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Summary

In homeopathy, high potentization means
such high dilution that there is no longer
even one molecule of the original active
agent per gram of the mixture. Neverthe-
less such high dilutions apparently remain
effective. We develop a possible mechanism
for homeopathic potentization to explain
this phenomenon. This mechanism consists
of three consecutive processes: initiation,
multiplication, and amplification. Initia-
tion is the mechano-chemical generation,
by strong shaking following each dilution
step, of radicals which remain in existence
by mutual stabilization in simultaneously
formed electronic domains. Multiplica-
tion transfers electronic excitation level
structures from the original homeopathic
agent to these radical-containing domains,
stabilizing them further. These stabilized
domains participate in the multiplication
process until all the domains contain the
critical information. Amplification is the
generation of the same number of informa-
tion-containing domains as existed prior to

dilution. This amplification step can be re-
peated any number of times, with the origi-
nal agent eventually diluted to negligible
levels but the information-containing com-
ponent regenerated to the same concen-
tration in each step. In our first model we
assume each domain is contained in a sepa-
rate water cluster. In an alternative mecha-
nism we consider two domains contained
within one water cluster, altering the ini-
tiation process. The equations derived from
these mechanisms are linked to observables
(indicators) and may be used to obtain pre-
cise numbers for rate constants and con-
centrations from future experiments, some
of which are outlined.

Introduction

In recent work on the action of poly-carbonyl
compounds on cancer cells (Czerlinski and
Ypma, 2008a) we considered extremely low
concentrations of the active substance (1072 g
substance per g water), prompted by their suc-
cessful use in clinical studies by Koch, 1961.
Such low concentrations are not generally used
in medicine, but are typical of homeopathy,
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which uses dilutions in which on average less
(often much less) than one agent molecule is
present in the administered volume. Our earlier
study (loc. cit.) provides an adequate descrip-
tion of homeopathic action for moderate poten-
cies (dilutions), but not for high potencies in the
range of 100D (=10"°° g agent/g solution) or
more. In this paper we develop possible mecha-
nisms, involving the structure of water, that aim
to explain how such high dilutions might carry
and transmit the information of the original
agent.

The methodology of homeopathy was intro-
duced by Hahnemann, 1842; for details, no-
tation and nomenclature we refer to Yasgur,
1998. The scientific literature on homeopathy is
voluminous. The direction of the present study
is significantly influenced by three studies that
are particularly instructive of homeopathic ac-
tion and are discussed below (Brizzi et al., 2000,
Endler et al., 1995, Lenger et al., 2008). This
selection of papers deliberately avoids work on
humans, since the question of a placebo effect is
difficult to avoid in human clinical trials.

Brizzi et al., 2000, used a large number of
wheat seedlings and 45 x arsenic oxide As O,
in water, corresponding to 104 g per g of wa-
ter (Yasgur, 1998). Half of their seedlings had
previously been poisoned with high concen-
trations of AsO.. The stem (but not the root)
of the poisoned seedlings was affected by the
highly diluted arsenic oxide, showing enhanced
growth. They also showed that if there was no
vigorous shaking after each dilution while pre-
paring the 45 x arsenic oxide there was no ef-
fect. This highlights the requirement of intense
shaking following each step of dilution in order
to transmit the critical information.

Endler et al., 1995, showed that very low lev-
els of thyroxin had an effect on the climbing of
frogs from a bath immediately after metamor-
phosing out of their amphibian stage. When
as little as 103 M thyroxin was added to water
(corresponding to much less then one molecule
per g of solution), the frogs responded by climb-
ing out of their bath. In a particularly interest-
ing test series, sealed ampoules with thyroxin
at 103° M in water were inserted into the bath
with frogs. This also induced the frogs to climb,
apparently due to some emission from the am-

poules. This suggests the presence of decaying
electronic states within the homeopathic solu-
tion.

Lenger et al., 2008, showed that with high po-
tencies (extremely low concentrations of the
original agent, such as metallic silver) a light
flash on a homeopathic bolus of sucrose powder
produces delayed luminescence, which over a
range of seconds does not decay in an exponen-
tial manner but follows a reciprocal law. Thus
it seems that homeopathic dilutions contain
entities which can radiate photons and have a
specific photon-excitable structure. Lenger et
al., 2008, mention a very low stationary lumi-
nescence, which is probably similar to the ra-
diation coming from the sealed vials of Endler
etal., 1995.

