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EPR INVESTIGATION OF MANGANESE IONS N 70Te0,25B,05BMO
(MO = SrO or SrF;) GLASSMATRICES
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EPR of Mn* ions reveded their distribution on different structural units in
70Te0,25B,0:BMO (MO = SrO or StF,) glass matrices. The number of isolated Mn?*
ions, participating at the g« = 4.3 resonance incresse up to 1 mol % MnO and after that
decreases to nil for 10 mol % MnO and was not affected by replacing of SrO with SrF,. The
number of M ions participating at the ggr = 2.0 resonance increases when the MnO
content rises. In the case of the matrix with SrO the number of these ions are only a little
higher than that of the matrix with SrF, for 5 < x < 30 mal %, but for x > 30 mol % their
content are higher in case of the matrix with SrF,. From line-width composition dependence
the effect of replacing of SrO with SrF, was to accentuate the clusterizing tendencies of
manganese ions when increasing the MnO content, attested by a more pronounced narrowing
of thelineat g = 2.0.
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1. Introduction

Structural characteristics and properties of vitreous systems containing manganese may be
revedled by means of EPR. Being very sensitive to changes in its neighbourhood the Mn?*
paramagnetic ion may provide val uabl e information about the structural units evol ution, the type and
strengths of bondings, the valence state, the involved interactions, etc. [1-6]. Various earlier
investi gati ons concern borate [7-12], boro-tellurite [13, 14], silicate [4, 15, 16], phosphate [16] oxide
glasses, chalcogenide [17, 18] and halide [5, 6] glasses studied by means of Mn®" ions absorption
spectra, followed when the impurity ions content varies within a given concentration range.
Generally, the spectra consist of resonance lines centered at gy = 2.0, 4.3 and 3.3 va ues. The gg; =
2.0 may be attributed to isolated Mn®* ions in octahedrally symmetric sites, slightly tetragonally
distorted usually having a resolved hyperfine structure (hfs) or to associated ones, the Mn?* ions
being involved in dipole-dipole and/or superexchange interactions [19]. The strongly distorted
versions of the octahedral vicinity of isolated Mn?* ions subjected to strong field effects, given rise
to absorbtions at gg = 4.3 and 3.3 [4, 5]. A special effort was made to eaborate the theoretica
support for explaining the resonance lines at ge = 4.3 and 3.3 from the M?* ions EPR spectra[1-7,
20, 21].

In an earlier paper [22] we investigated by EPR the system xMnOI[[I[70TeO, [25B,0; [(5PbO].

In this paper we present two series of glasses, namey xMnOI({100-x)[ 70T e0,25B,03B8SrO]
and xXMnOI[(I100-x)[ 70TeO,[25B,05[8SrF,], which were prepared for 0.1 < x < 50 mol % and studied
by means of EPR.
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2. Experimental

The starting materials used in the present investigation were MNCQOs;, TeO,, HzBOs;, SrCO;
or S, of reagent grade purity. The samples were prepared by weighing suitable proportions of the
components powder mixing and mixture melting in sintered corundum crucibles at 1000 °C for 6
minutes. The mixtures were put into the dectrical furnace directly at this temperature The molten
material was quenched by pouring it onto a copper plate held at room temperature. The X-ray
patterns of the investigated samples are characteristic for vitreous systems. For these two series of
samples no crystalline phase was observed up to x = 50 mol %.

The EPR measurements were recorded at room temperature in X-band (9.45 GHz) and 100
KHz fidd modulation with a Bruker ESR 300 E spectrometer. To avoid the alteration of the glass
structure due to the ambient conditions, especially humidity, samples were poured immediatdy after
preparation and enclosed in tubular holders of the same caliber. Equal quantities of samples were
studied.

3. Results and discussion

EPR absorption spectra show lines due to Mn?* paramagnetic species within the whole
investigated concentration range. These spectra are typica for Mr?* ions in vitreous systems and
mainly consist in absorptions centered at geis = 4.3 and gerr = 2.0 va ues. The resol ution of the spectra
is optimal in the low concentration range. For 0.1 < x < 10 mol % both lines are detectable, the
g 0 4.3 one hawing the hyperfine structure (hfs) typical for isolated Mr?* ions, well resolved within
0.1 <x<1moal %. For 10 < x < 50 mal % only the g 0 2.0 absorption line was detected. This one
does not show hfs. The spectral structure evolution when risng concentration may be followed in
figure 1 for 70Te0,25B,0,8SrO glass matrix and in Fig. 2 for those corresponding to
70Te0,[25B,0,BSrF, glass matrix. When Mn?* ions enter the matrix in hi gh symmetric sites they
are involved in resonances giving raise to signals at g [ 2.0 values. Site to site fluctuations of the
crystal fidd parameters, inherent to glasses, alter the spectral resolution and the inhomogeneous
broadening of the line must be taken into account. There are d so distortions of the paramagnetic ion
vicinity responsible on the local symmetry lowering. For highly distorted sites, strong crystal fied
effects change the energetic state of the ion and resonances result in signals having gers [14.3 values.
The distribution on highly symmetric sites and low symmetric ones of Mn®* ions in the vitreous
matrix, may be dso followed in the concentration dependence of the EPR absorption spectra by
observing the rd ative intensities of the corresponding signals and their structure.
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Fig. 1. EPR absorption spectraof Mn?" ions in the xMnO[{100-x)[ 70T e0,25B,04BSrO] glasses.
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In binary borate glasses previously studied [1-3, 7-12] the lines at ges 0 2.0 having a well
resolved hfs prevail in the spectra, the g [14.3 ones being much less intense and not resolved. In
these glasses B,O; was the glass former, so the resulted matrix structure allow to Mr?* ions to enter
mostly in highly symmetric sites. In our actually studied glass matrices TeO, as glass former
imposes a much more compacte structure. Consequently, the paramagnetic ion structurates its
vicinity in arestraint space subjected to closer impact with the neighbouring ions. As isolated ions
ordering their vicinity in regular configuration Mn?* impurities were detected only in distorted sites
subjected to high crystal fied effects, giving rise to the ge [04.3 absorption lines on ardativey
short range of concentration (Figs. 1 and 2). These sites are ordered wel enough to alow the hfs
good resolution. Large distributions of the crystal fiedld parameters even accentuated as rising
concentration alter the resolution due to inhomogeneous broadening of the line and the hfs vanishes.
Less ordered configurations of Mn®" ion vicinity characterize the sites giving rise to the ges (2.0
absorption lines. The disorder even more increases as raising the MnO content of the matrix so the
line symmetrizes dong the high concentrations range.
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Fig. 2. EPR absorption spectra of Mn** in the xMnO{100-x)[ 70TeO,[25B,0;BSF,] glasses.

