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An extensive study has been carried out on aqueous ‘extremely diluted solutions’ (EDS). The employed experimental methodolo-
gies were well established physico-chemical techniques: flux calorimetry, conductometry, pH-metry, e.m.f. of suitable galvanic
cell. The obtained results show that the preparation procedure significantly alters the physico-chemical behaviour of such solutions.
Moreover, the analysis of the experimental data vs. the ‘arrow of time’ turned out to be astonishingly important. In fact some mea-
sured physico-chemical parameters evolve with time. Some experimentally measurable physico-chemical properties of the solvent
water were largely affected by both time and the ‘life path” of the samples. In particular, we evidenced two new experimental phe-
nomena characterizing the EDS: the presence of a series of maximums in the measured electrical conductivity vs. the sample age;
the dependence of said maximums on the volume of the EDS during its ageing.

All of these new experimental results clearly suggest the presence of an extended and ‘ordered’ dynamics involving the whole
of the water molecules in the liquid. A temporal evolution, featuring three maximums in the course of four years of ageing and the
dependence on the ageing volumes do not fit the framework of classical thermodynamics. It therefore seems appropriate to interpret

these phenomena on the basis of the thermodynamics of dissipative structures, which are far from equilibrium systems.
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Introduction

In the last decade, we have been trying to give an an-
swer to the following question: is water, treated ac-
cording to the peculiar procedure that makes ‘ex-
tremely diluted solutions’, from the physico-chemical
point of view, a ‘new water’, really different from the
initial one? The answer to this question turns out to be
positive, with the support of a wealth of experimental
results and the use of established scientific para-
digms. The EDS have been systematically studied
[1-11]. We showed that the physico-chemical proper-
ties of the aqueous EDS are different from those of
the solvent used to dilute, despite the identical chemi-
cal composition of the two liquids [1-11]. The experi-
ments draw an anomalous thermodynamic picture:
similar conclusions were reached by Lo [12, 13].
Likewise, Rey [14] showed that the structure of hy-
drogen bonds in pure water is very different from that
of'aqueous EDS obtained by an iterative procedure of
dilution and succussion and not identical as expected.
These studies of aqueous EDS reveal some unex-
pected new properties of water. Recent studies on the
physico-chemical properties of water also confirmed
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that water still has unexpected properties [15-24].
The studies by Lobyshev on low concentrations and
electromagnetic fields, as well as the results of Samal
and Geckeler on the effect of dilution on the size of
clusters of e.g. fullerene-cyclodextrin, B-cyclodextrin
and sodium chloride, suggest that water and aqueous
solutions are complex systems [25-27].

In our previous studies we measured the heats of
mixing of basic and acid solutions with EDS and their
electrical conductivity and compared them with the
analogous heats of mixing and electrical conductivity
of the solvent. We found some relevant exothermic
excess heats of mixing, as well as higher electrical
conductivities than those of the untreated solvent. We
highlighted a net exothermic effect, when mixing
aqueous EDS with solutions of sodium hydroxide at
different concentrations. The peculiar results of calo-
rimetric titration suggested a transition from order to
disorder, induced by pH variations [1]. Based on
those calorimetric and conductometric measurements
it was hypothesized that the particular preparation
technique could lead to an alteration of the ‘structure’
of the solvent, namely to the development of dissi-
pative structures [28].
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Here we report a transport study in which the
electrical conductivity of aqueous EDS was measured
in relation to the age of the solutions. We confirmed
the importance of the time parameter, i.e. the age of
the samples.

In water, the high mobility of the H" and OH"
ions under a gradient of electrical potential is related
to the presence of clusters of water molecules, held
together by hydrogen bonds (the hopping mechanism
[29, 30]). Our view is that the aqueous EDS are far-
from-equilibrium systems, capable of forming dissi-
pative structures. That view is supported by the fact
that time modifies their physico-chemical picture and
hence their supermolecular structure.