These papers suggest that strong shaking after
every dilution is required to retain the activity
of the original agent, photons are involved in
the transmission of information, and photon
absorbing structures which reemit photons in
specific ways are involved. These observations
underlie the mechanisms proposed below.

Since primarily water is used in homeopathic
dilutions, there appears to be something in wa-
ter which can retain the critical agent features
after many dilutions of the agent itself. Thus
we examine the structure of water and what
happens to this structure upon strong shaking,
both with and without a homeopathic agent.
We develop two alternative mechanisms which
permit the retention of critical features of the
agent. We simulate these reactions under a va-
riety of conditions by solving numerically a set
of differential equations describing the model
homeopathic dilution process. We use these
results to develop experimental designs which
could be used to test our ideas and determine
specific parameter values.

Methods

(a) The initiation process

Recent data (Chaplin, 2007) suggests that wa-
ter is not just H O but consists of clusters of wa-
ter molecules, denoted by (H,0), with n ranging
from 2 to possibly much larger numbers. These
clusters interconvert easily and quickly. Re-
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cently Smirnov et al., 2005, demonstrated the
existence of giant heterophase clusters of even
larger size. During the shaking that is part of the
homeopathic dilution process these giant clus-
ters may break down into smaller ones which
participate in what follows.

A mechano-chemical effect takes place in wa-
ter when shaken vigorously, for example in
ocean surf (Domrachev et al., 1992) or during
the homeopathic dilution process, which in-
volves repeated steps of dilution followed by
vigorous shaking. During such shaking, clusters
with a sequence of aligned OH bonds may have
synchronous movement of the aligned system
which results in very rapid (1 fs) aggregation
of these equal vibrational bond energies, lead-
ing to one HOH dissociating into its radicals,
while the many HOH groups involved form an
electronic domain. The unpaired electron in the
radicals ‘H and ‘OH moves very rapidly (1 fs) be-
tween electronic isomers of individual domains
of nano-sized dimension (called mesomery in
organic chemistry). One element of mesomery
is shown in Figure 1 (upper right), denoted ‘do-

main’.

The proposed mechanism has two compo-
nents; one in which the shaking of water pro-
duces radicals, and another in which a transfer
of characteristics of the original homeopathic
agent to the nano-domains occurs. Since this
information can apparently also be transferred
by photons, we surmise that the characteristics
are the electronic excitation level structures of
the original agent.

Figure 1 shows such a mechanism (Model 1),
with the radical formation shown in part A and
an information copying section in part B. Here
we discuss part A; in section (b) below we dis-
cuss part B. The subsequent information ampli-
fication process which occurs in repeated dilu-
tions with shaking is discussed in section (c).

(domain)
-H..OH, €« > HOH..H-

[cluster]
fast HyO-exchange

[HZO] [(-H)}Ti{ OzH)i
'“kmi Kia
A [('OHH Kz oo 1
2 =
e ¥ N
. [CH)] +[(-OH)] +[(-O, H)] - X
ks =
H,0
ks r 0,
K4

Figure 1: Full mechanism of homeopathic ampli-
fication (Model 1). Part (A) shows the formation of
sub-clusters with one H,0 molecule being split into
radicals stabilized in domains. Fast reacting free
radicals only appear after breakdown of the do-
mains. These free radicals are numbered 19, 20 and
21 for ‘H, -OH and -O,H respectively. In (B) compo-
nent 1 is the original effective agent, while compo-
nent 2 is a cluster with all the radicals involved in
the copying process of the properties of component
1. Component 4 carries the crucial information of
component 1 in the form of photo-excitation states
over a wide spectrum of photon energies. This spec-
trum is characteristic of the agent and is imprinted
from component 1. Amplification takes place when
component 1 is diluted followed by strong shaking
but component 4 after copying reaches the same
stationary concentration regardless of the number
of dilution steps. Figure 1C describes a reaction be-
tween free radicals involving dissolved O,. For dif-
ferential equations and parameters, see Tables 1
and 2 respectively.

