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RESERCH THE SURFACE PROPERTIES OF OXIDE MATERIALS BY QUANTUM 
CHEMICAL MODELING  

Introduction. One of the major sections 
of modern polymeric materials technology is 
physic chemistry of the superficial phenomena 
in composite materials. The urgency of this di-
rection is connected with creation of new build-
ing polymeric composites, many of which are 
heterogeneous systems with advanced interfac-
es of phases. The properties of a surface of the 
dispersible phase define the initial stage of ad-
hesive interaction - adsorption, wetting, flowing 
property of polymeric binding on a surface of 
the filler, formation phases’ partition border, 
imbibitions of the filled and reinforced systems 
by polymers. The disperse mineral oxide mate-
rials which advantages are connected with 
availability, cheapness, and also possibility to 
receive building materials with a complex of 
necessary properties are more often applied by 
working out of new polymeric composite mate-
rials for building like fillers. The chemical and 
mineralogical structure of these fillers and, ac-
cordingly, their superficial properties are ex-
tremely unstable in connection with their natu-
ral origin. Besides, disperse particles of the ox-
ide materials, having superfluous superficial 
energy, easily adsorb molecules of water from 
air, which form the hydroxyl and hydrated layer 
in the form of the active centres’ wide spectrum 
and which acid and basis properties are studied 
insufficiently [1,2].  

Literature Review. It is known, that the 
structure of adsorptive superficial layer of the 
oxide materials consists of chemically connect-
ed water molecules forming a layer OH-groups 
(Brensted’s active centres) and the subsequent 
hydrated layers from the water molecules con-
nected with hydroxyl layer by means of hydro-
gen communications. Besides, it is supposed, 
that the aprotic Lewis's acid and basic active 
centres which quantity on air-dry surfaces, ap-
parently, is insignificant, can be presented on a 
surface. Definition of the acid and basic charac-
teristics of the active centres of a superficial 
layer of the disperse oxide materials is a diffi-
cult problem, but it is very important, from the 
technological point of view. The literature re-
view testifies that the methods, allowing defin-
ing quantity and properties of the superficial 
active centres are basically experimental [1-3], 
and also are settlement based on quantum 

chemical models [4], they often lead to incon-
sistent results.  

The most widespread disperse fillers for 
building polymeric materials are materials on a 
basis of oxides Si, Al, Fe, Ti and some other 
elements which maintenance it is possible to 
consider as extrinsic minerals. Research of the 
acid and basic properties of oxides’ surface by 
various methods leads to inconsistent conclu-
sions that is connected not only with their un-
stable chemical and mineralogical structure, but 
also substantially depend on technology of 
preparation of samples, dispersion, conditions 
of storage and many other factors which define 
the degree of a surface’s saturation by water 
molecules. It is obvious, that presence of the 
adsorbed water molecules and their quantity 
essentially influences acid force of functional 
hydroxyl groups of oxides’ surface [1].  

The data about laws of change of acidity of 
the active centres from the degree of oxides’ 
hydration for the various chemical nature will 
help to interpret existing experimental data, and 
also to predict the superficial acid and basic 
properties of the superficial active centres in 
mixed oxide materials. 

The work purpose is application of quan-
tum chemical modelling for an estimation of 
acid force of the active centres on a surface of 
the mineral disperse oxide materials.  

Research Methods. The approach based 
on the chemical and mineralogical nature of 
acid force of the superficial active centres of 
disperse oxide materials is applied in work. 
This approach takes into attention the modern 
information about structure of the surface air-
dry oxides. The applied approach is based on 
some representations: 

1) Two types of functional hydroxyl groups 
with various acid force – the isolated and vici-
nal active centres (a layer of water molecules 
chemically connected with a surface) is present 
on the oxide materials’ surface; 

2) The gaseous water by the means of hy-
drogen communications (layers of physically 
connected water molecules), forming a wide 
spectrum of the active centres is adsorbed on 
the hydroxyl surface groups in the form of 
clasters, consisting of 2-4 molecules;  
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3) The acid and basic parameters of the su-
perficial active centre are defined by a parity of 
power and dimensional characteristics of all 
components of geometrically co-ordinated 
structure of a fragment of the crystal lattice, and 
also by presence of the adsorbed water mole-
cules. 

