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Abstract 
A very small amount of water molecules in an organic solvent (0.02 % in acetonitrile) can form clusters of 

different sizes on contact with dissolved organic molecules. Bulk water added to such wet solvent will then copy 

and reproduce these clusters and acquire different hydrolytic activities depending on the size of the copied organic 

molecules. For example, if wet commercial acetonitrile contains 0.3 % sugar, then bulk water added to it will 

hydrolyze triethyl phosphite substantially slower than in the same acetonitrile without sugar. The size of clusters 

in wet acetonitrile can also vary within wide limits upon contact with various substances. For example, after con-

tact of wet acetonitrile with copper or silver, the added bulk water reacts with triethyl phosphite up to 500 times 

slower, depending on the time of contact with these metals and intensity of the solar influence. On the contrary, 

after contact of wet acetonitrile with aluminum or molybdenum this reaction accelerates.  
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Introduction  

Water possesses unique properties owing to the 

ability of its molecules to form hydrogen bonds with 

each other. In the bulk phase all water molecules form 

a common continuous three-dimensional network of 

hydrogen bonds in which every molecule has tetrahe-

dral bonding directions. [1,2] However, on mixing wa-

ter with organic solvents, for example, with acetoni-

trile, this network disintegrates with the formation of 

clusters (H2O)n rather than single water molecules. The 

size of clusters may vary from a few water molecules 

to several hundred. [3] Small clusters are much more 

chemically reactive than large ones as they contain a lot 

of free –OH groups which are not involved in the net-

work of hydrogen bonds. [1,2,4-6] 

We have recently found that even a very small 

amount of water molecules in an organic solvent (0.02 

% in acetonitrile) form clusters the size of which con-

stantly changes under the influence of the Sun. Bulk 

water, added to such wet acetonitrile, copies and repro-

duces these original clusters and depending on their 

size acquires different hydrolytic activity, as it can con-

sist of a larger number of small active clusters or a 

smaller number of large passive clusters. For this rea-

son, the rate of hydrolysis of triethyl phosphite with the 

same amount of added water strongly depends on the 

intensity of the solar influence and on where wet ace-

tonitrile was located before mixing it with water - out-

doors, inside buildings or underground. [7] The de-

pendence on the solar influence makes this reaction in 

wet acetonitrile very dynamic. Its rate can change up to 

200 times during the year and 11-year solar cycle and 

exhibits diurnal variations depending on the position of 

the Sun in the sky. [8,9]   Figure 1 shows two annual 

rate variations in 2015 and 2019, in the middle and end 

of the 24th solar cycle, respectively. 
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Fig. 1.  Annual changes in the rate of hydrolysis of triethyl phosphite 1 into diethyl phosphonate 2 in acetonitrile 

in the middle and end of the 24th 11-year solar cycle. The reaction rate can be accurately measured using 31P-

NMR spectroscopy. 

The influence of the Sun on the size of water clus-

ters in wet acetonitrile and their copying by bulk water 

is confirmed by the fact that in thoroughly dried ace-

tonitrile, in which there are no clusters for copying, the 

reaction of added bulk water with triethyl phosphite is 

not sensitive to variations in solar influence. 

Further research of this phenomenon showed that 

different factors can influence the structuring of water 

clusters. 

Results and discussion 

We have found that structuring of a very small 

amount of water molecules (0.02 %) in acetonitrile de-

pends not only on the intensity of solar influence. Water 

clusters of different sizes are also formed on contact of 

wet acetonitrile with organic compounds. Bulk water 

added thereafter will copy and reproduce these initial 

clusters and acquire different hydrolytic activities de-

pending on the size of copied organic molecules. This 

was confirmed using sugar, the molecule of which is 

rather large (С12Н22О11). In wet acetonitrile, containing 

0.3 % sugar, the reaction of triethyl phosphite with bulk 

water proceeds up to 4 times slower than in the same 

experiment without sugar. (Fig. 2)  The extent of this 

slowdown depends on the intensity of solar influence. 

The structuring of water clusters upon contact with 

sugar and their copying by bulk water is clearly mani-

fested during periods of low solar influence, when wa-

ter clusters are stable. During periods of high solar ex-

posure, large clusters are quickly destroyed, and the 

rate of hydrolysis increases greatly and can be the same 

in the presence of sugar and without it. Therefore, this 

phenomenon depends also on geographic latitude, time 

of year and position of the Sun in the sky. 

 
 

Fig. 2.  Hydrolysis rate of (EtO)3P in CH3CN, containing 0.3 % sugar compared with the control reaction with-

out sugar.  Reaction time 22h in January 2023. 

