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Research on Hydrogen Bond Structures of Liquid Water and the Mechanism of Struc

tural Response on Viscosity
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Liquid water is the most common fluid in nature, with a series of special physi
cal and chemical properties that are mainly attributed to the formation of hydr
ogen bonds between water molecules. Hydrogen bonds form a complex three—dimensi
onal hydrogen bond network, within which there are many structures such as ring
s, fragments, and clusters. These structures are highly sensitive to changes in
external conditions. Meanwhile, the microscopic structure of the hydrogen bond
network is also a crucial factor for influencing macroscopic transport propert
ies. This article proposes a theory and methodology for studying the macroscopic
properties of liquid water based on the hydrogen bond network structure of wat
er molecules. By analyzing the impact of environmental factors such as temperat
ure, ionic solutions, and shear effects on the structure of water molecules, th
is study quantitatively analyzes the response of water structures on viscosity
under different conditions. The main content includes the following three aspec
ts. (1) A hierarchical clustering method for the hydrogen bond networks of liqui
d water based on graph theory is proposed. Hydrogen bonds, rings, fragments, an
d clusters are defined as the first, second, third, and fourth levels of struct
ure, respectively. This algorithm can search for “finite” clusters with charact
eristic structures based on graph community detection. The morphology of water
clusters exhibits fractal characteristics and the clusters prefer specific topo
logical connections. At the same time, there is a close relationship between wa
ter clusters and hydrogen bond network density fluctuations, and the clusters r
epresent high—density regions. (2) Molecular dynamics simulations are used to in

vestigate the changes of water structures under the influence of temperature, i




onic solutions, and shear effects, and quantitatively analyze the physical mech
anisms that lead to changes in viscosity by structural changes. Temperature inc
reases the thermal motion of water molecules, and it weakens the connectivity o
f hydrogen bond network, resulting in a decrease in viscosity. Ions affect the
hydrogen bond structure of water molecules within water—ion clusters (the first
shell of ions) via substitution effects. This effect, combined with the spatia
1 hindrance of ions, leads to the rearrangement of the hydrogen bond network an
d ultimately changes in viscosity. Shear effects have anisotropic effects on wa
ter structures, and destroy the hydrogen bond network of water molecules, leadi
ng to shear thinning where the viscosity of liquid water decreases with increas
ing shear rate. (3) The correlations between viscosity and many environmental fa
ctors such as temperature, ionic solutions, and shear are summarized. By using
induction and derivation methods, it is found that the response of viscosity to
hydrogen bond structures under different temperatures, ionic solutions, and sh
ear conditions is a power law relationship, revealing the relationship between

the microscopic structure and macroscopic properties of liquid water.
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