Authors [2] offer the formula for calcula-
tion of acid force of differently charged ions 
existing in water solutions or on a surface of the 
firm bodies: 

 
pKа=pKw – (IЭ

n++mAO
-2+kIH

+), (1) 

 
where – рKw – ion product of water; rEn+ (cn) – 

radius of the central element with coordination 
number N, nm; rOH- = 0,153 nm - radius of the 
functional hydroxyl group; IE

n+ - the energy of 
the central element ionisation, eV; AO

-2 = -6,76 
eV – the energy of affinity of ion to electron    
О-2; IH

+ = 13,59 eV – the energy of proton ioni-

sation; k and m – stechiometrical coefficients. 
Those circumstance, that calculation is 

conducted only for the hydrated ions existing in 
the water environment, limits application of the 
given formula for definition of acid force of the 
air-dry disperse materials’ superficial centres. 

Analysis & Results. The indicators of 
acidity of the superficial active centres of ox-
ides with central elements Si4 +, Al3 +, Fe3 +, Ti4 

+ have been calculated using the formula (1).  
The models of the superficial active centres 

of oxide material, in which structure the follow-
ing atoms directly connected with the active 
centre are included: the central element with 
coordination number N, oxygen atoms, OH-
group atoms, and also water molecules, have 
been used for calculation of acid force of the 
active centres of a surface. These active centres 
are the isolated ones containing one, two and 
three OH-group, connected with the central ele-
ment En+, and also vicinal ones, containing two 
elements En+ and two OH-groups, united by 
hydrogen communication. The bridging groups, 
which are the centres with exchange protons, 
are situated in cavities of a surface and were not 
considered in research. The calculations were 
made for the hydrated active centres containing 
from one to five water molecules, which are 
adsorbed according to the known mechanism of 
superficial OH-groups hydration [2,4]. 

The power and dimensional parameters of 
the superficial active centres used for calcula-
tion of their acid force are presented in tab. 1.  

Table 1. Power and dimensional parameters of the superficial active centres  

Central element (En+) N r E
n+, nm IE

n+, eV 

Al3+ 6 0,061 28,44 

Fe3+ 6 0,067 30,65 

Si4+ 4 0,042 45,13 

Ti4+ 4 0,056 43,24 

Free Gibbs’s energy of deprotonation reac-
tion of the active centres at Т = 298К is calcu-

lated under the formula ∆G = pKa∙2,303∙R∙T 
[4]. Tab. 2 contains the received dependences 
of an indicator of acidity of the active centres 
by the nature of central element and number of 
the adsorbed water molecules (hydration num-
ber nН2О).  

Approximation of the received dependenc-
es has led to the following linear equations: рKа 

= θ ∙ nН2О + pKa
0. It has appeared, that the free 

member pKa
0 has real physical sense of an indi-

cator of acidity of the waterless active centres 

at nН2О=0. The calculated tangent of a corner of 

an inclination of direct dependence pKa =f 
(nH2O) to an axis of abscises θ is the value for 
which the acidity indicator pKa decreases at 
adsorption of one water molecule on the active 
centre. It is possible to confirm, that value θ 
characterises the degree of increase in acidity 
of the active centre in process of growth of hy-
dration number, and it increases among Al3+ (-
1,35) <Si4+ (-1,39) <Fe3+ (-1,48) <Ti4+ (-1,85).  

