Vigorous Shaking Enhances Voltage and Power
Generation in Polar Liquids due to Domain
Formation as Predicted by QED
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Abstract

Using a U-shaped glass tube where one
arm contains bi-distilled water and the oth-
er arm ethyl alcohol (91%) separated by a
platinum foil, the generated voltage across
two platinum electrodes and a DC power of
the order of nanoW were measured. The
generated voltage lasted for many hours.
The magnitude of both the voltage and
power generated increased with vigorous
shaking of the alcohol.

Considering the absence of any significant
quantity of ionic solutes in this system,
voltage generation from two different po-
lar liquids separated by a metal separator is
an interesting phenomenon in the context
of classical electrochemistry and seems to
imply some kind of non-ionic conduction.
A qualitative explanation of this phenom-
enon has been offered here based on the
principle of Quantum Electrodynamics.
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Introduction

Driven by the modern lifestyle’s growing
demand for energy and significant pressure
to protect the environment, newer technol-
ogies for getting electrical energy from eco-
friendly alternative energy sources have
been one of the major objectives of present
day research.

Photo-voltage generation using solar pow-
er has been studied intensively for several
decades. The limitations of conventional
silicon technology based on photo-voltage
have led to the use of varieties of nanopar-
ticles (NPs) as the new building blocks
to construct light energy harvesting as-
semblies (Gratzel, 2005; Nakayama et al.,
2008; Chou et al., 2008; Vansark et al.,
2012; Kamat, 2007). New initiatives like
use of biomimetic systems to simulate nat-
ural photosynthesis (Choi et al., 2004; Das
et al., 2004; Rybtchinski et al., 2004; Grat-
zel, 2010) and fabrication of hybrid solar
cells by using nanoparticles have also been
very promising (O’Regan et al, 1991; Gunes
et al., 2010; Baxter et al., 2005; Martinson
et al., 2007; Greene et al., 2007; Beek et al.,
2004).
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Recently, it was shown that power can be
generated by perturbing polar liquids (wa-
ter) with Nafion membranes in the pres-
ence of H O, and K,CO, (Germano et al.,
2012). The experiment was followed by
another one, where electricity was extract-
ed from bi-distilled water in the presence
of Nafion and H,0O, (Germano et al. 2013).
According to the authors, electricity extrac-
tion in the absence of any significant quan-
tity of ionic solutes is an astonishing phe-
nomenon in the frame of classical electro-
chemistry and it seems to imply some kind
of non-ionic conduction. The authors have
explained the phenomena within the con-
text of Quantum Electrodynamics (QED).

In the present work, it is shown that electric-
ity could be generated by using a U- shaped
glass tube, whose one arm contained 91%
ethyl alcohol and the other bi-distilled wa-
ter, separated by a platinum foil. Two plati-
num electrodes were placed symmetrically
in the two chambers. Electricity has been
generated in this system in the absence of
any significant ion source. Both the volt-
age (~ mV) and the power (~ nW) output,
though small, reached a plateau region and
continued for many hours.

It was further observed that the magni-
tude of the above two quantities increased
with vigorous shaking of the alcohol. This
process of vigorous shaking is technically
termed as “succussion,” which imparts en-
ergy to the system. An estimation of the im-
pact of the force applied by succussion in a
specific setting has been calculated (Shah,
2016).

This extraction of electricity using only two
different polar solvents and without any ex-
ternal agent to provide charge carriers, is in
itself a unique phenomenon from the per-
spective of classical electrochemistry. Us-
ing QED as applicable in the case of polar
liquids, an attempt has been made here to

explain this observed enhancement of elec-
trical energy with increase in succussion.

Materials and Experimental Set-up

91 % Ethyl alcohol was prepared from pure
ethyl alcohol (E. Merck, India) and was
succussed by using the standard procedure
for preparing homeopathic liquids, i.e., by
striking a bottle, 2/3 filled with alcohol, on
a hard but elastic body?®. There was no dilu-
tion after that. The alcohol samples were
succussed individually and then poured in
the one arm of the U-tube. The bi-distilled
water was poured in the other arm. The ex-
periments were performed within 2-3 days
after the succussion, while the samples
were kept under ambient conditions in nor-
mal glass bottles.

The ethyl alcohol and bi-distilled water of
conductivity ~ 1.5 uS/cm and ~ 5.5 uS/cm
respectively were used throughout the ex-
periment.

