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A discussion is presented of the relationships between properties
(geometric properties, bonding properties, those related to thermal
vibrations, those due to stiess formation, those related to diffusion
phenomena) exhitibing common group features.

An element in oxvide glasses has its own specific partial properties
and its own glass-forming ability; according to these characteristics
the elements have been divided into seven classes distinctly distinguish-
able in the block arrangement of the periodic system.

The V-phenomenon constitutes a basts for a correlation model of the
partial properties of glasses derived from the general properties of the
atoms. Multiple linear and quadratic regression was applied in the
study of the respective correlations. T'he results allow to predict the
properties of oxides in oxide glasses.

6. Prediction of the relationship between properties

The course of partial properties in the V-phenomenon permits to study the
relations between the properties and to classify them into groups exhitibing
a number of common features.

If two properties exhibit the V-phenomenon, they are related and a depen-
dence can be found between them.

Study of these relationships, a field so far neglected in the chemistry of
glass, is necessary for building up a system of constituents in oxide glasses
because an effect imparted by an element and related to various properties
of oxide glasses is not controlled monotonously in a certain standard manner.
A number of properties stand apart from the helotism of the V-phenomenon
pattern.

Knowledge of the features of the related properties in the groups allows to
predict which general relation an element will exhibit with respect to a certain
property.

Knowledge of the related preperties in glass is likewise significant from the
point of view of technological practice because on the basis of one known pro-
perty one can estimate the effect of another property indirectly with a certain
degree of probability.

The properties can be classified into the following two main groups:

I. Geometrical properties in which the V-phenomenon is not signifi-
cant: specific volume, refractive index, permittivity, molar refraction. These
properties depend on the spatial geometry of mass particles, their mutual
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positions and packing. Thermal history, separation into immiscible phases
and the effect of combined ions (eci) have little effect on those properties
which are generally not affected by influences related to transport and vibra-
tions of mass particles.

II. Bonding properties in which the V-phenomenon is significant:
thermal expansion of elasticity modulus, specific resistivity, thermal conducti-
vity, heat capacity, viscosity, surface tension, and partially chemical durabi-
lity; these properties depend in particular on the type and strength of chemical
bonds and on the type of structural units in Stanworth’s sense (polyions,
oxo-anions, cations).

Within the two groups there exist mutual correlations. TFor instance, in
group I there holds the Hopkinson’s empirical equation:

S/CZ =22 (24)
and the Maxwell’s equation:
nt=e (25)

where 7 is the refractive index for long wave lengths.
In group II one can point out for example the Babcock’s relation for 5

and p (above &) .
n = ap?. (26)

The properties in group II are divided into the following sub-groups:

ITa — the properties related to thermal vibrations (thermal expansion, thermal
conductivity, heat capacity) depend strongly on z/a?, less on R;. The effect of
separation and that of the eci effect is less marked than in the case of proper-
ties IIb.

IIb — the properties determined by stress in glass structure

(1) evident in the bulk of the glass: viscosity, modulus of elesticity, electric
conductivity — depends strongly on ey or z/a?, less on R;.

(ii) evident at the surface only (resistance to chemical effects, melting
temperature of oxides, scratch hardness and microhardness) — depends on
ey or on zfa?, and very strongly on R;.

Both microhardness and viscosity of glass are proportional to polarisability
of mass particles and thus also to molar refraction of glass (Fayet [54]).

The more a property requires a change in geometry, i.e. plastic deformation,
the larger the effect of polarisability both above and below {,.

Polarisability is an outstanding and technologically significant characteristic
in the chemistry of oxide glasses and should not be neglected in the prediction
of the effects of elements. The oxides of elements (e.g. K, Pb) the mass particles
of which exhibit a high polarisability (a high deformability and a high ionic
refraction R;) have low melting points, reduce viscosity, tend to volatilize
from the melt, reduce markedly surface tension, scratch hardness and glass
hygoscopicity. Oxides of polarisable elements exhibit a higher partial refractive
index and a higher permittivity.

There is a satisfactory correlation between the properties within the sub-
groups (e.g. B'xn [55]).

Finally it is possible to establish a special subgroup for those properties
which are related to diffusion phenomena, such as chemical durability and
crystallization phenomena.

It was found that while most of the properties not related to diffusion
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phenomena are controlled by simple additivity expressed by the linear regres-
sion equation

A =a -+ T by (27)

the properties related to diffusion phenomena are more complex and require
an additive description by means of an equation containing quadratic and
multiplicative terms

A =a+ Ebm + Zbm? + X bymm;. (28)

This quadratic equation indicates that in the case of diffusion phenomena the
elements influence themselves mutually, enter into interactions and the
dependence of the properties on composition is nonlinear. In these cases the
effect of an oxide cannot be expressed by partial molar factor F 4.

