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Chapter 7
Water: The Engine of Nature
For my colleague Vladimir Voeikov experiments are a passion. During my recent visit to his weekend dacha outside Moscow, Vladimir proudly pointed to the windowsill where beakers of water were under study. He then pointed to the garden where another experiment was in progress, this one executed by his wife and daughters decked out in their best garden duds.

Gardening is relatively new to the Voeikovs. They had acquired their dacha relatively recently. Russians seem to have a genetic passion for growing vegetables, and the Voeikovs were eager to try their hand. Their immediate neighbors had been doing it for generations, yet Vladimir’s plants stood fully one third taller than theirs. This mildly embarrassing achievement arose not out of any special gift or unusual dedication, for the Voeikovs’s thumbs were not noticeably greener than most. Something else was responsible for their success.

[image: image1.png]face page ch.7

oncept sketch




Vladimir claimed it was the water. His professional life includes time spent within a 200-km radius of Moscow University searching and testing for natural waters that are “energized.” This term may sound vaguely suspicious; but such energized water has become a central component of a medical regimen that has become legendary in the Moscow area — so who can say for sure? Not surprisingly, Vladimir uses that same water to grow his plants.
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Can water really contain energy? We’ve alluded to the possibility, but can it really be true that water actually stores and then delivers energy to plants and other entities?

Even raising such a question surely evokes suspicion of some kind of New Age charlatanism. After all, many Internet vendors hawk their brands of “energized” or “vitalized” water, and for the right price you can pick your choice. Please don’t confuse putative health benefits with the more fundamental issue of energy storage. The question here is simple: can water store energy, and is that energy deliverable for use?

The title of this chapter hints that this is possible, although conventional wisdom says otherwise. A closed bottle of water sitting on your tabletop is considered practically in equilibrium with the environment. The room might heat up and transfer some energy to the water; but other than this slow thermal process, no obvious mechanism allows the water to receive and store energy. Water is water — dull as a doorknob and hardly a vehicle for storing any kind of energy beyond heat. Or is it?

Radiant Energy and Water

The concept of energy transduction in water may be difficult to fathom. The waters of the earth are vast, and if incident electromagnetic energy could be stored in these bodies of water and later released, then the implications for earthly phenomena could be immense; the oceans could store and release massive amounts of energy. Of course this storage-release cycle happens all the time with heat energy. However, heat is low-grade energy — not so easily converted into work. Here we are considering non-thermal energy, energy of higher grade that could plausibly convert more readily into different kinds of work.

From previous chapters you may recall evidence for at least one kind of energy storage and conversion. Light absorbed by water builds structural order and charge separation. Separating these two components of potential energy may seem somewhat artificial for they come as a single package, but the point is that light (and acoustic and radio-frequency energy, if available) does confer potential energy to the water; and that energy can later be harvested as electrical energy. So we have at least a single example.
The question is whether this storage-release process can really be true. Even if the last chapter had made a flawless case for energy storage and release in water (and here I can hear the voices of my detractors), that case was built from a single line of experiments coming from a single laboratory. Surely the level of confidence would increase if independent evidence from other laboratories also showed storage of energy in water, especially energy derived from the environment.

Piccardi’s Marathon
Let me begin with the work of a legendary Italian scientist. On an otherwise uneventful flight from Seattle to Frankfurt I immersed myself something memorable: an old book by the distinguished chemist Giorgio Piccardi. A colleague had recommended this classic, but for the life of me I could not imagine how an old book with the title The Chemical Basis of Medical Climatology could possibly be relevant to the subject of water and energy. But once I began reading, I would have had difficulty stopping even if the engines began to sputter.

Piccardi was intrigued by the statistical variability of his experimental results. To learn more, he and his colleagues set up a series of diverse studies carried out daily over a period of some twelve years except for a brief hiatus during World War II. They conducted nearly a quarter of a million experiments. The central question: why did reaction rates vary from one experimental run to the next? Every experimentalist knows that this happens, but nobody knew why.