Figure 1A describes the chemical kinetics of
the shaking process without component 1 (the
active agent) present. Component numbers
are indicated by digits i, with ¢, denoting their
concentrations. The k denote reaction rate
constants, [H O] refers to the water clusters
that participate in these reactions, and (‘H),
(OH) and (‘O_H) denote radicals stabilized in
their domains as described above. We assume
no molecular oxygen is present. The clusters
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(component 6) are broken apart by the mech-
ano-chemical effect into components 7 and 8.
The rate constant k; refers to this mechano-
chemical conversion. According to Cowan et al.,
2005, such an electronic rearrangement takes
place within about 1fs, while hydrogen bond re-
arrangements in water clusters take about 50 fs.
In nature k may be active long-term, but in the
laboratory the duration of the mechano-chemi-
cal conversion is limited to the period of strong
shaking; we use 10 s in our simulations.

In Figure 1A there are two paths between com-
ponent 6 (the initial water cluster) and the pair
7 and 8 (the radicals in new domains), with
microscopic reversibility assumed for both.
The corresponding back rate constant k = (not
shown) is very small compared to the parallel
moving reverse photo-chemical k . The coun-
ter-flowing photo-chemical rate constant k  is
solely determined by the number of photons of
wave length around 175 nm absorbed by H O to
produce radicals. Since this number of photons
is negligibly small on the surface of the earth,
the composite k  is significantly less than k.
Since this back reaction with k _does not in-
clude domain formation, compounds 7 and 8
are not formed from this reaction and the pho-
to-chemical radicals produced are short-lived.
In short, since the conversion from component
6 to 7 involves k9 (a mechano-chemical conver-
sion) while that from 7 to 6 involves k _ (a re-
verse photo-chemical conversion) and k | (c7 +
¢g) << k,, essentially all of convertible compo-
nent 6 is converted to 7 and 8.

ko
[H O]T‘[{-HM OH”TH o, H)+( -OH)]
10

K14 9 O

O

Figure 2: Alternative mechanism of homeopathic
amplification (Model 2), now involving the initial
formation of two radical-containing domains with-
in each cluster. Otherwise as in Figure 1. For differ-
ential equations and parameters, see Tables 3 and
4 respectively.

Molecular oxygen is not usually excluded from
an aqueous system. When dissolved molecular
oxygen (component 9) is present the second
step in Figure 1A takes place, producing com-
ponent 10. The equilibrium concentration of
component 10 depends on theratioc_ / (k,/k ):
the larger this ratio, the more component 10 is
produced (assuming ¢, > ¢ ). In distilled water
components 7, 8 and 10 likely convert to H O,
in at most a few hours, the average life time of
H, O, in the atmosphere (Selivanovsky et al.,
2008). Using ¢, = 10°® M and setting the length
of time for this conversion to be 1/k , = 10°s (on
the high side) givesk , =10%s™. We set 10k ;=
k,=k,.

Asindicated in Figure 1A the generation of H O,
is associated with the release of photons. There
may be a reverse k_, equivalent to a photo-
chemical splitting of H O, into its radicals. We
assume that the energy needed for splitting is
high while the number of photons is low, thus
this effect is negligible.
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To obtain more precise parameter values, ex-
periments must be conducted. When a solution
of radicals is mixed with a solution of dissolved
oxygen, one should be able to observe the con-
centration changes of the reactants using fluo-
rescent indicators. Alternatively, one could
pre-mix component 6 with varying amounts of
component 9 (oxygen), then initiate the mech-
ano-chemical effect and observe the kinetics of
radical generation over a range of O, concen-
trations. Extrapolation to zero oxygen concen-
tration would then provide kinetic data for the
generation of components 7 and 8.

(b ) The information copying process.

Figure 1B describes the mechanistic details of
the information transfer that takes place in the
dilution process when combined with vigor-
ous shaking. Classical fluorescence reveals that
excitation energy transfer can take place over
distances of up to 5 nm (Foerster, 1951). If the
emitting and reabsorbing molecules have over-
lapping emission and absorption spectra and
their distance is 5 nm or less, the transferred en-
ergy can be used for a photo-chemical change,
such as the isomerization investigated by Gole
and Michels, 1995. Since there is no photo-exci-
tation energy available we postulate a different
effect: an excitation energy level transfer from
agent molecules to domains within 5 nm. We
assume that the free electron in the domain can
easily accept the excitation energy levels of the
agent.

