
Introduction

In preceeding papers [1–6] we studied the ‘extremely

diluted solutions’, EDS, putting in evidence the funda-

mental importance of the preparation technique. The

EDS have been described as solutions obtained

through a special process in which the dilution and

succussion operations are repeated in every step [1–6].

The process is carried out until extreme dilutions are

reached, namely until the composition of the solution

is identical to that of the solvent used. The EDS were

studied through chemical-physical measurements to

verify whether these particular solutions are character-

ized by an alteration of the ‘structure’ of the solvent.

The calorimetric and conductometric measurements, in

particular, have strongly confirmed this hypothesis.

The reported results have shown that every prepa-

ration is characterized by numerous factors also related

to the storage of the solutions. In each physico-chemi-

cal measurement, only one factor was varied. By

studying one factor of preparation at a time we have

evaluated the contribution of each parameter to the

properties of the EDS. This way we evidenced some

key factors: nature of solute, degree of dilution, pres-

ence of electrolytes [3], number of strokes during

succussion and especially the age of samples [5, 6]. We

prepared and studied the EDS using always the same

active principles as solute, and using as solvent some

solutions with a low and known concentrations of so-

dium bicarbonate or silicic acid [3–6]. This study has

also shown that even controlling the parameters affect-

ing a preparation, the quantitative reproducibility of

the phenomenon is poor.

The results of the paper of Samal and Geckeler

are in line with this behaviour [7]. In the article, they

observed that the size of clusters of molecules in

several substances (e.g. fullerene, cyclodextrines,

NaCl, …) increased with decreasing concentration

and that the results depend on the variation of the

initial conditions.

The behaviour of EDS is characteristic of a com-

plex system, in far-from-equilibrium conditions. In

these systems the sum of the parts does not corre-

spond to the whole. Therefore studying and analysing

the single parts of the system does not guarantee an

understanding of the system and its evolution. A

far-from-equilibrium system can introduce non linear

behaviours. This means that with even a slight change

in the conditions, the system can evolve. A far-from-

equilibrium system can persist for a long time in

steady state but can also change for a small perturba-

tion, leading to the auto-organization of its structure.

Similar conclusions are reached by Lobyshev et al.
[8]. These authors state that, as a result of perturba-

tions due to the very low concentrations and electro-

magnetic fields, water and aqueous solutions can
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evolve as complex systems, capable of auto-organis-

ing by producing long-scale realignments.

In addition, Rey [9] states that the structures of hy-

drogen bonds in pure water and in an extremely diluted

solution, obtained by an iterative procedure of succes-

sive dilutions and succussions, are very different.

In this paper we report a study on the EDS

carried out at different ages of the samples, since we

noticed that time is the factor influences mostly the

value of the measured parameters.

Experimental

Materials

The solutes were Carlo Erba, Sigma or Fluka products,

of the highest purity commercially available. The solu-

tions of the various solutes (NaOH, NaHCO3, SiO2)

were prepared by mass, using twice distilled water.

NaOH solutions were protected from contact with at-

mospheric carbon dioxide by means of suitable traps.

The EDS were prepared using as solvent a solution of

low and known concentration (5·10–5–10·10–5 mol L–1)

of sodium bicarbonate and, in two cases, silicic acid.

Procedures

The EDS were prepared by iterating two steps: dilution

and dynamization. The dilution can be centesimal or

korsakovian. For a centesimal dilution, the starting

point is a 1% in mass solution [10]; for example, to

prepare a 2,4-dichlorophenoxyacetic acid (2,4-D) solu-

tion, 1 g of 2,4-D gets added to 99 g of solvent. After

the mechanical treatment, plain ‘dynamization’, the so-

lution so obtained is called ‘1 centesimal hahne-

mannian’ or 1CH in short, and the name of the solution

begins with the name or formula of the solute, or a sim-

ple abbreviation of it. So in the preceding example,

2,4-D 1CH is obtained. In order to prepare the 2 cen-

tesimal hahnemannian (2,4-D 2CH), 1 g of the 1CH so-

lution is added to 99 g of solvent, and the resulting so-

lution is ‘dynamized’.