To obtain an answer Piccardi explored a variety of reactions in parallel. All of them involved water. The reactions included a simple chemical precipitation, the formation of a polymer, and a phase change involving the freezing of supercooled water. These were diverse reactions whose end points were clear enough that their timing could be measured with precision. Each day, with practically religious adherence, Piccardi and associates would carefully combine reagents and record the reaction times. All other parameters, such as temperature and pressure, remained constant.

A critical feature of those experiments was the use of metallic shields to block certain electromagnetic waves. Thus, all experiments would be carried out in pairs. Piccardi and his team would place one of each pair inside a metallic Faraday-cage shield or beneath a horizontal shield; they would prepare the other experiment identically but leave it unshielded. They then measured reaction times in the two situations for the variety of reactants.
Reaction times varied from one day to the next, as might be expected. Piccardi noticed that the mean values of the reaction times depended on whether the samples had been shielded or unshielded. The difference was consistent. This led Piccardi to conclude that some feature of the environment beyond local and known variables must play a role. And, because these differences were seen consistently in all reaction types, the effect seemed general. The only common element among the experiments was water. Thus, it appeared to Piccardi that the water must have absorbed some kind of energy that affected the reaction times.

Although the exact nature of that energy never became clear, the researchers observed certain cycles, which provided clues. For example, from December through January each year, the variations in reaction times sharply dipped but then began to increase around March, reaching a maximum during June and July. This happened consistently each year. Other recurring phenomena were noted as well. For example, reaction times varied with the natural periodicities of solar activity, and especially with sunspots and solar flares — clearly implying that the sun’s energy played a role.
Following extensive controls and systematic analysis, Piccardi concluded that the only plausible explanation was that radiant energy absorbed by water must have played a role in these reactions. As incident energy varied, so did the reaction times. The cycle periods were pivotal: they implied that the energy could come both from the sun and from the cosmic background of space.
Piccardi’s work generated a significant following. This included a special “Piccardi Group” established within the framework of an international scientific society. Although members of the group ultimately dispersed, one prominent Russian investigator, Simon Shnoll, has pressed on for more than four decades with experiments extending Piccardi’s work.

More Enigmatic Oscillations
In extending Piccardi’s approach, Shnoll and colleagues investigated biochemical reaction timing, as well as the timing of other phenomena including radioactive decay counts and certain gravitational issues. From such data, they constructed timing histograms, and examined the histograms’ “fine structure.” Using objective methods, they found that the fine structures of histogram pairs obtained at intervals of 24 hours, 27 days, and 365 days showed striking similarities, which could not be attributed to chance. Thus, Shnoll concluded that geophysical or cosmo-physical sources of energy must play a role. Otherwise, those periodicities would not have been present.
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Like Piccardi’s results, Shnoll’s results emphasize the role of energies beyond those most commonly considered. If such energies play a role, then they must first be absorbed; and, since water is centrally involved in both sets of experiments, the energy-absorption target would be water — the very hypothesis under consideration. Shnoll’s results go a step further, provocatively implying that these energies might also be absorbed in non-aqueous physical systems; but in most of Shnoll’s and Piccardi’s experiments, water is the central candidate for absorption.

Evidence for radiant energy absorption in water also comes from Vladimir Voeikov’s studies of light emission from aqueous solutions. The light intensity oscillates with a daily cycle (Fig. 7.2a). The experiment took place in a light-tight chamber that was temperature controlled, and the oscillation is larger than any variations arising from external temperature fluctuations (itself interesting). It was evidently the effect of some kind of input that varies with the diurnal cycle.
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Another such recording is shown in Figure 7.2b. Note the sharp upward inflection near the beginning of the trace. Suspecting some kind of experimental error, Voeikov checked and found that the upturn coincided exactly with the onset of a Moscow-area lunar eclipse; so cosmic energy evidently had an impact on the light output, far overshadowing the daily oscillation. The correlation was possibly a fluke, but subsequent features of the trace imply otherwise: at 24 hours following the eclipse, the upward shift began a modest downward recovery; at 48 hours it showed a sharper recovery; and at 72 hours, the record showed another sharp downturn. These 24-hour multiples for recovery seem unlikely to be coincidental. Thus, incident radiation from some cosmic source seems to be affecting the water, just as Piccardi and Schnoll had earlier concluded.

