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This paper pointed out that a fluid (such as an adsorbed gas) in contact with a surface can be regarded
as the limiting case of a(luid mixture in which one of
the species is very large and present in very low
concentration. It showed how approximate theories of
liquids based on the Ornstein-Zernike equation, such
as the Percus-Yevick and hypemetted chain theories,
can be applied in this situation, leading to theories of
liquid surfaces and interfaces. [The SC/a indicates
that this paper has been cited in more than 170 publications.1
—
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By 1976 the theory of liquids had been developed
to the extent that it was possible to make quantitative predictions of the solid-liquid-gas phase diagram and of the static and dynamic properties of
liquids, starting from information on the forces between molecules. This understandingl was based on
a large body of work by us and many others involving advances in statistical mechanics
2 (integral equations and perturbation theories, Monte Carlo
3 and
molecular dynamics computer simulations
) and
4
knowledge of intermolecular forces.
In view of these developments, it seemed timely
to turn our attention to inhomogeneous fluids, that
is, fluids with spatially varying density. Examples of
this arise in the neighborhood of the gas-liquid interface and for a liquid or gaseous phase in contact
with a solid surface. We had already performed
computer simulations of the gas-liquid interface and
of small clusters of molecules,S and it seemed desir-

able to develop theoretical methods analogous to
those found useful in the study of uniform fluids.
This would make possible theoretical studies of the
liquid surface and of adsorption phenomena, induding the important special case of the electrolyte-electrode interface.
There was already a well-developed theoretical
formalism for liquid solutions, and it occurred to
one of us (FFA) that it was possible and desirable to
treat the theory of inhomogeneous fluids as a special case of this existing theory, rather than to develop a completely new approach. To do this we
imagined the surface as a very large solute molecule, dissolved in the liquid at very low concentration. At first we attempted to implement this by
computer simulation. Then we realized that all that
was needed was to take the formal mathematical
limit of extreme dilution and infinite size for the
“solute” molecules. Then the solute-solvent density
correlation function gave the density profile at the
interface, and the logarithm of the solute-solute
correlation function gave the interaction potential
(free energy) between two surfaces. The integral
equation formalism of liquid state theory could be
applied immediately.
This proved to be a powerful idea with far-reaching consequences. Independently, J.W. Perram and
6
7
ER. Smith and l.K. Percus developed similar
ideas, but they considered rather special systems.
Although the application considered in our paper
was to the hard sphere fluid, the equations developed were general and could be applied to any
system. In particularthey have been applied to electrolyte-electrode interfaces leading to new models
that include solvent and metal effectsB and to increased interest in interfacial electrochemistry.
The effect of our paper was to make theoretical
methods for the study of fluid surfaces and interfaces immediately available to anyone versed in the
then current theory of bulk fluids. Its citation record
indicates that that was a useful thing to do.

I. Barker J A & Henderson 13. What is liquid? Understanding the states of matter. Rev. Mod. Phys. 48:587-671. 1976.
(Cited 745 times.) (See also: Barker J A & Henderson 13. Citation Classic. Current Contents/Engineering,
Technology & Applied Sciences and CC/PS ysical. Chemical & Earth Sciences 7 November 1988, p. 12.1
2.
. Perturbation theory and equation of state for fluids. 11. A successful theory for liquids. J. Chem. Phys.
47:4714-21, 1967. ICited 525 times.) [See also: Barker 3 A & Henderson 13. Citation Classic. (Thackray A.
camp.) Contemporary classics in engineering and applied science. Philadelphia: 1St Press. 1986. p. 310.)
3. Abraham F F. Computational stutistical mechanics: methodology, applications and supercomputing. Adsan. Phys.
35:1-Ill. 1986. (Cited 45 times.)
4. Barker 3 A, Fisher It A & Watts R 0. Liquid argon: Monte Carlo and molecular dynamics calculations.
Mo!. Phys. 21:657-73. 1971. (Cited 380 times.) ISee also: Barker J A & Watts R 0. Citation Classic.
Current Contents/Engineering. Technology & Applied Sciences and CC/Physical. Chemical & Earth Sciences
12 September 1988, p. 12.)
5. Abraham F F. On the thermodynamics, structure and phase stabdity of the nonuniform ftutd state. Phys. Rep._Re~:
Sect. Phys. Lett. 53:94-156. 1979. (C/ted 95 times.)
6. Perram j W & Smith E It. Percus-Yevick theory of adsorption. Chem. Phys. Let!. 39:328-32, 1976.
(Cited 30 timeS.)
7. Percus J K. Model for density variatton at a fluid surface. J. Statist. Pkvs. 5:423-35. 976. (Cited 50 times.)
8. Schmickler W & Henderson 13. New models for the structure of electrochemical interface. Prsg. Surf Sci. 22:323-430,
1986. (Cited 20 times.)

18

/Jf

©1990by IS(®

/,4I~,J)

CURRENICONTENTS®