In Figure 1B component 1 is the small molecule
with the homeopathic action of interest. All
other components (except for the terminal H,
and H O, as well as the short-lived components
19, 20 and 21) are water clusters containing do-
mains. In complex 3 the excitation level struc-
ture is transferred from component 1 to compo-
nent 7 (or 8 or 10, see below). Complex 3 then
dissociates into component 1 and a new compo-
nent 4 which contains the transferred informa-
tion. Component 4 contains the ‘memory com-
ponent’ referred to by some homeopaths. Since
component 4 contains the crucial information
of component 1, it can act like component 1,
forming the binary complex 5, which after the
information (i.e., the excitation level structure
of the original agent) transfer dissociates into
two components 4. Figure 1C accounts for the

presence of O,.

We introduce the terms
c*3 =C,+C, +Cy,

c*4 =c,+c +¢C,
c*,=c +c, +Cy and
c*7 =c +cg+c.

as the radical concentrations produced in the

steps with k , k, k_and k_ respectively. In these

relations ¢, C,C and c, all contain the hydro-

gen radical; c,, C.p C,, and c _all contain the hy-

droxyl radical, and ¢ , ¢ , c_and c 4 all contain
. 17 18

the radical -O_H.

167

Since k, and kg are extremely small, ¢, is quick-
ly formed without reverse flow, and then stays
essentially constant as the sum ¢ + ¢ +
¢, s (Where the subscript SS refers to a station-
ary state) due to the relatively slow conversion
of components 4, 14 and 17 to component 11
(H,0,) via the short-lived free radicals. Since
component 6 splits into two radicals within do-
mains and any subsequent reactions proceed
relatively rapidly, the sum of these initial prod-
ucts is given by ¢*_ which is then consumed via
¢’,and ¢’ to give approximately ¢, = 2 ¢ °.

As mentioned earlier, Endler et al., 2005, re-
ported effects on the climbing rate of frogs
when using a thyroxin solution in sealed am-
poules. That solution was highly diluted in
several steps, with vigorous shaking, so single-
electron domains in clusters of water were pres-
ent as described above. We postulate that the
radiation from the sealed vials of Endler et al.,
2005, and also the low-level long-term lumi-
nescence of Lenger et al., 2008, are associated
with the recombination of radicals. The lifetime
of the radiation from the recombination of two
radicals in the stabilized domains is much lon-
ger than the few hours observed for the recom-
bination processes controlled by k , k , and k.
The photons required to explain the sealed am-
poule effects described by Endler et al., 2005,
might be formed after decay of component 14
to 20 (k, ) and their subsequent collapse to give
H,0,. This photon release is indicated in Figure
1B by ‘~hv’ next to the arrow with k . Since the
information copying process stabilizes the do-
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main, we require k, <<k . Since these photons
mimic the presence of the agent, they must have
been contained in the electronic precursors in
the domains, which means that an effective
information transfer must have taken place in
component 3 (plus 13 and 16). Popp, 1998, es-
timates 10-9 s as approximate life time of the
information carrying component. We therefore
estimate 1/k, = 107°s. It appears that the long-
lived domains do not behave like ordinary mol-
ecules, but more like biophoton receivers and
emitters. A good overview of the latter is pro-
vided by Popp et al., 1992.

( ¢ ) The information amplification pro-
cess.

Initially the value of ¢’, is zero, but ¢’, > o for all
subsequent phases of dilution and shaking. Let
k count the dilution phases, so k = 0 defines the
initial phase, and define rd as the dilution ratio
(typically r, = 0.1, 0.01, or 0.001). While each
dilution step starts with the same value of c.°,
the successive initial values of ¢, denoted (c,)
k, satisfy (c, )k = r}* (c°),. Similarly after each
dilution (0455*)k =T, (c4ss*)k>1, but following the
dilution and shaking the initial ¢ ,° converts to
¢,*, with the result that subsequently (c )k =
(¢, ). Thus the concentration of component 1
becomes progressively smaller, but the station-
ary concentrations of components 4, 14 and 17
only change within a limited range irrespective
of the number of dilution steps. An example is
shown in Figure 4 fork = 1and r, = 0.01.

