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Abstract. With reference to mathematics, crystal chemistry and chemical technology of
synthesis of glass structures in the solution (sol-gel technology), the paper is devoted to the
study of the degree of connectivity of a silicon-oxygen backbag)eaffd the oxygen number

(R) [1]. It reveals logical contradictions and uncertainty of mathematical expressions of
parameters, sinceg;fs not similar to the oxygen number. The connectivity of any structure is a
result of various types of bonds: ion-covalent, donor-acceptor, hydrogen bonds, etc. Besides,
alongside with SiQ many glass compositions contain other glass-forming elements due to
tetrahedral sites thus formed. The connectivity function of a glassy network with any set of
glass-forming elements is roughly ensured by connectivity factor Y [2], which has monovalent
elements loosening a glassy network. The paper considers the existence of various structural
motives in hydrogen-impermeable glasses containigt@g,BAl,O;, PbO, NaO, K,O and rare-

earth elements. Hence, it also describes gradual nucleation, change of crystal forms, and
structure consolidation in the process of substance intake from a matrix solution according to
sol-gel technology. The crystal form varied from two-dimensional plates to three-dimensional
and dendritical ones [3]. Alternative parameters, such as the oxygen nudjband the
structure connectivity factoiY(), were suggested. Functional dependence of Y=f(O) to forecast
the generated structures was obtained for two- and multicomponent glass compositions.

1. Introduction
Any law, hypothesis, or formula are merely the model with some degree of objective reality. In a real
world, things are much more complex and diverse. In the process of new knowledge accumulation,
any doctrine is a direct way to stagnation and regress. The revealed contradictions in subjects of the
research shall be considered not only as denial of previous ideas but, first of all, as internal sources of
steady development. This is a natural dialectic of knowledge [1, 4].

This work presents the critical analysis of such known parameters as the degree of connectivity of a
silicon-oxygen backbonedf and the oxygen number (R) being essential for the glass science [5].

2. Materials and methods

Work [5], the classical status of which is not disputable, renders the following: “;.eRi€s in glass

in the form of tetrahedrons [Sj{of different types. Such tetrahedrons shall have different properties,
first of all, depending on the quantity of M®and MeO components in glass, since bridge (“doubly-
connected”) oxygen differs in properties from non-bridge (“singly-connected”) oxygen. In other
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words, properties [Si§p of tetrahedrons shall primarily depend on therdegof connectivity of a
silicon-oxygen backbone. The measure of the degfemnnectivity is a d coefficient equal to the
relation of the number of silicon atoms to the nembf oxygen atoms Si/O, or a reciprocal value, i.e

the oxygen numbdR = SQ The §; coefficient is calculated according to the follagiformula:
I

¢ = Ysio,
° yMe20+yMeO+3yMeZQ+2yMeq+5/Mgg+3/Meq,

" (1)

wherey [gamma] — mol fraction of the corresponding oxégecified in the suffix.

In expression (1), SiQoxide is opposed to other oxides, potential gtasaponents. Obviously, it
deals with compositions where Si©Oxide is the main glass-forming element. Such sgfasming
elements as s, GeQ, RP.Os, Al,Os BeO, etc. are presented in denomination as oxggeors for
the formation of a siliceous structure. How cas the justified?

Expressions for parameteRs and §; are illogical. By their definitionR and &; represent the
relation of “the number of silicon atoms to the fugn of oxygen atoms”. It is claimed without
evidence thaR and ; are inversely related to each other. Thgarameter is the relation of oxide
concentration (1), i.e. it is not the relation lbé thumber of silicon and oxygen atoms. Connectigity
a result of various types of bonds: ion-covaleonat-acceptor, hydrogen bonds, etc.; nunidés a
quantitative characteristic of oxygen content isyatem [5]. Thus, connectivity is not identicalthe
oxygen number.