The conductivity of the EDS shows a linear corre-
lation with the heats of mixing with sodium hydroxide
solutions. This linear correlation between two inde-
pendent physico-chemical parameters hints at a single
cause for both behaviours. By virtue of this correlation,
when we measure the conductivity we also acquire the
calorimetric information. This is important, since
conductometry makes long-term studies possible, since
the solutions are not consumed by the measurements,
whereas calorimetric techniques are disruptive. The
variations in these physico-chemical parameters would
therefore be caused by variation of the number, size
and/or shape of the dissipative structures. The ob-
served phenomena provide new information on the
physical nature of the liquid state of water, suggesting
that water is a complex system, induced to self-orga-
nize by small perturbations (succussion, dilution, elec-
tromagnetic fields, etc.) and exhibiting variations in its
physico-chemical properties that may be permanent,
temporary or oscillating [1-11, 14, 25, 26].

Experimental
Background

Aqueous EDS are prepared by iterating two steps: di-
lution and dynamization. The process of dynamiza-
tion consists in a violent agitation (succussion) of the
solution by means of a mechanical apparatus. The
process of dilution used in this study is the
Korsakovian one. For example, to prepare a solution
of Arnica Montana (AM), 1 g of an extract of Arnica
Montana is added to 99 g of solvent. After the me-
chanical treatment (succussion), the resulting solution
is called ‘1 centesimal Korsakovian’ or 1CK and is
named after the formula of the solute (or a simple ab-
breviation of it). In our example, AM 1CK is ob-
tained. In order to prepare the 2 centesimal
Korsakovian (AM 2CK), the AM 1CK solution is di-
luted 1:100 (in volume) with the solvent and then
succussed. That is, each dilution step consists in dis-
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posing of 99% of the liquid in the bottle, refilling to
100% with deminerilized water and then dynamizing.
According to the protocol, the bottle containing the
solution to dilute is never changed while carrying out
the dilutions.

Procedures

The EDS were supplied by Cemon (Italy) and were
prepared in the Korsakovian mode. The solvent used
for the preparations was demineralized water. First,
samples of Arnica Montana were prepared (AM, an ex-
tract of Arnica Montana in a water—alcohol mix).
There were used three different processes of dynamiza-
tion given 100, 400 and 600 stokes in succussion pro-
cedures. After preparation, the EDS were stored at
room temperature for several months (aged) in bottles
of dark glass. Since these bottles may release impuri-
ties, a systematic analytical study of the samples was
carried out. This made it possible to subtract from the
measured conductivities the ‘chemical’ contribution.
We found that the physico-chemical properties of the
solutions were different from those of the solvent wa-
ter, despite the identical chemical composition.

Methods

Conductivity measurements

Systematic measurements of specific conductivity
were performed on the EDS, using a YSI mod-3200
conductometer with a conductivity cell, having a con-
stant of 1.0 cm™'. Before measuring the conductivity
of a sample, the cell had to be calibrated by determin-
ing the cell constant K (cm ™). The specific conductiv-
ity, % (uS cm ™), was then obtained as the product of
the cell constant and the conductivity of the solution.
For a given conductivity measuring cell, the cell con-
stant was determined by measuring the conductivity
of a KCI solution with a specific conductivity known
with great accuracy, at several concentrations and
temperatures. All conductivities were temperature
corrected to 298 K, using a pre-stored temperature
compensation for pure water [31].

Analytical determination of impurities

Care was taken to account for impurities, released by the
glass containers, that can affect the electrical conductiv-
ity results. The glass may release alkaline oxides, that
get converted to sodium bicarbonate in contact with the
atmospheric CO,. Therefore, the sodium concentration
was determined, through atomic absorption spectrome-
try carried out with a Varian Spectra A instrument. Be-
fore measuring the samples with the instrument, a cali-
bration curve was obtained using standard solutions.
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To prepare the standard solutions, NaCl was dissolved
in water and diluted to 1 L to obtain 1000 ug mL "' Na.
The working conditions were: lamp current: 5 mA; fuel:
acetylene; support: air; flame stoichiometry: oxidizing.
The wavelength used depends on the concentration
range of sodium. For our samples it was 589.6 nm. So-
dium is partially ionised in the air—acetylene flame. To
suppress ionisation, some potassium chloride solution
was added to produce a final concentration of
2000 pg mL ™" in all solutions, including the blank [32].
Impurities were in the ppm range.