The korsakovian preparations are characterized

by the fact that, when carrying out the dilutions, the

bottle containing the solution to dilute is never

changed: each dilution step consists of disposing 99%

of the liquid from the bottle, and then refilling to 100%

with pure water, before moving to the ‘dynamization’

step. The solution so obtained is called ‘1 centesimal

korsakovian’ or 1CK in short (e.g. NaCl 1CK).

The process of ‘dynamization’ consists of either

a violent shaking (succussion) of the solution by

means of a mechanical apparatus (DYNA HV 1 by

Debofar N.V.S.A. Belgium), or of shaking obtained

by a vortex (Inter Continental equipment). In a single

succussion process 50–500 vertical strokes were

given to the vessel containing the solution, at the

frequency of 0.83 Hz. In the case of the vortex the

time varied from 20 to 120 s.

In this paper, the solvent employed for dilution

was a solution with known contents of sodium

bicarbonate or silicic acid. After their preparation, the

EDS were stored at room temperature. The samples

were then tested at different ages, varying from

several months to several years.

Samples of two different solutes were prepared:

Arsenicum Sulphuratum Rubrum, (As4S4, ASR) and

2,4-dichlorophenoxyacetic acid (2,4-D). The solvents

used were: a solution of sodium bicarbonate and of

silicic acid, both at 5·10–5 M (mol L–1); a solution of

sodium bicarbonate 5·10–5 M (mol L–1); a solution of

sodium bicarbonate 6.0·10–5 M (mol L–1); a solution

of sodium bicarbonate 7.5·10–5 M (mol L–1); a

solution of sodium bicarbonate 10·10–5 M (mol L–1).

In some preparations the initial solution contained

only the solvent and no ‘active principle’. Such

preparations are known as potentized water (W).

Methods

Calorimetry

The heats of mixing were monitored using a Thermal

Activity Monitor (TAM) model 2227, by Thermometric

(Sweden) equipped with a flow mixing vessel. A P3

peristaltic pump from Pharmacia envoys the solutions

into the calorimeter through Teflon tubes. The flow

rates of the two liquids to mix are the same, and are con-

stant in the inlet tubes, so that the solution coming out of

the calorimeter has a concentration half the initial one.

The mass flow-rate, constant within 1%, amounts to

3·10–3 g s–1: it was the same for all the experiments.

The values of the mixing enthalpies, �Hmix, were

obtained using the following formula [11]:

�Hmix(mx

i ,m my

i

x

f
� ,my

f )=(dQ/dt)/Pw (1)

where dQ/dt is the heat flux (Watt), Pw is the total

mass flow-rate of the solvent (kg s–1) and mx

i , my

i and

mx

f , my

f are the initial and final molalities. �Hmix is

given in J kg–1 of solvent in the final solution.

According to the previous papers [12–18], the

mixing enthalpy of two binary solutions, due to the

contribution of the heats of dilution of the two

solutes, x and y, and to the interaction of the two

solutes, can be expressed as follows:

�Hmix=hxxmx

f (mx

f –mx

i )+2hxymx

f my

f +hyymy

f (my

f –my

i )

+higher order terms (2)

where hxx, hyy and hxy, the enthalpic interaction coeffi-

cients, are adjustable parameters. The h coefficients
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appearing in Eq. (2) represent the enthalpic contribu-

tions to the Gibbs free energy coefficients characteris-

ing the interaction between pairs, triplets or higher or-

der interactions. Their values fall in the range

1·102–1·104 (J kg mol–2). Consequently, when the

concentration of solute y of an EDS is less than

1·10–5 mol kg–1, while the concentration of solute x
(NaOH) is 1·10–2 mol kg–1, the only contribution in

the previous equation is that due to x, namely the heat

of dilution of solute x.

