
Introduction

In previous papers [1–11], EDS have been the object of

several kinds of measurements, among which the calori-

metric and conductivity measures stood out as the most

useful in describing them. The EDS are peculiar because

of their preparation technique: by the term extremely di-

luted solutions (EDS), we mean solutions in which a

substance has been diluted through a special iterative

process of successive dilutions and succussions. The lat-

ter are violent vertical shakings in between each dilution

step. Through the iterated dilutions, the concentration of

the solute becomes negligible in a few steps. It is there-

fore reasonable to expect the physico-chemical proper-

ties of such dilutions to be identical to those of the sol-

vent used. In practice, however, the EDS exhibit

different physico-chemical proprieties compared to their

solvent. EDS behave as complex systems, influenced by

peculiar aspects of both their preparation technique and

storage conditions [1–11].

We measured the heats of mixing of basic solu-

tions with the EDS and their electrical conductivity,

comparing with the analogous heats of mixing and elec-

trical conductivity of the solvent. Some relevant exo-

thermic excess heats of mixing were found, as well as

higher electrical conductivities than those of the un-

treated solvent [3, 4]. These physico-chemical results let

us suppose that a supermolecular organization is present

in the EDS [10, 11]. We evidenced the influence of sev-

eral parameters on the calorimetric and conductometric

behaviour of the solutions under study: nature of solute;

degree of dilution; succussion procedure; volume of the

samples and their age [3, 9, 11].

These and other studies [10–22], as a whole,

back up the concept of water as a complex system, led

to self-organization by perturbations of small entity

(dilution, succussions, electromagnetic fields, etc.),

with variations of the physico-chemical properties

that can be either permanent, temporary or oscillating.

In this work, in order to test the stability of high

ionic force EDS, we carried out calorimetric measures

of mixing with sodium hydroxide solutions, in pres-

ence of sodium chloride at high concentration. The

aim of this experimental work is that of gaining in-

sight on the physico-chemical behaviour of EDS in

concentrated solutions of salts (NaCl). The effect of

the administration of the EDS to biological systems,

of various nature and complexity, strictly depends on

the stability of the physico-chemical behaviour of

these solutions when mixed with fluids of complex

composition and high concentration.

Experimental

Materials

The solutes were Carlo Erba, Sigma or Fluka products,

of the highest purity commercially available. The ex-
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tremely diluted solutions were prepared using as solvent

a solution of sodium bicarbonate, at low and known

concentration (5·10
–5

mol L
–1

). The laboratory glass

containers were treated with H2SO4/K2Cr2O7. The so-

dium chloride solutions (by Sigma) were prepared by

mass, employing the previously prepared solute, desic-

cated for some hours at 130°C. As solvent we used:

twice distilled water (to determine the heat of dilution);

sodium bicarbonate solutions (to determine the chemi-

cal contribution to subtract from the heat of mixing, in

order to obtain the excess heat); the EDS themselves;

and finally solutions of NaOH 0.01 M (to measure the

heat of mixing).

Procedures

The EDS studied were prepared according to the proce-

dure mentioned in the Introduction section. For exam-

ple, to prepare a centesimal dilution of

2,4-dichlorophenoxyacetic acid (2,4-D), 1 g of 2,4-D

was added to 99 g of solvent (dilution step). The solu-

tion was then subject to the process of ‘dynamization’

(succussion step), consisting in a violent shaking by

means of a mechanical apparatus (DYNA HV 1 by

Debofar N.V.S.A. Belgium). The final solution is called

‘1 centesimal hahnemannian’ or 1 CH in short. So in the

preceding example, 2,4-D 1 CH was obtained. In order

to prepare the 2 centesimal hahnemannian

(2,4-D 2 CH), 1 g of the 1 CH solution was added to

99 g of solvent, and the resulting solution was

‘dynamized’. The dilution and succussion steps were it-

erated until the desired degree of dilution was met.

Potentized water, W, is obtained using the same proce-

dure described above, starting with pure solvent without

active principle.

Methods

Calorimetry

The EDS were studied through mixing-flow

microcalorimetry. The heats of mixing were monitored

using a Thermal Activity Monitor (TAM) model 2227,

by Thermometric (Sweden), equipped with a flow mix-

ing vessel. A P3 peristaltic pump from Pharmacia sends

the solutions into the calorimeter through Teflon tubes.

The experimental apparatus is detailed in previous pa-

pers [1–3]. The value of the mixing heat, Qmix, was ob-

tained using the following formula:
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J kg
–1

of solvent in the final solution.