The following samples were used:
Sample A : unsuccussed,

Sample B : succussed 60 times
Sample C : succussed 300 times
Sample D : succussed 2000 times

The experimental cell was a glass U-tube
containing ethyl alcohol in one arm and
bi-distilled water in the other arm, the two
arms being separated by a platinum foil.

(Fig. 1)

Using a 1 MQ resistance, the open circuit
voltage and current were measured with
a digital multimeter (87 V Fluke) and a
Keithley Electrometer (DM 196). The mea-
surements were made for several hours
even after reaching the saturation values.

$Homeopathic Pharmacopoeia of India, 1971, published by Ministry of Health, Govt. of India. The Homeopathic

Pharmacopoeia of the United States (on-line version).
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Figure 1. Experimental cell (R: resistor,
A: Ammeter, E: Electrometer, S: separator)

Dimensions of different parts used in the
experimental set up were as follows:

Dimension of the cell:

Diameter of the connecting tube: 1.27 cm

)
Diameter of each arm: 1.83 cm (d)
Length of each arm: 11.0 cm (L)

Length of the connecting tube: 3.4 cm (L,)

Dimension of the rectangular platinum
electrode (pt E):

Length: 5.8 mm
Width: 4.9 mm
Thickness: 0.27 mm

Dimension of the platinum separator (S):

Circumference: 126.6 sq. mm.

Thickness: 0.3 mm

Results

The voltage and the power generated in
the experimental cell using two different
liquids and in the absence of any source of
ions was observed and these effects were
enhanced when alcohol was succussed. The
time variations of open circuit voltage and
power are shown in Fig. 2 and Fig. 3 respec-
tively. For each sample the experiment was
repeated at least three times. The process
was found to be qualitatively reproducible.
The standard deviations were less than 10
percent of the mean values of voltage and
power. The data reported here are the av-
erage of three repetitions.

-------- Sample A
= Sampla B
+ Sample C
v Sample D

Veltage in m\/

o 200 400 G800 800 1000 1200 1400
Time in minutes

Figure 2. Variation of open circuit voltage with
time. A: unsuccussed, B: succussed 60 times,
C: succussed 300 times, D: succussed 2000 times.

The highest magnitude of open circuit volt-
age for Sample D is 114 mV (Fig. 2). For
the same sample, the voltage drop across
the resistance (maximum value ~ 48.3
mV), the current flowing through the cir-
cuit (maximum value ~ 0.013 pA) and the
power ( maximum value ~ 0.62 nW, Fig. 3)
decreased very slowly for several hours.
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Figure 3. Variation of power with time.
A: unsuccussed, B: succussed 60 times,
C: succussed 300 times, D: succussed 2000 times.

With rise in temperature, the value of cur-
rent increased and so did the voltage drop
across the resistance 1.0 MQ. The magni-
tude of all the parameters, viz., voltage, cur-
rent and power were highest for Sample D.
At 75°C the respective values of these quan-
tities are ~56.2 mV, ~0.061 pA and ~ 3.43
nW as compared to ~48.3 mV and ~0.013
UA and 0.62 nW at temperature 30°C. The
variation of power with temperature is
shown in Fig. 4.
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Figure 4. Variation of power with temperature.
A: unsuccussed, B: succussed 60 times,
C: succussed 300 times, D: succussed 2000 times.

Discussion

The two surfaces of the platinum foil are in
contact with two liquids of different dipole
moments (91 % ethyl alcohol ~ 1.66 D and
water ~1.87 D). The measured open circuit
voltage decreased initially and reached a
steady value and thereafter retained that
value for several hours (Fig. 2). The side
in contact with ethyl alcohol showed nega-
tive polarity. These observations can be ex-
plained as follows.

At each surface of the platinum foil, adsorp-
tion of molecular dipoles takes place, water
on one side and ethyl alcohol on the oth-
er. For adsorption of water molecules on
platinum it is known that the “flipped-up”
orientation (the negatively charged oxy-
gen end of the dipole towards the electrode
surface) is slightly more favoured than the
“flopped-down” orientation (the positively
charged hydrogen end towards the surface)
(Bockris et al., 1970). This has been ratio-
nalized by the asymmetry of the water mol-
ecule by which the flipped-up orientation
leads to stronger image as well as disper-
sion interactions due to closer placement
of the dipole to the electrode surface, than
the flopped-down orientation. Also, the
electrostatic interaction with the flipped-up
water dipoles is stronger because the nega-
tive charge, residing on the oxygen atom,
is somewhat localized while, for flopped-
down dipoles, the positive charge is spread
over the two hydrogen atoms thereby de-
creasing the charge density.