Conductivity

Systematic measures of electrical conductivity

(�S cm–1) were performed on the EDS. Conductivity

data were collected with an YSI conductivity instru-

ment, model 3200, using a cell with a cell con-

stant=1.0 cm–1. The cell constant was periodically mea-

sured, using a standard KCl solution. The values of

conductivity were temperature corrected to 25°C using a

pre-stored temperature compensation for pure water

[19]. Hence, the electrical conductivity of the EDS

should depend solely on the presence of the electrolytes.

Results and discussion

In Table 1 we report the results of the study on the EDS

performed with two experimental techniques: mix-

ing-flow microcalorimetry and electrical conductivity.

In Table 1 we report the active principle, the degree of

dilution, the excess heats of mixing, Qmix

E (J kg–1) and

the excess conductivity, �
E (�S cm–1). Each EDS was

analysed on several successive occasions (i.e. different

portions of a single sample were employed in different

experimental measures), to put in evidence the calori-

metric and conductometric behaviour as a function of

the age of the samples.

We determined the heats of mixing of sodium hy-

droxide with the EDS, and almost always found an ex-

cess heat of mixing. Qmix

E defined as the heat of mixing

of sodium hydroxide with the EDS, minus the heat of

mixing of the same NaOH when mixed with the un-

treated solvent. It follows that the chemical contribu-

tions due to CO2 and sodium bicarbonates or silicic

acid are removed and do not affect the value of Qmix

E .

On the same EDS we measured the electric conductiv-

ity. Similarly to the previous case, we define the excess

conductivity, �
E, as the conductivity, �, of the EDS mi-

nus the conductivity, �w, of the untreated solvent. The

chemical contributions due to CO2 and sodium bicar-

bonate were removed in this case too.

The actual concentration of sodium was deter-

mined through atomic absorbance, and the silicic acid

concentration by measuring the UV absorption of

complexes with ammonium molybdate.

The results obtained through the analytical mea-

surements characterize the untreated solvent and were

employed to obtain the values of the excess heats of

mixing and excess conductivity [3–6].

In the last few years the ‘extremely diluted solu-

tions’, EDS, have been the target of a systematic

study [1–9]. The experimental results have shown an

anomalous thermodynamic picture. The EDS have a

chemical composition that is not different from that of

the solvent used for the preparation. The central point

of the preparation technique is the repetition of the di-

lution process, to which the mechanical shaking pro-

cess follows, in every step. We conducted thermody-

namic and transport measurements of the solutions

and of the interaction of those solutions with acids

and bases [1–3, 5, 6]. The results of the experiments

performed on the EDS have been unexpected. The

heats of mixing of sodium hydroxide with the EDS

have allowed us to hypothesize a variation in the dis-

tribution of hydrogen bonds with respect to the sol-

vent. A relevant exothermic excess heat of mixing has

been measured in most of the measures. To explain

these results we have hypothesized that the EDS ex-

hibit a larger number of aggregates of water mole-

cules than untreated water. These aggregates are char-

acterized by an increase of the number and/or energy

of the hydrogen bonds. Two possible interaction

mechanisms can be used for explaining the calorimet-

ric behaviour of the EDS. First mechanism: in the

mixing with the EDS, the Na+ and OH– ions would

more efficiently hydrate than in water. The ions pres-

ent in probe solutions probably use in a preferential

way the aggregates of water molecules found in the

EDS solvent to build their hydration sphere, with a

consequent increase of the heat of mixing. In the mix-

ing process an increase of the average number of wa-

ter molecules of hydration accounts for the exother-

mic effect [20]. Second mechanism: the increase of

pH during the mixing with NaOH solutions could in-

duce a reduction or a disruption of the aggregates of

water molecules [1]. To explain the exothermic ex-

cess heat of mixing we need to invoke the effect of

destructured hydration spheres of hydrophilic solutes

[11]. We suppose that the hydration sphere of water

molecules aggregates is less ordered than that of the

solvent. In the mixing process, the aggregates are dis-

rupted by the increase of pH and this produces two

opposite contributions. The net result is an exother-

mic effect.