Since the study deals with the number of atonmaly be assumed that all components specified in
expression (1) contain one moly=1. Taking into account the percentage of elemgitsMe) and
oxygen (O) contained in oxides, as well as denotitinacoefficients, it is possible to get the
following expression:

[ 33335, +66,67Q,
s~ 521,18Me,  , +828,820. o @)
Xy X Ty

In this case, it is not possible to define the ami@f oxygen in a glass-forming composition, since
the numerator and the denominator consist of thessaf component concentration. Negligence of the
existence of silicon and other elements in theesyggets the relation of oxygen concentration in the
numerator and the denominator, i.e. there is ndhvemaatical logic of the expression any more. At firs
approximation, it is quite possible to define tf@mula (2) expresses the oxygen ratio introduoéal i
the glass-forming system by Si@xide in relation to the total amount of oxygerraaiuced by other
components. How does it influence the connectivity?

In the above extract, the parameter is called “a measure of degree of camitgoof a silicon-
oxygen backbone”. The structure of substance igléassy state is unique, since arranged, similar to
crystal, and random structural motives are simelbaisly present. If tetrahedron [Q]@s the basis of
a structure, then various structural motives camebvealed in a siliceous glass-forming substartce. |
can be confirmed in case of gel (as a model), whiels formed during drying the glass-forming
alkali-lead-boron-silicate composition synthesizéd water for the generation of hydrogen
microspheres (Fig. 1) [3, 5-8].

Fig. 1a shows lead silicate crystal nuclei — flat two-dimei®nal plates in the form of an ellipse,
since there were no oval intersection lines typfoalrotation bodies and corresponding black-and-
white surface images of the neighboring crystalil®the growth substance gets from the mother
solution, they folded and condensed having reaehdevelopment limit. This minimized the surface
area and hence, was energetically worthwhile. Fig—e shows traces from folding diagonally on
fragments of bulk needle crystals. The outer serfaicformed crystals has typical traces of folding,
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especially in peaky areas of crystals, and tratésickening in the central part after final oventang

of a plane edge fragment (Fig.el Fig. 1b shows that the substance from the mother solwtias
introduced into the area of crystallization in atesual manner. Moving along the spiral, the flows
folded the initial plane and condensed the fornmedeg-dimensional crystal.

g
Figure 1. Stages of crystal growth in gel of Xa-K,O—PbO-BO3;—SiO—HsCsO—H,NCSNH,
systemz — lamellate crystalss10%; b — needle crystals with shadow pattern of mothkrtiem
growth substances23; c-e— crystals and their fragments with typical tracEsvo-dimensional
structure folding ¢, d —x23, e —x54); f — dendrite formation centers are available on idji® on
the free field while growing branches of dendraes available on the left;— overgrown branches
of dendrites at the final stages [6]

During drying, the gel viscosity increased andHartdevelopment of crystals (“needles”) slowed
down. After the bulk of three-dimensional leadcsite crystals was formed, a new crystal phase —
dendrites (Fig. ) appeared on the surface. In the conditions @frded introduction of the growth
substance from the mother solution to the arearohéd phase within the “gel-air” boundary, the one-
and two-dimensional crystallization is more endogdly favorable than the three-dimensional one.
Spot formations (“islands”) were generated at thgifining. Dendrite nuclei settled not chaotically
but in a certain sequence, therefore generatindrderbranches as one-dimensional chains. With the
growth in two directions, they became flat and stesl of fragments in the form of distorted centers
(Fig. 11, on the upper left).

Dendrites grew in zigzag fashion, which indicatieeit polymeric structure. While expanding, the
dendrite branches were linked with cross bonds, ana result, the gel surface was completely
crystallized (Fig. Ig) — flat structure was formed from one-dimensidragments.

The image presented in Fig. flserves the documentary evidence of the fact thttinvthe
structure of glass-forming substance one-dimensi@rathe bottom right - islands and chains), flat
two-dimensional (on the upper left) and three-disiemal (on the upper right, under dendrites the
crystal is captured by vortex streams) crystal vastimay exist simultaneously.

It is unclear how thesf parameter defines the connectivity of all thesdives and due to what
types of bonds. There is no physical meaning ofesgion (1).

For the binary N#D-SiQ, system, being fundamental for many technologicakcesses, thesf
parameter is nothing but silicate modulg Y] equal to the relation of SjOand NaO oxides
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concentration; N# is the oxygen donor during the formation of thieate glass structural network.
Is it reasonable to define one and the same vaithevarious symbols different in their meaning: the
silicate module and the measure of connectivity silicon-oxygen backbone?