Due to the release of sodium oxide by the glass
containers, the chemical composition of the solvent
varies with the age of the solutions, while the other
components of the dark glass of the bottles have very
low solubility and cannot contribute appreciably to
the conductivity.

Results and discussion

Tables 1-3 show, for all the samples: the name of the
substance (system) and their degree of dilution, CK;

the number of strokes in the succussion procedure, 7
the time at which we measured the conductivity of the
EDS, ty/day , expressed in days; the conductivity
y/uS cm'; the concentration of sodium [Na']/
mol L', determined as described in Analytical
determination of impurities; the excess conductivity
x*/uS cm™', namely the difference between the
conductivity of the sample and that of the solvent. For
practical reasons, often the measurements of con-
ductivity and sodium concentration could not be
simultaneous. The time at which we measured the
sodium concentration of the EDS is reported in the
table as t[Na‘]/day. So, in order to know the sodium
concentration of the sample at the age for which we
measured its conductivity, we used a linear inter-
polation between the values of the sodium concent-
ration measured before and after the conductivity
measure. The conductivity of sodium bicarbonate as a
function of the molarity, M/mol L', was determined
experimentally in the range 1-10°-1-10° M and
showed a  linear  trend: ¥=0.29(£0.17)+
0.932(£0.003)M, R=0.999 [9].

Table 1 Electrical conductivity x/uS cm ™', excess conductivity, x*/uS em™ and sodium concentration, [Na']/mol L™' for ex-
tremely dilute solutions of Arnica Montana (AM, ns=100 strokes)

System ty % xE Ly [Na']-10°  System t, % xE L'y [Na']-10°
AM 5CK* 0 24.0 0.0 0 254 AM 12CK* 503 49.0 9.0 844 90.3
AM 5CK* 69 26.0 33 83 23.8 AM 12CK* 608 49.9 2.8 963 141
AM 5CK* 161 27.0 4.4 161 23.9 AM 12CK 839 102 18
AM 5CK* 459 833 648 494 19 AM 12CK 953 151 23
AM 5CK* 503 594 385 619 62 AM 30CK* 0 24.0 0.0 0 254
AM 5CK* 608 61.5 6.9 844 78.3 AM 30CK* 69 27.0 23 83 26.4
AM 5CK 839 96 23 963 98.2 AM 30CK* 161 28.2 32 161 26.5
AM 5CK 953 104 14 1062 98.4 AM 30CK* 459 75.0 -3.0 494 90
AM 5CK 1062 110 18 1187 113 AM 30CK* 503 131.3 432 619 149
AM 5CK 1183 139 34 1289 142 AM 30CK* 608 156.0 21.7 844 241
AM 5CK 1391 168 19 1394 160 AM 30CK 839 331 108 963 306
AM 6CK* 0 24.0 0.0 0 254 AM 30CK 953 339 58.6
AM 6CK* 69 28.4 3.6 83 26.5 AM 200CK* 0 24.0 0.0 0 254
AM 6CK* 161 29.0 4.4 161 26.1 AM 200CK* 69 27.4 2.9 83 26.1
AM 6CK* 459 54.8 18.6 494 40 AM 200CK* 161 26.5 3.1 161 24.8
AM 6CK* 503 66.2 262 619 76 AM 200CK* 256 28.7 1.7 390 34
AM 6CK* 608 79.0 10.8 844 102 AM 200CK* 372 35.2 3.9 494 41
AM 6CK 839 122 25 AM 200CK* 459 45.0 8.7 619 61
AM 12CK* 0 24.0 0.0 0 254 AM 200CK* 503 56.4 16.5 844 69.8
AM 12CK* 69 28.8 33 83 27.4 AM 200CK* 608 59.1 3.6 963 84.3
AM 12CK* 161 28.4 4.4 161 25.4 AM 200CK 839 80 14.8 1062 95.7
AM 12CK* 372 35.9 2.1 494 42 AM 200CK 953 88.1 10.4
AM 12CK* 459 46.0 8.2 619 51 AM 200CK 1062 112 22.5
‘[10]
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Table 2 Electrical conductivity y/uS cm ', excess conductivity, x*/uS cm™' and sodium concentration, [Na*]/mol L™ for ex-
tremely dilute solutions of Arnica Montana (AM, n=400 strokes)