A very effective kind of measurements has been

that of electrical conductivity, at 298 K. Such mea-

sures put in evidence a systematic higher value of the

specific conductivity with respect to that attributable

to the presence of electrolytes, determined through

atomic absorbance [3–6]. The �
E is substantially posi-
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Table 1 Thermodynamic and transport properties for extremely diluted solutions of Arsenicum Sulphuratum Rubrum,
(ASR: As4S4), 2,4-dichlorophenoxyacetic acid (2,4-D) and potentized water (W), at 298 K

System
–Qmix

E 1
�

E,2

System
–Qmix

E 1
�

E,2

20–750 days3 800–1400 days4

ASR 7CHa 2.10 3.3 2,4-D 3CH1 0.58 3.6

ASR 12CHa 0.52 4.8 2,4-D 4CHl 3.51 20.0

ASR 14CHa 1.07 3.3 2,4-D 6CHl 1.38 7.9

ASR 18CHa 0.59 10.4 2,4-D 8CHl 1.88 10.2

ASR 22CHa 0.47 3.8 2,4-D 10CHl 2.97 15.5

ASR 27CHa 0.29 3.2 2,4-D 12CHl 0.58 4.5

ASR 29CHa 0.21 5.3 2,4-D 8CHm 1.90 6.5

ASR 8CHb 0.79 3.6 2,4-D 4CHm 1.97 13.6

ASR 9CHb 1.01 5.5 2,4-D 9CHm 1.27 4.6

ASR 10CHb 0.76 4.9 2,4-D 10CHm 2.29 15.8

ASR 12CHb 0.54 4.6 2,4-D 5CHn 0.38 0.6

ASR 13CHb 0.18 4.9 2,4-D 6CHn 0.79 2.6

ASR 14CHb 0.69 4.0 2,4-D 9CHn 0.58 2.2

ASR 15CHb 0.63 4.9 2,4-D 11CHn 0.18 0.3

ASR 16CHb 2.11 9.0 2,4-D 12CHn 0.38 1.7

ASR 18CHb 0.73 5.2 2,4-D 4CHn 0.42 4.2

ASR 20CHb 0.46 4.7 2,4-D 6CHn 1.74 5.1

ASR 22CHb 0.42 3.4 2,4-D 7CHn 1.08 1.9

ASR 24CHb 0.59 2.8 2,4-D 8CHn 0.33 1.1

ASR 28CHb 0.95 6.6 2,4-D 9CHn 0.57 2.2

ASR 29CHb 0.50 3.9 2,4-D 12CHn 2.89 17.7

ASR 30CHc 0.96 5.0 2,4-D 6CHo 0.79 0.5

ASR 9CHc 1.37 6.7 2,4-D 9CHo 0.59 0.7

ASR 30CHc 1.11 5.9 2,4-D 12CHo 0.90 1.9

2,4-D 6CHd 0.49 2.4 ASR 18CHa 0.81 5.3

2,4-D 9 CHd 0.48
0.51

2.1
2.4

ASR 25CHa 1.22 6.7

ASR 25CHe 0.18 0.3 ASR 5CHa 1.60 9.0

W 9CHf 0.51 2.5 ASR 7CHa 1.72 8.7

W 12CHf
1.15
0.64
0.60

5.3
3.1
2.6

ASR 17CHa 1.14 5.2

W 30CHf
2.83
2.25
1.18

10.5
8.4
1.4

W 30CHf 0.38 1.7

W 6CHg 0.87 3.5 W 9CHg 1.28 3.1

W 9CHg 0.61 2.5

W 12CHg
0.25
0.36
0.25

1.5
1.5
1.5

W 30CHg

0.42
0.08
0.10
0.50

2.3
0.4
0.5
2.1

W 12CHh 1.13
1.43

4.0
4.0
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Table 1 Continued

System
–Qmix

E 1
�

E,2

System
–Qmix

E 1
�

E,2

20–750 days3 20–750 days3

W 30CHh 0.63
0.90

4.0
4.9

ASR 17CHb 1.15 3.9

W 1CKi 0.49 3.5 ASR 7CHb 1.29 3.8

W 3CKi 0.33 3.1 ASR 12CHc 0.77 5.0

W 5CKi 0.19 2.2 ASR 30CHc 1.40 10.0

W 7CKi 0.09 2.0 2,4-D 6CHd 0.49 1.2

W 9CKi 0.35 2.9 2,4-D 12CHd 0.23 1.2

W 12CKi

0.15
0.13
0.42
0.19
0.41

1.9
2.3
2.8
2.2
2.8

W 30CHf
2.22
0.00
0.15

10.0
3.9
1.6

W 30CKi 0.51 4.1 W 9CHf 0.92 2.5

