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I "ENERGY IS THE ABILITY TO DO 
WORK" 

II "IF .6Grenetion IS POSITIVE, THE RE­
ACTION DOES NOT GO" 

III "dU = TdS - PdV, FOR A REVERSIBLE 
PROCESS" 

A SK ANY THERMODYNAMICS class, any-
where, for: a) a definition of energy; b) the 

significance of .6G>0; c) the process limitations 
dU = TdS - PdV, and with unfailing regularity 
the three lead statements will be forthcoming. 
Usually the more reticent the class, the stronger 
their conviction, that these at least are truths 
they have mastered. 

Should there be some 
among the multitudinous readership 
who feel that stronger remedies of a 
more metaphysical nature, are needed to 
dispel the doctrines here condemned, I have 
in my files a copy of the exorcism formula, 
pronounced prior to hanging, against the 
murderers of the Archbishop of Dublin 
adapted for use on thermoheretics. 

Yet the lead statements are at best misleading, 
and at worst, false. They are thermodynamic 
heresies that are universally held. It is time to 
banish these misleading ideas from the company 
and discourse of the elevated and learned, by 
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FIG. 1. Energy Flow in Power Plant. 

which I of course mean chemical engineers. In 
lieu of Bell, Book and Candle, I will attempt to 
exorcise them by examining each so closely that 
its inherent misrepresentation stands revealed. 

HERESY I 
"Energy is the Ability to do Work" 

If only it were. The operation of a modern 
plant would then be radically changed. Instead 
of having energy flows such as those shown in 
Figure ( 1) where most of the incoming energy 
leaves with the condenser waste water and only 
35 % is converted into electricity (work), we 
would have the electric energy (work) output of 
the power plant equal to that of the fuel energy 
input. But not only does most of the energy 
escape in the condenser cooling waters, these 
torrents of energy usually have negative work 
ability because work must be done to dispose of 
them properly. 

Were statement I true there could never be an 
"energy shortage" because energy is always con­
served. The air, sea, and earth are full of energy. 
No matter how many power plants, automobiles, 
air conditioners, steel mills, etc. we build, the 
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energy stores are not reduced because energy is 
never destroyed. 

"The ability to do work," however, is easily 
destroyed and terribly fragile. It is easily con­
sumed, and frequently is destroyed without ever 
fulfilling its work potential. The proper appelation 
for this fragile property is "availability," or avail­
able energy." Availability, not energy, is the 
measure of the "ability to do work." The "avail­
ability shortage" and not "energy shortage" is 
and will be a permanent and growing problem of 
industrial society. 

The question of the definition of energy raised 
in the opening paragraph is perhaps an unfair 
one to spring on an unprepared class because 
energy is a difficult and subtle concept whose 
adequate definition goes well beyond the purpose 
of this paper. Suffice it to say that Energy is: that 
which is always conserved in all processes ; that 
which manifests itself as heat or work when 
crossing the boundaries of a closed system ; and 
that whose accumulation within a system is altered 
to an extent exactly equal to the net mass, heat, 
and work interchanges that the system has with 
its surroundings. The "ability to do work" it is 
not. 

HERESY II 
"If 6 Grenct1on is Positive, the Reaction Does Not Go" 

THIS IS THE MOST prevalent, misleading, and 
insidious heresy on our list. It is taught as 

catechism in chemistry courses the world over yet 
it is at best a half truth. If it were true, major 
parts of the chemical industry would not operate. 
There would be no cracking or reforming plants. 
Methanol would not be synthesizable from CO and 
H2. 
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FIG. 2. Path for Reaction Free Energy Change. 
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M. V. Sussman of Tufts Un iversity was a reasonable facsimile 
of the above photo, in an earlier edition. His thermodynamic thoughts 

have graced this journal prev iously ("Seeing Entropy, or the In­

complete Thermodynamics of the Maxwell Demon Bottle", p. 149-156, 
Summer 1974; "Approaches to Statistical Thermodynamics" , p. 40, 49, 

Summer 1968 and may be found in full measure in "Elementary 

General Thermodynamics", Addison-Wesley, a book featuring full 
page photos of Thermodynamic's "AII-Time'AII-Stars" and a method 
for out-maneuvering Maxwell's Relations." 

What then, is significance of 6 Gr>O? The 
6 Gr is the free energy change that accompanies 
the conversion of pure reactants to pure products 
at a specified temperature and total pressure. 

For example for the gaseous reaction: 
A (pure, at T and P) • B (pure, at T and P) 
the computation path for the free energy change 
of reaction may be represented as in Figure 2, 
where the total pressure is taken to be 1 atmos­
phere. To evaluate 6 Gr we sum the free energy 
changes along path A-pA-pB-B. A free energy 
loss occurs as A expands to its partial pressure 
PA. in an equilibrium reaction mixture of A+ B. 
No free energy expenditure is needed to convert 
A at PAe to B at its equilibrium concentration 
(PB.). But the free energy of B must be increased 
to concentrate it from PBe to P. 

