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Foreword



There are questions in science that, once asked, cannot be unasked. They settle into the mind with a kind of gravitational pull, bending every subsequent thought around them. When Dr. Seravon Tuldrix first presented the framework of hydro-sentience at the 2021 International Symposium on Molecular Biophysics in Geneva, I was sitting in the third row, and I remember the precise moment the room shifted. It was not a dramatic shift. There was no audible gasp. But something changed in the quality of silence that followed, a silence freighted with the recognition that the question being posed was not merely provocative but potentially transformative.

I have spent four decades studying the biophysics of cellular membranes, and throughout that career, water has been a constant companion, both literally and scientifically. It is the medium in which biology happens. We have long understood this. What we have perhaps not fully reckoned with is the possibility that the medium itself is doing something. Not in the mystical sense that has sometimes attached itself to water research in popular culture, but in the rigorous, measurable, reproducible sense that serious molecular science demands.

The work presented in this book synthesizes findings from quantum biology, molecular dynamics, structural chemistry, and systems biology into a coherent framework that deserves serious attention. Dr. Tuldrix does not overreach. That is one of the great intellectual virtues of this text. Where the evidence is strong, the language reflects that strength. Where the evidence is suggestive but incomplete, the author says so plainly. This intellectual honesty is what distinguishes hydro-sentience research from the pseudoscientific claims that have historically plagued water science and given legitimate researchers reason for caution.

The concept of collective behavior in molecular systems is not new. We observe it in electron clouds, in lipid bilayers, in protein folding cascades. What is new in this book is the systematic argument that water molecules, given their extraordinary hydrogen-bonding capacity and their quantum mechanical properties at the molecular scale, engage in forms of coordinated response that bear structural resemblance to decision-making in complex adaptive systems. This is a significant claim, and the author supports it with corresponding rigor.

Readers will encounter in these pages a careful traversal of the experimental literature, from the controversial but instructive work of Jacques Benveniste in the 1980s and 1990s, through the quantum coherence studies emerging from groups at the University of California Berkeley, the University of Wisconsin-Madison, and Stockholm University, to the extraordinary findings about interfacial water dynamics that Gerald Pollack and his group at the University of Washington have been documenting for over a decade. Each body of evidence is placed in its proper context, neither inflated nor dismissed.

What strikes me most about this book, having now read it three times, is that it changes how I look at water. Not metaphorically. Literally. The glass of water on my desk as I write this foreword is no longer a neutral backdrop to my thinking. It is, if the arguments in these pages hold up, a participant. And the possibility of that changes everything.

Professor Elara Mwangi-Sorenson

Department of Molecular Biophysics, Karolinska Institutet, Stockholm

Fellow of the Royal Swedish Academy of Sciences

 


Preface



This book began with a failure. In the spring of 2014, my research group at the Institute of Molecular Systems Biology was attempting to model the dynamics of water molecules in the hydration shells surrounding a particular class of enzyme. Our molecular dynamics simulations were producing results that did not align with experimental measurements, and the discrepancy was not small. We were off by a margin that could not be attributed to computational error or instrument noise. Something was wrong with our model of water.

The standard computational approach treats water molecules as individual units that interact through well-characterized force fields. The models are sophisticated, and for many purposes they work well. But they treat water, fundamentally, as a collection of independent entities whose behavior can be summed up from individual properties. What our failed simulations were pointing toward was the possibility that this framing was incomplete. That water molecules, in sufficiently organized environments, do not behave as independent units at all. They behave as something more.

That realization sent me down a decade-long path of research, collaboration, and argument. This book is the result. It represents my attempt to synthesize what the scientific literature, including findings from my own group and from colleagues around the world, tells us about the collective properties of water at molecular and submolecular scales. The synthesis is mine, and where I have drawn conclusions that go beyond what any individual study demonstrates, I have been careful to say so.

The title warrants explanation. "Hydro-sentience" is not a term I use carelessly, and I want to be precise about what it does and does not mean. The word "sentience" in this context does not carry its folk-psychological meaning of subjective awareness or consciousness. It is used in the older, more technical sense of responsiveness to environmental stimuli in an integrated, system-level way. When I argue that water exhibits hydro-sentience, I am arguing that water molecules, under the right conditions, integrate information from their molecular environment and produce collective responses that cannot be predicted from the properties of individual molecules alone. Whether this constitutes something philosophically interesting beyond the molecular level is a question I address in the book, but it is not the core scientific claim.

I am aware that water has attracted more than its share of extravagant claims. From homeopathy to structured water therapies to claims about water memory that defy thermodynamic principles, the field has been a magnet for ideas that lack experimental grounding. I want this book to be read as a deliberate corrective to that tendency, not as a contribution to it. Every claim I make is supported by peer-reviewed experimental evidence, and where the evidence is incomplete or contested, I say so. Real data is the only currency of argument in these pages.