The paramagneti c i mpurities distribution on the revealed two types of structural units so as
its evolution within the investigated concentration range is amost the same for these two glass
matrices (Fig. 1).The third component (SrO or SrF;) do not play a significant part in the matrix
structure, from the point of view of the paramagnetic ion energetic state. Only the valence state of
impurities seems to be affected during melting when samples were obtained. The Mn* ions
concentration decreased when using Srf, instead of SrO as third component, fact evidenced by the
slight diminution of the g [0 2.0 signal intensity for x < 30 mol%. For x > 30 mol% the signal
intensity increases in the case of matrix containing SrF, which is determined by increasing of Mn?*
ions in this concentration range [Fig. 3]. Another effect of changing composition might be the
lowering of the covdent character of bonds when passing from 70TeO,25B,0558SrO to
70Te0,[25B,0,BSrF; glass matrix. This may be observed by compari ng the separations between the
lines of the hyperfine sextet corresponding to the gg: [14.3 signd's (Table 1).
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Table 1. Composition dependence of the hyperfine separations of the g; [14.3 absorption line.

X AB;..» ABs
Glass matrix [mol % MnO] [Gs] [Gs]
70Te0,25B,0,8Sr0 0.1 76.21 91.84
0.3 74.26 87.93
70Te0,25B,0,85rF, 0.1 82.07 109.43
0.3 78.16 91.84
0.5 72.30 87.93

Because accidental Fe** ions impurities giving also rise to g 4.3 signd's the estimation of
hf lines separation was done only for the first two and the last two lines of the sextet, to avoid the
signa superpositions due to Mn®* and Fe** lines contribution. According to experimental esti mations
data in Table 1 the hfs separations are shorter for the 70Te0,25B,0,BSrO glasses compared to
those corresponding to the 70Te0,25B,0,BSrF, ones for samples with the same MnO content. This
involves lower hyperfine coupling of the e ectronic spin with the nuclear one, that is larger degree of
delocalization and consequently, stronger covalent bonding with the ligand ions of the matrix. The
hyperfine separation for lines corresponding to the same matrix composition apparently decreases
when increasing the MnO content due to the broadening of the individual components of the sextet.
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Fig. 3. Composition dependence of the line-intensity of the g« 2.0 EPR signals.

The width of signals at gy O 2.0 also depends on concentration, showing an abrupt
decreasing up to 10 mol % MnO lowered for 10 < x < 30 mol % and stopped thereafter (Fig. 4). This
evolution reveals clusterizing processes of impurities in both the investigated glass matrices, theline
narrowing being determined by the superexchange interactions involving the manganese ions. The
linewidth values are smaler for signads corresponding to 70TeO,[25B,0:BSrF, than those
corresponding to the 70Te0,[25B,038SrO glass matrices. By changing SrO with [$rF, the magnetic
coupling between the impurity ions seems to become stronger and to accentuate the exchange
interaction.
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Fig. 4. Composition dependence of the line-width of the g O 2.0 EPR signds.

4. Conclusions

The EPR investigation of Mn?* ions in the 70Te0,25B,0,BSrO and 70Te0,25B,0;BSrF,
glass matrices reveal ed some influences of the matrix composition on the impurities distribution and
interactions involving them. The distribution of Mn** ions on different types of structural units
depends on the MnO content. In both systems, up to 5 mol % MnO there are isolated ions in well
structurated vicinities, giving rise to absorptions at ger [1 4.3 and ions in less ordered vicinities,
having tendencies of associate in cluster formations, which give rise to absorptions centered at gerr 0
2.0 values. The high degree of ordering in the Mn?* ions neighbourhood is attested by the good
resolution of the hfs a g O 4.3 signal. Changes in the matrix composition did not affect
spectacul arly the spectral structure and its evolution for these signals. There are differences in the hf
splitting of the absorption line resulting in shorter separations of the hfs sextet for samples
containing SrF, than those corresponding to SrO containing glasses. This shows less covalent
bondings for Mn®* in 70Te0,25B,0,BSrF, glass matrix than in those of the 70Te0,25B,0,BSrO
glass matrix. Differences were aso observed for the g [ 2.0 signals corresponding to ions in
disordered vicinities, especidly in the absorption line intensity, suggesting a slight decreasing of
Mn?* ions concentration when replacing SrO with SrF,, for 5 < x < 30 mol %, but for x > 30 mol %
these ions content overpass that corresponding the matrix with SrF,. Another effect of changing
composition of the vitreous matrix was to accentuate the clusterizing tendencies of Mn®* ions when
increasing MnO concentration in the SrF, containing glasses, attested by a more pronounced
narrowing of theline at ger; [12.0 suggesting a so a stronger magneti ¢ coupling of theinvolved ions.
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