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Anomalous courses oj properties are exhibitecl by ge1·manate glasses (clensity, 
1·efractive inclex, ctctivcttion energy oj elect1·ical concliwtivity, thermal expa,nsion 
coejjicient, ctncl the nimiber oj oxygen atoms per 1 cm3 .oj r1lass), 

Tellurate glasses show anomaloits courses oj entropy oj viscous flow, oj thermal 
expansion ancl clielectric losses, These changes are ctscribecl to inve1·sion oj 
rnllurates to polytellurates. 

A cliscussion is presentecl oj the systems oj ctnomalies involving a clw.nge 
in the "state" oj oxygen atoms. The effect oj combinecl ions is consiclerecl as one 
oj conjunction oj isovalent cations which is not primarily 1·elatecl to oxygen 
ctnomaly. 

The anomalies ctre suppressecl by introcluction oj elements showing a high 
electronegcttivity. 

ANOMALIES OF GERMANATE GLASSES 

Anomalies in the system Na2O-GeO2 and K2O-GeO2 have been described by 
Evstropev and Ivanov [l]. 

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 forma! valency. 
However, in its crystalline compounds it is capable of existing with two co-ordination 
numbers as (4lGeIV and (6)QeIV. 

From the binary system Na2O-B2O3 , glasses Na2O-GeO2 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 Na2O-GeO2 and K2O-GeO2 ( Fig 2). 

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

E1 2 Na2O. 9 GeO2 + GeO2 

O 2 Na2O. 9 GeO2 

E2 Na2O. GeO2 + 2 Na2O. 9 GeO2 
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Fig. 1. Volume characteristics (O.10-2, VM, Vi , RM, R0) in the system N¾O-GeO2, 
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In spite of a la,rgel' number of invariant points, the phasc diagram of the system 
K2O-GeO2 has a similar course (3]. 

The top boundary of the glassy state lies between 35 to 40 mole % Na2O [4] close 
to eutectic E2 • 

The vol ume characteristics ( V1 , RM, R0) are plotted in Fig. 1. 
The changes in properties and volume characteristics are located in the regions 

of 6, 10 and 16 mole % Na2O (Fig. 2). 
At 6 mole % Na2O there are the minima of R11 and R0 . They are situated in the 

region of eutectic E 1. Close by (at 7 to 8 mole % Na2O) there is the maximurn of 
activation energy Ea of electrical conductivity. The chernical dependence of Ea 
lms 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 f 1 occurs at 10 mole % Na2O. It appeal's to represent a boun
dary beyond which M(I) take up energetically advantageous positions in the net-
work. 

·-. 

The thermal exp_ansion coefficient o:: increases continuously with increasing 
Na2O content, showing a rnild peak at 10 mole % Na2O. 

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 distinct region of changes characteristic of binary germanate glasses 
lies in the region of 16 mole % Na2O and its position approximately corresponds 
to the compound O 2 Na2O . 9 GeO2 . The respective changes are as follows: max:ima
density (5], refractive index [5], moduls of elasticity in tension (8], microhardness [8] 
and the number of oxygens per 1 cm3 of glass; minimum - molar volume V i\I 

(5]. 
The maxima are situated approximately where the oxygen attains the highest 

concentration per cm3, which agrees with minimum V1 , i.e. the minimum of volume 
per 1 gramatom of oxygen. 

The anornalies of binary alkali-gerrnanate 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 (GeO6) increases continuously with 
increasing content of monovalent metal oxides, similarly to the case of (BO4), aud 
that it attains a maximum (about 30%) between 20 and 30 mole % Na2O. On the 
other hand, the anornalies of germanate glasses are concentrated at 16 mole % Na2O, 
i.e. approximately at the ratio 1 : 5 where oxygen attains its maximum concentration
per cm3 and where V1 attains a minimum. This fact sheds certain doubts on the
explicit explanation that the anomalies of germanate glasses are dne solely to a change
in the co-ordination nwnber. On the basis of an ESR study, Mylkin and Skalnenko (30]
assume that in the case of pentagern1anate, the minimum V 1 and the ox:ygen packing
maximum are related to a reduced number of defects in the ox:ygen network.

