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Electron paramagnetic resonance (EPR) and magnetic susceptibility measurements are
performed on xM O, [{100-x)[ 70TeO,25B,03BPb0] glasses with MO, = Cr,0; (0 < x <20
mol %), Fe,O3 (0 < x <20 mol %), MnO (0 < x <40 moal %) or CuO (0 < x <40 moal %). The
EPR absorption spectra due to paramagnetic ions (Cr*, Fe**, Mn* and Cu®) in vitreous
matrix revealed the structura details of the diamagnetic host, the coordination, distribution
and vaence states of the paramagnetic ions, the EPR parameters being sensitive to the loca
symmetry, the character of the chemical bonds, as well as to structural factors. EPR and
magnetic susceptibility data have shown that the magnetic ions are present in the glasses as
isolated species, coupled by dipole-dipole and negative superexchange interactions. The
strength of interaction that involves magnetic ions was determined as a function of
concentration and the valence states of magnetic-active ions were revealed. The particular
behaviour of the transition metal ions in the glassy matrix depends on the nature and
concentration of the paramagnetic ions.

(Received July 22, 2002; accepted March 12, 2003)

Keywords: TeO, based glass, ESR, Magnetic susceptibility

1. Introduction

Dueto certain features of the behaviour of TeO, as glass-former and the interesting properti es
of telurite glasses having a number of technica applications, the structural study of these vitreous
matrices is imposed as very useful. Telurite glasses are known as high-index optical glasses having a
considerable infrared transmission [1]. They have applications as acousto-optical materias [2], as
laser and photochromic glasses [3]. At the sometime the TeO, plays an important rolein the synthesis
of glass-ceramics [4], porous glasses for ultra-filters [5] or materials used in optod ectronics [6].

The purpose of this paper isto present the EPR and magnetic susceptibility data and to show
how these data succeed to give the image of the structure of tellurite glasses, by investigating the
paramagneti ¢ ions distributions inside the vitreous matrix in conection with various basic structural
units. The studies were carried out on the system 70TeO,[25B,0;[PbO containing chromium, iron,
manganese and copper ions.

2. Experimental

The investigated systems: (1) - XCr,Os[(1-x)[70TeO,[25B,0:BPb0O], (2) - xFeOs[(l-x)
[70T602[58203[5POO], (3)- XMnoml—X)[70T602@58203[5P00], (4)- Xcuoml-X) [70T602@58203[5POO]
were obtained from starting materials TeO,, H3sBOs, PO, Cr,Os, MNCOs, Fe,Ozand respectivdy CuO
of reagent grade purity. The samples were prepared by weighing the components in suitable
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proportion, mixing the powders and melting these admixtures in sintered corundum crucibles. The
temperatures and the meting conditions were the same: 1000 °C for 10 min, for all systems. The melt
was poured onto stainless sted plates. The structure of the samples were studied by X-ray diffraction
analysis and any crystalline phase was not reved ed up to 20 mol% Cr,0s, 20 mol% Fe,Os, 40 mol%
MnO, and respectivey 40 mol% CuO.

The EPR measurements were peformed at room temperature in X-band (9.4GHz) and
100 kHz field modulation with a JEOL -type equipment.

The magnetic susceptibility data were carried out with a Faraday-type balance, in the
temperature range 80-300 K for the systems (1), (2) and (3). The magnetic measurements for the
system (4) were performed with an Oxford Instrument-type balance, in the temperature range
4.2-200 K and fidds, H, up to 80 kOe. In order to obtain the magnetic susceptibilities, at each
temperature, ¥ values were determined from magnetisation isotherms by extrapolation of the
experimental datatoH™* - 0[7].

3. Results and discussion
3.1. EPR and magnetic susceptibility studies of glasses from system (1)

A great variety of vitreous systems were investigated by means of Cr** EPR absorption
spectra including glasses such as phosphate [8], borate [9], fluoride [10], borosulphate [11],
bismuthate [12] and aso chal cogenide [13]. In some oxide glasses Cr>* species were also detected
[14-16].

