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Peculiarities of cluster structure and unique properties of Supercooling water 
and Monohydric alcohols
Abstract:

Intermolecular hydrogen bonding, which is formed between water molecules, causes a vari-
ety of liquid water’ unique properties. This manuscript presents the experimental FT IR and FT 
Raman studies’ results of water trapped in Ar matrix at temperatures from 10 to 50 K as well 
as condensed water at temperatures from 100 to 370 K. It is shown that temperature evolution 
for FTIR-spectra of water trapped in cryo Ar-matrices can be considered as an experimen-
tal model of the water structure transformation during the phase transition from gas phase 
to condensed confined water. The FTIR spectra comparison of water in Ar-matrices with the 
corresponding spectra of bulk water allows us to conclude that bulk water structure consists 
of clusters of different sizes. These clusters are elementary volume units of hydrogen-bonded 
networks. The comparison of the water vibrational spectra change with temperature in Ar 
matrix and in condensed phase allows us to conclude that intermolecular H-bonding can be 
seen in the water intracluster vibrational spectra. They are absent in the isolated water mol-
ecules spectra. 

The following conclusions can be drawn based on the analysis of the FTIR and FTRaman spec-
tra of water in the temperature range +550 C - -500C, the following conclusions are made:

 1) When liquid water is frozen in the range of 00C— -100C, the number of five molecular clus-
ters (pentamers) decreases and the number of six molecular clusters (hexamers) increases. 
With a certain predominance of the hexamers’ concentration in water, liquid water solidifies 
- a liquid-solid phase transition. In the temperature range of 00C -   water is in a supercooled 
state.

2) When solid water (ice) is heated, the solid-liquid phase transition occurs at a temperature 
of 00C without intermediate supercooling.

3) In the Raman spectra of water, molecular polycluster substructures appear only in the liq-
uid phase. Their number decreases when liquid water is heated. These substructures caused 
the broadband background in Raman spectra liquid water absent in the crystalline phase.
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