In the system K2O-GeO2 the anomalies have a course similar to those in the 
system Na2O-GeO2, e:x:cept that the density and refractive index maxima are shifted 
to a lower M2O content which is in agreement with the shift of invariant points 
in the phase diagram. 

No inverse changes in properties have been established in the system B2O3-GeO2 

[4]. This is obviously due to the fact that in a binary system of oxides of two 

100 Silikáty č. 2, 1981 



Oxygen A noinctlies oj Oxide Glasses 

network-fonning elements there are no conditions for a change in y resulting frorn 
the absence of ox:ygen donors. Toropo v [3] does not specify any phase diagram of 
the system B2O3-GeO2 . 

ANOMALIES 011' TELLURATE GLASSES 

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

TeO2 alone does not form any glass. However, it forms binary glasses with oxides 
of elements having oxidation numbers of (I) to (VI). Their su_rvey 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 
telluriurn, X = 2.1. The potential glass-forming ability of TeO2 is also indicated 
to by its relatively low rnelting 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 SiO2 where it amounts to 
443.8 kJ Av.,..1 it is only 284.7 kJ Av-1, i.e. lower 1.5 times) and does not indicate 
to any glass-forming ability of TeO2 . Ihtroduction of M2O strongly reduces the 
melting point of TeO2 , e.g. from 732 °C for TeO2 down to 413 °C for the eutectic 
Na2O. 4 TeO2 + Na2O. 2 TeO2 , which is favourable for creating the glassy phase. 

In the TeO2 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 (TeO4) with various Te-O distances, and the 2 
further oxygens are šituated asymn1.etrically at a greater distance apart [59]. This 
tetragonal pyramid niay 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 (TeO4). 

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 (TeO4) tetrahedrons are destroyed by the intro
duction of alkali metal oxide with the resulting ch�nge in constitution [IO] 

2 TeO4;2 + Na 2O ---,. 2 [TeO3;2O-] Na+. 

The change takes place in the region of Na2O. 4 TeO2 . 
The invariant points in the system Na2O-TeO2 are listed in Tahle I. 

'l'able I 
Invaria,nt points in the system Na2O-TeO2 [IO] 

No. Phase t, °C 
Na2O TeOl 

mole% --

1 TeO2 + Na2O. 4 TeO2 E1 458 16.7 83.3 
2 Na2O. 4 TeO2 01 470 20 80 
3 Na2O. 4 TeO2 +

+ Na2O . 2 TeO2 E2 413 28 72 
4 Na2O. 2 TeO2 02 435 33.3 66.7 
5 Na2O . 2 TeO2 +

+ Na,O. TeO, E3 420 38 62 
6 Na2O. TeO2 03 710 50 50 
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The glassforming ability in the binary system Na2O-TeO2 begins at 10 mole % 
Na2O. The volume characteristics V1 , RM and R0 likewise undergo a sudden ehange 
at this concentration (Fig. 3). Beyond thiil deflection, however, the volume charnc-
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Fig. 3. Volume characteristics in the system Na20-Te02 (V1, RM, R0). 
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teristics are not affected by fUťther increase of the Na2O 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 obviot1sly of a chemical nature and is not related 
to the phase diagram. Na2O combines with TeO2 producing tellurates and polytellu
rates. The significant study by Chatshaturian [22] showed that whereas tellUťates 
oxidate readily, polytellUťates are resistan_t to oxidation. The packing of oxygens 
and the volume characteristics unc1ergo no distinct changes as soon as the glassy 
polytellUťates have formed. 

The changes in properties take place at the eutectic TeO2 + Na2O . 4 TeO2 and 
at the compound Na2O .  4 TeO2 (Fig. 4.5). 