It should be stressed that the participation of oxides in the structure of
oxide glasses does not proceed, within the V-phenomenon, identically with the
course of partial properties 4, so that the share of electropositive elements
n the formation of glass must be studied separately.

7. The V-phenomenon and the participation of oxides in the
constitution of glass

The participation of oxides in the constitution of glass is called here ad
hoc their glass-forming ability for reasons of brevity. When applying the
Stanworth’s model of building units (cations, oxo-anions, polyions) we may
define the glass-forming ability as the way in which the units are incorporated
into the polymer network and how they participate in its structure. In this
manner the glass-forming ability is distinguished from the network-forming
ability, which concerns only the elements capable of forming directly the poly-
mer network.

The V-phenomenon has been explained by us on the basis of two principles:
by the Magnus bonding energy Ujp and by the chemical bond specified by
the mixed-bond index f.

With the V-phenomenon, Ujs affects more the partial properties, f affects
more the glass-forming ability. The two principles cannot be interchanged
nor completely superimposed.

The glass-forming ability of an element in the glass network is related to
the bond strength inside the atom in the molecule by which the electron is
bound to the nucleus, the bond strength being expressed quantitatively by
electronegativity X. The smaller the mass particle, the smaller the internuclear
distance @, and the larger the difference between the electronegativity of the
electropositive element and the electronegativity of oxygen AX, the more
stable the structure of the oxo-anionic groups supporting the formation of
glassy structure. Formation of a polymer network is. therefore determined
by the formation of polyions and oxo-anions and bound to positive values
of Up. Another precondition, however, is a high electronegativity X, a pre-
valence of covalency over ionicity, and a low value of the mixed-bond index (.

A very fitting example of the double uninterchangeable effect of U p and
is the behaviour of Zn(II), Be(II) and Mg(II).

Um of zinc has a negative value (—6,9) and in accordance with it by its
partial properties zinc lies along branch I of the V-phenomenon together with
the light metals (IA) and (ITA) of the periodic system. In agreement with its
negative Uy, zinc behaves as a modifier.
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Its f ~ 1 and high electronegativity X (1.5), however, rank it among the
intermediary elements. According to = 0.532 its guiding coordination
number y = 6. However, in orthosilicate Zn,SiO,4 zinc has y = 4. Contrary
to the case of Ca,SiO4 the former orthosilicate is also known in vitreous state,
although its NSi no longer meets the requirements for a continuous lattice
of SiO, tetrahedrons and although the deformability of its mass particle
(R: = 9.7) is low and does not contribute to the formation of the vitreous
state. As indicated by density and IR spectral measurements, the glasses
contain both co-ordination forms of Zn side by side although there is still
considerable disagreement as regards Zn(II) in oxide glasses. The high electro-
negativity X and = 1 shift Zn(II) towards branch II elements as regards
its glass-forming ability.

The Uy of Be(II) amounts to +0.8. Its small effective radius 7;(0.27),
its low value of  0.25, y = 4, f = 1 and a high electronegativity X (1.5)
are the reasons why Be(II) is disaligned from branch I of the V-phenomenon
towards the network-forming elements and predetermine its active role in the
polymer network.

Similarly, Mg(II) is capable of existing in glass with two co-ordination
numbpers, namely y = 6 and y = 4. The y = 6 corresponds to a negative
Ua/(—1.5), y = 4 corresponds to a positive U s (40.8). Its value of » = 0.625
ranks it among the modifiers, while the positive Uy implies a slight pos-
sibility of active participation in the network.

As to their glass-forming ability .oxides can be divided into the following
groups:

Group I: The modifying elements of the Ist order (MOD I). The group
comprises light s- and do-metals lying in vertical columns IA and ITA of the
Periodic system. In the V-phenomenon they are located along branch I. The
group includes alkali metals and alkaline earths and is identical with the histo-
rical group of modifiers. The atomic characteristics are as follows: U jr negative,
X lower than 1, ionicity prevails over covalency, the bonds are non-directional,
the deformability low. The elements are structurally passive, merely equalizing
the unsaturated bonds in the polymer network.

Group II. The modifying elements of 2nd order (MOD II). These
include the s-elements Zn(IIB), Cd(IIB), and the heavy element Pb with
18 electrons in the outer shell. The Uy is negative and ranks these elements
with respect to their effects on properties among the modifiers, this being
expressed by their positions in close proximity to branch I of the V-pheno-
menon. However, their electronegativities X are higher than with group I
(1.5) and # = 1 ranks them simultaneously among the intermediary elements
as regards their glass-forming ability as defined above. The bonds are mildly
directional. The deformability R; is low with the exception of Pb(II).