The issue may be studied from the point of viewiliate-crystal chemistry. Infrared spectroscopy
justifies the formation of tetrahedrons [AIQ[BO,], [BeO,], [LiO4] in natural silicate minerals [9]. It
is known that due to their close resemblance, sgebands of [AIQ] and [SiQ] tetrahedrons are
almost inseparable from each other. Structuresuafiaum, boron and beryllium silicates may have a
three-dimensional backbone where tetrahedrons @areected among themselves by oxygen located
in peaks. At the same time, island motives, wh&i®j], [BO,] and [BeQ] tetrahedrons are not
connected among themselves, are formed (isolaféd.is confirmed by the corresponding individual
bands in IR spectrums; i.e. aluminum, boron andylliem form individual structural motives
irrespective of silicon and, hence, do not act asods of oxygen during structurization, on the
contrary, similar to silicon they act as oxygenegtors.

Due to crystallographic similarity [Al§) tetrahedrons can replace [QjQetrahedrons. In such
minerals as cyanite, andalusite, sillimanite, nellirrespective of [Sig) groups, there are [Al§)
octahedrons. Besides, aluminum forms [Al@iscrete groups (“islands”). The structure of andite
differs in the fact that [Sig) groups are isolated from [AlPchains and [AlIG] “islands”. Much the
same structure is typical for cyanite.

In the structure of muscovite, every fourth [gi@trahedron is replaced with [AlPtetrahedron,
where the excess negative charge is compensatadrioyovalent cation of Nar K*. It is possible if
the structure is formed by silicon and aluminundg atkaline components act as oxygen donors.

[MgQ,], [FeQy], [Caly], [ZnO4] tetrahedral groups are also formed in pyroxem@sphiboles,
micas; biotiten—CaSiOy; willemites.

In the context of the considered subject, the inuatibility of TiO, and ZrQ oxides with silicate
melts and opacification of glass withQR oxide are significant.

For crystal silicates, the sizes)(of some ions [9] are empirically verified:*50.39, B&* 0.34, B*
0.35, $° 0.34, G&" 0.44, AS* 0.47. These ions are comparable witfi ®ins, and the tetrahedrons
thus formed can replace [SjCtetrahedrons. Oxygen donation during the formmatid the silicate
structure is highly improbable; otherwise, polyrmdr with such cations shall differ in their
configuration and shall be positioned in voids stractural network.

The strongest structural polyhedrons are formeB¥®ySi*, G€"* cations; the field force of cations
frat (KI/m?) equals 1200, 380.7, 227.8 respectively. High canaple values of &, and bond-

breaking energiesAHg98 (kcal/mol) B-O 162, Si-O 191.3 and Ge-O 157.5 (fmwmparison

AHg%’Na_O:61 kcal/mol) [10] confirm incorrect formula (1)rfés; calculation. Glass-forming oxides

do not act as oxygen donors for SiO

Cations that differ in electrostatic energy (fieldrce) when interacting with oxygen form
independent polyhedrons, which are embedded isttiieture or voids of a structural network. The
segregation process takes place if there are sizalleations with big field force in a glass (radii*
0.20A [9]). Segregation in the boron silicates is causgdhe formation of the boron structure from
[BOj] trigonal groups isolated from the silicate stuet with the increase in a p@ alkaline
component. As a rule, the IR spectrums fix bangga) for SiQ oxide and silicates, 85 oxide and
borates. The synthesis of boron silicates in thenédion of the B-O-Si bond requires particular
technological conditions; their reference spectrisush as X-ray and IR spectrums are not yet
available [11].

Phase stratification in the form of liquation wasserved during gel formation and subsequent
drying of a glass-forming structure within the ;NaK,;O—-PbO-BOs:—SiO—HgCsO—H,NCSNH,
system obtained in aqueous media (Fig. 2) [6].
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Figure 2. Liquation into the NgO—K,O—PbO-BOz-SiO—HgCsO—H,NCSNH, systema —
agglomerates of drops in the ge23; b — drop structure of xerogei200 [6]

Phase separation, i.e. liquation and crystalliratiblead silicate (Fig. 1, 2), took place durihg t
drying of alkali-lead-boron-silicate solutions. Ihg water evaporation, the drops were united into
large agglomerates (Fig.& — light and dark; lead silicate was concentratedgglomerates from
dark drops; in the central parts of agglomerategjnients of needle crystals (points that are differ
by contrast) (Fig. ®) are observed.

