Introduction to Entropy 
Heat tends to move spontaneously from hotter objects to cooler ones until thermal equilibrium is reached.  Why?  

The reason is that the kinetic energy moves to create the most disordered system possible.  

Entropy is a measure of disorder or randomness in a system.  Every isolated system becomes more disordered with time.   In fact, the direction of time itself is governed by this.
Energy must always be used to reduce the amount of randomness or entropy in a system.   

Examples of Increasing Entropy:


A Messy Bedroom








My classroom








Shuffling Cards

Shaking a Jar of Candy

Dye spreading in a solution

NaCl crystal dissolving


The most disordered form is always most favoured.   Because of this, the universe is heading towards thermal equilibrium and will eventually die a “heat” death, when time will end.
Life on Earth is due to the fact that we are not at thermal equilibrium (sun, interior heat).   On a small scale, order can develop spontaneously:

sand dunes

galaxies

life???

consciousness?????  

Local states of very high order emerge despite the trend towards chaos.  We as yet do not understand this process.

The Factors that Determine the Equilibrium State

The equilibrium state (or the ratio of products to reactants) is determined by two factors:

1.  Energy

Systems tend to move toward a state of minimum potential energy (enthalpy) to create products that are more stable.    Therefore enthalpy changes favour the exothermic direction of a reaction since these involve products with lower potential energy.
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A    +    B

   C   +   D    +  kinetic energy

2.  Degree of Randomness

Systems tend to move spontaneously toward a state of maximum randomness or disorder; toward maximum entropy.   This means that the entropy state favours the side of the reaction which produces more particles since this creates greater disorder.  
In addition, the states of matter have different degrees of disorder: 

Most disorder






Least disorder

High entropy







Low entropy
Reactions that produce the most gas molecules will be favoured.



AB (s)
  

A (g)    +     B (g)


3. The Compromise

The composition of the equilibrium state is a compromise between these two factors:  i) minimum potential energy (enthalpy)   and ii) maximum randomness (entropy).    

If both factors favour the products, reactions are usually considered spontaneous.
If both factors favour reactants, they are considered non-spontaneous.

If these factors oppose each other, a mixture of products and reactants can exist at equilibrium.    At very low temperatures, enthalpy tends to be the more important factor. Under such conditions, equilibrium favors the exothermic direction.    At very high temperatures, randomness becomes more important.  Under such conditions, equilibrium favors the direction that produces the most random distribution of particles without regard to enthalpy.  

Consider these reactions:

1)
H2O2 (l)

H2O(l)   +   O2(g)
∆H = -98.2 kJ/mol



Lower Enthalpy Favours: _____________



Higher Entropy Favours: ______________

2)
N2 (g)  +    2 O2 (g)  +   67.7 kJ

2 NO2 (g)  



Lower Enthalpy Favours: _____________



Higher Entropy Favours: ______________

3)
NaCl (s)  

NaCl (aq)
∆H =  +3.88 kJ/mol



Lower Enthalpy Favours: _____________



Higher Entropy Favours: ______________

4) 
CO (g)   +  2 H2 (g)

CH3OH (g)
+   209 kJ 



Lower Enthalpy Favours: _____________



Higher Entropy Favours: _____________
5)
CO (g)   +  ½ O2 (g) 
CO (g)
∆H =  -282.5 kJ/mol


Lower Enthalpy Favours: _____________



Higher Entropy Favours: _____________

6)
H2SO4 (aq)

H2SO4 (l)

∆H = +79.4 kJ/mol






Lower Enthalpy Favours: _____________



Higher Entropy Favours: _____________

7)  
Pb2+ (aq)   +   2I- (aq)

PbI2 (s)
∆H =  -585 kJ/mol


Lower Enthalpy Favours: _____________



Higher Entropy Favours: _____________

8) 
C3H8 (l)  +   349.5 kJ

C3H8 (g)


Lower Enthalpy Favours: ____________



Higher Entropy Favours: _____________

9)
CS2 (g)    +    3 O2 (g)

CO2 (g)   +  2 SO2 (g)     +  1107 kJ


Lower Enthalpy Favours: ____________



Higher Entropy Favours: _____________
