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Anomalous courses of properties are exhibited by germanate glasses (denstty,
refractive index, activation energy of electrical conductivity, thermal expansion
coefficient, and the number of oxygen atoms per I cm3 of glass).

Tellurate glasses show anomalous courses of entropy of viscous flow, of thermal
expansion and dielectric losses. These changes are ascribed to inversion of
tellurates to polytellurates.

A discussion is presented of the systems of anomalies involving a change
in the “state’® of oxygen atoms. The effect of combined tons is considered as one
of conjunction of isovalent cations which is not primarily related to oxygen
anomaly.

The anomalies are suppressed by introduction of elements showing a high
electronegativity.

ANOMALIES OF GERMANATE GLASSES

Anomalies in the system Na,0—GeO, and K,0—GeO, have been described by
Hvstropev and Ivanov [1].

The changes in the properties exhibit a distinct relation to the invariant points
in the phase diagram and to the assumed change in the co-ordination number.

Ge(IV) is usually compared with Si(IV) because of the same formal valency.
However, in its crystalline compounds it is capable of existing with two co-ordination
numbers as 4GelV and ©)GelV.

From the binary system Na,0—B,0;, glasses Na,0—GeO, differ in that the
change is indistinct in the case of density and refractive index in alkali borates,
while a distinct maximum arises with glasses Na,0—GeO, and K,0—GeO, (Fig 2).

In the phase diagram [2] there exist 3 invariant points interesting with respect to
anomalies: two eutectics and one compound:

t°C Na0 Nge
mole %,
B 2 Na0 .9 GeOz 4 GeO, 950 8.9 0.477
C  2Nay0 .9 GeO, 1073 18.2 0.450
B> Na0 . GeO; + 2 Na0 . 9 GeO, 790 36.0 0.390
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Pig. 1. Volume characteristics (0.10~2, Vi, Vi, Rm, Ro) in the system NayO—GeO;.
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In spite of a larger number of invariant points, the phasc diagram of the system
K,0—GeO; has a similar course [3].

The top boundary of the glassy state lies between 35 to 40 mole %, Na,O [4] close
to eutectic K.

The volume characteristics (V;, R, Ro) are plotted in Fig. 1.

The changes in properties and volume characteristics are located in the regions
of 6, 10 and 16 mole %, Na,O (Fig. 2).

At 6 mole 9%, Na,O there are the minima of By and Ry. They are situated in the
region of eutectic ;. Close by (at 7 to 8 mole % Na,0O) there is the maximum of
activation energy [, of electrical conductivity. The chemical dependence of Iy
has been calculated by the author from values published by Ivanov, Estropev and
Dorochova [5]. The calculated maximum agrees well with the value found by Minami
[6].

A volume minimum ¥, occurs at 10 mole %, Na,O. It appears to represent a boun-
dary beyond which M(I) take up energetically advantageous positions in the net-
work.,

The thermal expansion coefficient o increases continuously with increasing
Na,O content, showing a ild peak at 10 mole %, Na,O.

The activation energy and entropy of viscous flow calculated according to the
values of thermal dependence of viscosity reported by Nemilov [7] exhibit 4 minima
and 3 maxima; however, the series of glasses measured on the penetration viscosi-
meter was considerably incomplete so that no explicit conclusions can be made from
the set of data available.

The third distinet region of changes characteristic of binary germanate glasses
lies in the region of 16 mole 9%, Na,O and its position approximately corresponds
to the compound C 2 Na,0 . 9 GeO,. The respective changes are as follows: maxima—
density [5], refractive index [5], moduls of elasticity in tension [8], microhardness [8]
and the number of oxygens per 1 cm?3 of glass; minimum — molar volume Vi
[5].

The maxima are situated approximately where the oxygen attains the highest
concentration per cm3, which agrees with minimum V3, i.e. the minimum of volume
per 1 gramatom of oxygen.

The anomalies of binary alkali-germanate glasses have been attributed by Murthy
and Kirby [28] to a change in the co-ordination number y of germanium. However,
Kawiya and Sakka [29] found that the ratio of (GeOg) increases continuously with
increasing content of monovalent metal oxides, similarly to the case of (BO,), and
that it attains a maximum (about 30%,) between 20 and 30 mole %, Na,O. On the
other hand, the anomalies of germanate glasses are concentrated at 16 mole %, Na,0,
i.e. approximately at the ratio 1 : 5 where oxygen attains its maximum concentration
per cm3 and where V, attains a minimum. This fact sheds certain doubts on the
explicit explanation that the anomalies of germanate glasses are due solely to a change
in the co-ordination number. On the basis of an ESR study, Mylkin aned Skalnenko[30]
assume that in the case of pentagermanate, the minimun V; and the oxygen packing
maximum are related to a reduced number of defects in the oxygen network.