In sum, water absorbs energy from the environment. The observed periodicities offer no plausible interpretation other than that the source of energy is environmental. Hence, the previous chapter’s evidence does not stand alone; other experimental approaches point to water’s absorption of incident radiant energy and its subsequent conversion into other forms of energy — which produce diverse manifestations such as the generation of light and the driving of reactions.

These results make clear that a sealed flask of water sitting on a table is not really closed; it is open to the environment. It is much like a plant that may happen to be sitting next to that flask. Clearly, the plant is an open system: it exploits the radiant energy that falls incident upon its surface. The same appears true of the flask of water. This similarity should not be surprising because plant cells, after all, are mostly water.

Energy Transformation: The Engine of Nature

If water absorbs radiant energy, then what happens to all that energy? Can the water continue to absorb endless amounts of energy? Or, must the water process it in some way?

A helpful analogy is the inflation of a balloon. Increasing pressure confers potential energy to the balloon. If you let go, the balloon flutters about, releasing that potential energy in the form of kinetic energy. The energy you put in is converted to another type of energy. On the other hand, if you keep inflating without release, then the balloon will eventually rupture: All of the energy is released in one calamitous poof.
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Water is continuously absorbing energy, but the water evidently doesn’t explode. Therefore, some sort of continuous energy release must be built into the system. In the balloon analogy you might say that the balloon must be letting off a continuous stream of air (Fig. 7.3) — a pressure relief akin to a long, satisfying (and sometimes embarrassing) gush of flatulence.

How, and in what forms, does the energy get released from the water?
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You have already seen a few examples, but I will show you that those examples belong to a much larger set. Energy can be released in  many forms: optical, physicochemical, electrical and mechanical.

(i) Optical Energy Output 

I mentioned Voeikov’s light-emission experiments earlier. He has extended those experiments by measuring emission over long periods of time. Voeikov filled containers with water; added bicarbonate, peroxide, and a small amount of luminol for amplification. He sealed the containers and used a photomultiplier to examine light output over time.

The results were unexpected. Following the initial recording of light output, Voeikov stowed the containers in dark cupboards, testing them only from time to time. After well over a year of dark storage, the same sealed water flasks continued to deliver light. The intensity did decrease marginally, but the flasks continued to emit light for unexpectedly prolonged times. The light refused to go out.

You might expect light output from some chemical reactions — but continuing for over a year? Either some magic is at play or the aqueous suspensions must absorb incident energy and convert it into this practically unending photon-energy output. No need to belabor the point: the water solution acts as a light-bulb, delivering photonic energy practically endlessly with no obvious source other than the energy stored within the water (Fig. 7.4).
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A related example of optical energy release is the fire caused by radio-frequency energy. Radio-frequency energy absorbed by water causes gas evolution, which literally burns: you can see flames blazing just above an irradiated container of salt water (web ref 1). The process evidently produces light, as well as heat. That output resembles that produced by burning gas, but the medium here is water — energized water.
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(ii) Physicochemical Work
Turning from light, consider a second category of output: physicochemical energy. Envision a beaker filled with water plus suspended particles such as charged microspheres. At first the suspension is nominally uniform, but after several hours something seemingly mysterious happens: the microspheres all move toward the beaker’s periphery, leaving a vertically oriented, microsphere-free cylinder near the center (see Fig. 1.3). The microspheres are said to “phase-separate,” leaving one region rich with microspheres, and the other devoid of microspheres.