The upper values of the diffusion limited bi-
molecular reaction rate constants in water are
largely determined by the size of the molecules
involved. The values of k and k, are primarily
determined by component 1, which is usually a
relatively small molecule. However, the bimo-
lecular rate constants k_ and k; both involve
water clusters, which diffuse slower than com-
ponent 1. This means that the (limiting) diffu-
sion controlled bimolecular rate constants are
smaller than those for small molecules and ap-
propriate values need to be computed. Equation
(1) of Czerlinski and Ypma, 2008b, was used to
estimate the constants given in Tables 2 and 4.

10
time {s)

Figure 3: Changes of concentrations of most spe-
cies of Model 1 in Figure 1 using the differential
equations of Table 1, showing specifically ¢, c,, c,,
€ CgCp €y €y € €y with all ¢ = 0 except c® = 107
M,cl=cf= 10°° M. Other parameter values are in
Table 2.

The set of differential equations in Table 1 cor-
responds to the model of Figure 1. Table 2 lists
values used for the constants. This is a stiff sys-
tem of differential equations, which was solved
numerically by the Matlab (Mathworks, 2004)
routines odei5s and ode23s (Shampine and
Reichelt, 1997). The results are shown in Figure
3 and discussed below.

(d) Model 2: An alternative mechanism.

The slowest step in the overall reaction involv-
ing k is probably the dissociation into the two
daughter clusters. If the generated electrons are
sufficiently uncoupled in the newly formed do-
mains this dissociation does not need to occur.
This produces the alternative mechanism of
Figure 2. For simplicity we assume that in com-
plexes 3 and 5 information is transferred from
compound 1 to both domains within compound
2. Otherwise, k here results from the same
processes described for k_in Figure 1, while
in Figure 2 k  becomes a monomolecular rate
constant for which a value could be experimen-
tally determined from the slow disappearance
of radicals when oxygen is excluded. The dis-
tinction between these two alternative mecha-
nisms is the first step. We assume that domains
in clusters of type {(.H) + H O_} are very short-
lived.

The model of Figure 2 is described by the dif-
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ferential equations in Table 3. We simulate this
system using the constants in Table 4. Figure 5
shows the computed results.

eoncertration (M)

L
El 10 10° i 10" 10° 10* 10" 10"
time (s)

Figure 4: Changes of concentrations of most spe-
cies of Model 1 after first amplification step with r,
= 0.01 for Model 1 (Figure 1) with the differential
equations of Table 1, showing concentrations c, c

Py
c,C,CquC,C,C,C,c withallc’ =0 exceptc?’=

7?78 Y9 Y10 Y1 T14 17
109M c.=cr= =10%M, c, = c,’ =10° M (essen-
tiallyc=o0 with oxygen present) Other parameter
values are in Table 2. For differential equations de-

fining this mechanism, see Table 3.

Results and Discussion

(a) Testing of the first model.

The concentration changes involving compo-
nents 6, 7and 8 withc°>o0andc’=c, = c,’
= 0 M obtained by our numerical simulations of
the mechanism of Figure 1A are not shown, but
gave the expected behavior with ¢  and ¢, both
growing at the end to %2 c.°. The appearance of
radicals (such as ¢, and ¢,) might be observed
by using the fast optical methods developed by
Zafiriou et al, 1990, who used NO and aliphatic

NO derivatives to observe the appearance of ¢ o =

radicals in sea water. In the presence of oxygen,
given by ¢,°, ¢,° > 0 and all other initial concen-
trations zero, the appearance of radicals may
similarly be observed. A full evaluation may re-
quire increasing the oxygen concentration step-
wise over the dependent range.