In the system K,0—GeO, the anomalies have a course similar to those in the
system Na,0—GeO,, except that the density and refractive index maxima are shifted
to a lower M,O content which is in agreement with the shift of invariant points
in the phase diagram. '

Noinverse changesin properties have been established in the system B,0;—GeO,
[4]. This is obviously due to the fact that in a binary system of oxides of two

100 Silikéty &. 2, 1981



Oxygen Anomalies of Owide Glasses

network-forming elements there are no conditions for a change in y resulting from
the absence of oxygen donors. Toropov [3] does not specify any phase diagram of
the system B,03—GeO,.

ANOMALIES OF TELLURATE GLASSES

Anomalies of binary tellurate glasses are known from the studies by Stanworth[9]
and from the systematic investigations by Jachkind et al. [10 through 13].

TeO, alone does not form any glass. However, it forms binary glasses with oxides
of elements having oxidation numbers of (I) to (VI). Their survey has been published
by Baynton, Rawson and Stanworth [14]. The potential glass-forming property of
tellurates has been predicted by Stanworth from the high electronegativity of
tellurium, X = 2.1. The potential glass-forming ability of TeO, is also indicated
to by itsrelatively low melting point of 732 °C which may be considered as a measure
of thermal energy required for destruction of the bonds [15]. However, the Sun’s
single bond strength is low (e.g. in comparison with SiO, where it amounts to
443.8kJ Av-1 it is only 284.7kJ Av—1, i.e. lower 1.5 times) and does not indicate
to any glass-forming ability of TeO,. Introduction of M,O strongly reduces the
melting point of TeO,, e.g. from 732 °C for TeO, down to 413 °C for the eutectic
Nay0 . 4 TeO, + Na,0 . 2 TeO,, which is favourable for creating the glassy phase.

In the TeO, oxide, tellurium has the co-ordination number y = 6. The oxygens sur-
round the central Te atom in the form of a tetragonal pyramid so that the 4 oxygens
constitute an untrue tetrahedron (TeQ4) with various Te—O distances, and the 2
further oxygens are situated asymmetrically at a greater distance apart [59]. This
tetragonal pyramid may also be interpreted as a deformed octahedron of the rutile
type.

The tellurium polyhedron built in the glass is written by Jachkind in a simplified
manner as (TeOy). ?

Because of this unusual type of structural units, the anomalies of tellurates differ
in their nature from the other binary systems.

The bridging bonds between the (TeQ,) tetrahedrons are destroyed by the intro-
duction of alkali metal oxide with the resulting change in constitution [10]

2 T804/2 -+ Na.ZO - 2 [TGO3/20——] Nat,

The change takes place in the region of Na,O . 4 TeO,.
The invariant points in the system Na,0—TeO, are listed in Table I.

Table 1
Invariant points in the system Na,O—TeO, [10]
Na,0 ' TeO,
No. Phase ¢, °C - i | e
mole %,
1 TeO; + Nay0 . 4 TeO, B, 458 16.7 83.3
2 Na,0 . 4 TeO, C, 470 20 80
3 Na,0 . 4 TeO, +
+ Na,0 . 2 TeO, B, 413 28 72
4 Na,0 . 2 TeO, C, 435 33.3 66.7
5 Na,0 . 2 TeO, +
4 Na,0 . TeO, Iy 420 38 62
6 Na;0 . TeO, Cs 710 50 50
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The glassforming ability in the binary system Na,0—TeO, begins at 10 mole %,
Na,0. The volume characteristics 7, Rar and Rp likewise undergo a sudden change
at this concentration (Fig. 3). Beyond this deflection, however, the volume charac-
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Fig. 3. Volume characteristics mn the system Na,0—TeO, (Vi, Ru, Ro).
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teristics arc not affected by further increase of the Na,O content. New volume
characteristics therefore result from the formation of a glassy phase. In the phase
diagram, however, neither a compound nor an eutectic is found at this concentration.
In our view, this boundary is obviously of a chemical nature and is not related
to the phase diagram. Na,O combines with TeO, producing tellurates and polytellu-
rates. The significant study by Chatshaturian [22] showed that whereas tellurates
oxidate readily, polytellurates are resistant to oxidation. The packing of oxygens
and the volume characteristics undergo no distinct changes as soon as the glassy
polytellurates have formed.