Fig. 1 shows the EPR absorption spectra due to Cr** ions for glasses from system (1). For all
glasses the spectrum consists of low-fidd absorption centered at g = 4.8 and high fidd absorption
centered at g = 1.97. Thelow-fidd absorption is a broadened one and extends from g=5.6to g = 4.3.
The high-fidd absorption increase in intensity when the Cr,O; content of the glasses rises up to 20
mol %. The line-width of the g = 1.97 absorption depends on sample composition and presents a
complex evolution vs concentration (Fig. 2). After an increase for x < 3 mol %, the line-width
decreases abruptly (3 < x < 10 mol %) and the increases again. These is a competition between
broadening and narrowing effects on the EPR absorption line for samples containing x > 3 mol % of
Cry,0s.
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Fig. 1. EPR absorption spectradue to Cr** ions in glasses from system (1).

The low-fidld resonance is generally attributed to isolated Cr** ions in distorted sites due to
strong ligand-field effects. These ions are subjected to a strong orthorhombic crystd fidd arising from
a dightly distorted octahedral environment. Due to the crystalline fidd parameters distribution in
glasses the absorption lines are broadened and often appear as a superposition of contributions. The
low-field absorption in our spectra (Fig. 1) can be attributed to Cr** ions in strongly distorted sites
with a symmetry predominantly rhombic, but there are slightly different axial distribution of the Cr**
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ions vicinity besides the rhombic ones. Consegquently, the absorption line is broadened because of the
superposition of absorptions that have g distribution. As background of the absorption centered at
g = 4.8 there is another broad line absorption at g = 4.0 (approxi mated by the dotted line in Fig. 1)
which can be attributed to sites with predominantly axial character. The low-field absorption of Cr**
ions does not depend on the Cr,O; content in the glasses. The isolated Cr®* ions preserve their ability
to order their vicinity in loca structural units of a certain symmetry. This evolution of the matrix
structureis not characteristic for the Cr** containing vitreous systems previously studied [14, 15].

The high-field absorption at g = 1.97 increases with the Cr,O; content of the glasses. Theline-
width dependence (Fig. 2) shows the increase due to dipolar broadening up to x = 3 mol %. The
absorption can be attributed to Cr®* ions in slightly distorted octahedral symmetric sites involved in
dipole-dipole type interactions. For x > 3 mol % the line-width increase is stopped by narrowing
mechanisms due to exchange-type interactions. This balances the dipolar broadening, because the two
mechanism affect, simultaneously, the Cr** ions. The exchange narrowing is efficient within
3 < x <10 mal %. For x > 10 mol % the magnetic interaction seems to be affected by the structural
disordering of the glasses due to Cr** and the line broadens again. In contrast to Cr*" in sites giving
rise to the low-fidd absorptions, the local order around Cr®* that enhances the absorptions at g = 1.97
is very sensitive to the progressive Cr** ions accumulation in the vitreous matrix.
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Fig. 2. The composition dependence of the line-width for g = 1.97 absorption.

The temperature dependence of the reciproca magnetic susceptibility of these glasses is
presented in Fig. 3. For glasses containing x < 3 moal % this dependence obeys a Curie law. For these
compositions, as indicate the EPR data, the Cr** are isolated or subjected to dipol e-dipoleinteractions.
For compositions with x > 3 mol % dependences in Fig. 3 obeys a Curie-Weiss law, with negative
paramagneti c temperature, 6,. For these glasses the magnetic data indicates negative superexchange
interactions between Cr®* ions, which are predominantly antiferromagnetically coupled. In glasses the
magnetic interactions are short-range ones, probably of mictomagnetic type [17]. These results agree
with those obtained by means of EPR, revealing for x > 3 mol % most of Cr® ions as experiencing
superexchange-type interactions, together with small concentrations of isolated ones. Similar data
concerning Cr** doped oxide glasses were obtained by other authors [8, 12, 14, 15]. The composition
dependence of the 6, is presented in Fig. 4. The absol ute magnitude of 6, increases with Cr,O; content
for x = 3 mol %. For x > 10 mol % the slope of the increment becomes much dower, indicating
weaker exchange coupling between Cr** ions, in accordance with the literature [14, 18]. The
composition dependence of the molar Curie constant, Cy, is presented in Fig. 5. The values linearly
vary with the Cr,O; content. According to Table 1, the experimental vaues of the effective magnetic
moment: P = (3.87 = 0.02) g are very close to the magnetic moment of Cr** ion in free ion state:
Hose = 3.87 pg [19], in agreement with the va ues usually obtained in paramagnetic salts containing

Cr¥*ions[19].
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Table 1. Effective magnetic moments of Cr** ionsin glasses from system (1).

