SECTION V

SUMMING UP: UNLOCKING EARTHLY MYSTERIES
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Chapter 18
The Secret Rules of Nature

While chatting with students in the laboratory several years ago, suddenly the lights went out — I almost fainted. My health had been perfectly robust. In fact it was so robust that my doctor hardly knew my name or even recognized my face. Suspecting a tumor, he now recommended a brain scan. There I was, inserted into that long scary tunnel waiting to learn whether my life was soon to be snuffed out.

The MRI technicians showed no hint of alarm. In fact, they were so nonchalant that I half expected to hear some quip about the quality of my brain. No such quip came.  Nevertheless, I did find myself musing over what we’d recently heard about someone else’ brain — a prominent US politician of rather dubious intellect. Following the MRI scan of his brain, his physician allegedly reported: “Sorry sir, but it seems there’s nothing right on the left side, and nothing left on the right side.”

Well, some healthy grey matter did seem to remain in my own brain after all. As far as they could tell from the MRI, everything seemed normal.

The subject of MRIs is pertinent to all you’ve read. Think about it. The MRI machine provides a detailed image of the brain’s nooks and crannies based on the relaxation properties of protons. Since the overwhelming majority of the body’s protons come from water, this means that the MRI measures the properties of the body’s water. If water were unaffected by local structures, then the MRI would produce no image; everything would look the same. The MRI can successfully visualize your brain — for better or worse — because local environment profoundly affects the water.

This brings us back to the central message of this book: water participates in all that happens. Water’s behavior depends on location and microenvironment, and MRI stands as a testament to that dependence. You might remember that the very invention of the MRI depended on water molecules’ ability to self-organize next to various surfaces, and organize differently next to different surfaces.

Having endured 17 chapters of watery immersion, you are surely entitled to an account of what all the foregoing material adds up to and where it might lead. That’s next. I begin by describing how our approach fits into the general framework of science, and then proceed to substantive matters: what are the takehome messages of this book?

The Culture of Science
Until the present era, scientists focused on seeking foundational mechanisms. They tried to understand how the world works. If their efforts uncovered paradigms that could explain diverse phenomena in simpler ways, then they knew they were onto something meaningful. Thus, Mendeleev’s periodic table could predictably account for the multitude of known chemical reactions; and Galileo’s sun-centered solar system obviated the need to invoke complex epicycles to describe planetary orbits.
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The pursuit of simplicity seems somehow to have evaporated from the scientific scene. In four decades of doing science, I have seen this noble culture yield to a culture less audacious and more pragmatic. The chutzpah has vanished. Scientists seem content with seeking short-term gains in narrowly focused areas rather than seeking fundamental truths that may explain broad areas of nature. A quest for detail seems to have supplanted the long-honored quest for simple unifying truths (Fig. 18.1).
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I believe that the culture of science has gone astray. You can judge this yourself by considering the results — the few conceptual revolutions that have emerged in, say, the past three decades. I don’t mean technical advances like the Internet; and I don’t mean hype or promised revolutions; I mean realized conceptual revolutions that have succeeded in changing the world. Think about it — how many realized conceptual revolutions of the past three decades can you identify?

The once-bold scientific culture has become increasingly timid. It seeks incremental advances. Rarely does it question foundational concepts on which those incremental advances are based, especially those foundational concepts that show signs of having outlived their usefulness. The culture has become obedient. It bows to the regality of prevailing dogma. In so doing it has produced mounds of data, but precious little in the way of fundamentally new understanding. 
In these chapters I have tried to reverse this trend. I have returned to the traditional way of doing science. Through observations of common everyday phenomena and application of simple logic, I have sought to answer the “how” and “why” questions that can lead to fundamental truths, while avoiding the “how much” and “what kind” questions that pervade the incremental approaches. I know it is not the fashion, but I think it may be a better way of advancing scientific understanding.

The specifics of this book emerged out of a sense that something was dreadfully wrong with current thinking about water. I felt that nature should be simple at its core; yet everything I read seemed complicated. I could spout off textbook basics to anyone interested, but scratching beneath that veneer of understanding consistently exposed a substrate of questions that I found difficult to answer. That troubled me.

My search for understanding necessitated venturing into many new fields. At times this could be unnerving, for a wealth of knowledge seemed to lay beyond my field of vision. On the other hand, venturing into new arenas afforded some flexibility: I was not constrained by the field’s orthodox thinking. Few areas seemed sacred enough to remain unchallengeable.