Value f; calculated by formula (1) for the substance opecfied system makes it impossible to
conclude whether the structure is crystallized wmoghous, although several crystal phases and
liquation (Fig. 1, 2) are revealed.

The f; and R=fg* parameters are too formal to estimate the streabdirsilicates, and they are
irrelevant for practical application in glass tecluyy, including sol-gel technology.

The following mathematical expressions for the gzt parameters with a different meaning are
alternatively suggested.

The mass fraction of oxygen i pxide and the amount @f oxygen (oxygen number) introduced
by the i component with known; €oncentration in glass composition can be caledl&ly formulas
(3) and (4) respectively:

p — AreINO (3)
(0] M ’

rel

O=Cipo,i, 4)

where Aq, M, — relative (rel) weight of an oxygen atom and aide molecule respectively;dN
— amount of oxygen atoms in a i-molecule.

Then the total amount of O (5) oxygen in glasslmapresented as the sum of oxygen introduced
by glass-forming elements (Gf)sf) modifiers (Mod) G.q and intermediate (Int) oxides©

O=0¢i*Owmod+Oint. (%)
The amount of silicon (Si) in a glass-forming sttue is calculated similarly:

p — ASi,reIN Si (6)
Si M '

SiO, , rel

Si= CSi02 Psi, (7)
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where A el MSiOZ,reI — relative weight of a silicon atom and a Si@olecule respectivelygiNs;

— mass fraction and amount of silicon atoms in,Si@lecule respectiverCSioz— concentration of

SiO, oxide.
Then, expressions (1) and (2) are transformed|ksvig

- OGf + OMod+ Qnt
R= CSio2 pSi , ©
C.o P
fs- SiO, pSl (9)

i = '
OGf + OMod + C2nt

Thus, parameteR (8) is the total amount of oxygen in a glass-fergnstructure per the number of
silicon atoms. There is nothing particular with asgyto parametersf(9). According to [7], & is a
measure of “a degree of connectivity of a silicolygen backbone”. Hence, dependeRsds " gives
rise to doubts.

The function of a connectivity measure of the glstsactural network with any component and a
set of oxides-glass-forming elements is most likelyoe ensured by the connectivity factor of the Y
structure suggested by N.N. Ermolenko [2]:

_ lezj _Zlk

Y
=,

(10)

Taking into account the recommendations of theay®], formula (10) is transformed as follows:

XG4 -Zx G

Y
%G

: (11)

where Z — valence or coordination numbeg; ¥ number of metal atoms in oxide molecule; j, k —
oxides containing cations with Z>1 and Z=1 valemespectively; C — oxide content, mol %;
=i Ciso. o _

The sign “=" in the numerator means that alkalinales disturb the glass structure. Formula (11)
may be applied to forecast the dimension of glasgtsires: Y=4 indicates the formation of a three-

dimensional network (an extreme case wt@goz =100 mol %), Y=3 indicates the formation of a

two-dimensional layered structure, Y=2 indicateg ttormation of a one-dimensional chained
structure; if Y<2, the glass is not formed. The fi8scribes the corresponding structural motives.
However, the author failed to explain why “Z” sesva@s a valence or a coordination number; they are
not equivalent in crystals and even much less asglobtained from melts of one and the same
composition in different conditions. Due to none@liénce of bonds even in case with elementary
substances, it is difficult to define the first cdimation shell of the central atom [12].
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Table 1. Statistics of multicomponent glass compositions

