The “memory of water”: an almost deciphered enigma.
Dissipative structures in extremely diluted aqueousolutions of the
homeopathic medicine.
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Abstract

In the last decade, we have dealt with followingitois it true, from the physico-chemical point of
view, that water treated following the particularopedure characteristic to the homeopathic
medicines preparation (leading inexorably to systemithout any molecule different from the
solvent) is a “new water” really “different” fronhé initial one? The answer to this question comes
out to be positive, unexpectedly in the frame of tturrent scientific paradigm, but strongly
supported by a plethora of experimental resultse Tised measurement methodologies are well
established physico-chemical techniques: flux dadetry, conductometry, pHmetry and galvanic
cell electrodes potential. Moreover, the analy$ishe experimental results vs. the “arrow of time”
was astonishingly relevant. In fact, in a totallgeMpected way, the measured physico-chemical
parameters are evolving in time. The water solvemhibits physico-chemical properties
experimentally measurable that are largely changisia function of: the “lived path”, the solute
previously dissolved, and the time. In particulag ewvidenced two new experimental phenomena
(both totally unpredicted) that characterise theméopathic dilutions: the presence of a maximum in
the measured physico-chemical parameters vs. thplea age, and their dependence on the volume
in which the homeopathic dilution experiments igeiag. All these new experimental results are
strongly indicating the presence of an extended “andered” dynamics involving the whole liquid
water molecules.
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“Memory of water” is a journalistic expression, dder the first time in the French newspaper
Monde just after the publication (1988) of the famouscgques Benveniste’'s paper on the
international scientific journaNature [1]. In this paper he evidenced, by biologic prodfsat
“homeopathic dilutions” of substances (i.e. so mddhted to not contain anymore molecules of
the substance initially diluted in the water solyeare able to induce biological effects - in a
statistically significant way — totally typical ¢fie substance initially solved in it. So, the cotml
expression of “memory of water” was a journalistiextreme and fanciful synthesis of a
phenomenology basically not explained until nowagayut that is finding in recent scientific
publications some possible ways to experimentadlijdate the reality of a whole new class of
physico-chemical new phenomena concerning liquitki&9].

In fact, it seems that it is really possible toabtphysico-chemical information depending on the
recent or remote “history” of a water sample (Pgige should say: breaking of the temporal
symmetry), almost like it happens in the case -elguvetter known — of the magnetic materials

(Prigogine should say: breaking of the spatial sytny [2]. The fact that the so called memory of



water, evocated after the publication of Benvertsstesearch group paper, is connected to the
capacity of this kind of solvent, many variable gbdex system, to be influenced also by very tiny
perturbations, such as mechanical or electromagaetions, in such a way to move away from the
initial equilibrium conditions, seems more and monguestionable. The term “memory of water”,
in this meaning, becomes comprehensible and addepita the frame of Irreversible Processes
Thermodynamics paradigms completely accepted by stientific establishment due to the
Chemistry Nobel Prize (1977) llya Prigogine [2].

In the last ten years [5-14], our research growestigated this problem from the point of view of
the physico-chemical properties of water when st is treated following the original and
particular procedure characteristic to the homdopanedicines preparation: iterative dilutions (of
specific solutes of medical interest) followed Ipgsific agitations (successions). This method leads
inexorably to systems without any molecule différieom the used solvent, which in our case is the
pure water. The “new water” obtained in such a weay be really “different” from the initial one?
Answering to this question was our challenge andcae say in advance that the answer, surely
unexpected but strongly supported by the experiah@asults, comes out to be affirmative. We are
encouraged in our investigations because in thentime@, other research groups came to the same
conclusions thanks to differently based experimentaks and following other methodologies [4,
19-24] — and last but not the least thanks to GaoRjccardi, the founder of the Italian physics-
chemistry, with his pioneering and nowadays his&riworks concerning fluctuating chemical
reactions [25-28]. In this context, it is possibdeaffirm that the critical mass of experimentatada
[29] necessary to evidence a new class of phydieonecal phenomena of the water, to be
extensively experimented and interpreted in the pears, has been reached now.

The experimental methodologies used for our ingatitns were chosen as the most efficient
among the many tested. We are giving a short fithe@m, without entering in the technical aspect,
but emphasizing that they are well established ipbyshemical methodologies: flux calorimetry,
conductometry, pHmetry and galvanic cell electraugential.

