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Abstract

Water is the most studied substance in the world, but its
properties still amaze us. This work reports the experi-
mental results of electrical conductivity measurements,
X (uScm™) and pH of bidistilled water subjected to the
forced movement induced by a peristaltic pump. The
results of this physical perturbation, unforeseeable un-
til today, are extremely significant: Increases in electrical
conductivity x of 100-150 (uScm') and variations of pH
values from 5.6 to 8.2 were observed. The variations in
these two physicochemical parameters were measured
after a few hours of water flow obtained through a peri-
staltic pump that removed the liquid and then returned
it to the same container. With this configuration, we ob-
tained an iterative procedure (IPW-MW: Iteratively Per-
turbed Water-Moving Water). The rate of the phenom-
enology depends substantially on the volume of treated
water. The lower the volume of water, the shorter the
time needed to measure a stationary state. In fact, after
a first rapid growth of the x value, the system reaches
a plateau. The value of the conductivity of the plateau
is, unexpectedly, a function of the volume of bidistilled
water treated. The same phenomenon was observed for
pH as well.

These results indicate the discovery of a new phenom-
enology: “the volume effect.” Many other techniques and
measurements were carried out to support this discovery,
including:

1) Optical microscopy, identifying the presence of poly-
mers of micrometric dimensions.

2) Lyophilization of perturbed bidistilled water, produc-
ing a soft white solid.

3) Thermogravimetric Analysis (TGA) of this solid, show-
ing a very high thermal stability of an important frac-
tion of it (50%), up to almost 1000°C.

4) Fluorescence spectra, clearly showing the presence
of new chemical bonds that are not present in pure
water.

5) IR (infrared) spectrum, confirming the presence of
new compounds that appear as a consequence of the
peristaltic procedure we used.

6) ICP-MS (Inductively Coupled Plasma Mass Spectrom-
etry) measurements, not finding impurities to explain
the extraordinary new properties of the perturbed
water.
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Introduction

The study of water is an exciting field of research, as it
helps us understand the properties of the substance
in which life was born on our planet. In this work, we
revisit two procedures or perturbing methods that elicit
unknown behaviors, citing experiments already known in
the literature, and we introduce a novel third procedure
yielding still completely unknown results. The procedures
are:

1) The use of insoluble hydrophilic polymers of either
organic or inorganic nature.

2) The iterative procedure of water filtration, using
sintered glass filters.

3) The use of a simple peristaltic pump.

These procedures are very similar in that we subjected
the modified water continuously to the same iterative
procedure (IP).

During the last ten years our research team has
been interested in the aspects of the changes in the
physicochemical properties of pure water (bidistilled)
submitted to some physical, low-energy perturbations
(Elia et al, 2013b; Capolupo et al, 2014). The key to
the relative success of these trials was to put iterative
procedures into practice. We noticed that when you start
to submit the water to physical perturbations you do not
getsignificant changes inits physicochemical parameters.
Thus, you are likely to abandon the procedure! In some
specific cases, however, the iteration produces small
variations in the measured properties, and the perturbed
water can accumulate these effects until their value
reaches a plateau, which depends on the water volume.
The iterations significantly increase and enhance the
variations of the physicochemical parameters under
study. Fortunately, the small changes induced in electrical
conductivity (x) are among the easiest and fastest to
measure, a fact that has worked to our benefit.

Chronologically, we obtained the first interesting results
using filtration procedures, through sintered glass or
cellulose (Millipore) filters, i.e., perturbing method 2. The
filtered pure water recovered from a filtration underwent
a new filtration, and so on and so forth, iteratively. This
iterative technique produced significant experimental
results. After a relatively small number of iterations
on samples of low volume (1-10 ml), the electrical

WATER 14

conductivity x became high enough to be easily detected
(10-200 pS cm™). Of course, the measured parameters
were not limited to electrical conductivity, but they
included a variety of chemical and physical parameters,
such as the pH, the heat of mixing with acids and bases,
and the density (Elia et al., 2013b; Capolupo et al., 2014).

Perturbing Method 1:
Use of Insoluble Hydrophilic Polymers and
Inorganic Materials (IPW-N, IPW-CE, etc.)

A significant change in the possibility of interpretation
of the above experimental results occurred with the
discovery of the Exclusion Zone (EZ) by Pollack (Zheng et
al., 2006; Huszar et al., 2014). The EZ is a modified water
that forms at the liquid-solid interphase, e.g. between
a hydrophilic polymer (Nafion®) and the liquid. EZ has
properties that are more like those of a liquid crystal than
a liquid. This discovery has allowed us to hypothesize
that the iterative techniques lead to the accumulation of
clumps of EZ (Elia et al., 2013a), producing measurable
changes in the chemical and physical parameters of
perturbed water.

To obtain the perturbed water, we have used a large
number of either natural or synthetic - water insoluble
- hydrophilic polymers: Nafion®, Cellulose, Cellophane,
Crabyon, Hemp, Wool, Silk and Bamboo, as well as two
inorganic materials: the Yellow Neapolitan Tuff (Elia et
al., 2022b) and a sintered, very porous inorganic material
(Signaninietal.,2019). These studies employed aniterative
procedure of successive hydrations and dehydrations of
polymers (Elia et al., 2018; Elia et al., 2019). By varying the
chemical nature of the polymers used, we found many
similarities and some peculiarities in the variations of the
measured physicochemical parameters.

Of course, current paradigms cannot explain these
variations, because conventional changes of state fail
to consider the low energy transformation of water
molecules. One example, above all, highlights the need
to find a working hypothesis useful for the scientific
understanding of the new phenomenology. The simple
measure of electrical conductivity, after numerous
iterations, shows huge increases, up to four orders
of magnitude. The polymers used in the experiments
are all insoluble in water, while the multiple washing
processes carried out on these materials guarantee that
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the release of soluble compounds, like ions, is negligible.
These iterations cannot determine an increase in the
concentration of any electrolytes, if not at the level of
impurities. The phenomenology is not dependent on an
accidental increase in the concentration of electrolytes,
since the number of variations is incompatible with trivial
contamination. This statement finds decisive support in
the observation that different polymers give quantitatively
different results. At the same time, the results obtained
with the use of the same polymer sample for several
years are reproducible. It is a non-trivial physicochemical
phenomenology.

In the context of this example of the extraordinary
increase in electrical conductivity, one of our working
hypotheses sees the formation of polymers of water
molecules that favor the mobility of proton and hydroxyl
ions. Fluorescence, optical, atomic force, and electronic
microscopy techniques highlighted experimentally the
presence of polymers in perturbed pure water (Elia
et al., 2014a). The polymers would lead to an increase
in proton and hydroxyl mobility due to the increase in
the length of the jump proposed two centuries ago by
Grotthuss (Grotthuss, 1806). To our knowledge, this is
the first time that the idea of an increase in mobility of
the two ions derived from water determines an increase
in the electrical conductivity of the liquid water itself. It
must be underlined that the chemical composition of the
liquid has remained unchanged due to the insolubility of
the perturbing polymers used. Thanks to measurements
of pH, mixing heat, density, and various microscopy
techniques, this working hypothesis is widely validated.

From the processed liquids, it is possible to obtain a solid
by a simple freeze-drying procedure. The quantity of solid
obtained is strictly reproducible: up to about 6 grams per
liter of freeze-dried IPW (Iteratively Perturbed Water)!

Hence, we named the solid obtained, Xerosydryle (Elia et
al., 2022a), from ancient Greek: (yle) material, consisting
of (xeros) dry water (ydro):

« Xerosydryle exhibits exceptional resistance to high
temperatures. Thermogravimetric Analysis (TGA) high-
lighted this property. The curves of the TGA clearly and
indisputably distinguish the different chemical nature
of the perturbing polymer from that of the Xerosydryle.

« Further contributions to the hypothesis of the presence
of a new substance derive from the measurements of
Differential Thermal Analysis (DTA), fluorescence and
IR spectra of the various Xerosydryles obtained experi-
mentally.
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+ Unlike the perturbing polymers, insoluble in water, the
Xerosydryles are soluble in water.

+ Xerosydryles are a new class of materials.

We came across an unknown and fascinating topic, as
this introduction clearly shows. The most studied liquid
in the world is still capable of surprising us.

Perturbing Method 2:
Iterative Procedure of Water Filtration (IPW-F)

This method involves the iterative procedure of filtering
the water using sintered glass filters, with various
diameters of the holes in the filters.