Oxide Ranat of parameter

2,0, Ci, mol % Q, mol % >0, mol % Poi i, KIIm? Y
B,O; 1.5-68.3 1-47.1 12405.8 0.7 1200.0 2-395
Li,O 0-2.7 0-1.4 210.3 0.5 44 .4
Na,O 0-44.0 0-2.0 833.1 0.3 17.7
K,O 0-12.0 0-4.1 56.1 0.2 9.0
PbO 0-3.8 0-0.3 53.7 0.1 21.9
Bi»Os 0-20.0 0-2.0 65.6 0.1 35.7
BaO 0-36.0 0-3.6 64.3 0.1 17.6
Al,Oq 0-20.0 0-9.4 160.6 0.5 192.0
Zn0O 0-6.4 0-1.3 119.6 0.2 58.4
La,O4 0-17.5 0-2.6 68.8 0.2 59.3
CaO 0-10.0 0-2.9 274.7 0.3 33.3
TI,0 0-40.0 0-1.6 14.2 0.04 7.7
Sio, 0-97.5 0-51.7 5778.2 0.5 380.7
Rb,O 0-50.7 0-4.6 42.3 0.1 7.3
CuO 0-30.0 0-6.0 119.0 0.2 50.0
Ge(G 0-17.5 0-5.4 600.8 0.3 227.8
P,O5 0-0.3 0-0.2 32.7 0.6 692.0
MgO 0-5.9 0-2.4 14.6 0.4 75.7
NiO 0-5.0 0-1.1 55 0.2 67.2
EwOs 0-0.6 0-0.1 0.1 0.1 37.6
FeO 0-0.1 0-0.02 0.02 0.2 56.9
basGf 49.3-99.8 30.9-55.4 5145.5

addGf 0-20.0 0-9.4 90.6

Gf 49.3-100 31.1-55.8 5236.1

basMod 0-50.7 0-11.4 506.0

addMod 0-40.0 0-6.0 17.3
Mod 0-50.7 0-11.4 523.3

Note. basGf, basMod — main glass-forming elememtd modifiers accordingly; addGf,
addMod — additional glass-forming elements and fierdiaccordingly.

Oxygen number O (5) and factor Y (11), are logicadllated, but definitely not directly (as in [5])
and somewhat differently. Data on 116 multicompdreampositions (poly) containing oxides-glass-
forming elements Sig) B,O3;, GeQ, P,Os (Tab. 1) and on 43 compositions of two-compondssses
(bi), including with SiQ, B,O;, GeQ oxides (Tab. 2), were selected from literaturprtmvide a strong
evidence thereof. As a result of the analysis gfgex numbers (5) and factors of connectivity (11),
the equations for bond Y=f(O) (12), (13) and thatree ns; (14) module were generated:

Y po1y=—0.71+0.080 (12)

Y=2.22+0.010, (13)
C

Ng; =0, 01G, , O<ng<1, (14)

= Gf
ZCGf,i + z c:Mod,i + Z C:Int,i
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where G — concentration of a particular glass-forming edam mol %; Z:CGf’i , ZCModvi,
i i

ZCW ; — sums of concentrations of glass-forming elememtgjifiers and intermediate oxides, mol

I
%.
The sy module shall be used even if there are no modifeard (or) intermediate oxides in
compositions. Unlike the silicate module, the deimator is nonzero at:

(z Crogi 2, Cmt’ijzo, and expression (14) is appropriate.

Taking into account the minimum and maximum contnglass-forming elements and oxygen
thus introduced in compositions, equation (12) barnused to estimate the connectivity factor of a
structure: Yoy, mir=2, @ one-dimensional structure (isle, dendritacstire, Fig. le); Yoy, mac3.95,
two-dimensional structure with fragments of a thd@aensional structure (almost a three-dimensional
structure) similar to the majority of glasses wtlevailing content of Si¢) as well as to the silica
glass.

The connectivity factor of two-component glassesldidated by formula (13)) varied from 2.6
(Ypi mn) t0 3 (Yoi, may, @nd the structure changed from one-dimensioni#h wwo-dimensional
fragments to two-dimensional, which is typical barate glasses.

Factor Y [2] is more likely to be considered asrfaasure of the connectivity degree” of a structure
than &; [5]; it is more universal, which is confirmed Hyetexample of the considered silicate, boron
silicate and borate glasses.