My singular goal has been to develop simple foundational principles that could lead to broad understanding. Those principles were not pulled from a hat. Extracting the principles from the mass of relevant observations involved a long, hard journey, not only for me but also for you the reader. In the end, I believe those foundational concepts can be distilled into four central principles.

Four Foundational Principles

Principle 1: Water Has Four Phases
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From childhood, we have learned that water has three phases: solid, liquid, and vapor. Here, we have identified what might classify as a fourth phase: the EZ. Neither a liquid nor a solid, the exclusion zone is perhaps best described as a liquid crystal, whose physical properties are analogous to those of raw egg white.
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The term “exclusion zone” may be an unfortunate one. My Australian friend John Watterson coined the term early on, when the most obvious feature of that zone was its exclusionary character. That definition stuck. We had fun quipping that EZ sounded like “easy,” the opposite of hard. Hard water is full of minerals whereas EZ water excludes those minerals. So the name seemed apt. In retrospect, it might have made better sense to call it the “liquid crystalline” phase, or the “semi-liquid” phase, as those descriptors fit more naturally within the phase-oriented rubric. 
Be that as it may, the sequence of phases that we reel off reflexively differs from what we have learned here. If the foregoing chapters offer a valid explanation of water’s character, then a more appropriate phase sequence would be solid, liquid crystalline, liquid, and vapor — four phases instead of three.

Any physical chemical analysis will need to take account of this fourth phase; otherwise that analysis could go far astray. With that revision, who knows? Freshman chemistry could become a lot simpler than many students now find it.

Principle 2: Water Stores Energy (E = H2O)

Water’s fourth phase stores two kinds of energy. Of the two, the subtler is order. Order constitutes configurational potential energy, which is deliverable as the order gives way to disorder. The order-to-disorder transition may in fact constitute a central energetic principle of the working biological cell (Pollack, 2001). The more obvious component of stored energy resides in charge separation: High-energy electrons bear the EZ’s usual negative charge, while hydronium ions bear the positive charge. These separated charges constitute a battery — a local repository of potential energy.

To imagine that nature would fail to exploit this potential energy is tantamount to discounting Mother Nature’s vaunted wisdom. Nature rarely discards available energy. It wisely parses out that energy for its diverse needs. Various beneficiaries have been described throughout this book, but more exist.
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One of those beneficiaries is biology. Albert Szent-Györgyi, the father of modern biochemistry, famously opined that the work of biology can be understood as a unitary theme: the conversion of high-energy electrons to lower energy electrons. Numerous biological reactions require electrons, and the EZ offers a ready source. The complementary hydronium ions play a role as well: Positive ion concentration constitutes pressure, which can drive flows of all kind. Flows exist everywhere in biology — in primitive and developed cells; in our circulatory system; and in the long vertical vessels of trees. Thus, EZ energy is widely exploited: both hydronium-ion gradients and high-energy electrons play central roles in all biological function. 
Another energy-delivery arena is the atmosphere. Consider the wind. Do you really understand how wind arises? Consider that the sun beats down upon the water surface, evaporating charged surface vesicles along with associated positive charges. All of those charges rise into the atmosphere. In the same way that charge gradients produce flow in liquid water, charge gradients could produce flow in the atmosphere. Atmospheric charge gradients may be natural vehicles for converting the sun’s energy into wind.

Practical devices can also come from the EZ’s potential energy. One such device is a water purifier. Because the EZ excludes solutes — including contaminants — harvesting the EZ amounts to harvesting untainted water. A simple and remarkably effective prototype harvestor has already been demonstrated (Klyuzhin et al., 2008). It amounts to a filterless filter, the water purification achieved courtesy of incident electromagnetic energy.

Hence, the potential energy associated with water’s fourth phase can be exploited in many different ways. Energy and water are practically synonymous. That’s the reason for proposing the equation, E = H2O. The equation may suffer a mismatch of units, but it does capture the essence of the second principle: water stores energy.

Principle 3: Water Gets Energy from Light 

Everyone understands that the sun illumines the earth and drives many earthly processes. What’s new here is that the sun (and other cosmic sources) may drive processes beyond the obvious — especially those involving water.

Loosely termed light, the sun’s electromagnetic energy builds potential energy in water. Photons recharge the EZ by building order and separating charge. They do this by splitting water molecules, ordering the EZ, and setting up one charge polarity in the ordered zone and the opposite polarity in the bulk water zone beyond.
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We don’t ordinarily think of water as receiving energy. A glass of water is considered more-or-less in equilibrium with its environment. However, the evidence outlined in these chapters shows distinctly otherwise: a glass of water is far from equilibrium. This out-of-equilibrium concept may sound exotic, but the foregoing chapters have amply demonstrated that water continually absorbs energy from the environment, and then transduces that energy into work.