X [mal % Cr,04] 1 3 5 10 15 20
Uest [Ug] 387 | 387 | 387 | 386 | 389 | 3.85

3.2. EPR and magnetic susceptibility studies of glasses from system (2)

EPR spectra of Fe** ions in oxide glasses generally characterized by the appearance of the
resonance absorption a g = 6.0, 4.27 and 2.0, their rdative intensity being strongly dependent on
composition [20, 21]. The g = 4.27 resonance line is characteristic for isolated Fe** ions
predominantly situated in rhombically distorted octahedral or tetrahedral oxygen environments [20,
21]. Theg = 6.0 resonance line arises from axially distorted sites. The g = 2.0 resonance is assigned to
thoseions which interact by a superexchange coupling [21, 22].
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Fig. 3. Temperature dependence of the reciprocal magnetic susceptibility for glasses from
system (1).

The temperature dependence of the magnetic susceptibility at high temperatures indicates
an antiferromagnetic interaction between iron ions in phosphate [23], borate [24], tdlurite [25] and
bismuthate [26] oxide glasses. In these glasses the presence of both Fe** and Fe** ions was evidenced.
The concentration range of iron over which antiferromagneti ¢ interactions are observed depends on

the glass matrix nature [27], on the preparation conditions [28] and consequently on the Fe*'/Fe** ratio
[20-28].
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Fig. 4. The dependence of the paramagnetic Curie temperature on composition.
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Fig. 5. The composition dependence of the molar Curie constant.

The features of the recorded EPR spectra of the Fe** ions in studied glasses are detailed in
Fig. 6. The spectra consists mainly in absorption lines centered at g = 4.3 and g = 2.0, their prevalence
depending on x. One aso observes weak, unresolved lines centered at g = 9.79. According to [20] in
rhombi ¢ vicinities, besides the transition having a g = 4.3 isotropi ¢ value corresponding to the median
Kramers doublet, there are transitions corresponding to the other two doublets characterized by g
factors (9.678, 0.857, 0.607) having a pronounced anisotropy. These transitions result in a large
background with effective g values from 1 to 10 as reported by Griffith [29]. The existence of the
g=4.3linesup to 5 mal % (Fig. 6) proves a predominant rhombic character of the structurd units
involving the Fe* ions. At low Fe** content the resonances centered at g = 4.3 prevail in the spectrum.
This evolution is easier to follow if one considers the dependence of concentration on the EPR
parameters, i.e. the line-height, I, the linewidth, AH and the intensity of the absorption line, J,
approximated as J = | [[AH).

x (mol %)

Fig. 6. EPR absorption spectra due to Fe* ionsin glasses from system (2).

The concentration dependence of these parametes is plotted in Figs. 7 and 8 for the
absorptions centered a g = 4.3 and g = 2.0, respectively. In contrast to the g = 4.3 resonance whose
intensity increases on a narrow concentration range (0.3 < x < 1 mol %), then abruptly decreases and
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disappears for x > 5 mol %, the g = 2.0 absorptions are detectable only for x = 1 mol % and ther
intensity constantly increases along the investigated concentration range. The restricted capacity of
the glass matrix in accepting Fe** ionsin structura units of well defined configuration and symmetry
is typical for tdlurite glasses due to particularities of ther structure [18, 30]. The composition
dependence of the g = 2.0 absorption intensity shows an increase which does not follow linearly the
Fe,O; content (Fig. 8a). Over 3 mol % the iron exists in the glasses not only as Fe** but aso as F&#*
species. Fe** ions are not involved in the EPR absorption but their interactions with Fe** influence the
characteristics of the absorption lines. According to Fig. 7b the line-width of the g = 4.3 resonance
increases d ong the investigated concentration range, but the initial dope corresponding to the dipolar
broadening at low Fe** content (x < 1 mol %) is changes at higher concentrations. The line-width
decrease may reflect the diminishing in number of Fe** ionsinvolved in dipole-dipol e interactions due
to the diminishing of these ions which participate at g = 4.3 resonance (Fig. 7a). The line-width
evolution of the g = 2.0 resonances in Fig. 8b can be explained by having in view the cluster structure
of iron which gives rise to these absorptions. There are superexchange mechanisms narrowing the
absorption line balanced over a certain doping degree by broadening mechanisms due to interaction
between Fe** and Fe** ions and of the disorder determined by increasing of Fe;O; content.
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Fig. 7. The composition dependence of lineintensity (a) and line-width (b) for g = 4.3 resonance.
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Fig. 8. The composition dependence of lineintensity (a) and line-width (b) for g = 2.0 resonance.