We took the filtered liquid and iterated the filtration
procedure many times over. We observed that at each
step, the electrical conductivity systematically increased.
The incremental increase in this parameter depends on
the diameters of the holes and on the volume of the
liquid. The smaller the diameter of the holes and the
lower the volume of the liquid, the higher the increase
in the parameters measured (Elia et al., 2013b; Elia et al.,
2013a; Elia and Napoli, 2011).

Perturbing Method 3:
Iteratively Perturbed Water-Moving Water
(IPW-MW) Using Peristaltic Pumps

The new working hypothesis from our latest experimen-
tal results opened wide fields of research. The techniques
we used are extremely simple and at the disposal of any
researcher working in physicochemical labs. The experi-
ments described do not require complex and/or expen-
sive instruments to show the new phenomenology. After
a series of attempts, we concluded that water is very sen-
sitive to physical perturbations.

Also, the experimentation we propose for the first time in
this work is extremely simple. It requires the use of a con-
ductivity meter and a pH meter, i.e., the scientific equip-
ment to follow the variations in the electrical conductivity
and the proton concentration (pH).

In these experiments, the iteration of the procedure
plays the determining role. In the initial experiments,
we performed the iterations for moving water manually.
Later, we introduced automated iterations for moving
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water. The measurability of the phenomenon depends
on the accumulation of the effects of the perturbation in
the liquid subjected to experimentation. Most likely the
phenomenology is no different from that of the iterative
filtrations (Elia et al., 2013b; Elia et al., 2013a; Elia and Na-
poli, 2011). Electrical conductivity is, once again, the prin-
cipal measure of the variation because of its simplicity.
In the very first experiments, we manually put about 5
ml of bidistilled water in a 1-liter Pyrex glass bottle. Then
we transferred the liquid into a second identical bottle.
The procedure simply consisted of alternately transfer-
ring water from one bottle to the other. After hundreds
of steps, this strange procedure led to measurable varia-
tions in electrical conductivity. We passed from the ini-
tial value, very close to the unit, to values of tens of pS
cm™. As in the iterative filtration (IPW-F) experiments, we
determined that the perturbation (IPW-Moving Water,
IPW-MW) increased the conductivity value both when
increasing the number of iterations and when decreas-
ing the volume of water to be perturbed. For these rea-
sons, we surmised that the mere flowing of water into
glass containers, using a common peristaltic pump, was

Image A. Peristaltic pump apparatus for IPW-MW.
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the needed iteration. We enriched the liquid through a
“perturbation” that consisted of taking the liquid out with
the pump and reinserting it into the same container (Im-
age A). In this experiment, the observed phenomenology
is more significant for the smaller volumes. Measurable
results are obtained within a few hours (2-3). By varying
the type of the pump (peristaltic or membrane), we did
not observe qualitatively different effects, but peristaltic
pumps were more reliable and introduced some pecu-
liarities, depending on the frequency of the peristaltic
movement. A characteristic of this new perturbation lies
in the fact that the variations in electrical conductivity,
using bidistilled water, reached a plateau value of about
130 pS cm™ as compared to the initial value of 1-2 yScm-'.
The time needed for reaching the plateau is, however,
strongly dependent upon the volume to be perturbed
(Fig. 1 and Table 1).

In Figure 1, we report some experiments using peristaltic
pumps in which we measured the electrical conductiv-
ity as a function of time. Something new appears! This

: ‘l‘{}r‘{’ 7 ¥
‘\)\ £ 'T"\k
Image B. Optlcal mlcroscopy (500x) of IPW-MW

bidistilled. Different water polymers are clearly
visible.

Image C. Solid obtained after lyophilization of

300 ml of IPW-MW produced from bidistilled water,
with parameters reached before lyophilization:

X =76 uyScm”, pH=7.4.
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15mL 20mL 40mL 70mL 80mL 90mL 100mL | 50mL
th X X th X X th X X th X t/h X
pScm? | uS cm™ pScm! | uS cm?’ pScm? | uS cm™ HS cm! uS cm'?

0,00 4 3 0,00 5 3 0,00 3 2 0,00 4 0,00 2
0,08 27 26 0,08 24 18 0,08 8 8 0,08 8 0,08 4
0,17 46 42 0,25 34 28 0,25 25 24 0,25 22 0,17 30
0,25 50 46 0,50 40 34 0,50 34 32 0,50 30 0,33 45
0,33 56 50 1,00 50 38 0,75 38 36 0,92 34 0,50 46
0,50 66 57 1,75 68 45 1,00 40 38 2,08 43 0,67 49
0,75 78 70 3,00 94 60 1,25 42 40 292 46 1,08 52
1,00 95 83 3,50 104 67 1,75 46 43 3,92 50 2,58 70
1,25 107 93 4,50 11 76 3,75 63 55 6,42 64 3,58 78
1,50 114 102 5,00 114 80 4,75 74 61 742 68 4,58 88
2,00 126 115 8,33 128 97 5,75 78 64 9,42 78 5,68 99
2,58 129 122 10,00 130 102 7,25 87 69 10,92 77 7,50 105
3,67 140 131 12,00 130 105 9,92 102 73 12,92 78 9,00 116
4,50 142 135 14,00 133 105 10,75 105 77 14,50 78 9,92 123
7,00 143 136 14,17 134 107 11,25 107 78

8,50 144 137 14,33 135 108 12,25 110 79

12,75 114 80

Table 1. Electrical conductivity (x) as a function of time at different volumes of bidistilled water of the samples.

is due to the extraordinary dependence on the volume
of water perturbed. The phenomenon is clearly repeat-
able but not reproducible because of the very low energy
involved in the process. Considering the high number of
parameters involved (flux, peristaltic frequencies, volume
of the samples, concentration of CO,, etc.), it is very dif-
ficult to obtain real reproducibility. Still, we put the new
phenomenology into evidence without any doubts.

Figure 1 shows the experimental values of the electri-
cal conductivity x as a function of time for different vol-
umes of bidistilled water (15-100 ml), in long experiments
(about 15 hours). It shows the very different curves ob-
tained, and how the phenomenology is nevertheless re-
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Figure 1. Electrical conductivity () as a function of
time at different volumes of bidistilled water of the
samples.
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peatable. Notice how the lower the volume, the lower
the time to reach a plateau. In addition, the plateau val-
ues are not the same, but depend on the volume of the
processed sample, and not simply on the pumping time.
This is a new, unknown phenomenology not compatible
with orthodox behavior: what we call the “volume effect.”
All these experimental results were obtained using dif-
ferent peristaltic pumps, even if at approximatively the
same flux, and involved many parameters (the flux, the
diameter of the tubes, the volume of treated water, the
CO, concentration in the atmosphere, etc.). Therefore, it
is not possible to perfectly control this very low energy
process. For this reason, the experimental results appear
repeatable but, until now, not perfectly reproducible.

160
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Linear Fit
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120 4
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Figure 2. Electrical conductivity () vs volume of
perturbed water (V) after 7 hours.
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Under some favorable conditions, we can assume that
we are also giving the same mechanical perturbation,
or at least, the same energy, to the very different water
volumes. Even in these conditions, it is probable that a
simple mathematical relation between x and time exists.
It is interesting to note that looking at either Table 1 or
Figure 1 it is possible to see a relationship between elec-
trical conductivity and time. After seven hours, as seen
in Figure 2, a very good linear correlation appears. In any
case, the behavior of these systems cannot be explained
using known orthodox theories.

Figure 3 shows micrographs by optical microscopy (50x
magnification) of drops taken from the same 50 ml sam-
ple, at three different times during the peristaltic proce-
dure, thus showing different conductivity values: 35, 57 e
148 pS/cm™. Note the synchronous increase in conduc-
tivity and in the number and size of the objects visible
with the optical microscope. This very new experimental
result confirms the hypothesis that the concentration of
water polymers and their size increases with the period
of peristaltic pump use. We believe that this result opens
new research opportunities regarding the properties of
water, the substance in which life was born on our planet.
It is worth noting that the micrographs show two phe-
nomena: the increase in the number of polymers per unit
area and the increase in their size. This type of experi-
ment strongly supports the validity of the results.

Given the extraordinary nature of the phenomenon, we
decided to make the results public as soon as possible.
At a later stage, we will introduce any further improve-
ments. Using containers or bottles of different materi-
als, such as glass, polyethylene or polypropylene, for
example, the phenomenology qualitatively reproduces
the same results. If we stop the flux of water, the system
maintains the values of the parameters. When we restart
the pump, the phenomenology continues along the same

trend. These results demonstrate that the perturbation
is not a reversible phenomenon but is more likely a state
function based on a very low energy process; for this rea-
son, the phenomenology is repeatable but not reproduc-
ible. These results are also a very good indication of the
stability of the perturbed liquid! The lyophilization of this
perturbed liquid (IPW-MW) leads to a solid that appears
as flakes with a soft appearance and clearly white color
(Image C).

