Thermodynamics
The overall S determines whether a reaction will occur spontaneously. The overall S is affected by changes in structural entropy, Sst and thermal entropy, Sth.
Soverall = Sst + Sth
This equation has been transformed into the equation for Gibbs Free Energy, where the overall change in entropy related to G, the thermal entropy related to H and the S term represents the change in Sst.   
G = H - TS
We associate a positive overall S with a spontaneous reaction. When we use the Gibbs free Energy equation, a negative G indicates a spontaneous reaction.

· Spontaneous Reactions : Soverall = (+)     G = (-)

· Non-spontaneous Reactions : Soverall = (-)     G = (+)
There are three factors that determine whether a reaction will be spontaneous (G = (-)).

· H = (-) favorable   (+) unfavorable

· S = (-) unfavorable   (+) favorable

· T amplifies the affect of S

How can temperature affect the spontaneity of a reaction? 
At low temperatures, T is small and therefore the TS term is small compared to the H term. In this case, G becomes mainly a function of H

G = H - TS
Exothermic reactions, which have a negative H are spontaneous at lower temperatures. 

G = H - TS
                                                       (-)       (-)

Endothermic reactions, with their positive H are non-spontaneous at lower temperatures.

G = H - TS
                                                      (+)    (+)
-----------------------------------------------------------------------------------------------------------

At higher temperatures, T is large and therefore the TS term is larger compared to the H term. In this case, G becomes mainly a function of TS

G = H - TS
Endothermic reactions, with a positive and unfavorable H can be spontaneous at higher temperatures.

G = H - TS
                                                      (-)    (+)  -   (+)
Exothermic reactions with a negative and unfavorable S cannot occur at higher temperatures.
G = H - TS
                                                      (+)    (-)  -  (-)
Lets look at a specific example. 
Boiling Water:                H2O(l) ( H2O(g)
H = +44 kJ/mol                     S = +0.1188 kJ/molK
Will water spontaneously boil at –10 C (263K)? at 150 C (423K)?

At –10 C:       
G = H - TS = +44 kJ/mol – 263K(0.1188kJ/molK) = +12.75 kJ/mol 
Boiling at –10 C is NOT spontaneous.

At 150 C         
G = H - TS = +44 kJ/mol – 423K(0.1188kJ/molK) = -6.25 kJ/mol    
Boiling at 150 C IS spontaneous.
Another example
Chlorine exists as a diatomic gas on the earth but is monoatomic on the sun.

Cl2(g) ( 2 Cl(g)

H = 243.36 kJ/mol

S = 0.107 kJ/mol

Is this reaction spontaneous at room temperature (298K)? at 3,500 K?

At 298 K:       
G = H - TS = +243.36 kJ/mol – 298K(0.107kJ/molK) = +211.47 kJ/mol 
The reaction IS NOT spontaneous.

At 3,500 K :

G = H - TS = +243.36 kJ/mol – 3,500K(0.107kJ/molK) = -131.14 kJ/mol 
The reaction IS spontaneous.
