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Energy (Enthalpy), Free energy and Entropy
(N.B. Notes in this download are confined to some issues that seem often to be overlooked in discussions on this subject – especially in student’s (and my own) initial understandings of the topic. The topic is covered in almost every chemistry text to A-level and in first-year undergraduate texts so no attempt is made here to produce a comprehensive treatment at any level. Reference is made to the text:

Atkins & Jones (1999) since it contains better diagrams that are drawn here and, where appropriate, a fairly comprehensible mathematical background (for the KS5+ teacher) It is probably better for you to use a text-book with which you are already familiar – diagrams and discussions should be fairly easy to identify. Remember that the intention here is more to encourage debate than to provide facts for re-transmission. This is also the express purpose of the Atkins / Jones text.) See A&J chapter 9

Conditions for spontaneous change/equilibrium. (2nd Law of Thermodynamics.)

Initially - especially at KS3 and KS4 we tend to gain the impression that the factor that determines whether a reaction can proceed spontaneously is the amount of energy given out by the reaction as it proceeds. Indeed this is sometimes the impression that fairly experienced chemists give when talking generally, although perhaps we should assume that they mean ‘free energy’ when they say ‘energy‘. The heat - or ‘ENTHALPY’ - change during a chemical change is usually represented by (H and this is given a negative (-) sign if the reaction is exothermic. (That is, energy is lost by the system.)

There are, however a number of reactions/changes that are clearly endothermic and yet still take place spontaneously. (These include, the evaporation of liquids; the contraction of a stretched rubber band; the solution of ammonium chloride in water.) This becomes more common at higher temperatures and we find, for example, that many metal carbonates and nitrates decompose when heated and that at very high temperatures nitrogen gas combines directly with oxygen to give nitrogen monoxide. Here is not the place to dry to develop a presentation or development of the Second Law of Thermodynamics, but it is important to explore briefly the other factor that determines the extent to which a reaction will proceed before it reaches equilibrium.

This other factor is termed the ENTROPY of the system. There are various interpretations of the meaning of this term and some of these give rise to heated debate - as also does the question as to when these ideas should enter the science curriculum. Entropy change is usually represented by the symbol (S.

Interpretations of ‘entropy’:

· It is often viewed an a measure of the ‘disorder’ of a system - with a substance in the solid state having a much lower entropy (amount of disorder) than the same substance in the liquid state. The entropy of this system will increase further if the substance then becomes a gas or enters a solution.

· Perhaps, more usefully, it is seen as the number of different ways that the kinetic energy of the ‘particles’ of the system can be distributed between the accessible energy levels in the system to give the total kinetic energy at that temperature. The more ways the energy can be distributed the more likely is that state to exist within a system of randomly moving particles. (This interpretation also begins to explain why entropy change contributes more to the ‘free energy’ change for a reaction at higher temperatures.)

· In a closed system undergoing change the entropy change is also a measure of the amount of energy that is not available for doing useful work. (This energy is related to the random - disordered - movement of the particles. That is, the dispersion or degradation of energy)

· (All the above interpretations are connected - but the connections are not always obvious - and the interpretations are sometimes lost during the mathematical operations that feature in thermodynamics - even at A-level.)

(Download k3.3_2.2d – also in this section – provides access to a 2006 paper concerned with the meaning of entropy. It is a passionate view that some of the interpretations mentioned above are mistaken. Personally I’m not yet able to go all the way with this, but it certainly adds to the debate!)

Gibbs’ Free Energy. ((G) 

This is the concept that links enthalpy and entropy (Strictly speaking only when changes take place at constant pressure. This is only significant if there are gases involved in the reaction and there are changes in volume that require work do be done on or by the atmosphere. For changes at constant volume the ‘Helmholz Free Energy ((A) is defined, but this is less frequently used.

The key equation is:

(G  = (H  - T(S 

· The criterion for a spontaneous change is that (G is negative. (Provided that there is an accessible pathway for the reaction under the prevailing conditions. Just because a spontaneous reaction is possible does not mean that the change will occur.)
· The criterion for equilibrium is that (G = 0.
· For a reaction that has a positive entropy change an increase of temperature will eventually mean that the T(S term and will outweigh even a large +(H to give a negative value for (G.
· The value of (G for any change is always negative for absolutely pure reactants or absolutely pure products. The position of equilibrium always lies somewhere in between. (However, in the case of a highly exothermic reaction such as that between hydrogen and chlorine or oxygen; the equilibrium position is so far over towards the product that, at ordinary temperatures the concentration of reactants left at equilibrium is almost impossible to detect.
There is much more to be learned and understood - however the experience of many students seems to be that of learning rules, definitions and equations in thermodynamics. Putting in numbers and - sometimes - getting correct answers, but without much qualitative feeling for what is going on. Hopefully, above will encourage a developing debate when it is appropriate with your students.

For a more down to earth view of the second law, see Ross (1988)
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