The linear dependences pKa = f (nН2О) for 

superficial active centres SiO2 are resulted for 
example on fig. 1. 
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Table 2. The results of calculation of parameters of acidity of the active centres of oxides’ sur-
face 

Active centre θ pKa
0 ∆G, kilo joule/ mole 

SiO3OH 
SiO2(OH)2 
SiO(OH)3 

Si2O5(OH)2 

-1,39 

11,85 
10,92 
10,00 
9,23 

67,58 
62,28 
57,03 
52,64 

TiO3OH 
TiO2(OH)2 
TiO(OH)3 

Ti2O5(OH)2 

-1,85 

11,29 
10,05 
8,82 
7,96 

64,39 
57,32 
50,30 
45,40 

AlO5OH 
AlO4(OH)2 
AlO3(OH)3 
Al2O9(OH)2 

-1,35 

13,90 
13,01 
12,11 
13,36 

79,27 
74,20 
69,09 
76,19 

FeO5OH 
FeO4(OH)2 
FeO3(OH)3 
Fe2O9(OH)2 

-1,48 

13,74 
12,75 
11,78 
12,98 

78,36 
72,71 
67,18 
73,94 

Discussion & Conclusion. The received 
values of the constant and free Gibbs’s energy 
by the reactions of deprotonation of the water-
less active centres show, that acidity of all 
types of the active centres increases among Al3 

+ <Fe3 + <Si4 + <Ti4 +depending on the nature of 
the central element. The acidity of the isolated 
centres grows at increase of quantity of OH-
groups from one to three, forming the active 

centre. The vicinal superficial centres Si2O5 

(OH) 2 and Ti2O5 (OH)2 have the greatest acidi-
ty from all spectrum of the researched centres. 
At the same time the vicinal centres Al2O9(OH)

2 and Fe2O9(OH)2 are characterised more likely 
by the basic character and also by values of free 
Gibbs’s energy deprotonation of reaction, 
which are in 1,5 times greater.  

 

Fig. 1. The dependences of change of рKa active centres: 1- SiO3(OH); 2-SiO2(OH)2; 3-SiO

(OH)3; 4-Si2O5(OH)2 on hydration number nH2O. 
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The calculated data show, that the acidity 
of the active centres grows at increase in quan-
tity of the adsorbed water molecules at surfaces 
for all oxide disperse materials, and is will be 
co-ordinated with conclusions of authors [2,5].  
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ПОСТРОЕНИЕ КРИВОЛИНЕЙНОЙ ВНУТРЕННЕЙ ПОВЕРХНОСТИ  
УСТРОЙСТВ С ИЗМЕНЯЮЩИМСЯ ЖИВЫМ СЕЧЕНИЕМ  

Введение. – Согласно нормативно-

правовых документов в водохозяйственном 

комплексе Украины использование воды 

регламентируется во всех отраслях промыш-

ленного производства. Наиболее жёстко 

обусловлено использование водных ресур-

сов для предприятий машиностроительного 

комплекса, приборостроения, в химическом 

производстве, отвечающих требованиям 

государственного стандарта Украины [1]. 

Влияние сточных вод промышленных 

предприятий на ухудшение экологической 

обстановки по Украине усиливается. Так, за 

последние 10-12 лет объём сточных вод от 

предприятий уменьшился с 400 млн. м3/год. 

до 290 - 400 млн. м3/год., а количество спе-

цифических загрязнений, которые сбрасыва-

ются, увеличилось [2]. 

Обоснование актуальности направле-
ния исследований. - По приближённым 

оценкам потребность в реконструкции и ин-

тенсификации в масштабах Украины состав-

ляет: 30% водозаборных, очистных соору-

жений и насосных станций, 40 000 км водо-

проводных сетей, 10 000 км канализацион-

ных сетей, 40% канализационных насосных 

станций и 25 % канализационных очистных 

сооружений [3]. 

При использовании воды в современном 

промышленном производстве возникает 

необходимость повышения интенсификации 

некоторых технологических операций и 

процессов. К таким составным составляю-

щим элементам промышленного водоснаб-

жения относят эжекторные, инжекторные 

устройства, первичные преобразователи 

расходов переменного перепада давления, 

скорости и другие аналогичные устройства  

[16]. 

Поэтому усовершенствование специаль-

ных устройств, используемых в системах 

оборотного водоснабжения, направленных 

на повышение уровня интенсификации си-

стем в целом, является актуальным при ис-

пользовании воды в промышленном секторе 

страны.  