Group III: Pseudomodifiers (the modifying elements of 3rd order)
(MOD III). The transition d-elements, namely rare earths (Sc, Y, La) and
lanthanoids from column IIIB lie at the connecting line of V- phenomenon
having an approximately identical slope as the modifiers of 1st and 2nd orders.
The difference from modifiers of 2nd order lies in the Ujp values which
although negative, have small values close to zero. As compared to groupI the
electronegativity is higher than 1, § < 1. The group represents a transition
to intermediary elements; however, by their partial properties in glass the
elements are closer to modifiers.
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Group IV: The structurally active elements (INTM). They are delimi-
tated by the mixed-bond index f = 1. The elements are roughly identical
with the historical group of intermediary elements. The elements in question
are Be (ITA), Al (II1A), Ga (ITTA), In (IITA), Zr (IVB) and Hf (IVB). The U 5
is positive, the elements lie at the boundary between branches I and IT of the
V-phenomenon. In glass, y is 4, with the exception of In, Zr and Hf where
y is equal to 6. The degree of ionicity and covalency is equalized in free oxides.
The bonds are directional. All the elements of this group are capable to form
components of the polymer network. When y = 4, they are able to substitute
isomorphously (SiO4). Both Zr (IV) and Hf (IV) separate readily as a result of
incompatibility of their polyhedrons with silicon tetrahedrons.

Group V: Conditionally network-forming elements (CNV F). The group
comprises ,heavy’ elements Hg (II), T1 (I, III), Pb (II, IV), Bi (III). With
higher oxidation numbers the Uy, is positive, with the lower ones it its negative.
Pb (II) acts in glass as modifier of order. The high electronegativities x ~ 1.5
and the low f (between 0.5 and 1) indicate to oriented bonds and to possible
polymeration in the glass network on the condition that even a minor amount
(approx. 5 %] of element (Si, Ta, Nb) with high bond strength is present.
Mercury cannot exist in silicate glasses in its oxide bond owing to the low
sublimation temperature of its metal vapours.

Group VI: Imperfectly network-forming elements (INWT). The
d-elements, acid in nature, Ti (IVB), Sn (IVA), Nb (VB), Ta (VB), V (VB),
Mo (VIB), W (VIB) lie mostly along branch IT of the V-phenomenon. The po-
sitive Upy is indicative of the formation of oxo-anions. 8 < 1 implies direction-
al bonds. The small internuclear distance @ (1.3) indicates that their oxides
are capable to exist in vitreous state (monooxide glasses) but only after very
rapid quenching of the melt.

Group VII: Network-forming elements (NWI'). The elements of the
group are characteristic by their co-ordination number y = 4. The p-elements
(B, Si, P,and Ge) with 8 electrons in the outer shell are distributed along
the step-like line in the region beyond the boundary of the post-transition
elemets (Ifig. 6). Ge with its 18 electrons at the left-hand side of the step-shaped
boundary represents a transition between the post-transitional elements and
the network-forming ones, and exhibits y = 4, and exceptionally also y = 6.

B (III) has an exceptional position in the group. In glass it forms structural
units with ¥y = 3 and y = 4. These co-ordination units, however, are not
distributed throughout the glass statistically, but form higher structural
units (chains, rings, spatial formations). These higher structural units depend
on the composition of glass (on the ratio to alkali metals, on the amount of
Al;0O3) and are reorganized with increasing temperature below the transforma-
tion interval. That is why B.O; changes its partial properties £ 4 within a very
wide range in relation to glass composition and temperature, so that its 4
cannot be fixed accurately in the V-phenomenon.

Classification into the historical groups of network-forming, intermediary
and modifying elements has thus ceased to be empirical only and has been
given a quantitatively formulated framework.

The suggested groups are comprehensively illustrated and the V-phenomenon

supplemented by the schematic diagram in IFig. 4 which shows the relationship
of Uy and f.
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Modifiers of the order I, IT and III lie along three special connecting lines
4, B, ¢ differing in the oxidation number.

The structurally active intermediary elements lie along the horizontal
line D.

Several interesting configurations can be observed along branch II of the
V-phenomenon:

The conditionally glass-forming elements lie along the common line .

The imperfectly network-forming elements with oxidation number IV
are situated along line F.

The imperfectly network-forming elements with oxidation number V are
placed along line G.

Elements with oxidation number VI lie along line H.

Line I joins network-forming elements having the co-ordination number
y = 4 and/or the oxidation number z = 4. Boron lies apart from this line,
this bearing out its exceptional position among the network-forming elements.

This is evidence for the assertion that for the formation of a three-dimensio-
nal continuous network of silicate glasses the number 4 is significant both
in z or in ¥ or jointly (Volf [!1]).