 

The structuring of water molecules and the for-

mation of clusters are very sensitive to contacts not only 

with organic molecules, but also with other various ma-

terials and their surfaces. We have found that when in 

contact with various metals, water clusters in wet ace-

tonitrile can either disintegrate into smaller active clus-

ters or combine into very large passive clusters. After 

copying and reproducing these clusters with bulk water, 

the rate of hydrolysis of triethyl phosphite in it will be 

very different. 

For example, if aluminum or molybdenum is 

placed in acetonitrile containing 0.02% water, the ex-

isting water clusters will reduce their size and the added 

bulk water after copying them will become more hy-

drolytically active. In contrast, after contact of wet ac-

etonitrile with copper, silver or iron, all water clusters 

will combine into very large inactive clusters. The size 

of clusters can increase by a factor of about 100 and 

their concentration in the solvent will proportionally 

decrease. The degree of clusters enlargement depends 

on the contact area with metals and on the contact time. 
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For example, if 3 copper wires with the diameter of 1 

mm are placed in 0.5 ml of acetonitrile in a 5 mm-

NMR-tube for 20 minutes, then bulk water added after 

this will react with triethyl phosphite up to 50 times 

slower than in the same experiment in which acetoni-

trile had no contact with copper. (Fig. 3) And if copper 

was in acetonitrile a couple of days, then the reaction 

can slow down up to 500 times. With silver and iron, 

the slowdown is somewhat less, although still large. 

 

 
 

Fig. 3.  Hydrolysis rate of (EtO)3P in CH3CN, which was in contact with copper for 20 min, compared with the 

control reaction without copper.  Reaction time 0.5h at noon in July 2020. 

 

The fact that the metal acts only on water clusters 

is confirmed by the lack of influence of copper, silver, 

or iron on thoroughly dried acetonitrile.  Further evi-

dence is that after metal exposure ceases, the large in-

tegrated clusters gradually break down into smaller 

clusters and the reactivity of the added water increases 

again. This process of cluster decomposition is greatly 

accelerated by ultraviolet and X-ray irradiation. 

Thus, by changing the size of a small number of 

initial clusters in acetonitrile, one can control the size 

and chemical reactivity of the clusters reproduced by 

bulk water after its addition. 

The structuring of water molecules and the for-

mation of clusters of different sizes also occurs upon 

contact with the surfaces of different materials. For ex-

ample, if a 1.8 % solution of water in acetonitrile is 

drawn into a dry Pasteur pipette for 1 minute before 

adding triethyl phosphite, then the hydrolysis acceler-

ates, and if such a pipette was just made from molten 

glass, the hydrolysis slows down noticeably. 

Influence of the Sun 

Solar radiation destroys water clusters, that is why 

due to annual changes in solar influence, the structuring 

of water molecules upon contact with sugar and metals 

and the copying of the resulting clusters with bulk wa-

ter was stably recorded in winter with weak solar expo-

sure and was less stable in summer. Our experiments 

were conducted in Kiev and in Bremen, at 50o and 53o 

North latitude.  Near the equator the solar influence is 

greater and less variable throughout the year. For this 

reason, large water clusters there should be less stable, 

and the coping process less pronounced. 

Influence of salts 

In the presence of salts, the self-organization of 

water molecules and formation of larger water clusters 

are substantially facilitated. [8] Therefore, even small 

amount of salts dissolved in water noticeably slows 

down the hydrolysis of triethyl phosphite. All presented 

results were obtained using fresh water from the Dnie-

per and Weser. 

Materials and methods 

Structuring of water molecules upon contact 

with sugar.  Powdered sugar (1,2 mg) was added to 

commercial acetonitrile (400 mg) in 5 mm-NMR-tube. 

In 30 minutes, water (7 mg) was added, and the solution 

was briefly stirred by shaking. After 2 minutes triethyl 

phosphite (25 mg) was added, and the reaction mixture 

was briefly stirred by shaking. 

Structuring of water molecules upon contact 

with metals.  3 Copper, silver or iron wires of 1 mm 

diameter were inserted into 5 mm-NMR-tube contain-

ing commercial acetonitrile (400 mg). The time of con-

tact with the metals varied from several minutes to sev-

eral days. After removing the metals, bulk water (7 mg) 

was added to acetonitrile and the solution was briefly 

mixed by shaking. After 2 minutes triethyl phosphite 

(25 mg) was added, and the reaction mixture was 

briefly stirred by shaking. Depending on the intensity 

of solar influence, the reaction can be completed in 30 

minutes, but can last 2 weeks. 

