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Aqueous Systems at Elevated Temperatures and Pressures

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
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Molecular Theory of Water and Aqueous Solutions

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.

The Physical Chemistry of Aqueous Systems

"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."--Jacket.

Aqueous Systems at Elevated Temperatures and Pressures

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.

Structure of Water and Aqueous Solutions

The 1985 Colston Symposium on this subject brought together some of the leading scientists con-
cerned with the investigation of physical, chemical, biological and environmental aspects of water. 
The symposium proceedings which make up this volume are arranged in four sections reflecting the 
organization of the symposium and the main fields being studied at present - water, ionic solutions, 
water in biological systems and water in the environment.

Molecular Theory of Water and Aqueous Solutions: The role of water in protein folding, self-assembly 
and molecular recognition

This Volume, the last of the series, is devoted to water in its metastable forms, especially at sub-zero 
temperatures. The past few years have wit nessed an increasing interest in supercooled water and 
amorphous ice. If the properties of liquid water in the normal temperature range are already eccentric, 
then they become exceedingly so below the normal freezing point, in the metastable temperature range. 
Water can be supercooled to -39°C without too much effort, and most of its physical properties show 
a re markable temperature dependence under these conditions. Although ade quate explanations are 
still lacking, the time has come to review available knowledge. The study of amorphous ice, that is, 
the solid formed when water vapor is condensed on a very cold surface, is of longer standing. It has 
achieved renewed interest because it may serve as a model for the liquid state. There is currently a 
debate whether or not a close structural relation ship exists between amorphous ice and supercooled 
water. The nucleation and growth of ice in supercooled water and aqueous solutions is also still one 
of those grey areas of research, although these topics have received considerable attention from 
chemists and physicists over the past two decades. Even now, the relationships between degree of 
supercooling, nucleation kinetics, crystal growth kinetics, cooling rate and solute concentration are 
somewhat obscure. Nevertheless, at the empirical level much progress has been made, because 
these topics are of considerable importance to biologists, technologists, atmospheric physicists and 
gla ciologists.



Water A Comprehensive Treatise

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.

Water and Aqueous Solutions

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 Physical Chemistry of Aqueous Systems

The Radiation Chemistry of Water tackles radiation-induced changes in water and explains the behavior 
of irradiated water, with some changes in aqueous solutions. This book deals primarily with short-lived 
species like the hydroxyl radical, hydrated electron, and hydrogen atom, which cause the chemical 
changes in irradiated water and aqueous solutions. These species and their origin, properties, and 
dependence of their yields on various factors are discussed in several chapters. Other topics also 
covered are the diffusion-kinetic model of water radiolysis and some general cases, radiation sources, 
and dosimetry. This book is most useful to students in the fields of radiation chemistry, physical 
chemistry, radiobiology, and nuclear technology.

Molecular Theory of Water and Aqueous Solutions

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 Volume 
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Water and Aqueous Solutions,



This book forms the proceedings of the 11th International Conference of the Properties of Steam, con-
ducted in 1989 in Czechoslovakia. The session provided an international forum for the dissemination 
of information on recent progress in experiment, theory and formulation of the properties of steam 
and aqueous systems in the power industry during the past five years. The papers reflect present 
knowledge of the thermophysical properties of pure ordinary and heavy water to the properties of 
aqueous solutions, to the power cycle chemistry, to corrosion in power plants.

Water and Aqueous Solutions at Subzero Temperatures

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.

Water and Aqueous Solutions

Since the publication of the previous volumes many new aspects of the physical and life sciences have 
been developed in which the properties of water play a dominant role. Although, according to its preface, 
Volume 5 was to be the last one of the treatise, these recent developments have led to a revision of that 
statement. The present volume and its companion, still in preparation, deal with topics that were already 
mentioned in the preface to Volume 5 as gaining in importance. The recent development of X-ray and, 
more particularly, neutron scattering techniques have led to studies of "structure" in aqueous solutions 
of electrolytes on the one hand, and to the role of water in protein structure and function on the other. 
Both these topics have reached a stage where reviews of the present state of knowledge are useful. 
The application of ab initio methods to calculations of hydration and conformation of small molecules 
has a longer history, but here again a critical summary is timely. The role of solvent effects in reaction 
kinetics and mechanisms should have had a place in Volume 2 of this treatise, but, as sometimes 
happens, the author who had taken on this task failed tQ live up to his promise. However, since 1972 
the physical chemistry of mixed aqueous solvents has made considerable strides, so that the belated 
discussion of this topic (by a new author) is built on evidence that was not available at the time of 
publication of Volume 2.

RADIATION CHEMISTRY OF AQUEOUS SYSTEMS

Water is basic to terrestrial life, and its distribution has controlled the growth and spread of human 
civilization. The importance of water to modern industrial processes, urban planning, and agricultural 
development is hard to overestimate. With these compelling motivations, it is natural that more tech 
nical and scientific study should have been devoted to this one substance than to any other. Research 
on water and its solutions has exhibited a marked expansion during the last decade. In sig nificant 
degree, this has resulted from the availability of new experimental tools and techniques, and of dramatic 
advances in computing science. This combination, in skilled hands, promises eventually to explain the 
unusual properties of water and aqueous solutions in unequivocal molecular terms. like wise, one now 
has reasonable hope that the active role that water plays in biochemical processes will be revealed and 
explained quantitatively at the molecular level. Owing to the widespread scholarly interest in aqueous 
science, it is clear that guides to the overwhelm ing literature on the subject are valuable. They serve 
ideally to indicate what is known and what is not, which areas harbor controversies, and what types of 
research attacks seem most fruitful (in answering more questions than they raise!). Whatever time and 
resources need to be spent in preparing compre hensive bibliographies should be quickly offset in the 
total scientific community by the efficiencies generated.