The experimental procedure we used can be out-

lined as such:

• In the first step, we determined the excess heat of

the EDS by using a ‘probe’ solution. The latter was

a NaOH 0.01 M solution in twice distilled water.

The excess heat of mixing, �Q
mix

E
, is defined as the

heat of mixing of the probe solution with the EDS,

–Qmix, minus the heat of mixing of the same probe

solution with the solvent (sodium bicarbonate solu-

tions), having the same contents of chemical impu-

rities as the EDS [15].

• In the second step, we measured the excess heat of the

EDS again, but this time at a high ionic force, at two

different concentrations of sodium chloride: NaCl 0.5

and 1 M. The probe solution was a NaOH 0.01 M so-

lution in aqueous NaCl solutions at 0.5 and 1 M; The

excess heats of mixing, �Q
mix/ H O

E

2

(J kg
–1

) in NaCl is

defined as the heat of mixing of the probe solution

NaOH 0.01 M (in NaCl 0.5 or 1 M) with the EDS (in

NaCl 0.5 or 1 M).

Analytical determination of impurities

Care was taken to account for impurities, released by the

glass containers that can affect the calorimetric results.

The glass may release sodium oxides that, in contact

with the atmospheric CO2, get converted to sodium bi-

carbonate. Therefore we determined the sodium concen-

tration, through atomic absorption spectrometry carried

out with a Varian Spectra A instrument. Before measur-

ing the samples with the instrument, a calibration curve

was obtained using standard solutions. To prepare the

standard solutions, NaCl was dissolved in water and di-

luted to 1 L to obtain 1000 �g mL
–1

Na. The working

conditions were: lamp current: 5 mA; fuel: acetylene;

support: air; flame stoichiometry: oxidizing. The wave-

length used depends on the concentration range of so-

dium. For our samples it was 589.6 nm. Sodium is par-

tially ionised in the air-acetylene flame. To suppress

ionisation, some potassium chloride solution was added

to produce a final concentration of 2000 �g mL
–1

in all

solutions, including the blank [23]. Impurities were in

the ppm range.

The glass may also release silica, giving rise to

silicic acid. The silicic acid concentration was deter-

mined by measuring the UV absorption of complexes

with ammonium molybdate.

Results and discussion

Table 1 contains the results of the study on the EDS,

performed with mixing-flow microcalorimetry and

electrical conductivity. Table 1 reports: active princi-

ple; degree of dilution; excess conductivity �
E
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Table 1 Excess conductivity (�
E
/�S cm

–1
) and excess heats of mixing of the EDS with NaOH 0.01 M, in water

(�Q
mix/ H O

E

2

/J kg
–1

), NaCl 0.5 M (�Q
mix

E
(0.5 M)/J kg

–1
)) and 1 M (�Q

mix

E
(1 M)/J kg

–1
))

System �
E

�Q
mix/ H O

E

2

�Q
mix

E
(0.5 M) �Q

mix

E
(1 M)

H2O 1.2�0.2 1.05�0.05
a

0.93�0.05
b

1.00�0.04
c

W 12 CH – 0.40 – 0.62

W 30 CH 2.05 0.09 – 0.11

W 30 CH 7.23 0.74 – 0.84

W 3 CH 1.56 0.51 0.55 0.37

W 12 CH 1.13 0.09 0.17 –0.01

W 9 CH 1.80 0.54 0.62 0.49

W 3 CH 1.56 0.52 0.55 0.37

W 12 CH 1.13 0.09 0.17 –0.01

W 3 CH 2.98 0.49 0.59 0.37

W 6 CH 2.36 0.45 – –0.03

W 30 CH 1.23 0.32 – –0.08

W 30 CH 2.64 0.10 – 0.25

W 30 CH 1.04 0.74 0.83 0.28

W 30 CH 0.62 0.15 – 0.22

W 7 CH 6.56 2.56 – 1.86

W 9 CH 3.67 0.65 0.75 0.15

W 5 CH 2.58 1.07 1.18 1.09

W 7 CH 2.09 1.14 – 0.85

W 30 CH 3.05 1.28 – 0.81

W 12 CH 5.05 1.16 1.65 1.08

W 12 CH 0.70 0.05 0.15 0.05

W 5 CK 0.80 0.15 – 0.59

W 12 CK 2.10 0.26 – 0.34

W 12 CK 1.51 0.05 0.18 0.16

W 12 CK 2.20 0.37 0.42 0.53

W 30 CK 1.60 0.21 – 0.16

W 12 CH – 0.30 0.68 0.59

W 30 CH – – – 0.33

W 12 CH – 0.68 0.42 0.86

2,4–D 3 CH – 0.51 0.69 0.22

2,4–D 7 CH 8.08 0.98 0.88 1.03

2,4–D 6 CH 3.22 2.34 2.36 1.77

2,4–D 9 CH 1.52 1.58 1.92 1.28

2,4–D 12 CH 7.47 4.45 4.31 4.11

2,4–D 6 CH 1.27 2.68 2.73 2.60

2,4–D 9 CH 3.84 0.86 0.72 0.67

2,4–D 12 CH 3.31 0.65 0.65 0.40

a
heat of mixing (J kg

–1
) of an aqueous solution of NaOH 0.01 M. Mean and standard deviation are calculated using 60 experimental