Figure 3 shows the results forc°, c°, c’>0 and
all other initial concentrations zero. In this case
the addition of NO or its derivatives would not
distinguish between the various compounds;
special reactants (such as derivatives of NO)
to detect the presence of component 4 have to
be developed. Domrachev et al, 1992, used lu-
minol to detect low levels of H,O,. When only
component 4 is present an increase in the H O,
concentration corresponds to a decrease in C,
Alternatively, the photo-chemical properties of
component 4 may be used to quantify its con-
centration. The transient decrease in c1 is due
to the formation of ¢’,; a much shorter delayed
transient increase of ¢’, appears in the same
area. To enhance visibility of the rising curves
neither ¢’, or ¢’_is shown. The sum ¢’, of the flat
(stationary state) portions ofc,, ¢ andc_is2x

10° M = 2 ¢,° as expected.

Figure 4 shows the first step of amplification.
The low initial concentrations (before shaking
the mixture) of components 1 and 4 are not vis-
ible. The increase in concentrations of 4 and 14
forms a sharp corner upon reaching its maxi-
mum, more so in Figure 4 than in 3 where a sub-
stantial amount of component 1 is present and
reduces this effect. Compounds 3" and 5" might
be regarded as enzyme-substrate complexes.
But since the product 4" of 5" is also its enzyme
we have auto-catalysis by this product. The sum
c*4 of the flat (stationary state) portions of €,
and ¢ isagain2x10°M=2cy.

(b) Testing of the second model.

Figure 5 (Model 2) is comparable to Figure 3
(Model 1). The key difference for experimental
observation lies in the mechano-chemical con-
version of a water molecule into its radicals. Ex-
periments have to be designed to ensure that the
difference between the two models shows up.
This difference is largest when approximately
2 k /k,,, otherwise there is little concen-
tration dependence in the kinetics (Czerlinski,
1966). The sum c*4 of the flat (stationary state)
portions of ¢, and ¢, in Figure 5 is now 10°M =
c,° (as distinct from Figure 3).
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canceritration (M)

time: (s)

Figure 5: Changes of concentrations of most spe-
cies of Model 2 (Figure 2) using the differential
equations of Table 3, showing concentrationsc, c,,
Cy €, Cyy €y €y € after dilution (and shaking) with
allc=o0excepte’=10"M,c, =cS= 10° M. Other
parameter values are in Table 4.

(c) Homeopathic dilution in solid media.

Two of the three homeopathic references dis-
cussed in the introduction used liquid media,
while Lenger at al, 2008, used a solid medium.
Solid media are generally used whenever in-
soluble substances are used as homeopathic
agents (Yasgur, 1998). Although lactose is con-
ventionally used as the solid medium, Lenger at
al, 2008, used sucrose. Vigorous movement of
an aqueous system leads to the mechano-chem-
ical effect in water, and the grinding of sugar
crystals in an agate mortar has a similar effect.
When breaking a crystal, the pestle is hitting a
smaller crystal beneath, initiating synchronous
vibrations along lined-up bonds in the crystal.
As in a water cluster, these lined-up vibrations
stabilize into a domain with radicals generated
within 1 fs. The domain and radical again sta-
bilize each other. Since we have a solid phase,
many of the reactions of the generated domains
are much slower than in the liquid phase, but
otherwise the mechano-chemical effect in sol-
ids is very similar to the one in liquids described
above. Mechano-chemical effects in organic
crystals with initial formation of radicals have
been repeatedly described (Aleksandrov et al.,

1999).

(d) Photonic effects and their measure-
ment

The rate constant k__ is associated with the ter-
mination of the existence of the information
storage compounds. No ‘hv’ is shown near the
arrow with k,in Figure 1, implying that any
decrease in energy of the domain due to its
collapse is dissipated. No increase in tempera-
ture will be detected, since the concentration
is small and the process is slow. If photons are
emitted, one should be able to measure this by
highly sensitive photodetectors, an increase in
sampling time and a wider spectral observation
range than used by Lenger et al., 2008. Spec-
tral information on the electronic structure of
the domains (such as compound 4) can be ob-
tained by flash experiments similar to those of
Lenger et al., 2008. Although the equivalent of
k, is also present in Figure 14, it is there much
smaller and refers to rate constants k , and k,
which are of less importance.