System t, x xE o, [Na]10°  System t, x xE ty, [Na'l10°
AM 5CK* 0 240 0.0 0 25.4 AM 12CK* 372 358 3.6 494 38
AM 5CK? 69 242 2.1 83 23 AM 12CK* 459 431 8.3

AM 5CK* 161 262 4.4 161 23.1 AM 12CK* 503 51.8 158

AM 5CK* 256 265 20 494 33 AM 12CK* 608 533 145

AM 5CK* 372 316 3.9 619 44 AM 30CK* 0 240 0.0 0 254
AM 5CK* 459  40.0 9.9 844 45.7 AM 30CK* 69 282 3.1 83 26.9
AM 5CK* 503 444 126 963 55.3 AM 30CK* 161 284 4.7 161 25.1
AM 5CK* 608  44.6 42 1062 57 AM 30CK* 256 30.1 4.0 494 34
AM 5CK 839 546 117 1187 62 AM 30CK* 372 35.0 6.1 619 46
AM 5CK 953 594 83 1289 66.6 AM 30CK* 459 415 104 844 50.3
AM 5CK 1062 63 9.6 1394 77.2 AM 30CK? 503 444 116 963 56.7
AM 5CK 1183 759 179 AM 30CK* 608 452 3.0 1062 58.1
AM 5CK 1286 812 189 AM 30CK 839 88 41 1289 69
AM 5CK 1391 837 117 AM 30CK 953 63.1 11 1394 80.7
AM 6CK* 0 240 0.0 0 25.4 AM 30CK 1062 651 11

AM 6CK* 69 24.6 1.9 83 23.7 AM 30CK 1183 771 17

AM 6CK* 161 236 1.7 161 232 AM 30CK 1286 855 21

AM 6CK* 372 309 50 494 30 AM 30CK 1391 89 14

AM 6CK* 459 380 104 619 42 AM 200CK* 0 240 0.0 0 25.4
AM 6CK* 503 398 107 844 47.2 AM 200CK* 69  27.6 3.2 83 25.9
AM 6CK* 608 412 2.7 953 56.2 AM200CK* 161 269 3.6 161 24.7
AM 6CK 839 584 14 1062 59.5 AM200CK* 372 335 3.5 494 36
AM 6CK 953 587 6.7 1187 64 AM200CK® 459 402 7.5 619 47
AM 6CK 1062 67.5 12 1289 74 AM200CK* 503 453 107 844 55.4
AM 6CK 1183 76.6 17 1394 87.5 AM 200CK* 608  46.6 3.4 963 67
AM 6CK 1286 88 19 AM 200CK 839 669 151 1062 70.9
AM 6CK 1391 959 14 AM 200CK 953 73.6 118 1187 74.7
AM 12CK* 0 240 0.0 0 25.4 AM200CK 1062 774 11 1289 82.4
AM 12CK* 69 243 0.8 83 26.8 AM200CK 1183 878 18 1394 102
AM 12CK* 161 289 50 161 253 AM200CK 1286 103.1  26.1

AM 12CK* 256  28.7 1.1 390 35 AM200CK 1391 108 13.2

‘0]

As we have shown in a preceding article [10], after
60-240 days the excess conductivity " reached values
higher than the experimental error and, in some cases, as
time went by, the experimental conductivity, , become
more than 5 times the initial one. All of the systems in-
creased their excess conductivity with a low slope, up to
an age of about 500 days, when they reached a maxi-
mum, sometimes a very pronounced one. After the max-
imum, several systems returned to the initial conditions.
Here we report the study of those same samples of Ar-
nica Montana, in the following two years of age. As
shown by the Tables 1-3 and Figs 1-3, in which the re-
sults are grouped by protocol of succussion (100, 400 or
600 strokes), after about 350 days after the first maxi-
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mum, the systems reached a new maximum. Further-
more, several systems after returning near the initial
state, as in the previous case, underwent a new increase
of conductivity towards a third maximum, reached
about 450 days after the second one. Again, they re-
turned near the initial state afterwards. There does not
seem to be a clear correlation between the peculiarities
of'a given dilution and the trend of its excess conductiv-
ity as a function of time.