measures of dilution with bidistilled water
b, c

heat of mixing (J kg
–1

) of NaOH 0.01 M, prepared with an aqueous solution of NaCl as solvent, with NaCl 0.5 and 1 M solutions.

Mean and standard deviation calculated using 12 experimental dilution measures with aqueous solution of NaCl 0.5 and 1 M



(�S cm
–1

); excess heats of mixing in water, �Q
mix/ H O

E

2

(J kg
–1

); excess heats of mixing in NaCl 0.5 M,

�Q
mix/ NaCl –0.5

E
(J kg

–1
); excess heats of mixing in

NaCl 1 M, �Q
mix/ NaCl –1

E
(J kg

–1
). To obtain the excess

heats of mixing (in water and in NaCl) we subtracted

the contribute coming from impurities, whose con-

centration was analytically determined.

As previously stated, the aim of this study was to

verify whether the introduction of a perturbation,

such as NaCl at high concentration, would influence

the physico-chemical behaviour of EDS. The choice

of the NaCl concentrations, 0.5 and 1 M, was meant

as a preliminary test based on the potentiometric ex-

periments performed on EDS in concentrated NaCl.

The outcome of these new experiments reveals

that the presence of the electrolyte does not influence

the amount of excess heat in a relevant way. Figure 1

is a graph of the excess heat, �Q
mix/ NaCl

E
, as a function

of the NaCl concentration. It can be noted that the

heat is almost unaltered by the increase of ionic

strength. The same trend can be found in Fig. 2, show-

ing the excess heat of the EDS in water, �Q
mix/ H O

E

2

(J kg
–1

), compared to that obtained in NaCl, �Q
mix/ NaCl

E

(J kg
–1

). This figure also contains a line with slope

equal to one that, as can be seen, fits the experimental

data well.

In order to verify whether such stability is kept

with time, we carried out a series of calorimetric mea-

sures, for some selected EDS in NaCl, over a period

of 257 days, as reported in Table 2 and Fig. 3. The

thermal excess of the EDS in NaCl follows the same

trend as that of the EDS with no electrolyte: an in-

crease with time. This behaviour is further proof of

the extraordinary (and unexpected) stability of the

EDS at high salt concentration.

A large number of thermodynamic and transport

measurements were conducted on EDS [1–11]. The

body of calorimetric and conductometric measures

suggests that the EDS are complex systems in a
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Table 2 Excess heats of mixing of the EDS with NaOH 0.01 M, in water (�Q
mix/ H O

E

2

), NaCl 0.5 M (�Q
mix

E
(0.5 M)) and

1 M (�Q
mix

E
(1 M)), as a function of the age of samples

System
�Q

mix/ H O

E

2

(0 day)
1

�Q
mix/ H O

E

2

(257 days)
2

�Q
mix

E
(0.5 M)

(0 day)
1

�Q
mix

E
(0.5 M)

(257 days)
2

�Q
mix

E
(1 M)

(0 day)
1

�Q
mix

E
(1 M)

(257 days)
2

H2O 1.05�0.05
a

1.05�0.05

NaCl 0.93�0.05
b

0.83�0.05 1.00�0.04
c

1.00�0.04

W 12 CH 2.76 3.4 3.09 3.73 3.09 3.85

W 30 CH 2.33 3.21 2.68 3.5 2.7 3.73

W 12 CH 2.46 2 2.63 2.34 2.71 2.62

W 6 CH 2.55 3.18 2.76 3.8 2.84 3.96

W 12 CH 3.02 3.4 3.21 3.74 3.4 3.8

W 12 CH 2.76 4.39 3.12 4.7 3.16 5.06

W 3 CH 4.42 4.87 4.7 5.5 5.19 5.67

W 9 CH 3.75 3.95 4.34 4.6 5.15 4.86

W 12 CH 4.01 4.16 4.56 4.76 4.73 4.87

W 30 CH 4.28 4.46 4.33 4.56 4.36 4.61

W 30 CH 4.66 4.32 4.73 5.42 5.12 5.6

1
Excess heats of mixing determined at 537 days of age for the EDS (t=0 day)

2
Excess heats of mixing determined at 794 days of age for the EDS (t=257 days). The samples at high ionic strength were stored in

