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3.2.6: Reversibility and Le Chatelier

Sometimes, there is not a big difference in energy between reactants and products of a reaction. What happens then? Does the
reaction go forward, because it will not cost a lot of energy? Or does it not proceed, because there isn't enough driving force? For
example, one simple reaction that occurs all the time is the reaction of water with carbon dioxide. This is a reaction that happens
when carbon dioxide dissolves in lakes, rivers and oceans. It even happens in your own bloodstream.
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Water reacts with carbon dioxide to form carbonic acid. However, carbonic acid also decomposes spontaneously in water. It reacts
to form carbon dioxide and water.

In other words, this is a reaction that can go either direction. It can go forwards or backwards. It is an example of an equilibrium
reaction. An equilibrium reaction is one that is energetically balanced, so that it really isn't favored to go in either direction.
Equilibrium reactions are extremely important in nature, partly because of the forward and reverse capabilities that they offer. In
essence, they are reactions with an "undo" button. The reaction can proceed in one direction when needed, and it can proceed in the
other direction when needed.

However, there are some inherent limitations involved. Frequently, equilibrium reactions only proceed "partway". That is, a group
of molecules will start to produce products. However, at some point those products will begin reverting to the starting materials
again. Eventually the system will settle out as a mixture of reactants and products.

What if it's really important that we have the products of the reaction at one point, with none of the reactants? And if later on we
need the reactants, but not any of the products? It would be useful if there were a way to control the direction of an equilibrium
reaction, so that we could "push" it to one side or the other.

Control of equilibrium reactions can be remarkably simple. It follows a rule that was observed by Henri le Chételier (ah-REE luh
shah-tell-YAY), a French industrial chemist, around 1900. Le Chatelier noticed that equilibrium reactions often shift direction if the
conditions of the reaction are changed. In general, adding any product of the reaction shifts the balance back toward the reactants.
If any product of the reaction is added, the reaction makes more starting materials. Thus, adding more carbonic acid to a carbon
dioxide - water - carbonic acid mixture would result in reverse reaction, producing more water and carbon dioxide. Adding more
carbon dioxide, on the other hand, would lead to production of more carbonic acid.

Here is a cartoon illustration of "le Chatelier's Principle" at work. Suppose red squares and blue ovals can react together to make
black circles and green circles. Maybe there is a natural equilibrium in this reaction, so that the two piles of shapes are roughly

equal in size.
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What would happen if something knocked this system off balance? For example, maybe black circles are highly elusive, and they

just wander away as soon as they are formed. The system won't be in equilibrium anymore, because without those black circles, the
balance will be upset, with not enough things on the right side for the number of things on the left.

Le Chatelier noticed that nature automatically corrects for such changes. If some of the black circles disappear, the reaction will
kick into action again, using up some red squares and blue ellipses to produce more green and black circles. The exact numbers of
shapes won't return to exactly the same as before, because some of the black circles have still gone missing, but the system will
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have shifted to use up more reactants on the left and to produce more products on the right, so that the overall ratio between right
and left is restored.

Alternatively, maybe we found a way to make the black circles stay where they are. Instead, we have dumped in a bunch of extra
blue ellipses. Once again, the system is knocked off balance. This time, there is too much stuff on the left, compared to the amount
on the right side.

The reaction goes into action again. It uses up some of those extra blue ellipses (and, at the same time, some of the red squares) to
produce more black and green circles, bringing the system back to the original ratio of right side shapes to left side shapes.

In general, if molecules are added to a system, the reaction will shift to bring the system back into equilibrium. If molecules are
removed from the system, the reaction will also shift to bring the system back into equilibrium. Furthermore, because heat can be
consumed by (or produced by) reactions, temperature can sometimes be used to shift equilibria. If a reaction is exothermic, heat is a

product of the reaction. Adding more heat will result in the reaction shifting to produce more reactants. Cooling the reaction
(removing heat) would do the opposite: the reaction would shift to produce more heat, and more products.

In the cartoon, we have a shape-shifting reaction again, but this time the reaction releases energy (those are orange flames,
symbolic of the heat produced).
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What happens if that energy is removed? For example, if heat is removed through addition of a pale blue ice cube, what will be the
effect on the system?
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Those orange energy shapes (the "flames") were a part of the system. If they are removed, the system will have to shift in order to
restore them. If the reaction pushes to the right again, more energy will be released, bringing the system back into equilibrium.
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