That is, we did not find e.g. the same trend in the
intensities of the maximums or in their sequence.
Each system acted differently, except for a common
temporal behaviour, i.e. the frequency of the maxi-
mums was the same. In some cases the highest maxi-
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Table 3 Electrical conductivity y/uS cm ', excess conductivity, x*/uS cm™' and sodium concentration, [Na*]/mol L™ for ex-
tremely dilute solutions of Arnica Montana (AM, n=600 strokes)

System t, x xE t, [Na]10’ System t x xE tw, [Nal10°
AM 5CK* 0 240 0 0 25.4 AM 12CK 839 728 185 1187 76.5
AM 5CK? 69 246 2.1 83 23.5 AM 12CK 953 79 161 1289 90.6
AM 5CK* 161 26.0 4 161 233 AM 12CK 1062 833 14 1394 106
AM 5CK* 372 310 1.5 494 36 AM 12CK 1183 933 218

AM 5CK* 459 385 5.9 619 45 AM 12CK 1286 115 30.5

AM 5CK* 503 432 8.7 844 42.8 AM 12CK 1391 121 223

AM 5CK* 608 442 2.7 963 63.2 AM 30CK* 0 240 0 0 25.4
AM 5CK 746 528 117 1062 66 AM 30CK* 69 278 3.5 83 25.8
AM 5CK 839 615 213 1187 73.9 AM 30CK® 161 26.8 3.5 161 247
AM 5CK 953 66 84 1289 80.6 AM 30CK® 256 292 3.1 494 35
AM 5CK 1062 73 112 1394 94.2 AM 30CK* 372 345 5.1 619 48
AM 5CK 1183  88.8  19.8 AM 30CK* 459 414 9.5 844 57.3
AM 5CK 1286 102.9 276 AM 30CK* 503 467 129 963 66.3
AM 5CK 1391 106 18.3 AM 30CK* 608 474 34 1062 66
AM 6CK* 0 240 0 0 25.4 AM 30CK 746 53.1 84 1187 71.8
AM 6CK* 69 280 3.3 83 263 AM 30CK 839 663  13.1 1289 77.8
AM 6CK* 161 278 3.8 161 25.4 AM 30CK 953 69 7.6 1394 91.4
AM 6CK* 256 294 2.1 494 38 AM 30CK 1062 745 127

AM 6CK* 372 352 3.8 619 52 AM 30CK 1183  90.1 23

AM 6CK* 459 439 9.4 844 59.1 AM 30CK 1286 93 20.3

AM 6CK* 503 494 127 963 74.4 AM 30CK 1391 102 16.4

AM 6CK* 608 512 3.6 1062 83.5 AM 200CK* 0 240 0 0 25.4
AM 6CK 746 588 92 1187 98.5 AM 200CK* 69 27.6 2.9 83 26.3
AM 6CK 839 749 198 1289 103 AM 200CK* 161 27.0 3.6 161 24.8
AM 6CK 953 82 13.6 1394 137 AM 200CK* 256 28.4 3.6 494 30
AM 6CK 1062 953 172 AM 200CK* 372 317 52 619 36
AM 6CK 1183 1225 307 AM 200CK* 459 364 8.6 844 40.5
AM 6CK 1286 136.1 399 AM 200CK* 503 367 8 963 47.4
AM 6CK 1391 151 23.9 AM 200CK* 608  37.5 41 1062 48.5
AM 12CK* 0 240 0 0 254 AM 200CK 746 411 104 1187 48.5
AM 12CK* 69 285 34 83 26.9 AM 200CK 839 488  11.1 1289 51.7
AM 12CK* 161 268 2.6 161 25.6 AM 200CK 953 48.1 42 1394 57.8
AM 12CK* 372 368 5.3 494 38 AM200CK 1062  50.5 5