In the eutectic region (16.7 mole% Na2O) there arise an unexpected minimum of 
entropy of the viscous fl.ow, a minimum of tan o and a minimum of the pre-exponen
tial term A in the Arrhenius equation for temperat11re dependence of log {!• 

Between 16 and 20 mole % Na2O there is a distinct minimum oť the thermal 
expansion coefficient. The course of V1 is somewhat disturbed at this point. The 
position corresponds to the compound Na2O. 4 TeO2 in the phase diagram. 

The course of the thermal expansion coefficient in terms of composition is similar 
to that of the binary system Na2O-B2O3 . The author agrees with Jachkind [10] 
that the anomaly oť a is due to the transition oť [TeO412] to [TeO312O-] mentioned
above. 

Group A

exhibits more covalent bonds whereas group B

[TeO3 -OJ-Na+ has more ionic bonds. 

Group A is of mostly non-polar character, group B being markedly polar. Similarly 
to the system Na2O-B2O3 , also in the system Na2O-TeO2 in the region of polar 
grnups 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 
Na2O .  4 TeO2 + Na2O .  2 TeO2 at 30 mole % Na2O. 

A similar course is exhibited by the properties of glasses in the system Cs2O-TeO2, 
the phase diagram of which is similar to that of the system Na2O-TeO2 [ 10]. 

There arise no anomalies in the system Li2O-TeO2 . The single eutectic in this 
system is not refl.ected in any change of properties. This is attr-ibuted to the fact that 
(4JLi1 is a poor donor of oxygen as a rasult of small ri and a Iow 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 fonnulate 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
orclination number y is equal to, or larger than 6. 

The anomalies are distributecl throughout the entire range of the glassy state 
and concem both geometrical and activat_ed properties. 

The anornalous 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 volurne 
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 rnanner, e.g. tan c5 with Na2O-B2O3• 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 structllťe to a chainlinked one. This type like
wise includes property anomalies connected with separation into immiscible phases. 

Type II phase anom111ies 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 centrns of phase fields. Forma ti on 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. Na2O-GeO2 and K2O-GeO2) 
there occur sirnilar 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-ordinat ion anomaly is related to the number of oxygens and 
to their distribution around the central ion. The change in co-ordination number 
brings abont in particular a change in the geometrical properties. For example, in 
alkali-alumina-silica glasses, the geometrical properties change in relation with thc 
established change in co-ordination number. A similar course of chemical dependence 
arises with alkali-germanate glasses. The dua! co-ordination of boron does not 
bring about any anomalies in glassy alkali borates. Only shallow deflections are found 
in the case of d ancl nn. This may be due to the masking effect of structural units 
(BO3) on the (BO4) ones, or due to the continuous growth in the number of (BO4) 

units showing no abrupt changes at certain compositions, or rather due to the fact 
that during transition from ý = 3 to y = 4, both structural units retain their poly
merizing ability, while transition from y = 4 to y = 6 1'esults in depolymeration 
revealed by a clistinct change in the course of the property. fo 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 proveď. 

Type  IV cha i n-l inking 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 Y has been demonstrated on permittivity [16], on resis
tivity [19] and on chemical resistance [20]. 
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Type V ec i-anomaly (the  effect of com bined ions) arises even in multieo111-
ponent systems. This distinct 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 Isar'd [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 oť monovalent elemcnts inde
pendently of the anionic component (in silicate, borate, phosphate, alumosilicate, 
germanate, tellurate glasses, in ionic crystals, in glass-cerarnics). It is therefore 
of a general nature. 

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

3. In oxide glasses the effect appears only above a certain concentration limit
of alkali metal oxides (4 to 12 mole % M2O according to the system). This boundary 
agrees topologically with the minima of the voht:110 characteristics. 

4. The vol ume characteristics are not brought to extrnme values by combinations
oť alkali rnetals, so that no geornetrical changes, no nctwork reconstructions and 
no network densification takes place. The geometrical properties likewise remain 
unchanged. 

5. Free energy oť the system clecreases as a result of the eci effect.
6. The eci effect strongly suppresses cliffusion oť alkali metal ions. This is relatecl

to a distinct increase in resistivity by several orders of magnitude, and an improve
ment oť chemical resistance. The changes in a and tan ó are less distinct. 

