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Adsorption from aqueous solutions is important in many tech nological
areas, like water purification, mineral beneficiation, soil conservation,
detergency, and many areas of biology. Recently, adsorption of
radionuclides from aqueous solutions has become the focus of attention in



assessing the movement of radionuclides through a geologic medium from
underground radioactive waste repositor ies. This volume provides a
multidisciplinary overview of current work in the area of adsorption from
aqueous solutions, and reviews the progress that has been made in the
theoretical models for assessing adsorption. Adsorption of heavy metal ions
and the effect of complex formation is treated extensively, as are the effects
of surface chemical properties of the adsorbent, solution pH, and
thermodynamic parameters important in the adsorption process. Adsorption
of pesticides and organic polymeric species on different adsorbents are
included and implications of adsorption of ions on dental materials are
discussed. Also included are studies of the adsorption of radionuclides by
geologic media under environmental conditions. The study of the chemical
nature of the adsorbed species at the surface by X-ray photoelectron
spectro sc.opy which often provides mechanistic information for the
adsorption process is included for adsorbed metal ions on clay and mineral
surfaces. Properties of Aqueous Solutions of Electrolytes is a handbook that
systematizes the information on physico-chemical parameters of
multicomponent aqueous electrolyte solutions. This important data
collection will be invaluable for developing new methods for more efficient
chemical technologies, choosing optimal solutions for more effective
methods of using raw materials and energy resources, and other such
activities. This edition, the first available in English, has been substantially
revised and augmented. Many new tables have been added because of a
significantly larger list of electrolytes and their properties (electrical
conductivity, boiling and freezing points, pressure of saturated vapors,
activity and diffusion coefficients). The book is divided into two sections.
The first section provides tables that list the properties of binary aqueous
solutions of electrolytes, while the second section deals with the methods
for calculating their properties in multicomponent systems. All values are
given in PSI units or fractional and multiple units. Metrological
characteristics of the experimental methods used for the determination of
physico-chemical parameters are indicated as a relative error and those of
the computational methods as a relative error or a root-mean square
deviation. The molecular theory of water and aqueous solutions has only
recently emerged as a new entity of research, although its roots may be
found in age-old works. The purpose of this book is to present the molecular
theory of aqueous fluids based on the framework of the general theory of



liquids. The style of the book is introductory in character, but the reader is
presumed to be familiar with the basic properties of water [for instance, the
topics reviewed by Eisenberg and Kauzmann (1969)] and the elements of
classical thermodynamics and statistical mechanics [e.g., Denbigh (1966),
Hill (1960)] and to have some elementary knowledge of probability [e.g.,
Feller (1960), Papoulis (1965)]. No other familiarity with the molecular
theory of liquids is presumed. For the convenience of the reader, we
present in Chapter 1 the rudi ments of statistical mechanics that are
required as prerequisites to an under standing of subsequent chapters. This
chapter contains a brief and concise survey of topics which may be adopted
by the reader as the fundamental "rules of the game," and from here on, the
development is very slow and detailed. J.E. Enderby At the last NATO-ASI
on liquids held in Corsica, (August 1977),Professor de Gennes, in his
summary of that meeting, suggested that the next ASI should concentrate
on some specific aspect of the subject and mentioned explicitly ionic
solutions as one possibility. The challenge was taken up by Marie-Claire
Bellissent-Funel and George Neilson; I am sure that all the participants
would wish to congratulate our two colleagues for putting together an
outstanding programme of lectures, round tables and poster session. The
theory which underlies the subject was covered by four leading authorities:
J.-P. Hansen (Paris) set out the general framework in terms of the statistical
mechanics of bulk and surface properties; H.L. Friedman (Stony Brook)
focused attention on ionic liquids at equilibrium, and J.B. Hubbard
considered non-equilibrium properties such as the electrical conductivity
and ionic friction coefficients. Finally, the basic theory of polyelectrolytes
treated as charged linear polymers in aqueous solution was presented by
J.M. Victor (Paris). Non-Aqueous Solutions — 5 is a collection of lectures
presented at the Fifth International Conference on Non-Aqueous Solutions
held in Leeds, England, on July 5-9, 1976. The papers explore reactions in
non-aqueous solutions as well as the thermodynamic and kinetic properties
of non-aqueous solutions. Examples of the use of spectroscopic techniques
are presented, and solutions in molten salts are given. Metals in solution
and liquid metal solutions are also considered. This book is comprised of 12
chapters and begins with a review of a general scheme which considers the
species formed by cation-electron and electron-electron interactions at
dilute to moderate concentrations, along with the influence of the solvent
and the metal on these interactions. The discussion then shifts to the