AM 12CK* 459 455 11 619 52 AM200CK 1183 582 127

AM 12CK* 503 50.1 134 844 58.1 AM200CK 1286 633 149

AM 12CK* 608 512 3.6 963 68 AM200CK 1391  63.3 9.3

AM 12CK 746 578 58 1062 74

‘0]

mum occurred at about 500 days and the second and
third was lower than the first; while in other cases the
highest maximum was the second and so on, as we
can see in Figs 1-3 that summarize the main kinds of
behaviour. Some regularity does appear when group-
ing all the dilutions prepared with the same
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succussion protocol, namely with the same number of
strokes. For all the solutions prepared using
600 succussions, we notice that each maximum is
higher that the previous one, in a regular fashion as
the age increases (Fig. 3). Furthermore, the value of
the third maximum follows the degree of dilution,
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Fig. 1 Excess conductivity vs. time (days) of Arnica Montana
5, 6, 12, 30 and 200CK, prepared using a protocol of
100 succussions
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Fig. 2 Excess conductivity vs. time (day) of Arnica Montana
5, 6, 30 and 200CK, prepared using a protocol of
400 succussions

1-5CK °
2-200CK /
3-30CK

4-12CK -
5-6CK Z‘é\‘ s

o :l 2 Y / i
/2%!%3% \

0 200 400 600 800
Time/day

L

1000 1200 1400 1600

Fig. 3 Excess conductivity vs. time (day) of Arnica Montana
5,6, 12, 30 and 200CK, prepared using a protocol of
600 succussions

with the most diluted solutions exhibiting the smallest
maximums (200<30<5<12<6 CK), while for the sec-
ond and first maximums the sequence of dilutions is
less characterized (Fig. 4). For the protocol employ-
ing 400 stokes there is no such simple correlation, but
we notice that the 30 CK solution features a pro-
nounced maximum for the second of the three ones
(Fig. 2). This just goes to show how difficult it is to
obtain regular behaviours studying these far from
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Fig. 4 Values of the excess conductivity for the third maxi-
mums vs. the degree of dilution of Arnica Montana 5,
6, 12, 30 and 200CK, prepared using a protocol of 600
strokes in the succussion procedure

equilibrium systems, as their history affects their fol-
lowing temporal evolution during ageing. Indeed,
these are typical not reproducible systems, because
they are multivariable. The protocol making use of
100 succussions produces solution with a much less
regular sequence of maximums, compared to the pre-
vious two protocols: for example the AM 30K reaches
its highest maximum of about 115 uS cm ' at roughly
800 days; whereas the AM 5K has its highest maxi-
mum at about 400 days, with an intensity of
80 uS ecm ' (Fig. 1). The latter dilution also shows a
very interesting behaviour, in that the second and
third maximums are lower than the first. In the previ-
ous work in this field [10], we did not keep track of
the volumes of the ageing samples, since we had not
yet discovered the unexpected role of that parameter
in measures of intensive variables i.e. variables that
should be independent of the volume.

In another work, published in the International
Journal of Ecodynamics [7], we found out that the lower
the volume of the sample is the higher the excess con-
ductivity. That conclusion is not confirmed here, at least
for systems at different ages, because, as we just saw, in
some cases the second maximum is lower than the first
and/or the third maximum is lower than the second. But
the volume of a sample cannot increase with time and it
actually always decreases, since each measure con-
sumes some of the sample. So, the systems behave very
differently from one another, probably because of the
several variables affecting them and depending on their
own particular history and on the initial conditions. For-
tunately though, the decrease of conductivity after each
maximum excludes the possibility that undetected im-
purities would be the cause of the unexpected behav-
iours: the contribution to conductivity stemming from
chemical impurities cannot diminish. So we can state
that the impurities are correctly determined and the os-
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cillating behaviour that we witnessed is that of far from
equilibrium systems that produce dissipative structures.

