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Why does change occur?
• By now it is well established that systems undergo changes of state, 

sometimes simple( melting) and sometimes quite complex (the 
combustion of a hydrocarbon)

• It is also clear that for any such change there will be a “favored” 
direction. When discussing the 1st law, you may have encountered the 
phrase “enthalpically favored” and you have heard that the equilibrium 
“favors” one side of the reaction. This might lead you to believe that 
internal energy and equilibria are sufficient to explain whether or not 
(and why) a specific process occurs. Upon deeper examination, 
however, it should become apparent that something is missing?  Why? 

• Why is a given process favored or unfavored? 
– First, we use the words “spontaneous” and “nonspontaneous” to indicate whether a 

given process will occur or not. See our text (p. 749) for a definition of these terms.
– There is some disagreement whether “disorder” is really an appropriate term. This 

is, in part, due to “order” being somewhat subjective at times. The alternative is to 
state that energy and matter tend to spread out, rather than concentrate. Why should 
that be so? Whichever approach is taken, the conclusions, will be the same

– The reason for the disagreement can be seen in Figure 16.3, if you ask yourself the 
following question: Is the exact state show in the upper frame any less likely than 
the exact state in the lower frame? Or consider a deck of cards. Is any single 
sequence of cards in the deck any less likely than any other sequence? When you 
go to the supermarket and the bill comes out to exactly $20.00, you probably think, 
how unlikely that is. Is it more likely that the bill would be $19.75? Would you 
ever buy a lotto ticket with all the numbers consecutive?

The Second Law-playing the odds
Change favors the state which has the greater ability 

to disperse or spread out the energy/matter. This 
dispersal is called entropy.

If we take one particular state out of a large number, 
such as all the cards in sequence in a deck, and 
make it unique and then give all of the other 
sequences equal weight, then we can readily see 
that the larger set is favored. However, if we take 
any one sequence and made it unique, it becomes 
“unfavored”. 

Simply said, the state which has the largest number 
of “options” is favored by entropy. 

What sort of values does entropy have
• In discussions of equilibrium, the concept of a process being reversible 

was raised by noting that an equilibrium could be approached from 
either direction. From a thermodynamic viewpoint, a reversible 
process is one whose direction can be changed by a infinitesimal
change in some property of the system (such as its temperature).

• In general, we obtain values for changes in entropy ÎS, from the 
relation
– ÎS=qrev /T
– It is possible to create a large number of “artificial” problems utilizing this 

relationship using the phrase “if the system undergoes a reversible change 
in heat at..” Such exercises,though they will give practice in use of the 
above relationship, seldom have a clear link to real processes. However, 
there is a simple and recognizable process which readily fits the above 
relationship -phase changes. Recall that at the phase change temperature, 
the two phases are at equilibrium and it takes an infinitesimal change in T 
to cause/reverse the phase transition. This clearly meets the above 
requirement and we can state that

• ÎSmelting = Î Hmelting/Tmelting ( T in K)

• similar equations can be written for vaporization
• This is the problem type where we will actually be doing calcula tions of ÎS
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• What about signs and dimensions of ÎS
• With a little logic, using the above equation, the sign 

conventions for entropy become apparent. Heats of melting 
are positive as are all K temps, so the entropy of melting is 
positive The process of melting leads to greater dispersion, 
so if a process leads to a greater number of possible states( 
increased disorder?), it has a positive entropy and vice 
versa

• The equations above show that the dimensions of entropy 
can be either KJ/ degK or J/degK. 

• Entropy behaves just like enthalpy with regards to the 
algebra of thermodynamics(reverse the rxn, change the 
sign and so on). Entropy is also a state function

Entropy and Free Energy
• Regardless of how one wishes to actually describe it, entropy is the 

missing thermodynamic term that indicates whether or not a process is 
spontaneous. 

• We will not be doing computations such as determining entropies of 
reactions by the combining the entropies of products and reagents (see 
Sample 16.7 p764). but you should certainly be comfortable with the 
principles shown in the equation on p. 764, immediately before the 
Sample 16.7. 

• The enthalpy and entropy of a process are combined in a term called 
the free energy,ÎG.