In the Uy vs. f schematic diagram the elements lie at the main connecting
lines characterized by their oxidation numbers, which bears out the significance
of the oxidation number for the system of structural components of oxide
glasses.

Apart from the main z-lines (A, B, C, D, I, G, H) there are differentiated
auxiliary connecting lines (%, I) characterized rather more by the co-cordination
number y = 4. They have opposite slopes. Also in this schematic diagram
the V-phenomenon exhibits a variety in slopes of the connecting lines.

8. The topology of elements in the Periodic system

The effects of elements in oxide glasses are projected through the periodicity
of characteristics of atoms into the Periodic system which is shown here
in two new forms, namely (a) in the form of a long block table (Fig. 6), and (b)
in a diagram of dimensionless quantities (Fig. 7).

In the periods designated by the main quantum number % the light metals
comprise columns TA and ITA, namely the s-elements (n = 2 and 3) and the
do-elements with unoccupied orbit dy (n = 4 to 6). The effect of do-elements
in oxide glasses differs from that of the s-elements. Thus the factors for np
in the triade I{(I)—Rb(I)—Cs(I) do not lie along one z-line common to elements
with oxidation number (I), but along a line having a slope reverse to that
of the Na(I)—Li(I) connecting line. Also in other properties the do-elements
differ from the s-elements and in the V-phenomenon form either independent
clusters or lie along z-line differing in its slope more or less from the z-line of
s-elements (e.g. in the’ case of surface tension). Be(II) and Mg (II) likewise
differ from the triade Ca(II)—Sr(ITI)—Ba(II) along a separate branch.

However, even the triades of elements having n = 4, 5, 6 do not lie on a com-
mon z-line, but they exhibit a marked inflexion in the position of molar factors
1" 4; elements with n = 4 differ from those with n = 5 and n = 6. The hori-
zontal triade Fe—Co—Ni has therefore little in common with the neigh-
bouring triade Ru—Rh—Pd (» = 5) and Os—Ir—Pt (n = 6). In its properties
in glass Ti(IV) differs from Zr(IV), although in a number of glasses both ele-
ments are present side by side. The /"4 factors of do-elements, e.g. those of
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Ca—Sr—DBa also do not lie along a common z-line but along the inflected line
Ca—NSr—Ba.

The F,4 factors of the triade of pseudomodifiers of d-elements Sc-—Y—La
(IIIB) constitute a transition between the partial properties of the dy-elements
of the A-subgroups (Ca—Sr—Ba) and the transient d-elements of the B-sub-
groups, as indicated by the similarity of optical properties of the respective
oxides in silicate glasses.

The palladium and platinum elements form thermolabile oxides and exist
in glass as pyrosols of metallic particles.

The transition elements 1B (Cu, Ag, Au) and the IIB (Zn—Cd—Hg) have
18-electrons in the outer shell, and are similar in glass to post-transition ele-
ments IIT, IV, V and VI below the step-shaped line; in glass these elements
should be preferably regarded as a separate group with 18 electrons.

Ilements IITA to VA (B, Si, P, As, n = 2 to 4) belong to network formers.
The elements adjacent to the step-shaped line, i.e. Al, Ge, Sb can participate
in the network.

The post-transition elements are characterized by an inert pair of electrons
typical in particular for the ,heavy* elements Hg, T1, Ph and Bi and exist
in glasses with two oxidation numbers z and (z — 2). Towards the lower =
(from below upwards) the effect of the inert pair of electrons rapidly diminishes
(Al, Ga, Ge show one z only). Elements with the inert pair are metallophillic.

The higher the oxidation number (z = 3) the more cxpressive the effect
of differences in electron configuration (p-elements, d-elements, elements with
18-electron shell) between the molar factors 4 of oxides of isovalent elements
with identical oxidation number as compared to elements with low oxidation
number. For instance, elements Si (IV), Sn (IV), Ti (IV), Zr (IV) lie along
the z-line exhibiting a greater dispersion than would be expected, as can be
seen from the position of their dissociation energies ey versus zja? (Fig. la).

In what way is the V-phenomenon projected into the Periodic system?

The modifiers of the Ist order, s-elements and dy-elements aligned along
branch I of the V-phenomenon and having negative Uj;r, f > 1, X > 1, fill
columns ITA and ITA.

Be (II) and Mg (II) lie apart from branch (I) in the direction of branch (II)
towards elements B (I1I) and Al (I1I).

The pseudomodifiers situated close to branch (I) and having z = III,
Up~0,8>1and X < I, fill column IIIB.

The intermediary elements having g = 1 exhibit alternating y = 4ory = 6
and lie scattered in ITA (Be), IVB (Ti, Zr) and III (A,]1 Ga, In).

