






	 	

WATER

WATER 6, 1-12, Jan 20 2014      4 

high in the NaCl solution, the dominant 
interactions are those among ions. As 
the concentration of NaCl decreases, the 
interactions among ions are diminished 
at the expense of dipole interactions. The 
point at which dipole-dipole interactions 
dominate is found experimentally to be 
~10-4M. At concentrations below this 
transition point, water molecules will attract 
one another to form clusters that have 
permanent dipole moment. A great variety 
of “snowflake-like shapes” were found. 
When the density of clusters was reduced, 
the clusters spread out in straight lines, the 
horizontal interacting with the vertical at 
102º (Figure 4). However, it is not possible 
to predict which structures will result at any 
one time, which is consistent with the well-
known uniqueness of individual snowflakes.

Remarkably, a distillate of the 10-7M NaCl 
also gave a cluster similar to that from 
drying a drop of the solution; indicating 
that the clusters remain intact (perhaps 
due to strong dipole interactions) upon 
heating, and furthermore, do not contain 
contaminating silicon or other ions. 
This result is important, and needs to 
be replicated in a systematic way. The 
lack of silicon is important as silicon is a 

main contaminant in homeopathic dilute 
preparations, forming nanoparticles that 
have been hypothesized to be responsible 
for the ‘memory’ of water (Upadhyay and 
Nayak, 2011), and certainly give images that 
are very different from those depicted here.

Spectroscopic Measurements	

The infrared spectrum of the clusters differs 
from that of pure water (Lo S-Y et al., 
2009). Pure water shows absorption peaks 
at 3283.5 and 1634.5 cm-1. The absorption 
peaks for stable water clusters were 3371.4, 
1639.5, 1342 and 822.5 cm-1.

On Raman spectroscopy, the dominant peak 
of liquid water at 3426.42 cm-1 is replaced 
by three peaks at 3145.33, 3049.51 and 
2860.34 cm-1; in addition, smaller peaks 
were found at 2011.24, 1754.81, 1709.31 and 
1404.86 cm-1, which may be related to the 
Raman peak of liquid water at 1651.52 cm-1.   

No attempt was made to assign the peaks to 
definite structures (Lo S-Y et al., 2009).

Yet further characterizations are described 
in a conference paper (Lo S-Y, 1998). The 
water clusters could be detected in solution 
by photon autocorrelation using a helium-

Figure 4: Large array seen under the ordinary light microscope (left) and atomic force microscope 
(right) (rearranged from Lo S-Y et al., 2009).
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neon laser on a glass bottle containing 
the solution. The interference between 
the light scattered by the clusters and 
the transmitted light enables the size of 
the clusters to be estimated. Three major 
sizes were centred at 15 nm, 300 nm and 
several microns. Interestingly, the clusters 
also formed with different initiating polar 
solutes such as isomaltose, cellulose, and 
sophorose, as imaged on transmission ele-
ctron microscopy, indicating that cluster 
formation is a fundamental property of 
water itself, rather than that of the initiating 
solute. (Whether the different clusters could 
be carriers of homeopathic memory was not 
addressed by the author.) 

To rule out the presence of contaminants 
being responsible for the clusters, some 
particles found in pure water were analysed 
with x-ray spectra compared with the 
water clusters. The particles in pure water 
registered a strong peak of Si, as well as Na, 
Zn Al, Cl, K, and Ca. In contrast, the water 
clusters were free of Si as well as the other 
ions. 

The clusters could be observed under 
tapping mode on the AFM either dried or 
immersed in liquid water (indicating that 
the glass surface stabilizes the clusters even 
in contact with liquid water). On AFM, the 
main sizes were 10 nm, 100 nm and 1,000 
nm.

Electric Field Directs Crytallization

Direct evidence of the electret (dipolar) 
nature of the clusters was provided by 
crystallization of monosodium phosphate 
NaH2PO4 (Lo S-Y, 1998). The solid was 
dissolved in water containing the clusters 
and a small amount placed on a glass 
microscope slide and allowed to evaporate 
and crystallize. The slide was then examined 
with an optical microscope, and compared 
with a control sample prepared in deionized 
water (Figure 5). The monosodium pho-
sphate crystals from the solution containing 

clusters formed a pattern of straight 
radiating lines (Fig. 5a) while the crystals 
from deionized water failed to line up at all 
(Fig. 5b). Applying a small electric field of 
20V/in or 100V/in during the crystallization 
process did not have any effect on the 
deionized water sample (Fig. 5d), while the 
crystals from the water with clusters aligned 
along the external field lines (Fig. 5c). 