For ethyl alcohol dipoles the same mecha-
nism can be proposed, but in this case the
negative charge on the oxygen end is higher
compared to that in water due to the elec-
tron-releasing inductive effect of the ethyl
group which is reflected by higher acid-
ity of water than ethyl alcohol (Morrison
et al., 1969). At the same time, in ethyl al-
cohol the positive charge is spread over a
larger region than in water, covering both
the hydrogen atom and the ethyl group.
Therefore, for ethyl alcohol the flipped-up
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orientation is expected to be considerably
more stable than for water. This makes the
difference between the number densities
of flipped-up and flopped-down dipoles to
be greater in ethyl alcohol than in water.
Though the electric fields generated by ad-
sorbed dipoles on two sides of the platinum
separator act in opposition to each other,
the net effect is a more negative potential at
the side of the metal surface that is in con-
tact with ethyl alcohol. In this way the ap-
pearance of the voltage, the direction of the
potential drop and its stability with time
can be accounted for.

Here, we attempt to explain our results
within the context of QED, the fundamen-
tal quantum field theory of matter. The
QED model predicts that under certain
conditions self organization may take place
in water and other polar liquids (Arani et
al., 1995; Del Giudice et al., 2006; Bono
et al., 2012). Evidence of large supramo-
lecular clusters in polar liquids has been
observed (Ho, 2014; Sedl’ak et al., 2013;
Elia et al., 2013; 2014; Konovalov et al.,
2014). According to QED, the molecules
may distribute over a coherent phase (CP)
and a non-coherent phase (NCP). In the
CP, all molecules coherently oscillate. Part
of these CP molecules are organized in do-
mains wherein they coherently oscillate
between their ground electronic state |a>
and a well-defined excited state |b>. In the
|a> state, the electrons are firmly bound.
In the |b> state, the electrons are nearly
free i.e., quasi-free electrons. Here we de-
note these coherent domains composed of
electronically excited molecules as CD,__.
Only a small amount of energy is sufficient
to free an electron from the quasi free state
(Germano et al., 2012; 2013; Bono et al.,
2012). Therefore, the CD__ is a reservoir of
quasi-free electrons. These electrons can be
released under appropriate condition (Del
Giudice et al., 2010; 2013).

The other part of the CP molecules coher-
ently oscillates between two rotational

states (Del Giudice et al., 2006). These
molecules organize in coherent domains
(CD,_ ), wherein their electric dipoles are
aligned, i.e., these molecules are ferroelec-
tric ordered Therefore, CD__ have a net di-
pole moment. In the NCP, molecules reside
in the ground electronic state |a> and the
rotational energy distribution is that of the
Boltzmann distribution. Experimental evi-
dence for CP and NCP phases has accumu-
lated during last decade (Kononov et al.,
2015; Yinnon et al., 2009; 2012; 2015a,b;
2016; Elia et al., 2015; 2016; De Ninno et
al., 2013; ). In particular, in water and other
polar liquids adjacent to interfaces, stabili-
zation of domains with properties of CD__,
and CD_ have been observed. Also in serial
diluted succussed polar liquids, such stabi-
lization has been identified.

The relative abundance of CP and NCP
molecules is temperature dependent. The
abundance of CP decreases with tempera-
ture (Preparata, 1995). No domains stabi-
lize in the absence of the electromagnetic
field as predicted by QED and experimen-
tally verified (Preparata, 1995; Konovalov
et al., 2014; Ryzhkina et al., 2015). For non-
polar liquids, QED does not predict stabi-
lization of CD_, (Del Giudice et al., 2006).

