:

Which of the following equations illustrates ΔHof for CO2(g)?

a)
CO(s)

+
½ O2(g)

(
CO2(g)

b)
2C(s)

+
2O2(g)

(
2CO2(g)
c)
C(s)

+
O2(g)

(
CO2(g)
Hess’s Law and Standard Enthalpy of Formation

The overall ΔHo (or ΔH) for an equation can be easily calculated using Hess’s Law and the ΔHof for all of the substances in the reaction.

ΔHof values can be found in a Thermochemical Data Table (see Appendix C6, pg. 799). Note that the ΔHof value for all elements is 0 kJ. (i.e. ΔHof for Na, K, Mg, O2, N2, H2, F2, Cl2, etc. are all zero!) 

Therefore using Hess’s Law:

Using this concept, the enthalpy for any reaction at SATP can be calculated.

Problem 1

Calculate the ΔH for the following reaction:

(Note that this is not a molar enthalpy change, but rather the enthalpy change for this equation as it is written!)

4NH3(g) + 7O2(g)
(
4NO2(g)
+
6H2O(g)
Check Appendix III for the enthalpies of formation for the reactants and products:

NH3(g)



O2(g)


NO2(g)


H2O(g)


ΔHreaction
= ∑ ΔHof of products - ∑ ΔHof of reactants   



= 
Problem 2

Calculate the  ΔHof for C6H6 given:  (Note that this is a molar enthalpy.)

ΔHocomb C6H6 = -3269 kJ

CO2(g)

ΔHof = -293.5 kJ
H2O(l)

ΔHof = -285.8 kJ

C6H6(l)
+
O2(g) (
6CO2(g)
+
3H2O(l)
ΔHcomb
= ∑ ΔHof of products - ∑ ΔHof of reactants   

Homework:

Pg. 332 #1


Pg. 335 #2 ( 5
Hess’s Law of Additivity (Heat Summation)

In other words:

For any reaction that can be written in steps, the ΔHo for the overall reaction is equal to the sum of the ΔHo for each step.

Example 1:
Consider the following reactions steps:

Given:

C(s) 
+ 
½ O2(g)

(
CO(g)

ΔHo = -110.5kJ

CO(g) + 
½ O2(g) 
( 
CO2(g)

ΔHo = -283.0kJ

-------------------------------------------------------

Often, when given reaction steps, simple addition of the given equations does not lead to the final result. These individual equations must therefore be reversed and/or multiplied by a specific factor in order to achieve the final, overall reaction.

Example 2:
Calculate the ΔHo for the following reaction.

2Fe(s)
+
3/2 O2(g)
(
Fe2O3(s)

ΔHo=?

Given:

Fe2O3(s)
+ 3CO(g)
(
2Fe(s) + 3CO2(g)
ΔHoFe2O3
 = -6.39kJ

CO(g)
 + ½ O2(g)

(
CO2(g)


ΔHoCO2
= -67.63kJ

The first equation has the Fe2O3(s) on the wrong side, so it must be reversed. Notice that the sign of the enthalpy change (ΔH) is also reversed.

In order to get the 3/2 O2(g) that we need in our required reaction, we must multiply the CO(g) equation by 3 as follows (including the enthalpy change because ΔHo=nΔHx):

Now our equations look like this:

2Fe(s) + 3CO2(g)

(
Fe2O3(s)
+ 3CO(g)
ΔHoFe2O3 
=   6.39kJ

3CO(g) +
3/2 O2(g)
(
3CO2(g)


ΔHoCO2
= -202.9kJ

Homework:
Pg. 326
#1,2,3



Pg. 329
#4,5



Pg. 330
#2,3
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