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6A Introducing enthalpy and enthalpy change  
 

EXOTHERMIC AND ENDOTHERMIC PROCESSES AND REACTIONS 

Two types of process can take place. These are: 

•  exothermic - where heat energy is transferred from the system to the surroundings  

•  endothermic - where heat energy is transferred from the surroundings to the system. Examples of 

exothermic and endothermic processes are given in table A. 

 

Exothermic reactions increase temperature immediately, like 

adding hydrochloric acid to sodium hydroxide or burning natural 

gas in oxygen, while endothermic reactions decrease 

temperature, like adding sodium hydrogencarbonate to citric 

acid, and require continuous heating for execution. 

 

For instance, the thermal decomposition of calcium carbonate 

into calcium oxide and carbon dioxide is an endothermic 

reaction: 
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STANDARD CONDITIONS 

In 1982, the International Union of Pure and Applied 

Chemistry (IUPAC) recommended that all enthalpy changes 

should be quoted using standard conditions of 100 kPa 

pressure and a stated temperature. The temperature most 

commonly used is 298 K. 

 

 

 

 

 

 

6B Enthalpy level diagrams  

 
 

Here are some points to remember when constructing enthalpy level diagrams. 

• You only need to label the vertical axis. It is not necessary to label the horizontal axis in an enthalpy level diagram 

(if you did want to label it, you could use either 'Extent of reaction' or 'Progress of reaction'). It is, however, 

essential to label the horizontal axis in an enthalpy profile diagram (see Topic 9 on reaction kinetics). 

 

• The formulae for both reactants and products should be given, including their state symbols.  

 

• The values for AH should be given, including the correct sign. 
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• It is not essential to show the activation energy in an enthalpy level diagram, but it should be shown in an 

enthalpy profile diagram (see Topic 9 on reaction kinetics). 

 

6C Standard enthalpy change of combustion  

WHAT IS MEANT BY STANDARD ENTHALPY CHANGE OF COMBUSTION 

The standard enthalpy change of combustion (AH) is the enthalpy change measured at 100kPa and a specified 

temperature, usually 298 K, when one mole of a substance is completely burned in oxygen. 

When you are writing an equation to represent the standard enthalpy change of combustion, it is important that 

you specify it is one mole of the substance that is being burned. Two common ways of writing the combustion of 

hydrogen are: 

 

EXPERIMENTAL DETERMINATION OF ENTHALPY CHANGE OF COMBUSTION OF A LIQUID 

To find the enthalpy change of combustion of a liquid, a known mass of the liquid is burned and the heat energy 

released is used to heat a known volume of water. 

The following procedure is used. 

 

• A spirit burner containing the liquid being tested is 

weighed.  

 

• A known volume of water is added to a copper can. 

 

• The temperature of the water is measured. 

 

• The burner is lit. 

 

• The mixture is constantly stirred with the thermometer. 

 

• When the temperature of the water has reached 

approximately 20°C above its initial temperature, the 

flame is extinguished and the burner is immediately 

reweighed. 

 

• The final temperature is measured. 

The appropriate laboratory apparatus is shown in fig A. 
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EVALUATING SOURCES OF ERROR AND ASSUMPTIONS MADE IN THE EXPERIMENTS 

The value obtained from the above experiment is in reasonable agreement with the standard enthalpy change of 

combustion of ethanol, as obtained from a data book, of -1367 kJ mol1. This means that the errors in procedure 

were minimal. 

Here are some possible sources of error. 

 

• Some of the heat energy produced in burning is transferred to the air and not the water. 

 

• Some of the ethanol may not burn completely to form carbon dioxide and water. (Incomplete combustion would 

produce less heat energy and also cause soot to form on the bottom of the copper can.) 

 

• Some of the heat energy produced in burning is transferred to the copper can and not to the water. 

 

• The conditions are not standard. For example, water vapour, not liquid water, is produced. 

 

• The experiment takes a long time. This means that not all of the heat energy transferred from the water to the 

surroundings is compensated for. 
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6D Standard enthalpy change of neutralization  

WHAT IS MEANT BY STANDARD ENTHALPY CHANGE OF NEUTRALISATION? 

The standard enthalpy change of neutralisation (AneutH°) is the enthalpy change measured at 100kPa and a 

specified temperature, usually 298 K, when one mole of water is produced by the neutralisation of an acid with an 

alkali. 

The following equation represents the standard enthalpy change of neutralisation of hydrochloric acid: 

 
 

EXPERIMENTAL DETERMINATION OF ENTHALPY CHANGE OF NEUTRALISATION 

Here is how to find the enthalpy change of neutralisation.  

• Wear safety glasses and a lab coat. 

 

•  Using a pipette fitted with a safety filler, place 25.0 

cm3 of 1.00 mol dm-3 acid into an expanded 

polystyrene cup. 