• ÎG= ÎH-TÎS
• For a process to be spontaneous ÎG<0. Keep in mind the difference 

between ÎGo and ÎG
• Table 16.5 (p.761) summarizes the various combinations of ÎH and ÎS 

and the conditions under which each leads to spontaneity.
• A system at equilibrium has ÎG=0
• Free energies behave just like enthalpies with regards to algebraic 

manipulation. See sample exercises 16.10 and 16.11.

Summarizing Entropy
• Entropy is time’s arrow-the entropy of the universe is increasing
• ÎS>0 favorable ÎS<0 unfavorable ÎS=qrev/T ÎS=ÎH/T. We will be limiting our 

calculations in this area to entropies of phase changes. S(ÎS) has units J/K-mol or J/K. 
These are often called entropy units 

• Spontaneity requires a total entropy change, system and universe , which is positive. 
Thus, for changes with ÎS<0, ÎH must be <0. This loss of heat to the surroundings 
increases its entropy.

• Predicting the sign of the entropy is usually possible, given sufficient detail about the 
starting and ending states. Predicting magnitudes is  far more difficult

• The combination of entropy and enthalpy is the free energy, ÎG. ÎG=ÎH-TÎS. 
Spontaneity requires ÎG<0. Equilibrium: ÎG=0

• Four possible sets: ÎGo=ÎHo-TÎSo.(see Table 16.5 p761) 
– ÎHo>0 ÎSo>0   spontaneous above a minimum T
– ÎHo>0 ÎSo<0   never spontaneous 
– ÎHo<0 ÎSo>0   always spontaneous
– ÎHo<0 ÎSo<0   spontaneous below a maximum T

• Be aware that spontaneous and nonspontaneous is measured against the Q=1 condition. 
When the conditions are other than that, the direction of spontaneity can be different. 
Further, ÎG represents the thermodynamic stability. The overall nature of a change of 
state requires consideration of its kinetics, as well.

• ÎGrxn=3n* ÎG prods-3 n* ÎG reacts you need to be able to use this equation
• ÎGo=-RTlnK        K=e -ÎGo/RT  Note that negative values of ÎGo lead to K>1. You need to 

be able to use these two equations-the homework provides exercises . The temperature 
dependence of K explains LeChatelier T effects.
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Probability Redux

• Entropy is all about probability
• One always uses simple examples like coin flips or binary events. The 

number of possible arrangements for a binary event system is sim ple 2n

where n is the count of “coins”.
• The Boltzmann relationship states S= klnW
• k=R/NA=1.38*10-23 J/K
• If you have a mole of molecules totally randomly arranged then 

S=Rln2=8.314J/K*0.693=5.76J/K
• Variations on a theme.

– It seems logical that the more room is given to a gas, the greater the 
number of states and the higher the entropy. ÎS=Rln(Vf/Vi)

– If the pressure goes up it’s equivalent to a volume decrease (why) 
ÎS=Rln(Pi/Pf)

• Third Law: The entropy of a perfect crystal at absolute zero=0

ÎS and phase changes

• ÎS=q rev/T

• The simplest example of a reversible process taking place 
at constant temperature is the phase change

• ÎSfus=qfus/Tmelt and so on

Free Energy and K

• ÎGo=-RTlnK        K=e-ÎGo/RT    this is the thermodynamic 
R=8.314 J/mol.K

• When the system is not at equilibrium, the free energy is 
given by the relationship ÎG =ÎGo + RTlnQ
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Quick Second Law Summary
• It’s all about options/probability
• Spontaneity requires that the entropy of the universe increase.
• Spontaneity favors the process that produces more “particles” and 

more freedom of movement
• )S=qrev /T
• )G= )H - T)S

– Under what conditions, considering the signs of )S  and )H, will a 
process be spontaneous

• Relationships between )G and K
• You need to be aware of and understand the following:
• )G=G state2 –Gstate1

• )Go => Q=1
• )G=0 =>  Q=K
• It is really important to understand that saying )Go <0 indicates the 

reaction is spontaneous as written applies to the standard state , not all 
possible conditions of the system.