The new iterative procedure used in this perturbing
method (moving water) is simpler than the previous ones.
In addition, a single experiment obtains measurable re-
sultsin a few hours and these results are very similar. The
value of x increases as does the value of pH. The nature
of the container (Pyrex glass) and the short time needed
for each experiment excludes all possible explanations
based on the release of impurities or the growth of bac-
teria or seaweed. The latest results obtained with peri-
staltic pumps are consistent with the new paradigm that
water can change its physicochemical parameters be-
cause of physical perturbations of low energy. We think
that the very high increase of the pH parameter and the
corresponding increase of x are indicative of a peculiar
new property of water.

Considering the difficulty in explaining the rich phenom-
enology with too simple or naive chemical hypotheses,
we propose a new paradigm: “The iterative perturbation
method produces polymers of water molecules.” Their na-
ture and dimensions depend on the nature of the per-
turbation, as well as on the chemical composition of the
perturbing material. For example, Nafion® as perturbing
polymer produces increments of x and a decrease of pH
(Elia et al., 2013a; Elia et al., 2014b; Elia et al., 2013b). All
the other iterative perturbations, including iterative filtra-
tion, contact with hydrophilic polymers (Elia et al., 2014a;
Elia et al., 2020; Elia et al., 2015) or moving water, the new

——

%=35puS cm’ y=57 uS cm’

-

x =148 pS cm™

A [ ’ # N W

Figure 3. Optical microscope photos (50x magnification) of the same sample of water, moving through a peristaltic pump, at
three different times and consequently at three different specific conductivities (uS cm™).
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procedure described in this paper, that use a peristaltic
pump, produce an increase of x and pH. The numeri-
cal variations of the cited parameters are very different
between the two methods and depend on the iterative
perturbation used. Previous procedures (Elia et al., 2020;
Elia et al, 2015) depend on the EZ clumps identified by
Pollack. Instead, in the peristaltic pump procedure, a new
phenomenology of mechanical nature likely appears.

The working hypothesis we propose (described below)
for the increase in electrical conductivity and pH de-
pends on the presence of polymers of water molecules
that allow liquid water to partly behave like a solid (Elia
et al, 2014a; Elia et al., 2013a; Elia et al, 2017; Elia et al.,
2018). The increase of x depends on the increase in mo-
bility of the H*(Grotthuss jump mechanism) and/or of the
OH- ions, making longer jumps possible in the presence
of water polymers. This phenomenon could explain the
mechanism of water transportation into very tall plants,
where water could be transferred from the soil after dis-
sociation into proton and hydroxyl ions (Signanini et al.,
2019). This is the first time that the increase of electri-

EHT = 1500 kV Signal A = SE2 Date :12 Apr 2024

cal conductivity of water is attributable to the increase
of mobility of the two ions in which water dissociates.
No increase in ionic strength is needed. In the case of
Nafion® as perturbing hydrophilic polymer, pH reaches
the very low value of 3.0. In the other cases studied, the
experimental measurements lead to very alkaline liquids
(pH 8-9) using the methods of iterative filtration, iterative
procedure of hydration and dehydration of hydrophilic
polymers, and moving water. It must be emphasized that
to obtain these very large changes of pH, at least until
now, the only way would be to add an acid or a base to
the sample. The moving water procedure excludes this
possibility because of its simplicity and the short time of
the procedure to obtain the cited results. We face a very
intriguing new phenomenology concerning the physico-
chemical properties of water. The coherence of the new
results in this work with literature allows us to harmonize
all these similar results under the same new paradigm.

The working hypothesis of formation of water polymers
that have chemical affinity to the H* can be tested in the
case of the very simple procedure that uses the peristal-
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Figure 4. (a,b) SEM images at two different magnification values of a sample obtained by perturbing 200 ml of
bidistilled water by peristaltic pump. (c) EDX pattern of same image displaying all the peaks including impurities

and metals deriving from stub and metal coating.
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tic pump. We simply used the perturbing method with
peristaltic pumps on different samples, obtained adding
different quantities of HCl to the bidistilled water before
perturbation, to start the experiment with the wanted pH
value.

SEM-EDX Measurements

Figure 4 (a,b) reports the SEM image at two magnification
values of a sample obtained by perturbing 200 ml bidis-
tilled water via peristaltic pump. Measurements were
obtained using FESEM Ultra-plus (Zeiss) Scanning micro-
scope using 10 kV accelerating voltage. The lyophilized
sample was redispersed in bidistilled water to be spotted
onto the substrate and coated with sputtered gold. An
aluminum stub was used to avoid sources of carbon de-
riving from the holder. SEM images show a granular mor-
phology of the material with a feature size below 200 nm.

Figure 4c also reports the Energy Dispersive X-ray (EDX)
pattern displaying several peaks. Excluding the Al peak
of the stub, the Au peak of the coating of the sample
and some impurities, we focused on oxygen, carbon as
well as calcium considering that one possible source of
carbon can be calcium carbonate. The following table re-
ports the list of their Wt%:

The Role of H* Concentration
in the New Phenomena

In Figures 5, 6, 7, 8 and 9 we measured both x and pH
of the same sample as time passed while the peristaltic
pump was moving the water. Similarly to x, pH also var-
ied. The sample had HCl added before being pumped to
reach the wanted initial pH value (e.g. pH = 6 in Table 2
and Figure 5).

Normally, to obtain the increase in X, an electrolyte must
be added to water and to obtain the increase in pH, a
basic substance must be added to water. This new phe-
nomenology stops after a certain time interval, when it
reaches a plateau. This means that, as for low soluble
salts, a maximum concentration of water polymers at the
plateau value was reached.

The phenomenon is repeatable even if you reuse the
same container in the next experiment. Hence, the hy-
pothesis of impurity release from the container is not
credible. The synchronous behavior of the two param-
eters is very interesting.

Element Wt%
(3 20.9
(o] 74.42
Ca 4.68

Very interestingly it emerged that most of the material
is made of oxygen, corroborating the hypothesis of a
material born from liquid water. However, there is also
a consistent amount of carbon that cannot only be justi-
fied by the calcium carbonate considering the excess of
carbon. Most probably some of this carbon comes from
the atmosphere. (“Process and apparatus for the capture
and storage of the carbon of CO, in the structure of the
Xerosydryle,” Italian Patent pending: 102022000020472).
Further experiments in a controlled environment are on-

going.

It is obvious that, together with the already performed
ICP MS measurements on the perturbed water in liquid
phase (see Table 9) this EDX analytic result on the solid
material (Xerosydryle) - obtained by iterative flowing pro-
cedure induced by peristaltic pump apparatus - removes
any imaginative “contamination hypotheses.”
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Figure 5. x and pH of a sample to which we
added HCl, bringing it to pH 6.0.

0,0 25 5,0 7,5

th X/ us cm’ t/h pH
0,00 7 0,00 6.0
0,25 42 0,75 8.0
0,75 52 1,00 8.0
1,00 54 1,50 7.9
1,50 59 3,50 7.3
2,50 75 400 76
3,00 89 500 7.5
3,50 100 19,00 76
4,00 108

5,00 122

6,00 129
19,00 146

Table 2. Measures plotted in Figure 4.
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Possible Working Hypothesis

The movement produced by the peristaltic pump induces
the formation of polymers of water molecules, as seen in
the optical microscopy image (Image B). The same poly-
mers of water molecules (or in general polymers of wa-
ter molecules) could also explain the solid obtained by
lyophilization of the perturbed water (Image C).

The presence of polymers determines, via Grotthuss
jump mechanism, an increase of mobility of both ions de-
riving from water dissociation, i.e., proton and hydroxyl
ions, as already described previously. For this reason, an
increment of x is observed in pure water. At the same
time (Elia et al., 2019) the binding constant of the two ions,
H* and OH-, to the polymers determines the formation
of complexes having charge separation. If the prevailing
complex depends on H*, the liquid assumes a pH greater
than 7 (8, 9 and 11). The opposite is true in the case of
complex formation with OH-. Figure 4 clearly shows the
synchronous phenomena! The increase of pH stopped
a little before the increase in x. When the concentration
of the free H* decreases (pH increases), the complex for-
mation stops because of the very low concentration of
the protons. The simultaneous increase of conductiv-
ity is probably due to the contribution of OH-via jump
mechanism, until the concentration of polymers reaches
its maximum. It must be emphasized that the measured
increase in pH is due to the reduction of the concentra-
tion of free proton ions (bonded ions) and not to the in-
crease of the OH-ones. For the conductivity, the increase
does not stop at the same time because of the presence
of free OH- ions that also can exploit the jump mecha-
nism. A saturation of the concentration of polymers of
water molecules should determine the two plateaus in x
and pH. The working hypothesis agrees with the forma-
tion of the complex between H* and the polymers of wa-
ter molecules. When the concentration of free H*reaches
very low values, due to the very high value of measured
pH, the formation of the complex proton water polymers
cannot occur because of their very low concentration.
Therefore, the increase of pH stops. The coherence with
the working hypothesis seems acceptable.