7. The eci effect occurs hoth below and above tg.
8. The eci effeet is followed by a rnarked new peak in the case of internal ťriction.

Similar peaks have been found by Doremus [24] in the case of glasses containing 
hydrogen bonds. As it has been proveď that H+ may forin with M+ phenomena si
milar to the eci effect, it is not ruled out that the new large peak is just au effect 
of the combined ions, sirnilar to the combination of equivalent J.tl+ - 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 conjugatecl into a new formation (A++ 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 unlmown 
and are frequently ex:plained by wave mechanics resonancy. However, study of 
these bonds is extremely difficult and it woulcl be premature to consider them as 
an e:x:plicit cause of the eci effect. The existing lrnowledge of the eci effect seems 
rather to justify the assumption that the eci anomaly does not belong among ex:pli
citly oxygen anomalies and that it should be generally designatecl as an effect of 
conjunction ťrom the point of view of phenomenology. 

Each 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 
(III) and Te (IV) and for invert glasses.

Among the geometrical properties, distinct anomalies are e:x:hibited by density,
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refractive index and V1 with alkali-alumina-silica glasses and with alkali-germanate 
glasses. These anornalies are linked up to changes in permittivity, the Poisson's 
ratio and the moduli of elasticity. However, the number of measurements performed 
has so far been inadequate. 

Viscosity, with respect to constant B in the VFT equati�n for Na20-B203, 

shows maxima at invariant points of compositions 1 : 3 and 1 : 4, and minima at re
lative compositions where E,

1 
is small and !J.S,

1 
is high. 

Electrical conductivity (log e and Ea) does not show any sharp local changes. 
However, the sequence of partial molar additive factors for 111 (II) changes with 
changing Y. ln all the systerns involved, 111 (I) maintain their ability to transmit 
electric current even in the course of changes in co-ordination, even when thc type 
of bonds is changed or when the co-ordination oxygen is transferred from the donor 
to the acceptor. 

The amonalous changes in the individua! systems have not a comrnon single 
cause. At a certain proportion to the fiat triangular pyramids of (B03) the tetrahecl
ron (B04) provides conditions for numerous diverse linking up of structural units 
into chains, rings and spatial cross-linking corresponding to variously cornplicated 
borate compounds. The most significant changes in the chemical dependence of pro
perties are situated at the ratio Na2O : B2O3 = 1 : 5 and accoi·ding 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 crosslinkecl glasses we are therefore justified to consider oxygen or molybde
mnn or silicon as ions and to designate them by symbols oz-, Mo6+ or Si4+, as well 
as to take for grnnted centra! 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 type is prevailing, as is e.g. the case of dielectric losses in the system N a20-B203 

(the isoelectric effect type). 
(b) Elements with y ;;;; 6 may be donors of one oxygen only. The bond of the

other remaining oxygens is strengthened by the Ioss 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-Iinking the distribution of elements along 
the two branches is changed in a mirror-like way. E!ements with prevailing ionic 
bonds are shifted from the "ionic" branch (I) to the "covalent" branch (II). 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 .electronegativity is introduced, more complex
formations arise and the details of the bonds are changed (in an imperceptible
rnanner in the case of multicomponent glasses). The equilibria between the compo
nents clepend mainly on the fi.eld strength z/a2

, and on the ability of the donor to
prpvide oxygen. Gan Fusi [ 46] expresses the ability of an element as a donor by
the ratio of its electronegativity XM to that of soclium XNa• 

The total capability oť clonors í:,D in a given glass is then expressed by the sum

[ XNa ]�D = "i:, -y;- . (mt) (17) 

For Na (I), í:,D = "i:,(0.9 : 0.9) (mt) = 1 (m.t), for Mg (II), í:,D = (0.9 : 1.2) (mt) =
= 0.75 (mt)-

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

Introduction of elements with a higher electronegativity thus suppresses the overall
effect of clonors on anomalies, and in particular, introduction of acceptors (AI,
Ga, B) to multicomponent glasses reduces the proportion of ionic bonds, so that
those anomalies which clepend on clonorship or polarity of mass particles are sup
pressed. 