application of electron spin resonance spectroscopy to the study of
solvation; the influence of solvent properties on ligand substitution
mechanisms of labile complexes; and the effect of acidity on chemical
reactions in molten salts. Subsequent chapters deal with the chemistry of
solutions of salts in liquid alkali metals; preferential solvation in kinetics; and
the use of non-aqueous solvents for preparation and reactions of nitrogen
halogen compounds. Results of Raman spectroscopic studies of non-
aqueous solutions and spectroscopic studies of coordination compounds
formed in molten salts are also presented. This monograph will be of
interest to chemists. Our planet is largely composed of oxides. Almost every
material that we humans encounter or use is derived from the oxide building
blocks that comprise the Earth's crust. Water is by far the most abundant
and useful liquid on the planet. Chemical reactions between water and
oxides are the most prevalent reactions on the surface of the earth.
Throughout history, people have exploited oxide-water reactions to build
shelters, make tools, and in modern times develop some of our most
advanced technologies. The Aqueous Chemistry of Oxides represents the
first single-volume text that encapsulates all of the critical issues associated
with how oxide materials interact with aqueous solutions. It serves as a
central reference for scientific disciplines, including chemistry, geology,
materials science, and environmental science. The text is organized to
encompass the chemical properties of oxides, oxide synthesis in water,
technological reactions, and oxide-water reactions in all of the Earth's major
environments. The book highlights a wide range of scientific literature in a
central location, allowing readers and scholars to access a broad range of
specialized research topics. Selected Constants: Oxidation-reduction
Potentials of Inorganic Substances in Aqueous Solution presents tables that
will aid chemists in finding the best or most probable value of the normal or
formal oxidation-reduction potential of oxidation-reduction systems. The
book first presents numerical calculations that show the degree of oxidation
and real oxidation-reduction systems, including the value of the potential,
temperature, nature and composition of the medium, and the method of
determination used. The text then takes a look at the choice of data, as well
as intensity/potential curves and potentiometric determinations. The table of
oxidation-reduction potentials showing the redox system, medium, method,
and references is presented. The literature references starting from 1900
until 1967 are also tabulated. The publication is a dependable reference for



chemists and readers interested in the oxidation-reduction potentials of
inorganic substances in aqueous solutions. Adsorption from aqueous
solutions is important in many tech nological areas, like water purification,
mineral beneficiation, soil conservation, detergency, and many areas of
biology. Recently, adsorption of radionuclides from aqueous solutions has
become the focus of attention in assessing the movement of radionuclides
through a geologic medium from underground radioactive waste repositor
ies. This volume provides a multidisciplinary overview of current work in the
area of adsorption from aqueous solutions, and reviews the progress that
has been made in the theoretical models for assessing adsorption.
Adsorption of heavy metal ions and the effect of complex formation is
treated extensively, as are the effects of surface chemical properties of the
adsorbent, solution pH, and thermodynamic parameters important in the
adsorption process. Adsorption of pesticides and organic polymeric species
on different adsorbents are included and implications of adsorption of ions
on dental materials are discussed. Also included are studies of the
adsorption of radionuclides by geologic media under environmental
conditions. The study of the chemical nature of the adsorbed species at the
surface by X-ray photoelectron spectro sc.opy which often provides
mechanistic information for the adsorption process is included for adsorbed
metal ions on clay and mineral surfaces. Considerable attention has been
focussed on non-aqueous chemistry in the last decade and this situation
has arisen no doubt from a realization of the vast application of this branch
of chemistry. Within this field much energetic work has been channelled into
the determination of the coordination chemistry of tran sition metals in these
solvent 8ystems. Elaborate experimental techniques have been developed
to discover, in particular, the magnetic and spectral properties of complex
compounds, and the theoretical background of such systems has been
expanded to corroborate, as far as possible, the experimental results. This
text has, however, a different bias from many books currently available on
this branch of chemistry, and is designed to be a survey of known facts on
many of the non-aqueous solvents currently in use mainly in the field of
halogen chemistry, together with a discussion of these facts in the light of
accepted principles. As such, it is hoped to close a gap in the literature of
which many workers and advanced students in this field will be aware. The
treatment is meant to be selective rather than completely comprehensive
and must unevitably reflect some of the special interests of the author. The



