Patches, 7-04

It is common for computer programs to send patches out over the web, to correct errors, or to close security loopholes.  It is less common to do so in textbooks.  Perhaps it should be more common.  Below are two patches which I think substantially improve "Physical and Chemical Equilibrium for Chemical Engineers".  I suggest that you read them, and if you are using the book as a textbook, pass them on electronically to your students.

If you would like to suggest additional patches, please contact me at 

The University of Utah

Department of Chemical Engineering

50 S Central Campus Drive

Salt Lake City, Utah 84112

801-581-6024

Fax 801-585-9291

Noel.deNevers@m.cc.utah.edu

Noel de Nevers

March 2004.

Patch #1  This patch replaces the text from the top of Page 66 to near the top of Page 67.

Chapter 4

Minimization of Gibbs Free Energy 

4.1 The fundamental thermodynamic criterion of phase and chemical equilibrium


After all the introductory descriptive material, we are finally ready to see precisely what thermodynamics tells us about phase and chemical equilibrium.  Figure 4.1

	shows a simple, constant pressure, isothermal piston and cylinder arrangement, containing some unspecified mass of some unspecified substance or mixture of substances, in one or more phases.  We need not know the identity or state of the contents for the argument here, so we do not specify  the contents, and we obtain a very general result.  

       The system is originally at equilibrium, and we now allow a small 
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Figure 4.1 Very general system for illustrating the thermodynamics of a small, reversible, constant pressure isothermal change


change in the system to occur, e.g. a condensation or evaporation or crystallization of a small amount of material, or a small chemical reaction.  Kinetic, potential, surface, electrostatic and electromagnetic energy effects are negligible, but the change will probably involve a small amount of heat given off or absorbed by the system, and a small volume change, which causes a small piston movement.  We may write the energy balance for the contents of this system (a batch process) as





(4.1)

Here the only work term is that of driving back the piston.  A differential change in any system at equilibrium is a reversible process; for a reversible batch process, the second law shows us that 





(4.2)

Eliminating dQ between equations 4.1 and 4.2 we find





(4.3)

Now we make the algebraic substitutions, 




  and   


(4.3A)

Which change Eq. 4.3A to





(4.3B)

But we have restricted the process to constant temperature and pressure, so the two terms on the right of Eq. 4.3B are zero, so that we can say that for any reversible equilibrium change at constant T and P




(4.4).

The text now continues near the top of Page 67


We defined G....

Patch #2  This patch goes at the end of Section 3.4, page 55

We may gain additional insight into the range of applicability of Henry's law by comparing its predictions with the experimental values for the solubility of nitrogen in water.  Figure 3.10A, a plot of the applied pressure of nitrogen vs the mol fraction of nitrogen dissolved in water, shows the experimental data points at 25°C as circles, and a smooth curve drawn through them.  At the pressures of interest, the mol fraction of water in the vapor phase is negligible, and the gas is practically pure nitrogen, so that Henry's law plots as a straight line through the origin.  At 25°C we interpolate a Henry's law constant of 86,400 atm from Appendix A.3.  From that we calculate that at the right margin of this plot the Henry's law pressure would be 518.4 atm, and draw a straight line between that point and the origin.  


We see that up to a pressure of about 50 atm, the Henry's law line and the experimental data curve are practically identical.  This should not surprise us, the values in Table A.3 were found by drawing tangents to the low pressure ends of curves like this one.   But we also see the limitation of Henry's law for simple systems like the solubility of nitrogen in water.  If we used Henry's law for pressures much larger than 50 atm,  or dissolved nitrogen mol fractions larger than 0.0005, we would make significant errors.  For all of the examples and problems in this chapter, and many of the problems of practical engineering and biological interest, this is not a serious restriction.
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Figure 3.10 A Experimental data of Wiebe, Gaddy and Heins, JACS, 55, 947-953, (1933) for the solubility of nitrogen gas in water at 25°C on P-x coordinates, compared to a Henry's law estimate of the same data, using an interpolated Henry's Law constant from Appendix A.3.

End of patch.
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