The elements in VB (Nb, Ta) and VIB (Mo, W) imply by their tendency
to the network-forming ability. However, their oxides exist in vitreous
state only when rapidly quenched from melt; they belong into the group of
imperfect network-forming elements.

Klements VIB to IB' constitute a break in the Periodic system. llements
having # = 4 exist in glasses with lower oxidation numbers only than would
correspend to the oxidation number of their vertical columns. Elements of
n = 5 and n = 6 are present in oxide glasses mostly in metallic form, producing
oxides only under a great excess of bound oxygen, e.g. in 1,05 glasses.

Ilements IB in glass are related to the group of platinum and paladium
metals and have a similar tendency to form pyrosols in glasses (ruby glass).

Modifiers in IIB and those of 2nd order differ from modifiers of the Ist order
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in that the negative Ujps ranks them among modifiers, and g = 1 among the
intermediary elements.

The clements situated to the right of the second stepshaped line are non-me-
tals.

The d-elements VIIB to IB constitute a central group dividing the Periodic
table into two sections, the left-hand one (IA, ITA, IITA to VIB) and then
right-hand one (IIB, ITTA to VIIA). In each of two sections in the direction
to the right the ionicity increases and the covalency decreases together with
the tendency to network-forming ability. However, the left-hand section is
generally more ionic in character, the right-hand one being more covalent.
As a result of this the network-forming ability in the left-hand section never
attains the degree of proper network-forming elements (including only imper-
fect network-formers); on the other hand, the right-hand section does not
contain modifiers of the Ist order.

The modifiers of the Ist order (Na, Ca) and the proper networkformers
(Si, P) are present solely in groups A, having 8 electrons in the outer shell.

The periodic relationship of the main characteristics of atoms can be demon-
strated in an interesting way in a diagram of dimensionless quantities ;7o
and 2y/z;, i.e. radius and charge of an electropositive element and that of
oxygen.

These dimensionless characteristics have been suggested by Plumat [3] for
the mapping of elements with respect to their glass-forming ability. The adap-
ted Plumat principle was applied in the present study for investigating the
relations between 73, 2z, ff, U, X and the electron configuration.

In the diagram in Fig. 7 elements of the same oxidation number lie along
connecting lines. The diagram is divided by skew lines demarcating fields
I to IV (a, b). The top field (a) and the bottom one (b) are separated by line
GH passing in neighbourhood of elements Cu—Cd—Sc—Ti—V, that is of
d-elements having n = 4. -

The position of this dividing line is defined by the equation

7i =01z 1 (29)

The AB line separates the modifying s and d,-elements aligned along branch
(I) of the V-phenomenon.

The CD line separates the network-forming elements lying on branch (IT)
of the V-phenomenon.

The Ti—As boundary separates the right hand networkformers from the
imperfect networkformers.

Field ITb encloses modifiers of the 3rd order, which are situated close
to branch (I) of the V-phenomenon.

Field IITa comprises structurally active (intermediary) elements.

Field IIIb contains structurally active elements with higher ionisation
energies.

Field IVDb encloses elements with imperfect network-forming ability, field
IVa networkformers.

Electronegativities X increase in the direction from the left to the right.

Elements with f = 1 are designated by black rings.

As(V) lies at the very boundary of the GH dividing line lowest in the field
of networkformers. Its co-ordination number in oxide glasses is not 4; however,
the oxygens are distributed around the central mass particle so that they

silikaty &. 1, 1978 9
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The Multivariant System of Ogxides. ..

form an outer tetrahedron. The high positive UM (4 11.7) and the low 5 (0.53)
provide evidence, together with the two dimensionless quantities, for the
polymeration and network-forming ability of this oxide.

9. Mathematical model of partial properties 4 derived from atoms
and prediction of the properties of oxides in oxide glases

When using the assumptions that
a) the partial properties of electropositive elements in oxide bonds depend
on the characteristics of atoms,

b) the characteristics of atoms are not subject to substantial changes in oxide

glasses,

¢) interactions occur only rarely in the case of simple (three-up to four-compo-

nent glasses) insofar as they do not contain two isovalent elements at the same

time,

d) with glasses of identical acidobasicity and of identical degree of network-

forming (Ng; = 0.400), the co-ordination number 3 is not subject to changes,

one can attempt to correlate the partial properties of oxides in glass and the
characteristics of atoms of electropositive elements bound to oxygen.

In this way it is possible to obtain theoretical F' 4 values using the regression
method, and to facilitate distinquishing the properties of Ist and the IInd
group (art. 6).