X-ray diffraction on powdered monosodi-
um phosphate crystals formed from control 
deionized water and water containing clu-
sters showed that while monohydrate was 
formed in deionized water from the original 
anhydrous sample, dihydrate crystals were 
formed in the water with clusters.

Deviation from Linear Relationship Bet-
ween pH and Electric Potential

An electric field tens of mV can be measured 
between two stainless steel electrodes 
immersed in the solution containing the 
clusters. In ordinary ionic solutions, no 
electric field is established between two 
identical electrodes. But in the case of the 
cluster solutions, the electric dipoles of the 
clusters can line up to establish an electric 
field (in the form of an electret) without any 
electrochemical reaction occurring. 

Using a pH meter, it is possible to measure 
the electric potential as well as the pH of a 
solution, and the two can be plotted against 
each other (see Lo S-Y, 1998 for a detailed 
description).

A wide range of pH from 1 to 12 was tested. 
The test solutions were prepared either 
with concentrated cluster solution (UV 
absorbance of 2 at 195 nm, where the clusters 
show a characteristic maximum absorption 
peak) or deionized water. The pH was 
adjusted with NaOH or HCl. The maximum 
deviation of the cluster water from a linear 
relationship was found at neutral pH, where 
dipoles strongly dominate the system’s 
electric potential, and diminished at both 
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ends when ionic contribution dominates 
the potential. The addition of KCl up to a 
concentration of 0.01M to the cluster water 
solutions did not significantly change the 
shape of pH vs electrode potential mV 
curve. Thus, the electric potential of the 
stable dipole clusters was not affected by 
the presence of additional ionic species. 
In contrast, a linear relationship between 
electric potential and pH was found in 
deionised water over the entire range of pH 
tested. The average difference in measured 
electric potential between ordinary water 
and cluster solutions was 92.4 mV for NaCl 
and 103.4 mV for KCl. 

This finding is in agreement with the ob-
servation of electric potential associated 
with the structures on EFM (Fig.3b) and also 
with the crystallization patterns induced in 
NaH2PO4 (Fig. 5). 

Interestingly, Germano et al. (2013) has 

succeeded in electrolysing bi-distilled wa-
ter to which a small amount of H2O2 was 
added. Two platinum electrodes were used, 
between which some tens of millivolts were 
measured, similar to that measured by Lo 
S-Y (1998) using stainless steel electrodes.

Relationship to Other Supramolecu-
lar Structures

Supramolecular structures of water per 
se is not new; many different forms have 
been inferred in bulk water under ambient 
conditions beginning with the convention-
ally accepted H-bonded networks, the theory 
that water exists simultaneously in two 
states of different densities (for which there 
is now good evidence) (Huang et al., 2009), 
the idea due to Martin Chaplin (1999) that 
the two states correspond to an expanded 
and collapsed form of a 280-molecule 
quasicrystalline icosahedral structure (re-

Figure 5: Crystallization of sodium monophosphate from solution with water clusters (a, c) compared 
with deionized water (b, d); a & c without external field, c & d in the presence of external electric field 

(rearranged from Lo S-Y 1998).
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viewed in Ho, 2012a, pp.15-47), and the 
remarkable interfacial water that forms 
a macroscopic exclusion zone (EZ) next 
to a hydrophilic surface, rediscovered by 
Pollack and his team (Zhang and Pollack, 
2003) (detailed review in Pollack, 2013, 
pp.45-69).

A substantial body of work carried out in the 
laboratory of A.I. Konovalov, kindly drawn 
to my attention by a referee (Ryszhkin et al., 
2009, 2011, 2012, and references therein) 
shows that highly serially diluted solutions, 
regardless of whether they involve organic 
salts, amphiphilic or lipophilic substances, 
spontaneously form clusters 100 to 300 
nm in size with surface potential -2 to -20 
mV. This is in line with findings described 
here, although their data are complicated 
by the tendency of the organic molecules to 
form micelles, so a detailed comparison is 
not feasible at present. A most significant 
finding is that the nanostructures fail to 
form when the diluted solutions are placed 
in a container shielded by permalloy to 
exclude electromagnetic fields (Ryszhkin 
et al., 2011). This suggests that intera-
ction with the ambient electromagnetic 
field is essential for the formation of 
supramolecular water clusters; as predicted 
from quantum electrodynamic field theory 
(see later). The team has characterized the 
nanostructures in terms of conductivity, 
size, surface tension and surface potential 
at a wide range of concentrations, but 
has not produced direct images of the 
nanostructures.

