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Abstract: The article presents the characteristics of water molecules to aerosil based on thermodynamic laws. During the 

adsorption process, water molecules adsorbed to aerosil form ionic-molecular complexes with protons in active centers. Also, the 

adsorption isotherm, differential heat, entropy, and thermal equilibrium time were studied. 
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Introduction. Hydrated aerosil is a pure amorphous non-porous silica, consisting 

of spherical particles of colloidal size and characterized by high values of specific surface 

area. [1]. When SiO2 is obtained during the drying stage, the particles initially retain their 

individuality, and then, under the influence of weak binding forces, they form aggregates 

of primary monodisperse spheres. [2]. The accumulation of particles is facilitated by the 

presence of water and hydrogen chloride complexes in the surface layer, which 

determine the magnitude of the surface charge and the hydrogen index of the aerosil 

hydrogel. During the drying stage, the acid is removed from the surface of the particles, 

restoring the hydration shell [3]. This reduces the friction between particles and prevents 

aggregation [2]. The formation of silanol groups during the aerosilation process also 

prevents the particles from sticking together during their growth. 

The properties of dispersed silica as an active filler and thickener of the dispersion 

medium are determined by the chemical nature, quantity, and geometric arrangement of 

active centers in the surface layer. The listed factors determine the energy heterogeneity 

of the surface. 

Existing studies have mainly allowed us to determine the chemical nature of the 

active sites present on the surface of hydrated aerosil. These include silicon atoms 

carrying OH groups, extended siloxane bridges, silane-diol groups, coordinatively 

unsaturated silicon atoms carrying isolated hydroxyl groups, as well as various forms of 

bound water [3-6]. There are two types of OH groups on the surface of aerosil: free and 

hydrogen-bonded, the latter increasing the activity of the former by their presence [4,7]. 

Free single silanol groups are more stable than bound ones and begin to be removed 

from the surface at temperatures above 873 K [8]. They are less reactive, but the electronic 

systems of aromatic compounds mainly interact with them [9]. They are also more 

sensitive in reactions with chlorosilanes [4,7]. 
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The properties of surface hydroxyl groups mentioned above, as well as their small 

radius and the acidity of hydrogen atoms, determine the possibility of both specific 

interactions with electron-donor molecules and non-specific interactions with the 

dispersion medium [9]. 

The unique interaction of highly dispersed silica with the liquid phase leads to the 

formation of structures, which significantly improves the quality of many composite 

systems, in particular varnishes, paints and lubricants. There are known cases where the 

formation of structures leads to a decrease or loss of technological properties, for 

example, in unvulcanized rubbers. 

To suppress the structure formation processes, aerosil is used, in which the 

hydroxyl groups are replaced by inert methyl groups that are not capable of specific 

interactions. Chemical methylation of the surface, improving its uniformity and 

simultaneously reducing the adsorption potential, changes the nature of the structure 

formation processes and the deformation of organogels and compositions based on them 

[10]. 

Initial attempts at surface modification involved replacing hydroxyl groups with 

methoxyl groups via esterification reactions [11], as well as hydrophobizing the surface 

by thermal dehydration. In this case, the structure of the silicon skeleton remains 

unchanged and the silicon surface becomes organophilic and hydrophobic. 

The terms of change are considered in works [12-15]. According to [16], the 

reactivity and chemical stability of chemisorbed alcohols on the silica surface decrease 

from primary to tertiary, and in unsaturated alcohols, it depends on the state of the 

double bond. As a rule, free OH groups, not bound by hydrogen bonds and siloxane 

bridges, participate in the methoxylation reaction [17], but methyl groups are the only 

structures capable of reacting with all structural hydroxyls of the silicon surface, even at 

sufficiently small concentrations of OH groups [18]. 

Object and methods of research. The composition of the studied zeolite is pyrogenic 

SiO2. For water purification, it was passed through a column containing zeolite. 

Differential molar adsorption-calorimetric studies of water adsorption on aerosil were 

carried out using the apparatus described in [9,10]. Dissolved gases are removed by 

freezing the adsorbate, followed by evacuation. The use of the Peltier effect in the heat 

flux compensation method allowed to significantly increase the accuracy of the 

adsorption temperature measurements. A calorimeter is capable of measuring the heat 

released over an unknown period of time. Adsorption measurements were performed 

using a universal high-vacuum volume setup, which allowed accurate adsorption 

measurements and adsorbate dosing. 