The x™* = f(T) of some glasses from the investigated system are studied. For the glasses with
X < 1 mol % the Curielaw is evidenced. For x > 1 mol % the x™* = f(T) obey a Curie-Weiss behaviour
with 8, < 0, which denotes the iron ions are predominantly antiferomagneti cally coupled. Therefore,
in these glasses the iron ions behave magnetically similar as in other oxide glasses [23-26]. The
absol ute magnitude of 8, values increases for x > 1 mol % (Table 2). This fact indicates that the
exchange interactions i ncrease with the concentration of iron ions [18]. The experimental Cy values
for x > 1 mol % are lower than the expected ones, assuming that all ironions arein Fe* valence state
and higher than those characteristic for F€* ions (Table 2). In this way we suppose for the glasses
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with x > 1 mol % both Fe** and Fe** ions to be present. The presence of Fe** ions was evidenced in all
investigated glasses by EPR studies. The Fé* valence state of iron ions may be favored by the
presence of the Te* ions in the glasses. In this case, having in view the magnetic moment values of

free Fe™ and F& ions p_s =592pg and P . =4.90up [19], we can estimate in first
approximation the molar fraction of theseions by using the rel ations:

2 _ 2 2 —
XMert = XqMEar T XoH o and X = X1 + Xz, )

where pgr = 2.827 (Cu/2x)¥? are experimental effective magnetic moments, x; and x, are molar
fraction of iron ionsin Fe** and Fe** valence states (Table 2). One can observe from these data that in
theinvestigated glass system the molar fraction of Fe** ions are higher than that of F€’* ones for x > 3
mol %. One also remark that in the glass with x = 1 mol % only Fe** ions are present. Theintensity of
the absorption line centered at g = 2.0 due Fe** species, does not follow the impurifying degree of the
sampl es because as x > 1 mol % iron occurs in the sample as Fe* ions too, their weight becomes even
higher than that of Fe** ions. Having in view these results, the data for glasses containing more that
1 mol % Fe,O; can be explained by accepting the existence of the Fe?*-Fe?*, Fe*'-Fe*, Fe&*'-Fe*
exchange pairs.

Table 2. 6,, Cy and molar fraction of the Fe** and F&’* ionsin glasses from system (2).

X 0, Cwu X1 X2

1 0 0.0811 1 -

3 -30 0.2211 14 1.6
5 -46 0.3620 2 3
10 -72 0.7220 4 6
20 -100 1.4720 8.4 11.6

3.3. EPR and magnetic susceptibility studies of glasses from system (3)

In oxide vitreous systems contai ning manganese, the EPR spectra are due to the Mn** ions. In
order to explain them, the structurd characteristics of boro-tellurite matrices, and the previous data on
EPR of Mn?* ionsin borate [8, 31] and tellurite [32] glasses were taken into account. |n borate glasses
the Mn?* ions were detected in highly symmetric vicinities and show intense absorption at g = 2.0
having the hyperfine structure (hfs) very well resolved for low MnO content [8]. The g = 4.3
absorption is small and broad, and has unresolved hfs. In tdlurite glasses with low Mn®* ions content
we detected an intense absorption at g = 4.3 which have hfs very wel resolved and broad unresol ved
resonances at g = 2.0 [32]. In oxide glasses the hfs of g = 4.3 absorption was detected only in a few
cases [31, 32].

The magnetic susceptibility data were reported for the phosphate [3], borate [34] tdlurite [35]
and bismuthate [36] glasses contai ning manganese ions. In some of these glasses only the Mn®* ions
[9, 31, 32, 34] were detected. In the papers [35, 37], we have shown that in some borate glass
matrices, both Mn*" and Mn®" jons are present.
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Fig. 9. EPR absorption spectra due to Mn** ionsin gl asses from system (3).