Elia et al. (2013a) successfully imaged large 
water clusters in water repeatedly brought 
into contact with Nafion. The “Nafionated 
water”, which they equate with EZ water 
(Pollack 2013) showed an increase in 
electrical conductivity χ up to two orders 
of magnitude, together with a linear cor-
relation between the heat of mixing Qmix 
and χ, and linear anticorrelation between 
pH and logχ. Like EZ water, it has an 

absorption peak at 270 nm, which shows a 
roughly linear correlation with the χ. At the 
same time, there was a drop in pH from ~6 
to 3, representing three orders of magnitude 
increase in proton concentration. The in-
crease in conductivity was attributed to 
proton conduction in another publication 
(Elia et al., 2013c), suggesting that protons 
are present in the clusters. In other words, 
their clusters include not only EZ water but 
also water immediately next to it, which 
has been shown to be enriched in protons 
(Zhang and Pollack, 2003, Pollack, 2013).

Fluorescence microscopy revealed large 
structures on which the polystyrene spheres 
added to the solution appeared to be 
clustered (Elia et al., 2013a). Lyophilization 
of 20 ml of the Nafionated water gave 1 
to 2 mg residue, and AFM confirmed the 
presence of micron size structures that 
look superficially similar to the large water 
clusters identified by Lo A et al. (2012) 
and Lo S-Y et al. (2009). In yet another 
publication, Elia et al. (2013b) claimed 
to have created similar supramolecular 
clusters in solutions diluted with vigorous 
shaking, though the resemblance is poor, 
and the solutions contained 100 to 1,000 
times as much Na+ as those used by Lo’s 
team.

Lo’s clusters were created by another 
procedure; with absorption maximum 
reported at 195 nm (see above) and without 
a decrease in pH observed in Elia et al. 
(2013a). (Actually, an absorption maximum 
below 200 nm does exist in the Nafionated 
water of Elia et al. (2013a), though the scale 
of the absorption curve ends at 200 nm.) 
In another publication (Lo S-Y et al. 1996) 
however, the stable water clusters were 
measured with UV absorption peaks at 230.6 
nm and 276.7 nm, with peaks of excitation 
(to fluorescence) at 220 nm and 270.2 nm, 
so at least some of the preparations may be 
more similar to Pollack’s EZ water, which 
shows a characteristic peak absorption at 
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around 280 nm (Pollack, 2013). A variety 
of initiators - both ionic and non-ionic (but 
polar) - appeared to create similar clusters, 
suggesting that water itself is the main 
determinant in the formation of both the 
clusters and of the EZ. 

Criticism of Lo et al.’s Work

Not surprisingly, Lo et al. (2009) were 
criticised for their claim to have produced 
stable water clusters (Kožišek et al., 2013), 
for that is the usual sceptical reaction 
to anything new and significant. The 
same criticism applies to most if not all 
other individual claims to have produced 
supramolecular water clusters mentioned 
in the section above. But the fact that, taken 
together, the very different approaches 
converge on the same result is sufficiently 
persuasive that the supramolecular clus-
tering of water is at least a good working 
hypothesis for further research, and cer-
tainly should not be dismissed. I shall not 
go into the details of the criticisms, as Lo 
(2013) has answered them quite adequately. 
Rather, I shall go on to propose a structure 
for the supramolecular clusters based on 
predictions from quantum electrodynamics 
field theory.  

Symmetrical Spherical Dipoles From 
Coherent Domains

Lo’s water clusters are closely linked to the 
coherent domains (CDs) of water predicted 
by Emilio Del Giudice and colleagues 
(Arani et al. 1995) to form spontaneously 
as the result of interaction between the 
ambient electromagnetic field and water in 
accordance with quantum field theory as 
applied to condensed matter (reviewed in 
Ho, 2012a, pp,51-81).  

To summarize in brief, standard quantum 
theory does not predict quantum co-
herence for liquid water, largely because 
it ignores both quantum fluctuations 

and the interaction between matter and 
electromagnetic field; these are only taken 
into account in quantum electrodynamics 
field theory. But conventional quantum 
electrodynamics field theory applies only to 
gases. 