To check the working hypothesis and understand the role
of the presence of H*, we measured the effect of the use
of the peristaltic pump on a solution of HCl in bidistilled
water. The presence of a large quantity of free H* should
modify the phenomenology. The system reaches a lower
acid level compared to the one compatible with the pres-

WATER 14

ence of the added HCl because of the new possibility of
complex formation between the polymers of water mol-
ecules and the added free protons. It seems that the sta-
bility of the polymer depends on the presence of a higher
quantity of free protons. When the concentration of pro-
tons is approximately lower than 108 moles per liter (pH
= 8), the phenomenology stopped (Figures 5-9). For all the
systems, we used 50 ml of acidic solutions via the pres-
ence of HCl and the same peristaltic pump to reduce the
influence of possible variability of the perturbing system.

It is very interesting to note that at the beginning of the
procedure in pure water, there are very rapid and notice-
able increases of the two parameters x and pH. Both in-
creases are consistent with the working hypothesis. The
rapid increase of pH depends on the binding process of
free H* ions on the formed polymers of water molecules.
The rapid increase of pH then rapidly reduces because
of the very low values of free H*. For the increase of con-
ductivity, we must consider that both the ions produced
in water dissociation contribute to the jump mechanism
and the large concentration of the free OH" ions contrib-
utes to increase conductivity.

In this case of a quite neutral control at pH=6 (pure bidis-
tilled water) we obtained an increase of both parameters
and for a long time, the system reached two plateaus
(see Figure 5). The working hypothesis explains the in-
crease of pH with the formation of polymers of water
molecules that can bind the free protons, and it explains
the increase of conductivity with the increase of mobility
via the jump mechanism. When the concentration of free
protons is about 108 moles/liter the binding phenomena
disappears. The entire phenomenology depends on the
presence of free protons.

t/h X/ uS cm™ t/h pH
0,00 1380 0,00 2.6
0,08 960 0,08 2.9
0,17 734 0,17 3.1
0,25 620 0,25 3.3
0,33 556 0,33 3.6
0,42 526 0,42 3.9
0,67 496 0,67 4.5
1,17 485 1,17 4.6
1,92 498 2,42 54
2,17 500 2,92 6.7
2,42 497 3,42 6.8
2,92 510
3,42 510

Table 3. The variation of x and pH as a
function of time for a solution of HCl in
bidistilled water at pH 2.6 and V =50 mL.
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Figure 6. x and pH of a sample to which HCl was
added, changing it to pH 2.6.
th [x/pSem'| pH |
0 410 32
0,08 260 39
0,25 158 47
0,50 189 64
0,75 200 13
125 212 14
1,75 M 11
225 21 13
[ 326 228 16
Table 4. The variation of x and pH as a function of
time for a solution of HCl in bidistilled water at pH
3.2and V=50 mL.
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Figure 7. x and pH of a sample to which HCl was
added, changing it to pH 3.2.
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th |x/psem’| pH
0,00 140 34
0,08 100 43
0,17 81 6.0
0,25 88 6.5
0,33 97 70
0,41 101 74
0,50 104 8.1
0,58 107 85
0,67 110 86
0,75 113 8.7
0,83 116 86
1,08 116 86
| 1,83 129 85 ||

Table 5. The variation of x and pH as a function of
time for a solution of HCl in bidistilled water at pH
3.4 and V=50 mL.

175 14
—&— IPW MW bidist. y =140 pS em™
150 + —e— IPW MW bidist. pH = 3,4 112
i d
125 - M—‘/ 410
=800 . ]
100 - o ol R
\ ./ P I
0/0/. .
754 /./ 46
504 * J4
'
25 4 42
0 L L A | LI 0
000 025 050 075 100 125 150 175 200
t/h
Figure 8. x and pH of a sample to which HCl was
added, changing it to pH 3.4.
t/h X 1pS cm™ pH
0,00 80 3.6
0,17 78 3.8
0,33 63 4.0
0,41 54 4.3
0,58 50 4.5
0,67 50 4.7
1,00 50 4.8
1,25 51 4.9
1,75 52 4.9
2,25 52 5.0
2,75 53 5.0
3,25 55 5.0
3,75 57 5.0
4,25 58 5.0
5,25 61 5.0
6,25 64 5.1
Table 6. The variation of x and pH in function of
the time of a solution of HCl in bidistilled water at
pH 3.6 and V = 50 mL.
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The value of x increases as the value of the pH increases.
To check the validity of this working hypothesis we con-
ducted the iterative procedure in the presence of added
HCl to verify if the pH increases much more. We conduct-
ed many experiments in the presence of HCI. See Figures
5-9.

After observing the experimental results, it is astonishing
to note that at a very low pH of 2.6 (Figure 6) the produc-
tion of polymers of water molecules can reduce, via bind-
ing the free protons, the conductivity from 1380 to 500 pS
cm™ and cause an increase of pH from 2.6 to about 7.0. It

120 14
—&— IPW MW bidist. y, —80 uS em™
200 —&— IPW MW bidist. pH = 3,6 412
] 410
80 .
-
5 48
S ,_‘,.——o—o——"w/ 5
= -6
40 e-o* . » .
»"‘. 44
201 42
0 1 Il | T T T 0
0 1 2 3 4 5 6 7
t'h

Figure 9. x and pH of a sample to which HCl
was added, changing it to pH 3.6.

means that the concentration of water polymers may be
very high. This may be a variation of five orders of magni-
tude for the proton concentration.

In the case of an initial pH of 3.2, the production of wa-
ter polymers can reduce the initial conductivity of 410 to
about 150 pS cm™ and produce an increase in pH from
3.2 to about 8.0.

In the case of the pH of 3.4, the initial conductivity re-
duced from 140 to 80 pS cm™” and caused an increase in
pH of about five orders of magnitude. This case was very
similar to the previous case.

Increasing the value of the initial pH, in other words, mov-
ing toward the neutrality of pure distilled water, the varia-
tions of conductivity and pH reduce, as is the case in Fig-
ure 9. The conductivity varies from 80 to about 60 while
the pH varies from 3.6 to about 5.0.

In the case of non-acid water, the phenomenology is
quite different! Both conductivity and pH start to increase
immediately (see Figure 5). x varies from 2 to about 140
pS cm” while pH increases from about 6-7 to 8.2. These
results show that the system “water” has an equilibrium
constant for the formation of water polymers and so the
maximum quantity for the formation of Xerosydryle is
regulated by thermodynamic parameters (AG, AH, AS);
nature prevents the complete formation of water poly-

t’/h pH t/h pH | t/h pH tth | pH | tth | pH | t/h pH
0,00 | 3.4 0,00 32 (000 | 40 | 000 | 60 |000]| 37 | 0,00 | 3.0
0,08 | 35 0,08 39 | 00z| 47 [p25 | 72 [003] 41 | 002 | 31
0,17 | 6.0 0,25 47 | 005| 59 | 027 | 89 | 0,05 47 | 0,03 | 3.2
0,25 | 65 0,50 64 | 007 | 65 | 028 | 94 | 0,06 | 53 | 005 | 3.4
0,33 | 7.0 0,75 73 | 009 | 68 | 030 | 95 | 0,08 | 56 | 0,07 | 35
0,41 74 1,25 74 (010 | 77 | 031 | 95 | 0,10 | 6.0 | 0,08 | 3.6
0,50 | 8.1 1,75 71 || B3 |83 | 96 |011 | 62 | B12 | 38
0,58 | 85 2,25 73 |014 | 90 | 035 | 96 | 0,13 | 63 | 0,15 | 3.9
0,67 | 86 3,25 76 | 015 | 93 | 038 | 96 | 0,15 | 65 | 0,23 | 4.3
0,75 | 87 / / 017 | 94 | 041 | 96 | 0,16 | 6.8 | 0,33 | 4.7
0,83 | 86 / / 025 | 94 | 067 | 96 | 0,18 | 71 | 058 | 5.9
1,08 | 86 / / 0,50 | 9.3 100 | 94 | 020 | 75 | 0,67 | 61
1,83 | 85 / / 0,75 | 9.2 150 92 [ 021 77 | 070 | 65

/ / / / 1,00 | 91 200 | 91 [023| 82 | 117 | 68

/ / / / 125 | 90 | 3,00 | 89 | 0,25 | 85 | 217 | 71

/ / / / 150 ] B9 [ 500 | 86 | 026 | 89 / /

/ / / / 200 | 88 / / 0,31 | 9.0 / /

/ / / / 3,00 | 86 / ] 0,33 | 9.1 / /

/ / / / / / / / 0,42 | 9.0 / ]

/ / / / / / / ] 0,67 | 9.0 / /

/ / / / / / / ] 175 | 8.7 / /

Table 7. Measurements in HCl solutions and for pure water.
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mers in a determined water system.