aim of this book is to explain the unusual properties of both pure liquid
water and simple aqueous solutions, in terms of the properties of single
molecules and interactions among small numbers of water molecules. It is
mostly the result of the author's own research spanning over 40 years in the
field of aqueous solutions. An understanding of the properties of liquid water
is a prelude to the understanding of the role of water in biological systems
and for the evolvement of life. The book is targeted at anyone who is
interested in the outstanding properties of water and its role in biological
systems. It is addressed to both students and researchers in chemistry,
physics and biology. This book represents a revision and expansion of an
earlier set of diagrams for tempera 0 0 tures from 25 to 300 C along the
equilibrium vapor-liquid curve for H 0 (Helgeson, Brown, 2 and Leeper,
1969). The activity diagrams summarized in the following pages were
generated over a six year period from 1977 to 1983 in the Laboratory of
Theoretical Geochemistry (oth erwise known as Prediction Centra!) at the
University of California, Berkeley. They represent the culmination of
research efforts to generate a comprehensive and internally consistent set
of thermodynamic data and equations for minerals, gases, and aqueous
solutions at high pres sures and temperatures. Among the many who
contributed to the successful completion of this book, we are especially
indebted to David Kirkham, John Walther, and George Flowers, who wrote
program SUPCRT, Tom Brown, who created program DIAGRAM, and Eli
Mess inger, who generated the Tektronix plot routine to construct the
diagrams. Ken Jackson and Terri Bowers both devoted an enormous
amount of time and effort over the past six years to produce the diagrams in
the following pages; some of which went through many stages of revision.
Consequently, they appear as senior authors of this volume. It should be
mentioned in this regard that their equal dedication to the project made it
necessary to determine their order of authorship by flipping a coin. Stability
constants are fundamental to understanding the behavior of metal ions in
aqueous solution. Such understanding is important in a wide variety of
areas, such as metal ions in biology, biomedical applications, metal ions in
the environment, extraction metallurgy, food chemistry, and metal ions in
many industrial processes. In spite of this importance, it appears that many
inorganic chemists have lost an appreciation for the importance of stability
constants, and the thermodynamic aspects of complex formation, with
attention focused over the last thirty years on newer areas, such as



organometallic chemistry. This book is an attempt to show the richness of
chemistry that can be revealed by stability constants, when measured as
part of an overall strategy aimed at understanding the complexing
properties of a particular ligand or metal ion. Thus, for example, there are
numerous crystal structures of the Li+ ion with crown ethers. What do these
indicate to us about the chemistry of Li+ with crown ethers? In fact, most of
these crystal structures are in a sense misleading, in that the Li+ ion forms
no complexes, or at best very weak complexes, with familiar crown ethers
such as l2-crown-4, in any known solvent. Thus, without the stability
constants, our understanding of the chemistry of a metal ion with any
particular ligand must be regarded as incomplete. In this book we attempt to
show how stability constants can reveal factors in ligand design which could
not readily be deduced from any other physical technique. Arising no doubt
from its pre-eminence as a natural liquid, water has always been
considered by chemists as the original solvent in which very varied
chemical reactions can take place, both for preparational and for analytical
purposes. This explains the very long-standing interest shown in the study
of aqueous solutions. In this con nection, it must be stressed that the theory
of Arrhenius and Ostwald (1887-1894) on electrolytic dissociation, was
originally devised solely for solutions in water and that the first true concept
of acidity resulting from this is linked to the use of this solvent. The more
recent development of numerous physico-chemical measurement methods
has made possible an increase of knowledge in this area up to an extremely
advanced degree of systematization. Thus today we have available both a
very large amount of experimental data, together with very refined methods
of deduction and of quantitative treatment of chemical reactions in solution
which enable us to make the fullest use of this data. Nevertheless, . it
appears quite evident at present that there are numerous chemical
processes which cannot take place in water, and that its use as a solvent
imposes 2 INTRODUCTION limitations. In order to overcome these
limitations, it was natural that interest should be attracted to solvents other
than water and that the new possibilities thus opened up should be
explored. This much-anticipated new edition of Jolivet's work builds on the
edition published in 2000. It is entirely updated, restructured and increased
in content. The book focuses on the formation by techniques of green
chemistry of oxide nanoparticles having a technological interest. Jolivet
introduces the most recent concepts and modelings such as dynamics of