Theoretical physicists Giuliano Preparata 
(1942 – 2000), Emilio Del Giudice, and 
colleagues extended conventional quantum 
electrodynamics theory to the condensed 
phase of liquids; they showed that interac-
tion between the vacuum electromagnetic 
field and liquid water induces the formation 
of large, stable coherent domains (CDs) 
of about 100 nm in diameter at ordinary 
temperature and pressure, and these 
CDs may be responsible for all the special 
properties of water including life itself 
(Arani et al., 1995; Del Giudice, 2007; Del 
Giudice et al., 2010; see also Ho, 2011).

Each CD of water is a resonating cavity 
produced by the electromagnetic field that 
ends up trapping the field because the 
photon acquires an imaginary mass, so the 
frequency of the CD electromagnetic field 
becomes much smaller than the frequency 
of the free field with the same wavelength. 

Consequently, under ambient conditions, 
water is an approximately equal mixture 
of CDs surrounded by incoherent regions. 
(It is more accurate to say that the water 
molecules are dancing between the CD and 
non-CD configurations, so both the CD and 
non-CD molecules are interchangeable.) 
This picture, according to Del Giudice 
and colleagues, is reflected in the many 
observations supporting a two-state model 
of liquid water (a dense state and less dense 
state co-existing simultaneously).

The small spheres of water (“balls”) that 
make up all the diverse structures of 
supramolecular water clusters created by 
Lo’s team (Figure 1)  have the dimensions 
of the coherent domains predicted, i.e., 
~100 nm in diameter. This is in line with 
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the finding that the precise nature of the 
initiator is unimportant, because it is largely 
a property of water itself, with the initiator 
molecules playing a catalytic role.

However, these spherical coherent domains 
are not dipoles in the ordinary sense of the 
word as stated by A. Lo et al. (2012). Instead, 
quantum field theory predicts that the CD 
is oscillating between the ground state and 
an excited state of 12.06 eV, just below the 
first ionization potential of 12.56 eV, and 
therefore contains close to a million almost 
free electrons (the proportion of excited 
state molecules within the CD is estimated 
to be 0.13 (Del Giudice et al., 2013)). That 
means CDs are negatively charged at the 
periphery (close to or at the surface of 
the sphere). At the same time, positively 
charged protons are most likely extruded 
outside the domain, in common with what 
happens in EZ water (Pollack, 2013, pp.52-
54). Del Giudice et al. (2010) hypothesize 
that EZ water is a macroscopic coherent 
domain stabilized on the hydrophilic 
interface (where they may transform into 

the specific layered structure proposed by 
Pollack 2013, pp. 59-61).

Consequently, these spherical CDs can 
mimic dipole interactions through negative 
charges on their periphery attracting 
positive charges just outside (see Figure 
6) to form a three-dimensional potentially 
perfectly symmetrical giant electret (di-
pole), i.e., there will be a dipole electric field 
measured in any direction as found by Lo 
S-Y (1998), and also German et al. (2013). 
Note also the 6-fold symmetry arising from 
close-packing of spheres, which will give 
rise to ‘snowflake’ like clusters.

Another prediction from quantum elec-
trodynamic field theory (Del Giudice et 
al., 1988, 2010; Del Giudice and Vitiello, 
2006) is consistent with the structure 
of the clusters proposed here, and may 
account for their apparent stability. The 
coherent oscillations maintained by the 
electromagnetic field trapped within the 
CDs can occur not just between the coherent 
ground state and excited state of the water 

Figure 6: Spherical coherent domains forming a 3-dimensional dipole structure; note the 6-fold sym-
metry resulting from close-packing of sphere (see text for explanation).
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molecule, but also between two rotational 
levels, which produce correlations as large 
as several hundred microns, giving rise to 
a common dipole orientation, but a net 
zero polarization field (on account of its 
symmetry), unless and until the rotation 
symmetry is broken. The combination of 
the two coherent oscillations, therefore, 
produces phase-locked coherent inter-
actions among the CDs, resulting in stable 
supramolecular clusters with the electret 
structure depicted in Figure 6.

The initiating solute has the role of aligning 
the CDs, while the sequential dilution with 
succession stimulates the coherent phase-
locking of rotational oscillations among 
CDs. As the solution becomes diluted with 
vigorous shaking, the cluster breaks up 
into small pieces, seeding more clusters 
that align with one another or coalesce into 
larger ones. In the bulk solution, overall 
symmetry will be maintained, but two 
electrodes placed into it will still measure 
a net electric field, because the electrode 
surfaces effectively breaks symmetry.