Systems left alone ordinarily tend toward disorder, not order. Entropy, after all, is time’s arrow. But the system above seems to move from disorder to order: initially scattered throughout the suspension, the microspheres eventually crowd around the beaker’s periphery. Such crowding is akin to a group of people initially mingling in casual conversation and subsequently asked to crowd into half the space. This will not happen spontaneously; it requires determination and energy.

The same is true of the observed phase separation: some kind of energy must drive it. Radiant energy is the obvious agent, and a later chapter will show indeed that radiant energy incident on the beaker’s periphery drives this phenomenon. However, the driver is of less consequence here than the effect — the reorganization. Constituent elements move toward more condensed arrangements. With this almost deterministic action, the water suspension performs work, i.e., it produces “useful” energy output.

Many types of separation occur in various colloidal suspensions, and in each case, the suspensions must do the work of moving particles against viscous resistance. Such work might more naturally fit into the section on mechanical work, but phase separations are ordinarily classified as physicochemical phenomena; so we put it here. Either way, the underlying movements provide evidence that water suspensions do movement-related work, just as they do optical work.

(iii) Electrical Work
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Also extractable from water is electrical energy (Fig. 7.5). As you have already seen in Chapter 5, placing electrodes into the water battery’s oppositely charged zones produces electrical current. This energy derived from  radiant energy that was absorbed by the water. Whether such energy production can compete with existing technologies remains uncertain, but the water battery does demonstrably produce electrical energy.
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We could also obtain electrical energy from zones of charge separation that were electrically induced (Fig. 5.6). By inserting electrodes into the respective charge regions, we could extract substantial energy — practically as much as the electrical energy used to build those charged zones.

Thus, water can certainly deliver electrical energy. Imagine using water to run your cell phone! That prospect should not come as too much of a surprise for water can already produce enough electrical energy to run a clock (Fig. 7.6).
(iv) Mechanical Work
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In the context of mechanical work, I refer principally to water movement, or flow. Transporting water uphill obviously requires work; you might even develop a sweat. Even if the transport occurs as horizontal flow through a tube you still need to exert energy in order to overcome molecular friction, or viscosity. Driving flow any kind requires energy input.

Now, suppose you are absent from this water-transport scene. If the energy doesn’t come from you, then it must come elsewhere, i.e., from the water itself. No other source is available.

That’s what I would like to illustrate here: flow production in the absence of “apparent” driving energy — other than the energy that might have been stored in the water. I present three examples.

Perhaps the most dramatic example is the flow that occurs inside hydrophilic tubes immersed in water (Figure 7.7). To see this, drop a 1-mm length of Nafion tubing into a small chamber of water, taking care to ensure that the water fully permeates the inside of the tube. The tube should then lie flat at the bottom of the chamber. To track any flow, you might add some microspheres or a blob of dye.

You would expect that nothing much would happen, but something does happen. After a few minutes of chaotic revving up, you will see steady flow running through the tube, much like blood flow through a vessel. The flow persists essentially indefinitely. Its direction is unpredictable from one trial to the next, but once it gets going, it persists with little diminution for as much as an hour, eventually slowing and stopping for various technical reasons (Yu et al., 2012). And, if you reorient the tube during this period, the flow maintains its direction relative to the tube.

We have observed this kind of flow not only through Nafion tubes but also through cylindrical tunnels bored within gels. The results are similar. Thus, rather than being specific to any one material, this flow phenomenon apparently occurs due to the materials’ hydrophilic nature and to some feature of the water. Evidently, some kind of stored energy drives this flow.

While the driving mechanism is not completely worked out, some aspects are clear (Fig. 7.8). An EZ demonstrably builds just inside the tube (a). Coupled with this EZ buildup is a buildup of hydronium ions in the core of the tube (b). When the concentration builds sufficiently, those positively charged water molecules must begin escaping one way or another to the fluid outside. That initiates the flow (c). The escape from one end of the tube pulls fresh water into the other. The incoming water gets protonated, and that perpetuates the flow.
Intra-tubular flow is not the sole manifestation of “spontaneous” water flow. In another example, a small hole is punched in the wall of a submersed Nafion tube. Water immediately flows through the hole into the tube (Fig 7.9). The flow is observable by adding tracer microspheres. Velocity is surprisingly high. Although it eventually diminishes, it nevertheless persists for an unexpectedly long period of time (O’Rourke et al., 2011).  Some energy must drive this flow.