particle growth, ordered aggregation, ionic and electronic interfacial
transfers. A general view of the metal hydroxides, oxy-hydroxides and
oxides through the periodic table is given, highlighting the influence of the
synthesis conditions on crystalline structure, size and morphology of
nanoparticles. The formation of aluminum, iron, titanium, manganese and
zirconium oxides are specifically studied. These nanomaterials have a
special interest in many technological fields such as ceramic powders,
catalysis and photocatalysis, colored pigments, polymers, cosmetics and
also in some biological or environmental phenomena. Fawcett (chemistry,
University of California-Davis) introduces modern topics in solution
chemistry to senior undergraduates and graduate students who have
completed two semesters or three quarters of chemical thermodynamics
and statistical mechanics. The best available collection of thermodynamic
data!The first-of-its-kind in over thirty years, this up-to-date book presents
the current knowledgeon Standard Potentials in Aqueous Solution.Written
by leading international experts and initiated by the IUPAC Commissions
onElectrochemistry and Electroanalytical Chemistry, this remarkable work
begins with athorough review of basic concepts and methods for
determining standard electrodepotentials. Building upon this solid
foundation, this convenient source proceeds to discussthe various redox
couples for every known element.The chapters of this practical, time-saving
guide are organized in order of the groups ofelements on the periodic table,
for easy reference to vital material . AND each chapteralso contains the
fundamental chemistry of elements ... numerous equations of
chemicalreactions .. . easy-to-read tables of thermodynamic data . . . and
useful oxidation-statediagrams.Standard Potentials in Aqueous Solution is
an ideal, handy reference for analytical andphysical chemists,
electrochemists, electroanalytical chemists, chemical engineers,
biochemists,inorganic and organic chemists, and spectroscopists needing
information onreactions and thermodynamic data in inorganic chemistry .
And it is a valuable supplementarytext for undergraduate- and graduate-
level chemistry students. This volume contains evaluated data on the
solubility of beryllium hydroxide, magnesium hydroxide, calcium hydroxide,
strontium hydroxide and barium hydroxide in water and in a number of
electrolyte and nonelectrolyte solutions in water. The alkaline earth
hydroxides can be divided into two groups depending on the hydration of
the solid. First, the sparingly soluble anhydrous beryllium, magnesium and



calcium hydroxides, whose freshly precipitated solids are poorly crystalline
and show decreasing solubility with aging, and whose solubility in water
decreases with increasing temperature. Second, the soluble strontium and
barium hydroxide octahydrates that form crystalline precipitates which do
not show changes in solubility on aging, and whose solubility in water
increases with increasing temperature. The chapters making up this volume
had originally been planned to form part of a single volume covering solid
hydrates and aqueous solutions of simple molecules and ions. However,
during the preparation of the manu scripts it became apparent that such a
volume would turn out to be very unwieldy and I reluctantly decided to
recommend the publication of sepa rate volumes. The most sensible way of
dividing the subject matter seemed to lie in the separation of simple ionic
solutions. The emphasis in the present volume is placed on ion-solvent
effects, since a number of excellent texts cover the more general aspects of
electrolyte solutions, based on the classical theories of Debye, Huckel, On
sager, and Fuoss. It is interesting to speculate as to when a theory
becomes "classical." Perhaps this occurs when it has become well known,
well liked, and much adapted. The above-mentioned theories of ionic
equilibria and transport certainly fulfill these criteria. There comes a time
when the refinements and modifications can no longer be related to
physical significance and can no longer hide the fact that certain
fundamental assumptions made in the development of the theory are
untenable, especially in the light of information obtained from the application
of sophisticated molecular and thermodynamic techniques. The best
available collection of thermodynamic data!The first-of-its-kind in over thirty
years, this up-to-date book presents the current knowledgeon Standard
Potentials in Aqueous Solution.Written by leading international experts and
initiated by the IUPAC Commissions onElectrochemistry and
Electroanalytical Chemistry, this remarkable work begins with athorough
review of basic concepts and methods for determining standard
electrodepotentials. Building upon this solid foundation, this convenient
source proceeds to discussthe various redox couples for every known
element.The chapters of this practical, time-saving guide are organized in
order of the groups ofelements on the periodic table, for easy reference to
vital material . AND each chapteralso contains the fundamental chemistry of
elements ... numerous equations of chemicalreactions .. . easy-to-read
tables of thermodynamic data . . . and useful oxidation-