I am grateful to the many colleagues who have read drafts of this manuscript and offered critical feedback. Their pushback has made the argument sharper and the conclusions more defensible. I am particularly grateful to the researchers whose experimental work forms the empirical backbone of this book, many of whom I have had the privilege of knowing personally. Science is collaborative, and whatever is right in this book reflects that collaboration. Whatever is wrong is mine alone.

Dr. Seravon Tuldrix

Institute of Molecular Systems Biology
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I owe a debt to the late Professor Emilio Del Giudice of the Italian National Institute for Nuclear Physics, whose theoretical work on quantum coherence domains in water, developed in collaboration with Giuliano Preparata and others, provided critical conceptual scaffolding for Part II of this book. His willingness to correspond at length with a then-junior researcher who sent him unsolicited questions was an act of scientific generosity that I have tried to repay by treating his ideas with the seriousness they deserve.
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Introduction: The Question Hiding in Plain Sight


Consider what you already know about water. It covers 71 percent of the Earth's surface. The human adult body is composed of approximately 60 to 65 percent water by mass, a figure that climbs to nearly 75 percent in the newborn infant and somewhat higher still in the brain, which is composed of roughly 75 to 80 percent water by mass. Every biochemical reaction of significance in living organisms occurs in an aqueous medium. Water is not merely the context for life; it is, in the most literal sense, constitutive of it.

Given all of this, it is remarkable how rarely scientists have asked a particular kind of question about water: not what water does to other molecules, but what water does as a collective entity. The question is not whether individual water molecules interact with proteins, with DNA, with cell membranes. We have known for decades that they do, and we have characterized those interactions with impressive precision. The question is whether water molecules, when they interact with each other in sufficient numbers and with sufficient organization, exhibit behaviors that cannot be accounted for by summing up individual molecular properties.

The answer, this book argues, is yes. And the implications of that answer extend from molecular biology through neuroscience, from environmental science through medicine, in ways that are only beginning to become clear.

Why This Question Has Been Neglected

There are several reasons why the collective behavior of water has received less attention than it deserves. The most significant is practical: water is very hard to study. The hydrogen bonds that water molecules form with each other are formed and broken on femtosecond timescales, approximately 10 to the negative 15 seconds. The structural arrangements of water molecules in liquid water fluctuate so rapidly that they are extraordinarily difficult to capture experimentally. Until relatively recently, the instruments required to probe water structure at the relevant spatial and temporal scales simply did not exist.

A second reason is cultural. Water science has attracted a significant volume of extravagant, unsupported claims, and this has created a reasonable reluctance among serious researchers to work in an area where their findings might be associated with pseudoscience. When Jacques Benveniste published his 1988 Nature paper on the apparent ability of water to retain a biological "memory" of antibodies that had been diluted beyond the point where any antibody molecules remained, the subsequent controversy was so damaging to his career that it served as an object lesson for other researchers. Caution around water research was, for a generation of scientists, entirely rational.

A third reason is theoretical. The dominant frameworks for understanding molecular systems treat molecules as units whose collective behavior can be calculated from individual properties using statistical mechanics. This framework is powerful, predictive, and well-validated for many systems. But it rests on assumptions, including assumptions about the independence of individual molecular behaviors, that may not hold for water under all conditions. Questioning those assumptions requires willingness to work outside established theoretical comfort zones.

What Has Changed

Three developments have made it possible, for the first time, to take the collective behavior of water seriously as a field of scientific inquiry.

The first is instrumental. Ultrafast spectroscopy techniques, including femtosecond infrared spectroscopy and two-dimensional infrared spectroscopy, have made it possible to observe the dynamics of hydrogen bond networks in liquid water at timescales that were previously inaccessible. Groups including those of Andrei Tokmakoff at the University of Chicago and James Skinner at the University of Wisconsin-Madison have generated experimental data on water dynamics that has forced revision of older theoretical models.

The second is computational. Molecular dynamics simulations of water have become sufficiently sophisticated, and sufficiently well-validated against experimental measurements, that they can now be used to probe questions about collective behavior in ways that were not previously tractable. Simultaneously, the emergence of quantum mechanical computational methods that can be applied to water systems has opened new theoretical territory.

The third is conceptual. The growth of complexity science and systems biology as research traditions has provided theoretical tools for thinking about emergent properties in molecular systems. The concept of emergence, whereby properties arise at the collective level that are not present in the components, is now standard intellectual equipment for biologists and physicists alike. Applying it to water is not a conceptual leap; it is a natural extension of existing frameworks.

The Argument of This Book

The argument proceeds in four stages. The first stage, comprising Chapters One through Three, establishes the foundation. These chapters review what is known about water structure at the molecular level, including the quantum mechanical properties of individual water molecules, the dynamics of