Here is a third example of seemingly spontaneous flow: place a gel bead on the floor of a small experimental chamber. Then cover the half-millimeter bead with water to just above its top. Add microspheres to help detect flow. A surprise: in the upper layer of the fluid, the water consistently flows from all directions toward the bead (Fig 7.10). As it draws near to the bead — or near to its exclusion zone — it turns downward toward the chamber floor; it then continues on an outward course away from the bead. The flow effectively circulates outside the bead.

We have seen this circulatory feature consistently with different types of beads and different types of chambers; it is demonstrably not the result of some kind of inadvertent thermal convection (Zhao et al., 2010). The flow continues without fatigue for many hours, at least until flow can no longer be monitored because the microspheres have settled to the bottom of the chamber. This persisting flow must be driven by some kind of energy, presumably with a top-to-bottom gradient. Once again, energy stored in the water drives this continuous flow work.

When viewed in the context of standard energy paradigms these three flow regimes may seem mysterious, even astonishing. They could be rationalized if they arose from side effects such as thermal gradients, but each study carefully probed for such subtle artifacts and ruled them out.

The flows seem slightly less magical when viewed in the context of EZ formation, for the EZs lodged next to all of these material surfaces release protons. Even minor proton (or hydronium-ion) gradients will drive flows because charge gradients always want to even out. They are powerful drivers of all kinds of flow.

Which brings us to a slightly tangential point: what happens to the flows in the absence of a director? Suppose no tube, hole, or sphere is present to organize and direct these flows. What happens then? Radiant energy continues to enter the system; but how is all of the pent-up energy dissipated in the absence of directors that organize the flows?

Perhaps you guessed that movements might still occur, albeit undirected. Random displacements do occur ceaselessly in water; they are known as Brownian motions. These motions are consequential for physics and chemistry, and we will deal with them in Chapter 9. We will explore whether they might be driven by incident radiant energy.

For now, it should suffice to appreciate that absorbed electromagnetic energy has mechanical consequence. It may drive flows of all kind, which constitute work output.

The Balance of Energy

Water evidently does all kinds of work, ranging from chemical and optical to electrical and mechanical. It is packed with potential energy, obtained by converting radiant sources into EZ-based order and charge separation. That potential energy can then be delivered as work or energy output.

Only a fraction of the potential energy gets converted to work. The rest is given off as radiant energy, especially heat. This radiant output can be measured with an infrared camera, or sometimes even with a simple thermometer. Hence, some of the absorbed energy is returned to the environment. Not all of it goes for work production.

We might summarize these concepts with a simple equation, which is nothing more than a statement of conservation of energy:

input radiant energy = output radiant energy + released energy or work

In other words, some of the input energy powers work, while the rest radiates back to the environment. In that way, energy output and input remain in proper balance.

Summary and Prospects
We conclude this section of the book by reflecting on where the past chapters have brought us, and where the freshly revealed features might be taking us.

We first identified an unexpected feature of water. Next to hydrophilic surfaces, water molecules organize into liquid crystalline arrays, which can project unexpectedly far from their nucleating surfaces. Like crystals of ice, these liquid crystals exclude many substances ranging in size from macroscopic colloidal particles to submicroscopic solutes. The prominence of this exclusionary feature gave rise to the moniker “exclusion zone.”

Exclusion zones commonly bear a negative charge, while the bulk water zones beyond them contain a complementary positive charge. The two zones have different character: The negatively charged EZ appears to comprise a crystalline fabric built of stacked honeycomb sheets; and the positively charged zone is featureless, containing hydronium ions free to disperse according to the whims of electrostatics.