When preparing reaction solutions and during the 

reaction, NMR tubes should be protected from light 

with cardboard screens and located in the same direc-

tion in space. [9]   The degree of conversion was deter-

mined by measuring the integral intensities of the sig-

nals of triethyl phosphite (at 140 ppm) and diethyl 

phosphonate (9 ppm) in 31P-NMR spectra. 

The commercial acetonitrile used contained ≤0.02 

% water. Water was taken from the Dnieper and Weser. 

NMR-tubes used should be checked for identity by the 

reaction of triethyl phosphite with bulk water added to 

commercial acetonitrile. They should only be washed 

with acetonitrile and should not come into contact with 

other substances. 

Conclusions 

Water molecules are structured differently and 

form clusters of different sizes upon contact with or-

ganic compounds or other substances.  Bulk water 

added after that can copy the formed clusters, reproduce 

them in large quantities and acquire different hydrolytic 

activities depending on the size of the copied clusters. 

Solar radiation destroys water clusters, so their copying 

by bulk water occurs only during periods of weak solar 

influence when water clusters are stable. The obtained 

results shed light on the ‘water memory’ phenomenon 

and explain the instability of its experimental reproduc-

ibility. [10,11,12] 

Competing interest 

There are no conflicts to declare. 

Acknowledgements 

The author is grateful to the Alexander von Hum-

boldt Foundation and thanks Prof. Gerd-Volker 

Röschenthaler for the opportunity to conduct experi-

ments at the Jacobs University in Bremen. 

 

  



Norwegian Journal of development of the International Science No 156/2025 45 

References: 

1. R. Ludwig, Water: From clusters to the bulk, 

Angew. Chem. Int. Ed., 40 (2001) 1808-1827. 

2. F.N. Keutsch, R.J. Saykally, Water clusters: 

Untangling the mysteries of the liquid, one molecule at 

a time, PNAS 98, 19 (2001) 10533-10540. 

3. Ch. Duan, M. Wei, D. Guo, Ch. He, Q. 

Meng, Crystal structures and properties of large proto-

nated water clusters encapsulated by metal-organic 

frameworks, J. Am. Chem. Soc., 132 (2010) 3321-

3330.   

4. K. Liu, M.G. Brown, J.D. Cruzan, R. J. 

Saykally, Vibration-rotation tunneling spectra of the 

water pentamer: Structure and dynamics, Science, 271 

(1996) 62-64. 

5. K. Nauta, R.E., Miller, Formation of cyclic 

water hexamer in liquid helium: The smallest piece of 

ice, Science, 287 (2000) 293 – 295. 

6. F. Huisken, M. Kaloudis, A. Kulcke, Infra-

red spectroscopy of small size-selected water clusters,  

J. Chem. Phys., 104 (1996) 17-25. 

7. I. V. Shevchenko, Structuring of water clus-

ters under the solar influence and their coping by bulk 

water, Journal of Molecular Liquids 393 (1 January 

2024) 123576. https://doi.org/10.1016/j.mol-

liq.2023.123576  

8. I. V. Shevchenko, Self-organizations of wa-

ter molecules over 11-year solar cycle, Journal of Mo-

lecular Liquids 355 (1 June 2022) 118866.  

https://doi.org/10.1016/j.molliq.2022.118866 

9. I. V. Shevchenko, Influence of the Sun on 

water. Dependence on geometry of solution and its po-

sition in space, Journal of Molecular Liquids 379 (1 

June 2023) 121681. https://doi.org/10.1016/j.mol-

liq.2023.121681 

10. E. Davenas, F. Beauvais, J. Amara, M. 

Oberbaum, B. Robinzont, A. Miadonna, A. 

Tedeschi, B. Pomeranz, P. Fortner, P. Belon, J. 

Sainte-Laudy, B. Poitevin, J. Benveniste, Human ba-

sophil degranulation triggered by very dilute antise-

rum against IgE, Nature 333 (1988) 816–818. 

https://doi.org/10.1038/333816a0  

11. J. Maddox, J. Randi, W. W. Stewart, 

"'High-dilution' experiments a delusion", Nature 334 

(1988) 287–290. https://doi.org/10.1038/334287a0 

12. I. V. Shevchenko, Influence of the Sun 

on “water memory”, J Water Res 1(1), (2023) 61-64. 

  

https://doi.org/10.1016/j.molliq.2023.123576
https://doi.org/10.1016/j.molliq.2023.123576
https://doi.org/10.1016/j.molliq.2022.118866
https://doi.org/10.1016/j.molliq.2022.118866
https://doi.org/10.1016/j.molliq.2022.118866
https://doi.org/10.1038/333816a0
https://doi.org/10.1038/334287a0

