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The study of sufficiently small systems at equilibrium of a thermodynamic function with different values for
requires a modification of ordinary macroscopic thermody- different environments under otherwise comparable condi-
namics. This subject, which now might appropriately be tions. In general, the more “open” the system, the larger the
called nanothermodynamics, was investigated at some lengtrentropy.

by the author in 19613, and the results were published as  Again, unlike macroscopic systems, in a statistical me-
the thermodynamics of small systelrfsin 1962-4. At that chanical treatment of a small-system model, the particular
time there were few experimental systems that could be partition function appropriate to the actual environmental
analyzed in this way, so almost all of the examples used in variables must be used.

the publications were theoretical and based on statistical |f we take the environmental variabld$, p, T as an

mechanical models. example, applied to, say, small crystallites of various fixed

In 1964 my interests shifted drastically and | dropped the sizesN, some thermodynamic properties of interest are size
subject of nanothermodynamics except for very occasional effects or heat capacity, melting point, sharpness or the
applications in theoretical biophysics over the next 25 years. melting transition, etc.

Furthermore, during that time, with one or two exceptions,  aAs another example, completely open p, T) systems
| was not aware of utilization of nanothermodynamics by are of special interest because these three intensive variables
others. cannot all be independent in a macroscopic system but they
But, in recent years, with the explosion of interest in can be in a small system. In fact, these intensive variables
experimental (and theoretical) nanoscience, | have wondereddetermine the mean sizd (an extensive variable) in an
whether nanothermodynamics might not, after all, find useful ensemble of small systems of this type. The partition function
applications to nanosystems that are at equilibrium (or Y(u,p,T) presents no fundamental problem for a small system
metastable equilibriuP). A recent paper on ferromagneti¥m  but it does for a macroscopic system. In fact, the practical
serves as an example. way to handle a macroscopic system withp, T is to start
For nanothermodynamics to apply, the small systems in with the corresponding small system partition function,
the sample (ensemble) must be independent of each othercalculate thermodynamic properties from it, and then find
or approximately so. Unlike macroscopic systems, small the limits of these properties as p, T approach their
systems have different thermodynamic properties dependingmacroscopic relationship. Examplesgofp, T systems are
on the actual experimental “environmental” independent various open linear aggregates in biology, metastable liquid
variables (for example, for a single componeht:V, T; N, droplets in vapoP,the local correlations in bulk magnetic
p, T; u, V, T; or u, p, T). The entropy would be an example materials} and a Gibbs surface excess resulting from an
adsorbent molecule at the end of a one-dimensional lattice
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| turn now to the “history” of nanothermodynamics. of my recent occasional use of this term as a shortened and
Unfortunately, | no longer have my early working notes on more fashionable version of “thermodynamics of small
the subject. But dates of the submission of three papers allowsystems”. He responded by including it in a rechiature
me to establish the timing. | was on sabbatical at Cambridge paperé and it also appears several other places in the

University for a year, starting in the summer of 1960. | November 16, 2000, issue dfature This is the published
submitted two papets®to theJournal of Chemical Physics  pjrthplace as far as | know.

in late 1960. Both of these have to do with the thermody-

namics of macromolecular solutions and both contain a few .
Acknowledgment. | am greatly indebted to Ralph Cham-

comments that suggest to me that | was on the verge of in f h I h de t in 1997 includi
thinking about the special connections between small systeméjer In for a 'p one ca ? made _o me |n. » Including
many questions, that revived my interest in the thermody-

and thermodynamics. | can remember beginning to work on ) 3
the actual subject of the thermodynamics of small systemsnamics of small systems and led to ref 5, among other things
very early in 1961. | also remember making major progress (including this Perspective).
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