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Exam 2 
CHM 3400, Dr. Chatfield 

 
Read through the questions thoroughly, set up the answers carefully, show your work, 
and be neat.  There are 5 questions; each is worth 20 points. Partial credit will be given 
when the instructor can follow your train of thought.  Credit will not be given for answers 
without work or reasoning.  If you have difficulty with a question, go on and return to it 
later.  Check your work. 

GOOD LUCK! 
 
 
1.  Provide descriptions or definitions of the following.  Employ graphs and equations 

where helpful. 
 
a) 2st Law of Thermodynamics 
 
     The entropy of the universe increases in a spontaneous process. 
 
b) 3rd Law of Thermodynamics 
 
     The entropy of a pure crystal at 0 K is zero. 
 
c) Below is a phase diagram proposed for pure compound X.  Is it plausible (i.e., can it 
possibly be correct)?  Why or why not?  [Reasoning must be given for credit.] 

 

 
 
d) When we discussed properties of neutral solutes, we often ignored activity 
coefficients.  We recently began discussing properties of ions in solution, and we are not 
ignoring activity coefficients.  Explain why. 
 

It is the strong, coulombic forces between charged ions, and between charged ions 
and the diple of water, that leads to large activity coefficients that cannot be ignored.  
The interactions between neutral species are much smaller. 

 
e) We have described the ideal gas law, Raoult’s law, and Henry’s laws as “limiting 
laws.”  Explain why. 
 

Each of these laws describes an ‘ideal’ that real systems approach more and more 
closely in a particular limit, but never reach.  For a gas, this is the limit as the pressure 
approaches zero [ideal gas law].  For a solvent, this is the limit as the solvent’s mole 
fraction approaches 1 (i.e. infinitely dilute in terms of the solute) Raoult].  For a 
solute, again, it is the limit as the solution approaches infinite dilution[Henry]. 

Not plausible. At most three phases of a single, pure compound 
can co-exist at equilibrium.  This phase diagram has a  
quadruple point, i.e., a point at which 4 phases are in equilibrium. 
This would predict -1 for the number of ‘degrees of freedom’ from 
the Gibbs’ phase rule, which is impossible: 
     f = c – p + 2 = 1 – 4 + 2 = -1 
 










