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Chemical equilibrium is similar to all other forms of equilibrium, for example gymnastics.  To remain on a balance beam, a gymnast must maintain control of all three planes in space (up/down, right/left and front/back).  If equilibrium in anyone of the three planes in space is disturbed, a correction could lead to a change in equilibrium in one of the other planes in space and in a worst-case scenario, lead to a fall from the beam.  
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Chemical Equilibrium

Equilibrium in chemical reactions is defined as a system in which the forward and reverse reactions are proceeding at the same rate.  This is denoted by a double headed arrow when writing the chemical equation.  
2C(s) + O2(g)  ⇌  2CO(g) + heat
Le Chatelier's principle states that if an equilibrium is disturbed by changing the conditions, the position of equilibrium shifts to counteract the change to reestablish an equilibrium. If a chemical reaction is at equilibrium and experiences a change in pressure (gas phase reactions), temperature, or concentration of products or reactants, the equilibrium shifts in the opposite direction to offset the change
Effect of Temperature on Equilibrium

Le Châtelier's principle states that a change in temperature, pressure, or concentration of reactants in an equilibrated system will stimulate a response that partially off-sets the change to establish a new equilibrium. In the case of changing temperature, adding or removing of heat shifts the equilibrium.  The Heat of Reaction (ΔH) is the change in the enthalpy (energy) of a chemical reaction. In endothermic reactions, (ΔH>0) heat is absorbed with the reactants and has a positive sign.   In exothermic reactions, (ΔH<0) heat is released with the products and has a negative sign.  
Endothermic Reaction:
Heat + 6CO2(g) + 6H2O(l)  ⇌  C6H12O6(aq) + 6O2(g)
An increase in temperature results in the reaction equilibrium shifting to the right (adding a reactant).  Removing heat from the system results in the equilibrium shifting to the left (removing a reactant).  
Exothermic Reaction:
CaO(s) + H2O(l)  ⇌  Ca(OH)2(s) + heat
An increase in temperature results in the reaction equilibrium shifting to the left (adding a product).  Removing heat from the system results in the equilibrium shifting to the right (removing a product).  
Changing Concentrations
The position of equilibrium is changed if you change the concentration of something present in the mixture. According to Le Chatelier's Principle, the position of equilibrium moves in such a way as to undo the change that you have made.
Suppose you have an equilibrium established between four substances A, B, C and D.
A + B  ⇌  C + D
According to Le Chatelier's Principle, if you decrease the concentration of C, for example, the position of equilibrium will move to the right to increase the concentration again.  Thus:
If you add a reactant (A or B) then the equilibrium shifts to the right to make more products.
If you remove a reactant (A or B) then the equilibrium shifts to the left to replace the removed reactants.
If you add a product (C or D) then the equilibrium shifts to the left to make more reactants.
If you remove a product (C or D) then the equilibrium shifts to the right to replace the removed products.

Changing Pressure
Let's look at the equilibrium below. This reaction would be affected by pressure change because there are three molecules of gas on the left, but only two molecules of gas on the right. An increase in pressure would move the position of equilibrium to the right (the fewest number of gas molecules).  A decrease in pressure would shift the equilibrium to the left (the most number of gas molecules).  These changes would bring the pressure back to the original setting by creating fewer or more gas molecule respectively.
A(g)  +  2B(g)  ⇌  C(g)  +  D(g)

Addition of a Catalyst

Equilibriums are not changed if you add (or change) a catalyst. The only thing that changes an equilibrium is a change of temperature. The position of equilibrium is not changed if you add (or change) a catalyst. A catalyst speeds up both the forward and backwards reactions by exactly the same amount. Equilibrium is established when the rates of the forward and back reactions become equal. A catalyst speeds up how soon the reaction reaches equilibrium.