The Radiation Chemistry of Water and Aqueous Solutions

This work includes 140 papers on pure and applied research of physics and chemistry of hydrothermal 
systems. It includes papers on metastable states, nucleation, super-cooled water and high temperature 
aqueous solutions.

The Aqueous Chemistry of Oxides

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.

Molecular Theory of Water and Aqueous Solutions

Water is the basis of all life. Preservation of aquatic ecosystems and protection of water resources 
thus are among the most important goals of a sustainable development. The quality of water is mainly 
determined by its constituents, the entirety of the substances dissolved or suspended in water. To 
assess the water quality on a sound basis requires in-depth knowledge about the occurrence, behavior 
and fate of these constituents. That explains the importance of hydrochemistry (also referred to as 
water chemistry or aquatic chemistry) as a scientific discipline that deals with water constituents 
and their reactions within the natural water cycle and within the cycle of water use. This textbook 
introduces the elementary basics of hydrochemistry with special focus on reaction equilibria in aquatic 
systems and their mathematical description. It is designed as an introductory textbook for students of all 
environment-related courses who are beginning their hydrochemical education. Only minor knowledge 
in General Chemistry is required to understand the text. The book is also suitable for continuing 
education. Topics discussed in this textbook include: structure and properties of water, concentration 
measures and activities, colligative properties, basics of chemical equilibria, gas-water partitioning, 
acid/base reactions, precipitation/dissolution, calco-carbonic equilibrium, redox reactions, complex 
formation, and sorption. The text is supplemented by numerous figures and tables. More than 50 
examples within the text as well as more than 60 problems to be solved by the reader support the 
acquiring of knowledge. Complete and detailed solutions to all problems are given in a separate chapter.

Alkaline Earth Hydroxides in Water and Aqueous Solutions

Over the past decade, numerous books have attempted to explain ions in aqueous solutions in relation 
to biophysical phenomena. Ions in Water and Biophysical Implications, from Chaos to Cosmos offers 
a physicochemical point of view of the spread of this matter and suggests innovative solutions that 
will challenge the biophysics research establishment. Starting with a throughout discussion of the 
properties of liquid water, in particular as a structured liquid with an extensive hydrogen bonded 
structure, the book examines water as a solvent for gases, non-electrolytes, and electrolytes and 
reviews the properties, sizes and thermodynamics of isolated and aqueous ions, as well as their 
interactions, including those of polyelectrolytes. The effects of ions on water structure, including those 
on solvent dynamics and certain thermodynamic quantities, are presented. This volume investigates 
water surfaces with its vapour, with another liquid, and with a solid, as well as the effects of solutes, 
including simple ions and the water-miscible non-electrolytes. Surfaces are relevant to biomolecular and 
colloidal systems and the book discusses briefly surfactants, micelles and vesicles. Finally, the book 
concludes with a review of the various biophysical implications involving chaotropic and kosmotropic 
ions in homogeneous solutions and the Hofmeister series for ions concerning biomolecular and 



colloidal systems and some aspects of protein hydration and K+/Na+ selectivity in ion channels. 
Ions in Water and Biophysical Implications, from Chaos to Cosmos will appeal to physical chemists, 
biophysicists, biochemists, as well as to all students and researchers involved in the study of aqueous 
solutions.

The Radiation Chemistry of Water

This book provides a thorough discussion of the thermodynamics of aqueous solutions and presents 
tools for analyzing and solving scientific and practical problems arising in this area. It also presents 
methods that can be used to deal with ionic and nonionic aqueous solutions under sub- or supercritical 
conditions. Illustrations and tables give examples of procedures employed to predict thermodynamic 
quantities of the solutions, and an appendix summarizing statistical mechanical equations used to de-
scribe the systems is also provided. High-Temperature Aqueous Solutions: Thermodynamic Properties 
contains essential information for physical chemists, geochemists, geophysicists, chemical technicians, 
and scientists involved in electric power generation.

The Effect of High Energy Radiations on Pure Water and Aqueous Solutions

The central theme, which threads through the entire book, concerns computational modeling methods 
for water. Modeling results for pure liquid water, water near ions, water at interfaces, water in biological 
microsystems, and water under other types of perturbations such as laser fields are described. 
Connections are made throughout the book with statistical mechanical theoretical methods on the 
one hand and with experimental data on the other. The book is expected to be useful not only 
for theorists and computer analysts interested in the physical, chemical, biological and geophysical 
aspects of water, but also for experimentalists in these fields. Contents:IntroductionMolecular Dynamics 
MethodsStatistical AveragesExperimental Description of WaterTheoretical Description of WaterBulk 
Water ComputationsResults for Aqueous SolutionsComputation for Water at InterfacesInterfacial Water 
in Chemistry and BiologyWater in Nonequilibrium StatesMassively Parallel ProcessingThe Far Past 
and the Near Future Readership: Chemists, biologists, physicists, computer scientists and geo-
physicists. keywords:Water Structure;Water Properties;Water Models;Aqueous Solutions;Interfacial 
Water;Field-Perturbed Water;Hydrogen Bonds;Hydration;Molecular Dynamics;Computer Simulations

Structures of Water and 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.

Water in Crystalline Hydrates Aqueous Solutions of Simple Nonelectrolytes

Properties Of Water And Steam: Proceedings Of The 11th International conference
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