The total change for the pr ocess is the sum of 
the 5VdP from A to PA., P A. to PBe to B, and is 
equal to 6 G0 react1on• When we sum these integrals 
we obtain the familiar result 

6 G0 r = - RT lnPBe 
PAe 

LG0 r = -RT ln K 
for any reaction. 

Now LG0 r is shown as positive in Figure 2. 
Does this mean, "The reaction does not go"? 
Clearly it does not. The positive value of LG0 r 
simply indicates that the concentration -of product 
in the equilibrium mixture is less that of reactant, 
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or that Kin equation (2) is less than 1. Were we 
to use this reaction to produce B, the equilibrium 
mixture leaving the reactor would contain less B 
than A, and consequently would need to be 
separated into its components, with the unreacted 
A being recycled to the reactor. Notice that the 
free energy change in moving pure reactant to 
the equilibrium state is negative even when the 
overall 6 G0 r is positive. Therefore the reaction 
always goes to its equilibrium state. If 6 G0 r is posi­
tive the concentration of product in the equi­
librium reaction mixture is low and insufficient to 
make K>l. Of course if K< <l this concentra­
tion may be so low as to be insignificant, as for 
example in the decomposition of water to hydro­
gen and oxygen at room temperature. On the 
other hand as K• l, for valuable or easily isolated 
products, the product concentration may be large 
enough to make cleaning up the equilibrium mix­
ture worthwhile. 

HERESY Ill 
"dU = TdS - RdV For A Reversible Process 
(in a simple system)" 

The statement is indisputable but only be­
cause it is a tautology. You can say with equal 
validity: 
dU = TdS - PdV, in Paris in the Spring; 

or, on Tuesdays or Fridays; 
or, for an irreversible process 

I consider it heresy because it implies to too many 
students that dU, a differential of a property, is 
dependent on process or path, and is otherwise 
defined for an irreversible process. 

Statement III should never stand alone, 
though it does all too frequently in many respected 
texts. Better still to avoid it completely or replace 
it with the following: 

For any process, reversible or irreversible, 
that moves a simple system from one equilibrium 
state to another, the internal energy change may 
be evaluated by integrating: 

dU = .TdS - PdV 
along any reversible path that interconnects the 
terminal states of the process. 

I have discoursed briefly on some old, treasured 
and well rooted thermodynamic prejudices. 
Should there be some among the multitudinous 
readership who feel that stronger remedies of a 
more metaphysical nature, are needed to dispel 
the doctrines here condemned, I have in my files a 
copy of the exorcism formula, pronounced prior 
to hanging, against the murderers of the Arch-
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bishop of Dublin, in 1534, and adapted for use on 
thermoheretics. This I will be glad to send to the 
initiated in unmarked brown envelopes upon re­
quest. • 

ChE EDUCATOR: Scott Fogler 
Continued from page 7. 

Scott's daughter, Kristin, age 6, was quick to 
feel left out from the Indian Guides activities. 
Scott realized that there wasn't a similar activity 
for young girls in Ann Arbor. At Kristin's urging, 
he organized a council of "Indian Princesses" in 
Ann Arbor. Scott was the first Nation Chief of 
the Indian Princesses. He's been a successful 
Chief: In the first year there were five tribes with 
a total of about 50 fathers and daughters. 

Peter, age 11, got Scott involved in another 
after-hours effort: Little League. When Peter's 
5th grade class couldn't find a willing coach, Scott 
stepped in to lead the team to a 1 and 9 record 
for the season, which doesn't speak too well for 
the ability of the team ( or coach?) . But, imagine 
keeping eighteen 10-year-olds interested enough 
to keep playing ball even though they were losing 
all the time! That takes real dedication and under­
standing. 

Jan, Scott's wife, is also involved in teaching 
as she has 25 piano students and currently serves 
as president of the Ann Arbor Area Teachers' 
Guild. 

In his few leisure moments, Scott spends some 
time gardening. He finds Michigan a frustrating 
place to raise plants because of its hard clay soil. 
He plants three trees for each one that lives. 

The whole Fogler family shares an enthusiasm 
for travel, and Scott has lectured in Scandanavia, 
Italy, South America, and Mexico City. Whenever 
he travels, he takes along his programmed­
learning text. He has a file of slides which show 
him reading the text in front of landmarks such 
as the Tower of Pisa. He uses the slides as visual 
one-liners during his lectures. 

Scott Fogler loves teaching, loves research 
and approaches them both with unbounded energy. 
He is perhaps his own best example of creative 
synthesis. He has developed his teaching skills 
and mixed them with humor to produce memor­
able classes for his students. He has used some 
bit of educational theory and his own creativity 
to gain recognition as an outstanding educator. 
As he says: "A little theory is very practical!" • 
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