 

•  Measure the temperature of the acid. 

 

•  Using a pipette fitted with a safety filler, place 25.0 

cm3 of the alkali (usually dilute sodium hydroxide of a 

concentration slightly greater than 1.00 mol dm3 (to 

make sure all the acid is neutralised)) into a beaker. 

 

•  Measure the temperature of the alkali. 

 

•  Add the alkali to the acid, stir with the thermometer and measure the maximum temperature reached. 

 

•  The appropriate laboratory apparatus is shown in fig A. 

 



www.focuscollege.lk  +94 74 213 6666  
   

7 
 

 

EVALUATING SOURCES OF ERROR AND ASSUMPTIONS MADE IN THE EXPERIMENTS  

Answers should be given to only two significant figures. This is because AT is given to only two significant figures. 

There are the usual uncertainties of measurements involved with the use of the pipette and the thermometer. 

Additionally, some heat energy will be transferred to the thermometer and the polystyrene cup. 

 

6E Standard enthalpy change of formation and Hess’s Law 

WHAT IS MEANT BY STANDARD ENTHALPY CHANGE OF FORMATION? 

The standard enthalpy change of formation (AfH®) is the enthalpy change measured at 100kPa and a specified 

temperature, usually 298 K, when one mole of a substance is formed from its elements in their standard states. 

For the purposes of this definition, the standard state of an element is the form in which it exists at the specified 

temperature, usually 298 K, and a pressure of 100 kPa. 

The standard enthalpy change of formation of gaseous carbon dioxide is the enthalpy change for the reaction: 

 

HESS'S LAW 

Most standard enthalpy changes of formation cannot be determined experimentally. For example, it is impossible 

to burn carbon in oxygen and form solely carbon monoxide. So, the enthalpy change for the reaction 
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USING HESS'S LAW FOR OTHER REACTIONS 

Hess's Law can be used to calculate the enthalpy change for many different types of reaction. 
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6F Bond enthalpy and mean bond enthalpy  

 
 

WHAT IS MEAN BOND ENTHALPY? 

You will notice that the bond enthalpy of the C-H bond varies with its environment. For this reason it is often useful 

to quote the mean bond enthalpy. 

The mean bond enthalpy for the C-H bond in methane is approximately +416kJ mol-1. 
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6G Using mean bond enthalpies  

CALCULATING AN ENTHALPY CHANGE OF REACTION USING MEAN BOND ENTHALPIES 

Here is the process for calculating an enthalpy change of reaction using mean bond enthalpies. 

• Step 1: Calculate the sum of the mean bond enthalpies of the bonds broken, Σ(bonds broken).  

 

• Step 2: Calculate the sum of the mean bond enthalpies of the bonds made, Σ(bonds made).  

 

• Step 3: Calculate the enthalpy change of reaction using the equation: 

 

LIMITATIONS OF THIS METHOD OF CALCULATION 

The measured value for the enthalpy change of this reaction is -98 kJ mol-1. The reason for the difference is that 

bond enthalpies are measured in the gaseous state, and both hydrogen peroxide and water are liquids in the 

reaction. Also, mean bond enthalpies have been used and these may not correspond to the bond enthalpies in the 

molecules themselves. 

CALCULATING MEAN BOND ENTHALPIES FROM ENTHALPY CHANGES OF REACTION 

For this type of calculation, you will be supplied with a value for the enthalpy change of a reaction, together with all 

the relevant mean bond enthalpies except one: the one you are asked to calculate. To solve the problem, simply 

substitute the known mean bond enthalpies and the unknown bond enthalpy into the expression: 

 

BOND ENTHALPIES AND EASE OF REACTION 

Bond enthalpies can be used to predict which bonds are most likely to break first in a reaction, and how easy it is to 

break the bond. 

Bonds with high bond enthalpies require more energy to break them. Bonds with relatively low bond enthalpies 

require less energy to break them. This means that they are easier to break, and therefore are more likely to break 

first in a chemical reaction. 

A reaction that involves breaking bonds with low bond enthalpies is more likely to take place at room temperature 

than reactions involving molecules with high bond enthalpies. Reactions involving the breaking of bonds with high 

bond enthalpies are more likely to require heating and/or the use of a catalyst.  
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Revision questions  

1. 
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2. 

 
(ii) Determine the maximum temperature rise from your graph. 

(iii) Calculate the number of moles of ethanoic acid, with a concentration of 1.10 mol dm−3 , added at the end-

point of the reaction. 
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3. 
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4. 

 
(ii) Give a reason why bond enthalpy values are always positive 

 

5.  

 

 

 

 

 

 

 

 

 

 
 

(ii) Calculate the first electron affinity, in kJ mol–1 , of hydrogen, using the values given in the cycle. 
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6. 

 
7. 
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8. 

 
 