The effects of succussions on CD,_  and
CD, , has been explained by Yinnon and
Yinnon (2011), Yinnon and Elia (2013) and
Yinnon and Liu (2015). Succussions break
up these domains. The broken pieces of
CD, very quickly (on a mesoscopic time
scale) reassemble. The dynamics of the
broken pieces of CD_, is more complicated.
It takes place on a macroscopic time scale
(minutes-months). In these broken pieces,
the molecules are ferro-electrically ordered.
Thus these broken domain pieces can be
regarded as Electric Dipole Aggregates
(EDA). These EDA can enhance stabiliza-
tion of CD__. Thus based on the explana-
tion of Yinnon et al. (2011; 2013; 2015a,b),
succussions break up CD_,, create EDA
and therefore enhance stabilization of
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CD,, the source of quasi-free electrons.
We speculate that the quasi-free electrons
of these CD_ might have contributed to
our observed enhancement in the voltage
and power generation of succussed alcohol
versus unsuccussed alcohol.

Conclusion

The extraction of electrical energy using
two different polar liquids in the absence of
any external ion source is a very interesting
phenomenon from the perspective of clas-
sical electrochemistry and implies another
kind of conduction rather than ionic con-
duction. The difference in polarity of mol-
ecules in the two chambers creates a poten-
tial barrier across the platinum barrier. We
have explained this extraction of electrical
energy within the context of QED.

QED predicts that under certain conditions
two phases may stabilize in polar liquids,
i.e., a coherent phase (CP) and a non-co-
herent phase (NCP). The CP, under certain
conditions, is composed of two types of do-
mains (CD__and CD_). In these domains,
the molecules perform coherent oscilla-
tions. The molecules in CD__ contain qua-
si-free electrons. It is our conjecture that
these electrons underlie the voltage and
power generation phenomenon reported in
this paper, i.e., these electrons flow across
the platinum barrier. Adjacent to some in-
terfaces, the CP grows. Initially it grows at
a rate on the order of microns per second,
but later its growth rate diminishes. Suc-
cussions excite or break up the domains.
The CD,_, break up into Electric Dipole Ag-
gregates (EDA). These EDA stabilize ad-
ditional CD__. The dynamics of EDA take
place over macroscopic time scales. Hence
stabilization of CD__ by EDA is a slow pro-
cess. Stabilization of additional CD__ in-
creases the number of quasi-free electrons.
This explanation rationalizes why the volt-
age persists over macroscopic times.
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Discussion with Reviewers
Reviewer 2:

Power generation by a system contain-
ing a polar liquid (alcohol) perturbed by
succussions, to the best of my knowledge,
is a novel approach. Several years ago, it
was shown that power can be generated by
perturbing polar liquids (water) with Na-
fion membranes [Germano et al. (2012).
Oxhydroelectric effect: Electricity from
water by twin electrodes. Key. Eng. Ma-
ter.495:100—103; Germano et al. (2013).
Oxhydroelectric effect in bi-distilled wa-
ter. Key. Eng. Mater. 543: 455—459.] Like
the authors, Germano et al. in their 2012
paper claim: “The experimental evidence
of electricity extraction from water by twin
electrodes (the same metal) mediated by
oxygen molecules, that we report in this pa-
per, is an astonishing phenomenon in the
framework of the classical electrochemis-
try. Nevertheless, we will show that it has
a theoretical background in the modern
quantum electrodynamic (QED) descrip-
tion of water.” While in their 2013 paper,

they claim: “Electricity extraction from bi-
distilled water by twin electrodes reported
in this work is an astonishing phenomenon
in the frame of the classical electrochem-
istry because — considering the absence of
any significant quantity of ionic solutes in
this pure water system — it seems to imply
some kind of “other than ionic” conduction.

I would like the authors to point out to the
readers the similarities and differences be-
tween:

i. Their experimental techniques and those
of Germano et al. (2012, 2013);

ii. Their data and that obtained by Ger-
mano et al. (2012, 2013), including details
about the differences in maximal power
generation and its duration in their system
and both systems described in the papers
by Germano et al.(2012, 2013);

iii. Their QED based interpretations of
the experimental results and those of Ger-
mano et al. (2012, 2013);

iv. The relative technological advantage of
their technique compared to the techniques
Germano et al. (2012, 2013).

Authors:

i) The authors’ experimental techniques
and those of Germano et al.