statediagrams.Standard Potentials in Aqueous Solution is an ideal, handy
reference for analytical andphysical chemists, electrochemists,
electroanalytical chemists, chemical engineers, biochemists, inorganic and
organic chemists, and spectroscopists needing information onreactions and
thermodynamic data in inorganic chemistry . And it is a valuable
supplementarytext for undergraduate- and graduate-level chemistry
students Introduction; Traces in homogeneous and microheterogeneous
aqueous systems; Traces in macroheterogeneous systems: aqueous
solution-solid phase. vi the information collected and discussed in this
volume may help toward the achievement of such an objective. I should like
to express my debt of gratitude to the authors who have contributed to this
volume. Editing a work of this nature can strain long established personal
relationships and I thank my various colleagues for bearing with me and
responding (sooner or later) to one or several letters or telephone calls. My
special thanks once again go to Mrs. Joyce Johnson, who bore the main
brunt of this seemingly endless correspondence and without whose help the
editorial and referencing work would have taken several years. F. FRANKS
Biophysics Division Unilever Research Laboratory Colworth/ Welwyn
Colworth House, Sharnbrook, Bedford January, 1973 Contents Contents of
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. . . . . . . . . . . . . . . . . . 55 . . . . . . . . . . . . . 2. Symmetry and Types of
Environment of the H0 Molecule 2 in Crystals .......................................... 57
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. . . . . Excerpt from Complex Ions: In Aqueous Solutions IN compiling this
volume the needs - and criticism-of a large class of students unversed in
physical chemistry have been especially kept in View, and it is considered



that the introduction of some elementary matter, such as proofs of formulae,
which the advanced reader will not require, is by no means out of place. In
giving an account Of the methods in Chapters III.-VI., it was found
necessary to introduce examples, but these were made as brief as possible
in order to avoid confusing these chapters with the later ones which deal
with practical investigations, where more than one method is generally used
at a time. The tension experiments in Chapter VIII. Form a method Of
investigation in which the examination of different salts shows so little
variation that it appeared unnecessary to devote a separate chapter to the
method. The chief aim of the book is to give some account of the more
important experimental work in this subject, and no apology is offered for
the absence Of theories of valency. Chapter X. Contains an account of
some results besides the identification of complex compounds, which have
been arrived at by similar methods, and which are likely to form' the basis of
further experiments. About the Publisher Forgotten Books publishes
hundreds of thousands of rare and classic books. Find more at
www.forgottenbooks.com This book is a reproduction of an important
historical work. Forgotten Books uses state-of-the-art technology to digitally
reconstruct the work, preserving the original format whilst repairing
imperfections present in the aged copy. In rare cases, an imperfection in the
original, such as a blemish or missing page, may be replicated in our
edition. We do, however, repair the vast majority of imperfections
successfully; any imperfections that remain are intentionally left to preserve
the state of such historical works. Solution Thermodynamics and its
Application to Aqueous Solutions: A Differential Approach, Second Edition
introduces a differential approach to solution thermodynamics, applying it to
the study of aqueous solutions. This valuable approach reveals the
molecular processes in solutions in greater depth than that gained by
spectroscopic and other methods. The book clarifies what a hydrophobe, or
a hydrophile, and in turn, an amphiphile, does to H2O. By applying the
same methodology to ions that have been ranked by the Hofmeister series,
the author shows that the kosmotropes are either hydrophobes or hydration
centers, and that chaotropes are hydrophiles. This unique approach and
important updates make the new edition a must-have reference for those
active in solution chemistry. Unique differential approach to solution
thermodynamics allows for experimental evaluation of the intermolecular
interaction Incorporates research findings from over 40 articles published