The overall bond energy is affected by the introcluction of an element with higher
electronegativity X in dependence on the basic composition of the glass, the glass
properties being changecl 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
ťactor fit, which holds exactly only for chemically close compositions, also includes
the bond Iength 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 ťactors g,; how
ever, all substantial anomalous changes in properties are suppressed at the same
tirne, so that additivity can be applied while obtaining relatively small deviations
from experimental values. 

Introduction oť 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 oť the entering oxide has exceeded a certain threshold limit. This limit lies bet
ween 4 to 6 mole % 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 concehtration, alumina does
not affect the monooxide network, exhibiting solely its favourable effect on devitri
fication. Above the threshold concentration, A]zO3 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 ex:isting tabellated data will
have to be further verifi.ed. 
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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 r. network-forming element, an oxide of a rnodifying element with co-orcH
nation number y :?;; 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 whieh is ascribed

to a change in the bond type from the ionie 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 diffel'l'ing in the

"state" of oxygen (anomaly of alkali borates, phosphate glasses and invert glasses); 
(2) the phase type related to invariant points in phase diagrarns (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 is revealed by inversion of the thermal expansion 
coefficient. 

7. The course of activation energy usually differs from that oť 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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KYSLIKOVÉ AN OMÁLIE OXID OVÝCH SKEL, ÓÁST III 

Miloš Bohuslav Volf 

Sklo UNION k.p. Sklárny lútvaliei·, Sázavn 

V germaničitanových sklech probíhají anomálně geometrické vlastnosti (hustota, index 
lomu, dále aktivační energie elektrické vodivosti, koeficient teplotní roztažnosti a počet kyslíkú 
na l cm3 skla). 

U telluričitanových skel probíhají anomálně entropie viskozního toku, teplotní roztažnost 
a dielektrické ztráty. Objemové charakteristiky se ohybově mění pr-i IO mol. % Na2O. Změna 
je pr-ičítána pfochodu tellw·ičitanú na polytelluričitany. 
I. Anomálie pfodstavují odchylky od ideální lineární aditivity. 
2. Anomálie se vyskytují v binárních a ternámích systémech, obsahuje-li systém vedle oxidu 

síťotvomého prvku oxid prvku modifikujícího, s koordinačním číslem y � 6. Anomálie byly
nalezeny u alkalických systémú s oxidem prvku B, Si, P, Ge a Te.

3. Anomálie se vyskytují v celém rozsahu skelného stavu.
4. Společné anomáliím je změna „stavu" kyslíkú, kterou pí·isuzujeme změně typu vazby z iontové

na kovalentní. 
ó. Anomálie se systematicky tl'.-ídí do 5 skupin: 

(l) typ vazebný na styku složení lišících se „stavem" kyslíku (anomálie alkalických boritanú,
fosforečnanových skel a skel invertních);

(2) typ fázový vztažený k invariantním bodúm ve fázových diagramech (prúběh viskosity
u skelných alkalických boritanú, anomálie telluričitanových skel);

(3) typ koordinační související se změnou koordinačního čísla. Anomální změny se projevují
zejména u vlastností, souvisejících s geometrickým uspoí·ádáním hmotových částic. Byl
nalezen u skel alkalicko-hlinito-křemičitých a u skel germaničitanových; 

(4) typ zesítění vztažený k počtu mústkových kyslíkú v polyeclru (inverzní změna chemické
odolnosti u křemičitanových skel);

(5) typ kombinovaných stejnoroocných iontú (změny měrného odporu a chemické odolnosti).
6. K výrazným změnám vlastností dochází pÍ'i přechodu ze zesítěného polymeru na polymer

zfotězený. Změna se projeví v inverzi koeficientu teplotní roztažnosti. 
7. Aktivační energie nemívají stejný prúběh jako chemická závislost pHslušné vlastnosti.
8. Vstupem oxidú prvkú s vysokou elektronegativitou se anomálie potlačují.