The following characteristics were chosen for the correlation:

— oxidation number z, as it significantly affects the positions of elements in
the diagram of Uy vs. f (Fig. 4),

— internuclear distance &: The partial properties are related to the bonding
energy between M and @. The bonding energy is considered to be a sum of
the attractive and repulsive forces between mass particles of opposite sings.
Both forces are to a certain degree proportional to the inverse values of
internuclear distance a;

— deformability RB; which determines the adaptability of the electropositive
element to its immediate environment;

— bond strength I expressed indircctly by potentials zfa?, Uayg, ey.

Table Va
Regression coefficents for equation (30)

o K-1(x 10-5) A(N.m-1.K-1) (x10-4)
Appen GanTuSi
I II I II

c +1.5811 +1.2111 —110.1108 —22.3616
by —0.4160 —0.3524 +2.9196 —6.3660
ba —0.0347 —0.4133 —31.1195 +14.6117
bs —0.0026 40.0425 —0.33562 —0.1078
by —0.5153 1-0.3973 —67.3927 +-2.2094
bs 40.0532 40.0130 1-2.4646 +1.9086
be +0.000 —0.0033 £0.1048 40.2187
R2 0.999 0.9661 0.9771 1.0000
Szy 0.006 0.034 1.296 0
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Table V lists the regression cocfficients b; determined by linear multiple
regression:

Iy =C+ bz 4 by + b3R; + ba(z/a?) + bsU ar + beey . (30)
Table Vb
Regression coefiicients for equation (30)
I (MPa) (x101) A[N.m-1] (x10-5)
Gan-IFuSi Dictzel
I | 1I I 1I

c +3407.6081 l +175189.5618 —6326.0973 —11628.0922
bt —748.4099 —16423.9669 +1869.6106 —1.8560
b2 —395.9616 | +26875.7895 +938.2047 +6123.4541
bs —6.4655 | +1996.6557 —54.9837 —140.9726
by —189.0172 +2470.4756 +50.6918 +1695.1241
bs +133.7846 +1686.0464 —250.9433 +-0.0466
s +18.0579 | —40.7251 —2.4175 +8.6235
R2 0.9850 l 1.0000 0.9992 1.0000
Szy 79.453 0 21.966 0

For each property the regression coefficients are listed separately for each
branch of the V-phenomenon. Table V shows the determination coefficient
R? and specifies the standard errvor of estimate S,,. The calculation was
carried out on the Compucorp 327 computer.

The values allow to formulate the following conclusions:

1. Along branch (I) of the V-phenomenon in all the properties regression coef-
ficient z surpasses coefficient «; along branch (II) e surpasses z.

2. In the case of surface tension and modulus of elasticity, i.e. in properties
of ITb associated with stress, the effect of R; is always more marked in branch
(IT). With thermal expansion and thermal conductivity as properties of IIa
depending on thermal oscillation of mass particles the effect of R; is smaller.
3. Among the bonding cnergy potentials, the Magnus energy U merely sup-
plements the electrostatic field strength z/e2.

4. The determination coefficient R? exceeds 0.93 and in 9 out of 14 cases
(65 %) it is closely equal to unity.

The equations given provide a more exact picture of the V-phenomenon.
The coefficient R?2 = 1 proves that a) there is a good agreement between the
partial properties of oxides in glass and the complex of characteristics of the
respective atoms, b) that the six selected characteristics are satisfactory for
a description of the relationships.

The general relations between the I", of oxides and the characteristics
of atoms are so far unknown. In the present stage when the approach is based
mostly on phenomenology, the application to mathematical statistics is fully
justified.

In addition to linear regression, interesting relations are provided by quadra-
tic regression between I74 as a dependent variable and the independent va-
riables z/a? (or ey) and R;. The determination coefficient R? close to unity
indicates that the partial properties can be predicted with a considerable

o
B
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probability on the basis of bonding strength and ionic refraction. The relation-
ships are listed in Table VI according to the equation

Table VI
Regression coefficients for equation (31)

A[W. m“_l LK1 I [MPa] (x 10Y) 7 [N . m-1] (x10-5)
(510-7) 1Pa] (x ‘
Gan FuSi Gan FuSi Dictzel
I II I II I |
c —4.745 +8.392 +585.768 +2133.104 —338.771 —17.484
by —0.474 +0.362 —83.875 +1063.378 +4011.861 +1466.754
b2 +0.348 —0.003 -4-14.858 —132.038 —7.218 +14.245
b3 0.006 —0.002 +1.194 —36.020 —3890.366 l —580.476
by +0.001 —0.004 +1.213 +4.377 —37.705 | —63.902
bs —0.002 +0.004 —0.099 —0.443 +0.835 ] +1.029
R 0.929 0.999 0.865 1.000 0.099 1.000
X, e, ey ey ey zla? zla?
X, R; R; Ry R; R; R;
B e O A Bt by B X - B X X b B (31)

where X, is either ey or z/a?, and X, is R;.