The changes in properties take place at the eutectic TeO, + NayO . 4 TeO, and
at the compound Na,O . 4 TeO, (Fig. 4.5).

In the eutectic region (16.7 mole %, Na,0) there arise an unexpected minimum of
entropy of the viscous flow, a minimum of tan § and a minimum of the pre-exponen-
tial term A in the Arrhenius equation for temperature dependence of log g.

Between 16 and 20 mole 9%, Na,O there is a distinct minimum of the thermal
expansion coefficient. The course of ¥, is somewhat disturbed at this point. The
position corresponds to the compound Na,O . 4 TeO, in the phasc diagram.

The course of the thermal expansion coefficient in terms of composition is similar
to that of the binary system Na,0—B,0;. The author agrees with Jachkind [10]
that the anomaly of « is due to the transition of [TeO,/,] to [TeO3;,,0~] mentioned
above.

Group 4

[=Te—] (-O—Na*)

exhibits more covalent bonds whereas group B

[TeO; ~O]-Nat has more ionic bonds.

Group 4 is of mostly non-polar character, group B being markedly polar. Similarly
to the system Na,0—B,0s3, also in the system Na,0—TeO, in the region of polar
groups with mostly ionic bonds of Na (I) the thermal expansion increases, whereas
it is decreasing in the region of less polar groups or in that of non-polar Na (I) ones.

The glassy phase ceases to exist .in the region of the second -eutectic
Na0 .4 TeO; + Nay0 .2 TeO, at 30 mole 9, Na,O.

A similar course is exhibited by the properties of glassesin the system Cs,0—TeO,,
the phase diagram of which is similar to that of the system Na,0—TeO, [10].

There arise no anomalies in the system Li,O—TeO,. The single eutectic in this
system is not reflected in any change of properties. This is attributed to the fact that
MLil is a poor donor of oxygen as a result of small 7; and a low coordination number
(y = 4). The system then behaves as a system of two network-forming elements.

DISCUSSION

The results of comparative studies of various systems allow to formulate the
conclusion that anomalies are a general phenomenon in binary and some ternary
glass systems containing elements that may behave as oxygen donors if their co-
ordination number y is equal to, or larger than 6.

The anomalies are distributed throughout the entire range of the glassy state
and concern both geometrical and activated properties.

The anomalous changes in properties (inversion, local extremes, bends) are related
to changes in bond.
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In the majority of cases, the volume characteristics cannot be topologically con-
nected directly with anomalies, since the change in “state” is not reflected in volunie
characteristics.

The change in “state’ concerns for the most part changes in the “state’ of oxygens.

Anomalies can be divided systematically into the following five types:

Type I bond anomaly arises at the boundary between two composition
differring in the “state” of oxygens. It has the nature of an isoelectric point. The
property changes in an inverse manner, e.g. tan 6 with Na,0—B,03. The anomaly
is related to a change in the oxygen bond from the ionic type to the covalent one
during transition from a cross-linked structure to a chainlinked one. This type like-
wise includes property anomalies connected with separation into immiscible phases.

Type II phase anomalies are similar to type I. These arise in particular in
binary systems with compounds and eutectics, in ternary systems at phase boun-
daries, in eutectics and at the centres of primary phase fields. In eutectics and at
phase boundaries the effect involved is contact of two chemically diverse structures
incompatible owing to various content of oxygens. At these points, the activation
energy usually exhibits a minimum while the change in entropy attains a maximum.
The maxima in the curves of chemical dependence of properties are situated at
compounds or at the centres of phase fields. Formation of compounds with a stoichio-
metric composition has the result that the system entropy decreases while the
structural arrangement improves.

In systems having similar phase diagrams (e.g. Na,0—GeO, and K,0—GeO;)
there occur similar chemical dependences of properties and a similar topology of
the anomalies. On the other hand, a difference in phase diagram likewise results
in a difference in the course of anomalies.