The components of the experimental sys-
tem of Germano et al., (2012) consist of a
transparent plastic beaker, inside which a
cylindrical symmetry anode-cathode struc-
ture was positioned. The inner electrode
(anode), made of a platinum wire tightly
coiled around a strongly hydrophilic ma-
terial, Nafion® film, glued on the exter-
nal surface of a plastic bobbin, was used as
anode-cathode holder. The outer electrode
(cathode), made of an identical Pt wire, was
coiled and fixed around a bearing structure,
consisting of thin wooden sticks, glued on
the bobbin flanges. The electrolyte was a
saturated solution of potassium carbonate
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(K,CO ) in water (H,O), providing an alka-
line background (pH >10). (Details given
in the paper and please see the accompany-
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Becker
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Hz0
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+Hallz
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‘ Digital Mulimeter

ing figure.)

A DC power on the order of hundredths of nW was
measured for days through a resistor connected to
the twin Pt electrodes.

In the second set of experiment of Germano
et al (2013) the system consists of two L-
shaped glass semi-cells connected among
them and provided with a 25 nm filter Mil-
lipore® positioned at their junction. The
semi-cells are filled with bi-distilled water

Digital Multimeter
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and in each of them a platinum wire elec-
trode is immersed.

A DC power on the order of tenths of nW, lasting
for many hours, was measured through a resistor
connected to twin Pt electrodes immersed into bi-
distilled water, after the addition of some pieces
of Nafion® in one semi-cell and of a very small
amount of hydrogen peroxide (H202) — as a
source of oxygen — in both semi-cells.

In our system two platinum electrodes are
immersed in two identical chambers of a
glass U-tube, one containing 91% ethyl al-
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cohol and the other containing bi-distilled
water; the two chambers being separated
by a platinum foil.
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A DC power on the order of nW was measured for
hours through a resistor connected to the twin Pt
electrodes.

i) The authors’ data and those obtained
by Germano et al. (2012, 2013), including
details about the differences in maximal
power generation and its duration in our
system and their systems are described in
our response to the reviewer’s comment (i).

While the generated voltage and power ob-
tained in both systems of Germano et. Al.,
(2012, 2013) were more as compared with
the present work, the duration of electri-
cal energy generated is similar to their ob-
servations. Comparative statements from
these studies are cited below:

In the expt of Germano et al (2012): A DC
power on the order of hundredths of nW
was measured in presence of Nafion, H O,
and K,O,, for days through a resistor con-
nected to the twin Pt electrodes.

In the expt of Germano et al (2013): A DC
power on the order of tenths of mW, last-
ing for many hours, was generated after
the addition of some pieces of Nafion® in
one semi-cell and of a very small amount
of hydrogen peroxide (H,O,) — as a source
of oxygen — in both semi-cells. This was
measured through a resistor connected to
twin Pt electrodes.

In the expt of Bandyopadhyay et al (2017):
A DC power on the order of nW was mea-
sured for hours through a resistor connect-
ed to the twin Pt electrodes.

iii) Our QED based interpretations of the
experimental results and those of Ger-
mano et al. (2012, 2013).

In all the three cases (two of Germano et al
and one of ours), electricity extraction by
twin electrodes is an astonishing phenom-
enon in the framework of classical electro-
chemistry because — considering the ab-
sence of any significant quantity of ionic
solutes — it seems to imply some kind of
non-ionic conduction.

All these results have rightly been inter-
preted from a QED point of view which
explains the formation of supramolecular
structure arising due to some kind of auto-
organization.

iv) The relative technological advantage of
the authors’ technique compared to the
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techniques of Germano et al. (2012, 2013).

Author(s) Year Chamber Solution
I. Germano et al. 2012 Cylinder water with K,CO,

+ naﬁon+H202

A DC power on the order of hundredths of nW was measured for days.

I1. Germano et al. 2013 L shaped cell Bi-distilled water
Divider: porous and H,O, in both sides
Filter + nafion in one

A DC power on the order of tenths of nW, lasting for many hours, was generated.

III. P. Bandyopadhyay 2017 U-shaped cell Bi-distilled water
et al. Divider: Pt foil in one side
91% ethyl alcohol
on the other side
A DC power on the order of nW was measured for hours.

The advantages of our system over those of Germano et.al., (2012, 2013) are:
a. No external agent was needed in the present system.

b. Alcohol is a natural product, which does not release any compounds. Nafion
instead releases small amount of fiour and sulphate ions.

c. Our system elucidates an aspect of homeopathic liquids (remedies), i.e., suc-
cussions of an alcohol-water mixture affect the number of its quasi-free electrons.
Thus, our experimental findings have implications beyond those of power genera-
tion.
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