The concept may seem less exotic once you realize that plants do the same: Plants absorb radiant energy from the environment and use that energy for doing work. Plants, of course, are mainly water; therefore, it is hardly surprising that the glass of water sitting beside your potted plant may transduce incident photonic energy in much the same way as the plant. 
It may be worthwhile taking a fresh look at any scenario in which radiant energy falls incident on water. Our focus has been mainly on chemistry, but physics and especially biology should be considered as well. For example, when the sun breaks through the clouds we may feel a surge of energy. Our psyches are surely involved in that sensation; however, it could also be that we feel energized because the incident solar energy builds real chemical energy in our cells. Some wavelengths penetrate deeply into our bodies — just put a flashlight behind the palm of your hand and see the light penetrate all the way through to the other side.

To suggest that incident solar energy may build energy in our bodies may seem a stretch, but cells do grow faster when illuminated with infrared energy, and laser-light therapy is an increasingly popular therapeutic agent. Since light builds energy in water and we are mostly water, harvesting energy from the environment seems plausible. Indeed, multiple harvesting applications might be found throughout biology.

Similar harvesting may apply in physics and engineering. For example, harvesting light energy absorbed in water may make it possible to produce useful electrical energy. EZ charge separation closely resembles the initial step of photosynthesis, which entails the splitting of water next to some hydrophilic surface. This resemblance is auspicious: if photosynthesis works as effectively as it does, then perhaps some kind of water-based artificial photosynthesis has a promising future. Designs built around water might one day replace current photovoltaic designs, which are now seriously depleting the earth’s resources.

At any rate, electromagnetic energy builds potential energy in water, which then becomes an energy repository. That energy can radiate back toward the source from which it came, and/or it can be harvested for doing work. That energy is a gift from the environment; it is genuinely free energy. Plausibly, such gifts can be exploited for resolving today’s energy crisis.

Principle 4: Like-charged Entities can Attract One Another
Perhaps the least obvious principle is the like-likes-like attraction. The idea that like charges can attract one another seems counter-intuitive — until you recognize no violation of physical principles is required. It’s not that the like charges themselves attract; the attraction is mediated by the unlike charges that gather in between. 
Many physicists presume that like-like attraction cannot exist, in spite of full acceptance by some of the giants in physics and chemistry. Those giants include Richard Feynman, who, in fact, coined the phrase “like-likes-like through an intermediate of unlikes.” Feynman understood that the like-likes-like attraction was fundamental to nature.

Earlier acceptance notwithstanding, most scientists now reflexively presume that like charges must always repel. Hardly a fleeting thought is accorded the prospect that those like charges might actually attract if unlike charges lie in between. The resistance may lie in the semantics: like charges don’t actually attract — it’s the intermediate opposites that create the attraction. The reflexive presumption that like charges must invariably repel has almost certainly led to unnecessarily complex interpretations or just plain wrong answers. What could be more fundamental than the force between two charges?

This book gives substance to the early understanding of like-likes-like. It identifies the source of unlike charges. EZ buildup generates plenty of unlikes, providing ample basis for the attraction.

Even beyond laboratory demonstrations, the like-like attraction may apply broadly throughout nature, from the microscopic to the macroscopic. An example is life’s origin. The origin of life likely involves the concentrating of dispersed substances into condensed entities; without such condensation no cell or pre-cell could exist. Like-like-likes attraction provides a natural mechanism for mediating this kind of self-assembly — just add light, wait a bit, and voila!

Atmospheric clouds are another example of like-likes-like. Clouds are built of charged aerosol droplets. By conventional thinking such droplets should repel and disperse throughout the atmosphere; however, the like-like-likes mechanism explains why those droplets may coalesce into the entities that we recognize as clouds. The sun provides the energy and the charges provide the force.

Whenever like-like repulsion is proffered to explain some phenomenon, ask yourself whether the opposite — like-like attraction — offers a better explanation. In some instances you might be on a fruitful path — increasing the likelihood of developing simpler and more accurate understanding of nature.

***

The four principles outlined above can be viewed as rules of nature, formerly obscured in some remote darkness and now unveiled in a clearer light. 

Those principles are rich with explanatory power. They help answer simple “why” and “how” questions: Why do gels hold water? How can champagne bubbles issue in seemingly endless strings? How can massive boulders be split apart with simple hydrated wedges? How does water rise to the tops of giant Redwood trees? Why do you see clouds of vapor above your hot coffee? Why is ice so slippery that you can fall on your face? And many more questions whose answers have long remained elusive.