The worst difficulty of the preliminary work, whidasted for many years, was exactly the selection
of the most enlightening experimental methodologiesl the establishment of the optimal
experimental conditions. On the other side, it wasless difficult to evaluate the contribution of
the impurities released by the used glass vessletaneasured experimental values. In fact, this
problem of the impurities has been the principgkeciion generally arisen probably due to the
strong prejudice in what concern the possibilitgttthe followed procedures might really change

the physico-chemical nature of the solvent water.



In the graphics of Fig.1-3, one can see that tesgirce of impurities (released by the glass vgssels
is obviously giving a significant contribution tieet physico-chemical state of the prepared dilutions
but not relevant with respect to the unexpectedritmnion (much higher than the range of the

experimental errors) of the auto-organisation pgead the water molecules (which are far from the
thermodynamic equilibrium, as we will see furthigrygered by external perturbations (such as for

example repeated dilution and iterative succusgions
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Fig. 1. Heat of mixing, Qi, VvS. concentration (determined by analytic methafsthe impurities, N,
released by the glass vessels. Black symbols: bkanixing of homeopathic solutions with sodium
hydroxide, NaOH, 0.01 M (Mol K§: Red line: heat of mixing of aqueous solutionstaming only the
same amount of impurities determined in the homéuapaolutions.

It is worthily to mention that the absolute valudshe heat of mixing with sodium hydroxide detemned
using the homeopathic solutions are systematitédiiger than the correspondent heat of mixing detexch
only by the “chemical” contribution originated fratime glass vessels.
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Fig. 2. Specific conductivityy, vs. concentration (determined by analytic methafishe impurities, Ma-,
released by the glass vessels. Black symbols: fapeonductivity of the homeopathic dilutions; Rixe:
specific conductivity of aqueous solution containonly the same amount of impurities determinetha
homeopathic solutions.
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Fig. 3. pH values vs. concentration (determined by aralyiethods) impurities, M released by the glass
vessels. Black symbols: pH of homeopathic dilutidRed symbols: pH of aqueous solution containinig on
the same amount of impurities determined by aitalgethods in the homeopathic solutions.

Considering the three reported graphics, it is iptssto understand: i) how the impurities
contributions were taken into account and ii) tik&eamely relevant contribution of “something”
different from any possible chemical origin. Ths a preliminary result that, hardly reached,
cleared out the experimental methodologies frongdeyus misunderstandings: in fact, it allowed
us to proceed for collecting further informationdamsights on the nature of the “homeopathic
dilutions” [5-14].

It is important to emphasize here that from thelists conducted until now we were not able to
determine quantitative reproducibility and to deslusignificant information concerning the
influence of the different degrees of homeopatiiittions (CH) or the nature of the active principle
(solute) on the variations magnitude of the meakpieysico-chemical quantities: for this reason
the experimental data reported in the figures ame characterised by CH or active principle
indication.

An extremely stimulating result, very importantuonderstand the complicated system under study,
was to discover — not without a certain amountesésdipity — that the physico-chemical properties
of the homeopathic remedies depend on time. The tfet the numerous experiences were

performed during many years, naturally introdudeel time parameter. Exactly the analysis of the



experimental results vs. the “arrow of time” wasuoiexpected relevance [8-11], and it led to the
idea that the system under observation (homeapabiutions) is a closed system (able to
exchange only energy with the external environmeiat) from the thermodynamic equilibrium,

which seems to allow that some structures, witlocall order higher than that one of the water

around them, may emerge from chaos (“dissipatinesires”).
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Fig. 4. Heat of mixing, Qi, vs. the samples age, t for six homeopathic soisti

As can be seen from Fig. 4 and 5, in a totally peeted way, the investigated physico-chemical
parameter is increasing with time. In other wortti® ageing is modifying the physico-chemical
nature of the homeopathic solutions.