There is agreement with the working hypothesis.

In Figure 10, we report the trend of the variation of the
values of pH for all the measurements. As we can see,

8-9. The increase of the measured pH happens rapidly. At
the same time, if we look at Figure 10 (red curve, pH=6.0)

the increase of pH stopped when reaching the value of

PHi | pHm | ApH
20 2.0 0.0
26 4.5 1.9
3.0 6.1 3.1
3.0 6.5 3.5
E——— Y 3.2 7.3 4.1
_ 34 8.6 5.3
:g. —a— pH, =34
pH =3,2 3.4 8.6 5.3
5 - 35 8.7 5.2
4 i i 3.7 9.0 5.2
3 o pH =60 3.9 8.9 5.0
3 ——pH =37 4.0 9.2 52
1 —b—pH, =3,0 42 8.9 47
o ; 4.5 9.3 48
T T —F T 51 g2 41
00 05 10 15 20 25 30 35 40 45 50 55 - : :
59 9.6 37
e 6.6 96 3.0
Figure 10. Trend of the variation of the values of pH )
for all the measurements in HCl solutions and for Table 8. ApH (pH at the maximum of
pure water. Figure 9 minus pH; the initial one).
10
- Equation y=a+b* E quation y=a+b™x
Plot ApH Plot D
9 - Weight No Weighting Weight Mo Weighting
Intercept -7,51323+40,78921 Interce pt 785117 £0,21548
1 |[siope 3,6775220,27278 Slope 0,72211 2 0,04698
8 Residual Sum ofSquares 0,35878 ResidualSum of Squares 017771
&= Pearsorsr 098917 Pearson’'s r £0,98349
d |R-Squareicon) 097847 R-Square(C 0D) 096725
7 Adj. R-Square 087308 Adj. RSquare 096316
6 -
- |
o -l ] |
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Figure 11. ApH (pH at the maximum of Figure 10 minus pH, the initial one) as a function of pH.
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that depicts the behavior of pure water, we can see that
after reaching a relative maximum, the pH values start to
decrease. We could hypothesize that the moderate de-
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crease of the pH value is caused by the accumulation of
CO, during the operation of the pump.

In Figure 11 and Table 8, ApH is the difference between
the initial values of the pH (pump off) and the maximum
values of Figure 10. In Figure 11, it appears that starting at
the initial pH (no HCl added) of pure water, that is pH=6.6
at the right of the figure in blue, the effect of pumping
produces a clear increase in the difference between the
initial pH and the maximum pH (see Table 8). Each experi-
mental data point represents a new measurement corre-
sponding to a different water solution, to which a varying
amount of HCl has been added and that is subjected to
pumping with the peristaltic pump.

At pH values higher than 3.5, the linear trend has a neg-
ative slope, while the opposite happens for the lower
values: The two trends determine a break point. This is
similar to equivalent points in many kinds of acid-base
titrations.

If we add HCl (lower pH, higher concentration of free pro-
tons), the ApH should increase, and in fact it does. Conse-
quently, there is a direct relation between the concentra-
tion of protons and the increase of ApH.

Therefore, the polymers of water molecules substantially
produce complexes with excess of protons. Naturally, we
expect that the maximum concentration of polymers is
a finite one. In fact, the system reached saturation, and
the increase stopped. All available polymers have already
formed complexes with the protons from the acid. Then,
the excess of protons reflects the finite concentration
of the polymers that leaves many free protons, as in a
normal acid-base titration. Consequently, pH decreases.
The break point in Figure 11 gives us information on the
maximum concentration of polymers (solubility). From
Figure 11, it is possible to find the pH of the break point
at about pH=3.5. It means that at this H* concentration
of the added HCl, the system cannot bind more free pro-
tons. Depending on the stoichiometry of the binding pro-
cess, we may have information on the concentration of
the polymers. In more acidic solutions, at a pH lower than

3.5, the concentration of protons is higher than the con-
centration of polymers. Therefore, the reduction of free
protons via binding to the polymers stops and the value
of ApH reduces. It is interesting to note that at the lowest
pH (pH=2) the ApH is zero. In the liquid (aqueous solution
of HCl), there is a very high number of free protons, and
the polymers can bind only to a limited number of them.

The coherence of our working hypothesis with the ob-
served experimental behavior induced us to develop
some new proofs, capable of removing any possible un-
certainty about the presence of polymers of water mol-
ecules.

One of these supporting procedures is the lyophilization
of the water that has been perturbed via the use of the
peristaltic pump, which results in the formation of Xe-
rosydryle. It is very difficult to determine the chemical
nature of this solid. Thus, we suppose the presence of
something very similar to a polymer of water molecules
or in general polymers of molecules of water. As of this
date, we cannot make a coherent hypothesis on these
chemical bonds. Therefore, we cannot perform a chemi-
cal analysis.

Then we introduced the ICP-MS procedure to study the
ion composition of pure water and perturbed water. This
way we can determine if there is a known quantity of
solutes that justifies the physicochemical parameters of
the perturbed liquid (x = 130 pS/cm™ and pH higher than
8). The ICP-MS is a procedure that breaks the chemical
bonds of the molecules of the liquid, forming atomic ions
that can be identified by the detector. Comparing the
results (see Table 9) of this procedure - applied both to
the perturbed water and to the simple bidistilled water -
confirms, without any doubt, that no elemental chemical
substances capable of modifying x and pH are presentin
the liquid (IPW-MW). Thus, the chemical composition is
pure water. The chemical composition of Xerosydryle is
also pure water.

Despite this experimental result, obtained with the lat-
est generation technology (ICP-MS), that confirms that

Sample Label | Al Fe Li Mn Cu Ca Mg Na K
UM ug/L | ug/L | ug/L | ug/L | ug/L mg/L | mg/L | mg/L | mg/L

H,0 bid 184 | 201 | <1 | 257 | <1 191 | 0340 | 3,17 | <05

IPW MW bid| 180 | 183 | <1 [ 226 | <1 234 (029 | 3,29 | <0.5

Table 9. ICP-MS on a double distilled H,O sample treated with a peristaltic pump until it reached a specific
electrical conductivity of 128 uS/cm, compared with ICP-MS of a double distilled H,O sample.
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the composition of the samples is pure water, the x and
pH parameters have undergone very significant numeri-
cal variations. Such an increase of electrical conductivity
cannot derive from an alteration of the elemental com-
position of pure water. What we found experimentally
agrees with the working hypothesis of the formation of
polymeric molecules deriving from water.

The mineral composition of samples of IPW was assessed
by ICP-MS. Table 9 reports the elemental species. This el-
emental composition cannot be responsible for the high
conductivity shown by samples of water that underwent
the iterative procedure. This is a further confirmation of
the presence of water polymers (very stable polymeric
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Figure 12. Thermogravimetric experimental

results on the freeze-dried solid (Xerosydryle)
obtained from IPW-MW bidistilled water. See
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Figure 13. IR spectrum determined on the same
solid (Xerosydryle).
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water molecules) that allow protons to move more rap-
idly, and, in this way, produce the increment in conduc-
tivity that was observed.

To confirm the hypothesis of very stable water molecules
polymers, or simply the presence of polymeric water, we
tried to recover the “water polymers” with the lyophiliza-
tion methodology. We obtained quite incredible results.
The lyophilization procedure determines the ability to
see the formation of a white solid, named by us as Xero-
sydryle (Elia et al., 2022a). It is soluble in water and exhib-
its extraordinary stability to the increase of temperature.

As can be seen from Figure 12, a thermogravimetric di-
agram, two kinds of solids are present: The first one is
stable until 600°C and the second one until 1000°C. All
these extraordinary properties confirm the possibility
of obtaining a water polymeric substance using low me-
chanical energy. The chemical composition of this new
substance is pure water.

