Entropy

As we saw with the coin toss activity, certain outcomes are more probable than others. This is also true for chemical and physical processes.

· S >0 (S = +), very high probability of occurring (it borders on certainty) 
· S < 0 (S = -), very low probability of occurring only the reverse process can only occur. 
· S = 0, both directions are equally likely and the system is in equilibrium.

As we have seen on the previous worksheet, some processes have a decrease in entropy. If the above is true, there must be something else we aren’t considering. 
Up until now we’ve only considered changes in structural entropy (Sstr). For every process we need to consider changes in structural entropy and thermal entropy. We define thermal entropy 
Sth = Q/T

Therefore the total change in entropy of a process is

Sstr + Sth = Stotal
If a reaction is spontaneous but has a negative Sstr, the Sth  must be favorable (Sth = +)
Thermal Processes
Let’s consider S for thermal processes. We define the quantity Sth as a measure of the number of ways in which thermal energy can be distributed in the object. When a hot object is placed in contact with a cold one, there is a net flow of energy (Q) from the hotter to the colder object. Since the hot object loses energy Q is (-). For the cold object Q is (+). If the system is insulated |Qhot| = |Qcold|.


Since the hot object loses energy it has less remaining energy to be distributed, so Sth hot must be (-). The colder object gains energy and now has more energy to be distributed, so Sth cold must be (+). The total change in entropy for the system is:
Sth hot + Sth cold = Sth total
                                                  (-)         (+)
Since the process is spontaneous, Sth total must be (+). Because both objects have the same magnitude Q, there must be another factor that affects entropy. This factor is the Kelvin temperature T. We can now define thermal entropy Sth = Q/T. Therefore:
Sth hot  =    Qhot        

Sth cold  =  Qcold
                                     Thot                                        Tcold
Since Thot > Tcold, and | Qhot| =| Qcold|, |Shot| must be less than |Scold| and 
 Stotal =Shot + Scold = (+)

                      (-)          (+)
The process of moving energy from hot to cold is spontaneous and has a positive Stotal. The reverse process, moving 100 J of energy from cold to hot would be non-spontaneous and have a negative Stotal. Why?
                       