They provide evidence for the relation between partial properties of oxides
in glass on bond strength and ionic refraction, which depends on the volume
of mass particles.

The properties of group I do not exhibit the V-phenomenon; however, they
can be related to volume V; taken up by mass particles of electropositive
clements and their oxygen envelope on the oxide

4
Vi= (NL 5 n) [(m2276)® |- (m070)*] (32)
as suggested by Mackenzie (27). The first member a on the right-hand side of
the equation is a constant.

Elements having the same oxidation number lie along the same z-lines;
however, no mathematical relation has so far been established for the positions
of the lines (Fig. 8, 9).

The suggested mathematical model is regarded as the first hopeful step.
The model has the advantage of allowing to predict, with a certain degree
of probability, the properties even of inconventional oxides on which there
is so far little knowledge in connection with glass systems.

On the basis of the V-phenomenon, the confrontation with various models
of glass can be considered as a part of general inorganic chemistry.

CONCLUSION

1. The system of partial properties of oxides in oxide glasses, in particular
silicate ones, and its mathematical model can be derived from the characteristics
of atoms bound to oxygen.

13
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2. Molar factors F' 4 which express the partiall effect of 1 mol 9, of an oxide
on a property of glass, when ranked according to the electrostatic fleld strength
z/a? of the oxides, are arranged along two crossing branches (the V-phenomenon).

3. The V-phenomenon is a general phenomenon which holds for instance
in the case of thermochemical data in inorganic chemistry.

E T T T T [ ] T T T
26 |- ; -
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24 |- = Fr
0] S i e S = Y i P i v =i |
- - 32 | 3 .
2o I | i OBﬁ |
- 8 a0}
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16 |- of
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14 |- -
B ) 22
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B 7 2,0
10 |
Al
™ 19
8 B R
N ] 1,6
G |
I 7 14
A Si .
I ] 12
2 B i
- 1[011!I|JI|!||1|
oLt 1 v o1 1 3 5 7 9 m 13
1 3 5 7 9 %3
Vi
Iig. 8. Correlation of molar factors I'ig. 9. Correlation of molar factors for the
for permittivity (after Appen) and refractive index after Appen and the volume
the volume of co-ordination groups of co-ordination groups M — Oy = V;.
{ — 0y = V;.

4. It does not hold for the properties related to geometrical arrangement
of mass particles in oxide glasses (permittivity, specific volume, refractive
index).

5. The arrangement of the factors along the two branches of the V-pheno-
menon is governed by the Magnus bonding energy Uy determining the ten-
dency of elements to form oxo-anions, and by the mixed-bond index of ionic-
covalent bonds.

6. The V-phenomenon allows to derive a multivariant model of oxide glasses.

7. The V-phenomenon allows to specify partial properties F 4 in correlation
with the characteristics of the atoms by means of multiple regression.

8. The F 4 factors hold only for glasses having a continuous three-dimensional
network. Below 8i/O 0.333 (e.g. in “invert” glasses) the sequence of factors
of oxides changes. '
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9. The correlation can be used as a basis for prediction of properties of
oxides in glasses.
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MULTIVARIANTNI SYSTEM OXIDU A PREDIKCE
JEJICH DILCICH VLASTNOSTI V OXIDOVYCH SKLECH
(CAST I1)

M. I3. Volf
Skldarny Kavalier, n. p., Sdzava

V druhé ¢ésti prdace je diskutovdna pribuznost vlastnosti (vlastnosti geometrické,
vlastnosti vazebné, souvisejici s tepelnymi vibracemi, uréované vznikem napéti,
vlastnosti spojené s difiznimi jevy) majicich spoleéné skupinové znaky.

Prvek v oxidovych sklech se projevuje jinak ve svych vlastnostech, jinak co do
sklotvornosti. Podle indexu smiSenosti iontokovalentnich vazeb a Magnusovy vazebné
cnergie byly prvky rozdéleny co do sklotvornosti do 7 tiid: 1. prvky modifikujici
I. ¥ddu, 2. prvky modifikujici II. Fidu, 3. prvky modifikujici ITI. fddu, 4. prvky struk-
turné aktivni, 5. prvky podminéné sitotvorné, 6. prvky nedokonale sitotvorné, 7. prvky
sitotvorné. Toto rozdéleni souhlasi s umisténim prvka v blokové upravé Periodické
soustavy 1 ve schématu podle bezrozmérnych vehiéin 7o/r: a 2¢/20.