The recorded EPR spectra of the studied glasses are presented in Fig. 9. The spectra are
complex ones in the low concentration range of MnO and become simpler, down to a single
absorption line, for glasses with high manganese content. For x <5 mol % the EPR spectrum consists
in absorption lines centered at g = 4.3 and g = 2.0 values. The hfs were resolved on both g = 4.3 and

g = 2.0 absorptions dueto the nuclear spin (I = 5/2) interaction (Fig. 10).
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Fig. 10. EPR absorption spectrum for x = 0.3 mol % that reveals the hfs characteristic of Mn* ions.
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The EPR parameters AH anf J evolution as function of the MnO content are illustrated in
Figs. 11, 12 and 13. For g = 4.3 absorption the line-width and intensity increase along the
x < 1 mol %, then abruptly decrease. For g = 2.0 absorption the line-width has an abrupt increase on
the x < 1 mal %, and then narrowing of the signal until 20 mol % and again a slow broadening for
x > 20 mol %. The intensity of this line increases in studied glasses, but attenuates for x > 20 mol %
(Fig. 13). At low concentration of paramagneti ¢ ions the absorption is a superposition of contributions
from Mn?* ions involved in tdlurite and borate rich phases. In case of g = 2.0 absorptions for x < 1
mol % the line broadene as result of dipolar interactions between manganese ions. For X > 1 mal %
this broadening is stopped by the exchange narrowing, especialy for x < 5 mol %. For x > 20 mol %
the broadening of the g = 2.0 absorption line can be explained by the increased role of the Mn®** ions
and of the disorder determined by the increase of the MnO content.
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Fig. 11. The line-width evolution of the EPR absorptions.
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Fig. 12. The variation of the g = 4.3 absorption line intensity with MnO concentration.

Thex™ = f(T) of these glasses were studied. For x < 1 mol % a Curie law is observed, but for
higher MnO content these dependencies obey a Curie-Weiss behaviour with 8, < 0, the manganese
ions bei ng antiferromagnetically coupled [33]. The absol ute magnitude of the 8, val ues increases for x
> 1 mol % (Table 3). The composition dependence of the Cy is shown in Table 3. For glasses with x
> 10 mol %, the experimental vaues of the Cy are lower than those corresponding of the MnO
content, considering that all manganese ions are in the Mn®* valence state and higher than those
characteristic for Mn®* ions. The presence of Mn®* ions was evidenced by EPR in al investigated
glasses. The Mn** valence states can be favoured by the presence of the Te" and Pb* ions in the
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glasses. Then, using the p, o, =5.92pg and p, 5. =490y for freeions state [19], we estimate

in a first approximation the molar fractions of these ions in studied glasses by considering the
relations (1), where pg; =2.827 (Cu/X)¥. The results are presented in Table 3. These data show that
the molar fraction of M?* ions increases up to 40 mol % and the molar fraction of Mn* ions is higher
than that of Mn** ions.

Table 3. 8, Cy and molar fraction of the Mn®* and Mn* ionsin glasses from system (3).

X ep Cwm X1 X2
[mol % MnO] [K] [emu/mol] [mol % Mn**O] [mol % Mn* Q]
0.5 0 0.02198 05 0
3 -3.8 0.1301 3 0
5 -7 0.2124 5 0
10 -15 0.4323 9.7 0.3
20 -325 0.8130 15.6 4.4
40 -67.5 1.5315 24.3 15.7

3.4. EPR and magnetic susceptibility studies of glasses from system (4)

EPR studies of CU?* ions have been performed by many authors [38-40] in some oxide
glasses. In their papers the concentration effect of some network-former and network —modifier
oxides on the spin-Hamiltonian parameters and ligand fiel d absorpti on energies have been studied.

Juza et a. [41] reported magnetic investigations performed on copper-sodium-borate glasses.
The copper phosphate glasses show an antiferromagnetic behaviour [42]. We have investigated the
valence states and distribution of copper in various glass matrices [43-45]. In some of these glasses
the copper ions are in divalent state [43, 44], but in others the ions arein Cu* and Cu?* va ence states
[45]. Also in some of these glasses [44, 45], the Cu** ions experience negative superexchange
interactions.

9000 L
r’ 4 J (unit. arb. )

7000
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3000

L L s L
0 3 5 10 20 30 40
x ( Yomol MnO)

Fig. 13. The variation of the g = 2.0 absorption line intensity with the MnO concentration.