Table 2. Statistics for 43 compositions of two-componemisges with BD;

Range of parameters
Oxide 3,0y

C;, mol % Q, mol % R, f,, KI/m? Y
B,0O; 45-100 17.3-69.0 0.7 1200.0
Li,O 0-12.2 0-6.5 0.5 44 .4
Na,O 0-15.5 0-4.0 0.3 17.7
K,O 0-14.3 0-2.4 0.2 9.0
Rb,0O 0-16.7 0-1.5 0.1 7.3
PbO 0-9.4 0-4.9 0.1 21.9
BaO 0-40.0 0-4.0 0.1 17.6 2.6-3
MnO 0-50.0 0-11.5 0.2 50.0
Zn0O 0-55.0 0-11.0 0.2 58.4
CaO 0-50.0 0-14.5 0.3 33.3
Sio, 0-2C.0 0-1C.6 0.5 380.7
basGf 25-100 17.3-69.0 0.3 227.8
addGf 0-70 0-11.0
Gf 25-100 17.3-69.0
basMod 0-50 0-14.5
addMod 0-75 0-11.5
Mod 0-75 0-14.5

Let us discuss this issue from the standpoint afnmibal technology, i.e. synthesis of glass
compositions in aqueous media. Compositions angapeel (wt. %, patents of the Russian Federation)
for the production of hydrogen microspheres [13] the drop and frit method [6]: patent 2036171 -
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H3:BO; 8.21-8.31, NaOH 27.60-27.72, KOH 11.01-11.1450Gj 0.07-0.70, KSIi0;; patent 2036856

- H3BO; 7.64-7.82, NaOH 26.46—-26.72, KOH 10.25-10.8C0; 0.22-0.74, ExD; 0.7-4.0, GHO;
3.9-22.3, (NH),CO 1-3, HSIO;; patent 2033978 - BO; 7.46-7.82, NaOH 25.43-26.59, KOH
10.01-10.36, LICO; 0.25-0.74, ExD; 0.7-4.0, GHgO; 3.9-22.3, GH1109(NHy)3 .6-3.5, (NH),CO
1.0-2.9, HSIG;; patent 2205802 - B0O; 5.56-7.44, NaOH 13.60-15.52, KOH 0.06-0.15, PbO
6.65-6.82, @HsO; 20.5-22.9, ©H;1:09(NH4); 0.10-0.24, CaC95.94-6.06, Mg(OH) 1.17-1.45,
Al(OH); 0.02-0.05, HSIO;; patent 2235693 - Sb4-60.3, BO; 3.24-7.01, NgO 12.31-20.10,
K,0 0.09-1.07, CaO 5.59-6.56, MgO 1.35-2.790AD.02-1.13, PbO 11.28-12.53.

Synthesis in aqueous media includes the followikigcomponents were dissolved separately and
mixed. Aqueous solution NaOH was used to dissdli@csand boric acids. Silicic acid was dissolved
first with further dissolution of boric acid. Adaihal components were used in the form of complex
compounds [6]. Citric acid and aluminon were usadMg, Ca, Ag, Pb, Sm, Eu, Ho, Tb; to receive
silicate solution with aluminum - Algl aluminon and ammonia; to dissolve .8 - hydrochloric
acid and aluminon. Additional gas-forming agentSQ, was introduced to prevent collapse of
microspheres at 1100-13@0

Water was added to samples of silicic and boridsadBoric acid was completely dissolved]
was similar to water. Silicic acid did not dissoivewater and hence thdl of its water suspension
remained the same. NaOH solution wii 12 was prepared separately. Silicic acid was Hiedo
when the NaOH solution was added. The end of sgigl{BlaSi) was determined visually until a solid
phase of the acid (powder) was completely dissoledpH of NaSi solution was 12. NaOH and
NaSi solutions were applied for the synthesis leo(AtaB) and sodium borosilicate (NaBSi) (hames
are conditional, mixing of such products as siksaborates, borosilicates was established).

Then, the pH-curves of NaBSi, NaSi, NaB (Fig. 3yevanalyzed [14]. S-areas (peaks) due to
synthesis of new substances are well defined avidedi by horizontal contours. The appearance of
three S-areas on NaBSi, NaB curves is caused l@e-8tage dissociation df;B0; (K,=510",
K,=1.810"° K;=310"[15]) and synthesis of sodium mono-, tetra- anutqtsorates.

PH 13
121
11
10

AT LI

0 10 20 30 40 50 60 7bh

Figure 3. Normalized curves of titration under synthesis: NaSodium silicate; NaB — sodium
borate; NaBSi — sodium borosilicaté; — normalized amounts of solution aliquots (acauydb
formula (15)) [6]

Horizontal contours witlpH uniformity and continuous addition of an alkalimgent indicated the
formation of buffer solutions and complex compoumdenH;BO; interacted with B(OI—Q anions.

