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MANGANESE IONS
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Abstract. — The magnetic susceptibility measurements have been performed on zMnO. {1 — z) [2B203.PbO] glasses with
0 < © < 80 mol %. These data suggests that for £ > 30 mol %, the manganese ions expenence ma.gnetxc mtera.ctlons

From Curie constant values and qualitative chemical analysis we have established that in these glasses Mn2t

ions are present, which explains their magnetic behaviour.

Introduction

In the past few years there are many reports on the
investigations of the valence states and distribution
mode of the transition metal (TM) ions in the net-
work of the oxide glasses [1, 2]. Up to now, the EPR
[3-5] and magnetic susceptibility [6] studies of the oxide
glasses with manganese ions suggest the presence only
of Mn>" ions. In the papers [7, 8], we have evidenced
that in the potasium and lithium borate glass matrix
for z > 10 mol % MnO and respectively £ > 5 mol %
MnO both, Mn** and Mn®** ions are present. These
ions may participate in magnetic superexchange inter-
actions. -

Experimental

We have studies the zMnO. (1 — z) [2B203.PbO]
glasses, with 0 < = < 80 mol %, using the magnetic
susceptibility measurements. The samples were pre-
pared using the technique previously reported [1]. The
X-ray diffraction analysis showed that the samples are
homogeneous glasses up to £ = 80 mol %. The quali-
tative chemical analysis of these glasses indicates the
presence of both, Mn®* and Mn®" ions. The prelimi-
nary EPR measurements indicated that in all samples
are present Mn®" ions.

The magnetic measurements were made between
80 K and 700 K using a Faraday type balance.

Results and discussion

The temperature dependence of the reciprocal mag-
netic susceptibility of some glasses from studied sys-
tem is presented in figure 1. For the glasses with
z £ 30 mol % a Curie law is observed. This sug-
gests that in this concentration range are predomi-
nant the isolasted manganese ions and no magnetic
"order is present. For z > 30 mol %, the reciprocal
magnetic susceptibility obeys a Curie-Weiss behaviour
with a negative paramagnetic Curie temperature —bp.
For/these compositions, the high temperature suscep-
tipility data indicate that the manganese ions in the
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Fig. 1. — The temperature dependence of the reciprocal
magnetic susceptibility.

glasses experience negative interactions and are cou-
‘pled antiferromagnetically. In this case, the magnetic
order takes place only at short-range and the mag-
netic behaviour of the glasses can be described by the
so-called mictomagnetic [9] type order.

The absolute magnitude of the values of 8, increases
for £ > 30 mol % (Fig. 2): In general the exchange in-
tegral increases as the concentration of the magnetic
ions is increases in the glass [10]. As a result the magni-
tude of the paramagnetic Curie temperature increases.
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Fig. 2. — The composition dependence of the paramagnetic
Curie temperature.

To determine accurately the values of the Curie con-
stants, Cm, correction due to the diamagnetism of the
matrix and MnO were taken into account. The com-
position dependence of the Curie constant is presented
in table L. For the glasses with > 3 mol %, the exper-
imental values obtained for Curie constant and conse-
quently for atomic magnetic moments are lower than
those which correspond to MnO content, considering
that all manganese ions are in Mn®" valence state. In
this way, having in view the qualitative chemical anal-
ysis and EPR studies, we consider that in these glasses
are present both, Mn?' and Mn®* ions. In this case,
using the atomic magnetic moment values pyn2+ =
5.92 up and pyns+ = 4.90 up [11], we have estimated
the molar fraction of these ions in the glasses from
relations

wll'zxp =2.83°Cm = wl‘”’fdnz‘l' + $2'“2Mn3+ (1)

and
=21+ 22 2)
where pexp is the experimental atomic magnetic mo-

ment, z; and z2 the molar fraction of manganese
in Mn®*t and Mn®t valence states. The results are

Table 1. — Curie constant and the molar fraction of
manganese ions in Mot and Mn®* valence state.

z CuMm @q z9 9p

[mol %] [emu/mol] [mol % Mn2t O] [mol % Mn3+0] K]
1 0.04332 1 - Q
3 0.1274 2.8 0.2 o]
10 0.4089 8.1 1.9 0
15 0.5949 11 3.9 )]
20 ©0.7838 13.7 6.3 0
30 1.1596 19.9 10.1 0
40 1.5346 25.2 14.8 - 20
60 2.214 32.5 27.5 - 65
80  2.9025 38.9 41.1 -121
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presented in table I. From these data it results that
the molar fraction of the both, Mnp** and Mn®? ions
in these glasses increases up to z = 80 mol %. A
similar result was obtained in the case of lithium-
borate glasses [8]. In the case potasium-borate glasses,
the molar fraction of the Mn>% ions increases up to
40 mol % and after that decreases [7]. This fact
indicate that the matrix structure play an impor-
tant role in the distribution mode and valence states
of manganese ions in oxide glasses.Having in view
these results, the magnetic data may be explained if
one accepts the participation of the Mn*t — Mn?**
Mn3t — Mn®** and Ma®*t — Mo®t magnetic exchange
pairs.

Conclusions

From magnetic susceptibility data performed on
zMnO. (1 — z) [2B203.PbO] with 0 < =z < 80 mol %,
we conclude that these results depend on the MnO
content and matrix structure. For the glasses with
z > 30 mol % the manganese ions experience nega-
tive magnetic exchange interactions and are coupled
antiferromagnetically. Having in view EPR data and
qualitative chemical analysis which indicates the pres-
ence of Mn?* and Mn®" ions, from Curie constant val-
ues we have estimated the molar fraction of these ions.
The magnetic data may be explained of one accepts
the participation of the Mn** — Mn**, Mn®t — Mn®*,
Mn** — Mn®** magnetic exchange pairs.
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