Conclusion

We have developed a mechanism for homeo-
pathic potentization consisting of three pro-
cesses: initiation, multiplication (copying),
and amplification. Initiation is the mechano-
chemical generation of radicals contained in
electronic domains, with mutual stabilization.
Multiplication transfers electronic excitation
level structures from the homeopathic agent
to these radical-containing domains, stabiliz-
ing them further. These domains participate
in the multiplication process until all domains
are consumed. Amplification is the dilution
of a prior solution followed by strong shaking
which repeats the initiation and multiplication
process. This amplification can be repeated any
number of times, with the original agent diluted
to negligible levels but the information contain-
ing component regenerated to the same con-
centration in each step.

Several experiments have been suggested. Oth-
er questions should also be addressed. For ex-
ample, the rate constants kgr, k . k4, k, could be
much smaller than presented in Tables 2 and
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4. If so, irreversible thermodynamics may have
to be taken into account. If the electron in the
domain moves statistically this could produce
domains with the electron moving like a dipole,
initiating similar behavior in other domains by
resonance.
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Discussion With Reviewers

Anonymous Reviewer: Could the mechano-
chemical effects of agitation involve other en-
tities, such as, container surfaces, cavitation of
micro-, nano-bubbles?

Czerlinski and Ypma: Yes, but details would
have to be mested (micro-bubbles were specifi-
cally avoided in some experiments).

Reviewer: Information transfer between clus-
ters is a vague notion, so how broad is the spec-
trum of wavelengths that mediates it?

Czerlinski and Ypma: At this point, we don’t re-
ally know, definitely from below 400 nm to at
least 800 nm, but possibly up to km.

Reviewer: What is mesomery?

Czerlinski and Ypma: Mesomery = electronic
isomery, see next answer.

Reviewer: How does mesomery stabilize your
homeopathic agents (radicals)?

Czerlinski: The electronic excitation level struc-
ture exists within a domain of (say) 20 water
molecules, with one of these molecules replaced
by either H- or OH- and the radical moving from
one water molecule to the next by electronic
rearrangement. In the copying process (in ¢,")
the electron distribution in the donor/original
agent is transferred to the electron distribution
in the acceptor/domain of water molecules; the
electron in the domain then stays with each wa-
ter molecule different lengths of times. For in-
stance, if the donor is dipolar, the acceptor will

also be dipolar. Intuitively, the original agent
has a ‘hard’ electronic structure, when the wa-
ter-domain has a ‘soft’ one. However, once the
acceptor has a new electron probability distri-
bution for at least 100 fs, the distances between
individual water molecules in the domain will
adjust, for which up to 100 ms (1/k3) is avail-
able. This should in turn affect electromagnetic
absorption and emission spectra over a very
wide range
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Table 1: Differential equations defining the mechanism of Figure 1
de/dt=-k c (c7 +cgtce ) +k, (c3 +e,+ Cco) + k3 (c3 +e,+ Co) — k4 c, (c4 +c,+ 017)
dcs/dt =k c c, - (k, + ks) c,+ k4 cc,

dc4/dt = k3 ¢, — k4 cc, - k5 cc, + k, c.+2 k7 c, - k, ((:4)2 -k, c,

dcs/dt = k5 c,c,- k, c, - k7 ¢, + Y2k, (c4)2

dey/dt =k c cg-k ¢

de /dt=-k c c;+k c,—k cc +k,c -k.ec-kece+ke+ke—kece

deg/dt=-Kk c c,+kc -k c,-kee+ke +ke -k,

de/dt=-k cc +k,c +k c, -kgc ¢

1779 12 710 19 21 18 719 9

de /dt=k cc -k,c -k, c -kcc +kc, +kec,—kc c

1 77 79 12 710 14 10 5 10 17

dc /dt =12 k15 (c,)?+k _c c

15 19 21

de,/dt=%2k (c,)
de,/dt=k ¢ c,—k,c -k c +kcc

471 714
de,/dt=k c -k cc, -k ce +koec +2kc -ki(c)-k,c,
dcls/ dt = k5 CgCy,- k, C - k7 c, + Y2k, (014)2
de/dt=k cc -k c -k c,+k cc,
dc17/ dt = k3 Cp— k4 c,c, - k5 €, Cpy t k.c,+2 k7 c o~ Kq (cl7)2 -k, c,
dc/dt = k5 €, Cp " k,cg- k7 Cot+ Y2k, (017)2
dclg/ dt=k, c,+ k19 c, -k, €, Cy- k15 €,y Cyy " k17 (019)2 +k c,

de, /dt=Kk, c,- k15 (c, )2+ k13 Cq

dc, /dt = k20 c, - k15 c c — k19 c, + k18 ¢, C,+ k14 C,

19 21

0 — 1
C6 —C6+Cu+012+(35+015+018+ /2(C7+C8+C1o+Cg+C4+C13+C14+Cl6+017+c19+czo+

c21)