This metastable state will also spontaneously 
break symmetry to favour one direction 
over all others when drops are placed in 
contact with a solid substrate, thereby 
giving rise to a wide variety of aggregates 
or clusters. A. Lo et al. (2012) have done 
detailed calculations to model the formation 
of double helix water clusters assuming two 
‘rods’ each made up of 4 parallel strings of 
aligned dipole ‘balls’ winding round each 
other. That model should be equally valid 
for the spherical dipoles proposed here. 
Incidentally, the strong negative charge at 
the periphery of the coherent domains also 
explains why they should diffract or scatter 
electrons on TEM, and appear dark (Fig. 2).

A somewhat different explanation of sup-
ramolecular structures based on a complex 
array of starting aggregates of solvents with 
or without solutes in combination with 

rotating coherent domains was presented 
by Yinnon and Yinnon (2011), but they 
have not offered any specific hypothesis 
regarding the structure of the clusters.

How This Finding Could Revolution-
ize Biology and Medicine

Shui-Yin Lo attaches special significance 
to the double-helix clusters (“double helix 
water”) found in some preparations of 
clustered water, which he believes – in 
the absence of real evidence – to be the 
precursor the double-helix in DNA and to 
be the basis of the acupuncture meridians 
of traditional Chinese medicine. He also 
believes double helix water is especially 
beneficial for health, because it “works like 
a needle in acupuncture” (Lo S-Y, 2012). 
(See an alternative, though not mutually 
exclusive hypothesis on acupuncture mer-
idians based on superconducting water 
aligned with collagen fibres in Ho, 2012b). 
Impressive changes to the thermographic 
images of the meridians can be observed 
before and after drinking double helix 
water, and preliminary results suggest 
that double helix water may be beneficial 
for autism, diabetes, thyroid, brain, and 
digestive systems (Lo SY, 2012, Bonavida 
and Stavroula, 2012, Velasquez, Chu and 
Lo SY, 2012).  Obviously, a lot more work 
needs to be done to substantiate those 
preliminary observations; as well as the 
proposed structure of the supramolecular 
clusters presented here. Shui-Yin Lo and 
his team have opened up an exciting avenue 
for future research that could indeed 
revolutionize biology and medicine (see 
also Ho 2012a, Pollack 2013).
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Discussion with Reviewers

Anonymous Reviewer: What predictions 
could be made from your proposal on the 
structure of the clusters?

M-W. Ho: This is a key question. My pro-
posal on the structure of the clusters de-
pends on the interaction of water with the 
vacuum field or ambient electromagnetic 
field (emf), in accordance with the quantum 
electrodynamical field theory as described 
by Del Giudice (2007) Del Giudice et al. 
(1988, 2010a, b) and Del Giudice and Vitiel-
lo (2006). Hence the first prediction is that 
the clusters would fail to form in a contain-
er shielded from emf, as already suggested 
by the finding of Ryzhkina et al. (2011). Ad-
ditional predictions are that it should be 
possible to measure distinct frequencies 
involved in the microwave and radiowave 
(kHz) regions respectively for the forma-
tion of the CDs and the extended coherence 
among the CDs that lead to clustering, be-
cause these frequencies would be emitted 
by the clusters as well as being absorbed by 
them. That is essentially why they are sta-
ble. Supplying the right frequencies should 
promote the formation of these clusters. It 
might even be possible to find frequencies 
that are especially good for “double helix 
water” for example.

Reviewer: What further experiments could 
be done?

Ho: The experiments involved in my answer 
to Question 1 could be done. But perhaps 
more importantly, a systematic approach 
should be adopted in characterizing the 
clustered water obtained under different 
conditions. TEM, AFM and EFM should all 
be performed under the same conditions, 
as well as other physical measurements. 
For example, EZ water should be harvested 
directly and tested to see if they form clus-
ters or something different when dried as 
described by Lo et al. What is the role of 
charge (negative vs positive or neutral) in 
the gel surface? Do clusters compete with 
the EZ water structure as described in Pol-
lack (2013)? If so, that might explain why 
EZ water appears less stable near positively 
charged surfaces (Pollack, personal com-
munication).

Reviewer: What implications are there for 
homeopathy?

Ho: Lo’s team have not explicitly mentioned 
homeopathy, although high dilution with 
succussion is obviously related to homeop-
athy. It would be very interesting to see if 
distinct frequencies and nanostructures are 
associated with different initiating solutes. 
If so, it would be possible to correlate spe-
cific biological effects with distinct frequen-
cies and nanostructures, thereby putting 
homeopathy on a firm empirical scientific 
basis. 
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