Because of their vast explanatory power, these principles may be foundational for nature.

Why Have These Principles Remained Secret?

If these principles are as useful as claimed, then why have they remained secret for so long?  Why are they not included in the repository of common understanding?

At least four reasons come to mind, all involving cultural issues.

• First, water science has had a checkered history. The polywater debacle left scars; it kept curious scientists away from water for decades. Any researcher confident enough to enter the arena and fortunate enough to discover something unexpected was inevitably attacked with the recycled darts of polywater: surely their water must have been contaminated (even though natural water is anything but pure); therefore, their results can be safely dismissed with a wave of the hand. Then came water memory. Water memory seemed so improbable that it became the butt of scientific jokes: Having trouble remembering names? Try gaining memory by drinking more water. 
Thus, the field of water was twice stung. With those stingers poised to lurch at every turn, what prudent scientist would venture into the field of water research? Water became treacherous to study. Immersing oneself in water has become as perilous as immersing oneself into a corrosive acid.

• A second reason for the slow emergence of understanding is water’s ubiquity. Water is everywhere. Water occupies a place so central for so many natural processes that few people can conceive that basics as fundamental the number of phases could remain open to question. Surely someone must have worked out those basics, probably a century or two ago. This perception keeps scientists away. If anything, their reluctance has only intensified: today’s science rewards those who focus narrowly on trendy areas, leaving little room for questioning foundational issues. Especially for something as deeply rooted and common as water, the incentive to question fundamentals has all but vanished.

• A third reason for the slow emergence of fundamental principles is one that plagues all of science: intellectual laziness. Relying on received wisdom feels safer than dealing with the uncertainty of revolutionary disruption. You’d think that scientists would be eager for revolution, but most scientists feel more comfortable restricting themselves to minor deviations from the status quo. Scientists sometimes resist revolution as much as do standing monarchs.

• A fourth reason is fear: Challenging received wisdom means stepping on the toes of scientists who have built careers on that wisdom. Unpleasant responses can be anticipated. Here I have trampled on a lot of sacred ground. I anticipate due reprimand — particularly from scientists whose grants, patent applications, and other attributes of power depend on their scientific authority. A child might be forgiven for this sort of apostasy; senior scientists, alas, are rarely afforded such courtesy. Thus, most career-oriented researchers maintain their distance from anything that even smells like challenge. That conservative posture helps keep bread on their scientific tables.

To summarize, at least four factors bear responsibility for the painfully slow emergence of new principles: (i) the blighted history of the water field has kept scientists away; (ii) water is so common that fundamentals are presumed known; (iii) deviating from mainstream views can be unsettling; and (iv) questioning the prevailing wisdom has always been a risky business, no less so in the field of water. These obstacles have combined to produce a long-term stall.

I have tried my best to crank up that stalled engine.

The Future

Out of an attempt to answer a simple question came a major search for understanding. That question was why exclusion zones exclude. We sought a simple answer. The more we looked, the more we found. Finally, there emerged four general principles.

To see how far these principles might take us is a temptation to which I admit having succumbed. Initially, I had intended to include material on physics and biology in this book, but readers of preliminary drafts advised me to stick to chemistry. I listened. However, the principles derived here extend naturally into physics and biology. Follow-up books on those subjects are on the agenda, for there is very much more to say.

The key to progress in these arenas must include a fresh willingness to admit that the emperor has no clothes. Even the greatest of scientific heroes might have erred; we need to be prepared to acknowledge such. Those scientists were human: they ate the same kinds of food we eat, enjoyed the same passions we enjoy, and suffered the same frailties to which we are prone. Hence, their ideas are not necessarily infallible. It might seem irreverent, but if we are to have any hope of penetrating toward ground truth, we need to have the courage to question any and all foundational assumptions that seem vulnerable. Otherwise we may condemn ourselves to perpetual ignorance.

Where such explorations might lead nobody can say. Within the domain of uncertainty lies the charm of the scientific pursuit: through unfettered experimentation, logical thinking, and the occasional good luck of stumbling upon the unexpected, we may begin to illumine the dark recesses of nature.
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Figure 18.1. The scientific culture. Science today focuses mainly on the fine branches of the tree of knowledge, attempting to add incremental detail. It assumes that supporting limbs are robust.





Four “New” Principles of Nature





1. Water has four phases.


2. Water stores energy.


3. Water gets its energy from light. 


4. Because of this energy, like-charged entities can attract one another.