It is now a must to demand ourselves something wepprtant: what is the interpretation of this
new characteristic of the homeopathic solutionseeted to their evolution in time. We are simply
observing a system looking for an energetic minimamd then for a new equilibrium in a slow
kinetic process or it is something totally diffeter-rom Fig.4 and 5 we deduce that the temporal
variations of the reported parameters are very shmegause there are necessary many months to
evidence them unambiguously; however, this tempbedlaviour mismatch with the idea of a
simple slow kinetic. In fact, following theeductio ad absurdumif should exist an energetic
minimum toward which the system could go, it woblel impossible that during the geological

times, since the water exists, it had not reachisdhypothetical minimum.
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Fig. 5. Excess specific conductivity® (uS cm’) (defined as the experimental difference amongettgerimentaly
value and the contribution furnished to this par@mey the impurities presence™™ vs. the samples age, t, for six
homeopathic solutions. Each studied sample hasvits peculiarx® vs. t dependence in the frame of a similar
qualitative behaviour that is an incremenbfin time.

Moreover, as shown in Fig. 4 and 5, for both patanse(specific conductivity and heat of mixing

with alkaline solutions) is observed an increasmgime. Therefore a correlation among them is

predictable.
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Fig. 6. Specific conductivityy, vs. excess heat of mixing, 5@ (that is the difference among the experimentgl Q
value and the contribution furnished to this par@méyy the presence of impurities), for a certamoant of
homeopathic solutions.

In effect, the correlation among the specific canity and the heat of mixing with alkaline
solutions, as shown in Fig. 6, not only exists, ibweems to be linear; in other words, these two
parameters are sensitive to one cause only. Thidtrpushes us to investigate the nature of the
possible mechanism able to increase contemporalyetheselectrical conductivity and the heat of
mixing with alkaline solutions, after the procedofeepeated dilutions and successions.

The descriptive model proposed in the followingspite of its simplicity, is in agreement with the
experimentally observed ageing effect.

A reasonable explanation of the electrical conditgtincreasing after the preparation and ageing
procedure may be based on the so called “hoppinchamesm”, proposed by C.J.T. Grotthuss
(1806) [3] to explain the much higher mobility (aib® times) of the cations™Hand OH (always
present in the liquid water due to its autoprotislysn comparison with other cations of comparable

ionic radius.
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Fig. 7. Schematic representation of the Grotthuss hypisthes the proton (H) hopping
mechanism used to explain the much higher mohilsfined as the ionic drift velocity under a
unitary gradient of electrical potential V &jof the cations H and OH belonging to the water
(H,O = H + OH ) in comparison with other cations of comparabled radius.

If H,O molecular clusters are present in the solutionded by hydrogen bonds, the hydrogen ions
H* colliding them experiment the “hopping” phenomer{Biy. 7): the water molecules caught the
ion H" at one end of the cluster (that for the sake mipsicity was considered linear) and release
instantaneously at the other end of the clustethemndon H. For these ions the drift velocity under
an electrical potential gradient (measure of thedoativity) results strongly increased in
comparison with that of the great majority of iowkich are not meeting the,8 molecular
clusters. Higher is the number of the clusters @anthleir length, higher is the conductivity value.
The correlation among electrical conductivity arehthof mixing with alkaline solutions, on the
contrary, should be the consequence of th® Hlusters breaking, due to the pH variation, as

schematised in Fig. 8.
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Fig. 8. Schematic representation of the phenomenon of migleclusters breaking, caused by the pH
variation during the experimental procedure of dateing the heat of mixing with hydroxide solutions
(NaOH) 0.01 M (mol Kg ) inside the calorimetric cell. The experimentabgedure consists in mixing a
homeopathic dilution (that we suppose richer p®Hinolecular clusters than the “standard” water esutly
with an alkaline solution. The following pH variaeti seems to determine exactly a breaking of t@ H
clusters hydrogen-bonded, determining a transi@oter — Disorder. This is experimentally evidenced by
the increasing of the heat of mixing with respedtte “normal” water having just a few moleculausters.

Higher the number of the clusters is and majorrtdienensions are, more is the measured thermal
effect (Fig. 8).

The two experimental phenomena explanations, ieceffvitness the same thing, that is they are
both sensitive to the number and/or dimensions®ttusters.