These systems are oscillating! This is a clear out-
come of the experiments on 15 different solutions,
studied at different ages, for a total of 181 conductiv-
ity measurements. There is no simple correlation be-
tween this behaviour and the degree of dilution (CK)
or the protocol of succussion. However, it is possible
to infer from our results that a protocol of 600 strokes
produces a more regular behaviour with respect to
time. We cannot exclude the need for additional stud-
ies in order to find the best protocol for the succussion
procedure. It is otherwise clear that much more work
is needed to begin to understand these very
complexes, far from equilibrium systems.

Conclusions

The present results on conductivity reinforce the hy-
pothesis of the role played by the aggregates of water
molecules, as well as the role played by H and OH, in
explaining the higher conductivity of the EDS com-
pared to the solvent. This new phenomenon evidenced,
the variation of conductometric data with time, seems to
be a distinctive feature of aqueous EDS.

The new phenomena of a slow increase of con-
ductivity with time and of an unexpected trend to-
wards a maximum of excess conductivity, appear to
be in stark contrast with the thermodynamics of sys-
tems near the equilibrium and moving towards it. It
therefore seems appropriate to interpret them on the
basis of the thermodynamics of dissipative structures,
which are far-from-equilibrium systems. These sys-
tems need to dissipate energy to stay far from the
equilibrium. For reasons not yet clarified, the modi-
fied environmental conditions periodically prevent
the necessary energy dissipation, so the systems tend
to return to the initial conditions. But the peculiar fea-
ture to dissipate environmental energy seems to be
present in each of these systems and to be affected by
the history of the system itself.

The temporal evolution of the EDS also happens to
be affected by small magnitude perturbations. In some
cases we had a highly diluted aqueous system that at a
certain age got divided in smaller volumes. We found a
deeply changed behaviour of the smaller volumes vs.
time, compared to that of the bigger volume [7].
Whereas the bigger volume did not exhibit relevant
modifications vs. time, every new sample of smaller vol-
ume, apart from the common feature of having maxi-
mums, ‘chose’ its own different way to evolve.

This finding can be related to the collisions of
molecules against the walls: there is a non zero proba-
bility of transition to any of a continuum of
microstates and due to the unstable character of the
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trajectories in phase space, all microstates possible a
priori become accessible.

If our system is going through an obligatory suc-
cession of microstates, b;—>b;.1—>b;»—>. .., the transition
from one microstate to the next is caused by an elastic
collision between two molecules. When the system is in
microstate by, there comes a moment when one of its
molecules collides with a wall of the container. The in-
elastic collision causes a transition to another obligatory
succession of microstates, c;—>c,—. .., completely inde-
pendent of the former succession and microstate ¢; will
be chosen randomly on the basis of the laws of probabil-
ity from a continuous range of possible microstates. The
most probable choice is a microstate belonging to the
macrostate richest in microstates (disorder) in the range.
Of course this analysis is completely in line with classi-
cal statistical Thermodynamics and with the classical re-
lated concept of probability. Whereas, if we deal with
water self-organization plays a completely different fun-
damental role: in this case irreversibility is related to the
origin of life and the capability of dissipative living
structures to self-organize. Self-organization leads to or-
dered macrostates poor in microstates [33].

This means that the evolution with time depends
on the initial state (in this case: large or small volume)
and that the system, in a certain sense, ‘has a memory’
i.e. the starting point is so relevant as to determine a
very different maximum of the measured parameter
(conductivity).

Another example of different temporal evolutions
can be had by producing the simple perturbation of
adding to the systems some water (without succussion)
at different dilution ratios [9]. Again, the systems evo-
lutions are much affected by their specific initial condi-
tions and produce very different values of the maxi-
mums and different slopes too, in line with our findings
for oscillating BZ (Belousov—Zhabotinsky) reactions
[34], where Turing structures are formed which may
explain the initial stages of aggregation and develop-
ment, according to the following generic reaction-dif-
fusion system:

oC,
ot

where C; is the concentration of the i species partici-
pating in the reaction, f; is the non-linear kinetics
equation describing the reaction and D; is the diffu-
sion coefficient of species i [34].