Obr. 1. Objemové charakteristiky (O.10-2• VM, V1, RM, Ro) v systému Na2O-GeO2• 
Obr. 2. Chemická závislost vlastností v systému NaiO-GeO2 (H, ct, Ea., d, nn). 
Obr. 3. Objemové charakteristiky v systému NaiO-TeO2 (V1, RM, Ro)- i,, i 
Obr. 4. Cheinická závislost vlastností v systému NaiO-TeO2 [10] (d, nn, e, tang ó). 
Obr. 5. Chemická závislo8t vlastností v systému Na2O-TeO2 (10] (ct, !:,.S'f/, t10g 8, Ea),
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H 11 C Jl O P O JJ: H bIE A H O M A JI 11 11 O I{ C 11 JJ: H hl X C T E I{ O JI I II 

i\hmom BorycJJaD Ilom,cp 

C1,.ao VHPIOH, 1,:om1. npefJnp. C1,.aap1tbi Haaa.aucp, Caaaaa 

B repMaHaTHJ,IX CTermax rrpoTeI(UIOT HHOMUJII,HO CDOJ1CTDU (nJJOTHOCTb, l10J(U3UTOJ!h npo
J!OMJJemrn), i:1aJ1ee :rnepr1111 ai,T11na11111-1 :rnernporrpono11rrocTH, HO::Hl><I)JI L\110HT TOpM111rnc1wrn 
pacurnpemrn ll I{OJIJl1JeCTDO JUICJJOpOJ(OB Ha 1 CM 3 CT0HJJU. l13M0HOHll0 reOM0TPH'IOCIUJX CBOHC'l'R 
Dh13hlBU0'l'CII H3M0H0Hl10M IWOpJ:(llHUl\IIOHHOl'O lJHCJJU Ge (1\1) C y = 4 HU y = 6. 

Y T0JJJJYPHTHhlX CTOHOJJ rrp0'1'0HUIO'l' UIIOMHJlbIIO SII'l'pomrn BH3HOro T0 1JeHJ11I, HOS(pcpHIIHOH'l' 
rnpiuPJeCIWro pacIImpemrn H ):(JrnJJeHTPH'JeCIUIO IIOTepll. 06'!,eMilb!O xaptrnTepHCTHHH H3rII-
6oM l13M0HHIOTC/I npH 10 MOJI. % N a20. l13M0Henne Dhl3h!BU0TCH rrepexOJJ;OM T0JJJIYPHTOD 
B rrom1TeJJJ1ypHTb!. 
1. AHOMUJJHH npeJJ;CTaBJJ/IIOT co6ofr OTimOH0HHl1 01' HAOUJibHOfr mrneií:noM UAJIIITHBHOCTH. 
2. AHOMUJI11ll DCTpe1JaIO'l'Cll n 6J.mapHhlX 1-1 rnprrapHhlX CllCTeMUX, I{O_J'JlH n HIIX COJJ;epnmTCH 

HpOMe OIUICJJU CTPYHTypHpyro�ero SJJOM0H'l'U mrnceJI MOAmJm:I\IIPYIOJJ.\01'0 SJieMenTa C HO
opAHHUI_\HOHHh!M 11!1CJJOM y � 6. AHOMUJlIUI 61,mn HUŘA0HI,I y Il\OJl01JHl,IX CHCT0M C OHHCJIOM 
a.rreMeHTa B, Si, P, Ge H Te. 