The energy required for building the EZ and separating charge comes principally from radiant sources. Infrared light is particularly effective. It is also omnipresent and free for the taking. Acoustic energy and radio-frequency energy seems also to show this capability, although details remain to be elucidated. These energies may act by dissociating bulk water molecules from one another, freeing them so they can build onto existing EZ layers like bricks onto a partially built wall. The water molecules stick naturally, and in the process of sticking, they lose positive charge to the bulk. In this way, the near-surface water battery gets charged.

The energy flow implied by this process is unconventional (Fig 7.11). It suggests that the radiant energy absorbed by water does not merely degrade as heat, as presently thought; it can also be converted into releasable potential energy, which can be delivered in various forms, including chemical, optical, electrical, mechanical, and perhaps other types of work or energy.

In other words, water is a transducer that absorbs one kind of energy and converts it into other kinds. The conversion may be instantaneous, as in fluorescence; or the energy may be held in reserve for future use, such as for growing vegetables taller than those of your neighbor.

So the title equation, E = H2O, seems on target: Water and energy go hand-in-hand.  Purists may decry the mismatch of units, for which I have no defense. Nevertheless, I think you understand what I mean: energy and water are closely tied to one another. Wherever water exists, so does stored energy, and this energy can do all kinds of work.

---

Think of what this means. You put energy into water and get other kinds of energy out (Fig. 7.12). Water is an energy converter.

Envision how this could impact practically every feature of water that you know of. Consider for example water’s heat capacity. Heat capacity is the amount of heat needed to raise the temperature by a fixed amount. For water, it is well known that this is larger than expected: the pot heats up much faster than the water inside.

The reason for the high heat capacity has been a matter of debate — but please look back at Figure 7.11. Radiant energy certainly raises water’s temperature, but some of that energy is drawn off for building structure. Only some of the input energy goes toward heating. As a result, water absorbs a larger than expected amount of radiant energy to raise its temperature.

Heat capacity is merely illustrative of the many energy-related issues that impact water, issues ranging from evaporation all the way to freezing, and a lot in between those extremes. You’d think that we understand those phenomena, but that’s not the case at all. Many anomalies remain — which is another way of saying that we haven’t a clue what’s really going on. Numerous water-related phenomena remain mysterious.

For resolving these mysteries an obvious starting point is developing an understanding of what happens to water as you add or subtract energy — and that’s where we are headed in the next section.
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Fig. 7.1 Vladimir Voeikov, in his office ruminating on his next experiment.





Figure 7.2a. Light output recorded from water containing bicarbonate ions, enhanced by dissolved luminol. Note the periodic intensity variation. [If the original didn’t have days of the week, begin on Sun to avoid weekend low-noise concern]





Figure 7.2b. Similar to (a) but recorded during an eclipse of the moon. [check abscissa numbers – they should correlate with text and labels. Maybe shift 0 to time of start of eclipse?]





Figure 7.6. Water clock.





Figure 7.3. Relief valve. Continuous release of energy assures that the system never overloads and explodes.
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Figure 7.4. Aqueous solutions can produce practically eternal light output.





Figure 7.9. Inward flow produced by hole punched in the wall of a Nafion tube. View is from top.





Figure 7.10. A gel bead (top view) positioned in a chamber containing water and microspheres generates a consistent flow pattern around the bead. Data from Zhao et al. (2010).





Figure 7.12. Water as a transducer of energy.





Figure 7.8.  Mechanism of intratubular flow. The key element is hydronium-ion buildup in the tube core, and its escape to the water outside.





Figure 7.11. Energetic pathways within water. The conventional pathway is heating; the newly revealed pathway is the creation of deliverable potential energy. 








Figure 7.7. Practically incessant flow occurs through hydrophilic tubes immersed in water.





Figure 7.5. Electrical energy generated from electrodes placed in the EZ and in the zone beyond.