Figure 13 shows the IR spectrum determined on the same
solid (Xerosydryle, see Image (). It is possible to see the
clear reduction of the transmittance on the left of the fig-
ure compared to liquid water. We suppose that the clear
reduction depends on the reduction of free OH- passing
from liquid to solid via lyophilization. All experiments
point to the formation of water polymers.

120000 -

100000 -

80000 -

Intensity | a.u.
g
38
1

20000

T T ¥ T T T ¥ T
300 350 400 450 500

wavelength | nm

Figure 14. Fluorescence emission spectra of the
perturbed water (black line) and of the control,
bidistilled water (red line), upon excitation at
280 nm. The spectra were recorded by using a
1 cm path length of the quartz cuvette at the
temperature of 25°C.
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To support our hypothesis, see Figure 14, showing the
fluorescence emission spectrum of the perturbed and
pure untreated water, upon excitation at 280 nm. The
two spectra are clearly different.

The emission spectrum of the sample has a broad emis-
sion band centered at about 334 nm. In contrast, the
control sample did not show any band in this spectral
region. The sharp peak at around 310 nm is due to the
Raman peak of water. Indeed, this peak is present in both
spectra. In the sample, the Raman peak is more intense
with respect to the control water. This can be due to the
presence of micrometer-sized polymers that enhance its
intensity due to light scattering.

The presence of a fluorescence emission spectrum of the
sample is indicative of the presence of molecular species
possessing a Tt electron system. Indeed, at the excitation
wavelength used, normally only n - t* and T — * tran-
sitions can be promoted. In addition, fluorescent com-
pounds are mainly aromatic, meaning that an extended
Tt electron system is needed. In addition, some linear,
conjugate molecules can exhibit fluorescence spectra
(for a deep discussion, please refer to chapter 4 of Valeur
and Berberan-Santos, 2012). Thus, according to the fluo-
rescence data and the other data reported above (FT-IR,
Thermogravimetric analyses, ICP-MS and Optical micros-
copy), itis possible to conclude that the molecular species
responsible for the observed spectrum should contain an
extended 1 electron system. Since our ICP-MS analysis
did not highlight the presence of any external substances
with respect to pure water, the species responsible for
the fluorescence spectrum has the same composition
as that of pure water. In a molecule of water, H,0, the
oxygen atom (with a sp® hybridization, so there are four
sp? orbitals) is bonded to two hydrogen atoms through
sp? (0)-1s (H) bond (o-0 bond). Instead, two electron lone
pairs occupy the remaining two sp3. Thus, in principle, the
oxygen atom in each water molecule has the capability to
form, with other oxygen atom of another water molecule,
0-0 (single bond) and m-t (double bond) interactions.
However, the nature and the kind of molecular bonds of
such molecular species remain unknown.

A discussion about several clues pointing to the spon-
taneous quantum origin of these structures induced in
liquid water by low energy physical perturbations was ad-
vanced in a paper of one of the authors (R.G.) a few years
ago (Germano, 2015), strongly suggesting the possibility
that these structures are the matrix of life.

WATER 14

Conclusions

Itis evident that some unknown properties of water iden-
tified through low energy processes have been discov-
ered, through rather simple experimental procedures.
This fact opens very interesting research scenarios be-
cause the phenomenon cannot be explained by con-
ventional laws. The phenomenology of this new topic is
very much like that involving perturbed water (IPW) via
iteration of the procedure of hydration and dehydration
of insoluble hydrophilic polymers. On the other hand,
the similitude to the iterative procedure of iterative fil-
tration permits us to remain within the same paradigm
that concerns new physical and chemical characteristics
of water. These results confirm the working hypotheses
of the presence of polymeric water molecules, the role of
free protons in their binding process, the impossibility to
polymerize all molecules of water contained in a water
system, and finally the presence of a solid after the lyoph-
ilization procedure. These findings give a response to two
important mechanism of water transport: transferring
water molecules from soil to the top of very tall plants,
and the exchange of water molecules between cellular
compartments; water polymers accelerate the process-
es via the Grotthuss jump mechanism. Results shown in
this paper highlight that the chemical composition of the
perturbed liquid (IPW-MW) cannot explain the very high
values of x and pH. Therefore, the chemical composition
of the solid is the same as that of the liquid: polymers of
water molecules. The performed analyses exclude con-
taminations; in particular, the simplicity of the procedure
and the very short time needed to obtain the formation
of the polymers excludes any contamination of biological
origin.
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The present manuscript by Elia et al. is a continuation of a
series of studies on iteratively perturbed water, in which
the authors claim to have discovered a novel form of
“polymeric” water. In their hands, repeated perturbation
of pure water (here: by peristaltic pumping) leads to mas-
sive changes in its physical properties (here: conductivity,
pH), which is attributed to polymer formation. Further-
more, lyophilization of such solutions yields substantial
amounts of solid remnants, which are asserted to consist
of “solid water” (termed “Xerosydryle” or “IPW"). These in-
terpretations, however, do not live up to critical examina-
tion, as there exist classic explanations for essentially all
of the described phenomena. According to careful exper-
iments carried out more recently in our laboratory, the
“novel” properties can be explained in terms of simple
contaminations, stemming from different sources de-
pending on the method of sample preparation.

Methods of sample preparation

As outlined in the introduction, Elia et al. have used three
different methods of repetitive perturbation in the course
of their cumulative work:

1. Exposure to hydrophilic materials (Nafion, cellulose,
cellophane, Crabyon, wool, silk, etc.)

2. Filtration (through cellulose or sintered glass)
3. Use of a peristaltic pump (this work).

In each case, the dominant contaminant seems to have
escaped their detection, either because the authors did
not explicitly search for it, or because the analytical meth-
ods were not appropriately applied or interpreted. In the
following, the relevant types of contamination and analyti-
cal pitfalls shall be summarized, following a chronological
order of reported observations. Experimental evidence
and a more detailed discussion of the critical aspects can
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be found in a recent publication from our group (Greil,
2023), and is backed up by further unpublished data from
our lab that will be submitted soon. A close collaboration
with the Elia team constituted a key aspect of our stud-
ies, which were accompanied by regular discussions and
an exchange of all available data. Therefore, we sincerely
regret that our colleagues in Naples no longer wish to be
part of these jointly envisaged publications.

Potential sources of contamination

When a water sample has been extensively treated using
one of the above methods (1 - 3), it is essential to exclude
the most obvious sources of potential contamination, as
there are:

A. Microbial growth, when working under non-sterile
conditions

B. Molecules derived from the starting material to
which the water was repeatedly exposed

C. Microscopic particles from the air, or rubbed off
from surfaces.

Each type of possible contamination needs to be assessed
specifically, using designated analytical techniques.

(A) Contamination due to microbial growth

A few years ago, our group had been intrigued by the
steady series of reports from Naples on iteratively per-
turbed water (“IPW"). We were keen to collaborate and
characterize these remarkable solutions (supposedly
containing accumulated EZ water) and the lyophilized
solid material (supposedly consisting of polymeric H,0)
by means of solid-state NMR ('H, 2H, "7O). Using Nafion
membranes as a starting material for method (1), we ini-
tially tried to prepare IPW samples in our lab in Karlsruhe,
under the guidance of the Naples group and according to
their published protocols. However, working under ster-
ile conditions in a laminar flow-bench, we did not see any
significant changes in conductivity, nor did we succeed
in obtaining any lyophilized material, even after many
weeks of daily treatments. Only the pH of the solutions
would decrease successively, as expected from the high-
ly acidic sulfonic acid groups in Nafion that will release
protons into solution upon wetting (Greil, 2023). One
remarkable exception occurred when the experimenter
had a cold, whereupon significant changes in conductiv-
ity were observed. This sample, however, contained lots
of bacteria, as seen under the microscope.
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To be able to proceed with the planned NMR experi-
ments, the Naples group was so kind to provide us with
several different IPW samples (liquids and lyophilized
solids) for comprehensive analysis, including microbio-
logical assays that they had never performed so far. To
exclude any bacterial contamination, we checked these
samples using methylene-blue staining for light micros-
copy and DAPI staining for fluorescence microscopy. As
described in Greil et al. (2023), numerous round and rod-
shaped bacteria were detected, as well as microalgae
such as diatoms, which are known to be highly abundant
in the form of aerosols, especially in coastal areas as in
Naples. Electron microscopy and ATR-FTIR spectroscopy
confirmed the presence of these microbiological con-
taminants (including the silica shells of diatoms), besides
particulate matter that most likely represented synthetic
fibers and dust.