3. AHOMUJJHH BCTPC'Ja !OTCII D o6�IIX npe)leJJax CTermoo6pa3HOJ'O COCTOHHJUI. 
lt. 06�HM npH3HUHOM anoMaJJiJM /lBJJll0TCII 113MenerrHe „COCTOIIIIHH" IUICJ!OpOJIOD, DbJ3hlBUe

MOe H3MenenneM Tima HOHHOH CDH311 B 1rnnaJ1enTHy10 CBII3I,. 
5. AHOMUJJHH CHCTCMUTlllJOCIUI IIOJ.(pU3JJ;0J1/IIOT B 5 rpyrrrr: 

('J) CB/I3blIIUIO�Hií TrlII na rrpeJ].eJJe COCTana, OTJII1'Ja!Oll\IIHCII „COCTOIIHH0M HHCJJOPOJIU" 
(aHOMUJJHFI 11(0Jl01JHhTX 6opaTOB, cpoccpa'l'Hb!X CTeHOJJ li HHBepTnr,rx CTeIWJJ); 

(2) clJU30BbIH TUH co0Tnoc1Irr�uiicn c nnnapmrnTHbIMH TO'IIWMFI n q>a3onr,rx JIHarpaMMax 
(XOA BII31WCTl1 y C'l'eimoo6pa3HI,!X �eJ1o•rnr,1x 6opaTOB, UHOMUJIHl1 T0JJJJYPHTHT,JX 
CT0IWJr); 

(3) IWOpJJ;HHU!llfOHHhTH THIJ, CBII38HHl,JÍI C H3M0H0HHeM rwoprvrnau;HOHHOro 'HICJJU. Ano
MaJ1r,n1,re I13M0H0HHH rrpOIIBJJ/IIOTCII HM0HHO y CBOHCTB, CBll3URHb!X C reoMeTpHlJOCHHM 
yrrop11,�0lJ0HH0M MUCCOBI,JX lJUCTHII. OH 6r,m HUHJWn y ll\0JJOlJHOUJIIOMO-CHmmaTHhlX 
JI repirnnaTilhTX CTeIWII; 

(4) TIIII CTPYHTypHponamIH, COOTHOC/Ill(HHCII C lWJIHlJ0CTBOM J{HCJJOPOJIHI,JX MOCTHI{OB 
D IIOJJHS)lpe (nrrnepcHOHHOe H3Menenne B XHMH'JeCHOH ycTOH1Jl1BOCTH y cnmmaTHh!X 
CTOHOJJ); 

(5) THil HOM6unnponanHh!X FI30BaJJenTHblX lIOHOB (H3Menenn11 YA0JlbHOro corrpoTMBJ10HI11I 
li XHMH'leCIWH ycTOHlJHBOCTH). 

6. Pe3IUI0 H3MeneHHII CBOHCTB HUCTyIIaIQT npn rrepexo)le 113 ClllHTOrO IIOJJHMepa B n;erreo6pa3-
Hhlli ITOJU!Mep. M3MeRerrne npo1IBJJ/I0TCII D llHBepetm HOacpcpHl\110llTU TeMnepaTypnoro 
pac!llnpemrn. 

7. 811epr11n aI{THB8I\HFI ne HM0IOT, HUJ{ npamrno, XO;II, COBIIUJJ;UIOll\11H C XO)lOM XHMH'I0CHOJ1 
8UBI1CHMOCTH C00'.l'B0TCTBYIO�ero CBOŘCTBU. 

8. Ilp11cyTCTBH0M OIUICJIOB SJl0M0HTOB C BbICOI{OH :)JJOHTpOOTpuu;aTeJJbHOCTbIO aHOMamm 
ITO)lUBJJ/IIOTCII. 

Puc. 1. 06'be,1mbie xapa1;mepucmwm (O. 10-2, VM, V,, RM, Ro) 6 cucmeMe Na20-Ge02. 
Puc. 2. Xu,mt-iiec,.a.si aaaucu.,1iocmb caoiícmii a cucmeMe Na20-Ge02 '(H, a, Ea, d, nn). 
Puc. 3. 06'be,1tHbie xapamnepuc11ut1,u a cucme..i-ie N a20-Te02 ( V1, RM, Ro). 
Puc. 4. Xu,1-m1iec1;a.11, aaaucu.,iwcmb caoiícma e cucme,11,e Na20-Te02 ['10] (d, nn , s, tang 8).
Puc. 5. Xu,1m·•iec1w.si aaeucu,1iocmb ceoiícme e cucme,1ie Na20-Te02 [10] (a, 6. S17, tiog 8, Ea). 
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