NaCl (0.5 or 1 M) from t=0, to the calorimetric measure at 794 days (t=257)
a
heat of mixing (J kg

–1
) of an aqueous solution of NaOH 0.01 M. Mean and standard deviation are calculated using 60 experimental

measures of dilution with twice distilled water
b, c

heat of mixing (J kg
–1

) of NaOH 0.01 M, prepared with an aqueous solution of NaCl as solvent, with NaCl 0.5 and 1 M solutions.

Mean and standard deviation calculated using 12 experimental dilution measures with aqueous solution of NaCl 0.5 and 1 M

Fig. 1 Excess heat as a function of the NaCl concentration in

the EDS



far-from equilibrium condition [7, 9–11, 24–26]. For-

tunately, despite an extremely varied physico-chemi-

cal picture, some behaviours are reproducible on a

qualitative level: both the excess heat of mixing,

�Q
mix

E
(J kg

–1
), and the excess conductivity, �

E

(�S cm
–1

), grow as the samples get older; the excess

electrical conductivity was found to be correlated to

the excess heat of mixing with NaOH 0.01 M [3–4].

The correlation between excess heat and excess con-

ductivity is linear, with a slope growing with the sam-

ples age [5–6].

In order to explain the observed behaviour, we

were forced to focus our attention on the solvent and,

in particular, on possible physico-chemical changes

induced by the preparation procedure. Such an exper-

imental picture is compatible with a model for the sol-

vent that involves molecular aggregates and provides

a mechanism for their formation [7, 9–11]. A first hy-

pothesis is that the EDS system, because of the pecu-

liar preparation protocol, is led to the attainment of a

minimum of energy, an equilibrium condition. The

observed time scale is so long as to be incompatible

with such a scenario, though. A possible alternative

hypothesis is that the succussion procedure triggers a

macro oscillation that allows for the formation of an

ordered structure from the molecular chaos of the liq-

uid. Such an ordered structure would be far from the

equilibrium, and would keep far from it by dissipating

the energy available from the external environment.

The extremely slow temporal evolution of the EDS

that is further influenced by the volume of the

samples during their storage would be compatible

with such a scenario [7, 9–11].

The hypothesis of a far-from-equilibrium system

and of the formation of dissipative structures does not

lead to a stable system but, on the contrary, to a sys-

tem whose existence depends on the possibility to dis-

sipate energy from the environment, and that is thus

intrinsically unstable [24–25].

The studies performed in presence of high con-

centrations of NaCl show that such dissipative struc-

tures exhibit a truly remarkable stability of their calo-

rimetric behaviour, and that their evolution is not in-

fluenced by the electrolyte.

The calorimetric behaviour of the EDS can be

explained on the basis of two possible interaction

mechanisms [6]:

• in mixing with the EDS, the Na
+

and OH
–

ions

would more efficiently hydrate than in water. The

ions present in the probe solution could probably

use the aggregates of water molecules found in the

EDS solvent to build their hydration sphere, with a

consequent increase of heat of mixing.

• The increase of pH when mixing with NaOH solu-

tions would induce a reduction, or a disruption, of

the water molecules aggregates. Such a reduction

or disruption would account for part of the mea-

sured thermal excess. To explain the exothermic

excess of mixing we need to invoke the effect of

the destructured hydration sphere of the water mol-

ecules of hydrophilic solutes [27].

The calorimetric behaviour of high ionic force

EDS can be used to prefer one model over the other.

The small quantity of available bulk water in NaCl at

high ionic strength leads to prefer the second model.

The stable thermal excess of the EDS in concentrated

NaCl hints towards the model in which alkaline solu-

tions exhibit a disrupting potential on the

supermolecular structure of water. That potential

would probably be linked to the attitude, of basic so-

lutions, to break the hydrogen bonds that are likely to

aggregate the water molecules in the EDS.
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Fig. 2 Excess heat of the EDS in presence of NaCl, as a func-

tion of the excess heat determined for the same EDS in

water. The measure was carried out at the time of prep-

aration of the EDS in NaCl (t=0 day)

Fig. 3 Excess heat of the EDS in presence of NaCl, as a func-

tion of the excess heat determined for the same EDS in

water. The measure was carried out 257 days after the

preparation of the EDS in NaCl (t=257 days)



Anyway work is in progress on the

conductometric titration of the EDS, using basic or

acid solutions as titrant.
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