It is not surprising that bacteria, aquatic microalgae and
dust have accumulated in the course of sample prepara-
tion in Naples, which involved the repeated wetting and
air-drying of Nafion sheets in large open containers on
the lab bench. Given that biofilm formation on Nafion
membranes is a well-known problem in microbial fuel
cells, it is not surprising that biofouling will affect the
physicochemical parameters recorded by the Elia team to
monitor IPW sample preparation. Bacterial multiplication
cycles can thus explain the irregular and unreproducible
fluctuations in conductivity, pH, density and light scatter-
ing that have been documented over days and weeks in
their earlier work using method (1). Also, the correspond-
ing data from circular dichroism and thermogravimetry
analyses can be readily explained by the above biological
and organic (see below) contaminants found in the differ-
ent IPW samples.

(B) Contamination from the starting material

The preparation of IPW according to method (1) typical-
ly involves repeated rubbing of the hydrophilic starting
material (Nafion, cellulose, cellophane, Crabyon, hemp,
wool, silk, bamboo), supposedly in order to enhance the
collection of EZ water from these surfaces (Yinnon, 2016).
It is conceivable that such physical treatment leads to a
chafing off of the starting material into solution - either
as fragments of the hydrophilic macromolecules, and/or
as a suspension of microscopic particles. In both cases,
solid-state NMR spectroscopy should be able to detect
the presence of the organic starting materials in the ly-
ophilized samples, by analyzing the '3C-NMR spectra un-
der magic angle sample spinning.
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We had gratefully received several different types of ly-
ophilized IPW samples from Naples for collaborative
NMR analysis, prepared with Nafion, silk, wool, and cel-
lulose. Except for the Nafion-derived specimen (that was
only available in small quantity, close to the threshold of
detection), these samples produced distinct solid-state
3C-NMR spectra that differed from one another. The re-
spective patterns correspond largely to the fingerprint
spectra of the organic starting materials, which implies
that debris from silk/wool/cellulose constitute the major
portion of these IPW samples (manuscript to be submit-
ted). These rubbed-off starting materials in fact represent
the main contamination, as any microbiological organic
material would have otherwise shown up quantitatively
as a different kind of dominant fingerprint. Interestingly,
the Nafion-derived IPW gave only a weak "F-NMR signal,
despite the high sensitivity of the fluorine nuclei con-
tained in the polymer. Hence, the main contamination
in this case can be attributed to aerosols and microbial
growth, which - notably - also takes longer to accumulate
and yields lesser amounts of IPW (personal communica-
tion from Naples).

(C) Microscopic particles as contamination

Inorganic particulate matter, finally, would seem to ex-
plain the findings reported by Elia et al. in the present
manuscript, which is their first presentation based on
method (3), i.e., sample preparation by peristaltic pump-
ing. Particle shedding from peristaltic pump tubing is a
well-recognized problem in the manufacturing of phar-
maceutical grade products, as reported by other groups.
For example, Saller et al. (2015) showed that the silicone
tubing releases particles of around 200 nm, next to a
small fraction in the lower micrometer range, which tend
to aggregate further upon standing. The continual shed-
ding of particles under physical stress was proven by
SEM and 3D laser scanning microscopy, demonstrating
morphological alterations of the inner tubing walls after
pumping. This unavoidable release of silicone particles
from the peristaltic pump thus appears to be a sufficient
explanation of the observations described here by the
Elia team. It is not clear whether silicon (Si) was probed
for in their elemental analysis, though the particulate
matter might not even be ionizable in standard liquid-
state ICP-MS.

Furthermore, the reported changes in pH and conductiv-
ity are plausible in view of the siloxane building blocks
and possibly traces of the polymerization initiators. Fi-
nally, the thermogravimetric analysis of the lyophilized
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material obtained in the present manuscript is fully con-
sistent with the well-known exceptional thermal stability
of silicones. The following TGA profiles from the litera-
ture provide good evidence that the various lyophilized
samples produced by Elia et al. actually consist of exactly
those contaminations proposed above, instead of any
polymeric “solid water.” The panel on the left, panel g,
compares an earlier Nafion-derived IPW sample from Na-
ples (Yinnon, 2016) with that of a typical protein (bovine
serum albumin) (Gomez-Rico, 2005). The panel on the
right, panel b, compares the new type of IPW obtained
by peristaltic pumping with the TGA analysis of silicone
elastomers from the literature (Arkles, 2015). In both
cases, the distinct thermogravimetric profiles of the IPW
samples correspond rather well to those of the dominant
contaminations proposed by us.

Hence, given all the arguments presented above, there
is no need to invoke a special novel phase of water that
can be isolated at room temperature. It would thus seem
wise to let go of the “IPW" hypothesis, and instead focus
on some of the other fascinating properties of water in
future research.
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This is a response to the comments made by reviewers,
Torsten Walther and Anne S. Ulrich, regarding our paper
entitled, “New Physicochemical Properties of Water. Ex-
perimental Study of Physicochemical Changes in Pure
Water by Iterative Flowing Procedure Induced by Peristal-
tic Pump Apparatus,” submitted for publication to WATER
Journal. In their article, “Critical assessment of the proper-
ties of iteratively perturbed water- all of which can be ex-
plained by different types of contamination,” they are cit-
ing their paper (Greir et al., 2023) in which they reject not
only the reviewed paper, but even all our experimental
findings published in a dozen international publications.

In this circumstance, it is useful to start by defining the
context of our experimental findings, otherwise one can't
see the forest for the trees.

We reported evidence of micron-sized chiral supramolec-
ular H,0 aggregates in water at ambient conditions for
the first time in our paper, entitled, “Chiral micron-sized
H,O aggregates in water: Circular dichroism of supramo-
lecular H,O architectures created by perturbing pure wa-
ter,” published in WATER Journal (Elia et al., 2017).
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These aggregates were generated by physically perturb-
ing pure water through iterative immersion of a hydro-
philic membrane (NAFION®) in bidistilled water, stirring,
membrane removal and drying. The circular dichroism
spectra of such perturbed water exhibit similarities to
B-sheet ordered biomolecules. Moreover, lyophilization
of the perturbed water resulted in the formation of a
solid residue. To exclude the possibility of impurities (re-
leased by the membrane, organic or bio-contaminants) as
the cause of these phenomena, we employed advanced
analytical techniques such as Matrix-Assisted Laser De-
sorption/lonization Time of Flight, Gas Chromatography
both coupled with Mass Spectroscopy and lon Chroma-
tography. This "iteratively nafionated water” was found
to contain only 10 M Fluorine and Sulfate ions, released
by the membrane, as documented on page 29, table S1in
Elia et al. (2017) and negligible amounts of contaminants.
Furthermore, we showed also that UV absorbance and
fluorescence spectra of the "“iteratively nafionated water”
could not be attributed to contaminants or molecules re-
leased by the membranes (Elia et al., 2017).

Our observations revealed that aggregates formed in
water adjacent to a hydrophilic material can adopt and
maintain a stable chiral configuration (Elia et al., 2017). A
few months after the publication of our paper, this find-
ing was reinforced by the discovery of DNA's Chiral Spine
of Hydration (McDermott et al, 2017), which represents
a significant advancement in the understanding of wa-
ter properties, with profound implications for biological
science. The results reported in McDermot et al., (2017),
demonstrate that water in close proximity to DNA, similar
to our observations with other hydrophilic compounds,
exhibits plasticity and the ability to adapt to a robust su-
pramolecular structure conforming to DNA's chirality.

What we are describing in our paper, “New Physicochem-
ical Properties of Water. Experimental Study of Physico-
chemical Changes in Pure Water by Iterative Flowing Pro-
cedure Induced by Peristaltic Pump Apparatus,” are very
different experimental conditions than those described
in the paper by Greil et al., (2023) and that we have spo-
ken to them about in an attempt to improve their experi-
mental procedures. We have, in fact, published a dozen
papers, encompassing around 300 pages, describing
many different experimental results (see e.g., the refer-
ences in Elia et al, 2022), reporting something very dif-
ferent from their description about our experiments and
from their replication attempt. It is important to men-
tion that our recent research is the natural experimen-
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tal progress of the work described in about 50 papers
previously published internationally by us (by V Elia and
E Napoli) showing evidence of the roots of these new
physicochemical phenomena obtained perturbing pure
liquid water.

There is a fundamental consideration that we believe
essential: In some cases, for some typology of hydro-
philic materials in contact with pure water, we get up
to 6 g/L of Xerosydryle (water supramolecular aggre-
gates - solid residue - [see Elia et al., 2022]) from double
distilled water (i.e., 1.5 g from 250 ml) in a few hours.
So, let's imagine a 1 m sided cubic aquarium filled with
double distilled water: How would you get 6 kg of bac-
teria and diatoms in a few hours? The described phe-
nomenon is characterized by this gigantic magnitude,
not to be confused with a hypothetical reproduction of
protozoa or bacteria (in distilled water).