Type III co-ordination anomaly is related to the number of oxygens and
to their distribution around the central ion. The change in co-ordination number
brings about in particular a change in the geometrical properties. For example, in
alkali-alumina-silica glasses, the geometrical properties change in relation with the
established change in co-ordination number. A similar course of chemical dependence
arises with alkali-germanate glasses. The dual co-ordination of boron does not
bring about any anomalies in glassy alkali borates. Only shallow deflections are found
in the case of d and np. This may be due to the masking effect of structural units
(BO3) on the (BO,) ones, or due to the continuous growth in the number of (BO,)
units showing no abrupt changes at certain compositions, or rather due to the fact
that during transition from y = 3 to y = 4, both structural units retain their poly-
merizing ability, while transition from y =4 to y = 6 results in depolymeration
revealed by a distinet change in the course of the property. In the case of boron,
a change from y = 3 to y = 4 is responsible for transforming non-polar structural
units into polar ones. A change of y = 4 to y = 6 strengthens the ionic bond at the
expense of the strongly covalent bond, which has a more distinct effect on the course
of a property than a change in polarity. The anomalies should be ascribed to a change
in co-ordination number with utmost care only, unless the change in y has been
experimentally proved.

Type IV chain-linking anomalies are due to changes in the number of bridg-
ing oxygens (Stevel’s symbol Y) and non-bridging ones (Stevel’s symbol X). The
effect of change in Y on the course of various properties has been pointed out by
Stevels [16], [17] and by Ray [18]. A change in the chemical dependence of a pro-
perty in terms of a change in ¥ has been demonstrated on permittivity [16], on resis-
tivity [19] and on chemical resistance [20].
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Type V eci-anomaly (the effect of combined ions)arises even in multicon-
ponent systems. This distinet anomaly that lends itself to be utilized technologically,
is in the author’s view the single one which does not belong among the oxygen ano-
malies. The effect of combined ions and a survey of various theories have been descri-
bed in detail by Isard [21], Day [22] and Volf [23]. For this reason we are going to
deal here with its main characteristics only.

1. It occurs with glasses containing a combination of monovalent elements inde-
pendently of the anionic component (in silicate, borate, phosphate, alumosilicate,
germanate, tellurate glasses, in ionic crystals, in glass-ceramics). It is therefore
of a general nature. ,

2. It occurs likewise in non-oxygen compounds (e.g. with chlorides) which casts
sonie doubts on the various existing explanations and theories on this phenomenon.
However, it has so far been studied very little in the field of non-oxygen compounds
in spite of the possibility that this might be the correct basis for its future interpre-
tation and explanation.

3. In oxide glasses the effect appears only above a certain concentration limit
of alkali metal oxides (4 to 12 mole Y%, M,® according to the system). This boundary
agrees topologically with the minima of the volume characteristics.

4. The volume characteristics are not brought to extreme values by combinations
of alkali metals, so that no geonietrical changes, no nctwork reconstructions and
no network densification takes place. The geometrical properties likewise remain
unchanged.

5. Free energy of the system decreases as a result of the eci effect.

6. The cci effect strongly suppresses diffusion of alkali nietal ions. This is related
to a distinct increase in resistivity by several orders of magnitude, and an improve-
ment of chemical resistance. The changes in & and tan § are less distinct.

7. The eci effect occurs hoth below and above #g.

8. The eci effect is followed by a marked new peak in the case of internal friction.
Similar peaks have been found by Doremus [24] in the case of glasses containing
hydrogen bonds. As it has been proved that H+ may form with #+ phenomena si-
milar to the eci effect, it is not ruled out that the new large peak is just an effect
of the combined ions, similar to the combination of equivalent M+ — H+ rather
than one of a shift of non-bridging oxygens.

The sum of the manifestations of the eci effect provides the impression as if the
ions of two isovalent elements were conjugated into a new formation (4+ 4+ B+ -»
-> A+B*), This conjunction is possible regardless of the anion and may arise even
in nonoxide systems. Bonds between the ions of equal charges are not unknown
and are frequently explained by wave mechanics resonancy. However, study of
these bonds is extremely difficult and it would be premature to consider them as
an explicit cause of the eci effect. The existing knowledge of the eci effect seems
rather to justify the assumption that the eci anomaly does not belong among expli-
citly oxygen anomalies and that it should be generally designated as an effect of
conjunction from the point of view of phenomenology.

Bach of the systems studied has its own chemical model. However, the systems
have some common characteristics.

The thermal expansion anomaly has been established in all the binary systems
studied and in invert glasses.

The dielectric loss anomaly has been described for binary systems of elements B
(ITI) and Te (IV) and for invert glasses.