2,4-D 3CHl 0.03 0.5 W 12CHg 0.77
1.08

3.4
3.3

2,4-D 4CHl 0.03 0.5 W 30CHg 1.10
2.20

3.6
6.6

2,4-D 6CHl 0.03 0.5 W 12CHh 2.13 8.8

2,4-D 8CHl 0.03 0.5 W 30CHh

0.12
0.57
0.10
0.10

1.6
2.5
2.5
2.8

2,4-D 10CHl 0.03 0.5 W 3CKi 0.40 1.2

2,4-D 12CHl 0.03 0.5 W 5CKi 0.00 0.2

2,4-D 8CHm 0.06 0.0 W 7CKi 0.00 0.1

2,4-D 4CHm 0.05 0.0 W 12CKi

0.14
0.30
0.41
0.35
0.47

0.8
1.7
0.8
1.5
0.7

2,4-D 8CHm 0.05 0.0 W 30CKi 0.51
0.25

1.9
1.3

2,4-D 9CHm 0.10 0.0 W 30CHi 0.10 1.3

2,4-D 10CHm 0.05 0.0 W 3CKi 0.63 3.2

ASR 13CHa 1.01 3.4 W 7CKi 0.45 1.5

ASR 8CHb 0.61 2.9 W 12CKi 0.12 1.5

ASR 13CHb 2.70 12.3 W 30CKi 0.45
0.71

2.1
2.4

ASR 14CHb 1.06 4.5

ASR 20CHb 0.80 3.0

ASR 25CHb 0.61 3.2

1Excess heat of mixing in J (kg of solvent in final solution)–1. 2Excess conductivity in �S cm–1. 3Samples with an age between 20 and

750 days. 4Samples with an age between 800 and 1400 days. aActive principle: Arsenicum Sulphuratum Rubrum. Solvents: aqueous solution

of NaHCO3 and H4SiO4 both 5·10–5 M. Dynamization method: vortex. bActive principle: Arsenicum Sulphuratum Rubrum. Solvent: aqueous

solution of NaHCO3 and H4SiO4 both 5·10–5 M. Dynamization method: succussion. cActive principle: Arsenicum Sulphuratum Rubrum.

Solvent: aqueous solution of NaHCO3 7.5·10–5 M. Dynamization method: succussion. dActive principle: 2,4-dichlorophenoxyacetic acid.

Solvent: aqueous solution of NaHCO3 1·10–4 M. Dynamization method: succussion. eActive principle: Arsenicum Sulphuratum Rubrum.

Solvent: aqueous solution of NaHCO3 1·10–4 M. Dynamization method: vortex. fActive principle: none. Solvent: aqueous solution of

NaHCO3 7.5·10–5 M. Dynamization method: succussion. gActive principle: none. Solvent: aqueous solution of NaHCO3 7.5·10–5 M.

Dynamization method: vortex. hActive principle: none. Solvent: aqueous solution of NaHCO3 1·10–4 M. Dynamization method: succussion.
iActive principle: none. Solvent: aqueous solution of NaHCO3 6·10–5 M. Dynamization method: succussion. lActive principle:

2,4-dichlorophenoxyacetic acid. Solvent: aqueous solution of NaHCO3 5·10–5 M. Dynamization method: succussion. mActive principle:

2,4-dichlorophenoxyacetic acid. Solvent: aqueous solution of H4SiO4 5·10–5 M. Dynamization method: succussion. nActive principle:

2,4-dichlorophenoxyacetic acid. Solvent: aqueous solution of NaHCO3 5·10–5 M. Dynamization method: succussion. oActive principle:

2,4-dichlorophenoxyacetic acid. Solvent: aqueous solution of H4SiO4 5·10–5 M. Dynamization method: succussion



tive and increases with the age of samples [4, 6].