since the previous edition Numerical or graphical evaluation and direct
experimental determination of third derivatives, enthalpic and volumetric AL-
AL interactions and amphiphiles are new to this edition Features new
chapters on spectroscopic study in aqueous solutions as well as
environmentally friendly and hostile water aqueous solutions Conformation
and Hydration of Sugars and Related Compounds in Dilute Aqueous
Solution.- Studies of Hydrophobic Bonding in Aqueous Alcohols: Enthalpy
Measurements and Model Calculations.- Structure in Aqueous Solutions of
Nonpolar Solutes from the Standpoint of Scaled-Particle Theory.- Raman
Spectra from Partially Deuterated Water and Ice VI to 10.1 kbar at 28°C.-
Solvation Equilibria in Very Concentrated Electrolyte Solutions.- Ionic
Association in Hydrogen-Bonding Solvents.- The Role of Solvent Structure
in Ligand Substitution and Solvent Exchange at Some Divalent Transition-
Metal Cations.- N. The International Association for the Properties of Water
and Steam (IAPWS) has produced this book in order to provide an
accessible, up-to-date overview of important aspects of the physical
chemistry of aqueous systems at high temperatures and pressures. These
systems are central to many areas of scientific study and industrial
application, including electric power generation, industrial steam systems,
hydrothermal processing of materials, geochemistry, and environmental
applications. The authors’ goal is to present the material at a level that
serves both the graduate student seeking to learn the state of the art, and
also the industrial engineer or chemist seeking to develop additional
expertise or to find the data needed to solve a specific problem. The wide
range of people for whom this topic is important provides a challenge.
Advanced work in this area is distributed among physical chemists,
chemical engineers, geochemists, and other specialists, who may not be
aware of parallel work by those outside their own specialty. The particular
aspects of high-temperature aqueous physical chemistry of interest to one
industry may be irrelevant to another; yet another industry might need the
same basic information but in a very different form. To serve all these
constituencies, the book includes several chapters that cover the
foundational thermophysical properties (such as gas solubility, phase
behavior, thermodynamic properties of solutes, and transport properties)
that are of interest across numerous applications. The presentation of these
topics is intended to be accessible to readers from a variety of
backgrounds. Other chapters address fundamental areas of more



specialized interest, such as critical phenomena and molecular-level
solution structure. Several chapters are more application-oriented,
addressing areas such as power-cycle chemistry and hydrothermal
synthesis. As befits the variety of interests addressed, some chapters
provide more theoretical guidance while others, such as those on acid/base
equilibria and the solubilities of metal oxides and hydroxides, emphasize
experimental techniques and data analysis. - Covers both the theory and
applications of all Hydrothermal solutions - Provides an accessible, up-to-
date overview of important aspects of the physical chemistry of aqueous
systems at high temperatures and pressures - The presentation of the book
is understandable to readers from a variety of backgrounds This monograph
is intended to provide a systematic presentation of theories concerning the
adsorption of metal ions from aqueous solutions onto surfaces of natural
and synthetic substances and to outline methods and procedures to
estimate the extent and progress ofadsorption. As heavy metals and the
problems associated with their transport and distribution are of serious
concern to human health and the environment, the materials presented in
this volume have both theoretical and practical significance. In writing this
monograph, one ofour goals was to prepare a book useful to environmental
workers and practicing engineers. For this reason, our presentation relies
heavily on concepts commonly used in the environmental engineering
literature. In fact, the volume was prepared for readers with a basic
understanding of environmental engineering principles and some
knowledge of adsorption processes. No prior familiarity with the ionic solute
adsorption at solid-solution interfaces is assumed. Instead, introduction of
the necessary background information was included. Generally speaking,
metal ion adsorption may be studied in terms of three distinct but
interrelated phenomena: surface ionization, complex formation, and the
formation and presence of an electrostatic double layer adjacent to
adsorbent surfaces. Analyses of these phenomena with various degrees of
sophistication are xviii ADSORPTION OF METAL IONS FROM AQUEOUS
SOLUTIONS presented, and their various combinations yield different
models that describe metal ion adsorption. The chapters making up this
volume had originally been planned to form part of a single volume covering
solid hydrates and aqueous solutions of simple molecules and ions.
However, during the preparation of the manu scripts it became apparent
that such a volume would turn out to be very unwieldy and I reluctantly



decided to recommend the publication of sepa rate volumes. The most
sensible way of dividing the subject matter seemed to lie in the separation
of simple ionic solutions. The emphasis in the present volume is placed on
ion-solvent effects, since a number of excellent texts cover the more
general aspects of electrolyte solutions, based on the classical theories of
Debye, Huckel, On sager, and Fuoss. It is interesting to speculate as to
when a theory becomes "classical." Perhaps this occurs when it has
become well known, well liked, and much adapted. The above-mentioned
theories of ionic equilibria and transport certainly fulfill these criteria. There
comes a time when the refinements and modifications can no longer be
related to physical significance and can no longer hide the fact that certain
fundamental assumptions made in the development of the theory are
untenable, especially in the light of information obtained from the application
of sophisticated molecular and thermodynamic techniques. 
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