Among the geometrical properties, distinet anomalies are exhibited by density,
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refractive index and F; with alkali-alumina-silica glasses and with alkali-germanate
glasses. These anomalies are linked up to changes in permittivity, the Ioisson’s
ratio and the moduli of elasticity. However, the number of measurements performed
has so far been inadequate. A

Viscosity, with respect to constant B in the VFT equation for Na,0—B,0;,
shows maxima at invariant points of compositions 1 : 3 and 1 : 4, and minima at re-
lative compositions where E, is small and AS, is high.

Klectrical conductivity (log ¢ and E,) does not show any sharp local changes.
However, the sequence of partial molar additive factors for 87 (IT) changes with
changing Y. In all the systems involved, A7 (I) wmaintain their ability to transmit
clectric current even in the course of changes in co-ordination, even when the type
of bonds is changed or when the co-ordination oxygen is transferred from the donor
to the acceptor.

The amonalous changes in the individual systems have not a common single
cause. At a certain proportion to the flat triangular pyramids of (BO3) the tetrahed-
ron (BOy) provides conditions for numerous diverse linking up of structural units
into chains, rings and spatial cross-linking corresponding to variously complicated
borate compounds. The most significant changes in the chemical dependence of pro-
perties are situated at the ratio Na,O : B,O3 = 1 : 5 and according to the present
author, can be explained by a change in the oxygen bond.

In glasses with a spatial network the oxygen bonds to electropositive elements
are mostly ionic in nature even when the element does not form separate ions. In the
case of crosslinked glasses we are therefore justified to consider oxygen or molybde-
num or silicon as ions and to designate them by symbols O2~, MoS+ or Si4+, as well
as to take for granted central ions of polyhedrons.

The relationship between the bond type and the chemical dependence of a pro-
perty can be better understood when one considers the following two hypothetical
rules:

(a) The bond type has its influence on the entire polyhedron, which is in agreement
with the conception suggested by Sanderson [25] in that the electronegativity of the
molecule is a geometrical mean of electronegativities of all the atoms constituting
the molecule. According to this conception, in both cross-linking and chain-linking
regions of borate glasses these co-exist in polyhedrons with a covalent bond with
polyhedrons showing an ionic bond. The property then changes continuously (in the
form of open V), as in the case of the thermal expansion coefficient, or sharply
locally, as is the case of the contact between two structures, in each of which one
bond typeis prevailing, as is e.g. the case of dielectric lossesin the system Na,0—B,0;
(the isoelectric effect type).

(b) Elements with ¥ = 6 may be donors of one oxygen only. The bond of the
other remaining oxygens is strengthened by the loss of oxygen from the co-ordinating
oxygen envelope of the cation.

In the case of the V-phenomenon, the elements situated along the two branches
were distinguished according to the degree of their ionicity and covalency. During
transtition from crosslinking to chain-linking the distribution of elements along
the two branches is changed in a mirror-like way. Elements with prevailing ionic
bonds are shifted from the “ionic” branch (I) to the ‘“covalent’ branch (IT). The
change in the bond is related to the change in the bond type of oxygen, as has been
explained in connection with borate anomalies.

The anomalies are suppressed by introduction of elements showing higher electro-
negativity X.
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Alkali metal ions are bound in binary glasses mostly by Coulombic forces. As
soon as an element with a higher .clectronegativity is introduced, more complex
formations arise and the details of the bonds are changed (in an imperceptible
manner in the case of multicomponent glasses). The equilibria between the compo-
nents depend mainly on the field strength z/«?, and on the ability of the donor to
provide oxygen. Gan Fusi [46] expresses the ability of an element as a donor by
the ratio of its electronegativity Xy to that of sodium X na.

The total capability of donors 2D in a given glass is then expressed hy the sum

D=3 [ }‘}“ .(m,;)] ; (17)
0 A—i

For Na (I), D = %(0.9 : 0.9) (m;) =1 (my), for Mg (1I), XD = (0.9 : 1.2) (m;) =

= 0.75 (m;).

The electronegativity values reported by Gordy and Orville-Thomas [26] can
be conveniently used for the respective calculations.

Introduction of elenients with a higher electronegativity thus suppresses the overall
effect of donors on anomalies, and in particular, introduction of acceptors (Al,
Ga, B) to multicomponent glasses reduces the proportion of ionic bonds, so that
those anomalies which depend on donorship or polarity of mass particles are sup-
pressed.