V-fenomén tvoii piedpoklad pro korelaé¢ni mocdel dil¢ich vlastnosti oxida ve sklech
odvozeny z obecnych vlastnosti atomii. Ke studiu korelaci bylo uzito vicendsobné
regrese (linedrni a kvadratickd). Vysledky umoznuji predikei vlastnosti oxida v oxido-
vych sklech.

Obr. 6. Blokovy tvar Periodické soustavy s rozmisténim prokd modifikwjicich, interme-
_ didarnich a sitotvornijuh.
Obr. 7. Rozdéleni prokd podle bezrozmérnych veliéin rofr; @ zilzo .
Obr. 8. Korelace moldrnich faktorts pro permitivitu podle Appena a objemu koordinal-
nich skupin M — 0, = V.
Obr. 9. Korelace moldrnich faktori pro index lomu podle Appena a objem w koordinal-

nich skupin M — 0, = V.

MHOPFOBAPHANTHAMN CHCTEMA ORCH OB
M HPEJHRALIST HX YACTUYHLIX CBOHUCTB
B OKHICHbLIX CTERJAX (HUACTb IT)

Miiomr B. Bond

Cmeroavhuiti sacod Ilacaauep, Casaca

Bo Bropoif wacTit paboTil paccMaTpHUBACTCs CPOJICTBO CBOHCTB (IeoMeTpiiuecKue CBOIiCTBa,
CBOJCTBA CBfI3ll, CBf3aHHBIE C TCPMHYCCKIMI BHOpalAMI, olpejielseMsie 00pa3oBaHIICM
HAIPSMCHHUA, CBOHCTBA, CBSAHHLIC ¢ SIBACHIAME JHPY3HL), UMCIOUIMX 00JIIe IPYNIIOBLIe
3HAKIL.

JIEMCHT B OKCHJIHLIX CTCIUIAX IIPOFBIISICT CBOM CBOICTBA IOJPYFOMY, YeM IO OTHOINeE-
HITO K cTexJooOpadoBanmio. (LoriiacHO IOKA3ATEIIO CMCUIAHHOCTH HOHOKOBAJICHTHLIX CBA3eEH
4 DHCPruH ¢BsI3N Marmycena II0j(pa3jciisioT JIEMENTLl B 3aBHCHMOCTH OT CTEKI000pa30BaHIs
Ha 7 KnaccoB: 1. oeMeHTHl MOuQUIupYIonuie I nopsjixa, 2. 9IEMCHTRE MOIIGILIPYIONTIE
IT mopsyika, 3. asreMenTst Mojpuinipyionpie 11 nopsika, 4. CTpyKTYPHO AKTHBHBIE D1EMEIITH
5. YCIIOBHO CTPYKTYPHPYIOIIC DJICMCHTLI, 6. IICCOBCPIICHHO CTPYKTYPUPYIOIIHE DJIEMEHTLL
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7. CTPYKTYpHpYIOLiIe 3IeMCHTLL. JTa KIACCH(IUKALIS HAXOANTCSA B COIIACII C pa3MelleHneM
9j1eMeHTOB B Osroumoii o6paboTke Ilepmojmueckoii cicTeMsl i B cxeme II0 Oe3apasMepHBIM
BEJIMYMHAM rofri M zifzo.

V-genoMen obpa3yer NpeiioiIonieHie A KOPPeJIAMIOHION MOJIesIl JacTHIHbIX CBOIICTB
OKCH/[OB B CTCKJIAX, BRIBEe[IeHHOE I3 OOMINX cBOICTB aTOMOB. s IICC/IeOBAHNA KOPPeIIAINI
T0JIH30BAJIICL MHOrOKPATHOI perpecciieil (JImmeifmoil i1 wBajparstueckoif). Ha ocHoBammH
IOJIyYeHHBIX Pe3yJILTaTOB MOKHO NPeJcKa3aTh CBOMCTBA OKCHIOB B OKCHJHBIX CTEKJIAX.

Puc.6. Baounan ¢opaua ITepuoduueckoli cucmessl ¢ pazseujernuess mogubuyupyouius,
UHINEPMEOUAALHBIT U CIMPYEINY DUPYIOUJUL IAEMEHINOC.

Puc. 7. IIodpasdeaerue 3aeseHIN08 CO2AACHO 6€3 DASMEPHBIM GEAUMUHAM To[ri U ZifZo.

Puc. 8. Koppeaayus sosaprue garmopos 0as nepssumugrocmu (coeaacHo Anneny) a o6vema
roopdunayuonnvie epynn M — Oy = Vi,

Puc. 9. Koppeasyus soaaprue Parmopos das noxazameasn npesosaenus (cozaacro Anneny)
a ob6vena roopdunayuonnnx epynn M — Oy = V.
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