Besides this, the basic component of the Xerosydryle is
nanometric in nature (2 nm) (see Fig.7), or in any case,
below 200 nm (see Fig.3) and not at all composed of the
cadavers of single-celled beings that are at least of mi-
crometer size.

Furthermore, none of the different typologies of analy-
ses reported in all our experimental papers (essential
results for all referees) showed evidence (in quantities
exceeding “traces”) of nitrogen, phosphorus or silicon.
What are diatoms and bacteria made of? If these ele-
ments are not highlighted by very sensitive analytical
methods, it means that, although some microorgan-
isms may be present, they contribute in an irrelevant
way to the total mass of Xerosydryle and therefore to
the general experimental phenomenology.

Even if our measurements show that the thermal prop-
erties of the Xerosydryle resemble those of biological
macromolecules (so called “denaturation” behavior of
biological macromolecules), they are much more heat
resistant. Moreover, their chirality is not affected (“de-
naturation” behavior) by the addition of sodium hy-
droxide (NaOH) or hydrogen chloride (HCI) in amounts
sufficient to induce pH change up to 13 or down to 3,
respectively, differently from the biological macromol-
ecules that are much more fragile.

Amazingly, a large fraction of these aggregates in the
dried state are stable up to 970°C, while the carbon
bonds are totally broken at 500°C.

In addition, these features are undoubtedly demon-

strating that, apart some possible not relevant contami-
nations (always possible in traces), the supramolecular
structures (Xerosydryle) that are self-organizing from the
“iteratively perturbed water” cannot coincide at all with
biological contaminants.

Besides, we can't be silent about the particularly embar-
rassing “juxtaposition” of thermogravimetric curves by
Torsten Walther and Anne S. Ulrich, trying to compare two
typologies of Xerosydryle with a typical protein (bovine
serum albumin) in one case and with silicone elastomers

Figure 1. Topographic Atomic Force
Measurement of perturbed water at 100 nm
scale. The false color bar expresses the height
in nanometers. (Elia et al., 2017).
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Figure 2. Mass spectrum of principal components
released at 1.6 min from the solid remaining material.
The x-axis represents the mass as m/z (mass/valence)
ratio of the species and the y-axis represents its abun-
dance. The spectrum shows that the major detectable
species are: OH, H,0, N,, O, and CO,; in particular, N,,
e.g., is present in the very negligible quantity of (28 x
0.3) x 107-6 = 8.4x10/-6. (Elia et al., 2017).
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(from the literature) in another case, as possible contami-
nants forming the whole mass of Xerosydryle. This is un-
reasonable as far as sensitive analytical results reported
in our published papers show clearly no contamination.

Finally, there is a general epistemological consideration
that is very important from our point of view. Since the
same type of experimentation - iterative perturbation of
pure water - produces (Elia et al., 2022):

« Completely reproducible results on different types of
water physicochemical characteristics,

« Completely analogous behaviors for different insoluble
materials used to perturb the water (e.g., electric conduc-
tivity increases with the number of procedure iterations),

But, at the same time,

* Very specific results for each type of used material (e.g.,
in one case pH becoming strongly alkaline - like, among
others, in the case of the peristaltic pump treatment -
and, in another case becoming strongly acid, and in an-
other case remaining neutral).

This indicates the irrelevance of any possible disturbing
factors on the general phenomenon highlighted.

In fact, to obtain the increase in x, normally an electrolyte
must be added to water. And, normally, to obtain the
increasein pH, a basic substance must be added to water.
But, in our case, this new phenomenology stops after a
certaintimeinterval, whenitreachesaplateau.Thismeans
that, as for low soluble salts, a maximum concentration
of water structures at the plateau value was reached. The
phenomenon is repeatable even if you reuse the same
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Figure 3. (a,b) SEM images at two different magnification
values of a sample obtained by perturbing 200 ml of
bidistilled water by a peristaltic pump. (c) EDX pattern of
same image displaying all the peaks, including impurities
and metals deriving from stub and metal coating. In Fig
3(c), the Energy-dispersive X-ray (EDX) pattern is reported.

Excluding the Al peak of the stub, the Au peak of the sample
coating and some impurities, we focused on oxygen,
carbon as well as calcium, considering that one possible
source of carbon can be calcium carbonate. The list of their
Wt% is reported in Table 1.
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container in the next experiment. Hence, the hypothesis
of impurity release from the container is not credible.
The synchronous behavior of the two parameters is very
interesting. The possible explanation is the following: The
presence of aggregations determines, via the Grotthuss
jump mechanism, an increase of mobility of both ions
deriving from water dissociation, i.e., proton and hydroxyl
ions. For this reason, an increment of x is observed in
pure water. At the same time the binding constant of the
two ions, H" and OH, to the aggregates determines the
formation of complexes having charge separation. If the
prevailing complex depends on H*, the liquid assumes a
pH greater than 7 (8, 9 and 11). The opposite is true in the
case of complex formation with OH-.

Moreover, as explicitly requested by one of the reviewers
of our submitted paper, “New Physicochemical Properties
of Water. Experimental Study of Physicochemical
Changes in Pure Water By lterative Flowing Procedure
Induced by Peristaltic Pump Apparatus,” we performed
very recently SEM investigation of a sample obtained by
perturbing 200 ml of bidistilled water via peristaltic pump
- see Fig. 3 (a,b). Measurements were performed by a
FESEM Ultra-plus (Zeiss) Scanning Microscope, using 10
kV accelerating voltage.

The lyophilized sample was redispersed in bidistilled
water to be spotted onto the substrate and coated with
sputtered gold. It was used with an aluminum stub to
avoid sources of carbon deriving from the holder. SEM
images show a granular morphology of the material, with
a feature size below 200 nm.

Element Wt%
C 20.9
0 74.42
Ca 4.68

Table 1. List of elements and Wt%.

As can be seen, most of the material is made of oxygen,
corroborating the hypothesis of a material born from lig-
uid water. However, there is also a consistent amount of
carbon that cannot be justified only by the calcium car-
bonate considering the excess of carbon. Most probably
some of this carbon comes from the atmosphere (“Pro-
cess and apparatus for the capture and storage of the
carbon of CO, in the structure of the Xerosydryle,” Ital-
ian Patent pending: 102022000020472). Further experi-
ments in a controlled environment are ongoing.

Several clues indicate that this material is not a residue
from bacteria or other micro-organisms. First, they are
not visible by SEM and, moreover, in the case of direct
SEM analysis of the lyophilized sample, it appears with
long and intricate filaments typical of polymeric struc-
tures. In Figure 4, we present examples of SEM on a ly-
ophilized sample. It is deposited on the stub by a carbon
adhesive layer that compromises the quantification of
the carbon by EDX; this is why, for the EDX, we chose to
redisperse the sample in bidistilled water to dispense
and dehydrate a droplet of sample directly on an Al stub.

So, itis obvious that, together with the already performed
ICP MS measurements on the perturbed water in liquid
phase (see Table 9 of our submitted paper: “New Physi-
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Figure 4. (a,b) SEM images at two different magnification values of a lyophilized sample obtained by perturbing

bidistilled water by peristaltic pump.
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ing Procedure Induced by Peristaltic Pump Apparatus”),
these last SEM with EDX analytic results on the solid ma-
terial (Xerosydryle) - obtained by iterative flowing proce-
dure induced by peristaltic pump apparatus - removes
the imaginative “contamination hypotheses” clumsily put
forward to discredit our extensive experimental results.

Finally, we would like to mention that our general experi-
mental findings were independently replicated by Pollack
et al, (2023). In this study, the Exclusion Zone of water (EZ
water), formed against three chemically distinct surfaces,
Nafion, ghee, and Whatman-5 filter paper, was extracted,
characterized by UV-Visible absorbance spectroscopy,
and solidified either by lyophilizing or evaporation in an
oven. The resulting highly stable solid was analyzed by
mass spectroscopy, verifying the absence of any ioniz-
able contaminants that could reproduce the characteris-
tic “signature EZ" spectra in the three liquid preparations,
or in the solids formed from desiccated EZ water that
had been reconstituted in deionized water. This study re-
ports, therefore, independently from us, that a solid form
of EZ water exists indeed at room temperature.

In conclusion, we would like to underline that for every ex-
periment, there is always a threshold of competence be-
low which that experiment turns out to be irreproducible.
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