For studied glasses, the EPR spectra of Cu** ions show a strong dependence on the CuO
content (Fig. 14). For x < 5 mol % the EPR spectra are asymmetric, characteristic for isolated or those
participating at the dipolar interactions of Cu?* ions in an axialy distorted octahedra environment
[44]. The spectra show the paralld partidly resolved hfs due to the interaction of the unpaired
electron with the nuclear spin | = 3/2 of the Cu”** ion. The perpendicular hfs is not resolved indicating
awidth of theindividual components exceeding the |Ap| separation. As the concentration of CuO rises
(x £ 3 mol %), the parald hfs becomes |ess resolved due to peak broadening effect.
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Fig. 14. EPR spectradue to Cu?* ionsin glasses from system (4).

The fluctuations of the ligand involving Cu®* ions broaden progressively the absorption lines
so that hfs is rapidly smeared. At about 3 mol % a large absorption due to clusters of Cu?* ions
superimposes the spectrum characteristic for ions not participating to exchange interactions. The axia
environment of the CU** ionsis destroyed and the absorption line becomes more symmetric proving a
higher degree of disorder in glasses. In the high concentration range (x = 10 mol %) the absorption
spectrum reduces to a single, slightly asymmetric line. The spectra are similar to those reported for
some copper containing oxide glasses [43, 45] and differ from other [38, 44]. For the last glasses,
resolved hfs appear in both paralld and perpendicular bonds. The g = 2.2 resonance line-width
(Fig. 15) increases up to 20 mol %, where a change of slope takes place. Following [43] at small
concentration the increase of line-width is due to the dipolar interactions. For higher concentrations
(x = 20 mal %) the increase of line-width is attenuated and this supports the existence of exchange
interaction between CU?* ions [43, 45]. The modification of EPR spectra with the increasing of CuO
content are explained supposing that they are the result of the superposition of two EPR absorptions,
one showing the hfs typical for not participating to exchange interactions of Cu* ions and other
consisting of aline centered at g = 2.2 typical for the d ustered Cu®* ions (x = 20 mol %).
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Fig. 15. The compositiond dependence of the line-width for the g = 2.2 resonance.
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The x™ = f(T) for these glasses have been also studied. For x < 10 mol % thex™* vs T follows
aCurielaw and for higher CuO content the glasses obey a Curie-Weiss type dependence with 6, < 0.
At temperatures below 25 K and for x > 20 mol %, the curve X = f(T) deviates from a linear
dependence. This dependence cannot be ascribed to an increase of X as due to the presence of a
magnetic ordered phase, since this contribution was subtracted when the x values were determinated.
According to the assumption of Simpson [48] an unusua downward curvature of the x* for
decreasing temperature was predicted. Our studies show that the x™ = f(T) was in agreement with the
theoretical mode [48]. The composition dependence of 8, indicates that for x > 10 mol % the absol ute
magnitude is increasing when CuO content increases (Table 4). The magnetic properties of these
glasses are due to both dipolar and exchange interactions between Cu®* ions, their reative number
being dependent on composition. The features of the EPR spectra are consistent with the results of
magneti c measurements. The val ues of the Cy are presented in Table 4. In the case of the glasses with
X £ 10 mol %, the experimenta magnetic moment Wes = (1.73 £ 0.03) Ug is very closeto the magnetic
moment of the Cu”* freeion: [ = 1.73 pg [19]. The experimental value of P indicates that the

copper ions are present in octahedral coordination [49], in agreement with the EPR investigations.
The Cy and P for the glasses with x > 10 mol % are lower than those considering that al copper
ions are in CU** valence state. Therefore, both Cu?* and Cu’ ions are present in glasses, the last one

being diamagnetic. In this case, having in view the value of the Mo, 2+ for the free ion state, we have
estimated the molar fraction of Cu** ions (denoted by y, Table 4) by using rdation
y = 2.827* CM/uéu2+ . Table 4 shows that for x = 20 mal % only 60-70 % of copper ions arein a
divaent state.

Table 4. 8, Cy, et and the Cu?" content in glasses from system (4).
P

X 0, Cu Meft J
[mol % CuO] [K] [emu/mal] [Hel] [mol % CuO]
5 0 0.01879 173 5
10 0 0.03878 1.76 10
20 -3 0.04496 - 12
40 -20 0..10544 - 28.2

4. Conclusions

The homogeneous tdlurite glasses with chromium, iron, manganese and copper ions are
formed in determi ned range concentrations, whi ch depend of the nature of transition metal ions.

EPR and magnetic susceptibility data show that the local neighbourhoods, structura
distributions, valence states and strength of magnetic interactions depend of the nature and
concentration of transition metal ions.
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