0 —
C, —C1+C3+013+C16
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Table 2: Parameters in Figure 1

WATER

DESCRIPTION SYMBOL VALUE UNITS NOTE

Initial concentration of component 1 c’ 0, 107 M 1

Initial concentration of component 6 cl 106 M 2

Initial concentration of component 9 c.O 0,10° M 3

Other initial concentrations c’ 0 M

Compounds with H-radical 7,354, 5,19

Compounds with OH-radical 8,13, 14, 15, 20

Compounds with O2H-radical 10, 16, 17, 18, 21

Time period of intense shaking te 10 S

Rate constant for multiplication k 108 Mgt

Rate constant for multiplication k, 10 s 2

Rate constant for multiplication k, 10 st

Rate constant for multiplication k, 107%° Mts

Rate constant for multiplication k_ 10° Mgt =k /100

Rate constant for multiplication k, 10" s =k /100

Rate constant for multiplication k 10 s =k,

Rate constant for multiplication k, 107%° Mt =k

Mechano-chemical rate constant k, 100 st 5

Reverse mechano-chem. rate const. k. 107 Mts? 2

(reverse) photo-chem. rate const. k 1072 Mgt 2

(forward) photo-chem. rate const. k 1079 st 2

Oxygen consumption rate constant k. 107 M's-1 =k /10

Oxygen dissociation rate constant k, 10! s 2

Slow radical recombination rate const. k., 10 s 2

Slow radical recombination rate const. k 107 s =k,

Slow radical recombination rate const. k 10° Mts? =k /100

Slow radical recombination rate const. k., 10°® s =k /10

Slow radical recombination rate const. k 10% Mts? =k /100

Final oxygen binding rate constant k., 107 Mts? =k

Final oxygen regen. rate constant k. 10" s =k,

Slow isomerize domain to random k., 107 s =k /10

Component 7 consumption constant t, 0.02 S =(k, +k)/
(ck k)

Radical formation time constant t, 0.1 S

Decay time constant, Figure 1A t, 109 S =1/k

Decay time constant, Figure 1B t, 10" S =1/k,

NOTES:

1) Selected for the initial stock solution.

2) Estimated value.

3) Any value within a wide range could be used; we set ¢ ° = ¢, for high conversion of the produced c,
4) Eq. (1) provides upper limit

5) Changes to 0 at time t_ = 10s
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Table 3: Differential equations defining the mechanism of Figure 2
de/dt=-k c (c7 +c¢g) + (k, + k3) (c3 + c13) — k4 c, (c4 +c, 4)

dc3/dt =k c c, - (k, + k3) c,+ k4 cc,

de,/dt=k,c, -k cc, -k cc +kec +kec-kec*—k, c

de/dt=k c c -kc -k c +¥2kc?

dey/dt=k c -k, c

de /dt=k c -k c -k cc +k,ci-kcec+ke+ke-kcc-k.c
dey/dt=k c c -k, c,—kcecs+k e +ke —-kee, -k, c
de/dt=-k c c +k, c,-kge c +k c,

de /dt=0=c

de, /dt=%2k_c,* +k_c c,

de,/dt=12k c ?

de,/dt=Kk c c,-k,c -k +kcec,

de,/dt=kc -k cc, -kce +ke +2ke -koe2-k c,
de /dt=k c;c -koc -k c +Y2koc 2

de /dt=k, c -kgec c +k c, +k_c -k c -k c c,
de, /dt=k, c +k, c +k c +k c;-k_c, >
de,/dt=k, c, +ksc c +k, co-k c -k c c,

0 — 1
Col=Co+teC +Cgte,+e +2¢ +c, +c +2¢ + /2(c19+c20+c21)

0 —
C, _C1+C3+ C13
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