Let us come back to the question: are we meastinmgresence of stable clusters looking for an
energetic minimum, or of instable clusters constiluby dissipative auto-organised structures in
far from equilibrium condition, status in which thehould remain or move away as function of

their ability to exchange energy with the extemralironment.
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Fig. 9. Specific excess conductivity® , vs. the samples ageing, t. Each curve desctiesemporal
evolution of Arnica Montana (AM) samples, obtainey different homeopathic dilutions from the same
"mother tincture”. There is no specific correlatibetween the® behaviour and the specific CH of the
samples. Thigx® dependence on time cannot be explained in thesfigfrthe classical physico-chemistry.

We have already emphasized that the hypothesisysteras slowly evolving towards new
equilibrium states is not coherent with the expenially individuated phenomenology. In
particular, the hypothesis of systems even if \&@owly evolving towards a minimum, evidently
contrasts with two of the new experimental phenamdhoth extraordinarily unexpected)
characterising the homeopathic dilutions:
a) the presence of a maximum in the dependenceepphysico-chemical parameters vs. the
samples age (Fig. 9);
b) the dependence of the physico-chemical paramégart the age) also on the volume in
which the homeopathic dilution experiment its agdiiig. 10).
In particular, the last phenomenon (b) is absojusiomalous and inexplicable in the current
paradigm [14], seeming to be in sharp contradictti the classical concept that an intensive
physical quantity (as the one here measured) catepend on the volume. Therefore, it is evident

10



that we are in the presence of a phenomenologyhmemnot be explained in the frame of the

classical thermodynamics.
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Fig. 10. Excess specific conductivitxF, vs. ageing volume, V. Each point represents tiaevofx* for
each single dilution, experimentally determinedreg same age. There is a very strong variatiorhef t
parameter, about one order of magnitude, for th&esys aged in very little volumes. This volume
dependence cannot be explained in the frame afléssical physico-chemistry.
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Fig. 11. Excess specific conductivity", vs. the samples age, t. In this experiment, agogathic dilution
of Arnica Montana was let ageing for about 250 daya volume of about 200 ml. At this point 18 méne
picked up and divided in three different recipesegual shape, containing 10 ml, 5 ml and 3 ml,
respectively. The four obtained samples, 182 minl,® ml and 3 ml, were studied vs. time. Themperal
evolution was dramatically influenced by the pdraiion induced by the repartition in smaller volesmia
particular the higher volume of 182 ml was not aigrecing particular temporal variations due toviddume

11



decreasing, while in the case of the smaller vokjraecolossal temporal evolution was triggerededding
strongly on the starting point.

In Fig. 11 the temporal evolution of the exces#jweconductivity of 4 sample systems is shown.
The samples were obtained as following: an aqueystem highly diluted was divided in 3
smaller volumes at a certain “age”. As one cant@g" behaviour in time of the samples having
small volumes is strongly different with respectthat of the “mother tincture” with a higher
volume. The bigger volume sample does not expetimgavant modifications vs. time, while
each new system of smaller volume chooses its affereht way to evolve, in the frame of a
common behaviour characterised by the presencenaixamum. This means that the evolution vs.
time depends on the initial state (in this cassgdaor small volume), which means, in a certain
sense, that the systems have the “memory” of titialioconditions.

Another example of this “memory” of the system isibble from the experimental data of Fig. 12
reporting the temporal evolution of the excess igeconductivity for a system of samples
obtained by the same “mother tincture” by bi-diaté water dilutions, without succession, in
different dilution ratios [13]. As one can see,oals this case the systems evolution in time is
strongly conditioned by the specific initial condits, with temporal variations characterised by
very different maximum and slope values.

Therefore, it is evident again that the past sioffuences the evolution of the “pure water”
system.

The apparent contradiction among the concept @nsive quantity, as the specific conductivity
and the heat of mixing are, and the experimentaligenced dependence on the volume may be
solved if considering that inside the solutions jaresent molecular clusters constituted by water
molecules connected by hydrogen-bonds, in far feguilibrium conditions. They can remain or
move away from their instable equilibrium statessipating energy coming from the external
environment; practically they should be “dissipatstructures” as described by Prigogine [2].

It is interesting to evidence that the spontanefmushation of molecular clusters in water is
foreseen by the Coherent Quantum Electrodynamichéf@nt QED) without introducing the
existence of hydrogen-bonds: this theoretical fdathon (G. Preparata, E. Del Giudice, et al.) is
able to predict precisely the physico-chemical praps of the water [15-18, 29], much better than
other theories, and the introduction of the "arrofvtime” in this frame should bring to very

interesting results.