Research results and discussion. The adsorption isotherms of water molecules on 

Aerosil were studied. The isotherm was measured at 303 K and is shown in Fig. 1. In the 

range of relative pressures 0.05 < P/Ps < 0.4, the isotherm follows a linear pattern in the 

coordinates of the BET equation. For Aerosil containing sodium cations, the monolayer 

adsorption capacity (a_m) of water molecules is 1.767 μmol/g, and the binding energy 

constant is 14.32 μmol/g. The specific surface area of water on Aerosil is 162.1 m²/g and 
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assuming that water molecules form a dense monolayer, the area occupied by each 

molecule (ω_m) is 15.8 Å² in sample 3. 

 
Figure 1. Adsorption isotherms of water molecules to aerosols 

 

The differential heats of adsorption (Qd) for water molecules measured on Aerosil 

at 303 K are presented in Figure 2. Initially, the heat of adsorption for Aerosil is 69.09 

kJ/mol at an adsorption level of approximately 1.20 μmol/g. This change in differential 

heat is due to the active sites on the Aerosil surface. The activation of these surface sites 

leads to a decrease in the heat of adsorption, as more water molecules are adsorbed. In 

all calorimetric tests performed, the differential heat of adsorption of water molecules is 

gradually observed. The activated and sodium cation-modified Aerosil samples show a 

higher differential heat of adsorption than the enriched sample. For Aerosil, the first stage 

shows a decrease in the heat of adsorption from 57.17 kJ/mol to 52.25 kJ/mol, with 

adsorption values ranging from 49 μmol/g to 62.52 μmol/g. In the second stage, the heat 

of adsorption decreases to 61.81 kJ/mol, and in the fourth stage, at approximately 348 

μmol/g, it decreases again to 50.17 kJ/mol. A second additional stage is observed, leading 

to a total heat change of 1025 kJ/mol. The first stage corresponds to the adsorption of 20 

μmol/g of water in structural defects. Furthermore, each step generates bilayers of 50.1 
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and ∼45.6 kJ/mol, respectively, with a total curve length of 3155 μmol/g. Based on the 

adsorption data of the water molecule, it is determined that the initial active centers 

consist of 77 μmol/g of H+ cations. These additional centers are probably cations located 

at active surface centers similar to those found in clay minerals. 

 
 

Figure 2. Differential heat of adsorption of water molecules to aerosols. Dashed lines – 

heat of condensation of water at 303 K 

 

Then the number of H+ cations in the active centers increases to 118 μmol/g 

calculated from the difference 348-230=118 μmol/g. The number of Na+ cations in the 

active centers is approximately half of that in the basal surface, i.e. 230:2=115. The 

experimental and calculated values agree, which supports the hypothesis that 92 H+ 

cations are adsorbed on the active surface. The sodium cations on the surface exhibit 

relatively low charges, which, in contrast to muscovite, facilitate the close arrangement 

of adsorption complexes. 
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Figure 3. Differential molar entropy of adsorption of water molecules on aerosil. 

Dashed lines are the average integral entropy. The liquid state entropy of water 

molecules is assumed to be zero 

 

The relationship between the time required to establish adsorption equilibrium and 

the surface coverage (Figure 4) shows that the equilibrium time slows down significantly 

up to about 110 μmol/g. At lower coverages, equilibrium is reached in about 5 hours, 

while at higher coverages the time decreases to 1–1.5 hours. 

 
Figure 4. Equilibrium time of adsorption of water molecules on aerosil 
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This significant difference in the kinetics of equilibrium establishment is due not 

only to the redistribution of water molecules on the surface, but also to the migration of 

cations into vacancies at basal and active surface centers. 

Conclusion. Silica adsorbents differ from other types of sorbents in their 

hydrophilic properties. Aerosil is mainly composed of silicon oxide and hydrogen 

compounds of silicon. The differential heat of water adsorption on aerosil initially occurs 

with a high temperature. The subsequent heats of adsorption of water molecules occur 

in the form of wavy steps in the form of minimum and maximum lines. The surface areas 

of aerosil were determined using the BET equation using the adsorption isotherm values. 
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