Therefore the excess heat of mixing and excess con-

ductivity have shown that the EDS have different

physico-chemical features with respect to the solvent.

The whole picture is more articulated, because

the physical quantities that influence the phenome-

non are numerous and the properties exhibited by

each sample turn out to be characterised by several

factors. Quantitatively the most important factor is

time. As described in previous papers [4–6], the val-

ues of the physico-chemical parameters increase

with the age of samples, with different laws. To ac-

quire information on the hypothesized supramolecu-

lar structures of water, we have analyzed the influ-

ence of time on the properties of EDS. The excess

heat of mixing, Qmix

E , and the excess conductivity, �
E,

turn out to be linearly correlated, as both of them

also increase with the age of samples. Figure 1 re-

ports the excess conductivity vs. the excess heat of

mixing. The values of two sets of data are presented.

In one set, samples have an age ranging from 20 to

700 days; in the other set the age range is

800–1400 days. A linear trend is found for both sets,

but with different slopes.

The excess heat of mixing and excess conductiv-

ity variation as a function of time can be explained as

an increase in the number or size of the aggregates or

both. Figure 2 reports the excess conductivity and ex-

cess heat of mixing vs. the age of the samples. This

graph shows the distribution for every age at which the

conductometric and calorimetric measurements have

been performed. The distribution is a further evidence

that the EDS are complex systems, influenced by nu-

merous factors. Our systematic study underlines the

key factors affecting the solutions under examination.

Nature of solute, degree of dilution, presence of elec-

trolytes, succussion and time are very important factors

on the physico-chemical properties of the EDS. All the

aforementioned parameters contribute to determine the

complexity of the EDS and the distribution values.

Despite the EDS complexity, the Qmix

E and �
E val-

ues regularly increasing time. This shows that time is

the most important factor from the quantitative point

of view. In particular, it can be observed that the ex-

cess conductivity increases more than the excess heat.

Figure 3 reports the minimum, maximum and average

Qmix

E and �
E values as a function of age.

A quantitative analysis of Fig. 3 shows that:

• the minimum, maximum and average Qmix

E and �
E

values of the distribution for every age regularly in-

crease with the samples age.

• The temporal evolution of the excess conductivity

is faster than that of the excess heat of mixing.
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Fig. 3 The minimum, average and maximum Qmix

E value and

the minimum, average and maximum �
E value vs. the

age of the samples

Fig. 2 Excess heat of mixing, Qmix

E , and excess conductivity,

�
E, vs. the age of the samples

Fig. 1 Excess conductivity vs. excess heat of mixing. Samples

with an age between 20–750 and 800–1400 days are

shown. For the first set, the line y=a+bx gives as values:

a=0.9�0.1; b=3.6�0.1 and R=0.91, while for the second

one, gives as values: a= –1.4�0.7; b=6.0�0.3 and R=0.93



Conclusions

This evolution could depend on the variation of the

molecular aggregates that characterize the supramo-

lecular structure of water. As we have previously

stated, the temporal evolution can depend on an in-

crease in the number or size of the aggregates or both.

The conductometric evolution could be due to an in-

crease in the dimension of the aggregates of water mol-

ecules, rather than to an increase of their number. In

fact it is well known that protons can move in aqueous

solutions through a rapid hopping mechanism [21].

Therefore the ions migration is strongly associated to

clusters of water molecules made through hydrogen

bonds. A structuring of the solvent in a linear fashion

could favour the conduction mechanism, and explain a

higher value for the conductivity in the EDS.

The excess heat of mixing would probably be in-

fluenced mostly by an increase in the number of ag-

gregates, according to the hypothesis of more effi-

cient hydration rather than the destructive one.

We are working to confirm this interpretation

model and to obtain further information about the pa-

rameters that influence the properties of the EDS.
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