The second and third stages are equal lengthwigearb both shorter than the first one sikgeKs,
butK, andKj; are less thaK;.
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In the alkaline media, 4$i0; dissociates in two stagel§,£4.210*° K,=0.51107°[7, 9]), and ions
[(HO),SiO»(H,0),]* and [Na(HO)¢* form polymers [7]. Whengdx3, high-polymer forms are absent
[7]. Peaks are almost invisible on thH curve for NaSi due to high activation energy oérical
interaction between silicic acid and NaOH hydroxidéhe solution, the curve shape is attributed to
alkali added into the solution. Randopil values (“noise”) were removed via smoothing: the
arithmetic mean (smoothed) value was calculateu fiaur successive values. When the stage equaled
one, the data were separately analyzed for eadhesin. The example of this procedure is given in
Tab. 3. The processes finishedhHt 12 (final solution). The difference of curves lémgise is caused
by the different speed of processes. Due to theymardic instability (“noises”), the pH values may
be considered random. The standard normalizatios applied: having selected the corresponding
coefficients, the titration curves led to the bigigength (15) (Fig. 3):

N, = N, Tmax (15)

norm
nnorm

whereN, — normalized valuel\,,m — Normative valuen.om — length of the normative curve equal
to the amount of aliquots of the corresponding comemt (single volume added with a feedag)y —
length of the biggest curve.

It is critical to follow the order of agent mixirduring synthesis since phase separation is possible
It is impossible to add sodium hydroxide solutiorttie mixture of silicic and boric acids being @ec
in the same reaction vessel. In this case, a lggeion of the alkaline agent was used in syntheti
borate, while silicates were formed on a secondripyi basis. In case of alkali shortage, some pfrt
silicic acid remained in a free state.

Table 3. Smoothing obH experimental values

n pH n pH
! measured smoothed ! measured smoothed

1 2 - 9... 3... 2.6...

2 2 - 62 12 11

3 2 - 63 12 11

4 2 2 64 12 11.1

5 2.5 2.1 65 12 11.2

6 2.5 2.2 66 12 11.5

7 2.5 2.4 67 12 11.8

8 2.5 2.5 68 12 12

Note.n, —amount of NaOH aliquots added to silicic acidpansion

The inclusion of the additional (excess) alkaligera led to the change in the quantitative ratio of
composition components. This could cause changgaiss properties, which is unacceptable in the
technology of hydrogen microspheres. It was expenmtadly proved that boric and silicic acids
compete with each other thus interacting with swdhydroxide in aqueous media. While in silicate
solution, the maximumH value, necessary for the synthesis, was stillhedicin borate solution, the
interaction of boric acid with sodium hydroxide wakeady completed. The donor of boric acid
during synthesis of silicates is not confirmed. Egsion (1) is unjustified for the synthesis of the
glass-forming composition in agueous solution, sakn case with sol-gel technology.

3. Results and discussion

It is impossible to state firmly that such parametas “a measure of the connectivity degree of a
silicon-oxygen backbong(fs) and “the oxygen numbelR) reflect adequately the role of oxides in
structurization of siliceous glasses. There is mbstantiated evidence of the dependence of
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connectivity valued and number R on the amount of oxygen, and théorlaetweend; and R. The
results of physical and chemical study prove thatglass structure represents a complex hierarichy o
various types of crystal motives, which can existustaneously or in various combinations. It is not
possible to describe the relation between some pad the whole — motives and a structurg arfd

R.

4. Conclusions

The following criteria were suggested as an altéredo fs; andR parameters in order to define the
role of components in the structure, and hencepeasties of glass: p— ratio of oxygen in a glass
component; ©— oxygen number) — total amount of oxygen in glass composition; Yaetor of
structure connectivity; &4 — relative module. The universality of Y ang; oriteria is caused by the
fact that they consider every single componentlagggcompositions. Alternative criteria are logical
and easy to calculate. Functional dependence of(Oj=fwas established within two- and
multicomponent structures with Si(B,0;, GeQ, P,Os oxides to forecast types of formed structures.
The results of the forecast do not contradict amgwkn factual evidence.
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