Thus, it is once again evident that the past influ-
ences the evolution of the ‘pure water’ system. The
EDS are non-equilibrium systems in which irrevers-
ible processes occur: a new supermolecular order may
appear whereby a giant fluctuation is stabilized
through the exchange of energy with the outside
world. This is the order associated with the dissi-

=D,V?C,+f,(...C,...Cynn.0)
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pative structures, in which the role of water is funda-
mental [34]. As pointed out by Prigogine [35], non-
equilibrium may be a source of order.

In general, there is a complete agreement among
scientists, that a Dissipative Structure is a thermody-
namically open system that maintains itself far from
thermodynamic equilibrium through a continuous
dissipation of low quality energy to the external envi-
ronment. Through an inflow of high quality energy,
matter or information, a Dissipative System gives rise
to spontaneous appearance of symmetry breaking,
both spatial and temporal and the formation of com-
plex structures and behaviour, where interacting par-
ticles exhibit long range correlations. The nonlinear
processes that regulate the balance between the
negentropy inflow and the entropy outflow, allow the
self-organization of the system.

A dissipative structure is a system that, far from
thermodynamic equilibrium, efficiently dissipates the
low quality energy generated to sustain it and has the
capacity of changing to higher levels of orderliness,
i.e. to produce self-organization.

It contains subsystems that continuously fluctuate.

At times a single fluctuation or a combination of
them may become so magnified by possible feedback,
that it shatters the pre-existing organization. At such
‘bifurcation points’, according to Prigogine, it is im-
possible to determine in advance whether the system
will disintegrate into ‘chaos’ or leap to a new, more
differentiated, higher level of ‘order’. The latter case
defines dissipative structures so termed because they
need more energy to sustain them than the simpler
structures they replace and are limited in growth by the
amount of low quality energy they are able to disperse.

Self-organization is normally triggered by inter-
nal variation processes, which are usually called fluc-
tuations. Prigogine noted that a self-organizing system
which also decreases its thermodynamical entropy
must necessarily (because of the second law of thermo-
dynamics) export (‘dissipate’) such entropy to its sur-
roundings, according to the following equations:

dS+dSi>0

where S; is the entropy of source+sink and S; is the en-
tropy of our intermediate system. The flow of energy
from the source to the sink will always involve an in-
crease in entropy:

dS>0

whereas the only restriction placed by the second law
of thermodynamics on dS; is that:

—dS$i<dS;

so that the entropy of the intermediate system (in our
case the EDS) can decrease if there is an energy flow.
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Dissipative structures cannot be created in iso-
lated systems (no exchange of matter and energy)
where entropy can only increase. However, in closed
systems (exchange of energy but not matter) and open
systems (exchange of matter and energy), dissipative
structures can be created and entropy may decrease,
provided a flux of energy of some type is present and
that the system is capable of self-organizing, as is wa-
ter, with its own intermolecular structures (i.e. hydro-
gen bonds) giving rise to dissipative structures at
supermolecular level. Prigogine underlines that to ex-
tend thermodynamics to non-equilibrium processes
we need an explicit expression for entropy production
(entropy production per unit time, P):

P=d;S/d=%,J X,>0

where J, are the rates of the various irreversible pro-
cesses involved (chemical reactions, heat flow, diffu-
sion) and X, are the corresponding generalized forces
(affinities, temperature gradients, chemical potential
gradients). This is Prigogine’s basic formula for the
macroscopic thermodynamics of irreversible processes.

We conclude that the conductometric behaviour
of the EDS should stem from the variation of the
supermolecular structure of the solvent water, be-
cause of the linear correlation between excess con-
ductivity and excess heat of mixing with alkaline so-
lution. A self-consistent interpretation of this phe-
nomenon could involve the formation of dissipative
structures (a variation of the supermolecular structure
of the solvent water via H-bonds). The oscillating
phenomena could depend on a yet undetermined vari-
ation of the energy available from the environment,
that gets dissipated to maintain the far from equilib-
rium condition. The temporal evolution could be re-
lated to a variation in the number, size or shape of
these dissipative structures.
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