The overall bond energy is affected by the introduction of an element with higher
electronegativity X in dependence on the basic composition of the glass, the glass
properties being changed at the same time.

It has been proved that the length of bonds and the angles between the poly-
hedrons are changed by the entry of cations into monooxide glasses, and that the
bonding energy becomes more diverse and complex [27]. The partial molar additive
factor g;, which holds exactly only for chemically close compositions, also includes
the bond length and the angles between the polyhedrons. When this structural
characteristics are changed by changing the sum of electronegativities and by cross-
linking, this necessarily results in changes in partial molar additive factors g;; how-
ever, all substantial anomalous changes in properties are suppressed at the same
time, so that additivity can be applied while obtaining relatively small deviations
from experimental values.

Introduction of a second oxide into a monooxide glass will therefore change the
bond length as well as angles between the polyhedrons, but only when the concentra-
tion of the entering oxide has exceeded a certain threshold limit. This limit lies bet-
ween 4 to 6 mole 9, of the oxide. Various anomalies are found at this concentration
in binary glasses. This is the case of oxides of Al, Ti, Sn, Zn combined with an oxide
of a network forming element. Below the threshold concentration, alumina does
not affect the monooxide network, exhibiting solely its favourable effect on devitri-
fication. Above the threshold concentration, Al,O3 brings about a change in the pri-
mary phase and suppresses devitrification in contrast to the former case.

The present study had the aim of pointing out some more recent aspects and a new
complex approach which may bring about a revision of the existing ideas of anoma-
lies, in particular those of borate glasses, with respect to a unified method of glass
preparation and measurement aimed at reducing to a minimum the differences
in the results of measurements obtained in various laboratories.

The phenomenological chemical model based on existing tabellated data will
have to be further verified.
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SUMMARY

1. Anomalies represent deviations from ideal linear additivity.

2. Anomalies occur in binary and ternary systems, when the system contains,
apart from a network-forniing element, an oxide of a modifying element with co-ordi-
nation number ¥ = 6. Anomalies have been found in alkali systems containing
oxides of elements B, Si, P, Ge and Te.

3. Anomalies arise throughout the entire range of the glassy state.

4. Anomalies have in common a change in the “state’’ of oxygens which is ascribed
to a change in the bond type from the ionic to a covalent one.

5. Anomalies are classified systematically into the following 5 groups:

(1) the bond type at the point of contact between compositions differring in the
“state’” of oxygen (anomaly of alkali borates, phosphate glasses and invert glasses);

(2) the phase type related to invariant points in phase diagrams (the course of
viscosity of glassy alkali borates, the anomaly of tellurate glasses);

(3) the co-ordination type related to a change in the co-ordination number. The
anomalous changes arise in particular in connection with properties related to geo-
metrical arrangement of mass particles. It has been established in alkali-alumina-silica
glasses and in germanate glasses;

(4) the cross-linking type related to the number of bridging oxygens in the poly-
hedron (inversion change in chemical resistance with silicate glasses);

(5) the type of combined isovalent ions (changes in resistivity and chemical
resistance).

6. Distinct changes in properties arise when a cross-linked polymer is transformed
to a chain-linked one. The change isrevealed by inversion of the thermal expansion
coefficient.

7. The course of activation energy usually differs from that of the chemical de-
pendence of the respective property.

8. Anomalies are suppressed by the entry into the system of an element with
a high electronegativity.
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KYSLIKOVE ANOMALIE OXIDOVYCH SKEL, GAST III
Milo$ Bohuslav Volf
Sklo UNION k. p. Sklarny Kavalier, Sdzave

V germaniditanovych sklech probihaji anomélnd geometrické vlastnosti (hustota, index
lomu, déle aktivaéni energie elektrické vodivosti, koeficient teplotni rostaznosti a poéet kyslika
na 1 cm3 skla).

U telluriéitanovych skel probihaji anoméln$ entropie viskozniho toku, teplotni roztaznost
a dielektrické ztraty. Objemové charakteristiky se ohybov$ m&ni p#i 10 mol. % Na:0. Zm&na
je priéitdna prechodu telluriditanti na polytelluriéitany.

1. Anomélie pfedstavuji odchylky od ideélni linedrni aditivity.

2. Anomélie se vyskytuji v bindrnich a ternérnich systémech, obsahuje-li systém vedle oxidu
sitotvorného prvku oxid prvku modifikujiciho, s koordinaénim éislem y = 6. Anomélie byly
nalezeny u alkalickych systému s oxidem prvku B, Si, P, Ge a Te.