A brief summary of the manufacture of ethanol
Ethanol is manufactured by reacting ethene with steam. The reaction is reversible, and the formation of the ethanol is exothermic.
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Only 5% of the ethene is converted into ethanol at each pass through the reactor. By removing the ethanol from the equilibrium mixture and recycling the ethene, it is possible to achieve an overall 95% conversion. A flow scheme for the reaction looks like this:
[image: https://chem.libretexts.org/@api/deki/files/24461/ethanolflow.gif?revision=1&size=bestfit&width=440&height=261]
Explaining the conditions
The proportions of ethene and steam
The equation shows that the ethene and steam react 1:1. In order to get this ratio, you would have to use equal volumes of the two gases.
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Because water is cheap, it would seem sensible to use an excess of steam in order to move the position of equilibrium to the right according to Le Chatelier's Principle. In practice, an excess of ethene is used.
This is very surprising at first sight. Even if the reaction was one-way, you couldn't possibly convert all the ethene into ethanol. There isn't enough steam to react with it.
The reason for this oddity lies with the nature of the catalyst. The catalyst is phosphoric(V) acid coated onto a solid silicon dioxide support. If you use too much steam, it dilutes the catalyst and can even wash it off the support, making it useless.
The temperature
You need to shift the position of the equilibrium as far as possible to the right in order to produce the maximum possible amount of ethanol in the equilibrium mixture. The forward reaction (the production of ethanol) is exothermic.
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According to Le Chatelier's Principle, this will be favored if you lower the temperature. The system will respond by moving the position of equilibrium to counteract this - in other words by producing more heat. In order to get as much ethanol as possible in the equilibrium mixture, you need as low a temperature as possible. However, 300°C isn't particularly low.
Rate considerations
The lower the temperature you use, the slower the reaction becomes. A manufacturer is trying to produce as much ethanol as possible per day. It makes no sense to try to achieve an equilibrium mixture which contains a very high proportion of ethanol if it takes several years for the reaction to reach that equilibrium. You need the gases to reach equilibrium within the very short time that they will be in contact with the catalyst in the reactor.
The compromise
300°C is a compromise temperature producing an acceptable proportion of ethanol in the equilibrium mixture, but in a very short time. Under these conditions, about 5% of the ethene reacts to give ethanol at each pass over the catalyst.
The pressure
Equilibrium considerations
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Notice that there are 2 molecules on the left-hand side of the equation, but only 1 on the right. According to Le Chatelier's Principle, if you increase the pressure the system will respond by favoring the reaction which produces fewer molecules. That will cause the pressure to fall again. In order to get as much ethanol as possible in the equilibrium mixture, you need as high a pressure as possible. High pressures also increase the rate of the reaction. However, the pressure used isn't all that high.
Problems with high pressures
There are two quite separate problems in this case:
· High pressures are expensive. It costs more to build the original plant because you need extremely strong pipes and containment vessels. It also needs a lot of energy to produce the high pressures. That can make the ethanol uneconomic to produce.
· At high pressures, the ethene polymerizes to make poly(ethene). Apart from wasting ethene, this could also clog up the plant.
The catalyst
The catalyst has no effect whatsoever on the position of the equilibrium. Adding a catalyst doesn't produce any greater percentage of ethanol in the equilibrium mixture. Its only function is to speed up the reaction.
Rate considerations
In the absence of a catalyst the reaction is so slow that virtually no reaction happens in any sensible time. The catalyst ensures that the reaction is fast enough for a dynamic equilibrium to be set up within the very short time that the gases are actually in the reactor.

General questions related to equilibrium
1) For the reaction below, which way would the equilibrium shift, for each situation below, to the right or to the left? 
CH4 (g) + 2H2S (g) ↔ CS2 (g) + 4H2 (g) + Heat
(a) Decrease the concentration of dihydrogen sulfide. ____________________
(b) Increase the pressure on the system. ____________________
(c) Increase the temperature of the system. ____________________
(d) Increase the concentration of carbon disulfide. ____________________
(e) Decrease the concentration of methane (CH4). ____________________

2) What would happen to the position of the equilibrium when the following changes are made to the equilibrium system below?
2SO3 (g) ↔ 2SO2 (g) + O2 (g)
(a) Sulfur dioxide is added to the system. ____________________
(b) Sulfur trioxide is removed from the system. ___________________________
(c) Oxygen is added to the system. _____________________________

3) What would happen to the position of the equilibrium when the following changes are made to the reaction below?
2HgO (s) ↔ Hg (l) + O2 (g)
(a) HgO is added to the system. _______________________
(b) The pressure on the system increases. ______________________

4) Predict the effect of increasing pressure for each of the following equilibriums:
(a) 2H2O (g) + N2 (g) ↔ 2H2 (g) + 2NO (g) ________________________
(b) SiO2 (s) + 4HF (g) ↔ SiF4 (g) + 2H2O (g) ________________________
(c) CO (g) + H2 (g) ↔ C(s) + H2O (g) _____________________________

5) Predict the effect of decreasing the temperature on the position of the following equilibria.
(a) H2 (g) + Cl2 (g) ↔ 2HCl (g) + energy _________________
(b) 2NH3 (g) + heat ↔ N2 (g) + 3H2 (g) _____________________
(c) CO (g) + H2O (g) ↔ CO2 (g) + H2 (g) + heat _______________

Questions related to the production of ethanol
As you saw from the production of ethanol, real world equilibrium issues are more complicated than theory.  In your own words, summarize some of the complications found in the production of ethanol as described above.  No more than one page please.
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