12
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Fig. 12. Excess specific conductivityE, vs. age, t, of the samples obtained by a sirdjplgion of the
“mother tincture” with bi-distillate water (withowguccussion) in different dilution ratios (r) aslicated in
the figure legend. The volumes of the studied smhgtwere the same. The temporal evolution of #réous
systems, perturbed only by the simple dilution withsuccession, is strongly dependent by the nastirsg
state. In particular, the system experiencing atidih 1:1, r = 0.5 (final volume is twice the i@itione)
exhibits an initialx® value strongly lower than the solution from whitkvas obtained, assuming then, in a
very short time (about 45 dayg) values exceptionally higher with respect to thether tincture”, reaching
moreover a sharp maximum.

In this case, the applied perturbation, is fixingoaa strongly different starting point, apart th&erent
temporal evolution.

“Volume Effect”

In the following we propose an empirical model, eupimplified, that in principle seems able to
go explain the data reported in Fig. 10 and Fig.that is the unexpected measured dependence of
the physico-chemical parameters on the volumes. used

A first hypothesis trying to rationalize the exmeental results can be to suppose that the
solutions, after their strong agitation (succusgienter in a far from equilibrium state, remaining
there or getting even farther by dissipating enéngghe form and amount necessary to stay in the
far from equilibrium state. Then, supposing tha ¢émergy is exchanged in a radiant way, we can
farther suppose that, for a given flux of dissipaenergy (W cii), the same number of
dissipative structures would be formed, even iftamed in different volumes. In this frame, in
average, at any given age, small volumes of wateibé a higher “concentration” of dissipative

structures in comparison with larger volumes (RY.I'he physico-chemical parameters suitable
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to reveal these structures, that is electrical gotidity and heat of mixing, are in fact themselves

functions of the number, size and shape of thep#isse structures.

We can conclude as following:
. the parameters whose values results “in excessjdieral: variable with the history of
the solvent in time) are certainly correlated witite dynamics of super molecular

(mesoscopic) structure of the water solvent;

. the temporal evolution of the parameters is nohected to the research of an energetic
minimum;
. an empirical interpretation, consistent with alpeximental data collected until now, may

be furnished supposing the presence of dissipatruetures.
The succussion may be exactly the trigger for fentaneous formation of dissipative structures,
that is the emergency of new dynamics. The tempevalution may be connected with the
variation of the number, dimension or the shapé¢hefdissipative structures: in fact, it is well
known, in the frame of Thermodynamic of Irreversilfirocesses, that the temporal evolution of
the systems depend on the initial conditions antherway the systems chose to evolve.
All great amount of new experimental data is cogwey toward the validation of the statement
that water, at least in the context of the procedoormally experienced in the homeopathic
medicine production, really shows a “memory”. Tigathe water solvent shows physico-chemical
properties experimentally measurable that are ngrgs function on the “lived path”, on the solute
previously dissolved, and on the passed time, too.
All these indicate without any doubt the presenéean extended and “ordered” dynamics
involving the whole liquid water molecules, thaeses to be something much more complex than
normally thought, a banal and chaotic cluster oblegular balls”.

14
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Fig. 13. Schematic representation of a possible temporalugon of a homeopathic solution, showing a
variation of intensive quantities suchy@s(uS cm®) and Gy (JKg?) vs. the ageing volume.

An initial hypothesis is that at the time zero, te vessels, of equal shape and volume, contain tw
identical homeopathic dilutions (same age, samaveacprinciple, same CH dilution) with no
experimentally measurable effects determined bgibsive structures, because of their small nur(ibigr

13 a). Let us suppose the same formation effici¢aoy/or increase in size) for the dissipativedties in
the two systems (small volume and large volume)y ¥ie same conditions of energetic flux. By theef

of this second hypothesis, the number and/or ditleeodissipative structures is almost the samaeanwo
containers, at any given time (Fig. 13 b and c), iBfollows that when the dissipative structures a
numerically increasing, their concentration is mugbher in the small volume than in the large one.
Consequently, intensive quantities such as thosasumed,x® (uS cm') and G (JKg?), that are
sensitive to the structure concentration, will shotemporal behaviour that depends on the volume.
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