3. Anomaélie se vyskytuji v celém rozsahu skelného stavu.

4. Spoleéné anoméliim je zména ,,stavu‘ kysliki, kterou pfisuzujeme zméng typu vazby z iontové
na kovalentni.

0. Anomaélie se systematicky tiidi do 5 skupin:

(1) typ vazebny na styku sloZeni lisicich se ,,stavem‘‘ kysliku (anomélie alkalickych boritani,

fosfore¢nanovych skel a skel invertnich);

(2) typ fazovy vztaZzeny k invariantnim bodim ve fézovych diagramech (prub&h viskosity
u skelnych alkalickych boritant, anomélie telluriéitanovych skel);

(3) typ koordinaéni souvisejici se zménou koordinaéniho éisla. Anomélni zmény se projevuji
zejména u vlastnosti, souvisejicich s geometrickym uspoi'ddénim hmotovych &ééstic. Byl
nalezen u skel alkalicko-hlinito-kiemiéitych a u skel germaniéitanovych;

(4) typ zesiténi vztaZzeny k poétu mustkovych kyslikt v polyedru (inverzni zména chemické
odolnosti u kiemiditanovych skel);

(6) typ kombinovanych stejnomocenych iontii (zmény mérného odporu a chemické odolnosti).

6. K vyraznym zméndm vlastnosti dochézi pii piechodu ze zesiténého polymeru na polymer
zietdzeny. Zména se projevi v inverzi koeficientu teplotni roztaznosti.

7. Aktivaéni energie nemivaji stejny prub&h jako chemické zdvislost piislusné vlastnosti.

8. Vstupem oxid prvku s vysokou elektronegativitou se anomélie potladéuji.

Obr. 1. Objemové charakteristiky (0.10-2, V., Vi, R, Ro) v systému Na,0—GeO,.
Obr. 2. Chemickd zdavislost viastnosti v systému Na,0—GeO, (H, o, Ha, d, np).
Obr. 3. Obyemové charakteristiky v systému Na;O—TeO, (V, Ru, Ro). ;. s
Obr. 4. Chemickad zdvislost vlastnosti v systému Na,0—TeO, [10] (d, nD, ‘e, tang 8).
Obr. 5. Chemickd zdvislost vlastnosti v systému Na,0—TeO, [10] (e, ASy, tiogss Ha)
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M. B. Volf:

RUCIHOPOIOHBIE AHOMAJHUHN ORCHUIOHLIX CTEROJ TII
Muaom Borycnan Boirsd)

Crao YHHOH, rony. npednp. Craapior Ifagaauep, Casaca

B repMamaTibIX CTERJAX MPOTCRAIOT ANOMAJILHO CBOMCTBA (INIOTHOCTDL, HOKABATCHL HpeC-
JOMJICHIIST), JJICE DHEPINSL AKTHBAIUUL JICKTPOIPOBOJUIOCTI, KOIPHIIEHT TCPMUUCCROI0
pacumpeHHs I KOJHUeCTBO KUCJI0POjIoB Ha 1 ¢M3 cTerJa. Mamexene T'COMCTPHYUCCIIX CBOIHCTH
BBIBBIBACTCS II3MellenineM Koopjuaigionnoro uneia Ge (IV)c y =4 na y = 6.

Y TeIyPHUTHLIX CTEKOI IIPOTEKAIOT AHOMAJILHO DHTPOIIIA BABKOIO Teuellis, Kodiiiens
TCPMIUECKOI0 pacIlipPeHIs I JUIdJIeKTpuueckue morepi. O0neMHBle XapaKTepICTHRI H3IM-
Oom mamensniorea npi 10 moi. % NazO. Mamenenie Boi3niBacTcst 116PEXO0JIOM TEIIYPHTOB
B 110JIHT@INIY PUTLL.

AIOMAIIHI NPEeJCTABIAIOT COOO0H OTKIONCHIS OT IJiealILHOI JHIHeIinoll ajiiTHBIOCTIL
2. AIOMAJIMH BCTPEYAIOTCs B OMHAPHBIX M TEPHAPHLIX CHCTEMAX, KOIj(a B INIX COACPIKHTCS

KpoMe OKIIcJIa CprI\TypllpyIOUIelO aJIeMeIITa ORHCEI MOJ{II(I)III[IlpyIOlllelO 9JICMCHTA C KO-

OPJUHIAIUIOMIILIM UNCJIOM y = 6. AHOMAIMI OBIIH HaICHBI Y MEJIOUHLIX CHCTEM ¢ OKHCIOM

saementa B, Si, P, Ge un Te.

3. AnoMain BeTpevyaloTesl B OOLIIX IipejelaX CTeKJI000pasuoro cOCTOSINL

4. OOIUIM NPH3HAKOM aHOMAJHIi SIBJISICTCSH H3MEHEHIe ,,COCTOSIHIA' KICIO0POJOB, BLI3LIBAC-
MOE II3MEHEHHEeM THIIA HOHHOI CBSI3I B KOBAJICHTHYIO CBSI3D.

5. AHOMAJII CHCTCMATHYECKII 110jlPA3JIENSAIOT B O I'PYIIL:

(1) cBsi3pIBalOLINIT THII HA Jipejieste cocrasa, OTIIMYAIONIIICS ,,COCTOSANIEM KIICJIopoja‘

(amomaimr HEeAouNpIX GopaTos, (I)OC(I)Z\TIILI\ CTEKOJI M llIIBCpTlIIJ\' CTCROII);

2) asoBolii TINT COOTHOCAMIICH ¢ HHBADHAHTHLIMII TOUKAMH B ()a30BBIX jiHarpaMMax
(X0 BABKOCTI Yy CTEKIOOOPA3HLIX LIEJIOMHBIX OOpATOB, AIOMAJIIH TEJIYPHTHLIX
CTEROJI);

KOOPJHIIAINONIGIT THII, CBS3AHILIL ¢ I3MCHEIIICM KOOD/UMIHAIIONIIOrO uMcia. AHO-

MQJLLHBIC H3MCICHIISL IPOSIBISIOTCS IIMCHIIO Y CBOIICTB, CBASAHILIX C I'COMETPIICCKIIM

YHOPSLOYCHICM MAaccOBLX dacTHIl. Omn Onur HaiijieH y IIeI0UI0asioMO-CHIHRATIBIX

H I'CPMAHATHHIX CTCKOI;

(4) T CTPYKTYpPUPOBAHIS, COOTHOCAIIMIICA € KOJIYECTBOM KIICIOPOMILIX MOCTHKOB
B IOJMJpe (HHBEPCHONIIOE I3MEHEHHE B XHMHYECKOI YCTOHUIIBOCTH Y CHJIMKATHLIX
CTEKOI);

(5) THT KOMOMHHPOBAHINX H30BAJICHTILIX HONOB (IBMCHEHHST Y/IGULIIOT0 CONPOTHBICHILI
I XHMIYECKOI YCTOHUIIBOCTII).

Pesxiie naMenennisi CBOICTB HACTYNAIOT IIPH IIlepPeXojie 13 CIIITOTOo IoJliMepa B Heleodpas-

HBH rodMep. [I3MEREHIIC NPOSBIAETCA B HIBEpCiM KO3((IIICHTA TEMIIepaTypHOIo

PAaCIIHPCHIIL

7. OHeprum AKTHBAIINI HE IIMEIOT, KAk IPaBMJIO, XOJ, COBIAJAIONIIT ¢ XOJIOM XIIMIIUCCKOI
3aBICHMOCTH COOTBETCTBYIOLETO cBOIicTBA.

8. IIpHCYTCTBHEM OKICHOB 2JEMENTOB ¢ BLICOKOH DJICKTPOOTPHIATENLIIOCTLIO alloMaJIHil
110/{a BJISIIOTC L.

—
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Puc. 1. O6wenmnvie waparmepucmurw (0. 1072, Vi, Vi, Ry, Ro) 6 cucmeme Na;O—GeOa.
Puc. 2. Xunuueckasn sacucumocmyu ceolicm ¢ cucmeme Na,0—GeO, (H, o, Ea, d, np).

Puc. 3. O6wvemnvie xaparmepucmuru ¢ cucmese Na,0—TeO, (Vy, Rar, Ro).

Puc. 4. Xununeckaa zagucusmocmu ceolicms ¢ cucmese Na,0—TeO; [10] (d, np, & tang d).
Puc. 5. Xunnuecras sacucustocmy ceoticme ¢ cucmese Na,0—"1e0; [10] (a, A 89, tiog s, La).
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